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Keep safety first in your circuit designs!

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor prod-
ucts better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or infringement
of any third-party's rights, originating in the use of any product data, diagrams, charts,
programs, algorithms, or circuit application examples contained in these materials.

¢ All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without notice due
to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page (http://
www.mitsubishichips.com).

e When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Mitsubishi Electric Corporation assumes no responsibility for any damage,
liability or other loss resulting from the information contained herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured for use
in a device or system that is used under circumstances in which human life is potentially at
stake. Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semicon-
ductor product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or repro-
duce in whole or in part these materials.

o If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.
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Preface

This manual describes the hardware of the Mitsubishi
CMOS 16-bit microcomputers 7906 Group. After
reading this manual, the user will be able to understand
the functions, so that they can utilize their capabilities
fully.

For details of software, refer to the 7900 Series Software|
For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Homepage (http://www.tool-spt.maec.co.jp/index_e.htm).
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BEFORE USING THIS MANUAL

1. Constitution

This user’s manual consists of the following chapters. Refer to the chapters relevant to the products and
processor mode.

In this manual, “M37906” means all of or one of the 7906 Group products, unless otherwise noted. Each

chapter, except for Chapter 19, describes functions of the 7906 Group product at MDO and MD1 = Vss
level.

e Chapter 1. DESCRIPTION to Chapter 17. DEBUG FUNCTION
Functions which are common to all products is described.

e Chapter 18. APPLICATIONS
Example of application are described.

e Chapter 19. FLASH MEMORY VERSION
Characteristics information for the flash memory version is described.

e Appendix
Practical information for using the 7906 Group is described.

2. Remark

Product expansion
| Refer to the latest datasheets or catalogs.

Electrical characteristics
|Refer to the latest datasheets. |

Software
|Refer to the “7900 Series Software Manual.”

Development support tools
IRefer to the latest datasheets or catalogs. |

Please Visit Our Web Site.
e Mitsubishi MCU Technical Information (http://www.infomicom.maec.co.jp/indexe.htm)
« Mitsubishi Microcomputer Development Support Tools (http://www.tool-spt.maec.co.jp/index_e.htm)

3. Signal levels in Figure
As a rule, signal levels in each operation example and timing diagram are as follows.

 Signal levels

The upper line indicates “1,” and the lower line indicates “0.”
* Input/Output levels of pin

The upper line indicates “H,” and the lower line indicates “L.”

Foe the exception, the level is shown on the left side of a signal.


http://www.infomicom.maec.co.jp/indexe.htm
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4. Register structure
The view of the register structure is described below:

XXX register (address XXuis)

02
b o

7 b6 b5Y4 b3 b

01
2_bkm

DS—\ X

)

Bit Bit name \ Function /(t resét (R/\N)— 03
0 * ¢ ¢ select bit 0:.. Undefined] WO
1:..
The val(ie is “P” at reading.
: ) —
1 « « e select bit b2 bl 0 RW
00:.
01:.
2 10:. 0 RW
11:.
3 « e« flag 0:. 0 RO
1:.. P
4 | Fix this bit to “0." / \ 0 | RW
5 This bit is invalid in ... mode. ( ) 0 RW
6 Nothing is assigned. / Undefined] —
P
7 The va@e is JO” at reading. \ 0 —
\L 06 \— 04
01
Blank : Set to “0” or “1” according to the usage.
0 : Set to “0” at writing.
1 : Set to “1” at writing.
O : Invalid depending on the mode or state. It may be “0” or “1.”
|:| : Nothing is assigned.
02
0 :“0” immediately after reset.
1 :“1” immediately after reset.
Undefined : Undefined immediately after reset.
03
RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written
value may be “0” or “1.”
WO : The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.
However, when [“0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 5 above.)
— . It is impossible to read the bit state. The value is undefined at reading.
However, when [“0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 6 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”
04 Invalid for that function or mode.
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DESCRIPTION

1.1 Performance overview

1.1 Performance overview

Table 1.1.1 lists the performance overview of the M37906M4C-XXXFP/SP.

Table 1.1.1 M37906M4C-XXXFP/SP performance overview

Items

Performance

Number of basic instructions

203

Instruction execution time

50 ns (the minimum instruction at f(fsys) = 20 MHz)

External clock input frequency f(Xin)

20 MHz (maximum)

System clock frequency f(fsys)

20 MHz (maximum)

Memory sizes |ROM 32 Kbyte
RAM 1024 bytes
Programmable |P1, P2 8 bits 0 2
Input/Output ports|P5 3bitsO1
P6 6bits0 1
P7 5 bits 0 1
Multifunctional |TAO-TA9 16 bits O 10
timer TBO-TB2 16 bits 0 3
Serial 1/0 UARTO, UART1 (UART or clock synchronous serial 1/0) O 2

A-D converter

10-bit successive approximation method O 1 (5 channels)

D-A converter

8 bits 0 2

Watchdog timer

12 bits 0 1

Interrupt Maskable

5 external, 18 internal
(Any of priority levels 0 through 7 can be set for each interrupt, by software.)

Non-maskable

3internal

Clock generating circuit

Built-in (externally connected to a ceramic resonator or a quartz-crystal oscillator)

PLL frequency multiplier

Double, Triple, or Quadruple

Power source voltage 5V+05V

Power dissipation 125 mW (at f(fsys) = 20 MHz
Port Input/Output | Input/Output withstand voltage | 5 V

characteristics |Output current 5 mA

Memory expansion

Not available. (Single-chip mode only)

Operating ambient temperature range

—20°Cto85°C

Device structure

CMOS high-performance silicon gate process

Package M37906M4C-XXXFP

42-pin plastic molded SSOP (42P2R-E)

M37906M4C-XXXSP

42-pin shrink plastic molded SDIP (42P4B)

1-2
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DESCRIPTION

1.2 Pin configuration

1.2 Pin configuration

Figures 1.2.1 and 1.2.2 show the M37906M4C-XXXFP/SP pin configuratios.

VREF —p» E

AVss E

Note P74/AN4/DALINT3/RTPTRGO <t—m [ 3]

P73/AN3/DA0 <—» [ 2

P72/AN2<—» 3]

P71/AN1 <[5

P70/ANo-—m [T

P65/ TA2IN/U/RTP11 <a—» 8]

P64/TA20uT/V/RTP Lo-a—m 9]

P63/TALINW/RTPO3 <¢—m [0

P62/TALout/U/RTPO2 < [11]

P61/TAONV/RTPO1 <—» [2|

P60/TAOouT/W/RTPOo < [13]

{ P57/INT7/TB2in/IDU <a—» [14]
Note

P56/INTe/TB1iN/IDV ~<¢—m [5]
P5s/INTs/TBON/IDW <a—»= [36]
P6OUTcuUT/INTa —» LE
\Vcont —® [}

RESET — > 2

Vee =

O

(2] AVce

[21 | -—» P1o/CTSo/RTSo
[0 | <« P11/CTSo/CLKo
[ ] - P12/RxDo

[ ] «—» p13/TxDo

[37 ] «—» P14/CTS1/RTS:
[% | «—» P1s/CTS1/CLK1
[ ] <> p16/RxD:1

3 ] - P17/TxD:1

[3 ] - P20o/TAdout
(2] <> p2y/TA4N

3l | -—» P22/TA9ouT
[0 | < P23/TAON

(29 ] - P24(/TBOIN)

[ ] - P25(/TB1n)

27 ] > P26(/TB2iN)

26 ] < p27(/INTs/RTPTrRG0)
[ ] «— MD1

[24 | —» Xour

[23 | «— Xy

Ea Vss

Note

Note: Allocation of pins TBOIN to TB2IN and INT3/RTPTRGO
can be switched by software.

Outline 42P2R-E

Fig. 1.2.1 M37906M4C-XXXFP pin configuration (outline 42P2R-E, top view)
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DESCRIPTION

1.2 Pin configuration

VREF

AVss

Note P74/AN4/DA1/INT3/RTPTRGO
P73/AN3/DAo
P72/AN2

P71/AN1

P70/ANo
P6s/TA2iInVU/IRTP11
P64/TA20ut/V/IRTP1o
P63/TALN/W/RTPOs
P62/TAlout/U/RTPO2
P61/TAONV/RTPOL
P60/TAOouT/W/RTPOo
P57/INT7/TB2in/IDU
P56/INT6/TBLin/IDV
P5s/INTs/TBOIN/IDW
P60OUTcut/INTa

MDO

VconT

RESET

Vce

Note

—»[1] \__/ 42

[42]

Lz] 41 <>
3] [40 |4—»
4] 39 |
-5 38 |—>
<[ 37 |
-7 36 |¢—>
-<—»[5] 35 |4
<[] (34 ]
-—»[10 33 >
11 32 4>
-2 31 |
S o FE 30 |—»
<[ [20 ]a—>
-<—»[i5 28 ]
<[5 [27 |—»
—» [z [26 |
—»[18 [25 |4——
—»[1o 24—
—»[20 [23 ]¢——

= 7]

AVcc
P1o/CTSo/RTSo
P11/CTSo/CLKo
P12/RxDo
P13/TxDo
P14/CTS1/RTS1
P15/CTS1/CLK1
P1s/RxD1
P17/TxD1
P20/TA4out
P21/TA4IN
P22/TA9out
P23/TA9IN
P24(/TBOIN)
P2s(/TB1iN)
P26(/TB2iN)
P27(/INT3/RTPTrG0)
MD1

Xout

XN

Vss

Note

Note: Allocation of pins TBOIN to TB2IN and INT3/RTPTRGO

can be switched by software.

Outline 42P4B

Fig. 1.2.2 M37906M4C-XXXSP pin configuration (outline 42P4B, top view)
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DESCRIPTION

1.3 Pin description

1.3 Pin description
Tables 1.3.1 lists the pin description.

Table 1.3.1 Pin description

Pin

Name

Input/Output

Function

Vcce, Vss

Power source input

Apply 5V £ 0.5 V to pin Vcc and 0 V to pin Vss.

MDO

MDO

MD1

MD1

Input

This pin switches the operating mode. This is only for the
single-chip mode, so connect this pin to Vss.

RESET

Reset input

Input

The microcomputer is reset when “L” level is input to this pin.

Xin

Clock input

Input

Xout

Clock output

Output

Pins Xin and Xour are the input and output pins of the clock
generating circuit, respectively. Connect these pins via a
ceramic resonator or a quartz-crystal oscillator. When an
external clock is input, this clock should be input to pin X,
and pin Xour should be left open.

Vcont

Filter circuit connection

To use the PLL frequency multiplier, be sure to connect this
pin to the filter circuit.

AVcc

AVss

Analog power source
input

The power source input pin for the A-D converter. Connect this
pin to Vcc.

The power source input pin for the A-D and D-A converters.
Connect this pin to Vss.

VREF

Reference voltage input

Input

This is the reference voltage input pin for the A-D and D-A converters.

Plo—P1~

I/O port P1

I/0

PO is an 8-bit CMOS I/O port and has an 1/O direction register.
Each pin can function as an input or output port pin. By
software, these pins can function as I/O pins for serial I/0.

P20c—P27

I/O port P2

I/0

P2 is an 8-bit 1/0 port with the same function as port P1.
By software, these pins can function as 1/O pins for timers
A4 and A9. Also, these pins can function as input pins for
timers BO to B2, input pins for the external interrupts, or
trigger input pins in the pulse output port mode.

P5s5—P57

I/O port P5

I/0

P5 is a 3-bit 1/O port with the same function as port P1.
By software, these pins can function as input pins for timers BO
to B2, input pins for external interrupts, or position data input
pins in the three-phrase waveform mode.

P60—P6s

I/O port P6

I/0

P6 is a 6-bit I/0O port with the same function as port P1.
By software, these pins can function as I/O pins for timers AO to
A2, or as motor drive waveform output pins.

P70—P74

I/O port P7

I/0

P7 is a 5-bit I/O port with the same function as port P1.
By software, these pins can function as input pins for the
A-D converter, output pins for the D-A converter, input pins
for the external interrupts, or trigger input pins in the pulse
output port mode.

P60OUTcur

P60OUTcur input

Input

This pin has the function to forcibly place port P6 pins in the
input mode (port-output-cutoff function). Also, this pin functions
as an input pin for INT4, and as an input pin for the port-output-
cutoff function in the motor drive waveform output mode.

7906 Group User's Manual Rev.2.0
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DESCRIPTION

1.4 Block diagram

1.4 Block diagram

Figure 1.4.1 shows the M37906 block diagram.

Reference
voltage input
AVCe V{}\E P6OUTCUT

(V)
AVss

O—»

(QY)
Vce Vs: - MDO
7 b1 k3

Reset input
RESET

Xout

Clock output
Clock Generating Circuit

Clock input
XIN

VCONT

Instruction register (8)

{?

TT AT AT T AT IT JT AT AT IT

IRRRISR RN

7l

Data Buffer DQo (8)

Data Buffer DQ1 (8)

Data Buffer DQz2 (8)

Data Buffer DQ3 (8)

Instruction Queue Buffer Qo (8)

Instruction Queue Buffer Q1 (8)

Instruction Queue Buffer Q2 (8)

Instruction Queue Buffer Q3 (8)

Instruction Queue Buffer Q4 (8)

Instruction Queue Buffer Qs (8)

Instruction Queue Buffer Qs (8)

Instruction Queue Buffer Q7 (8)

Instruction Queue Buffer Qs (8)

Instruction Queue Buffer Qo (8)

Data Bus (Even)

Data Bus (Odd)

Incrementer (24) ()
Q
Program Address Register PA (24) g E
jo
m o
Data Address Register DA (24) 'E
e -
=
L
—/ ){ Incrementer/Decrementer (24)
N—|
& Program Counter PC (16)
N—
- Program Bank Register PG (8)
N—|
" Data bank Register DT (8)
N—
P Input Buffer Register 1B (16)
( Processor Status Register PS (11)
" Direct Page Register DPRO (16)
N—
- Direct Page Register DPR1 (16)
N—
& Direct Page Register DPR2 (16)
N—
P Direct Page Register DPR3 (16)
N—
- Stack Pointer S (16)
N—
7‘3 Index Register Y (16)
N—
- Index Register X (16)
N—|
& Accumulator B (16)
N—
. Accumulator A (16)
V—
Unit (16;
(16)
N—

Unit
(BIV)

[ Timer TA9 (16) |
[ Timer TA8 (16) |

[ Timer TA4 (16) |

Central Processing Unit (CPU)

Address Bus

D-A1 converter (8)
D-Ao converter (8)

/A-D converter (10)

UARTL (9) |
UARTO (9)

l

[ Timer TB2 (16) |
[ wimer TB1 (16) |
Timer TBO (16)

[ Watchdog limer]

[Timer TA7 (16) |
[Timer TA6 (26) |
[Timer TA5 (16) |

[ Timer TA3 (16) |
[ Timer TA2 (16) |
[ Timer TA1 (16) |
[ Timer TAO (16) |

ittt Tt Tt 1

RAM

ROM

Input/Output
port P1

Input/Output
port P2

Input/Output
port P5

Input/Output
port P6

Input/Output
port P7

Fig. 1.4.1 M37906 block diagram
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1 Central processing unit (CPU)
The CPU (Central Processing Unit) has 13 registers shown in Figure 2.1.1.

b15 b8 b7 b0
| AH ! AL Accumulator A (A)
b15 b8 b7 bo! ;
Bu BL | ' Accumulator B (B)
'b31 bo!
E | Accumulator E (E)
b15 b8 b7 b0
| XH ! XL | Index register X (X)
b15 b8 b7 b0
| YH ! YL | Index register Y (Y)
b15 b8 b7 b0
| Sh S | Stack pointer (S)
b7 b0
Data bank register (DT)
b23 b16 b15 b8 b7 bo
| PG | PCH | PCL | Program counter (PC)
b7 1 b0
L i Program bank register (PG)
b15 b8 b7 b0
| DPROH | DPROL | Direct page register 0 (DPRO)
b15 b8 b7 bo
| DPR1+ ' DPRI1L | Direct page register 1 (DPR1)
b15 b8 b7 bo
| DPR2+ | DPR2L | Direct page register 2 (DPR2)
b15 b8 b7 bo
| DPR3: ' DPR3L | Direct page register 3 (DPR3)
b15 b8 b7 bo
| PSH | PSL | Processor status register (PS)
;'Efls bl0 b8 b7 b6 b5 b4 b3 b2 bl b0
lolo/olojo] w |[N|vim|x|D|1]z]C]
| P :L..--Carry flag
Lo Zero flag
b ememene Interrupt disable flag
SR Decimal mode flag
. Index register length flag
e Data length flag
. et eeeeeeeas Overflow flag
e Negative flag
b oL Processor interrupt priority level

Fig. 2.1.1 CPU registers
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.1 Accumulator (Acc)
Accumulators A and B are available. Also, accumulators A and B can be connected in series in order to
be used as a 32-bit accumulator (accumulator E).

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. The transaction of data such as calculation,
data transfer, and input/output are performed mainly through accumulator A. It consists of 16 bits,
and the low-order 8 bits can also be used separately. The data length flag (m) determines whether
the register is used as a 16-bit register or as an 8-bit register. Flag m is a part of the processor status
register, which is described later. When an 8-bit register is selected, only the low-order 8 bits of
accumulator A are used, and the contents of the high-order 8 bits is unchanged.

(2) Accumulator B (B)
Accumulator B is a 16-bit register with the same function as accumulator A. Accumulator B can be
used instead of accumulator A. The use of accumulator B, however except for some instructions,
requires more instruction bytes and execution cycles than those of accumulator A. Accumulator B is
also affected by flag m just as in accumulator A.

(3) Accumulator E (E)
This 32-bit accumulator consists of accumulator A located in the low-order 16 bits and accumulator
B located in the high-order 16 bits. This accumulator is used by an instruction that handles 32-bit
data. It is not affected by flag m.

2.1.2 Index register X (X)

Index register X consists of 16 bits and the low-order 8 bits can also be used separately. The index register
length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. Flag x
is a part of the processor status register, which is described later. When an 8-bit register is selected, only
the low-order 8 bits of index register X are used, and the contents of the high-order 8 bits are not
unchanged.

In an addressing mode in which index register X is used as an index register, the address obtained by
adding the contents of this register to the operand’s contents is accessed.

Also, each of the MVP, MVN and RMPA instructions uses index register X.

O Refer to “7900 Series Software Manual” for addressing modes and instructions.
2.1.3 Index register Y (Y)

Index register Y is a 16-bit register with the same function as index register X. Just as in index register
X, this register is affected by flag X.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.4 Stack pointer (S)
The stack pointer (S) is a 16-bit register. It is used for a subroutine call or an interrupt. It is also used when
addressing modes using the stack are executed. The contents of S indicate an address (stack area) for
storing registers during subroutine calls and interrupts. Bank 016 is specified for the stack area. (Refer to
section “2.3 Access space.”)

When an interrupt request is accepted, the microcomputer stores the contents of the program bank register
(PG) at the address indicated by the contents of S and decrements the contents of S by 1. Then the
contents of the program counter (PC) and the processor status register (PS) are stored. The contents of
S after accepting an interrupt request is equal to the contents of S decremented by 5 before accepting of
the interrupt request. (See Figure 2.1.2.)

When completing the process in the interrupt routine
and returning to the original routine, the contents of

registers stored in the stack area are restored into Stack area

the original registers in the reverse sequence Address

(PS - PC - PG) by executing the RTI instruction. The S-5

contents of S is returned to the state before accepting S—4 | Processor status register's low-order byte (PSL)

an interrupt request.

The same operation is performed during a subroutine
call, however, the contents of PS is not automatically S-2 Program counter’s low-order byte (PCL)
stored. (The contents of PG may not be stored.
This depends on the addressing mode.)

During interrupts or subroutine calls, the other

registers are not automatically stored. Therefore, if /\/

the contents of these registers need to be held on,

S—3 | Processor status register’s high-order byte (PSH)

S—1 Program counter’s high-order byte (PCH)

S Program bank register (PG)

e “S” is the initial address that the stack pointer (S)

be sure to store them by software. indicates at accepting an interrupt request.
L , « . The S’s contents become “S — 5" after storing the
Additionally, the S’s contents become “OFFFi6” at above registers.

reset. The stack area changes when subroutines
are nested or when multiple interrupt requests are
accepted. Therefore, make sure of the subroutine’s  Fi9. 2.1.2 Contents of stack area after accepting
nesting depth not to destroy the necessary data. Interrupt request

O Refer to “7900 Series Software Manual” for addressing modes and instructions.

2-4 7906 Group User's Manual Rev.2.0



CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.5 Program counter (PC)

The program counter is a 16-bit counter that indicates the low-order 16 bits of the address (24 bits) at
which an instruction to be executed next (in other words, an instruction to be read out from an instruction
gueue buffer next) is stored. The contents of the high-order program counter (PCx) become “FFis,” and the
low-order program counter (PC.) becomes “FEi¢” at reset. The contents of the program counter becomes
the contents of the reset’s vector address (addresses FFFE1s, FFFF16) just after reset.

Figure 2.1.3 shows the program counter and the program bank register.

(b23) (b16)
b7 b0 b15 b8 b7 bo

PG PCH | PCL

Fig. 2.1.3 Program counter and Program bank register

2.1.6 Program bank register (PG)

The memory space is divided into units of 64 Kbytes. This unit is called “bank.” (Refer to section “2.3
Access space.”)

The program bank register is an 8-bit register that indicates the high-order 8 bits of the address (24 bits)
at which an instruction to be executed next (in other words, an instruction to be read out from an instruction
gueue buffer next) is stored. These 8 bits indicate a bank.

When a carry occurs after adding the contents of the program counter or adding the offset value to the
contents of the program counter in the branch instruction and others, the contents of the program bank
register is automatically incremented by 1. When a borrow occurs after subtracting the contents of the
program counter, the contents of the program bank register is automatically decremented by 1. Therefore,
there is no need to consider bank boundaries during programming, usually.

This register is cleared to “001” at reset.

2.1.7 Data bank register (DT)
The data bank register is an 8-bit register. In the following addressing modes using the data bank register,
the contents of this register is used as the high-order 8 bits (bank) of a 24-bit address to be accessed.

Use the LDT instruction when setting a value to this register.
This register is cleared to “0016” at reset.

e Addressing modes using data bank register
«Direct indirect
*Direct indexed X indirect
*Direct indirect indexed Y
*Absolute
*Absolute indexed X
*Absolute indexed Y
*Absolute bit relative
«Stack pointer relative indirect indexed Y
*Multiplied accumulation

O Refer to “7900 Series Software Manual” for addressing modes.
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.8 Direct page register 0 to 3 (DPRO to DPR3)

Each of direct page registers 0 to 3 (hereafter called the “DPRI”) is a 16-bit register. The contents of this
register specify the direct page area in bank 01 or in the space across banks 0is and 1is. The following

addressing modes use DPRI.

The contents of the DPRI indicate the base address (the lowest address) of the direct page area. The direct
page area is specified in the space above this address.
After reset, whether to use DPRO only or DPRO to DPRS3 can be selected by the direct page register switch
bit. (See Figure 2.1.5). This selection specifies the direct page area. Table 2.1.1 lists the selection of the
direct page register. Figure 2.1.4 shows setting examples of the direct page area.
At reset, DPRO = “00001s,” and each of DPR1 to DPR3 becomes undefined.

e Addressing modes using direct page register
* Direct
 Direct indexed X

Table 2.1.1 Selection of direct page register

Direct page register switch bit

 Direct indexed Y 0 1
« Direct indirect .
. . - Usable DPRI DPRO DPRO to DPR3
e Direct indexed X indirect - 256 b 20
« Direct indirect indexed Y Direct page area 56 bytes 64 bytes at
« Direct indirect long each DPRi
 Direct indirect long indexed Y
 Direct bit relative
O Refer to “7900 Series Software Manual” for addressing modes and instructions.
m Direct page register switch bit =0 m Direct page register switch bit = 1
— 016 016 ] [ O16 Oe :| When DPRO = 000016
When DPRO = 000016 |  [f--====-=-1 3F1s
____________ FF _ R I TOET —
o T 4215 ] when DPR1 = 00405
"""""" 1231 | T 7180016 _
Bank 016 1 When DPRO = 012316 Bank Ois  f----------- 83F16 :l When DPR2 = 080015
____________ 22216
A A _ ~NZ
------------ FRi0e ] When DPRO = FF10
en = 16 | FEERE Tt
L FFFFws) ___________] L_FFFFse|___________| FFDO16 _
I_looooiz ------------ 1000F16_| [10000s5 =22 222555 1000F 16 ] when DPR3 = FFDO1s
Bank lie Bank 116

The direct page area is specified in space across banks O1s
and 116 when DPRO is “FF0116” or more.

The direct page area is specified in the space across banks 016

and 116 when DPRi is “FFC116” or more.

Note: When the low-order 8 bits of DPRi = “00,” the number of cycles required for address generation becomes 1 cycle smaller.

Fig. 2.1.4 Setting examples of direct page area
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

b7 b6 b5 b4 b3 b2 bl b0
0[0|0|0fO0 X

Processor mode register 1 (Address 5Fse)

Bit Bit name Function Atreset | R/W
0 This bit may be either “0” or “1.” 1 RW
1 Direct page register switch bit 0 : Only DPRO is used. 0 RW
1 : DPRO through DPR3 are used. (Note 1)
6 to 2 | Fix these bits to “00000.” 0 RW
7 Internal ROM bus cycle select bit [0 : 3¢ 0 RW
(Note 2) 1:2¢

X: It may be either “0” or “1.”

Notes 1: After reset, this bit is allowed to be changed only once. (During the software execution, be sure not to change this bit's
content.)
2: To reprogram the internal flash memory by using the CPU reprogramming mode, clear this bit to “0.” (Refer to section
“19.2 Flash memory CPU reprogramming mode.”)

Fig. 2.1.5 Structure of processor mode register 1
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CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

2.1.9 Processor status register (PS)

PS is an 11-bit register.

Figure 2.1.6 shows the structure of PS. Refer to “7900 Series Software Manual” for detale about the
change of each bit.

b15 bl4 bl3 bl2 bll b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bo
ololololo IPL Nlvimlxlolilz1e Processor(sFt)zét)usreglster

Note: Be sure to fix bits 15 through 11 to “0.”

Fig. 2.1.6 Structure of PS

(1)

(2)

(3)

(4)

(5)

Bit 0: Carry flag (C)

This flag retains a carry or a borrow generated in the arithmetic and logic unit (ALU) during an
arithmetic operation. This flag is also affected by shift and rotate instructions.

Be sure to use the SEC or SEP instruction to set this flag to “1”; and be sure to use the CLC or CLP
instruction to clear it to “0".

The contents of this flag is undefined at reset.

Bit 1: Zero flag (2)

This flag is set to “1” when the result of an arithmetic operation or data transfer is “0,” and cleared
to “0” when otherwise. This flag is invalid in the decimal arithmetic operation.

Be sure to use the SEP instruction to set this flag to “1”; and be sure to use the CLP instruction to
clear it to “0.”

The contents of this flag is undefined at reset.

Bit 2: Interrupt disable flag ()

This flag disables all maskable interrupts except the following: the address matching detection,
watchdog timer, and 0 division interrupts. Interrupts are disabled when this flag is “1.” When an
interrupt request has been accepted, this flag is automatically set to “1,” and multiple interrupts
become disabled. Be sure to use the SEI or SEP instruction to set this flag to “1”; and be sure to
use the CLI or CLP instruction to clear this flag to “0.”

This flag is set to “1” at reset.

Bit 3: Decimal mode flag (D)

This flag determines whether addition and subtraction are performed in binary or decimal. Binary
arithmetic operation is performed when this flag is “0.” When it is “1,” decimal arithmetic operation
is performed with each 8 bits treated as 2-digit decimal (at m = 1) or each 16 bits treated as 4-digit
decimal (at m = 0). Decimal adjust is automatically performed. Decimal operation is possible only
with the ADC, ADCB, SBC and SBCB instructions. Be sure to use the SEP instruction to set this
flag to “1”; and be sure to use the CLP instruction to clear it to “0.”

This flag is cleared to “0” at reset.

Bit 4: Index register length flag (x)

This flag determines whether each of index register X and index register Y is used as a 16-bit
register or an 8-bit register. That register is used as a 16-bit register when this flag is “0,” and as
an 8-bit register when it is “1” (Note). Be sure to use the SEP instruction to set this flag to “1”; and
be sure to use the CLP instruction to clear it to “0.”

This flag is cleared to “0” at reset.

2-8

7906 Group User's Manual Rev.2.0



(6)

(7)

(8)

(9)

CENTRAL PROCESSING UNIT (CPU)

2.1 Central processing unit (CPU)

Bit 5: Data length flag (m)

This flag determines whether to use data as a 16-bit unit or as an 8-bit unit. Each data is treated
as a 16-bit unit when this flag is “0,” and as an 8-bit unit when it is “1” (Note).

Be sure to use the SEM or SEP instruction to set this flag to “1,” and be sure to use the CLM or
CLP instruction to clear it to “0.”

This flag is cleared to “0” at reset.

Note: When transferring data between registers which are different in bit length, this data is transferred
with the length of the transfer destination register, except for the case where the TXA, TYA,
TXB, TYB, and TXS instructions used. Refer to “7900 series software manual” for detail.

Bit 6: Overflow flag (V)

This flag is used when addition or subtraction is performed with a word regarded as signed binary.
The overflow flag is set to “1” when the result of addition or subtraction exceeds the range between
—2147483648 and +2147483647 (when 32-bit length operation), the range between -32768 and
+32767 (when 16-bit length operation), or the range between —-128 and +127 (when 8-bit length
operation).

The overflow flag is also set to “1” when the operation result of the DIV or DIVS instruction exceeds
the length of the register which will store that result. This flag is invalid in the decimal mode. Be sure
to use the SEP instruction to set this flag to “1,” and be sure to use the CLV or CLP instruction to
clear it to “0.”

The contents of this flag is undefined at reset.

Bit 7: Negative flag (N)

This flag is set to “1” when the result of arithmetic operation or data transfer is negative. (The most
significant bit of the result is “1.”) It is cleared to “0” in all other cases. This flag is invalid in the
decimal mode. Be sure to use the SEP instruction to set this flag to “1,” and be sure to use the CLP
instruction to clear it to “0.”

The contents of this flag is undefined at reset.

Bits 10 to 8: Processor interrupt priority level (IPL)

These 3 bits can determine the processor interrupt priority level to one of levels 0 through 7. When
the interrupt priority level of a requested interrupt, which has been set in the corresponding interrupt
control register, is higher than IPL, that interrupt becomes enabled. When an interrupt request is
accepted, IPL is stored in the stack area, and IPL is replaced by the interrupt priority level of the
accepted interrupt request.

There are no instruction to directly set or clear the bits of IPL. IPL can be changed by storing the
new IPL into the stack area and updating PS with the PUL or PLP instruction.

The contents of IPL is cleared to “0002" at reset.
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CENTRAL PROCESSING

2.2 Bus interface unit (BIU)

2.2 Bus interface unit (BIU)

The bus interface unit (hereafter called “BIU”)
e Instruction prefetch
e Data transfer (read and write)

Figure 2.2.1 shows the bus and BIU.

BIU is structured with four kinds of registers shown in Figure 2.2.2. Table 2.2.1 lists the function of the BIU

UNIT (CPU)

performs the following two operations:

registers.
M37906
Internal buses
CPU bus Internal code bus (CBo to CB31)
Centra}l . Bus Internal data bus (DBo to DB15
processing interface Internal
unit unit Internal address bus (ADo to JAD23) > memory
Internal control signal
(CPU) (BIV) % g S
Internal
) peripheral
devices
" (SFR)

SFR : Special Function Register

[0 The CPU bus and internal bus are independent of one another.

Fig. 2.2.1 Bus and BIU

b23

Program address register

1 :— Instruction queue buffer

b23 b0
I DA |

Data address register

b31

I DQ |

Data buffer

Table 2.2.1 Functions of BIU registers

gueue buffer

Name Functions
Program Indicates a storage address of the
address instruction to be fetched into an
register instruction queue buffer, next.
Instruction Temporarily stores an instruction

which has been fetched.

Data address
register

Indicates an address from which data
will be read or to which data will be
written, next.

Data buffer

Fig. 2.2.2 BIU registers’ structure

Temporarily stores data which has
been read from memory«l/O device
by BIU or which will be written to

memoryel/O device by the CPU.

In the M37906, the internal buses are used when the CPU accesses the internal area (the internal memory

and SFR).

2-10
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

2.2.1 Instruction prefetch
While the CPU does not use the internal buses, the BIU reads instructions from the memory and then
stores them in the instruction queue buffer. The CPU reads instructions from the instruction queue buffer
and executes them, so that the CPU can operate at high speed without access to the memory, which
requires a long access time.

The instruction queue buffer can store instructions up to 10 bytes. The contents of the instruction queue
buffer is initialized when a branch is made, and the BIU reads a new instruction from the branch destination
address.

When instructions in the instruction queue buffer are insufficient for the CPU’s needs, the BIU extends the
low-level duration of @cru (See Figure 4.2.1.) in order to keep the CPU waiting until the BIU fetches
instructions of the required byte number or more.

Figure 2.2.3 shows operating waveform examples

at instruction prefetch. Note that the operation of Table 2.2.2 Store address of prefetched instruction
BIU’s instruction prefetch also varies with the store Low-order 3 bits
addresses of instructions. Table 2.2.2 lists the store

at store address

address of prefetched instructions.

When the instruction prefetch from internal memory, AD: AD: ADo
the instructions are fetched from 4-byte boundaries, ~_Even-numbered address 0 0 0
4 bytes at a time. (See Figure 2.2.3.) 4-byte boundaries 0 0 0
Also, at branch, regardless of the low-order 2 bits’  8-byte boundaries 0 0 0

contents (AD1 and ADo) of the branch destination  x: |t may be either “0” or “1.”

address, 4 bytes are fetched at time from the 4-

byte boundaries. (See Figure 2.2.3.) In this case,

out of the data (instructions) which will be output onto the internal code buses, 4 bytes at a time, the
instructions assigned at the branch destination address and the following addresses will be fetched into the
instruction queue buffer. Accordingly, as listed in Table 2.2.3, the number of bytes to be fetched into the
instruction queue buffer varies according to the branch destination address.

Table 2.2.3 Number of bytes to be fetched into instruction queue buffer

Low-order 2 bits of branch destination Low-order 2 bits of address to be Number of bytes to be
address output onto address bus fetched into instruction
AD: ADo AD: ADo queue buffer
0 0 0 0 4
0 1 0 0 3
1 0 0 0 2
1 1 0 0 1
o |

Internal address b 5
nternal address bus Address ><
(ADo-AD23) /|

Internal code bus / Data \

(CB0o—CBa31) (instruction)

@aiu: Operation clock of BIU (Refer to “CHAPTER 4. CLOCK GENERATING CIRCUIT.”)

Note: This waveform applies when bus cycle = 2¢. For details of the bus cycle at access to the internal area,
see Table 2.2.4.

Fig. 2.2.3 Operation waveform examples at instruction prefetch
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

2.2.2 Data Transfer (read and write)

When the CPU reads or writes data from or to the internal area, it requests the BIU to read or write data.
The BIU outputs control signals in order to control the internal address and data buses in response to the
request from the CPU. The cycle where the following are performed is referred to “bus cycle”:

* The BIU controls buses.

« Data transfer is performed between the internal area and BIU.

Table 2.2.4 lists the bus cycles at access to the internal area. Figure 2.2.4 shows operating waveform
examples at reading from or writing to the internal area.

(1) Reading data
The CPU informs the BIU’s data address register of the address where the data to be read is stored,
so the CPU requests the data. In this case, the CPU waits until the requested data is ready in the
BIU.
The BIU outputs the address informed by the CPU onto the internal address bus. Then, the CPU
reads the contents of the informed address and takes them into the data buffer. The CPU continues
processing using data in the data buffer.

(2) Writing data
The CPU informs the BIU’s data address register of the address to which the data will be written,
so the CPU writes the data into the data buffer. The BIU outputs the address informed by the CPU
onto the internal address bus. Then, the BIU writes the data in the data buffer into the informed
address.

Table 2.2.4 Bus cycles at access to internal area

Bus cycle = 3¢ (Note) Bus cycle = 2¢ (Note)
(Internal ROM bus cycle select bit = 0) (Internal ROM bus cycle select bit = 1)
. 1 bus cycle =3¢@_, 1 bus cycle = 2¢

wo | LITLITLI wo | LI LI

ROM 3 i i i
Internal address bus M Internal address bus

Internal data bus  ---1---------- -- Internal data bus  -=-+------~ --

; bHs cycle = 23(p
RAM 1 i
(0:1[0] m

Internal address bus >.<
SFR 5
Internal data bus  ---+------- -

Internal ROM bus cycle select bit: Bit 7 at address 5Fie

Note: We usually recommend to select “bus cycle = 2 @.” When reprogramming the internal flash memory
in the CPU reprogramming mode, be sure to selectbus cycle = 3¢. (Refer to section “19.2 Flash
memory CPU reprogramming mode.”)
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CENTRAL PROCESSING UNIT (CPU)

2.2 Bus interface unit (BIU)

(a) When accessing 8-bit data (Note 1) or accessing 16-bit data starting from an even-numbered address

(ﬂB\U |
| ;
nternal address bus >< Address ><
(ADo—ADz2s3)

i ‘ Note 1: When reading 8-bit data at an even-numbered address, only RD (even)
““““ F- “ - will be taken into a data buffer.

! (even) .
Internal data bus ' When reading 8-bit data at an odd-numbered address, only RD (odd)

(OBo—DB7)  : __ WD (even) \ ___ will be taken into a data buffer.
3 When writing 8-bit data to an even-numbered address, only WD (even)

: \ will be written to the address.
________ _ - — -- When writing 8-bit data to an odd-numbered address, only WD (odd)
Internal data bus ' (odd) will be written to the address.

(DBs—DBis) ' _ WD (odd) L

(b) When accessing 16-bit data starting from an odd-numbered address

- | ] ] L] L

Internal address bus : ‘
Address \Address + 1
(ADo—AD23) '

--------
Internal data bus i . ! (even)

(OB—DBY) _______. R E-- WD (even) ¥ ---

Internal data bus ; (odd)

(DBe—DBis) _:_ _ _ WD (odd) :______i_ ______ J;____

(c) When accessing 32-bit data starting from an even-numbered address

o N O B
Internal address bus ‘ >< ><
(ADo—ADz3) >< Address Address + 2
--------
Internal data bus (even) (even) ‘
(DBo—DBy7) q |
---- WD (even) --- WD (even) ---

-------- By E)
Internal data bus 3 (odd) ‘ | (odd)
DBs—DB: | |
EEPB) o woou) Yoo woed y---

(d) When accessing 32-bit data starting from an odd-numbered address

Oy Iy B

s

Internal address bus >< Address >< Address + 1 ><Address +3
(ADo—ADz2s3) 3 3
________ R S S - _
Internal data bus ! (even) (even) ,
(DBo—DBv) : ; 1 ;
———————— }—"""%"< WD (even) >---< WD (even) )---
R ROON _____L__ /RN _ I _____l___
Internal data bus (odd) w (odd)

(0B-~DB:) < WD(odd) >< V;/D(odd) >

RD: Data to be read, WD: Data to be written

Note 2: The above waveforms apply when bus cycle = 2¢.
For the bus cycles at access to the internal area, see Table 2.2.4.

Fig. 2.2.4 Operation waveform examples at reading from or writing to internal area
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CENTRAL PROCESSING UNIT (CPU)

2.3 Access space

2.3 Access space

The access space of the M37906 is assigned to a 16-Mbyte space from addresses 0is to FFFFFFi. (See
Figure 2.3.1.) Note that only the internal memory can be accessed because the M37906 operates only in
the single-chip mode.

The memory and 1/O devices are assigned in the same access space. Accordingly, it is possible to perform
transfer and arithmetic operations using the same instructions, without discrimination of the memory from
I/O devices.

016 Y
SFR area
FF16

Internal RAM area
(Note 1)

: . Bank 016

o e |:| : Memory assignment of internal area
(Note 2) e 1' i .

v . + Nothing is assigned.

Notes 1: When the internal RAM area is followed by an unused area, do not assign a program to
the last 8 bytes of the internal RAM area.
2: Do not assign a program to the last 8 bytes of the internal ROM area.
3: The memory assignment of the internal area varies according to the product type.
Refer to section “Appendix 11. Memory assignment of 7906 Group,” or the latest datasheets, catalogs.
4: Refer to section “19.1.1 Memory assignment,” about the flash memory version.

SFR : Special Function Register

Fig. 2.3.1 M37906’s access space
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CENTRAL PROCESSING UNIT (CPU)

2.4 Memory assignment

2.4 Memory assignment
This section describes the memory assignment in the internal area.

2.4.1 Memory assignment in internal area
SFR (Special Function Register), internal RAM, and internal ROM are assigned to the internal area. Figure
2.4.1 shows the memory assignment in the internal area.

(1)

(2)

©)

SFR area

The registers used to set the internal peripheral devices are assigned to addresses 0is to FFis. This
area is called SFR. Figures 2.4.2 and 2.4.3 show the SFR area’s memory assignment.

For each register in the SFR area, refer to each functional description in this manual.

For the state of the SFR area immediately after reset, refer to section “3.3 State of internal area.”

Internal RAM area

The internal RAM area is used as a stack area, as well as an area to store data. Accordingly, be
sure to set the nesting depth of a subroutine and multiple interrupts’ level not to destroy the necessary
data.

When the internal RAM area is followed by an unused area, do not assign a program to the last 8
bytes of the internal RAM area. (Data is allowed to be assigned there. Also, when the internal RAM
area is followed by the internal ROM area succeedingly, a program is allowed to be assigned there.)

Internal ROM area

Addresses FFB41s to FFFFis are the vector addresses for reset and interrupts. (This is called the
interrupt vector table.)

Do not assign a program to the last 8 bytes of the internal ROM area. (Data is allowed to be assigned
there.)
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2.4 Memory assignment

O16
SFR area - See Figures 2.4.2 Interrupt vector table
FFae and 2.4.3. ; FFB41s[_ Reserved area H
FFB61s| Reserved area
' FFB8is| _ ; L |
; FFBA16 Timer A9 H
! 16 . L
! — Timer A8 0]
Internal RAM area ! H
! FFBCis[ Timer A7 T
H FFBE1es [ _ Timer A6 = |
/' FFCO [— i L]
/ |:|:c216 TimerA5
; e L
" |:Fc416 — o u
! 16 TN~ L
/ FFC616 [ = u
- INTs o
! FFC816 | Reserved area -
: FFCA16 | pdgress matching detection 11
FFCCi6\— Reserved area 1
FFCE1s | Reserved area +
’:" FFDO1s [ m |_.|_
”: FFD216 | m I__|_
FFD41s L AD conversion H
FFD61s \— yART1 transmit ]
FFD81s | UART1 receive
Internal ROM area ! FFDA L
; 16 — UARTO transmit
! FFDC1e L UARTO receive &
/ FFDEzs ) L
; G — Timer B2 H]
' 16 y L
; e — TimerBl  §j
; , L
; 16— Timer BO ]
/ FFE416| i L
; 16 Timer A4 o
; FFEG|—  TimerA3 L
' FFE816| _ Timera2 Ll
| H
! FFEA6]  Timeral L]
; H
! FFEC1s : L
— Timer AO T
! FFEE16| _ Reserved area ';—
/ FFFO16 | Reserved area -
FFF216\ Reserved area f
FFB4 FFF416 L
el ELCET TP FP R R RS — Reserved area
FFF61s L \atchdog timer 1
FFF816|  DBC (Note 1)
FFFA16 | BRK instruction (Note l)-'_-|—
FFFCis|—  Zero divide
— L
FFFFi .. FPPEel RESET i

[] : The internal memory is not assigned.

Notes 1: These are interrupts only for debugging; do not use these interrupts.
2: Memory assignment of the internal area varies according to the product type. Refer to section

“Appendix 11. Memory assignment of 7906 Group” or the latest datasheets, catalogues.

Fig. 2.4.1 Memory assignment in internal area
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2.4 Memory assignment

Address
O (Note 1)
lis (Note 1)
216 (Note 2)
316 Port P1 register
416 (Note 2)
516 Port P1 direction register
616 Port P2 register
T16 (Note 2)
816 Port P2 direction register
916 (Note 2)
Az (Note 2)
Bis Port P5 register
Cis (Note 2)
Dis Port P5 direction register
Eis Port P6 register
Fie Port P7 register
1016 Port P6 direction register
1116 Port P7 direction register
1216 (Note 2)
1316
1416 (Note 2)
1516
1616 (Note 2)
1716 (Note 2)
1816 (Note 2)
1916 (Note 2)
1A
1B1s
1Cis
1D16
1E16 A-D control register 0
1Fie A-D control register 1
201 A-D register 0
2116
2216 .
231 A-D register 1
241 A-D register 2
2516
2616 .
2716 A-D register 3
281 A-D register 4
2916
2A16 (Note 2)
2B1s (Note 2)
2Cus (Note 2)
2D16 (Note 2)
2E16 (Note 2)
2F16 (Note 2)
3016 UARTO transmit/receive mode register
3l UARTO baud rate register (BRG0)
3218 UARTO transmit buffer register
3316
3416| UARTO transmit/receive control register 0
3516| UARTO transmit/receive control register 1
3616 . )
3716 UARTO receive buffer register
386 UART1 transmit/receive mode register
3916 UART1 baud rate register (BRG1)
8Aue UART1 transmit buffer register
3Bis
3Cis| UARTL transmit/receive control register 0
3D1s| UARTL1 transmit/receive control register 1
SEue UART1 receive buffer register
3F6

Address
4016 Count start flag 0
4116 Count start flag 1
4216 One-shot start flag 0
4316 One-shot start flag 1
4446 Up-down flag 0
4516 Timer A clock division select register
4616 ) )
4716 Timer AO register
4810 Timer Al register
496
4A16 . .
4B1s Timer A2 register
4Ci Timer A3 register
4D
4E16 . .
4F 16 Timer A4 register
501 Timer BO register
5116
5216 . .
5316 Timer B1 register
5416 ) )
55156 Timer B2 register
5616 Timer AO mode register
5716 Timer A1 mode register
5816 Timer A2 mode register
5916 Timer A3 mode register
5A6 Timer A4 mode register
5B16 Timer BO mode register
5Cis Timer B1 mode register
5D1s Timer B2 mode register
5E16 Processor mode register 0
5F16 Processor mode register 1
6016 Watchdog timer register
6116 | Watchdog timer frequency select register
6216 Particular function select register 0
6316 Particular function select register 1
6416 Particular function select register 2
6516 (Note 2)
6616 Debug control register 0
6716 Debug control register 1
6816
6916 Address compare register 0 (Note 3)
6A16
6B16s
6C1s Address compare register 1 (Note 3)
6D1s
6Eas INT3 interrupt control register
6F1s INT4 interrupt control register
7016 | A-D conversion interrupt control register
7116 | UARTO transmit interrupt control register
7216 | UARTO receive interrupt control register
7316 | UART1 transmit interrupt control register
7416 | UART1 receive interrupt control register
7516 Timer AQ interrupt control register
7616 Timer Al interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
TA. Timer BO interrupt control register
7B1s Timer B1 interrupt control register
7Cis Timer B2 interrupt control register
7D1s (Note 2)
TE16 (Note 2)
TF16 (Note 2)

Notes 1: Do not read from and write to this register.

2: Do not write to this register.

Address
8016 (Note 2)
811 (Note 2)
8216 (Note 2)
8316 (Note 2)
8416 (Note 2)
8516 (Note 2)
8616 (Note 2)
8716 (Note 2)
8816
8916
8Ais (Note 2)
8Bu1s
8Cus (Note 2)
8D1s
8E1s (Note 2)
8F16
9016 (Note 2)
9116
9216 (Note 2)
9316
9416
9516 External interrupt input read register
9616 D-A control register
9716
9816 D-A register 0
9916 D-Aregister 1
9A16
9B1s
9Cis (Note 2)
9D16 (Note 2)
gEle Flash memory control register (Note 4)

16

3: When these registers are accessed, set the address compare register access enable bit (bit 2 at address 6716) to “1.”

(Refer to “CHAPTER 17. DEBUG FUNCTION.”)

4: This register is assigned only to the flash memory version. (Refer to “CHAPTER 19. FLASH MEMORY VERSION.")
Nothing is assigned here in the mask ROM version.

Fig. 2.4.2 SFR area’s memory map (1)
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2.4 Memory assignment

Address
AO16 (Note 5)
Alis
A216 (Note 5)
A316
Adie (Note 5)
Ab16
Ab61s Waveform output mode register
AT Dead-time timer
A816 Three-phase output data register 0
A916 Three-phase output data register 1
AAus| Position-data-retain function control register
ABis
ACis Serial 1/0 pin control register
AD1s
AEis Port P2 pin function control register
AFi6
BO01s (Note 5)
Blis (Note 5)
B216 (Note 5)
B31s (Note 5)
B4is (Note 5)
B516 (Note 5)
B61s (Note 5)
B716 (Note 5)
B8is (Note 5)
B91s
BAis (Note 5)
BB1s (Note 5)
BCis Clock control register 0
BD1s (Note 5)
BE1s (Note 5)
BFs (Note 5)

Note 5: Do not write to this register.

Address
COs1s
Cli
C216
C31
C4
Cb16
C616
C716
C8i16
C916
CAus
CBis
CCuss
CD1s
CEis
CFis
D016
DAET
D216
D316
D416
D516
D616
D716
D816
D916
DA
DB1s
DCis
DD:s
DE:s
DF1s
EO:6
Elis
E216
E316
E4is
E5i6
E616
E716
E8i6
E916
EAs
EBus
ECis
EDis
EEis
EF1
FO1s
Flie
F216
F316
F4i6
F516
F616
F716
F816
F916
FA16
FBis
FCus
FD1s
FEis
FFe

Up-down flag 1

Timer A5 register

Timer A6 register

Timer A7 register

Timer A8 register

Timer A9 register

Timer AO1 register

Timer Al1 register

Timer A21 register

Timer A5 mode register

Timer A6 mode register

Timer A7 mode register

Timer A8 mode register

Timer A9 mode register

(Note 5)

Comparator function select register 0

(Note 5)

Comparator result register 0

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

(Note 5)

Timer A5 interrupt control register

Timer A6 interrupt control register

Timer A7 interrupt control register

Timer A8 interrupt control register

Timer A9 interrupt control register

INTSs interrupt control register

INTe interrupt control register

INT7 interrupt control register

Fig. 2.4.3 SFR area’s memory map (2)

2-18

7906 Group User's Manual Rev.2.0




CENTRAL PROCESSING UNIT (CPU)

2.5 Processor modes

2.5 Processor modes

The M37906 operates only in the single-chip mode. Figure 2.5.1 shows the memory assignment of the
M37906.

Single-chip mode

O16
SFR area
FF1e
Unused area
Internal
RAM area
(Note 1)

Unused area

Internal
ROM area
(Note 2)

Notes 1: When the internal RAM area is followed by an unused area, do not assign a program to
the last 8 bytes of the internal RAM area.
2: Do not assign a program to the last 8 bytes of the internal ROM area.
3: The memory assignment of the internal area varies according to the product type.
Refer to section “Appendix 11. Memory assignment of 7906 Group,” or the latest datasheets, catalogs.

Fig. 2.5.1 Memory assignment of M37906

2.5.1 Single-chip mode

In this mode, ports P1, P2, P5 to P7 serve as programmable I/O ports. (When an internal peripheral device
is used, the corresponding port pin serves as the device’'s I/O pin).

In this mode, only the internal area (SFR, internal RAM, and internal ROM) can be accessed.
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2.5 Processor modes

2.5.2 Setting of processor mode

The processor mode is set by the following:

« Voltage level applied to the MDO and MD1 pins

* Processor mode bits (bits 1 and O at address 5Euis)

The Vss—level voltage must be applied to the MDO and MD1 pins, because the M37906 operates only in
the single-chip mode. Also, the processor mode bit must be “00.”

Figure 2.5.2 shows the structure of the processor mode register 0 (address 5E16).

b7 b6 b5 b4 b3 b2 bl b0

. T 1
Processor mode register O (Address 5Eis) 0 . x| x|o . 0
Bit Bit name Function Atreset | R/W
Processor mode bits bibo | . 0
0 0 0 : Single-chip mode RW
0 1: Do not select.
1 1 0 : Do not select. 0 RW
11: Do not select.
2 Any of these bits may be either “0” or “1.” 0 RW
3 1 RW
Interrupt priority detection time | bSb4
4 select Eitg y 00 : 7 cycles of fsys Y RW
0 1: 4 cycles of fsys
5 10: 2 cycles of fsys 0 RW
11 : Do not select.
6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.
7 Fix this bit to “0.” 0 RW

X: It may be either “0” or “1.”

Fig. 2.5.3 Structure of processor mode register 0

2-20 7906 Group User's Manual Rev.2.0



CENTRAL PROCESSING UNIT (CPU)

[Precautions for setting of processor mode]

[Precautions for setting of processor mode]

The M37906 operates only in the single-chip mode. Therefore, for the M37906, do as follows:
e The MDO and MD1 pins must be connected to Vss.

» The processor mode bits (bits 0 and 1 at address 5Eis) must be fixed to “002.”
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[Precautions for setting of processor mode]

MEMORANDUM
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RESET

3.1 Reset operation

There are 3 ways to reset the microcomputer:

Hardware reset : Apply “L” level of voltage to pin RESET while the power source voltage (Vcc) meets
the recommended operating conditions.

Software reset : Write “1” to the software reset bit (bit 6 at address 5Eis) while the power source
voltage (Vcc) meets the recommended operating conditions.

Power-on reset : After power-on, raise the voltage level at pin Vcc to the level, which meets the
recommend operating conditions, with “L” level of voltage applied to pin RESET.

3.1 Reset operation
Operations of hardware, software, and power-on reset are described below.

3.1.1 Hardware reset
Figure 3.1.1 shows an example of hardware reset timing.

RESET ! !
; (Note) : ;
i 10 ps or more 1 8to 9 cycles of fsys :
'4—»'4—’: :
' ' ! Internal processing
' ! sequence after . _
' ' reset ' Program is executed.
f O : 0 ' O

O

Note: The above is applied when the oscillator is stably oscillating or when an
external clock is stably input from pin Xin. When the oscillator is not stably
oscillating (including the case at the stop mode’s termination; refer to section
“15.3 Stop mode.”), apply “L” level of voltage for 10 us or more after the
oscillation becomes stable.

Fig. 3.1.1 Example of hardware reset timing
The following explains how the microcomputer operates in the above periods, O to O.

O After applying “L” level of voltage to pin RESET, the microcomputer initializes pins within a period of several
ten cycles of fss. (Refer to section “3.2 Pin state.”)
O The microcomputer initializes the central processing unit (CPU) and SFR area in the following periods.
(Refer to section “3.3 State of internal area.”)
* While pin RESET is at “L” level.
* In the period of 8 to 9 cycles of fss after pin RESET goes from “L” to “H.”
O After O, the microcomputer performs “Internal processing sequence after reset.” (Refer to section “3.4
Internal processing sequence after reset.”)
O The microcomputer executes a program beginning with the address which has been set into the reset
vector addresses (addresses FFFEi1s and FFFFis).

3-2 7906 Group User's Manual Rev.2.0



RESET

3.1 Reset operation

3.1.2 Software reset
The microcomputer initializes pins, CPU, and SFR area just as in the case of hardware reset (Refer to
sections “3.2 Pin state” and “3.3 State of internal area”) by writing “1” to the software reset bit. (See
Figure 3.1.2))
After initialization is completed, the microcomputer performs “Internal processing sequence after reset.”
(Refer to section “3.4 Internal processing sequence after reset.”) After that, it executes a program
beginning with the address which has been set into the reset vector addresses (addresses FFFEis and

FFFFs).
. b7 b6 b5 b4 b3 b2 bl b0
Processor mode register O (Address 5Ezs) T T
0 . X|[X|0 . 0
Bit Bit name Function Atreset | R/W
Processor mode bits blbo . 0

Y 0 0 : Single-chip mode RW
0 1: Do not select.

1 1 0: Do not select. 0 RW
1 1: Do not select.

2 Any of these bits may be either “0” or “1.” 0 RW

3 1 | RW

iAri 7 : b5 b4

4 Isrggrétjgrtgrlonty detection time 00 : 7 cycles of fus 0 RW
01: 4 cycles of fsys

5 1 0: 2 cycles of fsys 0 RW
1 1: Do not select.

6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.

7 Fix this bit to “0.” 0 RW

X: It may be either “0” or “1".

Fig. 3.1.2 Structure of processor mode register 0

7906 Group User's Manual Rev.2.0
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3.1 Reset operation

3.1.3 Power-on reset

The following describes the operation of the microcomputer at power-on reset.

O After powered on, within the several ten cycles of fss after the voltage level at pin Vcc meets the recommended
operating conditions with the voltage level at pin RESET = “L,” the microcomputer initializes pins; refer to

section “3.2 Pin state.”

O After the voltage level at pin RESET goes from “L” to “H,” the microcomputer initializes the CPU and
SFR area within a period of 8 to 9 cycles of fss. (Contents of the internal RAM area become undefined;

refer to section “3.3 State of internal area.”)

O After O, the microcomputer performs “Internal processing sequence after reset.”; refer to section “3.4

Internal processing sequence after reset.”

O The microcomputer executes a program beginning with the address which has been set into the reset

vector addresses (addresses FFFEi1s and FFFFis).

Figure 3.1.3 shows the power-on reset conditions.
Figure 3.1.4 shows an example of a power-on reset
circuit.

After the voltage level at pin Vcc meets the
recommended operating conditions and the oscillator’s
operation is stabilized (see Figure 3.1.3.), apply “L”
level of voltage to pin RESET for 10 us or more.
When an oscillator is used, the time required for
stabilizing oscillation depends on the oscillator. For
details, contact the oscillator manufacturer.

Vce
ov

RESET
ov

XIN

ov

A

Powered on there

Vcc level

0.2 Vcce level

/<—> 10 ps

—>
Oscillation stabilized

Fig. 3.1.3 Power-on reset conditions

& 5V

1| M51957AL
Vcc

27kQ

AVAVAY

M37906

IN ouT

Delay (4
capacity

GND

3 TCd

10 kQ

VN

47 Q

Vcc

RESET

td = 0.34 0 Cd [us], Cd: [pF]

O The delay time is about 11 ms when Cd = 0.033 uF. 777~

GND

Fig. 3.1.4 Example of power-on reset circuit
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3.2 Pin state

3.2 Pin state

Table 3.2.1 lists the microcomputer’s pin state while the voltage level at pin RESET is “L.”

Table 3.2.1 Pin state while voltage level at pin RESET is “L”

Pin MD1’s level |Pin MDO's level Pin (Bus, Port) name Pin state
MASK ROM version, |Vss Vss P1, P2, P5-P7 Floating.
Flash memory version
(Note 1)
Flash memory version |Vcc Vss P1, P2, P5-P7 Floating.
(Note 1) Vce P1, P2, P5-P7 Floating (Note 2).

Notes 1: Refer to “CHAPTER 19. FLASH MEMORY VERSION.”
2: Pins P56, P57 and P6o to P6s output “H” or “L” level when “H” level of voltage is applied to pin Vcont and “L” level to pins

P70, P71.

7906 Group User's Manual Rev.2.0
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3.3 State of internal area

3.3 State of internal area

Figure 3.3.1 shows the state of CPU registers immediately after reset. Figures 3.3.2 to 3.3.9 show the state
of the SFR and internal RAM areas immediately after reset.

0 : “0” immediately after reset. @ : “0” immediately after reset.
1 :“1” immediately after reset. Fix this bit to “0.”
? : Undefined immediately after reset.
Register name State immediately after reset
b15 b8 b7 b0
Accumulator A (A) | ” | ? |
b15 b8 b7 b0
Accumulator B (B) | 2 | 2 |
b15 b8 b7 b0
Index register X (X) | 2 | 2 |
b15 b8 b7 b0
Index register Y (Y) | 2 | 2 |
b15 b8 b7 b0
Stack pointer (S) | OF16 | FF1s |
b7 b0
Data bank register (DT) | 0016 |
b7 b0
Program bank register (PG) | 0016 |
b15 b8 b7 b0
Program counter (°C) | Contents at address FFFF1s | Contents at address FFFE1s |
b15 b8 b7 b0
Direct page register 0 (DPRO) | 0016 | 0016 |
b15 b8 b7 b0
Direct page register i (DPRi) | ? | ? |
(i=1to3)
b15 b8 b7 b0
Processor status register (PS) |0|0|0|0|O|O|0|O|?|?|O|O|O|1|?|?|
IPL NV mx D I zZ C

Fig. 3.3.1 State of CPU registers immediately after reset
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3.3 State of internal area

e SFR area (Addresses 016 to FF16)

Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset. IEI - Always “0” at reading.
1 :“1"immediately after reset.

> : Undefined immediately after : Always “1” at reading.
reset. : Always undefined at reading.

@ 1 “0” immediately after reset. Fix this bit to “0.”

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
O (Note 1) ?
1l (Note 1) ?
216 (Note 2) ?
316 Port P1 register RW ?
416 (Note 2) ?
516 Port P1 direction register RW 0016
616 Port P2 register RW ?
716 (Note 2) g
816 Port P2 direction register RW 0016
916 (Note 2) ?
A (Note 2) ?
Bis Port P5 register RW | ? | ?
Cis (Note 2) ?
Das Port P5 direction register RW | 0 | 0|0 | ?
Es Port P6 register | RW ? ?
Fis Port P7 register | RW ? ?
101 Port P6 direction register | RW 2 |oJo]o]ofo]o
111 Port P7 direction register | RW ? o|j0|0O|0]|O
1216 (Note 2) ?
13 ?
1416 (Note 2) ?
1516 ?
1616 (Note 2) ?
1716 (Note 2) ?
1816 (Note 2) ?
1916 (Note 2) 7
1As6 ?
1B ?
1Css ?
1D ?
1E1s A-D control register 0 RW 0O|0|O]O|O|?2|?2]?
1F 6 A-D control register 1 RW 0|0 [O0O]O0]|]O0}O|?2]2?

Notes 1: Do not read and write.
2: Do not write.

Fig. 3.3.2 State of SFR and internal RAM areas immediately after reset (1)
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3.3 State of internal area

Address

2016
2116
2216
2316
2416
2516
2616
2716
2816
2916
2A16
2B1s
2C1s
2Dz
2E1s
2F16
3016
3116
3216
3316
3416
3516
3616
3716
3816
3916
3A16
3Bis
3Cis
3Dss
3Eis
3F6

Register name

A-D register 0

A-D register 1

A-D register 2

A-D register 3

A-D register 4

UARTO transmit/receive mode register

UARTO baud rate register (BRGO)

UARTO transmit buffer register

UARTO transmit/receive control register 0
UARTO transmit/receive control register 1

UARTO receive buffer register

UART1 transmit/receive mode register

UART1 baud rate register (BARG1)

UART1 transmit buffer register

UARTL1 transmit/receive control register 0
UART1 transmit/receive control register 1

UARTL1 receive buffer register

Access characteristics

State immediately after reset
b7 bo

b7
(Note 3) ?
[ (Note 3) ofofofofoJo] ~
(Note 3) 2
[ (Note 3) oJloJo]o]o]o] ~»
(Note 3) 2
[ (Note 3) ofofofofoJo] ~
(Note 3) 2
[ (Note 3) oJloJo]o]o]o] ~»
(Note 3) 2
[ (Note 3) olojofofojo] 2
(Note 4) 2
[ (Note 4) ?
[ (Note 4) ?
(Note 4) 2
(Note 4) ?
[ (Note 4) ?
RW 0016
WO ?
WO ?
lwo ?
RW IRO| RW oloJofof[1]o0]lo0]o0
RO RWRORW| [o|o]o]ofJof[of[1]o0
[ RO ?
[Ro| [o0]o]o]o]o]o]o]~
RW 0016
WO ?
WO 2
lwo ?
RW RO[ RW olojloJo|1][o0]0]0O
RO RwWrRoORw| [o]ofofoflo]o]1]0
RO ?
[RO| [o]o]o]o]Jo]o]o]-~

Notes 3: The access characteristics at addresses 2016 to 2916 vary according to the contents of the comparator
function select register 0 (address DC1s). (Refer to “CHAPTER 12. A-D CONVERTER.”)

4: Do not write.

Fig. 3.3.3 State of SFR and internal RAM areas immediately after reset (2)
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3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
4016 Count start register 0 RW 0016
413 Count start register 1 RW ? 0(oj0|0]|O
4216 One-shot start register 0 RW WO 0 ? 0Ojp0l0O0|0O|O
4316 One-shot start register 1 RW WO 0 ? 0 [ O] O0[ 00
444 Up-down register 0 WO RW OfO0OlO|O[0O0]JO|[O]O
4516 Timer A clock division select register |RW|RW 0/0jOoj0Of0OjJ]0O]O]O
4616 i . (Note 5) ?
Timer AO register
471 ! g [ (Note 5) 2
Note 5 ?
481 Timer Al register [ ( )
4916 (Note 5) ?
4 Az . . (Note 5) ?
T A2 it
4B imer A2 register [ (Note 5) 5
4Cus ) . RW ?
Timer A3 register
4Dss g [ RW ?
4E1 ) . (Note 5) ?
Timer A4 register
4F s 9 [ (Note 5) 2
?
501 Timer BO register [ (Note 6) -
511 (Note 6) ?
52 Ti 51 reqist [ (Note 6) ?
5316 imer B1 register (Note 6) -
?
541 Timer B2 register [ (Note 6) -
5516 (Note 6) ?
561 Timer A0 mode register RW 0016
571 Timer A1 mode register RW 0016
5816 Timer A2 mode register RW 0016
5916 Timer A3 mode register RW 0016
5A Timer A4 mode register RW 0016
5Bis Timer BO mode register RW  |Moe?) RW oj|o|?|]0|0|J0O|O0O]|O
5Cis Timer B1 mode register RW  |ete?) RW 0[0|?]|0|]0|]0|0]|O
5Dss Timer B2 mode register RW |tote?) RW 0/|0|?]|0]0|]0|0]|O
5Ess Processor mode register 0 RW|WO RW 0jJ0o|0|0]1|0[0]O
5Fis Processor mode register 1 RW 0 (OO0 00012
Notes 5: The access characteristics at addresses 4616 to 4B16, 4E16, and 4F16 vary according to the timer A’s operating
mode. (Refer to “CHAPTER 7. TIMER A.")
6: The access characteristics at addresses 5016 to 5516 vary according to the timer B’s operating mode. (Refer to
“CHAPTER 8. TIMER B.”)
7: The access characteristics for bit 5 at addresses 5B16 to 5D16 vary according to the timer B’s operating mode.
(Refer to “CHAPTER 8. TIMER B.”)

Fig. 3.3.4 State of SFR and internal RAM areas immediately after reset (3)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
60 16 Watchdog timer register (Note 8) ? (Note 9)
6116 Watchdog timer frequency select register RW|RW| |RW 0|0 ? 0
6216 Particular function select register 0 RW RW (Note 10 o0 oo o000
6316 Particular function select register 1 |RW| |RW|RW|RW (Note 11 O 0| 0[O 0} 0|Note12
64 16 Particular function select register 2 ?
6516 (Note 13) ?
66 15 Debug control register 0 RW 1 |0 |me) 00| (Note 12)
6715 Debug control register 1 RO[RO| |RWRW/ROjRW| [o0]o0Jo0[2?2]o0fJofo]o
68 16 RW (Note 14) ?
6916  Address comparison register O RW (Note 14) ?
6A16 RW (Note 14) ?
6B1s RW (Note 14) ?
6Cis  Address comparison register 1 RW (Note 14) ?
6D1s RW (Note 14) ?
6E1s  INTzinterrupt control register RW ? 0/|0|0|0|0]O
6F16  INT4interrupt control register RW ? 0[0|0]J]0]|O0]O
7016 A-D conversion interrupt control register RW ? ?210]0]|0
7116 UARTO transmit interrupt control register RW ? 0|{0|0]|O
7216 UARTO receive interrupt control register RW 2 0o(o0ojo0]|o0
7316 UARTL transmit interrupt control register RW ? 0{0|0]|O
7416 UART1 receive interrupt control register RW ? 00|00
7516 Timer AO interrupt control register RW ? 0]0]0]|O0
7615 Timer Al interrupt control register RW ? 0/0]0]O
7716 Timer A2 interrupt control register RW ? 0|0|0]|O
7816 Timer A3 interrupt control register RW ? 0]0]0]|O0
7916 Timer A4 interrupt control register RW 2 0|0|0O0]|O
7A1s  Timer BO interrupt control register RW ? 0]0]0]O
7B1s  Timer B1 interrupt control register RW ? 0]0]0]|O0
7Cis Timer B2 interrupt control register RW ? 0/]0|]0]O0
7D16s (Note 13) ?
7TE s (Note 13) ?
TF 16 (Note 13) ?
Notes 8 : By writing dummy data to address 6016, a value of “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
9 : Avalue of “FFF16” is set to the watchdog timer. (Refer to “CHAPTER 14. WATCHDOG TIMER.")
10 : After writing “5516” to address 6216, each bit must be set.
11: Itis possible to read the bit state at reading. By writing “0” to this bit, this bit becomes “0.”
But when writing “1” to this bit, this bit will not change.
12 : This bit becomes “0” at power-on reset. This bit retains the state immediately before reset in the case of
hardware reset and software reset.
13 : Do not write.
14 : When these registers are accessed, set the address comparison register access enable bit (bit 2 at address
6716) to “1.” (Refer to “CHAPTER 17. DEBUG FUNCTION.")

Fig. 3.3.5 State of SFR and internal RAM areas immediately after reset (4)
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RESET

3.3 State of internal area

Address

801
8116
8216
8316
8416
8516
8616
8716
8816
8916
8Aus
8Bis
8Cus
8Dss
8E1s
8F 16
9016
9116
9216
9316
9416
9516
9616
9716
9816
9916
9Ass6
9B
9Cus
9D16
9E16
9F 16

Register name

External interrupt input read-out register
D-A control register

D-A register 0
D-A register 1

Flash memory control register (Note 16)

Notes 15 : Do not write.
16 : This register is allocated only to the flash memory version. (Refer to “CHAPTER 19. FLASH MEMORY
VERSION.”) This is not allocated to the mask ROM version.

Access characteristics

State immediately after reset

b7 b0 b7 b0
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
?
?
(Note 15) ?
?
(Note 15) 2
?
(Note 15) 2
?
(Note 15) ?
?
(Note 15) 2
?
?
RO ?
IRWRW ? lo]o

?

RW 0016

RW 0016
?
2
(Note 15) 2
(Note 15) ?

Rw| [Rw| Rw[ro| |oJofofofofofo]1

2

Fig. 3.3.6 State of SFR and internal RAM areas immediately after reset (5)
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RESET

3.3 State of internal area

Address Register name

AO1s
Alis
A2i16
A3
Adie
Abie

A716 Dead-time timer

ABuis
AD1s

AF16
BO1s
Blis
B2is
B3is
B4is
B51s6
B61s
B716
B8is
B91s
BAus
BBis

BD1s
BEis
BFis

Access characteristics

State immediately after reset
b7 b0

AB1s Wave output mode register

A8 Three-phase output data register 0

A9 Three-phase output data register 1

AAus position-data-retain function control register

ACus Serial 1/O pin control register

AEis Port P2 pin function control register

BCis Clock control register 0

(Note 17) 2
?
(Note 17) ?
?
(Note 17) ?
?
RW 0016
WO ?
RW 0016
RW 0016
Rw|RO|RO[RO ? [oJoJo]Jo
?
RWRWRWRw| [0]o]Jo]JoJoJo]o]o
?
RW| RWRWRwWRW, [o]2?2]2]2]o]ofo]o
?
(Note 17) 2
(Note 17) 2
(Note 17) ?
(Note 17) ?
(Note 17) 2
(Note 17) ?
(Note 17) ?
(Note 17) ?
(Note 17) ?
?
(Note 17) ?
(Note 17) 2
RWRWRWRW|Note 18)RWIRW| [0 Jo]ofa]Jo 1] 1)1
(Note 17) ?
(Note 17) ?
(Note 17) ?

Notes 17 : Do not write to this register.
18 : After reset, these bits are allowed to be changed only once.

Fig. 3.3.7 State of SFR and internal RAM areas immediately after reset (6)
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RESET

3.3 State of internal area

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
CO01s 2
Clis ?
C216 ?
C3s ?
Cdase Up-down register 1 WO RW 0 RQ\W 0 Bﬁ\\}\\b&\\@\i\\b\
Cb1s ?
g?iz Timer A5 register [ gw :
ggiz Timer A6 register [ gw :
Chus Timer A7 register [ RW ?
CBus RW 2
CCue Timer A8 register [ RW ?
CDass RW 2
g:i: Timer A9 register [ Esg'i: ig; :
DOz Timer AO1 register [ Wo ?
D11 WO ?
Bgi Timer Al1 register [ wg :
ggiz Timer A21 register [ ag :
D616 Timer A5 mode register RW 0016
D716 Timer A6 mode register RW 0016
D8as Timer A7 mode register RW 0016
D916 Timer A8 mode register RW 0016
DAss Timer A9 mode register RW 0016
DBis (Note 20) ?
DCi6 Comparator function select register 0 RW W | 0 | 0 | 0 | 0 | 0
DDss (Note 20) ?
DEis Comparator result register 0 RW Q}S&@S&Q\q 0 | 0 | 0 | 0 | 0
DF1s (Note 20) ?

Notes 19 : The access characteristics at addresses CE16 and CF16 vary according to the timer A’s operating mode. (Refer to
“CHAPTER 7. TIMER A.")
20 : Do not write.

Fig. 3.3.8 State of SFR and internal RAM areas immediately after reset (7)
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RESET

3.3 State of internal area

« At power-on reset

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
EO1s6 (Note 21) 2
Elis (Note 21) 2
E216 (Note 21) 2
E316 (Note 21) ?
E4ie (Note 21) )
E516 (Note 21) 2
E616 (Note 21) 2
E716 (Note 21) 2
E81s6 (Note 21) 2
E91s6 (Note 21) 2
EA6 (Note 21) 2
EBis (Note 21) 2
ECis (Note 21) ?
ED1s (Note 21) ?
EEis (Note 21) 2
EFus (Note 21) 2
FO16 ?
Flie (Note 21) 2
F216 (Note 21) 2
F316 ?
F416 ?
F5:16 Timer A5 interrupt control register RW ? 0|l0|0 1|0
F6.s Timer A6 interrupt control register RW ? 000 |0
F7.1s Timer A7 interrupt control register RW ? 00|00 |O
F8:s Timer A8 interrupt control register RW ? 00|00 |O
FO9:c Timer A9 interrupt control register RW ? 00|00
FA1s 2
FBis 2
FCis 2
FDis INTS5 interrupt control register RW ? 0|0|0(O0O|O0]O
FEis INTs interrupt control register RW ? 0j]0j0[0O0|0O0]O
FFis INT7 interrupt control register RW ? 0j0|0fO0O]|O0O]O
Notes 21 : Do not write to this register.
e Internal RAM area
AL NArdWAIE FESEL .....eiiiiiie et Retains the state immediately before reset (Note 22).
o AL SOFtWANE TESEL.....iiiiiiiiiii it Retains the state immediately before reset.
« At termination of the stop or wait mode
(when hardware reset is used for the termination.)...........cccccvevvevrevieeennns Retains the state immediately before the STP or

WIT instruction is executed.

................................................................................................................... Undefined.

Notes 22 : When a reset operation starts while writing to the internal RAM area is in process, the microcomputer will be

reset before the completion of writing. Accordingly, the contents of the area where the writing was in process

will become undefined.

Fig. 3.3.9 State of SFR and internal RAM areas immediately after reset (8)
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RESET

3.4 Internal processing sequence after reset

3.4 Internal processing sequence after reset
Figure 3.4.1 shows the internal processing sequence after reset.

0

AH(cPu)

0
ALAmCPU)

DATArU)

fsyg JI_II_II—II—II—II—IL

>< 0016 >< 0016 >< 0016 ><

X 000015 X FrrEs X ADstoADs X

Undefined ><IPL, Vector addresses of reset>< ADis to ADo >< Next op-code

fsys : System clock (See Figure 4.2.1.)
ADo to AD 15 : Internal address bus
IPL: Processor interrupt priority level

OThis is an internal signal and is not output to the external.

Fig. 3.4.1 Internal processing sequence after reset
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RESET

3.4 Internal processing sequence after reset

MEMORANDUM
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CLOCK GENERATING CIRCUIT

4.1 Oscillation circuit examples

4.1 Oscillation circuit examples

To the oscillation circuit, a ceramic resonator or a quartz-crystal oscillator can be connected, or the clock
which is externally generated can be input. Oscillation circuit examples are shown below.

4.1.1 Connection example with resonator/oscillator

Figure 4.1.1 shows an example where pins Xin and Xour connect across a ceramic resonator/quartz-crystal
oscillator.

The circuit constants such as Rf, Rd, Cin, and Cour (shown in “Figure 4.1.1") depend on the resonator/
oscillator. These values shall be set to the values recommended by the resonator/oscillator manufacturer.

M37906

XIN Xout

—\NNN—o

Rt

Rd

Cout

2
i
77

Fig. 4.1.1 Connection example of resonator/oscillator

4.1.2 Externally generated clock input example

Figure 4.1.2 shows an input example of a clock which is externally generated. An external clock must be
input from pin X, and pin Xour must be left open.

When an externally generated clock is input, the power source current consumption can be saved by the
stop of internal circuit’s operation between pins Xin and Xour. (Refer to “CHAPTER 16. POWER SAVING
FUNCTION.")

M37906

XIN XouTt

T Open

Externally generated clock

ve LI L LT
Vss

Fig. 4.1.2 Externally generated clock input example
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CLOCK GENERATING CIRCUIT

4.1 Oscillation circuit examples

4.1.3 Connection example of filter circuit
In the usage of the PLL frequency multiplier, be sure to connect a filter circuit with pin Vconr.
Figure 4.1.3 shows a connection example of the filter circuit.

M37906

VCONT

1kQ
— 220pF

0.1 F

[

Note: Connect the elements of the filter circuit as
close as possible and enclose the whole
circuit with a Vss pattern.

Fig. 4.1.3 Connection example of filter circuit
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CLOCK GENERATING CIRCUIT

4.2 Clocks

4.2 Clocks

Figure 4.2.1 shows the clock generating circuit block diagram.
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Fig. 4.2.1 Clock generating circuit block diagram
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CLOCK GENERATING CIRCUIT
4.2 Clocks

4.2.1 Clocks generated in clock generating circuit

(1) fXin
It is the input clock from pin Xm.

(2) fru
It is the output clock from the PLL frequency multiplier.

(3) fsys
It is the system clock which becomes the clock source of CPU, BIU, and internal peripheral devices.
Whether fXin = fsys or frie = fsys can be selected by software.

(4) Gepu
It is the operating clock of CPU.

(5) @eu
It is the operating clock of BIU.

(6) Clock @
It has the same period as fsys.

(7) fa, f2, fie, foa, fs12, fao0e
Each of them is the internal peripheral device’s operating clock.

(8) Wra2, Wrs12
These are the operating clocks of the watchdog timer, and their clock source is fe.

(9) fXu6, fX32, fX64, X128
Each of them is the divide clock of fXiw and becomes the watchdog timer’'s clock source at STP
termination.
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CLOCK GENERATING CIRCUIT
4.2 Clocks

4.2.2 Clock control register 0
Figure 4.2.2 shows the structure of the clock control register 0, and Figure 4.2.3 shows the setting procedure
for the clock control register 0 when using the PLL frequency multiplier.

b7 b6 b5 b4 b3 b2 bl bo
T

Clock control register O (Address BCis) . T .
1 1
Bit Bit name | Function Atreset | R/W
0 Fix this bit to “1.” 1 RW
1 PLL circuit operation enable bit| . p) | frequency multiplier is inactive, and pin Vcont 1 RW
(Note 1) is invalid. (Floating)
1: PLL frequency multiplier is active, and pin Vconr is valid.
inli i i i b3 b2 RW
2 PLL multiplication ratio select bits 00 Do not select. 1
(Note 2) 01:02
3 10:03 0 RwW
11:04
4 Fix this bit to “1.” 1 RW
5 System clock select bit 0: fXin 0 RW
(Note 3)| 1:fruL
6 Peripheral device's clock select bit 0| See Table 4.2.2. 0 RW
7 Peripheral device’s clock select bit 1 0 RW

Notes 1: Clear this bit to “0” if the PLL frequency multiplier needs not to be active.

In the stop and flash memory parallel I/O modes, the PLL frequency multiplier is inactive and pin Vconr is invalid regard-
less of the contents of this bit.

2: Rewriting of these bits must be performed simultaneously with clearance of the system clock select bit (bit 5) to “0”. Then,
set bit 5 to “1” 2 ms after the rewriting of these bits. (After reset, these bits are allowed to be changed only once.)

3: Clearance of the PLL circuit operation enable bit (bit 1) to “0” clears the system clock select bit to “0.” Also, while the PLL
circuit operation enable bit = “0,” nothing can be written to the system clock select bit. (Fixed to be “0.")
Before setting of set the system clock select bit to “1” after reset, it is necessary to insert an interval of 2 ms after the
stabilization of f(Xi).

Fig. 4.2.2 Structure of clock control register

(1) PLL circuit operation enable bit (bit 1)
Setting this bit to “1” enables the PLL frequency multiplier to be active and pin Vcont to be valid.
This bit = “1” while pin RESET = “L” level and after reset, so that, in this case, the PLL frequency
multiplier is active. Clear this bit to “0” if the PLL frequency multiplier need not to be active.
Note that, in the stop and flash memory parallel I/O modes, the PLL frequency multiplier is in active
and pin Vcont is invalid regardless of the contents of this bit. (Refer to sections “15.3 Stop mode” and
“19.4 Flash memory parallel 1/0 mode.”)

(2) PLL multiplication ratio select bits (bits 2, 3)
These bits select the multiplication ratio of the PLL frequency multiplier. (See Table 4.2.1.) To rewrite
these bits, clear the system clock select bit (bit 5) to “0” simultaneously. Then, set the system clock
select bit to “1” 2 ms after the rewriting of this bit. (See Figure 4.2.3.)
Note that, after reset, these bits are allowed to be changed only once.
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CLOCK GENERATING CIRCUIT

4.2 Clocks

(3) System clock select bit (bit 5)
This bit selects a clock source of fsys. When this bit = “0,” fXin is selected as fsys; and when this bit =
“1,” feLL as the one. (See Table 4.2.1.)
Clearing the PLL circuit operation enable bit (bit 1) to “0” clears the system clock select bit to “0.” Also,
while the PLL circuit operation enable bit = “0,” nothing can be written to the system clock select bit.

(Fixed to be “0.")

In order to set the system clock select bit to “1” after reset, it is necessary to wait 2 ms after the

stabilization of f(X).

To rewrite the PLL multiplication ratio select bits (bits 2 and 3), clear the system clock select bit to
“0” simultaneously. Then, set this bit to “1” 2 ms after the rewriting of the PLL multiplication ratio select

bits. (See Figure 4.2.3.)

Table 4.2.1 fsys selection

System clock select bit

PLL circuit operation

PLL multiplication ratio select bits

fsys

(bit 5) enable bit (bit 1) (bits 3, 2) (Note 1) Clock source |Frequency (Note 2)
0 - - fXin f(Xin)
1 1 01 (double) feLL f(Xim) O 2
10 (triple) feLL f(Xim) O 3
11 (quadruple) feLL f(Xim) O 4

Notes 1: The PLL multiplication ratio select bits must be set so that fss is in the range from 10 MHz to 20 MHz. After
reset, these bits are allowed to be changed only once.
2: Be sure that fsys does not exceed 20 MHz.

(4) Peripheral device’s clock select bits 1, 0 (bits 7, 6)
These bits select the internal peripheral device’s operation clock frequency listed in Table 4.2.2.

Table 4.2.2 Internal peripheral device’s operation clock frequency

Internal peripheral Peripheral device’s clock select bits 1, 0
device’s operation clock 00 01 (Note) 10 11

f1 fsys fsys fsys/2

f2 fsys/2 fsys fsysld

f1e fsys/16 fsys/8 fsys/32

Do not select.

foa fsys/64 fsys/32 fsys/128

fs12 fsys/512 fsys/256 fsys/1024
faoes fsys/4096 fsys/2048 fsys/8192

Note: To set the peripheral device’s clock select bits 1, 0 to “012,” be sure that a frequency of fsys must be 10 MHz or less.
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CLOCK GENERATING CIRCUIT
4.2 Clocks

~

b7 b0
| : | 0| O| : | 1| 1| Clock control register 0 (Address BC16)

PLL frequency multiplier is active, and pin
VconT is valid.

PLL multiplication ratio select bits (Note 1)
b3 b2

0 1: Double

10: Triple

11: Quadruple

System clock select bit

\ 0 : fXin /

2 ms elapsed ?

Setting of system clock select bit to “1.”

b7 b0
| I | 1| 1 | : | 1 | 1| Clock control register 0 (Address BC16)

System clock select bit
0:frL

Notes 1: After reset, these bits are allowed to be changed only once. If
it is necessary to write a certain value to these bits, be sure to
write the same value that has been written after the latest reset.
2: This decision is unnecessary If double is selected and the
period of RESET = “L" is “the oscillation stabilizing time of an
oscillator + 2 ms” or more.

Fig. 4.2.3 Setting procedure for clock control register 0 when using PLL frequency multiplier
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CLOCK GENERATING CIRCUIT
4.2 Clocks

4.2.3 Particular function select register 0
Figure 4.2.4 shows the structure of the particular function select register 0, and Figure 4.2.5 shows the
writing procedure for the particular function select register 0.

b7 b6 b5 b4 b3 b2 bl bo
0|/0j0f0|O]|0

Particular function select register O (Address 621s)

Bit Bit name Function Atreset | R/W
0 STP instruction invalidity select bit | O : STP instruction is valid. 0 RW
1: STP instruction is invalid. (Note)
1 External clcok input select bit 0 : Oscillation circuit is active. (Oscillator is connected.) 0 RW
Watchdog timer is used at stop mode termination. (Note)
1 : Oscillation circuit is inactive. (External clock is
input.)

When the system clock select bit (bit 5 at address BCas) = “0,"
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”

watchdog timer is used at stop mode termination.

7 to 2 | Fix this bit to “0.” 0 RW

Note: Writing to these bits requires the following procedure:
» Write “5516” to this register. (The bit status does not change only by this writing.)
» Succeedingly, write “0” or “1” to each bit.
Also, use the MOVMB (MOVM when m = 1) instruction or STAB (STA when m = 1) instruction.
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be ignored. When there is a
possibility that an interrupt occurs at the above timing, be sure to read this bit's contents after writing of “0” or “1,” and verify
whether “0” or “1” has correctly been written or not.

Fig. 4.2.4 Structure of particular function select register 0
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CLOCK GENERATING CIRCUIT
4.2 Clocks

(1) External clock input select bit (bit 1)

When this bit is “0,” the oscillation driver circuit between pins Xin and Xour operates. At the stop mode
termination owing to an interrupt request occurrence, the watching timer is used.

Setting this bit to “1” stops the oscillation driver circuit between pins Xin and Xour and keeps the output
level at pin Xout being “H.” (Refer to section “16.3 Stop of oscillation circuit.”) At the stop mode
termination owing to an interrupt request occurrence, the watchdog timer is not used if the system
clock select bit (bit 5 at address BCis) = “0,” where as the watchdog timer is used if the system clock
select bit = “1.”

To rewrite this bit, write “0” or “1” just after writing of “5516” to address 621s. (See Figure 4.2.5.)
Note that if an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing
may be ignored. When there is a possibility that an interrupt occurs at the above timing, be sure to
read this bit's contents after writing of “0” or “1,” and verify whether “0” or “1” has correctly been
written or not.

In addition, even when the watchdog timer is disabled by the particular function select register 2

(address 6416), the watchdog timer can be active only at the stop mode termination if this bit = “0.”
(Refer to section “15.3 Stop mode.”)

Writing of “5516”
b7 b0

| 0 | 1 | 0 | 1 | 0 | 1 | 0 | 1 | Particular function select register 0 (Address 6216)

E Note: Bits’ state does not change only Next
= by writing of “5516.” instruction
/Writing to bits 0, 1 \
b7 b0
| 0 | 0 | 0 | 0 | 0 | 0| | | Particular function select register 0 (Address 6216)

STP instruction invalidity select bit
0 : STP instruction is valid.
1 : STP instruction is invalid.

External clock input select bit

0 : Oscillation circuit is active. (Oscillator is connected.)
Watchdog timer is used at stop mode termination.

1 : Oscillation circuit is inactive. (External clock is input.)
When the system clock select bit (bit 5 at address BC16) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”
watchdog timer is used at stop mode termination.

- /

Setting completed

Fig. 4.2.5 Writing procedure for particular function select register 0
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[Precautions for clock generating circuit]

[Precautions for clock generating circuit]
1. While pin RESET = “L” level and after reset, the PLL frequency multiplier is inactive. Clear the PLL circuit
operation enable bit (bit 1 at address BCis) to “0” if the PLL frequency multiplier needs not to be active.

2. To select frL as fsys after reset, set the system clock select bit (bit 5 at address BCis) to “1” 2 ms after
f(Xin) has been stabilized. (See Figure 4.2.3.)

3. To change the multiplication ratio for the PLL frequency multiplier, clear the system clock select bit (bit
5 at address BCis) to “0” simultaneously. Then, set the system clock select bit to “1” 2 ms after the
rewriting of the PLL multiplication ratio select bits (bits 2, 3 at address BCis). (See Figure 4.2.3.)
After reset, the PLL multiplication ratio select bits are allowed to be changed only once. If it is necessary
to write a certain value to these bits, be sure to write the same value that has been written after the latest
reset.
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[Precautions for clock generating circuit]

MEMORANDUM
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INPUT/OUTPUT PINS

5.1 Overview, 5.2 Programmable I/O ports

5.1 Overview

Input/output pins (hereafter called 1/0 pins) have functions as programmable I/O port pins, internal peripheral

devices’s /O pins, etc.

For the basic functions of each 1/O pin, refer to section “1.3 Pin description.” For the I/O functions of the
internal peripheral devices, refer to relevant sections of each internal peripheral device.
This chapter describes the programmable 1/0 ports and examples of handling unused pins.

5.2 Programmable /O ports

The programmable I/O ports have direction registers and port registers in the SFR area. Figure 5.2.1 shows

the memory map of direction registers and port registers.

Addresses
316
416
516
616
716
816
916
A1le6
B16
Cie
Die
E16
Fie

1016
1116

Port P1 register

(Note)

Port P1 direction register

Port P2 register

(Note)

Port P2 direction register

(Note)

(Note)

Port P5 register

(Note)

Port P5 direction register

Port P6 register

Port P7 register

Port P6 direction register

Port P7 direction register

Note: Do not write to this address.

Fig. 5.2.1 Memory map of direction registers and port registers

5-2
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INPUT/OUTPUT PINS

5.2 Programmable 1/0O ports

5.2.1 Direction register
This register determines the 1/O direction of programmable 1/O ports. One bit of this register corresponds
to one pin of the microcomputer, and this is the one-to-one relationship.
Figure 5.2.2 shows the structure of port Pi (i = 1, 2, 5 to 7) direction register.

Port Pi direction register (i=1, 2, 5t0 7)
(Addresses 516, 816, D16, 1016, 1116)

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Function Atreset| R/W
0 Port Pio direction bit 0 : Input mode 0 RW
1 Port Pix direction bit (The port functions as an input port.) 0 RW
o . 1 : Output mode
2 Port Piz direction bit . 0 RW
(The port functions as an output port.)
3 Port Pis direction bit 0 RW
4 Port Pia direction bit 0 RwW
5 Port Pis direction bit 0 RwW
6 Port Pis direction bit 0 RW
7 Port Piz direction bit 0 RW

Notes 1: Nothing is assigned for bits O to 4 of the port P5 direction register. These bits are undefined at reading.

section “5.2.3 Pin P60UTcut/INT4.”)

2: Nothing is assigned for bits 6 and 7 of the port P6 direction register. These bits are undefined at reading.
3: Nothing is assigned for bits 5 to 7 of the port P7 direction register. These bits are undefined at reading.
4: Any of bits 0 to 5 of the port P6 direction register becomes “0” by input of a falling edge to pin P6OUTcut/INT4. (Refer to

Fig. 5.2.2 Structure of port Pi (i = 1, 2, 5 to 7) direction register

7906 Group User's Manual Rev.2.0
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INPUT/OUTPUT PINS

5.2 Programmable 1/0 ports

5.2.2 Port register

Data is input from or output to the external by writing/reading data to/from a port register. A port register
consists of a port latch which holds the output data and a circuit which reads the pin state. One bit of the
port register corresponds to one pin of the microcomputer. (This is the one-to-one relationship.) Figure
5.2.3 shows the structure of the port Pi (i = 1, 2, 5 to 7) register.

e When outputting data from programmable 1/O port which has been set to output mode
O By writing data to the corresponding bit of the port register, the data is written into the port latch.
O The data is output from the pin according to the contents of the port latch.

By reading the port register of a port which has been set to the output mode, the contents of the port
latch is read out, instead of the pin state. Accordingly, the output data can be correctly read out without
being affected by an external load, etc. (See “Figures 5.2.4 and 5.2.5.")

e When inputting data from programmable I/O port which has been set to input mode
O A pin which has been set to the input mode enters the floating state.
O By reading the corresponding bit of the port register, the data which has been input from the pin can
be read out.

By writing data to a port register of a programmable 1/0O port which has been set to the input mode,
the data is written only into the port latch and is not output to the external (Note). This pin remains
floating state.

Note: When executing a read-modify-write instruction to a port register of a programmable 1/O port
which has been set to the input mode, the instruction will be executed to the data which has
been input from the pin and the result will be written into the port register.

b7 b6 b5 b4 b3 b2 bl b0

Port Piregister (i=1, 2,51t0 7)
(Addresses 316, 616, B1s, E1s, Fi6)

Bit Bit name Funtion Atreset| R/IW
0 Port pin Pio Data is input from or output to a pin by reading from  [Undefined] RW
1 Port pin Pi: or writing to the corresponding bit. Undefinedl RW
2 Port pin Piz 0 “L” level Undefined| RW
3 Port pin Pis 1:“H” level Undefined| RW
4 Port pin Pis Undefined| RW
5 Port pin Pis Undefined| RW
6 Port pin Pis Undefined| RW
7 Port pin Piz Undefined| RW

Notes 1: Nothing is assigned for bits 0 to 4 of the port P5 register. These bits are undefined at reading.
2: Nothing is assigned for bits 6 and 7 of the port P6 register. These bits are undefined at reading.
3: Nothing is assigned for bits 5 to 7 of the port P7 register. These bits are undefined at reading.

Fig. 5.2.3 Structure of port Pi (i =1, 2, 5 to 7) register
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5.2 Programmable 1/0O ports

Figures 5.2.4 and 5.2.5 show the port peripheral circuits.

