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Difference between Original M37700 and Revised
Version (Version -A)

Difference between Original M37700 and Revised Version (Version —A)
For the M37700/M37701 series, original version and —A version are available for the following 14 product
types:

M37700SFP/M37700SAFP M37700S4FP/M37700S4AFP M37700E4FS/M37700E4AFS
M37700E2FP/M37700E2AFP M37700E4FP/M37700E4AFP M37701E2SP/M37701E2ASP
M37700E2FS/M37700E2AFS

The —A version are indicated by the suffix “—A” following the product type.
Original product —A version

Product]  #aM37700SFP & M37700SFP-A
ype XXXXXX XXXXXX

The differences between the original version and the —A version are as follows:

(1)HOLD function
®O0riginal product
The HOLD function does not work properly. Therefore, in memory expansion mode and microprocessor mode,
the P40o/HOLD pin must be held at “H” level to prevent the use of the HOLD function. In single-chip mode, this pin
can be a normal port P4o.
®-A version
The HOLD function can be used properly.

(2)P4./o function
®O0riginal product
When g output is selected from the P42/g pin in memory expansion mode and microprocessor mode, the @ output
stops at “L” level when the P4+/RDY pin is pulled to “L” level.
®-A version
When g output is selected from the P42/g pin in memory expansion mode and microprocessor mode, the @ output
does not stop at “L” level when the P41/RDY pin is pulled to “L” level.

(3)PWM output function of the timer A

®O0riginal product
Pulse width must be changed while the PWM output is at “L”. If write is performed while the PWM output as “H”,
the PWM output frequency temporarily changes.

@®—A version
Pulse width can be changed at any time. The PWM output frequency does not change when write is performed
while the PWM output is “H”. However, the “L” interval (width) of the PWM output must be at least two timer clock
source cycles. In otherwords, the value that can be set in the timer is 0016 to FD1s for 8-bit PWM mode and 000016
to FFFD1s in 16-bit PWM mode.

(4)Reading from processor mode register (5E1s) and one-shot start flag (421s)

@O0riginal product
The software reset bit in the processor mode register and the bits corresponding to timers A0 to A4 in the one-
shot start flag are unpredictable when read. Therefore, read-modify-write type instructions cannot used for these
addresses.

@®—A version
The software reset bit in the processor mode register and the bits corresponding to timers A0 to A4 in the one-
shot start flag returns a “0” when read. Therefore, read-modify-write type instructions can be used for the
addresses.







Preface

Preface

This manual describes the hardware of the Mitsubishi
CNOS 16-bit microcomputer M37700M2-XXXFP. After
reading this manual, the user should be able to fully
utilize the functions of the M37700 family of microcom-
puters.

For details concerning the softwares for the M37700
family, refer to the MELPS 7700 software manual. For
details concerning the development support tools (as-
sembler, option boards), refer to the respective opera-
tion manuals.
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CHAPTER 1.DESCRIPTION

1.1 Description
The M37700M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS
silicon gate technology. It is housed in an 80-pin plastic molded flat package.

This single-chip microcomputer has a large 16M bytes address space, three instruction queue buffers,
and two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can
also be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business,
and industrial equipment controllers that require high-speed processing of large amounts of data.

Photo of M37700M2-XXXFP Chip




1.2 M37700 Family

1.2 M37700 Family

1.2.1 M37700 family

The M37700 family consists of chips shown in Table 1.2.1 with the M37700M2-XXXFP as the base chip.
These chips are all pin compatible and provide a variety of memory characteristics, memory size, and
operating clock frequencies to enable the user to select the chip best suited for his system. Hereafter, the
M37700 family microcomputers will be referred to simply as the M37700 unless there is a specific difference

by type.
Table 1.2.1 M37700 Family
ROM RAM Clock
Type name size size frequency Remarks
(bytes) (bytes) (MHz)
M37700M2-XXXFP 16K (Mask ROM) 512 8 -
M37700M2AXXXFP 16K (Mask ROM) 512 16 High-speed type of M37700M2-XXXFP
M37700SFP — 512 8 External ROM type of M37700M2-XXXFP
M37700SAFP — 512 16 External ROM type of M37700M2AXXXFP i
M37700E2-XXXFP 16K (One-time PROM) 512 8 One-time PROM type of M37700M2-XXXFP
M37700E2AXXXFP | 16K (One-time PROM) 512 16 One-time PROM type of M37700M2AXXXFP
M37700E2FS 16K (EPROM) 512 8 EPROM type of M37700M2-XXXFP
M37700E2AFS 16K (EPROM) 512 16 EPROM type of M37700M2AXXXFP
M37700M4-XXXFP 32K (Mask ROM) 2048 8 Memory expansion type of M37700M2-XXXFP
M37700M4AXXXFP 32K (Mask ROM) 2048 16 Memory expansion type of M37700M2AXXXFP
M37700S4FP — 2048 8 External ROM type of M37700M4-XXXFP
M37700S4AFP —_ 2048 16 External ROM type of M37700M4AXXXFP
M37700E4-XXXFP | 32K (One-time PROM) | 2048 8 One-time PROM type of M37700M4-XXXFP
M37700E4AXXXFP | 32K (One-time PROM) | 2048 16 One-time PROM type of M37700M4AXXXFP
M37700E4FS 32K (EPROM) 2048 8 EPROM type of M37700M4-XXXFP
M37700E4AFS 32K (EPROM) 2048 16 EPROM type of M37700M4AXXXFP
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1.2.2 Differences between types
® Mask ROM type microcomputer
This type of microcomputers has programs printed using a mask during the manufactunng process.

@ Applicable types: M37700M2-XXXFP/M37700M2AXXXFP
M37700M4-XXXFP/M37700M4AXXXFP

@ External ROM type microcomputer
This type of microcomputers has no internal ROM. External ROMs must be provided. The function
is identical with the mask ROM version microcomputer when it is operating in microprocessor mode.

@ Applicable types: M37700SFP/M37700SAFP
M37700S4FP/M37700S4AFP

® One-time PROM type microcomputer
This type of microcomputer is equipped with one-time PROM (Programmable ROM). Programs can
be written using commercially available PROM writers. However, programs can be written only once
and the written program cannot be erased.

® Applicable types: M37700E2-XXXFP/M37700E2AXXXFP
M37700E4-XXXFP/M37700E4AXXXFP

@® EPROM type microcomputer
This type of microcomputer is equipped with EPROM and programs can be written using commer-
cially available PROM writers. Furthermore, programs can be re-written by exposing the window on
top of the package to an ultraviolet rays.

® Applicable types:  M37700E2FS/M37700E2AFS
M37700E4FS/M37700E4AFS




1.2 M37700 Family

1.2.3 Meaning of type name

The names of the Mitsubishi Single-chip microcomputers indicate the differences in functions and char-
acteristics. The name of the M37700 family has the following meaning:

M37700M

XXX

FP

L Package type

FP: Plastic molded flat package
FS: Ceramic flat package

ROM number

A three digit number indicates the
ROM number. These digits are
omitted for some types.

Electrical characteristics

—: Standard characteristics type

A: High-speed version with
16MHz external clock input

Memory size

Memory type

M: Mask ROM

E: PROM (OTPROM, EPROM)
S: External ROM

M37700 family

Fig.1.2.1 Meaning of Type Name
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1.3 Performance Overview

Table 1.3.1 shows the performance overview of the M37700M2-XXXFP/ M37700M2AXXXFP. Refer to
“Appendix 3. M37700 Family Performance Overview” for the performance of other types.

Table 1.3.1 M37700M2-XXXFP/M37700M2AXXXFP Performance Overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

M37700M2-XXXFP

500ns (shortest instruction at 8MHz frequency)

M37700M2AXXXFP 250ns (shortest instruction at 16MHz frequency)
Clock frequency M37700M2-XXXFP 8MHz (maximum)
M37700M2AXXXFP 16MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Input/Output ports Ports PO~P2, P4~P8 8 bits x 8
Port P3 4 bits x 1
Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits x 5
TBO, TB1, TB2 16 bits x 3

Serial 110

(UART or clock synchronous serial I/0) x 2

A-D converter

8 bits x 1 (8 channels)

Watchdog timer

12 bits x 1

Interrupts

3 external, 16 internal(priority levels 0 to 7 can
be set for each interrupt with software)

Clock generating circuit

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

Supply voltage

5V+10%

Power dissipation

30mW (at external 8MHz frequency)

Input/Output characteristics

Input/Output voltage

5V

Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range -10to 70°C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP




1.4 Pin Configuration

1.4 Pin Configuration

P70/ ANo
P67/ TB2iN
P66/ TB1iN
P6s/ TBOIN

P64 /TNT2

P63/ INT1

P62/ TNTo
P61/ TA4IN

P60 / TAdout
P57/ TA3IN
P56 / TA3out
P5s/ TA2iN
P54/ TA20ut
P53/ TA1IN
P52/ TAtour
P51/ TAOIN
P50 / TAOout
P47

P4e

P4s

P44

P42 /o
P41/ RDY

P4s -

[ 3] == P72/AN:

[ g] == P71/AN:

[ 3] == P73/ANs

(3] = P7:/ANs

(5] =

AVce

Vee
| 8] <> P80/CTSo/RTSo

P75/ ANs
E - P81/ CLKo

AVss

[ ] =— Veer

Vss

4|

3 < P7:/AN7/ AETRG

| 3] == P76/ANs

ula

68|

@

P82/ RxDo

8] =

JE < P83/ TxDo

O

0
=L

O

M37700M2-XXXFP

_J

SRR R R R R EERERERE

1
:

P40 /HOLD

13_4

CNVss

B
!

:

30| [3

B
1

(5]

P32/ALE <= [

-—[E]
P31/BAE == [§]

-—E=]

XN
Xout
E
Vss
P33/ HLDA =

Outline 80P6

W

!
:

37

P27/ A2/ D7 = [&]

38

P26/ Az2/Ds == [E]

3¢

P25/ A2/ Ds < (2]

P24/ A2/ Ds = [5]

@

=] [l T2l Te] Ta] Ta] [] Tal Te] [

P84/ CTS1/ RTS1
P8s/ CLK1
P86 / RxDr
P87/ TxD1
P00/ Ao
PO1/ A1

P02/ A2
P03/ A3
P04/ As
POs/ As
POs / As
PO7/ A7
P10/ As/ Ds
P11/ As/ Do
P12/ Ao/ Dio
P13/ A1/ Dn
P14/ Ar2/ D2
P1s/ Aia/ D13
P16/ A1a / D1a
P17/ A1s/ Dis
P20/ As/ Do
P21/ A7/ D1
P22/ A/ De
P23/ A1/ Da

Fig.1.4.1 M37700M2-XXXFP Pin Configuration
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1.5 Pin Description

Table 1.5.1 Pin Description (a)

Pin

Name

Input/Output

Functions

Vce, Vss

Power supply

Supply 5V+10% to Vcc and OV to Vss.

CNVss

CNVss input

Input

This pin controls the processor mode. Connect to Vss
for single-chip mode. It must be connected to Vcc for
external ROM types.

RESET

Reset input

Input

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

XiN

Clock input

Input

Xout

Clock output

Output

These are the 1/0 pins of the internal clock generating
circuit. Connect a ceramic or quartz crystal resonator
between Xin and Xout. When an external clock is used,
the clock source should be connected to the Xin pin and
the Xour pin should be left open.

il

Enable output

Output

Data or instruction read and data write are performed
when output from this pin is “L".

BYTE

Bus width selection input

Input

When in memory expansion mode or microprocessor
mode, this pin determines whether the external data
bus is 8-bit width or 16-bit width. The width is 16 bits
when the signal level is “L” and 8 bits when the signal
level is “H".

AVce, AVss

Analog supply input

Power supply for the A-D converter. Externally connect
AVcc to Vec and AVss to Vss.

VRer

Reference voltage input

Input

This is a reference voltage input pin for the A-D con-
verter.

P0o~P07

1/0 port PO

1’0

This portis a CMOS I/O port. An I/O direction registeris
available so that each pin can be programmed for input
or output. Address (Ao~A7) is output in memory expan-
sion mode or microprocessor mode.

P1o~P17

110 port P1

1’0

This port is an 8-bit I/0 port with the same function as
P0. When the BYTE pin is set to “H” in memory expan-
sion mode or microprocessor mode, address (As~Aus) is
output. When the BYTE pin is set to “L”, an address
(As~Aus) is output when E pin level is “H” and high-order
data (Ds~D1s) is input or output when E pin level is “L”.

P20~P27

110 port P2

/0

This port is an 8-bit I/0 port with the same function as
PO. In memory expansion mode or microprocessor
mode, an address (Ass~Azs) is output when E pin level is
“H” and low-order data (Do~D>) is input or output when
E pin output is “L".

P30~P33

1/0 port P3

/0

This portis a 4-bit I/0 port with the same function as PO0.
In memory expansion mode or microprocessor mode,
P30~P33 become R/W, BHE, ALE, and HLDA signals are
output respectively.

P4o~P47

I/0 port P4

1/0

This port is an 8-bit I/0 port with the same function as
P0. P42 can be programmed as a g output pin. In mem-
ory expansion mode or microprocessor mode, P40 and
P41 become HOLD and RDY input pin respectively.




1.5 Pin Description

Table 1.5.1 Pin Description (b)

Pin

Name

Input/Output

Functions

P50~P57

7O port P5

o]

This port is an 8-bit I/O port with the same function as
PO. These pins can also be programmed as 1/O pins
for timers AO~A3.

P60~P67

/0 port P6

110

This port is an 8-bit 1/0 port with the same function as
PO. These pins can be programmed as /O pins for
timer A4, external interrupt input pins for INTo~INT2,
and input pins for timers BO~B2.

P70~P77

70 port P7

/0

This port is an 8-bit I/0 port with the same function as
PO. These pins can be programmed as analog input
pins ANo~AN7. P77 also has an A-D conversion trigger
input function.

P8o~P87

110 port P8

110

This port is an 8-bit I/0 port with the same function as
P0. These pins can be programmed as CTS/RTS, CLK,
RxD, TxD pins for UARTO and UART1.
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1.6 Block Diagram
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CHAPTER 2.FUNCTIONAL DESCRIPTION

2.1 Central Processing Unit (CPU)

The MELPS 7700 Series CPU has ten registers as shown in Figure 2.1.1. Each of these registers is
described below.

2.1.1 Accumulator (Acc) ’
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary.

(1) Accumulator A (A)
Accumulator A is the main register of the microcomputer. Data operations such as calculations,
data transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits
and the lower 8 bits can 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. It is used as a 16-bit register when flag
m is “0” and as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register
(PS) which is described later.

(2) Accumulator B (B)
Accumulator B has the same functions as accumulator A. The series MELPS 7700 instructions can
use accumulator B instead of accumulator A, but the use of accumulator B requires more instruction
bytes and execution cycles than accumulator A. Accumulator B is also controlled by the data length
flag m.

2.1.2 Index register X

Index register X consists of 16 bits and the lower 8 bits can 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. It is
used as a 16-bit register when flag x is “0” and as an 8-bit register when flag x is “1”. Flag x is a part
of the processor status register (PS) which is described later.

In index addressing mode, register X is used as the index register and the contents of this address is
added to obtain the real address.

Also, when executing a block transfer instruction MVP or MVN, the contents of the index register X
indicates the low-order 16 bits of the source data address. The third byte of the MVP and MVN is the
high-order 8 bits of the source data address.

2.1.3 Index register Y

Index register Y is a 16-bit register with the same function as index register X. As with index register
X, the index register length flag (x) determines whether this register is used as a 16-bit register or as
an 8-bit register. Also, when executing a block transfer instruction MVP or MVN, the content of index
register Y indicates the low order 16 bits of the destination data address. The second byte of the MVP
and MVN is the high-order 8 bits of the destination data address.

12



2.1 Central Processing Unit

b15 b8 b7 b0
AH AL J Accumulator A
b15 b8 b7 b0
| BH l BL I Accumulator B
b15 b8 b7 b0
| XH | XL I Index register X
b15 b8 b7 b0
I YH I YL J Index register Y
b15 b8 b7 b0
| SH l SL J Stack pointer S
b7 b0
I DT ] Data bank register DT
b23 b16 b15 b8 b7 b0
[ PG I PCH I PCL J Program counter PC
b7 : bo
e e Program bank register PG
b15 b8 b7 b0
I DPRH l DPRL J Direct page register DPR
b15 b8 b7 bo
| PSH I PSL Processor status register PS
b15 - b10 b8 b7 b6 b5 b4 b3 b2 b1 bO

[o]oofolo] L

[NJV m|xjojr]z]c]

Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag

Index register length flag

Data length flag
Overflow flag

Negative flag

Processor interrupt priority level

Fig.2.1.1 CPU Registers Structure

13



CHAPTER 2.FUNCTIONAL DESCRIPTION

2.1.4 Stack pointer (S)

Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is also used durlng
addressing modes using the stack. The contents of the stack pointer S indicates the address (stack
area) for saving registers during subroutine calls and interrupts. Normally, the stack area is reserved
in internal RAM.

When an interrupt occurs, the contents of the program bank register PG is saved at the address
indicated by the content of the stack pointer S and the content of the stack pointer is decremented by
1. Then the contents of the program counter PC and the processor status register PS are saved with
the high-order bytes followed by the low-order bytes (PCw, PC., PSu, PSL). The contents of the stack
pointer S after an interrupt is equal to the content before the interrupt —=5. When returning to the original
routine after processing the interrupt, the registers saved in the stack area are restored to the original
registers in the reverse sequence and the content of the stack pointer is returned to the status before
the interrupt. The same operation is performed during a subroutine call, but the content of the processor
status register PS is not saved (the content of the program bank register PG may not be saved either
depending on the addressing mode).

The user is responsible for saving registers other than those described above during interrupts or
subroutine calls. In addition, the stack pointer S must be initialized at the beginning of the program
because its content is unpredictable after a reset. Normally, the stack pointer is initialized with the
highest address of the internal RAM. The contents of the stack area changes when subroutines are
nested or when multiple interrupts occur. Therefore, make sure necessary data in the internal RAM are
not destroyed when nesting subroutines.

2.1.5 Program counter (PC)
Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory
address to be executed.

2.1.6 Program bank register (PG)

Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the next
program memory address to be executed. When a carry occurs after incrementing the content of the
program counter, the content of the program bank register PG is incremented by 1. Also, when a carry
or borrow occurs after adding or subtracting the content of the program counter PC, the content of the
program bank register PG is incremented or decremented by 1 so that programs can be written without
considering bank boundaries.

In single-chip mode, do not store values other than “00+¢” because only address between 0000+ and
FFFFie can be accessed.

b23 b16b15 b8 b7 b0
PG PCH PCL
b7 b0

Fig.2.1.2 Program Counter and Program Bank Register

2.1.7 Data bank register (DT)

Data bank register DT is an 8-bit register. With some addressing modes, the content of this register is
used as the high-order 8 bits of a 24-bit address. In single-chip mode, do not store values other than
“00+¢” because only address between 000016 and FFFFis can be accessed.

14
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2.1.8 Direct page register (DPR)

Direct page register DPR is a 16-bit register. The content of this register indicates whether the direct
page area is allocated in bank 0 or spans across bank 0 and 1. This area can be accessed with two
bytes by using the direct page addressing mode.

The content of the DPR is the base address (lowermost address) of the direct page area which extends
256 bytes above this address. The DPR can contain a value from 000016 to FFFF16. If it contains a value
equal to or greater than “FF011¢", the direct page area spans across banks 0 and 1. If the low-order 8
bits of the DPR is “0016”, the number of cycles required to generate an address is minimized. Therefore,
the low-order 8-bits of the DPR should normally be set to “0016".

— Ot
DPR area when DPR=00001s
DPR area when DPR=012316
Bank 0 (Note 1)
L — FFFFs
_ DPR area when DPR=FF101s
1000016 (Note 2)
Bank 1

]
\ \
H ]
H \
' v

Note 1 : The number of execution cycles is incremented by 1 when the low-order 8 bits of the
DPR are not “0016".
Note 2 : The direct page spans across banks 0 and 1 when the DPR is “FF011¢” or greater.

Fig.2.1.3 Setting Direct Page with Direct Page Register (DPR)
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2.1.9 Processor status register (PS)

Processor status register is an 11-bit register. It consists of flags to indicate the resuit of operation and
CPU interrupt levels. The flags C, Z, V, and N are tested by branch instructions.

The details of the processor status register bits are described below.

b15 b14 b13 b12 b11 b10 b8 b7 b6 b5 b4 b3 b2 bl b0
ojojojojof IPL N|{VIm|[x|D]|I|[Z]|C

Note : Bits 11 to 15 will always be “0” when the contents of the processor status register are read.
Fig.1.2.4 Processor Status Register

(1)Carry flag (C)
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow
bit from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected
by shift and rotate instructions. This flag can be set with the SEC or SEP instruction and cleared
with the CLC or CLP instruction.

(2)Zero flag (2)
The zero flag is assigned to bit 1 of the processor status register. It is set if the result of an
arithmetic operation or data transfer is zero and cleared if otherwise. This flag can be set and
cleared directly with the SEP and CLP instructions.
Note : The content of this flag has no meaning during decimal mode addition (ADC instruction).

(3)Interrupt disable flag (I)
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable
interrupts (interrupts other than watchdog timer, BRK instruction, and zero divide). Interrupts are
disabled when this flag is “1”. When there is an interrupt, it is set automatically to prevent multiple
interrupts. This flag can be set with the SEI or SEP instruction and cleared with the CLI or CLP
instruction. This flag is set during reset.

- (4)Decimal mode flag (D)
The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when
this flag is “0”. If it is “1”, decimal arithmetic is performed with each word treated as two or four digit
decimal (determined by the data length flag m). Decimal adjust is performed automatically (Decimal
operation is possible only with the ADC and SBC instructions.) This flag can be set and cleared with
the SEP and CLP instructions. This flag is cleared during reset.

(5) Index register length flag (x)
The index register length flag is assigned to bit 4 of the processor status register. It determines
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The
register is used as a 16-bit register when flag x is “0” and as an 8-bit register when it is “1”. This
flag can be set and cleared with the SEP and CLP instructions. This flag is cleared during reset.

(6) Data length flag (m)
The data length flag is assigned to bit 5 of the program status register. It determines whether to
treat data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is “0” and as 8-bit when it
is “1”. This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP
instruction. This flag is cleared during reset.

16
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(7)Overflow flag (V)

The overflow flag is assigned to bit 6 of the processor status register. It is used when adding or
subtracting a word as signed binary. When the data length flag m is “0”, the overflow flag is set
when the result of addition or subtraction is outside the range between —-32768 and +32767. When
the data length flag m is “1”, the overflow flag is set when the result of addition or subtraction is
outside the range between —128 and +127. It is cleared in all other cases. The overflow flag can
also be set and cleared directly with the SEP, CLV, and CLP instructions.

Note : This flag no meaning in decimal mode.

(8)Negative flag (N)
The negative flag is assigned to bit 7 of the processor status register. It is set when the result of
arithmetic operation or data transfer is negative (Data bit 15 is 1 when data length flag m is “0” or
data bit 7 is 1, when data length flag m is “1”.). It is cleared in all other cases. It can also be set
and cleared with the SEP and CLP instructions.
Note : This flag has no meaning in decimal mode.

(9)Processor interrupt priority level (IPL)

The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status
register. These three bits determine the priority level of processor interrupts from level 0 to level
7. Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the
interrupt control register) is higher than the processor interrupt priority. When an interrupt occurs,
the IPL is saved in the stack and the processor interrupt priority is replaced by the interrupt priority
of the accepted interrupt. This simplifies control of multiple interrupts.

There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL
on the stack and updating the processor status register with a PUL or PLP instruction.

17
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2.2 Internal Bus Interface

2.2.1 Internal bus interface overview

A bus interface unit (BIU) is provided between the CPU and the internal bus. Transfer of data between
the CPU and memory or I/O device is always performed through the BIU. When the CPU reads data
from memory or an I/O device, it sends the address to be read to the BIU. The BIU reads the data from
the specified address and the CPU receives the data from the BIU. Similarly, the CPU sends the
address to be written to the BIU when writing data. Thus the BIU controls the transfer of data between
the CPU and bus.

Figure 2.2.1 shows a block diagram of the bus interface unit.

Memory

CPU

Peripheral
devices

External
memory

Even address data bus (8 bits)

Odd address data bus (8 bits)

Address bus (24 bits)

Fig.2.2.1 Internal Bus Interface Block

2.2.2 Bus Interface unit functions

The M37700 uses the clock g (=f(xiv)/2) as the clock. The CPU also uses clock g as the clock. However,
since the CPU clock may be extended due to CPU wait under certain conditions, it is referred to as gcru
to distinguish it from clock @.

The M37700 internal bus (address bus and data bus) operate at timing E which is slower than clock g
The operating clock of the CPU is different from the bus cycle because timing E is normally f(x)/4.
Therefore, a BIU is provided between the CPU and bus to synchronize the transfer of data to and from
memory and 1/O device. The BIU enables the CPU to transfer data to and from memory through the bus
without decreasing the instruction execution speed.

The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 summarizes the functions of
each register and buffer.

Table 2.2.1 Functions of BIU Registers and Buffers

Name Function
Program address register |Indicates the address of the program.
Instruction queue buffer A three bytes buffer for temporarily holding instruction prefetched from

memory. :
Data address register Indicates the address to be read from or to be written to memory or I/0.
Data buffer A two bytes buffer for temporarily holding data read from memory or I/O

device by the BIU or data written to memory or I/O device by the CPU.
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b23 b0
PA

Program address register

Q1 Instruction queue buffer
2
b23 b0
[ DA l Data address register
b15 b0
I DBy | DB.L I Data buffer

Fig.2.2.2 Bus Interface Unit Registers
The BIU performs the following operations.

1.Prefetches an instruction code from the program memory (area where the program is stored)
and stores it in the instruction queue buffer.
Normally, a program is executed sequentially in ascending order of addresses. Therefore, if the next
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions simply
by obtaining the instruction code from the instruction queue buffer. This will eliminate the time needed
by the CPU to access the memory.
When the CPU is not using the bus (for example when performing register to register operation), the
BIU reads an instruction code from the program memory (area where the program is stored) and
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the
instruction queue buffer is three bytes long. Refer to “Section 2.2.4“ for more information concerning
instruction code prefetch.

2.Reads data at the specified address into the BIU when the CPU requests data in memory and
transfers it to the CPU.
When executing instructions that processes data in memory or I/O device, the CPU must access the
address assigned to the memory or I/O device and read the data. Because the operating clock of the
CPU and bus are different, the CPU reads the data through the data buffer of the BIU.

3.Writes the data obtained from the CPU to the specified address in memory.
When writing data to a specific address, the CPU sends the address and data to the BIU. And after
that, the CPU continue to execute the next instruction extracting from the instruction queue buffer,
because actual writing to memory or I/O device is performed by the BIU.

4.Controls read of word data from odd number address and outputs the control signals required
to access external memotry in byte unit.
The transfer of data between the CPU and BIU is always performed through a 24-bit address bus and
16-bit data bus. This is also true between the BIU and internal memory or 1/0 device. The wait bit
and BYTE pin (external bus width selection input pin) determine the data width only when an external
memory is accessed.
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2.2.3 Bus Interface unit operations
Figure 2.2.3 shows the operating waveforms of the bus interface unit in memory expansion mode or
microprocessor mode. The M37700 BIU always operates at one of the waveforms shown in Figure 2.2.3.
The meaning of signals ALE and E in Figure 2.2.3 are as follows:
® ALE (Address Latch Enable)

Signal used to latch only address signals from Table 2.2.2 Bus Status According to E and R/W

multiplexed signals containing data and E R/W Bus Status
address. H H Not used
®E H L Not used
Signal set to “L” level when the bus interface L H Read
unit reads instruction code or data from memory L L Write

or when it writes data to memory. Table 2.2.2
shows the bus status according to E and R/W
signals.

(1)Basic operation
Waveform (a) is the bus interface operating waveform under the following conditions:
® When a one byte internal/external memory is accessed.
® When two bytes in internal memory are accessed together (starting on an even address).
® When two bytes in external memory are accessed together (starting on an even address when

the BYTE pin is at “L” level).

Waveform (b) is the bus interface operating waveform when accessing in byte unit under the
following conditions:
@® When two bytes in internal/external memory are accessed together (starting on an odd address).
® When two bytes in external memory are accessed together with the BYTE pin at “H” level.
As obtaining the instruction code from memory into the instruction queue buffer, waveform (a) is
only used.

Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always
used when accessing the internal memory. However, signals other than E cannot be observed in
single-chip mode because the port P3 is used as a programmable 1/O port.

(2)Effect of the wait bit
When accessing the external memory area, the BIU operating waveform changes according to the
wait bit.
With the M37700, the external memory access time can be doubled (signal E is doubled) by clearing
the wait bit (bit 2) in the processor mode register (005E1s). This enables external expansion of slow
memories and peripheral LSIs.
Note : Internal memory access is not affected by the wait bit.

Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the
waveform when an external memory area is accessed under the conditions for waveform (a) with
the wait bit cleared.

Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the
conditions for waveform (b) with the wait bit cleared. The entire waveform is affected by the wait
bit for waveform (d) and the first half or the last half is affected respectively for waveforms (e) and

(f).
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® A: Address
® D: Data
@® The waveform is for memory expansion mode or microprocessor mode.

Fig.2.2.3 Bus Interface Device Operating Waveform
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2.2.4 Data read/write operations
(1)Instruction code read

The CPU reads instructions codes from the instruction queue buffer of the BIU and executes them.
The CPU notifies the BIU that an instruction code is needed during the instruction code fetch cycle.
At this point, the operation depends on whether the instruction queue buffer contains an instruction
code or not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU.
If there is no instruction code in the instruction queue buffer, or if the amount of data in the
instruction queue buffer is less than the necessary instruction code, the BIU halts the CPU until a
sufficient amount of instruction codes is stored in the instruction queue buffer.

Even when there is no request for instruction code from the CPU, if the instruction queue buffer is
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU
does not use the bus at the next cycle), the BIU reads instruction codes from memory and stores
them in the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first
address accessed when reading an instruction code from memory is even, then the data at the next
odd number address is also read and stored in the instruction queue buffer. If the first accessed
address is odd, only one byte is read and stored in the instruction queue buffer. However, if the
instruction code is read from external memory with the BYTE pin at “H” (external bus width 8-bits)
in memory expansion or microprocessor mode, only one byte is read regardless of the accessed
address.

Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch
or a jump or subroutine call instruction or an interrupt is executed, the content of the instruction
queue buffer is cleared and a new instruction code is read from the new address.

(2)Data read/write

The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher
priority request, the CPU is made to wait until the BIU becomes ready. When the bus is available
for data read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3.
@ Data Read
When the CPU requests data from the BIU, it waits until the data is became complete data in
the data buffer. The BIU sends the address received from the CPU on the address bus, reads
the content of memory when E is “L”, and stores it in the data buffer.
@ Data Write
The CPU sends address data (address at which the data is written) and data to BIU.
The address data is written in the BIU data address register and the data is written in the data
buffer. The actual writing in memory is performed by BIU and the CPU can proceed to the next
step without waiting for the BIU to complete writing data in memory. The BIU sends the address
data it received from the CPU to the address bus, sends the contents of the data buffer to the
data bus, and writes it to memory when E is “L".
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2.3 Addressable Memory Space

2.3 Addressable memory space

The M37700 allocates all ROM, RAM, /O, and various control registers in the same memory space.
Therefore, data transfer and operation can be performed with the same instruction without distinguishing
memory and I/O area.

The M37700 program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank
register (PG) to directly address a 16M-byte address space from 01s to FFFFFFie.

2.3.1 Banks

The M37700 address space is divided into 64K byte blocks called banks. The Series MELPS 7700 can
access 256 banks from bank 0 to bank 255 (FFie) in memory expansion or microprocessor mode.
The high order 8 bits of the 24-bit address indicate the bank and the content of the program bank
register (PG) or the data bank register (DT) indicates the bank to be used.

If the program counter overflows at a bank boundary, the content of the program bank register is
incremented by 1. If a borrow occurs in the program counter register, the content of the program bank
register is decremented by 1. Therefore, programs can be written without considering the bank
boundaries. The banks can be accessed efficiently by using an addressing mode that uses the data
bank register.

Bank 0 (addresses 0is to FFFFis) contains the internal ROM, internal RAM, and internal 1/0 control
registers.

Note : In single-chip mode, only bank 0 can be accessed.

2.3.2 Direct Page

By using the direct page register (DPR), bank 0 or a 256-byte space spanning across bank 0 and bank
1 can be accessed with fewer instruction cycles in direct page addressing mode. This area is referred
to as the direct page and is normally used for frequently accessed information (see “Section 2.1.8 Direct
Page Register”).

O1e Special function registers
8016
Internal RAM
27F1s
Not used Bank 0 (Note)
C0001s
Internal ROM
FFFF1e
1000016 ¢ : ?
f : Bank 1
AFFFFI6 o : '
FE00QQss § 777777 : 3
: : Bank 254
H : (Bank FE16)
TS S ¥
: : Bank 255
? ! (Bank FF16)
FFFFFFI6 e : v
Note : The memory allocation of bank 0 depends on the microprocessor type. This diagram shows
the allocation for M37700M2-XXXFP and M37700M2AXXXFP. Refer to the M37700 family
memory map in Appendix 5 for other types. Also note that only bank 0 can be accessed in
single-chip mode.

Fig.2.3.1 Addressable Memory Space
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2.4 Memory Allocation
Figure 2.4.1 shows the memory map in single-chip mode. The allocated memory and I/O are described
below.

2.4.1 Internal memory and peripheral device memory allocation

(1)SFR area
Addresses 000016 to 007F1s of bank 0 are the SFR (Special Function Register) area. This area
contains the control registers of internal peripheral devices, 1/0 ports, timers, and so on. Internal
peripheral devices can be accessed through these registers. Figure 2.4.2 shows the memory map
of the SFR area.

00000016 : . :
Special function registers
5
16
Interrupt voctor table
. p
Internal RAM jFFD8eL__ A-D conversion oW
; ig
00027F 16 { FFD8l  UART 1 transmission oW
00028016 H FFDA High |
\ g i 1 UART 1 receive h%
ot use i
{ FFDCel — UART 0 transmission e
00BFFF ! ,
0000016 FFDEs L UART 0 receive l‘;—"la"—"h—
| FFEOw[ Timer B2 Low
§ High
i FFE2el Timer B1 Low
H High
i FFE4e] Timer BO Low
i High
! FFEGwl Timer A4 Low |
H High
; FFEBw] Timer A3 Low
{ High
i FFEAwl Timer A2 Low
i High
i FRECel Timer A1 Low |
"" FFEE P
N 16 H ow
; — Timer AQ High]
.: FFFO1s Low
': FFF2 — -—INT2 o
16 | L%
FFF4 il Flr
16 TN ow
— INTO High]
FFF6el__ Watchdog timer h"’qlh
FFF8el_ DBC (Note) Lo
00FFD5 Hiar
16 . .
00FFD&16 FFFAl__ BRKinstruction h‘;lh
FFFCrs L Low
Interrupt vector table e — Zero Divide Highl
16 S r——_— Low
00FFFF16 — RESET High]
Note : DBC is an interrupt for the exclusive use of the debugger and is not available to use.

Fig.2.4.1 Memory Map (Single-chip mode)
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Address (Hexadecimal notation)

000000

000001

000002 Port PO register

000003 | Port P1 register

000004 Port PO data direction register

000005 Port P1 data direction register

000006 Port P2 register

000007 Port P3 register

000008 | Port P2 data direction register

000009 | Port P3 data direction register

00000A [ Port P4 register

00000B [ Port P5 register

00000C | Port P4 data direction register

00000D | Port P5 data direction register

00000E | Port P6 register

00000F | Port P7 register

000010 | Port P6 data direction register

000011 Port P7 data direction register

000012 Port P8 register

000013

000014 Port P8 data direction register

000015

000016

000017

000018

000019

00001A

00001B

00001C

00001D

00001E | A-D control register

00001F

000020 A-D register 0

000021

000022 A-D register 1

000023

000024 A-D register 2

000025

000026 | A-D register 3

000027

000028 A-D register 4

000029

00002A | A-Dregister 5

00002B

00002C | A-D register 6

00002D

00002E | A-D register 7

00002F

000030 UART 0 transmit/receive mode register

000031 UART 0 baud rate generator

UART 0 transmission buffer register

000034 UART 0 transmit/receive control register 0

000035 | UART 0 transmit/receive control register 1

UART 0 receive buffer register

000038 UART 1 transmit/receive mode register

000039 UART 1 baud rate generator

UART 1 transmission buffer register

00003C | UART 1 transmit/receive control register O

00003D | UART 1 transmit/receive control register 1

00003E

00003F UART 1 receive buffer register

Address (Hexadecimal notation)

000040
000041

000042
000043
000044
000045
000046
000047
000048
000049
00004A
00004B
00004C
00004D
00004E
00004F
000050
000051

000052
000053
000054
000055
000056
000057
000018
000059
00005A
00005B
00005C
00005D
00005E
00005F
000060
000061

000062
000063
000064
000065
000066
000067
000068
000069
00006A
000068
00006C
00006D
00006E
00006F
000070
000071

000072
000073
000074

000075
000076
000077
000078
000079
00007A
000078
00007C
00007D
00007E
00007F

Count start flag

One-shot start flag

Up-down flag

Timer AO register

Timer A1 register

Timer A2 register

Timer A3 register

Timer A4 register

Timer BO register

Timer B1 register

Timer B2 register

Timer A0 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

Watchdog timer

Watchdog timer frequency selection flag

A-D conversion interrupt control register

UART 0 transmission interrupt control register

UART 0 receive interrupt control register

UART 1 transmission interrupt control register

UART 1 receive interrupt control register

Timer AOQ interrupt control register

Timer A1 interrupt control register

Timer A2 interrupt control register

Timer A3 interrupt control register

Timer A4 interrupt control register

Timer BO interrupt control register

Timer B1 interrupt control register

Timer B2 interrupt control register

INT 1_interrupt control register

INT 2 interrupt control register

Fig.2.4.2 SFR Area Memory Map
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Each bit in the register can be either read only, write only, or read/write bit. An attempt to write to
a read only bit is ignored and the result is unpredictable when a write only bit is read.

Some registers in the SFR area prohibits the use of instructions such as CLB or SEB that performs
read-modify-write. See “Chapter 7. Usage Precautions” for more details.

(2)RAM

The M37700M2-XXXFP and M37700M2AXXXFP have a 512-byte static RAM at addresses 008016
to 027F1s (Note) of bank 0. In addition to storing data, the internal RAM area is used as stack area
during subroutine calls and interrupts. Therefore, be careful of subroutine nesting levels and multiple
interrupt levels so that important data is not destroyed.

Note : See “Appendix 4. M37700 Family Memory Map” for other types.

(3)ROM

The M37700M2-XXXFP and M37700M2AXXXFP have a 16K-byte mask ROM at addresses C000+s
to FFFFis (Note) of bank 0. Addresses FFD61 to FFFF1e are allocated to the interrupt vector table
containing branch destinations (address of interrupt handling routines) when a reset or interrupt
occurs. This area must be allocated to ROM in microprocessor mode and external ROM version (S
version) which prohibit internal ROM.

Note : See “Appendix 4. M37700 Family Memory Map” for other types.

2.4.2 Processor modes

The M37700 can operate in single-chip mode, memory expansion mode, and microprocessor mode. The
functions of some pins, memory organization, and address space depend on the processor mode. The
processor mode can be selected internally or externally as described below.

@ Externally changing the processor mode

The processor mode after a reset start can be selected with the input level to the CNVss pin during
reset start. Table 2.4.1 shows the relationship between the processor mode and the input level to
the CNVss pin.

Table 2.4.1 Relationship between the Processor Mode and CNVss Pin Input Level

CNVss Pin Processor Mode

Vss level (0V) Starts in single-chip mode after a reset.

One of the three modes can be selected by changing the processor mode bit.

Vee level (5V) Starts in microprocessor mode after a reset.

The other mode must not be selected by changing the processor mode bit.

@ Internally changing the processor mode

After a reset start with the CNVss pin set to Vss level, the processor mode can be changed
internally from a program by changing the processor mode bits (bits 1 and 0 at address 5Eis) in the
processor mode register. Figure 2.4.4 shows the bit configuration of the processor mode register.
When changing the processor mode internally, the actual function of each pin changes when the
bus cycle E used to write to the processor mode register returns to “H” level.

Port function changes

Bus cycle E | ¢
Y at therise of E

S

Cycle of writing data
for processor mode
register

Fig.2.4.3 Port Function Change Timihg due to Change in Processor Mode
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2.4 Memory Allocation

(1)Single-chip mode

This mode is entered when starting after a reset with pin CNVss set to Vss level. In this mode, the
address bus and data bus are not output externally and all ports function as programmable 1/O pins
(internal peripheral device I/O pins when internal peripheral devices are used). Also note that in
single-chip mode, a non-zero value must not be stored in the data bank register and program bank
register because only bank 0 is accessible. Furthermore, in this mode, the wait bit, which is
described later, is ignored and internal memory and I/O are always accessed at no wait.

b7 b6 b5 b4 b3 b2 bl bo

0 Processor Mode Register (Address 5E1s)
Processor mode bits
b1 {b0 Mode
0 | 0 | Single-chip mode
011 Memory expansion mode
110 Microprocessor mode
171 This connot be avaolable
Wait bit
0 Wait during external access
1 No wait
Software reset bit
1 Software reset activated by writing “1”
Interrupt priority detection time selection bits
b5 | b4 Detection time
0 | 7cycles atinternal clock &
011 4 cycles at internal clock @
110 2 cycles at internal clock @
111 This connot be avaolable
! This bit must be "0"
Internal clock @ output selection bit

o output disabled
(Pin 42is normal I/O port)

@ output enabled
(Pin 42is @ output pin)

Note : Use the LDM or STA instruction to write to this register.
(Do not use read-modify-write type instructions such as CLB or SEB.)

Fig.2.4.4 Processor Mode Register Bit Structure
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(2)Memory expansion mode

This mode is used when just using internal memory and I/O is not sufficient. In this mode, the
memory and peripherals can be expanded to any area within a 16M-byte addressable memory
space.

When the memory expansion mode is selected, ports PO to P2 become the address bus and data
bus and port P3 and part of P4 become the control signal /O pins. In this case, the port register
area associated with ports PO~P3 and part of P4 become unusable and lose their normal I/O pin
functions, but other memory and peripherals can be used. See “Section 2.5 Input/Output Pins” for
more details concerning the functions of ports PO~P4 when the memory expansion mode is selected.
If an area overlapping the internal memory area is read when the external memory is extended, only
the data in the internal memory is read into the CPU and the data in the external memory is not
read into the CPU. However, if data is written in this area, it is written both in the internal memory
and external memory.

Furthermore, the accessing of external memory in this mode is affected by the level of the BYTE
pin and wait bit described in the next section.

(3)Microprocessor mode

The function of this mode is the same as the memory expansion mode except that access to internal
ROM is disabled. This mode is suitable for small volume production or prototype models before full
scale production because external ROM can be installed easily.

Figure 2.4.5 shows the memory allocation in each processor mode. See “Section 2.5 Input/Output
Pins” for the change in port functions.

FFFFFF1e

Memory expansion
mode

00000016 SFR SFR
SFR area (No:ar)ea (No‘a;r)ea
WL Y e B E——— R
Internal Internal Internal
RAM RAM RAM
00027F e b po Y
Not used
oocooows | |
Internal Internal
ROM ROM
O00FFFF
* 0100001
Single-chip
mode

Microprocessor
mode

: External memory area

Note : Addresses 216 to 916 can also be used as external memory area in memory expansion mode
and microprocessor mode.

Fig.2.4.5 Memory Map in Each Processor Mode (M37700M2-XXXFP)
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2.4.3 External memory area bus control

The BYTE pin and the wait bit are provided to simplify access to external memory area in memory
expansion mode and microprocessor mode. The BYTE pin and the wait bit are valid only when accessing
external memory area and have no effect when accessing internal memory or internal peripherals.
Therefore, the BYTE pin and the wait bit are ignored in single-chip mode.

(1)BYTE pin (external bus width selection pin)
When accessing the external memory in memory expansion mode or microprocessor mode, the
input level to the BYTE pin is used to select between 8-bit data bus and 16-bit data bus. (See (2)
Data bus in section 2.5.4)
The external bus width becomes 8-bits when the BYTE pin is at “H” level. In this case, data read/
write to the external area is always performed in 8-bit (1-byte) unit and the port P2 pins become
the data (Do~D7) I/O pins. The use of 8 bit peripheral ICs is simplified by setting the bus width for
external area to 8-bits.
The external bus width becomes 16-bits when the BYTE pin is at “L" level. In this case, data read/
write to the external area is always performed in 16-bit (1 word) unit and the port P2 pins become
the data 1/0 pins for the low order byte (even address data: Do~D7) of a 16-bit data and the port
P1 pins become the data 1/O pins for the high order byte (odd address data: Ds~D1s) of a 16-bit
data.
The data width is always 16-bits when accessing the internal memory area regardless of the BYTE
pin level.

(2)Wait bit

The wait bit (processor mode register bit 2) is provided to attach slower memory when expanding
external memory or I/O in memory expansion mode or microprocessor mode. When the wait bit is
“0”, a wait for external area access is enabled (one-shot wait mode) and bus operation is performed
at 1/2 the bus cycle (f(xiny/4) during no wait. When the wait bit is “1”, bus operation becomes no
wait mode and bus cycle is f(xin)/4.

The wait bit is cleared during reset and the system starts in one-shot wait mode. Internal memory
access is always performed at no wait because this bit is ignored.

(a) Waveform when the external memory area is accessed with the wait bit set

Internal clock & W
Port P2 jAddress X Data XAddvess X Data X:

E l I

ALE |-—| [_I

This waveform is always used when accessing the internal memory.

(b) Waveform when the external memory area is accessed with the wait bit cleared

Internal clock @ I l I I I [ | |
Port P2 3 Address X Data X Address X Data X:
E [ |
ALE I [ l

For internal memory area access, waveform (a) is used even when the wait bit is “0”.
Fig.2.4.6 Effect of Wait Bit for External Access
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2.5 Input/Output Pins

2.5.1 Programmable I/0O ports

Each of the programmable I/0 ports (P0~P8) has a data direction register which is used to select the
input/output direction one bit unit. A port is used as an output pin when the corresponding bit in the port
data direction register is “1” and as an input pin when the corresponding bit is “0”. The port data
direction register is allocated in the SFR area of bank 0. The input level/data can be read/write from
a pin set to input/output by performing read/write to the port register, respectively.

(1)Data direction register
A data direction register corresponding to each port is allocated in the SFR area of bank 0. Each
bit of the data direction register corresponds to a pin. Figure 2.5.1 shows the relationship between
the direction register bits and pins. The I/O direction of the port is selected using the data direction
register bits. The port is set to input pin when the corresponding bit is “0” and to output pin when
the corresponding bit is “1”. ,
At reset, the data direction registers are initialized to “001”. Therefore, I/O ports are set to input.

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | [ |PortPidata direction register (i=0 to 8)

l Port Pio
Port Pi 1
Port Pi2
Port Pi3
Port Pis4 (Note)
Port Pis  (Note)
Port Pig (Note)
Port Pi7 (Note)

The 1/0 mode of each pin is determined by the value of the corresponding bit.
0: Input mode (the corresponding pin is an input pin)
1: Output mode (the corresponding pin is an output pin)

Note : The high-order 4 bits of port P3 data direction register are unused.
Fig.2.5.1 Relationship between the Port Data Direction register and Pins
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(2)Port register

The port register is used to transfer data with external devices through the 1/0 ports. To output data
from a port set to output, the data must be written to the corresponding bits of the port register. This
data is written in the port latch and is output from the port that is set to output. If a port programmed
for output is read, the content of the port latch is read. Therefore, the previously output value can
be read correctly even when the output “H” voltage drops or “L” voltage rises due to external load.
A pin programmed for input is floated and the value input to the pin can be read by reading the
corresponding bit of the port register. If a value is written to a pin programmed for input, it is written
in the port latch and the pin remains floating.

b7 b6 b5 b4 b3 b2 bl bo
r | | | l I I | IPOI‘t Pi register (i=0 to 8)

l Port Pio
Port Pi 4
Port Pi2
Port Pi3
Port Pis4 (Note)
Port Pis (Note)
Port Pie (Note)
Port Pi7 (Note)

Data /0 is done by reading/writing the bit corresponding to the pin.

Note : Reading the high-order 4 bits of port P3 register always results in “0”.

Fig.2.5.2 Relationship between the Port Register and Pins
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2.5.2 Pin functions

Figure 2.5.3 shows the port peripheral circuits. The functions of some pins depend on the processor
section describes those pins that are not affected by the

mode while others are not affected. This

processor mode. The next section describes the pin functions according to the processor mode.

(1)Effect of processor mode on pin functions

The function of some pins depends on the processor mode. Tables 2.5.1 and 2.5.2 show the pin
. The function of port P1 also depends on the input level of
the BYTE pin (external bus selection input pin). The details of the following pins are described in

functions according to processor mode

the next section.

Table 2.5.1 Pin Functions According to Processor Mode

Mode . . Memory expansion mode and microprocessor mode
Pin Single-chip mode £ 30121 16-bit bus (BYTE="L")| External 8-bit bus (BYTE="H")
Port PO Programmable 1/O port Address bus (Ao~A7)
Port P1 Programmable 1/0 port | Address bus (As~A1s) Address bus (As~Ais)
/Data bus (Ds~D1s)
Port P2 Programmable I/O port Address bus (Ais~Azs)/Data bus (Do~Dv)
Port P3 Programmable 1/O port | P3o....R/W output pin
P31....BHE output pin
P32....ALE output pin
P3s....HLDA output pin
Port P4 Programmable 1/O port | P4o....HOLD input pin
Note : P42 pin can be P4:...RDY input pin
programmed as P42~P47...Same as single-chip mode
@ output pin. | Note : P42 pin can be programmed as g output pin.
BYTE Ignored External bus selection input pin

Ports P07~PQ0o, P17~P1o, P27~P2o,
P33~P30, P4s~P42
(dotted area not included)

Ports P4o, P41, P42, P51, P53, P5s,
P57, P67~P61, P82, P8e

(dotted area included, however no
hysteresis for P82 and P8s)

Ports P7s~P70 (dotted area not included)

Port P77 (dotted area included)

Data bus

Data bus

<1
~N

—{ Port latch ;

Ak—l A_l

Dala direction register

<1
~N

—| Port latch }

4]
,LT_
~N

YA

Fig 2.5.3 Port Peripheral Circuit (a)
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Ports P83, P87
(dotted area not included)

Ports P50, P52, P54, P5s, P6o
(dotted area included)

Ports P80, P81, P84, P8s

E output pin

Data bus

Data bus

<

~N

—-{ Port latch }

OU;:iz:wg%__@

|

zk—| A—J

uqn
“" —o

—l Port latch }

Zk—] A—l

]
e

R
I
—<g—

Fig 2.5.3 Port Peripheral Circuit (b)
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Table 2.5.2 Functions of Ports PO~P4 by Processor Mode

CM1 0 0 1
CMo 0 1 0
Port Mode Single-chip mode Memory expansion mode | Microprocessor mode
N R e L[
Port PO
P07~ X ‘|/O port X P07~ X Ar~Ao X
P00 P0o
E [
BYTE="L" P
— 7
- E | | P1o X Ass~As X Data (odd) X
=
© P17~ =
a
1 P1e X I/O port X E I l
BYTE="H
P;T X Ais~Asg X
[
E 1T
BYTE="L"
N E | P§72~0 X Azs~Ais XData (even) X
<
° P27~ =
a
| P2o X /O port )( E | |
BYTE="H
P§72~ X Aea~Ass  XData(odd even)y
0
E 1T
E P3s__ X HLDA X
Port P3 P3a~ X X P32 ALE
1/O port
P3o P3: X BHE X
P3o X RW X
[ R
Processor E “———“"—‘—_l’_ ~
mode E P4 X I/0 port X
register |pg.,.~ : P4z
g bit7=0" [ X /O port X P4 X RDY X
i
& Pdo X HOLD. X
Processor
mode
egister | P42 | o | [ ] Pae_ | o | | ]
bit 7="1" Note : Same as above except for P4 Note : Same as above except for P42.
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2.5 Input/Output Pins

(2)Functions of pins unaffected by processor mode
Table 2.5.3 shows the functions of pins not affected by processor mode. The functions of these pins
are the same in all modes.

Table 2.5.3 Functions of Pins Unaffected by Processor Mode

Pin Function

Port P5 8-bit programmable I/O pin. (Also used as timer I/O pin.)

Port P6 8-bit programmable 1/0 pin. (Also used as timer 1/0 and external interrupt input pin.)

Port P7 8-bit programmable I/0O pin. (Also used as analog input pin.)

Port P8 8-bit programmable /0O pin. (Also used as serial I/0 pin.)

Vec, Vss Supply voltage pins. 5V+10% is applied to Vcc and Vss is connected to GND.

CNVss This pin controls the processor mode. The processor mode is selected by changing the
input voltage level to this pin (except change after reset start). See “Section 2.4.2 Processor
Modes” for detail information concerning the processor mode. In single-chip mode, this pin
must be set to the same level as Vss.

AVce, AVss | A-D conversion circuit supply voltage pins. Connect AVec to Vec and AVss to Vss.

VRer Reference voltage input pin for the A-D converter. Analog input voltage from Vss level to
the level of this pin can be converted. Apply any voltage up to Vcc level to this pin.

Xin, Xout Clock 1/0O pin for the internal oscillator circuit. The M37700 is equipped with an internal clock
generator and the oscillating frequency is set by connecting a ceramic resonator or quartz
crystal oscillator between Xin and Xour. When an external clock is used, the clock source
should be connected to the X pin and the Xour pin should be left open.

The maximum clock input frequency is 8MHz for M37700M2-XXXFP and 16MHz for
M37700M2AXXXFP.

RESET Reset input pin. Set this pin to “L” level to enter the reset state. Then when this pin is
returned to “H” level, the reset state is deactivated and program loading starts from the
address set in the reset vector. See “Chapter 3. Reset” for the contents of registers
immediately after returning from reset.

E Internal bus cycle E is output.

Ports P5 to P8 have the programmable 1/0O port function as well as special functions such as I/O
pins for external interrupt, timer, A-D convertor, and serial 1/0. When these multiple function ports
are used as special function output pins, they are automatically set to output mode, but when they
are used as special function input pins, the port direction register must be set to input mode. In this
case, the pin input level can be read from the port register. The methods for selecting special
functions are described under each function.

As for port P42, an internal clock g is output from this pin when the processor mode register bit 7

is set.

All ports function as programmable I/O port immediately after returning from reset.
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2.5.3 Single-chip mode pin functions

In single-chip mode, 68 ports can be used as programmable
110 ports).

Figure 2.5.4 shows the I/O pins during single-chip mode.
Table 2.5.4 shows the functions of processor mode dependent

1/0 pins (using multiple function pins as

pins (ports PO~P4, BYTE) during single-

chip mode. See section “2.5.1 Programmable 1/0 Ports” for the programmable 1/O port functions.

See table 2.5.3 for the functions of other pins.

Table 2.5.4 Functions of Ports PO~P4 and BYTE Pin in Single-Chip Mode
Pin Functions Pin Functions
Port PO 8-bit programmable I/O port Port P3 4-bit programmable I/O port
Port P1 8-bit programmable /O port Port P4 8-bit programmable /O port
Port P2 8-bit programmable I/O port BYTE Ignored in single-chip mode
g 3
Ek
s 9 o3 o 328 &
gzgzEez EE
EESEEEE 822288588
_ARARANRAAFAFRRARARARFAFFARF
P76/ ANo = [1_| O [ &4 == P84/ CTSI/RTSI
P67/ TB2N < [2_| O [ 8] == PB8s/CLKi
P66/ TBIN == [3 | [ 62] == P8s/RxD1
P65/ TBON -~ [4_] [ 6] == P87/ TxD1
P6s/TNTz = [5] %] == POo
P63/ INTT = [&] (5] == PO
P62/ TNTo IZ (%] -~ POz
P61/ TA4N 8 57] == P03
P6o/ TA4out [Z [756] <> P04
P57/ TA3n = [i0] =
P56/ TA3our == [11 | [ 53] == POs
P55/ TA2N < [i2] 53] == P07
Pou/ TAZow = [E] M37700M2-XXXFP e P
P53/ TAIN - [4] 51 - P1
P52/ TAtour s [15] [ 50] - Ptz
P51/ TAON = [i6] 9] == P13
P50/ TAOour  ~— [17 (%) == Pl
P47 < [z 47| - P15
Pds < [19] [%] == Pt
P4s = [20]] 45] == P17
P44 [: [4] == P20
P43 < [z] (@] == P2
Pdz/o % O % - P2
P41 LL [ 4] == P23
-,
(=] el Tl e e el o] ] oo e B e o] ]
FLEGEEIEeSEEEE
o3 W

Fig.2.5.4 Single-chip Mode Pin Connection Diagram
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2.5 Input/Output Pins

Port P42 can be programmed to output g by setting the processor mode register (PMR). When the ¢
output selection bit in the processor mode register is set to enable, g output starts at the rising edge
of bus cycle E that was pulled “L” to write “1” in the @ output selection bit.

Write into PMR

|

Bus cycle_E

@ output from P42

First wave of f may be slightly short.

Fig.2.5.5 @ Output Start Timing
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2.5.4 Memory expansion and microprocessor mode pin functions

The only difference between the memory expansion mode and microprocessor mode is whether access .
to internal ROM is disabled or not. (See section “2.4.2 Processor Modes”.) The function of each pin is
identical in memory expansion mode and microprocessor mode. .
In memory expansion mode and microprocessor mode, there are 38 1/0 ports (ports P42~P4; and
P5~P8) as shown in Figure 2.5.6. The internal address bus and data bus can be used externally.
Table 2.5.5 shows the functions of processor mode dependent pins (ports PO~P4 and BYTE) in memory
expansion mode and microprocessor mode.

See Table 2.5.3 for the functions of other pins.

Table 2.5.5 Pin Functions in Memory Expansion and Microprocessor Mode

Pin Functions Pin Functions
Port PO Address bus Port P3 External memory control signal output
Port P1 Address bus/data bus (Note1) P41 and P40 |External control signal input (Note 2)
Port P2 Address bus/data bus BYTE External bus width selection signal input
Note 1 : This may be address bus only depending on the input level of the BYTE pin.

Note 2 :

In memory expansion mode and microprocessor mode, the data direction registers of ports P4o

and P41 must be set to input mode.

If port P4o or P41 is read in these mode, the level of P4o or P41 is obtained.

TRG

2
[N B <
EEEEEE Bsé&s
TiesreEria8e8sziaa
EEREEERgzEZ88s88
lalalulclellalelalalalalalla
f( \N
P70/ANo < [1] O O [64] = P84/CTS1/RTSI
P67/TB2N = [2 | [&] = P8s/CLK1
P66/ TBIN = [37] [62] == P8¢/RxD1
P6s/TBON = [&] [ ~= P& /TxD1
P64 /TNTz = [5] (0] —= Ao
P6s/INT1 =[G | 55— A
P62 /TNTo - [T] [58] — Az
P61/ TA4N = [3B [5] — As
P60/ TA4ouT = [9 [ 58] —= A4
P57/ TA3N == [10 [ — As
P5e/TA3our -~ [11 5 — As
P5s/TA2N = [12 [5] — A7
P5¢/TA20T = [ M37700M2-XXXFP (3 ~= As/Ds
PSs/TAIN = [7a 5] == As/Ds
P52/ TAtour == [15 [%0] = A10/D10
P51/ TAON -~ [16 49| == Ay /Dt
PSo/TAOcut =— [i7 [4] == As2/Di2
P47 < [8 47 - A /D
P4 = [13 (48] ~—  Ats/Dis
P4s == [20] 45] == A15/D1s
P44 [z [4] == Aiws/Do
P4 == (2] [&] == Ar/D:
Paz/e =[] Q 42 - Ass/D2
RDY —= [z [41] == A1w/Da
= )
%MHHHM?MHMHMHMHM
w w» Z Sw w» w 2
BEZRS 2" 4BYRESS LS
5 2323
Fig.2.5.6 Memory Expansion and Microprocessor Mode Pin Connection Diagram
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2.5 Input/Output Pins

The functions of each pin in memory expansion mode and microprocessor mode are described below.

(1)Address bus Ports PO, P1, and P2

Ports PO, P1, and P2 become address signal output pins and lose their programmable 1/0 port
functions.

The M37700 allows direct access to 16M-byte memory space from address 00000016 to FFFFFFis.
Therefore, 24 address signals are output externally in memory expansion mode and microprocessor
mode which allow memory and I/O to be expanded externally.

A23 | A22 | A21 l A20 l Aig l Aig ] A7 |A1e Ais | A1a

A13|A12|A11|A10|A9 | As | A7 | As | As l A4

A3 | A2 | At | Ao | Address

High-order address

Middle address

Low-order address

IP27|P26|P25|P24|P&|P22|P21 1P20

P17 |P16|P15|P14|P13 |P12[P11 |P1o
Port P1

Port P2

PO7|P%!P05|P04‘p03|p021p01IPOOI g:rilpul

Port PO

Fig.2.5.7 Address Bus

(2)Data bus

In addition to address signal (high-order and middle address bus) output function, ports P1 and P2
also function as data IO pins. The level of the BYTE pin can be used to select between 8-bit or
16-bit data bus width.

®When the BYTE pin is at “L” (16-bit external bus width)
When the BYTE pin is at “L”, the external bus width is 16 bits and even address data and odd
address data are output simultaneously.
Ports P1 and P2 are used as address bus and data bus and multiplexed (address signal and data
signal) signals are output from these ports.
Port P1 performs time division multiplexing of address data (Ais~As) output and odd address data
input/output. Middle address data is output while E is at “H”, and odd address data input/output
is performed while E is at “L".
Similarly, Port P2 performs time division multiplexing of address data (A2~A1s) output and even
address data input/output. High-order address data is output while E is at “H”, and even address
data input/output is performed while E is at “L".

Dis |D14 [D13 (D12 {D11 [D1o | D9 |Ds | D7 | Ds | Ds | D4 | D3 | D2 | D1 | Do Data

Data in odd address -t P
Data in even address

P17 P16 [P1s [P14|P13 | P12 P11 |P1o

P27 |P26 | P25 | P24 [ P23 [ P22 | P21 | P20

Port P1

Port P2

Fig.2.5.8 Data Bus (when BYTE=“L")
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E ’ | l—

Port PO X Low-order address K

Port P1 X Middle address X Data in odd address X

Port P2 X High-order address X Data in even address X

Fig.2.5.9 Bus Timing when External Bus Width is 16 Bits

®When the BYTE pin is at “H” (8-bit external bus width)
When the BYTE pin is at “H”, the external bus width becomes 8 bits and the output of data and
address data (A2s~Ais) are multiplexed.
Address data is output while E is at “H”, and 8-bit data is input/output when E is at “L”.

D7 |Ds |Ds |Da | D3 | D2 | D1 | Do Data

P27 |1P26 | P25 | P24

Port P2

Fig.2.5.10 Data Bus (when BYTE="H")

E | —
X
X
X

Port PO X Low-order address

Port P1 X Middle address

Port P2 X High-order address X Data

Fig.2.5.11 Bus Timing when External Bus Width is 8 Bits

(3)R/W output pin
A read/write signal indicating the data bus direction is output. The data bus is read when the level
of this pin is at “H”, and data is written to data bus when it is at “L". This signal is used for external
memory input/output requests.
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2.5 Input/Output Pins

(4)BHE output pin
A byte high enable signal is output. This pin is at level “L” when an odd number address is
accessed. This signal is used to expand the 8-bit memory and I/O when the external bus is used
at 16-bit width.

(5)ALE signal output pin
This signal is used to obtain only address signal from the multiplexed signals of ports P1 and P2.
A latch is opened externally when the ALE signal is at “H” to obtain the address data and the
latched content is held while the ALE signal is at “L”".

(6)HOLD input pin
This pin is used to input hold request signals. The microcomputer is held while this pin is at “L".
When the hold request signal becomes “L", gcru (CPU clock; f(xin)/2) is stopped and the bus cycle
E stops at “H”. The hold status is cancelled and processing continues when the HOLD pin level
becomes “H”. Note that internal peripherals can continue to operate because only gcru is stopped
(internal clock g is not stopped). However, the watchdog timer is stopped during a hold.
Table 2.5.6 shows the port status during a hold.

Table 2.5.6 Port Status During Hold

Port Status during hold
P0~P2, P30, P31 | Floating
P32, P33 Qutputs “L” level
P45~P47, P5~P8 |Holds the port status when “L” is applied to HOLD pin

(7)HLDA signal output pin
This pin is used to externally output a hold acknowledge signal. The hold acknowledge signal
indicates that “L” is input to the HOLD pin and the microcomputer is in a hold state. An “L” level is
output from this pin while the microcomputer is in a hold state.