Direction register|

P12/RxDo, P1ls/RxD1

P21/TA4N, P23/TA9IN ? N f&j
P24( TBOIW), P25( TB1m) Data bus ——¢—| Poriach | f.—Q
P26( TB2iN), P 27( INT3/R TPTRG0) T B
P5s/INTs/TBOiN/IDW J j
P56/INTs/TB1in/IDV &
P57/INT7/TB2in/IDU ~
%7
[Inside dotted-line not included]
P13/TxDo, P17/TxD1 L
+— <}—e——— o
i . . Output (internglperipheral device)
[Inside dotted-line included] Data bus @ j—agkO— }—0—@
P20/TA4out, P22/TA9out .
~
S
\, | e | il
ﬁ—ﬁi' |
Direction register]
PB0/TAOOUTW/RTPO0 e ] R | ]
P61/TAONV/R TPO: PeOuTer O~ | — o
P 62/TALlout/U/RTP Q2 < - Mzﬂ;w dovice)
P 63/TALNW/RTP O3 O
P 64/TA20ut/V/IRTP 1o Data bus *{P—| Port latch o
P6s/TA2NU/RTP 11 ot j
N
S
N
w;
P70/ANo, P71/AN1

P72/AN2

W

Data bus —— Port latch fDDT }%
« D

Analog input

Fig. 5.2.4 Port peripheral circuits (1)
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INPUT/OUTPUT PINS

5.2 Programmable 1/0 ports

0—o
P /TSRS
P 11/CTSo/CLKo ‘
~TC. /DTS, L ———————O |
P14/CTS1/RTS1

»—<]—«
Output (i eripheral device)
P1s/CTS1/CLK1 Data bus ——«— portlatch ] ma?“’— F'—O
S
~

' il

4
[Inside dotted-line not included] %
‘ j

[Inside dotted-line included] Data bus *1.—| Port latch

P74/AN4/DA1/INT3/RTPTRGO 3
— < I

S
~

P73/AN3/DAo 9.
|
|
|
|
|

Analog inpuyt ———— ¢

R

[

|
! |
'\ ____T——-__ L

Analog output
Enable D-A output

P60OUTcut/INT4 —gt—0

Fig. 5.2.5 Port peripheral circuits (2)

5.2.3 Pin P60UTcut/INT4 (Port-P6-output-cutoff signal input pin)

Any of bits 0 through 5 of the port P6 direction register (address 10is) are forcibly cleared to “0” by input

of a falling edge to pin P60UTcut/INT4, regardless of the mode of port pins P6o through P6s; therefore, port

pins P6o through P6s enter the input mode. After that, if it is necessary to output data from port pins P6o

through P6s, be sure to do as follows:

0 Return the input level at pin P60UTcut/INT4 to “H” level.

O Write data to the port P6 register (address Eis)’s bits, corresponding to the port P6 pins which will output
data.

O Set the port P6 direction register’s bits, corresponding to the port P6 pins in [0, to “1” in order to set
these port pins to the output mode.

When input level at pin P60UTcut/INT4 is “L”, no bit of the port P6 direction register can be set to “1.”

When using port pins P6o through P6s as output port pins at all the time, connect pin P60OUTcur/INT4 to

Vcc via a resistor. Pin P60UTcut/INT4 cannot serve as pin INTa.

Also, when using pin P60UTcur/INT4 as an input pin of an external interrupt (pin INT4), use port pins P6o

through P6s in the input mode.
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5.3 Examples of handling unused pins

5.3 Examples of handling unused pins
When unusing an I/O pin, some handling is necessary for this pin. Examples of handling unused pins are
described below.

The following are just examples. In actual use, the user shall modify them according to the user’s application
and properly evaluate their performance.

Table 5.3.1 Example of handling unused pins

Pin name Handling example
P1, P2, P5 to P7 Set these pins to the input mode and connect each
pin to Vcc or Vss via a resistor; or set these pins to
the output mode and leave them open (Note 1).

P60OUTcut/INT4 Connect this pin to Vcc via a resistor.
Select a falling edge for pin INTa.

Xout (Note 2), Vcont (Note 3) Leave these pins open.

AVcc Connect this pin to Vcc.

AVss, VRrer Connect these pins to Vss.

Notes 1: When leaving these pins open after they have been set to the output mode, note the following:
these port pins are placed in the input mode from reset until they are switched to the output mode
by software. Therefore, voltage levels of these pins are undefined and the power source current
may increase while these port pins are placed in the input mode.

Software reliability can be enhanced by setting the contents of the above ports’ direction registers

periodically. This is because these contents may be changed by noise, a program runaway which

occurs owing to noise, etc.

For unused pins, use the shortest possible wiring (within 20 mm from the microcomputer’s pins).
2: This applies when a clock externally generated is input to pin Xin.

3: Be sure that the PLL circuit operation enable bit (bit 1 at address BCis) = “0.”

B When setting port pins to input mode B When setting port pins to output mode
—A\A—
P1, P2 P5to P7 P1, P2, P5to P7 [— Left open
—AAA—¢
Xout —— Left
— ertopen
Xour Left open Veont —— P
Vcont ——
Vce Vce
& el T 5 el T
ci‘J AVcc (i]) AVcce
Te) AVss (o) AVss
o VRer o VRrer
o o
Vce Vce
g ? 777" \ss
PEOUTcur/INTa— PBOUTCcur/INT4 E
777" \Iss

Fig. 5.3.1 Example of handling unused pins
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5.3 Examples of handling unused pins

MEMORANDUM
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INTERRUPTS

6.1 Overview

6.1 Overview

The M37906 provides 27 (including the reset) interrupt sources to generate interrupt requests.

Figure 6.1.1 shows the interrupt processing sequence.

When an interrupt request is accepted, a branch is made to the start address of the interrupt routine set
in the interrupt vector table (addresses FFB41s to FFFFi6). Set the start address of each interrupt routine to
the corresponding interrupt vector address in the interrupt vector table.

Routine in progress

Interrupt request is accepted. —m=

Processing is resumed.

Interrupt routine

Interrupt processing

RTI instruction

Fig. 6.1.1 Interrupt processing sequence

When an interrupt request is accepted, the following
registers’ contents just before acceptance of an
interrupt request are automatically pushed onto the
stack area in ascending sequence from O to O.
For other registers of which contents are necessary,
be sure to push and pop them by software.

O Program bank register (PG)
O Program counter (PCt, PCn)
O Processor status register (PS., PSw)

Figure 6.1.2 shows the state of the stack area just
before entering an interrupt routine.

Execute the RTI instruction at the end of this interrupt
routine in order to return to the routine that the
microcomputer was executing just before the interrupt
request was accepted. By executing the RTI instruction,
the register contents pushed onto the stack area are
pulled in descending sequence from 0 to 0. Then,
the suspended processing is resumed from where it
left off.

Stack area

Address

[S]-5

[S]-4 Processor status register’s low-order byte (PSL)
[S]-3 Processor status register’s high-order byte (PSH)
[S]-2 Program counter’s low-order byte (PCL)
[S]-1 Program counter’s high-order byte (PCH)

[S]D Program bank register (PG)

0 [S]is an initial address that the stack pointer (S) indicates
when an interrupt request is accepted. The S’s contents
become “[S] — 5” after all of the above registers are pushed.

Fig. 6.1.2 State of stack area just before entering
interrupt routine
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6.2 Interrupt sources

6.2 Interrupt sources

Tables 6.2.1 and 6.2.2 list the interrupt sources and the interrupt vector addresses. When programming, set
the start address of each interrupt routine to the vector addresses listed in these tables.

Table 6.2.1 Interrupt sources and interrupt vector addresses (1)

Interrupt vector addresses

Interrupt source High-order | Low-order Remarks Reference

address address

Reset FFFFas FFFEis |Non-maskable 3. RESET

Zero division FFFD1s FFFCis |Non-maskable software interrupt |7900 Series Software Manual

BRK instruction (Note)| FFFBis FFFA1s |Do not use.

DBC (Note) FFF91s FFF81s

Watchdog timer FFF716 FFF61s |Non-maskable internal interrupt |14, WATCHDOG TIMER

Reserved area FFF516 FFF41s |Do not use.

Reserved area FFF31s FFF216

Reserved area FFF1is FFFO16

Reserved area FFEF1s FFEE1s

Timer AOQ FFED1s FFECis |Maskable internal interrupts 7. TIMER A

Timer Al FFEBz1s FFEAus

Timer A2 FFE91s FFE8:s

Timer A3 FFE71s6 FFEG61s

Timer A4 FFES51s FFE41s

Timer BO FFE31s FFE21s |Maskable internal interrupts 8. TIMER B

Timer B1 FFE11s FFEO1s

Timer B2 FFDFis FFDE1s

UARTO receive FEDD1s FFDCis |Maskable internal interrupts 11. SERIAL /O

UARTO transmit FFDBu1s FFDAus

UARTL1 receive FFD916 FFD8us

UARTL1 transmit FFD71s FFD61s

A-D conversion FFD51s FFD4:s |Maskable internal interrupt 12. A-D CONVERTER

INTs FFD3us FFD2is |Maskable external interrupts 6.10 External interrupts

INT+ FFD11s FFDO1s

Reserved area FFCFus FFCEs |Do not use.

Reserved area FFCDus FFCCis

Address matching detection| FFCBa1e FFCAis |Non-maskable software interrupt [17. DEBUG FUNCTION

Reserved area FFC916 FFC81s |Do not use.

INTs FFC716 FFC6is |Maskable external interrupts 6.10 External interrupts

INTs FFC5u16 FFC416

INT7 FFC3us FFC21s

Note: The BRK instruction and the DBC interrupt are used exclusively for a debugger.

e Maskable interrupt: An interrupt of which request’s acceptance can be disabled by software.

e Non-maskable interrupt (including zero division, watchdog timer, and address matching detection interrupts):
An interrupt which is certain to be accepted when its request occurs. These interrupts do not have their
interrupt control registers and are not affected by the interrupt disable flag ().
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6.2 Interrupt sources

Table 6.2.2 Interrupt sources and interrupt vector addresses (2)

Interrupt vector addresses

Interrupt source High-order | Low-order Remarks Reference

address address

Timer A5 FFC1is FFCO0i1s |Maskable internal interrupts 7. TIMER A

Timer A6 FFBF1s FFBE1s

Timer A7 FFBD1s FFBCis

Timer A8 FFBB1s FFBA1s

Timer A9 FFB91s FFB81s

Reserved area FFB71s FFB61s |[Do not use.

Reserved area FFB516 FFB41s

e Maskable interrupt:

An interrupt of which request’s acceptance can be disabled by software.
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6.3 Interrupt control

6.3 Interrupt control
The maskable interrupts are controlled by the following :
eInterrupt request bit

eInterrupt priority level select bits

*Processor interrupt priority level (IPL) Assigned to the processor status register (PS).
Interrupt disable flag (I)

} Assigned to an interrupt control register of each interrupt.

Figure 6.3.1 shows the memory assignment of the interrupt control registers, and Figures 6.3.2 shows their
structures.

Address

6E16 INT3 interrupt control register
6F16 INT4 interrupt control register
7016 | A-D conversion interrupt control register
7116 | UARTO transmit interrupt control register
7216 | UARTO receive interrupt control register
7316 | UARTL transmit interrupt control register
7416 | UARTL1 receive interrupt control register
7516 Timer AQ interrupt control register
7616 Timer Al interrupt control register
7716 Timer A2 interrupt control register
7816 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
7A16 Timer BO interrupt control register
7B16 Timer B1 interrupt control register
7C16 Timer B2 interrupt control register
F516 Timer A5 interrupt control register
F616 Timer A6 interrupt control register
F716 Timer A7 interrupt control register
F816 Timer A8 interrupt control register
F916 Timer A9 interrupt control register
FDi6 INTSs interrupt control register
FE16 INTs interrupt control register
FFie INT?7 interrupt control register

Fig. 6.3.1 Memory assignment of interrupt control registers
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6.3 Interrupt control

b7 b6 b5 b4 b3 b2 bl b0
1

INTs to INT~ interrupt control registers (Addresses 6E1s, 6F16, FD1s, FE16, FF16) T

Bit Bit name Function Atreset| R/W
iari i b2 b1b0
0 Interrupt priority level select bits 000 : Level 0 (Interrupt disabled) 0 RW
001:Levell
010:Level 2
1 011:Level3 0 RW
100: Level 4
101:Level5
2 110:Level 6 0 | RW
111:Level7
3 Interrupt request bit (Note 1) 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note 2)
4 Polarity select bit 0 : The interrupt request bit is set to “1” at “H” level 0 RW
when level sense is selected,; this bit is set to “1”
at falling edge when edge sense is selected.
1 : The interrupt request bit is set to “1” at “L” level
when level sense is selected; this bit is set to “1”
at rising edge when edge sense is selected.
5 Level sense/Edge sense select | 0 : Edge sense 0 RW
bit 1: Level sense
7,6 | Nothing is assigned. Undefined] —

Notes 1: The interrupt request bits of INTs to INT~ interrupts are invalid when the level sense is selected.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

A-D conversion, UARTO and 1 transmit, UARTO and 1 receive,
timers AO to A4, timers BO to B2 interrupt control registers b7 b6 b5 b4 b3 b2 bl b
(Addresses 7016 to 7Cis) —

Timers A5 to A9 interrupt control registers (Addresses F516 to F916) L

Bit Bit name Function Atreset| R/W
i0ri i b2 b1b0

0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010:Level2

L 011:Level3 0 | RwW
100: Level 4
101:Level5

2 110:Level6 0 RW
111:Level7

3 Interrupt request bit 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note 1)|(Note 2)

7 to 4 | Nothing is assigned. Undefined, —

Notes 1: The A-D conversion interrupt request bit is undefined after reset.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 6.3.2 Structure of interrupt control register
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6.3 Interrupt control

6.3.1 Interrupt disable flag (I)

All maskable interrupts can be disabled by this flag. When this flag is set to “1,” all maskable interrupts
are disabled; when this flag is cleared to “0,” those interrupts are enabled. Because this flag is set to “1”
at reset, clear this flag to “0” when enabling interrupts.

6.3.2 Interrupt request bit

When an interrupt request occurs, this bit is set to “1.” This bit remains set to “1” until the interrupt request
is accepted; it is cleared to “0” when the interrupt request is accepted.

This bit can also be set to “0” or “1” by software.

The INT: interrupt request bit (i = 3 to 7) is ignored when the corresponding INT: interrupt is used with the
level sense.

6.3.3 Interrupt priority level select bits and Processor interrupt priority level (IPL)

The interrupt priority level select bits are used to determine the priority level of each interrupt.

When an interrupt request occurs, its interrupt priority level is compared with the processor interrupt priority
level (IPL). The requested interrupt is enabled only when the comparison result meets the following condition.
Accordingly, any interrupt can be disabled by setting its interrupt priority level to O.

Each interrupt priority level > Processor interrupt priority level (IPL)

Table 6.3.1 lists the setting of interrupt priority levels, and Table 6.3.2 lists the enabled interrupt’s levels
according to the IPL contents.

The interrupt disable flag (I), interrupt request bit, interrupt priority level select bits, and processor interrupt
priority level (IPL) are independent of one another; they do not affect one another. Interrupt requests are
accepted only when all of the following conditions are satisfied.

eInterrupt disable flag (I) = “0”

eInterrupt request bit = “1”

eInterrupt priority level > Processor interrupt priority level (IPL)
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6.3 Interrupt control

Table 6.3.1 Setting of interrupt priority level

Interrupt priority level select bits o o
b2 b1 b0 Interrupt priority level Priority
0 0 0 Level 0 (Interrupt disabled) —
0 0 1 Level 1 Low
0 1 0 Level 2
0 1 1 Level 3
1 0 0 Level 4
1 0 1 Level 5
1 1 0 Level 6
1 1 1 Level 7 High

Table 6.3.2 Enabled interrupt’s levels according to IPL contents

IPL2 IPL1 IPLo Enabled interrupt’s level
0 0 0 Level 1 and above are enabled.
0 0 1 Level 2 and above are enabled.
0 1 0 Level 3 and above are enabled.
0 1 1 Level 4 and above are enabled.
1 0 0 Level 5 and above are enabled.
1 0 1 Levels 6 and 7 are enabled.
1 1 0 Only level 7 is enabled.
1 1 1 All maskable interrupts are disabled.

IPLo: Bit 8 in processor status register (PS)
IPL:: Bit 9 in processor status register (PS)
IPL2: Bit 10 in processor status register (PS)
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6.4 Interrupt priority level

6.4 Interrupt priority level

When the interrupt disable flag (I) = “0” (interrupts enabled) and more than one interrupt request is detected
at the same sampling timing, which means a timing to check whether an interrupt request exists or not, they
are accepted in descending sequence from the highest priority level.

A maskable interrupt can be set to the desired priority level by using the interrupt priority level select bits.
The priority levels of reset and a watchdog timer interrupt are set by hardware. Figure 6.4.1 shows the
interrupt priority levels set by hardware.

Note that software interrupts are not affected by the interrupt priority levels. Whenever an instruction is
executed, a branch is certainly made to the interrupt routine.

Reset > WatCthg > I > 000000000000000000 >
timer

I
I
| Maskable |
L interrupts |

Priority levels determined by hardware

( The user can set the desired priority level to a maskable interrupt.

High Priority level Low

Fig. 6.4.1 Interrupt priority levels set by hardware
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6.5 Interrupt priority level detection circuit

6.5 Interrupt priority level detection circuit

The interrupt priority level detection circuit is used to select the interrupt with the highest priority level from
multiple interrupt requests sampled at the same timing. Figure 6.5.1 shows the interrupt priority level detection
circuit.

Level O (Initial value)

Interrupt priority level

| Timer A9

] ,—H UART1 transmit|
|
|
,—H UART1 receive |
|
,—i' UARTO transmit |
|
|
,—E—I UARTO receive |

,—;—| Timer B2 |

|
,—;—I Timer B1 |

| Timer A8

| Timer A7

=
e
i

| Timer a6 I-ﬁY
|§_|
i

| Timer A5

[ Wt |

EY ,—H Timer BO |

T ;

,—:| Timer A4 |
|
|
|

,—'-I Timer A3 |
,—| Timer A2 |

Timer Al |

| INT4

|
I
I
|
I
I
|
I
I
|
I
I
I
|
I
I
|
I
I
|
I
:
I
| | INT7
|
I
I
|
I
I
|
I
I
|
I
I
I
|
I
I
|
I
I
|
I
I
|

-
=

| A-D conversion

Timer AO |

Interrupt disable flag (1)

Watchdog timer interrupt
Reset

Acceptance of interrupt request

Fig. 6.5.1 Interrupt priority level detection circuit
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6.5 Interrupt priority level detection circuit

The following explains the operation of the interrupt priority level detection circuit using Figure 6.5.2.
The interrupt priority level of a requested interrupt (Y in Figure 6.5.2) is compared with the resultant priority
level which is sent from the preceding comparator (X in Figure 6.5.2); the interrupt with the higher priority
level will be sent to the next comparator (Z in Figure 6.5.2). (The initial value of the comparison level is “0.")
For an interrupt which is not requested, the comparison is not performed, and the priority level which is sent
from the preceding comparator is sent to the next comparator as it is. When the two priority levels are found
the same, as a resultant of the comparison, the priority level which is sent from the preceding comparator
will be sent to the next comparator. Accordingly, when the same priority level is set to multiple interrupts
by software, their interrupt priority levels are handled as follows:

Timer A9 > Timer A8 > Timer A7 > Timer A6 > Timer A5 > INT7 > INTs > INTs > INT4 > INTs > A-D conversion
> UART1 transmit > UART1 receive > UARTO transmit > UARTO receive > Timer B2 > Timer B1 > Timer
BO > Timer A4 > Timer A3 > Timer A2 > Timer Al > Timer AO

Among the multiple interrupt requests sampled at the same timing, one request with the highest priority level
is detected by the above comparison.

Then, this highest interrupt priority level is compared with the processor interrupt priority level (IPL). When
this interrupt priority level is higher than IPL and the interrupt disable flag (1) is “0,” the interrupt request is
accepted. An interrupt request which is not accepted here is retained until it is accepted or its interrupt
request bit is cleared to “0” by software.

The interrupt priority level is detected when the CPU fetches an op code, which is called the CPU’s op-code
fetch cycle. However, when an op-code fetch cycle starts during detection of an interrupt priority, a new
interrupt priority detection does not start. (See Figure 6.6.2.) Since the state of the interrupt request bit and
interrupt priority levels are latched during the interrupt priority detection, even if they change, the interrupt
priority detection is performed for the state just before the change occurs.

The interrupt priority level is detected when the CPU fetches an op code. Therefore, in the following case,
no interrupt request is accepted until the CPU fetches the op code of the next instruction after the following
operation is completed:

*Execution of an instruction which requires many cycles, such as the MVN and MVP instructions

Interrupt source Y

Comparator | X : Priority level sent from the preceding

(Priority level comparator (Highest priority level at this point)
comparison) | Y : Priority level of interrupt source Y

Z : Highest priority level at this point

eWhen X>Y thenZ=X
eWhenX<YthenZ=Y

Fig. 6.5.2 Interrupt priority level detection model
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6.6 Interrupt priority level detection time

6.6 Interrupt priority level detection time

When the interrupt priority level detection time has passed after sampling starts, an interrupt request is
accepted. The interrupt priority level detection time can be selected by software. (See Figure 6.6.1.) Usually,
select “2 cycles of fsys” as the interrupt priority level detection time.

Figure 6.6.2 shows the interrupt priority level detection time.

b7 b6 b5 b4 b3 b2 bl bo
T

Processor mode register O (Address 5Eus) 0 “Ixlo o
1 1
Bit Bit name Function Atreset | R/W
0 Processor mode bits b1 b0 0 RW

0 0 : Single-chip mode
0 1: Do not select.

1 10 : Do not select. 0 RW
11 : Do not select.

2 Any of these bits may be either “0” or “1.” 0 RW
3 1 RW
4 Interrupt priority detection time | b5b4 0 RW
select Eltg y 00: 7 cycles of fsys
01: 4 cycles of fsys
5 10: 2 cycles of fsys 0 RW
1 1: Do not select.
6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO
bit. The value is “0” at reading.
7 Fix this bit to “0.” 0 RW

X : It may be either “0” or “1.”

Fig. 6.6.1 Structure of processor mode register 0

fsysll ||I_||_||_|I_II_||—
Op-code fetch cycle | |

Sampling pulse [ + + (Note)

(a) 7 cycles of fsys _ 1 L

Interrupt priority level
detection fime | (D)4 cyclesof fsys | I

| (c) 2 cycles of fsys _|—|_|—|

Note: The pulse resides when “2 cycles of fsys” is selected.

Fig. 6.6.2 Interrupt priority level detection time
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

6.7 Sequence from acceptance of interrupt request until execution of

interrupt routine

The sequence from acceptance of an interrupt request until execution of the interrupt routine is described
below.

When an interrupt request is accepted, the interrupt request bit of the accepted interrupt is cleared to “0.”
And then, the interrupt processing starts from the cycle just after completion of the instruction execution
which was executed at acceptance of the interrupt request. Figure 6.7.1 shows the sequence from occurrence
of an interrupt request until execution of the interrupt routine. After execution of an instruction at acceptance
of the interrupt request is completed, an INTACK (Interrupt Acknowledge) sequence is executed, and a
branch is made to the start address of the interrupt routine allocated in addresses 0is to FFFFis.

In the INTACK sequence, the following are automatically performed in ascending sequence from O to O.

O The contents of the program bank register (PG) just before performing the INTACK sequence are pushed
onto stack.

0 The contents of the program counter (PC) just before performing the INTACK sequence are pushed onto
stack.

0 The contents of the processor status register (PS) just before performing the INTACK sequence is
pushed onto stack.

O The interrupt disable flag (1) is set to “1.”

O The interrupt priority level of the accepted interrupt is set into the processor interrupt priority level (IPL).

O The contents of the program bank register (PG) are cleared to “001s,” and the contents of the interrupt
vector address are set into the program counter (PC).

Performing the INTACK sequence requires at least 15 cycles of fss. Figure 6.7.2 shows the INTACK sequence
timing. After the INTACK sequence is completed, the instruction execution starts from the start address of
the interrupt routine.

Interrupt request is accepted.
Interrupt request occurs.

Vi 4} e < > Time,

Instruction | Instruction INTACK sequence Instructions in interrupt routine
1 2

4 U 0 O > /

Interrupt response time

P @ : Interrupt priority level detection time

O Time from occurrence of an interrupt request until comparison of an instruction execution which
is in progress at that time.

O Time from execution start of an instruction next to O until completion of execution of the instruction
which was in progress at detection completed.

O Time required to perform the INTACK sequence (15 cycles of ¢ at minimum)

Fig. 6.7.1 Sequence from occurrence of interrupt request until execution of interrupt routine
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

o When stack pointer (S)’s contents are even at acceptance of an interrupt request with bus cycle = 2¢

(Note) IT m m m m m m m m m m m m m m ﬁ m r
fsys

e LU T T T il

(Note)

I
]
I
AD23-AD1s ! Undefined >< 00 >< 00 >< 00 >< 00 >< 00 >< 00
| :
(Note) : |
AD1s=ADo : Undefined >< . >< 18] >< [s1-2 >< [S]-4 >< FFXX16 >< AD15-ADo
| l
(Note) T |
DB1s-DBs : Undefined >< IPL >< — >< PCH >< PSH >< ADlS—ADB>< Next instruction
! :
(Note) L
DB7-DBo | Undefined >< > >< PG >< PCL >< PSL >< AD7—ADo ><Ne><t instruction
l !
(Note)
B I
RD . Vector address
(Note) ! (low-order)
s I R s N
BHW :
I
I
I
I

INTACK sequence

»
& Ll

[S]: Contents of stack pointer (S)
FFXX1e: Vector address
fsys, @epu: Internal clock (See Figure 4.2.1.)
AD2:—ADo: Internal address bus
DB1s—-DBo: Internal data bus

Note: These are internal signals and are not output to the external.

Fig. 6.7.2 INTACK sequence timing (at minimum)

6.7.1 Change in IPL at acceptance of interrupt request

When an interrupt request is accepted, the processor interrupt priority level (IPL) is replaced with the
interrupt priority level of the accepted interrupt. This results in easy control of the processing for multiple
interrupts. (Refer to section “6.9 Multiple interrupts.”)

At acceptance of a watchdog timer interrupt request, a zero division request, or address matching detection
interrupt request or at reset, a value in Table 6.7.1 is set into the IPL.

Table 6.7.1 Change in IPL at acceptance of interrupt request

Interrupts

Change in IPL

Reset

Level 0 (*0002") is set.

Watchdog timer

Level 7 (“1112") is set.

Zero division

Not changed.

Address matching detection

Not changed.

Other interrupts

Accepted interrupt’s priority level is set.

6-14
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6.7 Sequence from acceptance of interrupt request until execution of interrupt routine

6.7.2 Push operation for registers

The push operation for registers performed in the INTACK sequence depends on whether the contents of
the stack pointer (S) at acceptance of an interrupt request are even or odd.

When the contents of the stack pointer (S) are even, the contents of the program counter (PC) and the
processor status register (PS) are simultaneously pushed in a unit of 16 bits. When the contents of the
stack pointer (S) are odd, each of PC and PS is pushed in a unit of 8 bits. Figure 6.7.3 shows the push
operation for registers.

In the INTACK sequence, only the contents of the program bank register (PG), program counter (PC), and
processor status register (PS) are pushed onto the stack area. Other necessary registers must be pushed
by software at the start of the interrupt routine.

By using the PSH instruction, all CPU registers, except the stack pointer (S), can be pushed with 1
instruction.

(1) When contents of stack pointer (S) are even

Address //\/

[S] -5 (odd) Order for push

[S] -4 (even) Low-order byte of processor status register (PSL)
[l Pushed in a unit of 16 bits.
[S] -3 (odd) High-order byte of processor status register (PSH)

[S] — 2 (even) | Low-order byte of program counter (PCt)
[ Pushed in a unit of 16 bits.
[S]— 1 (odd) | High-order byte of program counter (PCh)
- []

[S] (even) Program bank register (PG)

/\/

(2) When contents of stack pointer (S) are odd

Address //_\/

[S] -5 (even) Order for push
A

Pushed in 3 times.

[S] -4 (Odd) Low-order byte of processor status register (PSL) - []

[S] -3 (even) High-order byte of processor status register (PSH) - []

§ > Pushed in a unit of 8 bits.

[S] — 2 (odd) | Low-order byte of program counter (PCL) -
[S] — 1 (even) | High-order byte of program counter (PCr) -+ []
[S] (odd) Program bank register (PG) - [])

|

U [S] is the initial address that the stack pointer (S) indicates at acceptance of an interrupt request.
The S’s contents become “[S] — 5” after all of the above registers are pushed.

Pushed in 5 times.

Fig. 6.7.3 Push operation for registers
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6.8 Return from interrupt routine, 6.9 Multiple interrupts

6.8 Return from interrupt routine

When the RTI instruction is executed at the end of the interrupt routine, the contents of the program bank
register (PG), program counter (PC), and processor status register (PS) which were pushed onto the stack
area just before the INTACK sequence are automatically pulled. After this, the control returns to the original
routine. And then, the suspended processing, which was in progress before acceptance of the interrupt
request, is resumed.

Before the RTI instruction is executed, registers which were pushed by software in the interrupt routine must
be pulled in the same data length and register length as those in pushing, using the PUL instruction, etc.

6.9 Multiple interrupts

Just after a branch is made to an interrupt routine, the following occur:

eInterrupt disable flag (I) = “1” (Interrupts are disabled.)
eInterrupt request bit of accepted interrupt = “0”
*Processor interrupt priority level (IPL) = Interrupt priority level of accepted interrupt

Accordingly, as long as the IPL remains unchanged, an interrupt request, whose priority level is higher than
that of the interrupt which is in progress, can be accepted by clearing the interrupt disable flag (I) to “0” in
an interrupt routine. In this way, multiple interrupts are processed.

Figure 6.9.1 shows the processing for multiple interrupts.

An interrupt request which has not been accepted because its priority level is lower is retained. When the
RTI instruction is executed, the interrupt priority level of the routine which was in progress just before
acceptance of an interrupt request is pulled into the IPL. Therefore, if the following relationship is satisfied
when interrupt priority level detection is performed next, the retained interrupt request will be accepted.

Retained interrupt request’s priority level > Processor interrupt priority level (IPL)

Note: When any of the following interrupt requests is generated while an interrupt routine is in progress, this
interrupt request is accepted at once: zero division, watchdog timer, and address matching detection.
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6.9 Multiple interrupts

Interrupt request
generated

Nesting

—_—

Time

Reset

Interrupt 1

oI

Interrupt priority level = 3

Interrupt 2

D

Interrupt priority level = 5

Interrupt 3

D

Interrupt priority level = 2

>

Main routine

Multiple interrupts
/

e

Interrupt 2

This request cannot be accepted
because its priority level is lower
than the interrupt 1's one.

<—— The instruction in the main routine is
not executed.

| : Interrupt disable flag
IPL : Processor interrupt priority level
@ : They are automatically executed.
|:| : They must be set by software.

Fig. 6.9.1 Processing for multiple interrupts
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6.10 External interrupts

6.10 External interrupts
The external interrupts consist of INTi interrupts.

6.10.1 INT: interrupt

An INT: (i = 3 to 7) interrupt request occurs by an input signal to pin INT:.. Table 6.10.1 lists the occurrence
factor of the INT; interrupt request.

The allocation of pin INTs can be changed by the pin INTs/RTPreo select bit. (See Figure 6.10.1.)
When using any of pins P74(P27)/INTs, P5s/INTs, P5¢/INTs, P57/INT7 as an input pin of the external interrupt,
be sure to clear the port direction register’s bit corresponding to the above pin. (See Figure 6.10.3.)
When using pin P60UTcut/INT4 as an input pin of an external interrupt (pin INT4), be sure to use port pins
P60 to P65 in the input mode. (Refer to section “5.2.3 Pin P60UTcut/INT4.”)

The signal input to pin INTi requires “H” or “L” level width of 250 ns or more, independent of f(X).

By reading out the INT: read bit (See Figure 6.10.2.), the state of pin INT: can be read out.

Note: Selection of the interrupt occurrence factor requires the following conditions:
* when an input signal’s falling edge or “L” level is selected, be sure that “L” level width = 250 ns.
« when an input signal’s rising edge or “H” level is selected, be sure that “H” level width = 250 ns.

Table 6.10.1 Occurrence factor of INTi interrupt request

Level sense/Edge sense Polarity select bit Occurrence factor of interrupt request
select bit (bit 5 at addresses |(bit 4 at addresses 6E:s, | (AN interrupt request occurs when the
6E1s, 6F15, FD1st0 FFie) 6F1s, FD16to FFis) input signal of pin INT; is as follows.)
INTs to INT> 0 0 Falling edge (Edge sense)
0 1 Rising edge (Edge sense)
1 0 “H” level (Level sense)
1 1 “L” level (Level sense)

The INTi interrupt request occurs by detecting the state of pin INTi all the time. Therefore, when the user
does not use an INTi interrupt, be sure to set the INTi interrupt’s priority level to 0.
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6.10 External interrupts

b7 b6 b5 b4 b3 b2 bl b0
Port P2 pin function control register (Address AEzs) 0
Bit Bit name Function At reset| R/W
0 Pin TBOn select bit 0 : Allocate pin TBOw to P5s. 0 RW
1 : Allocate pin TBOw to P2a.
1 Pin TB1w select bit 0 : Allocate pin TB1in to P5e. 0 RW
1 : Allocate pin TB1w to P2s.
2 Pin TB2n select bit 0 : Allocate pin TB2i to P5. 0 RW
1 : Allocate pin TB2n to P2s.
3 Pin INTs/RTPreo select bit 0: Allocate pin INTs/RTPrrco to P7a. 0 RW
(Note) 1: Allocate pin INTa/RTP1reo to P27
6to4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW
Note: When allocating pin INTs/RTPrco to P74, be sure the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).

Fig. 6.10.1 Structure of port P2 pin function control register

b7 b6 b5 b4 b3 b2 bl b0

External interrupt input read register (Address 951s)

Bit Bit name | Function Atreset| R/W
210 0 | The value is undefined at reading. Undefined| RO
3 INTs read out bit The input level at the corresponding pin is read out.  [Undefined| RO
4 | INTa read out bit 0:"L" level Undefined| RO
— ) 1:“H" level .
5 INTs read out bit Undefined| RO
6 INTe read out bit Undefined| RO
7 INT~ read out bit Undefined| RO

Fig. 6.10.2 Structure of external interrupt input read register
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6.10 External interrupts

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 816)

Bit Corresponding pin Function Atreset| R/W
0 Pin TAdour 0 : Input mode 0 RW
1 | Pin TA4w 1: Output mode 0 RW
2 Pin TA9our . . . 0 RW
When using this pin as an external interrupt’s
3 Pin TAOw input pin, be sure to clear the corresponding 0 RW
4 Pin TBOn (Note 1) bit to “0.” 0 RW
5 Pin TB1in (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs (RTPrroco) (Note 4) 0 RW

Notes 1: This applies when the pin TBOn select bit (bit O at address AEis) = “1.”
2: This applies when the pin TB1w select bit (bit 1 at address AEie) = “1.”
3: This applies when the pin TB2n select bit (bit 2 at address AEie) = “1.”
4: This applies when the pin INTs/RTPreo select bit (bit 3 at address AEis) = “1.”
5: () shows the I/O pins of other internal peripheral device which are multiplexed.

b7 b6 b5 b4 b3 b2 bl b0

Port P5 direction register (Address Dzs)

Bit Corresponding pin | Function Atreset| R/W
41to 0 | Nothing is assigned. Undefined| —
5 Pin INTs (TBOW/IDW) 0 : Input mode 0 RW

1 : Output mode

6 Pin INTs (TB1in/IDV) 0 RW

p— When using this pin as an external interrupt's input
7 Pin INT7 (TB2w/IDU) pin, be sure to clear the corresponding bit to “0.” 0 RW

Note: ( ) shows the I/O pins of other internal peripheral devices which are multiplexed.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (Address 1116)

Bit Corresponding pin Function Atreset| R/W
0 Pin ANo 0 : Input mode 0 RW
1 Pin ANz 1: OUtpUt mode 0 RW
2 Pin ANz . . ) 0 RW
When using this pin as an external interrupt’s
3 Pin ANa/DAo input pin, be sure to clear the corresponding 0 RW
4 Pin INTs (AN4/DA/RTP1rco0) bit to “0.” 0 RW
(Note 1)
7t05 | Nothing is assigned. Undefined] —

Notes 1: This applies when the pin INTs/RTPrrco select bit (bit 3 at address AEis) = “0.”
2: () shows the 1/O pins of other internal peripheral devices which are multiplexed.

Fig. 6.10.3 Relationship between port P2/P5/P7 direction register and external interrupt’s input pins
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6.10 External interrupts

6.10.2 Functions of INTi interrupt request bit
Figure 6.10.4 shows an INTi interrupt request.

(1) Functions when edge sense is selected
In this case, the interrupt request bit has the same function as that of an internal interrupt. That is,
when an interrupt request occurs, the interrupt request bit is set to “1” and retains this state until the
interrupt request is accepted. When this bit is cleared to “0” by software, the interrupt request is
cancelled; when this bit is set to “1” by software, the interrupt request can occur.

(2) Functions when level sense is selected
In this case, the interrupt request bit is ignored.
INT: interrupt requests continuously occur while the level at pin INT: is the valid level™; when the level
at pin INTi changes from the valid level to the invalid level™ before the corresponding INT: interrupt
request is accepted, this interrupt request is not retained. (See Figure 6.10.5.)

Valid level™: This means the level selected by the polarity select bit (bit 4 at addresses 6Eis, 6Fus,
FDis to FFue)
Invalid level™: This means the reversed level of “valid level”

Data bus
Level sense/Edge sense
select bit
PinINTi O Edge qretej'tctlon Interrupt request bit - 0 o
cirew So—» Interrupt request
Ll o
Fig. 6.10.4 INTi Interrupt request
When the level at pin INTi changes
to the invalid level before the INTi
interrupt request is accepted, this
Interrupt request is accepted.  interrupt request is not retained.

Return to main routine.

5 o \mﬂ

L -

Main routine Main routine
First interrupt routine Second interrupt Third interrupt

routine routine

<<
<«

Valid
Level at pin INTi

Invalid

Fig. 6.10.5 Occurrence of INTi interrupt request when level sense is selected
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6.10 External interrupts

6.10.3 Switching of INT to interrupt request occurrence factor

When the INT: interrupt request occurrence factor is switched in one of the following ways, there is a
possibility that the corresponding interrupt request bit is set to “1"™:

» Switching the factor from the level sense to the edge sense

» Switching the polarity

Therefore, after this switching, make sure to clear the corresponding interrupt request bit to “0.” Figure
6.10.6 shows an example of the switching procedure for the INT: interrupt request’s occurrence factor.

(1) Switching the factor from the level sense (2) Switching the polarity
to the edge sense

or set the interrupt disable flag (1) to r set the interrupt disable flag (I) to “1.”
(INTi interrupt is disabled.) (INTi interrupt is disabled.)

Set the interrupt priority level to 0 j [ Set the interrupt priority level to 0
wq o

Clear the level sense/Edge sense select bit to “0.” ( Set the polarity select bit. )
(Edge sense is selected.) :

C Clear the interrupt request bit to “0.” )

( Clear the interrupt request bit to “0.”

Set the interrupt priority level to one of

Set the interrupt priority level to one of levels 17
levels 1-7 or clear the interrupt disable flag (I) to “0.”

(INTi interrupt request is acceptable.)

or clear the interrupt disable flag (I) to “0.”
(INTi interrupt request is acceptable.)

Note: The above settings must be done separately.
Multiple settings must not be done at the same time, in other words, they must not be
done only by 1 instruction.

Fig. 6.10.6 Example of switching procedure for INTi interrupt request’s occurrence factor
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[Precautions for interrupts]

[Precautions for interrupts]

1. In order to change the interrupt priority level select bits (bits 0 to 2 at addresses 6Eis to 7C1s, F516 t0 F91s,
FDis to FFis), 2 to 7 cycles of fsys are required after execution of a write instruction until change of the
interrupt priority level. Therefore, when the interrupt priority level of a certain interrupt source is repeatedly
changed in a very short time, which consists of a few instructions, it is necessary to reserve the time
required for the change by software. Figure 6.10.7 shows a program example to reserve the time required
for the change. Note that the time required for the change depends on the contents of the interrupt priority
detection time select bits (bits 4 and 5 at address 5Ei6). Table 6.10.2 lists the correspondence between
the number of instructions inserted in Figure 6.10.7 and the interrupt priority detection time select bits.

MOVMB 00XXH, #0XH ; Write instruction for the interrupt priority level select bits
NOP ; Inserted NOP instruction (Note)
NOP ;

NOP ;
MOVMB 00XXH, #0XH ; Write instruction for the interrupt priority level select bits

Note: Except a write instruction for address XX16, any instruction which has the same
cycles as the NOP instruction can also be inserted, instead of the NOP instruction.
For the number of inserted NOP instructions, see Table 6.10.2.

XX: any of 6E to 7F, F1, F2, F5 to F9, and FD to FF

Fig. 6.10.7 Program example to reserve time required for change of interrupt priority level

Table 6.10.2 Correspondence between number of instructions to be inserted in Figure 6.10.7 and
interrupt priority detection time select bits

Interrupt priority detection time select bits (Note) Interrupt priority level Number of inserted
b5 b4 detection time NOP instructions
0 0 7 cycles of fsys 7 or more
0 1 4 cycles of fsys 4 or more
1 0 2 cycles of fsys 2 or more
1 1 Do not select.

Note: We recommend [b5 = “1”, b4 = “0"].

2. When allocating pin INTs to pin P74, be sure that the D-A: output enable bit (bit 2 at address 961s) =
0 (output disabled).

3. When using pin P60UTcur/INT4 as an input pin of an external interrupt (pin INT4), be sure to use port pins
P6o to P6s in the input mode. (Refer to section “5.2.3 Pin P60UTcut/INT4.”)
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[Precautions for interrupts]

MEMORANDUM
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TIMER A

7.1 Overview

7.1 Overview

Timer A consists of ten counters, Timers A0 to A9, each equipped with a 16-bit reload function. Timers AO
to A9 operate independently of one other.

Each timer is equipped with the different operating mode; therefore, in this chapter, timers are referred to
as follows:

» Timers AO to A9; timer Ai (i =0to 9)

e Timer A, equipped with the 1/O function; timer Aj (j = 0 to 2, 4, 9)

* Timer A, not equipped with the I/O function; timer Ak (k = 3, 5 to 8)

Timer Aj (j = 0 to 2, 4, 9) has four operating modes listed below. Except for the event counter mode, timer
Aj has the same functions.

Timer Ak (k = 3, 5 to 8) is equipped with the timer mode only.

Table 7.1.1 lists the functions of timer Ai (i = 0 to 9).

(1) Timer mode : timer Ai (i = 0 to 9)
In this mode, the timer counts an internally generated count source. For timer Aj (j = 0 to 2, 4, 9),
following functions can be used in this mode:
» Gate function
e Pulse output function

(2) Event counter mode : timer Aj (j = 0to 2, 4, 9)
In this mode, the timer counts an external signal. Following functions can be used in this mode:
» Pulse output function
* Two-phase pulse signal processing function (Timers A2, A4, and A9)

(3) One-shot pulse mode : timer Aj (j = 0to 2, 4, 9)
In this mode, the timer outputs a pulse which has an arbitrary width once.

(4) Pulse width modulation (PWM) mode : timer Aj (j =0 to 2, 4, 9)
In this mode, the timer outputs pulses which have an arbitrary width in succession. In this mode, the
timer serves as one of the following pulse width modulators:
* 16-bit pulse width modulator
« 8-bit pulse width modulator
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7.1 Overview

Table 7.1.1 Functions of timer Ai (i = 0 to 9)

Timer Ai (i=01t09)
Functions of timers Timer Aj(j=0to 2,4 ,9)| Timer Ak (k =3, 5to 8)
TAO| TA1[TA2|TA4|TA9|TA3| TAS| TAB| TA7| TAS
Timer mode Timer vV Vv V4
Gate function VA Va —
Pulse output function VA V4 —
Event counter mode | Pulse output function Vv V4 —
Two-phase pulse signal processing function — / (Note) —
One-shot pulse mode VA Va —
Pulse width modulation (PWM) mode VA VA —

Note: Normal processing for TA2; and quadruple processing for TA4, TA9

7906 Group User's Manual Rev.2.0
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7.2 Block description

7.2 Block description

Figure 7.2.1 shows the block diagram of timer Aj (j = 0 to 2, 4, 9). Figure 7.2.2 shows the block diagram
of timer Ak (k = 3, 5 to 8). Explanation of registers relevant to timer A is described below.

Timer A clock division
select bits (Note) Count source

select bit

Data bus (odd)

It

Data bus (even)

I
fs12 [
—[ ! (Low-order 8 bits) (High-order 8 bits)
fa096 - ° o < N
Timer mode | Timer Aj reload register (16) |<7
One-shot pulse mode
PWM mode

A N2

Timer Aj counter (16)

Timer Aj

® D interrupt
request bit

Timer mode
(Gate function)

Event counter mode

TAle Polarity
switching

Count start bit

Countdown —|_Q
Up-down bit o) \X—

-

——» Trigger Countup/Countdown

switching

(Always “countdown” except
for in the event counter

mode)

Toggle
F.F.

Pulse output
function select bit
TAjour O Y

Note: Common to timers AO to A9.

Fig. 7.2.1 Block diagram of timer Aj (j = 0to 2, 4, 9)

Data bus (odd)

[P

Timer A clock division
select bits (Note)

f2

f1 %

Data bus (even)

Count source
select bit

(Low-order 8 bits)

A

(High-order 8 bits)

| Timer Ak reload register (16)

f16 %

Timer mode

fs12 Si N2 N2 Timer Ak
fa096 Timer Ak counter (16) interrupt
request bit

Count start bit

Note: Common to timers AO to A9.

Fig. 7.2.2 Block diagram of timer Ak (k = 3, 5 to 8)
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7.2 Block description

7.2.1 Counter and Reload register (timer Ai register)

Each of timer Ai counter and reload register consists of 16 bits.

Countdown in the counter is performed each time the count source is input. In the event counter mode,
it can also function as an up-counter.

The reload register is used to store the initial value of the counter. When a counter underflow or overflow
occurs, the reload register’'s contents are reloaded into the counter.

A value is set to the counter and reload register by writing the value to the timer Ai register. Table 7.2.1
lists the memory assignment of the timer Ai register.

The value written into the timer Ai register while counting is not in progress is set to the counter and reload
register. The value written into the timer Ai register while counting is in progress is set only to the reload
register. In this case, the reload register’'s updated contents are transferred to the counter at the next
reload time. The value obtained when reading out the timer Ai register varies according to the operating
mode. Table 7.2.2 lists reading from and writing to the timer Ai register.

Table 7.2.1 Memory assignment of timer Ai register

Timer Ai register

High-order byte

Low-order byte

Timer A0 register

Address 4716

Address 4616

Timer Al register

Address 4916

Address 486

Timer A2 register

Address 4Bis

Address 4Ais

Timer A3 register

Address 4Dis

Address 4Cis

Timer A4 register

Address 4Fis

Address 4Eus

Timer A5 register

Address C71s

Address C61s

Timer A6 register

Address C91s

Address C8is

Timer A7 register

Address CBus

Address CAus

Timer A8 register

Address CD1s

Address CCus

Timer A9 register

Address CFis

Address CEis

Note: At reset, the contents of the timer Ai register
are undefined.

Table 7.2.2 Reading from and writing to timer Ai register

Read
Counter value is read out.
(Note 1)
Undefined value is read out.

Operating mode
Timer mode
Event counter mode
One-shot pulse mode
Pulse width modulation (PWM) mode

Write
<While counting>
Written only to reload register.
<While not counting>
Written to both of the counter
and reload register.

Notes 1: Also refer to sections “[Precautions for timer mode]” and “[Precautions for event counter
mode].”
2: When reading from and writing to the timer Ai register, perform it in a unit of 16 bits.
3: Each of timers A3 and A5 to A8 is equipped with the timer mode only.
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7.2 Block description

7.2.2 Timer A clock division select register
In the timer mode, one-shot pulse mode, and pulse width modulation (PWM) mode, the count source select
bits (bits 6 and 7 at addresses 5616 to 5A16, D61s to DA1s), and timer A clock division select bits (bits 0 and
1 at address 4516) select the count source. Figure 7.2.3 shows the structure of the timer A clock division
select register. Table 7.2.3 lists the count source (in the timer mode, one-shot pulse mode, and pulse width
modulation (PWM) mode).

Each of timers A3 and A5 to A8 is equipped with the timer mode only.

Timer A clock division select register (Address 4516)

b7 b6 b5 b4 b3 b2 bl b0
1

Bit Bit name Function Atreset| R/W

0 Timer A clock division select bits | See Table 7.2.3. 0 RW

1 0 RW
7 to 2 | The value is “0” at reading. 0 -

Fig. 7.2.3 Structure of timer A clock division select register

Table 7.2.3Count source (in timer mode, one-shot
pulse mode, and pulse width modulation
(PWM) mode)

Count source select hits

Timer A clock division select bits

(bits 6 and 7 at addresses (bits 0 and 1 at address 451s)

5616 t0 5Au, D616 10 DAs) 00 01 10 11
00 f2 f1 f1
01 fie fie fea Do not
10 fea fea fsiz2  |select.
11 fs12 fa006 fa096

7-6
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7.2 Block description

7.2.3 Count start register
This register is used to start and stop counting. One bit of this registar corresponds to one timer. (This is

the one-to-one relationship.) Figure 7.2.4 shows the structures of the count start registers 0 and 1.

Count start register 0 (Address 4016)

b7 b6 b5 b4 b3 b2

bl bo

Bit Bit name Function At reset| R/W
0 Timer AO count start bit 0 : Stop counting 0 RW
- - 1: Start counting
1 Timer Al count start bit 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RwW
4 Timer A4 count start bit 0 RwW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW
b7 b6 b5 b4 b3 b2 bl b0
Count start register 1 (Address 411s)
Bit Bit name Function At reset| R/W
0 Timer A5 count start bit 0 : Stop counting 0 RW
- - 1: Start counting
1 Timer A6 count start bit 0 RW
2 Timer A7 count start bit 0 RW
3 Timer A8 count start bit 0 RwW
4 Timer A9 count start bit 0 RwW
7to 5 | Nothing is assigned. Undefined| —

Fig. 7.2.4 Structures of count start registers 0 and 1
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7.2 Block description

7.2.4 Timer Ai mode register

Figure 7.2.5 shows the structure of the timer Ai mode register. The operating mode select bits are used
to select the operating mode of timer Ai. Bits 2 to 7 have different functions according to the operating
mode. These bits are described in the paragraph of each operating mode.

Timer Ai mode register (i = 0 to 4) (Addresses 5616 t0 5A16) b7 b6 bS b4 b3 b2 bl b0
(i=51to0 9) (Addresses D61s to DAus) .
Bit Bit name Function Atreset| R/W
H H bl b0
0 Operating mode select bits 00 : Timer mode 0 RW
0 1: Event counter mode
1 1 0 : One-shot pulse mode 0 RW
(Note) 11 : Pulse width modulation (PWM) mode
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 0 RW
6 0 RW
7 0 RW

Note: In timers A3 and A5 to A8, fix these bits to “002." Do not select “012,” “102,” and “11.."

Fig. 7.2.5 Structure of timer Ai mode register
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7.2 Block description

7.2.5 Timer Ai interrupt control register
Figure 7.2.6 shows the structure of the timer Ai interrupt control register. For details about interrupts, refer
to “CHAPTER 6. INTERRUPTS.”

. . . ) b7 b6 b5 b4 b3 b2 bl b0
Timer Ai interrupt control register (i = 0 to 4) (Addresses 7516 to 7916) 1

(i=51t09) (Addresses F516 to F916) L

Bit Bit name Function Atreset| R/W
iari i b2 b1b0
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010: Level 2
1 011:Level3 0 | RwW
100:Level4
101:Level5
2 110: Level 6 0 | RW
111:Level?
3 Interrupt request bit 0: No interrupt requested 0 RW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined] —

Note: When writing to this bit, use the MOVM (MOVMB) instruction or STA (STAB, STAD) instruction.

Fig. 7.2.6 Structure of timer Ai interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits are used to select a timer Ai interrupt’s priority level. When using timer Ai interrupts,
select the priority level from levels 1 through 7. When a timer Ai interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL), so that the requested interrupt is
enabled only when its priority level is higher than the IPL. (However, this applies when the interrupt
disable flag (I) = “0.”) To disable timer Ai interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Ai interrupt request occurs. This bit is automatically cleared to “0”
when the timer Ai interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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7.2 Block description

7.2.6 Port P2 and port P6 direction registers

The 1/O pins of timers AO to A2 are multiplexed with port P6 pins, and the I/O pins of timers A4 and A9

are multiplexed with port P2 pins. When using these pins as timer Aj (j = 0 to 2, 4, 9)’s input pins, clear

the corresponding bits of the port P6 and port P2 direction registers to “0” in order to set these port pins

for the input mode. When used as timer Aj's output pins, these pins are forcibly set to the output pins of

timer Aj regardless of the direction registers’ contents. Figure 7.2.7 shows the relationship between the port

P6 and port P2 direction registers and the timer Aj’'s I/O pins.

Note that each bit of the port P6 direction register becomes “0” by an input of a falling edge to pin

P60UTcur. (Refer to section “5.2.3 Pin P60UTcur/INT4.”) When switching the output pins of timers A0 to

A2 to the port output pins, the following procedure is required.

O Return the input level at pin P60UTcur to “H.”

O Write data to the port P6 register’s bit corresponding to the port P6 pin, where data is to be output.

O Set “1” to the port P6 direction register’s bit corresponding to the above P6 register’s bit; therefore, this
bit enters the output mode.

When the input level at pin P60UTcur = “L,” no bit of the port P6 direction register can be set to “1.”

b7 b6 b5 b4 b3 b2 bl b0

Port P6 direction register (Address 101s)

Bit Corresponding pin Functions At reset| R/W
0 | Pin TAOour (Pin W/RTPOo) 0 : Input mode 0 RW
1 Pin TAOn (Pin V/RTPO1) 1 : Output mode 0 RW
2 Pin TAlour (Pin U/RTPO2) 0 RW

- ) When using this pin as timer Aj’s input pin, be sure
3 Pin TALwn (Pin W/RTPOs) T 0 RW
to clear the corresponding bit to “0.

4 Pin TA2our (Pin V/RTP10) 0 RW
5 Pin TA2w (Pin U/RTP11) 0 RW

7,6 | Nothing is assigned. Undefined| —

Notes 1: Each of bits 0 to 5 becomes “0” by an input of the falling edge to pin P6OUTcutr/INTa. (Refer to section “5.2.3 Pin P60UTcur/
INT2.")
2: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

b7 b6 b5 b4 b3 b2 bl bo

Port P2 direction register (Address 8as)

Bit Corresponding pin Functions At reset| R/W
0 Pin TAdour 0 : Input mode 0 RW
1 Pin TA4in 1 : Output mode 0 RW
2 Pin TA9our 0 RwW
- When using this pin as timer Aj's input pin, be sure
3 Pin TA9n . . 0 RW
to clear the corresponding bit to “0.”
4 Pin TBOw (Note 1) 0 RW
5 Pin TB1in (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs/RTPtreo  (Note 4) 0 RW

Notes 1: This applies when the TBOw pin select bit (bit 0 at address AEis) = 1.
2: This applies when the TB1 pin select bit (bit 1 at address AEzs) = 1.
3: This applies when the TB2w pin select bit (bit 2 at address AEis) = 1.
4: This applies when the INTs/RTPreo pin select bit (bit 3 at address AEie) = 1.
5: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

Fig. 7.2.7 Relationship between port P6 and port P2 direction registers and timer Aj’'s I/O pins
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7.3 Timer mode

7.3 Timer mode

In this mode, the timer counts an internally generated count source. Table 7.3.1 lists the specifications of
the timer mode. Figure 7.3.1 shows the structures of the timer Ai register and timer Ai mode register in the

timer mode.

Table 7.3.1 Specifications of timer mode

Item

Specifications

Count source fi

f1, fo, fis, foa, fs12, Or faose

Count operation

» Countdown
» When a counter underflow occurs, reload register’'s contents are
reloaded, and counting continues.

Division ratio

1

—— - n: Timer Ai register setting value
(n+ 1) g g

Count start condition

When count start bit is set to “1.”

Count stop condition

When count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter underflow occurs.

TAjin pin function

Programmable 1/O port pin or gate input pin

TAjour pin function

Programmable 1/O port pin or pulse output pin

Read from timer Ai register

Counter value can be read out.

Write to timer Ai register

e While counting is stopped
When a value is written to the timer Ai register, it is written to both
reload register and counter.

e While counting is in progress
When a value is written to the timer Ai register, it is written to only
reload register. (Transferred to the counter at the next reload timing.)

Note: Only timer Aj (j = 0 to 2, 4, 9) is equipped with the 1/O pins.
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7.3 Timer mode

Timer AO register (Addresses 4716, 4616) Timer A5 register (Addresses C716, CH16)
Timer Al register (Addresses 4916, 4816) Timer A6 register (Addresses C91s, C816)
Timer A2 register (Addresses 4Bais, 4Aus) Timer A7 register (Addresses CBais, CAus)
Timer A3 register (Addresses 4Dss, 4Cis) Timer A8 register (Addresses CDi1s, CCus)
Timer A4 register (Addresses 4F1s, 4E16) Timer A9 register (Addresses CFis, CEus)
(b15) (b8)
b7 b0 b7 b0
1
1
Bit Function At reset| R/W
15 to 0 |Any value in the range from “000016” to “FFFF16” can be set. Undefined] RW
Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.
b7 b6 b5 b4 b3 b2 bl b0
Timer Aj mode register (j = 0 to 2, 4, 9) (Addresses 5616 t0 5816, 5A1s, DAus) "ol 00
1 1 1
Bit Bit name Function At reset| R/W
0 | Operating mode select bits 00 Timer mode 0 RW
1 0 RwW
2 Pulse output function select bit | 0 : No pulse output 0 RW
(TAjour pin functions as a programmable /O port
pin.)
1 : Pulse output
(TAjout pin functions as a pulse output pin.)
. . b4 b3
3 Gate function select bits 00: No gate function 0 RW
01: (TAjin pin functions as a programmable 1/0
port pin.)
10: Gate function
(Counter is active only while TAjin pin’s in-
4 put signal is at “L” level.) 0 RW
11: Gate function
(Counter is active only while TAjin pin’s in-
put signal is at “H” level.)
5 Fix this bit to “0” in timer mode. 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RwW
b7 b6 b5 b4 b3 b2 bl b0
Timer Ak mode register (k = 3, 5 to 8) (Addresses 5916, D616 to D916) "lolo ololo o
1 1 1
Bit Bit name Function At reset| R/W
0 | Operating mode select bits 00 - Timer mode 0 RW
1 0 RW
5to 2 | Fix these bits to “0000” in timer mode. 0 RW
6 | Count source select bits See Table 7.2.3. 0 RW
7 0 RwW

Fig. 7.3.1 Structures of timer Ai register and timer Ai mode register in timer mode
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7.3 Timer mode

7.3.1 Setting for timer mode
Figure 7.3.2 shows an initial setting example for registers related to the timer mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to section “CHAPTER

INTERRUPTS.”

'

Selecting timer mode and each function
b7

| T | 0 | T | 0 O | Timer Ai mode register (i = 0 to 4) (Addresses 5616 to 5A16)
I (i=5109) (Addresses D616 to DA16)

L[

Selection of timer mode

Pulse output function select bit (Note)
0 : No pulse output
1: Pulses output

Gate function select bits (Note)
b4 b3

00: :
01. } No Gate function

Count source select bits
See Table 7.2.3.

Note: Valid only in timer Aj (j=0to 2, 4, 9).

.

1 0: Gate function (Counter counts only while TAjin pin’s input signal level is “L.")
1 1: Gate function (Counter counts only while TAjin pin’s input signal level is “H.”)

Invalid in timer Ak (k = 3, 5 to 8); therefore, fix each of these bits to “0.”

Setting division ratio Timer AQ register (Addresses 4716, 4616) \
(b15) (b8) Timer Al register (Addresses 4916, 4816)
b7 b0 b7 b0 Timer A2 register (Addresses 4B1s, 4A16)

| T Timer A3 register (Addresses 4Dz16, 4C16)
L Timer A4 register (Addresses 4F16, 4E16)
Timer A5 register (Addresses C716, C616)
Timer A6 register (Addresses C916, C816)
Timer A7 register (Addresses CB1s, CAze)
Timer A8 register (Addresses CDz1s, CCze)
Timer A9 register (Addresses CFis, CEzs)

Can be set to “000016” to “FFFF16” (n).

o

%

\

Setting interrupt priority level

b7 bo_Timer Ai interrupt control register
| | | | | | T | (| 0to4) (Addresses 7516 to 7916)
-t =5t09) (Addresses F5i6to F91s)

Interrupt priority level select bits

When using interrupts, set these bits to one of
levels 1to 7.

When disabling interrupts, set these bits to

\ level 0.

\

Setting port P6 and port P2 direction registers

b7
| | | | | | | | |Port P6 direction register (Address 1016)
LPinTAOm
Pin TALIN
Pin TA2IN
b7 bo

| | | | | | | | |PortP2direction register (Address 816)

\— Pin TA4IN

Pin TA9IN

When gate function is selected, clear the bit corresponding to the TAjin
pin to “0.”
\\ Note: In timers A3, A5 to A8, do not set the above registers. /

-
-
SassssEEEEEEEEEEEEEEEEEEEEEEERERREERY

Note: Counter divides the count source frequency by (n + 1).
RN NN N RN R RRERRRERRENREREENENEN

/Setting count start bit to “1.”

b7 b0
| | | | | | | | |Countstartregistero(Address401e)

L Timer AO count start bit

Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

Timer A4 count start bit

b7 bo
| | | | | | | | |Countstartregisterl(Address4lle)

Timer A5 count start bit
Timer A6 count start bit

Timer A7 count start bit

Timer A8 count start bit

Count starts.

\ L Timer A9 count start bit /

~

Fig. 7.3.2 Initial setting example for registers relevant to timer mode

7906 Group User's Manual Rev.2.0

7-13



TIMER A

7.3 Timer mode

7.3.2 Operation in timer mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When a counter underflow occurs, the reload register’s contents are reloaded, and counting continues.
O The timer Ai interrupt request bit is set to “1” at the underflow in O. The interrupt request bit remains
set to “1” until the interrupt request is accepted or until the interrupt request bit is cleared to “0” by

software.

Figure 7.3.3 shows an example of operation in the timer mode.

FFFF16 Starts counting.

--d

Counter contents (Hex.)
]

000016

(1/f) O (n+1) ,

'
Il L]

I
____________________ I
l
'
!

Stops counting.

Restarts counting. |
’ ==

Set to “1” by software.

i

e

Count start bit

Timer Ai interrupt
request bit

Cleared to “0” by soﬁwére.

L]

[ ] [

fi : Frequency of count source
n : Reload register's contents

f

1
4
1
1
1
1
|
T
1
1
1
'
1
1
1
'
1
1
I
1
1
'
1
1
1

| Set to “1” by softw

/

re.

Time

<

f

Cleared to “0” when interrupt request is

accepted or cleared by software.

Fig. 7.3.3 Example of operation in timer mode (without pulse output and gate functions)
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7.3 Timer mode

7.3.3 Select function

In timer Aj (j = 0 to 2, 4, 9), the gate function or pulse output function can be selected.
The following describes the gate and pulse output functions.

(1) Gate function

The gate function is selected by setting the gate function select bits (bits 4 and 3 at addresses 561
to 5816, 5A16, DA16) to “102” or “112.” The gate function makes it possible to start or stop counting
depending on the TAjin pin’s input signal. Table 7.3.2 lists the count valid levels.
Figure 7.3.4 shows an example of operation with the gate function selected.

When selecting the gate function, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjn pins for the input mode. Additionally, make sure that the TAjn pin’s input signal has a
pulse width equal to or more than two cycles of the count source.

Table 7.3.2 Count valid levels

Gate function select bits

Count valid level (Duration while counter counts)

b4 b3
1 0 While TAjn pin’s input signal level is at “L” level
1 1 While TAjin pin’s input signal level is at “H” level

Note: The counter does not count while the TAjn pin’s input signal is not at the count valid level.

FFFF16

Counter contents (Hex.)

000016

O Starts counting.

Count valid

Invalid level

Timer Aj interrupt
request bit

»

! Time
Set to “1” by software.

Count start bit

TAjiN pin’s level
input signal

L
[

value is retained.

n : Reload register's contents

O The counter counts while the count start bit = “1” and the TAjin pin’s input signal is at the count valid level.
O The counter stops counting while the TAjin pin’s input signal is not at the count valid level, and the counter

A

Cleared to “0” when
interrupt request is
accepted or cleared
by software.

||
Y

Fig. 7.3.4 Example of operation with gate function selected
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7.3 Timer mode

Pulse ou

(2)

The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 t0 5816, 5A15, DA16) to “1.” When this function is selected, the TAjour pin is forcibly set for the
pulse output pin regardless of the corresponding bits of the port P2 and port P6 direction registers.
The TAjour pin outputs a pulse of which polarity is inverted each time a counter underflow occurs.
When the count start bit (addresses 4016, 4116) is “0” (count stopped), the TAjour pin outputs “L” level.
Figure 7.3.5 shows an example of operation with the pulse output function selected.

tput function

FFFF1s

Counter contents (Hex.)

Starts counting.

000016

Starts counting.
>

__p Restarts
' counting.

- e

| ™

Count start bit

Pulse output from
TAjouT pin

Timer Aj interrupt
request bit

n

et to “1” by software.

Cleared to “0” by software.

.

'S

Time

+ Setto “1" by software.

1

||

—

'|_|

—

n : Reload register’s contents

\ f

/I

Cleared to “0” when interrupt request is accepted or cleared by software.

Fig. 7.3.5 Example of operation with pulse output function selected
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[Precautions for timer mode]

[Precautions for timer mode]
1. Each of timers A3, A5 to A8 is not equipped with the gate function and pulse output function.

2. By reading the timer Ai register, the counter value can be read out at arbitrary timing. However, if the
timer Ai register is read at the reload timing shown in Figure 7.3.6, the value “FFFFi” is read out. If

reading is performed in the period from when a value is set into the timer Ai register with the counter
stopped until the counter starts counting, the set value is correctly read out.

Reload

4

Counter value
(Hex.) 2 1 0 n |n-1
Read value
(Hex) 2 | 1| 0 |FFFFn-1
n : Reload register's contents Time

Fig. 7.3.6 Reading timer Ai register
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7.4 Event counter mode

7.4 Event counter mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the event counter mode. In this mode, the timer counts an external

signal.

Tables 7.4.1 and 7.4.2 list the specifications of the event counter mode. Figure 7.4.1 shows the structures
of the timer Aj register and timer Aj mode register in the event counter mode.
Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.4.1 Specifications of event counter mode (when not using two-phase pulse signal processing

function)

Item

Specifications

Count source

e External signal input to the TAjin pin
e The count source’s valid edge can be selected from the falling edge
and the rising edge by software.

Count operation

e Countup or countdown can be switched by external signal or software.
e When a counter overflow or underflow occurs, reload register’'s con-
tents are reloaded, and counting continues.

Division ratio

e For countdown 1

(n+1) . . )
n: Timer Aj register’'s set value
e For countup 1

(FFFFi — n + 1)

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter overflow or underflow occurs.

TAjin pin’s function

Count source input

TAjour pin’s function

Programmable /O port pin, pulse output pin, or countup/countdown
switch signal input pin

Read from timer Aj register

Counter value can be read out.

Write to timer Aj register

e While counting is stopped
When a value is written to timer Aj register, it is written to both of
the reload register and counter.

e While counting is in progress
When a value is written to timer Aj register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)
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7.4 Event counter mode

Table 7.4.2 Specifications of event counter mode (when using two-phase pulse signal processing
function in timers A2, A4, and A9)

Item

Specifications

Count source

External signal (two-phase pulse) input to the following pins:
e TA2iNn, TAZ20uT
e TA4in, TA4dout
e TA9In, TA9out

Count operation

e Countup or countdown can be switched by external signal (two-
phase pulse).

e When a counter overflow or underflow occurs, reload register’'s con-
tents are reloaded, and counting continues.

Division ratio

e For countdown 1

(n+1)
e For countup n: Timer A2/A4/A9 register’s set value

1
(FFFFis— n + 1)

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter overflow or underflow occurs.

Function of the following pins:
e TA2in, TAZ20uT
e TA4in, TA4out
e TA9n, TA9out

Two-phase pulse input

Read from timer A2/A4/A9 register

Counter value can be read out by reading timer A2/A4/A9 register.

Write to timer A2/A4/A9 register

e While counting is stopped
When a value is written to timer A2/A4/A9 register, it is written to
both of the reload register and counter.

e While counting is in progress
When a value is written to timer A2/A4/A9 register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)
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Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 481s)

Timer A2 register (Addresses 4Bus, 4A16) (b15) (b8)
b7 b0 b7 b0

Timer A4 register (Addresses 4Fis, 4E1s) T
Timer A9 register (Addresses CFis, CEzs) |

Bit Function Atreset| R/W

15 to O |Any value in the range from “000016” to “FFFF16” can be set. Undefined| RW
Assuming that the set value = n, the counter divides the count source frequency by (n + 1)
during countdown, or by (FFFFis — n + 1) during countup.
When reading, the register indicates the counter value.

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo
1

Timer Aj mode register (j =0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DA16)
X|X]0 0 . 1
Bit Bit name Function Atreset| R/W
: H bl b0
0 Operating mode select bits 01 : Event counter mode 0 RW
1 0 RW
2 Pulse output function select bit | 0 : No pulse output (TAjour pin functions as a 0 RW

programmable 1/O port pin.)
1 : Pulse output (TAjour pin functions as a pulse

output pin.)
3 Count polarity select bit 0 : Counts at falling edge of external signal 0 RW
1: Counts at rising edge of external signal
4 Up-down switching factor select | 0 : Contents of up-down register 0 RW
bit 1 : Input signal to TAjour pin
5 Fix this bit to “0” in event counter mode. 0 RW
6 These bits are invalid in event counter mode. 0 RW
7 0 RW

X: It may be either “0” or “1.”

Fig. 7.4.1 Structures of timer Aj register and timer Aj mode register in event counter mode

7-20 7906 Group User's Manual Rev.2.0



TIMER A
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7.4.1 Setting for event counter mode

Figures 7.4.2 and 7.4.3 show an initial setting example for registers related to the event counter mode.
Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

|

Selecting event counter mode and each function
b7 b0

T Timer Aj mode register j =0to 2, 4, 9)
| | | o | 0 | | | | 0,1 | (Addresses 5616 to 5816, 5A16, DA16)

Selection of event counter mode

Pulse output function select bit
0: No pulse output
1: Pulse output

Count polarity select bit
0: Counts at falling edge of external signal.
1: Counts at rising edge of external signal.

Up-down switching factor select bit
0: Contents of up-down register
1: Input signal to TAjout pin

X: It may be either “0” or “1.”

Setting up—down register

b7 b0
[ To] T Tol T [ ] Ur-down register 0 (Address 441)
Timer AO up-down bit Set to the corresponding up—down bit when the
Timer Al up—down bit contents of the up-down register are selected as
Timer A2 up—down bit the up-down switching factor.
Timer A4 up—down bit 0: Countdown
Timer A2 two—phase pulse 1: Countup . o
signal processing select bit Set the correspond_lng bit to “1 yvhen the_
two—phase pulse signal processing function

Timer A4 two—phase pulse

h ! - is selected for timers A2 and A4.
signal processing select bit

0: Two—phase pulse signal processing
function disabled

b7 b0 ) 1: Two—phase pulse signal processing
[ ToJo] JoJoJofo] up-down register 1 (Address Cc) function enabled
: . Set to the corresponding up—down bit when the contents
Timer A9 up-down bit of the up-down register are selected as the up-down
switching factor.
0: Countdown
) 1: Count
Timer A9 two—phase pulse ountup
signal processing select bit Set the corresponding bit to “1” when the
two—phase pulse signal processing function
is selected for timer A9.
0: Two—phase pulse signal processing
function disabled
1: Two—phase pulse signal processing
\ function enabled
Setting divide ratio Timer AO register (Addresses 4716, 4616)
®15) D po  Timer Al register (Addresses 4915, 4816)
T

Timer A2 register (Addresses 4B1s, 4Az16)
L Timer A4 register (Addresses 4F16, 4E16)
Timer A9 register (Addresses CFis, CE16)

L Can be set to “000016” to “FFFF1s” (n).

[ The counter divides the count source frequency by (n + 1)
when counting down, or by (FFFFis — n + 1) when counting up.

Continued to Figure 7.4.3
on the next page

Fig. 7.4.2 Initial setting example for registers related to event counter mode (1)
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Continued from preceding
Figure 7.4.2

Setting interrupt priority level

b7 —T bo Timer Aj interrupt control register (j=0to 2, 4, 9)
| | | | | | L | (Addresses 7516 to 7716, 7916, F916)

Interrupt priority level select bits

When using interrupts, set these bits to one of levels
1to7.

When disabling interrupts, set these bits to level 0.

Setting port P6 and port P2 direction registers

b7 b0
| | | | | | | | |PortP6direction register (Address 1016)

L Pin TAOout
— Pin TAOIN
— PinTAlourt
— Pin TALN
——————— Pin TA2out
————————— Pin TA2In

b7 b0
| | | | | | | | |PortP2 direction register (Address 816)

L Pin TAdout
— Pin TA4N
—— Pin TA9out
————— Pin TA9IN

Clear the bit corresponding to the TAjiN pin to “0.”

When selecting the TAjour pin’s input signal as up-down switching factor,
clear the bit corresponding to the TAjour pin to “0.”

When selecting the two—phase pulse signal processing function, clear the
\ bits corresponding to the TA2out, TA4out, and TA9ourt pins to “0.”

%

~

Setting the count start bit to “1”
b7 b0

Count start register 0
L (Address 4016)

Timer AO count start bit

— Timer Al count start bit

Timer A2 count start bit

——— Timer A4 count start bit

b7 b0 )
Count start register 1
LIT T[]

(Address 4116)

Timer A9 count start bit

- /

Count starts.

Fig. 7.4.3 Initial setting example for registers relevant to event counter mode (2)
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7.4.2 Operation in event counter mode

O When the count start bit is set to “1,” the counter starts counting of the count source’s valid edge.

O When a counter underflow or overflow occurs, the reload register’s contents are reloaded, and counting
continues.

O The timer Aj interrupt request bit is set to “1” at the underflow or overflow in 0.
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 7.4.4 shows an example of operation in the event counter mode.

(= S e -] ittt ettt et ettt

Starts counting.

LI

E A . A

Counter contents (Hex.)

000016

Time

Set to “1” by software.

i

Count start bit

Set to “1” by software.

Up-down bit

Timer Aj interrupt |—| |—| i
request bit |

N,

Cleared to “0” when interrupt request is accepted or cleared by software.

n: Reload register's contents

Note: The above applies when the up-down bit’s contents are selected as the up-down switching factor (i.e., up-down
switching factor select bit = “0" ).

Fig. 7.4.4 Example of operation in event counter mode (without pulse output and two-phase pulse
signal processing functions)
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7.4.3 Switching between countup and countdown

Figure 7.4.5 shows structures of the up-down registers 0 and 1.

The up-down register or the input signal from the TAjour pin is used to switch countup from and to
countdown. This switching is performed by the up-down bit when the up-down switching factor select bit
(bit 4 at addresses 5616 to 5816, 5A16, DA16) is “0,” and by the input signal from the TAjour pin when the up-
down switching factor select bit is “1.”

When the switching between countup and countdown is set while counting is in progress, this switching is
actually performed when the count source’s next valid edge is input.

(1) Switching by up-down bit
Countdown is performed when the up-down bit is “0,” and countup is performed when the up-down
bit is “1.” Figure 7.4.5 shows the structures of the up-down registers 0 and 1.

(2) Switching by TAjour pin’s input signal
Countdown is performed when the TAjour pin’s input signal is at “L” level, and countup is performed
when the TAjour pin’s input signal is at “H” level.
When using the TAjour pin’s input signal to switch countup from and to countdown, set the port P2
and port P6 direction registers’ bits which correspond to the TAjour pin for the input mode.

7-24 7906 Group User's Manual Rev.2.0



TIMER A

7.4 Event counter mode

When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.

b7 b6 b5 b4 b3 b2 bl b0
Up-down register 0 (Address 441s) 0 0
Bit Bit name Function Atreset| R/W
0 Timer AO up-down bit 0 : Countdown 0 RW
_ . 1: Countup
L Timer Al up-down bit This function is valid when the contents of the up- 0 RW
2 Timer A2 up-down bit ?a(z:vt\l(?r register is selected as the up-down switching 0 RW
3 Fix this bit to “0.” 0 RW
4 Timer A4 up-down bit 0 : Countdown 0 RW
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
5 Timer A2 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 WO
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.
6 Fix this bit to “0.” 0 WO
(Note)
7 Timer A4 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 WO
processing select bit 1 : Two-phase pulse signal processing function enabled (Note)

Note: Use the MOVM (MOVMB) or STA(STAB, STAD) instruction for writing to bits 5to 7.

b7 b6 b5 b4 b3 b2 bl b0

Up-down register 1 (Address C4is) olo ololo]o
Bit Bit name Function Atreset| R/W
3to 0 | Fix these bits to “0000.” 0 RW
4 | Timer A9 up-down bit 0 : Countdown 0 RW
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
6,5 | Fix these bits to “00.” 0 WO
(Note)
7 Timer A9 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 WO
processing select bit 1 : Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.

Note: Use the MOVM(MOVMB) or STA(STAB, STAD) instruction for writing to bits 5 to 7.

Fig. 7.4.5 Structures of up-down registers 0 and 1
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7.4.4 Selectable functions
The following describes the selectable pulse output, and two-phase pulse signal processing functions.

(1) Pulse output function

(2)

The pulse output function is selected by setting the pulse output function select bit (bit 2 at addresses
5616 t0 5816, 5A16, DA16) to “1.” When this function is selected, the TAjour pin is forcibly set for the
pulse output pin regardless of the corresponding bits of the port P2 and port P6 direction registers.
The TAjour pin outputs a pulse of which polarity is inverted each time a counter underflow or overflow
occurs. (Refer to Figure 7.3.5).

When the count start bit (addresses 4015, 4116) is “0” (count stopped), the TAjour pin outputs “L” level.

Two-phase pulse signal processing function (Timers A2, A4, A9)

For timers A2, A4, A9, the two-phase pulse signal processing function is selected by setting the two-
phase pulse signal processing select bits (bits 5 and 7 at address 44s, bit 7 at address C4ie) to “1.”
(See Figure 7.4.5.) Figure 7.4.6 shows the timer A2/A4/A9 mode registers when the two-phase pulse
signal processing function is selected.

For timers with two-phase pulse signal processing function selected, the timer counts two kinds of
pulses of which phases differ by 90 degrees. There are two types of the two-phase pulse signal
processing: normal processing and quadruple processing. In timer A2, normal processing is performed;
in timers A4 and A9, quadruple processing is performed.

For the port P2 and P6 direction registers’ bits corresponding to the pins used for two-phase pulse
input, be sure to set these bits for the input mode.

b7 b6 b5 b4 b3 b2 bl bO Timer A2 mode register (Address 5816)
||] |:| | 0 | 1 | 0 | 0 | 0 | 1 | Timer A4 mode register (Address 5Az1e)
Timer A9 mode register (Address 5Dz16)

[ : It may be either “0” or “1.”

Fig. 7.4.6 Timer A2/A4/A9 mode registers when two-phase pulse signal processing function is selected
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<Normal processing>

Countup is performed at the rising edges
input to the TA2iN pin when the TA2in and
TA2out have the relationship that the TA2IN
pin’s input signal goes from “L” to “H” while
the TA2out pin’s input signal is at “H” level.
Countdown is performed at the falling edges
input to the TA2IN pin when the TA2iN and
TA2out have the relationship that the TA2in
pin’s input signal goes from “H” to “L” while
the TA2out pin’s input signal is “H.” (See
Figure 7.4.7.)

<Quadruple processing>
Countup is performed at all rising and fall-
ing edges input to the TAmout and TAmIN
pins when the TAmin and TAmout have the
relationship that the TAmin pin’s input sig-
nal level goes from “L” to “H” while the
TAmourt pin’s input signal is at “H” level.
Countdown is performed at all rising and
falling edges input to the TAmout and TAmMin
pins when the TAmin and TAmout have the
relationship that the TAmin pin’s input sig-
nal level goes from “H” to “L” while the
TAmouT pin’s input signal is at “H” level.
(See Figure 7.4.8.)
Table 7.4.3 lists the input signals on the
TAmout and TAmin pins when the quadruple
processing is selected.

g
TA2o0ut
wpLn
oy
TA2iN
'K ! ! ‘ : ‘
Countup  Countup ~ Countup Countdown Countdown Countdown

+1 +1 +1 1 21 1

Fig. 7.4.7 Normal processing

"
TAmMout L

— N~
Coun:ted up at all edges. Counted down at all edges.
£1 41 41 41 +1 R T R T
oy
TAMIN
L [N H . /‘ N H ! i i
Counted up at all edges. Counted down at all edges.
+1 41 +1 +1 +1 1041 041 414

Fig. 7.4.8 Quadruple processing

Table 7.4.3 TAmour and TAm pin’s input signals when quadruple processing is selected

Input signal to TAmourT pin Input signal to TAmIN pin
Countup “H” level Rising edge
“L” level Falling edge
Rising edge “L" level
Falling edge “H” level
Countdown “H” level Falling edge
“L” level Rising edge
Rising edge “H” level
Falling edge “L” level

7906 Group User's Manual Rev.2.0
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[Precautions for event counter mode]

[Precautions for event counter mode]
1. Each of timers A3, A5 to A8 is not equipped with the event counter mode.

2. While counting is in progress, by reading the timer Aj (j = 0 to 2, 4, 9) register, the counter value can
be read out at any timing. However, if the timer Aj register is read at the reload timing shown in Figure
7.4.9, the value “FFFF16” (at an underflow) or “000016” (at the overflow) is read out. If reading is
performed in the period from when a value is set into the timer Aj register with the counter stopped until
the counter starts counting, the set value is correctly read out.

(1) For countdown (2) For countup
Reload Reload
Counteryole 1 2| 2| o | n |n-2 couner \8vS  |FFFD|FFFE[FFFF| n |n+1
R I I | Read value I I I I
ead(‘ﬁe)‘ii 2 1 0 |FFFFln-1 (Hex.) FFFD|FFFE|FFFF[0000| n + 1
— :
Time Time
n : reload register’s contents n : reload register’s contents

Fig. 7.4.9 Reading timer Aj register

3. The TAjout pin is used for all functions listed below. Accordingly, only one of these functions can be
selected for each timer.
e Switching between countup and countdown by TAjout pin’s input signal
e Pulse output function
e Two-phase pulse signal processing function (Timers A2, A4, A9)
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7.5 One-shot pulse mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the one-shot pulse mode. In this mode, the timer outputs a pulse
which has an arbitrary width once.

When a trigger occurs, the timer outputs “H” level from the TAjour pin for an arbitrary time. Table 7.5.1 lists
the specifications of the one-shot pulse mode. Figure 7.5.1 shows the structures of the timer Aj register and

timer Aj mode register in the one-shot pulse mode.
Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.5.1 Specifications of one-shot pulse mode

Item

Specifications

Count source fi

f1, f2, fie, fea, fs12, Or faooe

Count operation

e Countdown

e When the counter value becomes “00001s,” reload register’s con-
tents are reloaded, and counting stops.

e |f a trigger occurs during counting, reload register’s contents are
reloaded, and counting continues.

Output pulse width (“H")

n . . .
—— [s] n: Timer Aj register’s set value

Count start condition

e When a trigger occurs. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

e When the counter value becomes “000016"
e When the count start bit is cleared to “0”

Interrupt request occurrence timing

When counting stops.

TAjin pin’s function

Programmable I/O port pin or trigger input pin

TAjour pin’s function

One-shot pulse output

Read from timer Aj register

An undefined value is read out.

Write to timer Aj register

e While counting is stopped
When a value is written to timer Aj register, it is written to both of
the reload register and counter.

e While counting is in progress
When a value is written to timer Aj register, it is written only to the
reload register. (Transferred to counter at the next reload timing.)

Note: The trigger is generated with the count start bit = “1.”
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Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4Az6) (bbl75) (gg) b7 bo
Timer A4 register (Addresses 4Fis, 4E1s) T
Timer A9 register (Addresses CFis, CEzs) .
Bit Function Atreset| R/W
151to 0 | Any value in the range from “000016” to “FFFF16” can be set. Undefined] WO
Assuming that the set value = n, the “H” level width of the one-shot pulse which is
output from the TAjour pin is expressed as follows : n
fi.

fi: Frequency of count source

Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl b0
T T T

Timer Aj mode register (j = 0to 2, 4, 9) (Addresses 5616 t0 5816, 5A16, DA1s) 0
. . 1|1 . 0
Bit Bit name Function Atreset| R/W
. . bl b0
0 Operating mode select bits 10 : One-shot pulse mode 0 RW
1 0 RW
2 Fix this bit to “1” in one-shot pulse mode. 0 RW
. . b4 b3
3 Trigger select bits 00: | Writing “1” to one-shot start bit 0 RW
01: (TAjin pin functions as a programmable /O
port pin.)
4 1 0 : Falling edge of TAji pin’s input signal 0 RW
11 : Rising edge of TAjin pin’s input signal
5 Fix this bit to “0” in one-shot pulse mode. RW
6 Count source select bits See Table 7.2.3. RW
7 0 RwW

Fig. 7.5.1 Structures of timer Aj register and timer Aj mode register in one-shot pulse mode
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7.5.1 Setting for one-shot pulse mode
Figures 7.5.2 and 7.5.3 show an initial setting example for registers related to the one-shot pulse mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

b7

Selecting one-shot pulse mode and each function

|0| T |1|1|t§| Timer Aj mode register (j=0to 2, 4, 9)
I |

(Addresses 5616 to 5816, 5A16, DA16)

Selection of one-shot pulse mode

Trigger select bits
b4 b3

00:
01 :} Writing “1” to one-shot start bit: Internal trigger

1 0: Falling of TAjin pin’s input signal: External trigger
11 : Rising of TAjin pin’s input signal: External trigger

Count source select bits

-

See Table 7.2.3.

/

-

~

Continued to Figure 7.5.3
on the next page

Setting “H” level width of one-shot pulse . .
(b15) 9 b8) P Timer AO register (Addresses 4716, 4616)
b7 b0 b7 pbo Timer Al register (Addresses 4916, 4816)
| T Timer A2 register (Addresses 4B16, 4A16)
L Timer A4 register (Addresses 4F16, 4E1s)
Timer A9 register (Addresses CFis, CE16)
\ Can be set to “000016” to “FFFF16” (n). J
E Note. “H” level width =
- i
- fi = Frequency of count source
- However, if n = “00001¢”, the counter does not operate and the
- TAjour pin outputs “L” level. At this time, no timer Aj interrupt
- request occurs.
Setting interrupt priority level
b7 b0 . .. . .
| 1 | Timer Aj interrupt control register (j =0to 2, 4, 9)
11 (Addresses 7516 to 7716, 7916, F916)
u—L Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
\ When disabling interrupts, set these bits to level 0. /

Fig. 7.5.2 Initial setting example for registers related to one-shot pulse mode (1)
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Continued from preceding
Figure 7.5.2

When external trigger E
is selected H

Setting port P6 and port P2 direction registers

b7 o
| | | | | | | | | Port P6 direction register
Address 1016)

-
Pin TAOIN

Pin TALIN
Pin TA2IN

| | | | | I | |b0 Port P2 direction register
(Address 81s)

Pin TA4IN
Pin TA9IN

Clear the corresponding bit to “0.”

-

Setting count start bit to “1”
b7 b0

Count start register 0
(Address 401s)

Timer AO count start bit
— Timer Al count start bit

Timer A2 count start bit
Timer A4 count start bit

bo Count start register 1
| | | | | | | | (Address 411s)

Timer A9 count start bit

-

Trigger input to
TAjiN pin

\

When internal trigger
is selected

Setting count start bit to “1”

B0 Count start register 0
| | I | | | | | (Address 401s)

Timer AO count start bit

——— Timer Al count start bit

Timer A2 count start bit

Timer A4 count start bit

a Count start register 1
| | | | | | | | (Address 4116)

Timer A9 count start bit

-

\

-

/ Setting one-shot start bit to “1”

= L One-shot start register 0
|0| | | |0| | | | (Address 4216) ’
Timer AO one-shot start bit
Timer Al one-shot start bit
Timer A2 one-shot start bit
Timer A4 one-shot start bit
b7 b0 i
| 0 | | | | 0 | 0 | 0 | 0 | One-shot start register 1

(Address 4316)

Timer A9 one-shot start bit

-

%

Ssassmnnns

Trigger generated

Count starts.

Fig. 7.5.3 Initial setting example for registers related to one-shot pulse mode (2)
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7.5.2 Trigger

The counter is enabled for counting when the count start bit (addresses 4016, 4116) has been set to “1.” The
counter starts counting when a trigger is generated after counting has been enabled. An internal or external
trigger can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 t0 5816, 5A16, DA1s)
are “002" or “012"; an external trigger is selected when the bits are “102" or “11,.”

If a trigger is generated during counting, the reload register’s contents are reloaded and the counter
continues counting. If a trigger generated during counting, make sure that a certain time which is equivalent
to one cycle of the timer’s count source or more has passed between the previously trigger occurrence and
a new trigger occurrence.

(1) When selecting internal trigger
A trigger is generated when writing “1” to the one-shot start bit (addresses 4216, 4316). Figure 7.5.4
shows the structures of the one-shot start registers 0 and 1.

(2) When selecting external trigger
A trigger is generated at the falling edge of the TAjw pin’s input signal when bit 3 at addresses 5616
to 5816, 5A16, DA1s is “0,” or at its rising edge when bit 3 is “1.”
When using an external trigger, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjin pins for the input mode.
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7.5 One-shot pulse mode

One-shot start register 0 (Address 4216)

b7 b6 b5 b4 b3 b2 bl b0

0 0

Bit Bit name Function Atreset| R/W
0 Timer AO one-shot start bit 1 : Start outputting one-shot pulse. 0 WO

- - (Valid when an internal trigger is selected.)
1 Timer Al one-shot start bit 0 WO
2 Timer A2 one-shot start bit The value is 0" at reading. 0 WO
3 Fix this bit to “0.” 0 Yo
4 Timer A4 one-shot start bit 1 : Start outputting one-shot pulse. 0 WO

(Valid when an internal trigger is selected.)

The value is “0” at reading.
6,5 | Nothing is assigned. Undefined] —
7 Fix this bit to “0.” 0 RW
b7 b6 b5 b4 b3 b2 bl b0
One-shot start register 1 (Address 4316) 0 olololo

Bit Bit name Function Atreset| R/W
31to 0 | Fix these bits to “0000.” 0 WO
4 Timer A9 one-shot start bit 1 : Start outputting one-shot pulse. 0 WO

(Valid when an internal trigger is selected.)

The value is “0” at reading.
6,5 | Nothing is assigned. Undefined] —

7 Fix this bit to “0.” 0 RW

Fig. 7.5.4 Structures of one-shot start registers 0 and 1

7-34

7906 Group User's Manual Rev.2.0




TIMER A

7.5 One-shot pulse mode

7.5.3 Operation in one-shot pulse mode

0 When the one-shot pulse mode is selected with the operating mode select bits, the TAjour pin outputs
“L” level.

O When the count start bit is set to “1,” the counter is enabled for counting. After that, counting starts when
a trigger is generated.

0 When the counter starts counting, the TAjour pin outputs “H” level. (When a value of “00001¢” is set to
the timer Aj register, the counter stops operating, the output level at pin TAjour remains “L,” and no timer
Aj interrupt request does not occur.)

0 When the counter value becomes “00001s,” the output from the TAjour pin becomes “L” level.
Additionally, the reload register’'s contents are reloaded and the counter stops counting there.

O Simultaneously with O, the timer Aj interrupt request bit is set to “1.”

This interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 7.5.5 shows an example of operation in the one-shot pulse mode.

When a trigger is generated after 0 above, the counter and TAjour pin perform the same operations
beginning from 0O again. Furthermore, if a trigger is generated during counting, the counter performs
countdown once after this new trigger is generated, and then, it continues counting with the reload register’s
contents reloaded. If generating a trigger during counting, make sure that a certain time which is equivalent
to one cycle of the timer’'s count source or more has passed between the previously trigger occurrence and
a new trigger occurrence.

The one-shot pulse output from the TAjour pin can be disabled by clearing the timer Aj mode register’s bit
2 to “0.” Accordingly, timer Aj can also be used as an internal one-shot timer that does not perform the
pulse output. In this case, the TAjour pin functions as a programmable I/O port pin.
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7.5 One-shot pulse mode

n = Reload register’s contents

FFFF16 Stops
g Starts counting. , eounting. . Starts counting. , Stops counting.
z «—>—> —
0 n T R e Rt M En R — -
< 1
2 :
S I .., Reloaded 4 Reloaded A
9] : '
£
3 ' 1
=]
O

000116

Time
Set to “1” by software.

O Count start bit

O Trigger during counting

TAjin pin
input signal 4

(/%) 0 @) i @/fHO0m+1)

One-shot pulse
output from |

TAjout pin

Timer Aj interrupt li
request bit

fi : Frequency of count source f

n : Reload register’s contents Cleared to “0” when interrupt request is accepted
or cleared by software.

O When the count start bit = “0” (counting stopped), the TAjour pin outputs “L” level.
0 When a trigger is generated during counting, the counter counts the count source (n + 1) times after a new trigger is generated.

Note: The above applies when an external trigger (rising edge of TAjin pin’s input signal) is selected.

Fig. 7.5.5 Example of operation in one-shot pulse mode (selecting external trigger)
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[Precautions for one-shot pulse mode]

[Precautions for one-shot pulse mode]
1. Each of timers A3, A5 to A8 is not equipped with the one-shot pulse mode.

2. If the count start bit is cleared to “0” during counting, the counter becomes as follows:
*The counter stops counting, and the reload register's contents are reloaded into the counter.
*The TAjour pin’s output level becomes “L.”
*The timer Aj interrupt request bit is set to “1.”

3. A one-shot pulse is output synchronously with an internally generated count source. Accordingly, when
selecting an external trigger, there will be a delay equivalent to one cycle of the count source at
maximum, in a period from when a trigger is input to the TAjn pin until a one-shot pulse is output.

Trigger input
TAjin pin’s
input signal *

Count
source

One-shot pulse i

output from
TAjout pin

1 Starts outputting of one-shot pulse
P

Note: The above applies when an external trigger (falling edge of TAjin pin’s input signal) is selected.

Fig. 7.5.6 Output delay in one-shot pulse output

4. When the timer’s operating mode has been set by one of the following procedures, the timer Aj interrupt
request bit will be set to “1.”
e When the one-shot pulse mode is selected after reset
e When the operating mode is switched from the timer mode to the one-shot pulse mode
e When the operating mode is switched from the event counter mode to the one-shot pulse mode

Accordingly, when using a timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.
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7.6 Pulse width modulation (PWM) mode

7.6 Pulse width modulation (PWM) mode

Timer Aj (j = 0 to 2, 4, 9) is equipped with the pulse width modulation (PWM) mode.

In this mode, the timer continuously outputs pulses which have an arbitrary width. Table 7.6.1 lists the
specifications of the PWM mode. Figure 7.6.1 shows the structures of the timer Aj register and timer Aj

mode register in the PWM mode.

Each of timers A3, A5 to A8 is not equipped with this mode.

Table 7.6.1 Specifications of PWM mode

Item

Specifications

Count source fi

f1, f2, fis, foa, fs12, Or faooe

Count operation

e Countdown (operating as an 8-bit or 16-bit pulse width modulator)

e Reload register’'s contents are reloaded at rising edge of PWM pulse,
and counting continues.

e A trigger generated during counting does not affect the counting.