(8)RDY signal input pin
This is a ready signal input pin. The bus cycle E can be stopped (ready state) when “L” is input to
this pin. The port and bus status when “L” is input to the RDY pin is held while ready. The RDY
signal is used when slow memory is externally connected.

(9)E output pin
This is the enable signal output pin. Data I/O is performed when the output of this pin is at “L”. This
signal controls the time division multiplexing of address information and data.

(10)BYTE pin
This is the byte enable signal input pin. The input level to this pin determines whether the external
memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at “L”, the data
width is 16 bits and ports P1 and P2 become the data 1/0 pins (data bus). When the BYTE pin input
level is at “H”, the data width is 8 bits and port P2 becomes the data I/O pin (data bus). However,
the data width is always 16 bits regardless of the BYTE pin level when accessing an internal
memory.

(11)CNVss pin
This pin controls the microprocessor operating mode. Memory expansion and microprocessor modes
are selected by resetting the microcomputer after setting this pin to the same level as the Vss pin
and then changing the processor mode bit in the processor mode register.
The microprocessor mode can also be selected by setting this pin to the same level as the Vcc pin
and then resetting. This pin must be set to Vcc level for external ROM version microprocessors such
as the M37700SFP (see “Section 2.4.2 Processor Modes”).
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2.6 Interrupts

2.6.1 Interrupt functions

The M37700 has 19 different sources of interrupts. When an interrupt occurs, a branch is made to the
address (branch address) corresponding to the source. Therefore, a branch address corresponding to
each interrupt must be stored at the address (interrupt vector address) corresponding to each interrupt
at addresses FFDG61s to FFFF16 (interrupt vector table) in bank 0. These branch addresses are the start
addresses of the interrupt handling routines (interrupt service routine).

When interrupt processing completes, the control must be returned to the original routine to resume
processing. Therefore, the contents of the program counter (PC), program bank register (PG), and the
processor status register (PS) just before an interrupt are automatically stored in the stack area (register
saving). Then when interrupt processing is completed, the RTI instruction (return from interrupt service
routine) can be used to restore the contents of the PC, PG, and PS registers to the respective registers
and resume the original routine.

r Executing routine I

Interrupt service routine

Interrupt—
Suspend operation

Resume processing ‘M End interrupt processing
Wy
19inay FOUting IRTI instruction |

Fig.2.6.1 Interrupt Processing Diagram

l Interrupt processing
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2.6 Interrupts

2.6.2 Sources of interrupts
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the address
of the interrupt service routine at the vector address shown in this table.

Table 2.6.1 Interrupt Sources and Vector Address

Vector address

Interrupt source High-order Low-order Remarks
address address

Reset (Note 1) 00FFFF1e 00FFFE+s | Non-maskable
Zero divide 00FFFD1s 00FFFCis | Non-maskable software interrupt
BRK instruction 00FFFBi1e 00FFFA+s | Non-maskable software interrupt
DBC (Note 2) 00FFF91s 00FFF81s | Not available to general user
Watchdog timer 00FFF71s 00FFF61s | Non-maskable interrupt
INTO 00FFF51s 00FFF416 | External interrupt due to INTo pin input signal
INTH 00FFF316 00FFF21s | External interrupt due to INT: pin input signal
INT2 00FFF11s 00FFF01s | External interrupt due to INT2 pin input signal
Timer AOQ O0FFEF1s 00FFEE+s | Timer AQ internal interrupt
Timer A1 00FFED1se 00FFEC+s | Timer A1 internal interrupt
Timer A2 O0FFEB1s 00FFEA1s | Timer A2 internal interrupt
Timer A3 00FFE916 00FFE816 | Timer A3 internal interrupt
Timer A4 00FFE716 00FFE®616 | Timer A4 internal interrupt
Timer BO 00FFE51s 00FFE416 | Timer BO internal interrupt
Timer B1 00FFE31s 00FFE216 | Timer B1 internal interrupt
Timer B2 O00FFE116 00FFEOws | Timer B2 internal interrupt )
UARTO receive 00FFDF1s 00FFDE+s | Valid only when the UARTO function is selected
UARTO transmit 00FFDD1s 00FFDC1s
UART1 receive 00FFDBs 00FFDAss | Valid only when the UART1 function is selected
UART1 transmit O0FFD91s 00FFD816 .
A-D conversion 00FFD71s 00FFD61s | Internal interrupt that occurs when A-D conversion completes.

Note1: Reset is included because its operation is identical to an interrupt.
Note2: The DBC interrupt is a debug control interrupt and is not available to general users.
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Each interrupt source is described below.

(1)Internal interrupt
Table 2.6.2 shows the internal interrupt sources.

Table 2.6.2 Internal Interrupt Sources

Interrupt Interrupt source
Zero divide Occurs when 0 is specified as the divisor for a DIV instruction.
(See “MELPS 7700 Software Manual”)
BRK instruction Occurs when a BRK instruction is executed. (See “MELPS 7700 Software Manual”)

Watchdog timer Occurs when the topmost bit of the 12-bit watchdog timer becomes “0".
(See section “2.12 Watchdog Timer”)

Timer Ai Occurs when timer Ai (i=0 to 4) overflows. (See section”2.7 Timer A”)
Timer Bi Occurs when timer Bi (i=0 to 2) overflows. (See section”2.8 Timer B”)
UARTI receive Occurs during UARTI (i=0,1) receive (See section “2.9 Serial 1/0”)

UARTI transmit Occurs during UARTI (i=0,1) transmit (See section “2.9 Serial 1/0")

A-D conversion Occurs when A-D conversion completes (See section “2.11 A-D Converter”)

(2)External interrupt (INTo~INT2)

These are interrupts that are caused by input level or input edge to pins TNTo to TNTz. The interrupt
sources can be selected using bits 4 and 5 of the INTi interrupt control register shown in Figure
2.6.2. Pins INTo~INTz are shared with ports P62~P6.. Therefore, the corresponding bit in the port P6
data direction register must be cleared to “0” in order to use these pins as external interrupt input
pins. If the INTi interrupts are not used, the INTi interrupt priority should be set to “0” because the
INTi interrupts always monitor the status of P62~P6s pins to raise interrupt requests.

The input signal to the INTi pins must have pulse width greater than 250ns at “H” or “L” regardless
of the source oscillating frequency (f(xi)).

Table 2.6.3 INTi Interrupt Sources

b5 b4 | Interrupt Source

0 0 |Falling edge of the signal input to the INTi pin
0 1 | Rising edge of the signal input to the INTi pin
1 0 | When the INTi pin status becomes “H”

1 1 | When the INTi pin status becomes “L”
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2.6.3 Interrupt control

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level,
processor interrupt priority (IPL), and interrupt disable flag (l) (excluding some software interrupts). The
interrupt disable flag and the processor interrupt priority level are assigned to the processor status
register (PS). The interrupt request bit and the interrupt priority level are assigned to the interrupt control
register of the respective interrupt. Figure 2.6.3 shows the structure of the interrupt control register.
However, there is no interrupt control register for non-maskable interrupts such as zero divide interrupt,
BRK instruction interrupt, and watchdog timer interrupt.

® Non-maskable interrupt: An interrupt that causes branch to the interrupt service routine regardless
of the interrupt control flags.
® Maskable interrupt: An interrupt that can be disabled with the interrupt control flags.

The interrupt control flags are described below.

(1)Interrupt disable flag (I flag)
The interrupt disable flag (I flag) is assigned to bit 2 of the processor status register. This flag can
be used to disable all maskable interrupts. All maskable interrupts are masked when the | flag is
set and enabled when it is cleared. This flag is set during reset and must be cleared if interrupts
are to be enabled.

(2)Interrupt request bit
When an interrupt occurs, the interrupt request bit which is assigned to bit 3 of the corresponding
interrupt control register is set. The interrupt request bit remains set until the interrupt is accepted
and is cleared when the interrupt is accepted. This flag is used to indicate that an interrupt has
occurred. This bit can be set and cleared from a program.

Address

7016 A-D conversion interrupt control register
7116 UARTO transmit interrupt control register
7218 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 A1 interrupt control register
7716 Timer A2 interrupt control register
7818 Timer A3 interrupt control register
7916 Timer A4 interrupt control register
7Aq6 Timer BO interrupt control register
7B16 Timer B1 interrupt control register
7C1e Timer B2 interrupt control register
7D1s TNTO interrupt control register

7E1s INTH interrupt control register

7F 16 INT2 interrupt control register

Fig.2.6.2 Interrupt Control Register Memory Map
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@®A-D conversion, UARTO, 1 transmit, UARTO, 1 receive, timers AQ to A4, timers B0 to B2 interrupt
control registers ;

b7 b6 b5 b4 b3 b2 bl Dbo

(Address 701~7Cue)

| -
— Interrupt priority level

Interrupt request bit

0 | No interrupt request

1 | Interrupt request

@INTO~INT2 interrupt control register

b5 b4 b3 b2 bl b0

(Address 7D16~7F16)

l Interrupt priority level

Interrupt request bit

0 | No interrupt request

1 Interrupt request

Level/edge selection bit

0 Set request bit at “H” level for level sence
and the falling edge for edge sence

Set request bit at “L” level for level sence
and the rising edge for edge sence

Level sence/edge sence selection bit

0 | Edgesence -

1 Level sence

Fig.2.6.3 Interrupt Control Register Structure
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(3)Interrupt priority level and processor interrupt priority level (IPL)
" An interrupt priority level between 0 and 7 can be assigned to each interrupt using the interrupt
priority level selection bits which are assigned to bits 0 to 2 of each interrupt control register. When
an interrupt is raised, this priority level is compared with the processor IPL in the processor status

register.

An interrupt is enabled when its interrupt priority level is greater than the IPL. Therefore, an interrupt
can be disabled by setting its priority level to 0.
The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of
each other and do not affect other flags. An interrupt occurs only when the condition of these flags
satisfy the interrupt occurrence condition. The combination of these flags can control the variety
interrupt priority operation by programming.

Table 2.6.4 Interrupt Priority Level

Interrupt control register - -
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 2.6.5 Interrupt Enable Level and Enabled Interrupts
IPL2 IPLs IPLo Enabled interrupt priority level
0 0 0 Enable level 1 and above interrupts
0 0 1 Enable level 2 and above interrupts
0 1 0 Enable level 3 and above interrupts
0 1 1 Enable level 4 and above interrupts
1 0 0 Enable level 5 and above interrupts
1 0 1 Enable level 6 and above interrupts
1 1 0 Enable level 7 interrupts
1 1 1 Disable all maskable interrupts

IPLo: Processor status register bit 8
IPLs: Processor status register bit 9
IPL2: Processor status register bit 10
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2.6.4 Interrupt order

All interrupts are assigned a priority order. When all interrupts are enabled and more than one mterrupt
occurs during the same sampling interval (interval in which interrupt requests are checked), the one with
the highest priority is accepted.

The priority order of all of the 19 sources except software interrupts (zero divide and BRK instruction
interrupt) and watchdog timer interrupt can be set from a program using the interrupt priority level bits
in the interrupt control register. Reset (the highest priority) and watchdog timer priorities are set by the
hardware. Figure 2.6.4 shows the hardware interrupt priorities.

The M37700 is equipped with an interrupt priority order detection circuit to select the highest priority
when more than one interrupt occurs within the same sampling interval.

Note : When a BRK instruction is executed or a zero divide is performed in an interrupt service routine,
a BRK interrupt or a zero divide interrupt occurs and that interrupt is serviced. However, if
multiple interrupts are enabled by setting the | flag to “0”, interrupts with priority higher than IPL
are accepted because the IPL is not changed. Furthermore, the watchdog timer interrupt is always
enabled. :

<[l < < || < | s

Priority determined by hardware

Interrupt priorities inside the dotted line are user settable

Fig.2.6.4 Hardware Interrupt Priorities

48



2.6 Interrupts

2.6.5 Interrupt priority detection circuit

Figure 2.6.5 shows the interrupt priority detection circuit.

Interrupt priority level

| A-D Conversion I-—

I UART1 trannsmit I—

I UART1 receive l—

| UARTO trannsmit |—

I UARTO receive I—

I Timer B2 I-—

I Timer B1 I——

I Timer BO }—

Level zero
(initial value)

The highest priority interrupt

Interrupt priority level

- Timer A4 |
TimerA3 |

Timer A2 |

Timer A1 |

Timer AO |

INT2 |
W]

T ]

IPL |

Processor interrupt priority

disable flag
Watchdog timer

Interrupt }
P 'e

Reset J

-/\ The occurrence of interrupt

Fig.2.6.6 Interrupt Priority Detection Circuit
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| Interrupt source

Comparator A:The highest priority level at this point
(Priority B:Priority level of interrupt source
detection) C:The highest priority level at this point

C

@ If A>B then C=A

@ If A<B then C=B

Fig.2.6.6 Interrupt Priority Detection Model

The interrupt priority level of the requested interrupt (B in Figure 2.6.6) is compared ,in the order shown
in Figure 2.6.5, with the highest priority interrupt at this point (A in Figure 2.6.6) and the higher level
interrupt is sent out as C to be compared with the next interrupt (A is initially 0). Unrequested interrupts
are not compared and A is passed to C. If the priority levels of A and B are the same, A is selected.
Therefore, the following relation exists if the software set priority levels are the same.

INTO < INT1 < INT2 < Timer A0 < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1
< Timer B2 < UARTO receive < UARTO transmit < UART1 receive < UART1 transmit < A-D conversion

As the result of this comparison, the interrupt with the highest priority is selected when there are multiple
interrupts within the same sampling interval. Then that interrupt is enabled and its interrupt service
routine is executed if its interrupt priority level is higher than the processor interrupt level (IPL) and the
interrupt disable flag is “0".

The detection of interrupt priority level is synchronized with the sampling pulse generated during the
operation code fetch cycle. While the interrupt level is being checked, the interrupt request bit and the
interrupt priority level are latched so that they do not changed. They are sampled at the first half of the
operation code fetch cycle and latched from the last half to the end of the level detection. Note that
while the priority is being checked, no sampling pulse is generated even when it is the operation code
fetch cycle (See Figure 2.6.8).
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2.6.6 Interrupt priority detection time

With the M37700, the time it takes for the interrupt priority detection circuit to determine the level of an
interrupt can be set by software. This is performed by setting the interrupt priority detection time
selection bits in the processor mode register (PMR). Table 2.6.7 shows detection time corresponding
to each combination of PMR bits 4 and 5. Figure 2.6.8 shows the relationship between the interrupt
priority detection time and the sampling pulse.

After a reset, the interrupt priority level detection time selection bits are initialized to “00” and seven
cycle mode is selected.

b7 b6 b5 b4 b3 b2 bt b0

Processor mode register (Address 5E1s)

Interrupt priority detection time selection bits
b5 |b4 Detection time

7 cycles at internal clock g ((a) in Fig.2.6.8)

4 cycles at internal clock o ((b) in Fig.2.6.8)

0
1
1 | 0 | 2cycles atinternal clock g ((c) in Fig.2.6.8)
1 | Not selection

Note : 1 cycle = @ = f(Xin)/2

Fig.2.6.7 Interrupt Priority Level Detection Time

Internal clock @

Operation code fetch cycle

- Sampling pulse (Note)

(a) 7 cycles

Priority

level (b) 4 cycles

detection
time

Lic) 2 cycles

Note: Pulse exists if 2 cycles is selected for priority level detection time.

Fig.2.6.8 Interrupt Priority Level Detection Time
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2.6.7 Interrupt processing sequence

When an interrupt is accepted, interrupt processing starts from the next cycle of an instruction under
execution at this point.

After execution of an instruction, under execution at accepting an interrupt, completes, an INTACK
(Interrupt Acknowledge) sequence is executed and branch to the beginning of the interrupt service
routine. The INTACK sequence operates as follows.

When an INTACK sequence starts, the contents of the program counter (PC) and the program bank
register (PG) (indicates the address of the instruction code to be executed next) are saved in stack in
the order of PG, PCu (PC high-order byte), and PC. (PC low-order byte). Then the contents of the
processor status register (PS) are saved in stack in the order of PSw (PS high-order byte) and PS. (PS
low-order byte), and the interrupt disable flag is set to “1”. At the same time, the request bit of the
accepted interrupt is cleared and the IPL in the processor status register is replaced by the interrupt
priority level of the accepted interrupt. Then the vector address of the interrupt is stored in the program
counter and PG becomes 00s.

Note: IPL is set to the values shown in Table 2.6.6 when a reset, watchdog timer, or software interrupt
occurs. This is useful when processing multiple interrupts. (See “2.6.8 Interrupt Service Routine”.)

Table 2.6.6 Change in IPL when an Interrupt Occurs

Interrupt source Change in processor interrupt leve
Reset 0 (0002) '
Watchdog timer 7 (1112)
Zero divide No change
BRK instruction No change
Other interrupt Priority level of the accepted interrupt

-4
pEpEpipipipinininipipipinininl
wes (LML LI L e

High-order 8 bits of

the CPU internal PG X 00 X 00 X 00 X 00 X 00 X 00 X 00 X 010 X . 00 X 00 X

address Ar

Low-order 16 bits of

the CPU internal PC X 0000 X S X S-1 XS—Z X S-3 X S-4 X S-5 X 5;5 X FFXXs X ADw,ADL X

address AnAL
CPU internal data :
bus DATA X  Notused X Yot X pa X . XPCu. Pc,.X . X ps X ot X  Notused X ADw,ADL Opgration

Interrupt disable |
flag

Fig.2.6.9 INTACK Sequence

The INTACK sequence is described below.
@ Save the contents of PG and PC in stack before passing control to the interrupt service routine.
@ Save the contents of the PS in stack just before passing control to the interrupt service routine
® Set the interrupt disable flag to “1” to prohibit multiple interrupts.
@ Clear the request flag of the accepted interrupt.
® Set the IPL to the priority level of the accepted interrupt.
(Useful when multiple interrupts are enabled.)
® Change the contents of the PG and PC to branch to the interrupt service routine.
(Store 0016 in PG and the contents at the vector address for the interrupt in PC.)
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2.6.8 Interrupt service routine

When control is passed to the interrupt service routine, the interrupt disable flag is set to “1” ( interrupt
is disabled). In addition, the interrupt request bit of the accepted interrupt is cleared. However, the
request bit is retained if the interrupt was rejected by the interrupt priority level detection circuit.
Furthermore, the IPL in the processor status register changes to the interrupt level of the accepted
interrupt. This simplifies enabling of interrupts with higher interrupt level in the interrupt service routine
(multiple interrupts). If multiple interrupts are allowed, the interrupt disable flag is cleared in the interrupt
service routine. This enables accepting of higher priority interrupts as long as the IPL is not changed.
Only the contents of the PC, PG, and PS are saved when control is passed to the interrupt service
routine. Therefore, other necessary registers must be saved at the beginning of the interrupt service
routine. The M37700 provides the PSH instruction to save all registers except the stack pointer with
one instruction.

2.6.9 Returning from an interrupt service routine

A RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine
and continue processing. The RTI instruction restores the contents of the PG, PC, and PS saved
before entering the interrupt service routine to their original registers. The other registers saved within
the interrupt service routine must be restored with the PUL instruction before executing the RTI
instruction. The request bit of other interrupts are retained after branching to the interrupt service
routine. Therefore, if these interrupts are to be disabled after returning, these request bits must be
cleared before executing the RTI instruction.
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2.6.10 Interrupt response time
The time it takes an interrupt to be serviced after it has occurred is determined as follows:

Interrupt priority
detection time

/)

Interrupt
request | Bl ! ! i
Instructioni Instruction INTACK Ins‘tlc:ﬁl:ns
A B sequence interrupt
- i >
@ @ ®

Fig.2.6.10 Interrupt Sequence

@ Interval between interrupt occurrence and the end of instruction A that was interrupted.

@ Interval between the start of the instruction B (interrupt priority detection start) and the end of
instruction being executed when interrupt level detection has ended.

® Time required for INTACK sequence such as saving registers and jumping to vector table address
(13 cycles minimum).

Also note the following:

Interrupt priority detection is performed at the start of each instruction and during INTACK sequence.
However, if the current instruction completes and the next instruction starts before detection completes,
current detection is continued without starting detection for the next instruction.

The interrupt priority detection interval is selected with the processor mode register bits 4 and 5. The
available intervals are two, four, or seven g cycles.

Interrupts are not allowed while executing an instruction. Therefore, when using instructions that require
some time to execute (such as MVP, MVN, and RLA instructions) at places where interrupts may occur,
care must be taken the handling time.

Table 2.6.7 shows the interrupt response time for a certain instruction;
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Table 2.6.7 Interrupt Response Time Example

Minimum Maximum instruction
instruction (A) (B) (C)
Time required for interrupt detection,
priority detection, and single instruction 2 917522 106 28
execution.
Time required to save the program counter,
program bank and processor 13 15 15 15
status register
General register [A 5 6 6 6
save time A, 20 26 | 26 26
A, Y, DPR, DT 23 31 31 31
A 19 917543 127 49
Total (cycles) A, 35 917563 147 69
A, Y, DPR, DT 38 917568 152 74
A 2.375 114692.875 15.875 6.125
Time (us) A, 4.375 114695.375 18.375 8.625
A, Y, DPR, DT 4.750 114696.000 19.000 9.250

(A) MVP instruction (when 64K-byte data is transferred)
(B) DIV instruction (direct indirect long indexed Y)
(C) AND instruction (direct indirect long indexed Y)
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2.7 Timer A

2.7.1 Timer A description

Timer A consists of five external output function timers TAO~TA4. These timers have identical functions
(excluding two-phase pulse signal processing function) and are independent. There are four operating
modes depending on the setting of the timer Ai (i=0~4) mode selection bit in the timer Ai mode register
which is described later.

®Timer mode [00]*
This mode counts the selected internal clock and generates interrupt at an arbitrary frequency. Gate
function (enable/disable count operation with the input level to the TAin pin) and polarity output
function (output signal that changes phase each time the timer underflows from the TAiour pin) are
available and can be selected by program.

®Event count mode [01]*
This mode counts the external clock input from the TAin pin. Whether to use it as an incremental
counter or as a decremental counter can be selected internally or externally. An interrupt is generated
at an arbitrary frequency. In addition, the pulse output function (output a signal that changes phase
each time the counter underflows or overflows from the TAiour pin) can be selected by program. The
two-phase pulse signal processing function can be selected for TA2, TA3, and TAA4.

@®0ne-shot pulse mode [10]*
In this mode, the timer is driven by an internal or external trigger and “H” level is output from the
TAiout pin for an arbitrary interval.

OPWM (pulse width modulation) mode [11]*

In this mode, an arbitrary pulse width signal is output repeatedly from TAiour. PWM output is started
by an internal or external trigger.

*The numbers in brackets are the contents of the timer Ai mode selection bit described later.
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2.7.2 Block diagram

Figure 2.7.1 shows the block diagram of timer Ai. It is followed by the description of timer Ai related
registers.

Count source
selection bit
—_—0

(Low-order 8 bits (High-order 8 bits)

+Timer mode
+*One-shot pulse mode
+PWM mode

Timer

:D (gatefuncion) "\ C(;unter (16)

. Polarity *Event courter modeI—O Up/down selection
TAin O itchi (always decrement excej
switching ount start flag for evy:nt counter mode)pt
— External trigger
Down ooum

t——1] Interrupt request bit

Up—down ﬂag

Pulse output
,E- Toggle

Thler O < FF.

Fig.2.7.1 Timer Ai Block Diagram

(1)Counter and reload register

The counter and reload register consist of 16 bits. The counter counts the clock (count source)
selected with the TAi mode register and its content is incremented (+1) or decremented (-1) each
time a clock is input. The reload register is used to store the initial value of the counter.

Values are set in the counter with the timer Ai register (except PWM mode). The value written in
the timer Ai register is also written in the counter and the reload register. Thereafter, the content
of the counter changes each time a count clock (count source) is input, but not the content of the
reload register.
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(2)Count start flag
This register consists of flags used to start and stop each counter. The operation of each counter
is controlled by the corresponding flag in this register. A count clock is input to the timer when this
flag is set to “1” and disabled when it is set to “0”. Each flag is automatically cleared and count is
disabled when a value is set in the timer (a value is written in timer Ai register). (Except PWM
mode.)

b7 b6 bS5 b4 b3 b2 bl bl

Count start flag (Address 401s)

———| Timer AO count start flag

—| Timer A1 count start flag

{ Timer A2 count start flag

{ Timer A3 count start flag

{ Timer A4 count start flag

{ Timer BO count start flag

Timer B1 count start flag

Timer B2 count start flag

—J L J ] ) )

—t—

Fig.2.7.2 Count Start Flag Bit Structure

(3)One-shot start flag
This register consists of one-shot start flags that are used during one-shot pulse mode. A one-shot
start internal trigger is generated by setting the bit corresponding to each timer to “1”. This register
consists of write only bits and the LDM or STA instructions must be used to write to it. (Do not use
instructions such as CLB and SEB which perform read modify write.)

b7 b6 bS5 b4 b3 b2 bl bl

One-shot start flag (Address 4216)

——i Timer AQ one-shot start flag

———{ Timer A1 one-shot start flag

{ Timer A2 one-shot start flag

I Timer A3 one-shot start flag

Timer A4 one-shot start flag

This bit must be set to "0".

S J NS Dy SSNSIUN py SHUUIGN D SUNS g SS——

Note : Bits 5 and 6 are undefined.
Fig.2.7.3 One-shot Start Flag Bit Structure
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(4)Up-down flag
This register consists of up-down flags used during event count mode and two-phase pulse signal
selection bits. Bits 7 to 5 are write only bits, but read modify write type instructions such as CLB
and SEB can be used for this register.

b7 b6 b5 b4 b3 b2 bt bl

Up-down flag (Address 441s)

———L Timer A0 up-down flag J
———I Timer A1 up-down flag |
|
|

JL Timer A2 up-down flag

Jl Timer A3 up-down flag

{ Timer A4 up-down flag l

Jl Timer A2 two-phase pulse signal processing selection bit |

J| Timer A3 two-phase pulse signal processing selection bitJ

IrTimer A4 two-phase pulse signal processing selection bit |

Fig 2.7.4 Up-down Flag Bit Structure

®Timer Ai up-down flags
These flags are valid during event count mode when the count up-down flag is selected as the
increment/decrement trigger. A counter is decremented when this flag is “0” and incremented
when it is “1”.

®Two-phase sighal processing selection bit
In event count mode, the counter can be controlled using two waveforms with their phases shifted
by 90° (two-phase pulse signal processing function). This bit must be set to “0” when the two-
phase pulse signal processing function is not used and in other modes.

(5)Timer Ai register
The data written in this register is stored in the counter and the reload register. Reading this register
returns the content of the counter at that point.
The timer Ai register is divided in to high-order byte and low-order byte. Writing data and reading
of halted timer can be performed in byte or word unit. However, the high-order and low-order bytes
must be read simultaneously when the counter is operating.

Table 2.7.1 Timer Ai Register Address

Timer Ai register High-order byte Low-order byte
Timer AO register Address 471s Address 4616
Timer A1 register Address 4916 Address 4816
Timer A2 register Address 4Bis Address 4Ais
Timer A3 register Address 4Dis Address 4Cis
Timer A4 register Address 4Fie Address 4Eis
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(6)Timer Ai mode register
The timer Ai mode registers control the timer operating modes and counter source and function

selection. Bits 1 and 0 control the timer operating modes. Note that the meaning of each bit differs
according to the timer operating mode. Refer to the description of the respective operating mode
for the bit configuration in each operating mode.

b7 b6 b5 b4 b3 b2 bl bo

Timer Ai mode register (Address 5616~5A1s)

Timer Ai mode selection bits

b1 |{b0 Operation modes

010 Timer mode

1 Event counter mode

110 One-shot pulse mode
111 PWM (pulse width modulation) mode

The meaning of these bits depend on the timer
operating mode.

Count source selection bits Counter input clock
b7 |b6 Timer count sources f(xn)=8MHz | f(xin)=16MHz
0 | 0 [Clock oscillating frequency divided by 2 (f2) 4MHz 8MHz
1 |Clock oscillating frequency divided by 16 (f1s) 500kHz 1MHz
1 | 0 |Clock oscillating frequency divided by 64 (fes) 125kHz 250kHz
1 | 1 [Clock oscillating frequency divided by 512 (fsi2) 15625Hz 31250Hz

| 1/2 1/8 1/2 1/2 1/8

f(xin)

f2 f1e fea f512

Fig.2.7.5 Timer Ai Mode Register Bit Structure

®Timer Ai mode selection bits
These bits are used to control the timer operating modes.

@®Counter source selection bits
These bits are used to select the counter source (except in event counter mode).
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(7)Timer Ai interrupt control register
The timer Ai interrupt control register consists of interrupt priority level selection bits and interrupt

request bits.

b7 b6 b5 b4 b3 b2 bl b0

Timer Ai interrupt control register(Address 7516~791s)

{ Interrupt priority level I

Interrupt request bit

0 | No interrupt request

1 Interrupt request

Note : Bits 4 to 7 are undefined.

Fig.2.7.6 Timer Ai Interrupt Control Register Bit Structure

®Interrupt priority level selection bit
This bit is used to select the interrupt priority level. It should be set to a level between 1 and 7
when using a timer Ai interrupt. An interrupt is allowed only when this level is greater than the
processor interrupt priority level (IPL) in the processor status register (PS). (When interrupt disable
flag I is “0”.) Set these bits to “0002" to disable timer Ai interrupt.

Table 2.7%:2 Interrupt Priority Level

Interrupt control register - P
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

®Interrupt request bit
This bit is set to “1” when a timer Ai interrupt request occurs. This bit can be set or cleared by

program.
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2.7.3 Timer mode [00]

A timer mode is selected by setting the timer Ai mode register bits 1 and 0 to “0”. When this mode is
selected, bit 5 of the timer Ai mode register must be set to “0”.

Figure 2.7.7 shows the bit configuration of the timer Ai mode register in timer mode.

(1)Functions

In timer mode, the selected internal clock is decremented and an interrupt occurs when the counter
underflows.

Timer dividing ratio ... 1/(n+1)
n:Value set in timer Ai register
(a value between 000016 and FFFFie)

The following functions can be selected with the timer Ai mode register.

®Gate function
Controls count with input signal to timer Ai input pin Ain.

®Pulse output function
Outputs signal that changes polarity every time the content of the counter becomes “000016” from
the timer Ai output pin TAiour.

(2)Basic function

First the mode, count source, gate function, and pulse output function are selected with the timer
Ai mode register bits. Then when a value n (between 000016 and FFFFi6) is written in the timer Ai
register, the count start flag is cleared (count disabled) and n is stored in the counter and the reload
register.

When the count start flag is set to “1” (count enabled), the internal clock selected with the source
selection bit is input to the counter. The content of the counter is decremented by 1 each time a
clock is input. At the next clock input after the content of the counter reaches 016, the content of
the reload register is loaded in the counter and the interrupt request bit is set to “1”. Counting
continues in this manner and the interrupt request bit is set to “1” each time the content of the
counter changes from 016 to n. Therefore, a timer Ai interrupt request occurs at every n+1 count of
the clock input. The interrupt request bit remains set until the interrupt is accepted or it is cleared
by program.

The content of the counter can be read at any time by reading the content of the timer Ai register,
but the content of the reload register cannot be read.

Note : Interrupts must be enabled in order to use timer Ai interrupt. See “Section 2.6 Interrupts” for
more information.
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b7 b6 b5 b4 b3 b2 bl b0

0 0|0 Timer Ai mode register <Timer mode>
Timer Ai mode selection bits
b1 |b0 Operation mode
0|0 | Timermode
Pulse output enable bit
0 | Disable
1 Enable
Gate function selection bits
b4 |b3 Functions
0
aE Gate function disabled
1 [0 | Timer operates while TAin input is “L"
11 Timer operates while TAiw input is “H”
| This bit must be “0” |
Count source selection bits
b7 |b6 Timer count sources
0 [ O |Clock oscillating frequency (fxn)) divided by 2
0 | 1 {Clock oscillating frequency (f(xw)) divided by 16
11 0 |Clock oscillating frequency (f(xin)) divided by 64
11 1 |Clock oscillating frequency (fixm) divided by 512

Fig.2.7.7 Timer Ai Mode Register Bit Structure in Timer Mode
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; Stop count Resume count
FEFFis Reload register contents

Counter contents /
] / v 7

00001 : :
i —Time
Count start flag I { :
Interrupt : : Clear start fla
request bit ; I-I n g

T T

Cleared due to an interrupt or by software

Fig.2.7.8 Timer Mode Operation

(3)Selection function

in timer mode, a gate function and a pulse output function can be selected by program. These

functions can be used together.