PWM period/“H” level width

<16-bit pulse width modulator>

. (2*°-1)
Period = i [s]
n

“H” level width = fi

n : Timer Aj register’s set value

[s]

<8-bit pulse width modulator>

(m + 1)(2°~1) m:Timer Aj register’s low-order 8

Period = f_ [s] bits’ set value
. n(m + 1) n : Timer Aj register’'s high-order
“H" level width = f [s] 8 bits’ set value

Count start condition

e When a trigger is generated. (Note)
e Internal or external trigger can be selected by software.

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

At falling edge of PWM pulse

TAjin pin’s function

Programmable 1/O port pin or trigger input pin

TAjour pin’s function

PWM pulse output

Read from timer Aj register

An undefined value is read out.

Write to timer Aj register

e While counting is stopped
When a value is written to the timer Aj register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Aj register, it is written only to
the reload register. (Transferred to the counter at the next reload
time.)

Note: The trigger is generated with the count start bit = “1.”
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7.6 Pulse width modulation (PWM) mode

<When operating as a 16-bit pulse width modulator>

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4A16) (bbl75) (gg) b7 bo
Timer A4 register (Addresses 4Fis, 4Es) T

Timer A9 register (Addresses CFis, CEzs) .

Bit Function Atreset| R/W

15t0 0 | Any value in the range from “000016” to “FFFE16” can be set. Undefined] WO
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows : _n_

fi

(PWM pulse period = 2%-1)

fi. Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

<When operating as an 8-bit pulse width modulator>

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bus, 4Aa6) (b15) (b8)
. . b7 b0 b7 b0

Timer A4 register (Addresses 4F1s, 4E16) T

Timer A9 register (Addresses CFis, CEzs) !

Bit Function At reset| R/W

7to 0 | Any value in the range from “001s" to “FF16” can be set. Undefined] WO
Assuming that the set value = m, the period of the PWM pulse which is output from the
TAjour pin is expressed as follows: (m +1) (28— 1)

fi

15to 8| Any value in the range from “001¢” to “FF16” can be set. Undefined| WO
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows: n(m + 1)

fi

fi: Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo
1 1 1

Timer Aj mode register (i=0to 2, 4, 9) (Addresses 5616 t0 5816, 5A16, DA1s)
. . 1(1 . 1
Bit Bit name Function Atreset| R/W
7 H bl b0
0 Operating mode select bits 11 PWM mode 0 RW
1 0 RW
2 Fix this bit to “1” in PWM mode. 0 RW
. . b4 b3
3 | Trigger select bits 00: | Writing “1” to count start bit 0 RW
01: (TAj pin functions as a programmable 1/0
T port pin.) 0 RW

1 0 : Falling edge of TAj pin’s input signal
11 : Rising edge of TAjin pin’s input signal
5 16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW
1 : 8-bit pulse width modulator

6 Count source select bits See Table 7.2.3. 0 RW

7 0 RW

Fig. 7.6.1 Structures of timer Aj register and timer Aj mode register in PWM mode
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7.6 Pulse width modulation (PWM) mode

7.6.1 Setting for PWM mode

Figures 7.6.2 and 7.6.3 show an initial setting example for registers relevant to the PWM mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

Selecting PWM mode and each function

b7 b0

| J | | L | 1 | 17 1] Timer Ajmode register (j=0to 2, 4, 9)
1 1 L (Addresses 5616 to 5816, 5A16, DA1s)
Selection of PWM mode

Trigger select bits
b4b3

8 2 } Writing “1” to count start bit: Internal trigger

10 : Falling edge of TAjin pin’s input signal: External trigger
11 : Rising edge of TAjin pin’s input signal: External trigger

16/8-bit PWM mode select bit
0 : Operates as 16-bit pulse width modulator
1: Operates as 8-bit pulse width modulator

Count source select bits
See Table 7.2.3.

- /

/ Setting PWM pulse’s period and “H” level width \
® \When operating as 16-bit pulse width modulator Timer AO register (Addresses 4716, 4616)
®19) ©s bo Timer Al register (Addresses 4916, 4816)

T Timer A2 register (Addresses 4Bzs, 4A16)
] Timer A4 register (Addresses 4F1s, 4E16)
Timer A9 register (Addresses CF1e, CEz16)

\— Can be set to “000016” to “FFFE16” (n)

(;15\)Nhen operating as 8-bit r()g;flse width modulator Timer AO register (Addresses 4716, 4616)
b7

b0 b7 po Timer Al register (Addresses 4916, 4816)
T | Timer A2 register (Addresses 4B1s, 4Az1s)
1 Timer A4 register (Addresses 4Fis, 4E1s)

Timer A9 register (Addresses CFis, CE16)

\— Can be set to “0016” to “FF16” (m)

Can be set to “0016” to “FE16” (n)

\_ /

Note. When operating as 8-bit pulse width modulator Note. When operating as 16-bit pulse width modulator
) (m+1) (28-1) T6_ 1
Period = ——————— (fi: Frequency of

fi count source)
n(m+1)

Period = (fi : Frequency of count source)

n
“H” level width = ——
i

“H” level width = )
I
However, if n = “0016”, the pulse width modulator
does not operate and the TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

However, if n = “000016”, the pulse width modulator does
not operate and the TAjour pin outputs “L” level. At this
time, no timer Aj interrupt request occurs.

Continued to Figure 7.6.3
on the next page

Fig. 7.6.2 Initial setting example for registers related to PWM mode (1)
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7.6 Pulse width modulation (PWM) mode

Continued from preceding
Figure 7.6.2

Setting interrupt priority level

Timer Aj interrupt control register (j =0 to 2, 4, 9)

b7 ; ; b0
L1 | (Addresses 7516 to 7716, 7916, F916)

LLT T ]
L[

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

When external trigger is selected

~

When internal trigger is selected

-~

Setting port P6 and port P2 direction registers Setting count start bit to “1”
b7 b0 . . . b7 b0
| | | | | | | | | Port P6 direction register Count start register 0
(Address 1016) | | | | | | | | | (Address 401s)
Pin TAON Timer AO count start bit
Pin TALIN . .
. — Timer Al count start bit
Pin TA2IN . .
b7 b0 ‘ . - Timer A2 count start bit
| | | | | | | | | Port P2 direction register Timer A4 count start bit
(Address 816)
Pin TA4IN
i b7 b0 .
Pin TAIIN Count start register 1
\ Clear the corresponding bit to “0.” / | | | | | | | | (Address 4116)
: Timer A9 count start bit

/

NI

Setting count start bit to “1”

b0
| | | Count start register 0
(Address 4016)

Timer AO count start bit

—— Timer A1 count start bit

Timer A2 count start bit

Timer A4 count start bit

Count start register 1

b7 b0
| | (Address 4116)

Timer A9 count start bit

- /

Trigger input
to TAjin pin

Trigger generated

Count starts.

Fig. 7.6.3 Initial setting example for registers related to PWM mode (2)
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7.6 Pulse width modulation (PWM) mode

7.6.2 Trigger

When a trigger is generated, the TAjour_pin starts to output PWM pulses. An internal or an external trigger
can be selected as that trigger.

An internal trigger is selected when the trigger select bits (bits 4 and 3 at addresses 5616 to 5816, 5A16, DAus)
are “002" or “012"; an external trigger is selected when these bits are “102" or “11..”

A trigger generated during PWM pulse output is invalid, and it does not affect the pulse output operation.

(1) When selecting internal trigger
A trigger is generated when “1” is written to the count start bit (addresses 4015, 411s).

(2) When selecting external trigger
A trigger is generated at the falling edge of the TAjw pin’s input signal when bit 3 at addresses
5616 to 5816, 5A16, DA1s is “0,” or at its rising edge when bit 3 is “1.” However, the trigger input is
acceptableonly when the count start bit is “1.”
When using an external trigger, set the port P2 and port P6 direction registers’ bits which correspond
to the TAjin pins for the input mode.
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7.6 Pulse width modulation (PWM) mode

7.6.3 Operation in PWM mode

O When the PWM mode is selected with the operating mode select bits, the TAjour pin outputs “L” level.

O When a trigger is generated, the counter (pulse width modulator) starts counting and the TAjour pin
outputs a PWM pulse (Notes 1 and 2).

O The timer Aj interrupt request bit is set to “1” each time the PWM pulse level goes from “H” to “L.”
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

O Each time a PWM pulse has been output for one period, the reload register’s contents are reloaded and
the counter continues counting.

The following explains operations of the pulse width modulator.

(1) 16-bit pulse width modulator
When the 16/8-bit PWM mode select bit is cleared to “0,” the counter operates as a 16-bit pulse width
modulator. Figures 7.6.4 and 7.6.5 show operation examples of the 16-bit pulse width modulator.

(2) 8-bit pulse width modulator
When the 16/8-bit PWM mode select bit is set to “1,” the counter is divided into 8-bit halves. Then,
the high-order 8 bits operate as an 8-bit pulse width modulator, and the low-order 8 bits operate as
an 8-bit prescaler. Figures 7.6.6 and 7.6.7 show operation examples of the 8-bit pulse width modulator.

Notes 1: If a value “000016” is set into the timer Aj register when the counter operates as a 16-bit
pulse width modulator, the pulse width modulator does not operate and the output from the
TAjouT pin remains “L” level. The timer Aj interrupt request does not occur. Similarly, if a
value “0016” is set into the high-order 8 bits of the timer Aj register when the counter
operates as an 8-bit pulse width modulator, the same is performed.

2: When the counter operates as an 8-bit pulse width modulator, after a trigger is generated,
the TAjout pin outputs “L” level for a period of (1 / fi)) O (m + 1) O (n + 1). After that, the
PWM pulse output will start.
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7.6 Pulse width modulation (PWM) mode

(1/f) 0 (216 — 1)

I A

‘A
<
I
I
I

Count source

TAji pin’s input signal A

l""'I

PWM pulse output
from TAjour pin

Timer Aj interrupt
request bit
fi: Frequency of count source \ /

Cleared to “0” when interrupt request is accepted
or cleared by software.

n: Reload register

Note: The above applies when n = “000316” and an external trigger (rising edge of TAjin pin’s input
signal) is selected.

Fig. 7.6.4 Operation example of 16-bit pulse width modulator

n = Reload register’s contents

! (1/f) O (216 -1) > (1/f) O (216 -1) - i (1/f)0(2°-1) >
R 1 o ;
% | ' ' '
9 | LT ! ! 73 :
R — ! o
§ (6-1)—nf-r--moeooaae- - ; P
2 " ! M !
g : =1 =" : ’ :
3 ' 1 h I -- A h
O : . . . . . ,
000116 L 1 1 — | | ]

: | : Do — ! i

i : I . ! Stops ! Restarts counting. T',me
T Ain pir I i : i ! counting. ! ' :
jin pin’s ! ! b ' H !
input signal 4' ' | L . ' .
PWM pulse : : ; : ' O : '

output from i Y
TAjout pin ) i ; ;

“FFFEz¢” is set to timer Aj “000016” is set to timer Aj “200016” is set to timer Aj
fi: Frequency of count source register. register. register.
n: Reload register’s contents

[ When an arbitrary value is set to the timer Aj register after setting “000016” to it, the timing when the PWM pulse goes “H”
depends on the timing when the new value is set.

Note: The above applies when an external trigger (rising edge of TAjin pin’s input signal) is selected.

Fig. 7.6.5 Operation example of 16-bit pulse width modulator (when counter value is updated during
pulse output)
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7.6 Pulse width modulation (PWM) mode

(1/f) O (m+1)0(28-1)

|
[

g
-t

>

|

|

=1
1
1
1

]
]
]
]
] 1
4

Ll
0 Count source HE
L

TAji pin’s
input signal

et (/R Om+1)

D Bt prescalers e T Uurr

 @/HOm+10M |

PWM pulse output
from TAjour pin

Timer Aj interrupt r
requestbit 4\ _ _____

Cleared to “0” when interrupt request is accepted or cleared by software.
fii Frequency of count source

n: Reload register’s high-order 8 bits
m: Reload register’s low-order 8 bits

O The 8-bit prescaler counts the count source.
O The 8-bit pulse width modulator counts the 8-bit prescaler’s underflow signal.

Note: The above applies when n = “0216”, m = “0216”, and an external trigger
(falling edge of TAjin pin’s input signal) is selected.

Fig. 7.6.6 Operation example of 8-bit pulse width modulator

7906 Group User's Manual Rev.2.0 7-45



'pa109|as si (feubis indui s,uid Nify | jo abpa Buirey) 1861 [eusalxa ue uaym saljdde anoge ay] 810N
'18S S| anfeA mau ay) uaym Buiwn ayy uo spuadap H, S906 [aAs] asind NG Ui uaym Buiwi ayy ‘1 0} 9100, Bumas Jaye JaisiBal iy Jawin ay) 031 18s S| anfeA Arelygle ue usym [

Sl 8 1apI0-Mo| S, Ja1sibal peojay 1w
924N0S 1uNn09 Jo Aouanbai 1y
19181081 I\ Jawi 01 18S SI .9TZ0V0. 19181081 W7 Jawn 01 18S SI 912000, 19181631 I\ Jawin 01 18S SI 912010,

uid 1nofiy ] wioy
ndino asind WMd

‘Bununoa
sueIsay

‘Bununod

O :
sdois m

- - - - ,|_|+ N
1 ! 1 1 ! 3

: _ : : 8
.............................................. 1--49140 o

' 8

' \ \ ! 2

' \ 4 ' o

_ e H _ 2

T

2

v
'
'

' '

A v

' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
||||||||| ) g
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '
' ' '

B 9Tv0

7.6 Pulse width modulation (PWM) mode

TIMER A

s,J8[edsald

("xaH) swau09

T reubis
"+I ndur s,uid Ny

__ 92IN0s uNno)

-

A
A

e 1 L i s

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
-
bl
'

(T-g2) O (T+W) O (4/T) (T-g)O(T+w) O (/1)

7906 Group User's Manual Rev.2.0

pulse output)

Fig. 7.6.7 Operation example of 8-bit pulse width modulator (when counter value is updated during

7-46



TIMER A

[Precautions for pulse width modulation (PWM) mode]

[Precautions for pulse width modulation (PWM) mode]
1. Each of timers A3, A5 to A8 is not equipped with the pulse width modulation (PWM) mode.

2. If the count start bit is cleared to “0” during PWM pulse output, the counter stops counting. If the TAjour
pin outputs “H” level at that time, the output level will become “L” and the timer Aj interrupt request bit
will be set to “1.” When the TAjour pin outputs “L” level at that time, the output level will not change and
no timer Aj interrupt request will occur.

3. When the timer’s operating mode is set by one of the following procedures, the timer Aj interrupt request
bit is set to “1.”
e When the PWM mode is selected after reset
e When the operating mode is switched from the timer mode to the PWM mode
e When the operating mode is switched from the event counter mode to the PWM mode

Accordingly, when using a timer Aj interrupt (interrupt request bit), be sure to clear the timer Aj interrupt
request bit to “0” after the above setting.
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[Precautions for pulse width modulation (PWM) mode]

MEMORANDUM
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8.2 Block description

8.3 Timer mode

[Precautions for timer mode]

8.4 Event counter mode

[Precautions for event counter mode]
8.5 Pulse period/Pulse width measurement mode
[Precautions for pulse period/pulse width
measurement mode]



TIMER B

8.1 Overview, 8.2 Block description

8.1 Overview

Timer B consists of three counters (timers B0 to B2) each equipped with a 16-bit reload function. Timers
B0 to B2 have identical functions and operate independently of one other.

Timer Bi (i = 0 to 2) has three operating modes listed below.

(1) Timer mode
The timer counts an internally generated count source.

(2) Event counter mode
The timer counts an external signal.

(3) Pulse period/Pulse width measurement mode
The timer measures an external signal’s pulse period or pulse width. In this mode, the following count
types are available:
e Count clear type
e Free-run type

8.2 Block description
Figure 8.2.1 shows the block diagram of timer B. Explanation of registers relevant to timer B is described
below.

Count source select bits Data bus (odd)

fie—° \ Data bus (even)
fe4a ———o PN
fs1o—— o (Low-order 8 bits) (High-order 8 bits)
«Timer N2 SN2
‘P_lgshe period measurement/pulse | Timer Bi reload register (16) |<7
width measurement
PN PN
Event counter
) Polarity selection | o ____| . mode ; ;
TBin O and edge pulse 0 N/ N/ Timer Bi
enerator | Timer Bi counter (16 l—o—| interrupt
9 fX32 —o (16) request bit
Timer B2 clock source i )
select bit (Note) Count start register Timer Bi
overflow
flag
(Valid in the pulse period/pulse width
measurement mode.)

4' Counter reset circuit li

Timer B2 clock source select bit : Bit 6 at address 6316

Note: Only for timer B2, a clock source in the event counter mode can be selected.

Fig. 8.2.1 Block diagram of timer B
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8.2 Block description

8.2.1 Counter and Reload register (timer Bi register)
Each of timer Bi counter and reload register consists of 16 bits and has the following functions.

(1)

(2)

Functions in timer mode and event counter mode

Countdown in the counter is performed each time the count source is input. The reload register is
used to store the initial value of the counter. When a counter underflow occurs, the reload register’s
contents are reloaded into the counter.

A value is set to the counter and reload register by writing the value to the timer Bi register.
Table 8.2.1 lists the memory assignment of the timer Bi register.

The value written into the timer Bi register while counting is not in progress is set to the counter and
reload register. The value written into the timer Bi register while counting is in progress is set only
to the reload register. In this case, the reload register’'s updated contents are transferred to the
counter at the next underflow. The counter value is read out by reading out the timer Bi register.

Note: When reading from or writing to the timer Bi register, perform it in a unit of 16 bits. For more
information about the value obtained by reading the timer Bi register, refer to sections
“[Precautions for timer mode]” and “[Precautions for event counter mode].”

Functions in pulse period/pulse width measurement mode

Countup in the counter is performed each time the count source is input. The reload register is used

to retain the pulse period or pulse width measurement result. When a valid edge is input to the TBin

pin, the counter value is transferred to the reload register. In this mode, the value obtained by

reading the timer Bi register is the reload register's contents, so that the measurement result is

obtained.

By using the count-type select bit (bit 4 at addresses 5Bis to 5D1s), the count type can be selected

from the counter clear type and free-run type.

The operation of the counter after the counter value is transferred to the reload register is as follows;

 In the case of the counter clear type, the counter value becomes “00001¢"; and counting continues.

* In the case of the free-run type, the counter value does not become “000016”; and counting continues
with this counter value kept.

Note: When reading from the timer Bi register, perform it in a unit of 16 bits.

Table 8.2.1 Memory assignment of timer Bi registers

Timer Bi register | High-order byte | Low-order byte
Timer BO register | Address 5116 Address 5016
Timer B1 register | Address 5316 Address 5216
Timer B2 register | Address 5516 Address 5416

Note: At reset, the contents of the timer Bi register
are undefined.
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TIMER B
8.2 Block description

8.2.2 Count start register
This register is used to start and stop counting. One bit of this register corresponds to one timer. (This is
the one-to-one relationship.) Figure 8.2.2 shows the structure of the count start register 0.

b7 b6 b5 b4 b3 b2 bl bo

Count start register 0 (Address 401s)

Bit Bit name Function Atreset| R/W
0 Timer AO count start bit 0 : Stop counting 0 RW
1 Timer Al count start bit 1: Start counting 0 RW
2 Timer A2 count start bit 0 RW
3 Timer A3 count start bit 0 RW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW
6 Timer B1 count start bit 0 RW
7 Timer B2 count start bit 0 RW

Fig. 8.2.2 Structure of count start register 0

8.2.3 Timer Bi mode register

Figure 8.2.3 shows the structure of the timer Bi mode register. The operating mode select bits are used
to select the operating mode of timer Bi. Bits 2 to 7 have different functions according to the operating
mode. These bits are described in the paragraph of each operating mode.

b7 b6 b5 b4 b3 b2 bl b0
Timer Bi mode register (i = 0 to 2) (Addresses 5Bus to 5D1s) '

Bit Bit name Function At reset| R/W
O i i b1 b0 . O RW
Operating mode select bits 00 - Timer mode
0 1: Event counter mode
1 1 0: Pulse period/Pulse width measurement mode 0 RW
11: Do not select.
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 Undefined. RO
(Note)
6 0 RW
7 0 RW

Note: Bit 5 is invalid in the timer and event counter modes; its value is undefined at reading.

Fig. 8.2.3 Structure of timer Bi mode register
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8.2 Block description

8.2.4 Timer Bi interrupt control register
Figure 8.2.4 shows the structure of the timer Bi interrupt control register. For details about interrupts, refer
to “CHAPTER 6. INTERRUPTS.”

) . . . b7 b6 b5 b4 b3 b2 bl b0
Timer Bi interrupt control register (i = 0 to 2) (Addresses 7Az1s to 7Cus) 1

Bit Bit name Function Atreset| R/W
A H b2 b1b0
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010:Level2
1 011:Level3 0 | RwW
100: Level 4
101:Level5
2 110:Level 6 0 | RW
111:Level7
3 Interrupt request bit 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined —

Note: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 8.2.4 Structure of timer Bi interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits are used to select a timer Bi interrupt’s priority level. When using timer Bi interrupts,
select the priority level from levels 1 through 7. When a timer Bi interrupt request occurs, its priority
level is compared with the processor interrupt priority level (IPL), so that the requested interrupt is
enabled only when its priority level is higher than the IPL. (However, this applies when the interrupt
disable bit (I) = “0.”) To disable timer Bi interrupts, set these bits to “0002" (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when a timer Bi interrupt request occurs. This bit is automatically cleared to “0”
when the timer Bi interrupt request is accepted. This bit can be set to “1” or cleared to “0” by
software.
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8.2 Block description

8.2.5 Port P2 direction register, Port P5 direction register

The input pins of timer Bi are multiplexed with port P5 pins. By using the TBO~N/TB1in/TB2iv pin select bit
(see Figure 8.2.5.), pin TBOW/TB1n/TB2inv can be allocated to the corresponding port P2 pin.

When using pins P5s(P24)/TBON, P56(P2s)/TB1in, P57(P26)/TB2in as timer Bi's input pins, be sure to clear
the corresponding bits of the port direction register, which is multiplexed, to “0” in order to set these pins
to the input mode. (See Figure 8.2.6.)

b7 b6 b5 b4 b3 b2 bl b0
Port P2 pin function control register (Address AEis) 0
Bit Bit name Function At reset| R/W
0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW
1 : Allocate pin TBOn to P2a.
1 Pin TB1n select bit 0 : Allocate pin TB1in to P5es. 0 RW
1 : Allocate pin TB1n to P2s.
2 Pin TB2n select bit 0 : Allocate pin TB2i to P5y. 0 RW
1 : Allocate pin TB2in to P2.
3 Pin INTs/RTPreo Select bit 0: Allocate pin INTs/RTPrrco to P7a. 0 RW
(Note) 1: Allocate pin INTs/RTPreo to P27.
6 to 4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW
Note: When allocating pin INTs/RTPreo to P74, be sure the D-A: output enable bit (bit 1 at address 961s) = “0” (output disabled).

Fig. 8.2.5 Structure of port P2 pin function control register
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8.2 Block description

b7 b6 b5 b4 b3 b2 bl b0

Port P5 direction register (Address Dis)

Bit Corresponding pin Functions At reset| R/W
4to 0 | Nothing is assigned. Undefined] —
5 Pin TBOw (Pin INTs/IDW)  (Note 1)| O : Input mode 0 RW
6 Pin TB1in (Pin INTe/IDV) (Note 2) 1: Outpu_t mod_e _ _ o ) 0 RW
- : When using this pin as timer Bi's input pin,
7 Pin TB2w (Pin INTZ/IDU)  (Note 3)| be sure to clear the corresponding bit to “0.” 0 RW

Notes 1: This applies when the TBOw pin select bit (bit O at address AEie) = 0.
2: This applies when the TB1w pin select bit (bit 1 at address AEie) = 0.
3: This applies when the TB2w pin select bit (bit 2 at address AEis) = 0.
4: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed with the corresponding port P5 pins.

b7 b6 b5 b4 b3 b2 bl b0

Port P2 direction register (Address 8:s)

Bit Corresponding pin Functions At reset| R/W
0 Pin TA4our 0: |anIt mode 0 RW
1 Pin TA4in 1 : Output mode 0 RW
2 Pin TA9our 0 RW
; When using this pin as timer Bi’s input pin, be sure
3 Pin TA9n . . 0 RW
to clear the corresponding bit to “0.”
4 Pin TBOw (Note 1) 0 RW
5 Pin TB1 (Note 2) 0 RW
6 Pin TB2in (Note 3) 0 RW
7 Pin INTs/RTPTrco  (Note 4) 0 RW

Notes 1: This applies when the TBOw pin select bit (bit O at address AEis) = 1.
2: This applies when the TB1n pin select bit (bit 1 at address AEis) = 1.
3: This applies when the TB2n pin select bit (bit 2 at address AEis) = 1.
4: This applies when the INT3/RTPrreo pin select bit (bit 3 at address AE1s) = 1.

Fig. 8.2.6 Relationship between port P5 direction register, port P2 direction register, and timer Bi’s
input pins

8.2.6 Count source (in timer mode and pulse period/pulse width measurement mode)

In the timer mode and pulse period/pulse width measurement mode, the count source select bits (bits 6
and 7 at addresses 5B1s to 5D1s) are used to select the count source (fz, fis, fe4, Or fs12). (See Figures 8.3.1
and 8.5.1.)
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8.3 Timer mode

8.3 Timer mode

In this mode, the timer counts an internally generated count source. Table 8.3.1 lists the specifications of
the timer mode. Figure 8.3.1 shows the structures of the timer Bi register and timer Bi mode register in the

timer mode.

Table 8.3.1 Specifications of timer mode

Item

Specifications

Count source fi

f2, fis, fea, Or fsi2

Count operation

*Countdown
*When a counter underflow occurs, reload register’s contents are re-
loaded, and counting continues.

Division ratio

1

—_— n: Timer Bi register’'s set value
(n + 1) 9

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a counter underflow occurs.

TBi pin’s function

Programmable 1/0O port pin

Read from timer Bi register

Counter value can be read out.

Write to timer Bi register

e While counting is stopped
When a value is written to the timer Bi register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)

8-8
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8.3 Timer mode

Assuming that the set value = n, the counter divides the count source frequency by (n + 1).

When reading, the register indicates the counter value.

Timer BO register (Addresses 5116, 5016) (bb175) (gg) b7 bo
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) !

Bit Function Atreset| R/W
15 to 0 |Any value in the range from “000016” to “FFFF16” can be set. Undefined] RW

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi1s to 5D1s) ' XIX|IxIx!|o ' 0
1 1
Bit Bit name Function At reset| R/W
: H bl b0
0 Operating mode select bits 00 : Timer mode 0 RW
1 0 RW
2 These bits are invalid in timer mode. 0 RW
3 0 RW
4 0 —
5 This bit is invalid in timer mode; its value is undefined at reading. Undefined, RO
6 Count source select bits b7 b6 0 RW
00:f
01:f
7 10:fea 0 RwW
11:fs12

X: It may be either “0” or “1.”

Fig. 8.3.1 Structures of timer Bi register and timer Bi mode register in timer mode
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8.3 Timer mode

8.3.1 Setting for timer mode

Figure 8.3.2 shows an initial setting example for registers relevant to the timer mode.

Note that when using interrupts, set up registers to enable the interrupts. For details, refer to “CHAPTER
6. INTERRUPTS.”

f Selecting timer mode and count source \

b7 b0
Ti Bi d i i=0to 2
[T 100 [0[01070] mtreoseennem 22

Selection of timer mode

Count source select bitS
b7 b6
00:f2
01:fie
10:fes
11:fs12 0: It may be either “0” or “1.”

- /

Setting division ratio
(b15) (b8)
b7 b0 b7 b0 Timer BO register (Addresses 5116, 5016)

I Timer B1 register (Addresses 5316, 5216)
' Timer B2 register (Addresses 5516, 5416)

\— Can be set to “00001¢” to “FFFF16” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level

|b7| I I I | T b0| Timer Bi interrupt control register (i = 0 to 2)

L1 (Addresses 7Az16 to 7Ci6)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

~

Setting count start bit to “1”
b7 bo
| | | | | | | | | Count start register 0 (Address 401s)

\— Timer BO count start bit

Timer B1 count start bit

Timer B2 count start bit j

-

Count starts.

Fig. 8.3.2 Initial setting example for registers relevant to timer mode
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8.3 Timer mode

8.3.2 Operation in timer mode

0 When the count start bit is set to “1,” the counter starts counting of the count source.

O When a counter underflow occurs, the reload register's contents are reloaded and counting continues.

O The timer Bi interrupt request bit is set to “1” at the counter underflow in O. The interrupt request bit
remains set to “1” until the interrupt request is accepted or until the interrupt request bit is cleared to
“0" by software.

Figure 8.3.3 shows an example of operation in the timer mode.

FFFF16 Starts counting. Stops counting

Restarts counting. | .
——

<“——>
n ‘LL Sk

I
4
'
'
'
'
'
T
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

, 1/fi0 (n+1) ,
« »

Counter contents (Hex.)

000016

Time

Set to “1” by software.

Set to “1” by software.

Cleared to “0” by softw;alre.

N
L]

Count start bit

e e

Timer Bi interrupt |—|—|—| ’—
request bit

fi : Frequency of count source ¢ ¢

n : Reload register’s contents Cleared to “0” when interrupt request is
accepted or cleared by software.

Fig. 8.3.3 Example of operation in timer mode
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[Precautions for timer mode]

[Precautions for timer mode]

While counting is in progress, by reading the timer Bi register, the counter value can be read out at arbitrary
timing. However, if the timer Bi register is read at the reload timing shown in Figure 8.3.4, the value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bi register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload
Counter(vHaeI;E; 2 1 0 n In-1
Read val
2 e 2 | 1| 0o [FFFF[n-1
n = Reload register’s contents Time

Fig. 8.3.4 Reading timer Bi register
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8.4 Event counter mode

8.4 Event counter mode

In this mode, the timer counts an external signal. Table 8.4.1 lists the specifications of the event counter
mode. Figure 8.4.1 shows the structures of the timer Bi register and the timer Bi mode register in the event
counter mode.

Table 8.4.1 Specifications of event counter mode

Item Specifications
Count source eExternal signal input to the TBiwn pin, or fXs2 (Note 1)
*The count source’s valid edge can be selected from the falling edge,
the rising edge, and both of the falling and rising edges by software.
Count operation *Countdown

*When a counter underflow occurs, reload register’s contents are
reloaded, and counting continues.

Division ratio 1 ) ) )

m n: Timer Bi register's set value
Count start condition When the count start bit is set to “1.”
Count stop condition When the count start bit is cleared to “0.”
Interrupt request occurrence timing | When the counter underflow occurs.
TBi pin’s function Count source input pin (Note 2)
Read from timer Bi register Counter value can be read out.
Write to timer Bi register e While counting is stopped

When a value is written to the timer Bi register, it is written to both
of the reload register and counter.

e While counting is in progress
When a value is written to the timer Bi register, it is written only to the
reload register. (Transferred to the counter at the next reload timing.)

Notes 1: Only for timer B2, fXs2 can be selected.
2: When fXs2is selected as the count source in timer B2, the TB2i pin can be used as a programmable
I/0 port pin or as 1/O pins of other internal peripheral devices, which are multiplexed.
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8.4 Event counter mode

Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.

Timer BO register (Addresses 5116, 5016) (bbl75) (gg) b7 b0
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) .

Bit Function At reset| R/W
15to 0 | Any value in the range from “00001s” to “FFFF16” can be set. Undefined] RW

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo
1

Timer Bi mode register (i = 0 to 2) (Addresses 5Bi6 to 5D1s) XX | X|x 0 ' 1
1 1
Bit Bit name Function Atreset| R/W
. . bl b0
0 Operating mode select bits 01 : Event counter mode 0 RW
1 0 RW
. : b3 b2
2 Count polarity select bits 0 0 : Count at falling edge of external signal 0 RW
0 1 : Count at rising edge of external signal
1 0: Count at both falling and rising edges of external
3 signal 0 RW
11: Do not select. (Note)
4 This bit is invalid in event counter mode. 0 —
5 This bit is invalid in event counter mode; its value is undefined at reading. Undefinedl RO
6 These bits are invalid in event counter mode. 0 RW
7 0 RW

X: It may be either “0” or “1.”

Note: When the timer B2 clock source select bit (bit 6 at address 6316) = “1,” be sure to fix these bits to “01." (count at the rising
edge of the external signal).

Fig. 8.4.1 Structures of timer Bi register and timer Bi mode register in event counter mode
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8.4 Event counter mode

8.4.1 Count source

For timer B2 in the event counter mode, a count source (an external signal into the TB2i pin, or fXs2) can
be selected by using the timer B2 clock source select bit. (See Figure 8.4.2.) Timers BO and B1 count the
external signals input to the TBOw and TB1 pins, respectively.

When fXs2 is selected as the count source, the TB2in pin serves as a programmable 1/O port pin or as I/
O pins of other internal peripheral devices, which are multiplexed.

b7 b6 b5 b4 b3 b2 bl bo

Particular function select register 1 (Address 6316) 0 0

Bit Bit name Function Atreset| R/W

0 STP-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of STP instruction (Note 2)

1 WIT-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of WIT instruction (Note 2)

2 Fix this bit to “0.” 0 RW

3 System clock stop select bit 0 : In the wait mode, system clock fsys is active. 0 RW
at WIT (Note 3) 1 : In the wait mode, system clock fss is inactive.

4 Fix this bit to “0.” 0 RW
The value is “0” at reading. —
Timer B2 clock source select bit | 0 : External signal input to the TB2w pin is counted. 0 RW
(Valid in event counter mode.) 1 : fXa2 is counted.

7 The value is “0” at reading. 0 —

Notes 1: At power-on reset, this bit becomes “0.” At hardware reset or software reset, this bit retains the value just before reset.
2: Even when “1” is written, the bit status will not change.
3: Setting this bit to “1” must be performed just before execution of the WIT instruction. Also, after the wait state is termi-
nated, this bit must be cleared to “0” immediately.

Fig. 8.4.2 Structure of particular function select register 1
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8.4 Event counter mode

8.4.2 Setting for event counter mode

Figure 8.4.3 shows an initial setting example for registers relevant to the event counter mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to section “CHAPTER
6. INTERRUPTS.”

{

Selecting event counter mode and count polarity

b7 b0
| D| EI|D l] | : | 0 | 1| Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D16)

Selection of event counter mode

Count polarity select bits

b3 b2

00 : Count at falling edge of external signal.

01 : Count at rising edge of external signal.

10: Count at both of falling and rising edges of external signal.
11: Do not selected.

\ O: It may be either “0” or “1.” /

= Timers BO and B1

TimerB2 =

Selecting clock source

b7 b0
| | | | | 0 | | | Particular function select register 1
(Address 6316)
Timer B2 clock source select bit

0 : Count an external signal input to the TB2IN pin
1: Count fXs2

E,(....................................................l

Setting division ratio

(b15) (b8)
b7 b0 b7 b0  Timer BO register (Addresses 5116, 5016)
) Timer B1 register (Addresses 5316, 5216)

Timer B2 register (Addresses 5516, 5416)

L Can be set to “000016” to “FFFF1s” (n).

Note: The counter divides the count source by (n + 1).

Setting interrupt priority level
b7 b0

Timer Bi interrupt control register (i = 0 to 2)

T
Lt (Addresses 7Az16 to 7Cae)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

AN R R EE R EE R EEERERREERREERREEEE LT T YT TP Y TP PP PTPITTIT
E When a pin is allocated to a port P5 pin (Note 1) = When a pin is allocated to a port P2 pin (Note 1)
Setting port P5 direction register Setting port P2 direction register
b7 b0 b7 b0
| | | | | | | | | PS5 direction register (Address D16) | | | | | | | | | P2 direction register (Address 816)
Pin TBOIN . - Pin TBOIN
) Clear the corresponding bit to “0. ) Clear the corresponding bit to “0.”
L PinTBIN (Note2) —__PnTBIN  (Note2)
—————————————————PinTB2IN ——————————————PinTB2IN

Setting count start bit to “1”
b7 b0
| | | | | | | | | Count start register 0 (Address 4016)

Count starts.

Timer BO count start bit

L Timer B1 count start bit

L—————————————— Timer B2 count start bit

Notes 1: By using bits 0 to 2 of the port P2 pin function control register (address AE16), be sure to set the pin allocation. (See Figure 8.2.5.)
2: When fX32 is selected as the count source in timer B2 (in other words, when bit 6 at address 6316 = 1), this setting is unnecessary.

Fig. 8.4.3 Initial setting example for registers relevant to event counter mode
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8.4 Event counter mode

8.4.3 Operation in event counter mode
0 When the count start bit is set to “1,” the counter starts counting of the count source.
O When a counter underflow occurs, the reload register’s contents are reloaded, and counting continues.
O The timer Bi interrupt request bit is set to “1” at the counter underflow in O.
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.

Figure 8.4.4 shows an example of operation in the event counter mode.

Time

. FFFFie
é‘ Starts counting. .
Tz Stops counting.
o '
c 1
2 nF——71"~""""""""" T TITT T
5 ' Restarts counting {
8 --
= E—b '
IS - i
S ' 1
8 - Ly
H 1 L)
1 ==
1 1
: '
: -
1

Cleared t0 “0" b

Set to “1” by software. software.

KA

“Set to “1” by software.

000016 L— .

<

-

Count start M

Timer Bi interrupt

request bit

n : Reload ragister’s contents ? ?

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

Fig. 8.4.4 Example of operation in event counter mode
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[Precautions for event counter mode]

[Precautions for event counter mode]
While counting is in progress, by reading the timer Bi register, the counter value can be read out at
arbitrary timing. However, if the timer Bi register is read at the reload timing shown in Figure 8.4.5, a value
“FFFF16” is read out. If reading is performed in the period from when a value is set into the timer Bi register
with the counter stopped until the counter starts counting, the set value is correctly read out.

Reload

Counter value
(Hex.) 2 1 0 n (n-1

Read value
(Hex,) 2 |1 0 |FFFF[n-1

n = Reload register’s contents

Fig. 8.4.5 Reading timer Bi register
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8.5 Pulse period/Pulse width measurement mode

8.5 Pulse period/Pulse width measurement mode

In this mode, the timer measures an external signal’s pulse period or pulse width. Tables 8.5.1 and 8.5.2
list the specifications of the pulse period/pulse width measurement mode. Figure 8.5.1 shows the structures
of the timer Bi register and timer Bi mode register in the pulse period/pulse width measurement mode.

(1) Pulse period measurement
The timer measures the pulse period of the external signal that is input to the TBin pin.

(2) Pulse width measurement
The timer measures the pulse width (“L” level and “H” level widths) of the external signal that is input
to the TBim pin.

Table 8.5.1 Specifications of pulse period/pulse width measurement mode (when counter clear type is selected)
Iltem Specifications

Count source fi f2, fis, fes, Or fsiz

Count operation e Countup

e Counter value is transferred to the reload register at valid edge of
measurement pulse, and counting continues after clearing the counter
value to “00001s.”

Count start condition When the count start bit is set to “1.”

Count stop condition When the count start bit is cleared to “0.”

Interrupt request occurrence timing | ¢ When a valid edge of measurement pulse is input (Note 1).

e When a counter overflow occurs (The timer Bi overflow flag is set
to “1” simultaneously.)

TBin pin’s function Measurement pulse input pin (Note 2)

Read from timer Bi register The value obtained by reading the timer Bi register is the reload
register's contents (Measurement result) (Note 3).

Write to timer Bi register Invalid

Timer Bi overflow flag: This bit is used to identify the source of an interrupt request occurrence.
Notes 1: No interrupt request occurs when the first valid edge is input after the counter starts counting.
2: When using timer B2, make sure that the timer B2 clock source select bit (see Figure 8.4.2.) to
HO.”
3: The value read out from the timer Bi register is undefined in the period after the counter starts
counting until the second valid edge is input.
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Table 8.5.2 Specifications of pulse period/pulse width measurement mode (when free-run type is selected)

Item

Specifications

Count source fi

f2, fis, fesa, Or fs12

Count operation

e Countup

e Counter value is transferred to the reload register at valid edge of
measurement pulse, and counting continues.

e When a counter overflow occurs, the timer Bi overflow flag is set to
“1,” and counting continues after clearing the counter value to “0000s.”

Count start condition

When the count start bit is set to “1.”

Count stop condition

When the count start bit is cleared to “0.”

Interrupt request occurrence timing

When a valid edge of measurement pulse is input (Note 1).

TBi pin’s function

Measurement pulse input pin (Note 2)

Read from timer Bi register

The value obtained by reading the timer Bi register is the reload
register’'s contents (Measurement result) (Note 3).

Write to timer Bi register

Invalid

Timer Bi overflow flag: This bit is used to identify the source of an interrupt request occurrence.
Notes 1: No interrupt request occurs when the first valid edge is input after the counter starts counting.
2: When using timer B2, make sure that the timer B2 clock source select bit (see Figure 8.4.2.) =

“O.”

3: The value read out from the timer Bi register is undefined in the period after the counter starts
counting until the second valid edge is input.
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Timer BO register (Addresses 5116, 5016) (bbl75) (g8) - .
Timer B1 register (Addresses 531s, 5215) 9,
Timer B2 register (Addresses 5516, 5416) ,
Bit Function Atreset| R/W
15to 0 | The measurement result of pulse period or pulse width is read out. Undefined. RO
Note: Reading from this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
Timer Bi mode register (i = 0 to 2) (Addresses 5Bi16 to 5D1s) ' ' 1 ' 0
1 1 1
Bit Bit name Function Atreset| R/W
i i bl b0
0 Operating mode select bits 1 0 : Pulse period/Pulse width measurement mode 0 RW
1 0 RW
2 Measurement mode select bits | b3b2 . 0 RW
0 0 : Pulse period measurement
(Interval between falling edges of measurement pulse)
0 1: Pulse period measurement
(Interval between rising edges of measurement pulse)
3 10 : Pulse width measurement 0 RW
(Interval from a falling edge to a rising edge, and from
arising edge to a falling edge of measurement pulse)
11 : Do not select.
4 Count-type select bit 0 : Counter clear type 0 RW
1: Free-run type
5 Timer Bi overflow flag (Note) 0 : No overflow Undefined) RO
1: Overflowed
6 Count source select bits b7b6 0 RW
00:f2
01:fs
7 10: fea 0 RW
11:fs2

This flag cannot be set to “1” by software.

Note: The timer Bi overflow flag is cleared to “0” when a value is written to the timer Bi mode register with the count start bit = “1.”

Fig. 8.5.1 Structures of timer Bi register and timer Bi mode register in pulse period/pulse width

measurement mode
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8.5 Pulse period/Pulse width measurement mode

8.5.1 Setting for pulse period/pulse width measurement mode

Figure 8.5.2 shows an initial setting example for registers relevant to the pulse period/pulse width measurement
mode.

Note that when using interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6.
INTERRUPTS.”

{

Selecting pulse period/pulse width measurement mode and each function

b7 b0

L— | | T | 7 Ol Timer Bi mode register (i = 0 to 2)
L 1 1 (Addresses 5B16 to 5D16) (Note 1)

Selection of pulse period/pulse width measurement mode

Measurement mode select bits
b3 b2
00 : Pulse period measurement (Interval between falling edges
of measurement pulse)

01 : Pulse period measurement (Interval between rising edges

of measurement pulse)
10: Pulse width measurement
11: Do not select.

Count-type select bit

0: Counter clear type

1: Free-run type

Timer Bi overflow flag (Note 2)
0: No overflow

1: Overflowed

Count source select bits

b7b6
00:f2
01:fie
10:fea
11:fs12

Setting interrupt priority level
b7 b0
T T
1 1 |

Timer Bi interrupt control register (i = 0 to 2)
(Addresses 7Az16 to 7Cze)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

-
AN NN NN NN NN NN EE R RN NN N NN NN NN E NN NN NN EEEEEEEEE

-
E When a pin is allocated to a port P5 pin (Note 3) E When a pin is allocated to a port P2 pin (Note 3)
Setting port P5 direction register Setting port P2 direction register
b7 b0 b7 b0
[ T T T T T T T ]Pportpsdirection register (Address Die) [T T T T T T ]portpzdirecton register (Address 816)
\—Pin TBOIN \— Pin TBOIN
PinTBLN Clear the coressponding bit to “0.” —————PinTBLN Clear the coressponding bit to *0.”
Pin TB2IN ——————————— PinTB2IN
Setting count start bit to “1”
b7 b0 .
| | | | | | | | | Count start register 0
(Address 4016)
Timer BO count start bit Count starts.
————————— Timer B1 count start bit

Timer B2 count start bit

Notes 1: When using timer B2, be sure to clear the timer B2 clock source select bit (See Figure 8.4.2.) to “0.”
2: The timer Bi overflow flag is a read-only bit. This bit is undefined after reset. When a value is written to the timer Bi mode register
with the count start bit = “1,” this bit will be cleared to “0.”
3: By using bits 0 to 2 of the port P2 pin function control register (address AE16), be sure to set the pin allocation. (See Figure 8.2.5.)

Fig. 8.5.2 Initial setting example for registers relevant to pulse period/pulse width measurement mode
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8.5.2 Operation in pulse period/pulse width measurement mode
m When counter clear type is selected
O When the count start bit is set to “1,” the counter starts counting of the count source.
O The counter value is transferred to the reload register when a valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/Pulse width measurement.”)
0 The counter value is cleared to “0000i6” after the transfer in [0, and the counter continues counting.
O The timer Bi interrupt request bit is set to “1” when the counter value is cleared to “000016” in 0 (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.
O The timer repeats operations O to O above.
Note: No timer Bi interrupt request occurs when the first valid edge is input after the counter starts counting.

m When free-run type is selected

O When the count start bit is set to “1,” the counter starts counting of the count source.

O The counter value is transferred to the reload register when a valid edge of the measurement pulse
is detected. (Refer to section “(1) Pulse period/Pulse width measurement.”)

O The timer Bi interrupt request bit is set to “1” after the transfer in O (Note).
The interrupt request bit remains set to “1” until the interrupt request is accepted or until the interrupt
request bit is cleared to “0” by software.
The counter continues counting with the counter value kept.

O When a counter overflow occurs, the timer Bi overflow flag is set to “1,” and counting continues after
clearing the counter value to “000016 .” At this time, the timer Bi interrupt request bit does not change.

O The timer repeats operations O to O above.

Note: No timer Bi interrupt request occurs when the first valid edge is input after the counter starts counting.

(1) Pulse period/pulse width measurement
The measurement mode select bits (bits 3 and 2 at addresses 5Bis and 5Dis) specify whether the
pulse period of an external signal is measured or its pulse width is done. Table 8.5.3 lists the
relationship between the measurement mode select bits and the pulse period/pulse width measurements.
Make sure that the measurement pulse interval from the falling edge to the rising edge, and vice
versa are two cycles of the count source or more. Additionally, use software to identify whether the
measurement result indicates the “H” level width or the “L” level width.

Table 8.5.3 Relationship between measurement mode select bits and pulse period/pulse width measurements

b3 | b2 | Pulse period/Pulse width measurement Measurement interval (Valid edges)
T - - - -
0 0 |[Pulse period measurement From falling edge to falling edge (Falling edges)
0 1 From rising edge to rising edge (Rising edges)
1 i 0 [Pulse width measurement From falling edge to rising edge, and vice versa
| (Falling and rising edges)
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(2) Timer Bi overflow flag

m When counter clear type is selected

A timer Bi interrupt request occurs when a measurement pulse’s valid edge is input or when a
counter overflow occurs. The timer Bi overflow flag is used to identify the source of the interrupt
request occurrence, that is, whether it is an overflow occurrence or a valid edge input.

The timer Bi overflow flag is set to “1” at an overflow occurrence. Accordingly, the source of the
interrupt request occurrence is identified by checking the timer Bi overflow flag in the interrupt
routine. When a value is written to the timer Bi mode reqgister after the next count timing of the
count source with the count start bit = “1,” the timer Bi overflow flag will be cleared to “0".
The timer Bi overflow flag is a read-only bit.

Use the timer Bi interrupt request bit to detect the overflow timing. Do not use the timer Bi overflow
flag for this detection.

When free-run type is selected

The timer Bi overflow flag is set to “1” at an overflow occurrence. (At this time, no timer Bi interrupt
request is generated.) Accordingly, whether a counter overflow occurs between valid edges is
identified by checking the timer Bi overflow flag in the interrupt routine owing to a valid edge input.
When a value is written to the timer Bi mode register after the next count timing of the count
source with the count start bit = “1,” the timer Bi overflow flag will be cleared to “0".

The timer Bi overflow flag is a read-only bit.

Figure 8.5.3 shows the processing example of a timer Bi interrupt when a measurement pulse’s valid
edge is detected by the timer Bi interrupt request.

( Timer Bi interrupt )
(Note 1)

Measured value is read out.
(Note 2)

Timer Bi overflow flag ?

Timer Bi overflow flag is
cleared to “0.” (Note 3)

Processing with overflow Processing without overflow

RTI

Notes 1: The valid edge of the measurement pulse is detected.
2: Be sure to read out the timer Bi register.
3: After the timer Bi overflow flag is set to “1”, be sure to wait for one cycle
of the count source to elapse.
Then, write a value to the timer Bi mode register.

Fig. 8.5.3 Processing example of timer Bi interrupt when free-run count type is selected
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Figures 8.5.4 and 8.5.5 show the operation examples during the pulse period measurement; Figures 8.5.6
and 8.5.7 show the operation examples during the pulse width measurement.

Count source --

I
Measurement pulse Ml
I
I

_____ —

FFFFis

.......... Femmmmme e e mmmmmm——— -

)

z

@ Undefined

FCJ value V V
c

8

g

c

>3

o

o

000016 I_[ [ |

Time

Transferred Transferred
/(undefined value) //" (measured valu

ﬂ, i
E/D /VIZI
1 [ E—

Count start bit 4
Timer Bi interrupt | |

request bit el !
Cleared to “0” when interrupt request is accepted or

cleared to “0” by software.
Undefined |

Timer Bi overflow flag A o

)

Reload register <+— Counter
Transfer timing

¢

Timing at which counter is
cleared to “000016”

Cleared to “0” by software.

O Counter is initialized by completion of measurement.
O Counter overflows.

OThe above applies when measurement is performed for an interval from one falling edge to the next
falling edge of the measurement pulse.

Fig. 8.5.4 Operation examples during pulse period measurement (when counter clear type is selected)
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Count source o

Measurement pulse m

T

FFFF1e

e

Transferred
/(undefined value)

1

S
[

! Transferred
//'(measured value)

|
|
|
|
|
|
|
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

3 :
() |
I o |
= Undefined : V V
= value | -
k9] |
c |
3 :
8 ! !
c | |
>S5 1 |
[@] | l
o ! !
000016 5 j -
| Time

Reload register <+— Counter
Transfer timing

Timing at which counter is
cleared to “000016”

Count start bit 4
Timer Bi interrupt l—l_ --

request bit el !
Cleared to “0” when interrupt request is accepted or

cleared to “0” by software.
Undefined y |
S

Cleared to “0” by software.

O Counter is initialized by the first valid edge.
O Counter overflows.

OThe above applies when measurement is performed for an interval from one falling edge to the next
falling edge of the measurement pulse.

Fig. 8.5.5 Operation examples during pulse period measurement (when free-run count type is selected)
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Count source --
Measurement pulse w

FFFFis : - - -
3 | B B N
< i - D '
r ! o :: 5
g Undefined | L D D V
c H [ [ [
5] value ‘ L L o
o | D D L
5 ! ! :: 5
c | L [ o
] ! (I [ [
o ! [ [ [
© | ] ] N
000016 1 ‘ - ) — —
| SR | Time
| Transferred Transferred Transferred | | Transferred
ue)(measured value)

(undefined value)(measured value)(measured val

/ e Vi
1 [

Reload register <+— Counter
Transfer timing

Vs Ve A0
Timing at which counter is !
cleared to “000016” !

Count start bit 4 ‘

Timer Bi interrupt ‘

request bit > P A4 |

Cleared to “0” when interrupt request is accepted or

Undefined | cleared to “0” by software. ’7

Timer Bi overflow flag v o

Cleared to “0” by software.

O Counter is initialized by completion of measurement.
O Counter overflows.

Fig. 8.5.6 Operation example during the pulse width measurement (when counter clear type is selected)
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-
Time

Measurement pulse
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("xaH) suL1u09 J83UN0YH

000016

e)

ured valu

b
I

d
value) (meas

erre

Transf
(measu

Reload register <+— Counter

Transfer timing

Timing at which counter is

cleared to “000016”

Count start bit

Timer Bi interrupt

request bit

Cleared to “0” when interrupt request is accepted or

cleared to “0” by software.

Undefined

Timer Bi overflow flag

Cleared to “0” by software.

O Counter is initialized by the first valid edge.

00 Counter overflows.

Fig. 8.5.7 Operation example during the pulse width measurement (when free-run count type is selected)
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[Precautions for pulse period/pulse width measurement mode]

1.

When the counter clear type is selected, a timer Bi interrupt request is generated by one of the following
sources:

e Valid edge input of measured pulse

e Counter overflow

When an overflow generates an interrupt request, the timer Bi overflow flag will be set to “1.”

. When the free-run type is selected, the timer Bi interrupt request is generated only by the valid edge input

of the pulse to be measured.

. After reset, the timer Bi overflow flag is undefined. When a value is written to the timer Bi mode register

after the next count timing of the count source with the count start bit = “1,” this flag will be cleared to
“g.»

. An undefined value is transferred to the reload register at the first valid edge input after the count start.

In this case, no timer Bi interrupt request will occur.

. The counter value at count start is undefined. Therefore, there is a possibility that a counter overflow

occurs immediately after the counting starts. In this case, the timer Bi overflow flag becomes “1”; and
when the counter clear type is selected, a timer Bi interrupt request is generated.

. If the contents of the measurement mode select bits are changed after the count start, the timer Bi

interrupt request bit is set to “1.” When the value, which has been set in these bits before, are written
again, the timer Bi interrupt request bit will not change.

. When using timer B2, be sure to clear the timer B2 clock source select bit (bit 6 at address 6316) to “0.”

. If the input signal to the TBin pin is affected by noise, etc., there is a possibility that the counter cannot

perform the exact measurement. We recommend to verify, by software, that the measurement values are
within a constant range.
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MEMORANDUM
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PULSE OUTPUT PORT MODE

9.1 Overview

9.1 Overview

The pulse output port mode function is used to change the output levels at several pins simultaneously with
the following: each underflow occurrence in timer A or each valid edge input of an external signal. The pulse

output port mode has two operation modes as listed in Table 9.1.1.

Table 9.1.1 Overview of pulse output port mode

Operation mode

Pulse mode 0

Pulse mode 1

Pulse output pins

RTPOo to RTPO3
(P60 to P63)

RTP1lo, RTP1:
(P64, P6s)

RTPOo to RTPOs, RTP1lo, RTP1:
(P60 to P63, P64, P6s)

Pulse output
trigger

Underflow occurrence in
timer AO

or

Valid edge of signal input
to pin RTPtreo

Underflow of timer A3

Underflow of timer AO or Valid edge
of signal input to pin RTPrreo

Register where

Three-phase output data

Three-phase output

Three-phase output data register 0

output data is to | register 0 data register 1 (bits 0 to 5)
be set (bits 0 to 3) (bits 4, 5)
Pulse width Available Not available Available (Note)
modulation (timer Al used) (timers A1, A2, A4 used)
Negative pulse output| Available Available Available
Pulse-output- | P6OUTcur — P60UTcur

cutoff signal

input pin

(Input of falling edge)

(Input of falling edge)

Note: The pulse output pins, where pulse width modulation is to be applied, determine the timer to be used.

0 6 pins

RTPOo to RTPOs, RTP1o, RTP11: timer Al
O 2 groups of 3 pins

* RTPQo to RTPO2: timer Al

* RTPOs, RTP1o, RTP1:: timer A2
O 3 groups of 2 pins

* RTPOo, RTPO:: timer A1

* RTPO2, RTPOs: timer A2

* RTP1o, RTP1:: timer A4

9-2

7906 Group User's Manual Rev.2.0



PULSE OUTPUT PORT MODE

9.2 Block description

9.2 Block description

Figure 9.2.1 shows the block diagram in the pulse output port mode. Also, the pulse-output-port-mode-
relevant registers are described below.

In the pulse output port mode and three-phase waveform mode, the following registers are used in common:
the waveform output mode register (address A61s), three-phase output data register 0 (address A8is), and
three-phase output data register 1 (address A9is). After the pulse output port mode is set by the waveform
output select bits (bits 2 to 0 at address A61s), be sure to set the relevant registers.

Note that, when not using the pulse output port mode and three-phase waveform mode, be sure to fix the
waveform output select bits (bits 2 to 0 at address A616) to “0002.”

Pulse width modulation timer select bits

(bits 5, 4 at address A616) O

Pulse width modulationtol}
output of timer A1
Pulse output triggger select bits pul idth modulati Pulse width
bits 7. 6 at add A816 ulse width modulation —
(bits 7, 6 at address ) output of timer A2 @ modulation
circuit
Pulse width modulation Il
output of timer A4 D_
RTPTRGO O——=
°
Pulse width modulation enable bits
0 through 2
(bits 0 through 2 at address A916
™ = Waveform output control bit 1
b0 — D Q| (bit 7 at address A616)
bl —D Q—
b2 —D QI — P60UTcur
Bits 0 through 3 of three- 1
phase output data register 0
(address A816) T
b0 —p 0
L] b1 —D Q ﬂ
S g 1 b2 D 0 40!}
o 9]
3 o b3 1D Q 4(13_
g E Pulse output mode 1
T 2 | selectbit
< < | (bit 3 at address A616) Q}
3| |8 O —
%]
2 |3
] o
L8 L |
—{m o' ——
b5 —D Q 4D
[
Bits 4, 5 of three-phase output data register 0 .
(address A816) P P 9 Pulse output polarity
or select bit [] Waveforrlanutput
i - i (bit 3 at address A916) control bit 0
ggsd‘rlé;_)scf\éqg)ee phase output data register 1 (bit 6 at address A616)
Nl Y Timer A3 E

Reset

Fig. 9.2.1 Block diagram in pulse output port mode
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9.2 Block description

9.2.1 Waveform output mode register

Figure 9.2.2 shows the structure of the waveform output mode register (in pulse output port mode).

Waveform output mode register (Address A6is)

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Function At reset| R/W
0 Waveform output select bits See Table 9.2.1. 0 RW
1 (Note) 0 RW
2 0 RW
3 Pulse output mode select bit 0 : Pulse mode 0 0 RW
1: Pulse mode 1
4 | Pulse width modulation timer See Table 9.2.2. 0 RwW
select bits 0 RW
6 Waveform output control bit O When pulse mode 0 is selected, _ 0 RW
0: RTP1o, RTP1:1: pulse outputs are disabled.
1: RTP1o, RTP1:: pulse outputs are enabled.
When pulse mode 1 is selected,
fix this bit to “0.”
7 Waveform output control bit 1 When pulse mode 0 is selected, 0 RW
0 : RTPQo to RTPOs: pulse outputs are disabled.
1: RTPOo to RTPOs: pulse outputs are enabled.
When pulse mode 1 is selected,
0: RTPOo to RTPOs, RTP1o, RTP1:: pulse outputs
are disabled.
1: RTPOQo to RTPOs, RTP1o, RTP1:1: pulse outputs
are enabled.
Note: When not using the pulse output port mode and three-phase waveform mode, be sure to fix these bits to “0002.”
Fig. 9.2.2 Structure of waveform output mode register (in pulse output port mode)
(1) Waveform output select bits (bits 2 to 0)
These bits are used to select whether a pin serves as a programmable I/O port pin or
a pulse output pin. Table 9.2.1 lists the functions of the waveform output select bits.
Table 9.2.1 Functions of waveform output select bits
b2 bl b0 000 001 010 011
Pulse mode 0 P65/RTP11} P6s/RTP11 } P65/RTP11} P6s/RTP1:1 }
(Note) P6/RTPL /7O | PesRTPL /POt | PesRTPL | RTF | pesrTPL, / RTP
P63/RTPOs P63/RTPO3 P6s/RTPOs P63/RTPO3
P62/RTPO2 P62/RTPO2 P62/RTPO2 P62/RTPO2
RTP P RTP
P6/RTPO: (" | PE/RTPO P6/RTPO: [ WO | PEJ/RTPO:
P60/RTPOo P60/RTPOo P60/RTPOo P60/RTPOo
Pulse mode 1 | P6s/RTP1: P6s/RTP11
(Note) P64/RTP10 P64/RTP1o
P6s/RTPOs | 5ot P6:/RTPO: | pp Do not select. Do not select.
P62/RTPO2 P62/RTPO2
P61/RTPO:1 P6:/RTPO:1
P60¢/RTPOo P60/RTPOo

Port: This serves as a programmable 1/O port pin or timer I/O pin.
RTP: This serves as a pulse output pin regardless of the contents of the corresponding port direction register.
Note: This is selected by the pulse output mode select bit (bit 3 at address A6us).
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9.2 Block description

(2) Pulse output mode select bit (bit 3)
This bit is used to select the type of the pulse output port mode: pulse mode 0 or pulse mode 1.

(3) Pulse width modulation timer select bits (bits 5 and 4)
These bits are used to select the type of the pulse width modulation. Table 9.2.2 lists the functions
of the pulse width modulation timer select bits.

Table 9.2.2 Functions of pulse width modulation timer select bits

b5 b4 00 01 10 11
Pulse mode 0 | P63/RTPOs
(Note) P62/RTPO2 | . D |
P6./RTPO: Timer A1 0 not select. Do not select. Do not select.
P60/RTP0o
Pulse mode 1 | P6s/RTP1: P6s/RTP11 P6s/RTP1: Timer Ad
P64/RTP1o P64/RTP1o; Timer A2 | P64/RTP Lo
P63/RTPOs Timer A1 P6s/RTPOs P63/RTP03\>Timer A2 Do not select.
Egﬁmgz P6./RTPO: P62/RTPO
. ! P61/RTPO:) Timer Al | pg 5
P6J/RTPO VRTPOY 1ok A1
0 0 P6o/RTPOo Peo/RTPoJ

Note: The pulse width modulation cannot be applied to pins RTP1o and RTP1..

(4) Waveform output control bit 0 (bit 6)
e Pulse mode 0
When this bit is set to “1,” pulse output from pins RTP1lo and RTP1: becomes enabled.
When this bit is cleared to “0,” pins RTP1lo and RTP1: enter the floating state.
e Pulse mode 1
Fix this bit to “0.”

(5) Waveform output control bit 1 (bit 7)

e Pulse mode 0
When this bit is set to “1,” pulse output from pins RTPQOo to RTP0s becomes enabled.
When this bit is cleared to “0,” pins RTPQOo to RTPOs enter the floating state.

e Pulse mode 1
When this bit is set to “1,” pulse output from pins RTPOo to RTPOs, RTP1o, and RTP1: becomes
enabled.
When this bit is cleared to “0,” pins RTP0o to RTP0s, RTP1o, and RTP1: enter the floating state.

When a falling edge is input to pin P60UTcur, this bit becomes “0.” (See Figure 9.2.8.)
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9.2.2 Three-phase output data registers 0, 1
Figure 9.2.3 shows the structures of three-phase output data registers 0, 1 (in the pulse output port mode).

b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 0 (Address A8:e)

Bit Bit name Function Atreset| R/W
0 RTPQo pulse output data bit 0: “L” level output 0 RW
1 |RTPO: pulse output data bit 1:"H" level output 0 RW
2 RTPO:z pulse output data bit 0 RW
3 RTPOs pulse output data bit 0 RW
4 |RTP1o pulse output data bit 0: “L” level output 0 RW
(Valid in pulse mode 1.) (Note) |1:“H”level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 1.) (Note)
Pulse output trigger select bits b7 b6
76 P 99 0 0 : Underflow of timer AO 0 RW
0 1: Falling edge of input signal to pin RTPrrco
1 0 : Rising edge of input signal to pin RTPrrco
11 : Both falling and rising edges of input signal to
pin RTP1rco
Note: Invalid in pulse mode 0.
b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 1 (Address A9:e) x | x
Bit Bit name Function At reset| R/W
0 Pulse width modulation enable 0 : No pulse width modulation by timer Al 0 RW
bit 0 1 : Pulse width modulation by timer A1
1 Pulse width modulation enable | O : No pulse width modulation by timer A2 0 RW
bit 1 1 : Pulse width modulation by timer A2
2 Pulse width modulation enable | 0 : No pulse width modulation by timer A4 0 RW
bit 2 1 : Pulse width modulation by timer A4
3 Pulse output polarity select bit 0 : Positive 0 RW
1 : Negative
4 RTP1o pulse output data bit 0: “L" level output 0 RW
(Valid in pulse mode 0) (Note) |1 :“H” level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 0) (Note)
6 Invalid in pulse output port mode. 0 RW
7 0 RW

X: It may be either “0” or “1.”

Note: Invalid in pulse mode 1.

Fig. 9.2.3 Structures of three-phase output data registers 0, 1 (in pulse output port mode)
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PULSE OUTPUT PORT MODE

9.2 Block description

RTPOo to RTPOs pulse output data bits (bits 0 to 3 at address A8is)

Each time when a pulse output trigger is generated, the contents written to these bits are output from
the corresponding pulse output pins (Note). The pulse output trigger can be selected by the pulse
output trigger select bits (bits 7, 6 at address A8us).

RTP1o, RTP1: pulse output data bits (bits 4, 5 at address A8is)

These bits are valid in pulse mode 1.

Each time when a pulse output trigger is generated, the contents written to these bits are output from
the corresponding pulse output pins (Note). The pulse output trigger can be selected by the pulse
output trigger select bits (bits 7, 6 at address A8us).

These bits are invalid in pulse mode 0.

Pulse output trigger select bits (bits 7, 6 at address A8is)

The pulse output trigger can be selected from an internal trigger and an external trigger. When using
an external trigger (input signal to pin RTPtrco), be sure to clear the corresponding bit of the direction
register of the port, which is multiplexed with pin RTPtrco, in order to set this port pin for the input
mode.

Pulse width modulation enable bits 0 to 2 (bits O to 2 at Address A91s)

These bits are used to select the pins, where the pulse width modulation is to be applied. Synchronous
with a pulse output trigger, the contents of these bits become valid. Table 9.2.3 lists the pulse-width-
modulation-relevant bits.

Pulse output polarity select bit (bit 3 at address A9is)

When this bit = “0,” the data corresponding to the contents which have been set in the RTPQo to
RTPOs3, RTP1lo, RTP1: pulse output data bits are output from pins RTPQo to RTP0s, RTP1o, RTP1:.
When this bit = “1,” the contents which have been set in the RTP0Oo to RTP0s, RTP1lo, RTP11 pulse
output data bits are reversed (in other words, pulses with the negative polarity are generated here.);
and then, these pulses with the negative polarity are output from pins RTPQo to RTPO0s, RTP1o, RTP11.

RTP1o, RTP1: pulse output data bits (bits 4, 5 at address A9ie)

These bits are valid in pulse mode 0.

Each time when an underflow occurs in timer A3, the contents which have been written to these bits
are output from the corresponding pulse output pins (Note).

These bits are invalid in pulse mode 1.

Note: The output level at a pulse output pin is undefined in the period from when data is written to
these bits until the first occurrence of a pulse output trigger. If it is necessary to avoid this state,
perform “Processing of avoiding undefined output before starting pulse output” in Figure 9.3.2.
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PULSE OUTPUT PORT MODE

9.2 Block description

Table 9.2.3 Pulse-width-modulation-related bits

Pulse output pins where
pulse width modulation is to
be applied (Timers used for

pulse width modulation)

Pulse width modu-
lation timer select bits
(bits 5, 4 at
address A6is)

Pulse width modu-
lation enable bit 2
(bit 2 at address A91s)

Pulse width modu-
lation enable bit 1
(bit 1 at address A9:)

Pulse width modu-
lation enable bit O
(bit 0 at address A9:s)

Pulse . |RTPOs to RTPOo
mode 0 4 pins (Timer A1) 00 . . !
~ |[RTP1i, RTP1o,
6 pins |RTPOs to RTPOo 00 0 0 1
(Timer A1)
RTP1:, RTPLo,
In af RTPOs q 1 0
unit of|(Timer A2)
F’u|Se 3 pins 01
mode 1 RTPO2 to RTPQo
(Timer A1) 0 O 1
RTP11, RTP1lo
(Timer A4) 1 O O
In @ |\RTPOs, RTPO: .
unlt. of (Timer A2) 0 O 1 O
2 pins
RTP RTP
01, 0o 0 0 1

(Timer A1)

X: It may be either “0” or “1.”

9-8
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PULSE OUTPUT PORT MODE

9.2 Block description

9.2.3 Port P2 direction register, Port P7 direction register

Figure 9.2.4 shows the structure of the port P2 pin function control register; Figure 9.2.5 shows the
relationship between the port P2/P7 direction register and pulse output trigger input pins.

The allocation of the pulse output trigger input pin can be changed by the pin INTs/RTPreo select bit.
When using pin P74(P27)/RTPtreco as a pulse output trigger input pin, be sure to clear the corresponding
bit of the direction register of the port, which is multiplexed with pin RTPtrco, in order to set this port pin
for the input mode.

b7 b6 b5 b4 b3 b2 bl b0
Port P2 pin function control register (Address AEis) 0
Bit Bit name Function Atreset| R/W
0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW
1 : Allocate pin TBOn to P2a4.
1 Pin TB1w select bit 0 : Allocate pin TB1in to P5s. 0 RW
1 : Allocate pin TB1n to P2s.
2 Pin TB2i select bit 0 : Allocate pin TB2i to P5y. 0 RW
1 : Allocate pin TB2n to P2.
3 Pin INTs/RTPrreo Select bit 0: Allocate pin INT/RTPrrco to P7a. 0 RW
(Note) 1: Allocate pin INTs/RTPreo to P27.
6to 4 | Nothing is assigned. Undefined| —
7 | Fix this bit to “0.” 0 RW
Note: When allocating pin INTs/RTPreo to P74, be sure that the D-A: output enable bit (bit 1 at address 9616) = “0” (output
disabled).

Fig. 9.2.4 Structure of port P2 pin function control register
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PULSE OUTPUT PORT MODE

9.2 Block description

b7 b6 b5 b4 b3 b2 bl bo

Port P2 direction register (Address 81s)

Bit Corresponding pin Functions At reset| R/W

0 Pin TA4out 0 : Input mode 0 RW
: 1: Output mode

1 Pin TA4in 0 RW
q When using this pin as a pulse output trigger

2 Pin TA9our input pin, be sure to clear the corresponding bit Y RW

3 Pin TA9 to “0.” 0 RW

4 Pin TBOw (Note 1) 0 RW

5 Pin TB1in (Note 2) 0 RW

6 Pin TB2in (Note 3) 0 RW

7 Pin RTPreo (Pin INTs) (Note 4) 0 RW

Notes 1: This applies when the pin TBOn select bit (bit 0 at address AEis) = 1.
2: This applies when the pin TB1 select bit (bit 1 at address AE:s) = 1.
3: This applies when the pin TB2i select bit (bit 2 at address AE:s) = 1.
4: This applies when the pin INTs/RTPrco select bit (bit 3 at address AEis) = 1.
5: () shows the 1/O pin of another internal peripheral device which is multiplexed.

b7 b6 b5 b4 b3 b2 bl bo

Port P7 direction register (Address 111s)

Bit Corresponding pin Function At reset| R/W
0 Pin ANo 0 : Input mode 0 RW
- 1 : Output mode
1 Pin AN 0 RW
5 Pin AN» When using this pin as a pulse output trigger 0 RW
input pin, be sure to clear the corresponding bit
3 Pin ANa/DAo 0 “0.” 0 RW
4 Pin RTPtrco (Pin AN4/DA1/INT3) 0 RW
(Note 1)
7 to 5 | Nothing is assigned. Undefined|] —

Notes 1: This applies when the pin INTs/RTPrco select bit (bit 3 at address AEis) = 0.
2: (1) shows the 1/O pin of another internal peripheral device which is multiplexed.

Fig. 9.2.5 Relationship between port P2/P7 direction register and pulse output trigger input pins
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PULSE OUTPUT PORT MODE

9.2 Block description

9.2.4 Timers AO to A4

Timers A0 and A3 are used as control registers; each generates a pulse output trigger. When using timers
A0 and A3, be sure to use them in the timer mode. (Refer to section “7.3 Timer mode.”)

When performing the pulse width modulation, be sure to use timers Al, A2, A4 in the pulse width modulation
mode. (Refer to section “7.6 Pulse width modulation (PWM) mode.”) Note that, from pin P2¢/TA4out, a
PWM pulse by timer A4 is output. When it is unnecessary to output a PWM pulse, be sure to clear bit 2
of the timer A4 mode register (address 5Ai6) to “0.” At this time, pin P20 can be used as a programmable
I/O port pin.

Figure 9.2.6 shows the structure of the timer A0 and A3 mode registers (in the pulse output port mode);
Figure 9.2.7 shows the structures of the timer Al, A2, A4 mode registers (in the pulse output port mode
with pulse width modulation used).

Timer A0 mode register (Address 5616) b7 b6 b5 b4 b3 b2 bl b0

Timer A3 mode register (Address 591s) , [0]0,0]0]0 O
Bit Bit name | Functions Atreset| R/IW
0 Fix these bits to “0000002” in the pulse output port mode. 0 RW
1 0 RwW
2 0 RW
3 0 RW
4 0 RwW
5 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 9.2.6 Structure of timer A0 and A3 mode registers (in pulse output port mode)
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PULSE OUTPUT PORT MODE

9.2 Block description

b7 b6 b5 b4 b3 b2 bl bo
1 1 1

Timer A1 mode register (Address 5716)

Timer A2 mode register (Address 5816) 1 0,0]0f1,1
Bit Bit name | Functions Atreset| R/W
0 Fix these bits to “000112" in the pulse output port mode. 0 RW
1 0 RwW
2 0 RW
3 0 RW
4 0 RwW
5 16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW
1 : 8-bit pulse width modulator
Count source select bits See Table 7.2.3. 0 RW
7 0 RW

b7 b6 b5 b4 b3 b2 bl bo

Timer A4 mode register (Address 5A1s) ' 0 0 1 ' 1
! ! !
Bit Bit name | Functions Atreset| R/W
0 Fix these bits to “11." in the pulse output port mode. 0 RW
1 0 RwW
2 Pulse output function select bit | 0 : No pulse output 0 RW
(TAdout pin functions as a programmable 1/O port
1: EISIge output
(TA4ourpin functions as a PWM pulse output pin.)
3 Fix these bits to “002" in the pulse output port mode. 0 RW
4 0 RW
16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW
1 : 8-hit pulse width modulator
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 9.2.7 Structures of timer Al, A2, A4 mode registers (in pulse output port mode with pulse width
modulation used)
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PULSE OUTPUT PORT MODE

9.2 Block description

9.2.5 Pin P60UTcur (pulse-output-cutoff signal input pin)
When a falling edge is input to pin P60UTcur, the waveform output control bit 1 (bit 7 at address A6is)
becomes “0” and the pulse output pins enter the floating state. (In other words, pulse output becomes
disabled.) The pulse output pins where pulse output is to be inactive depend on the pulse output mode.
» Pulse mode 0: RTPOo to RTPOs
e Pulse mode 1: RTPQo to RTP0s, RTP1lo, RTP1:
When restarting pulse output after the pulse output becomes inactive, be sure to return the input level at
pin P60UTcur to “H” level; and then, be sure to set the waveform output control bit 1 to “1.” When the input
level at pin P60UTcuris “L” level, the waveform output control bit 1 cannot be “1.”
Also, at this time, bits 0 through 5 of the port P6 direction register (address 1016) become “000000:." (Refer
to section “5.2.3 Pin P60UTcut/INT4.”) Therefore, if it is necessary to switch port pins P6o through P6s to
port output pins, be sure to do as follows:
O Return the input level at pin P60UTcur to “H” level.
0 Write data to the port P6 register (address Eis)’'s bits, corresponding to the port P6 pins which will
output data.
0 Set the port P6 direction register’s bits, corresponding to the port P6 pins in 0, to “1” in order to set
these port pins to the output mode.

When the input level at pin P60UTcuris “L” level, no bit of the port P6 direction register can be “1.”
Figure 9.2.8 shows the relationship between the P60UTcur input, waveform output control bit 1, and pulse
output pin.

Note that, when not making the pulse output inactive by using pin P60UTcur, be sure to connect pin
P60UTcurto Vcc via a resistor.

Selection of pulse output port mode
(selected by bit s 3 to 0 at address A61s)

P60OUTcuT input - O

Waveform output control bit 1
(bit 7 at address A61s)

. Programmable \ ; N i
Pulse output pin /0 port > { Pulse output

Floating Floating

0 When the pulse output port mode is selected, the pulse outpit pins become floating.
O The pulse is output by writing of “1” with the input level at pin P6OUTcur = “H.”
O When a falling edge is input to pin P6EOUTcur, this bit becomes “0.”

Fig. 9.2.8 Relationship between P60UTcurinput, waveform output control bit 1, and pulse output pin
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PULSE OUTPUT PORT MODE

9.3 Setting of pulse output port mode

9.3 Setting of pulse output port mode

Figures 9.3.1 to 9.3.5 show an initial setting example for registers relevant to the pulse output port mode,
where an underflow of timer AO is used as a pulse output trigger (in pulse mode 1). Note that when using
interrupts, set up to enable the interrupts. For details, refer to “CHAPTER 6. INTERRUPTS.”

/ Selecting pulse output mode and Selecting each function

b b
| (;| 0 | . | 1| 0 . 0 . 10| Waveform output mode register (Address A616)

Pulse mode 1

Pulse widh modulation timer select bits
See Table 9.2.2.

Waveform output control bit O
Fix this bit to “0” in pulse mode 1.

Waveform output control bit 1
Pulse output disabled

O Pulse output pins are floating until the pulse output becomes enabled. J

.

Continue to “Figure 9.3.2.”

Fig. 9.3.1 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (1)
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PULSE OUTPUT PORT MODE

9.3 Setting of pulse output port mode

From preceding “Figure 9.3.1”

b7 bo
| O: 0| | | | | | | Three-phase output data register O (Address A816)

L RTPOo
— RTPO1
RTPO2
RTPO3
RTP1o
RTP11

Pulse output trigger select bits
Underflow of Timer AO

Initial output data is set.

b7 b0
| I:II] IZI 0 | | | | | | Three-phase output data register 1 (Address A916)

Pulse width modulation enable bit 0
— Pulse width modulation enable bit 1 See Table 9.2.3.
Pulse width modulation enable bit 2

Pulse output polarity select bit
0 : Positive
1: Negative

X : It may be either “0” or “1.”
b7 b0
T T T
| 00 | 0 | 00 | 0 | 00 | Timer A0 mode register (Address 5616)

‘ ‘ Selection of count source f2

(b15) (b8)
b7 bo i b7 bo
| 0016 . 0016 Timer AO register (Addresses 4716 and 4616)
Y A value of “000016” is set.
b7 bo

| | | | | 0 | 0 : O: 0 | Timer AO interrupt control register (Address 7516)

Interrupt disabled
No interrupt request

b7 b0
| | | | | | | | |Countstartregistero(Address4016)

L Timer AO count start bit
1 : Start counting

When an underflow occurs in timer A0, the contents of three-phase output data register 0 are output from the filp-flop.
(Pulse output pins are floating until the pulse output becomes enabled.)

b7 b0
| | | | | | | | |Countstartregistero(Address4016)

L Timer AO count start bit

( Processing of avoiding undefined output before starting pulse output (Note) \
|
I
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
I
|
|
I
|
|
|
|
|
|
|
I
|
|
I
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
| 0 : Stop counting

This processing can be omitted when the system is not
affected by the undefined output.

Continue to “Figure 9.3.3.”

Fig. 9.3.2 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (2)
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9.3 Setting of pulse output port mode

From preceding “Figure 9.3.2”

Selecting pulse output data, pulse output mode, pulse width modulation
b7 b0
| 0 | 0 | | | | | | | Three-phase output data register O (Address A816)

L RTPOo
—RTPO1
RTPO2
t————RTPO03
——  RTPlo
RTP11

Pulse output trigger select bits
Underflow of Timer AO

The output data is set.

b7 b0
| DI] EI |Z|| | | | | | Three-phase output data register 1 (Address A916)

Pulse width modulation enable bit 0
—— Pulse width modulation enable bit 1 See Table 9.2.3.
Pulse width modulation enable bit 2

—— Pulse output polarity select bit
0 : Positive
1: Negative

\ X: It may be either “0” or “1.” J

Setting of timer AO

b7 b0
| : | 0 | 0 : 0 | 0 | 0 : 0 | Timer AO mode register (Address 5616)

‘ Count source select bits
See Table 7.2.3.

(b15) (b8)
b7 b0 b7 b0
| 0016 , 0016 Timer AO register (Addresses 4716 and 4616)
Y A value in the range from “000016” to
“FFFF16” (n) is set.
b7 — b0
| | | | | 0 | ) | Timer AO interrupt control register (Address 7516)

Interrupt priority level select bits
When using interrupts, set these bits to one of levels 1 to 7.
When disabling interrupts, set these bits to level 0.

————— No interrupt request

Continue to “Figure 9.3.4.”

Fig. 9.3.3 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (3)
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9.3 Setting of pulse output port mode

When pulse width modulation is performed

From preceding “Figure 9.3.3”

When pulse width modulation is not performed

IEEREREEERD

-

b7

~

b0

| 0 0 | | 1 1 | Timer Aj mode register (j = 1, 2, 4) (Addresses 5716, 5816, 5A16)

\— j =1, 2 : Fix this bit to “0.”

=4 : When not using pin TA4ourt (in other words, when using pin
P20 as a programmable 1/O port pin), clear this bit to “0.”

J
j

16/8-bit PWM mode select bit
0 : 16-bit pulse width modulator
1 : 8-bit pulse width modulator

Setting of PWM pulse period and “H” level width
m When 16-bit pulse width modulator

(b15)
b7

Count source select bits
See Table 7.2.3.

(%%) b7 bo Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bz16, 4A16)

L Timer A4 register (Addresses 4Fis, 4E16)

m When 8-bit pulse width modulator

(b15)
b7

\— A value in the range from “000016 to FFFE16” (n) is set.

b8
(bO) b7 bo Timer Al register (Addresses 4916, 4816)

Timer A4 register (Addresses 4Fis, 4E16)

.

| Timer A2 register (Addresses 4B1s, 4A16)

A value in the range from “0016” to “FF16” (m) is set.

A value in the range from “0016” to “FE16” (n) is set.

/

00 When operating as 8-bit pulse width modulator
8
Period = m%&L
“H" level width = (M + 1) m 1
I

fi : Frequency of count source

However, if n = “001s6,” the pulse width modulator
does not operate and pin TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

0 When operating as 16-bit pulse width modulator

16
Period = 2 f__l
]
“H” level width = —

fi
fi : Frequency of count source

However, if n = “00001s,” the pulse width modulator
does not operate and pin TAjour pin outputs “L”
level. At this time, no timer Aj interrupt request
occurs.

Continue to “Figure 9.3.5.”

Fig. 9.3.4 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (4)

7906 Group User's Manual Rev.2.0 9-17



PULSE OUTPUT PORT MODE

9.3 Setting of pulse output port mode

From preceding “Figure 9.3.4"

Enabling pulse output

\
b7 b0

|1| | : | | ' : Waveform output mode register (Address A616)

Waveform output control bit 1
Pulse output enabled

0 When pulse output becomes enabled, the initial output data is output from pulse output pins.

\

Setting count start bit to “1.”
b7 b0

| | | | | | | | | Count start register 0 (Address 4016)
&Timer A0 count start bit
Timer Al count start bit

Timer A2 count start bit

Timer A3 count start bit

Pulse output starts after an underglow of timer AQO.

Fig. 9.3.5 Initial setting example for registers relevant to pulse output port mode (in pulse mode 1) (5)
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9.4 Pulse output port mode operation

9.4 Pulse output port mode operation
9.4.1 Pulse output trigger

(1) RTPOo to RTPOs in pulse mode 0, Pulse mode 1
The pulse output trigger can be selected from an internal trigger and an external trigger.
When the pulse output trigger select bits (bits 7, 6 at address A8is) = “002,” an internal trigger is
selected; when these bits = “012,” “102,” or “112,” an external trigger is selected.

m Internal trigger
A trigger occurs at an underflow of timer AO. This trigger occurrence can be confirmed by using
the timer AOQ interrupt request bit.

m External trigger
A trigger occurs at a valid edge input to pin RTPtreo (Note). This trigger occurrence can be confi-
rmed by using the INTs interrupt request bit. Table 9.4.1 lists the setting of INTz according to valid
edges.
Also, the allocation of pin RTPtreo can be changed by the pin INTs/RTPrrco select bit (bit 3 at
address AEus).
Be sure to clear the port direction register’s bit, corresponding to pin RTPrrco, to “0” in order to
set the port pin to the input mode.

Note: This is set by the pulse output trigger select bits (bits 7, 6 at address A8i).

Table 9.4.1 Setting of INTs according to valid edges

Valid edge input to pin RTPrreo Setting of INTs (Note)
Falling Falling (edge sense)
Rising Rising (edge sense)
Falling and Rising Falling and Rising (edge sense): used alternately

Note: Refer to section “6.10 External interrupts.”

(2) RTP1lo, RTP1: in pulse mode 0
The pulse output trigger is an internal trigger.
A trigger occurs at an underflow of timer A3. This trigger occurrences can be confirmed by using the
timer A3 interrupt request bit.
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9.4 Pulse output port mode operation

9.4.2 Operation at internal trigger

O When the timer Ai (i = 0,

selected, the pulse width

3) count start bit is set to “1,” the counter starts counting of a count source.
O The contents of the pulse output data bits of three-phase output data registers 0, 1 are output from the
corresponding pulse output pins at each underflow of timer Ai. While the pulse width modulation is

modulation is performed for “H” level output.

The timer reloads the contents of the reload register and continues counting.

O The timer Ai interrupt request bit is set to “1” when the counter underflows in 0. The interrupt request

bit retains “1” until the interrupt request is accepted or it is cleared to “0” by software.

O Write the next output data into three-phase output data registers 0, 1 during a timer Ai interrupt routine

(or after the confirmation

of a timer Ai interrupt request occurrence.)

Figures 9.4.1 to 9.4.3 show examples of pulse output port mode operations.

n

FFFF1s

(Hex.)

Timer AQ’s counter contents
S5

000016

Contents of bits 3 to 0 of
three-phase output data register 0

RTPOo output

RTPO:1 output

RTPO:2 output

RTPOs output

Timer AO interrupt
request bit

: Reloaded value

01
Starts counting Starts pulse outputting

01, >< 01102 >< 11002 >< 1001» ><:

Undefined C2

Undefined t2 ‘

Undefined 2

Undefined &2 | |

! 03 03 / 03 03

-

1 : Written by software

2 : When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined
output before starting pulse output” in Figure 9.3.2.

03 : Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:
*Pulse mode 0 selected

*RTPO0 to RTPO3 selected

*No pulse width modulation

*Positive polarity

Fig. 9.4.1 Example of pulse output port mode operation (1)
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9.4 Pulse output port mode operation

n : Reloaded value

FFFF1s

(Hex.)

Timer AQ’s counter contents
=
JIL

01
Starts counting Starts pulse outputting

000016 —\—L‘ —\_L‘

Contents of bits 3 to 0 of
three-phase output data register O

00112 >< 01102

RTPOQo output Undefined 2

RTPO: output Undefined 2

RTPO:z output Undefined ™2 !

RTPOs output Undefined =2 | | |

Timer AO interrupt l—l
request bit

01 : Written by software

02 : When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined
output before starting pulse output” in Figure 9.3.2.

03 : Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:
*Pulse mode 0 selected

*RTPO0 to RTPO3 selected

*No pulse width modulation

*Negative polarity

Fig. 9.4.2 Example of pulse output port mode operation (2)
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9.4 Pulse output port mode operation

n : Reloaded value

FFFF1s

(Hex.)

Timer AQ’s counter contents
=

01
Starts counting Starts pulse outputting

By I Y I ) I

Contents of bits 5 to 0 of V.
three-phase output data register 0

wmern J U U U U U U UTUL
by timer Al ' !
i L LT LT [

001100- X 0110002

e ™ LI LT LT L

RTPOooutput  Undefined ™ |

RTPO: output Undefined

RTPOz output  Undefined | |

RTPOs output Undefined ™ |

RTP1o output Undefined ™ |

RTP1: output Undefined

|
|
|
I
|
|
|
|
|
|
|
|
|
I
I
I
|
'
|
|
1
T
|
|
|
|
I
|
T
|
|
|
|
|
|
|
|
I
|
'
|
|
|
i

. . ' 03
Timer AO interrupt
request bit

01 : Written by software

02 : When avoiding undefined output in these terms (in other words, when stabilizing
these output level), be sure to follow the procedure “Processing of avoiding undefined
output before starting pulse output” in Figure 9.3.2.

03 : Cleared to “0” by an interrupt request acceptance or cleared by software.

The above applies when the following conditions are satisfied:

*Pulse mode 1 selected

*Pulse width modulation applied (in a unit of 2 pins; timers A1, A2, and A4 are used.)
«Positive polarity

Fig. 9.4.3 Example of pulse output port mode operation (3)
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9.4 Pulse output port mode operation

9.4.3 Operation at external trigger

O Each time when a valid edge of a signal input to pin RTPrreo (NOte) is input, the contents of the pulse
output data bits of three-phase output data register 0 are output from the corresponding pulse output
pins. When the pulse width modulation is selected, the pulse width modulation is applied to “H” level
output.

O The INTs interrupt request bit is set to “1” when a valid edge (0) is input. (Refer to section “9.4.1 Pulse
output trigger.”) The interrupt request bit retains “1” until the interrupt request is accepted or it is
cleared by software.

0 Write the next output data into three-phase output data register 0 during an INTs interrupt routine (or
after the confirmation of an INTs interrupt request occurrence).

Note: This is set by the pulse output trigger select bits (bits 7, 6 at address A8ie).
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[Precautions for pulse output port mode]

[Precautions for pulse output port mode]

1. When using the pulse output port mode, be sure to set the relevant registers after the pulse output port mode is
set by the waveform output select bits (bits 2 to 0 at address A61s).
When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform output
select bits (bits 2 to 0 at address A6:s) to “0002.”

2. When performing the pulse width modulation, be sure to use timers Al, A2, A4 in the pulse width modulation
mode. (Refer to section “7.6 Pulse width modulation (PWM) mode.”) Note that, from pin P2:/TAdour, a PWM
pulse by timer A4 is output. When it is unnecessary to output a PWM pulse, be sure to clear bit 2 of the timer A4
mode register (address 5A1s6) to “0.” At this time, pin P20 can be used as a programmable 1/O port pin.

3. Note that, when not making the pulse output inactive by input of a falling edge to pin P60OUTcur, be sure to connect
pin P60OUTcur to Vcc via a resistor.
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THREE-PHASE WAVEFORM MODE

10.1 Overview

10.1 Overview

The three-phase waveform mode serves as follows: three-phase waveforms (3 positive waveforms and 3
negative waveforms) are output from the three-phase waveform output pins. The three-phase waveform
mode consists of “three-phase mode 0” and “three-phase mode 1.”

Table 10.1.1 lists the specifications of the three-phase waveform mode, Table 10.1.2 lists the comparison
of operations in three-phase mode 0 and 1, and Figure 10.1.1 shows the comparison of waveforms in three-

phase mode 0 and 1.

Table 10.1.1 Specifications of three-phase waveform mode

Item

Specifications

Three-phase waveform output pins

6 pins (U, U, V, V, W, W)

Three-phase-waveform-output-
forcibly-cutoff signal input pin

P60UTcur (Input of falling edge)

Operation modes

Three-phase mode 0 |A timer A3 interrupt request occurs at each timer A3 underflow.

Three-phase mode 1 | A timer A3 interrupt request occurs at each second timer A3

underflow or forth one.

Timer to be used

Timers AO through A2 (Used in the one-shot pulse mode)
« Timer AO : W- and W-phase waveform control
 Timer Al : V- and V-phase waveform control
« Timer A2 : U- and U-phase waveform control
Timer A3 (Used in the timer mode)
« Output period control

Three-phase waveform
. P 1 to 1 0 65536
period f1 fa006
Output w.aveform and Saw-.tooth-wave mo-| 1 to 1 0 65535 (Note)
Output width dulation output fa 4096
Triangular wave mo-| 1 1
} 02 to O 65535 0 2 (Note)
dulation output f1 4096

Each of the U, V, W phases is fixed to an arbitrary level.
Each of the U, V, W phases is fixed to the reversed level of the
corresponding positive phase (the U, V, W phases).

Fixed level output

Dead time (width)

Dead-time timer is used.
See Table 10.2.1.

Note: This value does not include the dead time.

Table 10.1.2 Comparison of operations in three-phase mode 0 and 1

Three-phase mode 0 Three-phase mode 1

Timer A3 interrupt request
occurrence interval

Each second timer A3 underflow or forth
one is selected by software.

Each timer A3 underflow

Timers AO through A2

Each timer uses one register. Each timer uses two registers alternately.

Output polarity

« By software, the output polarity can be set to the
output polarity set buffer of the U, V, or W phases.
* If necessary, the contents of each output
polarity set buffer are reversed by software.

« By software, the output polarity can be set
to the three-phase output polarity set buffer.

* At each period, the contents of the three-
phase output polarity set buffer are reversed
by hardware.

10-2
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THREE-PHASE WAVEFORM MODE

10.1 Overview

: Saw-tooth-wave
modulation

: Triangular wave
modulation

: Triangular wave
modulation

Three-phase mode 0

Three-phase mode 0

Three-phase mode 1

Timer A3
underflow signal

Timer A3
interrupt request signal

—
=

Timer A2
one-shot pulse output

4_"t'"":l

v
L
|

Phase U |
Phase U | |
. By software at each timer A3 interrupt, .
! [ « Data is written to timer A2. J '
Timer A3 1 ' '
interrupt request signal U U U
Timer A2

vl

one-shot pulse output

BN

' ) i '
' ! T
Phase U | | : '
' : i i
Phase U , : ' i
' !
: By software at each timer A3 interrupt, : :
, « Waveform output polarity is reversed. : '
' « Data is written to timer A2. ' '
i T T : i
1 ' ! ! '
! ' ! ! '
! ' ! ! '

. : : : : :
Timer A3 U Contets of ! U Contets of U
interrupt request signal timer A2 ' timer A2

! register ! ! register ! '

Timer A2 H |<—j |<—j 4—1
Contets of Contets of
one-shot pulse output

timer A21 timer A21

register register
Phase U
Phase U

« Data is written to timer A21 register. by hardware.

By software at each timer A3 interrupt,
[. Data is written to timer A2 register. ] > [ Waveform output polarity is reversed ]

Note: This applies when a timer A3 interrupt request occurs at each second timer A3 underflow.

Fig. 10.1.1 Comparison of waveforms in three-phase mode 0 and 1

7906 Group User's Manual Rev.2.0 10-3



and explanation of registers

When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform

output select bits (bits 2 through 0 at address A61s) to “0002.”

When using the three-phase waveform mode, be sure to fix the waveform output select bits (bits 2 through

The following registers are common to the pulse output port mode and three-phase waveform mode:
0 at address A61s) to “1002,” and then, set the relevant registers.

Figure 10.2.1 shows the block diagram of the three-phase waveform mode,
relevant to the three-phase waveform mode is described below.
» Waveform output mode register (address A6is)

THREE-PHASE WAVEFORM MODE

10.2 Block description
e Three-phase output data register 1 (address A91s)

» Three-phase output data register 0 (address A8us)

10.2 Block description
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THREE-PHASE WAVEFORM MODE

10.2 Block description

10.2.1 Waveform output mode register

Figure 10.2.2 shows the structure of the waveform output mode register (the three-phase waveform mode).
Note that writing to bits 0 through 6 of this register must be performed when the counting in timers AO
through A3 is halts.

b7 b6 b5 b4 b3 b2 bl b0

Waveform output mode register (Address Ab6is) X 1lolo
Bit Bit name Function At reset| R/W
0 Waveform output select bits b2b1bo 0 RW

(Note 1) | 100 : Three-phase waveform mode
1 0 RwW
2 0 RW
3 Three-phase output polarity set buffer | 0 : “H” output 0 RW
(Valid in three-phase mode 1) (Note 2)| 1: “L” output
4 Three-phase mode select bit 0 : Three-phase mode 0 0 RW
1: Three-phase mode 1
5 Invalid in the three-phase waveform mode. 0 RW
6 Dead-time timer trigger select bit 0: Both falling and rising edges of one-shot 0 RW
(Note 3) pulse for timers AO to A2
1: Only the falling edge of one-shot pulse for
timers AO to A2
7 Waveform output control bit 0 : Waveform output disabled 0 RW
1 : Waveform output enabled

X: It may be either “0” or “1.”

Notes 1: When not using the pulse output mode and three-phase waveform mode, be sure to fix these bits to “0002.”
2: This bit is invalid in three-phase mode 0.
3: When the saw-tooth-wave modulation output is performed, be sure to fix this bit to “0.”
4: Writing to any of bits 0 to 6 must be performed while counting for timers A0 to A3 halts.

Fig. 10.2.2 Structure of waveform output mode register (three-phase waveform mode)
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THREE-PHASE WAVEFORM MODE

10.2 Block description

(1) Three-phase output polarity set buffer (bit 3)
This bit serves as the buffer to set the output polarity of the three-phase waveform and is used in
three-phase mode 1. (Refer to section “10.2.9 Output polarity set toggle flip-flop.”)

(2) Three-phase mode select bit (bit 4)
This bit is used to select three-phase mode 0 or 1.

(3) Dead-time timer trigger select bit (bit 6)
This bit is used to select a trigger of the dead-time timer.
The saw-tooth-wave modulation requires that this bit is fixed to “0.”

(4) Waveform output control bit (bit 7)
Setting of this bit to “1” allows the three-phase waveform output from the three-phase waveform output
pins. Clearance of this bit to “0” makes the three-phase waveform output pins floating.
When a falling edge is input to pin P60UTcur, this bit becomes “0.” (See Figure 10.2.15.)
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THREE-PHASE WAVEFORM MODE

10.2 Block description

10.2.2 Dead-time timer register
Figure 10.2.3 shows the structure of the Dead-time timer register.

b7 b0
Dead-time timer (Address A71s)
Bit Function Atreset| R/W
710 0 | Avalue in the range from “0016” to “FF16” can be set. Undefined| WO

Note: Use the MOVMB (MOVM when m = 1) or STAB (STA when m = 1) instruction for writing to this register.
Additionally, make sure writing to this register does not overlap with a trigger-occurrence timing of the dead-time timer.

Fig. 10.2.3 Structure of dead-time timer register

The dead-time timer is used to count the time to prevent “L” level of positive waveform outputs from
overlapping with “L” level of their negative waveform outputs. (This time is referred to as “dead time.”)
Figure 10.2.4 shows the structure of the dead-time timer.

Clock-source-of-dead-time-timer

Dead-time timer register

U

Dead-time timer reload register

1/2

Dead-time timer

Dead-time timer

select bits
(Bits 7, 6 at address A816) Trigger
AN
1/2
Trigger
Trigger

Dead-time timer

(Address A716)

(Common to 3
dead-time timers)

Fig. 10.2.4 Structure of dead-time timer
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THREE-PHASE WAVEFORM MODE

10.2 Block description

When a certain value is written to the dead-time timer register, this value is written to the dead-time reload
register. The M37906 has three dead-time timers, and they are independent each other. When a trigger
is generated due to each of timers AO through A2, the contents of the dead-time timer reload register are
reloaded; and then, the selected count source is counted down. Simultaneously, the one-shot pulse is
output. A trigger is selected by the dead-time timer trigger select bit (bit 6 at address A61s), and the count
source is selected by the clock-source-of-dead-time-timer select bits (bits 7, 6 at address A81s). When an
underflow occurs, the counting becomes inactive.

Figure 10.2.5 shows the relationship between the dead-time timer’'s pulse and trigger, and Table 10.2.1
lists the pulse width of the dead-time timer.

m When dead-time timer trigger select bit = “0”

) . h Y
Timer Ai's one-shot pulse

Internal
signal | | : |

Dead-time timer’s pulse r
(Reversed signal)

m When dead-time timer trigger select bit = “1”

Timer Ai's one-shot pulse v v
Internal - | |
signal | !
Dead-time timer’s pulse
(Reversed signal)
m When re-triggering
/(
) . A A
el Timer Ai's one-shot pulse v v
signal ' ¢Re-tr|gger \ ! ‘LRe-trlgger
Dead-time timer's pulse ! /) !
(Reversed signal) ! :

Fig. 10.2.5 Relationship between dead-time timer’'s pulse and trigger

Table 10.2.1 Pulse width of dead-time timer

Trigger Pulse width
State at trigger input | Edge n: 0016 n : 0lis through FFise
Dead-time timer: Rising edge of timer Ai one-shot 1 1
. . 258 0 ——— (n+2) 0 ——
inactive pulse fi fi
Falling edge of timer Ai one-shot 1 1
pulse 257 O 5 (n+1) O <
Dead-time timer: Rising edge of timer Ai one-shot
active ulse (Re-trigger
pulse (Re-trigger) 257 0 —2— (n+1) 0 ——
Falling edge of timer Ai one-shot fi fi
. (Note) (Note)
pulse (Re-trigger)

n: A value which is set in the dead-time timer (address A71s)
fii The dead-time timer’s clock source (f2, f2/2, f2/4)
Note: Width of pulse starting from a re-trigger occurrence timing
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.3 Three-phase output data register 0

Figure 10.2.6 shows the structure of the three-phase output data register 0 (the three-phase waveform
mode).

For bits 7 and 6, refer to section “10.2.2 Dead-time timer.”

b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 0 (Address A8:s) x | x
Bit Bit name Function At reset| R/W
0 W-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
1 V-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
2 U-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
3 W-phase output polarity set buffer| o : “H” output 0 RW
(Valid in three-phase mode 0.) 1:“L” output
(Note)
5,4 | Invalid in the three-phase waveform mode. 0 RW
6 | Clock-source-of-dead-time-timer | & ¢ , 0 RW
select bits 01:f/2
7 10:f/4 0 RW
11: Do not select.
X: It may be either “0” or “1.”
Note: This bit is invalid in three-phase mode 1.

Fig. 10.2.6 Structure of three-phase output data register 0 (three-phase waveform mode)

(1) W-phase output fix bit (bit 0)
Setting of this bit to “1” fixes the output level at the W-phase waveform output pin to the level which
is selected by the W-phase fixed output’s polarity set bit (bit O at address A9:¢); vice versa, the output
level at the W-phase waveform output pin is reversed.

(2) V-phase output fix bit (bit 1)
Setting of this bit to “1” fixes the output level at the V-phase waveform output pin to the level which

is selected by the V-phase fixed output’s polarity set bit (bit 1 at address A91s); vice versa, the output
level at the V-phase waveform output pin is reversed.

(3) U-phase output fix bit (bit 2)
Setting of this bit to “1” fixes the output level at the U-phase waveform output pin to the level which

is selected by the U-phase fixed output’s polarity set bit (bit 2 at address A91¢); vice versa, the output
level at the U-phase waveform output pin is reversed.

(4) W-phase output polarity set buffer (bit 3)
This bit serves as the buffer to set the W-phase output polarity and is used in three-phase mode 0.
(Refer to section “10.2.9 Output polarity set toggle flip-flop.”)
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.4 Three-phase output data register 1
Figure 10.2.7 shows the structure of the three-phase output data register 1 (the three-phase waveform
mode).

b7 b6 b5 b4 b3 b2 bl b0

Three-phase output data register 1 (Address A9:s) x | x X

Bit Bit name Function Atreset| R/W

0 W-phase fixed output’s polarity |0 : “H” output fixed 0 RW
set bit (Note 1) 1:“L” output fixed

1 V-phase fixed output's polarity | O : “H” output fixed 0 RW
set bit (Note 2) 1:“L” output fixed

2 U-phase fixed output's polarity | 0 : *H” output fixed 0 RW
set bit (Note 3) 1:“L” output fixed
Invalid in the three-phase waveform mode. 0 RW
V-phase output polarity set buffer | 0 : “H” output 0 RW
(in three-phase mode 0) 1:“L” output
Interrupt request interval set bit | 0 : Every second time
(in three-phase mode 1) 1: Every forth time

5 U-phase output polarity set buffer| 0 : “H” output 0 RW
(in three-phase mode 0) 1:“L” output
Interrupt validity output select bit | O : An interrupt request occurs at each even-number-
(in three-phase mode 1) ed underflow of timer A3

1: An interrupt request occurs at each odd-number-
ed underflow of timer A3
7,6 | Invalid in the three-phase waveform mode. 0 RW

X: It may be either “0” or “1.”

Notes 1: Valid when the W-phase output fix bit (bit O at address A81s) = “1.” Be sure not to change the value during output of a

fixed value.

2: Valid when the V-phase output fix bit (bit 1 at address A8i6) = “1.” Be sure not to change the value during output of a
fixed value.

3: Valid when the U-phase output fix bit (bit 2 at address A816) = “1.” Be sure not to change the value during output of a
fixed value.

Fig. 10.2.7 Structure of three-phase output data register 1 (three-phase waveform mode)

10-10 7906 Group User's Manual Rev.2.0



THREE-PHASE WAVEFORM MODE

10.2 Block description

(1) W-phase fixed output’s polarity set bit (bit 0)
Clearance of this bit to “0” fixes the output level at the W-phase waveform output pin to “H”; vice
versa, setting of this bit to “1” fixes the output level at the W-phase waveform output pin to “L.”
The output level at the W-phase waveform output pin is reversed.
Note that this bit is valid only when the W-phase output fix bit (bit 0 at address A8) = “1.”

(2) V-phase fixed output’s polarity set bit (bit 1)
Clearance of this bit to “0” fixes the output level at the V-phase waveform output pin to “H”; vice versa,
setting of this bit to “1” fixes the output level at the V-phase waveform output pin to “L.”
The output level at the V-phase waveform output pin is reversed.
Note that this bit is valid only when the V-phase output fix bit (bit 1 at address A816) = “1.”

(3) U-phase fixed output’s polarity set bit (bit 2)
Clearance of this bit to “0” fixes the output level at the U-phase waveform output pin to “H”; vice versa,
setting of this bit to “1” fixes the output level at the U-phase waveform output pin to “L.”
The output level at the U-phase waveform output pin is reversed.
Note that this bit is valid only when the U-phase output fix bit (bit 2 at address A8i) = “1.”

(4) V-phase output polarity set buffer (bit 4) (in three-phase mode 0)
This bit serves as the buffer to set the V-phase output polarity. (Refer to section “10.2.9 Output
polarity set toggle flip-flop.”)

Interrupt request interval set bit (bit 4) (in three-phase mode 1)

Clearance of this bit to “0” generates a timer A3 interrupt request at every second time; vice versa,
setting of this bit to “1” generates a timer A3 interrupt request at every forth time.

(Refer to section “10.4 Three-phase mode 1.")

(5) U-phase output polarity set buffer (bit 5) (in three-phase mode 0)
This bit serves as the buffer to set the U-phase output polarity. (Refer to section “10.2.9 Output
polarity set toggle flip-flop.”)

Interrupt validity output select bit (bit 5) (in three-phase mode 1)

Clearance of this bit to “0” generates a timer A3 interrupt request at every even-numbered underflow
of timer A3; vice versa, setting of this bit to “1” generates a timer A3 interrupt request at every odd-
numbered underflow of timer A3.

(Refer to section “10.4 Three-phase mode 1.”)
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THREE-PHASE WAVEFORM MODE

10.2 Block description

10.2.5 Position-data-retain function control register
Figure 10.2.8 shows the structure of the position-data-retain function control register.
For details of the position-data-retain function, refer to section “10.6 Position-data-retain function.”

b7 b6 b5 b4 b3 b2 bl b0

Position-data-retain function control register (Address AAus)

Bit Bit name Function Atreset| R/W
0 W-phase position data retain bit | INPut level at pin IDW is read out. 0 RO
0:“L" level
1:“H”" level
1 V-phase position data retain bit | Input level at pin IDV is read out. 0 RO
0:"“L" level
1:“H" level
2 U-phase position data retain bit | Input level at pin IDU is read out. 0 RO
0:“L" level
1:“H" level
3 Retain-trigger polarity select bit | O : Falling edge of positive phase 0 RW
1 : Rising edge of positive phase
7 to 4 | Nothing is assigned. Undefined| —

Note: This register is valid only in the three-phase mode.

Fig. 10.2.8 Structure of position-data-retain function control register

(1) W-phase position data retain bit (bit 0)
This bit is used to retain the input level at pin IDW.

(2) V-phase position data retain bit (bit 1)
This bit is used to retain the input level at pin IDV.

(3) U-phase position data retain bit (bit 2)
This bit is used to retain the input level at pin IDU.

(4) Retain-trigger polarity select bit (bit 3)
This bit is used to select the trigger polarity to retain the position data.
When this bit = “0,” the falling edge of each positive phase is selected.
When this bit = “1,” the rising edge of each positive phase is selected.
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THREE-PHASE WAVEFORM MODE
10.2 Block description

10.2.6 Port P5 direction register

The position-data input pins are multiplexed with port P5 pin.

When using these pins as position-data-input pins, clear the corresponding bits of the port P5 direction
register to “0” in order to set these port pins for the input mode.

Figure 10.2.9 shows the relationship between the port P5 direction register and position-data-input pins.

b7 b6 b5 b4 b3 b2 bl bo

Port P5 direction register (Address Dis)

Bit Corresponding pin Functions Atreset| R/W
4to 0 | Nothing is assigned. Undefined| —
5 | Pin IDW (Pin INTs/TBOW) 0 : Input mode 0 RW
1 : Output mode
6 | PinIDV (Pin INTe/TB1n) S N . . 0 RW
: : When using this pin as a position-data input pin,
7 Pin IDU (Pin INT7/TB2n) be sure to clear the corresponding bit to “0.” 0 RW

Note: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed.

Fig. 10.2.9 Relationship between port P5 direction register and position-data-input pins

10.2.7 Timers AO through A2

Each of timers AO through A2 is used to control the output width of each phase, and these timers are used
in the one-shot pulse mode.

Figure 10.2.10 shows the structure of timer AO/A1/A2 mode register (in the three-phase waveform mode).
Because the underflow signal of timer A3 serves as a trigger for timers AO through A3, it is unnecessary
to set the one-shot start bit to “1.”

Note that, in three-phase mode 1, each of timers AO through A2 has the following two registers: timer A0/
A1/A2 register (addresses 4616 and 4716, 4816 and 4916, 4A16 and 4Bis) and timer AO0i/Ali1/A2: register
(addresses D0is and D1is, D216 and D316, D416 and D516). These two registers are used to control the output
width.

Figure 10.2.11 shows the structures of the timer A0O/A1/A2 mode register and timer AO0:1/Ali/A2:1 register.

Timer AO/A1/A2 mode register (Addresses 561s to 5816) b7-b6 2 b4|b3 22 blnbo
. |0]1 1]0|1 O

Bit Bit name | Function At reset| R/W
0 Fix these bits to “0110102" in the three-phase waveform mode. 0 RW
1 0 RW
2 0 RW
3 0 RW
4 0 RW
5 0 RW
6 Count source select bits See Table 7.2.3. 0 RW
7 0 RW

Fig. 10.2.10 Structure of timer A0O/A1/A2 mode register (three-phase waveform mode)
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10.2 Block description

Timer AO register (Addresses 4716, 4616) (b15) (b8)
Timer Al register (Addresses 4916, 4816) b7 b0 b7 b0
Timer A2 register (Addresses 4Bis, 4A16) '

Bit Function At reset| R/W

15to 0| Any value in the range from “000016” to “FFFF16” can be set. Undefined] WO
Assuming that the set value = n, the “H” level width of the one-shot pulse is expressed

as follows: N
i.

fii Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

Timer AO: register (Addresses D11s, DO1s)

) . b15 b8
Timer Al: register (Addresses D316, D21s) ( b7) (bO) b7 bo
Timer A21 register (Addresses D516, D416) '
1
Bit Function Atreset| R/W
15 to 0 | Any value in the range from 000016 to FFFFis can be set. Undefined| WO

Assuming that the set value = n, the “H” level width of the one-shot pulse is expressed
as follows: nffi.

fii Frequency of a count source

Notes 1: Use the MOVM or STA (STAD) instruction for writing to this register. Additionally, make sure writing to this register
must be performed in a unit of 16 bits.
2: This register is valid only in three-phase mode 1 of the three-phase waveform mode.

Fig. 10.2.11 Structures of timer AO/A1/A2 register and timer A01/Al1/A21 register

10.2.8 Timer A3

Timer A3 is used to control the carrier’s period of the whole three-phase waveform and is used in the timer
mode.

Figure 10.2.12 shows the structure of the timer A3 mode register (the three-phase waveform mode).

b7 b6 b5 b4 b3 b2 bl bo
1 T
0]0{0f0f0 O

Timer A3 mode register (Address 5916)

@
=

Bit name Function At reset| R/W

Fix these bits to “0000002” in the three-phase waveform mode. 0 RwW
RW

RW
RW
RW

RW
RW

Count source select bits See Table 7.2.3.

~N|o o~ W N |+ |O
o O |0 |ojo |o|o

RW

Fig. 10.2.12 Structure of timer A3 mode register (three-phase waveform mode)
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10.2 Block description

10.2.9 Output polarity set toggle flip-flop

The output polarity set toggle flip-flops 0 through 2 are used to control the output polarity of the positive
and negative phases of the three-phase waveform.

In three-phase mode 0, values are set into the U-, V-, W-phase output polarity set buffer (bits 5 and 4 at
address A9i6 and bit 3 at address A8is).

In three-phase mode 1, a value is set into the three-phase output polarity set buffer (bit 3 at address A61s).
These bits are transferred to the output polarity set toggle flip-flop at an underflow of timer A3.

The contents of the output polarity set toggle flip-flop are reversed at the end of the timer AO/A1/A2 one-
shot pulse.

Table 10.2.2 lists the relationship between the contents of the output polarity set toggle flip-flop and the
output level, and Figure 10.2.13 shows the operations of the output polarity set buffer and output polarity
set toggle flip-flop.

Table 10.2.2 Relationship between contents of output polarity set toggle flip-flop and output level

Contents of output polarity set toggle flip-flop |Output level of positive phase| Output level of negative phase

0 H L

1 L H

Timer A3 underflow signal

-

Timer A2 one-shot pulse

!

[
-

Internal : : ! :
signals : ! !
Contents of U-phase output . : ! ! !
polarity set buffer 0 —& & &
Trans- Trans-| | Trans- Trans-
From buffer ferred | erred | |, ferred | ferred
. Reversed Reversed 1 Reversed 1 Reversed
Contents of output polarity 1 |
set toggle-flip flop 2 0

Fig. 10.2.13 Operations of output polarity set buffer and output polarity set toggle flip-flop
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10.2 Block description

10.2.10 Three-phase waveform mode 1/O pins

When the three-phase waveform mode is selected, port P60 through P6s pins become the three-phase
waveform output pins, pin P60UTcur becomes the three-phase-waveform-output-forcibly-cutoff signal input
pin. Figure 10.2.14 shows the pins used in the three-phase waveform mode.

M37906

P6s/TA2iIN/U/RTP11 | —» U-phase waveform output
P64/TA20uT/VIRTP10 | — V-phase waveform output

P63/TALINW/RTPO3 | - W-phase waveform output

U-phase position data input - | P57/INT7/TB2in/IDU P62/TALout/U/RTPO2 | — U-phase waveform output
V-phase position data input - | P5e/INTe/TBLin/IDV P61/TAONV/RTPO:L | - V-phase waveform output
W-phase position data input — | P5s/INTs/TBON/IDW P60/TAOoUT/W/RTPOo | — W-phase waveform output

P60UTCcuT/INTs | — Three-phase-waveform-output-
forcibly-cutoff signal input

Fig. 10.2.14 Pins used in three-phase waveform mode

10.2.11 Pin P60UTcur (three-phase-waveform-output-forcibly-cutoff signal input pin)

When a falling edge is input to pin P60UTcur, the waveform output control bit (bit 7 at address A61s)

becomes “0”; and then the three-phase waveform output pins enter the floating state. (In other words, the

three-phase waveform output becomes inactive.)

When restarting the three-phase waveform output after this output becomes inactive, be sure to return the

input level at pin P60UTcur to “H”; and then, be sure to set the waveform output control bit to “1.” When

the input level at pin P60UTcur is “L,” the waveform output control bit cannot be “1.”

Also, at this time, bits 0 through 5 of the port P6 direction register (address 1016) become “000000..” (Refer

to section “5.2.3 Pin P60UTcut/INT4.”) Therefore, if it is necessary to switch port pins P60 through P6s to

the port output pins, be sure to do as follows:

O Return the input level at pin P60UTcur to “H” level.

O Write data to the port P6 register (address Eis)’s bits, corresponding to the port P6 pins which will output
data.

O Set the port P6 direction register’s bits, corresponding to the port P6 pins in [0, to “1” in order to set
these port pins to the output mode.

When the input level at pin P60UTcur is “L,” each bit of the port P6 direction register cannot be “1.”

Figure 10.2.15 shows the relationship between the P60UTcur input, waveform output control bit, and three-

phase waveform output pin.

Note that, when not inactivating the three-phase waveform output by using pin P60UTcur, be sure to

connect pin P60UTcur to Vcc via a resistor.

Three-phase waveform mode is selected (Bit 2 through 0 at address A61s = 1002)

Y

s

P60OUTcuT input

Waveform output control bit
(bit 7 at address AB1s) : 12

Th h f Programmable \ _______ : Three-phase \ _______________ / Three-phase
ree-phase waverorm 1/0 port aveform output, waveform output

output pin Floating Floating

O When the three-phase waveform mode is selected, the three-phase waveform output pins enter the floating state.
[ Due to writing of “1” when the input level at pin P6EOUTcur = “H,” a pulse is output.
[ Due to an input of a falling edge to P6OUTcur, this bit becomes “0.”

Fig. 10.2.15 Relationship between P60UTcur input, waveform output control bit, and three-phase
waveform output pin
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10.3 Three-phase mode 0O

10.3 Three-phase mode 0

10.3.1 Setting for three-phase mode 0

Explanation of the triangular wave modulation output and saw-tooth-wave modulation output in three-phase
mode O is described below. Table 10.3.1 lists the differences between the triangular wave modulation
output and the saw-tooth-wave modulation output (in view of software).

Table 10.3.1 Differences between triangular wave modulation output and saw-tooth-wave modulation
output (in view of software)

Triangular wave modulation output | Saw-tooth-wave modulation output
Trigger of dead-time timer Falling edge of timers AO through A2 |Falling and Rising edges of timers AO
through A2
Contents of output polarity set Reversed at each timer A3 interrupt|Not reversed.
buffer request occurrence.

Figures 10.3.1 and 10.3.2 show an initial setting example for registers relevant to three-phase mode 0,
Figure 10.3.3 shows a data-updating example in three-phase mode 0.

Note that the initial output level at the three-phase waveform output pin is undefined. Be sure to start the
three-phase waveform output (in other words, the waveform output is enabled.) after the output level at the
three-phase waveform output pin is stabilized.
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10.3 Three-phase mode 0

Y

Timers AO through A3 are inactive.
b7 b0

Setting of timers AO through A2 to one-shot pulse mode

b7 b0
T T T Timer AO/A1/A2 mode register
|' |0|1'1|0|1'0|(addresse55616t05816)

Count start register 0
L1 [ 1 [ofoJofo (address 4016)

Stops counting in timer AO.
Stops counting in timer Al.
Stops counting in timer A2.
\ —— Stops counting in timer A3. /
\

Count source select bits
(See Table 7.2.3.)

Setting of timer A3 to timer mode

b7I T % Timer A3 mode register
| 1 |0| Ol O|O|0| Ol (z:\ddre555916) ¢

Setting of waveform output mode register

Count source select bits
(See Table 7.2.3.)

b7 b0
— f d i
| ) | | 0 | 0 | 0 | 1 . 0 . Ol \(/;/gg?ezfsnlglljé;)ut mode register

Three-phase mode 0

Dead-time timer trigger
select bit
0 : Falling and Rising edges
of one-shot pulse
1 : Falling edge of one-shot
pulse

Setting of timer AO/A1/A2 interrupt request to “disabled”

b7 b0
— Timer AO/A1/A2 interrupt
| | | | |0 | 0.0, Ol control register

(addresses 7516 to 7716)

Waveform outout is disabled.

Interrupt disabled
No Interrupt request

O : It may be either “0” or “1.”

Setting of dead-time timer

b7 b0 Setting of timer A3 interrupt priority level
| | Dead-time timer

(address A716)

Timer A3 interrupt control register
(address 7816)

b7 b0

T

L Avalue in the range from “0016" to “FF16”

\ is set. j
a N

Timer A3 interrupt priority level
Set to one of levels 1 through 7.

. . No Interrupt request
Setting of three-phase output data register 0, 1 ptred
b7 b0 \\ /
T Three-phase output data register 0 -
0|00 -
| L |D|D| | | | |(addressA81e) H
Released from W-phase output / \
fixation. Setting of period of timer A3'’s carrier wave
Released from V-phase output (b15) ©8)
fixation. b7 b0 b7 b0 ) .
T Timer A3 register
Released from U-phase output | ) | (addresses 4D16, 4C16)
fixation.
W-phase output polarity set buffer L Avalue in the range from “000016" to
0: “H” output :
1:“L" output FFFF16” is set.
Clock-source-of-dead-time-timer
Seblfig bits Setting of output width of each phase of timers A0
00:f2 through A2
2 égﬁ (b15) (b8) Timer AO register
: b7 b0 b7 50 (addresses 4716, 4616)
| , Timer Al register
| 2 | | | [I] | | | 2 | Three-phase output data register 1 (addresses 4915, 4815)
olo ololo ! Timer A2 register
(address A916) (addresses 4B16, 4A16)
V-phase output polarity set buffer
2 “::',, outtputt A value in the range from “000016” to
- L outpu “FFFF16” is set.
U-phase output polarity set buffer H
0: “H” output H
1:“L” output H
O : It may be either “0” or “1.” "
\\ / Continues to the next page.

Fig. 10.3.1 Initial setting example for registers relevant to three-phase mode 0 (1)
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10.3 Three-phase mode 0O

Continued from the preceding page.

~

Internal output for stabilization of output level

|b7| | [ laf1] 1|b10| Count start register 0

(address 4016)

Starts counting in timer AO.
L—— Starts counting in timer A1.
Starts counting in timer A2.
Starts counting in timer A3.

- /

(Note that the first one-shot pulse width of timer Ai must be

Check whether the timer Ai interrupt request bit is “1” or not.
the maximum among those of timers AO through A2.)

Waiting for the dead time, which
was previously set, to elapse

O The output level is stabilized.

Three-phase waveform output is enabled.
b7
|1

— 2 Waveform output mode register
| I I | — |(addressA616)

Three-phase waveform output
is enabled.

Three-phase waveform output starts.

Fig. 10.3.2 Initial setting example for registers relevant to three-phase mode 0 (2)
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10.3 Three-phase mode 0

Timer A3 interrupt

J

/ Setting of output width of each phase of timers AO
through A2

(b15) (b8) Timer AO register
b7 bo b7 b0 (addresses 4716, 4616)
. | Timer Al register
(addresses 4916, 4816)
Timer A2 register
(addresses 4B16, 4A16)

A value in the range from “000016" to
\\ “FFFF16" is set.

~

/

Saw-tooth-wave modulation

5IIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIH

Triangular wave modulation

-

Setting of U-,V-,W-phase output polarity set buffer
: reversed

b7

~

b0

T Three-phase output
L [T T

data register 0

Bit 3 is reversed.

(address A816)

W-phase output polarity set buffer
0 : “H” output
1:“L” output

b0

Three-phase output
LI TPl

data register 1

N

(address A916)

V-phase output polarity set buffer
0 : “H” output
1:“L” output

Bits 4 and 5 are reversed. J

U-phase output polarity set buffer
0: “H” output
1:“L” output

Timer AO/A1/A2 data calculation for the next time

Interrupt processing is completed.

Fig. 10.3.3 Data-updating example in three-phase mode 0
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10.3 Three-phase mode 0O

10.3.2 Operation in three-phase wave mode 0
Figure 10.3.4 shows a triangular wave modulation output example (three-phase mode 0), and Figure 10.3.5
shows a saw-tooth-wave modulation output example (three-phase mode 0)

0 When an underflow occurs in the timer A3 counter, a timer A3 interrupt request is generated,;
simultaneously, the one-shot pulse outputs of timer AO through A2 are started. Also, the contents of
the output polarity set buffer of each phase are transferred to the output polarity set toggle flip-flop.
In the case of the saw-tooth-wave modulation output, the one-shot pulse of the dead-time timer is
output. Also, each of the positive and negative waveform outputs is not allowed to become “L" level
from “H” level until the reversed signal of the one-shot pulse output of the dead-time timer rises.

0 The contents of the output polarity set toggle flip-flop are reversed at each falling edge of the one
shot pulse output of timer A0O/A1/A2. Simultaneously, the one-shot pulse of the dead-time timer is
output.

O Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

O In the case of the triangular wave modulation output, before an underflow occurs in the timer A3
counter again, be sure to write the next data to the output polarity set buffer of each phase.

Repeat procedures from O through O for the three-phase waveform output control.

Figure 10.3.6 shows the triangular wave modulation output model (for one period), and Figure 10.3.7
shows the saw-tooth-wave modulation output model (for one period).
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10.3 Three-phase mode 0

-—-4---O
H
i

| |
| 1

Carrier wave /\N\/\
I
‘ ‘

Timer A3 interrupt request 1

Timer A3 underflow signal b2 I_I |_| I_I I_I
01 L m o1 . 01
Contents of timer AO/A1/A2
register n nz ns n4
One-shot pulse output of ‘ | [—
timer AO/AL/A2 02 Uiy 10 ne UfiOna | 1/fi 0 na
OnmooL 01 S

Contents of output polarity sed fTrfxrnz-
set toggle flip-flop o2 erre

Reversed signal of pulse I_I I_I J
output of dead-time timer 2

Contents of U/V/W output : ! \ !

polarity set buffer : ! | Transferred ! Transferred
Trans- Reversed ! 1 Rever- ! 1 Reversed
ferred !

Positive waveform output |

Negative waveform output

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2

Fig. 10.3.4 Triangular wave modulation output example (three-phase mode 0)
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10.3 Three-phase mode 0O

Carrier wave VI/I/I/

Timer A3 interrupt request ¢ 1 ¢
Timer A3 underflow signal 02 I_I |_| I_I |_|
i 01! o 01 L 01
Contents of timer AO/A1/A2 X X
. n1 n2 ns N4
register ‘ — ‘ ‘ w
One-shot pulse output of ‘ | |<—> [«—
timer AO/A]./AZ 02 1/fi : 1/fi 0 n2 1/fi0 n3 ‘1/fi Ona
PO ! | ! | i
Contents of U/V/W output : . : 1 : 1 :
polarity set buffer L : — & 1 ,‘ 1 ‘
! 'Reversed ! Reversed ! | Reversed
Contents of output polarity Trans- T Transferred Trans- Transferred
. ferred | | ferred
set toggle flip-flop 02 : o

Reversed signal of pulse - I_I I_I I_I —I I_I I_I I_I
output of dead-time timer ‘

Positive waveform output !
Negative waveform output

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2

Fig. 10.3.5 Saw-tooth wave modulation output example (three-phase mode 0)
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10.3 Three-phase mode 0

] O

Timer A2
O

Timer Al

[0 This is an interna

Note: The dead time is execute

riod)

pe

utput model (for one

Fig. 10.3.6 Triangular wave modulation o

10-24



THREE-PHASE WAVEFORM MODE
10.3 Three-phase mode 0O

Sine wave < \'%

W

Carrier wave

mmeras” [ L B

Timer A2~ e e gy u et
LS S
mimerao” | LU L

O This is an internal signal, which cannot be read from the external.

Note: The dead time is executed.

Fig. 10.3.7 Saw-tooth-wave modulation output model (for one period)
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10.4 Three-phase mode 1

10.4 Three-phase mode 1

10.4.1 Setting for three-phase mode 1

In the triangular wave modulation, three-phase mode 1 is more efficiently controllable than three-phase
mode 0. Therefore, three-phase mode 1 can mitigates the software’s load.

Figure 10.4.1 and Figure 10.4.2 show an initial setting example of registers relevant to three-phase mode
1, and Figure 10.4.3 shows a data-updating example in three-phase mode 1.

Note that the initial output level at the three-phase waveform output pin is undefined. Be sure to start the
three-phase waveform output (in other words, the waveform output is enabled.) after the output level at the
three-phase waveform output pin is stabilized.
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10.4 Three-phase mode 1

{

Timers A0 through A3 are inactive.

Setting of timers A0 through A2 to one-shot pulse mode
b7

L Count start register 0 . . b0
[ . lofs,1ofs,0]

b0
LTT1 |O|0|0|O|(addre554016)

Stops counting in timer AQ.
Stops counting in timer AL.
Stops counting in timer A2.
Stops counting in timer A3.

Timer AO/A1/A2 mode register
(addresses 5616 to 5816)

‘ ‘ Count source select bits
(See Table 7.2.3.)

Setting of timer A3 to timer mode
b7

bo . .
[ Tololelelo ol e 3+

Setting of waveform output mode register

L — Waveform output mode register
|0|l|D| 1| |1.0.0| (address A616)

% Three-phase mode 1
Three-phase output polarity

set buffer (Note)
0 : “H” output
1:“L" output

Dead-time timer trigger

Count source select bits
(See Table 7.2.3.)

Setting of timer AO/A1/A2/A3 interrupt request to “disabled”

select bit b7 b0
X T Timer AO/A1/A2/A3 interrupt
Fallllng edge of one-shot | | | | | 0 | 0,00 | control register P
pulse

(addresses 7516 to 7816)

Waveform output is disabled.

Interrupt disabled
No Interrupt request

O : It may be either “0” or “1.”

Setting of dead-time timer

|b7 bol Dead-time timer :
(address A716)
Setting of timer A3 carrier wave's period
Avalue in the range from “0016” to “FF16”
. (b15) (b8)
is set. o7

Timer A3 register

b0 b7 b0
| (addresses 4D16, 4C16)

Avalue in the range from “000016" to

Setting of three-phase output data register 0, 1 “FFFF16" is set.

Three-phase output data register 0

b7 b0
[ - Tolofolo] 0|0|(addressA816)

Setting of output width of each phase of timers AO

through A2

?elsased from W-phase output ®15) ©8) Timer AO register
Ixation. b7 b0 b7 0 (addresses 4716, 4616)
Released from V-phase output | Timer Al register
fixation. (addresses 4916, 4816)
Released from U-phase output Timer A2 register
fixation. (addresses 4B16, 4A16)
Clock-source-of-dead-time-timer Timer AO1 register

select bits (addresses D116, D016)
b7 b6 Timer Al1 register
00:f2 (addresses D316, D216)
0 1:f/2 Timer A21 register
1 0:f2/4 (addresses D516, D416)
b7 b0 Avalue in the range from “000016” to
Three-phase output data register 1 “FFFF16" is set.
|D|D | | |D|D|D |D| (address A916)

Interrupt request interval set bit
0 : Every second time
1: Every forth time

Internal output for stabilization of output level

|b7| | | |1|1|1|T|Countstanregister0

(address 4016)

Interrupt validity output select bit
0 : At each even-numbered
underflow of timer A3
1: At each odd-numbered
underflow of timer A3

Starts counting in timer AO.
Starts counting in timer Al.
Starts counting in timer A2.
Starts counting in timer A3.

0 : It may be either “0" or “1.”

Continues to the next page.

Note: The contents of the three-phase output polarity set buffer
are reversed once before the output level is stabilized.
Therefore, at this time, be sure to set the reversed level of
the level which the user desires to output.

Fig. 10.4.1 Initial setting example for registers relevant to three-phase mode 1 (1)
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10.4 Three-phase mode 1

Continued from the preceding page.

(Note that the first one-shot pulse width of timer Ai must be
the maximum among those of timers A0 through A2.)

Waiting for the dead time, which
was previously set, to elapse

0 The output level is stabilized.

\

Check whether the timer Ai interrupt request bit is “1” or not

Setting of timer A3 interrupt priority level

b7 bo
| | | | |0| T |TimerA3interruptcontr0|

L register (address 7816)
uJ—Timer A3 interrupt priority level

Set to one of levels 1 through 7.

No interrupt request

- /

Three-phase waveform output is enabled.

|b17| | | | | T .b°| Waveform output mode register

(address A616)

Three-phase waveform output
is enabled.

Three-phase waveform output starts.

Fig. 10.4.2 Initial setting example for registers relevant to three-phase mode 1 (2)
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10.4 Three-phase mode 1

Timer A3 interrupt

J

/ Setting of output width of each phase of timers AO \

through A2
(bb15) (b8) Timer AO register
7

b0 b7 b0
T

(addresses 4716, 4616)
Timer Al register
(addresses 4916, 4816)
Timer A2 register
(addresses 4B16, 4A16)
Timer AO1 register
(addresses D116, D016)
Timer Al1 register
(addresses D316, D216)
Timer A21 register
(addresses D516, D416)

—— Avalue in the range from “000016" to

\\ “FFFF16” is set. /

Timer AO/A1/A2 data calculation for the next time

Interrupt processing is completed.

Fig. 10.4.3 Data-updating example in three-phase mode 1
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10.4 Three-phase mode 1

10.4.2 Operation in three-phase mode 1
Figure 10.4.4 shows a triangular wave modulation output example (three-phase mode 1).

0 When an underflow occurs in the timer A3 counter, a timer A3 interrupt request is generated;
simultaneously, the one-shot pulse outputs of timers AO through A2 are started. Also, the contents
of the three-phase output polarity set buffer are transferred to the output polarity set toggle flip-flop,
and then, the contents of the three-phase output polarity set buffer are reversed.

0 The contents of the output polarity set toggle flip-flop are reversed at each falling edge of the one-
shot pulse output of timer AO/A1/A2. Simultaneously, the one-shot pulse of the dead-time timer is
output.

0 Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

Repeat procedures from O through O for the three-phase waveform output control.

In the case of three-phase mode 1, the value of timer Ai (i = O through 2) and the value of timer Ai. are
counted alternately. Immediately after the count start in timer Ai, however, the value of the timer Ai register
is counted twice in succession. (It is a limitation to the case immediately after the count start in timer Ai.)
At this time, the timer Ai’s one-shot pulse becomes the same length twice in succession, also. Figure
10.4.5 shows an output example at start of three-phase mode 1.

For the triangular wave modulation output model (for one period), see Figure 10.3.6.
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10.4 Three-phase mode 1

Carrier wave
Timer A3 interrupt request
Timer A3 underflow signal o2

Contents of timer AO/A1/A2
register

Contents of timer A01/A11/A21
register

One-shot pulse output of
timer AO/A1/A2 H2

Contents of three-phase
output polarity set buffer

Contents of output polarity
set toggle flip-flop 02

Reversed signal of pulse
output of dead-time timer

Positive waveform output

Negative waveform output

L1 . L o1 1 Ikt | L
ni ns X ns nz no
o1 Rk | L D1 ; uj!
n2 X n4 X ne X ns X nio
1/f 171y UfOna W | 16y 1 oy |1
- . O0m » Ona Ons; A On7 —

Rever-, |
sed | |

Transferred |

Rever-
sed ‘ sed sed

I A [ T

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2
This applies under the following conditions:

« Timer A3 interrupt request: every second time
* Timer A3 interrupt validity output: even-numbered underflow in time A3

Fig. 10.4.4 Triangular wave modulation output example (three-phase mode 1)
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10.4 Three-phase mode 1

Carrier wave

Timer AO/A1/A2/A3 count start bit

Timer A3 interrupt request

Timer A3 underflow signal 02

Contents of timer AO/A1/A2
register

Contents of timer AO1/A11/A21
register

One-shot pulse output of
timer AO/A1/A2

Contents of three-phase
output polarity set buffer

Contents of output polarity
set toggle flip-flop

Reversed signal of pulse

. ) 02
output of dead-time timer

Positive waveform output

Negative waveform output

w oL D1 D1
ni X ns3 X ns
! o1 o1 | Lo

TR TR GRS

[<—>]
|1/fi O n1 1/fi 0 na 1/fi

1/fi 0 n3 i 1/fi i 1/fi

O n2 | |  Ona | ‘Dns‘

|
Reversed | Reversed | [oover
\ ! | i

Undefined | | | |'
1wl

01 : Written by software
02 : This is an internal signal, which cannot be read from the external.

fi: Count source of timer AO/A1/A2
This applies under the following conditions:

« Timer A3 interrupt request: every second time
« Timer A3 interrupt validity output: even-numbered underflow in time A3

Fig. 10.4.5 Output example at start of three-phase mode 1
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10.5 Three-phase waveform output fixation

10.5 Three-phase waveform output fixation

In the three-phase waveform output, by setting of the U/V/W-phase output fix bit (bits 2 through 0 at address
A816) to “1,” the output level of each phase can be fixed. The output level to be fixed (positive phase) is set
by the U/V/W-phase fixed output’s polarity set bit (bits 2 through 0 at address A9is); in the case of the
negative phase, the output level is fixed to the reversed level.

The U/V/W-phase output fix bit serves synchronously with a timer A3 interrupt request.

While the fixed level is output, be sure not to change the value of the U/V/W-phase fixed output’s polarity
set bit (bits 2 through 0 at address A9:s).

Figure 10.5.1 shows a triangular wave modulation output example using the U/V/W-phase output fix bit
(three-phase mode 1).

O By software, set the following bits:
« the U/V/W-phase output fix bit (bits 2 through 0 at address A8ie)
» the U/V/W-phase fixed output’s polarity set bit (bits 2 through 0 at address A91s)

O The contents of the above bits become valid synchronously with the next timer A3 interrupt request, and
then, the output level of the positive waveform is fixed to the level which was set by the U/V/W-phase
fixed output’s polarity set bit. In the case of the negative phase, the output level is fixed to the reversed
level.

0 Each of the positive and negative waveform outputs is not allowed to become “L” level from “H” level
until the reversed signal of the one-shot pulse output of the dead-time timer rises.

0 The output fixation is also terminated synchronous with a timer A3 interrupt request.
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10.5 Three-phase waveform output fixation

| i i

| | I

: | |

. T 0 T
Carrier wave /\/\/\/\

| | I

! ' I

| I I

Timer A3 interrupt request

— 1

Timer A3 underflow signal 02

| <
H1--------------/-----0O

=
]
=
O
=

Contents of timer AO/A1/A2
register ‘

><

01
ns ns X nz X no
01

P01 ; L 01 | L 01 | |
Contents of timer AO1/A11/A21 nz X na X ne X ne nio
register ! ; T : : ; 1

Dol i 01
U/V/W-phase output fix bit 1

) Do | s | 1 | |

U/V/W-phase fixed output’s 1 ! N ! \ ! :
polarity set bit ! ! : ! :
One-shot pulse output of “m x5 < > «—M |<—M <—L
. i i 11/fi i i /fi 1/i
timer AO/A1/A2 R u M0 na ‘ y |10y .

Contents of three-phase
output polarity set buffer

Transferred !

|
H ! I
- [Rever- |Rever- ) -1 Trans-[eever-
ferred  [geq sed

Reversed signal of pulse ., I_I ‘ I_I I_I I_I I_I I_I |—|7
output of dead-time timer T

Positive waveform output [
Negative waveform output

01 : Written by software
2 : This is an internal signal, which cannot be read from the external.

Contents of output polarity Trans-
set toggle flip-flop 02

fi: Count source of timer AO/A1/A2

This applies under the following conditions:
« Timer A3 interrupt request: every second time
« Timer A3 interrupt validity output: every even-numbered underflow in time A3

Fig. 10.5.1 Triangular wave modulation output example using U/V/W-phase output fix bit (three-phase mode 1)
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10.6 Position-data-retain function

10.6 Position-data-retain function

This function is used to retain the position data synchronously with the three-phase waveform output; and
there are three position-data input pins for the U, V, and W phases.

A trigger to retain the position data (hereafter, this trigger is referred to as “retain trigger.”) can be selected
by the retain-trigger polarity select bit (bit 3 at address AAuie); this bits selects the falling edge of each
positive phase or rising edge of one.

10.6.1 Operation of position-data-retain function
Figure 10.6.1 shows a usage example of the position-data-retain function (U phase) when a retain trigger
is the falling edge of the positive signal.

O At the falling edge of the U-phase waveform output, the state at pin IDU is transferred to the U-phase
position data retain bit (bit 2 at address AAus).
O Until the next falling edge of the U-phase waveform output, the above value is retained.

Carrier wave

U-phase waveform output

N-- O
R W

U-phase waveform output J

|

|

!

T

|

|

|

|

|

|
N

|

|

|

DTransferred D Transferred

Transferred Transferred

Pin IDU

U-phase position data retain bit
(bit 2 at address AA16)

Note: The retain trigger is the falling edge of the positive signal.

Fig. 10.6.1 Usage example of position-data-retain function (U phase)

7906 Group User's Manual Rev.2.0 10-35



THREE-PHASE WAVEFORM MODE

[Precautions for three-phase waveform mode]

[Precautions for three-phase waveform mode]

1. When using the three-phase waveform mode, be sure to fix the waveform output select bits (bits 2 to 0
at address A61s) to “1002,” and then, set the relevant registers.
When not using the pulse output port mode and three-phase waveform mode, be sure to fix the waveform
output select bits (bits 2 through 0 at address A61s) to “0002.”

2. When not inactivating the three-phase waveform output by using a falling edge input to pin P60UTcur,
be sure to connect pin P60UTcur to Vcc via a resistor.

3. While the fixed level is output, be sure not to change the value of the U/V/W-phase fixed output’s polarity
set bit (bits 2 through O at address A9ss).
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SERIAL 1/O

11.1 Overview

11.1 Overview

Serial 1/0 consists of 2 channels: UARTO and UART1. They each have a transfer clock generating timer for
the exclusive use of them and can operate independently.

UARTI (i = 0 and 1) has the following 2 operating modes:

(1) Clock synchronous serial 1/O0 mode
Transmitter and receiver use the same clock as the transfer clock. Transfer data has a length of 8
bits.

(2) Clock asynchronous serial I/O (UART) mode
Transfer rate and transfer data format can arbitrarily be set. The user can select one transfer data

length from the following: 7 bits, 8 bits, and 9 bits.

Figure 11.1.1 shows the transfer data formats in each operating mode.

e Clock synchronous serial 1/0 mode—|: Transfer data length of 8 bits (LSB first)
Transfer data length of 8 bits (MSB first)

¢ UART mode Transfer data length of 7 bits
—— Transfer data length of 8 bits
—— Transfer data length of 9 bits

Fig. 11.1.1 Transfer data formats in each operating mode
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11.2 Block description

11.2 Block description

Figure 11.2.1 shows the block diagram of serial 1/0. Registers relevant to serial 1/0O are described below.

RxDi O

Data bus (odd)

Data bus (even)

|0| O| 0| 0 | 0 ‘ [o] ‘ O|D8||D7‘D6|D5|D4|D3|D2‘Dl‘DO|

UARTI receive
buffer register

| UARTI receive register |

A
BFltG cg_unt source Receive Transfer clock
select bits Clock o ! control circuit
f2 o BRGi synchronous i
fise —O \o—o [ L
foa —o 1/(n+1) 1/1 UART o :
M . Transmit control Transfer clock
fs12 ———o Clock o circuit
synchronous

Clock synchronous
(internal clock selected)
o)

| UARTI transmit register |—OTXDi

UARTI transmit
buffer register

0
Clock synchronous
(external clock selected)

Clock synchronous
(internal clock selected)

D7

D6 |Ds | Da

D2| D1|Do

D3
o CLKi

T3
CTSICLKi O—o

— Data bus (odd)
CTSi I |

Data bus (even)

CTSIRTSi O

n: Values set in UARTI baud rate register (BRGi)

Fig. 11.2.1 Block diagram of serial I/O
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11.2 Block description

11.2.1 UARTI transmit/receive mode register
Figure 11.2.2 shows the structure of UARTI transmit/receive mode register.

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive mode register (Address 301s) L
UARTL1 transmit/receive mode register (Address 38is) L

Bit Bit name Function At reset| R/W
H H b2 b1b0
0 Serial /0 mode select bits 000 : Serial /0 is invalid. 0 RW
(P1 functions as a programmable 1/O port.)
00 1: Clock synchronous serial I/O mode
1 010: 0 RW
011 } Do not select.
10 0: UART mode (Transfer data length = 7 bits)
5 101 : UART mode (Transfer data length = 8 hits) 0 RW
11 0: UART mode (Transfer data length = 9 bits)
11 1: Do not select.
3 Internal/External clock select bit | O : Internal clock 0 RW
1 : External clock
4 Stop bit length select bit 0 : One stop bit 0 RW
(Valid in UART mode)  (Note) | 1: Two stop bits
5 Odd/Even parity select bit 0 : Odd parity 0 RW
(Valid in UART mode when parity | 1 : Even parity
enable bit = “1.”) (Note)
6 Parity enable bit 0 : Parity disabled 0 RW
(Valid in UART mode)  (Note) | 1 : Parity enabled
7 |Sleep select bit 0 : Sleep mode terminated (Invalid) 0 RW
(valid in UART mode)  (Note) | 1 : Sleep mode selected

Note: Bits 4 to 6 are invalid in the clock synchronous serial I/O mode. (They may be either “0” or “1.”) Additionally, fix bit 7 to “0.”

Fig. 11.2.2 Structure of UARTI transmit/receive mode register

11-4 7906 Group User's Manual Rev.2.0



(1)

(2)

(3

(4)

SERIAL 1/O

11.2 Block description

Serial 1/0 mode select bits (bits 0 to 2)
These bits select a UARTI’'s operating mode.

Internal/External clock select bit (bit 3)

m Clock synchronous serial 1/O mode

By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3415, 3C1s) becomes the count source of
the BRGi. (Refer to section “11.2.6 UARTIi baud rate register (BRGi).”) The BRGi’s output
divided by 2 becomes the transfer clock. Additionally, the transfer clock is output from the CLKi
pin.

By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the transfer clock.

m UART mode
By clearing this bit to “0” in order to select an internal clock, the clock which is selected with the
BRG count source select bits (bits 0 and 1 at addresses 3415, 3C1s) becomes the count source of
the BRGi. (Refer to section “11.2.6 UARTIi baud rate register (BRGi).”) Then, the CLKi pin
functions as a programmable I/O port pin.
By setting this bit to “1” in order to select an external clock, the clock input to the CLKi pin
becomes the count source of BRGi.
Always in the UART mode, the BRGi's output divided by 16 becomes the transfer clock.

Stop bit length select bit, Odd/Even parity select bit, Parity enable bit (bits 4 to 6)
Refer to section “11.4.2 Transfer data format.”

Sleep select bit (bit 7)
Refer to section “11.4.8 Sleep mode.”
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11.2 Block description

11.2.2 UARTI transmit/receive control register 0
Figure 11.2.3 shows the structure of UARTI transmit/receive control register 0.

UARTO transmit/receive control register (Address 34s)
UARTL1 transmit/receive control register (Address 3Cise)

b7 b6 b5 b4 b3 b2 bl bo
1

(This bit is used in the clock
synchronous serial I/O mode.)
(Note 2)

: MSB (Most Significant Bit) first

Bit Bit name Function At reset| R/W
: bl b0
0 BRG count source select bits 00 : Clock f 0 RW
0 1: Clock fis
1 10 : Clock fea 0 RW
11 : Clock fsi2
2 CTS/RTS function select bit 0 : The CTS function is selected. 0 RW
(Note 1) 1: The RTS function is selected.
3 | Transmit register empty flag 0 : Data is present in the transmit register. 1 RO
(Transmission is in progress.)
1: No data is present in the transmit register.
(Transmission is completed.)
4 |CTS/RTS enable bit 0 : The CTS/RTS function is enabled. 0 Rw
1: The CTS/RTS function is disabled.
5 UARTI receive interrupt mode | O : Reception interrupt 0 RW
select bit 1 : Reception error interrupt
6 |CLK polarity select bit 0 : At the falling edge of the transfer clock, transmit 0 Rw
(This bit is used in the clock data is output; at the rising edge of the transfer
synchronous serial /0 mode.) clock, receive data is input.
(Note 2) When not in transferring, pin CLKi's level is “H.”
1: At the falling edge of the transfer clock, transmit
data is output; at the falling edge of the transfer
clock, receive data is input.
When not in transferring, pin CLKi's level is “L.”
7 Transfer format select bit 0 : LSB (Least Significant Bit) first 0 RW

Notes 1: Valid when the CTS/RTS enable bit (bit 4) is “0” and CTSI/RTSi separate select bit (bit 0 or 1 at address ACus) is “0.”
2: Fix these bits to “0” in the UART mode or when serial I/O is disabled.

Fig. 11.2.3 Structure of UARTI transmit/receive control register O
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11.2 Block description

(1) BRG count source select bits (bits 0 and 1)
Refer to section “11.2.1 (2) Internal/External clock select bit.”

(2) CTS/RTS function select bit (bit 2)
Refer to section “11.2.10 CTS/RTS function.”

(3) Transmit register empty flag (bit 3)
This flag is cleared to “0” when the UARTI transmit buffer register’'s contents have been transferred
to the UARTI transmit register. When transmission has been completed and the UARTI transmit
register becomes empty, this flag is set to “1.”

(4) CTS/RTS enable bit (bit 4)
Refer to section “11.2.10 CTS/RTS function.”

(5) UARTI receive interrupt mode select bit (bit 5)
Refer to section “11.2.7 (2) Interrupt request bit.”

(6) CLK polarity select bit (bit 6)
Refer to section “11.3.1 (3) Polarity of transfer clock.”

(7) Transfer format select bit (bit 7)
Refer to section “11.3.2 Transfer data format.”
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11.2 Block description

11.2.3 UARTI transmit/receive control register 1
Figure 11.2.4 shows the structure of UARTI transmit/receive control register 1.

b7 b6 b5 b4 b3 b2 bl b0

UARTO transmit/receive control register 1 (Address 351s)
UART1 transmit/receive control register 1 (Address 3Das)

Bit Bit name Function At reset| R/W

0 Transmit enable bit 0 : Transmission disabled 0 RW
1: Transmission enabled
1 Transmit buffer empty flag 0 : Data is present in the transmit buffer register 1 RO
1: No data is present in the transmit buffer register
2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled
3 Receive complete flag 0 : No data is present in the receive buffer register 0 RO
1: Data is present in the receive buffer register
4 Overrun error flag 0 : No overrun error 0 RO
1: Overrun error detected
5 Framing error flag (Note) | 0 : No framing error 0 RO
(Valid in UART mode) 1: Framing error detected
6 Parity error flag (Note) | 0 : No parity error 0 RO
(Valid in UART mode) 1: Parity error detected
7 Error sum flag (Note) | O : No error 0 RO
1

. Error detected

(Valid in UART mode)

Note: Bits 5 to 7 are invalid in the clock synchronous serial I/O mode.

Fig. 11.2.4 Structure of UARTI transmit/receive control register 1
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11.2 Block descrigtion

(1)

(2)

(3)

(4)

(5)

(6)

Transmit enable bit (bit 0)

By setting this bit to “1,” UARTI enters the transmission-enabled state. By clearing this bit to “0”
during transmission, UARTI enters the transmission-disabled state after the transmission which was
in progress at that time is completed.

Transmit buffer empty flag (bit 1)

This flag is set to “1” when data set in the UARTI transmit buffer register has been transferred from
the UARTI transmit buffer register to the UARTI transmit register. This flag is cleared to “0” when data
has been set in the UARTI transmit buffer register.

Receive enable bit (bit 2)
By setting this bit to “1,” UARTI enters the reception-enabled state. By clearing this bit to “0” during
reception, UARTI quits the reception immediately and enters the reception-disabled state.

Receive complete flag (bit 3)

This flag is set to “1” when data has been ready in the UARTI receive register and that has been
transferred to the UARTI receive buffer register (i.e., when reception is completed). This flag is
cleared to “0” in one of the following cases:

* When the low-order byte of the UARTI receive buffer register has been read out

* When the receive enable bit (bit 2) has been cleared to “0”

Overrun error flag (bit 4)
Refer to section “11.3.7 Processing on detecting overrun error” and “11.4.7 Processing on
detecting error.”

Framing error flag, Parity error flag, Error sum flag (bits 5 to 7)
Refer to section “11.4.7 Processing on detecting error.”
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11.2 Block description

11.2.4 UARTI transmit register and UARTI transmit buffer register
Figure 11.2.5 shows the block diagram for the transmitter; Figure 11.2.6 shows the structure of UARTI
transmit buffer register.

Data bus (odd)

Data bus (even)

| Ds| | D7 | Ds| Ds | De|Ds| D2 Dif Do piferieanernt

|

8-bit UART

SP : Stop bit
PAR : Parity bit

7-bit UART X
. 9-bit UART | 9-Dit UART
Parity Clock sync. Clock sync.
2p enabled UART
o° ) O N TXD|
1sp disabed | Clock sync. 8-bit UART 7-bit UART UARTI transmit register
0
Fig. 11.2.5 Block diagram for transmitter
(b15) (b8)
) ) b7 b0 b7 b0
UARTO transmit buffer register (Addresses 331, 3215) T
UART1 transmit buffer register (Addresses 3Bis, 3Aus) 1
Bit Function At reset| R/W
8to 0 | Transmit data is set. Undefined] WO
15 to 9 | Nothing is assigned. Undefined] —

Note: Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

Fig. 11.2.6 Structure of UARTI transmit buffer register
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11.2 Block description

Transmit data is set into the UARTI transmit buffer register. Set the transmit data into the low-order byte
of this register when the microcomputer operates in the clock synchronous serial I/0 mode or when a 7-
bit or 8-bit length of transfer data is selected in the UART mode. When a 9-bit length of transfer data is
selected in the UART mode, set the transmit data into the UARTI transmit buffer register as follows:
*Bit 8 of the transmit data into bit 0 of high-order byte of this register.

*Bits 7 to 0 of the transmit data into the low-order byte of this register.

The transmit data which has been set in the UARTI transmit buffer register is transferred to the UARTI
transmit register when the transmission conditions are satisfied, and then it is output from the TxDi pin
synchronously with the transfer clock. The UARTI transmit buffer register becomes empty when the data
set in the UARTI transmit buffer register has been transferred to the UARTI transmit register. Accordingly,
the user can set the next transmit data.

When the “MSB first” is selected in the clock synchronous serial I/0 mode, bit position of set data is
reversed, and then the data of which bit position was reversed will be written, as a transmit data, into the
UARTI transmit buffer register. (Refer to section “11.3.2 Transfer data format.”) Transmit operation itself
is the same whichever format is selected, “LSB first” or “MSB first.”

When quitting the transmission which is in progress and setting the UARTI transmit buffer register again,
follow the procedure described bellow:

O Clear the serial I/0 mode select bits (bits 2 to 0 at addresses 3016, 3816) to “0002" (serial 1/0 disabled).

O Set the serial /0 mode select bits again.

O Set the transmit enable bit (bit 0 at addresses 3516, 3D16) to “1” (transmission enabled) and set transmit
data in the UARTI transmit buffer register.
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11.2 Block description

11.2.5 UARTI receive register and UARTI receive buffer register

Figure 11.2.7 shows the block diagram of the receiver; Figure 11.2.8 shows the structure of UARTI receive

buffer register.

Data bus (odd)

ﬁ

Data bus (even)

[oJolofofofo]o]ons

|D7|D6|D5|D4|D3|D2|D1|D0|

SP - Stop -bit f 8-bit UART
PAR : Parity bit patit 9-bit UART
ity ;
enabled 9-bit UART Clock sync.
) 2sp . UART
RxDi O——¢{s¢] oo sehfeae] Dot
1spP sg!%lled Clock sync. ;_E?l 322$
-bit
Clock sync.

7-bit UART

UARTI receive register

UARTI receive
buffer register

Fig. 11.2.7 Block diagram of receiver

(b8)

(b15)
. : b7 b0 b7 b0
UARTO receive buffer register (Addresses 37, 3616) T
UART1 receive buffer register (Addresses 3Fis, 3Ezs) 1
Bit Function Atreset| R/W
810 0 | Receive data is read out from here. Undefined] RO
0 —

15to 9 | The value is “0” at reading.

Fig. 11.2.8 Structure of UARTI receive buffer register
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11.2 Block description

The UARTI receive register is used to convert serial data, which is input to the RxDi pin, into parallel data.
This register takes in the signal input to the RxDi pin, bit by bit, synchronously with the transfer clock.
The UARTI receive buffer register is used to read out receive data. When reception has been completed,
the receive data taken in the UARTI receive register is automatically transferred to the UARTI receive
buffer register. Note that the contents of the UARTI receive buffer register is updated when the next data
has been ready in the UARTI receive register before the data transferred to the UARTI receive buffer
register is read out. (i.e., an overrun error occurs.)

When “MSB first” is selected in the clock synchronous serial 1/O mode, bit position of data in the UARTI
receive buffer register is reversed, and then the data of which bit position was reversed will be read out
as receive data. (Refer to section “11.3.2 Transfer data format.”) Receive operation itself is the same
whichever format is selected, “LSB first” or “MSB first.”

The UARTI receive buffer register is initialized by setting the receive enable bit (bit 2 at addresses 35zs,
3Ds1s6) to “1” after clearing it to “0.”

Figure 11.2.9 shows the contents of the UARTI receive buffer register at reception completed.

High-order byte Low-order byte
(addresses 3716, 3F16) , (addresses 3616, 3E16)
b7 bo 1 b7 bo

UART mode

(Transfer data length : 9 bits) | 0 | 0 | 0 | 0 l 0 l 0 l 0 l |

Receive data (9 bits)
Clock synchronous

serial 1/0 mode,

UART mode |0|0|0|0|0|°|0| |
(Transfer data length : 8 bits) Same value as bit ' ] ]

7 in low-order byte . Receive data (8 hits)
UART mode '

(Transfer data length : 7 bits) | 0 | 0 | 0 | 0 l 0 l 0 l 0 I | |

Same value as bit ] ]
6 in low-order byte Receive data (7 bits)

Fig. 11.2.9 Contents of UARTI receive buffer register at reception completed
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11.2.6 UARTI baud rate register (BRGi)

The UARTI baud rate register (BRGi) is an 8-bit timer exclusively used for UARTI to generate a transfer
clock. It has a reload register. Assuming that the value set in the BRGi is “n” (n = “001” to “FF16”), the BRGi
divides the count source frequency by (n + 1).

In the clock synchronous serial /O mode, the BRGi is valid when an internal clock is selected, and the
BRGi’'s output divided by 2 becomes the transfer clock. In the UART mode, the BRGi is always valid, and
the BRGi’'s output divided by 16 becomes the transfer clock.

The data written to the BRGi is written to both the timer and the reload register whichever transmission/
reception is in progress or not. Accordingly, writing to these register must be performed while transmission/
reception halts.

Figure 11.2.10 shows the structure of the UARTI baud rate register (BRGi); Figure 11.2.11 shows the block
diagram of transfer clock generating section.

b7 b0
UARTO baud rate register (BRGO) (Address 311s)
UARTL1 baud rate register (BRG1) (Address 39:1)
Bit Function Atreset| R/W
7100 Any value in the range from “0016” to “FF16” can be set. Undefined] WO
Assuming that the set value = n, BRGi divides the count source frequency by (n + 1).

Note: Writing to this register must be performed while the transmission/reception halts.
Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

Fig. 11.2.10 Structure of UARTI baud rate register (BRGi)

<Clock synchronous serial I/O mode>

fi BRGi —— . .
o Transfer clock for transmit operation
(O | Receive control circuit | ————== Transfer clock for receive operation

fext

<UART mode>

Transmit control circuit

1/16—— Receive convrol circuit | Transfer clock for receive operation

Transfer clock for transmit operation

fi : Clock selected by BRG count source select bits (f2, fis, fe4, or fs12)
fext : Clock input to CLKi pin (external clock)

Fig. 11.2.11 Block diagram of transfer clock generating section
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11.2.7 UARTI transmit interrupt control and UARTI receive interrupt control registers

When using UARTI, 2 types of interrupts (UARTI transmit and UARTI receive interrupts) can be used. Each
interrupt has its corresponding interrupt control register. Figure 11.2.12 shows the structure of UARTI
transmit interrupt control and UARTI receive interrupt control registers.

For details about these interrupts, refer to “CHAPTER 6. INTERRUPTS.”

For the UARTI receive interrupt, a receive or receive error interrupt can be selected by the UARTI receive
interrupt mode selected bit (bit 5 at addresses 3415, 3Cuis).

UARTO transmit interrupt control register (Address 711s)

UARTO receive interrupt control register (Address 721s)

UARTL1 transmit interrupt control register (Address 7316) b7 b6 bS b4 b3 b2 bl b0
UARTL1 receive interrupt control register (Address 741s)

Bit Bit name Function Atreset| R/W
iori i b2 b1b0
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010:Level2
t 011:Level3 0 RW
100:Level 4
101:Level5
2 110: Level 6 0 | RW
111:Level7
3 Interrupt request bit 0 : No interrupt requested 0 RW
1 : Interrupt requested (Note)
7 to 4 | Nothing is assigned. Undefined, —

Note: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 11.2.12 Structure of UARTI transmit interrupt control and UARTI receive interrupt control registers
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(1)

(2)

Interrupt priority level select bits (bits 0 to 2)

These bits select a priority level of the UARTI transmit interrupt or UARTI receive interrupt. When
using UARTI transmit/receive interrupts, select one of the priority levels (1 to 7). When a UARTI
transmit/receive interrupt request occurs, its priority level is compared with the processor interrupt
priority level (IPL). The requested interrupt is enabled only when its priority level is higher than the
IPL. (However, this applies when the interrupt disable flag (I) = “0.”) To disable UARTi transmit/
receive interrupts, be sure to set these bits to “0002" (level 0).

Interrupt request bit (bit 3)

The UARTI transmit interrupt request bit is set to “1” when data has been transferred from the UARTI
transmit buffer register to the UARTI transmit register.

The UARTI receive interrupt request bit functions as below:

m When receive interrupt is selected (bit 5 = 0 at addresses 3415, 3Cis)
The UARTI receive interrupt request bit is set to “1” when data has been transferred from the
UARTI receive register to the UARTI receive buffer register.
(However, the UARTI receive interrupt request bit does not change when an overrun error has
occurred.)

m When receive error interrupt is selected (bit 5 = 1 at addresses 3416, 3Cis)
The UARTI receive interrupt request bit is set to “1” when an error (an overrun error in the clock
synchronous serial /O mode; an overrun error, framing error, or parity error in UART mode) has
occurred.

Each interrupt request bit is automatically cleared to “0” when its corresponding interrupt request has
been accepted. This bit can be set to “1” or cleared to “0” by software.

11-16
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11.2.8 Serial 1/O pin control register
Figure 11.2.13 shows the structure of the seral I/O pin control register.

Serial I/O pin control register (Address ACus)

b7 b6 b5 b4 b3 b2 bl b0
T

Bit Bit name Function At reset| R/W
0 CTSo/RTSo separate select bit | 0 : CTSo/RTSo are used together. 0 RW
1: CTSo/RTSo are separated.
(Note)
1 CTS1/RTS: separate select bit | 0: CTS:/RTS: are used together. 0 RW
1: CTS4/RTS: are separated.
(Note)
2 TxDo/P1s switch bit 0 : Functions as TxDo. 0 RW
1 : Functions as P1s.
3 TxD1/P17 switch bit 0 : Functions as TxDx. 0 RW
1: Functions as P1-.
7to4 | The value is “0" at reading. 0 =

Note: Valid when the CTS/RTS enable bit (bit 4 at addresses 3415 and 3Cas) is “0.”

Fig. 11.2.13 Structure of serial 1/O pin control register

(1) CTSo/RTSo separate select bit (bit 0)
Refer to section “11.2.10 CTS/RTS function.”

(2) CTS:/RTS: separate select bit (bit 1)
Refer to section “11.2.10 CTS/RTS function.”

(3) TxDo/P1s switch bit (bit 2)
When this bit is set to “1,” the TxDo pin functions as a programmable 1/O port pin (P1s). When only
reception is performed, the TxDo pin can be used as the P1s pin. When performing transmission, be
sure to clear this bit to “0.”

(4) TxDi/P1l7 switch bit (bit 3)
When this bit is set to “1,” the TxD: pin functions as a programmable 1/O port pin (P17). When only
reception is performed, the TxD1 pin can be used as the P17 pin. When preforming transmission, be
sure to clear this bit to “0.”

7906 Group User's Manual Rev.2.0

11-17



SERIAL 1/O

11.2 Block description

11.2.9 Port P8 direction register

I/0 pins for serial I/O are multiplexed with port P1 pins. When using pins P11, P12, P1s, and Pls as serial
I/0’s input pins (CTSi, RxDi), clear the corresponding bits of the port P1 direction register to “0” in order
to set these pins for the input mode. When using these pins as other serial 1/0’s pins (CTS/RTS;, CLK;,
TxDi), these pins are forcibly set as 1/O pins for serial 1/0 regardless of the port P8 direction register’s
contents. Figure 11.2.14 shows the relationship between the port P1 direction register and serial 1/O’s
I/0 pins. For details, refer to the description of each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

Port P1 direction register (Address 51s)

Bit Corresponding pin name Function Atreset | R/W
0 | Pin CTSo/RTSo 0 : Input mode 0 RW
1 Pin CTSo/CLKo 1 : Output mode 0 RW
2 Pin RxDo When using pins P11, P12, P1s, and P1s as serial 0 RW
3 Pin TxDo I/0’s input pins (CTSo, RxDo, CTS1, RxDs), clear 0 RW
4 Pin CTS1/RTS: the corresponding bits to “0.” 0 RW
5 | Pin CTSW/CLK: 0 RW
6 Pin RxD1 0 RW
7 Pin TxD1 0 RW

Fig. 11.2.14 Relationship between port P1 direction register and serial 1/0’s I/O pins
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11.2.10 CTS/RTS function

When the CTS function is selected, the signal input to the CTSi pin must be at “L” level. (This is one of
the transmit conditions.)

When the RTS function is selected, the RTSi pin outputs the following signals:

(1)

(2)

Clock synchronous serial I/O mode

When the receive enable bit (bit 2 at addresses 3515, 3D1s) = “0” (reception disabled), the RTSi pin
outputs “H” level.

When the receive enable bit = “0” (reception disabled), the RTSi pin outputs “L” level by setting the
receive enable bit to “1,” or by reading the low-order byte of the UARTI receive buffer register.
When the receive enable bit = “1” (continuously reception), the RTSi pin outputs “L” level by reading
the low-order byte of the UARTI receive buffer register.

When reception has started, the RTSi pin outputs “H” level.

When an internal clock is selected (bit 3 at addresses 301, 3816 = “0”), do not select the RTS function
because the RTS output is undefined.

UART mode

When the receive enable bit (bit 2 at addresses 3516, 3D1s) = “0” (reception disabled), the RTSi pin
outputs “H” level.

When the receive enable bit = “0” (reception disabled), the RTSi pin outputs “L” level by setting the
receive enable bit to “1,” or by reading the low-order byte of the UARTI receive buffer register.
When the receive enable bit = “1” (continuously reception), the RTSi pin outputs “L” level by reading
the low-order byte of the UARTI receive buffer register.

When reception has started, the RTSi pin outputs “H” level.

Selection of the CTS/RTS function depends on the following bits.

«CTS/RTS function select bit (bit 2 at addresses 3416, 3C1s: see Figure 11.2.3.)
«CTS/RTS enable bit (bit 4 at addresses 3415, 3Cie: see Figure 11.2.3.)
*CTSo/RTSo separate select bit (bit 0 at address ACie: see Figure 11.2.13.)
*CTS1/RTS: separate select bit (bit 1 at address ACie: see Figure 11.2.13.)

Table 11.2.1 lists the selection of the CTS/RTS function.

Table 11.2.1 Selection of CTS/RTS function

CTS/RTS | CTS/RTSi | CTS/IRTS Functions
enable bit |separate select it function select it| P10/CTSo/RTSo pin | P11/CTSo/CLKo pin | PL/CTS1/RTS: pin | P1s/CTS1/CLK: pin
0 CTSo P11 or CLKo cTs: P1s or CLK:
0 ° 1 RTSo P11 or CLKo RTS: P1s or CLK:
1 O RTSo CTSo (Notes 1, 2) RTS: CTS: (Notes 1, 2)
1 O O P1o P1: or CLKo P14 P1s or CLK:

0: It may be either “0” or “1.”
Notes 1: When using the P11 or P1s pin as the CTSi pin, be sure to clear the corresponding bit of the port
P1 direction register to “0.”
2: When CTS/RTS:i separation is selected, the CLKi pin cannot be used. Accordingly, CTS/RTS:
cannot be separated in the clock synchronous serial /0 mode. When separating CTS/RTSi in
UART mode, be sure to select an internal clock.

7906 Group User's Manual Rev.2.0
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11.3 Clock synchronous serial I/O mode

11.3 Clock synchronous serial I/0O mode

Table 11.3.1 lists the performance overview in the clock synchronous serial /O mode, and Table 11.3.2 lists
the functions of 1/0 pins in this mode.

Table 11.3.1 Performance overview in clock synchronous serial 1/O0 mode

Iltem Functions
Transfer data format Transfer data has a length of 8 bits.
LSB first or MSB first can be selected by software.
Transfer rate | When selecting internal clock | BRGi’'s output divided by 2
When selecting external clock | Maximum 5 Mbps
Transmit/Receive control CTS function or RTS function can be selected by software.

Table 11.3.2 Functions of 1/O pins in clock synchronous serial I/O mode

Pin name Functions Method of selection
TxDi (P13, P17) Serial data output pin | TxDo/P1s or TxD1/P17 switch bit = “0”
(Dummy data is output when performing only reception.) (Note)
Programmable 1/0 port pin | TXDo/P13 or TxDi/P17 switch bit = “1”
RxDi (P12, P1ls) Serial data input pin | Port P1 direction register’'s corresponding bit = “0”
Programmable 1/0 port pin [ — (Can be used as an I/O port pin when performing only transmission.)
CLKi (P11, P1s) Transfer clock output pin | Internal/External clock select bit = “0”
Transfer clock input pin | Internal/External clock select bit = “1”
CTS;, RTSi CTS input pin See Table 11.2.1.
(P1o, P11, P14, P1s) | RTS output pin
Programmable /O port

Port P1 direction register: address 0516
Internal/External clock select bit: bit 3 at addresses 3016, 3816

TxDo/P1s switch bit: bit 2 at address ACuis

TxD1/P17 switch bit: bit 3 at address ACus
Note: The TxDi pin outputs “H” level until transmission starts after UARTI’s operating mode is selected.

11.3.1 Transfer clock (Synchronizing clock)

Data transfer is performed synchronously with a transfer clock. For the transfer clock, the following selection
is possible:

e Whether to generate a transfer clock internally or to input it from the external.

e Polarity of transfer clock.

The transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, set the transmit enable bit to “1,” and set dummy data in the UARTI transmit buffer register
in order to make the transmit control circuit active.

(1) Internal generation of transfer clock
The count source selected with the BRG count source select bits is divided by the BRGi, and the
BRGi output is further divided by 2. This divided output is the transfer clock. The transfer clock is
output from the CLKi pin.

Transfer clock’s frequency = fi

m fii Frequency of BRGi's count source (fz, fis, fes, Or fs12)

n: Setting value of BRGi
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(2)

(3)

Input of transfer clock from the external
A clock input from the CLKi pin becomes the transfer clock.

Porarity of transfer clock
As shown in Figure 11.3.1, the polarity of the transfer clock can be selected by the CLK polarity
select bit (bit 6 at addresses 3416, 3Caus).

m CLK polarity select bit =0

CLKi

XD X Do X D1 X D2|X D2 X Ds X Ds X Ds X D

/
RXD: X Do X D1 X D2 X Ds X Ds X Ds X Ds X D

OThe transmit data is output to the TxDi pin at the falling edge of a transfer clock, and the receive data is
input from the RxDi pin at the rising edge of the transfer clock.
The level at the CLKi pin is “H” when the transfer is not performed.

m CLK polarity select bit =1

CLKi

D €3 9 €1 € € €3 € &
/

RxDi ><D0><D1><I52><D3><D4><D5><D6><D7

OThe transmit data is output to the TxDi pin at the rising edge of a transfer clock, and the receive data is
input from the RxDi pin at the falling edge of the transfer clock.
The level at the CLKi pin is “L” when the transfer is not performed.

Fig. 11.3.1 Polarity of transfer clock

7906 Group User's Manual Rev.2.0
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11.3.2 Transfer data format

LSB first or MSB first can be selected as the transfer data format. Table 11.3.3 lists the relationship
between the transfer data format and writing/reading to and from the UARTI transmit/receive buffer register.
The transfer format select bit (bit 7 at addresses 3416, 3C16) selects the transfer data format. When this bit
is cleared to “0,” the set data is written to the UARTI transmit buffer register as the transmit data, as it is.
Similarly, the data in the UARTI receive buffer register is read out as the receive data, as it is. (See the
upper row in Table 11.3.3.) When this bit is set to “1,” each bit's position of set data is reversed, and the
resultant data will be written to the UARTI transmit buffer register as the transmit data. Similarly, each bit's
position of data in the UARTI receive buffer register is reversed, and the resultant data will be read out
as the receive data. (See the lower row in Table 11.3.3.)

Note that only the method of writing/reading to and from the UARTI transmit/receive buffer register is
affected by selection of the transfer data format, and that the transmit/receive operation is unaffected by
it.

Table 11.3.3 Relationship between transfer data format and writing/reading to and from UARTI transmit/
receive buffer register

Transfer fo_rmat Transfer data format Writing to UARTi transmit buffer Reading from UA_RTi receive
select bit register buffer register
Data bus UARTI transmit Data bus UARTI receive
buffer register buffer register
DB7 —p» D~ DB7 -a— D7
LB DBs —» Ds DBs -&—— Ds
0 (Least Significant Bit) DBs —® Ds DBs <&—— Ds
first DBs —» D4 DBs -&—— D4
DBz —p» Ds3 DBz --—— D3
DB2 —p» D2 DB --&— D2
DB1 —p» D1 DB1 --w—— D:
DBo —» Do DBo -&—— Do
Data bus UARTI transmit Data bus UARTI receive
buffer register buffer register
DB~ D~ DB~ D7
DBs Ds DBs Ds
MSB DBs Ds DBs Ds
1 (Most Significant Bit) DB4 D4 DB4 Da
first DBs Ds DBz Ds
DB:2 D2 DBz D2
DB1 D1 DB1 D1
DBo Do DBo Do
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11.3.3 Method of transmission

Figure 11.3.2 shows an initial setting example for relevant registers when transmitting. Transmission is
started when all of the following conditions (O to ) has been satisfied. When an external clock is selected,
satisfy conditions O to O with the following preconditions satisfied.

<Preconditions>

The CLKi pin’s input is at “H” level (External clock selected, when the CLK polarity select bit = “0")
The CLKi pin’s input is at “L” level (External clock selected, when the CLK polarity select bit = “1")
Note: When an internal clock is selected, the above preconditions are ignored.

0 Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0”)
O Transmission is enabled (transmit enable bit = “1").
O The CTSi pin’s input is at “L” level (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.3.3 shows the write operation of data after transmission start, and Figure 11.3.4 shows the detect
operation of transmit completion.

7906 Group User's Manual Rev.2.0 11-23



SERIAL 1/O

11.3 Clock synchronous serial I/O mode

/ UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

\

b0

b7
CIEIES

[0,0,1

-

Selection of clock synchronous serial
1/0 mode
Internal/External clock select bit

0: Internal clock

1: External clock

O: It may be either “0" or “1.”

b7

/ UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3Cze6)

bo

\—L BRG count source select bits

bl bo
00:f2

01:fie
10:fea
11:fs12

CTS/RTS function select bit
0: CTS function selected
1: RTS function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

CLK polarity select bit
0: At the falling edge of the transfer
clock, transmit data is output.
1: At the rising edge of the transfer
clock, transmit data is output.

Transfer format select bit
0: LSB first
1: MSB first

Serial I/O pin control register (Address AC1s)

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together (Note).
CTS1/RTS1 separate select bit

0: CTS1/RTS1 are used together (Note).
TxDo/P13 switch bit

0: Functions as TxDo.
TxD1/P17 switch bit

0: Functions as TxD1.

When extenal clock is selected
AR RRRRRRRRRNRNRRERRNNRRRENNNN)

Note: In the clock synchronous serial /0
mode, CTSI/RTSi separation cannot
be selected. (Refer to section “[Pre-
cautions for clock synchronous
serial /0 mode].”)

= When internal clock is selected

b7

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

bo

; Can be set to “0016” to “FF16.”

Y

UARTO transmit interrupt control register (Address 7116)
UART1 transmit interrupt control register (Address 7316)

one of levels 1 to 7.

When disabling interrupts, set these bits

to level 0.

Interrupt priority level select bits
When using interrupts, set these bits to

UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)
b7 b0

r

Transmit data is set.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D1s)

b7 b0

LTI T TT1s

Transmit enable bit
1: Transmission is enabled.

Transmission starts.

(In the case of selecting the CTS function, transmission

starts when the CTSo pin’s input level is “L.")

Fig. 11.3.2 Initial setting example for relevant registers when transmitting
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[When not using interrupts] [When using interrupts]
A UARTI transmit interrupt request occurs
when the transbission starts (when the
UARTI transmit buffer register becomes
empty).

~

/Checking state of UARTI transmit buffer register

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3D16) UARTI transmit interrupt
b7 b0
LI LTI T

L

Transmit buffer empty flag
0: Data is present in transmit buffer register.
1: No data is present in transmit buffer register.

\ (Writing of next transmit data is possible.) /
: * Note: This figure shows the bits and registers required
Writing of next transmit data for processing.
) ) See Figures 11.3.6 and 11.3.7 for the change of
UARTO transmit buffer register (Address 3216) flag state and the occurrence timing of an interrupt
UART1 transmit buffer register (Address 3A16) request.
b7 b0

T— Transmit data is set.

Fig. 11.3.3 Write operation of data after transmission start

o [When using interrupts]
[When not using interrupts] A UARTI transmit interrupt request
* occurs when the transmission starts.

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UARTL1 transmit interrupt control register (Address 7316) UARTI transmit interrupt

b7 b 0

Interrupt request bit
0: No interrupt requested
1: Interrupt requested
(Transmission has started.)

'

/

Note: This figure shows the bits and registers required

Checking completion of transmission :
for processing.

UARTO transmit/receive control register O (Address 3416) See Figures 11.3.6 and 11.3.7 for the change
UARTL1 transmit/receive control register 0 (Address 3C1e6) of flag state and the occurrence timing of an
b7 b0 interrupt request.
-

Transmit register empty flag
0: Transmission is in progress.
1: Transmission is completed.

< Processing at completion of transmission >

Fig. 11.3.4 Detect operation of transmit completion
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11.3.4 Transmit operation

When the transmit conditions described in section “11.3.3 Method of transmission” have been satisfied
in the case of an internal clock selected, a transfer clock is generated and the following operations are
automatically performed after 1 cycle of the transfer clock or less has passed. In the case of an external
clock selected, when the transmit conditions have been satisfied and then an external clock is input to the
CLKi pin, the following operations are automatically performed:

*The UARTI transmit buffer register’'s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

<8 transfer clocks are generated (in the case of an internal clock selected).

A UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below:

O Data in the UARTI transmit register is transmitted from the TxDi pin synchronously with the valid edge®
of the clock output from or input to the CLKi pin.

O This data is transmitted, bit by bit, sequentially beginning with the least significant bit.

O When 1-byte data has been transmitted, the transmit register empty flag is set to “1.” This indicates the
completion of transmission.

Valid edge® : A falling edge is selected when the CLK polarity select bit = “0.”
A rising edge is selected when the CLK polarity select bit = “1.”

Figure 11.3.5 shows the transmit operation.

When an internal clock is selected, if the transmit conditions for the next data are satisfied at completion
of the transmission, the transfer clock is generated continuously. Accordingly, when performing transmission
continuously, set the next transmit data to the UARTI transmit buffer register during transmission (when the
transmit register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the
transfer clock stops at “H” level (when the CLK polarity select bit = “0"), or “L” level (when the CLK polarity
select bit = “17).

Figures 11.3.6 and 11.3.7 show examples of transmit timing.

b7 b0

UARTI transmit buffer register | Transmit data |

O

Transfer clock output from MSB LSB
or input to the CLKi pin (Note)  UARTI transmit register| D7| D6| D5| D4| D3| D2| D1| D0|

| | 7| ps| Ds| D4 D3| D2| D1| = Do

T
Rapa) T o o] 0ol e o] 0] — 0
AT

I NS

Ds | Ds| D4| D3| — D2

ARARARARAR AR AR L]

Note: This applies when the CLK polarity select bit = “0.”
When the CLK polarity select bit = “1,” data is shifted at the rising edge of the transfer clock.

I N e

Fig. 11.3.5 Transmit operation
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Tc

Transfer clock || ||| || ||| || ||| || ||| ||| || ||| ||

Transmit enable bit J Data is set in UARTI transmit buffer register. | I

Transmit buffer
empty flag

UARTI transmit register — UARTI transmit buffer register”

U e

Stopped because CTSi = “H.”

L

Stopped because transmit enable bit = “0.”

Tevo n [ [
o @@@@@@@@@@@@@@@@@@@@@ o

Transmit register | |
empty flag : : :
UARTI transmit | | |
interrupt request bit

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

The above timing diagram applies when

the following conditions are satisfied: Tenoi: Next transmit conditions are examined when this signal level is “H.”

e Internal clock selected (Tenbi is an internal signal. Accordingly, it cannot be read from the external.)
e CTS function selected

e CLK polarity select bit =0 Tc = Tewk = 2(n+1) ffi

fi: BRGIi count source frequency
n: Value set in BRGi

Fig. 11.3.6 Example of transmit timing (when internal clock and CTS function selected)

Tc

Transfer clock | ||| || ||| || ||| || ||| || ||| || ||

Transmit enable bit J

Data is set in UARTI transmit buffer register. | |

Transmit buffer
empty flag

UARTI transmit register — UARTI transmit buffer register.

: TcLK
| Stopped because transmit enable bit = “0.”

CLKi

- M. M M
SN 00000 0000000000 I 2a0 00

Transmit register |_| | |
empty flag

UARTI transmit T
interrupt request bit

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

The above timing diagram applies

when the following conditions are Tenpi: Next transmit conditions are examined when this signal level is “H.”
satisfied: (Tenpi is an internal signal. Accordingly, it cannot be read from the external.)
e Internal clock selected

e CTS function not selected Tc =Tek = 2(n+1) ffi

e CLK polarity select bit = 0 fi: BRGi count source frequency

n: Value set in BRGi

Fig. 11.3.7 Example of transmit timing (when internal clock selected and CTS function not selected)
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11.3.5 Method of reception

Figure 11.3.8 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (O to 0) have been satisfied. When an external clock is selected,
satisfy conditions [0 to O with the following preconditions satisfied.

<Preconditions>

The CLKi pin’s input is at “H” level (External clock selected, when the CLK polarity select bit = “0” ).
The CLKi pin’s input is at “L” level (External clock selected, when the CLK polarity select bit = “1").
Note: When an internal clock is selected, the above preconditions are ignored.

O Dummy data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0")
O Reception is enabled (receive enable bit = “1").
O Transmission is enabled (transmit enable bit = “1").

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.3.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.3.9 shows processing after reception is completed.
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UARTO transmit/receive mode register (Address 3016)

UART1 transmit/receive mode register (Address 3816) EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

When extenal clock is selected
EEEEEEEEEEEEEEEEEEEEEEEEEEEEERY

b7 b0
L
Lofolefo [ Jo,o0,1]

Selection of clock synchronous serial

1/0 mode

Internal/External clock select bit
0: Internal clock
1: External clock

When internal clock is selected

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)

b7 bo

; Can be set to “0016” to “FF1s.”

O: It may be either “0” or “1.”

/ UARTO transmit/receive control register O (Address 3416) \
UART1 transmit/receive control register O (Address 3C16)
b7 b0

T
LITTITT ]
\—L BRG count source select bits

b1 b0
00:f2

01:fie
10:fea
11:fs12

EEEEEEEEEREEEEEEEEEREEEE

Port P1 direction register (Address 516)
b7 b0

LL T [ Tofl []

Pin RxDo

Pin RxD1

TS/RTS function select bit
0
1

: CTS function selected

RTS function selected

4 N

UARTO receive interrupt control register (Address 7216)
UARTZ1 receive interrupt control register (Address 7416)

b7 b0

LI
LTI IT . ]
Interrupt priority level select bits
When using interrupts, set these bits to
one of levels 1to 7.
When disabling interrupts, set these bits

\ to level 0.

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

UARTI receive interrupt mode select bit
0: Reception interrupt
1: Reception error interrupt

CLK polarity select bit
0: At the rising edge of the transfer
clock, receive data is input.
1: At the falling edge of the transfer

clock, receive data is input. H
Transfer format select bit :
0: LSB first 3 R
1: MSB first UARTO transmit buffer register (Address 3216)
UART1 transmit buffer register (Address 3A16)
-
- b7 bo
- |
/ Serial I/0 pin control register (Address AC16) \

b7 b0

LT LTI T
L

; Dummy data is set.

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together (Note 1).
CTS1/RTS1 separate select bit

0: CTS1/RTS1 are used together (Note 1).
TxDo/P13 switch bit (Note 2)

0: Functions as TxDo.

1: Functions as P1s.
TxD1/P17 switch bit (Note 2)

0: Functions as TxD1.

\ 1: Functions as P17. /

Notes 1: In the clock synchronous serial I/O
mode, CTSI/RTSi separation cannot
be selected. (Refer to section “[Pre-
cautions for clock synchronous
serial I/O mode].”)

: When only reception is performed, if
these bits = “1,” the TxDi pin can be
used as a programmable I/O port
pin.

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

bo
LI LT T Jaf o]

Transmit enable bit
1: Transmission enabled

Reception enable bit
1: Reception enabled

Note: Set the receive enable bit
and the transmit enable
bit to “1” simultaneously.

mEEEEEEEEEEEEEEEEEEEEY
N

Reception starts.

Fig. 11.3.8 Initial setting example for relevant registers when receiving
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; ; (Note 1)
[When not using interrupts] [When using interrupts]

A UARTI receive interrupt request occurs
* when reception is completed.

Checking completion of reception

UARTO transmit/receive control register 1 (Address 35z6)

UART1 transmit/receive control register 1 (Address 3D16) UARTI receive interrupt
b7 b 0
LI L[ [ [af [a]
I

Receive complete flag
0 : Reception not completed
\\ 1: Reception completed

'

Reading of receive data (Note 2)

UARTO receive buffer register (Address 3616)
UART1 receive buffer register (Address 3Ezs)

b7 bOl

|

Read out receive data.

Checking error

UARTO transmit/receive control register 1 (Address 3516)

UART1 transmit/receive control register 1 (Address 3Dzs)
b7 b0

LL L LT [af [a]
I

Overrun error flag
0 : No overrun error
1: Overrun error detected

C Processing after reading out receive data )

Notes 1: When performing the processing after reception is completed, using an interrupt, be sure to

select a receive interrupt (UARTI receive interrupt mode select bit = “0.”)

2: In the case of an external clock and the RTS function selected, the RTSi output level becomes
“L” when the UARTI receive buffer register is read out. Accordingly, when performing reception
continuously, be sure to write the dummy data to the UARTI transmit buffer register before
reading out the UARTI receive buffer register.

3: This figure shows the bits and registers required for the processing.
See Figure 11.3.12 for the change of flag state and the occurrence timing of an interrupt request.

Fig. 11.3.9 Processing after reception is completed
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11.3 Clock synchronous serial I/O mode

11.3.6 Receive operation

In the case of an internal clock selected, when the receive conditions described in section “11.3.5 Method
of reception” have been satisfied, a transfer clock is generated and the reception is started after 1 cycle
of the transfer clock or less has passed. In the case of an external clock selected, when the receive
conditions have been satisfied, the UARTI enters the receive-enabled state, and then reception will be
started when an external clock is input to the CLKi pin.

In the case of an external clock selected, when connecting the RTSi pin to the CTSi pin of the transmitter
side, the timing of transmission and that of reception can be matched. In the case of an internal clock
selected, do not use the RTS function. It is because the RTS output is undefined in the case of an internal
clock selected.

In the case of an external clock and the RTS function selected, the RTSi pin’s output level becomes as
described below.

When the receive enable bit = “0,” if one of the following is performed, the RTSi pin’s output level becomes
“L” and informs of the transmitter side that reception has become enabled:

« The receive enable bit is set to “1.”

« The low-order byte of the UARTI receive buffer register is read out.

When the receive enable bit = “1,” if the low-order byte of the UARTI receive buffer register is read out,
the RTSi pin’s output level becomes “L.”

Accordingly, when performing reception continuously, an overrun occurrence can be avoided because the
RTS output level does not become “L” until the receive data is read out.

When reception has started, the RTSi pin’s output level becomes “H.”

Figure 11.3.10 shows a connection example.

Transmitter side Receiver side
TxDi T TxDi
RXDi |- 1 RxDi
CLKi % | CLKi
CTSi|- % RTSi

Fig. 11.3.10 Connection example
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The receive operations are described below:

O The signal input to the RxDi pin is taken into the most significant bit of the UARTI receive register
synchronously with the valid edge® of the clock output from the CLKi pin or input to the CLKi pin.

O The contents of the UARTI receive register are shifted, bit by bit, to the right.

0 Steps O and O are repeated at each valid edge of the clock output from the CLKi pin or input to the
CLKi pin.

O When 1-byte data has been prepared in the UARTI receive register, the contents of this register are
transferred to the UARTI receive buffer register.

0 Simultaneously with step O, the receive complete flag is set to “1.” Additionally, when the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0”), a UARTI receive interrupt request
occurs and its interrupt request bit is set to “1.”

Valid edge® : A rising edge is selected when the CLK polarity select bit = “0.”
A falling edge is selected when the CLK polarity select bit = “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
is read out. Figure 11.3.11 shows the receive operation, and Figure 11.3.12 shows an example of receive
timing (when an external clock is selected).

When the transfer format select bit is “1” (MSB first), each bit's position of this register’s contents is
reversed, and then the resultant data is read out.
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11.3 Clock synchronous serial I/O mode

Transfer clock output from MSB LSB
or input to CLKi pin (Note). UARTI receive register | | | | | | | | |

L gl 1501 Y O )
rLe = oo
s

- |D2|D1| Dol

iz iz iz iz iz iz iz iz —>|D7|D6|D5|D4

O

b7 b0
UARTI receive buffer register | Receive data |

D3| D2| D1| D0|

Note: This applies when the CLK polarity select bit = “0.”
When the CLK polarity select bit = “1,” data is shifted at the rising edge of
the transfer clock.