®Gate function

When the gate function is enabled (timer Ai mode register bit 4 set to “1”), the starting and
stopping of the timer count can be controlled by the level of the signal input to the TAin pin. The
effective level is selected with the timer Ai mode register bit 3.

When the gate function is enabled, counting is performed only when the count start flag is “1” and
the input to pin TAin is at the effective level. Counting stops if the input level is ineffectively.
However, the content of the counter is preserved and counting can resume when the input level
returns to an effective level.

Precautions when using the gate function

1.The TAin pin is in common with normal port pins. Therefore, the data direction register of the
corresponding port must be set to input when using the gate function.

2.The pulse width of the TAiwn pin input signal during count interval and count halt interval must
be at least 2 cycles of the timer count source.
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®Pulse output function
When the pulse output function is enabled (timer Ai mode register bit 2 is set to “1”), a signal
that changes polarity every time the content of the counter becomes “0000+¢” is output from
the TAiout pin.
An “L” level is output from the TAiout pin when the count start flag is “0” (count disabled).

FFFFus Reload register contents

Counter contents
7

000016

Count start flag I
TAiout output I I I l

Fig.2.7.9 Output Example when Pulse Output Function is Selected

—p=Time

Precautions when using the pulse output function

1.When the content of the timer Ai register is changed while counting, the count start flag becomes
“0” (count disabled) and the TAiour pin level becomes “L”.

2.The TAiour pin is in common with normal port pins. When the pulse output function is enabled,
the corresponding port is forced to output mode and functions as a timer output pin losing its
programmable 1/0O port function. It can be used as a programmable /O port once the pulse
output function is disabled. :
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2.7.4 Event counter mode [01]

The event counter mode is selected by setting the timer Ai mode register bit 1 to “0” and bit 0 to “1”.
When this mode is selected, the timer Ai mode register bit 5 must be set to “0”.

Figure 2.7.10 shows the bit configuration of the timer Ai mode register and the up-down flag during
event counter mode.

(1)Functions

In event counter mode, the external clock input from the TAiw pin is counted and an interrupt occurs
each time the counter overflows or underflows.

In event counter mode, the counter can be incremented or decremented. This selection is made with
the contents of the up-down flag or the input signal to the TAiour pin.

Timer dividing ratio Incremental counter................ 1/(n+1)
Decremental counter.............. 1/(FFFFis—n+1)
n: Value set in timer Ai register
(a value between 000016 and FFFFis)

In addition, in this mode, the pulse output function and two-phase pulse signal processing function
can be selected from a program (two-phase pulse signal processing function is available only with
timers A2, A3, and A4)

®Pulse output function
A pulse that changes phase every time the content of the counter becomes “000016” (decremental
count) or “FFFF16” (incremental count) is output from timer Ai output pin TAiour.

@®Two-phase pulse signal processing function
Whether to increment or decrement the counter can be selected using two signals with different
phases. This function is selected with bits 5 to 7 of the up-down flag (address 441s).

(2)Basic function

First the mode, up-down selection bit, effective edge of the count source, and whether to enable
or disable pulse output function is selected with the timer Ai mode register. Then when, a value n
(n=000016 to FFFF1e) is written in the timer Ai register, the count start flag is cleared to “0” (count
disabled) and the value n is stored in the counter and the reload register.

Then, when the count start flag is set to “1” (count enabled), the external clock input to the TAin
pin is input to the counter. The counter counts at the falling (when the count polarity selection bit
is “0”) or rising (when the count polarity selection bit is “1”) edge of the input clock.

Whether to increment or decrement the counter can be selected with the up-down flag or the level
of the input signal to the TAiour pin. The content of the up-down flag is used if the up-down
switching factor selection bit (bit 4) in the timer Ai mode register is “0” and the TAiour pin input
signal level is used if it is “1”.

®When using the content of the up-down flag
The counter is decremented when the bit corresponding to the timer Ai (bit i) in the up-down flag
(address 4416) is set to “0” and incremented when it is set to “1".

®When using the TAiour input signal
The counter is decremented when the TAiour pin input level is at “L” and incremented when it is
at “H”.

Precautions when externally controlling increment/decrement

1.The TAiout pin is in common with normal port pins. Therefore, the data direction register of the
corresponding port pin must be set to input when the input level of the TAiour pin is' used to
control increment/decrement.

2.The pulse output function, which is described later, cannot be used when the input level to the
TAiout pin is used to control increment/decrement.
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b7 b6 b5 b4 b3 b2 bl bo

X|IX{0 0|1 Timer Ai mode register <Event counter mode>
Timer Ai mode selection bits
b1 |b0 Operation mode
011 Event counter mode

Pulse output enable bit

0 Disable
1 Enable

Count polarity selection bit

0 | Count at the falling edge of the input signal

1 Count at the rising edge of the input signal

Up-down switching factor selection bit

0 Contents of the up-down flag

1 Input signal of the TAiout pin

| . A wAn
1 This bit must be “0 ]

These bits are ignored (may be “0” or “1”) ]

b7 b6 b5 b4 b3 b2 bl bo

Up-down flag (Address 441e)

|— Timer AO up-down flag

Timer A1 up-down flag

Timer A2 up-down flag

Timer A3 up-down flag

Timer A4 up-down flag

0 Down count

1 Up count

Timer A2 two-phase pulse signal processing selection bit

Timer A3 two-phase pulse signal processing selection bit

Timer A4 two-phase pulse signal processing selection bit

0 | Two-phase pulse signal processing disable

1 Two-phase pulse signal processing enable

Fig 2.7.10 Event Counter Mode Related Registers Bit Structure
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The count direction can be changed while counting. However, in this case, the increment interval
and the decrement interval must be at least two cycles of the timer count source.

The content of the reload register (n) is loaded in the counter and an interrupt request bit is set to
“1” at the next clock input when the content of the counter reaches “0000:” (when decrementing)
or “FFFF1" (when incrementing). Counting continues and the interrupt request bit is repeatedly set
at a certain interval. The interrupt request bit remains set until it is accepted or is cleared from a
program.

The content of the counter can be read by reading the content of the timer Ai register, but the
content of the reload register cannot be read.

Reload register contents

P =SR-S R
Counter contents
n
000016 :

—»Time

Count start flag I : :

Interrupt r |

request bit rl rl

! ?

Cleared due to an inlerr@pt or by software

Up-down flag l

Fig.2.7.11 Event Count Mode Operation Diagram (when up-down switching factor selection bit is “0”)

(3)Selection function

In event counter mode, a pulse output function and a two-phase puise signal processing function
can be selected by program. However, only timers A2, A3, and A4 can use the two-phase pulse
sighal processing function.

®Puise output function
When the pulse output function is enabled (timer Ai mode register bit 2 is set to “1”), a signal that
changes polarity every time the content of the counter becomes “000016” (decremental count) or
“FFFF+6” (incremental count) is output from the TAiour pin.
An “L” level is output from the TAiout pin when the count start flag is “0” (count disabled).

Precautions when using the pulse output function

1.The counter up-down selection cannot be made externally because the pulse output function
uses the TAiour pin.

2.When the content of the timer Ai register is written a value (if the same value) while counting,
the count start flag becomes “0” (count disabled) and the TAiour pin level becomes “L”".

3.The TAiout pin is in common with normal port pins. When the pulse output function is enabled,
the corresponding port is forced to output mode and functions as a timer output pin losing its
programmable 1/O port function. It can be used as a programmable I/O port once the pulse
output function is disabled.
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@®Two-phase pulse signal processing function
Timers A2 to A4, for which the event counter mode is selected, can use the two-phase pulse
signal processing function which controls the counter increment/decrement with two input pulses
shifted by 90°.
When using the two-phase pulse signal processing function, the high-order three bits of the up-
down flag which is used timer (timer A2, A3, or A4) must be set to “1”. And the timer Aj mode
register (j=2, 3, 4) must be set as follows:

b7 b6 b5 b4 b3 b2 bl b0
X|X/0/1/10/0/0!1 Timer Aj mode register (j=2, 3, 4)
(“X” may be “0” or “1”)

Fig.2.7.12 Setting value at Using Two-phase Pulse Signal Processing Function

After setting the timer Aj mode register, when a value n (n=00001 to FFFF1e) is written in the timer
Aj register, the count start flag is cleared to “0” and the value n is loaded in the counter and reload
register. When using the two-phase pulse signal processing function, the reference pulse must be
input to the TAjout pin and a pulse shifted by 90° from the reference pulse must be input to the
TAjN pin. )

The counter is enabled when the count start flag is set to “1”. After the input signal to the TAjour
pin changes from “L” to “H”, the counter is incremented when a rising edge is input to the TAj
pin and is decremented when a falling edge is input.

| Up count |

| I

TAjw

TAjur

TAjn _| r

Fig.2.7.13 Two-Phase Pulse Signal Processing Function

Precautions when selecting two-phase signal processing function

1.When using the two-phase pulse signal processing function, the pulse output function cannot be
used because the TAjout pin is used as the reference pulse input pin.

2.The phase difference between the reference pulse and the puise input to the TAjn pin must be
between 80° and 100°.

3.If the input pulse changes direction as shown below, the following error occurs in the count
value.

Normal Reverse

TApur _| |_

TAN

+1 +1 +1 -1

Fig.2.7.14 Input Pulse Timing
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2.7.5 One-shot pulse mode [10]

The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to “1” and bit 0 to “0”.
When this mode is selected, the timer Ai mode register bit 5 must be set to “0” and bit 2 must be set
to “1”.

Figure 2.7.15 shows the bit configurations of the timer Ai mode register and one-shot start flag during
one-shot pulse mode.

(1)Functions

In one-shot pulse mode, the level of the timer Ai output pin (TAiour) is held at “H” for an arbitrary
interval after a trigger.

The trigger can be either internal or external. The source of trigger is selected using bit 4 of the
timer Ai mode register. A software trigger (internal trigger) is selected when this bit is “0” and a TAin
pin input signal (external signal) is selected when this bit is “1”.

®Software trigger
Internal trigger is generated by setting the bit corresponding to each timer in the one-shot start
flag (address 4216) to “1”. Use LDM or STA instruction to write to the one-shot start flag (do not
use read-modify-write type instructions such as SEB).

@®External trigger (TAin pin input pulse)
An input signal from the TAiw pin is used as the trigger. Whether to trigger at the rising edge or
falling edge of the input signal is selected with bit 3 of the timer Ai mode register. A trigger occurs
at the falling edge when this bit is “0” and at the rising edge when it is “1”.

Precautions when using an external trigger
The TAin pin is in common with normal port pins. Therefore, the data direction register of the
corresponding port must be set to input when using an external trigger.
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b7 b6 b5 b4 b3 b2 b1 bl

0 1 (1| Q| Timer Ai mode register <One-shot pulse mode>
Timer Ai mode selection bits
b1 {b0 Operation mode
110 One-shot pulse mode
{ This bit must be “1” |
Trigger selection bits
b4 [b3 Trigger types
010} .
e Trigger at write signel to one-shot start flag
1 | 0 | Trigger at the falling edge of TAin input
1 | 1 | Trigger at the rising edge of TAin input
| This bit must be 0" |
Count source selection bits
b7 |b6 Timer count sources
0 | 0 |Clock oscillating frequency (f(xw)) divided by 2
0 | 1 | Clock oscillating frequency (f(xn)) divided by 16
1 | 0 |Clock oscillating frequency (f(xw)) divided by 64
1 | 1 [Clock oscillating frequency (f(xi)) divided by 512

b4 b3 b2 bl bo

b7

One-shot start flag (Address 421s)

,-— Timer AO one-shot start flag
Timer A1 one-shot start flag
Timer A2 one-shot start flag
Timer A3 one-shot start flag
Timer A4 one-shot start flag

Internal trigger is generated when “1” is written
in this flag

{ This bit must be “0” |

Note: Use LDM and STA instructions to write in the one-shot start flag (do not use the SEB instruction)

Fig.2.7.15 One-shot Pulse Mode Related Register Bit Structure
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(2) One-shot pulse mode operation

First the mode, count source, and trigger source are selected with the timer Ai mode register bits.
Next, when a value n (between 000016 and FFFFi6) is written in the timer Ai register, the count start
flag is cleared (count disabled) and n is stored in the counter and the reload register. Then count
is enabled when the count start flag is set to “1”, but the counter does not start until it is triggered.
If bit 4 of the timer Ai mode register is “0”, an internal trigger is generated by setting the bit
corresponding to each timer in the one-shot start flag to “1”. If bit 4 is “1”, a trigger is generated
at the rising edge or falling edge of the TAiwn pin input signal (whether to trigger at the rising edge
or falling edge is selected with bit 3 of the timer Ai mode register).

When triggered, the TAiour pin level becomes “H” and the timer starts counting (however, if the timer
Ai register contains “000016”, the TAiout pin level remains at “L” and counting does not start). The
counter is decremented and when its content reaches “000116", the TAiour pin level becomes “L”,
the content of the reload register is loaded in the counter, and counting stops. An interrupt occurs
and the interrupt request bit is set to “1” when the TAiour pin level changes from “H” to “L”". The
interrupt request bit remains set until the interrupt is accepted or it is cleared by program.

The count resumes at the next trigger and this operation is repeated.

The “H” width of the pulse output from the TAiour pin is (count source cycle) x n.

If the count start flag is “0” (count disabled), the TAiour pin output is at “L” level. Therefore, an
arbitrary pulse width can be generated by setting a value in the timer Ai register before setting the
timer Ai count start flag to “1”.

If another trigger is received before a triggered operation completes, the content of the reload
register is transferred to the counter and decrement continues from that value. In this case, the
TAiout pin level becomes “L” at n+1 count after the trigger. A trigger never causes the content of
the reload register to be transferred to the counter except when it is received while a triggered
operation is being executed. In this case, there should be at least one cycle of the timer count
source between triggers.

Precautions when using one-shot pulse mode

If the low-order eight bits of the timer Ai register is set to “0016” in one-shot pulse mode, the value
must be reset and the count start flag must be set to “1” before the next trigger after a one-shot
pulse output.
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Count start
flag |
Tawinput i [] | | I |
— )/Reload register contents
Counter contents
n ; : : //
000016 L . .
—»Time
Interrupt _I
request bit —s— Count is incremented
- N — e nel (+1) when retriggered
: : : : during count
TAbur ' |
output __J=

Fig.2.7.16 One-shot Pulse Mode Operating Diagram (when external trigger is selected)
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2.7.6 PWM (Pulse Width Modulation) mode [11]
The PWM mode is selected by setting bits 1 and 0 of the timer Ai mode register to “1”. When this mode
is selected, bit 2 of the timer Ai mode register must be set to “1”. Figure 2.7.17 shows the bit
configuration of the PWM mode related registers.

(1)Functions ,

The PWM mode continuously outputs an arbitrary pulse width signal from the TAiout pin. A 16-bit
PWM mode or an 8-bit PWM mode can be selected from a program.

@16-bit PWM mode
The counter functions as a 16-bit pulse width modulator.

08-bit PWM mode v
The reload register and the counter are both divided into 8-bit halves. The high-order 8-bits of the
counter function as a pulse width modulator and the low-order 8-bits function as a prescaler.

(2) Operation

First the mode, count source, and trigger source are selected with the timer Ai mode register bits.
Next, when data is written in the timer Ai register with the timer Ai start flag set to “0” (pulse width
modulator operation halted), it is stored in the counter and the reload register. In PWM mode, the
count start flag is not cleared when writing to the timer Ai register.

The trigger can be either internal or external. The source of trigger is selected with bit 4 of the timer
Ai mode register. A software trigger is selected when this bit is “0” (internal trigger) and an external
trigger is selected when it is “1”.

®Software trigger
An internal trigger is generated by setting the count start flag to “1”.

®External trigger (TAin pin input pulse)
After the count start flag is set to “1”, a trigger is generated at the effective edge of the input signal
to the TAiw pin. The effective edge is selected with bit 3 of the timer Ai mode register. A trigger
is generated at the falling edge if bit 3 is “0” and at the rising edge if it is “1”.

Precautions when using an external trigger
The TAin pin is in common with normal port pins. Therefore, the data direction register of the
corresponding port must be set to input when using an external trigger.

The pulse width modulator starts when triggered and outputs an arbitrary pulse from the TAiour pin.
The pulse width modulator cannot be retriggered once it is started.
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b7

b6 b5 b4 b3 b2 b1

b0

1 Timer Ai mode register <PWM mode>

Timer Ai mode selection bits

b1

Operation mode

PWM mode

I This bit must be “1”

Trigger selection bits

b4

b3 Trigger types

Internal trigger

Trigger at the falling edge of TAin input

—_ O = ©

Trigger at the rising edge of TAin input

16/8-bit pulse modulation width selection bit

16-bit length pulse width modulation

8-bit length pulse width modulation

Count source selection bits

b7

b6 b5 b4 b3 b2 bl

b7

b6 Timer count sources

Clock oscillating frequency (f(xw)) divided by 2

Clock oscillating frequency (f(xw)) divided by 16

Clock oscillating frequency (f(xi)) divided by 64

- O| =] O

Clock oscillating frequency (f(xw)) divided by 512

b0

Count start flag (Address 401s)

L)

Timer AO count start flag

Timer A1 count start flag

Timer A2 count start flag

Timer A3 count start flag

Timer A4 count start flag

Timer BO count start flag

Timer B1 count start flag

Note :

In PWM mode, an internal trigger is generated by writing “1” in the count start flag. (when

internal trigger is selected)

Timer B2 count start flag

Fig.2.7.17 Pulse Width Modulation Mode Timer Ai Mode Register Bit Configuration
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(3)Selection function

A 16-bit or an 8-bit pulse width modulation mode can be selected from a program. A 16-bit PWM
mode is selected when bit 5 of the timer Ai mode register is “0” and an 8-bit PWM mode is selected
when it is “1”.

@®16-bit PWM mode
In 16-bit PWM mode, the cycle and width of the pulse output from the TAiour pin are as follows:

Output pulse cycle ........... e (1/6)) % (278-1) [S]
Output pulse “H” width (1/f) x m [s}]
where
fi: Clock frequency [Hz]
m: Value in the reload register

Figure 2.7.18 shows the output waveform during 16-bit PWM mode. An interrupt request signal
is generated and the interrupt request bit in the timer Ai interrupt control register is set at each
falling edge of the output pulse. To change the pulse width while it is being output, data must be
written in the timer Ai register while the output pulse is at “L” (this also applies to 8-bit PWM
mode). This data is written only in the reload register. The counter and count start flag are
unaffected. The content of the reload register is transferred to the counter just before the rising
edge of the next pulse and the output pulse is updated at the next pulse cycle.

The content of the reload register is obtained if the timer Ai register is read during PWM mode.

@8-bit PWM mode

When 8-bit PWM mode is selected, both the reload register and the counter are divided into 8-
bit halves. The low-order 8 bits of the counter function as a prescaler and the high-order 8 bits
function as an 8-bit pulse width modulator. )

The prescaler counts the clock selected with bits 6 and 7 of the timer Ai mode register and a pulse
is generated when its content reaches “0016". At the same time, the content of the reload register
is written in the prescaler and count continues. The counter counts the pulse generated by the
prescaler. Therefore, the cycle and width of the pulse output from the TAiour pin are as follows:

Output pulse cycle ..o, (1) X (net) x (28-1) )
Output pulse “H” width ........................... (1/fi) x (n+1) x m [s]
where

fii Clock frequency [Hz]
m: Value in the high-order 8 bits of the reload register
n: Value in the low-order 8 bits of the reload register

Figure 2.7.19 shows the output waveform during 8-bit PWM mode. The operation in this mode is
similar to 16-bit PWM mode except that the bit length is 8-bits.

Precautions when using 8-bit PWM mode
In-8-bit PWM mode, if pulse output from the TAiour pin is started with a trigger, the pulse output
starts after an “L” level is output for the specified “H” pulse width.
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-~ 1/fi x (215-1)

Selected clock

JHUHUUH

source fi
TAiN
(if rising edge) S ~This trigger is not accepted
. ——1/fi x (M)
TAiout

Example when the content of the reload register is 000316

Fig.2.7.18 Output Waveform During 16-bit PWM Mode

.~ ffix (nel) x (282—1)

>e1e cource s I UL, AU

TAiN
(if falling edge) l

—_— 1/fi x (n+1)
P I t t cessammcan
" nen ncd I I 1 1
— fe— 1/fi x (n+1) x (m)

8-bit PWM output _—_—l —————l—
(when m=2)

Fig.2.7.19 Output Waveform During 8-bit PWM Mode
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2.8 Timer B

2.8.1 Timer B description
Timer B consists of three independent identical function timers TB0, TB1, and TB2. Three operation
modes can be selected with the timer Bi mode selection bits of the timer Bi mode register (i=0, 1, 2).

®Timer mode [00]*

In this mode the selected internal clock is counted and an interrupt request is generated at an
arbitrary frequency.

®Event counter mode [01]*
In this mode the external clock input to the TBiw pin is counted. The counter is decremented and an
interrupt occurs when the timer underflows.

@®Pulse cycle /pulse width measurement mode [10]*
In this mode, the frequency or the pulse width of the signal input to the TBiw pin is measured.

* The numbers in bracket indicate the timer Bi mode selection bits which are described later.

2.8.2 Block diagram
Figure 2.8.1 shows a block diagram of the timer Bi and the related registers.

Count source
selection bit
fa ———o
fie —o N

(High-order 8 bits)

*Timer mode
+Pulse cycle/pulse width
measurement mode
Lo
e Counter (16) —7 Interrupt request bit
Polarity switching ,‘° >
. and
TBi IN O— Ed
ge pulse +Event counter
generating circuit mode Count start lag

Counter reset circuit

Fig.2.8.1 Timer Bi Block Diagram

(1)Counter and reload register
The counter and reload register consists of 16 bits. The counter counts the clock (count source)
selected by the TBi mode register. It is decremented each time a clock is input. The reload register
contains the initial value of the counter. ‘
A value is set in the counter through the timer Bi register. The value written in the timer Bi register
is written in the counter and the reload register. The content of the counter changes with clock input,
but the content of the reload register remains unchanged.
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(2)Count start tlag
The count start flag consists of flags that starts and stops individual timers. Each bit controls the
count operation of the corresponding timer. The count clock is input to the counter when this bit is
“1” and count clock is inhibited when this bit is “0”. These bits are cleared and the count is halted
when a value is set in the timer (a value is written in the timer Bi register).

b7 b6 b5 b4 b3 b2 bt bo

Count start flag (Address 4016)

—( Timer AO count start flag
——| Timer A1 count start flag

Ir Timer A2 count start flag

Timer A4 count start flag

Timer BO count start flag

—

Timer B1 count start flag

—

|
|
|
Timer A3 count start flag |
|
|
|
|

—Ir Timer B2 count start flag

Fig.2.8.2 Count Start Flag Bit Structure

(3)Timer Bi register
The data written in this register is set in the counter and the reload register. The current value of
the counter can be determined by reading this register.
The timer Bi register is divided into high-order byte and low-order byte and data read while the
counter is halted or data write can be performed either in byte or word unit. However, the Bi register
must be read in word unit when the counter is operating.

Table 2.8.1 Timer Bi Register Address

Timer Bi register High-order byte Low-order byte
Timer BO register Address 511 Address 5016
Timer B1 register Address 5316 Address 5216
Timer B2 register Address 5516 Address 5416
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(4)Timer Bi mode register

The timer Bi mode registers control the timer operating modes and counter source selection. Bits
1 and 0 control the timer operating modes. Note that the meaning of each bit differs according to
the timer operating mode. Refer to the description of the respective operating mode for the bit

configuration in each operating mode.

b7 b6 b5 b4 b3

b2 bl bo

7.
N

Timer Bi mode register (Address 5B1s~5D1s)

Timer Bi mode selection bits

b1 {b0

Operation modes

Timer mode

Event counter mode

Pulse cycle/pulse width measurement mode

- O] = | O

This combination cannot be available

The meaning of these bits depend on the timer
operating mode.
» ~ vt » ,
d‘/t’r{ A% f/oyﬁ Sitry f“'dc(Q, Lount =ave Fids e
,'3(4&/, Count source selection bits Counter input clock
/’“
2 ,py b7 |b6 Timer count sources f(Xin)=8MHz | f(Xin)=16MHz
0 | 0 |Clock oscillating frequency divided by 2 (f2) 4MHz 8MHz
W ,J?fT- . 0 | 1 |Clock oscillating frequency divided by 16 (f1s) 500kHz 1MHz
1 | 0 |Clock oscillating frequency divided by 64 (fes) 125kHz 250kHz
1 | 1 |Clock oscillating frequency divided by 512 (fs12) 15625Hz 31250Hz
Note : Bits 4 and 5 are undefined.
f(Xm) | 1/2 1/8 1/2 1/2 1/8
f2 f1e fea fs12

Fig.2.8.3 Timer Bi Mode Register Bit Structure

®Timer Bi mode selection bits
These bits are used to control the timer operating modes.

®Count source selection bits
These bits are used to select the counter source (except in event counter mode).
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(5)Timer Bi interrupt control register
The timer Bi interrupt control register consists of interrupt priority level selection bits and interrupt
request bits.

b7 b6 b5 b4 b3 b2 bl b

Timer Bi interrupt control register(Address 7A16~7C1s)

Interrupt priority level J

Interrupt request bit

0 | No interrupt request

1 Interrupt request

Note : Bits 4 to 7 are undefined.

Fig.2.8.4 Timer Bi Interrupt Control Register Bit Structure

®Interrupt priority level selection bit
This bit is used to select the interrupt priority level. It should be set to a level between 1 and 7
when using timer Bi interrupt. An interrupt is allowed only when this level is greater than the
processor interrupt priority level (IPL) in the processor status register (PS). (When interrupt disable
flag | is “0”.) Set these bits to “0002" to disable the timer Bi interrupt.

Table 2.8.2 Interrupt Priority Level

Interrupt control register _— .
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

®Interrupt request bit
This bit is set to “1” when a timer Bi interrupt request occurs. This bit can be set or cleared from
a program.

81



CHAPTER 2.FUNCTIONAL DESCRIPTION

2.8.3 Timer mode [00]

A timer mode is selected by setting timer Bi mode register bits 1 and 0 to “0”. When this mode is

selected, bits 2 and 3 of the timer Bi mode register are ignored.
Figure 2.8.5 shows the bit configuration of the timer Bi mode register in timer mode.

(1)Functions :

In timer mode, the selected internal clock is decremented and an interrupt occurs when the counter
underflows.

Timer dividing ratio ...........cccccceviininncnnnns 1/(n+1)
n: Value set in timer Bi register
(a value between 000016 and FFFFie)

(2)Timer mode operation

First, the mode and count source are selected with the timer Bi mode register. Then when a value
n (n=000016 to FFFF1e) is written in the timer Bi register, the count start flag is cleared (count
disabled) and n is stored in the counter and the reload register.

When the count start flag is set to “1” (count enabled), the internal clock selected with the source
selection bit is input to the counter. The content of the counter is decremented by 1 each time a
clock is input. At the next clock input after the content of the counter reaches 01s, the content of
the reload register is loaded in the counter and the interrupt request bit is set to “1”. Count operation
continues in this manner and the interrupt request bit is set to “1” each time the content of the
counter changes from 016 to n. Therefore, a timer Bi interrupt request occurs at every n+1 count of
the clock input. The interrupt request bit remains set until the interrupt is accepted or it is cleared
from a program.

The content of the counter can be read at any time by reading the content of the timer Bi register,
but the content of the reload register cannot be read.

Note : Interrupts must be enabled in order to use timer Bi interrupt. See “Section 2.6 Interrupts” for
more information.

b7

b2 b1 b0

X1 0| 0| Timer Bi mode register <Timer mode>

Timer Bi mode selection bits

b1 {b0 Operation mode

0| 0| Timer mode

I These bits are ignored (may be “0” or “1”) I

Count source selection bits

b7 |b6 Timer count sources
Clock oscillating frequency (f(xw)) divided by 2

Clock oscillating frequency (f(xw)) divided by 16

Clock oscillating frequency (f(xiv)) divided by 64

alalol o
alol =| o

Clock oscillating frequency (f(xw)) divided by 512

Fig.2.8.5 Timer Bi Mode Register Bit Configuration in Timer Mode
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FFFF1s

n

Reload register contents Stop count Resume count

000016

Counter contents /
/ / ,

. —=Time

Count start flag I

Interrupt
request bit

n n Clear start flag

T T

Cleared due to an interrupt or by software

Fig.2.8.6 Timer Mode Operation
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2.8.4 Event counter mode [01]

The event counter mode is selected by setting the timer Bi mode register bit 1 to “0” and bit 0 to “1”.
When this mode is selected, the timer Bi mode register bits 7 and 6 are ignored.

Figure 2.8.7 shows the bit configuration of the timer Bi mode register during event counter mode.

(1)Functions
In event counter mode, the external clock input from the TBiin pin is counted and an interrupt occurs

each time the counter underflows.

Timer dividing ratio ...........ccccoevviieiiiiee, 1/(n+1)
n: Value set in timer Bi register
(value between 00001 and FFFF1e)

b7

01 Timer Bi mode register <Event counter mode>

Timer Bi mode selection bits

b1 |[b0 Operation mode

0|1 Event counter mode

Count polarity selection bits

P3|P2 Polarities
0 | 0 | -~ Count at the falling edge of the input signal
011 Count at the rising edge of the input signal
110 | Countatboth edge of the input signal
111 This combination cannot be available
I These bits are ignored (may be “0” or “17) I

Note : Bits 4 and 5 are undefined.

Fig.2.8.7 Timer Bi Mode Register Bit Configuration in Event Counter Mode
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(2)Event counter mode operation
First, the mode and count polarity are selected with the timer Bi mode register. Then when a value
n (n=00001 to FFFF16) is written in the timer Bi register, the count start flag is cleared (count
disabled) and n is stored in the counter and the reload register.
When the count start flag is set to “1” (count enabled), the effective edge of the signal input to the
TBin pin is detected and counted. When the count edge selection bits (timer Bi mode register bits
3 and 2) are “00” , count is made at the falling edge of the input signal, when the bits are “01”,
count is made at the rising edge, and when they are “10”, count is made at both edge of the input
signal.
The content of the counter is decremented by 1 each time an effective edge is detected. The
content of the reload register is loaded in the counter and the interrupt request bit is set to “1” at
the next clock input after the content of the counter reaches 01. Count operation continues in this
manner and the interrupt request bit is set to “1” each time the content of the counter changes from
01 to n. Therefore, a timer Bi interrupt request occurs at every n+1 count of the clock input. The
interrupt request bit remains set until the interrupt is accepted or it is cleared by program.
The content of the counter can be read at any time by reading the content of the timer Bi register,
but the content of the reload register cannot be read.
The operation in event counter mode is identical to that of the timer mode except that an externally
input clock is counted.

Precautions when using the event counter mode
When the event counter mode is selected, the data direction register bit of the port corresponding
to the TBin pin must be set to input (“0”).
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2.8.5 Pulse cycle/pulse width measurement mode [10]
The pulse cycle/pulse width measurement mode is selected by setting the timer Bi mode register bit 1

to “1” and bit 0 to “0".
Figure 2.8.8 shows the timer Bi mode register bit configuration during pulse cycle/pulse width

measurement mode.

(1)Functions
This mode measures the cycle or width of the TBiw pin input signal.

b3 b2 bl b
Timer Bi mode register
10 g

<Pulse cycle/pulse width measurement mode>

b7

Timer Bi mode selection bits

b1 |b0 Operation mode

1 | 0 | Pulse cycle/pulse width measurement mode

Measurement interval selection bits

b3 [b2 Measurement intervals

olo Pulse cycle measurement mode
(from falling edge to the next falling edge)

ol1 Pulse cycle measurement mode
(from rising edge to the next rising edge)

110 Pulse width mesurement mode

111 This combination cannot be available

Count source selection bits

b7 |b6 Timer count sources

0 | 0 |Clock oscillating frequency (f(xw)) divided by 2

0 [ 1 [Clock oscillating frequency (f(xw)) divided by 16

1 | 0 [Clock oscillating frequency (f(xn)) divided by 64
1 [ 1 [Clock oscillating frequency (f(xw)) divided by 512

Note : Bits 4 and 5 are undefined.