Fig. 11.3.11 Receive operation

Receive enable bit

Transmit enable bit

—_ Dummy data is set to UARTI transmit buffer register.

Transmit buffer
empty flag ] (I>\

UARTI transmit register — UARTI transmit buffe

RTSi

CLKi

Receive data is taken in.

e EXXXoXeXoXoXe XXX

UARTI receive register — UARTI receive buffer register UARTI receive buffer register is read ¢

Receive complete flag IS /

UARTi receive
interrupt request bit |

Cleared to “0” when interrupt request is accepted or
cleared to “0” by software.

The above timing diagram applies when the following When the CLKi pin’s input level is “H,” be sure to sat
conditions are satisfied: the following conditions:

e External clock selected e \Writing of dummy data to UARTI transmit buffer re
e RTS function selected e Transmit enable bit = “1”

o CLK polarity select bit = “0” e Receive enable bit = “1”

fext: Frequency of external clock

Fig. 11.3.12 Example of receive timing (when external clock selected)
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11.3 Clock synchronous serial I/O mode

11.3.7 Processing on detecting overrun error

In the clock synchronous serial /O mode, an overrun error can be detected.

An overrun error occurs when the next data has been prepared in the UARTI receive register with the
receive complete flag = “1” (i.e. data is present in the UARTI receive buffer register) and next data is
transferred to the UARTI receive buffer register. In other words, an overrun error occurs when the next data
has been prepared before reading out the contents of the UARTI receive buffer register. When an overrun
error has occurred, the next receive data is written into the UARTI receive buffer register. Additionally,
when the receive error interrupt is selected (UARTI receive interrupt mode select bit = “1”), a UARTI receive
interrupt request occurs and its interrupt request bit is set to “1.” When the receive interrupt is selected
(UARTI receive interrupt mode select bit = “0”), the UARTI receive interrupt request bit does not change.
An overrun error is detected when data is transferred from the UARTI receive register to the UARTI receive
buffer register, and the overrun error flag is set to “1.” The overrun error flag is cleared to “0” by clearing
the receive enable bit to “0.”

When an overrun error occurs during reception, be sure to initialize the overrun error flag and UARTiI
receive buffer register, and then perform reception again. When it is necessary to perform retransmission
owing to a receiver-side overrun error which has occurred during transmission, be sure to set the UARTiI
transmit buffer register again, and start transmission again.

The methods of initializing the UARTI receive buffer register and that of setting the UARTI transmit buffer
register again are described below.

(1) Method of initializing UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
O Set the receive enable bit to “1” again (reception enabled).

(2) Method of setting UARTI transmit buffer register again
O Clear the serial I/O mode select bits to “0002" (serial I/O invalidated).
O Set the serial /0O mode select bits to “0012" again.
O Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI
transmit buffer register.
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[Precautions for clock synchronous serial I/O mode]

[Precautions for clock synchronous serial I/0 mode]

1. A transfer clock is generated by operation of the transmit control circuit. Accordingly, even when performing
only reception, the transmit operation (in other words, setting for transmission) must be performed. In this
case, be sure to set as follows. Additionally, in this case, dummy data is output from the TxDi pin to the
external:

* When performing reception, be sure to enable the reception after dummy data is set to the low-order
byte of the UARTI transmit buffer register. Also, be sure to set dummy data at each 1-byte data
reception.

» At reception, be sure to set the receive enable bit and transmit enable bit to “1” simultaneously.

When performing only reception, if any of the TxDo/P1s and TxD1/P17 switch bits (bits 2 and 3 at address
ACis) is set to “1,” the corresponding TxDi pin can be used as a programmable 1/O port pin.

2. When an external clock is selected, with the input level at the CLKi pin = “H” (the CLK polarity select bit

= “0™) or “L” (the CLK polarity select bit = “1"), be sure to satisfy all of the following three conditions:

<At transmission>

0 Transmit data is written to the UARTI transmit buffer register.
O The transmit enable bit is set to “1.”

0 “L” level is input to the CTSipin (when the CTS function selected).
<At reception>
O Dummy data is written to the UARTI transmit buffer register.

00 The receive enable bit is set to “1.”
O The transmit enable bit is set to “1.”

3. While the CTS/RTSi separation is selected, the CLKi pin cannot be used. Accordingly, in the clock
synchronous serial I/0 mode, the CTS/RTSi separation cannot be selected.

4. Writing to the UARTI baud rate register (BRGi) must be performed while transmission/reception halts.
5. When an internal clock is selected, do not use the RTS function because the RTS output is undefined.

6. When performing transmission, be sure to clear any of the TxDo/P1s and TxD1/P17 switch bits to “0” (bits
2 and 3 at address ACus).
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11.4 Clock asynchronous serial 1/0 (UART) mode

11.4 Clock asynchronous serial /O (UART) mode

Table 11.4.1 lists the performance overview in the UART mode, and Table 11.4.2 lists the functions of

I/O pins in this mode.

Table 11.4.1 Performance overview in UART mode

Item Functions
Transfer data Start bit 1 bit
format Character bit (Transfer data) | 7 bits, 8 bits, or 9 bits
Parity bit 0 bit or 1 bit (Odd or Even can be selected.)
Stop bit 1 bit or 2 bits
Transfer rate When selecting internal clock [BRGi’'s output divided by 16
When selecting external clock [ Maximum 312.5 kbps

Error detection

4 types (overrun, framing, parity, and summing): presence of an

error can be detected only by check of the error sum flag.

Table 11.4.2 Functions of I/O pins in UART

mode

Pin name

Functions

Method of selection

TxDi (P13, P17)

Serial data output pin

TxDo/P1s or TxDi1/P17 switch bit = “0.” (Note)

Programmable 1/O port pin

TxDo/P1s or TxD1/P17 switch bit = “1.”

RxDi (P12, P1ls)

Serial data input pin

Port P1 direction register’s corresponding bit = “0”

Programmable /O
port pin

— (Can be used as a programmable 1/O port pin when
performing only transmission.)

CLKi (P11, P1s)

BRGi's count source input pin

Internal/External clock select bit = “1”

Programmable I/O port pin

Internal/External clock select bit = “0”

CTSi/RTSi (Plo, P14,
P14, P15)

CTS input pin

See Table 11.2.1.

RTS output pin

Programmable 1/O port pin

Port P1 direction register: address 0516
Internal/External clock select bit: bit 3 at addresses 3015, 3816
TxDo/P1s switch bit: bit 2 at address ACis
TxD1/P17 switch bit: bit 3 at address ACis

Note: The TxDi pin outputs “H” level while transmission is not performed after the UARTI’s operating mode

is selected.
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11.4.1 Transfer rate (Frequency of transfer clock)

The transfer rate is determined by the BRGi (addresses 3116, 391s).

When “n” is set into BRGIi, BRGi divides the count source frequency by (n + 1). The BRGi's output is further divided
by 16, and the resultant clock becomes the transfer clock. Accordingly, “n” is expressed by the following formula.

n: Value set in BRGi (0015 to FFis)
F 1 F: BRGi’'s count source frequency (Hz)

n=r————m— —
16 0B B: Transfer rate (bps)

An internal clock or an external clock can be selected as the BRGi’s count source with the internal/external
clock select bit (bit 3 at addresses 3015, 3815). When an internal clock is selected, the clock selected with
the BRG count source select bits (bits 0 and 1 at addresses 3416, 3C1s) becomes the BRGi's count source.
When an external clock is selected, the clock input to the CLKi pin becomes the BRGi’'s count source.
Be sure to set the same transfer rate for both transmitter and receiver sides. Tables 11.4.3 and 11.4.4 list
the setting examples of transfer rate.

Each of the values, listed in these tables, realizes the actual transfer rate of which error toward an ideal
transfer rate is within 1 %.

Table 11.4.3 Setting examples of transfer rate (1)

fsys = 19.6608 MHz fsys = 20 MHz
Transfer - - - = -
BRGi’s BRGi's set Actual time BRGi's BRGi's set Actual time
rate (bps) _
count source | value: n (Note) (bps) count source [value: n (Note) (bps)
300 foa 63 (3F1) 300.00 foa 64 (4016) 300.48
600 fie 127 (7Fus) 600.00 fie 129 (811s) 600.96
1200 fi6 63 (3Fu1s) 1200.00 fie 64 (4016) 1201.92
2400 fie 31 (1F1s) 2400.00 \\
4800 fo 127 (7F1s) 4800.00 f2 129 (811e) 4807.69
9600 f2 63 (3Fus) 9600.00 f2 64 (4016) 9615.38
14400 f2 42 (2A1e) 14288.37 fa 42 (2A1e) 14534.88
19200 fa 31 (1F1e) 19200.00 —
31250 | fa 19 (1310) 31250.00
38400 f2 15 (OFue) 38400.00 I

Note: This applies when the peripheral device’'s clock select bits 1, 0 (bits 7, 6 at address BCis) = “002.”

Table 11.4.4 Setting examples of transfer rate (2)

Transfer fsys = 15.9744 MHz fsys :_ 16 MHz -
BRGi's BRGi's set Actual time BRGi's BRGi’s set Actual time
rate (bps) )
count source | value: n (Note) (bps) count source [value: n (Note) (bps)
300 foa 51 (331s) 300.00 foa 51 (3316) 300.48
600 f1e 103 (671s) 600.00 fie 103 (6716) 600.96
1200 fie 51 (3316) 1200.00 fie 51 (3316) 1201.92
2400 fa 207 (CFus) 2400.00 f2 207 (CFue) 2403.85
4800 fa 103 (6716) 4800.00 f2 103 (671s6) 4807.69
9600 fa 51 (3316) 9600.00 f2 51 (3316) 9615.38
14400 fa 34 (2216) 14262.86 T e
19200 fa 25 (1916) 19200.00 fa 25 (19:16) 19230.77
31250 fa 15 (OF1s) 31200.00 f2 15 (OF1s) 31250.00
38400 fa 12 (0Cas) 38400.00 f2 12 (0Cus) 38461.51

Note: This applies when the peripheral device’'s clock select bits 1, 0 (bits 7, 6 at address BCis) = “002.”
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m  Error-permitted range of transfer baud
During reception, the receive data input to the RxDi pin is taken at the rising edge of the transfer
clock. (Refer to section “11.4.6 Receive operation.”) Accordingly, in order to receive data correctly,
the stop bit must be input when the transfer clock of one-set receive data rises last. Figure 11.4.1
shows the relationship between the transfer clock and receive data.

<1ST-8DATA-1SP>

When the transfer rate of

the receive data is faster

RxDi than the rate of the transfer
(Receive data) clock on the receiver side

clock on the receiver side

Transfer clock
(Receiver side)

When the transfer rate of
the receive data is slower
than the rate of the transfer

N\ ST_A_ o X

generated, and reception starts.

> At the falling edge of ST, the transfer clock is

T LT I L L

-
(o /e

SP must be detected at
this last rising edge of
the transfer clock.

< ><
1 clock

0 8 clocks 1 clock
< >
9.5 clocks ‘
[0 1 period of BRGi's count source (Maximum) ST : Start b.it
SP : Stop bit

- == According to the condition of the input timing,

a maximum of this period (0) can be omitted.

Fig. 11.4.1 Relationship between transfer clock and receive data

Accordingly, the transfer rate of the receiver and transmitter sides must satisfy the following formula
in order to receive data correctly.

(00-+2)<(&oe-0s+ 1)< (Foy

Br: Transfer rate on receiver side (bps)
Bt: Transfer rate on transmitter side (bps)

F : BRGi's count source frequency on receiver side (Hz)

b : Entire bit number of one-set data
(ex: 12 bits in the case of 1ST-8DATA-1PAR-2SP; See Figure 11.4.2.)

Be sure to satisfy the above formula, and set the timing with enough margin. Also, the user shall
make sufficient evaluation before actually using it.
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11.4.2 Transfer data format

The transfer data format can be selected from formats shown in Figure 11.4.2. Bits 4 to 6 at addresses
3016 and 3816 select the transfer data format. (See Figure 11.2.2.) Set the same transfer data format for both
transmitter and receiver sides.

Figure 11.4.3 shows an example of transfer data format. Table 11.4.5 lists each bit in transmit data.

Transfer data length of 7 bits—71— 1ST—7DATA — 1SP
—— 1ST—7DATA — 2SP
—— 1ST—7DATA—1PAR—1SP
—— 1ST—7DATA—1PAR—2SP

Transfer data length of 8 bits —7— 1ST—8DATA — 1SP
— 1ST—8DATA —— 2SP
— 1ST—8DATA—1PAR—1SP
— 1ST—8DATA—1PAR—2SP

Transfer data length of 9 bits 1ST—9DATA —— 1SP _
1ST—9DATA — 2SP ST : Start bit
1ST—9DATA—I1PAR—1SP DATA : Character bit (Transfer data)

1ST—9DATA—1PAR—2SP PAR : Parity bit
SP : Stop bit

Fig. 11.4.2 Transfer data format

« 1ST-8DATA-1PAR-1SP
— Time

< — Transmit/Receive data ————> => Next transmit/receive data
<—— DATA (8 bits) —> (When continuously

. transferred)
| sT [LsB] [ ] |mMsB| PAR| sP | ST | |
Fig. 11.4.3 Example of transfer data format
Table 11.4.5 Each bit in transmit data
Name Functions
ST “L” signal equivalent to 1 character bit. This is added immediately before the character
Start bit bits. It indicates start of data transmission.
DATA Transmit data which is set in the UARTI transmit buffer register.
Character bit
PAR A signal that is added immediately after the character bits in order to improve data
Parity bit reliability. The level of this signal changes according to selection of odd/even parity

in such a way that the sum of “1”s in the sum of this bit and character bits is always
an odd or even number.

SP “H” level signal equivalent to 1 or 2 character bits. This is added immediately after
Stop bit the character bits (or parity bit when parity is enabled). It indicates completion of
data transmission.
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11.4.3 Method of transmission

Figure 11.4.4 shows an initial setting example for relevant registers when transmitting.

The difference depending on the transfer data length (7 bits, 8 bits, or 9 bits) is the transmit data’s length
only. When selecting a 7- or 8-bit data length, be sure to set the transmit data into the low-order byte of
the UARTI transmit buffer register. When selecting a 9-bit data length, be sure to set the transmit data into
the low-order byte and bit O of the high-order byte.

Transmission is started when all of the following conditions (O to 0) are satisfied:

O Transmit data is present in the UARTI transmit buffer register (transmit buffer empty flag = “0").
O Transmit is enabled (transmit enable bit = “1").
O The CTSi pin’s input level is “L” (when the CTS function selected).

Note: When the CTS function is not selected, condition O is ignored.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.4.5 shows writing data after transmission is started, and Figure 11.4.6 shows detection of
transmit completion.
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/UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

~

Serial /0 mode select bit
b2 b1 b0 .
1 0 0: UART mode (7 bits)

1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity is disabled.
1: Parity is enabled.

-

Sleep select bit
0: Sleep mode cleared (invalid)
1: Sleep mode selected

/

/ UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register 0 (Address 3Cz16)

b7

~

b0

lofof | [ |

-

[ [

BRG count source select bits
b1 bo
00:f2

01:fie
10:fea
11:fs12

CTS/RTS function is select bit
0: CTS function selected
1: RTS function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

b7

/Serial 1/0 pin control register (Address AC1e6)

\

L

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together.

1: CTSo/RTSo are separated (Note).
CTS1/RTS1 separate select bit

0: CTS1/RTS1 are used together.

1: CTS1/RTS1 are separated (Note).
TxDo/P13 switch bit

0: Functions as TxDo.
TxD1/P17 switch bit

0: Functions as TxD1.

/

Note: The CLKi pin cannot be used when
the CTS/RTSi separation is selected.
(Refer to “[Precaution for clock
asynchronous serial I/0 (UART)
mode].”)

NN NN NN NN NN REENEENEEEN
H
-

UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 3916)
b7

bOl
.

Can be set to “0016” to “FF16.”

o= D

CTSi/RTSi are used together.
IIIllllllIIIIIIIIIIIIIIIIIII:

= CTSI/RTSi are separated.

:

E Port P1 direction register (Address 516)
: b7 bo

LI fol I ] fof]
PinCTS0
E Pin CTS1
a

UARTO transmit interrupt control register (Address 7116)
UARTL1 transmit interrupt control register (Address 7316)

Interrupt priority level select bits
When using interrupts, set these bits
to one of levels 1 to 7.

When disabling interrupts, set these
bits to level 0.

_U

|
|
|

b0

b8 b7
[ [ [ '

|

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

Transmit data is set

b7 b0

HEEEEEEE

Transmit enable bit
1: Transmission enabled

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)

Transmission starts.

(If the CTS function selected, transmission starts
when the CTSi pin’s input level becomes “L.”)

|

Fig.

11.4.4 Initial setting

example for relevant registers when transmitting
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11.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts] [When using interrupts]
A UARTI transmit interrupt request occurs
when the transmission starts. (when the
UARTI transmit buffer register becomes

empty.)
/Checking state of UARTI transmit buffer register \
UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs) UARTI transmit interrupt
b7 bo
LI LT T [af
Transmit buffer empty flag
0: Data is present in transmit buffer register.
1: No data is present in transmit buffer register.
\\ (Writing of next transmit data is possible.) /

\ Note: This figure shows the bits and registers
required for processing.

See Figures 11.4.7 to 11.4.9 for the change

of flag state and the occurrence timing of an

interrupt request.

/Writing of next transmit data

UARTO transmit buffer register (Addresses 3316, 3216)
UART1 transmit buffer register (Addresses 3B16, 3A16)

b15 b8 b7 b0
T

LTI T,
I

\\ Transmit data is set. /

Fig. 11.4.5 Write operation of data after transmission start
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11.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts]

-

Checking start of transmission

UARTO transmit interrupt control register (Address 7116)
UARTL1 transmit interrupt control register (Address 7316)

b7 bI 0

LErErT I
—

Interrupt request bit
0: No interrupt requested
1: Interrupt requested

(Transmission has started.)/

[When using interrupts]

A UARTI transmit interrupt request
occurs when the transmission starts.

UARTI transmit interrupt

-~

Checking completion of transmission.

UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register O (Address 3C16)
b7 b0

lofof [T T 1 ]
—

Transmit register empty flag

.

~

0: Transmission is in progress.
1: Transmission is completed./

( Processing at completion of transmission )

Note: This figure shows the bits and registers required
for processing.
See Figures 11.4.7 to 11.4.9 for the change of
flag state and the occurrence timing of an interrupt
request.

Fig. 11.4.6 Detect operation of transmit completion
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11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.4 Transmit operation

When the receive conditions described in section “11.4.3 Method of transmission” have been satisfied,
a transfer clock is generated, and the following operations are automatically performed after 1 cycle of the
transfer clock or less has passed.

*The UARTI transmit buffer register’'s contents are transferred to the UARTI transmit register.
*The transmit buffer empty flag is set to “1.”

*The transmit register empty flag is cleared to “0.”

A UARTI transmit interrupt request occurs, and the interrupt request bit is set to “1.”

The transmit operations are described below:

O Data in the UARTI transmit register is transmitted from the TxDi pin.

O This data is transmitted bit by bit sequentially in order of ST DATA (LSB) - ¢ss - DATA (MSB) - PAR
- SP according to the transfer data format.

O The transmit register empty flag is set to “1” at the center of the stop bit (or the second stop bit if 2 stop
bits selected). This indicates completion of transmission. Additionally, whether the transmit conditions
for the next data are satisfied or not is examined.

When the transmit conditions for the next data are satisfied in step 0, the start bit is generated following
the stop bit, and the next data is transmitted. When performing transmission continuously, be sure to set
the next transmit data in the UARTI transmit buffer register during transmission (i.e. when the transmit
register empty flag = “0”). When the transmit conditions for the next data are not satisfied, the TxDi pin
outputs “H” level and the transfer clock stops.

Figures 11.4.7 and 11.4.8 show examples of transmit timing when the transfer data length = 8 bits, and
Figure 11.4.9 shows an example of transmit timing when the transfer data length = 9 bits.

11-44 7906 Group User's Manual Rev.2.0



SERIAL I/O
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Tc

Transfer clock | | | | | | | | | | | | | | | | | | | | |

Transmit enable bit J |
/ Data is set in UARTI transmit buffer register.
Transmit buffer ) k \
empty flag M T /((
UARTI transmit register — UARTI transmit buffer register

i i

Stopped because transmit enable bit = “0”

o T\ AR

Transmit register

empty flag

UARTI transmit ‘ | | |
interrupt request bit [ | \ /

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

The above timing diagram applies when Tenpi: Next transmit conditions are examined when this signal level ST: Start bit

the following conditions are satisfied: becomes “H.” Do to D7: Transfer data
e Parity enabled (TENDi is an internal signal. Accordingly, it cannot be read from P: Parity bit

* 1 stop bit the external.) ST Stop bit

e CTS function not selected
Tc: 16 (n + 1)ffi or 16 (n + 1)/fexT
fi: BRGi's count source frequency (internal clock)
fExT: BRGi's count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.7 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
1 stop bit selected, CTS function not selected)

Tc

Transfer clock || ||| ||| || || ||| ||| || || | ||| ||

Transmit enable bit

Data is set in UARTI transmit buffer register. |

=4 \

Transmit buffer

gt

empty flag
UARTI transmit register . UARTI transmit buffer register
CTsi | \ |
Tenpi |_| |_| \
¢ Stopped because CTSi = “H” \ gﬁ;%?g %i?iq%gse transmit

TxDi T\t @@@@@@@@o sp \sT. @@@@@@@@o sp
oo ]
AN /S

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

The above timing diagram applies TeNDi: Next transmit conditions are examined when this signal level ST: Start bit

when the following conditions are becomes “H." Doto Dr- Transter data
iagsaﬁrietg:enabled (TeNpi is an internal signal. Accordingly, it cannot be read from p: Parity bit

o 1 stop bit the external.) ST: Stop bit

* CTS function selected Tc = 16 (n + 1)ffi or 16 (n + 1)/fext

fi: BRGi's count source frequency (internal clock)
fexT: BRGi's count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.8 Example of transmit timing when transfer data length = 8 bits (when parity enabled,
1 stop bit and selecting CTS function selected)

7906 Group User's Manual Rev.2.0 11-45



SERIAL /O
11.4 Clock asynchronous serial 1/0 (UART) mode

Tc

S

Transfer clock

Transmit enable bit J Data is set in UARTI transmit buffer register. | |

Transmit buffer ?/ \

empty flag !
UARTI transmit register — UARTi transmit buffer register

TeNDI |_|
Stopped because transmit enable bit = “0”

TXDi STADXDXDX X DXDHKDKX29'sP 5P \STADK DX DX X DX DK X XDy 5P s °
Transmit register ] I_

empty flag
UARTI transmit | | | |
interrupt request bit \ /

Cleared to “0” when interrupt request is accepted or cleared to “0” by software.

The above timing diagram applies when

the following conditions are satisfied: TenDi: Next transmit conditions are examined when this signal level ST: Start bit

o Parity disabled becomes “H.” ) ' ) Do to D7: Transfer data

o 2 stop bits (TenDi is an internal signal. Accordingly, it cannot be read from P: Parity bit
cTS the external.) ST: Stop bit

e CTS function not selected

Tc =16 (n+ 1)/fior 16 (n + 1)/fexT
fi: BRGi count source frequency (internal clock)
fext: BRGi count source frequency (external clock)
n: Value set in BRGi

Fig. 11.4.9 Example of transmit timing when transfer data length = 9 bits (when parity disabled,
2 stop bits selected, CTS function not selected)
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11.4 Clock asynchronous serial 1/0 (UART) mode

11.4.5 Method of reception
Figure 11.4.10 shows an initial setting example for relevant registers when receiving. Reception is started
when all of the following conditions (O and O) have been satisfied:

O Reception is enabled (receive enable bit = “1").
O The start bit (its falling edge) is detected.

By connecting the RTSi pin (receiver side) and CTSi pin (transmitter side), the timing of transmission and
that of reception can be matched. For details, refer to section “11.4.6 Receive operation.”

When using interrupts, it is necessary to set the relevant registers to enable interrupts. For details, refer
to “CHAPTER 6. INTERRUPTS.”

Figure 11.4.11 shows processing after reception is completed.
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11.4 Clock asynchronous serial 1/0 (UART) mode

b7

/ UARTO transmit/receive mode register (Address 3016)
UART1 transmit/receive mode register (Address 3816)

b0

[1

Serial I/0 mode select bit
b2 b1 b0
1 0 0: UART mode (7 bits)
1 0 1: UART mode (8 bits)
1 1 0: UART mode (9 bits)

Internal/External clock select bit
0: Internal clock
1: External clock

Stop bit length select bit
0: 1 stop bit
1: 2 stop bits

Odd/Even parity select bit
0: Odd parity
1: Even parity

Parity enable bit
0: Parity is disabled.
1: Parity is enabled.

-

Sleep select bit
0: Sleep mode cleared (invalid)
1: Sleep mode selected

%

0 Set the same transfer data format

b7

/ UARTO transmit/receive control register O (Address 3416)
UART1 transmit/receive control register 0 (Address 3C16)

=
-

= asthat of the transmitter side.

-

b0

[o]o]

.

LL BRG count source select bits
b1 b0

00:f2
01:fie
10:fea
11:fs12

CTS/RTS function select bit
0: CTS function selected
1: RTS function selected

CTS/RTS enable bit
0: CTS/RTS function is enabled.
1: CTS/RTS function is disabled.

UARTI receive interrupt mode select bit
0: Reception interrupt

1: Reception error interrupt

/Serial 1/O pin control register (Address AC16)

~

CTSo/RTSo separate select bit

0: CTSo/RTSo are used together.

1: CTSo/RTSo are separated (Note 1).
'CTS1/RTS1 separate select bit

0: CTS1/RTS: are used together.

1: CTS1/RTS1 are separated (Note 1).
TxDo/P13 switch bit (Note 2)

0: Functions as TxDo.

1: Functions as P1a.

TxD1/P17 switch bit (Note 2)
0: Functions as TxD1.
1: Functions as P17.

%

Notes 1: The CLKi pin cannot be used
when the CTSI/RTSi separation
is selected. (Refer to “[Precau-
tion for clock asynchronous
serial 1/0 (UART) mode]."”)

N

if these bits are set to “1,” the
TxDi pin can be used as a
programmable 1/O port pin.

wEEEEEEEEEEEEEEEEER

When performing reception only,

Tannnnn

UARTO baud rate register (BRGO) (Address 3116)
UARTL1 baud rate register (BRG1) (Address 3916)
b7 b0

; Can be set to “0016” to “FF16.” }

Port P1 direction register (Address 516)
b7 bo

[lo]

[ [ Tol T]

Pin RxDo
Pin RxD1

b7 bo

T T
LTI, ]
Interrupt priority level select bits
When using interrupts, set these bits to
one of levels 1to 7.
When disabling interrupts, set these bits|
to level 0.

UARTO receive interrupt control register (Address 7216)
UARTL1 receive interrupt control register (Address 7416)

1: Reception enabled

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D16)
b7 b0
LI LT [af T
\; Receive enable bit

Reception will start when the start bit ('s
falling edge) is detected.

Fig. 11.4.10 Initial setting example for relevant registers when receiving
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11.4 Clock asynchronous serial 1/0 (UART) mode

[When not using interrupts] [When using interrupts] (Note

A UARTI receive interrupt request
occurs when reception is completed.

Checking completion of reception

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dze) UARTI receive interrupt

b7 b 0

Receive complete flag
0 : Reception not completed
1 : Reception completed

'

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dz1s)

Checking error

b7 b0

LI TP Jaf ||
\— Framing error flag

Parity error flag

Error sum flag
0: No error
1: Error detected

Reading of receive data

UARTO receive buffer register (Addresses 3716, 3616)
UART1 receive buffer register (Addresses 3F16, 3E16)

b15 b8 b7 b 0
[ofofofofofofo] | |

| S

Read out receive data.

Checking error

UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3Dzs)

b7 b0

Overrun error flag
0 : No overrun error
1: Overrun error detected

C Processing after reading out receive data >

Notes 1: When performing the processing after the reception is completed, using an interrupt,
be sure to select the receive interrupt (UARTI receive interrupt mode select bit = “0”).
2: This figure shows the bits and registers required for the processing.
See Figure 11.4.13 for the change of flag state and the occurrence timing of an
interrupt request.

Fig. 11.4.11 Processing after reception is completed
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11.4.6 Receive operation

When the receive enable bit is set to “1,” the UARTI enters the receive-enabled state. Then, reception will
start when ST (’s falling edge) is detected and a transfer clock is generated.

If the RTS function selected, when connecting the RTSi pin to the CTSi pin of the transmitter side, the
timing of transmission and that of reception can be matched. If the RTS function selected, the RTSi pin’s
output level becomes as described below.

When the receive enable bit = “0,” if one of the following is performed, the RTSi pin’s output level becomes
“L” and informs of the transmitter side that reception has become enabled:

» The receive enable bit is set to “1.”

* The low-order byte of the UARTI receive buffer register is read out.

When the receive enable bit = “1,” if the low-order byte of the UARTI receive buffer register is read out,
the RTSi pin’s output level becomes “L.”

Accordingly, when performing reception continuously, an overrun occurrence can be avoided because the
RTS output level does not become “L” until the receive data is read out.

When reception has started, the RTSi pin’s output level becomes “H.”

Figure 11.4.12 shows a connection example.

Transmitter side Receiver side
TxDi T TxDi
RxDi |-t -1 RxDi
<t % RTSi

CTSi

Fig. 11.4.12 Connection example

The receive operation is described below.

O The signal input to the RxDi pin is taken into the most significant bit of the UARTI receive register,
synchronously with the transfer clock’s rising edge.

O The contents of the UARTI receive register are shifted, bit by bit, to the right.

O Steps O and O are repeated at each rising edge of the transfer clock.

O When one set of data has been prepared, in other words, when the shift operation has been performed
several times according to the selected data format, the UARTI receive register’'s contents are transferred
to the UARTI receive buffer register.

O Simultaneously with step O, the receive complete flag is set to “1.” Additionally, when the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0”), a UARTI receive interrupt request
occurs and its interrupt request bit is set to “1.”

The receive complete flag is cleared to “0” when the low-order byte of the UARTI receive buffer register
has been read out. Figure 11.4.13 shows an example of receive timing when the transfer data length = 8
bits.
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BRGi's count
source

Receive enable
bit

RxDi

Transfer clock

Receive
complete flag

RTSi

UARTi receive
interrupt
request bit

[T

- Stop bit
Do, D1 D7) |
Received data taken in

J S

At‘falling edge of start bit, the transfer — UARTIi receive buffer register

clock is generated and reception started. \W

Start bit

Sampled “L”

UARTI receive 5uffer register’s reading out

uter e
ol

Cleared to “0” when interrupt request
is accepted or cleared to “0” by
The above timing diagram applies when the following software.

conditions are satisfied:
e Parity disabled

e 1 stop bit

e RTS function selected

Fig. 11.4.13 Example of receive timing when transfer data length = 8 bits (when parity disabled, 1
stop bit and RTS function selected)
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11.4.7 Processing on detecting error

In the UART mode, 3 types of errors can be detected. Each error can be detected when the data in the
UARTI receive register is transferred to the UARTI receive buffer register, and the corresponding error flag
is set to “1.” When any error occurs, the error sum flag is set to “1.” Accordingly, presence of errors can
be judged by using the error sum flag.

Table 11.4.6 lists the conditions for setting each error flag to “1” and method to clear it to “0.”
Additionally, when the receive error interrupt is selected (UARTI receive interrupt mode select bit = “1"),
the UARTI receive interrupt request bit is set to “1” only when each error has occurred. When the receive
interrupt is selected (UARTI receive interrupt mode select bit = “0"), the UARTI receive interrupt request
bit is set to “1” when reception has been completed or when a framing or parity error has occurred. (Even
when an overrun error has occurred, this bit does not change).

Table 11.4.6 Conditions for setting each error flag to “1” and method to clear it to “0”
Method to clear
» Clear the receive enable bit to “0.”

Conditions for setting
When the next data is prepared in the
UARTI receive register with the receive
complete flag = “1” (i.e. data is present
in the UARTI receive buffer register). In
other words, when the next data is
prepared before the contents of the UARTI
receive buffer register are read out (Note).

Error flag
Overrun error flag

Framing error flag

When the number of detected stop bits
does not match the set number of stop
bits.

» Clear the receive enable bit to “0.”
» Read out the low-order byte of the UARTI
receive buffer register.

Parity error flag

When the sum of “1”s in the sum of the
parity bit and character bits does not match
the set number of “1"s.

» Clear the receive enable bit to “0.”
* Read out the low-order byte of the UARTi
receive buffer register.

Error sum flag

When any error listed above has occurred.

» Clear the all error flags, which are
overrun, framing and parity error flags.

Note: The next data is written into the UARTI receive buffer register.

When an error occurs during reception, be sure to initialize the error flag and the UARTI receive buffer
register, and then perform reception again. When it is necessary to perform retransmission owing to an
error which has occurred on the receiver side during transmission, be sure to set the UARTI transmit buffer
register again, and then perform the retransmission.

The method to initialize the UARTI receive buffer register and that to set the UARTI transmit buffer register

again are described below.

(1) Method to initialize UARTI receive buffer register
O Clear the receive enable bit to “0” (reception disabled).
0 Set the receive enable bit to “1” again (reception enabled).

(2)

Method to set UARTI transmit buffer register again

O Clear the serial /O mode select bits to “0002" (serial 1/0O invalid).
O Set the serial /0 mode select bits again.
0 Set the transmit enable bit to “1” (transmission enabled), and set the transmit data to the UARTI

transmit buffer register.
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11.4.8 Sleep mode

This mode is used to transfer data between the specified microcomputers, which are connected by using
UARTI. The sleep mode is selected by setting the sleep select bit (bit 7 at addresses 3016, 3816) to “1” when
receiving.

In the sleep mode, receive operation is performed when the MSB (Ds when the transfer data = 9-bit length,
Dz when it is 8-bit length, De when it is 7-bit length) of the receive data is “1.” Receive operation is not
performed when the MSB is “0.” (The UARTI receive register's contents are not transferred to the UARTI
receive buffer register. Additionally, the receive complete flag and each error flag do not change, and no
UARTI receive interrupt request occurs.)

The following shows an usage example of the sleep mode when the transfer data = 8-bit length.

0O Be sure to set the same transfer data format for the master and slave microcomputers. Additionally, be
sure to select the sleep mode for the slave microcomputers.

O Then, transmit the data, of which structure is as follows, from the master microcomputer:
e Bit 7 = “1”
» Bits 6 to O indicate the address of the slave microcomputer to be communicated

O Each slave microcomputer receives the data described in step O. (At this time, a UARTI receive interrupt
request occurs.)

O Be sure to check for each slave microcomputer, in the interrupt routine, whether bits 6 to 0 of the receive
data match its own address.

O For the slave microcomputer of which address matches bits 6 to 0 of the receive data, terminate the
sleep mode. (Do not terminate the sleep mode for the other slave microcomputers.)
By performing steps O to O, “the microcomputer which performs transfer” is specified.

O Transmit the data of which bit 7 = “0” from the master microcomputer. (Only one slave microcomputer
specified in steps 00 to O can receive this data. The other microcomputers do not receive this data.)

O By repeating step O, continuous transfer can be performed between two specific microcomputers. When
communicating with another slave microcomputer, perform steps O to O in order to specify the new
slave microcomputer.

Data is transferred between the master
Master microcomputer and one specific slave microcomputer
selected from multiple slave microcomputers.

——————————————————————————————————————

Slave A Slave B Slave C Slave D

Fig. 11.4.14 Sleep mode
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[Precautions for clock asynchronous serial 1/0 (UART) mode]

[Precautions for clock asynchronous serial 1/0 (UART) mode]
1. When separating CTS/RTSi, the CLKi pin cannot be used. Accordingly, when separating CTS/RTSi in
UART mode, be sure to select an internal clock.

2. Writing to the UARTI baud rate register (BRGi) must be performed while transmission/reception halts.

3. When transmitting, be sure to clear the TxDo/P1s or TxD1/P17 switch bit (bits 2, 3 at address ACie) to “0.”
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A-D CONVERTER

12.1 Overview

12.1 Overview

The A-D conversion is performed in the 8-bit resolution mode or the 10-bit resolution mode. Also, the input
voltage can be compared with the set value by using the A-D converter (in other words, the comparator
function). Whether to perform the A-D conversion or comparison can be selected for each pin.

O In chapter 12, the operations common to the A-D converter’s functions (8-bit resolution, 10-bit resolution,
comparator) are simply referred to as “operation.”

Table 12.1.1 lists the performance specifications of the A-D converter.

Table 12.1.1 Performance specifications of A-D converter

Iltem Performance specifications
A-D conversion method Successive approximation conversion method
Resolution Either of 8-bit or 10-bit resolution can be selected by software.
Absolute accuracy 8-bit resolution mode :+2 LSB
10-bit resolution mode : +3 LSB
Analog input pin (Note) 5 pins (ANo to AN4)
Conversion rate per analog input pin 8-bit resolution mode 149 @o cycles

10-bit resolution mode  : 59 @ cycles
Comparator function|Comparison operation| Comparison between the set value and analog input voltage

Comparison rate per | 14 @o cycles
analog input pin

@o : A-D converter’'s operation clock

Note: For each of analog input pin ANi (i = 0 to 4), whether to use pin ANi as an input pin of the A-D converter or as that
of the comparator can be selected by using the comparator function select register 0 (address DCis).

(1) 8-bit resolution mode
The input voltage from pin ANi (i = 0 to 4) is A-D converted, and the 8-bit A-D conversion result is
stored in A-D register i. (Refer to sections “12.3 A-D conversion method” and “12.5 Comparison
voltage in 8-bit resolution mode.”)

(2) 10-bit resolution mode
The input voltage from pin ANi is A-D converted, and the 10-bit A-D conversion result is stored in
A-D register i. (Refer to section “12.3 A-D conversion method.”)

(3) Comparator function
The 8-bit value which has been set in A-D register i is compared with the voltage input from pin AN;;
and then, the result of comparison is stored into the ANi pin comparator result bit. (Refer to section
“12.6 Comparator function.”)
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12.1 Overview

(4) Operation modes
The A-D converter is equipped with the following 4 modes. The A-D conversion and comparison (in
other words, the comparator function) are performed in the same operation modes.

One-shot mode
This mode is used to perform the operation once for a voltage input from one selected analog input
pin.

Repeat mode

This mode is used to perform the operation repeatedly for a voltage input from one selected analog
input pin.

Single sweep mode

This mode is used to perform the operation for voltages input from multiple selected analog input
pins, one at a time.

Repeat sweep mode 0

This mode is used to perform the operation repeatedly for voltages input from multiple selected
analog input pins.
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12.2 Block description

Figure 12.2.1 shows the block diagram of the A-D converter. Registers relevant to the A-D converter are

described below.

Selection of A-D conversion frequency R .
f1 . (1,1)
|
| |
o0
(0,1 (o
fo— 1/2 o |
5 |
- I /7(0,0) 1
VRrer connection select bit 12 C_ ,(, ,), |
o---- A-D conversion frequency ((ap)
VREFO—r | select bits 1, 0
l}z\OT Resistor ladder Vref
AVSSO¥ network
AAAAAAAAA Comparator function select register 0 A-D control register 1
Selector < A-D control register 0
:Do <
| 1 | ‘
o BEEELEEL L e |
|
| Y
<~ | <0
Control circuit |« Selector <
et | ot
approximation register ‘ ‘ Comparator result register 0
\A
A-D register 0
A-D register 1
A-D register 2 Comparator
A-D register 3
. Decoder
A-D register 4
g Data bus (odd) g
g Data bus (even) g F YVYV Y
ANo Q o b6
AN1 () o o e
ANz () o o0 e
ANs () o oo
ANa () o o e
Selector

Fig. 12.2.1 Block diagram of A-D converter
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12.2 Block description

12.2.1 A-D control registers 0, 1
Figures 12.2.2 and 12.2.3 show the structures of the A-D control registers 0 and 1.

b7 b6 b5 b4 b3 b2 bl bo
1 1 1

A-D control register 0 (Address 1Ezis) 0
1 1 1
Bit Bit name Function At reset| R/W
: H : b2 b1b0 :
0 Analog input pin select bits 000 : ANois selected. Undefined, RW
(Valid in the one-shot and repeat| 00 1 : AN: is selected.
modes. Note 1 010: ANz is selected. .
: s) ( ) 011:ANsis selected. (Note 2) Undefined  RW
100: AN4is selected. (Note 3)
101 : Do not select. )
2 110 : Do not select. Undefined)  RW
11 1: Do not select.
b4 b3
3 A-D operation mode select bits 0 0 : One-shot mode 0 RW
0 1: Repeat mode
4 1 0: Single sweep mode 0 RW
11 : Repeat sweep mode O
5 Fix this bit to “0.” 0 RW
6 A-D conversion start bit 0 : A-D conversion halts. 0 RwW
1: A-D conversion starts. (Note 4)
7 A-D conversion frequency (¢sp) | See Table 12.2.1. 0 RW
select bit 0

Notes 1: These bits are invalid in the single sweep mode and repeat sweep mode 0. (Each may be either “0” or “1.”)
2: When using pin ANz, be sure that the D-Ao output enable bit (bit 0 at address 9616) = “0” (output disabled).
3: When using pin AN, be sure that the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).
4: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.
5: Writing to each bit (except writing of “0” to bit 6) of the A-D control register 0 must be performed while the A-D converter
halts, regardless of the A-D operation mode.

Fig. 12.2.2 Structure of A-D control register 0
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b7 b6 b5 b4 b3 b2 bl b0
A-D control register 1 (Address 1Fie) 0 0

Bit Bit name Function At reset| R/W
Undefined] RW

0 A-D sweep pin select bits
(Valid in the single sweep mode and
1 repeat sweep mode 0.) (Note 1)

: Pins ANo and AN (2 pins)

: Pins ANo to ANs (4 pins) (Note 2)
: Pins ANo to AN4 (5 pins) (Notes 2, 3) Undefined] RW
: Do not select.

PR oog
RPOROZ

2 Fix this bit to “0.” 0 RW
3 Resolution select bit 0 : 8-bit resolution mode 0 RW
1: 10-bit resolution mode
4 Q_-chonversion frequency (¢o) select | See Table 12.2.1. 0 RW
it
Fix this bit to “0.” 0 RW
Vrer connection select bit (Note 4) | 0 : Pin Vrer is connected. 0 RW

1 : Pin Vrer is disconnected.

7 The value is “0” at reading. 0 —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or “1.”)
2: When using pin ANs, be sure that the D-Ao output enable bit (bit O at address 9616) = “0” (output disabled).
3: When using pin AN4, be sure that the D-A1 output enable bit (bit 1 at address 9616) = “0” (output disabled).
4: When this bit is cleared from “1” to “0,” be sure to start the A-D conversion after an interval of 1 us or more has elapsed.
5: Writing to each bit of the A-D control register 1 must be performed while the A-D converter halts, regardless of the A-D
operation mode.

Fig. 12.2.3 Structure of A-D control register 1

12-6 7906 Group User's Manual Rev.2.0



A-D CONVERTER

12.2 Block description

(1)

(2)

(3

Analog input pin select bits (bits 0 to 2 at address 1Euis)

These bits are used to select an analog input pin in the one-shot mode or repeat mode. Pins which
are not selected as analog input pins serve as programmable 1/O port pins.

Also, these bits must be specified again if the user switches the operation mode to the one-shot
mode or repeat mode after the operation is performed in the single sweep mode or repeat sweep
mode 0.

A-D operation mode select bits (bits 3 and 4 at address 1Euis)
These bits are used to select the operation mode of the A-D converter.

A-D conversion start bit (bit 6 at address 1Euis)

Setting this bit to “1” generates a trigger, causing the A-D converter to start its operation. Clearing
this bit to “0” causes the A-D converter to halt its operation.

In the one-shot mode or single sweep mode, this bit is cleared to “0” when the operation is completed.
In the repeat mode or repeat sweep mode 0, the A-D converter continues its operation until this bit
is cleared to “0” by software.

(4) A-D conversion frequency (gno) select bit 0 (bit 7 at address 1Eis), A-D conversion frequency

(@) select bit 1 (bit 4 at address 1Fs)

These bits are used to select the operation clock (gno) of the A-D converter. Table 12.2.1 lists the
conversion time per one analog input pin.

Since the A-D converter’'s comparator consists of capacity coupling amplifiers, be sure to keep that
@o = 250 kHz while the A-D converter is active.

Table 12.2.1 Conversion time per one analog input pin

Conversion time (us) (Note)
A-D conversion | A-D conversion foys = 20 MHZ
frequency.((pao) frequency.((pm) (o 8-bit resolution | 10-bit resolution Comparator
select bit 1 select bit 0 )
mode mode function
0 0 f2 divided by 4 19.60 23.60 5.60
0 1 f2 divided by 2 9.80 11.80 2.80
1 0 f2 4.90 5.90 1.40
1 1 f1 2.45 Do not select. 0.70
Note: This applies when the peripheral devices’ clock select bits 0, 1 (bits 6, 7 at address BCis) = “002.”

(5)

(6)

(7)

A-D sweep pin select bits (bits 0 and 1 at address 1Fis)

These bits are used to select analog input pins in the single sweep mode or repeat sweep mode 0.
Pins which are not selected as analog input pins serve as programmable I/O port pins or as 1/O pins
of other internal peripheral devices, which are multiplexed.

Resolution select bit (bit 3 at address 1Fie)
This bit is used to select a resolution.

Vrer cOnnection select bit (bit 6 at address 1Fuis)

When the A-D converter is not used, this bit is used to disconnect the resistor ladder network of the
A-D converter from the reference voltage input pin (Vrer).

When the resistor ladder network is disconnected from pin Vker, the current is not flowed from pin
Vrer to resistor ladder network. Accordingly, the power dissipation can be saved.

When this bit changes from “1” (Vrer disconnected) to “0” (Vrer connected), start of the operation
must be 1 us or more later.

7906 Group User's Manual Rev.2.0 12-7



A-D CONVERTER
12.2 Block description

12.2.
Figure 12.2.4 shows the structure of the A-D register i. When the A-D conversion is completed, the conver-

sion result (contents of the successive approximation register) is stored into this register. When the comparator
function is selected, the value to be compared is stored in this register.

2 A-D register i (i = 0 to 4)

Each A-D register i corresponds to an analog input pin (ANi).

m When 8-bit resolution mode is selected

A-D register 0 (Addresses 211, 201s)
A-D register 1 (Addresses 231, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 291, 281s)

(b15)
b7

(b8)

b0 b7

b0

Bit

Function

At reset

R/W

7 to 0 | Reads an A-D conversion result.

Undefined

RO

15 to 8 | The value is “0” at reading.

0

m When 10-bit resolution mode is selected

A-D register 0 (Addresses 211, 201s)
A-D register 1 (Addresses 231, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 271, 2616)
A-D register 4 (Addresses 291, 281s)

(b15)
b7

(b8)
b0 b7
1

b0

Bit

Function

At reset

R/W

9to 0 | Reads an A-D conversion result.

Undefined

RO

15 to 10| The value is “0” at reading.

0

m When comparator function is selected

A-D register 0 (Addresses 211, 201s)
A-D register 1 (Addresses 231, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 261s)
A-D register 4 (Addresses 29:s, 281s)

(b15)
b7

(b8)
b0 b7

b0

Bit

Function

At reset

R/W

7 to 0 | Any value in the range from “0016” to “FF16” can be set.

The set value is compared with the input voltage. The value is undefined at reading.

Undefined

RO

15to 8 | The value is “0” at reading.

0

Note: When the comparator function is selected, writing to and reading from A-D register i must be performed while the A-D

converter halts.

Fig. 12.2.4 Structure of A-D register i

12-8

7906 Group User's Manual Rev.2.0




A-D CONVERTER
12.2 Block description

12.2.3 Comparator function select register 0, comparator result register 0

Figure 12.2.5 shows the structure of comparator function select register 0; Figure 12.2.6 shows the structure

of comparator result register 0.

When the ANi pin comparator function select bit is set to “1,” the comparator function is selected. When
the A-D conversion is performed, be sure to clear the corresponding bit to “0.”
For details of the comparator function, refer to section “12.6 Comparator function.”

b7 b6 b5 b4 b3 b2 bl bo
Comparator function select register O (Address DCis) ololo
Bit Bit name Function Atreset| R/W
0 ANo pin comparator function select bit | 0 : The comparator function is not selected. 0 RW
] ) —| 1:The comparator function is selected.
1 AN: pin comparator function select bit 0 RW
2 AN: pin comparator function select bit 0 RW
3 ANs pin comparator function select bit 0 RW
4 ANz pin comparator function select bit 0 RW
7to5 | Fix these bits to “000.” 0 RW
Note: Writing to comparator function select register 0 must be performed while the A-D converter halts.
Fig. 12.2.5 Structure of comparator function select register 0
b7 b6 b5 b4 b3 b2 bl b0
Comparator result register O (Address DEus) ololo
Bit Bit name Function Atreset| R/W
0 ANo pin comparator result bit 0 : The set value > The input level at pin ANi 0 RW
) ) 1: The set value < The input level at pin ANi
1 AN: pin comparator result bit 0 RW
2 AN: pin comparator result bit 0 RW
3 ANs pin comparator result bit 0 RW
4 AN pin comparator result bit 0 RW
7105 | Fix these bits to “000.” 0 RW

Note: Writing to comparator result register O must be performed while the A-D converter halts.

Fig. 12.2.6 Structure of comparator result register 0
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12.2.4 A-D conversion interrupt control register
Figure 12.2.7 shows the structure of the A-D conversion interrupt control register. For details about interrupts,
refer to “CHAPTER 6. INTERRUPTS.”

b7 b6 b5 b4 b3 b2 bl bo
T

A-D conversion interrupt control register (Address 701s) T

Bit Bit name Function Atreset| R/W
iori i b2 b1b0

0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010: Level 2

L 011:Level3 0 | RW
100:Level4
101:Level5

2 110: Level 6 0 | RW
111:Level?

3 Interrupt request bit 0 : No interrupt requested Undefined] RW
1 : Interrupt requested (Note 1)|(Note 2)

7 to 4 | Nothing is assigned. Undefined, —

Notes 1: Before using an A-D conversion interrupt, be sure to clear this bit to “0” by software.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

Fig. 12.2.7 Structure of A-D conversion interrupt control register

(1) Interrupt priority level select bits (bits 2 to 0)
These bits are used to select an A-D conversion interrupt’s priority level. When using an A-D conversion
interrupt, be sure to select one of the priority levels (1 to 7). When an A-D conversion interrupt
request occurs, its priority level is compared with the processor interrupt priority level (IPL). The
requested interrupt is enabled only when its priority level is higher than the IPL. (However, this
applies when the interrupt disable flag (1) = “0.”)
To disable an A-D conversion interrupt, set these bits to “000.” (level 0).

(2) Interrupt request bit (bit 3)
This bit is set to “1” when an A-D conversion interrupt request has occurred. This bit is automatically
cleared to “0” when the A-D conversion interrupt request has accepted. This bit can be set to “1” or
cleared to “0” by software.
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12.2.5 Port P7 direction register
The A-D converter’s input pins are multiplexed with the port P7 pins. When using these pins as A-D
converter’s input pins, be sure to clear the corresponding bits of the port P7 direction register to “0” in order
to set these pins to the input mode. Figure 12.2.8 shows the correspondence between the port P7 direction
register and the A-D converter’s input pins.

Port P7 direction register (Address 111s)

b7 b6 b5 b4 b3 b2 bl b0

Bit Bit name Function Atreset| R/W

0 | Pin ANo 0 : Input mode 0 RW
1 : Output mode

1 Pin AN 0 RwW

2 Pin AN When using any of thgse pins as A-D conyerter’s input 0 RW
pin, be sure to clear its corresponding bit to “0.”

3 Pin ANs (Pin DAo)  (Note 1) 0 RW

4 Pin AN4 (Pin DAY/INT3s/RTP1rco) 0 RW

(Note 2)
7 to 5 | Nothing is assigned. Undefined| —

Notes 1: When using pin ANs, be sure to clear the D-Ao output enable bit (bit O at address 9616) = “0” (output disabled).
2: When using pin AN4, be sure to clear the D-A: output enable bit (bit 1 at address 961s) = “0” (output disabled).
3: The pins in () are I/O pins of other internal peripheral devices, which are multiplexed with the corresponding port P7 pins.

Fig. 12.2.8 Correspondence between port P7 direction register and A-D converter’s input pins
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12.3 A-D conversion method

12.3 A-D conversion method

The A-D converter compares the comparison voltage (Vrr), which is internally generated according to the
contents of the successive approximation register, with the analog input voltage (Vi), which is input from
the analog input pin (ANi). By reflecting the comparison result on the successive approximation register, Vin
is converted into a digital value. When a trigger is generated, the A-D converter performs the following
processing:

O Determining bit 9 of the successive approximation register
The A-D converter compares Vwer With Vin. At this time, the contents of the successive approximation
register is “1000000000z" (initial value).
Bit 9 of the successive approximation register depends on the comparison result as follows:
When Vet < Vin, bit 9 = “1”
When Vet > Vi, bit 9 = “0”

O Determining bit 8 of the successive approximation register
After setting bit 8 of the successive approximation register to “1,” the A-D converter compares Vref with
Vin. Bit 8 depends on the comparison result as follows:
When Veer < Vv, bit 8 = “1”
When Vet > Vi, bit 8 = “0”

O Determining bits 7 to LSB of the successive approximation register
Operation O is performed for each of bits 7 to 0 in the 10-bit resolution mode.
Operation O is performed for each of bits 7 to 2 in the 8-bit resolution mode.
When the LSB is determined, the contents of the successive approximation register (in order words,
conversion result) are transferred to the A-D register i.

Vret IS generated according to the latest contents of the successive approximation register. Table 12.3.1 lists
the relationship between the successive approximation register's contents and Vrr. Tables 12.3.2 and 12.3.3
list the changes of the successive approximation register and Vwr during the A-D conversion, respectively.
Figure 12.3.1 shows the ideal A-D conversion characteristics in the 10-bit resolution mode.

Table 12.3.1 Relationship between successive approximation register’s contents and Ve

Successive approximation register's contents: n Vet (V)
0 0
1 to 1023 _VRE e (h - 0.5)
1024

Vrer: Reference voltage
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Table 12.3.2 Change of successive approximation register and Vrer during A-D conversion (8-bit resolution)

Successive approximation register

Change of Vref

A-D converter halt
1st comparison

2nd comparison

v

3rd comparison
8th comparison

Conversion completed

b9 b0
'1]/olo]olololo]o]o]0]

'1]ofololofofofol0]0

s 1]ofolofofolo]of0]
1st comparison result
inelns| 1/ 0] 0|0]0]0]0]0]

2nd comparison result

‘ng‘ns‘m‘ne‘ns‘m‘ns‘ 1‘ 0‘ O‘

‘ng‘na‘m‘ns‘ns‘ n4‘ n3‘n2‘ 0 ‘ 0 ‘

VREF

REF [V]
VREF  VREF

2~ 2048 V]
V Vi V no=1 +—VZEF

REF REF REF

2 *74 ~20a8 M=o Ve

v

VRrer , VREF , VREF _ VREF M ng=1 +%

2 - 4 -~ 8 2048 -m:o—%
VREF VREF VREF VREF VREF

2 *74 *Tg Totisg ~ 2048 V]

Table 12.3.3 Change of successive approximation register

and Vrer during A-D conversion (10-bit resolution)

Successive approximation register

Change of Vref

A-D converter halt

1st comparison

2nd comparison

v

3rd comparison

"

10th comparison

Conversion completed

b9 b0
|1]/ololofojololo]o]o]

'1/o0]olo]olololo]o]o]

nol1fojofolololofo]0]
1st comparison result
nolne| 1/ 0] 0/0] 0] 0]0]0]
2nd comparison result

‘n9‘ ns‘ n7‘ ne‘ ns‘ n4‘ n3‘ nz‘ nl‘ 1 ‘

(e e[ e s e 1] e ra )

V
BEF (V]
VRer _ VREF
2~ 2048 VI
e =1 +_VRer
VRer , VREF _ VREF V] 4
2 T 4 72048 mo=0 —-VEE
VREF
VRer , VRer , VREF _ VREr M me=1+—g
2 ~ 4 — 8 2048 _ Vrer
. Me=0 ——g—
VRer , VREF , VREF +_ VREF _ _VREF V]
2 4 T 8 TUUTT1024 2048
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A-D conversion result

Ideal A-D conversion characteristics

3FF16 |

00216 -}

00116 |

00016 ‘ ‘ D)) ; ; ; >

I I I K&
: VREF VREF VREF VREF VREF VREF
0 102491 102472 102473 1024 1 1021 7054 1 1022 755, 011023 Vier

YOR;Z 0os Analog input voltage

Fig. 12.3.1 Ideal A-D conversion characteristics in 10-bit resolution mode
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12.4 Absolute accuracy and Differential non-linearity error

The A-D converter’'s accuracy is described below. Refer to section “Appendix 10.4 A-D converter standard
characteristics,” also.

12.4.1 Absolute accuracy

The absolute accuracy is the difference expressed in the LSB between the actual A-D conversion result
and the output code of an A-D converter with ideal characteristics. (See Figure 12.4.1 for more details.)
The analog input voltage at measurement of the absolute accuracy is assumed to be the mid point of the
analog input voltage width that outputs the same output code from an A-D converter with ideal characteristics.
For example, in the case of the 10-bit resolution mode, when Vrer = 5.12 V, 1 LSB width is 5 mV, and 0
mV, 5 mV, 10 mV, 15 mV, 20 mV, ... are selected as the analog input voltages.

The absolute accuracy = +3 LSB indicates that when the analog input voltage is 25 mV, the output code
expected from an ideal A-D conversion characteristics is “0051s,” but the actual A-D conversion result is
between “00216” to “0081s.”

The absolute accuracy includes the zero error and the full-scale error.

The absolute accuracy degrades when Vrer is lowered. Any of the output codes for analog input voltages
in the range from Vrer to Vcc is “3FFus.”

Output code
(A-D conversion result)

00B16 | _l

00A16 |-

00916 |

00816 77+3 LSB \

) Ideal A-D conversion
00716 characteristics

00616 |

00516 o+

00416 |-

00316 |

00216 |-

00116 |

00016 /// I I I | i I I ! I | I )
0 5 10 15 20 25 30 35 40 45 50 55
Analog input voltage (mV)

Fig. 12.4.1 Absolute accuracy of A-D converter (10-bit resolution mode)
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12.4.2 Differential non-linearity error

The differential non-linearity error indicates the difference between the 1 LSB step width (the ideal analog
input voltage width while the same output code is expected to output) of an A-D converter with ideal
characteristics and the actual measured step width (the actual analog input voltage width while the same
output code is output). (See Figure 12.4.2 for more details.) For example, in the case of the 10-bit
resolution mode and Vrer = 5.12 V, the 1 LSB width of an A-D converter with ideal characteristics is 5 mV;
but if the differential non-linearity error is £1 LSB, the actual measured 1 LSB width is in the range from

0 to 10 mV.

Output code
(A-D conversion result)

00916 |

00816 |

00716 |

00616

00516 |

00416 |

00316 +

00216 -}

1 LSB width with ideal
A-D conversion characteristics

00116 L

00016 | |

Differential non-linearity error

| | | | | | |

15 20 25 30 35 40 45
Analog input voltage (mV)

Fig. 12.4.2 Differential non-linearity error (10-bit resolution mode)
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12.5 Comparison voltage in 8-bit resolution mode

In the 8-bit resolution mode, which is selected by the resolution select bit, the high-order 8 bits of the 10-
bit successive approximation register are treated as the A-D conversion result. Accordingly, when compared
with the 8-bit A-D converter, a comparison reference voltage is different by 3Vrer/2048. (Refer to the
underlined portions in Table 12.5.1). The difference of the output code change point is generated as shown

in Figure 12.5.1.

Table 12.5.1 Comparison voltage

M37906’s 8-bit resolution mode

8-bit A-D converter

Comparison voltage
Vref

VREF

28 - 210

VREF

On 0o.5

VRer VREF
2 On- T 0 0.5

Vrer : Reference voltage

n : Contents of successive approximation register

Output code
(A-D conversion result)

02

01

00

Output code
(A-D conversion result)

gpit LOPH
resolution resolution
mode mode
09
02------- 08------
07
06
05
01~ 04 -
03
01
00 00 "~

VRer: Reference

e 8-bit A-D converter’s ideal characteristics (when VRer = 5.12 V)

_________________________ ]

10 /30

e M37906's A-D converter's ideal charactéristics (when VRer = 5.12 V)

Analog input voltage (mV)

i 10-bit resolution mode

8-bit resolution mode

37.5

17.5

Note: Difference of output code change point

voltage

Analog input voltage (mV)

Fig. 12.5.1 Difference of output code change point
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12.6 Comparator function

By setting the ANi pin comparator function select bit (See Figure 12.2.5.) to “1,” the comparator function can
be selected for each pin AN..

For pin ANi where the comparator function is selected, the following comparison operation is performed.

O A 10-bit value (a set value), of which high-order 8 bits consist of the corresponding A-D register i
(at an even-numbered address)’s contents and of which low-order 2 bits = “102,” is D-A converted.

O The result of the D-A conversion (that is to say, comparison voltage V) is compared with an analog
voltage input from an analog input pin.

O The value to be stored into the ANi pin comparator result bit (see Figure 12.2.6.) depends on the
comparison result as follows:
When Vet > analog input voltage, “0” is stored.
When Vit < analog input voltage, “1” is stored.
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12.7 One-shot mod

e

In the one-shot mode, the operation for an input voltage from one selected analog input pin is performed
once, and an A-D conversion interrupt request occurs at completion of the operation.

12.7.1 Settings for one-shot mode

Figures 12.7.1 and 12.7.2 show initial setting examples for related registers in the one-shot mode.

When using an interrupt, it is necessary to set the related registers to enable an interrupt. Refer to
“CHAPTER 6. INTERRUPTS” for more details.

A-D control registers 0 and 1

b7 , i IbO
[ lofolo,of | | |

A-D control register 0

(Address 1Ez1s6)

Analog input pin select bits

b2 b1 b0

000 : ANo selected
00 1: ANz selected
010 : ANz selected
011:ANs3selected
100: AN4 selected

One-shot mode

A-D conversion start
0 : A-D conversion

bit
halts.

b7 b0 )
[T oToT T Tox] iy
Resolution select bit

0 : 8-bit resolution mode
1 : 10-bit resolution mode

A-D conversion frequency (@ap) select bit 1
See Table 12.2.1.

Vrer connection select bit
0 : Pin Vrer is connected.

A-D conversion frequency (¢gap) select bit 0

See Table 12.2.1.

X: It may be either “0” or “1.”

(s

election of comparator function

.

b7 b0
lofofo] | [ |
ANo
AN1
AN2
AN3
ANa4

| | Comparator function select register 0 (Address DCis)

0 : Comparator function is not selected
1 : Comparator function is selected.

When comparator function is selected

When comparator function is not selected

A-D register
b15
( b7)

i
(b8)

bo b7

A-D register 0 (Addresses 2116, 2016)
A-D register 1 (Addresses 2316, 2216)
po A-D register 2 (Addresses 2516, 2416)

| A-D register 3 (Addresses 2716, 2616)

A-D register 4 (Addresses 2916, 2816)

L A value (comparison value) in the range

from 0016 through FFis is set.

Continued on Figure 12.7.2.

Fig. 12.7.1 Initial setting example for related registers in one-shot mode (1)
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12.7 One-shot mode

Continued from preceding Figure 12.7.1

/Interruptprioritylevel \
b7 b0
]

LT 1o

A-D conversion interrupt control register
(Address 701s)

Interrupt priority level select bits
Set the level to one of 1 through 7 when using this interrupt.
Set the level to 0 when disabling interrupts.

Interrupt request bit
\ “0” : No interrupt requested

v

/Port P7 direction register \

| | | | | | | | |PortP7direction register
(Address 1116)

L ANo

AN1 Clear the bits, corresponding to
ANz the selected analog input pins,
AN3  to*“0.”

AN4

- /

Setting of A-D conversion start bit to “1.”

b
| | 1| | ' | C O| A-D control register 0
' +——! (Address 1Ez1e)

A-D conversion start bit

Trigger generated
Operation starts.

Note: Writing to the following must be performed while the A-D converter
halts (in other words, before a trigger is generated); this must be done
independent of the operation mode of the A-D converter.

« Each bit of the A-D control register 0, except bit 6

« Each bit of the A-D control register 1

« A-D register i (when the comparator function is selected)
« Comparator function select register 0

Especially, when the VREF connection select bit is cleared from “1” to “0,”
an interval of 1 ys or more must be elapsed before occurrence of a trigger.

Fig. 12.7.2 Initial setting example for related registers in one-shot mode (2)
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A-D CONVERTER

12.7 One-shot mode

12.7.2 One-shot mode operation

O The A-D converter starts its operation when the A-D conversion start bit is set to “1.”

O The A-D conversion is completed after 49 cycles of @aD in the 8-bit resolution mode, or 59 cycles
of @aD in the 10-bit resolution mode. Then, the contents of the successive approximation register
(conversion result) are transferred to the A-D register i.

When the comparator function is selected, the comparison is completed after 14 cycles of ¢s. Then,
the result of the comparison is stored into the ANi pin comparator result bit.

O At the same time as step O, the A-D conversion interrupt request bit is set to “1.”

O The A-D conversion start bit is cleared to “0,” and the A-D converter halts.

Figure 12.7.3 shows the operation in the one-shot mode.

m 8-bit and 10-bit resolution modes

Trigger generated

Y Conversion result

[Convert input voltage at pin ANi. A-D register i

A-D conversion interrupt request occurs.

Y
( A-D converter halts. )

m Comparator function

Trigger generated

Y Comparison result

[Compare input voltage at pin ANi ANi pin comparator
result bit

A-D conversion interrupt request occurs.

Y
( A-D converter halts. )

Fig. 12.7.3 Operation in one-shot mode
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12.8 Repeat mode

12.8 Repeat mode

In the repeat mode, the A-D conversion for an input voltage from one selected analog input pin is performed
repeatedly.

In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1E16) remains set to “1” until it is cleared to “0” by software, and the A-D converter repeates its
operation while the A-D conversion start bit = “1.”

12.8.1 Settings for repeat mode
Figures 12.8.1 and 12.8.2 show initial setting examples for related registers in the repeat mode.

A-D control registers 0 and 1

A-D control register 0 T A-D control register 1
(Address 1Ezs) [Lolol [ olx; x| {address 1Fs)

Analog input pin select bits
b2 b1 b0

000 : ANo selected

00 1: ANz selected

010 : ANz selected
011:ANSsselected

b7 bo b7 b0
[ lofoJo ] | | |

Resolution select bit
0 : 8-bit resolution mode
1 : 10-bit resolution mode

A-D conversion frequency (gap) select bit 1

100 : AN4 selected See Table 12.2.1.
Vrer connection select bit
Repeat mode 0 : Pin Vrer is connected.

A-D conversion start bit
0 : A-D conversion halts.

A-D conversion frequency (gap) select bit 0
See Table 12.2.1. X': It may be either “0” or “1.”

(s

election of comparator function

b7 b0
| 0 | 0 | 0| | | | | |Comparator function select register 0 (Address DCis)
ANo
AN1 R
ANz O :Comparator function is not selected.
ANz 1:Comparator function is selected.

AN4

-

When comparator function is not selected

When comparator function is selected

A-D register i
A-D register 0 (Addresses 2116, 2016)
®15) (Eg) b7 bo A-Dregister 1 (Addresses 2316, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 2916, 2816)

\— A value (comparison value) in the range

from 0016 through FFis is set.

Continued on Figure 12.8.2.

Fig. 12.8.1 Initial setting example for related registers in repeat mode (1)

12-22 7906 Group User's Manual Rev.2.0



A-D CONVERTER

12.8 Repeat mode

Continued from preceding Figure 12.8.1

/Port P7 direction register \

b7 bo
| | | | | | | | | Port P7 direction register
(Address 111s)

L ANo

AN1 ) )

L ANz Clear the bits, corresponding to

L AN3 the selected analog input pins,
ANa 100

- /

Setting of A-D conversion start bit to “1.”

b7 b0
| | 1 | | T | U | A-D control register 0
‘ . Lo (Address 1Ezs)

A-D conversion start bit

Trigger generated
Operation starts.

Note: Writing to the following must be performed while the A-D converter
halts (in other words, before a trigger is generated); this must be done
independent of the operation mode of the A-D converter.

« Each bit of the A-D control register 0, except bit 6

« Each bit of the A-D control register 1

* A-D register i (when the comparator function is selected)
« Comparator function select register 0

Especially, when the VREF connection select bit is cleared from “1” to “0,”
an interval of 1 us or more must be elapsed before occurrence of a trigger.

Fig. 12.8.2 Initial setting example for related registers in repeat mode (2)
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12.8 Repeat mode

12.8.2 Repeat mode operation
O The A-D converter starts its operation when the A-D conversion start bit is set to “1.”

O The 1st A-D conversion is completed after 49 cycles of ¢ in the 8-bit resolution mode, or 59 cycles
of @D in the 10-bit resolution mode. Then, the contents of the successive approximation register
(conversion result) are transferred to the A-D register i.

When the comparator function is selected, the 1st comparison is completed after 14 cycles of ¢eo.
Then, the result of the comparison is stored into the ANi pin comparator result bit.

O The A-D converter repeats its operation until the A-D conversion start bit is cleared to “0” by
software. The conversion result is transferred to the A-D register i each time the conversion is
completed. When the comparator function is selected, the comparison result is stored into the ANi
pin comparator result bit each time the comparison is completed.

Figure 12.8.3 shows the operation in the repeat mode.

m 8-bit and 10-bit resolution modes

Trigger generated

>

A 4 Conversion result
[Convert input voltage at pin ANi] A-D register i

m Comparator function

Trigger generated

%
Y Comparison result
[Compare input voltage at pin ANi. I:I ANi pin comparator
result bit

Fig. 12.8.3 Operation in repeat mode
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12.9 Single sweep mode

12.9 Single sweep mode

In the single sweep mode, the operation for the input voltages from multiple selected analog input pins are
performed, one at a time. The operation is performed in ascending sequence from pin ANo to pin AN7. An
A-D conversion interrupt request occurs when the operations for all selected analog input pins are completed.

12.9.1 Settings for single sweep mode

Figures 12.9.1 and 12.9.2 show initial setting examples for related registers in the single sweep mode.
When using an interrupt, it is necessary to set the related registers to enable an interrupt. Refer to
“CHAPTER 6. INTERRUPTS” for more details.

A-D control registers 0 and 1

J

b7 bo ) b7 I .
| | 0 | 0 | 1, 0| X, Xlxl ?;\(?d(r:ggg(])_léles?mero I_I o | Ol | | Ol . | (A;(Ij)d(r:gggcl)l':rleeglster 1

Single sweep mode A-D sweep pin select bits
bl b0
A-D conversion start bit 00 : ANo, AN1 (2 pins)
0 : A-D conversion halts. 01 : ANo to AN3 (4 pins)

1 0: ANo to AN4 (5 pins)

A-D conversion frequency (gap) select bit 0

See Table 12.2.1. L Resolution select bit
0 : 8-bit resolution mode
1 : 10-bit resolution mode

——— A-D conversion frequency (@ap) select bit 1
See Table 12.2.1.

Vrer connection select bit
0 : Pin Vrer is connected.

X': It may be either “0” or “1.”

Selection of comparator function

b7 b0
| 0| 0| 0| | | | | | Comparator function select register 0 (Address DCis)
ANo
AN1
AN2 0 : Comparator function is not selected.
E— 2“3 1 : Comparator function is selected.
L ANa

When comparator function is not selected

When comparator function is selected

A-D register i
®15) ©8) A-D register 0 (Addresses 2116, 2016)
b7 b0 b7 bo A-D register 1 (Addresses 2316, 2216)
| A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 2916, 2816)

\— A value (comparison value) in the range

from 0016 through FFis is set.

EE NN NN NN NN NN NN NN NN NN NN NN NN NN EEREEEEREEN

Continued on Figure 12.9.2.

Fig. 12.9.1 Initial setting example for related registers in single sweep mode (1)
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A-D CONVERTER

12.9 Single sweep mode

Continued from preceding Figurd12.9.

/Interrupt priority level

|b7| | | |O| ' 'b0| A-D conversion interrupt control register
L1 (Address 701s)

Interrupt priority level select bits

Set the level to 0 when disabling interrupts.

Interrupt request bit

\ “0” : No interrupt requested

Set the level to one of 1 through 7 when using this interrupt.

J

o

b7 bo
| | | | | | | | | Port P7 direction register
L (Address 1116)

ANo

AN1

AN2  Clear the bits, corresponding to
AN3  the selected analog input pins,
AN4  to“0.

- /

ort P7 direction register

Setting of A-D conversion start bit to “1.”

| |1| | T | T 'bo| A-D control register 0
L - (Address 1Ezs)

‘ A-D conversion start bit

Trigger generated
Operation starts.

Note: Writing to the following must be performed while the A-D converter

halts (in other words, before a trigger is generated); this must be done

independent of the operation mode of the A-D converter.
« Each bit of the A-D control register 0, except bit 6

« Each bit of the A-D control register 1

» A-D register i (when the comparator function is selected)
» Comparator function select register O

Especially, when the VREF connection select bit is cleared from “1” to “0,”
an interval of 1 us or more must be elapsed before occurrence of a trigger.

Fig. 12.9.2 Initial setting example for related registers in single sweep mode (2)
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A-D CONVERTER

12.9 Single sweep mode

12.9.2 Single sweep mode operation

O The A-D converter starts its operation for the input voltage at pin ANo when the A-D conversion start
bit is set to “1.”

O The A-D conversion for the input voltage at pin ANo is completed after 49 cycles of @vo in the 8-
bit resolution mode, or 59 cycles of @o in the 10-bit resolution mode. Then, the contents of the
successive approximation register (conversion result) are transferred to the A-D register 0.
When the comparator function is selected, the comparison for pin ANo is completed after 14 cycles
of @o. Then, the result of the comparison is stored into the ANo pin comparator result bit.

O The operations for all selected analog input pins are performed.
In the 8-bit and 10-bit resolution modes, the conversion result is transferred to the corresponding
A-D register i each time when the A-D conversion per one pin is completed. When the comparator
function is selected, the comparison result is stored into the ANi pin comparator result bit each time
the comparison for one pin is completed.

0 When step O is completed, the A-D conversion interrupt request bit is set to “1.”
O The A-D conversion start bit is cleared to “0,” and the A-D converter halts.
Note that the operation time for pins ANo to AN4 is equivalent to the time for 6 pins when the A-D sweep

pin select bits (bits 1, 0 at address 1Fis) = “102.”
Figure 12.9.3 shows the operation in the single sweep mode.

( Trigger generated )

Y Conversion result
Convert input voltage at pin ANo A-D register 0
or Comparison result
Compare input voltage at pin ANo I:I ANo pin comparator result bit
2 Conversion result
Convert input voltage at pin AN1 A-D register 1
or Comparison result
Compare input voltage at pin AN1 I:I ANZ1 pin comparator result bit
i Conversion result
Convert input voltage at pin ANi A-D register i
or Comparison result
Compare input voltage at pin ANi I:I ANi pin comparator result bit

A-D converter interrupt request occurs.

Y
(A-D converter halts)

Fig. 12.9.3 Operation in single sweep mode

7906 Group User's Manual Rev.2.0 12-27



A-D CONVERTER
12.10 Repeat sweep mode O

12.10 Repeat sweep mode 0

In the repeat sweep mode, the A-D conversions for input voltages from multiple selected analog input pins
are performed repeatedly. The A-D conversion is performed in ascending sequence from pin ANo to pin AN-.
In this mode, no A-D conversion interrupt request occurs. Additionally, the A-D conversion start bit (bit 6 at
address 1Eis) remains set to “1” until it is cleared to “0” by software, and the A-D converter repeates its
operation while the A-D conversion start bit = “1.”

12.10.1 Settings for repeat sweep mode 0
Figures 12.10.1 and 12.10.2 show initial setting examples for related registers in the repeat sweep mode 0.

'

A-D control registers 0 and 1

b7 b0 b7 bo
LI B A-D control register 0 A-D control register 1
| |O|0|l,l,X,X,X| (Address 1Ezs) | |0|0| | |0| | | (Addresleusg
Repeat sweep mode 0 A-bDbosweep pin select bits
1
A-D conversion start bit 00 : ANo, AN1 (2 pins)
0 : A-D conversion halts. 01:ANo to AN3 (4 pins)
10 : ANo to AN4 (5 pins)
A-D conversion frequency (gap) select bit 0

Resolution select bit
0 : 8-bit resolution mode
1 : 10-bit resolution mode

See Table 12.2.1.

A-D conversion frequency (gap) select bit 1
See Table 12.2.1.

Vrer connection select bit
0 : Pin Vrer is connected.

X: It may be either “0” or “1.”

Selection of comparator function

b7 b0
| 0 | 0 | 0 | | | | | | Comparator function select register 0 (Address DCis)
ANo
AN1
AN2 0 : Comparator is not selected.
AN3 1 : Comparator is selected.
AN4

When comparator function is not selected

When comparator function is selected

A-D register i A-D register 0 (Addresses 2116, 2016)
b15) 8) A-D register 1 (Addresses 2316, 2216)
b7 b0 b7 po A-D register 2 (Addresses 2516, 2416)

| A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 2916, 2816)

L A value (comparison value) in the range

from 0016 through FFais is set.

FEE RN NN NN NN NN EEEEENEEEEEEEER

Continued on Figure 12.10.2.

Fig. 12.10.1 Initial setting example for related registers in repeat sweep mode 0 (1)
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12.10 Repeat sweep mode 0

Continued from preceding Figure 12.10.1

/ Port P7 direction register \

FL L[] ] ] |PortP7direction register
(Address 1116)

L ANo

AN1

L———— AN2 Clear the bits, corresponding to the
ANz  selected analog input pins, to “O.

———— AN4

Setting of A-D conversion start bit to “1.”
b7 b0
HENBEREN

A-D control register 0
(Address 1Eus)

A-D conversion start bit

Trigger generated
Operation starts.

Note: Writing to the following must be performed while the A-D converter
halts (in other words, before a trigger is generated); this must be done
independent of the operation mode of the A-D converter.

« Each bit of the A-D control register 0, except bit 6

« Each bit of the A-D control register 1

« A-D register i (when the comparator function is selected)
« Comparator function select register O

Especially, when the VREF connection select bit is cleared from “1” to “0,”
an interval of 1 ps or more must be elapsed before occurrence of a trigger.

Fig. 12.10.2 Initial setting example for related registers in repeat sweep mode 0 (2)
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12.10 Repeat sweep mode 0

12.10.2 Repeat sweep mode 0 operation

O The A-D converter starts its operation for the input voltage at pin ANo when the A-D conversion start

bit is set to “1.”

0O The A-D conversion for the input voltage at pin ANo is completed after 49 cycles of @w in the 8-

bit resolution mode, or 59 cycles of @o in the 10-bit resolution mode. Then, the contents of the
successive approximation register (conversion result) are transferred to the A-D register 0.
When the comparator function is selected, the comparison for pin ANo is completed after 14 cycles
of @o. Then, the result of the comparison is stored into the ANo pin comparator result bit.

The operations for all selected analog input pins are performed.

The conversion result is transferred to the correponding A-D register i each time when the A-D
conversion per one pin is completed. When the comparator function is selected, the comparison
result is stored into the ANi pin comparator result bit each time the comparison for one pin is
completed.

The operations for all selected analog input pins are performed again.

The A-D converter repeates its operation until the A-D conversion start bit is cleared to “0” by
software.

Note that the operation time for pins ANo to AN is equivalent to the time for 6 pins when the A-D sweep
pin select bits (bits 1, 0 at address 1Fis) = “102.”
Figure 12.10.3 shows the operation in the repeat sweep mode 0.

( Trigger generated )

N,
>

Y Conversion result

Convert input voltage at pin ANo A-D register 0

or Comparison result

Compare input voltage at pin ANo ANo pin comparator result bit

2 Conversion result

Convert input voltage at pin AN1 A-D register 1

or Comparison result
Compare input voltage at pin AN1

:

i Conversion result

AN1 pin comparator result bit

Convert input voltage at pin ANi

or Comparison result

Compare input voltage at pin ANi ANi pin comparator result bit

Fig. 12.10.3 Operation in repeat sweep mode 0
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[Precautions for A-D converter]

[Precautions for A-D converter]
1. Be sure to clear the Vrer connection select bit to “0.”

2. Writing to the following must be performed before a trigger is generated (in other words, while the A-D
converter halts); this must be done independent of the operation mode of the A-D converter.
e Each bit of the A-D control register 0, except bit 6
« Each bit of the A-D control register 1
* A-D register i (when the comparator function is selected)
e Comparator function select register 0
« Comparator result register 0

Especially, when any instruction which clears the Vrer connection select bit from “1” to “0” has been
executed (in other words, the resistor ladder network is connected with pin Vrer by this instruction), an

interval of 1 yus or more must be elapsed before occurrence of a trigger.

3. Reading from A-D register i (when the comparator function is selected) must be performed before occurrence
of a trigger (in other words, while the A-D converter halts.). The value undefined at reading.

4. When using pin ANz, be sure that the D-Ao output enable bit (bit 0 at address 9616) = “0” (output disabled).
When using pin AN4, be sure that the D-A: output enable bit (bit 1 at address 961s) = “0” (output disabled).

5. Note that the operation time for pins ANo to AN4 is equivalent to the time for 6 pins when the A-D sweep
pin select bits (bits 1, 0 at address 1Fis) = “102" in the single sweep mode and repeat sweep mode O.

6. Refer to section “Appendix. 7 Countermeasures against noise” when using the A-D converter.
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[Precautions for A-D converter]

MEMORANDUM
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D-A CONVERTER

13.1 Overview, 13.2 Block description

13.1 Overview

The M37906 is provided with two independent D-A converters of the R-2R type with 8-bit resolution. These
D-A converters convert the values loaded in D-A register i (i = 0, 1) to analog voltages and output them from
pin DA..

13.2 Block description
Figure 13.2.1 shows the block diagram of the D-A converter. The registers related to the D-A converter are
described below.

S Data bus g

[TTT I D-Aregisteri(i=0,1)
(Addresses 9816, 9916)

O—
VREF R-2R ladder network
AVss 07

D-Ai output enable bit

\
i
.

Fig. 13.2.1 D-A converter block diagram
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13.2 Block description

13.2.1 D-A control register

Figure 13.2.2 shows the structure of the D-A control register.

Pin DA (i = 0, 1) serves as the analog voltage output pin of the D-A converter. Since pin DAi is equipped
with no internal buffer amplifier, it is necessary to connect a buffer amplifier externally to pin DA;, if this
pin is needed to be connected with a low-impedance load.

Pin DAI is multiplexed with an analog input pin, external interrupt input pin, and trigger input pin in the pulse
output port mode. When any of the D-Ai output enable bits is set to “1” (output enabled), the corresponding
pin is used only as pin DAI, not as any other multiplexed input/output pin (including a programmable 1/O

port pin).

b7 b6 b5 b4 b3 b2 bl b0

D-A control register (Address 9616)

Bit Bit name Function At reset| R/W

0 |D-Ao output enable bit 0: Output is disabled. 0 RW
1: Output is enabled. (Notes 1, 2)

1 D-A: output enable bit 0: Output is disabled. 0 RW
1: Output is enabled. (Notes 1, 2)

7 to 2 |Nothing is assigned. Undefined] —

Notes 1: Pin DAi is multiplexed with an analog input pin, external interrupt input pin, and trigger input pin in the pulse output port mode.
When a D-Ai output enable bit = “1” (in other words, output is enabled.), however, the corresponding pin cannot function as
any other multiplexed input/output pin (including a programmable I/O port pin).

2: When not using the D-A converter, be sure to clear this bit to “0.”

Fig. 13.2.2 Structure of D-A control register

(1) D-Ai output enable bits (Bits 0, 1)
Setting any of the D-Ai output enable bits to “1” (output enabled) allows the corresponding pin DAi to
output D-A converted analog voltage, regardless of the contents of the corresponding bits of the port
P7 direction register.

13.2.2 D-A register i (i =0, 1)
Each pin DA outputs the analog voltage corresponding to the value loaded in D-A register i. Figure 13.2.3
shows the structure of D-A register i.

b7 b0
D-A register i (i = 0, 1) (Addresses 9816, 9916)
Bit Function At reset| R/W
7 to 0| Any value in the range from 001 through FFis can be set (Note), and this 0 RW
value will be D-A converted and will be output.

Note: When not using the D-A converter, be sure to clear the contents of these bits to “0016.”

Fig. 13.2.3 Structure of D-A register i
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13.3 D-A conversion method

13.3 D-A conversion method
The reference voltage VREF is divided according to the value loaded in D-A register i, and it is output as

an analog voltage from pin DA..
Figure 13.3.1 shows the equivalent circuit diagram of the D-A converter.

D-Ai output enable bit

Ml CEaTA LT T A A

VRer O

Note: In this case, the value of D-A register i is “2A16.”

Fig. 13.3.1 Equivalent circuit diagram of D-A converter
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13.4 Setting method, 13.5 Operation description

13.4 Setting method

Figure 13.4.1 shows an initial setting example of registers related to the D-A converter.

|

Setting of a value to D-A register i
b7 b0

D-A register 0 (Address 981s)
D-A register 1 (Address 991s)

L A value (0016 to FF16) to be D-A converted is set.

Setting of the D-Ai output enable bit to “1”.
b7 b0
| | | | | | | | | D-A control register (Address 9616)

L D-Ao output enable bit
L—— D-A1 output enable bit

Analoq voltage output started

Fig. 13.4.1 Initial setting example of registers related to D-A converter

13.5 Operation description

When any of the D-Ai output enable bits is set to “1,” the value loaded in D-A register i is converted to an
analog voltage, and the analog voltage is output from pin DA..

The relationship between analog output voltage V and value n, which has been loaded in D-A register i, can

be expressed as follows :

V = VRer 0" (n =0 to 255)
256

VREF : Reference voltage

7906 Group User's Manual Rev.2.0 13-5



D-A CONVERTER

[Precautions for D-A converter]

[Precautions for D-A converter]

1. Pin DAI is multiplexed with an analog input pin, external interrupt input pin, and trigger input pin in the
pulse output port mode. When any of the D-Ai output enable bits is set to “1” (output enabled), the
corresponding pin is used as pin DA, not as any other multiplexed input/output pin (including a programmable
I/0O port pin).

2. When not using the D-A converter, be sure to do as follows:
e Clear the D-Ai (i = 0, 1) output enable bit (bits 0, 1 at address 9616) to “0.”
e Clear the contents of D-A register i (addresses 9815, 9916) to “001s.”
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WATCHDOG TIMER

14.1 Block description

The watchdog timer functions as follows:

e Detects a program runaway.

e At stop mode termination, measures a certain time after oscillation starts. (Refer to section “15.3 Stop
mode.”)

14.1 Block description

Figure 14.1.1 shows the block diagram of the watchdog timer, and registers relevant to the watchdog timer
are described below.

Watchdog timer
frequency select bit

fo — 1
O
ait mode L Watchdog timer

116 : P : Watchdog timer interrupt request
Divided f(XIN) ... ’ ’ ) O

X1 ——0 ! .
X —ON_! “FFF16" is set

Xes —Ho

Stop mode

; Disables watchdog
timer (Note).

Watchdog timer clock source select ~ Writing to watchdog
bits at STP termination timer register

RESETO—|

STP instruction

» Watchdog timer register: address 6016
« Watchdog timer frequency select bit: bit 0 at address 6116
« Watchdog timer clock source select bits at STP termination: bits 7, 6 at address 6116

0 When the most significant bit of the watchdog timer becomes “0,” this signal will be generated.

Note: During the stop mode and until the stop mode is terminated, setting for disabling the
watchdog timer is ignored. (Refer to section “14.1.3 Particular function select register 2.”)

Fig. 14.1.1 Block diagram of watchdog timer
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WATCHDOG TIMER

14.1 Block description

14.1.1 Watchdog timer

Figure 14.1.2 shows the structure of the watchdog timer register.

The watchdog timer is a 12-bit counter where the count source which is selected with the watchdog timer
frequency select bit (bit 0 at address 6116) is counted down. A value of “FFFi6” is automatically set in the
watchdog timer if any of the following conditions is satisfied. An arbitrary value cannot be set to the
watchdog timer.

e When dummy data is written to the watchdog timer register. (See Figure 14.1.2.)
e When the most significant bit of watchdog timer becomes “0.”

e When the STP instruction is executed. (Refer to section “15.3 Stop mode.”)

e At reset

b7 b0
Watchdog timer register (Address 60:6)
Bit Function At reset| R/W
7 to 0 | Initializes the watchdog timer. Undefined| —

When dummy data has been written to this register, the watchdog timer’s value is
initialized to “FFF16” (dummy data: 0016 to FFis).

Fig. 14.1.2 Structure of watchdog timer register

14.1.2 Watchdog timer frequency select register
Figure 14.1.3 shows the structure of the watchdog timer frequency select register.

b7 b6 b5 b4 b3 b2 bl bo
1

Watchdog timer frequency select register (Address 6116)

Bit Bit name Function Atreset | R/W
0 Watchdog timer frequency 0 : Wfs12 0 RW
select bit 1:Wfs
5to 1 | Nothing is assigned. Undefined] —
6 Watchdog timer clock source tgtéﬁ ~ 0 RW
select bits at STP termination P 0%
01:fXs
7 10 : fXaz2s 0 RW
11:fXes

Fig. 14.1.3 Structure of watchdog timer frequency select register

(1) Watchdog timer frequency select bit (bit 0)
This bit is used to select a count source of the watchdog timer.

(2) Watchdog timer clock source select bits at STP termination (bits 7, 6)
These bits are used to select a count source at stop mode termination.
For details of the operation at stop mode termination, refer to section “15.3 Stop mode.”
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WATCHDOG TIMER

14.1 Block description

14.1.3 Particular function select register 2

When not using the watchdog timer, this register can be used to disable the watchdog timer. Figure 14.1.4
shows the structure of the particular function select register 2.

. . . b7 b0
Particular function select register 2 (Address 6416)

Bit Function Atreset | R/W

7 to 0 | Disables the watchdog timer.

When values of “7916” and “5016” succeedingly in this order, the watchdog timer will
stop its operation.

Undefined —

Note: After reset, this register can be set only once. Writing to this register requires the following procedure:
» Write values of “7916” and “501¢” to this register succeedingly in this order.
« For the above writing, be sure to use the MOVMB (MOVM when m = 1) instruction or the STAB (STA when m = 1).

Note that the following: if an interrupt occurs between writing of “7916” and next writing of “5016,” the watchdog timer does not
stop its operation.

If any of the following has been performed after reset, writing to this register is disabled from that time:
« If this register is read out.

« If writing to this register is performed by the procedure other than the above procedure.

Fig. 14.1.4 Structure of particular function select register 2

In addition, even when the watchdog timer is disabled by this register, the watchdog timer can be active

only at the stop mode termination if the external clock input select bit (bit 1 at address 6216) = “0.” (Refer
to section “15.3 Stop mode.”)
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WATCHDOG TIMER

14.2 Operation description

14.2 Operation description

The operations of the watchdog timer are described below.

14.2.1 Basic operation

0 Watchdog timer starts counting down from “FFFi.”

0 When the watchdog timer’s most significant bit becomes “0” (counted 2048 times), a watchdog timer
interrupt request occurs. (See Table 14.2.1.)

O When the interrupt request occurs in above [, a value of “FFFis” is set to the watchdog timer.

A watchdog timer interrupt is a non-maskable interrupt. When a watchdog timer interrupt request is accepted,
the processor interrupt priority level (IPL) is set to “111.."

Table 14.2.1 Occurrence interval of watchdog timer
interrupt request

Watchdog timer f(fsys) = 20 MHz
frequency select bit | Count source | Occurrence interval (Note)
0 Wrs12 52.43 ms
1 Wr32 3.28 ms

Note: This applies when the peripheral device’s clock
select bits 1, 0 (bits 7, 6 at address BCis) = “002.”
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WATCHDOG TIMER

14.2 Operation description

Be sure to write dummy data to the watchdog timer register (address 6016) before the most significant bit
of the watchdog timer becomes “0.” When writing to the watchdog timer is not performed owing to a
program runaway and the watchdog timer’'s most significant bit becomes “0,” a watchdog timer interrupt
request occurs. This informs that a program runaway has occurred.

In order to reset the microcomputer when a program runaway has been detected, write “1” to the software
reset bit (bit 6 at address 5Eie) in the watchdog timer interrupt routine.

Figure 14.2.1 shows an example of a program runaway detected by the watchdog timer.

C Main routine )

Watchdog timer register -«— 8-bit dummy data Watchdog timer initialized
(Address 6016) (Value of watchdog timer :
“FFF16") (Note 1)

Watchdog timer
interrupt request occurrence
(In other words, program run-

away is detected.)

@atchdog timer interrupt routine)

Software reset bit -e— “1” (Note 2)

(bit 6 at address 5E1s) Reset microcomputer

RTI

Notes 1: Be sure to initialize the watchdog timer before the most significant bit of the
watchdog timer becomes “0.” (In other words, be sure to write dummy data to
address 6016 before a watchdog timer interrupt request occurs).

2: When a program runaway occurs, values of the data bank register (DT), direct
page register (DPRI), etc., may be changed. When “1” is written to the software
reset bit by an addressing mode using DT, DPRI, etc., be sure to set values to
DT and DPRI, etc. again.

Fig. 14.2.1 Example of program runaway detection by watchdog timer
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WATCHDOG TIMER

14.2 Operation description

14.2.2 Stop period

The watchdog timer stops its operation in any of the following cases:
O During Wait mode (Refer to section “15.4 Wait mode.”)

O During Stop mode (Refer to section “15.3 Stop mode.”)

When state [0 has been terminated, the watchdog timer restarts counting from the state immediately before
it stops its operation. For the watchdog timer’s operation at termination of state [, refer to section “14.2.3
Operation in stop mode.”

14.2.3 Operations in stop mode

When the STP instruction has been executed, a value of “FFFis" is set to the watchdog timer, and the
watchdog timer stops its operation in the stop mode. Immediately after the stop mode termination, the
watchdog timer operates as follows.

(1) When stop mode is terminated by hardware reset
Supply of gru and ¢@siu starts immediately after the stop mode termination, and the microcomputer
performs “operation after reset.” (Refer to “CHAPTER 3. RESET.”) The watchdog timer frequency
select bit becomes “0,” and the watchdog timer starts counting of Wfsiz from “FFFus.”

(2) When stop mode is terminated by interrupt occurrence (with watchdog timer used) (Note)
Immediately after the stop mode termination, the watchdog timer starts counting the count source
selected by the watchdog timer clock source select bits at STP termination (bits 6, 7 at address 61:s),
starting from “FFFi6.” It is independent of the watchdog timer frequency select bit (bit O at address
6116). When the most significant bit of the watchdog timer becomes “0,” supply of gru and g starts.
(At this time, no watchdog timer interrupt request occurs.)

When supply of gru and ¢swu starts, the routine of the interrupt which the microcomputer used to
terminate the stop mode is executed. The watchdog timer restarts counting of the count source (Wfsz
or Wfs12), which was counted immediately before execution of the STP instruction, starting from “FFFis.”

Note: For the setting of the usage of the watchdog timer, refer to section “15.3 Stop mode.”