Fig.2.8.8 Timer Bi Mode Register Bit Configuration in Pulse Cycle/Pulse Width Measurement Mode

86



2.8 Timer B

(2)Pulse Cycle /pulse width measurement mode description

First, the mode, count source, and whether to measure the pulse cycle or width are selected with
the timer Bi mode register. The operation of the pulse cycle measurement and pulse width
measurement are the same except for the effective edge of the TBi at which the count is triggered.
When the count start flag is set to “1” (count enabled), the counter starts and the selected count
source is input to the counter. The counter is an incremental counter with its content incremented
(+1) each time a count source clock is input.

When the effective edge (Note 2) of the TBiw input signal is detected, the content of the counter
(measurement result) is transferred to the reload register.

Note 1 : In this mode, the reload register functions as a buffer register. The content of the reload
register can be read by reading the timer Bi register.
Note 2: The effective edge is selected with timer Bi mode register bits 3 and 2.

When the content of the counter is transferred to the reload register, it is cleared and counting
continues. This operation is repeated each time an effective edge is detected.

A timer Bi interrupt request occurs when the content of the counter is transferred to the reload
register. When an interrupt request occurs, the timer Bi interrupt request bit is set to “1”. The
interrupt request bit remains set until the interrupt is accepted or the bit is cleared by program.
However, an interrupt request does not occur when the content of the counter is transferred to the
reload register at the first effective edge detected after the count start flag is set to “1”.

Table 2.8.3 Effective Edge Types

b3 b2 Effective edge Measurement Mode
0 0 |Falling edge (from “H” to “L") Pulse cycle
0 1 Rising edge (from “L” to “H”) Pulse cycle
1 0 |Both edges (level change) Pulse width

Precaution when using pulse cycle/pulse width measurement mode

1.The TBin pin is used as the pulse input pin. Therefore, the data direction register of the
corresponding port must be set to input mode.

2.When measuring signals other than 50% duty in pulse width measurement mode, whether the
content of the reload register is measured at “H” level or “L” level must be determined by program.
In addition, the count interval must be at least 2 cycles of the count source.

3.In this mode, an interrupt occurs when the timer overflows. Therefore, an appropriate count
source must be selected to prevent timer overflow.
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Selected count
source | | |

TBin input 4 v ’ \ 4

Reload
register<— counter

Counter <0 _| _l

Count start flag

Interrupt request
signal 4

Fig.2.8.9 Timer Operation During Pulse Cycle Measurement Mode

Selected count i
source B ||

TBin input 4 A 4 A v

Reload ] u
registere— counter | |

[ N | |

Count start flag

Interrupt request
signal Y

Fig.2.8.10 Timer Operation During Pulse Width Measurement Mode
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2.9 Serial 1/0

2.9.1 Serial I/O description

The M37700 has two serial /O ports that can operate either as clock synchronous serial 1/O port or
asynchronous serial I/0O (UART) port. These two ports are independent, but have identical functions.
Each serial I/0 port has a transfer clock generation timer (baud rate generator) and can be set a variety
of data transfer rate.

Each serial I/0O has four operating modes. The following modes are available:

@®Clock synchronous serial /0 [001]*
In this mode, both the transmission side and receiving side use the same clock to transfer data.

@7-bit UART [100]*
In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length
is 7 bits.

@8-bit UART [101]*
This mode is identical to 7 bit UART except that the data length is 8 bits.

@9-bit UART [110]*
This mode is identical to 7 bit UART except that the data length is 9 bits.

*The number in brackets are the content of the serial /O mode selection bits which are described later.

Clock synchronous serial I/0 ]

| Serial I/0

Clock asynchronous serial I/0 (UART)

7-bit UART ]

8-bit UART
9-bit UART

Fig.2.9.1 M37700 Serial 1/O
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2.9.2 Block description
Figure 2.9.2 shows a block diagram of serial /0. The function of each block is described below.

CTsiRTS O

Data bus (odd)

I 01 0| o] 0 [ 0 oLo |DB]D7IDGIE4D“ID“lDQID‘ IDOI Recive buffer

register

Receive register |

Clock source selection
fe—o

(]
1o o o 1/(n+1)

Receive control | Receive clock

RxDi O f
circuit

116 UART
Clock synchronous E
1
[] __ UART !
MW
| cir

116
i |

Transmission clock

i
{ Transmission register -———( TxDi

Clock synchronous

Clock synchronous (Internal clock) (External clock)

cLki O 4

P[0 od i

Data bus (odd)

Fig.2.9.2 Serial 1/0 Block Diagram

(1)UARTI transmit/receive mode register

The UARTI (i=0, 1) transmit/receive mode register consists of 8 bits. This register is used to set the
serial I/0 mode and transfer format. Figure 2.9.3 shows the bit configuration of the UARTi transmit/
receive mode register.

@Bits 0 to 2—Serial I/0O mode selection bits
These bits are used to enable/disable serial /0 and select the function of port P8. When these
bits are set to “000”, serial I/O is disabled and ports P8 to P8s and P84 to P8z function as
programmable 1/0O ports. When one of the serial I/O modes is selected, port P8 has the function

shown in Table 2.9.1 and loses its programmable /O port function (except some pins in UART
mode).

Table 2.9.1 Function of Port 8 when Serial I/0 is Selected

Using UARTO Using UARTA1 Function
P8o P84 CTS/RTS (transmission control signal 1/O pin)
P81 P8s CLK (transfer clock I/O pin) (Note)
P82 P8s RxD (serial data input pin)
P83 P87 TxD (serial data output pin)

Note:This depends on the internal/external clock selection bit as follows:

When external clock is selected : Clock input pin

When internal clock is selected : Clock output pin in clock synchronous mode and normal /O port
in UART mode

When the CTS input (P80 or P84), external transfer clock (P81 or P8s), and RxD (P82 or P8e) are

used, the corresponding data direction register must be set to “0” (input mode).
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2.9 Serial 1/0

b7

b6 b5 b4 b3 b2 bl bo

UARTO transmit/receive mode register (Address 301s)
UART1 transmit/receive mode register (Address 3816)

Serial I/0 mode selection bits

b2 |b1 [b0 Mode
0 | 0 | Serial l/O prohibited
0|1 Clock synchronous serial I/o
1100 | 7-bitUART
11011 8-bit UART
11110 9-bit UART

Internal/external clock selection bit

0 Internal clock

1 External clock

Stop bit length selection bit (in UART mode)

0 | One stop bit

1 Two stop bits

Odd/even parity selection bit (in UART mode)

0 | Odd parity

1 Even parity

Parity enable bit (in UART mode)

0 Parity disabled

1 Parity enabled

Sleep function selection bit (in UART mode)

0 Sleep function disabled

1 Sleep function enabled

Note:Bits 4 to 6 are ignored in clock synchronous mode.

Bit 7 must be set to “0” when using clock synchronous mode.

This register is cleared to “0016” at reset.

Fig.2.9.3 UARTi Transmit/Receive Mode Register Bit Configuration
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@Bit 3—Internal/external clock selection bit
[Clock synchronous mode]
This bit is used to select either an internal clock or an external clock as the synchronous clock
(shift clock) for data transfer.
When this bit is set to “0” to select an internal clock, the later described BRGi generated clock
divided by 2 is used as the shift clock. In addition, the CLKi pin becomes the output pin and the
shift clock is output from this pin.
When this bit is set to “1” to select an external clock, The CLKi pin becomes the input pin and
data transfer is synchronized with the clock input to this pin.

[UART mode]

This bit is used to select either an internal clock or an external clock as the input to the BRGi
which is described later.

When this bit is set to “0” to select an internal clock, the clock selected with the BRG count source
selection bit in the UARTI control register becomes the BRG input clock. In this case, the CLKi
pin can be used as a programmable /O pin.

When this bit is set to “1” to select an external clock, the CLKi pin becomes the clock input pin
and the clock input to this pin becomes the BRGi input clock.

®Bit 4—Stop bit length selection bit
[Clock synchronous mode]
This bit is ignored. (It can be either “0” or “1".)

[UART mode]
This bit is use to select between 1 and 2 bits as the stop bit to indicate the end of data.

@Bit 5—O0dd/even parity selection bit
[Clock synchronous mode]
This bit is ignored (it can be either “0” or “1”).

[UART mode]
This bit is used to select between even parity and odd parity. This bit is ignored if the parity enable
bit is set to “0” (disabled).

@Bit 6—Parity enable bit
[Clock synchronous mode]
This bit is ignored (it can be either “0” or “17).

[UART mode]
This bit is used to specify whether to add a parity bit at the end of transfer data. Whether to use
odd parity or even parity is specified with bit 5.

®Bit 7—Sleep function selection bit
[Clock synchronous mode]
This bit must be set to “0”.

[UART mode]

This bit is used to enable or disable the sleep function (see “2.9.5 (6) Sleep mode”). If the sleep
function is enabled, the data is ignored when the most significant bit (MSB) of the received data
is “0”. This function is used when multiple mlcrocomputers are connected through the serial 1/O
port.
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(2)UARTI transmit/receive control register 0

The UARTI transmit/receive control register 0 consists of bits to select the BRG count source and
CTS/RTS pin function, and a flag that indicates the transmission register status. Figure 2.9.4 shows
the bit configuration of the UARTI transmit/receive control register 0.

@Bit 0 to 1—BRG counter source selection bits
This bit is used to select the count source of the baud rate generator (BRG) when an internal clock
is selected. The count source can be either 1/2 (f2), 1/16 (f1s), 1/64 (fes), or 1/512 (fs12) of the
source oscillating frequency f(xi).

®Bit 2—CTS/RTS function selection bit
This bit is used to specify whether to use the P8o pin (when using UARTOQ) or P8: (when using
UART1) as CTS input pin or RTS output pin.
When this bit is “0”, P80 or P84 becomes a CTS input pin and this pin must be at “L” level in order
for transmission to start.
When this bit is “1”, P80 or P8« becomes an RTS output pin and “H” level is output when receive
is disabled (receive enable flag is “0") and “L” level is output when receive is enabled (receive
enable flag is “1”). It returns to “H™ when receive starts.

@Bit 3—Transmit register empty flag
This bit is set to “0” when the content of the transmit buffer is transferred to the transmission
register. It is set to “1” when transmission completes and the transmission register becomes
empty.

®Bits 4 to 7
These bits are undefined because no memory is allocated.

b7 b6 b5 b4 b3 b2 b1t b0

UARTO transmit/receive control register 0 (Address 34:s)
UART1 transmit/receive control register 0 (Address 3Cis)

BRG count source selection bits

b1 [b0 Count source
Select f2

Select fes

0

0|1 | Select fie
0
1 | Select fs12

CTS/RTS selection bit
0 Select CTS
1 Select RTS

Transmission register empty flag

0 Data in transmission register (transmitting)

1 No data in transmission register (transmit complete)

Fig.2.9.4 UARTI Transmit/Receive Control Register 0 Bit Configuration
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(3) UARTI transmit/receive control register 1
The UARTI transmit/receive control register 1 consists of serial I/O enable bit, serial I/O status
flag, and serial 1/0 error flags. Figure 2.9.5 shows the bit configuration of the UARTI transmit/
receive control register 1.

b7 b6 b5 b4 b3 b2 bl bl

UARTO transmit/receive control register 1 (Address 351s)
UART1 transmit/receive control register 1 (Address 3Dis)

Transmit enable flag

0 Transmission disable

1 Transmission enable

Transmission buffer empty flag

0 | Data in transmission buffer register

1 No data in transmission buffer register

Receive enable flag

0 Receive disable

1 Receive enable

Receive completion flag

0 | No data in receive buffer register

1 1 Datain receive buffer register

Overrun error flag

0 No overrun error

1 Overrun error

Framing error flag (in UART mode)

0 | No framing error

1 Framing error

Parity error flag (in UART mode)

0 | No parity error

1 Parity error

Error sum flag (in UART mode)

0 No error

1 Error occurred

Note:Bits 5 to 7 are ignored in clock synchronous mode.
Each error flag is cleared when the content of the receive buffer register is read.

Fig.2.9.5 UARTi Transmit/Receive Control Register 1 Bit Configuration
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@®Bit 0—Transmission enable bit
Serial 1/0 transmission is enabled when this bit is set to “1”.

@Bit 1—Transmission buffer empty flag
This bit indicates the status of the transmission buffer register. It is set to “1” when the content
of the transmission buffer is sent to the transmission shift register. It is automatically cleared when
data is written in the transmission buffer register.

®Bit 2—Receive enable flag L
Serial 1/0 receive is enabled when this flag is set to “1”. If the RTS function is selected, the RTS
pin level becomes “L” when this flag is set to “1”.

@®Bit 3—Receive completion flag
This flag is set to “1” when the data in the receive register is transferred to the receive buffer
register (receive completion). This bit is cleared when the low-order byte of the receive buffer
register is read or when the receive enable flag is set to “0” (receive disabled).

@®Bit 4—Overrun error flag
This flag is set to “1” when receiving of the next data completes and the content of the receive
buffer register is updated while there is data remaining in the receive buffer register (before the
content of the receive buffer register is read).
This flag is cleared when the low-order byte of the receive buffer register is read or when the
receive enable flag is set to “0” (receive disabled).

®Bit 5—Framing error flag
[Clock synchronous mode]
This bit is ignored.

[UART mode]

This flag is set to “1” when the number of stop bits is not the number specified with bit 4 of the
UARTI transmission mode register. This flag is cleared when the low-order byte of the receive
buffer register is read or when the receive enable flag is set to “0” (receive disabled).

@®Bit 6—Parity error flag
[Clock synchronous mode]
This bit is ignored.

[UART mode]

This flag is set to “1” when there is a parity error. This flag is cleared when the low-order byte
of the receive buffer register is read or when the receive enable flag is set to “0" (receive
disabled).

@®Bit 7—Error sum flag
[Clock synchronous mode]
This bit is ignored.

[UART mode]

This flag is set when either an overrun error, a framing error, or a parity error occurs. This flag
is cleared when the low-order byte of the receive buffer register is read or when the receive
enable flag is set to “0” (receive disabled).
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(4)Transmission register and transmission buffer register

When transmit conditions are satisfied, the transmit data written in the transmission buffer register
is transferred to the transmission register and is synchronously transmitted from the TxD pin with
the specified clock. In clock synchronous mode and 7 or 8 bit UART mode, only the low-order byte
of the transmission buffer register is used. In 9 bit UART mode, bit 8 of the transmit data is written
in bit 0 of the high-order byte, and the remaining 7 to 0 bits are written in the low-order byte.
The transmission buffer register becomes empty after the data is transferred to the transmission
register. Therefore, the next transmit data can be written during transmission.

The content of the transmission buffer register cannot be read because it is a write only register.

Transmission buffer register

[Dg| |D7|Ds|Ds|D4|Ds|D2|D1]Do]

8-bit UART
9-bit UART
Clock sync.

7-bit UART
9-bit UART
Clock sync.

bits Parity UART

0 e TxDi
No parity [Clock * SOt UART |70 = -
opary synchronaus TAitUART Transmission register

0

Fig.2.9.6 Serial I/O Transmission Block Diagram

(5)Receive register and receive buffer register

The receive register converts serial data input from the RxD pin to parallel data. The RxD pin level
is moved bit by bit to the receive register synchronized with the rising edge of the synchronous
clock. The contents of the high-order 7 bits of the receive buffer register can be always read “0".
And, the unused bits (D and Ds in 7-bit UART mode and Ds in 8-bit UART mode) of the low-order
9 bits can be read the same data as the MSB (most significant bit) of effective receive data.
Note that the content of the receive buffer register will be updated if the next receive data becomes
available before the receive buffer register is read.
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[0Jo]OoJOJO[O[O|Ds| |[D7|De|Ds5[D4|D3|D2|D1][Do|

8-bit UART
9-bit UART
Clock sync,

Eipa s Figg i
stop bit [ 7:bit UART 7-bit UART . .
synchronous 8-bit UART Receive register
Clock sync.

2 stop bits _ Parity UART 9-bit UART

Fig.2.9.7 Serial 1/0 Receive Block Diagram

(6)Baud rate generator
The baud rate generator (BRG) is a timer used exclusively for serial 1/0. It is equipped with a reload
register and consists of 8 bits. The BRG divides the input clock by (n+1), where n is the value set
in the BRG register. This register can contain a value between 0 (0016) and 255 (FFie).
In clock synchronous serial I/0 mode, BRG becomes effective when an internal clock is selected
and the BRG output divided by two becomes the transmit/receive clock.
In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by
16 becomes the transmit/receive clock.
The content of the BRG register cannot be read because it is a write only register.

@ Clock synchronous mode

i — BRG 12 ——O

\O—I Transmission control circuit I——T—> Transmission clock
fexr | - . .
Receive control circuit I——> Receive clock

® UART mode
g 1/16 |  Transmission control circuit ~ f———— = Transmission clock
—QO— BRG
fEXT_I—_O 1/16 H Receive control circuit |—— Receive clock

fi. Internal clock selected with the BRG count source selection bit
fext: External clock input to the CLKi pin

Fig.2.9.8 Shift Clock Generation Block Diagram
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(7) UARTI transmission interrupt control register/UARTI receive interrupt control register
Transmission interrupt and receive interrupt can be used when the serial /O function is selected.
Each of these interrupts has an interrupt control register which is used to set the enable condition
(priority level) and check the existence of an interrupt request.

®Interrupt priority level
These bits specify an interrupt priority level between 0 and 7. When an interrupt occurs, this level
is compared with the IPL in the processor status register. The interrupt is enabled when this
priority level is higher than the IPL (see “Section 2.6 Interrupts”).

®Interrupt request bit
The transmission interrupt request bit is set to “1” when data is transferred from the transmission
buffer register to the transmission register for data transmission.
The receive interrupt request bit is set to “1” when data receive completes and data is transferred
from the receive register to the receive buffer register.

b7 b6 b5 b4 b3 b2 bl bo

UARTO transmission interrupt control register (Address 711s)
UART1 transmission interrupt control register (Address 731s)

Interrupt priority level selection bits

b2 |b1 |b0 Level
0|0 |0 | LevelO (interruptdisabled)
0(0 |1 Level 1
0|10 Level2
01111 Level 3
1100 Level4d
1101 Level 5
1[1]10] Level6
1111 Level 7

Interrupt request bit
0 | No interrupt request
1 Interrupt request

Note:The bit configuration of the UARTiI receive interrupt control register is the same as the UARTI
transmission interrupt control register (i=0, 1).

Fig.2.9.9 UARTi Transmission Interrupt Control Register Bit Configuration
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2.9.3 Serial 1/0 operation mode selection
In order to use the serial I/O function, the serial /O operation mode must be selected first. The
operation mode is selected with bits 2 to 0 (serial /O mode selection bits) of the UARTI transmit/receive
mode register (see Table 2.9.3). When a serial /0O mode is selected, the serial /0 function becomes
effective and port P8 (P80 to P8s when using UART0O and P84+ to P87 when using UART1) changes to
serial 1/0 pin. When a port changes to a serial I/0 port, it loses its programmable I/O port function and
the corresponding data direction register and port register are ignored.
The clock synchronous serial I/O and the clock asynchronous serial /0 (UART) functions are described

below.

Table 2.9.2 Serial /O Mode Selection Registers

Serial I/0 mode

Operation mode selection register

UARTO

UARTO transmit/receive mode register (address 301s)

UART1

UART1 transmit/receive mode register (address 381s)

Table 2.9.3 Relation between Serial /O Mode Selection Bits and Operation Mode

b2 b1 b0 Operation Mode Port P8 Function
0 0 0 Serial 1/O disabled Programmable I/O port
0 0 1 Clock synchronous serial 1/0 Serial I1/0O function pins
0 1 0 This cannot be available —

0 1 1 This cannot be available —

1 0 0 7-bit UART Serial 1/0 function pins
1 0 1 8-bit UART Serial 1/0O function pins
1 1 0 9-bit UART Serial I/O function pins
1 1 1 This cannot be available —

Note: The serial I/O mode selection bits must be set to “000” when serial 1/0 is not used. These bits must
not be set to “010”, “011”, or “111”.

99



CHAPTER 2.FUNCTIONAL DESCRIPTION

2.9.4 Clock Synchronous serial 1/0
Table 2.9.4 shows the performance of clock synchronous mode serial I/O.

Table 2.9.4 Clock Synchronous Serial /O Description

Parameter Function

Data format 8 bit fixed, LSB first

Transmission speed |internal clock BRG output/2

External clock 2Mbps maximum (at f(Xin)=8 MHz)
4Mbps maximum (at f(Xin)=16MHz)

Transmit/receive control CTS input or RTS output can be selected by a program.

(1)Synchronous clock (shift clock)

The serial 1/O data transfer rate is determined by the synchronous clock (shift clock). The M37700
can select whether to generate this clock internally 'or to use an external clock. The synchronous
clock is generated internally when the transmission mode register bit 3 is set to “0” and externally
when it is set to “1".

@internal generation of synchronous clock

When the clock internal/external selection bit is set to “0”, the BRG output divided by 2 is used
as the synchronous clock. In this case, the CLK pin becomes output mode and the transmit
synchronous clock is output from the CLK pin.

The BRG is a serial I/0 timer consisting of 8 bits and is used as a frequency divider to generate
the desired frequency. The BRG divides the clock selected with UARTI transmit/receive control
register 0 bits 1 and 0 by n+1 and then by 2. “n” is the value set in the BRG register. It can be
a value between 016 and FFie.

Synchronous clock frequency ............. fil(2(n+1))
fi : BRG input frequency
Eight synchronous clocks are generated by activating the
transmitter.

@®Using external input clock as synchronous clock
When an external clock is selected, the CLK pin becomes the input pin and the clock input to this
pin becomes the synchronous clock.

Precautions when using clock synchronous serial 1/0

In clock synchronous mode, the synchronous clock used for data transfer is generated by
activating a transmitter. Therefore, the transmitter must be activated even when performing receive
only.
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(2)Serial 1/0 data transmission
The data transmission method in clock synchronous serial 1/0 mode is described below.

[Setting the control registers]
Set each serial 1/0 control register for transmission.

®Transmit/receive mode register

*Operation mode
Set the serial I/O mode selection bits to 001.

*Synchronous clock
Select either an internal clock (“0”) or an external clock (“1”) with the synchronous clock selection

bit.
-Set bit 7 to “0” (disable sleep mode).

@®Transmit/receive control register 0
-Enable/disable CTS function

CTS is used when the start of serial data transmission is controlled externally. One of the
conditions of starting transmission is setting the CTS pin to “L" when using the CTS function.

®Transmit/receive control register 1
-Set transmission enable flag to “1”.

After initialization, write the data to be transmitted in the low-order byte of the transmission buffer

register. At the same time, the transmission buffer register empty flag becomes “0”.
b7 b6 b5 b4 b3 b2 bt b
0 X X X 0 0 1 UARTO transmit/receive mode register (Address 30i)
UART1 transmit/receive mode register (Address 38:s)
Serial I/O mode selection bits
b2 |b1 (b0 Mode
001 Clock synchronous serial 1/o
Internal/external clock selection bit
0 Internal clock
1 External clock
Sleep function selection bit (in UART mode)
b2 bl b0 0 { Sleep function disabled
UARTO transmit/receive control register 0 (Address 341s)
UART1 transmit/receive control register 0 (Address 3Cie)
CTS/RTS selection bit
0 | Select CTS
b7 b6 b5 b4 b3 b2 bl bo 1 | Select RTS
X X X 1 UARTO transmit/receive control register 1 (Address 351)
UART1 transmit/receive control register 1 (Address 3Die)
Transmission enable flag
1 i Transmission enable

Fig.2.9.10 Setting the Control Registers
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[Transmit operation]
The transmission of serial data starts when the following conditions are satisfied.

@®Transmission enabled (transmission enable flag is “1”).
@Transmit data is available in the transmission buffer (transmission buffer empty flag is “0”).
®CTS pin input level is “L".

(Note: This condition is ignored if the CTS function is not selected.)

When the above three conditions are satisfied (two if CTS function is not selected), the content of
the transmission buffer register is transferred to the transmission register and eight shift clocks are
generated. At this point, the transmission buffer empty flag is set to “1” and the transmission register
empty flag is cleared to “0”. The shift clock is input to the transmission control circuit and the data
in the transmission register is transmitted bit by bit from the TxD pin (starting at the low-order bit)
at each falling edge of this clock. When the 1-byte data transmission is completed by the eighth shift
clock, the transmission register empty flag is set to “1”.

The synchronous clock is generated continuously if the conditions for the next data are satisfied
when a transmission completes. Therefore, to transmit data continuously, the next data should be
written in the transmission buffer register while data is being transmitted (when the transmission
register empty flag is 0). If the conditions to transmit the next data are not satisfied, the synchronous
clock halts at “H”.

[Transmission interrupt]

The transmission interrupt request bit is set to “1” when the content of the transmission buffer
register is transferred to the transmission register. To use the transmit interrupt, the interrupt priority
level in the UARTI transmission interrupt control register must be set to 1 or greater before an
interrupt occurs. In addition, the interrupt disable flag must be cleared to “0”. (See “Section 2.6
interrupts” for more information on interrupt enable conditions.) The transmission interrupt request
flag is cleared when an interrupt is accepted. It can also be cleared from a program.

b7 b0

Transmission buffer register Transmit data

MSB LSB

Do

Transmission register D7

Shift clock

Ul
Uug

Uuuutuu

Fig.2.9.11 Serial /0 Transmit Operation
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—f  fe—1/fix(n+1)x2

Transmit
clock

Transmit
enable flag | [

Write in transmission buffer

Transmission ﬂregister ‘
buffer empty 4)‘\T ission register —l [

flag [} «Transmission bulfer register
ors L L -
—»1 }4— 1/fix(n+1) x2 Stop because transmission enable flag is “0”
CLK

Teno I—l H I—I
TxD XX LK DKPKLHOKDT_KOKDKDKOKOKPKOKD”__ XDoXDXDXDXDX DX DD
eioer enply ] ] —

flag

fi: Selected internal clock frequency
Teno: Check next transmit condition when this signal level becomes “H”
(Teno is an internal signal and cannot be observed externally.)

Fig.2.9.12 Clock Synchronous Serial I/O Timing Chart
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(3) Serial data receive
The data receive method in clock synchronous serial I/O mode is described below.

[Setting the control registers]
@®Transmit/receive mode register

*Operation mode
Set the operation mode selection bits to 001.
«Synchronous clock
Select either an internal clock (“0”) or an external clock (“1) with the s¥nchronous clock selection
bit.
«Set bit 7 to “0” (disable sleep mode).

@®Transmit/receive control register 0
Enable/disable CTS function
CTS, RTS selection bit
“0”: RTS function disabled (CTS function selected).
“1”: RTS function selected.
The RTS function is used to notify externally when ready to receive serial data. The RTS pin is
normally at “H” level. It becomes “L” when the receive enable flag is set to “1”.

@®Transmit/receive control register 1
«Set transmission enable flag to “1” (transmission enabled).
+Set receive enable flag to “1” (receive enabled).

O®Write data in transmission buffer register
Internal clock — Shift clock is generated and receiving starts.
External clock — Starts receiving as soon as clock is input to CLK pin.

Precautions when using clock synchronous serial 1/0 receive

In clock synchronous serial /0, the shift clock is generated by activating a transmitter. Therefore,
a transmit operation must be performed even when performing receive only. Note that in this case,
a dummy data is output from the TxD pin.

When an internal shift clock is selected, the shift clock is generated by enabling transmission and
writing a dummy data in the transmission buffer register. When an external shift clock is selected,
receive starts as soon as the shift clock is input to the CLK when the transmission enable bit is set
to “1” and a dummy data is written in the transmission buffer register.

104



2.9 Serial I/O

b7 b6 b5 b4 b3 b2 bl bl

UARTO transmit/receive n;ode register (Address 30:s)
UART1 transmit/receive mode register (Address 38:s)

Serial I/0 mode selection bits

b2 |b1 b0 Mode

001 Clock synchronous serial I/0

Internal/external clock selection bit

0 Internal clock

1 External clock

Sleep function selection bit (in UART mode)

b2 b1 b0

0 | Sleep function disabled

UARTO transmit/receive control register 0 (Address 34:s)
UART1 transmit/receive control register 0 (Address 3Crs)

CTS/RTS selection bit

b7 b6 b5 b4 b3 b2 bl DbO

0 Select CTS
1 Select RTS

UARTO transmit/receive control register 1 (Address 351s)
UART1 transmit/receive control register 1 (Address 3Dis)

Transmission enable flag

1 J Transmission enable

Receive enable flag

1 I Receive enable

Fig.2.9.13 Setting the Control Registers
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[Receive operation] (When using an external clock)

Serial data receive is enabled by enabling transmission and setting the receive enable flag to “1".
When the receive enable flag is set to “1” the RTS pin level becomes “L” to indicate externally that
the microprocessor is ready to receive serial data (when RTS function is selected). The transmit and
receive timing can be synchronized by connecting the RTS output to the CTS pin on the transmit side.
The RxD pin level is used to establish the most significant bit of the receive register at the rising edge
of the shift clock input to the CLK pin and the content of the receive register is shifted 1 bit to the
right. This operation is repeated each time a clock is input. When 1-byte data is accumulated in the
receive register after eight transmit clocks, the content of the receive register is transferred to the
receive buffer. At the same time the receive completion flag and the receive interrupt request bit are
set to “1”. The receive completion flag is cleared when the receive buffer register is read.

When receiving data continuously, an overrun error occurs and bit 4 of the UART transmit/receive
control register 1 (overrun error flag) is set if the next receive data becomes available in the receive
register while the receive completion flag is “1” (before reading the content of the receive buffer
register). In this case, the next data is written in the receive buffer register. Therefore, if an overrun
occurs, the transmit and receive programs must make arrangements to re-transmit the data.

Receive register

Shift clock

D: C)
I D 0
il D2 0

.

[ J [ J
[ d [ 4
[ 4 [ 4
. MSB . LSB
|I|||||Il|!l||| D7D6D5D4D3D2D1DO
b7 b0
Receive buffer register Receive data

Fig.2.9.14 Serial /O Receive Operation

[Receive interrupt]

A receive interrupt occurs and the receive interrupt request bit is set to “1” when receiving of one byte
completes and the data is transferred from the receive register to the receive buffer register.

To use the receive interrupt, the interrupt priority level in the UARTI receive interrupt control register
must be set to 1 or greater before an interrupt occurs. In addition, the interrupt disable flag must be
cleared to “0”. (See “Section 2.6 interrupts” for more information on interrupt enable conditions.) The
receive interrupt request flag is cleared when an interrupt is accepted. It can also be cleared from
a program.
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2.9.5 Clock asynchronous serial /0 (UART)

(1)UART description
Table 2.9.5 shows the serial 1/0O characteristics in UART mode.

Table 2.9.5 UART Description

Parameter

Function

Data format

Start bit

1 bit

Data bit (character length)

7 bits, 8 bits, or 9 bits

Parity bit

0 bit or 1 bit (odd or even selectable)

Stop bit

1 bit or 2 bit

Baud rate

Internal clock

BRG output/16

External clock

125Kbps maximum (8MHz version)
250Kbps maximum (16MHz version)

Error detection

4 types (overrun, parity, framing, error sum)

(Error sum can be used to check existence of error.)

In UART mode the baud rate and the data format must be set beforehand. The setting of the baud rate
and the transfer format are described below.

(2)Transmission rate

The serial data transfer rate is determined by the baud rate (frequency of the clock used for
transmission and receive). With the M37700, the baud rate is set by the BRG. The BRG is a frequency
divider that consists of 8 bits. The BRG input clock can be either an internal clock or an external clock
input to the CLK pin depending on the internal/external clock selection bit.

When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(xiv) is selected with the count
source selection bit. When an external clock is selected, the clock input from the CLK pin is input to
the BRG.

The clock input to BRG is divided by (n+1) and then by 16 to obtain the baud rate.

Table 2.9.6 Baud Rate Selection Table

Baud Rate (bps) Selected Value set in BRG register
Rated - Actual clock f(Xin)=8MHz f(Xin)=16MHz
75 75.12 fs12 12 (0C1e¢) 25 (1916)
110 110.04 fes 70 (4616) 141( 8D1s)
1345 134.70 fos 57 (3916) 115 (731)
150 150.24 fes 51 (3316) 103 (671s)
300 300.48 fes 25 (1916) 51 (3316)
600 600.96 fos 12 (0Che) 25 (1916)
1200 1201.92 fie 25 (1916) 51 (331s6)
2400 2403.85 fie 12 (0Crs) 25 (1916)
4800 4807.69 fa 51 (331¢) 103( 6716)
9600 9615.39 fa 25 (191s) 51 (3316)
19200 19230.77 fa 12 (0Crs) 25 (1916)
31250 31250.00 fa 7 (0716) 15 (OF16)
62500 62500.00 fo 3 (0316) 7 (0716)
125000 125000.00 f 1 (0116) 3 (0316)
250000 250000.00 fa 0 (0016) 1 (0116)
500000 500000.00 f2 — 0 (0016)
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(3) Transfer format
The format of the transfer data is set in the UARTI transmit/receive mode register.
In M37700 UART mode, data can be transferred in the following modes.

DATA
ST PAR sP
UART mode (Start bit) [—]( Transfer da‘% Parity bit) ] (Stop bit)
(character) |
7-bit UART mode  |——] 1ST 7DATA
] 1sT 7DATA 2SP

7DATA  [—1PAR | 1sP |
7DATA  F—{1PAR | 2sP |

8DATA

8DATA 2SP

8DATA | —{1PAR | 15P |
8DATA |—|1PAR |—| 2SP |

9DATA

9DATA 2SP

9DATA I———|1PAR |_| 15P |
9DATA  |—{1PAR | 2sP |

| 8bitUARTmode |—— 18T

| 9-bit UART mode |—_{ 1ST

-
TITT LLIT LLLT

Fig.2.9.15 Data Format

Example of | 8-bit UARTmode |——] 1ST | 8DATA |—1PAR | 1SP |

The next transfer data
. (during continuous output)
-t Transfer data i

‘—————— 8-bitdata ————

H_| sT [LsB ] [ ] [wse | ParT sp sT | [

Fig.2.9.16 Data Format Example
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2.9 Serial 1/0

Table 2.9.7 Transfer Data in UART Mode

Item Function
ST This bit indicates the start of data transmission. A 1 bit “L” signal is appended in
(Start bit) front of the transmission data.
DATA This is the transmission data written in the transmission buffer register.
(Character)
SP This bit appends after the data (or after the parity bit if it is included) to indicate
(Stop bit) the end of transmission. An 1 or 2 bit “H” signal is output as a stop bit.
PAR This bit appends to the end of data to indicate the data parity. This bit is appended
(Parity bit) so that the number of 1s in the data including the parity bit is always even or odd.
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(4)Serial data transmission
The UART mode data transmission method is described below.

[Setting control registers]
Set each serial /0O control register for transmission.

®@Transmit/receive mode register
«Set operation mode.
Select the data length with the serial /0 mode selection bits.
-Set transfer format.
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.
-Set baud rate.
Select whether to use an internal clock (“0”) or external clock (“1”) as the BRG count source with
the clock selection bit.
«Enable/disable sleep mode.
(See “2.9.5 (6) Sleep mode” for detail information concerning sleep mode.)

@®Transmit/receive control register 0
«Select CTS/RTS function
CTS is used when externally controlling the start of serial data transmission. One of the conditions
of starting transmission is setting the CTS pin to “L” when using the CTS function.

®Transmit/receive control register 1
+Set the transmission enable flag to “1”.
After initializing the control registers for transmission, write the data to be transmitted in the low-
order byte of the transmit buffer register in 7-bit or 8-bit UART mode. In 9-bit UART mode, write
the data into the high-order 1 bit and the low-order 1 byte of the transmit buffer register. When
the data is written, the transmission buffer register empty flag becomes “0”.
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2.9 Serial I/0

b7 b6 b5 b4 b3 b2 bt bl

1 UARTO transmit/receive mode register (Address 301s)
UART1 transmit/receive mode register (Address 38:s)

Serial /0 mode selection bits
b2 |b1 [b0 Mode
11010 7-bit UART
110]1 | 8-bitUART
1110 9-bitUART

Stop bit length selection bit (in UART mode)
0 | One stop bit
Two stop bits

Odd/even parity selection bit (in UART mode)
0 | Odd parity
Even parity

Parity enable bit (in UART mode)
0 | Parity disabled
1 Parity enabled

Sleep function selection bit (in UART mode)
0 | Sleep function disabled

1 Sleep function enabled

b2 bl b0

UARTO transmit/receive control register 0 (Address 34:s)
UART1 transmit/receive control register 0 (Address 3Cis)

CTS/RTS selection bit
0 | Select CTS
Select RTS

b7 b6 b5 b4 b3 b2 b1 bo

1 UARTO transmit/receive control register 1 (Address 351)
UART1 transmit/receive control register 1 (Address 3Dss)

Transmission enable flag

1 , Transmission enable

Fig.2.9.17 Setting the Control Registers
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[Transmit operation]

The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transmitted
data.The low-order byte of the transmssiont buffer register is used for 7-bit and 8-bit UART and the
low-order byte and bit 0 of the high-order byte is used for 9-bit UART.

The transmission of serial data starts when the following conditions are satisfied.

@®Transmission is enabled (transmission enable flag is “1”)
@Transmit data is available in the transmission buffer (transmission buffer empty flag is “0”)
®CTS pin input level is “L”

(Note: This condition is ignored if the CTS function is not selected.)

When the above three conditions are satisfied (two if CTS function is not selected), the content of
the transmission buffer register is transferred to the transmission register and data transmission
starts from the TxD pin. At this point, bit 1 of the transmit/receive control register 1 (transmission
buffer empty flag) is set to “1” and bit 3 of the transmit/receive control register 0 (transmission
register empty flag) is cleared to “0”.

When transmission starts, data is output from the TxD pin in the format specified by the transmit/
receive mode register. The data is output bit by bit in the order;

ST—-DATA(LSB)—...-»DATA(MSB)—>PAR—SP.

After the stop bit has been output, the transmission register empty flag is set to “1” to indicate that
the transmission has completed. If the next data is available when transmission completes, a start
bit is generated following the stop bit and the next data is transmitted. In order to continuously
transfer data, the next transmission data should be written in the transmission buffer register during
the transmit operation (when the transmission register empty flag is “0”). If the transmit condition for
the next data is not satisfied, “H” level is output from the TxD pin.

[Transmission interrupt]

The transmission interrupt request bit is set to “1” when the content of the transmission buffer is
transferred to the transmission register. To use the transmission interrupt, the interrupt priority level
in the UARTI transmission interrupt control register must be set to 1 or greater before an interrupt
occurs. In addition, the interrupt disable flag must be cleared to “0”. (See “Section 2.6 interrupts” for
more information on interrupt enabling conditions.) The transmission interrupt request flag is cleared
when an interrupt is accepted. It can also be cleared from a program.
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—| |+— (1 /fior 1/fext) x (n+1) x 16

Transmission
clock

Transmit

enable flag _l I |

L. Write in transmission buffer r
Transmission register

buffer empty —l CK —I l—

flag Transmission register

R «Transmission buffer register
CTSi I

Tenoi ﬂ ﬂ

Start bit P%%ily Sep Stop because TEi="0"

TxDi S OEEBERERE A BOBERREEEF ~ /O

Transmission
register I H | |
empty flag
fi. Selected internal clock frequency
fext: Selected external clock frequency
TEi: Transmission enable flag
Teno: Check next transmit condition when this signal level becomes “H”
(Teno is an internal signal and cannot be observed externally.)
Fig.2.9.18 8-bit UART Transmission Timing Example (with parity and 1 stop bit)

. —| — (1 /fior 1fext)y x (n+1) x 16
Transmit

oo UUUTUUHUUUUTUUU U U U
Transmission | l————
Write in transmission buffer

enable flag __J

Transmission register
buffer empty CF | |

flag

Transmissign.regislef )
C—T_—Si '_I «Transmission buffer register
Tenoi H I_I \
Start bit séﬁp Sg,),p Stop because TE="0"
TxD: STAPKONROKOXDKORXLKeY 5P SPASTLOKDXOROXDHORDXOHYP 5P~ \sTA DX
Transmission
register I ﬂ | I
empty flag

fi Selected internal clock frequency

fext: Selected external clock frequency

TEi: Transmission enable flag

Teno: Check next transmit condition when this signal level becomes “H”
(Teno is an internal signal and cannot be observed externally.)

Fig.2.9.19 9-bit UART Transmission Timing Example (ho parity and 2 stop bits)
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(5)Receiving serial data
The UART mode data receiving method is described below.

[Setting control registers]

@Transmit/receive mode register

Match the format with the transmitting side.

-Set operation mode.

Select the data length with the serial I/0 mode selection bits.

*Set transfer format.

Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled.
*Set baud rate.

Select whether to use an internal clock (“0”) or external clock (“1”) as the BRG count source with
the clock selection bit.

-Enable/disable sleep mode.

(See “2.9.5 (6) Sleep mode” for detail information concerning sleep mode.)

®Transmit/receive control register 0
«Select CTS/RTS function.
'CTS/RTS selection bit
“0”: CTS function selected
“1”: RTS function selected
The RTS function is used to indicate externally that data can be received.

®Transmit/receive control register 1
«Set the receive enable flag to “1” (receive enabled).

[Receive operation] (when using an external clock)

Serial data receive is enabled by setting the receive enable flag to “1”. When the receive enable flag
is set to “1”, the RTS pin level becomes “L” to indicate externally that the microprocessor is ready
to receive serial data (when RTS function is selected). The transmit and receive timing can be
synchronized by connecting the RTS output to the CTS pin on the transmit side.

When the RxD pin detects a start bit, a receive clock is generated and data receive starts. At the
same time the RTS pin level returns to “H”. The RxD pin level is received in the receive register at
the rising edge of the receive clock and the content of the receive register is shifted 1 bit to the right.
This operation is repeated to receive the entire data from ST to SP. Then the content of the receive
register is transferred to the receive buffer register. At the same time the receive completion flag and
the receive interrupt request bit are set. The receive completion flag is cleared when the receive
buffer register is read. )

When receiving data continuously, an overrun error occurs and bit 4 of the UART control register
1 (overrun error flag) is set if the next receive data becomes available in the receive register while
the receive completion flag is “1” (before reading the content of the receive buffer register). In this
case, the next data is written in the receive buffer register. Therefore, if an overrun occurs, the
transmit and receive programs must make arrangements to re-transmit the data.

[Receive interrupt]

A receive interrupt occurs and the receive interrupt request bit is set to “1” when a stop bit indicating
the end of data is detected.

To use the receive interrupt, the interrupt priority level in the UARTI receive interrupt control register
must be set to 1 or greater before an interrupt occurs. In addition, the interrupt disable flag must
be cleared to “0”. (See “Section 2.6 interrupts” for more information on interrupt enable conditions.)
The receive interrupt request flag is cleared when an interrupt is accepted. It can also be cleared
from a program.
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b7 b6 bS5 b4 b3 b2 bt bo
1 UARTO transm!t/recefve mode reg!ster (Address 301)
UART1 transmit/receive mode register (Address 38:s)
Serial I/O mode selection bits
b2 (b1 |b0 Mode
11010 7-bit UART
1101 8-bit UART
11110 9-bit UART
Stop bit length selection bit (in UART mode)
0 | One stop bit
1 | Two stop bits
Odd/even parity selection bit (in UART mode)
0 Odd parity
1 Even parity
Parity enable bit (in UART mode)
0 Parity disabled
1 Parity enabled
Sleep function selection bit (in UART mode)
0 Sleep function disabled
1 Sleep function enabled
b2 bl b0 -
UARTO transmit/receive control register 0 (Address 34:e)
UART1 transmit/receive control register 0 (Address 3Cis)
CTS/RTS selection bit
0 | Select CTS
1 | Select RTS
b7 b6 bS5 b4 b3 b2 bl bo

UARTO transmit/receive control register 1 (Address 35)
UART1 transmit/receive control register 1 (Address 3Dis)

Receive enable flag

1 r Receive enable

Fig.2.9.20 Setting the Control Registers
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[Error flag]

During UART mode operation, transmission data errors can be detected using four error flags. These
errors are detected when transferring data from the receive register to the receive buffer register.
The error flags are cleared when the low-order byte of the receive buffer register is read or when
the receive enable flag is set to “0”.

@®Overrun error
An overrun error occurs and the overrun error flag is set to “1” when the next receive data
becomes available before the content of the receive buffer register is read.

®Framing error
A framing error occurs and the framing error flag is set to “1” when there is insufficient number
of stop bits.

®Parity error ‘
A parity error occurs and the parity error flag is set to “1” when parity checking is enabled and the
number of 1s in the data including the parity bit conflicts with the parity specified by bit 5 of the
UARTI transmit/receive mode register.

®Sum error
The error sum flag is set to “1” when either an overrun error, a framing error, or a parity error
occurs. The existence of errors can be determined by checking the error sum flag.

Selected
internal clock
or

external clock

Receive _J ------

enable flag
Stop bit

/S S - G N0 -

Receive clock
Receive Start at the rising edge of start bit

completion I

tag — "

RTS || | |

Fig.2.9.21 8-bit UART Receive Timing Example (no parity and 1 stop bit)
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(6) Sleep mode

Sleep mode is used for communication between certain computers when multiple microcomputers are
connected through serial 1/0.

Sleep mode is entered by setting the UARTI transmit/receive mode register bit 7 to “1”. In sleep mode,
the content of the receive register is not transferred to the receive buffer register when the most
significant bit (bit 7 if 8-bit UART mode, bit 6 if 7-bit UART mode, and bit 8 if 9-bit UART mode) of
the received data is “0”. In this case, the receive completion flag and the error flags remain unchanged
and no receive interrupt occurs. Normal receive operation is performed only when the most significant
bit of the received data is “1”.

The following is a description of sleep mode usage in 8-bit UART mode. The main mlcrocomputer first
sends a data with bit 7 set to “1” and the remaining bits 0~6 forming the address of the destination
microcomputer. Then all subordinate microcomputers receive the same data. Each subordinate
microcomputer checks the received data and sets the sleep selection bit to “0” if the address matches
its own address and to “1” if otherwise. Next the main microcomputer starts sending data with bit 7
set to “0”. Then only the microcomputer with the sleep selection bit set to “0” will receive this data. This
enables communication between the main microcomputer and a specific subordinate microcomputer.

Sub Sub Sub
microcomputer microcomputer microcomputer
A B D

Fig.2.9.22 Sleep Mode
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2.10 A-D Converter

2.10.1 A-D converter description
Table 2.10.1 describes the characteristics of the A-D converter and Figure 2.10.1 show its block diagram.

Table 2.10.1 A-D Converter Characteristics

Parameter

Description

Analogi Input pin

8 pins (ANo to AN?)

A-D conversion mode

One-shot mode

Repeat mode

Single sweep mode

Repeat sweep mode

A-D conversion method

Successive approximation

Resolution

8 bits

Absolute accuracy

+3 LSB

Conversion speed

57ga0 cycles, gan: A-D converter operating clock (for 1 analog input pin)

The M37700 A-D converter provides the following four A-D conversion modes.

®0ne-shot mode

The input voltage to the selected analog input pin is converted. After conversion, the result is stored
in the corresponding A-D register and an A-D conversion interrupt is occurred.

®Repeat mode

The input voltage to the selected analog input pin is repeatedly converted. The results are stored in
the corresponding A-D register, but no A-D conversion interrupt is occurred.

@Single sweep mode
Inputs to analog input pins ANo, AN1,...AN7 are converted in this order and an A-D conversion
interrupt is occurred when conversion of ANz completes. The result is stored in the corresponding A-
D register when each pin is converted.

®Repeat sweep mode
This is similar to single sweep mode except that conversion is repeated without occurring an interrupt
after converting the ANz pin.
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2.10 A-D Converter

Successive approximation

Veer O Resistance
AVss C ladder

AT

ister
registe! J L

A-D register 0 (Address20e)

A-D register 1 (Address22i)

A-D register 2 (Address24:e)

A-Dregister 3 (Address261)

A-D register 4 (Address28s)

A-D register 5 (Address2Aue)

A-D register 6 (Address2C1e)

A-D register 7 (Address2E+s)

!l

Data Bus (even

ANo O

AN1 O
ANz O

AN3 O

ANa O

ANs O

ANe O

AN7/ADtRa O

Vref
D | HRREEN
-D control register
(Address 1E1s) + + +
Decoder
Comparator
FYYYYVYY
O
O
O
O
O
O
—O
O
Selector

Fig.2.10.1 A-D Converter Block Diagram
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2.10.2 Block description

(1)A-D control register
The A-D control register is used to control the A-D converter.

b7 b6 b5 b4 b3 b2 bl bo

A-D control register (Address 1Ei1s)

Analog input selection bits
b2 |b1 |b0 Selected port
010 |0 |Select ANo
0 [0 |1 ]Select AN:

0]1]0 |Select ANz

0|11 |Select ANs

1100 |Select ANs

1101 [Select ANs

11110 |Select ANe

11111 |Select AN7 (Note)

A-D mode selection bits

b4 {b3 A-D conversion mode

0 | One-shot mode

1 | Repeat mode

1 | 0 | Single sweep mode

111 | Repeat sweep mode

Trigger selection bit

0 | Software trigger (internal trigger)

1 [ ADtra input trigger (external trigger)

A-D conversion start flag

0 | Stop A-D conversion

1 | Start A-D conversion

A-D conversion frequency (@ap) selection flag

0 | Select f(xinv/8

1 | Select f(xiny/4

Note: If an external trigger is used, pin ANz cannot be used as analog voltage input pin.

Fig.2.10.2 A-D Control Register Bit Configuration

120




2.10 A-D Converter

@®Analog input selection bits
This bit is used to select the analog input pin in one-shot mode and repeat mode. These bits are
ignored in other modes.

Precautions when selecting analog pin

The analog input pin is in common with programmable I/O port P7. Therefore, when using a pin as
analog input pin and AD7ra input pin, the corresponding bit in the port 7 data direction register must
be set to “0” (input mode). Note that pin ANz cannot be used as analog input pin when using an
external trigger.

®A-D mode selection bits
The A-D mode selection bits are used to select among the four A-D conversion modes.
Table 2.10.2 A-D Mode Selection Bit

b4 b3 A-D mode selection bit
0 0 One-shot mode

0 1 Repeat mode )

1 0 Single sweep mode

1 1 Repeat sweep mode

@®Trigger selection bit
An A-D conversion operation is started by a trigger. The trigger selection bit is used to select
between an internal trigger and an external trigger. An internal trigger (software trigger) is selected
when this bit is “0” and an external trigger (ADtra pin input signal) is selected when this bit is “1”.

<Internal trigger>
A trigger is generated and A-D conversion starts when bit 6 (A-D conversion start flag) of the A-
D control register is set to “1”.

<External trigger>

A trigger is generated when the signal input to the ADrtra pin changes from “H” to “L” (falling edge)
while the A-D conversion start flag is “1”. When an external trigger is selected, a retrigger can be
available during A-D conversion. In this case, the conversion is repeated from the beginning.

Precautions when using an external trigger

The ADtra pin is common with pin P72/ANz. Therefore, the ANz pin cannot be used as analog input
pin when external trigger is selected in one-shot mode or repeat mode. In addition, when external
trigger is selected, the data direction register bit (bit 7 at address 1116) for the P77 pin must be set
to input mode (“0”).

®A-D conversion start flag
The A-D conversion start flag can be used to start or stop A-D conversion.

<Internal trigger>

An internal trigger is generated and A-D conversion starts when the A-D conversion start flag is set
to “1”. A-D conversion stops when it is cleared to “0”. This bit is automatically cleared after A-D
conversion in one-shot mode and single sweep mode. It is not cleared in other modes.

<External trigger>
The A-D conversion start flag must be set to “1” before generating an external trigger. If external
trigger is selected, this flag is not cleared after conversion.

NI 22k 7%}1- (//% Jd- j,/:,;\)

TP [ hts n sy b
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@®A-D conversion Frequency (oap) selection flag
This flag is used to select the A-D converter operating frequency (gao). When this flag is “0”, the
clock frequency f(xi) divided by 8 is selected. When this flag is “1”, the clock frequency f(xi) divided
by 4 is selected.
In one-shot mode and repeat mode, A-D conversion completes after 57 x gao cycles from the
beginning of A-D conversion. In single-sweep and repeat sweep mode, A-D conversion of the ANy
pin completes after 456 x @ap cycles from the beginning of A-D conversion.

Table 2.10.3 A-D Converter Operation Frequency and Conversion Time

Frequency selection flag “0” “"

A-D converter operating clock @ ap=f(XiN)/8 @ ap=f(Xin)/4

Conversion time (Note)| f(xin)=8MHz 57.0us 28.5us
f(xny=16MHz 28.5us 14.25us

Note: Conversion time per analog input pin

Precautions when selecting oao
The A-D converter operating clock gao during A-D conversion must be no less than 250kHz because
the comparator in the A-D conversion circuit consists of capacity coupling amplifiers.

(2) A-D register i (i=0 to 7)
The A-D registers are 8-bit read only registers. The conversion results are stored in these registers.
There are eight A-D registers numbered from 0 to 7 with each corresponding to an analog input pin.
The content of the A-D register can be read during A-D conversion. However, if the A-D register
corresponding to the analog pin being converted is read, the previous conversion result is obtained.

Table 2.10.4 Combination between Analog Input Pin and Register Containing the Result

Analog input pin Register containing the result Address
ANo A-D register 0 2018
AN A-D register 1 2216
ANz A-D register 2 2416
ANs A-D register 3 2616
AN« A-D register 4 2818
ANs A-D register 5 2A18
ANs A-D register 6 2C1e
ANz A-D register 7 2E16
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(3)Comparator and successive approximation register
When A-D conversion is triggered, the following operation starts and an analog value is converted
to a digital value.

@Initialization of successive approximation register
The successive approximation register is cleared to “00t6”

@Setting the most significant bit (bit 7)
The successive approximation register bit 7 is set to “1”. Then the reference voltage Vi is
compared with the input voltage Vin and bit 7 changes as follows:

Unchanged if Vit < Vin
Cleared to “0” if Vet > Vin

Note : The compare reference voltage Vret depends on the value in the successive approximation
register. Table 2.10.5 shows the relationship between Vwer and the value in the successive
approximation register.

Step @ above is repeated for all bits from bit 7 to bit 0 and the value in the successive approximation
register (digital equivalent of the analog input voltage) is stored in the A-D register when comparison
of bit 0 completes.

Table 2.10.5 Relationship between the Content of the Successive Approximation Register and Vres

Content of successive approximation register 0 1~255

Comparison reference voltage Vit (V) 0 Vrer/256 x (n-0.5)

n is the content of the successive
approximation register

Table 2.10.6 Change in Successive Approximation Register and Compare Voltage During A-D Conversion

Successive approximation register Compare voltage Vrer

b7 b0
Conversion start lO[OF)IOlOlOIOIOI 01[V]
First comparison Ii10|01010|0|0|0J V;EF—\sl—F;E—ZF- [Vl
Second comparison |n7| 1 l 0 I 0 | OTO IO IO l V;EF x ?— -\5/% [V]

1st comparison result
Third comparison [m]re]1 Jo o]0 0 ]0] V—;Eit @r %— % v]
2nd comparison result

Eighth comparison lm Ne lns lm Ina Inz m | 1 |
Conversion end I nz l Ne Ins |m lna lnz lm l no |
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2.10.3 A-D conversion mode operation

Four different A-D conversion modes can be selected with A-D mode selection bits. In each mode, the
trigger selection bit is used to determine whether to use a software trigger (internal trigger) or an
external input signal (external trigger).

Each conversion mode is described below for case using an internal trigger and an external trigger.

(1)One-shot mode [00]*

The input voltage to the analog input pin selected with the analog input pin selection bit of the A-
D control register is converted and an A-D conversion interrupt is generated when conversion
completes. In this mode, the analog input pin must be selected before the A-D conversion trigger.
The pins not used as analog input pin can be used as normal I/O ports.

®When an internal trigger is used to start A-D conversion
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts.
After 57 cycles of gap, A-D conversion ends, the content of the successive approximation register
(converted result) is transferred to the A-D register, and the A-D interrupt request bit is set to “1”
(— generate A-D interrupt request). Then the A-D start flag is cleared to “0” and A-D converter
stops.

®When an external trigger is used to start A-D conversion
A-D conversion starts when the A-D start flag is set to “1” and the input level of the ADtrc pin
changes from “H” to “L” (— external trigger). When A-D conversion completes after 57 cycles of
oo, the content of the successive approximation register (converted result) is transferred to the
A-D register and the A-D interrupt request bit is set to “1” (— generate A-D interrupt request). At
this point, the A-D start flag is not cleared and A-D conversion can be repeated by generating
another trigger. A trigger can also be generated during A-D conversion.

Precautions when using an external trigger
When an external trigger is selected, the ANz pin must not be selected as an analog input pin
because it is used as the trigger input pin (ADtre) to the A-D converter.

(2)Repeat mode [01]*

In this mode, the input voltage to the analog input pin selected with the analog input selection bit
of the A-D control register is repeatedly converted. No interrupt request is generated and the A-D
conversion flag is not cleared. The conversion of the selected pin is repeated while the A-D start
flag is “1”. The A-D conversion result can be read at any time. In this mode, the analog input pin
must be selected before the A-D trigger is received. Pins not used as analog input pin can be used
as normal /O ports.

®When an internal trigger is used to start A-D conversion
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts.
Each time a conversion is completed, the content of the successive approximation register
(converted result) is transferred to the A-D register. The A-D converter does not stop at this point
and conversion is repeated.

O®When an external trigger is used to start A-D conversion
A-D conversion starts when the A-D start flag is set to “1” and the ADtra pin input level changes
from “H” to “L” (— external trigger). When A-D conversion completes, the content of the successive
approximation register (conversion result) is transferred to the A-D register. The A-D converter
does not stop at this point and conversion is repeated.

Precautions when using an external trigger
When an external trigger is selected, the ANz pin cannot be used as analog input pin because it
is used as the trigger input pin (ADtra) to the A-D converter.
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2.10 A-D Converter

(3)Single sweep mode [10]*

In this mode, inputs from pins ANo to ANz are converted and the results are stored in the respective
A-D register. An A-D interrupt occurs when the result of converting pin ANz is stored in the A-D
register. In this mode, the data direction register for port P7 must be set to “001¢” (input mode)
before an A-D trigger is received.

@®When an internal trigger is used to start A-D conversion
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion of pin
ANo starts. When conversion of pin ANo ends, the result is stored in A-D register 0. Then pin AN
is converted and the result is stored in A-D register 1. This is repeated up to pin ANz. When the
result of converting pin AN> is stored in A-D register 7, the A-D interrupt request bit is set to “1”
(— generate A-D interrupt request). At this point the A-D start flag is cleared and the A-D converter
stops.

®When an external trigger is used to start A-D conversion
Pins ANo to ANz are converted when the A-D start flag is set to “1” and the ADrrc pin input level
changes from “H” to “L” (— external trigger). The result is stored in the corresponding A-D register
each time a pin is converted and an A-D interrupt request bit is set to “1” when conversion of pin
ANz completes. At this point the A-D start flag is not cleared to “0”. Therefore, conversion can be
repeated from pin ANo by generating another trigger. A trigger can also be generated during A-
D conversion.

Precautions when using an external trigger
When an external trigger is selected, the result of converting the trigger input is stored in A-D
register 7 because pin ANs is used as the trigger input pin (ADtrc) to the A-D converter.

(4)Repeat sweep mode [11]*

*

Inputs from pins ANo to ANz are converted and stored in the respective A-D register as with single
sweep mode. However, conversion does not stop after converting all pins. Instead, it is repeated
from pin ANo. In this mode, the data direction register of port P7 must be set to “0016” (input mode)
before the A-D trigger is received.

®When an internal trigger is used to start A-D conversion
When the A-D start flag is set to “1”, an internal trigger is generated and A-D conversion starts.
The content of the successive approximation register (conversion result) is transferred to the A-
D register each time a pin (ANo to AN7) is converted. This is repeated until the A-D start flag is
cleared to “0”.

O®When an external trigger is used to start A-D conversion
A-D conversion starts when the A-D start flag is set to “1” and the ADrre pin input level changes
from “H” to “L” (— external trigger). The content of the successive approximation register
(conversion result) is transferred to the A-D register each time a pin (ANo to AN7) is converted.
Conversion is repeated until the A-D start flag is cleared to “0”.

Precautions when using an external trigger
When an external trigger is used, the result of converting the trigger input is stored in A-D register
7 because the ANz pin is used as the trigger input pin (ADtrc) to the A-D converter.

The numbers in brackets are the contents of the A-D mode selection bits.
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2.11 Watchdog Timer

2.11.1 Watchdog timer description

The watchdog timer is a 12-bit timer that is used to detected unexpected execution sequence caused
by software run-away. It is also used to stabilize the oscillator when returning from a STP instruction.
Figure 2.11.1 shows a block diagram of the watchdog timer.

Frequency Selection (forced to fs2 during STP instruction execution)
faa —0

fstz ——o0

Watchdog timer |—

Hold __’_c__-)mss 6010) A

Set FFF1e

Write to watchdog timer

>

2Vee
RESET O detection
circuit
—ad/
STP ||
instruction S Q

=

Fig.2.11.1 Watchdog Timer Block Diagram
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2.11 Watchdog Timer

2.11.2 Operation description

The watchdog timer consists of 12 bits and its content is decremented (-1) each time the clock selected
with the watchdog timer frequency selection bit is input to the watchdog timer. The watchdog timer
frequency selection bit is assigned to bit 0 at address 6116 and fsiz (source oscillating frequency f(Xin)/
512) is selected as the watchdog timer count source after a reset. Thereafter, it can also be set to fs
(source oscillating frequency f(xin)/32) by changing the watchdog timer frequency selection flag by
program.

When there is a reset, “FFF16” is set in the watchdog timer. Then the count source fsi2 is counted. The
content of the watchdog timer is decremented each time a clock is input. An interrupt is raised when
the most significant bit of the watchdog timer becomes “0” after 2048 counts. A watchdog timer interrupt
is a non-maskable interrupt with the highest priority.

An arbitrary value cannot be set in the watchdog timer. A value “FFFi¢” is automatically set in the
watchdog timer when there is a reset, when an STP instruction is executed, or when a dummy data is
written in the watchdog timer (address 6016). Address 6016 is a write only register and its content cannot
be read.

In order to stop the watchdog timer (disable its function), a voltage twice the Vcc voltage must be
applied to the RESET pin. During this time, the watchdog timer stops with “FFFi” set. Also, while the
'HOLD pin is “L” level (hold state) in memory expansion or microprocessor mode, the watchdog timer
goes into a hold state and clock input to the watchdog timer is prohibited.

In addition to detecting program run-away, the watchdog timer is also used as a return timer from a stop
mode (halting of oscillating circuit with the STP instruction). When a STP instruction is executed, the
watchdog timer count source is forced to fs2 and “FFFi6” is set in the watchdog timer. Then when the
watchdog timer is started with an external interrupt, a watchdog timer interrupt occurs and an internal
clock @ is supplied. This is because some time is required for the oscillator to stabilize. See "Section
4.2 Clock Generation Circuit” for more detail concerning the stop mode.

Watchdog timer frequency selection flag
(Address 611s)

Watchdog timer frequency selection flag
0 | Select fs12

1 | Select fs2

Note : Bits 1 to 7 are undefined.

Fig.2.11.2 Watchdog Timer Frequency Selection Flag

2.11.3 Watchdog timer usage

When using the watchdog timer to detect program run-away, the program must write to the watchdog
timer before its most significant bit becomes “0”. Then if this code is not executed due to program run-
away, the most significant bit of the watchdog timer becomes “0” and an interrupt occurs. Thereafter,
the control should be passed to the interrupt service routine.

To restart from reset after detecting a program run-away, bit 3 of the processor mode register (software
reset bit) must be set to “1” in the watchdog timer interrupt service routine. In this way, a run-way
program can be automatically reset and returned to normal routine.
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CHAPTER 3.RESET

3.1 Reset

3.1.1 Reset operation

The CPU is reset when “L” level is applied to the RESET pin when the supply voltage is 5V+10%. The
reset is deactivated and a program starts from address formed by using the contents at bank 0 address
FFFF1e as the high-order address and address FFFEis as the low-order address, when the RESET pin
is returned to “H” level after “L” input is applied for a sufficient duration (approximately 10ms) that is
the oscillator requires time to stabilize such as when cancelling stop mode with a STP instruction.