(3) When stop mode is terminated by interrupt occurrence (with watchdog timer not used) (Note)
Supply of @ru and @swu starts immediately after the stop mode termination, and the routine of the
interrupt which the microcomputer used to terminate the stop mode is executed. The watchdog timer
restarts counting of the count source (Wfs2 or Wfsi2), which was counted immediately before execution
of the STP instruction, starting from “FFFi.”

Note: For the setting of the usage of the watchdog timer, refer to section “15.3 Stop mode.”
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WATCHDOG TIMER

[Precautions for watchdog timer]

[Precautions for watchdog timer]

1. When dummy data has been written to address 601s with the 16-bit data length, writing to address 611
is simultaneously performed. Accordingly, when the user does not want to change the contents of the
watchdog timer frequency select bit (bit O at address 611s) and watchdog timer clock source select bits
at STP termination (bits 6, 7 at address 6116), be sure to write again the values which are currently set
in these bits, simultaneously with writing to address 60ss.

2. When the STP instruction is executed, the watchdog timer stops its operation. If the STP instruction’s
code (3115, 3016) has accidentally been executed owing to a program runaway, the watchdog timer stops
its operation. Therefore, in the system where the watchdog timer is used to detect a program runaway,
we recommend that the STP instruction invalidity select bit (bit 0 at address 6216) = “1.” (STP instruction
is invalid.) Refer to section “15.3 Stop mode.”
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STOP AND WAIT MODES

15.1 Overview

15.1 Overview

When there is no need for operation of the central processing unit (CPU), the stop and wait modes are used
to stop oscillation or internal clock. As a result, the power consumption can be saved. The microcomputer
enters the stop mode when the STP instruction has been executed; the microcomputer enters the wait mode
when the WIT instruction has been executed.
The stop and wait modes are terminated by an interrupt request occurrence or hardware reset.

Table 15.1.1 lists the states in the stop and wait modes and operations after these modes are terminated.

Table 15.1.1 States in stop and wait modes and operations after these modes are terminated

Stop mode Wait mode
Item When watchdog timer is used at| When watchdog timer is not used| ~ System clock is active. | System clock is inactive.
termination (See Figure 15.3.1.) |at termination (See Figure 15.3.1.)| (Bit 3 at address 6316 = “0")|(Bit 3 at address 631 = “1")
Oscillation Inactive. Active.
PLL frequency multipiier| Stopped. Operates (Note 1).
Qcpu, @BIU Inactive. Inactive.
fsys, clock qu, Inactive. Active. Inactive.
f1 to faooe
W32, Wrs12 Inactive. Inactive.
% Timers A, B| Can operate only in the event counter mode.| Operates. Can operate only in the
n| s event counter mode.
%_ Serial /O | Can operate only when an external clock is|Operates. Can operate only when an
’g_ selected. external clock is selected.
< | A-D converter| Stopped. Operates. Stopped.
g D-A converter| Stopped. Operates. Stopped.
= Watchdog timer [ Stopped. Stopped.
Pins Retains the state at the STP instruction execution. Retains the state at the WIT instruction execution.
% Termination due| Supply of eeu, @au Starts after a| Supply of qeeu, @ starts| Supply of @cru, e starts immediately after
£ | tointerrupt request) certain ime has been measured | immediately after termi-| termination.
é occurrence by using the watchdog timer. | nation (Note 2).
% Termination due| Operation after hardware reset Operation after hardware reset
& | to hardware reset

Notes 1: This applies when the PLL circuit operation enable bit (bit 1 at address BCis) = “1.”
2: See Table 15.3.2.

15-2

7906 Group User's Manual Rev.2.0



STOP AND WAIT MODES

15.2 Block description

15.2 Block description

Figure 15.2.1 shows the block diagram of the clock generating circuit with the STP and WIT instructions.

Also, registers relevant to these modes are described below.
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Fig. 15.2.1 Block diagram of clock generating circuit with STP and WIT instructions
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STOP AND WAIT MODES
15.2 Block description

15.2.1 Particular function select register 0
Figure 15.2.2 shows the structure of the particular function select register 0, and Figure 15.2.3 shows the
writing procedure for the particular function select register 0.

b7 b6 b5 b4 b3 b2 bl b0
(O NOR 0N NORNON N0

Particular function select register O (Address 621s)

Bit Bit name Function Atreset| R/W
0 STP instruction invalidity select bit | O : STP instruction is valid. 0 RW
1 : STP instruction is invalid. (Note)
1 External clcok input select bit 0 : Oscillation circuit is active. (Oscillator is connected.)| 0 RW
Watchdog timer is used at stop mode termination. (Note)
1 : Oscillation circuit is inactive. (External clock is
input.)

When the system clock select bit (bit 5 at address BCis) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”

watchdog timer is used at stop mode termination.

7 to 2 |Fix these bits to “000000.” 0 RW

Note: Writing to these bits requires the following procedure:
» Write “551¢” to this register. (The bit status does not change only by this writing.)
« Succeedingly, write “0” or “1” to each bit.
Also, use the MOVMB (MOVM when m = 1) instruction or STAB (STA when m = 1) instruction.
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be ignored. When there is a
possibility that an interrupt occurs at the above timing, be sure to read this bit's contents after writing of “0” or “1,” and verify
whether “0” or “1” has correctly been written or not.

Fig. 15.2.2 Structure of particular function select register 0

(1) STP instruction invalidity select bit (bit 0)
Setting this bit to “1” invalidates the STP instruction. When using the stop mode, be sure to clear this
bit to “0.”
Writing to this bit requires the following procedure:
» Write “5516” to address 62ss.
» Succeedingly, write “0” or “1” to this bit. (See Figure 15.2.3.)
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be
ignored. When there is a possibility that an interrupt occurs at the above timing, be sure to read this
bit's contents after writing of “0” or “1,” and verify whether “0” or “1” has correctly been written or not.
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STOP AND WAIT MODES
15.2 Block description

(2) External clock input select bit (bit 1)
When this bit = “0,” the oscillation driver circuit between pins Xin and Xout is operationg. At the stop
mode termination owing to an interrupt occurrence, the watchdog timer is used.
Setting this bit to “1” stops the oscillation driver circuit between pins Xin and Xour and keeps the output
level at pin Xout being “H.” (Refer to section “16.3 Stop of oscillation circuit.”) At the stop mode
termination owing to an interrupt occurrence, the watchdog timer is not used if the system clock select
bit (bit 5 at address BCis) = “0,” where as the watchdog timer is used if the system clock select bit
= "1
To rewrite this bit, write “0” or “1” just after writing of “5516” to address 621s. (See Figure 15.2.3.)
Note that if an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing
may be ignored. When there is a possibility that an interrupt occurs at the above timing, be sure to
read this bit's contents after writing of “0” or “1,” and verify whether “0” or “1” has correctly been
written or not.

In addition, even when the watchdog timer is disabled by the particular function select register 2

(address 6416), the watchdog timer can be active only at the stop mode termination if this bit = “0.”
(Refer to section “15.3 Stop mode.”)

Writing of “5516”
b7 b0

| 0 | 1 | 0 | 1 | 0 | 1 | 0 | 1 | Particular function select register 0 (Address 6216)

E Note: Bits’ state does not change only Next
= by writing of “5516.” instruction
/Writing to bits 0, 1 \
b7 b0
| 0 | 0 | 0 | 0 | 0 | 0| | | Particular function select register 0 (Address 6216)

STP instruction invalidity select bit
0 : STP instruction is valid.
1 : STP instruction is invalid.

External clock input select bit

0 : Oscillation circuit is active. (Oscillator is connected.)
Watchdog timer is used at stop mode termination.

1 : Oscillation circuit is inactive. (External clock is input.)
When the system clock select bit (bit 5 at address BC16) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”
watchdog timer is used at stop mode termination.

- /

ttin mplet

Fig. 15.2.3 Writing procedure for particular function select register 0
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STOP AND WAIT MODES
15.2 Block description

15.2.2 Particular function select register 1
Figure 15.2.4 shows the structure of the particular function select register 1.

b7 b6 b5 b4 b3 b2 bl bo

Particular function select register 1 (Address 631s) 0 0
Bit Bit name Function Atreset | R/W

0 STP-instruction-execution status| 0 : Normal operation. (Note 1) RW
bit 1 : STP instruction has been executed. (Note 2)

1 WIT-instruction-execution status| O : Normal operation. (Note 1) RW
bit 1 : WIT instruction has been executed. (Note 2)

2 Fix this bit to “0”. 0 RW

3 System clock stop select bit at| O : In wait mode, system clock fss is active. 0 RW
WIT (Note 3) 1 : In wait mode, system clock fsys is stopped.

4 Fix this bit to “0”. 0 RW
The value is “0” at reading. 0 —
Timer B2 clock source select bit |0 : External signal input to the TB2w pin is counted. 0 RW
(Valid in event counter mode) 1 : fXsz2 is counted.

7 The value is “0” at reading. 0 —

Notes 1: At power-on rest, this bit becomes “0.” At hardware reset or software reset, this bit retains the value just before reset.
2: Even when “1” is written, the bit status will not change.
3: Setting this bit to “1” must be performed just before execution of the WIT instruction. Also, after the wait state is terminated,
this bit must be cleared to “0” immediately.

Fig. 15.2.4 Structure of particular function select register 1

(1) STP-instruction-execution status bit (bit 0)

When the microcomputer enters the stop mode, this bit becomes “1,” indicating that the STP instruction
has been executed.

This bit becomes “0” at power-on reset. At hardware reset and software reset, this bit retains the value
immediately before reset. Therefore, this bit is used for the following verification:

« Which of the power-on reset and hardware reset has been used to reset the system?

* Has the hardware reset been used for the stop mode termination?

This bit is cleared to “0” by writing “0” to this bit. Although, even when “1” is written to this bit, this
bit does not change.

At the stop mode termination, be sure to clear this bit to “0” by software.

(2) WIT-instruction-execution status bit (bit 1)

When the microcomputer enters the wait mode, this bit becomes “1,” indicating that the WIT instruction
has been executed.

This bit becomes “0” at power-on reset. At hardware reset and software reset, this bit retains the value
immediately before reset. Therefore, this bit is used for the following verification:

« Which of the power-on reset and hardware reset has been used to reset the system?

* Has the hardware reset been used for the wait mode termination?

This bit is cleared to “0” by writing “0” to this bit. Although, even when “1” is written to this bit, this
bit does not change.

At the wait mode termination, be sure to clear this bit to “0” by software.
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15.2 Block description

15.2.3 Watchdog timer frequency select register
Figure 15.2.5 shows the structure of the watchdog timer frequency select register.

b7 b6 b5 b4 b3 b2 bl bo
T

Watchdog timer frequency select register (Address 611s)

Bit Bit name Function Atreset| R/W
0 Watchdog timer frequency 0 : Wfs12 0 RW
select bit 1: Wis
5to 1 | Nothing is assigned. Undefined] —
6 Watchdog timer clock source tgtéﬁ'f 0 RW
select bits at STP termination : Xa2
01: X
7 10 : fXu2s 0 RW
11:fXea

Fig. 15.2.5 Structure of watchdog timer frequency select register

(1) Watchdog timer clock source select bits at STP termination (bits 7, 6)
These bits are used to select a count source at stop mode termination.
For details of the operation at stop mode termination, refer to section “15.3 Stop mode.”
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15.3 Stop mode

15.3 Stop mode

When the STP instruction has been executed, each of the oscillation and the PLL frequency multiplier’s
operation becomes inactive. This state is called “stop mode.” (See Table 15.1.1)

In the stop mode, even when oscillation becomes inactive, the contents of the internal RAM can be retained
if Vcc (the power source voltage) = Vram (RAM hold voltage). Furthermore, since the CPU and internal
peripheral devices which use any of clocks fi to fiaes, Wfs2, Wfs12 stop their operations, the power consumption
can be saved.

The stop mode is terminated owing to an interrupt request occurrence or hardware reset.

When terminated owing to an interrupt request occurrence, an instruction can be executed immediately after
termination if all of the following conditions are satisfied. (Refer to section “15.3.2 Terminate operation at
interrupt request occurrence (when not using watchdog timer).”):

* An stable clock is input from the external. (The external clock input select bit (bit 1 at address 621) = “1.”)
e The PLL frequency multiplier is not used. (The system clock select bit (bit 5 at address BCis) = “0.”)

When terminated owing to an interrupt request occurrence, an instruction will be executed after the oscillation
stabilizing time has been measured by using the watchdog timer if any of the following conditions is satisfied.
(Refer to section “15.3.1 Terminate operation at interrupt request occurrence (when using watchdog
timer).”):

« An oscillator is used. (The external clock input select bit (bit 1 at address 6216) = “0.”)

» The PLL frequency multiplier is used. (The system clock select bit (bit 5 at address BCis) = “1.")

15.3.1 Terminate operation at interrupt request occurrence (when using watchdog timer)
At the stop mode termination, execution of an instruction is started after a certain time has been measured
by using the watchdog timer. (See Figure 15.3.1.)

O When an interrupt request occurs, an oscillator starts its operation. Also, when the PLL circuit operation
enable bit (bit 1 at address BCis) = “1,” the PLL frequency multiplier starts its operation. Simultaneously
with this, each supply of clocks fsys, @1, fi to faoss, Wfs2, Wfs12 Starts.

O By start of oscillation in 0O, the watchdog timer starts its operation. Regardless of the watchdog timer
frequency select bit (bit 0 at address 6116), the watchdog timer counts a count source (fXisto fXi2s),
which is selected by the watchdog timer clock source select bits at STP termination (bits 7, 6 at address
6116). This counting is started from a value of “FFFis.”

O When the most significant bit (MSB) of the watchdog timer becomes “0,” each supply of @cru, @ starts.
(At this time, no watchdog timer interrupt request occurs.) Also, the count source of the watchdog timer
returns to the count source selected by the watchdog timer frequency select bits (in order words, Wfsz
or Wfsi2).

O The interrupt request which occurred in 0O is accepted.

For the watchdog timer, refer to “CHAPTER 14. WATCHDOG TIMER.”
Table 15.3.1 lists the interrupts which can be used to terminate the stop mode.

Table 15.3.1 Interrupts which can be used to terminate stop mode

Interrupt Usage condition for interrupt request occurrence
INT: interrupt (i = 3 to 7)
Timer Ai interrupt (i=0to 2, 4, 9) In event counter mode
Timer Bi interrupt (i = 0 to 2)
UARTI transmit interrupt (i = 0, 1) When an external clock is selected.
UARTI receive interrupt (i= 0, 1)

Notes 1: When multiple interrupts are enabled, the stop mode is terminated owing to the interrupt request which occurs first.
2: For interrupts, refer to “CHAPTER 6. INTERRUPTS” and each peripheral device’s chapter.
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STOP AND WAIT MODES
15.3 Stop mode

Before executing the STP instruction, be sure to enable an interrupt which is to be used for the stop mode
termination.

Also, make sure that the interrupt priority level of an interrupt, which is to be used for the termination, is
higher than the processor interrupt priority level (IPL) of a routine where the STP instruction is executed.
After oscillation starts ([0), there is a possibility that each interrupt request occurs until the supply of @ceu,
@ew starts (O). The interrupt requests which occurred during this period are accepted in order of priority
after the watchdog timer's MSB becomes “0.” (When the level sense of an INT: interrupt is used, however,
no interrupt request is retained. Therefore, if pin INT: is at the invalid level when the watchdog timer's MSB
becomes “0,” no interrupt request is accepted.) For an interrupt which has no need to be accepted, be sure
to set its interrupt priority level to “0” (Interrupt disabled) before executing the STP instruction.

15.3.2 Terminate operation at interrupt request occurrence (when not using watchdog timer)

At the stop mode termination, an instruction is executed without use of the watchdog timer. (See Figure
15.3.1)

O When an interrupt request occurs, clock input from pin X starts. Simultaneously, supply of clocks fsys,
@1, f1 to faoos, Wfa2, Wfs12 starts.

O Supply of @cru, @eiu starts after the time listed in Table 15.3.2 has elapsed.

O The interrupt request which occurred in O is accepted.

Table 15.3.2 Time after stop mode is terminated
until supply of @cru, @siu starts

selectbis t STP termination | 1M untl supply of
(bits 7, 6 at address 6116) @cpu and @ew starts
00 fXin 0 19 cycles
01 fXin 0 11 cycles
10 fXin 0 67 cycles
11 fXin O 35 cycles

Before executing the STP instruction, be sure to set as follows:

m Enable an interrupt which is to be used for the stop mode termination.
Also, make sure that the interrupt priority level of an interrupt, which is to be used for the termination,
is higher than the processor interrupt priority level (IPL) of a routine where the STP instruction is
executed.

m The external clock input select bit (bit 1 at address 621s) = “1” (Note)

m The system clock select bit (bit 5 at address BCis) = “0” (Note)

Note: Simultaneously, the oscillation driver circuit between pins Xin and Xour stops, and the output level
at pin Xour is kept “H.” (Refer to section “16.3 Stop of oscillation circuit.”)
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15.3 Stop mode

m When using watchdog timer
Stop mode

I AVAVAY AVAVAVAVARS AVAVAVAVAVAVAVAVAVAVAVAVAY
I AVAVAY VAV AVAAVAVAVAVAVAVAVAVAVAVAY
o U1 [ TUU UL
w ] UL

Interrupt request to be
used for stop mode L

termination fXi 0 2048 counts
(Interrupt request bit)

Value of watchdog timer

CPU Operating Stopped Stopped Operating

Internal peripheral devices Operating Stopped Operating Operating

VANEERVAN VAN

e STPinstru- e Interrupt request to be used for e Watchdog timer's MSB = “0”
ction is termination occurs. (However, watchdog timer interrupt
executed. e Oscillation starts. request does not occur.)
(When an external clock is input @ Each supply of gcpu, geiu starts.
from pin Xin, clock input starts.) e Interrupt request which was used for
e PLL frequency multiplier starts its termination is accepted.
operation.
e Watchdog timer starts counting.

Note: This applies when the PLL circuit operation enable bit (bit 1 at address BC16) = “1.”
Xi : fX16, £X32, fX64, fX128.
These are clocks selected by the watchdog timer clock source select bits at STP termination (bits 7, 6 at address 61i6.)

m When not using watchdog timer
Stop mode

o UL LU
- - T

Interrupt request to be 4
used for stop mode
termination  (Note)
(Interrupt request bit) FFF16 —eeeeoooo - - et
e
Value of watchdog timer
G R - — - == === == === | R R
CPU Operating Stopped Stopped Operating
Internal peripheral devices Operating | Stopped Operating Operating
e STPinstru- e Interrupt e Each supply of qcru, @eiu starts.
ction is request to o Interrupt request which was used
executed. be used for for termination is accepted.
termination
occurs.

e Clock input from pin Xin starts.
e \Watchdog timer starts counting.

Note: Time listed in Table 15.3.2. See Figure 19.1.3 for the built-in flash memory version.

Fig. 15.3.1 Stop mode terminate sequence owing to interrupt request occurrence
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15.3 Stop mode

15.3.3 Terminate operation at hardware reset

Although each of the CPU and SFR area is initialized, the contents of the internal RAM immediately before
the STP instruction execution are retained. The terminate sequence is the same as the internal processing
sequence after reset.

For reset, refer to “CHAPTER 3. RESET.”

Also, the STP-instruction-execution status bit (bit 0 at address 6316) is used for the following verification:
« Which of the power-on reset and hardware reset has been used to reset the system?

* Has the hardware reset been used for the stop mode termination?
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15.4 Wait mode

15.4 Wait mode

When the WIT instruction is executed, both of @cru and @siv become inactive. (The oscillation does not
become inactive.) This state is called “wait mode.” (See Table 15.1.1.)

In the wait mode, the power consumption can be saved with Vcc (the power source voltage) retained. When
using no internal peripheral device in the wait mode, the power consumption can be saved furthermore since
each of fsys and internal peripheral device’s operation clock can be inactive. (Refer to section “16.2 Stop
of system clock in wait mode.”)

The wait mode is terminated owing to an interrupt request occurrence or hardware reset.
The wait mode terminate operation is described below.

15.4.1 Terminate operation at interrupt request occurrence

0O When an interrupt request occurs, each supply of @cru and @esww starts.
O The interrupt request which occurred in 0O is accepted.

Table 15.4.1 lists the interrupts which can be used for the wait mode termination.

Table 15.4.1 Interrupts which can be used for wait mode termination

Usage conditions for interrupt request occurrences

Interrupt System clock in action System clock out of action
INT: interrupt (i=3to 7)
Timer Aiinterrupt (i=0to 2,4,9)| ——— In event counter mode
Timer Bi interrupt (i = 0 to 2)
UARTiI transmit interrupt i=0,1)f ———— When an external clock is selected.
UARTI receive interrupt (i= 0, 1)
A-D conversion interrupt _ Do not use.

Notes 1: When multiple interrupts are enabled, the wait mode is terminated owing to the interrupt request which

occurs first.
2: For interrupts, refer to “CHAPTER 6. INTERRUPTS” and each peripheral device’s chapter.

Before executing the WIT instruction, be sure to enable an interrupt which is to be used for the wait mode
termination.

Also, make sure that the interrupt priority level of an interrupt, which is to be used for termination, is higher
than the processor interrupt priority level (IPL) of a routine where the WIT instruction is executed.

Also, when multiple interrupts in Table 15.4.1 are enabled, the wait mode is terminated owing to the
interrupt request which occurs first.

15.4.2 Terminate operation at hardware reset

Although each of the CPU and SFR area is initialized, the contents of the internal RAM immediately before
the WIT instruction execution are retained. The terminate sequence is the same as the internal processing
sequence after reset.

For reset, refer to “CHAPTER 3. RESET.”

Also, the WIT-instruction-execution status bit (bit 1 at address 6316) is used for the following verification:
« Which of the power-on reset and hardware reset has been used to reset the system?

* Has the hardware reset been used for the wait mode termination?
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POWER SAVING FUNCTIONS

16.1 Overview

This chapter explains the functions to save the power consumption of the microcomputer and the total
system including the microcomputer.

16.1 Overview

Table 16.1.1 lists the overview of the power saving functions. Each of these functions saves the power
consumption of the total system. The registers related to the power saving functions are explained in the
following.

Table 16.1.1 Overview of power saving functions

Item Function Reference
Inactivity of system clock in | In the wait mode, operating clocks for the internal peripheral | CHAPTER 15. STOP
wait mode devices and fsys can be inactive. AND WAIT MODES

Stop of oscillation circuit [When a stable clock externally generated is used, the drive | CHAPTER 4. CLOCK
circuit for oscillation between pins Xin and Xour can be stopped. | GENERATING CIRCUIT,

(The output level at pin Xour is fixed to “H.”) Section 15.3 Stop mode
Pin Vrer disconnection The Vrer input can be disconnected when the A-D converter | CHAPTER 12. A-D CONVERTER
is not used
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POWER SAVING FUNCTIONS

16.1 Overview

16.1.1 Particular function select register 0
Figure 16.1.1 shows the structure of the particular function select register 0, and Figure 16.1.2 shows the
writing procedure for the particular function select register 0.

b7 b6 b5 b4 b3 b2 bl bo
0|/0|0fO0|0O]0

Particular function select register O (Address 621s)

Bit Bit name Function Atreset | R/W
0 |STPinstruction invalidity select bit| 0 : STP instruction is valid. 0 RW
1: STP instruction is invalid. (Note)
1 External clcok input select bit 0 : Oscillation circuit is active. (Oscillator is connected.) 0 RW
Watchdog timer is used at stop mode termination. (Note)
1 : Oscillation circuit is inactive. (External clock is
input.)

When the system clock select bit (bit 5 at address BCis) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”

watchdog timer is used at stop mode termination.

7 to 2 |Fix these bits to “000000.” 0 RW

Note: Writing to these bits requires the following procedure:
» Write “5516” to this register. (The bit status does not change only by this writing.)
« Succeedingly, write “0” or “1” to each bit.
Also, use the MOVMB (MOVM when m = 1) instruction or STAB (STA when m = 1) instruction.
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be ignored. When there is a
possibility that an interrupt occurs at the above timing, be sure to read this bit's contents after writing of “0” or “1,” and verify
whether “0” or “1” has correctly been written or not.

Fig. 16.1.1 Structure of particular function select register 0O
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16.1 Overview

(1) External clock input select bit (bit 1)
When this bit = “0,” the oscillation driver circuit between pins Xin and Xout is operationg. Also, at the
stop mode termination owing to an interrupt request occurrence, the watchdog timer is used.
Setting this bit to “1” stops the oscillation driver circuit between pins Xin and Xour and keeps the output
level at pin Xout being “H.” (Refer to section “16.3 Stop of oscillation circuit.”) At the stop mode
termination owing to an interrupt request occurrence, the watchdog timer is not used if the system
clock select bit (bit 5 at address BCis) = “0,” where as the watchdog timer is used if the system clock
select bit = “1.”
To rewrite this bit, write “0” or “1” just after writing of “5516” to address 62is. (See Figure 16.1.2.)
Note that if an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing
may be ignored. When there is a possibility that an interrupt occurs at the above timing, be sure to
read this bit's contents after writing of “0” or “1,” and verify whether “0” or “1” has correctly been
written or not.

In addition, even when the watchdog timer is disabled by the particular function select register 2
(address 6416), the watchdog timer can be active only at the stop mode termination if this bit = “0.”
(Refer to section “15.3 Stop mode.”)

Writing of “5516”

b7 b0

| 0 I 1 | 0 | 1 | 0 | 1 | 0 | 1 | Particular function select register 0 (Address 6216)

E Note: Bits’ state does not change only Next
= by writing of “5516.” instruction
/Writing to bits 0, 1 \
b7 b0
| 0 | 0 | 0 | 0| O| O| | | Particular function select register 0 (Address 6216)

STP instruction invalidity select bit
0 : STP instruction is valid.
1: STP instruction is invalid.

External clock input select bit

0 : Oscillation circuit is active. (Oscillator is connected.)
Watchdog timer is used at stop mode termination.

1 : Oscillation circuit is inactive. (External clock is input.)
When the system clock select bit (bit 5 at address BCz16) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”
watchdog timer is used at stop mode termination.

- /

Setting completed

Fig. 16.1.2 Writing procedure for particular function select register 0
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16.1 Overview

16.1.2 Particular function select register 1
Figure 16.1.3 shows the structure of the particular function select register 1.

b7 b6 b5 b4 b3 b2 bl bo

Particular function select register 1 (Address 6316) 0 0

Bit Bit name Function Atreset| R/W

0 STP-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of STP instruction (Note 2)

1 WIT-instruction-execution 0 : Normal operation. (Note 1) RW
status bit 1 : During execution of WIT instruction (Note 2)

2 Fix this bit to “0.” 0 RW

3 System clock stop select bit 0 : In the wait mode, system clock fss is active. 0 RW
at WIT (Note 3) 1: In the wait mode, system clock fss is inactive.

4 Fix this bit to “0.” 0 RW
The value is “0” at reading. 0 _
Timer B2 clock source select bit| 0: External signal input to the TB2i pin is counted. 0 RW
(Valid in event counter mode.) | 1: fXs2 is counted.

7 The value is “0” at reading. 0 —

Notes 1: At power-on reset, this bit becomes “0.” At hardware reset or software reset, this bit retains the value just before reset.
2: Even when “1” is written, the bit status will not change.
3: Setting this bit to “1” must be performed just before execution of the WIT instruction. Also, after the wait state is termi-
nated, this bit must be cleared to “0” immediately.

Fig. 16.1.3 Structure of particular function select register 1

(1) System clock stop select bit at WIT (bit 3)
Setting this bit to “1” makes the following clocks inactive in the wait mode: the operating clocks for
the internal peripheral devices and fsys. (Refer to section “16.2 Inactivity of system clock in wait
mode.”)
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16.2 Inactivity of system clock in wait mode

16.2 Inactivity of system clock in wait mode

In the wait mode, if there is not need to operate the internal peripheral devices, setting the system clock
stop select bit at WIT (See Figure 16.1.3.) to “1” makes the following clocks inactive: the operating clocks
for the internal peripheral devices and fsys. This saves the power consumption of the microcomputer.
Table 16.2.1 lists the states and operations in the wait mode and after this mode is terminated.

Table 16.2.1 States and operations in wait mode and after this mode is terminated

Item System clock is active. (bit 3 at address 6316 = 0) |System clock is inactive. (bit 3 at address 6316 = 1)
Oscillation Active.
PLL frequency multiplier | Operates (Note).
(cpru, @eIU Inactive.
fsys, Clock @, Active. Inactive.
f1 to fao0e

% Wfa2, Wfs12 Inactive.

N é Timers A, B Operates. Can operate only in the event counter mode.
% Serial I/O Operates. Can operate only when an external clock is selected.
§ A-D converter | Operates. Stopped.

g D-A converter | Qperates. Stopped.
g Watchdog timer| Stopped.
2| Pins Retains the state at the WIT instruction execution.

S | Termination due to | Supply of gceu, @aiu starts immediately just after termination.

g interrupt request

2 | occurrence

E Termination due to | Operation after hardware reset

% hardware reset

o

Note: This applies when the PLL circuit operation enable bit (bit 1 at address BCis) = “1.”
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16.3 Stop of oscillation circuit, 16.4 Pin Vrer disconnection

16.3 Stop of oscillation circuit

When a stable clock externally generated is input to pin Xin, power consumption can be saved by setting
the external clock input select bit to “1” to stop the drive circuit for oscillation between pins Xin and Xour.
(See Figure 16.1.1.) At this time, the output level at pin Xour is fixed to “H.” Also, if the system clock select
bit (bit 5 at address BCis) = “0,” the watchdog timer is not used when the stop mode is terminated owing
to an interrupt request occurrence; therefore, the microcomputer can start instruction execution just after
termination of the stop mode. When the system clock select bit = “1,” in this case, the watchdog timer is
used.

16.4 Pin Vgser disconnection

When the A-D converter is not used, power consumption can be saved by setting the Vrer connection select
bit (See Figure 16.4.1) to “1.” It is because the reference voltage input pin (Vrer) is disconnected from the
ladder resistors of the A-D converter, and there is no current flow between them.
When the Vrer connection select bit has been cleared from “1” (Vrer disconnected) to “0” (Vrer connected),
be sure to start the A-D conversion after an interval of 1 pus or more has elapsed.

A-D control register 1 (Address 1Fis) 0 0

Bit Bit name Function At reset| R/W
Undefined| RW

0 A-D sweep pin select bits
(Valid in the single sweep mode and
1 repeat sweep mode 0.) (Note 1)

: Pins ANo and ANz (2 pins)

: Pins ANo to ANs (4 pins) (Note 2)
: Pins ANo to AN4 (5 pins) (Notes 2, 3) Undefined] RW
: Do not select.

RRrOOZ
RPORrROZ

2 Fix this bit to “0.” 0 RW
3 Resolution select bit 0 : 8-bit resolution mode 0 RW
1 : 10-bit resolution mode
4 Q—tchonversion frequency (¢@o) select | See Table 12.2.1. 0 RW
i
Fix this bit to “0.” 0 RW
6 Vrer connection select bit (Note 4) | 0 : Pin Vrer is connected. 0 RW

1 : Pin Vrer is disconnected.

7 The value is “0” at reading. 0 —

Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or “1.”)
2: When using pin ANz, be sure that the D-Ao output enable bit (bit 0 at address 9616) = “0” (output disabled).
3: When using pin AN4, be sure that the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).
4: When this bit is cleared from “1” to “0,” be sure to start the A-D conversion after an interval of 1 pys or more has elapsed.
5: Writing to each bit of the A-D control register 1 must be performed while the A-D converter halts, regardless of the A-D
operation mode.

Fig. 16.4.1 Structure of A-D control register 1
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MEMORANDUM
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DEBUG FUNCTION

17.1 Overview, 17.2 Block description

17.1 Overview

When the CPU fetches an op code (op-code fetch), the debug function generates an address matching
detection interrupt request if a selected condition is satisfied as a result of comparison between the address
where the op code to be fetched is stored (in other words, the contents of PG and PC) and the specified
address.

The debug function provides the following 2 modes:

(1) Address matching detection mode
When the contents of PG and PC match with the specified address, an address matching detection
interrupt request occurs. This mode can be used for avoiding or modifying a portion of a program.

(2) Out-of-address-area detection mode
When the contents of PG and PC go out of the specified area, an address matching detection interrupt
request occurs. This mode can be used for the program runaway detection by specifying the area
where a program exists.

Note that an address matching detection interrupt is a non-maskable software interrupt. For details of this
interrupt, refer to “CHAPTER 6. INTERRUPTS.”

In addition, the debug function cannot be evaluated by a debugger. Therefore, do not use a debugger when
using the debug function.

17.2 Block description
Figure 17.2.1 shows the block diagram of the debug function, and the registers relevant to this function are
described in the following.

Internal data bus (DBo to DB15)

L

Debug control register 0

Address compare register 0 Address compare register 1

Debug control register 1

Address matchin .
Matching » Compare register |——>| Matching « Compare register detect circuit 9 —> Address matching
detection interrupt

CPU bus (Address)

Fig. 17.2.1 Block diagram of debug function
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17.2 Block description

17.2.1 Debug control register 0
Figure 17.2.2 shows the structure of the debug control register 0.

b7 b6 b5 b4 b3 b2 bl b0
Debug control register O (Address 661s) 0 olol =
1 1
Bit Bit name Function Atreset| R/W
e : b2 b1b0
0 Detect condition select bits 000 : Do not select. Note 2)] RW
(Note 1) 0 0 1 : Address matching detection 0
0 1 0: Address matching detection 1
1 011 : Address matching detection 2 Note 2) RW
100: Do not select.
10 1: Out-of-address-area detection
2 110: Note 2) RW
111 } Do not select.
3 Fix these bits to “00.” Note 2)] RW
4 Note 2)] RW
5 Detect enable bit 0 : Detection disabled. Note 2)| RW
1 : Detection enabled.
6 Fix this bit to “0.” Note 2)] RW
7 The value is “1” at reading. 1 =
Notes 1: These bits are valid when the detect enable bit (bit 5) = “1.” Therefore, these bits must be set before or simultaneously with
setting of the detect enable bit to “1.”
2: At power-on reset, each bit becomes “0”; at hardware reset or software reset, each bit retains the value immediately
before reset.

Fig. 17.2.2 Structure of debug control register 0

(1) Detect condition select bits (bits 0 to 2)
These bits are used to select an occurrence condition for an address matching detection interrupt
request. This condition can be selected from the following:

m Address matching detection 0
An address matching detection interrupt request occurs when the contents of PG and PC match
with the address being set in the address compare register 0 (addresses 6816 to 6A16); (Refer to
section “17.3 Address matching detection mode.”)

m Address matching detection 1
An address matching detection interrupt request occurs when the contents of PG and PC match
with the address being set in the address compare register 1 (addresses 6Bis to 6D1s); (Refer to
section “17.3 Address matching detection mode.”)

m Address matching detection 2
An address matching detection interrupt request occurs when the contents of PG and PC match
with the address being set in the address compare register 0 (addresses 6816 to 6A16) Or address
compare register 1 (addresses 6Bis to 6D16); (Refer to section “17.3 Address matching detection
mode.”)

m Out-of-address-area detection
An address matching detection interrupt request occurs when the contents of PG and PC are less
than the address being set in the address compare register 0 (addresses 6816 to 6A1s) or larger
than the address compare register 1 (addresses 6Bis to 6Dis); (Refer to section “17.4 Out-of-
address-area detection mode.”)
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(2)

17.2.

Detect enable bit (bit 5)
If any selected condition is satisfied when this bit = “1,” an address matching detection interrupt
request occurs.

2 Debug control register 1

Figure 17.2.3 shows the structure of the debug control register 1.

b7 b6 b5 b4 b3 b2 bl b0

Debug control register 1 (Address 671s) 1 0
Bit Bit name | Function Atreset | R/W
0 Fix this bit to “0.” (Note 1)| RW
1 The value is “0” at reading. (Note 1)| RO
2 Address compare register 0 : Disabled. 0 RW

access enable bit (Note 2) 1: Enabled.
3 Fix this bit to “1” when using the debug function. 0 RW
4 Nothing is assigned. Undefined| —
5 While a debugger is not used, the value is “0” at reading. 0 RO
While a debugger is used, the value is “1” at reading.
6 Address-matching-detection 2 0 : Matches with the contents of the address com- 0 RO
decision bit pare register 0.
(Valid when the address match- | 1 : Matches with the contents of the address com-
ing detection 2 is selected.) pare register 1.
7 The value is “0” at reading. 0 —

Notes 1: At power-on reset, each bit become “0”; at hardware reset or software reset, each bit retains the value immediately before reset.
2: Be sure to set this bit to “1” immediately before the access to the address compare registers 0 and 1 (addresses 681 to
6D1s). Then, be sure to clear this bit to “0” immediately after this access.

Fig. 17.2.3 Structure of debug control register 1

(1)

()

Address compare register access enable bit (bit 2)

Setting this bit to “1” enables reading from or writing to the contents of address compare registers 0
and 1 (addresses 6816 to 6D1s), while clearing this bit to “0” disables this reading or writing.

Be sure to set this bit to “1” immediately before reading from or writing to the address compare
registers 0 and 1, and then clear it to “0” immediately after this reading or writing.

Address-matching-detection 2 decision bit (bit 6)

When the address matching detection 2 is selected, this bit is used to decide which of the addresses
being set in the address compare registers 0 and 1 matches with the contents of PG and PC.
This bit is cleared to “0” when the contents of PG and PC matches with the address being set in
address compare register 0 and set to “1” when the contents of PG and PC match with the one being
set in the address compare register 1.

This bit is invalid when the address matching detection 0 and 1 are selected.

17-4
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17.2.3 Address compare registers 0 and 1

Each of the address compare registers 0 and 1 consists of 24 bits, and the address to be detected is set
here.

Figure 17.2.4 shows the structures of the address compare registers 0 and 1.

b23) (b16)(b15) (b8
(b7 ) bO)(b7 ) (bO) b7

Address compare register 0 (Addresses 6Ai16 to 6816) T T bo
Address compare register 1 (Addresses 6D1s to 6B1s) ! !
Bit Function Atreset| R/W

23to 0| The address to be detected (in other words, the start address of instructions) is set here. |Undefined| RW

Note: When accessing to these registers, be sure to set the address compare register access enable bit (bit 2 at address 671s) to “1”
immediately before the access. Then, be sure to clear this bit to “0” immediately after this access.

Fig. 17.2.4 Structures of address compare registers 0 and 1

At op-code fetch, the contents of PG and PC are compared with the addresses being set in the address
compare register 0 or 1. Therefore, be sure to set the start address of an instruction into the address
compare register 0 or 1. If such an address as in the middle of instructions or in the data table is set into
the address compare register 0 or 1, no address matching detection interrupt request occurs because this
address does not match with the contents of PG and PC.

Note that, before the instruction at the address being set in the address compare register 0 or 1 is
executed, an address matching detection interrupt request occurs and is accepted.
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17.3 Address matching detection mode

17.3 Address matching detection mode

When the contents of PG and PC match with the specified address, an address matching detection interrupt
request occurs.

17.3.1 Setting procedure for address matching detection mode
Figure 17.3.1 shows an initial setting example for registers relevant to the address matching detection
mode.

Disables interrupts.
The interrupt disable flag (I) is set to “1.”

AN NN NN NN NN NN NN NENEEENEEREEN
-

Selection of detect condition
b7 b0
| | 0 | 0 | 0 | 0 | : | Debug control register 0 (Address 6616)

b7 bo
| | | | | |0 | |Debug control register 1 (Address 6716)

[

Address compare register access enable bit
(Note 1)
0 : Disabled.

Detect condition select bits
b2 b1 b0
00 1 : Address matching detection 0
01 0 : Address matching detection 1
01 1:Address matching detection 2

Set the detect enable bit to “1.
b7 b0
| | | 1 | | | : : | Debug control register 0 (Address 6616)

Detect enable bit
0 : Detection disabled.

Detect enable bit
1 : Detection enabled.

~

Processing for setting of address compare registers

b0
| | | | | 1 | 1 | | 0 | Debug control register 1 (Address 6716)

Y

Clear the interrupt disable flag (I) to “0” (Note 2).
Address compare register access enable bit P g ( ) j

(Note 1)
1: Enabled.

- /

Setting of address compare registers
b23

Detection starts.
b0 Address compare register 0
(Addresses 6A16 to 6816)
Address compare register 1

(Addresses 6D16 to 6B16)

The address to be detected is set here.

Notes 1: Be sure to set this bit to “1” immediately before reading from or
writing to the address compare registers 0, 1. Then, be sure to
clear this bit to “0” immediately after this reading or writing.

2: This processing is unnecessary when no maskable interrupt is
used.

S NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN N NN NN NN NENEN NN NN

SaEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Fig. 17.3.1 Initial setting example for registers relevant to address matching detection mode
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DEBUG FUNCTION

17.3 Address matching detection mode

17.3.2 Operations in address matching detection mode

O

Setting the detect enable bit to “1” initiate to compare the contents of PG and PC with one of the con-

tents of the following registers. This comparison is performed at each op-code fetch:

* When the address matching detection 0 is selected, the contents of the address compare register 0O
are used for the above comparison.

 When the address matching detection 1 is selected, the contents of the address compare register 1
are used for the above comparison.

* When the address matching detection 2 is selected, the contents of the address compare register 0
or 1 are used for the above comparison.

When the address which matches with the above register’s contents is detected, an address matching

detection interrupt request occurs, and then, this request will be accepted.

Perform the necessary processing with an address matching detection interrupt routine.

The contents of PG, PC, and PS at acceptance of the address matching detection interrupt request are

saved onto the stack area. Therefore, be sure to rewrite the above contents of PG and PC to a certain

return address, and return to the address by using the RTI instruction.

When an address matching detection interrupt request has been accepted, the interrupt disable flag (l) is
set to “1”; the processor interrupt priority level (IPL) does not change.

Figures 17.3.2 and 17.3.3 show the examples of the ROM correct processing using the address matching
detection mode.
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DEBUG FUNCTION

17.3 Address matching detection mode

m Address matching detection O or 1 selected

; ; Address matching
( Main routine ) Qetection interrupt routing
I

The interrupt disable flag (1)
is cleared to “0” (Note 1)

TOP_BUG | | |
: Defective : | |
! or ! : Modified :
i Former program | ! or '
| Updated program I
TOP_RTN

saved onto the stack area

(address TOP_BUG) are
rewritten to address
TOP_RTN (Note 2).

STAB A, LG : Oh (Note 3)

| The contents of PG and PC

RTI

TOP_BUG : The start address of defective or former program.
- This address is to be set in the address compare register 0 or 1, in advance.

TOP_RTN : The address next to the defective or former program.

Notes 1. When an address matching detection interrupt request has been accepted, the interrupt
disable flag (l) is set to “1.” If another interrupt requests is required to be accepted under
the same conditions as those of the defective or former program, be sure to clear the
interrupt disable flag (I) to “0” at the start of an address matching detection interrupt
routine.

2: Each status of PG, PC, and PS immediately before acceptance of an address matching
detection interrupt request is saved onto the stack area. (The contents of PG, PC, and
PS are saved onto the stack area in this order.) Refer to section “6.7 Sequence from
acceptance of interrupt request until execution of interrupt routine.”

3: Make sure that this instruction is executed in the absolute long addressing mode. The
above is just an example. In an actual programming, be sure to refer to the format of the
assembler description to be used.

Fig. 17.3.2 Example of ROM correct processing using address matching detection mode (1)
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DEBUG FUNCTION

17.3 Address matching detection mode

m Address matching detection 2 selected

: . Address matching
C Main routine ) detection interrupt routine)

The interrupt disable flag (1)
is cleared to “0” (Note 1)

TOP_BUGl|

Defective

or

Former program [

Address-matching-
detection 2 decision bit?

TOP_RTN1 |

Modified
or
Updated program O

Modified
or
Updated program O

| The contents of PG and PC The contents of PG and PC

TOP_BUG2|

Former program O

saved onto the stack area saved onto the stack area
i (address TOP_BUG1) are (address TOP_BUGZ2) are
rewritten to address rewritten to address
: TOP_RTNL1 (Note 2). TOP_RTN2 (Note 2).
Defective | |
or

| STAB A, LG : Oh (Note 3)

TOP_RTN2 |

< \

RTI

TOP_BUGL : The start address of defective or former program [I.

- This address is to be set in the address compare register 0, in advance.

TOP_RTNL1 : The address next to the defective or former program 0.
TOP_BUG?2 : The start address of defective or former program O.

- This address is to be set in the address compare register 1, in advance.

TOP_RTN2 : The address next to the defective or former program [I.

Notes 1:

When an address matching detection interrupt request has been accepted, the interrupt
disable flag (l) is set to “1.” If another interrupt requests is required to be accepted under
the same conditions as those of the defective or former program, be sure to clear the
interrupt disable flag (1) to “0” at the start of an address matching detection interrupt
routine.

: Each status of PG, PC, and PS immediately before acceptance of an address matching

detection interrupt request is saved onto the stack area. (The contents of PG, PC, and
PS are saved onto the stack area in this order.) Refer to section “6.7 Sequence from
acceptance of interrupt request until execution of interrupt routine.”

: Make sure that this instruction is executed in the absolute long addressing mode. The

above is just an example. In an actual programming, be sure to refer to the format of the
assembler description to be used.

Fig. 17.3.3 Example of ROM correct processing using address matching detection mode (2)

7906 Group User's Manual Rev.2.0
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17.4 Out-of-address-area detection mode

17.4 Out-of-address-area detection mode

When the contents of PG and PC go out of the range of the specified area, an address matching detection
interrupt request occurs.

17.4.1 Setting procedure for out-of-address-area detection mode
Figure 17.4.1 shows an initial setting example for registers relevant to the out-of-address-area detection
mode.

Disables interrupts.
The interrupt disable flag (1) is set to “1.”

AN NN NN NN NN NN NN NN EENEEEER,

Selection of detect condition
b7 bo
[ JoJofofo]1]0}1]pebugcontrol register 0 (Address 6615)

b7 b0
[ 1T ] [ [ [o] | |Debugcontrolregister1 (Address 6716

Address compare register access enable bit
(Note 1)
0 : Disabled.

Selection of out-of-address-area detection

Detect enable bit
0 : Detection disabled.

Set the detect enable bit to “1.”
b7 bo
| | | 1 | | | : : | Debug control register 0 (Address 6616)

Processing for setting of address compare registers

Detect enable bit

bo
| | | | | 1| 1 | | 0 |Debug control register 1 (Address 6716) e D abled.

Address compare register access enable bit
(Note 1)
1: Enabled.

'R

Clear the interrupt disable flag (1) to “0” (Note 2). J

Setting of address compare registers
b23 b0

Address compare register 0
(Addresses 6A16 to 6816)

u The start address of the programming

area is set here.

Detection starts.

Notes 1: Be sure to set this bit to “1” immediately before reading from or
writing to the address compare registers 0, 1. Then, be sure to
clear this bit to “0” immediately after this reading or writing.

2: This processing is unnecessary when no maskable interrupt is
used.

|

b23 b0 )
| Address compare register 1

(Addresses 6D16 to 6B16)

The last address of the programming
area is set here.

Fig. 17.4.1 Initial setting example for registers relevant to out-of-address-area detection mode
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17.4 Out-of-address-area detection mode

17.4.2 Operations in out-of-address-area detection mode

00 Setting the detect enable bit to “1” initiate to compare the contents of PG and PC with the contents of
the address compare registers 0 and 1.

O When an address less than the contents of the address compare registers 0 or larger than the one of
the address compare register 1 is detected, an address matching detection interrupt request occurs, and
then, this request will be accepted.

O Perform the necessary processing with an address matching detection interrupt routine.

O The contents of PG, PC, and PS at acceptance of the address matching detection interrupt request are
saved onto the stack area. Therefore, be sure to rewrite the above contents of PG and PC to a certain
return address, and return there by using the RTI instruction.

When an address matching detection interrupt request has been accepted, the interrupt disable flag (l) is
set to “1”; the processor interrupt priority level (IPL) does not change.

By setting the start address of the programming area into the address compare register 0 and the last
address of the programming area into the address compare register 1, a program runaway (in other words,
fetching op codes from the area out of the programming area) can be detected. If any program runaway
is detected and reset of the microcomputer is required, be sure to write “1” into the software reset bit (bit
6 at address 5Eis) within an address matching detection interrupt routine.

Figure 17.4.2 shows an example of program runaway detection using the out-of-address-area detection
mode.

00000016
Ac::e](s?hto the area Address matching detection
out of the progra- interrupt routine
mming area
TOP_PRG

! Software reset bit — 1 (Note) The microcomputer
Programming area (bit 6 at address 5E1s) is reset.

END_PRG //////// ~Access to the

area out of the
programming

area RTI
FFFFFF16
TOP_PRG : Start address of programming area This address is to be set into the address compare register 0,
in advance.
END_PRG : Last address of programming area - This address is to be set into the address compare register 1,
in advance.

Note: A program runaway may affect the contents of the data bank register (DT), the direct page registers (DPRI) etc.
Therefore, the contents of these registers must be rewritten in order to write “1” to the software reset bit with an
addressing mode using DT, DPRI, etc.

Fig. 17.4.2 Example of program runaway detection using out-of-address-area detection mode
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[Precautions for debug function]

[Precautions for debug function]

1. The debug function cannot be evaluated by a debugger. Therefore, do not use a debugger when using the debug
function.

2. When returning from an address matching detection interrupt routine, be sure to rewrite the saved contents of PG
and PC to a certain return address, and then return there by using the RTI instruction. However, this is unnecessary
processing when the software reset is performed within an address matching detection interrupt routine for
program runaway detection, etc.

3. Be sure to set the start address of an instruction into the address compare register 0 or 1.
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APPLICATIONS

18.1 Application examples

Some application examples are described below.
Each application described here is just an example. Therefore, before actual using it, be sure to properly
modify it according to the user’s system and sufficiently evaluate it.

18.1 Application examples

18.1.1 Application example of air-conditioner outdoor unit
Figure 18.1.1 shows an application example of the air-conditioner outdoor unit.

Compressor
< u
p o Compressor
AC p l< v control
< Serial interface
motor M o MCU
M37906

A
A\

| ! ) U Output-forcibly-cutoff v
l i . signal input

7 \ I .
T /\\-_: Ma|n'C0ntr0| Interface
<. MCU with
HH N indoor
N MCU
Fan motor M "
o <€ v Fan-motor
< v
S < v control Serial interface
E R W M37906

Output-forcibly-cutoffA
signal input

Position signal

Fig. 18.1.1 Application example of air-conditioner outdoor unit
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18.1 Application examples

18.1.2 Application example of refrigerator
Figure 18.1.2 shows an application example of the refrigerator.

Poor open/close input

Ny
>

SW input

(- >

° / 2 Thermal sensor 1 (Inside)
| Control MCU

2 Thermal sensor 2 (Inside)

2 Thermal sensor 3 (Inside)

2 Thermal sensor 4 (Inside)

NN

Serial interface

— | ‘i
AMAAA

®

Output-forcibly-cutoff Motor control
mﬂﬁ] signal input MCU
—{u M37906
v
) v
w
W

Fig. 18.1.2 Application example of refrigerator
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18.1 Application examples

18.1.3 Application example of washing machine
Figure 18.1.3 shows an application example of the washing machine.

< Cover open/close input
<« SW input
Panel control LED output
MCU Buzzer output
< Sensor

Serial interface
, Water level sensor 1
l Water level sensor 2
Motor contorol < Water level sensor 3
MCU __ Output-forcibly-cutoff signal|input
M37906 < 7/
u >
g <k
A% Z|P
\ >
W >IM M
i $
A A | 3
Position signals
g ~ |

Motor control voltage

Fig. 18.1.3 Application example of washing machine
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19.2 Flash memory CPU reprogramming mode
[Precautions for flash memory CPU
reprogramming mode]

19.3 Flash memory serial /0 mode
[Precautions for flash memory serial
/0 mode]

19.4 Flash memory parallel /O mode
[Precautions for flash memory parallel
/O mode]



FLASH MEMORY VERSION

19.1 Overview

19.1 Overview

The flash memory version is provided with the same function as that of the mask ROM version except that
the former includes the flash memory. Note that, however, part of the SFR area of the flash memory version
differs from that of the mask ROM version. (Refer to section “19.1.1 Memory assignment.”) Also, the stop
mode terminate operation of the flash memory version differs from that of the mask ROM version. (Refer
to section “19.1.2 Single-chip mode.”)

In the flash memory version, its internal flash memory can be handled in the following three reprogramming
modes: flash memory CPU reprogramming mode, flash memory serial /0 mode, and flash memory parallel
I/0 mode.

Table 19.1.1 lists the performance overview of the flash memory version. (For the items not listed in Table
19.1.1, see Table 1.1.1.)

Table 19.1.1 Performance overview of flash memory version

Iltem Performance
Power source voltage 5V+05V
Programming/Erase voltage 5V+05V
Flash memory reprogramming modes Flash memory CPU reprogramming mode,

Flash memory serial I/0O mode,
Flash memory parallel /0O mode
Programming | cpy reprogramming mode, |Programmed in a unit of word
Flash memory serial I/O mode
Flash memory Parallel 1/0O mode | Programmed in a unit of byte

Erase method Block erase or Total erase
Maximum number of reprograms (programming | 100

and erasure)

For the flash memory version, in addition to the same single-chip mode as that of the mask ROM version,
any of the operating modes listed in Table 19.1.2 can further be selected by the voltage levels applied to
pins MD1 and MDO. Table 19.1.3 also lists the overview of flash memory reprogramming modes.

Note: Do not switch the voltages applied to pins MDO and MD1 while the microcomputer is active.

Table 19.1.2 Operating mode selection according to
voltages applied to pins MDO and MD1

MD1 MDO Operating modes
Vss Vss Single-chip mode
Vss Vce — (Note 1)
Vce Vss Boot mode (Note 2)
Vee Vee Flash memory parallel 1/0 mode
(Note 3)

Notes 1: Do not select.
2: Refer to section “19.1.3 Boot mode.”
3: Refer to section “19.4 Flash memory parallel
I/0 mode.”
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FLASH MEMORY VERSION

19.1 Overview

Table 19.1.3 Overview of flash memory reprogramming modes

Flash memory
reprogramming mode

Flash memory CPU
reprogramming mode

Flash memory serial I/O mode

Flash memory parallel I/O mode

Functional overview

User ROM area is reprogrammed
by the CPU executing software
commands.

User ROM area is reprogram-
med by using a dedicated serial
programmer.

Boot ROM area and User ROM
area are reprogrammed by using
a dedicated parallel programmer.

Reprogrammable
area

User ROM area

User ROM area

User ROM area,
Boot ROM area

Operating mode
available

Single-chip mode,
Boot mode

Boot mode

Flash memory parallel I/O mode

ROM programmer
available

(Unnecessary)

Serial programmer (Note)

Parallel programmer (Note)

Note: For details of the serial and parallel programmers, please visit MITSUBISHI TOOL Homepage (http:/
/www.tool-spt.maec.co.jp/index_e.htm).
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FLASH MEMORY VERSION

19.1 Overview

19.1.1 Memory assignment

Figure 19.1.1 shows the memory assignment of the M37906F8.

FF16
10016

3FFi6
40016

FFF16
100016

FFFF16

M37906F8

SFR area

Unused area

Internal RAM area|
(3 Kbytes)

Internal flash

memory area
(User ROM area)

(60 Kbytes)

Bank 016

Fig. 19.1.1 Memory assignment of M37906F8
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FLASH MEMORY VERSION

19.1 Overview

In addition to the internal flash memory area (in other words, user ROM area) shown in Figure 19.1.1, the
flash memory version has the boot ROM area of 8 Kbytes.

Figure 19.1.2 shows the memory assignment of the internal flash memory.

The user ROM area is divided into several blocks. The user ROM area is reprogrammed in the flash
memory CPU reprogramming mode, serial /O mode, and parallel 1/O mode.

The boot ROM area is assigned at addresses, overlapping with the user ROM area, however, the boot
ROM area exists in the defferent memory; the boot ROM area can be reprogrammed only in the flash
memory parallel I/O mode. (Refer to section “19.4 Flash memory parallel /O mode.”). When being reset
with pin MD1 tied to Vcc level and pin MDO to Vss level, the software in the boot ROM area is executed
after reset. (Refer to section “19.1.3 Boot mode.”) When pin MD1 = Vss level, however, the contents of
the boot ROM area cannot be read out.

User ROM area Boot ROM area
(In boot mode) (In flash memory parallel /O mode)
100016 E00016 016
8 Kbytes
FFFF16 1FFF16
28 Khytes
7TFFF16
800016
16 Kbytes
BFFF16
C00016
8 Kbytes
DFFF16
E00016
8 Kbytes
(Note)
FFFF16
M37906F8
Note: Addresses FF9016 to FF9F16 are reserved for serial and parallel programmers.
Be sure not to use this area.

Fig. 19.1.2 Memory assignment of internal flash memory
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FLASH MEMORY VERSION

19.1 Overview

19.1.2 Single-chip mode

When being reset with both of pins MD1 and MDO tied to Vss level, the microcomputer enters the single-
chip mode. In the single-chip mode, the software in the user ROM area is executed after reset.

The difference between the flash memory version and the mask ROM version is as follows:

e Stop mode terminate operation

(1) Stop mode terminate operation
Figure 19.1.3 shows stop mode terminate sequence owing to an interrupt request occurrence in the
flash memory version. (Refer from section “Stop mode”.)
In the flash memory version, when the watchdog timer is not used for termination of the stop mode,
an interrupt request is accepted after a maximum of 10 pys has elapsed since the interrupt request
occurred.
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FLASH MEMORY VERSION

19.1 Overview

m When using the watchdog timer
Stop mode

N YT AT
o) [\ [\ VLV VA VaVAVAVAVAVAVAVAVAVAVAVAY

« I 1= FULULTLALLLL
w11 UL

Interrupt request to be
used for stop mode |_

termination fXi O 2048 counts
(Interrupt request bit) Frrg—

Value of watchdog timer

TFF16 - - - oo
CPU Operating |  Stopped Stopped Operate
Internal peripheral device Operating Stopped Operating Operate
e STP e Interrupt request to be used for e Watchdog timer's MSB = “0”
instruction termination occurs. (However, watchdog timer interrupt
is executed. e Oscillation stars. request dose not occur.)

(When an external clock is input e Each supply of ¢cpu, gBIU starts.
from pin XIN, clock input starts.) e Interrupt request which was used for
e PLL frequency multiplier starts its  termination is accepted.
operation.
e Watchdog timer starts counting.

Note: This applies when the PLL circuit operation enable bit (bit 1 at address BC16) = “1.”
Xi: fX16, fX32, fXe4, fX128
There are clocks selected by the watchdog timer clock source bits at STP termination (bits 6, 7 at address 6116)

m When not using the watchdog timer
Stop mode

o TN L
w0

Interrupt request to be Y |_
used for stop mode
termination  10us (Max)
(Interrupt request bit) FFF16 ——eeeooo oo S 0 EEREREEEEEEEEERTREE
e
Value of the watchdog timer
T
CPU Operating Stopped Stopped Operating
Internal peripheral device Operating Stopped Operating Operating
e STP e Interrupt request e Each supply of gcPu, gBIU starts.

instruction  to be used for o Interrupt request which was used
is executed. termination occurs. for termination is accepted.

e Clock input from pin XIN starts.

e Watchdog timer starts counting.

Fig. 19.1.3 Stop mode terminate sequence owing to interrupt request occurrence
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FLASH MEMORY VERSION

19.1 Overview

19.1.3 Boot mode

When being reset with pin MD1 tied to Vcc level and pin MDO to Vss level, the flash memory version enters
the boot mode. In the boot mode, the software in the boot ROM area is executed after reset.

In the boot mode, either the boot ROM area or the user ROM area can be selected with the user ROM
area select bit (bit 5 at address 9Eis). The boot ROM area is located at addresses E0001s to FFFF1s in the
boot mode.

A reprogramming control firmware used in the flash memory serial /O mode has been stored in the boot
ROM area on shipment. (Refer to section “19.3 Flash memory serial /0 mode.”) Therefore, when being
reset in the boot mode, the flash memory version enters the flash memory serial 1/O mode, allowing the
user ROM area to be reprogrammed with a dedicated serial programmer.

Also the boot ROM area can be reprogrammed in the flash memory parallel /0O mode. If an appropriate
reprogramming control software using the CPU reprogramming mode has been stored in the boot ROM
area, reprogramming suitable for the user’s system is enabled.

Note that if the boot ROM area has been reprogrammed in the flash memory parallel /O mode, the flash
memory serial 1/O mode cannot be used.
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19.2 Flash memory CPU reprogramming mode

19.2 Flash memory CPU reprogramming mode

In this mode, the user ROM area can be reprogrammed by the central processing unit (CPU) executing
software commands. Therefore, this mode allows the user to reprogram the contents of the user ROM area
with the microcomputer mounted on the final printed circuit board, without using any ROM programmer.
Be sure to store the reprogramming control software into the user ROM area or the boot ROM area in
advance. In the flash memory CPU reprogramming mode, however, an opcode cannot be fetched for the
internal flash memory. Accordingly, be sure to transfer the reprogramming control software to an area other
than the internal flash memory area (e.g. the internal RAM area), and then execute the software in this area.
The flash memory CPU reprogramming mode is available in any of the single-chip and boot modes.

The software commands listed in Table 19.2.1 can be used in the flash memory CPU reprogramming mode.
For details of each command, refer to section “19.2.4 Software commands.”

Note that commands and data must be read from and written into even-numbered addresses within the user
ROM area, 16 bits at a time. At writing of software command codes, the high-order 8 bits (Ds to Dis) are
ignored. (Except for the write data at the 2nd bus cycle of the programming command code.)

Table 19.2.1 Software commands

1st bus cycle 2nd bus cycle
Software commands Mode Address Data Mode Address Data
(Do to D7)

Read Array Write O FFie — — —
Read Status Register Write O 7016 Read O SRD
Clear Status Register Write g 5016 — — —
Programming Write 0 4016 Write WA WD
Block Erase Write O 2016 Write BA D016
Erase All Blocks Write O 2016 Write O 2016

SRD : Status register data (Do to D7)

WA : Write address (A7 to Ao to be incremented by 2 from “0016” to “FE1s")
WD : Write data (16 bits)

BA : The highest address of a block (Note that Ao = 0.)

O  :Arbitrary even-numbered address in user ROM area (Ao = 0)
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FLASH MEMORY VERSION

19.2

Flash memory CPU reprogramming mode

19.2

.1 Flash memory control register

Figure 19.2.1 shows the structure of the flash memory control register.

b7 b6 b5 b4 b3 b2 bl b0

Flash memory control register (Address 9Es)

Bit Bit name Function Atreset| R/W

0 RY/BY status bit 0: BUSY (Automatic programming or erase operation 1 RO
is active.)

1: READY (Automatic programming or erase operation
has been completed.)

1 CPU reprogramming mode select bit| 0 : Flash memory CPU reprogramming mode is invalid. 0 RW
1: Flash memory CPU reprogramming mode is valid. Notes 1, 2)

2 The value is “0” at reading. 0 —

3 Flash memory reset bit (Note 3) | Writing “1” into this bit discontinues the access to the| 0 RW
internal flash memory. This causes the built-in flash Note 4)
memory circuit being reset.

4 The value is “0” at reading. 0 —

5 User ROM area select bit 0 : Access to boot ROM area 0 RW

(Valid in boot mode) (Note 5)| 1: Access to user ROM area Note 2)
7,6 | The value is “0” at reading. 0 -

Notes 1: In order to set this bit to “1,” write “0” followed with “1” successively; while in order to clear this bit “0,” write “0.”

2: Writing to this bit must be performed in an area other than the internal flash memory.

3: This bit is valid when the CPU reprogramming mode select bit (bit 1) = “1": on the other hand, when the CPU
reprogramming mode select bit = “0,” be sure to fix this bit to “0.” Rewriting of this bit must be performed with the CPU
reprogramming mode select bit = “1.”

4: After writing of “1” to this bit, be sure to confirm the RY/BY status bit (bit 0) becomes “1”; and then, write “0” to this bit.

5: When MD1 = Vss level, this bit is invalid. (It may be either “0” or “1.”)

Fig. 19.2.1 Structure of flash memory control register

(1)

(2)

RY/BY status bit (bit 0)

This bit is used to indicate the operating status of the sequencer. This bit is “0” during the automatic
programming or erase operation is active and becomes “1” upon completion of them. This bit also
changes during the execution of the programming, block erase, or erase all blocks command, but does
not change owing to the execution of another command.

CPU reprogramming mode select bit (bit 1)

Setting this bit to “1” allows the microcomputer to enter the flash memory CPU reprogramming mode
to accept commands. In order to set this bit to “1,” write “1” followed with “0” successively; while to
clear this bit to “0,” write “0.”

Since the microcomputer enters the flash memory CPU reprogramming mode after setting this bit to
“1,” opcodes cannot be fetched for the internal flash memory. Accordingly, be sure to execute the
instruction to be used for writing to this bit in an area other than the internal flash memory area (e.g.
the internal RAM area).

When executing commands of the flash memory CPU reprogramming mode in the boot mode, be sure
to set the user ROM area select bit (bit 5) to “1.”

19-10
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(3)

(4)

FLASH MEMORY VERSION

19.2 Flash memory CPU reprogramming mode

Flash memory reset bit (bit 3)

Writing “1” to this bit discontinues the access to the user ROM area and causes the built-in flash
memory control circuit to be reset. After this reset, the microcomputer enters the read array mode to
set the RY/BY status bit (bit 0) to “1”.

When this flash memory control circuit is reset with the flash memory reset bit during programming
(automatic programming) or erase (automatic erase) operation, that programming or erase operation
is discontinued to invalidate the data in the working block.

After writing of “1” to this bit, be sure to confirm the RY/BY status bit (bit 0) becomes “1”; and then,
write “0” to this bit.

User ROM area select bit (bit 5)

This bit is used to select either the boot ROM area or the user ROM area in the boot mode. In order
to access the boot ROM area (read out), clear this bit to “0.” On the other hand, in order to access
the user ROM area (reading out, programming, or erase), set it to “1.” Instructions for writing into this
bit must be executed in an area other than the internal flash memory (e.g. the internal RAM area).
Note that when MD1 = Vss level, the user ROM area is accessed (being read out) regardless of the
contents of this bit.
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19.2 Flash memory CPU reprogramming mode

19.2.2 Status register

The programming and erase operations for the internal flash memory are controlled by the sequencer in
the internal flash memory. The status register indicates the completion states (normal or abnormal) of the
programming and erase operations. For details of abnormal endings (errors), refer to section “19.2.5 Full
status check.”

Table 19.2.2 lists the bit definition of the status register.

The contents of the status register can be read out by the read status register command. (Refer to section
“19.2.4 Software commands.”)

Table 19.2.2 Bit definition of status register

Symbol Definition
(Data bus) Status “Q” “q”

SR.0 (Do) |— — —

SR.1(D1) |— — —

SR.2 (D2) |— — —

SR.3(Ds) |— — —

SR.4 (D4) Programming Status Terminated normally. Error<Programming error>
SR.5 (Ds) Erase Status Terminated normally. Error<Erase error>

SR.6 (Ds) |— — —

SR.7 (D7) |— — —

Data bus: Indicates the data bus to be read out when the read status register command has been executed.

(1) Programming status bit (SR.4)
This bit is set to “1” if a programming error has occurred during the automatic programming (the
programming) operation and cleared to “0” by executing the clear status register command. This bit
is also cleared to “0” at reset.

(2) Erase status bit (SR.5)
This bit is set to “1” if an erase error has occurred during the automatic erase (the block erase or
erase all unlocked blocks) operation and cleared to “0” by executing the clear status register command.
This bit is also cleared to “0” at reset.
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19.2 Flash memory CPU reprogramming mode

19.2.3 Setting and Terminate procedure for flash memory CPU reprogramming mode

Figure 19.2.2 shows the setting and terminate procedures for the flash memory CPU reprogramming mode.
In the flash memory CPU reprogramming mode, opcodes cannot be fetched for the internal flash memory.
Therefore, be sure to transfer the reprogramming control software to an area other than the internal flash
memory and then execute the software in that area.

Moreover, in order to prevent any interrupt occurrence during the flash memory CPU reprogramming mode,
before selecting this mode, be sure to set the interrupt disable flag (1) to “1” or set the interrupt priority level
to “0002" (interrupts disabled).

Also, we recommend to connect pin P60UTcur with Vcc via a resistor.

Even in the flash memory CPU reprogramming mode, periodically writing to the watchdog timer is required
in order to prevent the watchdog timer interrupt occurrence.

At the same time, it is necessary to write to the watchdog timer just before executing the programming,
block erase, or erase all blocks command in order to prevent the watchdog timer interrupt occurrence
during the automatic programming and erase operation.

An interrupt, hardware reset, or software reset, generated in the flash memory CPU reprogramming mode,
makes program runaway. If a program runaway has occurred, be sure to push the microcomputer into the
power-on reset state.

When an interrupt or reset is generated during the programming or erase operation. the contents of the
corresponding block becomes invalidated.

¢ _.Reprogramming control | ____________________
software \ 4

Single-chip mode,
or Boot mode

+

Internal ROM bus cycle select bit — “0”
(bit 7 at address 5F16)

User ROM area select bit — “1”
(Only in the boot mode)

v

CPU reprogramming mode select bit — “0”
CPU reprogramming mode select bit ~ “1”

Interrupt disable flag (1) = “1” .
or Interrupt priority level of each interrupt = “0002" Software command is executed.

Read array command is executed,

H

H

- H
The reprogramming control software for the flash ! !
or Flash memory reset bit — “1” h
H

H

memory CPU reprogramming mode is transferred

to an area other than the internal flash memory. Flash memory reset bit — “0”

¢ (Notes 1, 2)
Jump to the control software transferred in the ) e
above procedure CPU reprogramming mode select bit — “0
(The subsequent-procedures will be executed
by the reprogramming control software trans- ¢

ferred in the above procedure.)
[

User ROM area select bit — “0”
(Only in the boot mode ) (Note 3)

v

Jump to an arbitrary address in the
internal flash memory area.

L iRl i

Notes 1: Before termination of the flash memory CPU reprogramming mode, be sure to execute the read array
command or flash memory reset
2: After writing of “1” to the flash memory reset bit, be sure to confirm the RY/BY status bit (bit 0 at address
9E16) becomes “1”; and then, write “0” to this bit.
3: When the flash memory CPU reprogramming mode has been terminated with the user ROM area select
bit (bit 5 at address 9E16) = “1,” the access to the user ROM area is selected.

Fig. 19.2.2 Setting and Terminate procedures for flash memory CPU reprogramming mode
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19.2 Flash memory CPU reprogramming mode

19.2.4 Software commands

Software commands are described below.

Software commands and data must be read from and written into even-numbered addresses in the user
ROM area, 16 bits at a time. At writing of a command code, the high-order 8 bits (Ds to Dis) are ignored.

(1) Read array command
Writing command code “FFi6” at the 1st bus cycle pushes the microcomputer into the read array mode.
When an address to be read is input at the next and the following bus cycles, the contents at the
specified address are output to the data bus (Do to Dis), 16 bits at a time.
The read array mode is maintained until another software command is written.

(2) Read status register command
Writing command code “7016” at the 1st bus cycle outputs the contents of the status register to the
data bus (Do to D7) by a read at the 2nd bus cycle. (See Table 19.2.2.)

(3) Clear status register command
Writing command code “5016” at the 1st bus cycle clears two bits (SR.4 and SR.5) of the status register
to “0.” (See Table 19.2.2.)

(4) Programming

This command executes programming, one word

at a time. Write command code “401¢" at the [ Start ]

1st bus cycle and then write data at the 2nd

bus cycle, 16 bits at a time. After writing of |

one word has been completed, the automatic Command code
. . . . “4016" is written.
programming (programming and verification of
data) operation is initiated. During the automatic l
programming operation, be sure not to access
the flash memory or not to execute the next
command. The completion of the automatic
programming can be recognized by the RY/BY
status bit (bit 0 at address 9Euse).
After the automatic programming operation has
been completed, the result of it can be
recognized by reading out the status register.
(Refer to section “19.2.5 Full status check.”)
Figure 19.2.3 shows the programming operation

Data is written to an
arbitrary write address.

d

RY/BY status bit = “1"?
(bit O at address 9Eus)

Full status check ees See Figure 19.2.6.

flowchart.
Note that, for the areas having already been [ Programming ]
programmed. be sure to program after an erase operation is completed.

(block erase) operation. If the programming
command is executed for the areas having
already been programmed, no programming error  Fig "19.2.3 Programming operation flowchart
will occur, but the contents of the areas become

undefined.
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19.2 Flash memory CPU reprogramming mode

(5) Block erase command

Writing of command code “2016” at the 1st bus ( start )

cycle and “D01s” to the highest address (here,

Ao = 0) of the block to be erased at the 2nd |

bus cycle initiate the automatic erase (erase Command code

and erase-verify) operation for the specified “2016” is written.

block. During the automatic erase operation, — I _
“D016” is written to the highest

be sure not to access the flash memory or not address of the block.

to execute the next command. The completion

of the automatic erase operation can be

recognized by the RY/BY status bit (bit 0 at

address 9Eus).

After the automatic erase operation is completed,

the result of it can be recognized by reading

out the status register. (Refer to section “19.2.5

Full status check.”)

Figure 19.2.4 shows the block erase operation

flowchart. |

Block erase operation is
completed.

l¢
l

RY/BY status bit = “1"?
(bit O at address 9E16

Full status check eee See Figure 19.2.6.

(6) Erase-all-blocks command
Writing of command code “2016” at the 1st bus
cycle and “20:s” at the 2nd bus cycle initiate  Fig. 19.2.4 Block erase operation flowchart
the automatic erase (erase and erase-verify)
operation for all the blocks. During the automatic
erase operation, be sure not to access the flash
memory or not to execute the next command. [ Start ]
The completion of the automatic erase operation
can be recognized by the RY/BY status bit (bit |
0 at address 9Eus). Command code
After the automatic erase operation is completed, 201 'T written.
the result of it can be recognized by reading
out the status register. (Refer to section “19.2.5
Full status check.”) le
Figure 19.2.5 shows the erase-all-blocks
operation flowchart.

“20 16" is written.

RY/BY status bit = *“1"?
(bit 0 at address 9E1s)

Full status check eee See Figure 19.2.6.

Erase-all-blocks
operation is completed.

Fig. 19.2.5 Erase-all-blocks operation flowchart
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19.2 Flash memory CPU reprogramming mode

19.2.5. Full status check

If an error has occurred, bits SR.4 and SR.5 of the status register are set to “1” upon completion of the
programming or erase operation. Therefore, the result of the programming or erase operation can be
recognized by checking these status (in other words, full status check).

Table 19.2.3 lists the errors and the states of bits SR.4 and SR.5, and Figure 19.2.6 shows the full status
check flowchart and the action to be taken if any error has occurred.

Table 19.2.3 Errors and States of bits SR.3 to SR.5

Status register .
Error Error occurrence conditions
SR.5 SR.4
1 1 Command sequen-|« Commands are not correctly written.
ce error » Data other than “D01s” and “FF16” is written at the 2nd bus cycle of the
block erase command (Note).
» Data other than“2016” and “FF16” is written at the 2nd bus cycle of the
erase-all-blocks command (Note).
1 0 Erase error » Although the block erase or erase-all-blocks command is executed,
these blocks are not correctly erased.
0 1 Programming error |+ Although the programming command is executed, programming is not
correctly performed.

Notes: When “FFi6” is written at the 2nd bus cycle of any of these commands, the microcomputer enters the read
array mode. Simultaneously with this, the command code written at the 1st bus cycle is cancelled.

[Read status registeD

[Command sequenca e+« [] Execute the clear status command to clear SR.4 and SR.5 to “0.”
error 0 Execute the correct command again.
Note: If the same error occurs, however, the block cannot be used.

Erase error ] e+« [] Execute the clear status command to clear SR.5 to “0.”
O Execute the block erase or erase-all-unlocked-blocks command again.
Note: If the same error occurs, however, the block cannot be used.

Programming error)~ +++ [] Execute the clear status command to clear SR.4 to “0.”
NO 0 Execute the programming command again.

‘ YES Note: If the same error occurs, however, the block cannot be used.

( Completed. ]

Note: Under the condition that any of SR.4 and SR.5 = “1,” none of the programming, block erase, erase-all-blocks commands can be
accepted. To execute any of these commands, in advance, execute the clear status register command.

Fig. 19.2.6 Full status check flowchart and actions to be taken if any error has ocurred
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19.2 Flash memory CPU reprogramming mode

19.2.6 Electrical characteristics

(1) M37906F8CFP

DC Electrical Characteristics (Vcc=5V £ 0.5V, Ta=01to 60 °C, f(fsys) = 20 MHz)

Symbol Parameter Min. L_Fr;;t.s Max. Unit
lcca Vcc power source current (at read) 10 30 mA
lcca Vcc power source current (at write) 30 mA
lccs Vcc power source current (at programming) 40 mA
Icca Vcc power source current (at erasing) 40 mA
AC Electrical Characteristics (Vcc=5V £ 0.5V, Ta=0to 60 °C, f(fsys) = 20 MHz)
Parameter Min. L_:_r;rl)ts Max. Unit
256 bytes programming time 4 40 ms
Block erase time 0.6 8
Erase all blocks time 060n 80n

n = Number of blocks to be erased

For the limits of parameters other than the above, refer to section “Appendix 9.

electrical characteristics.”

M37906M4C-XXXFP
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[Precautions for flash memory CPU reprogramming mode]

[Precautions for flash memory CPU reprogramming mode]

1.

In the flash memory CPU reprogramming mode, an opcode cannot be fetched for the internal flash memory.
Accordingly, be sure to transfer the reprogramming control software to an area other than the internal flash memory
area, and then execute the software in this area. (See Figure 19.2.2.)

Also, take consideration for instruction description (such as specified addresses, addressing modes) in the repro-
gramming control software since this software is to be executed in an area other than the internal flash memory
area.

. In order to prevent any interrupt occurrence during the flash memory CPU reprogramming mode, before selecting

this mode, be sure to set the interrupt disable flag (I) to “1” or set the interrupt priority level to “0002" (interrupts
disabled). Also, we recommend to connect pin P60UTcur with Vcc via a resistor.

Even in the flash memory CPU reprogramming mode, periodically writing to the watchdog timer is required.

Also, an interrupt, hardware reset, or software reset, generated in the CPU reprogramming mode, makes program
runaway. If a program runaway has occurred, be sure to push the microcomputer into the power-on reset state.

. Commands and data must be read from and written into even-numbered addresses in the user ROM area, 16 bits

at a time.

. Be sure not to execute the STP instruction in the CPU reprogramming mode.

. In order to reset the internal flash memory control circuit by using the flash memory reset bit (bit 3 at address 9Eus),

be sure to confirm the RY/BY status bit (bit O at address 9Eis) becomes “1” after writing of “1” to this bit; and then,
write “0” to the flash memory reset bit.

. Addresses FF901s to FF9F1s (the user ROM area) are reserved for serial and parallel programmers. Be sure not to

use this area.
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19.3 Flash memory serial 1/0 mode

19.3 Flash memory serial 1/O mode

In the flash memory serial 1/0 mode, by using a dedicated serial programmer, the contents of the user ROM
area can be reprogrammed with the microcomputer mounted on the final printed circuit board. About the
serial programmer concerned, consult its manufacturer, and for more information on using it, refer to the
user’s manual of the serial programmer.

Note that if the boot ROM area has been reprogrammed in the flash memory parallel /O mode, the flash
memory serial 1/O mode cannot be used. (Refer to section “19.4 Flash memory parallel 1/O mode.”)
Addresses FF901s to FF9F16 (the user ROM area) are reserved for serial or parallel programmers. Therefore,
be sure not to use to this area.

19.3.1. Pin description

Table 19.3.1 lists the pin description in the flash memory serial /O mode, and each of Figures 19.3.1 and
19.3.2 shows the pin configuration in this mode.
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19.3 Flash memory serial 1/0 mode

Table 19.3.1 Pin description in flash memory serial /O mode

Pin Name Input/Output Functions

Vee Power supply input Supply Vcc level voltage to pin Vcc.

Vss Supply Vss level voltage to pin Vss.

MDO MDO Input | Connect this pin to Vss.

MD1 MD1 Input | Connect this pin to Vss via a resistor (about 10 kQ to 100 kQ).

RESET Reset input Input | The reset input pin (Note 1).

Xin Clock input Input | Connect a ceramic resonator or quartz-crystal oscillator between

Xout Clock output Output | Xin and Xout pins. When using an external clock, the clcok source
must be input to Xin pin and Xout pin must be left open.

Vcont Filter circuit connection| — The Vcont pin. (Not used in this mode.)

AVcc Analog supply input Connect this pin to Vcc.

AVss Connect this pin to Vss.

VRer Reference voltage input| Input | The Vrer pin. (Not used in this mode.)

Ploto P17 |Input port P1 Input | Input port pins. (Not used in this mode.)

P20 to P2s,|Input port P2 Input

P27

P24 SCLK input Input | The input pin for a serial clock.

P2s SDA I/O I/O  [The 1/O pin for serial data. This pin must be connected with Vcc via
a resistor (about 1 kQ).

P26 BUSY output Output | The BUSY signal output pin.

P50 to P57 | Input port PS5 Input [Input port pins. (Not used in this mode.)

P6o to P65 |Input port P6 Input

P70 to P74|Input port P7 Input

P60UTcur  |P60UTcur input Input [ The P60UTcur pin. (Not used in this mode.)

Recommended to be connected with Vcc via a resistor.

Notes 1: When there is a possibility that the user reset signal becomes “L” level in the flash memory serial I/O
mode, be sure to cut off the current flow between the user reset signal and pin RESET by using a
jumper switch, etc. (Refer to section “19.3.2 Examples of handling control pins in flash memory
serial /0 mode.”)

. For pins not used in the flash memory serial I/0 mode, properly connect to somewhere in the user

system. For pins not used in the user system, handle them with reference to section “5.3 Examples of
handling unused pins.” For pins used in the flash memory serial I/O mode, handle them with reference
to section “19.3.2 Examples of handling control pins in flash memory serial /O mode.”

19-20
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19.3 Flash memory serial 1/0 mode

Vce
Vrer — [ 1] [22] AVcc
AVss =] O 41 lea—m P1o/CTSo/RTSo
(Note 1) P74/AN4/DA1/INT3/RTPTrRGo ~—m[3 0] P11/CTS0/CLKo
P73/ANa/DA0 ~—w-[4] 39]«—» P12/RxDo
P72/AN2 a—m[5 38]—m P13/TxDo
P71/AN1 <«—»[6] [37]«—» P14/CTSURTS:1
P70/ANo ~a—»-[ 7 36 |a¢—m P1s5/CTS1/CLK1
P65/TA2NU/RTP11 ~—»[ 8 35 [4—m P16/RxD1
P64/TA20uT/VIRTP1o ~a—»-[2] 34]«—» P17/TxD1
P63/TALN/W/RTPO3 ~a—»-[10 33 jt—m P20/TAdouT
P62/TAlout/U/RTPO2 ~a—»~|11 2|a—m P21/TA4IN %
P61/TAOIN/V/RTPO1 ~a—#-{12 31— P22/TA90uT
P60/TAOouT/W/RTPQo «t—m|13 30 |at—m P23/TA9IN
P57/INT7/TB2in/IDU <a—w-[T2 2)a—» P24(/TBOIN)
(Note 1){ P56/INTe/TBLn/IDV ~a—»-[15 28] P25(/TB1) (Note 1)
P5s/INTs/TBON/IDW ~—»-[16 27]-—p P26(/TB2IN) —
(Note 3) P6OUTcuUT/INTs —»[17 26]4—m P27(/INT3/RTPTRGO)
MDO — [ sle— MDL ———
Vcont —m[19] 22— Xour —oO
(RESED RESET —»[20 O Zile— Xn —O (Note 2)
—————Vce =] [22] Vss
Vss
Notes 1: Allocation of pins TBOIN to TB2IN
and INT3/RTPTRGO can be switched
by software.
2: Connected to the oscillation circuit.
3: Recommended to be connected with
Vcc via a resistor.
O : Connected to a serial programmer.
Outline 42P2R-E

Fig. 19.3.1 Pin connection in flash memory serial 1/O mode (Outline: 42P2R-E)
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19.3 Flash memory serial 1/0 mode

CRESED>

Vcc
Vrer —w[ 1] v 2] AVcc
AVss =] [*T]la—» P10/CTSo/RTSo
(Note 1) P74/AN4/DA1/INT3/RTPTRG0 ~a—m[ 3] [ 0] P11/CTS0/CLKo
P73/AN3/DA0 ~a—»-[ 4] [35 ] P12/RxDo
P72/AN2 <[5 38 | P13/TxDo
P71/AN1 <a—»[6 [37]a—» P14/CTSI/RTS1
P70/AN0 <[ 7 [36 ] P1s/CTS1/CLK1
P6s/TA2N/U/RTP11 w8 35 | PL16/RxD1
P64/TA20uT/V/IRTP1o ~—»-[9] [34 ] P17/TxD:1
P63/TALN/W/RTPOs ~—m[10 [5]a— P20/TA40uUT &l
P62/TALout/U/RTPO2 ~a—m-[1L [32]a—» P21/TA4IN
P61/TAON/V/RTPO1 ~a—»[12 [31]a—» P2:/TA90UT
P60/TAOoUT/W/RTPQo ~a—m=[13] [50]a—» P23/TA9IN
P57/INT7/TB2in/IDU  a—m[12 [ 25l P24(/TBOIN) GCLR>
(Note 1) PS6/INT6/TBLIN/IDV ~a—w-[15 [25 |4 P25(/TBLin) CSDAD
P5s/INTs/TBON/IDW {16 [27 ] P26(/TB2N) ———
(Note 3) PBOUTcUT/INTs — w17 [26 ] P27(/INT3/RTPTRGO0)
MDO — w18 [25]le—— MD1
VconT ——p{19 [24] —» Xour —©O g
RESET — [ Sola— xn —o | (Note2)
Vee [&] [22] Vss
Vss

Notes 1: Allocation of pins TBOIN to TB2IN
and INT3/RTPTRGO can be switched

by software.

2: Connected to the oscillation circuit.
3: Recommended to be connected with
Vcc via a resistor.

(> : Connected to a serial programmer.

Outline 42P4B

(Note 1)

Fig. 19.3.2 Pin connection in flash memory serial 1/0 mode (Outline: 42P4B)
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19.3 Flash memory serial 1/0 mode

19.3.2. Example of handling control pins in flash memory serial /O mode

Each of pins P24 to P2s, MDO, and MD1 serves as an input/output pin for a control signal in the flash
memory serial 1/0 mode. Examples of handling these pins and pin RESET on the board are described
below.

(1) With control signals not affecting user system circuit
When control signals in the flash memory serial I/O mode are not used in the user system circuit, or
when these signals do not affect that circuit, the connections shown in Figure 19.3.3 are available.
When pin P60UTcur, however, is used in the user system circuit, see Figures 19.3.4 and 19.3.5.

User system board

Not used, or Connected to the user system circuit
g —— M37906F "
< ® »| SDA(P 2)
Vcce
< BUSY(P 2s)
»| SCLK(P 24) P6OUTeur
Connected to . o MDO
. » MD1
serial progra- f"/\/‘? 7};/\/\/\,1 Vss
mmer. N3
e P> RESET 777
XiN Xour
User reset signal (Note)
] HoH

Note: When there is a possibility that the user reset signal becomes “L” level in the flash memory serial I/O mode,
be sure to cut the current flow between the user reset pin and pin RESET by using a jumper switch, etc.

0: The flash memory version of the 7906 Group

Fig. 19.3.3 Example of handing control pins when control signals do not affect user system circuit
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19.3 Flash memory serial 1/0 mode

(2) With control signals affecting user system circuit

In the flash memory serial /O mode, be sure to cut the current flow toward the user system circuit
if control signals for this mode are also used in the user system circuit. Figure 19.3.4 shows an
example of handling pins with jumper switches used, and Figure 19.3.5 shows an example of handling

pins with analog switches used.

User system board

<
' »
¢ ; :
I—'\N\,—(l Connected to the user system circuit.
M37906F"
0@d] N
l_og b »1 SDA(P 2)
lo_$ 5] BUSY(P 2s) v
M_@ P SCLK(P24) ce
a—
P60OUT Note 1
Connected to @ R ; Peo cur (Note 1) DO
serial progra- AN v
mmer. rlw\;@
777

i RESET Xin Xour
—7L User reset signal (Note 2) L' O |J

Note 1: Recommended to be connected with Vcc via a resistor.
2: When there is a possibility that the user reset signal becomes “L” level in the flash memory serial /O mode,
be sure to cut the current flow between the user reset pin and pin RESET by using a jumper switch, etc.

0: The flash memory version of the 7906 Group

Fig. 19.3.4 Example of handling pins with jumper switches used

User system board

74 HC4066

¢
>
>
>
P

Connected to the user system circuit.

_e_
—We
* ; :
P L
M37906F"
< | SDA(P 2s)
< BUSY(P 25) ?
P SCLK(P 24) Vee
Connected to g
serial progra- <: Zl& »! P6OUTcur (Note 1) MDO
mmer.
»—o » MD1 Vss
I' 777
RESET Xin Xout
1 User reset signal (Note 2) |—{ (] lJ

Note 1: Recommended to be connected with Vcc via a resistor.
2: When there is a possibility that the user reset signal becomes “L” level in the flash memory serial I/O mode,
be sure to cut the current flow between the user reset pin and pin RESET by using a jumper switch, etc.

0: The flash memory version of the 7906 Group

Fig. 19.3.5 Example of handling pins with analog switches used
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[Precautions for flash memory serial /O mode]

[Precautions for flash memory serial I/0 mode]
1. If the boot ROM area has been reprogrammed in the flash memory parallel I/O mode, the flash memory serial 1/0
mode cannot be used.

2. In the flash memory serial I/O mode, we recommend to connect pin P60UTcur with Vcc via a resistor.
(Refer to section “19.3.2 Examples of handling control pins in flash memory serial /O mode.”)

3. When there is a possibility that the user reset signal becomes “L” level in the flash memory serial I/O mode, be sure
to cut the current flow between the user reset pin and pin RESET by using a jumper switch, etc. (Refer to
section “19.3.2 Examples of handling control pins in flash memory serial /O mode.”)

4. Addresses FF90is to FF9F 16 (the user ROM area) are reserved for serial and parallel programmers. Therefore, be
sure not to use this area.
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19.4 Flash memory parallel 1/0O mode

19.4 Flash memory parallel I/O mode

In the flash memory parallel /O mode, the contents of the user ROM area and boot ROM area can be
reprogrammed by using a dedicated parallel programmer. (See Figure 19.1.2.) About the parallel programmer
concerned, consult its manufacturer, and for more information on using it, refer to the user's manual of the
parallel programmer.

In the flash memory parallel 1/O0 mode, the boot ROM area is assigned to addresses 016 to 1FFFF16 (word
addresses).

Note that if the boot ROM area has been reprogrammed in the flash memory parallel 1/O mode, the flash
memory serial 1/O mode cannot be used. (Refer to section “19.3 Flash memory serial /O mode.”)

Also, addresses FF90is to FF9F16 (the user ROM area) are reserved for serial and parallel programmers. Therefore,
besure not to use this area.
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[Precautions for flash memory parallel /O mode]

[Precautions for flash memory parallel I/0 mode]

1. If the boot ROM area has been reprogrammed in the flash memory parallel I/O mode, the flash memory serial 110
mode cannot be used. (Refer to section “19.3 Flash memory serial /0 mode.”)

2. Addresses FF901s to FF9F1s (the user ROM area) are reserved for serial and parallel programmers.
Be sure not to use this area.
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[Precautions for flash memory parallel /O mode]

MEMORANDUM
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Appendix 1. Memory assigment in SFR area

m SFR area (Addresses 0is to FFie)

Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0" immediately after reset. El - Always “0” at reading.
1 :"1”immediately after reset. )
2 : Undefined immediately after : Always “1” at reading.
reset. : Always undefined at reading.

m . “0” immediately after reset. Fix this bit to “0.”

Address Register name . Access characteristics State immediately after reset
O (Note 1) 2
1 (Note 1) ?
216 (Note 2) ?
316 Port P1 register RW ?
416 (Note 2) ?
516 Port P1 direction register RW 0016
616 Port P2 register RW ?
7 16 (Note 2) ?
816 Port P2 direction register RW 0016
916 (Note 2) ?
Ass (Note 2) ?
Bis Port P5 register RW | ? | ?
Cis (Note 2) ki
Das Port P5 direction register RW | 0 | 0|0 | ?
Eie Port P6 register | RW ? ?
Fs Port P7 register | RW ? ?
1016 Port P6 direction register | RW 2 [olofo]o]o]o
11 Port P7 direction register | RW ? 0/0J0]0O]O
1216 (Note 2) ?
1316 ?
14 16 (Note 2) ?
151 ?
1616 (Note 2) ?
1716 (Note 2) ?
1816 (Note 2) ?
1916 (Note 2) ?
1As6 ?
1B1s ?
1Css ?
1Dss ?
1E16 A-D control register O RW 0|0 010|222
1F 6 A-D control register 1 RW 0|0 \Q\ 0]0 \Q 217

Notes 1: Do not read from and write to this register.
2: Do not write to this register.
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Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0
1

: “0” immediately after reset.
. “1” immediately after reset.

2 : Undefined immediately after

APPENDIX

Appendix 1. Memory assigment in SFR area

EI : Always “0” at reading.

: Always “1” at reading.

reset. : Always undefined at reading.
m : “0” immediately after reset. Fix this bit to “0.”
Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0

201 A-D register 0 (Note 3) ?

2116 (Note 3) oJo[o]JoJoJo] =
2

2216 A-D register 1 [ (Note 3) T

2316 (Note 3) ololofloJo]o] ~»

241 A-D register 2 [ (Note 3) ?

2516 (Note 3) olofofJoJoJo] =
2

2616 A-D register 3 [ (Note 3) T

2716 (Note 3) oloJofo]o]Jo] =

2810 A-D register 4 (Note 3) 2

2915 (Note 3) oloJoJoJoJo] ~»

2A16 (Note 4) ?

2Bu1s (Note 4) ?

2C1s6 (Note 4) ?

2D1s (Note 4) ?

PASE (Note 4) ?

2F16 (Note 4) ?

3016 UARTO transmit/receive mode register RW 0016

316 UARTO baud rate register (BRGO) WO ?

3215 UARTO transmit buffer register WO ?

3316 lwo ?

3416 UARTO transmit/receive control register 0 RW |RO RW 0j]0[0j0O]J2|0O]0O]O

3516 UARTO transmit/receive control register 1 RO RW| RO|RW 0j0ojojojojof1]oO

3616 UARTO receive buffer register [ RO ?

371 [Ro| [o]oJofJo]o]Jo]o]~?

3816  UARTI1 transmit/receive mode register RW 0016

3916 UART1 baud rate register (BRG1) WO ?

3Ass UART1 transmit buffer register WO ?

3Bus wo ?

3Ciw  UARTL1 transmit/receive control register 0 RW |RO RW 0j0ojo0foj1]0|0]O

3D UARTL transmit/receive control register 1 RO RW| ROlRW 0/|0j]0OjO0O]O]JO]1]0O

3B UART1 receive buffer register RO ?

3Fs [Ro|] [o]ofo]lo]o]lo]o]~?

Notes 3: The access characteristics at addresses 2016 to 2916 vary according to the contents of the comparator function select
register O (address DC1s6). (Refer to “CHAPTER 12. A-D CONVERTER.”)

4: Do not write to this register.
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Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.

[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset.
1 :“1"immediately after reset.
? : Undefined immediately after

reset.