(1) Single-chip mode and memory expansion mode
Ty
CPU clock I I I I I I | l l l_] I l
0016 X
Low-order 16

bits of the CPU
internal x 000018 X FFFErs X ADH,AD X
address AnAL
CPU internal T
PL, vec! Not Not e
dat[a)lﬂ_l: X x addressia x used X used X Notused X ADw,AD.
N [ I

R,W \“H” tate

High-order 8
its of the
CPU internal
address Ap

(2) Microprocessor mode
i ipipipEpEpipNpunininl
s L LTS M il
A

its of the >(
CPU internal 0016

address Ap

Low-order 16

bits of the CPU x
internal 000018 X FFFEs X ADv,ADC

address ArAL
CPU internal T
data bus X NPl ectl ™ Nt X Dot X Not used X ADWAD. operation
DATA
= L I R S
LN

Fig.3.1.1 Internal Processing Sequence After a Reset
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3.1 Reset

3.1.2 Internal status at a reset
Figure 3.1.2 (a) to (c) show the contents of internal registers immediately at a reset.

Register contents

Address
416 ! 00 16 | Port PO data direction register
5is | 00 16 l Port P1 data direction register
816 [ 00 186 I Port P2 data direction register

0 I 0 | 0 I 0 |qut P3 data direction register

| Port P4 data direction register

| Port P5 data direction register

| Port P6 data direction register

| Port P7 data direction register

| Port P8 data direction register

? | 2 | ? |A-D control register
| UARTO transmit/receive mode register

0 | 0 | 0 IUARTO transmit/receive control register 0
351s| 0 | 0 | 0 | 0 | 0 l 0 ] 1 [ 0 |UARTO transmit/receive control register 1
3816' 00 16 | UART1 transmit/receive mode register
<o 0 | 0 | O | UART! transmit/receive control register 0
3ps[ 0 [0]0 | 0 [0 0 170 |UART! transmitreceive control register 1
4016 | 00 16 | Counter start flag
4216 | o | 0 | 0 | 0 ] 0 |One-shot start flag
44 0 |0 [0 [0 [0 [0 |0 |0 |Up-downflag
5616' 00 15 | Timer A0 mode register
5716 | 00 16 | Timer A1 mode register
581s| 00 15 | Timer A2 mode register

Fig.3.1.2 (a) Internal Status at a Reset
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Register contents

Address
5916 | 00 16 | Timer A3 mode register
5As | 00 15 I Timer A4 mode register

| 0 | Timer BO mode register

| 0 | Timer B1 mode register

| 0 | Timer B2 mode register

| 0 l Processor mode register

Watchdog timer (Note 1)

n Watchdog timer frequency selection flag

0 I A-D conversion interrupt control register

7116 | 0 | UARTO transmit interrupt control register

721 | 0 | UARTO receive interrupt control register

7316 0 | UART1 transmit interrupt control register

7416 I UART1 receive interrupt control register

751 | Timer A0 interrupt control register

7616 | Timer A1 interrupt control register

7716 |

7816 | Timer A3 interrupt control register

7916 | Timer A4 interrupt control register

7A. | Timer BO interrupt control register

O| |O||O| |O |O|l |l |o]|O] |0 |||

1 1 ] ] — ] ] ] ] b e ]

O |O||O| |O||O]| |Cf||C] || || |OC]|[C]|OC| ||| | |©

0
0
0
0 | Timer A2 interrupt control register
0
0
0
0

7B1e | Timer B1 interrupt control register

ol |oj]|([ol|O]|[OC] | |O| O] |O| O] |C|l ||| ||

7C1s | 0 0 | Timer B2 interrupt control register
7D16 0 i 0 | 0 I 0 IW'TT) interrupt control register
7Es 10 I 0 | 0 | 0 IW interrupt control register
7Fus | 10 | 0 l 0 I 0 |I"I\TT_2 interrupt control register

Fig.3.1.2 (b) Internal Status at a Reset
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3.1 Reset

Register contents

r 00 16 | Program bank register PG

[ Contents of address FFFFi6 IPfogfam counter (high-order) PCw

r Contents of address FFFE1s |Program counter (low-order) PCL

| 00 16 ] Data bank register DT
| 00 16 | Direct page register (high-order) DPRH
r 00 15 l Direct page register (low-order) DPRL

b10 b9 b8 b7 b6 b5 b4 b3 b2 bl bO
[ 0 | l 0 | ? I ? | 0 I 0 I 0 ‘ 1 l ? | ? | Processor status register PS
C—wPL— N V m x D 0 Z C (High-order 4 bits are 0 when read)

Undefined at a reset.

Not allocated and undefined at a reset
(Note:Port P3 direction register bit 4 is “0” when
read.)

Note 1.Watchdog timer is set to FFie at the reset.
Note 2.The contents of registers and RAM other than those described in Figure 3.1.2 are undefined af
a reset is deactivated.

Fig.3.1.2 (c) Internal Status at a Reset
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3.2 Reset circuit

The reset circuit must be designed so that the reset input voltage drops below 0.9V when the source
voltage reaches 4.5V as shown in Figure 3.2.1.

Figure 3.2.2 shows an example of power-on reset circuit using a system reset IC M51957AL.

/ Power-on

4.5V

Source voltage

Reset input Y, _—T 0.9V

Fig.3.2.1 Power-on Reset Condition

Ll =
Vce :]l
3.3kQ = 5 o
0 RESET o©

—t
© S

2

ﬂ 4 11 0.1]J.F >'<
> I <
1.2kQ T, x
Vss e

Fig.3.2.2 Power-on Reset Circuit Example
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3.3 Software reset

3.3 Software reset
The M37700 can be reset internally with a program. This is done by setting the processor mode register

bit 3 to “1'. Figure 3.3.1 shows the bit configuration of the processor mode register.

b7 b6 bS5 b4 b3 b2 bl bl

0 Processor Mode Register (Address 5E1s)
Processor mode bits
b1 [b0 Mode
0|0 | Single-chip mode
1 Memory expansion mode
110 | Microprocessor mode
111 This connot be avaolable

Wait bit

0 { Wait during external access

1 No wait

Software reset bit
1 Software reset activated by writing “1”

Interrupt priority detection time selection bits

b5 |b4 Detection time

0 [ 7cycles atinternal clock g

1 4 cycles at internal clock g

110 2 cycles at internal clock o

111 This connot be avaolable

This bit must be "0" |

Internal clock g output selection bit

@ output disabled
(Pin 42is normal 1/0O port)

@ output enabled
(Pin 42is @ output pin)

Note : Use the LDM or STA instruction to write to this register.
(Do not use read modify write type instructions such as CLB or SEB.)

Fig.3.3.1 Processor Mode Register Bit Structure
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CHAPTER 3.RESET

Software reset is the same as hardware reset (when the reset pin is pulled to “L” and then restored to
“H”) except that the contents of the internal RAM are preserved. Therefore, the contents of each register
after a software reset is initialized to values shown in Figure 3.1.2.
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CHAPTER 4.0SCILLATING CIRCUIT

4.1 Oscillating Circuit

The M37700 is equipped with an oscillating circuit to generate the.necessary clock. The frequency input
to the clock input pin Xin is divided in half to obtain the internal clock @. This g is further divided in half
to obtain the bus cycle. Either a ceramic resonator or a crystal oscillator can be connected externally to

the internal oscillating circuit.

4.1.1 Circuit using a ceramic oscillator or a
crystal oscillator

Figure 4.1.1 shows a circuit example using a
ceramic resonator and Figure 4.1.2 shows a cir-
cuit example using a crystal resonator. An oscil-
lating eircuit is formed by connecting the resona-
tor between Xin and Xoutr as shown in the figures.
The circuit constants such as Rf, Rd, Cw, and
Cout must be set to the resonator manufacturer’s
recommended values.

Table 4.1.1 and Table 4.1.2 show the recom-
mended circuit constants for each type of oscilla-
tor.

4.1.2 External clock input circuit

An external clock signal can be supplied to the
internal oscillating circuit. Figure 4.1.3 shows the
circuit example for this case. Note that the exter-
nal clock must be input from pin Xin, and pin Xour
must be left open.

M37700M2-XXXFP

XN Xout
Rt
aAAY
Ra
| |
| I__._l f
Cin Court

Fig.4.1.1 Oscillating Circuit Using a Ceramic Resonator

M37700M2-XXXFP

Xin Xout

Fig.4.1.2 Oscillating Circuit Using a Crystal Resonator

M37700M2-XXXFP

XIN Xout
Open

External oscillating circuit
e LML
Vss

Fig.4.1.3 External Clock Input Circuit
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4.1 Oscillating

Circuit

Table 4.1.1 Recommended Circuit Constants when Using a Ceramic Resonator (See Figure 4.1.1)

Oscillating frequency Rf Cin Cour Pd
f r Type name

Manufacture P (MHz) M) | BF) | R | (@
MURATA MFG. CO., LTD. CSA8.00MT 8 1 30 30 220
MURATA MFG. CO., LTD. CST8.00MT 8 1 30" 30" 220
KYOCERA CORP KBR-8.0M 8 1 33 33 470
MURATA MEG. CO.. LTD.|CSA16.00MX040 16 1 47 47 —

* Built in the oscillator

Table 4.1.2 Recommended Circuit Constants when Using a Crystal Resonator (See Figure 4.1.2)

Oscillating frequency Rf Cin Cout
Manufacturer Type name

P (MHz) (MQ) (pF) (PF)
DAIWA SHINKU CORP. HC-49/u8.000MHz 8 1 39 39

DAIWA SHINKU CORP. HC-49/u16.000MHz 16 1 39 39
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CHAPTER 4.0SCILLATING CIRCUIT

4.2 Clock Generation Circuit

The oscillating circuit consists of an oscillating gate which functions as an ampilifier to obtain the neces-
sary gain and an oscillation control flip-flop to control it. Therefore, the. oscillation can be started or
stopped as necessary. The M37700 is equipped with a clock generation circuit shown in Figure 4.2.1.
When an STP instruction is executed, the internal clock g stops at “L” state. At the same time, FFF1s is
set in the watchdog timer and the watchdog timer input is connected to fs2. When the most significant bit
of the watchdog timer becomes “0” or when the system is reset, this connection is freed and the watch-
dog timer is connected to the input determined by the watchdog timer frequency selection flag. Oscil-
lation resumes when an interrupt is received, but the internal clock g remains at “L” till the most signifi-
cant bit of the watchdog timer becomes “0”. This is to avoid the unstable oscillation period at the rising
edge when using a ceramic resonator. In order to enable the STP instruction, the STP option must be
specified when ordering the mask.

When a WIT instruction is executed, the internal clock @ stops at “L” state, but the oscillator does not
stop. @ is resumed when an interrupt is received. An instruction is executed immediately because the
oscillator is not stopped.

If an instruction using the bus is executed just before execution the STP or WIT instruction, the program
may run-away after recovering from a stop or wait state. Therefore, a NOP instruction should be inserted
before an STP or WIT instruction to delay execution. If there is an instruction to change the port output
or RAM content just before an STP or WIT instruction, the port output or the RAM content might not be
changed. In this case, insert the number of NOP instruction, as shows the following, before the STP or
WIT instruction to adjust the execution timing.

*The data is written into internal RAM or SFR ... One NOP instruction
*The data is written into external memory or 1/O without one-shot wait One NOP instruction
*The data is written into external memory or I/O with one-shot wait ............. Three NOP instructions

The stop or wait state is canceled with an interrupt or with a reset.
®These states are canceled with an interrupt, the following interrupts can be used:
Stop state  —External interrupt (INTO, INT1, and INT2)
Clock synchronous serial I/O interrupts (transmission, receive) using external clock
—UART interrupts (UARTO receive, UARTO transmission, UART1 receive, UART1 trans-
mission) using external clock
—Timer interrupts (however, timer which is used to cancel has to sets the event counter
mode before executing STP instruction.)

*Wait state  —All hardware interrupts
However, interrupts must be enabled before executing an STP or WIT instruction.
@®These states are canceled with reset, hardware reset can be only used.

After cancel, the contents of internal RAM is kept and the contents SFR and CPU registers are shown
in Figures 3.1.2(a) to (c).

Interrupt Reset
request s e I_S a a S_G—
STP___ | WIT |4 |_STP
instruction instruction instruction
Internal Watchdo
dog
clock o timer
f16 fo4
172 178 H{ 172 1/2 {178 fs12
XN Xout

Fig.4.2.1 Clock Generating Circuit Block Diagram
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CHAPTER 5.ELECTRICAL CHARACTERISTICS

5.1 Absolute Maximum Ratings

Absolute Maximum Ratings

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage -0.3~7 \'
AVcc Analog supply voltage -0.3~7 \
Vi Input voltage  RESET, CNVss, BYTE —0.3~12 \'
Vi Input voltage  P0o~P07, P1o~P17, P20~P27, P30~P3s —0.3~Vce+0.3 Vv

P40~P47, P50~P57, P6o~P67, P70~P77
P80~P87, Vrer, XiN
Vo Output voltage P0o~P07, P1o~P17, P20~P27, P30~P3s —0.3~Vce+0.3 Vv
P40~P47, P50~P57, P6o~P67, P70~P77
P8o~P87, Xour, E
Pd Power dissipation Ta=25°C 300 mw
Topr Operating temperature -10~70 °C
Tstg Storage temperature —40~125 °C
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5.2 Recommended Operating Conditions

5.2 Recommended Operating Conditions

Recommended Operating Conditions (Vcc=5V+10%, Ta=—10~70°C, unless otherwise noted)

Symbol Parameter Min. ';\Y:r';s Max. Unit
Vee Supply voltage 4.5 5.0 55 \
AVcc Analog supply voltage Vee \'
Vss Supply voltage 0 \
AVss Analog supply voltage 0 \
ViH High-level input voltage PQo~P07, P30~P3s, P40o~P47 0.8Vce Vce \

P50~P57, P60~P67, P70~P77
P80o~P87, Xin, RESET, CNVss
BYTE
ViH High-level input voltage P1o~P17, P20~P27 0.8Vce Vee \'
(in single-chip mode)
ViH High-level input voltage P1o~P17, P20~P27 0.5Vce Vece \

(in memory expansion mode
and microprocessor mode)

Vi Low-level input voltage P0o~P07, P30~P33, P40~P47 0 0.2Vec | V
P50~P57, P6o~P67, P70~P77
P8o~P87, Xin, RESET, CNVss

BYTE

Vie Low-level input voltage P1o~P17, P20~P27 0 0.2Vec | V
(in single-chip mode)

ViL Low-level input voltage P1o~P17, P20~P27 0 0.16Vce| V

(in memory expansion mode
and microprocessor mode) -
lon peay | High-level peak output current P0o~P07, P1o~P17, P20~P27 -10 mA
P30~P33, P4o~P47, P50~P57
P60o~P67, P70~P77, P80~P87
lon@g | High-level average output current POo~P07, P1o~P17, P20o~P27 -5 mA
P30~P33, P40~P47, P50~P57
P6o~P67, P70~P77, P80~P87
loLpeaky | Low-level peak output current P0o~P07, P10~P17, P20~P27 10 mA
. P30~P33, P4o~P47, P50~P57
P60~P67, P70~P77, P80~P87
lot (avg) Low-level average output current P0o~P07, P1o~P17, P20o~P27 5 mA
P30~P33, P40~P47, P50~P57
P60o~P67, P70~P77, P80o~P87
f(XIN) External clock frequency input| M37700M2-XXXFP, M37700SFP 8 MHz
M37700M2AXXXFP, M37700SAFP 16 MHz
Note 1. Average output current is the average value of a 100ms interval.
2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less.

The sum of lox(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less.

The sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less.

The sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less.
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5.3 M37700M2-XXXFP DC/AC Characteristics
5.3.1 Electrical characteristics

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(xw)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions Min. L_:_r;wgs Max. Unit
VoH High-level output voltage  P0o~P07, P1o~P17, P20~P27 |loh=—10mA 3 v
P30, P31, P33, P4o~P47
P50~P57, P6o~P67, P70~P77
P8o~P87
Von High-level output voltage  POo~PO07, P1o~P17, P20~P27 |lon=—400pA 4.7 \'
P3o, P31, P3s
Vou High-level output voltage P32 lon=—10mA 3.1 \'
low=—400uA 4.8 \Y
Von High-level output voltage E lon=—10mA 3.4 \
lon=—400uA 4.8 Vv
VoL Low-level output voltage ~ P0o~PQ7, P1o~P17, P20~P27 |loL=10mA 2 \"
P30, P31, P33, P4o~P47
P50~P57, P6o~P67, P70~P77
P8o~P87
VoL Low-level output voltage ~ P0o~P0Q7, P1o~P17, P20~P27 |loL=2mA 045 V
P30, P31, P33
VoL Low-level output voltage P32 lo,=10mA 1.9 \Y
lo.=2mA 043 | V
VoL Low-level output voltage  E lo,=10mA 1.6 | V
lo.=2mA 04 | V
V1.—V1-|Hysteresis  HOLD, RDY, TAON~TAdw, TBOw~TB2i 0.4 1 v
INTo~INT2, ADTRa, CTSo, CTS1, CLKo, CLKi

Vr.—~V1-|Hysteresis RESET 0.2 0.5 \Y

V1.—V1-|Hysteresis Xin 0.1 03| V

I High-level input current ~ PQo~P07, P1o~P17, P20~P27 |Vi=5V 5 HA

P30~P3s, P4o~P47, P50~P57
PBo~P67, P70~P77, P80~P87
X, RESET, CNVss, BYTE
I Low-level input current ~ P0o~P07, P1o~P17, P20~P27 |Vi=0V -5 | pA
P30~P3s, P4o~P47, P50~P57
P6o~P67, P70~P77, P80~P87
Xin, RESET, CNVss, BYTE

Veav  |RAM hold voltage When clock is stopped. 2 \Y

lec Power supply current In single-chip| fXm=8MHz 6 12 | mA

mode, an output | SquUare waveform
pin is kept open| Ta=25°C, when 1 UA
and other pins|clock is stopped.
areconnectedto| Ta=70°C, when 10 | pA
Vssduringreset. | clock is stopped.

5.3.2 A-D converter characteristics

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(xm)=8MHz, unless otherwise noted)

Symbol Parameter Test conditions i L.:.';];s Max. Unit
— | Resolution Vrer=Vee 8 | Bits
— | Absolute accuracy Vrer=Vee +3 | LSB

Ruaooer | Ladder resistance Vrer=Vce 2 10 | kQ

tconv  |Conversion time 28.5 us

Vrer | Reference voltage 2 Vee | V

Via Analog input voltage 0 Veer |V
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5.3 M37700M2-XXXFP DC/AC Characteristics

5.3.3 Timing requirements (Vcc=5V+10%, Vss=0V, Ta=25°C, f(xm)=8MHz, unless otherwise noted)

External clock input

Symbol Parameter Min. L}r;n)ts Max. Unit
te External clock input cycle time 125 ns
twiH) External clock input high-level pulse width 50 ns
two External clock input low-level pulse width 50 ns
te External clock rise time 20 ns
[ External clock fall time 20 ns
Single-chip mode

Limits .

Symbol Parameter Min, Typ. | Max. Unit
tsupon-—g) | Port PO input setup time 200 ns
tsupin—g) | Port P1 input setup time 200 ns
tsupzo-g) | Port P2 input setup time 200 ns
tsupan-g) | Port P3 input setup time 200 ns
tsupan-g) | Port P4 input setup time 200 ns
tsupso-g) | Port P5 input setup time 200 ns
tsupen—g) | Port P6 input setup time 200 ns
tsup7o—g) | Port P7 input setup time 200 ns
tsupso-g) | Port P8 input setup time 200 ns
the-ron) | Port PO input hold time 0 ns
the-pip) | Port P1 input hold time 0 ns
the-p20) | Port P2 input hold time 0 ns
the-pap) | Port P3 input hold time 0 ns
the-pan) | Port P4 input hold time 0 ns
the-psp) | Port P5 input hold time 0 ns
the-pen) | Port P6 input hold time 0 ns
the-pp) | Port P7 input hold time 0 ns
the-psp) | Port P8 input hold time 0 ns

Memory expansion mode and microprocessor mode

Symbol Parameter Min. Lan;lgs Max. Unit
tsupoo-5) | Port P1 input setup time 60 ns
tsureo-5y | Port P2 input setup time 60 ns
tsue-rov) | RDY input setup time (when wait bit is “17) 0 60 ns
tsue-rov) | RDY input setup time (when wait bit is “0”, and external memory is accessed)] 0 300 ns
tne-pip) | Port P1 input hold time 0 ns
the-p2p) | Port P2 input hold time 0 ns
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Timer A input (count input in event counter mode)

Limits .
Symbol Parameter Min. Typ. | Max, Unit
tca) TAin input cycle time 250 ns
tw(raH) TAin input high-level pulse width 125 ns
tw(raL) TAin input low-level pulse width 125 ns
Timer A input (gating input in timer mode)
Limits .
Symbol Parameter Min, Typ. | Max. Unit
tca TAin input cycle time 2000 ns
tW(TAH) TAin input high-level pulse width 1000 ns
tw(raL) TAin input low-level pulse width 1000 ns
Timer A input (external trigger input in one-shot pulse mode)
Limits -
Symbol Parameter Min. Typ. | Max. Unit
tcra TAin input cycle time 500 ns
twrany | TAin input high-level pulse width 250 ns
tw(taL) TAin input low-level pulse width 250 ns
Timer A input (external trigger input in pulse width modulation mode)
Limits .
Symbol 7 Parameter Min, Typ. | Max, Unit
tw(TAH) TAin input high-level pulse width 250 ns
twiran TAin input low-level pulse width 250 ns
Timer A input (up-down input in event counter mode)
Limits .
Symbol Parameter Min. Typ. | Max. Unit
tcwe) TAiout input cycle time 2000 ns
twurH) TAiout input high-level pulse width 1000 ns
twiupL TAiout input low-level pulse width 1000 ns
Timer B input (count input in event counter mode)
Limits .
Symbol Parameter Min, Typ. | Max. Unit
tce) TBin input cycle time 500 ns
tw(TaH) TBin input high-level pulse width 250 ns
tw(TaL) TBiw input low-level pulse width 250 ns
Timer B input (pulse period measurement mode)
Limits .
Symbol Parameter Nin. Typ. | Max. Unit
tc(re) TBin input cycle time 2000 ns
tw(tsH) TBi input high-level pulse width 1000 ns
twasy | TBiw input low-level pulse width 1000 ns
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Timer B input (pulse width measurement mode)

Limits .
Symbol Parameter Min. Typ. | Max, Unit
tcs) TBin input cycle time 2000 ns
tw(TH) TBin input high-level pulse width 1000 ns
tw(rsy TBin input low-level pulse width 1000 ns
A-D trigger input
Limits .
Symbol Parameter Min. Typ. | Max. Unit
teqan) AD7ra input cycle time (minimum allowable trigger) 2000 ns
twiaoy  [AD7ra input low-level pulse width 250 ns
UART clock input
Limits .
Symbol Parameter Min. Typ. | Max, Unit
teek) CLKi input cycle time 500 ns
twickH) CLKi input high-level pulse width 250 ns
twickL) CLKi input low-level pulse width 250 ns
External interrupt INTi input
Limits .
Symbol Parameter Min. | Typ. | Max. Unit
twonky  [INTi input high-level pulse width 250 ns
twovy  |INTI input low-level pulse width 250 ns
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5.3.4 Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xn)=8MHz, unless otherwise noted)

Single-chip mode

. Limits .

Symbol Parameter Test conditions Min. Typ. Max. Unit
tae-roo) | Port PO data output delay time 200 ns
tee-p1c) | Port P1 data output delay time 200 ns
tae-r20) | Port P2 data output delay time 200 ns
tae-p3q) | Port P3 data output delay time Fi 531 200 ns
tae-paq) | Port P4 data output delay time igure 5.9. 200 ns
tae-rsa) | Port P5 data output delay time 200 ns
tae-rec) | Port P6 data output delay time 200 ns
tae-r7q) | Port P7 data output delay time 200 ns
tae-req) | Port P8 data output delay time 200 ns
Memory expansion mode and microprocessor mode (when wait bit is “1”)

Symbol Parameter Test conditions Min. L+r;\gs Max. Unit
taroa-5) | Port PO address output delay time * 100 ns
tee-ria) | Port P1 data output delay time (BYTE="L") 120 ns
texze-P1z | Port P1 floating start delay time (BYTE="L") 40 ns
tapia-ey | Port P1 address output delay time * 100 ns
tae-rp2q) | Port P2 data output delay time 120 ns
texze-r2z | Port P2 floating start delay time 40 ns
tap2a-e) | Port P2 address output delay time * 100 ns
tae-Hon | HLDA output delay time 100 ns
taae-y | ALE output delay time -10 ns
tw(aLE) ALE pulse width * 100 ns
tesre-5) | BHE output delay time * ) 100 ns
terw-5) | R/W output delay time * Figure 5.3.1 100 ns
the-roa) | Port PO address hold time 20 ns
the-r1a) | Port P1 address hold time (BYTE="L") 20 ns
the-p1q) | Port P1 data hold time (BYTE="L") 20 ns
trzxe-p1z | Port P1 floating release delay time (BYTE="L") 20 ns
the-p1a) | Port P1 address hold time (BYTE="H") 20 ns
the-rp2a) | Port P2 address hold time 20 ns
the-r2q) | Port P2 data hold time 20 ns
trzxe-r2z | Port P2 floating release delay time 20 ns
tne-sHE) | BHE hold time 20 . ns
the-rw) | R/W hold time 20 ns
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Memory expansion mode and microprocessor mode (when external memory area is accessed, and wait bit is “0")

Symbol Parameter Test conditions in: L{-r;w;)ts Max. Unit
tapoa-ey | Port PO address output delay time * 350 ns
tae-prq) | Port P1 data output delay time (BYTE="L") 120 ns
texze-r1z | Port P1 floating start delay time (BYTE="L") 40 ns
tap1a-g) | Port P1 address output delay time * 350 ns
tae-r2q) | Port P2 data output delay time 120 ns
texze-rez | Pont P2 floating start delay time 40 ns
tap2a-g) | Port P2 address output delay time * 350 ns
tae-+oa | HLDA output delay time 100 ns
toae-e) | ALE output delay time -10 ns
twiaLE) ALE pulse width * 350 ns
tasre- | BHE output delay time * . 350 ns
terw-g | R/W output delay time * Figure 5.3.1 350 ns
the-roa) | Port PO address hold time 20 ns
the-p1a | Port P1 address hold time (BYTE="L") 20 ns
the-piy | Port P1 data hold time (BYTE="L") 20 ns
trzxe-p1z | Port P1 floating release delay time (BYTE="L") 20 ns
the-pia) | Port P1 address hold time (BYTE="H") 20 ns
the-pea) | Port P2 address hold time 20 ns
the-p2a) | Port P2 data hold time 20 ns
trzxe-r2z) | Port P2 floating release delay time 20 ns
the-snp | BHE hold time 20 ns
the-aw | R/W hold time 20 ns

* The value of port Pi address output delay time (i=0, 1, or 2), BHE output delay time, R/W output delay time, and
ALE pulse width are dependent on the clock oscillating frequency (f(xw)), and these value are defined by the
following expressions.

Symbol

Parameter Wait bit =“1”

Wait bit ="0”

taria-g) | Port Pi address output delay time
teere-5) | BHE output delay time
tarw-g) | R/W output delay time

100+(2 x 10%f(Xiv))-250ns

350+(4 x 10%f(xin))-500ns

twaiey |ALE pulse width

(1 x 10%f(xm))—25ns

(3 x 10%f(Xin))—25ns

PO O
P1
P2
P3
P4 —_ 100pF
P5

P6
P7 777
P8

Fig.5.3.1 Testing Circuit for Ports PO~P8
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5.4 M37700M2AXXXFP DC/AC Characteristics
5.4.1 Electrical characteristics

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(xn)=16MHz, unless otherwise noted)

Symbol Parameter Test conditions Vi L{-r;\gs Max_| Unit
VoH High-level output voltage  POo~P07, P10~P17, P20~P27 |lon=—10mA 3 \
P30, P31, P33, P4o~P47
P5o~P57, P6o~P67, P70~P77
. P8o~P87
Von High-level output voltage  POo~P07, P10~P17, P20~P27 |lon=—400pA 4.7 \Y
P3o, P31, P33

Vor High-level output voltage P32 low=—10mA 3.1 Vv

lon=—400uA 4.8 \'

VoH High-level output voltage E lon=—10mA 3.4 \'

lon=—400pA 4.8 Vv

VoL Low-level output voltage ~ P0o~P07, P1o~P17, P20~P27 |lot=10mA 2 \

P30, P31, P33, P4o~P47
P5o~P537, P6o~P67, P70~P77
P8o~P87
VoL Low-level output voltage ~ P0o~P07, P1o~P17, P20~P27 |lo,=2mA 045 V
P30, P31, P3s
VoL Low-level output voltage P32 lo.=10mA 1.9 \Y
lo,=2mA 043 | V

VoL Low-level output voltage  E lo,=10mA 16 | V

lo.=2mA 0.4 \

V1.—V1-[Hysteresis HOLD, RDY, TAON~TA4n, TBOw~TB2 0.4 1 Y]

INTo~INT2, ADrag, CTSo, CTS1, CLKo, CLKi

Vr1.—V1-|Hysteresis RESET 0.2 0.5 Vv

V1.—V1-|Hysteresis Xin 0.1 0.3 \

I High-level input current  P0o~P07, P1o~P17, P20~P27 |Vi=5V 5 HA

P30~P3s, P4o~P47, P5o~P57
P6o~P67, P70~P77, P80~P87
X, RESET, CNVss, BYTE
I Low-level input current ~ P0o~P07, P1o~P17, P20~P27 | V=0V -5 | pA
P30~P3s, P40~P47, P50~P57
P6o~P67, P70~P77, P8o~P87
Xiv, RESET, CNVss, BYTE

Vram  |RAM hold voltage When clock is stopped. 2 \'

lcc Power supply current In single-chip| {(xW=16MHz 12 | 24 | mA

mode, an output | Square waveform
pin is kept open| Ta=25°C, when 1 pA
and other pins | clock is stopped.
areconnectedto[ Ta=70°C, when 10 A
Vssduringreset. | clock is stopped.

5.4.2 A-D converter characteristics

A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted)

Symbol Parameter Test conditions i L.:.?gs Max | Unit
— |Resolution Vrer=Vce 8 Bits
— |Absolute accuracy Vrer=Vce +3 | LSB

Ruapoer | Ladder resistance Veer=Vce 2 10 | kQ

tconv  |{Conversion time 14.25 us

Vrer  |Reference voltage 2 Vee | V

Via Analog input voltage 0 Veer |V
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5.4.3 Timing requirements (Vcc=5V+10%, Vss=0V, Ta=25°C, f(xw)=16MHz, unless otherwise noted)

External clock input

Symbol Parameter Min. L.'rr;gs Max. Unit
tc External clock input cycle time 62 ns
twH) External clock input high-level pulse width 25 ns
twin External clock input low-level pulse width 25 ns
tr External clock rise time 10 ns
tr External clock fall time 10 ns
Single-chip mode

Limits .