Address

4016
4146
4216
4316
4446
4516
4616
4716
4816
4916
4 A,
4Bis
4Cis
4Dss
4E.
4F6
501
51
5216
531
5416
551
5616
571
5816
5916
5As6
5Bis
5Css
5Ds6
5E
5F16

Notes 5: The access characteristics at addresses 4616 to 4B16, 4E16, and 4F16 vary according to the timer A’s operating

mode. (Refer to “CHAPTER 7. TIMER A.")

6: The access characteristics at addresses 5016 to 5516 vary according to the timer B’s operating mode. (Refer to
“CHAPTER 8. TIMER B.")

7: The access characteristics for bit 5 at addresses 5B16 to 5D16 vary according to the timer B’s operating mode.

(Refer to “CHAPTER 8. TIMER B.")

Register name

Count start register O

Count start register 1
One-shot start register 0
One-shot start register 1

Up-down register 0

Timer A clock division select register

Timer AO register

Timer Al register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer AO mode register
Timer A1 mode register
Timer A2 mode register
Timer A3 mode register
Timer A4 mode register
Timer BO mode register
Timer B1 mode register
Timer B2 mode register

Processor mode register 0
Processor mode register 1

o]

0]

b7

: Always “0” at reading.

: Always “1” at reading.

: Always undefined at reading.

: “0” immediately after reset. Fix this bit to “0.”

Access characteristics

b0

State immediately after reset

b7

b0

RW

0016

RW

0

RW

WO

NN

0

RW|

wo

WO

RW

o

IRW[RW,

o é -~
SAES)
o

0
o0
0w

0

o|O|0 |0 |Oo

0
0
NN
0
0

0
0
oy
0
0

(Note

5)

(Note

5)

(Note

5)

(Note

5)

(Note

5)

(Note

5)

RW

RW

(Note

5)

(Note

5)

(Note

6)

(Note

6)

(Note

6)

(Note

6)

(Note

6)

(Note

6)

N

RW

0016

RW

0016

RW

0016

RW

0016

RW

0016

RW

(Note 7)

RW

RW

(Note 7)

RW

o

RW

(Note 7)

RW

RW|WO

RW

o|Oo|o|Oo

R|O|O

RW

0

go-o-o-o

/éoooo

ﬁoooo

o|OoO|O|O

R |O(O|O|O
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Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset. EI . Always “0” at reading.
1 :“1”immediately after reset. )
2 : Undefined immediately after : Always “1” at reading.
reset. : Always undefined at reading.

1 “0” immediately after reset. Fix this bit to “0.”

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0

60 16 Watchdog timer register (Note 8) ? (Note 9)
6116 Watchdog timer frequency select register RWIRW| |RW 0|0 ? 0
6216 Particular function select register 0 RW RW (Note 10) \@\\ Q‘}\ h\ \Q\ 0|0
6316 Particular function select register 1 |RW| |RW|RW|RW(Note 11) 0/0]|O0 0 \Q\(Note 12
6416 Particular function select register 2 ?
65 16 (Note 13) ?
66 16 Debug control register 0 RW 1 %\(Note 1) %\ (Note 12)
67 16 Debug control register 1 RO| RO| |RW|RW|RO|RW 0]0|0][2]0]0 | 0 &b\\
68 16 RW (Note 14) ?
6916  Address comparison register O RW (Note 14) ?
6A16 RW (Note 14) ?
6B1s RW (Note 14) ?
6Ci  Address comparison register 1 RW (Note 14) 2
6D1s RW (Note 14) ?
6Es  INT3interrupt control register RW ? 0j]0|JO0|O|O0O]|O
6F1  INTainterrupt control register RW ? 0j]0[0]J]0]0O0]|O
7016 A-D conversion interrupt control register RW ? ?210]0|0
7116 UARTO transmit interrupt control register RW ? 0|0|0]O
7216 UARTO receive interrupt control register RW ? o|j0|0/|O0
7316 UARTL transmit interrupt control register RW ? o|0|0|O
7416 UARTL receive interrupt control register RW ? 0|{0|O0]O
7516 Timer AO interrupt control register RW ? 0j{0|l0]O
7616 Timer Al interrupt control register RW ? 0[{0]0|O
7716 Timer A2 interrupt control register RW ? 0[0|0]O
7816 Timer A3 interrupt control register RW ? 0/]0|0]|O0
7916 Timer A4 interrupt control register RW ? 0j{0|0]O
7A1  Timer BO interrupt control register RW ? 0j{0|0]O
7B1s Timer B1 interrupt control register RW ? 0|0|O0]O
7Cis Timer B2 interrupt control register RW ? 0/]0|0]|O0
7D1s (Note 13) ?
7TE 6 (Note 13) ?
TF 16 (Note 13) ?

Notes 8 : By writing dummy data to address 6016, a value of “FFF16” is set to the watchdog timer.
The dummy data is not retained anywhere.
9 : Avalue of “FFF16” is set to the watchdog timer. (Refer to “CHAPTER 14. WATCHDOG TIMER.")

10 : After writing “5516” to address 6216, each bit must be set.

11: Itis possible to read the bit state at reading. By writing “0” to this bit, this bit becomes “0.”
But when writing “1” to this bit, this bit will not change.

12 : This bit becomes “0” at power-on reset. This bit retains the state immediately before reset in the case of
hardware reset and software reset.

13 : Do not write to this register.

14 : When these registers are accessed, set the address comparison register access enable bit (bit 2 at address
6716) to “1.” (Refer to “CHAPTER 17. DEBUG FUNCTION.”)
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Access characteristics

RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.

[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset
0 :“0”immediately after reset.
1 :“1"immediately after reset.
2 : Undefined immediately after

reset.

Address Register name

8016
81l
8216
8316
8416
8516
8616
8716
8816
8916
8Ass
8Bis
8Cu
8D
8E
8F 16
9016
9116
9216
9316
9416

9516 External interrupt input read-out register

9616 D-A control register
9716

9816 D-A register 0
9916 D-A register 1
9Ais6

9B1s

9Cu6

9D16

9Eis Flash memory control register (Note 16)

9F 16

Notes 15 : Do not write to this register.

: Always “0” at reading.
: Always “1” at reading.

: Always undefined at reading.

Sll][=][e]

Access characteristics

1 “0” immediately after reset. Fix this bit to “0.”

State immediately after reset

b7 b0 b7 b0
(Note 15) ?
(Note 15) 2
(Note 15) 2
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) ?
(Note 15) 2
?
?
(Note 15) ?
?
(Note 15) ?
?
(Note 15) ?
?
(Note 15) ?
?
(Note 15) ?
?
?
RO ?
[RWRW ? lo]o

?

RW 0016

RW 0016
?
?
(Note 15) ?
(Note 15) ?

Rw| [Rw| |Rw|ro| [0]0]o]o]o]oo0]1

2

16 : This register is assigned only to the flash memory version. (Refer to “CHAPTER 19. FLASH MEMORY
VERSION."”) Nothing is assigned here in the mask ROM version.
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Access characteristics
RW : Itis possible to read the bit state at reading. The written value becomes valid.
RO : Itis possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset. EI - Always “0” at reading.
1 :“1"immediately after reset.

2 : Undefined immediately after : Always “1” at reading.
reset. : Always undefined at reading.
m : 0" immediately after reset. Fix this bit to “0.”

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
AO 16 (Note 17) ?
Al ?
A2 16 (Note 17) ?
A3 6 ?
Ad 16 (Note 17) 2
A5 16 ?
AB 16 Waveform output mode register RW 0016
A7 16 Dead-time timer WO ?
A8 15  Three-phase output data register 0 RW 0016
A9 16 Three-phase output data register 1 RW 0016
AA1s  Position-data-retain function control register |RW| RO| RO| RO ? | 0 | 0 | 0 | 0
AB 16 ?
ACis Serial 1/0 pin control register [RW|RWRW|RW ojoJofoJoJo]o]oO
AD 6 ?
AE s Port P2 pin function control register RW| |RW|RW|RW|RW \Q| ? | ? | ? | 0 | 0 | 0 | 0
AF 16 ?
BO (Note 17) ?
Bl s (Note 17) ?
B2 (Note 17) ?
B3 (Note 17) ?
B4 16 (Note 17) ?
B5 16 (Note 17) ?
B6 16 (Note 17) ?
B7 1 (Note 17) ?
B8 1 (Note 17) ?
B9 16 ?
BA s (Note 17) ?
BB s (Note 17) ?
BCis Clock control register 0 RW/RWRWRW|(Note 18))RWIRW| [0 o]o R o | 1] 1 [t
BDis (Note 17) 2
BE 1 (Note 17) ?
BF 16 (Note 17) ?

Notes 17 : Do not write to this register.
18 : After reset, these bits are allowed to be changed only once.
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Access characteristics
RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset.

1 :“1"immediately after reset.

2 : Undefined immediately after
reset.

Address Register name

COus
Cls
C21
C3
Cd Up-down register 1
Cb516
Cbs Timer A5 register
C71
C81s Timer A6 register
C96
CAs Timer A7 register
CBis
CCus Timer A8 register
CDss
CEus Timer A9 register
CFis
DO Timer AO1 register
D1lis
D2

* Timer Al1 register
D316
Do Timer A21 register
D516
D616 Timer A5 mode register
D716 Timer A6 mode register
D816 Timer A7 mode register
D916 Timer A8 mode register
DA Timer A9 mode register
DBis
DCis  Comparator function select register 0
DDss
DE:s Comparator result register 0
DFis

IEI : Always “0” at reading.

: Always “1” at reading.

: Always undefined at reading.

1 “0” immediately after reset. Fix this bit to “0.”

Access characteristics

State immediately after reset

b7 b0 b7 b0
?
?
?
?

) RW 0 fafey o W\Nﬁz\
RW ?
RW ?
RW ?
RW ?
RW ?
RW ?
RW ?
RW ?
(Note 19) ?
(Note 19) ?
WO ?
WO ?
WO ?
WO ?
WO ?
wo ?
RW 0016
RW 0016
RW 0016
RW 0016
RW 0016
(Note 20) ?

RW hotejolofofofo
(Note 20) ?

RW hohaay o[ofofofo
(Note 20) ?

Notes 19: The access characteristics at addresses CE1s and CF16 vary according to the timer A’s operating mode.
(Refer to “CHAPTER 7. TIMER A.")

20: Do not write to this register.
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Access characteristics
RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid.
WO : The written value becomes valid. It is impossible to read the bit state.
[_]: Nothing is assigned. It is impossible to read the bit state. The written value becomes invalid.

State immediately after reset

0 :“0”immediately after reset. IEI - Always “0" at reading.
1 :“1"immediately after reset.

? : Undefined immediately after + Always 1" at reading.
reset. : Always undefined at reading.

: “0” immediately after reset. Fix this bit to “0.”

Address Register name Access characteristics State immediately after reset
b7 b0 b7 b0
EO (Note 21) ?
Elss (Note 21) ?
E2 16 (Note 21) ?
E3 1 (Note 21) ?
E4 16 (Note 21) ?
E516 (Note 21) 2
E6 16 (Note 21) ?
E7 1 (Note 21) ?
E8 16 (Note 21) ?
E9 6 (Note 21) ?
EA (Note 21) 2
EBas (Note 21) ?
ECss (Note 21) ?
EDss (Note 21) ?
EEs (Note 21) ?
EF (Note 21) ?
FO1s ?
Flis (Note 21) ?
F216 (Note 21) ?
F31s ?
F4 16 ?
F516 Timer A5 interrupt control register RW ? 0|0|0]O
F61 Timer A6 interrupt control register RwW ? 0oj0|0]|O
F716 Timer A7 interrupt control register RW ? 0(0j0]O
F81s Timer A8 interrupt control register RW ? ojo|0|O0
F91s Timer A9 interrupt control register RW ? 00|00
FAis 2
FBis 2
FCis ?
FDis  INTsinterrupt control register RW ? 0/0[0|0O0]O0O]|O
FEs  INTeinterrupt control register RW ? olololololo
FFis  INT7interrupt control register RW ? 0[0[0]J]0]O0]|O

Notes 21 : Do not write to this register.
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Appendix 2. Control registers

The control registers allocated in the SFR area are shown on the following pages.

Below is the structure diagram for all registers.

03

02 01
b7 b6 b5 \o4 b3

b2 bl

XXX register (address XXae) T 04
05 —/\ X \
1
\
Bit Bit name \ Function A(t resét (R/W) eferency
0 « « « select bit 0:... Undefined] WO 3-10
1:..
The val(ie is “P” at reading.
: -
1 « « « select bit '62'61 0 RW 3-11
01:.
2 10:. 0 RW
11:.
3 e« flag 0:. 0 RO 2-6
1:.
4 Fix this bit to “0.” 0 RwW
5 This bit is invalid in ... mode. 0 RW
6 Nothing is assigned. Undefined| —
7 The va(ue is)‘O” at reading. 0 - )
N6
01
Blank : Set to “0” or “1” according to the usage.
0 : Set to “0” at writing.
1 : Set to “1” at writing.
O : Invalid depending on the mode or state. It may be “0” or “1.”
|:| - Nothing is assigned.
02
0 1 “0” immediately after reset.
1 1 “1” immediately after reset.
Undefined : Undefined immediately after reset.
03
RW : It is possible to read the bit state at reading. The written value becomes valid.
RO : It is possible to read the bit state at reading. The written value becomes invalid. Accordingly, the written
value may be “0” or “1.”
WO : The written value becomes valid. It is impossible to read the bit state. The value is undefined at reading.
However, when [“0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See 5 above.)
— : It is impossible to read the bit state. The value is undefined at reading.
However, when [“0” at reading”] is indicated in the “Function” or “Note” column, the bit is always “0” at
reading. (See (06 above.)
The written value becomes invalid. Accordingly, the written value may be “0” or “1.”
04 Reference page for each bit.
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Port Piregister (i=1,2,5t0 7)
(Addresses 31s, 616, Bis, E1s, Fi6)

APPENDIX

Appendix 2. Control registers

b7 b6 b5 b4 b3 b2 bl bO

Bit Bit name Funtion Atreset| RW  (Reference
0 Port pin Pio Data is input from or output to a pin by reading from  |Undefined| RW 5-4
1 Port pin Pix or writing to the corresponding bit. Undefinedl RW
2 Port pin Piz Undefined| RW
0: “L" level
3 Port pin Pis 1:“H" level Undefined| RW
4 Port pin Pis Undefined] RW
5 Port pin Pis Undefined| RW
6 Port pin Pis Undefined| RW
7 Port pin Piz Undefined| RW _
Notes 1: Nothing is assigned for bits 0 to 4 of the port P5 register. These bits are undefined at reading.
2: Nothing is assigned for bits 6 and 7 of the port P6 register. These bits are undefined at reading.
3: Nothing is assigned for bits 5 to 7 of the port P7 register. These bits are undefined at reading.
- . . . b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (i=1, 2, 5t0 7)
(Addresses 56, 816, D16, 1016, 1116)
Bit Bit name Function Atreset| RW (Referencd)
0 | Port Pio direction bit 0 : Input mode 0 RW |, >3,
1 | Port Pi: direction bit (The port functions as an input port.) 0 RW | paips
o ) 1 : Output mode 6-20
2 Port Piz direction bit ) 0 RW 7-10
(The port functions as an output port.) 3:8
3 Port Pis direction bit 0 RW %ﬁ?
. . . . -‘6
4 Port Pi4 direction bit 0 RW &%é%
5 Port Pis direction bit 0 RwW 05r-60
7-1
6 Port Pis direction bit 0 RW PO’_tZPO7
7 Port Pi direction bit 0 RW \12:?1)

Notes 1: Nothing is assigned for bits O to 4 of the port P5 direction register. These bits are undefined at reading.
2: Nothing is assigned for bits 6 and 7 of the port P6 direction register. These bits are undefined at reading.
3: Nothing is assigned for bits 5 to 7 of the port P7 direction register. These bits are undefined at reading.

4: Any of bits 0 to 5 of the port P6 direction register becomes “0” by input of a falling edge to pin P6OUTcut/INT4. (Refer to
section “5.2.3 Pin P60UTcut/INT4.”)
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b7 b6 b5 b4 b3 b2 bl b0
1 1 1

A-D control register 0 (Address 1Ezs) 0
1 1 1
Bit Bit name Function Atreset| RIW (Referencd
H H ; b2 b1b0 + -
0 Analog input pin select bits 000 : ANo is selected. Undefined) RW 12-7
(Valid in the one-shot and repeat| 00 1 : ANz is selected.
modes. Note 1 010:AN:is selected. .
1 s) ( ) 01 1:ANsis selected. (Note 2) Undefined)  RW
100: ANsis selected. (Note 3)
101 : Do not select. .
2 11 0: Do not select. Undefined|  RW
111: Do not select.
b4 b3
3 A-D operation mode select bits 0 0 : One-shot mode 0 RW
0 1: Repeat mode
4 1 0: Single sweep mode 0 RW
11 : Repeat sweep mode O
5 Fix this bit to “0.” 0 RW
6 A-D conversion start bit 0 : A-D conversion halts. 0 RwW
1: A-D conversion starts. (Note 4)
7 A-D conversion frequency (¢up) | See Table 12.2.1. 0 RW
select bit 0
o J
Notes 1: These bits are invalid in the single sweep mode and repeat sweep mode 0. (Each may be either “0” or “1.”)

2: When using pin ANz, be sure that the D-Ao output enable bit (bit 0 at address 9616) = “0” (output disabled).

3: When using pin AN, be sure that the D-A1 output enable bit (bit 1 at address 9616) = “0” (output disabled).

4: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

5: Writing to each bit (except write of “0” to bit 6) of the A-D control register 0 must be performed while the A-D converter
halts, regardless of the A-D operation mode.
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b7 b6 b5 b4 b3 b2 bl bo
1

A-D control register 1 (Address 1Fis) 0 0
1
. . . Ve N
Bit Bit name Function Atreset| R/W (Reference
0 A-D sweep pin select bits blbo . Undefined| RW 12-7
- P . 00 : Pins ANo and ANz (2 pins)
(Valid in the single sweep mode and | ¢ 1 : Pins ANo to AN: (4 pins) (Note 2)
1 repeat sweep mode 0.) (Note 1) 1 0: Pins ANo to AN4 (5 pins) (Notes 2, 3) Undefined] RW
11 : Do not select.
2 Fix this bit to “0.” 0 RW
3 Resolution select bit 0 : 8-bit resolution mode 0 RW
1 : 10-bit resolution mode
4 A-D conversion frequency (¢o) select | See Table 12.2.1. 0 RW
bit 1
Fix this bit to “0.” 0 RW
Vrer connection select bit (Note 4) | 0 : Pin Vrer is connected. 0 RW 12-8
1 : Pin Vrer is disconnected. 16-7
The value is “0” at reading. —
7 g 0 \ )
Notes 1: These bits are invalid in the one-shot and repeat modes. (They may be either “0” or “1.”)
2: When using pin ANs, be sure that the D-Ao output enable bit (bit 0 at address 9616) = “0” (output disabled).
3: When using pin AN4, be sure that the D-A: output enable bit (bit 1 at address 9616) = “0” (output disabled).
4: When this bit is cleared from “1” to “0,” be sure to start the A-D conversion after an interval of 1 pys or more has elapsed.
5: Writing to each bit of the A-D control register 1 must be performed while the A-D converter halts, regardless of the A-D
operation mode.
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m When 8-bit resolution mode is selected

A-D register 0 (Addresses 2116, 2016)
A-D register 1 (Addresses 2316, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 2916, 2816)

(b15)
b7

(b8)

b0 b7

b0

Bit

Function

At reset

R/W eferencq

7 to 0 | Reads an A-D conversion result.

Undefined

RO 12-8

15to 8 | The value is “0” at reading.

0

m When 10-bit resolution mode is selected

A-D register 0 (Addresses 2116, 2016)
A-D register 1 (Addresses 2316, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 2716, 2616)
A-D register 4 (Addresses 2916, 2816)

(b15)
b7

(b8)

b0

b0 b7
1

Bit

Function

At reset

R/W Referenc\e

9to 0 | Reads an A-D conversion result.

Undefined

RO 12-8

15to 10| The value is “0” at reading.

0

J

m When comparator function is selected

A-D register 0 (Addresses 2116, 2016)
A-D register 1 (Addresses 231, 2216)
A-D register 2 (Addresses 2516, 2416)
A-D register 3 (Addresses 271, 2616)
A-D register 4 (Addresses 2916, 2816)

(b15)
b7

(b8)
b0 b7

b0

Bit

Function

At reset

R/W Referencq

7 to 0 | Any value in the range from “0016” to “FF16” can be set.

The set value is compared with the input voltage. The value is undefined at reading.

Undefined

RO 12-8

15108 | The value is “0” at reading.

0

Note: When the comparator function is selected, writing to and reading from the A-D register i must be performed while the A-D

converter halts.
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UARTO transmit/receive mode register (Address 301s)
UART1 transmit/receive mode register (Address 38is)

APPENDIX

Appendix 2. Control registers

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Function Atreset| R/W ﬁeferenc?
: - b2 b1b0
0 Serial /0 mode select bits 000 : Serial 1/O is invalid. 0 RW 11-5
(P1 functions as a programmable 1/O port.)
00 1: Clock synchronous serial I/O mode
1 010: 0 RW
011- } Do not select.
10 0: UART mode (Transfer data length = 7 hits)
5 101 : UART mode (Transfer data length = 8 bits) 0 RW
11 0: UART mode (Transfer data length = 9 hits)
111: Do not select.
3 Internal/External clock select bit | O : Internal clock 0 RW
1: External clock
4 Stop bit length select bit 0 : One stop bit 0 RW
(Valid in UART mode)  (Note) | 1: Two stop bits
5 Odd/Even parity select bit 0 : Odd parity 0 RW
(Valid in UART mode when parity | 1 : Even parity
enable bit = “1.") (Note)
6 Parity enable bit 0 : Parity disabled 0 RW
(Valid in UART mode)  (Note) | 1 : Parity enabled
7  |Sleep select bit 0 : Sleep mode terminated (Invalid) 0 RW
(valid in UART mode)  (Note) | 1 : Sleep mode selected .

Note: Bits 4 to 6 are invalid in the clock synchronous serial I/O mode. (Each may be either “0” or “1.”) Additionally, fix bit 7 to “0.”

b7 b0
UARTO baud rate register (BRGO) (Address 3116)
UART1 baud rate register (BRG1) (Address 39:6)
Bit Function At reset| R/W eferenca
7100 Any value in the range from “00:6” to “FF16” can be set. Undefinedd WO [11-14
Assuming that the set value = n, BRGi divides the count source frequency by (n + 1).

Note: Writing to this register must be performed while the transmission/reception halts.
Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

(b15) (b8)
. . b7 b0 b7 b0
UARTO transmit buffer register (Addresses 3315, 3216) T
UART1 transmit buffer register (Addresses 3Bis, 3As) !
Bit Function Atreset] RW  (Referenc)
81to 0 | Transmit data is set. Undefinedl WO | 11-11
15 to 9 | Nothing is assigned. Undefined] —

J

Note: Use the MOVM (MOVMB) or STA (STAB, STAD) instruction for writing to this register.

7906 Group User's Manual Rev.2.0
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UARTO transmit/receive control register O (Address 34s)
UARTL1 transmit/receive control register O (Address 3Cise)

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Function At reset| R/W ﬁeferenc?
. bl b0
0 BRG count source select bits 00 : Clock 0 RW 11-7
0 1: Clock fis
1 10 : Clock fea
11 : Clock fsi2 0 RW
2 CTS/RTS function select bit 0 : The CTS function is selected. 0 RW
(Note 1) 1: The RTS function is selected.
3 Transmit register empty flag 0 : Data is present in the transmit register. 1 RO
(Transmission is in progress.)
1: No data is present in the transmit register.
(Transmission is completed.)
4 CTS/RTS enable bit 0 : The CTS/RTS function is enabled. 0 RW
1: The CTS/RTS function is disabled.
5 UARTI receive interrupt mode | O : Reception interrupt 0 RW
select bit 1 : Reception error interrupt
6 CLK polarity select bit 0 : At the falling edge of the transfer clock, transmit 0 RW
(This bit is used in the clock data is output; at the rising edge of the transfer
synchronous serial /0 mode.) clock, receive data is input.
(Note 2) When not in transferring, pin CLKi's level is “H.”
1: At the falling edge of the transfer clock, transmit
data is output; at the falling edge of the transfer
clock, receive data is input.
When not in transferring, pin CLKi's level is “L.”
7  |Transfer format select bit 0 : LSB (Least Significant Bit) first 0 RW
(This bit is used in the clock | 1:MSB (Most Significant Bit) first
synchronous serial I/O mode.)
(Note 2) .
Notes 1: Valid when the CTS/RTS enable bit (bit 4) is “0” and CTS/RTSi separate select bit (bit 0 or 1 at address ACis) is “0.”
2: Fix these bits to “0” in the UART mode or when serial I/O is disabled.
. . . b7 b6 b5 b4 b3 b2 bl b0
UARTO transmit/receive control register 1 (Address 35zs)
UARTL1 transmit/receive control register 1 (Address 3Dis)
Bit Bit name Function Atreset| RIW (Reference)
0 Transmit enable bit 0 : Transmission disabled 0 RW 11-9
1: Transmission enabled
1 Transmit buffer empty flag 0 : Data is present in the transmit buffer register. 1 RO
1: No data is present in the transmit buffer register.
2 Receive enable bit 0 : Reception disabled 0 RW
1 : Reception enabled
3 Receive complete flag 0 : No data is present in the receive buffer register. 0 RO
1: Data is present in the receive buffer register.
4 Overrun error flag 0 : No overrun error 0 RO
1 : Overrun error detected
5 Framing error flag (Note) | 0 : No framing error 0 RO
(Valid in UART mode) 1: Framing error detected
6 Parity error flag (Note) | 0 : No parity error 0 RO
(Valid in UART mode) 1 : Parity error detected
7 Error sum flag (Note) | 0 : No error 0 RO
(Valid in UART mode) 1 : Error detected )

Note: Bits 5 to 7 are invalid in the clock synchronous serial I/O mode.
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(b15) (b8)
. . b7 b0 b7 b0
UARTO receive buffer register (Addresses 3715, 3616) T
UART1 receive buffer register (Addresses 3Fis, 3Ezs) 1
Bit Function At reset| R/W eferen(ﬂ
810 0 | Receive data is read out from here. Undefined] RO 11-13
15to 9 | The value is “0” at reading. 0 -
b7 b6 b5 b4 b3 b2 bl b0
Count start register 0 (Address 401s)
. . . 4 N\
Bit Bit name Function At reset| R/W [Reference
0 | Timer AO count start bit 0 : Stop counting 0 RW 77
- - 1 : Start counting
1 Timer Al count start bit 0 RwW
2 Timer A2 count start bit 0 RwW
3 Timer A3 count start bit 0 RwW
4 Timer A4 count start bit 0 RW
5 Timer BO count start bit 0 RW 8-4
6 Timer B1 count start bit 0 RwW
7 Timer B2 count start bit 0 RwW S )
b7 b6 b5 b4 b3 b2 bl b0
Count start register 1 (Address 411e)
B B - 4 N\
Bit Bit name Function At reset| R/W  [Reference
0 | Timer A5 count start bit 0 : Stop counting 0 RW 77
- - 1 : Start counting
1 Timer A6 count start bit 0 RW
2 Timer A7 count start bit 0 RW
3 Timer A8 count start bit 0 RwW
4 Timer A9 count start bit 0 RwW
7to5 | Nothing is assigned. Undefined| — Kf//:

7906 Group User's Manual Rev.2.0
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b7 b6 b5 b4 b3 b2 bl bo

One-shot start register O (Address 421s) 0 0
- - - 4 N\
Bit Bit name Function Atreset| R/W [Reference]
0 Timer AO one-shot start bit 1 : Start outputting one-shot pulse. 0 WO 7-33
- - (Valid when an internal trigger is selected.)
1 Timer Al one-shot start bit 0 WO
2 Timer A2 one-shot start bit The value is 0" at reading. 0 WO
3 Fix this bit to “0.” 0 WO
4 Timer A4 one-shot start bit 1: Start outputting one-shot pulse. 0 WO
(Valid when an internal trigger is selected.)
The value is “0” at reading.
6,5 | Nothing is assigned. Undefined] —
7 Fix this bit to “0. 0 RW N Y
b7 b6 b5 b4 b3 b2 bl b0
One-shot start register 1 (Address 4316) 0 olololo
- - - 4 N\
Bit Bit name Function Atreset| R/W [Reference]
3to 0 | Fix these bits to “000.” 0 wo | 7-33
4 Timer A9 one-shot start bit 1: Start outputting one-shot pulse. 0 WO
(Valid when an internal trigger is selected.)
The value is “0” at reading.
6,5 | Nothing is assigned. Undefined] —
7 Fix this bit to “0.” 0 RW )
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b7 b6 b5 b4 b3 b2 bl b0

Up-down register 0 (Address 441s) 0 0
. . . 4 N
Bit Bit name Function At reset| R/W [Reference
0 Timer AO up-down bit 0 : Countdown 0 RW 7-24
_ . 1: Countup
L Timer AL up-down bit This function is valid when the contents of the up- 0 RW
2 Timer A2 up-down bit down register is selected as the up-down switching 0 RW
factor.
3 Fix this bit to “0.” 0 RW
4 Timer A4 up-down bit 0 : Countdown 0 RW 7-24
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
5 Timer A2 two-phase pulse signal| 0: Two-phase pulse signal processing function disabled 0 WO 7-26
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading.
6 Fix this bit to “0.” 0 WO
(Note)
7 Timer A4 two-phase pulse signal| 0 : Two-phase pulse signal processing function disabled 0 WO 7-26
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading. \_
Note: Use the MOVM (MOVMB) or STA(STAB, STAD) instruction for writing to bits 5 to 7.
b7 b6 b5 b4 b3 b2 bl b0
Up-down register 1 (Address C4is) olo ololo]o
. . . 4 N
Bit Bit name Function Atreset| R/W [Reference
3to 0 | Fix these bits to “0000.” 0 RW 7-24
4 Timer A9 up-down bit 0 : Countdown 0 RW
1: Countup
This function is valid when the contents of the up-
down register is selected as the up-down switching
factor.
6,5 | Fix these bits to “00.” 0 WO
(Note)
7 Timer A9 two-phase pulse signal| 0 : Two-phase pulse signal processing function disabled 0 WO 7-26
processing select bit 1: Two-phase pulse signal processing function enabled (Note)
When not using the two-phase pulse signal processing
function, clear the bit to “0.”
The value is “0” at reading. \_ )

Note: Use the MOVM(MOVMB) or STA(STAB, STAD) instruction for writing to bits 5 to 7.
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Timer A clock division select register (Address 4516)

b7 b6 b5 b4 b3 b2 bl b0
1

Bit Bit name Function Atreset| R/W geferenc\e
0 | Timer A clock division select bits | See Table 7.2.3. 0 RW 7-6
1 0 RW
7 to 2 | The value is “0” at reading. 0 - .
Timer AO register (Addresses 4716, 4616) Timer A5 register (Addresses C716, C616)
Timer Al register (Addresses 4916, 4816) Timer A6 register (Addresses C91s, C81s)
Timer A2 register (Addresses 4Bis, 4A16) Timer A7 register (Addresses CBis, CAus)
Timer A3 register (Addresses 4Dis, 4Cis) Timer A8 register (Addresses CDi1s, CCus)
Timer A4 register (Addresses 4F1s, 4E1s) Timer A9 register (Addresses CFis, CEzis)
(b15) (b8)
b7 b0 b7 b0
1
1
Bit Function At reset| R/W Referenc\e
15 to 0 | These bits have different functions according to the operating mode. Undefined] RW L7-5 )
Note: Reading from or writing to this register must be performed in a unit of 16 bits.
Timer Ai mode register (i = 0 to 4) (Addresses 5616 t0 5A16) b7 b6 bS b4 b3 b2 bl b0
Timer Ai mode register (i = 5 to 9) (Addresses D616 to DAus)
1
. . - N
Bit Bit name Function Atreset| R/W  (Reference
; ; b1 b0 7-8
0 Operating mode select bits 00 : Timer mode 0 RW
(Note) 0 1 : Event counter mode
1 1 0 : One-shot pulse mode 0 RW
11 : Pulse width modulation (PWM) mode.
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 0 RW
6 0 RW
7 0 Rw

Note: For timers A3 and A5 to A8, fix these bits to “00”; do not select “012,” “102,” and “112.”
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m Timer mode

Timer AO register (Addresses 4716, 4616) Timer A5 register (Addresses C716, C616)
Timer Al register (Addresses 4916, 4816) Timer A6 register (Addresses C916, C81s)
Timer A2 register (Addresses 4Bis, 4A16) Timer A7 register (Addresses CBis, CAus)
Timer A3 register (Addresses 4Dis, 4Cis) Timer A8 register (Addresses CDi1s, CCus)
Timer A4 register (Addresses 4F1s, 4E16) Timer A9 register (Addresses CFis, CEis)
(b15) (b8)
b7 b0 b7 )
1
Bit Function Atreset| RIW (Reference)
15 to O | Any value in the range from “00001¢" to “FFFF16” can be set. Undefined] RW 7-12

Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value.

J
Note: Reading from or writing to this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
Timer Aj mode register (j = 0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DA1s) "ol 00
1 1 1
- - . 4 N\
Bit Bit name Function At reset| R/W  [Reference
. . blbo 7-12
0 Operating mode select bits 00 : Timer mode 0 RW &3
1 0 Rw | 10-14
2 | Pulse output function select bit | 0 : No pulse output 0 RW | 7.16
(TAjour pin functions as a programmable 1/O port
pin.)

1: Pulse output
(TAjour pin functions as a pulse output pin.)
b4 b3

3 Gate function select bits 00: | No gate function 0 RW 7-15
01: (TAjin pin functions as a programmable 1/0
port pin.)
10: Gate function
(Counter is active only while TAjin pin’s in-
4 put signal is at “L" level.) 0 RW
11: Gate function
(Counter is active only while TAjin pin’s in-
put signal is at “H” level.)
5 Fix this bit to “0” in timer mode. 0 RW
6 Count source select bits See Table 7.2.3. 0 RW 7-6
7 0 RW \ )
b7 b6 b5 b4 b3 b2 bl b0
Timer Ak mode register (k = 3, 5 to 8) (Addresses 5916, D616 to D916) " lolo ololo o
1 1 1
B ; . (- N
Bit Bit name Function At reset| R/W  [Reference
. . b1 b0 -
0 Operating mode select bits 00 : Timer mode 0 RW gﬁ
1 0 RW
5t0 2 | Fix these bits to “0000” in timer mode. 0 RW
6 | Count source select bits See Table 7.2.3. 0 RW 7-6
7 0 RW \ )
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m Event counter mode

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bu1s, 4Aus) (bl;175) (Bg) b7 bo
Timer A4 register (Addresses 4Fs, 4E1s) T

Timer A9 register (Addresses CFis, CEas) \

Bit Function At reset| R/W Referenc\e

15 to 0 |Any value in the range from “000016” to “FFFF16” can be set. Undefined] RW 7-20
Assuming that the set value = n, the counter divides the count source frequency by (n + 1)
during countdown, or by (FFFFis — n + 1) during countup.

When reading, the register indicates the counter value. )

Note: Reading from or writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl b0
1

Timer Aj mode register (j = 0to 2, 4, 9) (Addresses 5616 t0 5816, 5A16, DA1s)
X([X]0 0 . 1

. . . 4 N

Bit Bit name Function At reset| R/W [Reference
3 P bl b0 _

0 Operating mode select bits 01 : Event counter mode 0 RW 7-20
1 0 RW

2 Pulse output function select bit | 0 : No pulse output (TAjour pin functions as a 0 RW 7-26

programmable 1/O port pin.)
1 : Pulse output (TAjout pin functions as a pulse

output pin.)
3 Count polarity select bit 0 : Counts at falling edge of external signal 0 RW 7-20
1: Counts at rising edge of external signal
4 Up-down switching factor select | 0 : Contents of up-down register 0 RW 7-24
bit 1 : Input signal to TAjour pin

5 Fix this bit to “0” in event counter mode. 0 RwW

6 These bits are invalid in event counter mode. 0 RwW

7 0 RW )

X1 It may be either “0” or “1.”
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m One-shot pulse mode

Timer AO register (Addresses 4716, 4616)

Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bis, 4Az6) (bbl75) (gg) b7 bo
Timer A4 register (Addresses 4Fis, 4Es) T

Timer A9 register (Addresses CFis, CEzs) .

Bit Function Atreset| R/W Referenca
15to 0| Any value in the range from “000016” to “FFFF16” can be set. Undefined] WO 7-30
Assuming that the set value = n, the “H” level width of the one-shot pulse which is 10-13
output from the TAjour pin is expressed as follows : n
fi.

fii Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.

b7 b6 b5 b4 b3 b2 bl bo

Timer Aj mode register (j =0 to 2, 4, 9) (Addresses 5616 to 5816, 5A16, DA1s) T 0 T T
. . 111 . 0
. . . ( N
Bit Bit name Function Atreset| R/W [Reference
: : bl b0 -
0 Operating mode select bits 10 : One-shot pulse mode 0 RW 170_3103
1 0 RW
2 Fix this bit to “1” in one-shot pulse mode. 0 RW
. . b4 b3
3 Trigger select bits 00: | Writing “1” to one-shot start bit 0 RW [ 7-33
01: (TAjin pin functions as a programmable /O
] port pin.)
4 1 0 : Falling edge of TAji pin’s input signal 0 RW
11 : Rising edge of TAji pin’s input signal
5 Fix this bit to “0” in one-shot pulse mode. 0 RW
6 Count source select bits See Table 7.2.3. 0 RW 7-6
7 0 RW \ )
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m Pulse width modulation (PWM) mode

<When operating as a 16-bit pulse width modulator>

Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)

Timer A2 register (Addresses 4Bus, 4A16) (bbl75) (gg) o7 b
Timer A4 register (Addresses 4F1s, 4E16) T
Timer A9 register (Addresses CFis, CEzs) .
Bit Function Atreset| R/W ﬁeferenc\e
15to 0| Any value in the range from “000016” to “FFFE1s” can be set. Undefined| WO 7-39
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows : _n_
fi
(PWM pulse period = 2%-1)
fi \_ Y,
fii Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.
<When operating as an 8-bit pulse width modulator>
Timer AO register (Addresses 4716, 4616)
Timer Al register (Addresses 4916, 4816)
Timer A2 register (Addresses 4Bus, 4A16) (bbl75) (gg) b7 b0
Timer A4 register (Addresses 4Fis, 4Es) T
Timer A9 register (Addresses CFis, CEzs) .
Bit Function Atreset| R/W Eeferenc\e
710 0 | Any value in the range from “001s" to “FF1s” can be set. Undefined| WO 7-39
Assuming that the set value = m, the period of the PWM pulse which is output from the
TAjour pin is expressed as follows: (m+ 1) (28 —1)
fi
15t0 8| Any value in the range from “001s” to “FF16” can be set. Undefinedf WO
Assuming that the set value = n, the “H” level width of the PWM pulse which is output
from the TAjour pin is expressed as follows: n(m + 1)
fi \_ Y,
fii Frequency of count source
Note: Use the MOVM or STA(STAD) instruction for writing to this register.
Writing to this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
Timer Aj mode register (i = 0 to 2, 4, 9) (Addresses 5616 t0 5816, 5A16, DA16) ' N
1 1 1
- - . 4 N\
Bit Bit name Function Atreset| R/W [Reference]
H i bl b0 -
0 Operating mode select bits 11 : PWM mode 0 RW ;_ﬁ
1 0 RW
2 Fix this bit to “1” in PWM mode. 0 RW
. . b4 b3
3 | Trigger select bits 00: | Writing “1” to count start bit 0 RW | 7-42
01: (TAjin pin functions as a programmable 1/0
port pin.)
4 1 0 : Falling edge of TAji pin’s input signal 0 RW
11 : Rising edge of TAjin pin’s input signal
5 16/8-bit PWM mode select bit 0 : 16-bit pulse width modulator 0 RW 7-43
1 : 8-bit pulse width modulator
6 Count source select bits See Table 7.2.3. 0 RW 7-6
7 0 | RWw |
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Timer BO register (Addresses 5116, 5016) (bbl75) (gg) b7 bo
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) .
Bit Function Atreset| R/W Referenc
15 to 0 | These bits have different functions according to the operating mode. Undefined RW L8-3 )
Note: Reading from or writing to this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
Timer Bi mode register (i = 0 to 2) (Addresses 5Bi1s to 5D1s) '
Bit Bit name Function At reset| R/W ﬁeferenc\e
0 i i bibo 0 RW 8-4
Operating mode select bits 00 - Timer mode
0 1 : Event counter mode
1 1 0: Pulse period/Pulse width measurement mode 0 RW
11 : Do not select.
2 These bits have different functions according to the operating mode. 0 RW
3 0 RW
4 0 RW
5 Undefined RO
(Note)
6 0 RW
7 0 RW S )

Note: Bit 5 is invalid in the timer and event counter modes; its value is undefined at reading.

7906 Group User’'s Manual Rev.2.0

20-25



APPENDIX

Appendix 2. Control registers

m Timer mode

Timer BO register (Addresses 5116, 5016) (bb175)

Timer B1 register (Addresses 5316, 5216)
Timer B2 register (Addresses 5516, 5416)

(b8)

b0 b7 b0
1

Bit Function At reset| R/W Referenc\e
15 to 0 | Any value in the range from “000016” to “FFFF1s” can be set. Undefined RW 8-9
Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value. )
Note: Reading from or writing to this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
. . . . 1 1
Timer Bi mode register (i = 0 to 2) (Addresses 5Bi16s to 5D1s) XIx[IxIxlo o
1 1
Bit Bit name Function At reset| R/W Eeferenc\e
; : b1 b0 B
0 Operating mode select bits 00 : Timer mode 0 RW 8-9
1 0 RW
2 These bits are invalid in timer mode. 0 RW
3 0 RW
4 0 RW
5 This bit is invalid in timer mode; its value is undefined at reading. Undefined RO
6 Count source select bits '67'66 f 0 RW 8-7
01:fis
7 10:fea 0 RW
11:fs2 \_ Y,

X1 It may be either “0” or “1.”
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Timer BO register (Addresses 5116, 5016) (bb175) (gg) b7 bo
Timer B1 register (Addresses 5316, 5216) T
Timer B2 register (Addresses 5516, 5416) .
Bit Function At reset| R/W Referen@
15 to 0 | Any value in the range from “000016” to “FFFF1s” can be set. Undefined RW 8-14
Assuming that the set value = n, the counter divides the count source frequency by (n + 1).
When reading, the register indicates the counter value. )
Note: Reading from or writing to this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
. . . . 1 1
Timer Bi mode register (i = 0 to 2) (Addresses 5Bi16 to 5D1s) X x|x|x 01
1 1
. . . 4 N\
Bit Bit name Function Atreset| R/W (Reference
. . bl b0
0 Operating mode select bits 01 : Event counter mode 0 RW 8-14
1 0 RW
. . b3 b2
2 Count polarity select bits 0 0 : Count at falling edge of external signal 0 RW
0 1: Count at rising edge of external signal
10 : Count at both falling and rising edges of external
3 signal 0 RW
11: Do not select. (Note)
4 This bit is invalid in event counter mode. 0 RW
5 This bit is invalid in event counter mode; its value is undefined at reading. Undefinedl RO
6 These bits are invalid in event counter mode. 0 RW
7 0 RW \ y

X: It may be either “0” or “1.”

Note: When the timer B2 clock source select bit (bit 6 at address 6316) = “1,” be sure to fix these bits to “012" (count at the rising

edge of the external signal).
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m Pulse period/Pulse width measurement mode

Timer BO register (Addresses 5116, 5016) (bb15) (gs) . A
Timer B1 register (Addresses 5316, 5216) ! 0. 0
Timer B2 register (Addresses 5516, 5416) ,
Bit Function Atreset| RW (Reference)
15to 0 | The measurement result of pulse period or pulse width is read out. Undefined, RO L8-21)
Note: Reading from this register must be performed in a unit of 16 bits.
b7 b6 b5 b4 b3 b2 bl b0
Timer Bi mode register (i = 0 to 2) (Addresses 5B16 to 5D1s) ' ' 1 ' 0
1 1 1
. . . 4 N\
Bit Bit name Function Atreset| R/W [Reference
i i bl b0 . . 8-21
0 Operating mode select bits 1 0 : Pulse period/Pulse width measurement mode 0 RW
1 0 RwW
Measurement mode select bits | b3b2 .
2 0 0 : Pulse period measurement 0 RW 8-23
(Interval between falling edges of measurement pulse)
0 1 : Pulse period measurement
(Interval between rising edges of measurement pulse)
3 1 0 : Pulse width measurement 0 RW
(Interval from a falling edge to a rising edge, and from
arising edge to a falling edge of measurement pulse)
11 : Do not select.
4 Count-type select bit 0 : Counter clear type 0 RW
1: Free-run type
5 Timer Bi overflow flag (Note) 0 : No overflow Undefinedl RO 8-24
1: Overflowed
6 Count source select bits tgtc’)ﬁ 6 0 RW 8-7
01:fi
7 10:fea 0 RW
11:fs2 \_ Y,

Note: The timer Bi overflow flag is cleared to “0” when a value is written to the timer Bi mode register with the count start bit = “1.”

This flag cannot be set to “1” by software.
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b7 b6 b5 b4 b3 b2 bl b0
1

H 1
Processor mode register 0 (Address 5Eus) 0 . x|x!|o . 0
. . : N\
Bit Bit name Function Atreset | R/W  (Reference
Processor mode bits bibo . 0 2-20
0 0 0 : Single-chip mode RW
0 1: Do not select.
1 1 0 : Do not select. 0 RW
11: Do not select.
2 Any of these bits may be either “0” or “1.” 0 RW
3 1 RW
4 Interrupt priority detection time | bSb4 0 RW 6-12
aoloat i Y 00: 7 cycles of fiys
0 1: 4 cycles of fsys
5 10: 2 cycles of fsys 0 RW
11: Do not select.
6 Software reset bit The microcomputer is reset by writing “1” to this 0 WO 3-3
bit. The value is “0” at reading.
7 Fix this bit to “0.” 0 RW )
X: It may be either “0” or “1.”
. b7 b6 b5 b4 b3 b2 bl b0
Processor mode register 1 (Address 5Fie)
010000 X
: : : 7\
Bit Bit name Function Atreset | R/W  (Reference
0 This bit may be either “0” or “1.” 1 RW
1 Direct page register switch bit | 0 : Only DPRO is used. 0 RW 2-6
1 : DPRO through DPRS3 are used. (Note 1)
6 to 2 | Fix these bits to “00000.” 0 RW
7 Internal ROM bus cycle select bit |0 : 3¢ 0 RW 2-12
(Note 2) 1:2¢ L

X: It may be either “0” or “1.”

Notes 1: After reset, this bit is allowed to be changed only once. (During the software execution, be sure not to change this bit's

content.)

2: To reprogram the internal flash memory by using the CPU reprogramming mode, clear this bit to “0.” (Refer to section

“19.2 Flash memory CPU reprogramming mode.”)
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b7 b0
Watchdog timer register (Address 6016)
Bit Function Atreset| R/W  (Reference
7 to 0 | Initializes the watchdog timer. Undefined] — 14-3
When dummy data has been written to this register, the watchdog timer’s value is
initialized to “FFFi6” (dummy data: 0016 to FFis).
b7 b6 b5 b4 b3 b2 bl b0
Watchdog timer frequency select register (Address 611s) !
1
- - - N\
Bit Bit name Function At reset R/W  (Reference
0 | Watchdog timer frequency 0 : Wfs12 0 RW 14-3
select bit 1:Wfs
5to 1 | Nothing is assigned. Undefined| —
6 | Watchdog timer clock source| b7b6 0 RW 14-3
select bits at STP termination 00: fXa 15-7
01:fXie
7 10 : fXazs 0 RW
11:Xea S )
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b7 b6 b5 b4 b3 b2 bl b0
0o[ojojofofo

Particular function select register O (Address 621s)

Bit Bit name Function Atreset | R/W ﬁeferenQ
0 STP instruction invalidity select bit| O : STP instruction is valid. 0 RW 15-4
1: STP instruction is invalid. (Note)
1 External clcok input select bit 0: Oscillation circuit is active. (Oscillator is connected.)| 0 RW 4-10
Watchdog timer is used at stop mode termination. (Note) ig:i
1: Oscillation circuit is inactive. (External clock is
input.)

When the system clock select bit (bit 5 at address BCis) = “0,”
watchdog timer is not used at stop mode termination.
When the system clock select bit = “1,”

watchdog timer is used at stop mode termination.

7to 2 | Fix these bits to “000000.” 0 rRW ()

Note: Writing to these bits requires the following procedure:
« Write “551¢” to this register. (The bit status does not change only by this writing.)
» Succeedingly, write “0” or “1” to each bit.
Also, use the MOVMB (MOVM when m = 1) instruction or STAB (STA when m = 1) instruction.
If an interrupt occurs between writing of “5516” and next writing of “0” or “1,” latter writing may be ignored. When there is a
possibility that an interrupt occurs at the above timing, be sure to read this bit's contents after writing of “0” or “1,” and verify
whether “0” or “1” has correctly been written or not.

b7 b6 b5 b4 b3 b2 bl b0

Particular function select register 1 (Address 631s) 0 0
- : ; SR

Bit Bit name Function Atreset| R/W (Reference

0 STP-instruction-execution 0 : Normal operation. (Note 1)) RW 15-6
status bit 1 : During execution of STP instruction (Note 2)

1 WIT-instruction-execution 0 : Normal operation. (Note 1)) RW
status bit 1 : During execution of WIT instruction (Note 2)

2 Fix this bit to “0.” 0 RW

3 System clock stop select bit 0 : In the wait mode, system clock fss is active. 0 RW 16-5
at WIT (Note 3) 1 : In the wait mode, system clock fss is inactive.

4 Fix this bit to “0.” 0 RW
The value is “0” at reading. 0 —
Timer B2 clock source select bit| 0 : External signal input to the TB2w pin is counted. 0 RW 8-15
(Valid in event counter mode.) | 1:fXs2 is counted.

7 The value is “0” at reading. 0 — )

Notes 1: At power-on reset, this bit becomes “0.” At hardware reset or software reset, this bit retains the value just before reset.
2: Even when “1” is written, the bit status will not change.
3: Setting this bit to “1” must be performed just before execution of the WIT instruction. Also, after the wait state is termi-
nated, this bit must be cleared to “0” immediately.
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. . . b7 b0
Particular function select register 2 (Address 6416)
Bit Function Atreset | RIW  (Reference)
7 to 0 | Disables the watchdog timer. Undefined] — 14-4
When values of “7916” and “5016” succeedingly in this order, the watchdog timer will
stop its operation. )

Note: After reset, this register can be set only once. Writing to this register requires the following procedure:
« Write values of “7916” and “5016” to this register succeedingly in this order.

« For the above writing, be sure to use the MOVMB (MOVM when m = 1) instruction or the STAB (STA when m = 1).
Note that the following: if an interrupt occurs between writing of “7916” and next writing of “5016,” the watchdog timer does not

stop its operation.

If any of the following has been performed after reset, writing to this register will be disabled from that time:

« If this register is read out.
« If writing to this register is performed by the procedure other than the above procedure.
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b7 b6 b5 b4 b3 b2 bl bo
1 1

Debug control register O (Address 661s) 0 olo
1 1
. . . 4 N\
Bit Bit name Function Atreset| R/W [Reference
. . b2 b1b0 -
0 Detect condition select bits 000 : Do not select. (Note 2)] RW 17-3
(Note 1) 0 0 1 : Address matching detection 0
0 1 0 : Address matching detection 1
1 011 : Address matching detection 2 (Note 2) RW
100 : Do not select.
10 1: Out-of-address-area detection
2 110: (Note 2) RW
111 } Do not select.
3 Fix these bits to “00.” (Note 2)] RW
4 (Note 2)] RW
5 Detect enable bit 0 : Detection disabled. (Note 2)] RW
1 : Detection enabled.
6 Fix this bit to “0.” (Note 2)] RW
7 The value is “1” at reading. 1 — )
Notes 1: These bits are valid when the detect enable bit (bit 5) = “1.” Therefore, these bits must be set before or simultaneously with
setting of the detect enable bit to “1.”
2: At power-on reset, each bit becomes “0”; at hardware reset or software reset, each bit retains the value immediately
before reset.
b7 b6 b5 b4 b3 b2 bl b0
Debug control register 1 (Address 6716) 1 0
. . . 4 N\
Bit Bit name Function Atreset| R/W [Reference]
0 Fix this bit to “0.” (Note 1)) RW 17-4
1 The value is “0” at reading. (Note 1)) RO
2 Address compare register 0 : Disabled. 0 RW
access enable bit (Note 2) 1: Enabled.
3 Fix this bit to “1” when using the debug function. 0 RW
4 Nothing is assigned. Undefined] —
5 While a debugger is not used, the value is “0” at reading. 0 RO
While a debugger is used, the value is “1” at reading.
6 Address-matching-detection 2 0 : Matches with the contents of the address com- 0 RO
decision bit pare register 0.
(Valid when the address match- | 1 : Matches with the contents of the address com-
ing detection 2 is selected.) pare register 1.
7 The value is “0” at reading. 0 — U )
Notes 1: At power-on reset, each bit becomes “0"; at hardware reset or software reset, each bit retains the value immediately before reset.
2: Be sure to set this bit to “1” immediately before the access to the address compare registers 0 and 1 (addresses 6816 to
6D16). Then, be sure to clear this bit to “0” immediately after this access.
(b23) (b16)(b15) (b8)
. b7 b0 b7 b0 b7 b0
Address compare register 0 (Addresses 6Ai6 to 6816) T T
Address compare register 1 (Addresses 6D1s to 6B1s) . .
Bit Function Atreset| R/W Referenc\e

23to 0| The address to be detected (in other words, the start address of instructions) is set here. |Undefined|] RW L17-5 )

Note: When accessing these registers, be sure to set the address compare register access enable bit (bit 2 at address 671s) to “1”
immediately before this access. Then, be sure to clear this bit to “0” immediately after this access.
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b7 b6 b5 b4 b3 b2 bl bo
1

INTs to INT~ interrupt control registers (Addresses 6E1s, 6F16, FD1s, FE16, FF16)

Bit Bit name Function Atreset| R/W Eeferenc\e
i Ari ; b2 b1b0 6-7
0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell
010:Level 2
1 011 Level3 0 | RW
100:Level4
101:Level5
2 110 Level 6 0 | RW
111:Level?7
3 Interrupt request bit (Note 1) 0 : No interrupt requested 0 RW
1: Interrupt requested (Note 2)
4 Polarity select bit 0 : The interrupt request bit is set to “1” at “H” level 0 RW 6-18
when level sense is selected; this bit is set to “1”
at falling edge when edge sense is selected.
1 : The interrupt request bit is set to “1” at “L” level
when level sense is selected; this bit is set to “1”
at rising edge when edge sense is selected.
5 Level sense/Edge sense select | 0 : Edge sense 0 RwW
bit 1: Level sense
7,6 | Nothing is assigned. Undefined] — \//

Notes 1: The interrupt request bits of INTs to INT~ interrupts are invalid when the level sense is selected.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.

A-D conversion, UARTO and 1 transmit, UARTO and 1 receive,
timers AO to A4, timers BO to B2 interrupt control registers b7 b6 b5 ba b3 b2 bl bo
(Addresses 7016 to 7Cis) T

Timers A5 to A9 interrupt control registers (Addresses F516 to F916)

Bit Bit name Function At reset| R/W geferen(Q
iori i b2 b1b0 . 6-7

0 Interrupt priority level select bits 000 : Level O (Interrupt disabled) 0 RW
001:Levell Timesr) Ai
010:Level 2 7-

1 011:level3 0 RW Timer Bi
100:Level 4 8-5
101:Level5

2 110:Level 6 0 RW UARTO

. 111:Level?7 11-15

3 Interrupt request bit 0 : No interrupt requested 0 RW AD

1 : Interrupt requested (Note 1)|(Note 2) [ ;151
7 to 4 | Nothing is assigned. Undefined — ./

Notes 1: The A-D conversion interrupt request bit is undefined after reset.
2: When writing to this bit, use the MOVM (MOVMB) or STA (STAB, STAD) instruction.
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b7 b6 b5 b4 b3 b2 bl bo

External interrupt input read register (Address 9516)

Bit Bit name | Function Atreset| R/W geferenc\e
210 0 | The value is undefined at reading. Undefined] RO | 6-18
3 INTs read out bit The input level at the corresponding pin is read out.  |Undefined| RO
4 INT2 read out bit 0:"L" level Undefined| RO
—— X 1:“H" level .
5 INTs read out bit Undefined| RO
6 INTs read out bit Undefined| RO
7 INT~ read out bit Undefined| RO S )

b7 b6 b5 b4 b3 b2 bl b0

D-A control register (Address 9616)

Bit Bit name Function Atreset| R/W Eeferenc\e
0 D-Ao output enable bit 0: Output is disabled. 0 RW 13-3
1: Output is enabled. (Notes 1, 2)
1 D-A: output enable bit 0: Output is disabled. 0 RW
1: Output is enabled. (Notes 1, 2)
7 to 2 |Nothing is assigned. Undefned | — .
Notes 1: Pin DA is multiplexed with an analog input pin, external interrupt input pin, and trigger input pin in the pulse output port mode.
When a D-Ai output enable bit = “1” (in other words, output is enabled.), however, the corresponding pin cannot function as
any other multiplexed input/output pin (including a programmable 1/O port pin).
2: When not using the D-A converter, be sure to clear this bit to “0.”
b7 b0
D-A register i (i = 0 and 1) (Addresses 9816 and 991s)
. - ~
Bit Function Atreset| R/W [Reference
7 to 0| Any value in the range from 006 through FFis can be set (Note), and this 0 RW 13-3
value will be D-A converted and will be output. )

Note: When not using the D-A converter, be sure to clear the contents of these bits to “0016.”
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Flash memory control register (Address 9Es)

b7 b6 b5 b4 b3 b2 bl b0

Bit Bit name Function Atreset| R/W ﬁeferenc\e
0 RY/BY status bit 0 : BUSY (Automatic programming or erase operation 1 RO 19-10
- . 19-11
is active.)
1: READY (Automatic programming or erase operation
has been completed.)
1 CPU reprogramming mode select bit| 0 : Flash memory CPU reprogramming mode is invalid. 0 RW
1 : Flash memory CPU reprogramming mode is valid. Notes 1, 2)
2 The value is “0” at reading. 0 —
3 Flash memory reset bit (Note 3) | Writing “1” into this bit discontinues the access to the| 0 RW
internal flash memory. This causes the built-in flash Note 4)
memory circuit being reset.
4 The value is “0” at reading. 0 —
5 User ROM area select bit 0 : Access to boot ROM area 0 RW
(Valid in boot mode)  (Note 5)| 1: Access to user ROM area Note 2)
7,6 | The value is “0” at reading. 0 — U
Notes 1: In order to set this bit to “1,” write “0” followed with “1” successively; while in order to clear this bit “0,” write “0.”
2: Writing to this bit must be performed in an area other than the internal flash memory.

3:

N

This bit is valid when the CPU reprogramming mode select bit (bit 1) = “1": on the other hand, when the CPU
reprogramming mode select bit = “0,” be sure to fix this bit to “0.” Rewriting of this bit must be performed with the CPU

reprogramming mode select bit = “1.”

: After writing of “1” to this bit, be sure to confirm the RY/BY status bit (bit 0) becomes “1”; and then, write “0” to this bit.
: When MD1 = Vss level, this bit is invalid. (It may be either “0” or “1.”)
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Waveform output mode register (Address A6:s)

m Three-phase waveform mode
b7 b6 b5 b4 b3 b2 bl b

Waveform output mode register (Address A6is)

X 110|0
Bit Bit name Function Atreset| RMW (Referencd
0 Waveform output select bits b2b1b0 0 RW 10-6
(Note 1) | 1 00: Three-phase waveform mode
1 0 RW
2 0 RW
3 Three-phase output polarity set buffer | 0 : “H” output 0 RW
(Valid in three-phase mode 1) (Note 2)| 1 : “L" output
4 Three-phase mode select bit 0 : Three-phase mode 0 0 RW
1: Three-phase mode 1
5 Invalid in the three-phase waveform mode. 0 RW
6 Dead-time timer trigger select bit 0: Both falling and rising edges of one-shot 0 RW
(Note 3) pulse for timers AO to A2
1: Only the falling edge of one-shot pulse for
timers AO to A2
7 Waveform output control bit 0 : Waveform output disabled 0 RW
1 : Waveform output enabled ./
X: It may be either “0” or “1.”
Notes 1: When not using the pulse output mode and three-phase waveform mode, be sure to fix these bits to “0002.”
2: This bit is invalid in three-phase mode 0.
3: When the saw-tooth-wave modulation output is performed, be sure to fix this bit to “0.”
4: Writing to any of bits 0 to 6 must be performed while counting for timers A0 to A3 halts.
m Pulse output mode
b7 b6 b5 b4 b3 b2 bl b0
Waveform output mode register (Address A6is) '
- - - boteoremc
Bit Bit name Function At reset| R/W eference)
0 Waveform output select bits See Table 9.2.1. 0 RW 3:451
1 (Note) 0 RW
2 0 RW
3 Pulse output mode select bit 0 : Pulse mode 0 0 RW
1: Pulse mode 1
4 | Pulse width modulation timer See Table 9.2.2. 0 RwW
select bit 0 RW
6 | Waveform output control bit0 | When pulse mode 0 is selected, . 0 RW
0: RTP1o, RTP1:: pulse outputs are disabled.
1: RTP1o, RTP11: pulse outputs are enabled.
When pulse mode 1 is selected,
fix this bit to “0.”
7 Waveform output control bit 1 When pulse mode 0 is selected, 0 RW
0 : RTPOo to RTPOs: pulse outputs are disabled.
1: RTPOo to RTPOs: pulse outputs are enabled.
When pulse mode 1 is selected,
0 : RTPQo to RTPOs RTP1o, RTP1:: pulse outputs
are disabled.
1: RTPOo to RTPOs RTP1o, RTP1:: pulse outputs
are enabled. .

Note: When not using the pulse output port mode and three-phase waveform mode, be sure to fix these bits to “0002.”
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Dead-time timer (Address A71s)

b0

Bit

Function

At reset

R/W Referen@

7t00

A value in the range from “0016” to “FF16” can be set.

Undefined

WO k10-7)

Note: Use the MOVMB (MOVM when m = 1) or STAB (STA when m = 1) instruction for writing to this register.
Additionally, make sure writing to this register does not overlap with a trigger-occurrence timing of the dead-time timer.
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Three-phase output data register O (Address A81s)

m Three-phase waveform mode
b7 b6 b5 b4 b3 b2 bl bo

Three-phase output data register 0 (Address A8:e) x | x
- - - )
Bit Bit name Function Atreset| R/W  [Reference
0 | W-phase output fix bit 0 : Released from output fixation 0 Rw | 10-9
1 : Output fixed
1 V-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
2 U-phase output fix bit 0 : Released from output fixation 0 RW
1 : Output fixed
3 | W-phase output polarity set buffer | g : 4" output 0 RW
(Valid in three-phase mode 0.) 1:“L” output
(Note)
5,4 | Invalid in the three-phase waveform mode. 0 RW
6 | Clock-source-of-dead-time-timer| & ¢ , 0 RW
— 1 select bits 01:f/2
7 10:f/4 0 RW
11 : Do not select. L/
X: It may be either “0” or “1.”
Note: This bit is invalid in three-phase mode 1.
m Pulse output port mode
b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 0 (Address A8:s)
Bit Bit name Function Atreset| RW  feferencd
0 RTPOQo pulse output data bit 0: “L” level output 0 RW 9-7
1 |RTPO: pulse output data bit 1:"H" level output 0 RW
2 RTPO: pulse output data bit 0 RW
3 RTPOs pulse output data bit 0 RW
4 RTP1o pulse output data bit 0: “L” level output 0 RW
(Valid in pulse mode 1.) (Note) |1 :“H” level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 1.) (Note)
7 Pulse output trigger select bits ~ |b7b6
6 puttrgg 0 0 : Underflow of timer AO 0 RW
0 1 : Falling edge of input signal to pin RTPrco
1 0 : Rising edge of input signal to pin RTPrrco
11 : Both falling and rising edges of input signal to
pin RTPtreo .

Note: Invalid in pulse mode 0.
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Three-phase output data register 1 (Address A9:1s)

m Three-phase waveform mode

b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 1 (Address A916) x | x X
Bit Bit name Function Atreset| RIW  fReferencd
0 | W-phase fixed output's polarity | 0 : “H” output fixed 0 Rw [10-11
set bit (Note 1) 1:“L” output fixed
1 V-phase fixed output’s polarity | 0 : “H” output fixed 0 RW
set bit (Note 2) 1:“L” output fixed
2 U-phase fixed output's polarity | 0 : “H” output fixed 0 RW
set bit (Note 3) 1:“L” output fixed
3 Invalid in the three-phase waveform mode. RW
V-phase output polarity set buffer| 0 : “H” output RW
(in three-phase mode 0) 1:“L” output
Interrupt request interval set bit | 0 : Every second time
(in three-phase mode 1) 1: Every forth time
5 U-phase output polarity set buffer| 0 : “H” output 0 RW
(in three-phase mode 0) 1:“L” output
Interrupt validity output select bit | O : An interrupt request occurs at each even-number-
(in three-phase mode 1) ed underflow of timer A3
1: An interrupt request occurs at each odd-number-
ed underflow of timer A3
7,6 |Invalid in the three-phase waveform mode. 0 RW .
X: It may be either “0” or “1.”
Notes 1: Valid when the W-phase output fix bit (bit 0 at address A8i6) = “1.” Be sure not to change the value during output of a
fixed value.
2: Valid when the V-phase output fix bit (bit 1 at address A816) = “1.” Be sure not to change the value during output of a
fixed value.
3: Valid when the U-phase output fix bit (bit 2 at address A81s) = “1.” Be sure not to change the value during output of a
fixed value.
m Pulse output port mode
b7 b6 b5 b4 b3 b2 bl b0
Three-phase output data register 1 (Address A91e) x | x
Bit Bit name Function Atreset| RIW (Reference)
0 Pulse width modulation enable 0 : No pulse width modulation by timer A1 0 RW 9-7
bit 0 1 : Pulse width modulation by timer A1
1 Pulse width modulation enable | 0 : No pulse width modulation by timer A2 0 RW
bit 1 1 : Pulse width modulation by timer A2
2 Pulse width modulation enable 0:No pulse width modqlation by timer A4 0 RW
bit 2 1 : Pulse width modulation by timer A4
3 |Pulse output polarity select bit | O : Positive 0 RW
1 : Negative
4 RTP1o pulse output data bit 0: “L" level output 0 RW
(Valid in pulse mode 0) (Note) |1 :“H” level output
5 RTP1: pulse output data bit 0 RW
(Valid in pulse mode 0) (Note)
6 Invalid in pulse output port mode. RW
7 0 RW \ )

X: It may be either “0” or “1.”

Note: Invalid in pulse mode 1.
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Position-data-retain function control register (Address AAus)

APPENDIX

Appendix 2. Control registers

b7 b6 b5 b4 b3 b2 bl bo

Bit Bit name Function Atreset| R/W Eeferenc\e
o | W-phase position data retain bit :)npuﬁ '?Vd Iat pin IDW is read out. 0 RO | 10-12
DYl leve
1:“H" level
1 | V-phase position data retain bit | Input level at pin IDV is read out. 0 RO
0:“L" level
1:“H" level
2 U-phase position data retain bit | Input level at pin IDU is read out. 0 RO
0:"“L" level
1:“H" level
3 Retain-trigger polarity select 0 : Falling edge of positive phase 0 RW
bit 1 : Rising edge of positive phase
7 to 4 | Nothing is assigned. Undefined| — .
Note: This register is valid only in the three-phase mode.
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/0 pin control register (Address ACis) b
1 1
. . . 4 N\
Bit Bit name Function Atreset| R/W [Reference
0 CTSo/RTSo separate select bit | 0 : CTSo/RTSo are used together. 0 RW 11-17
(Note) 1: CTSo/RTSo are separated.
1 CTS1/RTS: separate select bit | 0: CTS:/RTS: are used together. 0 RW
(Note) 1: CTSJ/RTS: are separated.
2 TxDo/P1s switch bit 0 : Functions as TxDo. 0 RW
1 : Functions as P1s.
3 TxD1/P17 switch bit 0 : Functions as TxD:a. 0 RW
1: Functions as P1-.
7to4 | The value is “0000” at reading. 0 — U )

Note: Valid when the CTS/RTS enable bit (bit 4 at addresses 3416 and 3Czs) is “0.”
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Appendix 2. Control registers

b7 b6 b5 b4 b3 b2 bl bo

Port P2 pin function control register (Address AEzs) 0
; - 3 ﬁ ~N
Bit Bit name Function Atreset| R/W eference
0 Pin TBOw select bit 0 : Allocate pin TBOn to P5s. 0 RW 6-18
1 : Allocate pin TBOw to P2s. g:g
1 Pin TB1w select bit 0 : Allocate pin TB1in to P5e. 0 RW
1 : Allocate pin TB1w to P2s.
2 Pin TB2w select bit 0 : Allocate pin TB2n to P5-. 0 RW
1 : Allocate pin TB2w to P2.
3 Pin INTs/RTPtrco select bit 0: Allocate pin INTs/RTPrrco t0 P7a. 0 RW
(Note) 1: Allocate pin INTs/RTPtrco to P27.
6 to 4 | Nothing is assigned. Undefined| —
; ‘e i um » 0 RW
7 Fix this bit to “0. \ )

Note: When allocating pin INTs/RTPreo to P74, be sure the D-A: output enable bit (bit 1 at address 961s) = “0” (output disabled).

b7 b6 b5 b4 b3 b2 bl b0
T

Clock control register 0 (Address BCus) 1 1
1 1
- ; , O\
Bit Bit name | Function Atreset | R/W  (Reference
0 Fix this bit to “1.” 1 RW i-?
1 | PLL circuit operation enable bit| o : pLL frequency multiplier is inactive, and pin Veont | 1 RW
(Note 1) is invalid. (Floating)
1 : PLL frequency multiplier is active, and pin Vconr is valid.
inlicati ; ite | b3b2 1 RW
2 PLL multiplication ratio select bits 00 : Do not select.
— 1 (Note 2) 01:02
3 10:03 0 RW
11:04
4 | Fix this bit to “1.” 1 RW
System clock select bit 0 : X 0 RW
(Note 3) | 1:fru
6 | Peripheral device's clock select bit 0| See Table 4.2.2. 0 RwW
7 | Peripheral device's clock select bit 1 0 RW L)

Notes 1: Clear this bit to “0” if the PLL frequency multiplier needs not to be active.

In the stop and flash memory parallel I/O modes, the PLL frequency multiplier is inactive and pin Vconr is invalid regard-
less of the contents of this bit.

2: Rewriting of these bits must be performed simultaneously with clearance of the system clock select bit (bit 5) to “0.”
Then, set bit 5 to “1” 2 ms after the rewriting of these bits. (After reset, these bits are allowed to be changed only once.)

3: Clearance of the PLL circuit operation enable bit (bit 1) to “0” clears the system clock select bit to “0.” Also, while the PLL
circuit operation enable bit = “0,” nothing can be written to the system clock select bit. (Fixed to be “0.”)
Before setting of the system clock select bit to “1” after reset, it is necessary to insert an interval of 2 ms after the
stabilization of f(Xi).
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Appendix 2. Control registers

Timer AO: register (Addresses D11s, DO1s)

. . b15 b8
Timer Al: register (Addresses D316, D21s) ( b7) (bo) b7 bo
Timer A2: register (Addresses D516, D416) '
1
Bit Function At reset| R/W eferen%
15 to 0 | Any value in the range from 00001 to FFFF16 can be set. Undefined| WO 10-13
Assuming that the set value = n, the “H” level width of the one-shot pulse is expressed
as follows: nffi. )
fi: Frequency of a count source
Notes 1: Use the MOVM or STA (STAD) instruction for writing to this register. Additionally, make sure writing to this register
must be performed in a unit of 16 bits.
2: This register is valid only in three-phase mode 1 of the three-phase waveform mode.
b7 b6 b5 b4 b3 b2 bl b0
Comparator function select register 0 (Address DCis) ololo
. - . botoroncd)
Bit Bit name Function Atreset| R/W  [Reference]
0 ANo pin comparator function select bit| O : The comparator function is not selected. 0 RW 12-9
] ) —| 1:The comparator function is selected.
1 AN: pin comparator function select bit 0 RW
2 AN: pin comparator function select bit 0 RW
3 AN pin comparator function select bit 0 RW
4 AN pin comparator function select bit 0 RW
7 to 5 | Fix these bits to “000.” 0 RW
Note: Writing to comparator function select register 0 must be performed while the A-D converter halts.
b7 b6 b5 b4 b3 b2 bl b0
Comparator result register O (Address DEzs) ololo
- ) ) rotorend
Bit Bit name Function Atreset| R/W  [Reference]
0 ANo pin comparator result bit 0 : The set value > The input level at pin ANi 0 RW 12-9
) ) 1: The set value < The input level at pin ANi
1 AN: pin comparator result bit 0 RW
2 AN: pin comparator result bit 0 RW
3 ANs pin comparator result bit 0 RW
4 AN pin comparator result bit 0 RW
7to 5 | Fix these bits to “000.” 0 RW ()

Note: Writing to comparator result register 0 must be performed while the A-D converter halts.
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Appendix 3. Package outline

42P2R-E

Plastic 42pin 450mil SSOP

EIAJ Package Code JEDEC Code

Lead Material

SSOP42-P-450-0.80 -

Weight(g)

Cu Alloy+42 Alloy

HE

21 Detail G

Detail F

[e] b2
mm—-=—
i mﬁffﬁg
b
\
Pl
Recommended Mount Pad
Symbol Dimension in Millimeters
Min Nom Max
A — — 2.4
A1 0.05 - -
A2 - 2.0 -
b 0.25 0.3 0.4
c 0.13 0.15 0.2
D 17.3 17.5 17.7
E 8.2 8.4 8.6
] - 0.8 -
HE 11.63 11.93 12.23
L 0.3 0.5 0.7
L1 - 1.765 -
- 0.75 -
Z1 - 0.9
y - - 0.15
') 0° 10°
b2 - 0.5 -
- 11.43 -
12 1.27 - -

Plastic 42pin 600mil SDIP

42P4B
EIAJ Package Code JEDEC Code Weight(g) Lead Material
SDIP42-P-600-1.78 — 4.1 Alloy 42/Cu Alloy

®

@
INANANOANANANOANANNAMNT]

S

><3 Ol w B
UUUUUUUUUUUUUUUUUUTULY ——
® @ S
Dimension in Millimeters
Symbol Min Nom Max
D A - - 5.5
Al 0.51 -
A2 - 3.8 -
P b 0.35 0.45 0.55
b1 0.9 1.0 1.3
b2 0.63 0.73 1.03
2 c 0.22 0.27 0.34
D 36.5 36.7 36.9
E 12.85 | 13.0 13.15
b2 [e] - 1.778 -
- 15.24 -
SEATING PLANE L 3.0 -
0 0° 15°
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Appendix 4. Examples of handling unused pins
When unusing an I/O pin, some handling is necessary for this pin. Examples of handling unused pins are

described below.

The following are just examples. In actual use, the user shall modify them according to the user’s application
and properly evaluate their performance.

Table 1 Example of handling unused pins

Pin name

Handling example

P1, P2, P5 to P7

Set these pins to the input mode and connect each
pin to Vcc or Vss via a resistor; or set these pins to
the output mode and leave them open (Note 1).

P60OUTcut/INT4

Connect this pin to Vcc via a resistor.
Select a falling edge for pin INTa.

Xout (Note 2), Vcont (Note 3)

Leave these pins open.

AVcc

Connect this pin to Vcc.

AVss, VRer

Connect these pins to Vss.

Notes 1: When leaving these pins open after they have been set to the output mode, note the following:
these port pins are placed in the input mode from reset until they are switched to the output mode
by software. Therefore, voltage levels of these pins are undefined and the power source current
may increase while these port pins are placed in the input mode.

Software reliability can be enhanced by setting the contents of the above ports’ direction registers

periodically. This is because these contents may be changed by noise, a program runaway which

occurs owing to noise, etc.

For unused pins, use the shortest possible wiring (within 20 mm from the microcomputer’s pins).
2: This applies when a clock externally generated is input to pin Xin.

3: Be sure that the PLL circuit operation enable bit (bit 1 at address BCis) = “0.”

B When setting port pins to input mode

P1, P2 P5to P7

Xout
Vcont

AVcc
AVss
VRrer

906.LEN

P60UTcut/INT4

_’\/:\/\/—"

Left open

Vce

T
Vce
E

777 Vss

B When setting port pins to output mode

P1, P2 P5to P7 [ Left open
Xout ——
Veont Left open
Vce
(ilj AVcc j
(o) AVss
o Vrer
(o))

777" \ss

%c
5

P60UTcut/INT4

Fig. 1 Example of handling unu

sed pins
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Appendix 5. Hexadecimal instruction code table

INSTRUCTION CODE TABLE 0

D3-Do 0000 | 0001 | 0010 | OO11 | 0100 | 0101 | 01120 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 2201 | 1110 | 1111
Hexadecimal

pr-Daeromall o 1 2 3 4 5 6 7 8 9 A B c D E F
0000 0 BRK | Tape1 | LDX AsL SEC SEI LDX LDAB LDAB | LDAB | LDAB LDAB LDAB LDAB | LDAB
IMP DIR A IMP IMP ABS | ADIR).Y |ALDIR).Y| ADR | ADRX | AABL | AABLX | AABS | AABSX

0001 1 BPL | rape2 | LDY ROL cLe cLl LDA LDY LDA LDA LDA LDA LDA LDA LDA LDA
REL DIR A IMP IMP AIMM ABS | A@R)Y |ALOIR).Y| ADR | ADRX | AABL | AABLX | AABS | AABSX

0010 5 BRA | Tape3| CPX ANDB NEG SEM ADD LDXB LDAB | ADDB | ADD ADD LDAD | ADDD ADD ADD
REL DIR AIMM A IMP AIMM IMM AMM | AMM | ADR | ADRX | EIMM | EIMM | AABS | AABSX

0011 3 BMI | Tapesa| CPY EORB | EXTZ | EXTS SUB LDYB | cwmPB | sues SUB SuB CMPD | SUBD SuB suB
REL DIR AIMM A A AIMM IMM AMM | AMM | ADR | ADRX | EMM | EIMM | AABS | AABSX

0100 4 BGTU | l.pes | BBSB LSR CLRB cim cmp BBSB | MOVMB cmp cvp | movms | mMovms | cwmp cmp
REL DIRbREL| A A IMP AIMM |ABS,bREL| DIRIDIR ADIR | ADIRX | DIRIABS |DIRIABS.X| AABS | AABSX

0101 5 BYC | Taples | BBCB ROR CLR XAB ORA BBCB | MOWM ORA OorRA | MOVM | movm ORA ORA
REL DIRbREL| A A IMP AIMM |ABSbREL| DIRIDIR ADR | ADRX | DIR/ABS |DIRABSX| AABS | AABSX

0110 6 BLEU | 1apie7 | CBEQB | ORAB ASR cLv AND PUL | MovMB | MovMB | AND AND | MovMB AND AND
REL DIRIMMREL A IMM A IMP AIMM STK | ABS/DIR |ABS/DIRX| ADIR | ADIRX |ABS/ABS AABS | AABSX

PLD

0111 7 BYS | apeg | CBNEB NOP EOR | /RTlon | MOwM | Mowm | EOR EOR | MOwM EOR EOR
REL DIR/MM,REL IMP AIMM IRTSOn| ABS/DIR [ABSDIRX| ADIR | ADIRX | ABS/ABS AABS | AABSX

1000 s 86T | rapleq| INC PHD RTS PHA MOVM INC LDAD | LDAD | LDAD | LDAD | LDAD | LDAD | LDAD | LDAD
REL DIR STK IMP SsTK | DIRaMM | ABS | EOR)Y [ELOIR.Y| EDR | EDRX | EABL | EABLX | EABS | EABSX

1001 BCC | ape10| DEC PLD RTL PLA MOWM | DEC cLp SEP | ADDD | ADDD MP ISR ADDD | ADDD
00 9 REL DIR STK IMP STK | ABSIMM |  ABS IMM IMM EDIR | EDRX | ABS ABS EABS | EABSX
1010 A BLE | 1aple 11| CBEQB [ INC TXA PHP CBEQ | BRAL PSH | MovMB | SuBD | susp | JmPL JSRL SUBD | SuBD
REL AIMMREL| A IMP STK  |AIMMREL| REL sTk | DIRiMM | EDIR | EDIRX | ABL ABL EABS | EABSX

BCS | ropje 12| CBNEB | DEC TYA PLP CBNE . | Mmovme | cvpp | cmPD IMP JSR CMPD | cMPD

1011 B REL able 12| \yvmReL| A IMP STK  [AIMM,REL PHIbn | ABSIMM | EDIR | EDRX | (ABSX) | (ABSX) | EABS | EABSX
BGE | rapie13| CLRMB [ INX TAX PHX DX | cLRMB | sTAB STAB | STAB | STAB | STAB | sTAB STAB | STAB
1100 C REL able DIR IMP IMP STK IMM ABS | ADR)Y |ALOIR).Y| ADR | ADRX | AABL | AABLX | AABS | AABSX

BNE | rapie1a| CLRM INY TAY PLX LDY CLRM STA STA STA STA STA STA STA STA
1101 D REL able DIR IMP IMP STK MM ABS | ADR).Y [ALDIR)Y| ADR | ADRX | AABL | AABLX | AABS | AABSX
BLT ABS STX DEX CLRX PHY CcPX STX STAD | STAD | STAD | STAD | STAD | STAD | STAD | STAD
1110 E REL A DIR IMP IMP STK IMM ABS | E(OR)Y|ELDR).Y| EDR | EDRX | EABL | EABLX | EABS | EABSX
1111 F BEQ RTI STY DEY CLRY PLY cPY STY BSR ~
REL IMP DIR IMP IMP STK IMM ABS REL >

Note: Tables 1 through 14 specifies the contents of the INSTRUCTION CODE TABLE 1 through 14.
About the second word’s codes, refer to the INSTRUCTION CODE TABLE 1 through 14.
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Appendix 5. Hexadecimal instruction code table

INSTRUCTION CODE TABLE 1 (The first word’s code of each instruction is 0116)

07;2;10 nm&zm o | 1| 2 | 3| 4| 5| 6 | 7 = 8 | 9| A| B | Cc| D] E | F
0001 | 1 zggg ;%:
=

o111 | 7 |

w00 | 8 WA A ki, DA A
1000 | A NIRRT RN e, SRRy
s <~~~ =~ = = i | .
s = _ 2z @@
20 ] £ |
Sl X)) - I R T T T T

INSTRUCTION CODE TABLE 2 (The first word’s code of each instruction is 1116)

D3-Do(l oooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7_pulexadecmall = 1 2 3 4 5 6 7 8 9 A B c D E F
LDAB | LDAB | LDAB | LDAB LDAB LDAB
0000 0 || AoR) | ADRX) | ALOR) | ASR | ASRLY AABS.Y
LDA LDA LDA LDA LDA LDA
0001 1 || aoR) | AORX) | ALOR) | ASR | A(SR)LY AABS,Y
1 5 ADD ADD ADD ADD ADD ADD ADD ADD ADD ADD
0010 A(DIR) | ADRX) | ALOIR) | ASR | A(SR).Y AABS,Y A(DIR).Y | ALDIR).Y AABL | AABLX
0011 3 suB suB suB suB suB suB suB suB SuB SuB
A(DIR) | ADRX) | ALOIR) | ASR | A(SR).Y AABS,Y A(DIR).Y |ALDIR).Y AABL | AABLX
cmP cmp cmp cMp cmp cmp cmp cmp cmp cMP
0100 4 |l AR | ADRX) | ALDR) | ASR | AGR)Y AABS,Y ADR).Y |ALDIR),Y AABL | AABLX
0101 5 ORA ORA ORA ORA ORA ORA ORA ORA ORA ORA
ADR) | AORX) | ALOIR) | ASR | A(SR).Y AABS,Y ADR).Y |ALDIR),Y AABL | AABLX
AND AND AND AND AND AND AND AND AND AND
0110 6 || AR | ACRX | ALODR) | ASR | A(SR).Y AABS,Y ADIR).Y | AL(DIR),Y AABL | AABLX
0111 7 EOR EOR EOR EOR EOR EOR EOR EOR EOR EOR
ADR) | AORX) | ALOIR) | ASR | A(SR).Y AABS,Y ADR).Y |ALDIR),Y AABL | AABLX
LpAD | LDAD | LDAD | LpAD | LDAD LDAD
1000 8 || EoR) | eORrRX| ELOR) | ESR | E(SRLY E.ABS.Y
1001 9 ADDD | ADDD | ADDD | ADDD | ADDD ADDD ADDD | ADDD ADDD | ADDD
E(MIR) | E(ORX) | ELODR) | ESR | E(SR).Y E.ABS.Y E.DIR).Y | ELDIR).Y EABL | EABLX
SUBD | SUBD | SUBD | SUBD | SUBD SUBD SUBD | SUBD SUBD | SUBD
1010 A || EoR) | EORX) | ELODR) | ESR | E(SR)Y E,ABS,Y E,DIR).Y | E.LDIR),Y EABL | EABLX
cMpD | cwmpp | cmpp | cmPp | cmPD CMPD CMPD | CMPD cMPD | cMPD
1011 B || Eor | EORX| ELOR) | ESR | E(SR)LY E.ABS.Y EDR).Y | ELDIR).Y EABL | EABLX
STAB | STAB | STAB | STAB | sTAB STAB
1100 C || AoR) | AORX) | ALOR) | ASR | A(SR)LY AABS,Y
STA STA STA STA STA STA
1101 D || AR | A@RX | ALOR) | ASR | AGRLY AABS,Y
STAD | STAD | STAD | sSTAD | sTAD STAD
1110 E || eoRr | EORX| ELOR) | ESR | E(SR).Y E,ABS,Y
1111 F
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INSTRUCTION CODE TABLE 3 (The first word’s code of each instruction is 2116)

D3-Doj|l gooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadeci
D7D~ notenl| O 1 2 3 4 5 6 7 8 9 A B c D E F
ASL ASL ASL ASL
0000 0 DIR DIRX ABS ABS X
ROL ROL ROL ROL
0001 1 DIR DIR,X ABS ABS,X
LSR LSR LSR LSR
0010 2 DIR DIRX ABS ABS,X
ROR ROR ROR ROR
0011 3 DIR DIRX ABS ABS X
ASR ASR ASR ASR
0100 4 DIR DIR,X ABS ABS X
0101 5
0110 6
0111 7
1000 8 ADC ADC ADC ADC ADC ADC ADC ADC ADC ADC ADC ADC ADC ADC
ADIR) | AORX) | ALDIR) [ ASR | A(SR).Y AABS,Y ADR)Y [ALDIR)Y| ADIR | ADIRX | AABL | AABLX | AABS [ AABSX
ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD ADCD
1001 9 E,(DIR) | EDIRX) | EL(DIR) E,SR E,(SR),Y E,ABS,Y E,(DIR)Y |EL(DIR),Y| EDIR EDIR X E,ABL EABLX | EABS | EABSX
SBC SBC SBC SBC SBC SBC SBC SBC SBC SBC SBC SBC SBC SBC
1010 A || AoR) | AORX) | ALOR) | ASR | A(SR)LY AABS,Y ADR).Y [ALOIR).Y| ADIR | ADIRX | AABL | AABLX | AABS | AABSX
1011 B SBCD SBCD SBCD SBCD SBCD SBCD SBCD | SBCD SBCD SBCD SBCD SBCD | SBCD SBCD
E(DIR) | E@ORX) | ELOR) [ ESR | E(SR).Y E,ABS,Y E(R)Y |ELOIR).Y| EDR | EDRX | EABL | EABLX | EABS | EABSX
MPY MPY MPY MPY MPY MPY MPY MPY MPY MPY MPY MPY MPY MPY
1100 C (DIR) (DIR,X) L(DIR) SR (SR),Y ABS,Y (DIR),Y | L(DIR),Y DIR DIR,X ABL ABL,X ABS ABS,X
MPYS MPYS MPYS MPYS MPYS MPYS MPYS | MPYS MPYS MPYS MPYS MPYS | MPYS MPYS
1101 D (OIR) | (OIRX) | LOIR) SR (SR).Y ABS,Y (DIR).Y | LOIR).Y DIR DIR,X ABL ABL,X ABS ABS,X
DIV DIV DIV DIV DIV DIV DIV DIV DIV DIV DIV DIV DIV DIV
1110 E (OIR) | (OIRX) | LOIR) SR (SR),Y ABS,Y (DIR),Y | LOIR),Y DIR DIR,X ABL ABL,X ABS ABS,X
DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS DIVS
1111 F (OIR) (DIRX) | L(DIR) SR (SR),Y ABS,Y (DIR).Y | LDIR),Y DIR DIR,X ABL ABL,X ABS ABS X
INSTRUCTION CODE TABLE 4 (The first word’s code of each instruction is 3116)
D3-DO|l 0o00 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7—DaN. notation 0 1 2 3 4 5 6 7 8 9 A B C D E F
TAD,0 RLA ADDS suBs
0000 0 IMP A IMM IMM
wIT TAD,1 ADCB SBCB ADCD SBCD
0001 1 MP IMP AIMM | AlIMM E,IMM E.IMM
TAD,2 MVP MVN
0010 2 IMP BLK BLK
STP TAD,3 MOVMB | MOVMB
0011 3 IMP IMP DIR X/IMM |ABS, X/IMM
PHT TDA,0 MOVM LoT PEI PEA PER
0100 4 STK IMP DIR X/IMM IMM STK STK STK
PLT TDA,1 MOVM RMPA IMP IMPL
0101 5 STK o ABS, X/IMM | ultplied (ABS) | LABS)
PHG TDA,2
0110 6 STK IMP
TSD TDA3 S
0111 7 IMP IMP IMP
1000 | 8 | MESP TAS Al
1001 | 9 || ABSP s
010 | A" Al
1011 | B || FEP
MPY
1100 C ,T,?,f; IMM
TYX MPYS
1101 D IMP IMM
™S DIV
1110 E IMP IMM
TSX DIVS
1111 F IMP IMM
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INSTRUCTION CODE TABLE 5 (The first word’s code of each instruction is 4116)

D3-Dojl 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

D7_pae sl o 1 2 3 4 5 6 7 8 9 A B c D E F
0000 | 0 DRY | ABSY

0001 | 1 BIRX ABSX
0010 | 2 s

0011 | 3 peied

0100 | 4 DIRBREL ABSDREL
0101 5 DIRB,bB,%EL ABgE%EL
0110 | 6 DIRMMREL

0111 | 7 DR REL

1000 | 8 DIRX ABSX
1001 | 9 DX Jrry®
1010 | A

1011 | B

1100 | C

1101 | D

1110 | E OIRY

11 | F DR
INSTRUCTION CODE TABLE 6 (The first word’s code of each instruction is 5116)

D3-Dojl gopp | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

Dr_pacedemal o 1 2 3 4 5 6 7 8 9 A B c D E F
0000 | O DIRIVM | DIR/VM ABSIMM | ABSIIM

0001 | 1 DIRIMM | DRI ABSIMM | ABSIMM

0010 | 2 GIRIM | DIRIMM ABSMM | ABSNIM

o011 | 3 DIRIVM | DIR/MM ABSIMM | ABS/NIM

0100 | 4

0101 | 5

0110 | 6 DIRIMM | DIRIIM ABSIMM | ABS/IM

0111 | 7 DM | DM ABSIMI | ABSIMM

1000 | 8 DIRIMM ABSIII

1001 | 9 DIR/MM ABSIMM

1010 | A v ABSIMM

1011 | B DI ARSI

1100 | C

1101 | D

1110 | E DIRIMM ABSIMM

11 | F DRI ABSINM
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INSTRUCTION CODE TABLE 7 (The first word’s code of each instruction is 6116)

D3-Do

0000

0001

0010

0011

0100

0101

0110

0111

1000 | 1001

1010

1011

1100

1101

1110

1111

Hexadecimal
D7—-D4\_notation

0

1

2

3

4

5

6

7

8 9

0000 0

MOVRB
DIR/IMM

0001

MOVR
DIR/IMM

0010

MOVRB

ABS/IMM

0011

MOVR

ABS/IMM

0100

MOVRB

DIR/DIR

0101

MOVR

DIR/DIR

0110

MOVRB

ABS/DIR

0111

MOVR

ABS/DIR

1000

MOVRB

DIR/ABS

1001

MOVR

DIR/ABS

1010

MOVRB

ABS/ABS

1011

MOVR

ABS/ABS

1100

1101

1110

M m|o|lO| @|>»|lO©|0| N|O| O] W| N[ PF

1111

INSTRUCTION CODE TABLE 8 (The first word’s code of each instruction is 7116)

D3-Do

0000

0001

0010

0011

0100

0101

0110

0111

1000 | 1001

1010

1011

1100

1101

1110

1111

Hexadecimal
D7-D4 otation

0

1

2

3

4

5

6

7

8 9

0000 0

MOVRB
DIR/ABS, X

0001

MOVR
DIR/ABS,X

0010

0011

0100

0101

0110

MOVRB
ABS/DIR,X

0111

MOVR

ABS/DIR,X

1000

7

s

7

7

G

7

v

A

N

o

7

1001

1010

NN

NN

=

N

N

NN

D

Z
GTRNNN

NN

SN

N

N

1011

1100

1,77

)

/i

77

7

i

17

7

_

1101

1110

mimlolo|lwm|>»|o|lo|~|lo|la|ls]|w|Nd] R

NN

AN

N\

AN

R

N

AN

NN

1111
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Appendix 5. Hexadecimal instruction code table

INSTRUCTION CODE TABLE 9 (The first word’s code of each instruction is 8116)

D3-Do 0000

0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecim
D7-DAN. notonl|  © 1 2 3 4 5 6 7 8 9 A B C D E F
ASL LDAB LDAB LDAB LDAB LDAB LDAB LDAB LDAB
OOOO 0 B B,(DIR),Y | B,L(DIR),Y B,DIR B,DIR,X B,ABL B,ABL,X B,ABS B,ABS,X
0001 1 ROL LDA LDA LDA LDA LDA LDA LDA LDA LDA
B B,IMM B.(DIR),Y | B,L(DIR),Y B,DIR B,DIR,X B,ABL B,ABL,X B,ABS B,ABS,X
0010 2 ANDB NEG ADD LDAB ADDB ADD ADD ADD ADD
B,IMM B B,IMM B,IMM B,IMM B,DIR B,DIR,X B,ABS B,ABS,X
0011 3 EORB EXTZ EXTS suB CMPB SuUBB suB SuB suB SuB
B,IMM B B B,IMM B,IMM B,IMM B,DIR B,DIR,X B,ABS B,ABS,X
LSR CLRB CMP CMP CMP CMP CMP
0100 4 B B B,IMM B,DIR B,DIR,X B,ABS B,ABS,X
ROR CLR ORA ORA ORA ORA ORA
0101 5 B B B,IMM B,DIR B,DIR,X B,ABS B,ABS,X
ORAB ASR AND AND AND AND AND
0110 6 B,IMM B B,IMM B,DIR B,DIR,X B,ABS B,ABS, X
EOR EOR EOR EOR EOR
Olll 7 B,IMM B,DIR B,DIR,X B,ABS B,ABS,X
1000 | 8 o
1001 | 9 e
CBEQB INC TXB CBE
1010 A BIMMREL| B IMP B/IMM,REL|
CBNEB DEC TYB CBNE
1011 B B/IMM,REL| B IMP B/IMM,REL|
TBX STAB STAB STAB STAB STAB STAB STAB STAB
1100 C IMP B,(DIR),Y | BL(DIR),Y| B,DIR B,DIR,X B,ABL BABLX | BABS | BABSX
1 10 1 D TBY STA STA STA STA STA STA STA STA
IMP B,(DIR),Y | B,L(DIR),Y B,DIR B,DIR,X B,ABL B,ABL,X B,ABS B,ABS, X
1110 | E ABS
1111 F
INSTRUCTION CODE TABLE 10 (The first word’'s code of each instruction is 9116)
D3-Do|l 0ooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
Hexadecimal
D7-DaN. nomionl|  © 1 2 3 4 5 6 7 8 9 A B C D E F
LDAB LDAB LDAB LDAB LDAB LDAB
0000 0 B,(DIR) | B,(DIRX)| B,.L(DIR) B,SR B,(SR),Y B,ABS,Y
LDA LDA LDA LDA LDA LDA
0001 1 B,(DIR) | B,(DIRX)| B,L(DIR) B,SR B,(SR),Y B,ABS,Y
ADD ADD ADD ADD ADD ADD ADD ADD ADD ADD
0010 2 B,(DIR) | B,DIRX)| B,.L(DIR) B,SR B,(SR),Y B,ABS,Y B,(DIR),Y [B,L(DIR),Y B,ABL B,ABL,X
sSuB SuB suB suB suB suB SuUB SuB suB SuB
0011 3 B,(DIR) | B,(DIRX)| B.L(DIR) B,SR B,(SR),Y B,ABS,Y B,(DIR),Y |B,L(DIR),Y B,ABL | B,ABLX
0100 4 CMP CMP CMP CMP CMP CMP CMP CMP CMP CMP
B,(DIR) | B,(DIRX)| B,.L(DIR) B,SR B,(SR),Y B,ABS,Y B,(DIR),Y [B,L(DIR),Y B,ABL B,ABL,X
0101 5 ORA ORA ORA ORA ORA ORA ORA ORA ORA ORA
B,(DIR) | B,(DIRX)| B,L(DIR) B,SR B,(SR),Y B,ABS,Y B,(DIR),Y [ B,L(DIR),Y B,ABL B,ABL,X
AND AND AND AND AND AND AND AND AND AND
0110 6 B,(DIR) | B,(DIRX)| B.L(DIR) B,SR B,(SR),Y B,ABS,Y B,(DIR),Y [B,L(DIR),Y B,ABL B,ABL,X
0111 7 EOR EOR EOR EOR EOR EOR EOR EOR EOR EOR
B,(DIR) B,(DIR,X) | B,L(DIR) B,SR B,(SR),Y B,ABS,Y B.(DIR),Y | B,L(DIR),Y B,ABL B,ABL,X
1000 8
1001 9
1010 A
1011 B
STAB STAB STAB STAB STAB STAB
1100 C B,(DIR) | B,(DIRX)| B,.L(DIR) B,SR B,(SR),Y B,ABS,Y
STA STA STA STA STA STA
1101 D B,(DIR) | B,(DIRX)| B,L(DIR) B,SR B,(SR),Y B,ABS,Y
1110 E
1111 F
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Appendix 5. Hexadecimal instruction code table

INSTRUCTION CODE TABLE 11 (The first word’s code of each instruction is A116)

R3-Doll o000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

D7_Daeradecmalll 1 2 3 4 5 6 7 8 9 A B c D E F

0000 | O

0001 | 1

0010 | 2

0011 | 3

0100 | 4

0101 | 5

0110 | 6

0111 | 7

1000 | 8 [ 8% [omS| ot | 42 |25, e e I I I I e

1001 | 9

1010 | A || s | soRx | 5L0R) | BSR | BGRY B.ABS.Y BOR)Y [BLOR.Y| BOR | BDIRX | BASL | BABLX | BABS | BABSX

1011 | B

1100 | C

1101 | D

1110 | E

1111 | F
INSTRUCTION CODE TABLE 12 (The first word’s code of each instruction is B116)

D3-Do||l oooo | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

D7_pacedeamal o 1 2 3 4 5 6 7 8 9 A B c D E F

0000 | O T8D0

o001 | 1 et e | soe

0010 | 2 82

0011 | 3 TBD3

0100 | 4 080

0101 | 5 OB

0110 | 6 ToB2

0111 | 7 83

1000 | 8 i oy

1001 | 9 v

1010 | A )

1011 | B

1100 | C

1101 | D

1110 | E

111 | F
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Appendix 5. Hexadecimal instruction code table

INSTRUCTION CODE TABLE 13 (The first word’s code of each instruction is C116)

D3-Do

0000

0001

0010

0011

0100 | 0101

0110 | 0111

1000

1001

1010

1011

1100 | 1101

1110 | 1111

Hexadecimal

D7-D4

notation

0

1

2

3

4 5

6 7

8

9

E F

0000

0

FRE

LSR,#n
A

8

0001

0010

0011

-
OR

0100

0101

0110

0111

1000

7

7

7

7

.

5

’

.

i

v

1001

1010

7

.

s

v

1011

7.

]

LU

LU

7

o

7,

w9

L

7

]

7

1100

1101

1110

1111

nmim|lo|lo|lwm|>»|o|lo|~|lo|la|ls]lw]|Nn]|r

INSTRUCTION CODE TABLE 14 (The first word’s code of each instruction is D116)

wo (el i
e @@=
110 & N A T Y
2 G ) A IR TR R T T R
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Appendix 6. Machine instructions

Appendix 6. Machine instructions

Note: For an instruction of which “Operation length (Bit)”
below.
e 16-bit length when m = 0 or x = 0.
* 8-bit length when m =1 or x = 1.
For an instruction of which “Operation length (Bit)”
regardless of the contents of flags m and x.

16/8 is executed in the bit length described

8 or 32 is executed in 8-bit or 32-bit length
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Appendix 6. Machine instructions

Symbol Description Symbol Description
IMP Implied addressing mode E Accumulator E
IMM Immediate addressing mode EH Accumulator E’s high-order 16 bits (Accumulator B)
A Accumulator addressing mode EL Accumulator E’s low-order 16 bits (Accumulator A)
DIR Direct addressing mode X Index register X '
DIR, X Direct indexed X addressing mode Xu Index register X's high-order 8 bits
DIR, Y Direct indexed Y addressing mode Xt Index register X's low-order 8 bits
. . . Y Index register Y
(DIR) Direct indirect addressing mode . - .
. . o . YH Index register Y’s high-order 8 bits
(DIR, X) D!rect !nd.exedlx indirect address!ng mode YL Index register Y's low-order 8 bits
(DIR), Y D!rect !nd!rect indexed Y ad.dressmg mode s Stack pointer
L(DIR) Direct indirect long addressing mode REL Relative address
L(DIR), Y Direct indirect long indexed Y addressing mode PC Program counter
ABS Absolute addressing mode PCH Program counter’s high-order 8 bits
ABS, X Absolute indexed X addressing mode PCL Program counter’s low-order 8 bits
ABS, Y Absolute indexed Y addressing mode PG Program bank register
ABL Absolute long addressing mode DT Data back register
ABL, X Absolute long indexed X addressing mode DPRO Direct page register 0
(ABS) Absolute indirect addressing mode DPROH Direct page register 0's high-order 8 bits
L(ABS) Absolute indirect long addressing mode DPROL Dﬁrect page reg?ster 0’s low-order 8 bits
(ABS, X) Absolute indexed X indirect addressing mode DPRn Direct page register no .
STK Stack addressing mode DPRnH D!rect page reg!ster n’'s high-order 8 pns
) . DPRnL Direct page register n's low-order 8 bits
REL Relative addressing mode .
) . ) ) PS Processor status register
DIR, b, R Direct bit n.alatlve.addressmg_ mode PSH Processor status register’s high-order 8 bits
ABS,b,R | Absolute bit relative addressing mode PSL Processor status register's low-order 8 bits
SR Stack pointer relative addressing mode PSL(bit n) nth bit in processor status register
(SR), Y Stack pointer relative indirect indexed Y addressing M Contents of memory
mode M(S) Contents of memory at address indicated by stack
BLK Block transfer addressing mode pointer
Multiplied Multiplied accumulation addressing mode M(bit n) nth bit of memory
accumulation Mn n-bit memory’s address or contents
op Instruction code (Op code) IMM Immediate value (8 bits or 16 bits)
n Number of cycles IMMn n-bit immediate value
# Number of bytes IMMH 16-b?t immed?ate value’s high-order 8 pits
c Carry flag IMML 16-bit |mmed|:ate value’'s onv-order 8 b|t§
7 Zero flag ADH Value of 24-b!t address’s hlgh-order 8 bItS.(A23—A16)
| Interrupt disable flag ADwm Value of 24-bit address’s middle-order 8 bits (A15—As)
. ) ADL Value of 24-bit address’s low-order 8 bits (A7—Ao)
D Decimal operation mode flag EAR Effective address (16 bits)
X Index register length selection flag EARH Effective address’s high-order 8 bits
m Data length selection flag EARL Effective address’s low-order 8 bits
\% Overflow flag imm 8-bit immediate value
N Negative flag immn n-bit immediate value
IPL Processor interrupt priority level dd Displacement for DPR (8 bits or 16 bits)
+ Addition i Number of transfer bytes, rotation or repeated operations
- Subtraction i1, i2 Number of registers pushed or pulled
O Multiplication source Operand to specify transfer source
- Division dest Operand to specify transfer destination
O Logical AND
O Logical OR
O Logical exclusive OR
| Absolute value
O Negation
> Movement to the arrow direction
. Movement to the arrow direction
- Exchange
Acc Accumulator
AccH Accumulator’s high-order 8 bits
Acct Accumulator’s low-order 8 bits
A Accumulator A
AH Accumulator A’s high-order 8 bits
AL Accumulator A’s low-order 8 bits
B Accumulator B
BH Accumulator B’s high-order 8 bits
BL Accumulator B’s low-order 8 bits
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Appendix 6. Machine instructions

7900 Series Machine Instructions

Addressing Modes
. Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
ABS Acc ~ | Acc | 16/8 E1 3|1
(Note 1)
81 4|2
El
ABSD Ec|E]| 32 31/ 52
90
ADC Acc-Acc+M+C 16/8 31 3|3 21151321 6|3 2117|3121 8|3 |21/ 8|3 [21] 9|3 |21]10{3
(Notes 1 and 87 8A 8B| 80 81 88 82 89
2) B1 3|3 ALl 7|3 [AL] 8|3 AlL| 9|3 [A1/10/3 |AL[10|3 [AL|11|3 [A112]3
87 8A 8B 80 81 88 82 89
ADCB AccL—~AccL+ IMM8 + C 8 31/ 3|3
(Note 1) 1A
B1 3|3
1A
ADCD E-E+M32+C 32 311416 211713 (21(8|3 21193 |21]10|3 |21/10/3 [21]11]3 |21]12|3
1C| 9A 9B 90 91 9 92 99
ADD Acc—~Acc+M 16/8 26112 2A1 3| 2|2B|4 |2 1116 (3 (11|73 |11 7|3 |11(8|3 [11/93
(Notes 1 and 20 21 28 22 29
2) 81 2(3 8114381 5|3 9116(3 (91 7|3 (91 7|3 (91 8(3 /91|93
26 2A 2B 20 21 28 22 29
ADDB AccL —AccL + IMM8 8 29/1(2
(Note 1)
8123
29
ADDD E-~E +M32 32 20|13 |5 9AI6 (2|98 7|2 11/ 93 (11{10/3 |11{10{3 |11|11|3 [11/123
90 91 98 92 99
ADDM MM + IMM 16/8 51| 7|4
(Note 3) 03
ADDMB M8 —~ M8 + IMM8 8 51| 7|4
02
ADDMD M32 - M32 + IMM32 32 51|10 7
83
ADDS S~S+IMM8 16 31/ 2(3
0A
ADDX XX+ IMM (IMM =0 to 31) 16/8 01212
ADDY Y<Y +IMM (IMM =0 to 31) 16/8 01} 2(2
(Note 4) 20
+
imm
|
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

H*

op| n|# |op| n|#]|op| n|#|op| n|#|op| n|#op| n|#|op n|#|op| n|#|op| n|#op n|#op|n|#]op| n|#|op n|#op|n|#op| n|#]|op| n IPL |N|V|m|x|D|I|z|C

olo|e|O|V]e]s]e|e|Zl0

21)514|2116| 4|21\6 | 4(21)6 | 5(21|7 |5 2116 13|21/9| 3 olo| o|N|V|e|e|ole|ZIC
8E 8F| 86 8C 8D 83 84
AL T | 4|A1 8| 4|A1|8 | 4|A18 | 5|AL9|5 Al 8| 3|AL11) 3
8E 8F 86 8C 8D| 83 84
ele[o[NV|o|e|ole |Z|C

2117 |4(21|8 | 4[21|8 | 4218 |5]21|9| 5 2118 3(21(11} 3 ele|o|[N|V|o|e|oel|z|C
9E 9F 96 9C 9D| 93 9%
2E| 3|3 (2F|4 |3 (11(5|4(11]5 |5|11(6 |5 1115 3(11(8| 3 ele|o|[N|V|o|e|oel|zIC

26 2C 2D 93 24
814 |4(8115|4(9115|4(9115|5(916|5 9153|9183
2E 2F 26 2C 2D| 23 24

elo|oINIV|e|e| e |ZIC

9E| 6 |3 |9F| 7|3|11/8| 4[11)8 | 5|11|9 |5 1181 3(11)11) 3 elo|oINIV|e|e|o|e|ZIC

9 9C 9D 93 9%
51|75 olo| o|NIV|e|e|ele|Z|C
07
51|75 olo|e|N|V]|e|e|ele|Z]C
06
51/110( 8 ole| o/N|V|e|e| oe|Z|C
87
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Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function Tl IMP | IMM | A DIR |DIR, X|DIR, Y| (DIR) [(DIR, X)|(DIR), Y| L(DIR) [LDIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
AND Acc —~Acc M 16/8 66| 1|2 6A|3 |2 |6B| 4| 2 11/ 6(3 (11 73|11 7|3 |11| 8| 3[11) 9|3
(Notes 1 and 60 61 68 62 69
2) 81)2|3 81|14 (31(81/5|3 91/ 6(3 (91| 7{3 91 7|3(91/8|3(91 9|3
66 6A 6B| 60 61 68 62, 69
ANDB AccL — AccL[]IMM8 8 231 1|2
(Note 1)
8112(3
2
ANDM M ~MJIMM 16/8 511 7(4
(Note 3) 63
ANDMB M8 — M8[]IMM8 8 51| 7|4
62
ANDMD M32 - M32[]IMM32 32 51107
E3
ASL Arithmetic shift to the left by 1 bit 16/8 031 |1[21|713]21/8]3
Note 1 0B
( ) m=0 0A
Acc or M16
- -0
m=1 812 |2
AccL or M8 03
~[b7]...]bo] - 0
ASL #n Arithmetic shift to the left by n 16/8 Cl1 6|2
(Note 4) bits (n = 0 to 15) 40| +
m=0 +jmm
A imm
- -0
m=1
AL
«[b7]...]bo] - 0
ASLD #n Arithmetic shift to the left by n 32 D1l 8|2
(Note 4) bits (n = 0 to 31) 40| +
E +Jmm
~[ba1l...]Jbo] - 0 imm
ASR Arithmetic shift to the right by 1 bit 16/8 64/1(1)21{7(321|8]|3
(Note 1) m=0 4A] 4B
Acc or M16
-
m=1 8122
AccL or M8 64
-
ASR #n Arithmetic shift to the right by n bits 16/8 Cl 6|2
(Note 4) (n=0to 15) 80| +
-0 +|mm
m= A imm
- [bas]...[bo]
m=1 AL
- [br]...Jbo]~
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

op| n|# |op| n|#|op| n|#|op| n|#|op| n|#op| n|# [op n|#|op| n|#|op| n|#|op| n|#|op|n|#op n|#[og n|#op/n|#op/n|#op n|#| IPL |N|V|m|x|D|I|z|C

6El3 |3 |6F|4 |3 11| 5] 4(12] 5|5 [11|6 |5 115|3(11|8|3 eloo|Nlololo]e]s|Z]s
66| | |sc| | |60 63 | |64

81|44 81|5|4|91|5] 401 5|5[91(6[5 01 53 (91| 8| 3

6E| | |6F| | 66| | |6c| | [6D 63 64

51| 7|5 ole|oN|o|olo|ele|Z]e
67

51| 7|5 oo o/ Nlo|o|o|ele|Z]e
66

51/10( 8 ole | oN|o|olo]|e]|e|Z]e
E7

217412184 ofe|e|N[o|o|e]ele|Z]C
OE OF

21|7|4|21| 8| 4 ol olNle]olel o] |zlC
4| | |aF
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Symbol

Function

Operation
length (Bit)

Addressing Modes

IMP

IMM

DIR

DIR, X

DIR,

Y| (DIR)

(DIR, X)| (DIR), Y.

L(DIR)|LOIR), Y

op| n

op n

op

n|#

op| n

#|op

ni#

op| n

#|op| n|#

op

ASRD #n
(Note 4)

Arithmetic shift to the right by n bits
(n=0to 31)

E
- [Pa1]... ool [C]

32

+mm

BBC
(Note 3)

if M(bitn)=0

then PC ~PC +cnt + REL (-128
to +127)

(cnt: Number of bytes of instruction)

16/8

BBCB

if M8(bit n) =0

then PC ~PC +cnt + REL (-128
to +127)

(cnt: Number of bytes of instruction)

BBS
(Note 3)

it M(bitn)=1

then PC —~PC +cnt + REL (-128
to +127)

(cnt: Number of bytes of instruction)

16/8

BBSB

if M8(bitn) =1

then PC ~PC+cnt+REL (-128 to
+127)

(cnt: Number of bytes of instruction)

BCC

if C=0
then PC~PC + 2 + REL (-128 to
+127)

BCS

ifC=1
then PC~PC + 2 + REL (-128 to
+127)

BEQ

if z=1
then PC-PC + 2 + REL (-128 to
+127)

BGE

if NOV=0
then PC~PC + 2 + REL (-128 to
+127)

BGT

if Z=0and NOV=0
then PC-PC + 2 + REL (-128 to
+127)

BGTU

if C=1landZ=0
then PC~PC + 2 + REL (-128 to
+127)

BLE

if Z=1orNOV=1
then PC-PC + 2 + REL (-128 to
+127)

BLEU

if C=0orz=1
then PC-PC + 2 + REL(-128 to
+127)

BLT

if NOV=1
then PC-PC + 2 + REL (-128 to
+127)
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Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
ole|o[N|o|e|e| e|e|Z|C
4119|541/ 9|6
5A 5E
52|84 (57|8 |5
41/ 9|5 [41/ 9|6
4A 4E|
428|447/ 8|5
90| 6| 2
BO| 6| 2
F0| 62
C0| 6|2
80| 6|2
40/ 6| 2
A0| 62
60 6|2
E0| 62
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Symbol

Function

Operation
length (Bit)

Addressing Modes

IMP

IMM A

DIR

DIR,

X|DIR, Y

(DIR)

(DIR, X)

(DIR), Y| L(DIR)

LDIR), Y

op| n

op| n

# |op

ni#

op n

#op

n|#

0P

op| n|#

BMI

ifN=1
then PC-PC + 2 + REL (-128 to
+127)

BNE

ifZ=0
then PC-PC + 2 + REL (-128 to
+127)

BPL

if N=0
then PC-PC + 2 + REL (-128 to
+127)

BRA/BRAL
(Note 5)

PC~PC+cnt+ REL

(BRA:—128 to +127,

BRAL: —32768 to +32767)

(cnt: Number of bytes of instruction)
PG-PG+1

(When carry occurs)

PG-PG-1

(When borrow occurs)

BRK
(Note 6)

PC-PC+2
M(S) - PG
S-S-1
M(S) - PCH
S-S-1
M(S) - PCL
S-S-1
M(S) - PSH
S-S-1
M(S) - PSL
S-S-1
l-1
PCL~ADL
PCH~ADwM
PG ~ 0016 or FF16

74

BSC
(Note 7)

if A(bitn) or M(bitn) =0

(n=0to 15), then PC - PC +cnt +
REL (128 to +127)

(cnt: Number of bytes of instruction)

16/8

A0 A0

0173|7111

BSR

(S)—PC+2
PC~PC + 2 + REL (-1024 to
+1023)

BSS
(Note 7)

if A(bitn) or M(bitn)=1(n=0to
15), then PC - PC + cnt + REL
(-128 to +127)

(cnt: Number of bytes of instruction)

16/8

017 3|71
80 80

1

BvVC

if V=0
then PC - PC + 2 + REL (-128 to
+127)

BVS

if v=1
then PC - PC + 2 + REL (-128 to
+127)

20-62

7906 Group User’'s Manual Rev.2.0




APPENDIX

Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
30/ 6(2
DO 6| 2
106 |2
2052
A7|5(3
ofef o/ o|e|o|e| o1 e
71/10(5
E
+
n
F8| 72
[
FF
71/10( 5
(6]
+
n
50 6| 2
70062

7906 Group User's Manual Rev.2.0 20-63



APPENDIX

Appendix 6. Machine instructions

Addressing Modes

Symbol Function Operation o™ ium | A | DIR |DIR, X|DIR, Y| (OIR) [©R, X)|©RR), Y[ LOIR)|LOR), ¥
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
CBEQ if Acc=IMM or M = IMM 16/8 A6 6|3 [41/ 9|5
(Notes 1 and | then PC — PC + cnt + REL(-128 to 6A
3) +127) "E
(cnt: Number of bytes of instruction) 6
CBEQB if Acc.=IMM8 or M8 = IMM8 8 A2 6]3]62|8| 4
(Note 1) then PC - PC + cnt + REL (128 to
+127) a1l 7
(cnt: Number of bytes of instruction) A2
CBNE if Acc#IMM or M # IMM 16/8 B6| 6|3 1[41|9|5
(Notes 1 and | then PC - PC + cnt + REL (-128 to A
3) +127) 81l 7
(cnt: Number of bytes of instruction) B6
CBNEB if Acc.# IMM8 or M8 # IMM8 8 B2|6|3(72(8| 4
(Note 1) then PC — PC+cnt+REL(-128 to
+127) 81l 7
(cnt: Number of bytes of instruction) -
CLC C-0 - 1411
CLI 1-0 - 153
CLM m-0 - 45/ 3
CLP PSi(bitn) -0 - 98| 4
(n =0 to 7. Multiple bits can
be specified.)
CLR Acc -0 16/8 54/ 1
(Note 1)
812
54
CLRB AccL 0016 8 44| 1
(Note 1)
81| 2
44
CLRM M~0 16/8 D252
CLRMB M8 — 0016 8 C2|5|2
CLRX X<0 16/8 E4|1
CLRY Y0 16/8 F4|1
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

H*

op| n|#|op| n|#|op| n| #|op| n|#|op|n|# |op| n|# |op| n|#|op| n|#op| n|#op| n|#]|op| n|#|op| n|#|op n|#|op|n|# |op| n|#]|op| n IPL [N|V|m|x|D|I|z|C

olo| o|N|V]|e|e|ole|Z|C

.|« |o | Specified flag

becomes “0.”
ololo|Ofo|ole]o]e]L]e
o|o|o[Ofe]o]e]ofe|2]e

D7|5 |3 oo o[ o|ofefo| ole|e]e
C7|5 |3 olelo|efo|e|o] oo |o]e
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Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function Tl IMP | IMM | A DIR |DIR, X|DIR, Y| (DIR) [(DIR, X)|(DIR), Y| L(DIR) [LDIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
CLV V-0 - 6511
CMP Acc-M 16/8 46]1 |2 4A| 3| 2(4B| 4] 2 11/6 (3 (11{7|3]11| 7|3 [11/8 |3 |11 9| 3
(Notes 1 and 40 41 48 42 49
2 8123 81)4|3(815|3 916 |3(91(7 {391 7|3(91| 8|3 (9193
46 47 48 40 41 48 ) 49
CMPB AccL— IMM8 8 3812
(Note 1)
812(3
38
CMPD E —M32 32 3C|3(5 BA| 6| 2(BB| 7|2 11/ 9 3(11|10 3|11{10| 3|11 (11| 3 [1112(3
BO Bl B8 B2 B9
CMPM M - IMM 16/8 51/5|4
(Note 3) 23
CMPMB M8 — IMM8 8 51| 5| 4
22
CMPMD M32 — IMM32 32 511 7(7
A3
CPX X-M 16/8 E6|1(2 2213(2
(Note 8)
CPY Y-M 16/8 F6|1|2 3232
(Note 8)
DEBNE M <M = IMM(IMM = 0 to 31) 16/8 C112| 4
(Note 4) if M # 0, then PC - PC + cnt + REL A0
(-128 to +127) +
(cnt: Number of bytes of instruction) imm
DEC Acc-Acc-1 16/8 B3|1|1(926|2(418|3
(Note 1) or 9B
M-M-1 81(2|2
B3|
DEX XeX=-1 16/8 E3[1(1
DEY Y-Y-1 16/8 F3|1 (1
DIV A (quotient) — (B,A)+M 16/8 31/15(3 21]16] 3|21/17|3 21118|3121/19| 3 [21/19| 3 (21]20| 3|21j21| 3
(Notes 2,9, | B (remainder) E7 EA EB EO Ell E8 E2 E9
and 10)
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Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
4E|3 |3 [4F| 4|3 (1115 |4 |11|5|5(11(6 |5 11/5(3|11/8/3 ele| o|N|V|eo|e| e |Z]|C]
46 4C 4D 43 44
814 |41(8115 41915419155 [91/6 |5 91151319183
4E 4F 46 4C 4D 43 44
ole| o[N|V]|e|e| e|e|Z|C
BE 6|3 [BF{7(3|11]8|4[11{8|5|11|9|5 1183 [11{11] 3 ole|o[NIV]|e|e| o] |Z]C]
B6 BC BD B3 B4
51| 5|5 ole|e|N|V]|e|e|ele|Z]C
21
5115|5 ole|e|N|V]|e|e|ele|Z]C
26
51178 olo| o|NIV|e|e|ele]|ZIC]
AT
411 4|4 ole|e|N|V]|e|o|ele|Z|C
2E,
41144 ele|e[NIV|ele|ele |Z]|C|
3E
DY11{ 5
EO
+
imm
97|6(3]41 8| 4 ofe|o|Nje|ole|e|e|Z]e
9F
o|o| o/ Nlo|eo|e] ofe|Z] o
ofe|o|Njo|o|o|efe|Z]e
21|16 |4 [21(17| 4|21(17| 4 |21]17|5 | 21|18 5 21]17|3{21/20| 3 ole|eIN|VIele|o|l |Z]C
EE EF, E6 EC ED) E3 E4
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Appendix 6. Machine instructions

Addressing Modes
. Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# [op| n|# [op| n|# [op n|#]|op| n|#|op| n|#|op n|#op| n|#op n|#|op|n|#|op n|#
DIVS A (quotient) —(B,A)+M 16/8 31|22|3 21123 3121|24| 3 21125|3121) 26| 3{21|26| 3|21|27| 3 21|28 3
(Notes 2,9, | B (remainder) (Signed) F7 FA FB FO F1 F8 F2 F9
and 10)
DXBNE X«X~=IMM (IMM =0 to 31) 16/8 0173
(Note 4) if X #0, then PC-PC + cnt + REL C0
(-128 to +127) +
(cnt: Number of bytes of instruction) imm
DYBNE Y<~Y-IMM (IMM =0 to 31) 16/8 0173
(Note 4) if Y20, then PC - PC + cnt + REL EO
(-128 to +127) +
(cnt: Number of bytes of instruction) imm
EOR Acc —AccOM 16/8 76|11 |2 7A| 312 |7B|4 |2 111 6(3(11] 7| 311731183 |11] 9|3
(Notes 1 and 70 71 78 72 79
2) 81(23 814 |3 81|53 91| 6{3{91(7 (3 (91|73 918|391/ 9|3
76 7A B 70 71 78 7 79
EORB AccL —~AccLOIMMB 8 33|12
(Note 1)
81(2 |3
33
EORM M ~MOIMM 16/8 517 |4
(Note 3) 73
EORMB M8 - M8JIMM8 8 517 |4
72
EORMD M32 - M320IMM32 32 51|10| 7
F3
EXTS Acc ~AccL (Extension sign) 16 3511
(Note 1) (Bit 7 of AccL = 0)
bis b7 bo
[ 00000000 |0 |
AccH Acc.
(Bit 7 of AccL = 1) 811212
bis b7 bo 35
[11111111 [1 |
AccH Acc.
EXTSD E —E(= A) (Extension sign) 32 31/5|2
(Bit 15 of A = 0) BO)
bis bo b1s bo
| 0000s [O |
En(B) E(A)
(Bit150f A=1)
b1s bo bis bo
| FFFFs |1
En(B) EL(A)
EXTZ Acc ~ Acct (Extension zero) 16 34111
(Note 1) bis bs b7 bo
[ 00000000 | \ 81|22
AccH Accu 34
EXTZD E — EL(= A) (Extension zero) 32 31|32
bis bo bis bo A0
| 0000ss ]
En(B) E(A)
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

op| n|#|op| n|#]|op| n| #|[op| n| #|op| n|# |op| n|# |op n|#|op| n|#]|op| n|#[op| n|#|op| n|#]|op| n|#[op n|#]|op| n|#op| n|#|op| n|#| IPL |N|V|m|x|D|I|Z|C
2112314 |21)24) 4|21\24) 412112415 |21)25| 5 2124 3 |2127| 3 elo|oINIV|ele| ol |Z]C
FE FF F6 FC| FD F3) F4
7E|3 |3 |7F| 4|3 |11|5|4|11|5|5]|11|6|5 11/5|3 [11/8 |3 ol ol o/ N|lo|oo| ofo|Z]e

76 7C D) 73 74
81414 (8115|4915 4]9115|5(91/6 |5 91153191183
7E 7F 76 7C 7D| 73 74

oo o|Nje|o|o|ole|Z]e

51|7 |5 oo o Nlo|o|o|ele|Z]e
7
51|7 |5 ole|o|Njo|e|o|ele|Z]e
76
51110| 8 ole|o|Njo|o|o|e]s|Z]e
F7
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Symbol

Function

Addressing Modes

Operation MP | MM A

DIR, X|DIR, Y| (DIR)

(DIR, X)

(DIR), Y,

L(DIR)

LDIR), Y

length (Bit) on| n[# op [ # [op

=
+H
[=)

=

#|op| n|#|op| n|#|op n|#

op| n

# op)

op

INC
(Note 1)

Acc—~Acc+1
or
MM+ 1

16/8 A3[ 1] 1182

812|2
A3

21411 8] 3
8B|

INX

XeX+1

16/8 C3/1|1

INY

Y-Y+1

16/8 D31 |1

JMP/IMPL

When ABS specified
PCL~ADL
PCH~ADM

When ABL specified
PCL~ADL
PCH~ADM

PG —~ADH

When (ABS) specified
PCL — (ADwm, ADL)
PCH « (ADm, ADL + 1)

When L(ABS) specified
PCL — (ADwm, ADL)

PCH « (ADm, ADL + 1)
PG~ (ADm, ADL + 2)

When (ABS,X) specified
PCL — (ADwm, ADL + X)
PCH— (ADM,ADL+ X + 1)

JSR/IJSRL

When ABS specified
PC~PC+3

M(S) —PCH

S-S-1

M(S) - PCL

S-S-1

PCL~ADL
PCH~ADM

When ABL specified
PC-PC+4
M(S) - PG
S-S-1
M(S) — PCH
S-S-1
M(S) - PCL
S-S-1
PCL~ADL
PCH ~ADM
PG ~ ADH

When (ABS,X) specified
PC-PC+3

M(S) — PCH

S-S-1

M(S) - PCL

S-S-1

PCL (ADw, ADL + X)
PCH— (ADm, ADL + X + 1)

LDA
(Notes 1 and
2)

Acc M

16/8 16/1|2 1A

10

17

11

812|3 81
16 1A

1B 10

97
1

18

91
12

19

LDAB
(Note 1)

Acc — M8 (Extension zero)

16 28|12 0A

N

0B 4|2 1116 (3
00

17
01

11
02

8112 |3 81
28 0A

0B 00

9 7
01

08

91

02

09
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Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
87/6/3|41/ 8|4 ofo|o|N|e|o|o|ole|Z]e
8F
oo | o[N|o|e|e| ofe|Z]e
oo |o|Njo|o|o]|ele|Z]e
9C 4|3 AC|5 |4 311 714|3119|4BC/7 |3
5C 5D
P 6|3 AD| 7 |4 BD| 8 |3
[(E|3 |3 [IF{ 4|3 |11|5|4 |1C| 4| 4|1D| 5|4 11/5(3(11| 8|3 oo fo|N|o |olo|ele |Z]e
16 13 14
81| 4|41(81{5(4(915| 4|81 5|5|816|5 91/ 5]391(8 |3
1E 1F 16 1C 1D 13 14
OE| 3|3 |OF| 4|3 [11|5|4|0C| 4| 4|0D| 5|4 11/5| 3(11) 8|3 olefo|O]e|ole|ele|Z]e
06 03 04
8114|4181 5| 4|91 5] 4/81)5/5(81|6|5 91 5| 3|91(8 |3
0E OF 06 0C 0D| 03 04

7906 Group User's Manual Rev.2.0 20-71



APPENDIX

Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function Tl IMP | IMM | A DIR |DIR, X|DIR, Y| (DIR) [(DIR, X)|(DIR), Y| L(DIR) [LDIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
LDAD E -~ M32 32 2C| 3|5 BA|6|2(8B|7 |2 1119 | 3|11)10| 3|88 9|2 [11|11| 3 (89| 11| 2
80 81 82
LDD n DPRnN ~IMM16 16 B8[13| 4
(Notes 11 (n =0 to 3. Multiple DPRs can 20
and 12) be specified.) ash| 2
20|+ |+
2i|2i
LDT DT ~IMM8 8 311413
4A
LDX XM 16/8 Ce| 1|2 0232 4115(3
(Note 8) 05
LDXB X ~IMM8 (Extension zero) 16 27112
LDY Y-M 16/8 D6|1 |2 1232|415 (3
(Note 8) 1B
LDYB Y —IMM8 (Extension zero) 16 37/1|2
LSR Logical shift to the right by 1 bit 16/8 4311|121 7(3(21(8]|3
(Note 1) 27 2B
m=0
Acc or M16
0 [bs]...]bo] - C
m=1 81 2|2
Acc. or M8 43
0-[b7l...Jpo] - C
LSR #n Logical shift to the right by n bits (n = 16/8 Cl 6|2
(Note 4) 0to 15) +
imm
m=0
A
0 [bs]...]bo] - C
m=1
AL
0- -C
LSRD #n Logical shift to the right by n bits (n = 32 D1 8|2
(Note 4) 0to31) +
E mm
0- bbail...Jbo].C | |
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Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
8E| 6|3 |8F| 7|3 |11|8|4[8C| 7|4(8D| 8|4 11| 8| 3]11{1, 3 ole|o|Nje|ole]|o|e|Z]e
86 83 84
07/ 3|3 41| 5] 4 ole|o[Njo|ole|o|e|Z]e
06
ole|eOfe]e|e]o]e|Z]e
17/ 3|3 (4154 ole|o[Njo|ole|o|e|Z]e
1F
ole|o|Qle|ole]o|e|Z]e
217|421/ 8] 4 olelelO]e|e]e|ole|Z]C
2E 2F
olelelO]e|e]e|o|e|Z]C
olelelO]e|e]e|o|e|Z]C
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) Destination
Symbol Function Operation mP [ mm [ A [ bR [DIR x[DIR, Y] (DIR) [@IR, %)|(OIR), Y] LOIR) |LOR),
length (Bif) op[n|#op| n|#[op| n|#|op n|#|op| n|#|op n|#|op| n|#|op| n|#|op| n|#op n|#|op| n
MOVM m=0 16/8 IMM 86| 5|3 (31 7|4
(Note 2) M16(dest) — M16(source) 47
m=1 DIR %63
M8(dest) — M8(source) ®
(]
3 [DIR, X
[}
ABS 5C| 6|4
ABS, X 5D| 7| 4
MOVMB M8(dest) — M8(source) 8 IMM A9 5|3(31) 7|4
3A
DIR 48/ 63
[}
e
S |DIR, X
o
%}
ABS 4C| 6|4
ABS, X 4D 714
MOVR m=0 16/8 6132
(Notes 7 and | M16(destl) — M16(sourcel) IMM 10 +] +
13) . . +(5n|2n
: : n
M16(dest n) — M16(source n)
6132
m=1 DIR 50( +| +
M8(dest1) —M8(sourcel) +]6n|2n
. . n
M8(dest n) — M8(source n) ®
£ [DR, x
(n=0to 15) 8
61/ 3(2
90| +| +
ABS +(6n3n
n
71/3]2
10[+ |+
ABS, X +|6n[3n
n
MOVRB M8(destl) —M8(sourcel) 8 61312
(Note 7) IMM OB 5+n 2*['1
M8(dest n) — M8(source n) n
(n=to 15) 2(1) 3 3
DIR +|6n|2n
n
[}
o
5 |DIR, X
o
%}
6132
80| +| +
ABS +16n|3n
n
7132
00[ +| +
ABS, X +|6n[3n
n
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Destination Processor Status register

ABs [ABs, X|ABS, Y| ABL [ABL, X | (ABS) [L(ABS)|ABS, ] STK | REL [oiRb,RjpBs,b.R| SR [(SR), Y| BLK | MAA [10]9[8]7]6[5]4]3]2]1]o

n|#[op| n|#[op| n| #[op n|#[op| n|# |op| n|# [op n|#|op| n|#|op| n|#|op| n|#|op| n|#|op| n|#|op n|#op/ n|#op n|#op n|#| IPL |N|V|m|x|D|I|Z|C

414131/ 6|5 oo o|e|o]ofo] ofe|e]fe
57|

8

79

7C

B9

68

69

6C

+ w

an

+ w

5n

w

+ w

5n
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Appendix 6. Machine instructions

Addressing Modes
. Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
MPY (B,A)-AOM 16/8 3183 21191312110 3 21|11 3(21|12| 3|21|12| 3|21|13| 3(21|14|3
(Notes 2 and C7 CA CB Co Cy C8 C2 C9
14)
MPYS (B, A)—A 0O M (Signed) 16/8 31183 2119 131]21/10| 3 211111 3|21)12| 3|21|12| 3|21|13| 3|21|14| 3
(Notes 2 and D7 DA DB| DO DY D8 D2 D9
14)
MVN M(Y + K) « M(X + K) 16/8
(Note 15) k=0toi—1
i- Number of transfer bytes
specified by accumulator A
MVP M(Y-k) « M(X-K) 16/8
(Note 16) k=0toi-1
i- Number of transfer bytes
specified by accumulator A
NEG Acc — —Acc 16/8 24101
(Note 1)
81122
24
NEGD E- -E 32 314|2
80
NOP PC-PC+1 - 74101
When catty occurs in PC
PG-PG+1
ORA Acc — Acc[M 16/8 56 1|2 5A| 3|2 [5B| 4|2 1116(3 |11 7|3 |11) 7|3 (111831193
(Notes 1 and 50 51 58 52 59
2 8123 81143 181(53 91|63 (91 7|3(917|3(91|8(3{91 9| 3
56 5A| 5B 50 51 58 52 59
ORAB Acct — Acc.[IMM8 8 63|12
(Note 1)
81)2|3
63
ORAM M MMM 16/8 517 |4
(Note 3) 33
ORAMB M8 - M8[IMM8 8 517 |4
32
ORAMD M32 - M32[IMM32 32 51{10| 7
B3|
PEA M(S) « IMMH 16
S-S-1
M(S) « IMML
S-S-1
PEI M(S) = M((DPRn) + dd + 1) 16
S-S+1
M(S) — M((DPRn)+dd)
S-S-1 (n=0to 3)

20-76 7906 Group User's Manual Rev.2.0



APPENDIX

Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|# [op n|#|op| n|#]|op| n|#op| n|# [op| n|# |op| n|#|op| n|#|op| n|# |op| n|#op| n|# |op| n|#|op n|#]|op| n|#op| n|#|opn|#| IPL |N|V|m|x|D|I|Z|C
21|19 |4 [2110|4{21/10| 4|21/10| 5{21]11| 5 21)10| 3(21/13 3 elo|eN|e|ole]e|e|Z]0
CE CF| C6 cC CD C3 C4
2119 |4 [21{10{ 4|21/10| 4[2110(5 |21[11| 5 21/10| 3 {21133 ole|eN|e|ole|ole|Z]O
DE| DF D6 DC DD D3 D4
3154
2B| +
5i
31194
2A| +
5i
ele|o|N|V|e|e|ele|ZIC
ele [o|[NV|ele|e|e|Z|C
5E| 3|3 |5F| 4]3|11| 54 |11|5|5|11|6|5 11/5/3|11/8]3 oo o[Nje|o|o|olel|Z]e
56 5C 5D 53 54
8114|4811 5|4(9115/4(91/5|5(91/6|5 91/ 5(391/ 8|3
5E 5F 56 5C 5D) 53 54
efe|o|Njo|o|o|e|e]|Z]e
5117 |5 oo o Njo|e|o|efe|Z]e
37
517 |5 ole | oN|o|olo]|e|o|Z]e
36
51]10| 8 oo [o|Njo |olo]|e]e|Z]e
B7
3154
4C
311713
4B

7906 Group User's Manual Rev.2.0 20-77



APPENDIX

Appendix 6. Machine instructions

Symbol

Function

Addressing Modes

Operation

IMP | IMM A DIR

DIR, X

DIR, Y

(DIR)

(DIR, X)

(DIR), Y,

L(DIR)

LDIR), Y

length (Bit)

=
+H

op| n|# [op| n|# |op) op n

op| n

# |op

ni#

op n

#op

n|#

0P

op| n|#

PER

EAR —PC + IMM16
M(S) — EARH
S.s-1

M(S) — EARL
S-s-1

16

PHA

m=0
M(S) — AH
S-S-1

16/8

PHB

16/8

PHD

M(S) — DPROH
S-s-1
M(S) — DPROL
S.s-1

16

PHD n
(Note 11)

M(S) — DPRnH
S-S-1
M(S) - DPRnL
S-S-1 (n=0to 3)
When multiple DPRs are
specified, the above
operations are repeated.

16

PHG

M(S) - PG
Scs-1

PHLD n
(Note 11)

M(S) — DPRnH
S-S-1

M(S) — DPRnL
S-S-1
DPRN—IMM16 (n=0to 3)
When multiple DPRs are
specified, the above
operations are repeated.

16

PHP

M(S) - PSH
S-S-1
M(S) - PSL
S-S-1

16

PHT

M(S) ~DT
S-S-1

20-78

7906 Group User’'s Manual Rev.2.0




APPENDIX

Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS [ABS, X|ABS, Y| ABL [ABL, X| (ABS) |L(ABS)((ABS, X)) STK | REL [DIR,b,RIABS,b,Rl SR |(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C

31/ 6|4
4D

8541
8152
85

83|41
B8|12| 2
01

OF

B8|L1|2

01+

[0

OF

31 4|2
60

B84 4
01

[

OF

B8|11| 2

01|+ | +

|13i2i

OF

A5[ 41
31 4|2
40

7906 Group User's Manual Rev.2.0 20-79



APPENDIX

Appendix 6. Machine instructions

Symbol

Function

Operation
length (Bit)

Addressing Modes

IMP

IMM

A DIR

DIR,

X|DIR, Y

(DIR)

(DIR, X)

(DIR), Y| L(DIR)

LDIR), Y

op| n

=
+H

op op n

op| n

# |op

ni#

op n

#op

n|#

0P

op| n|#

PHX

16/8

PHY

16/8

PLA

m=0

S-S+1
AL - M(S)
S-S+1
AH - M(S)

m=1
S-S+1
AL~ M(S)

16/8

PLB

m=0

S-S+1
BL ~ M(S)
S-S+1
BH ~ M(S)

m=1
S-S+1
BL — M(S)

16/8

PLD

S-s+1
DPROL — M(S)
ScS+1

DPROH — M(S)

16

PLDn
(Notes 11 and
12)

S-S+1
DPRNL — M(S)
S-S+1
DPRnH —M(S) (n=0to 3)
When multiple DPRs are specified,
the above operations are
repeated.

16

PLP
(Note 22)

S-S+1
PSL - M(S)
S-S+1
PSH~M(S)

16

PLT

S-S+1
DT <« M(S)
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS |ABS, X|ABS, Y| ABL |ABL, X | (ABS) |L(ABS)|(ABS, X)) STK | REL [DIR,b,R}ABS,b,R| SR [(SR), Y| BLK | MAA 10\9\8 7|6(5(4[3]2|1]0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C

Co 4|1 olefolelo|olo]|o|o]e]e

E5/ 4|1 ele|ofeloofe|olo]e]e

95411 olo| o[ N|o|e|o|ele|Z]e

81|52 oo o[ N|o|o|o|ele|Z]e

95

93|51 ole|ofelofofe|olo]ele

7711 2 oo fo|ofo|e|o]ofo]|ole

20

77 8(2

20|+

3i

B5| 5|1 Value restored from

stack
3162 ole|o[Njo|e|o|elo|Z]e
50
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Appendix 6. Machine instructions

Symbol

Function

Operation
length (Bit)

Addressing Modes

IMP

IMM

DIR

DIR,

X|DIR, Y

(DIR)

(DIR, X)

(DIR), Y| L(DIR)

LDIR), Y

op| n

op

=

0p

op| n

# |op

ni#

op n

#op

n|#

0P

op| n|#

PLX

x=0

S-S+1
XL« M(S)
S-S+1
XH ~M(S)

x=1
S-S+1
XL« M(S)

16/8

PLY

x=0

S-S+1
YL -M(S)
S-S+1
YH~M(S)

x=1
S-S+1
YL ~M(S)

16/8

PSH
(Note 17)

M(StoS—i+1)<A, B, X...

S—S—i

i Number of bytes corresponding
to register pushed on stack

16/8

PUL
(Notes 18
and 22)

A B, X...cM(S+1toS+1i)

S-S+i

i Number of bytes corresponding
to register restored from stack

16/8

RLA
(Note 3)

Rotate to the left by n bits
m=0 (n=0to 65535)

e

| b1s -
m=1 (n=0to 255)

oo

- -

16/8

31
07

+ o

RMPA
(Note 19)

m=0
Repeat
(B, A) (B, A) + M(DT:X)O
M(DT:Y) (Signed)
XeX+2
YeY+2
i—i—-1
Until i=0

m=1
Repeat
(B, AL) « (BL, AL)+M(DT,X)
M(DT,Y) (Signed)
XeX+1
Y-Y+1
iei—1
Until i=0

i Numder of repetitions (0 to 255)

16/8
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Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS |ABS, X|ABS, Y| ABL |ABL, X| (ABS) [L(ABS)|(ABS, X)] STK | REL [DIR,b,RABS,b,R| SR [(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4(3/2]1|0
op| n|# [op| n|#[op| n|#]|op| n|#[op| n|# [op| n|# |opl n|#|op| n|#[op| n|# |op| n|#[op| n|# |op| n|#|op n|#|op| n|#[op| n|#|opn{#| IPL |N|V|m|x|D|I|Z|C
D5 4|1 oo o|Nje|o|o|slel|z]s
F5/ 41 ofe|o|Njo|o|o|e|le|Z]e
AB|11| 2
+
2t+ 2
67|13( 2 When the contents of PS
+ is restored, this becomes
3iL the value. In the other

cases, nothing changes.

31
SA| +
14imm

o
w
=2
<
.
N
[¢]
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Appendix 6. Machine instructions

Addressing Modes

Symbol Function Operation o™ ium | A | DIR |DIR, X|DIR, Y| (OIR) [©R, X)|©RR), Y[ LOIR)|LOR), ¥
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
ROL Rotate to the left by 1 bit 16/8 13|1(1(21)7|3]21/8(3
Note 1
( ) m=0 1A 18
Acc or M16
[bss]...]bo] - [€] -
m=1 81/2 2
Acc. or M8 13
—|b7 lm - -
ROL #n Rotate to the left by n bits (n =0 to 16/8 Cl 6|2
(Note 4) 15) 60| +
m=0 + imm
A imm
m=1
A
[br[..Joo] - [c ] -
ROLD #n Rotate to the left by n bits (n =0 to 32 D1/ 8|2
(Note 4) 60| +
+imm
imm
ROR Rotate to the right by 1 bit 16/8 5311|1217 /3]218|3
Note 1 3B
(Note 1) m=0 3A
Acc or M16
m=1 81( 2|2
Acc. or M8 53
~[Cl-[b7]..Joo -
ROR #n Rotate to the right by n bits (n =0 to 16/8 Cl 6|2
(Note 4) 15) 20|+
+imm
m=0 imm
A
m=1
AL ‘
~[CJ-[br]...[oo]-~
RORD #n Rotate to the right by n bits (n =0 to 32 D1 8|2
(Note 4) 31) PO | +
’E—‘ +imm
~[bai]...[bo]-[C] - m
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Appendix 6. Machine instructions

Addressing Modes

Processor Status register

ABS |ABS, X

L(ABS)|(ABS, X)| STK | REL |DIR b,R|ABS,b,R| SR |(SR), Y

10/9[8] 7[6[5]4]3]2[1]o

#|op| n|#|op| n| #|op| n|#|op| n|# |op| n|# |op n|#|opl

IPL [N|Vim|x|D|I|Z|C

3E

3F

21|7 |4 |21 ol oNle]olelo]elz]c
1E 1F
ole|e|N|s|o|e| o elzlC
o|eNJo|e|e]e|le|Z|C
21|7 |4 |21|8
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Appendix 6. Machine instructions

Addressing Modes

Operation

Symbol Function IMP | IMM | A | DIR |DIR,X|DIR, Y| (DIR) |(DIR, X)|(DIR), Y| L(DIR) |LDIR), Y

length (Bit)

=
+H

op| n|# [op| n|# |op) op| n| #[op| n|# |op| n|#|op| n|#|op| n|#]|op| n|#]|op| n|#|op| n|#

RTI S-S+1 — F1j12| 1
PSL-M(S)
S-S+1
PSH~M(S)
S-S+1
PCL~M(S)
S-S+1
PCH~M(S)
S-S+1
PG -M(S)

RTL S-S+1 — 94/10( 1
PCL~M(S)
S-S+1
PCH~M(S)
S-S+1
PG -~ M(S)

RTLD n S-S+1 16
(Notes 11 and| DPRnL — M(S)

12) S.S+1

DPRNH —M(S)

S-S+1

PCL -~ M(S)

S-S+1

PCH~ M(S)

S-S+1

PG —M(S). (n=0to 3. Multiple DPRs
can be specified.)

RTS S-S+1 — 84|71
PCL~M(S)
S-S+1

PCH~M(S)

RTSD n S-S+1 16
(Notes 11 and| DPRnL — M(S)

12) S-S+1

DPRNH — M(S)

S-S+1

PCL~M(S)

S-S+1

PCH « M(S), (n=0to 3. Multiple DPRs
can be specified.)

SBC Acc—Acc-M-C 16/8 3133 2115(3|21 6|3 21171321 8|3(21|8|3|21|9|321]10|3
(Notes 1 and A7 IAA AB A0 Al A8 A2 A9

2 B13|3 AL|7|3|AL 8|3 Al| 9| 3|A1/10| 3[A1]10| 3|AL|11| 3|ALj12| 3
AT AA AB A0 Al A8 A2 A9

SBCB Acct — AccL— IMM8 — C 8 31(313
(Note 1) 1B

B1/3|3
1B

SBCD E-E-M32-C 32 311416 211 7/3(2118|3 2119 (3 (21)10] 3]21/10|3 |21 (11| 3 |21/12|3

SEC C-1 - 04111

SEI -1 - 0541
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Appendix 6. Machine instructions

Addressing Modes

Processor Status register

ABS

ABS, X

ABS, Y

ABL, X

L(ABS)|(ABS, X)| STK | REL |DIR b,R|ABS,b,R| SR |(SR), Y

10/9[8] 7[6[5]4]3]2[1]o

op

op

op

#|op| n|#|op| n| #|op| n|#|op| n|# |op| n|#|op n|#|op| n

IPL [N|Vim|x|D|I|Z|C

Value restored from
stack

7715| 2
2C

7712| 2
2 +
3i

771412
78

71 2
28|+
3i

21 21 21 21 21 211 6| 3(21|9 ele|o|[N[V]|e|o|ele|ZIC
AE IAF A6 IAC| AD A3 A4
Al Al Al AL Al Al 83 |AL]lL
AE| IAF A6 IAC IAD A3 Ad

olo| o|N|V]|elelole|ZIC
21 21 21 21 21 21| 813 |21|11] ole [NV |e|e|slelz|C
BE BF B6 BC BD| B3 B4
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Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# |op| n|# |op| n|#|op n|#|op| n|#|op| n|#[op n|# #1lop| n|#|op| n|#|op| n|#
SEM m~1 - 25131
SEP PSi(bit n) « 1 - 99|32
(n=0, 1, 3to 7. Multiple bits can
be specified.)
STA M ~Acc 16/8 DA 4|2 (DB 5| 2 11|73 3(Dg 7| 2[11|9|3|D9 9|2
(Note 1) DO D2
8115]318163 9173 3181 8{ 3919 381|103
DA DB| DO D§ D2 D9
STAB M8 ~ Acce 8 ICAl 4| 2|CB 5| 2 11|73 31|C8 7| 2|11/ 9| 3[{C9 9|2
(Note 1) co C2
81/ 5|3(81 6|3 91 7|3 3181 8{ 3919 |3(81|10|3
CA CB CO C8 C2 C9
STAD M32 ~E 32 EA| 6| 2|EB| 7| 2 11/9 (3 3|E8| 9| 2|11\11| 3 [E9 11| 2
EO0 E2
STP Oscillation stopped - 31|- (2
30
STX MX 16/8 E2|4 41/6|3
F5
STY MY 16/8 F2|4 |2 (41163
FB
SuB Acc—~Acc—M 16/8 36|12 3A| 3| 2|3B[ 4|2 11163 3117|3118 (31193
(Notes 1 and 30 38 32 39
2 8123 81/ 4|3|815|3 91|63 3(91 7{3|91|8|3]91/9 3
36 3A 3B 30 38 32 39
SUBB AccL —AccL— IMM8 8 3912
(Note 1)
8123
39
SUBD E-E - M32 32 3D| 3|5 IAA| 6| 2|AB| 7|2 11/9 (3 3(11/10 3 (11113 |11]12|3
A0 A8 A2 A9
SUBM MM - IMM 16/8 51| 7
(Note 3) 13
SUBMB M8 —~ M8 — IMM8 8 51| 7
12
SUBMD M32 - M32 — IMM32 32 51(10
93

20-88

7906 Group User’'s Manual Rev.2.0




APPENDIX

Appendix 6. Machine instructions

Addressing Modes Processor Status register
ABS |ABS, X|ABS, Y| ABL |ABL, X| (ABS) [L(ABS)|(ABS, X)] STK | REL [DIR,b,RABS,b,R| SR [(SR), Y| BLK | MAA 10‘9‘8 7/6/5(4|3|2|1(0
op| n|#|op| n|#]|op| n| #|[op| n|#|op| n|# |op| n|# |op n|#op| n|#|op| n|#[op| n|#|op| n|#|op| n|#[op n|#]|op| n|#op| n|#opi n|{#| IPL |N|V|m|x|D|I|Z|C
« |+ | «| Specified flag
becomes “1”
(Note 21).
DE| 4| 3|DF{5 {3 |11{6|4 [DC/ 5|4 |DDI 6| 4 11/6 (3 (11|93
D6 D3 D4
8115481/ 6|4(91/6|4]81{6(5(81|7|5 91/6(3]91/9/ 3
DE DF D6 DC DD D3 D4
ICE| 4 | 3CF|5 |3 |11]6 |4 CC| 5|4 |CD|6 |4 11/ 6 (311|193
C6 C3 C4
81|5|4|81| 64916 4(81|6|5(81| 7|5 91/ 6(3(91/ 9|3
ICE CF| C6 CC CD C3 C4|
EE| 6| 3|EF|7 |3 |11|8 |4 [EC| 7|4 [ED|8 |4 11183 [11[11]3
E6 E3 E4
E7| 4|3 efe|e|ofe|ofo|efle]e]e
F7) 413
3E|3| 3|3F|4 |3 |11|5 |4 [11]| 5|5 (11|65 11/5]3]11(8|3 olo| o|N|V]|e|le|ole|ZIC
36 3C 3D 33 34
81| 4|4181{5(4(91|5| 4[91|5|5/91| 6|5 91/ 5(31(91/8/3
3E 3F 36 3C 3D 33 34
ole| o[N|V]|e|e|ee|Z|C
AE| 6| 3|AF 7 (3 (11|84 |11|8|5|11{9|5 11183 [11[11]3 ofle|e[NIV|e|e|oe|Z|C
A6 AC AD A3 Ad
51/ 7|5 ele|eN|V|ele|ele|Z|C
17
51175 elo| o|NIV|e|e|ele|ZlC
16
51/10(8 elo| o|NIV|e|e|ele|Z|C
97
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Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
SUBS S-S-IMM8 16 312|3
0B
SUBX XeX=IMM (IMM =0 to 31) 16/8 012|2
(Note 4) 40
+
imm
SUBY Y <Y -IMM (IMM =0 to 31) 16/8 012|2
(Note 4) 60
+
imm
TADn DPRn~A (n=0to 3) 16 3113|2
(Note 20) n2
TAS S-A 16 31)2|2
82
TAX XA 16/8 C4 1)1
TAY YA 16/8 D411
TBDn DPRn~B (n=0to 3) 16 B1|3|2
(Note 20) n2
TBS S-B 16 Bl 2|2
82
TBX X<B 16/8 81 2|2
C4
TBY Y~B 16/8 8122
D4
TDAN A~DPRn(n=0to 3) 16/8 31 2|2
(Note 20) 40
+
n2
TDB n B~DPRn (n=0to 3) 16/8 B1/2|2
(Note 20) 40
+
n2
TDS S~ DPRO 16 312|2
73
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

H*

op| n|#|op| n|#|op| n| #|op| n|#|op|n|# |op| n|# |op| n|#|op| n|#op| n|#op| n|#]|op| n|#|op| n|#|op n|#|op|n|# |op| n|#]|op| n IPL [N|V|m|x|D|I|z|C

elo|eINIV|e|e|o|e|ZIC
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Appendix 6. Machine instructions

Addressing Modes
’ Operation
Symbol Function | IMP | IMM | A | DR |DIR X|DIR, Y| (DIR)|(DIR, X)|(DIR), Y| L(DIR)|L(DIR), Y
length (Bit) op| n|# |op| n|# |op| n|# |op n|#|op| n|#|op| n|#[op n|#]|op| n|#|op| n|#|op| n|#|op n|#
TSA A-S 16/8 312
92
TSB B-S 16/8 B1| 2
92
TSD DPRO~S 16 314
70
TSX XS 16/8 312
F2
TXA A-X 16/8 Ad| 1
TXB B-X 16/8 812
A4
TXS SX 16/8 312
E2
TXY Y X 16/8 312
C2
TYA A-Y 16/8 B4l 1
TYB B-Y 16/8 81| 2
B4
TYX XY 16/8 312
D2
WIT CPU clock stopped - 31| -
10
XAB ASB 16/8 55| 2
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Appendix 6. Machine instructions

Addressing Modes Processor Status register

ABS [ABS, X|ABS, Y[ ABL [ABL, X[ (ABS) |L(ABS)[(ABS, | STK | REL [oiR,b,RjABs,b.R[ SR [(SR), Y] BLK [ Ma [10[0]8]7]6[5]4]3]2[1]o

H*

op| n|#|op| n|#|op| n| #|op| n|#|op|n|# |op| n|# |op| n|#|op| n|#op| n|#op| n|#]|op| n|#|op| n|#|op n|#|op|n|# |op| n|#]|op| n IPL [N|V|m|x|D|I|z|C

elo o[Nje|o|o|olol|Z]e
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Notes for machine instructions table

The table lists the minimum number of instruction cycles for each instruction. The number of cycle is

changed by the following condition.

* The value of the low-order bytes of DPR (DPRnNL)
The number of cycle of the addressing mode related with DPRn (n = 0 to 3) is applied when DPRn = 0.
When DPRn # 0, add 1 to the number of cycles.

« The number of bytes of instruction which fetched into the instruction queue buffer

e The address at read and write of memory (either even or odd)

*« When the external area accessed in BYTE = Vcc level (at external data bus width 8 bits)

e The number of wait

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

Note

1.

2.

3.

4.

5.

6.

7.

10.

11.

12.

13.

14.

The op code at the upper row is used for accumulator A, and the op code at the lower row is
used for accumulator B.

When handing 16-bit data with flag m = 0 in the immediate addressing mode, add 1 to the numder
of bytes.

When handing 16-bit data with flag m = 0, add 1 to the numder of bytes.
Imm is the immediate value specified with an operand (imm = 0-31).

The op code at the upper row is used for branching in the range of —128 to +127, and the op
code at the lower row is used for branching in the range of —32768 to +32767.

The BRK instruction is a instruction for debugger; it cannot be used.
Any value from O through 15 is placed in an “n.”

When handling 16-bit data with flag x = 0 in the immediate addressing mode, add 1 to the numder
of bytes.

The number of cycles is the case of the 16-bit + 8-bit operation. In the case of the 32-bit +
16-bit operation, add 8 to the number of cycles.

When a zero division interrupt occurs, the number of cycles is 16 cycles. It is regardless of the
data length.

When placing a value in any of DPRs, the op code at the upper row is applied. When placing
values to multiple DPRs, the op code at the lower row is applied. The letter “i” represents the
number of DPRn specified: 1 to 4.

A “?” indicates to the value of 4 bits which the bit corressing to the specified DPRn becomes “1.”

When the source is in the immediate addressing mode and flag m = 0, add n (n = 0 to 15) to
the number of bytes.

The number of cycles of the case of the 8-bit 00 8-bit operation. In the case of the 16-bit O
16-bit operation, add 4 to the number of cycles.
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Note 16.

Note 17.

Note 18.

Note 19.

Note 20.
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The number of cycles is the case where the number of bytes to be transferred (i) is even.
When the number of bytes to be transferred (i) is odd, the number is calculated as;
50i+ 10

The number of cycles is the case where the number of bytes to be transferred (i) is even.

When the number of bytes to be transferred (i) is odd, the number is calculated as;
50i+ 14

Note that it is 10 cycles in the case of 1-byte thanster.

i1 is the number of registers to be stored among A, B, X, Y, DPRO, and PS. iz is the number of
registers to be stored between DT and PG.

Letter “i1” indicates the number of registers to be restored.
The number of cycles is applied when flag m = “1.” When flag m="0,” the number is calculated
as;

18 O imm + 5

Any value from 0 through 3 is placed in an “n” in op code.”
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Appendix 7. Countermeasure against noise

General countermeasure examples against noise are described below. Although the effect of these
countermeasure depends on each system.

The user shall modify them according to the actual application and test them.

1. Short wiring length
The wiring on a printed circuit board may function as an antenna which feeds noise into the microcomputer.
The shorter the total wiring length (by mm unit), the less possibility of noise insertion into the microcomputer.

(1)

Wiring for RESET pin

Make the length of wiring connected to the RESET pin as short as possible.

In particular, connect a capacitor between the RESET pin and the Vss pin with the shortest possible
wiring (within 20 mm).

Reason: If noise is input to the RESET pin, the microcomputer restarts operation before the internal
state of the microcomputer is completely initialized. This may cause a program runaway.

Reset f 4 Reset
circuit ¢ RESET circuit T RESET
Vss Vss Vss - Vss

Not acceptable
Acceptable

Fig. 2 Wiring for RESET pin

(2)

Wiring for clock input/output pins

e Make the length of wiring connected to the clock input/output pins as short as possible.

e Make the length of wiring between the grounding lead of the capacitor, which is connected to
the oscillator, and the Vss pin of the microcomputer, as short as possible (within 20 mm).

e Separate the Vss pattern for oscillation from all other Vss patterns. (See Figure 10.)

Reason: The microcomputer’'s operation
synchronizes with a clock generated
by the oscillation circuit.

If noise enters clock I/O pins, clock Noise
waveforms may be deformed. This
may cause a malfunction or a M37906 M37906
program runaway.

Also, if the noise causes a potential
difference between the Vss level of

: = XIN ney PN
the microcomputer and the Vss level s XouT FXouT
of. an oscillator, the correlct clock \VsS Vss
will not be input in the 77
microcomputer.

Not acceptable Acceptable

Fig. 3 Wiring for clock input/output pins
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(3) Wiring for MDO and MD1 pins
Connect MDO and MD1 pins to the Vss pin (or Vcc pin) with the shortest possible wiring.

Reason: The processor mode of the
microcomputer is influenced by a M37906
potential at the MDO and MD1 pins
when the MDO and MD1 pins and MD1 / MD1
the Vss pin (or Vcc pin) are i
connected. MDO
If the noise causes a potential
difference between the MDO and
MD1 pins and the Vss pin (or Vcc
pin), the processor mode may o+
become unstable. This may cause Not Acceptable Acceptable
a microcomputer malfunction or
a program runaway.

Noise M37906

MDO

Vss Vss

Fig. 4 Wiring for MDO and MD1 pins

2. Connection of bypass capacitor between Vss and Vcc lines

Connect an approximate 0.1 uF bypass capacitor as follows:

e Connect a bypass capacitor between the Vss and Vcc pins, at equal lengths.

e The wiring connecting the bypass capacitor between the Vss and Vcc pins should be as short as
possible.

e Use thicker wiring for the Vss and Vcc lines than that for the other signal lines.

Bypass capacitor

Wiring pattern Wiring pattern

by

M37906

Fig. 5 Bypass capacitor between Vss and Vcc lines
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3. Wiring for analog input pins, analog power source pins, etc.
(1) Processing for analog input pins
e Connect a resistor to the analog signal line, which is connected to an analog input pin, in series.
Additionally, connect the resistor to the microcomputer as close as possible.
e Connect a capacitor between the analog input pin and the AVss pin, as close to the AVss pin as
possible.

Reason: A signal which is input to the analog input pin is usually an output signal from a sensor.
The sensor, which detects changes in status, is installed far from the microcomputer’s
printed circuit board. Therefore, this long wiring between them becomes an antenna which
picks up noise and feeds it into the microcomputer’'s analog input pin.

If a capacitor between an analog input pin and the AVss pin is grounded far away from the
AVss pin, noise on the GND line may enter the microcomputer through the capacitor.

Noise
(Note 2)
Acceptable M37906
RI
$ l - ANi
Thermistor
:17 Not > Acceptable
CI-|_
g acceptable AVSS Reference values
RI : Approximate 100 Q to 1000 Q

ClI : Approximate 100 pF to 1000 pF

Notes 1: Design an external circuit for the ANi pin so that charge/discharge is available within 1

cycle of @ap.
2: This resistor and thermistor are used to divide resistance.

Fig. 6 Countermeasure example against noise for analog input pin using thermistor
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(2) Processing for analog power source pins, etc.
e Use independent power sources for the Vcc, AVcc and Vrer pins.
e Insert capacitors between the AVcc and AVss pins, and between the Vrer and AVss pins.

Reasons: Prevents the A-D converter and D-A converter from noise on the Vcc line.

M37906
S Reference values
AVcc C1=0.47 uF C2=0.47 pF
VREF ﬁ
C1—|— T C2 ) .
AVss Note : Connect capacitors using the
A 7 thickest, shortest wiring possible.
ANi J—’\/\/\/*(sensor, etc.)

Fig. 7 Processing for analog power source pins, etc.
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4. Oscillator protection
The oscillator, which generates the basic clock for the microcomputer operations, must be protected from
the affect of other signals.

(1) Distance oscillator from signal lines with large current flows
Install the microcomputer, especially the oscillator, as far as possible from signal lines which handle
currents larger than the microcomputer current value tolerance.

(2)

Reason:

The microcomputer is used in
systems which contain signal lines
for controlling motors, LEDs,
thermal heads, etc. Noise occurs
due to mutual inductance when a
large current flows through the signal
lines.

’ M37906
MIUUU
il
FE XN
H—Xout

Vss

Mutual inductance

Large current

Fig. 8 Wiring for signal lines where large current

flows

Distance oscillator from signal lines with frequent potential level changes

e Install an oscillator and its wiring pattern away from signal lines where potential levels change
frequently.

e Do not cross these signal lines over the clock-related or noise-sensitive signal lines.

Reason:

Signal lines with frequently changing
potential levels may affect other
signal lines at a rising or falling edge.
In particular, if the lines cross over
a clock-related signal line, clock
waveforms may be deformed, which
causes a microcomputer malfunction
or a program runaway.

(3) Oscillator protection using Vss pattern
Print a Vss pattern on the bottom (soldering
side) of a double-sided printed circuit board,
under the oscillator mount position.

Connect the Vss pattern to the Vss pin of the
microcomputer with the shortest possible wiring,
separating it from other Vss patterns.

M37906
Do not cross.
O
=2 XiN
=
pA~3— XouTt

Vss
ty

O I/O pin for signal with frequently
changing potential levels

Fig. 9 Wiring for signal lines where potential levels
frequently change

An example of Vss pattern on the
underside of an oscillator.

M37906
Mounted pattern
example of
oscillator unit.
::JI__‘J:'_ XIN
T T Xout
Vss

Separate Vss lines for oscillation and supply.

Fig. 10 Vss pattern underneath mounted oscillator
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5. Setup for I/O ports
Setup 1/O ports by hardware and software as follows:

<Hardware protection>
e Connect a resistor of 100 Q or more to an 1/O port in series.

<Software protection>

e Read the data of an input port several times to confirm that input levels are equal.

e Since the output data may reverse because of noise, rewrite data to the output port's Pi register
periodically.

e Rewrite data to port Pi direction registers periodically.

Data bus

_Port latch

Fig. 11 Setup for 1/O ports

(o]

. Reinforcement of the power source line
For the Vss and Vcc lines, use thicker wiring than that of other signal lines.

e When using a multilayer printed circuit board, the Vss and Vcc patterns must each be one of the middle
layers.

e The following is necessary for double-sided printed circuit boards:

*On one side, the microcomputer is installed at the center, and the Vss line is looped or meshed around
it. The vacant area is filled with the Vss line.

*On the opposite side, the Vcc line is wired the same as the Vss line.
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Appendix 8. 7906 Group Q & A

Information which may be helpful in fully utilizing the 7906 Group is provided in Q & A format.

In Q & A, as a rule, one question and its answer are summarized within one page. The upper box on each
page is a question, and a box below the question is its answer. (If a question or an answer extends to two
or more pages, there is a page number at the lower right corner.)

At the upper right corner of each page, the main function related to the contents of description in that page
is listed.
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Interrupts

Q

If an interrupt request (b) occurs while an interrupt routine (a) is executed, is it true that the main
routine is not executed at all after the execution of the interrupt routine (a) is completed until the
execution of the INTACK sequence for the next interrupt (b) starts?

Sequence of o
execution »

RTI instruction

Interrupt routine (a) —» | <— Main routine —» | <— INTACK sequence
for interrupt (b)

Conditions:

e Flag | is cleared to “0” by executing the RTI instruction.

e The interrupt priority level of interrupt (b) is higher than IPL of the main routine.
e The interrupt priority detection time = 2 cycles of fsys.

A

An interrupt request is sampled by a sampling pulse generated synchronously with the CPU’s op-code
fetch cycle.

(1) If the next interrupt request (b) occurs before sampling pulse O for the RTI instruction is gener-
ated, the microcomputer executes the INTACK sequence for (b) without executing the main routine.
(No instruction of the main routine is executed.) It is because that sampling is completed while
executing the RTI instruction.

v Interrupt request (b)
O

Sampling pulse [l
RTI instruction

Interrupt routine (a) —»| «— INTACK sequence for interrupt (b)

(2) If the next interrupt request (b) occurs immediately after sampling pulse O is generated, the
microcomputer executes one instruction of the main routine before executing the INTACK
sequence for (b). It is because that the interrupt request is sampled by the next sampling

pulse 0.
v Interrupt request (b)
O 0
Sampling pulse [ [

RTI instruction | One instruction executed

Interrupt routine (a) —>» | <— Main routine —>» | €«— INTACK sequence
for interrupt (b)
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Interrupts

Q

Suppose that there is a routine which should not accept a certain interrupt request. (This routine can
accept any of the other interrupt request.)

Although the interrupt priority level select bits for a certain interrupt are set to “0002” (in other words,
although this interrupt is set to be disabled), this interrupt request is actually accepted immediately
after the change of the priority level. Why did this occur, and what should | do about it?

Interrupt request .is MOVMB XXXIC, #00H ; Writes “0002” to the interrupt priority level select bits.
accepted in this _, . Clears the interrupt request bit to “0.”

interval LDA A,DATA . Instruction at the beginning of the routine which
should not accept a certain interrupt request.

A

As for the change of the interrupt priority level, if the following are met, the microcomputer may
pretend to accept an interrupt request immediately after this interrupt is set to be disabled:

*The next instruction (in the above example, it is the LDA instruction) is already stored into a instruc-
tion queue buffer of the BIU.

*Requirements for accepting the interrupt request which should not be accepted are satisfied immediately
before the next instruction in the instruction queue buffer is executed.

When writing to a memory or an 1/O, the CPU passes an address and data to the BIU. Then, the CPU
executes the next instruction in the instruction queue buffer while the BIU is writing data into the
actual address. Detection of the interrupt priority level is performed at the beginning of each instruction.

In the above case, the CPU executes the next instruction before the BIU completes the change of
the interrupt priority level. Therefore, in the detection of the interrupt priority level performed synchronously
with the execution of the next instruction, actually. the interrupt priority level before the change is

used to detection, and its interrupt request is accepted.

Interrupt request generated

Interrupt priority detection time <> <> <>
. Previous instruction MOVMB instruction LDA instruction
CPU 0perat|0n executed executed executed

BIU operation (Instruction prefetched) | Writing to interrupt priority level select bits.

¢

Change of interrupt priority level
completed

(1/2)
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Interrupts

A

To prevent this problem, make sure that the routine which should not accept a certain interrupt
request will be executed after the change of the interrupt priority level (IPL) has been completed.
(This is to be made by software.)

The following is a sample program.

[Sample program]
After writing “0002” to the interrupt priority level select bits, the instruction queue buffer is filled with
several NOP instructions to make the next instruction not to be executed before this writing is
completed.

MOVMB XXXIC, #00H ; Writes “0002” to the interrupt priority level select bits.

NOP ; Inserts ten NOP instructions.
NOP :

LDA A,DATA ; Instruction at the beginning of the routine that should not accept a
: certain interrupt request

(2/2)
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Interrupts

Q

Why did this occur?

SEI
LDAB A, #00H

After execution of the SEI instruction, a branch is made in an interrupt routin.

Interrupt routine

A

When an interrupt request is generated before the SEI instruction is executed, this interrupt request
may be accepted immediately before the execution of the SEI instruction. (This acceptance occurs
depending on the timing when that interrupt request occurs.) In this case, a branch to the interrupt
routine is made immediately after execution of the SEI instruction.

Accordingly, the interrupt routine which is executed immediately after the SEI instruction is due to an

* No interrupt request is accepted.

~ Interrupt request

generated
SEI
LDAB A, #00H
y @
CLI

* No branch to the interrupt routine is made.

interrupt request generated before execution of the SEI instruction. Note that, in the routine (@) which
should not accept the interrupt request, the following occur. (This routine follows the SEI instruction.):

Interrupt routine

Note: “Interrupt” described here means “maskable interrupt” which can be disabled by the SEI instruction.
(Refer to section “6.2 Interruput source.”)
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Interrupts

(1) Which timing of clock @ is the external interrupts (input signals to the INTi pin) detected?
(2) When external interrupt input (INTi) pins are not enough, what should | do?

(1) In both of the edge sense and level sense, an external interrupt request occurs when the
input signal to the INT_pin changes its level. This is independent of clock @.
In the edge sense, also, the interrupt request bit is set to “1” at this time.

(2) There are two methods: one uses external interrupt’'s level sense, and the other uses the
timer’'s event counter mode.

O Method using external interrupt’s level sense
As for hardware, input a logical sum of multiple interrupt signals (e.g., ‘a’, ‘b’, and ‘c’) to the
INTi pin, and input each signal to each corresponding port pin.
As for software, check the port pin’s input levels in the INT; interrupt routine in order to detect
which signal (‘a’, ‘b’, or ‘c’) was input.

M37906

Port pin

Port pin

Port pin

D INTi

OoOT o

O Method using timer’s event counter mode
As for hardware, input an interrupt signal to the TAin pin or TBiw pin.
As for software, set the timer’'s operating mode to the event counter mode. Then, set a value
of “00001¢” into the timer register and select the valid edge.
A timer’s interrupt request occurs when an interrupt signal (selected valid edge) is input.
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Watchdog timer

Q

In detection of a program runaway with usage of the watchdog timer, if the same value as that
at the reset vector address is set to the watchdog timer interrupt’s vector address, not performing
software reset, how does it occur?

When a branch is made to the branch destination address for reset within the watchdog timer
interrupt routine, how does it occur?

The CPU registers and the SFR are not initialized in the above-mentioned way. Accordingly,
the user must initialize all of them by software.

Note that the processor interrupt priority level (IPL) retains “7” and is not initialized. Consequently,
all interrupt requests cannot be accepted.

When rewriting the IPL by software, be sure to save the 16-bit immediate value to the stack
area, and then restore that 16-bit immediate value to all bits of the processor status register
(PS).

When a program runaway occurs, we recommend to perform software reset in order to
initialize the microcomputer.
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Appendix 9. M37906M4C-XXXFP electrical characteristics

The electrical characteristics of the M37906M4C-XXXFP are described below.
For the electrical characteristics, be sure to refer to the latest datasheets.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Ratings Unit
Vcc Power source voltage -0.3t06.5 \%
Avcc Analog power source voltage -0.3106.5 \Y
Vi Input voltage P1lo-P17, P20—P27, P50-P57, P60—P65, P70-P74, —-0.3to Vcc+0.3 \%

P60OUTcCuUT, VCONT, VREF, XIN, RESET, BYTE, MDO, MD1
Vo Output voltage P1o-P17, P20—P27, P50-P57, P60—P65, P70—P74, XouT —-0.3 to Vcc+0.3 \%
Pd Power dissipation 300 mw
Topr Operating ambient temperature -20to 85 °C
Tstg Storage temerature —40 to 150 °C

RECOMMENDED OPERATING CONDITIONS (vec =5V, Ta=-20to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Min. Typ. Max. Unit
Vce Power source voltage 4.5 5.0 5.5 \Y
Avcc Analog power source voltage Vce \'
Vss Power source voltage 0 \%
AVss Analog power source voltage 0 \'
VIH High-level input voltage P1o-P17, P20-P27, P50-P57, P60—P65, P70-P74, 0.8 Vcc Vce \%
P60UTcuT, XIN, RESET, MDO, MD1
ViL Low-level input voltage Plo-P17, P20-P27, P50-P57, P60—-P65, P70—P74, 0 0.2 Vcc \Y
P60OUTcuT, XIN, RESET, MDO, MD1
IoH(peak) | High-level peak output current P1o0-P17, P20-P27, P50-P57, P60-P65, P70-P74 -10 mA
|0H(avg) High-level average output current Plo-P17, P20-P27, P50-P57, P60—P65, P70—P74 -5 mA
loL(peak) | Low-level peak output current Plo-P17, P20-P27, P50-P57, P70-P74 10 mA
loL(peak) | Low-level peak output current P60-P65 20 mA
loL(avg) Low-level average output current P1o-P17, P20-P27, P50-P57, P70-P74 5 mA
oL (avg) Low-level average output current P60—P65 15 mA
f(XIN) External clock input frequency (Note 1) 20 MHz
f(fsys) System clock frequency 20 MHz

Notes 1: When using the PLL frequency multiplier, be sure that f(fsys) = 20 MHz or less.
2: The average output current is the average value of an interval of 100 ms.
3: The sum of loL(peak) must be 110 mA or less, the sum of I0H(peak) must be 80 mA or less.
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DC ELECTRICAL CHARACTERISTICS (vcc =5V, Vss =0V, Ta =-20 to 85 °C, f(fsys) = 20 MHz, unless otherwise noted)

. Limits )
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
VOH High-level output voltage Plo-P17, P20-P27, IoH =-10 mA 3 \%
P55-P57, P60—P6s5,
P70-P74
VoL Low-level output voltage Plo-P17, P20-P27, loL =10 mA 2 \%
P55-P57, P60—P6s5,
P70-P74
VT+ —VT- Hysteresis  TAOIN-TA2IN, TA4IN, TAQIN, 0.4 1 \Y,
TAOoUT—TA20UT, TA40UT, TA9OUT,
TBOIN-TB2IN, INT3-INT7, CTSo,
CTS1, CLKo, CLK1, RxDo, RxD1,
RTPTRGO, P6OUTCUT
VT+ —VT- Hysteresis RESET 0.5 15 \%
VT+ —VT- Hysteresis XIN 0.1 0.3 \Y
IH High-level input current P1o-P17, P20—P27, Vi=5.0V 5 LA
P50-P57, P60-P65,
P70-P74, P6OUTCUT, XIN,
RESET, MDO, MD1
[N Low-level input current P10-P17, P20-P27, Vi=0V -5 LA
P50-P57, P60-P65,
P70-P74, P6OUTCUT, XIN,
RESET, MDO, MD1
VRAM RAM hold voltage When clock is inactive. 2 \%
Icc Power source current Output-only pins are open, f(fsys) = 20 MHz. 25 50 mA
and the other pins are con- CPU is active
nected to Vss or Vcc. An — :
external square-waveform | T = 25 °C when 1 LA
clock is input. (Pin Xour is | clock is inactive.
open.) The PLL frequency | Ta = 85 °C when 20
multiplier is inactive. clock is inactive.
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A-D CONVERTER CHARACTERISTICS
(Vec=AVcc =5V +0.5V, Vss =AVss =0V, Ta=-20 to 85 °C, unless otherwise noted)
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Symbol Parameter Test conditions Min. I_T|;1p|ts Max. Unit
Resolution VREF = VCC A-D converter 10 Bits
Comparator ﬁ Vrer| vV
10-bit resolution mode 3 LSB
Absolute accuracy VREF = VCC 8-bit resolution mode 2 LSB
Comparater +40 mv
RLADDER Ladder resistance VREF = VCC 5 kQ
10-bit resolution mode 5.9
tcoNnv Conversion time f(fsys) < 20 MHz 8-bit resolution mode 2.45 (Note) He
Comparater 0.7 (Note)
VREF Reference voltage 2.7 vcc \
VIA Analog input voltage 0 VREF \Y
Note: This is applied when A-D conversion freguency (¢aD) = f1 (¢).
D-A CONVERTER CHARACTERISTICS
(Vcc =5V, Vss =AVss =0V, VREF =5V, Ta =-20 to 85 °C, unless otherwise noted)
- Limits )
Symbol Parameter Test conditions Min. . Max, Unit
e Resolution 8 Bits
—_ Absolute accuracy +1.0 %
tsu Set time 3 us
Ro Output resistance 2 3.5 4.5 kQ
IVREF Reference power source input current (Note) 3.2 mA
Note: The test conditions are as follows:
» One D-A converter is used.
» The D-A register value of the unused D-A converter is “0016.”
* The reference power source input current for the ladder resistance of the A-D converter is excluded.
RESET INPUT
Reset input timing requirements (vcc=5V £ 0.5V, Vss = 0V, Ta =20 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. Typ. Max. Unit
tw(RESETL) RESET input low-level pulse width 10 HS
RESET input \( 7/
tw(RESETL)
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PERIPHERAL DEVICE INPUT/OUTPUT TIMING
(Vcc =5V+0.5V,Vss =0V, Ta=-20 to 85 °C, f(fsys) = 20 MHz, unless otherwise noted)

DFor limits depending on f(fsys), their calculation formulas are shown below. Also, the values at f(fsys) = 20 MHz are shown in ().

Timer A input (Count input in event counter mode)

Limits )
Symbol Parameter Min Max Unit
te(TA) TAjIN input cycle time 80 ns
tw(TAH) TAjIN input high-level pulse width 40 ns
tw(TAL) TAjIN input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Limits .
Symbol Parameter Min Max Unit
9
te(TA) TAJjIN input cycle time f(fsys) < 20 MHz % (800) ns
I . . 8 x 10°
tw(TAH) TAjIN input high-level pulse width f(fsys) < 20 MHz W (400) ns
. ) 8 x 109
tw(TAL) TAjIN input low-level pulse width f(fsys) < 20 MHz Hsys) (400) ns

Note : The TAjIN input cycle time requires 4 or more cycles of a count source. The TAjiN input high-level pulse width and the TAjiIN input low-level pulse width
respectively require 2 or more cycles of a count source. The limits in this table are applied when the count source = f2 at f(fsys) < 20 MHz.

Timer A input (External trigger input in one-shot pulse mode)

Limits )
Symbol Parameter Min. Max. Unit
te(TA) TAJjIN input cycle time f(fsys) < 20 MHz 8](();7339 (400) ns
tw(TAH) TAJjIN input high-level pulse width 80 ns
tw(TAL) TAJjIN input low-level pulse width 80 ns
Timer A input (External trigger input in pulse width modulation mode)
Limits .
Symbol Parameter Min. Max. Unit
tw(TAH) TAjIN input high-level pulse width 80 ns
tw(TAL) TAjIN input low-level pulse width 80 ns
Timer A input (Up-down input and Count input in event counter mode)
Limits .
Symbol Parameter Min. Max. Unit
tc(UP) TAjouT input cycle time 2000 ns
tw(UPH) TAjouT input high-level pulse width 1000 ns
tw(UPL) TAjouT input low-level pulse width 1000 ns
tsu(UP-Tin) TAjouT input setup time 400 ns
th(TiN-UP) TAjouT input hold time 400 ns
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Timer A input (Two-phase pulse input in event counter mode) (p = 2, 4, 9)

Svmbol Limits )
ymbo Parameter Min. Max. Unit
te(TA) TApIN input cycle time 800 ns
tsu(TAjIN-TAjoUT) TAPIN input setup time 200 ns
tsu(TAjoUT-TAjIN) TApPOUT input setup time 200 ns
* Gating input in timer mode
» Count input in event counter mode
« External trigger input in one-shot pulse mode
* External trigger input in pulse width modulation mode
tc(TA) N
tw(tAH) |
A \
TAJIN input / Xr \
tw(TAL)
\
» Up-down and Count input in event counter mode
teup)
tw(UPH)
TAjourT input a p
(Up-down input) / Xr 12 \
tw(upPL)
TAjouT input NS
(Up-down input) ,Xf
TAJjIN input a \
(When count by falling) /, th(Tn-UP) tsuup-Tm) |\
TAJjIN input \ /
(When count by rising) X 7
» Two-phase pulse input in event counter mode
te(TA) |
TApIN input f h
/ \ 1
tsu(TApIN-TApouT) tsu(TApIN-TApouT)
\_| tsu(TApout-TApIN)
TApoOUT input \ /
— e 5] -

tsu(TApouT-TApIN)

Test conditions
*Vcc=5V+05V,Ta=-20t085°C
e Input timing voltage : ViL=1.0V,VIH=4.0V
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Timer B input (Count input in event counter mode)

| Limits .
Symbo Parameter Min. Max. Unit
tc(TB) TBIIN input cycle time (one edge count) 80 ns
tw(TBH) TBIIN input high-level pulse width (one edge count) 40 ns
tw(TBL) TBIIN input low-level pulse width (one edge count) 40 ns
tc(TB) TBIIN input cycle time (both edge count) 160 ns
tw(TBH) TBIIN input high-level pulse width (both edge count) 80 ns
tw(TBL) TBIIN input low-level pulse width (both edge count) 80 ns

Timer B input (Pulse period measurement mode)
| Limits .
Symbo Parameter Min. Max. Unit
9
tc(TB) TBIIN input cycle time f(fsys) < 20 MHz % (800) ns
o ) i 8 x 109
tw(TBH) TBiIN input high-level pulse width f(fsys) < 20 MHz W (400) ns
o ) 8 x 109
tw(TBL) TBiIN input low-level pulse width f(fsys) < 20 MHz Tsys) (400) ns

Note: The TBIIN input cycle time requires 4 or more cycles of a count source. The TBiIN input high-level pulse width and the TBiIN input low-level pulse width
respectively require 2 or more cycles of a count source. The limits in this table are applied when the count source = f2 at f(fsys) < 20 MHz.

Timer B input (Pulse width measurement mode)

Svmbol Limits .

ymbo Parameter Min. Max. Unit
9

tc(TB) TBIIN input cycle time f(fsys) < 20 MHz % (800) ns
- . . 8 x 10°

tw(TBH) TBIIN input high-level pulse width f(fsys) < 20 MHz Hsys) (400) ns
- . 8 x 10°

tw(TBL) TBIIN input low-level pulse width f(fsys) < 20 MHz W (400) ns

Note: The TBIIN input cycle time requires 4 or more cycles of a count source. The TBiIN input high-level pulse width and the TBiIN input low-level pulse width
respectively require 2 or more cycles of a count source. The limits in this table are applied when the count source = f2 at f(fsys) < 20 MHz.

Serial I/O

Limits )

Symbol Parameter Min. Max. Unit
tc(CK) CLKi input cycle time 200 ns
tw(CKH) CLKi input high-level pulse width 100 ns
tw(CKL) CLKi input low-level pulse width 100 ns
td(C-Q) TxDi output delay time 80 ns
th(C-Q) TxDi hold time 0 ns
tsu(D-C) RxDi input setup time 20 ns
th(C-D) RxDi input hold time 90 ns
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External interrupt (INTi) input

Limits .
Symbol Parameter Min Max Unit
tw(INH) INTi input high-level pulse width 250 ns
tw(INL) INTi input low-level pulse width 250 ns
te(TB)
tw(TBH)
TBIIN input /
tw(TBL)
te(cK)
tw(CkH)
CLKi input / \ 7/
tw(cKL)
th(cQ)
>
' p!
TxDi output >< ><
N 7
e tsu(d-c) th(c-D)
/
RxDi input >§r k
tw(NL)

INTi input
tw(INH)

Test conditions
*Vcc=5V+05V,Ta=-20t085°C
e Input timing voltage :VIL=1.0V,VIH=4.0V
 Output timing voltage : VoL=0.8V, VoH =2.0V, CL =50 pF

L
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External clock input

Timing Requirements (Vcc=5V+0.5V, Vss =0V, Ta =-20 to 85 °C, f(XIN) = 20 MHz, unless otherwise noted)

Limits .
Symbol Parameter Min. Max. Unit
tc External clock input cycle time 50 ns
tw(half) External clock input pulse width with half input-voltage 0.45tc 0.55tc ns
tw(H) External clock input high-level pulse width 05t -8 ns
tw(L) External clock input low-level pulse width 05tc—-8 ns
tr External clock input rise time 8 ns
tf External clock input fall time 8 ns
External clock input
tr f te
tw() tw(H) N tw(half) |

f(XiN) / \ 7[ 7&

Test conditions

*Vec=5V=+05V,Ta=-20t085°C
* Input timing voltage
« Input timing voltage : 2.5V (tc, tw(hain)

VIL=1.0V,VIH=4.0V (twH), tw), tr, tr)
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Appendix 10. M37906M4C-XXXFP standard characteristics

Standard characteristics described below are just examples of the M37906M4C-XXXFP’s characteristics and

are not guaranteed. For each parameter’s limits, refer to sections “Appendix 9. M37906M4C-XXXFP electrical
characteristics.”

1. Programmable I/O port (CMOS output) standard characteristics: P1, P2, P5, P7
(1) P-channel lon—Von characteristics

Power source voltage: Vcc = 5 V

30.0
| Ta=25°C
'<_(| — e
£ I T~
3 Ta=85°C ~I L
15.0 \\i\
\\\
N
0 1.0 2.0 3.0 4.0 5.0
VoH [V]
(2) N-channel lo.—VoL characteristics
Power source voltage: Vcc = 5V
Ta=25°CH
30.0
-
z —
k=) Ta=85°C/|
3 //
15.0
y
é /
ik
0 1.0 2.0 3.0 4.0 5.0
VoL [V]
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2. Programmable 1/0O port (CMOS output) standard characteristics: P6
(1) P-channel lon—Von characteristics

Power source voltage: Vcc = 5 V

30.0
| Ta=25°C
£ ~
3 Ta=85°C \Q\\
NG N
15.0
\\\
NN
A\
N\
0 1.0 2.0 3.0 4.0 5.0
VoH [V]

(2) N-channel lo.—VoL characteristics

Power source voltage: Vcc = 5 V

300 Ta=25°C|
— P

E /T Ta=85°C
3 d

15.0 /

/

1.0 2.0 3.0 4.0 5.0
VoL [V]
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3. lcc—f(Xn) standard characteristics

Icc [mA]

35.0
/»
30.0
/‘%tive
25.0 /
20.0 //
1
15.0 —
/ At reset
10.0 ° (PLL frequency multiplier is active.)
e I

e N

At Wait mode

10 15 20 25

f(XiN)

[MHz]

30

APPENDIX

Appendix 10. M37906M4C-XXXFP standard characteristics

Measurement condition

*Vcc =50V

*Ta = 25 °C

«f(Xi) : square waveform input
*Single-chip mode

*PLL frequency multiplier is
inactive.

*External clock input select
bit = “1”
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4. A-D converter standard characteristics

The lower lines of the graph indicate the absolute precision errors. These are expressed as the deviation
from the ideal value when the output code changes. For example, the change in M37906M4C-XXXFP’s
output code from 159 to 160 should occur at 797.5 mV, but the measured value is +2.75 mV. Accordingly,
the measured point of change is 797.5 + 2.75 = 800.25 mV.

The upper lines of the graph indicate the input voltage width for which the output code is constant. For
example, the measured input voltage width for which the output code is 56 is 6.0 mV, so that the differential
non-linear error is 6.0 — 5 = 1.0 mV (0.20 LSB).
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(Measurement conditions Vcc = 5.0 V, Vrer = 5.12 V, f(fsys) = 20 MHz, Ta = 25 °C, @o = f(fss) divided by 2)
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Appendix 11. Memory assignment of 7906 Group

1. M37906F8, M37906M8

M37906F8 M37906M8
016 016
FFis| SFR area Fris| SFR area
10016 Unused area 10016 Unused area
3FF16 3FF16
40016 40016
Internal Internal
RAM area RAM area
(3 Kbytes) (3 Kbytes)
FFF16 FFF16
100016 100016
Internal flash Internal
memory area ROM area
(User ROM area) (60 Kbytes)
(60 Kbytes)
FFFF16 A 4 FFFF16
Fig. 12 Memory assigments of M37906F8, M37906M8
2. M37906M6
M37906M6
016 A
FFis| SFR area
10016 U d
3FF16 nused area
40016
Internal
RAM area
(3 Kbytes)
(Note)
FFF16
100016
U d
N nused area Bank 016
4000186
Internal
ROM area
(48 Kbytes)
FFFF16 h 4
Note: Do not assign a program to the last 8 bytes of the internal RAM area.

Fig. 13 Memory assigment of M37906M6
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3. M37906M4

6
FFie6
10016

BFF16
C0016

FFFi16
100016

7TFFF16
800016

FFFF16

Note: Do not assign a program to the last 8 bytes of the internal RAM area.

M37906M4

SFR area

Unused area

Internal RAM areg
(1 Kbyte)
(Note)

Unused area

Internal
ROM area
(32 Kbytes)

A 4

Bank 016

Fig.

14 Memory assigment of M37906M4
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