Symbol Parameter Min. Typ. Max. Unit

tsupon-g) | Port PO input setup time 100 ns
tsupi-g5 | Port P1 input setup time 100 ns

tsupan-g) | Port P2 input setup time 100 ns
tsupap-g | Port P3 input setup time 100 ns
tsupen-g) | Port P4 input setup time 100 ns

tsupso-g) | Port P5 input setup time 100 ns
tsupen-g) | Port P6 input setup time 100 ns
tsupro-g) | Port P7 input setup time 100 ns
tsupso-g) | Port P8 input setup time 100 ns
the-popy | Port PO input hold time 0 ns
the-pipy | Port P1 input hold time 0 ns
the-pep) | Port P2 input hold time 0 ns
the-papy | Port P3 input hold time 0 ns
tre-rapy | Port P4 input hold time 0 ns
the-psp) | Port P5 input hold time 0 ns
the-rep) | Port P6 input hold time 0 ns
the-p7p) | Port P7 input hold time 0 ns
tne-rpep) | Port P8 input hold time 0 ns
Memory expansion mode and microprocessor mode

Symbol Parameter Min. L+r;\r|)ts Max. Unit
tsupon-g) | Port P1 input setup time 45 ns
tsupan-g) | Port P2 input setup time 45 ns
tsue-rov) | RDY input setup time (when wait bit is “17) 0 10 ns
tsuEe-rov) | RDY input setup time (when wait bit is “0”, and external memory is accessed)) 0 120 ns
the-pip) | Port P1 input hold time 0 ns
the-p20) | Port P2 input hold time 0 ns
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Timer A input (count input in event counter mode)

Limits .
Symbol Parameter Min. Typ. | Max. Unit
tema TAin input cycle time 125 ns
tw(taH) TAin input high-level pulse width 62 ns
tw(raL) TAin input low-level pulse width 62 ns
Timer A input (gating input in timer mode)
Limits .
Symbol Parameter Min, Typ. | Max, Unit
tcra TAiw input cycle time 1000 ns
tw(TAH) TAin input high-level pulse width 500 ns
tw(TaL) TAin input low-level pulse width 500 ns
Timer A input (external trigger input in one-shot pulse mode)
Limits .
Symbol Parameter Min. Typ. | Max, Unit
tera) TAin input cycle time 250 ns
tw(ram) TAin input high-level pulse width 125 ns
tw(ray) TAin input low-level pulse width 125 ns
Timer A input (external trigger input in pulse width modulation mode)
Limits .
Symbol Parameter Min, Typ. | Max. Unit
tw(TaAH) TAin input high-level pulse width 125 ns
twran TAin input low-level pulse width 125 ns
Timer A input (up-down input in event counter mode)
) Limits .
Symbol Parameter Min. Typ. | Max. Unit
tcwr) TAiour input cycle time 1000 ns
twiupH) TAiout input high-level pulse width 500 ns
twupry TAiout input low-level pulse width 500 ns
Timer B input (count input in event counter mode)
Limits .
Symbol Parameter Min. Typ. | Max. Unit-
tc(re) TBin input cycle time 1 250 ns
tw(teH) TBi input high-level pulse width 125 ns
tw(tsL) TBin input low-level pulse width 125 ns
Timer B input (pulse period measurement mode)
Limits .
Symbol Parameter Vin. Typ. | Max, Unit
tcs) TBiw input cycle time 1000 ns
tw(teH) TBiw input high-level pulse width 500 ns
twsl) TBin input low-level pulse width 500 ns
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Timer B input (pulse width measurement mode)

Limits .
Symbol Parameter Min. | Typ. | Max. Unit
tcre) TBin input cycle time 1000 ns
tw(teH) TBiw input high-level pulse width 500 ns
tw(sL) TBim input low-level pulse width 500 ns

A-D trigger input

Limits .
Symbol Parameter Min. | Typ. | Max. Unit
tcqan) ADTra input cycle time (minimum allowable trigger) 1000 ns
twiaoy  [ADtre input low-level pulse width 125 ns
UART clock input
Limits .
Symbol Parameter Min. Typ. Max. Unit
teick CLKi input cycle time 250 ns
twickH) CLKi input high-level pulse width 125 ns
twicky) CLKi input low-level pulse width 125 ns
External interrupt INTi input
Limits .
Symbol Parameter Min, Typ. | Max. Unit
twand)  |INTI input high-level pulse width 250 ns
tweny  {INTI input low-level pulse width 250 ns
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5.4.4 Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, f(xm)=16MHz, unless otherwise noted)

Single-chip mode

Limits

Symbol Parameter Test conditions Min. Typ. | Max. Unit
tee-roq) | Port PO data output delay time 100 ns
tse-r1) | Port P1 data output delay time 100 ns
tae-r20) | Port P2 data output delay time 100 ns
tae-raq) | Port P3 data output delay time Fiqure 5.4.1 100 ns
tae-pacy | Port P4 data output delay time igure 5.4 100 ns
tae-rsq) | Port P5 data output delay time 100 ns
tee-rsq) | Port P6 data output delay time 100 ns
toe-r7ay | Port P7 data output delay time 100 ns
tae-pse) | Port P8 data output delay time 100 ns
Memory expansion mode and microprocessor mode (when wait bit is “1”)

Symbol Parameter Test conditions Min. L-:.r:gs Max. Unit
tapoa-g) | Port PO address output delay time * 30 ns
tee-p1a) | Port P1 data output delay time (BYTE="L") 80 ns
texze-riz | Port P1 floating start delay time (BYTE="L") 40 ns
tapia-p) | Port P1 address output delay time * 30 ns
tae-r20) | Port P2 data output delay time 80 ns
texze-r2zy | Port P2 floating start delay time 40 ns
tapaa-g) | Port P2 address output delay time * 30 ns
tae-Hoa | HLDA output delay time 50 ns
toae-ey | ALE output delay time -10 ns
twiaLe) ALE pulse width * 40 ns
tsee-ey | BHE output delay time * . 30 ns
tsaw-5 | R/W output delay time * Figure 5.4.1 30 ns
the-roa) | Port PO address hold time 20 ns
the-p1a | Port P1 address hold time (BYTE="L") 20 ns
the-p1ay | Port P1 data hold time (BYTE="L") 20 ns
trzxe-r1z) | Port P1 floating release delay time (BYTE="L") 20 ns
the-pia) | Port P1 address hold time (BYTE="H") 20 ns
the-p2a) | Port P2 address hold time 20 ns
the-r20) | Port P2 data hold time 20 ns
trzxe-r2z) | Port P2 floating release delay time 20 ns
the-sHg) | BHE hold time 20 ns
the-rw) | R/W hold time 20 ns

154




5.4 M37700M2AXXXFP DC/AC Characteristics

Memory expansion mode and microprocessor mode (when external memory area is accessed, and wait bit is “0")

Symbol Parameter Test conditions Min. L}r;l)ts Max. Unit
tapoa-ey | Port PO address output delay time * 155 ns
tae-p1q) | Port P1 data output delay time (BYTE="L") 80 ns
trxze-P1zy | Port P1 floating start delay time (BYTE="L") 40 ns
tap1a-ey | Port P1 address output delay time * 155 ns
tae-r2q) | Port P2 data output delay time 80 ns
trxze-r2z | Port P2 floating start delay time 40 ns-
tap2a-e) | Port P2 address output delay time * 155 ns
tae-Hoa | HLDA output delay time 50 ns
taae-e) | ALE output delay time -10 ns
twiaLE) ALE pulse width * 165 ns
tesre-gy | BHE output delay time * . 155 ns
tsrw-5) | R/W output delay time * Figure 5.4.1 155 ns
the-poa) | Port PO address hold time 20 ns
the-pia) | Port P1 address hold time (BYTE="L") 20 ns
the-pia) | Port P1 data hold time (BYTE="L") 20 ns
trzxe-p1z | Port P1 floating release delay time (BYTE="L") 20 ns
the-p1a) | Port P1 address hold time (BYTE="H") 20 ns
the-r2a) | Port P2 address hold time 20 ns
the-r2q) | Port P2 data hold time 20 ns
trzxe-rez) | Port P2 floating release delay time 20 ns
the-sHp | BHE hold time 20 ns
trhe-rw) | R/W hold time 20 ns

* The value of port Pi address output delay time (i=0, 1, or 2), BHE output delay time, R/W output delay time, and
ALE pulse width are dependent on the clock oscillating frequency (f(xn), and these value are defined by the
following expressions.

Symbol Parameter Wait bit =“1" Wait bit =“0"
tapia-) | Port Pi address output delay time
taeHe-£) | BHE output delay time 30+(2 x 10%f(xm))—125ns 155+(4 x 10%f(xin))—-250ns
tarw-g) | R/W output delay time
twaey |ALE pulse width (1 x 10%f(xm))—22.5ns (3 x 10%f(Xn))—22.5ns

PO » O
P1
P2
P3

P4 100pF

P5
P6
P7

P8

Fig.5.4.1 Testing Circuit for Ports PO~P8
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5.5 Timing Diagrams

Single-chip mode

foxan)

mi

Port PO output

Port PO input

Port P1 output

Port P1 input

Port P2 output

Port P2 input

Port P3 output

Port P3 input

Port P4 output

Port P4 input

Port P5 output

Port P5 input

Port P6 output

Port P6 input

Port P7 output

Port P7 input

Port P8 output

Port P8 input

twin)

tww

k==l td(e—roa)

tsu(roo—e)

3\ th(e—poo)

==l td(e—p1q)

tsu(p1o—£)

=

g\ﬂs—pm)

le—| td(e—p2q)

X

tsu(p2p—E)

Rl

j\th(e—m)

== td(e~p3q)

tsu(pap—e)

<

"* th(e—rap)

l—> td(e—paq)

tsu(pap—e)

~

j\ th(e—pap)

<> td(e—psa)

)

tsu(pso—e)

<

k th(e—ps0)

le—>{ td(e—psQ)

tsu(peo—e)

~

:3\ th(e—peo)

l<—>={ td(e—p7a)

)

tsu(p7p—€)

N

3\ thie—p70)

<> td(e—psa)

tsu(pepo—e)

R

3\ th(e—pap)
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5.5 Timing Diagram

TAin input /

{

TAioyr input /

TBi,y input /

tetra)
twiran,
\‘T
| twiTaL) ‘ |
tecue)
twiupH)
twiupL)
t clre)
twiter
/ *
I tw(reL)

J

A—D:G input

tw(aoL)

-y

L0 — =

tetcio
twickn)
CLKi input / \L
} twickL)

| twinw

| ncm— >
INTi input _———\—/,

i twink

L)
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Memory expansion mode and microprocessor mode (when wait bit="1")

fix)

Port PO output
(Ao~A;)

Port P1 output
(Ag~A;5/Dg~Dys)
(BYTE="L")

Port P1 output
(Ag~Ass)
(BYTE="H")

Port P1 input

Port P2 output
(A16~Aza/Do~Dy7)

Port P2 input

Port P35 output
(HLDA)

Port P3, output
(ALE)

Port P3, output
(BHE)

Port P3, output
(R/W)

Port P4, input
(RDY)

Test conditions
® Vee=5V+10%

twn)

twir)

t tr

tc

th(e—roa) td(Poa—E)
X Address Address X

thie—pr1a)

el

thie—p1a)

tezx(e—P12)

x Address Data Address - Address
e tae_p1a)
thie—p1a) tdpia—e)
X Address Address X

tsu(mD—eFﬂth(Egpm)

thie—r2a) th(e—r2a) texz.e—F22) tozx(e—p2z)
X Address % Data Address | M —————— - Address
tde—~
d(e—pP2q) td(p2a—g) thie—p20)
tsucp2o—e)
T(E—HLDA)
tw(aLe)
e tdcae—e)
td(sHE—E) Q_l the )
(E—BHE
X X
\.
tdrw—e) thie—rmw)
tsu(rov—g)

@ Output timing voltage : VoL=0.8V, Von=2.0V
@ Ports P1 and P2 input : Vi=0.8V, Vin=2.5V
@ Port P41 input : Vi=1.0V, Vii=4.0V
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Memory expansion mode and microprocessor mode (whenwait bit="0", and external memory area is accessed)

AVAVAVAVAVAVAVAVAY

fc XN

mi

VNNV

(W

th(e—roa)

|

td(poa—g)

N/

Port PO output
( Ag~A7)

X

Address

Address

th(e—-p1a)

<-—1

thie—p1a)

Port P1 output
(Ag~A;5/Dg~Dys)

Address

Data

Address

(BYTE="L")

<> td(e—-p1a)

tozx(e—P12)

Address

thie—p1a) tdpra~e)
Port P1 output K Address Address
(Aa"’Am)
(BYTE="H") |
tsutpio—e) thie—p10)
Port P1 input | S
th(e—p2a) *—'-i th(e—r2q) tpxz(E—p2z) tox(E—p2z,
Port P2 output X Address —'K Data Address —_—_——— - Address
(A16~A23/Dg~D7)
td(e—r20) F-‘){ t |
d(P2a—g) th(e~r20)
‘su(pzn_sy *
Port P2 input
td(e-nLoa)
Port P3, output
(HLDA)
twiaLe)

Port P3, output

/

e td(ace—e)

(ALE)

td(eHe—e) e.1 the )
E—BHE

Port P3; output X X
(BHE) '

tdirw—g) the—rw)
Port P3, output
(R/W) \

tsutrov—e)

Port P4, input
(RDY)

Test conditions
® Vce=5V+10%

@ Output timing voltage : Vo.=0.8V, Von=2.0V
@ Ports P1 and P2 input : Vi.=0.8V, Vin=2.5V
@ Port P41 input : Vu=1.0V, V=4.0V

159



CHAPTER 5.ELECTRICAL CHARACTERISTICS

Memo

160



CRAPRTER ©
STANDARD
CHARACTERISTICS



CHAPTER 6.STANDARD CHARACTERISTICS

The data described in this chapter are characteristic examples and are not guaranteed values. Refer to
“Chapter 5. Electrical Characteristics” for rated values.

6.1 Standard Port Characteristics

(1)Programmable 1/O port (CMOS output) P channel low—Vou characteristics
® Supply voltage Vcec=5V

(mA)
50.0
40.0
Ta=25°C
30.0 —I=
lOH — >‘
\\\
10.0 ™
\
\\
0.0
0.0 1.0 2.0 3.0 4.0 5.0 (V)
Vou

(2)Programmable /0O port (CMOS output) N channel lo.—VoL characteristics
® Supply voltage Vce=5V

(mA)
50.0
400
Taz25°C | A
30.0 -
loL -’ = as70°C
20.0 -
/7
10.0
0.0
1.0 2.0 30 40 5.0 (V)
VoL
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6.2 lcc—f(xin) Standard Characteristics

6.2 lcc—f(xiyy Standard Characteristics

(1)M37700M2 and M37700E4 operating and reset Icc—f(xiv) characteristics
® Measurement condition (Vcc=5V, Ta=25°C, f(xin): square wave, single-chip mode)

[mA]

20

10

—QO—— M37700E4
—@— M37700M2

P

UNDER OPERATION /

%/

RESET

f (X]N )

(2)M37700M2 wait Icc-f(xivy) characteristics
® Measurement condition (Vcc=5V, Ta=25°C, f(xin): square wave, single-chip mode)

[mA]

3.0

2.0

1.0

e

f(xin)

12

16 [MHz
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6.3 A-D Converter Standard Characteristics

The lines at the bottom 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 output code
from 0016 to 0116 should occur at ANi=10mV, but the measured value is 6.5mV. Therefore, the measured
point of change is 10+6.5=16.5mV.

The lines at the top 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 OF1s is 27.5mV. Therefore,
the differential non-linear error is 27.5-20=7.5mV (0.375LSB).

® Vcc = 5.12[V]
® Vrer = 5.12[V]
® Xin = 16[MHz]
® Temp. = 25[deg.]
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CHAPTER 7.USAGE PRECAUTIONS

7.1 Software
Note the following when programming the M37700 and M37701 series of microprocessors.

7.1.1 Stack pointer (S)
The content of the stack pointer (S) is unpredictable immediately after a reset. Be sure to initialize
it before using.

Example) LDX #27FH
TXS

7.1.2 Program bank register (PG) and data bank register (DT)
When using in single-chip mode, do not set values other than “001s” in the program bank register
and the data bank register.

7.1.3 Direct page register (DPR)
The execution cycle is reduced by one cycle, by setting the low-order 8-bits of the direct page
register (DPRL) to “0016".

7.1.4 Processor status register (PS)
(1) Decimal mode flag (D flag)
When a decimal arithmetic operation is performed with the D flag set to “1”,
@0Only the C flag is valid and the Z, N, and V flags are invalid for ADC instruction.
®The C and Z flags are valid and the N and V flags are invalid for SBC instruction.
Note: Only the ADC and SBC instructions can be used for decimal arithmetic.

(2) Data length selection flag (m) and index register length selection flag (x)
Using 16-bit immediate data with the m flag set to “1” (data length: 8-bits) or 8-bit immediate data
with the m flag set to “0” (data length: 16-bits) will cause programs to run wild. The same is true
for the index register length selection flag x. Check the status of these flags when writing programs.

7.1.5 Register save and restore instructions
(1) Saving registers with PSH instruction and restoring registers with PUL instruction
When saving and restoring registers with the PSH and PUL instructions, the accumulators A and
B are affected by the data length selection flag m and the index registers X and Y are affected by
the index register length selection flag x (see Figures 7.1.1 and 7.1.2).

(2) Restoring processor mode register and accumulator B with the PUL instruction
When executing the PUL instruction with the data length selection flag m set to “0”, if the processor
status register is included in the register to be restored and its data length selection flag m is set
to “1”, the high-order 8-bits of the accumulator B may change. In this case, save and restore the
processor status register with separate instructions.

Example) PHP
PSH ABX,Y

PUL ABXY
PLP

(3) PUL instruction
The N and Z flags change when the PLA instruction is executed, but the contents of the processor
status register do not change if only accumulator A is restored with the PUL instruction.
Also, in addressing modes using the direct page register (DPR), the instruction execution cycle is
reduced by one cycle if the content of the low-order 8 bits of DPR is “001s".
The subsequent instruction execution cycle may be not reduced when the PUL instruction is used
to restore the DPR containing “0016". Therefore, do as follows:

Example) PUL #X0X1XXXXB ;Restore registers including DPR
PRD ;Save DHR )
PLD ;Restore DPR
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7.1 Software

PSH
Instruction

Z

(0

[e]

M)A
Se-S-1
M(S)AL
ScS-1

i

M(Sk—Bn
Se5—1
M(S)-BL
SS-1

M(S)Xn
S¢-8-1
M(S)=Xe
S¢-S-1

M(S)—YL
S—1

f

e

M(S)k-DPRH
SeS—1
M(S)«-DPRL

Utk

M(S)eDT
S¢-S-1

{

M(S)—PG
SeS—1

;

M(SK—PSH
Se-S-1
M(S)-PSL
Se-S—1

|

END

Fig.7.1.1 PSH Instruction Execution Flow
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PUL
Instruction

;

>
SS+1
PSLM(S)
SS+1 0 IO
PSHeM(S)
S—S+1 S—S+1
No @ YieM(S) YiM(S)
SeS+1
S8 YueM(S)
DTM(S) >
- o>
<> T
k Q
SeS+1
DPRL-M(S) e S
S8+1 XeM(S) XM(S)
DPRM(S) SS41
X M(S)
-
=
@ NO
Se-S+1 SS+1
BLeM(S) BLeM(S)
SS+1
Bue-M(S)
>
>
o>t
SS+1 SS+1
AL—M(S) A—M(S)
SeS+1
AveM(S)
-
END

Fig.7.1.2 PUL Instruction Execution Flow
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7.1 Software

(4)

PSH instruction
The program bank register PG can be saved to stack by setting the PSH instruction operand bit
6 to 1, but the PUL instruction cannot be used to restore PG.

7.1.6 Block transfer instructions (MVN, MVP)

With the block transfer instructions MVP and MVN, the content of accumulator A indicates the
number of bytes to be transferred. For both the MVN and MVP instructions, the content of
accumulator A is affected by flag m. The maximum number of bytes that can be transferred is
65535 bytes when m=0 and 255 bytes when m=1. Furthermore, no transfer is performed when the
content of accumulator A is 0. Index registers X and Y indicate the transfer origin and destination
addresses respectively and are affected by flag x. The transfer is within a 64K-byte address space
when x=0 and within 256 bytes when x=1. When performing block transfer with x=1, the transfer
is scrolled in cases such as shown Figure 7.1.3. Note that the data is overwritten if the number
of transfer bytes is 256 bytes or more when m=0 and x=1.

Therefore, check the status of flags m and x when using the MVP or MVN instruction.

1000016 DATA 2 Contents of each register before transfer
00016 DATA 3 < Accumulator A l 000316 ]
Z;i;ifé on : : Index register X | 00is |
bank 00FF16 DATA 1 -
Index register Y
] | _
! | Contents of each register after transfer
: : Accumulator A L FFFF1s J
000016 DATA 1 .
Index register X
I:%’i‘:fe’ 000115 DATA 2 9
bank (000216 DATA 3 Index register Y [ 0218 —l

Fig.7.1.3 MVN Instruction Execution Example (when x=1)

7.1.7 BRK instruction

The CPU is unaffected regardless of the content of the second byte of the BRK instruction.

7.1.8 BRA instruction

Long relative branch with BRA instruction can only be used within bank 0.

7.1.9 Instruction execution time (instruction execution cycle)

(1

(2

Time required for instruction execution

The MELPS 7700 Series uses a three byte instruction queue buffer and performs instruction
prefetch to increase processing speed. Therefore, the number of instruction execution cycles
depend on the amount of data in the instruction queue buffer. When programming timers, note that
the number of cycles shown in the list of machine instructions are for the shortest case. (See
“MELPS 7700 <SOFTWARE> User's Manual”)

Also, when creating ROMs, note that except when using 16-bit bus width (BYTE="L") and no wait
(no software wait or hardware wait due to RDY pin) in memory expansion or microprocessor mode,
the execution time required to fetch programs from internal ROM is different from that for external
ROM.

16-bit data access
When accessing 16-bit data, the processing speed can be increased by aligning the data on even
number address.
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7.2.Hardware

7.2.1 Memory related features
(1) Special function registers
The special function registers located at addresses 0w to 7F16 are used to control internal devices
such as timers and serial I/0. The bits of these registers are classified into read only, write only,
and read/write bits. An attempt to write to a read only bit is ignored and the result of reading a write
only bit is unpredictable (there are exceptions).
Read-modify-write type instructions such as CLB or SEB must not be used when modifying the
content of a register containing write only bits or when one of the unspecified bits (see Figure 7.2.1)
returns an unpredictable result when read. In these cases, use the LDM or STA instruction.
Note : Do not use a CLB or SEB instruction for the following registers:
@®0ne-shot start flag (Address 4216)
®Processor mode register (Address SEs)

Example) SEB instruction
Mnemonic: SEB  #04H,005EH (when m=1)

Write only bit is undefined

during read

RW RW RW RW WO RW RW Rw | Read
005E+s | D7 | Ds | Ds| Ds | D3 | D2 [ D1 | Do

[D7[Ds [Ds [Ds] ? [D2[ D1 [Do]

RW : Read/Write Specified bit

WO :Write only

[Or]De[Bs D] 7 |1 [D1]Do]

005E1e [ D7 [De | Ds[De] ? [ 1 [D1] Do

Write

|D7|De|D5|D4| ?|1 |D1IDoI

In this case bit 3 is unpredictable.
Note : ASL, CLB, DEC, INC, LSR, ROL, ROR, and SEB are read-modify-write type instructions.

Fig.7.2.1 Read-modify-write Instruction Execution Sequence

(2) Wait bit
The wait bit is cleared to “0” at reset and program execution starts in one-shot wait mode (E output
pulse width is doubled during external area access). Single-chip mode is unaffected by this bit, but
in memory expansion and microprocessor modes, the wait bit must be switched from a program
when externally expanded memory or I/O satisfies the timing specification without wait.

7.2.2 Input/Output pin related features
(1) Double function port
When a double function pin that acts as an input pin to internal device and as a programmable I/
O pin is used as input pin to internal device, the data direction register of the corresponding port
must be set to input mode before selecting the function.
For ports that are shared as internal device output pin, the pin is forced as output when the function
is selected regardless of the content of the corresponding data direction register.

(2) Memory expansion mode and microprocessor mode
In memory expansion and microprocessor mode, the data direction registers for ports P4o and P41
must be set to input mode. (All programmable 1/O pins are set to input mode at reset.)
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7.2.Hardware

7.2.3 Interrupts
The priority detection time selection bits (bits 5 and 4) in the processor mode register are both
set to “0” at reset to select the longest interval. The shortest priority detection time can be used
for the M37700 family. Therefore, if execution is to be performed immediately after accepting an
interrupt, bit 5 should be set to “1” and bit 4 should be set to “0”. Furthermore, the interrupt
request bit of the M37700 and M37701 can be set and cleared by software.

7.2.4 Timers related features
(1) Reading a timer that is operating
To read a timer that is operating, set flag m to “0” and read all 16 bits of the timer register at once.

(2) One-shot start flag

Bit 7 of the one-shot start flag (4216) must be set to “0” regardless of whether the timer is used or
not (this bit is set to “0” at reset).

(3) Up-Down flag
When the two-phase pulse signal processing function (valid only in event counter mode) is not
used, bits 7 to 5 of the up-down flag (4416) must be set to “0”.

(4) Writing to timer register
When a value is written in the timer while it is operating, the count start flag is cleared to “0” and

the timer stops (except in PWM mode). To resume count, set the count start flag of the
corresponding timer to “1”.

(5) Timer interrupt request timing for timer A and timer B
®Timer mode and event counter mode for timer A and timer B
The interrupt request flag is set at the timing shown in Figure 7.2.2.
®Timer A one-shot pulse mode and PWM mode
The interrupt request flag is set as soon as the pulse output from pin TAiour falls.

Example) When 000316 is set in the timer register

i Reload Reload |
The i cycle cycle
contents of 116 Ois  {FFFFie 2.6 ¢ 1 i O FFFFe 216
counter i i i
Count _| l_
pulse | |
f Set TAIR or TBiR f Set TAIR or TBIR

TAibur

output

TAIR: Timer Ai interrupt request flag

TBiR: Timer Bi interrupt request flag

Note: When the timer register is read during a reload cycle, FFFFi6 is returned during a down count
and 016 is returned during an up count.

Fig.7.2.2 Interrupt Request Generation Timing in Timer Mode and Event Counter Mode
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(6) Changing counter direction in timer A event counter mode

In event counter mode, the input signal to the TAiour pin should be internally synchronized with the
event input (input signal to TAin pin) so that the counter direction can be changed externally with
the input signal from the TAioutr pin.

®When the falling edge is selected, the input level of the TAiout pin is captured while the TAin pin
input signal is “L” and that level becomes effective when the input signal becomes “H”.

®When the rising edge is selected, the input level of the TAiour pin is captured while the TAin pin
input signal is “H” and that level becomes effective when the input signal becomes “L".

Therefore, in case such as shown in Figure 7.2.3, there is a displacement in the counter values
(the same is true when the counter direction is changed with software). Thus the recommended
relationship between up/down switching input and event input is as follows:

®When the falling edge is selected, switch direction while the TAin pin inbut signal is at “L".
®When the rising edge is selected, switch direction while the TAin pin input signal is at “H".

Figure 7.2.4 shows the recommended waveform when the rising edge is selected.
Furthermore, the count start flag should be set after the up/down input level has been established
(see Figure 7.2.5).

Example) Event phase:Falling edge

Up/down switching trigger:TAiout pin input signal

UP/DOWN
switching input
(TAiour input)

< » Displacement caused by
synchronization
Internal
UP/DOWN
signal
Up count -ag— : —» Down count

Event input

(TAin input) ‘ ‘

Count direction ~ Up Up Down

T_ Down count when viewed externally,
but actually an up count.

Fig.7.2.3 Displacement Caused by Up/Down Switching
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Example)Event phase:Rising edge
Up/down switching trigger:TAiout pin input signal

TAiour
input

m_ PR FLFL
tUp Up Up Down  Down  Down

Set count start flag to “1”

—»: i 500 ns minimum for standard model (8MHz version)
250 ns minimum for high-speed model (16MHz version)

Fig.7.2.4 Recommended Waveform for Up/Down Switching Input and Event Input

<When the rising edge is effective>

Down count--— : — Up count

TAiour input {
LA @A
TAininput  Count start flag set timing f f f f
Counter operation when the
(@) | count start flag is set after the | Up Up Up Up

UP/DOWN level is established.

Counter aqperation when the
(b) | count start flag is set before the |Down Up Up Up
UP/DOWN level is established.

In case (b), the first effective edge is used as the down count.

Fig.7.2.5 Setting the Count Start Flag
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(7) Two-phase pulse signal processing function in timer A event counter mode
When the two-phase pulse signal processing function is selected in event counter mode and the
input pulse changes direction at the timing shown in Figure 7.2.6, an error occurs in the counter

value.
Normal Reverse
Phase A waveform
(TAiour input) __I I_
Phase B waveform
(TAininput)
+1 +1 +1 -1

Fig.7.2.6 Two-phase Pulse Signal Processing Function

Therefore, do as follows in a system that requires the two-phase signal processing of input pulse
changing direction.

Disable timer Ai two-phase pulse signal processing function, and use the normal event counter
mode. Select the falling edge as the effective edge and select an external up/down switching
trigger. Externally connect the circuit shown in Figure 7.2.7 and perform the count shown in Figure
7.2.8 using this circuit. Set the “H” and “L” width of phase A and phase B to at least 1 us.

Phase A
i ; LS04 (1/6)
R0 RO SO '
o bT Q@ DT Q ,—?_
LS74 Ls74 D &5
(1/2)_ (112) MT @ TAIN
D QR 0 LS74 LS08 (1/4)
(112)
D
RD 50 LS86 (1/4)
b1 Q
LS74
(112)
L 1D
Phase B TAiout
Fig.7.2.7 External Circuit Example
Normal Reverse
Phase A waveform __l I l I | L
Phase B waveform | I I I I |
(TAiout input)
TAininput n N N rL
+1 +1 -1 -1

Fig.7.2.8 Two-phase Pulse Signal Processing Using an External Circuit
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(8) Timer A one-shot pulse mode

When “0016" is set in low-order 8 bits of the timer Ai register in one-shot pulse mode, pulse output
is performed normally at the first start trigger and the pulse width is incorrect for the subsequent
triggers. In this case, reset the value immediately after one-shot pulse output, set the count start
flag to “1” (count enabled), and wait for the next trigger.

Furthermore, if the timer Ai mode register bit 2 is set to “0” during timer A one-shot pulse output
mode, the external output is disabled and the corresponding port can be used as a programmable
1/O pin.

(9) Start trigger for Timer A one-shot pulse mode and PWM mode
Note that the start trigger is synchronized to the timer count pulse and if a low frequency count
pulse is selected, it may take some time for a pulse to be generated after a trigger is issued.

(10) Updating output pulse width in timer A PWM mode
When changing the content of timer Ai register (changing output pulse width) during PWM output
interval, it should be performed while the PWM output is “L”. If the content of the timer Ai register
is changed while the PWM output is “H”, the “L” width becomes the inverse of the updated value
as shown in Figure 7.2.9 and the pulse cycle will be different from the rest.

ne ns n
Timer Ai register
write timing

TAbur output

=l
2
=

m n ne Te ns

>
< L §

4

i < > < »

Fixed cycle : Fixedcycle i Differentcycle i Fixed cycle

n: Value in timer Ai register
n: FFis—n

Fig.7.2.9 Output Pulse Cycle in PWM Mode
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(11) Pulse output start in timer A PWM mode
The interval between a trigger and the actual PWM output differs between 16-bit PWM mode and
8-bit PWM mode. :

®in 16-bit PWM mode
PWM output starts immediately after a trigger as shown in Figure 7.2.10. However, the start
trigger is internally synchronized and depending on the count source, it may take some time for
the pulse output to start (see section 7.2.4 (9)).

Start trigger

J

—® Start PWM output

PWM output
(TAiour)

Fig.7.2.10 Pulse Output Start in 16-bit PWM Mode

®In 8-bit PWM mode
PWM output starts after “L” level is output for n to n+1 cycles (proportional to the prescaler value)
as shown in Figure 7.2.11.

Start trigger

+ ——p= Start PWM output

PWM output
(TAiour) -

Y
A
Y

n~n+1 n n n

n: Value in timer Ai register
n: FFe—n

Fig.7.2.11 Pulse Output Start in 8-bit PWM Mode

7.2.5 Serial 1/0
(1) Clock synchronous serial 1/0
In this mode, the transmitter must be operating even in receive only mode because the receive
clock for serial data input is generated by the transmitter.

(2) UART mode
Error detection must be performed before reading the receive buffer register because the error
flags in the transmission control register 1 are initialized when the receive buffer register is read.

7.2.6 A-D conversion
If the conversion speed is of priority, set A-D control register bit 7 (A-D conversion frequency
selection flag) to “1” from a program because this bit is initialized to “0” at reset and the slowest
clock is selected.
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7.2.7

7.2.8

7.2.9

Watchdog Timer
When the watchdog timer is disabled by applying 2xVcc to the RESET pin, a watchdog timer
interrupt may occur if the rise of the 10V (2xVcc) applied to the RESET pin is later than the rise
of the 5V power supply voltage. In this case, do as follows:

a) Program to set software reset bit to “1” in the watchdog timer interrupt routine.

b)Set the content of the watchdog timer interrupt vector equal to the reset vector.

Reset Related Features

If the oscillator is stable, the microcomputer can be reset by applying “L” level for a minimum
of 2us to the RESET pin. However, for power-on reset or reset while executing an STP instruction,
the “L” level must be sufficiently long (approximately 10ms).

Microcomputer Status During-Stop, Wait, One-shot Wait, Ready, and Hold
Table 7.2.1 shows the microcomputer status during stop, wait, one-shot wait, ready, and hold.

Table 7.2.1 Microcomputer Status During Stop, Wait, One-shot Wait, Ready, and Hold

Status Enabling condition Osciltator @ output Eoutput Port status Watchdog timer Status reset
(Note 1) status
Parameter
[STPinstruction | Specify "'STP instruction Halted Haltat“L" [Halt at *H" or “L"  |Retain bus and port status |Halt (set “FFFie’in  |Reset or external interrupt
(stop mode) enabled” on the mask when the STP instruction is | watchdog timerand |(iNT or serial 1/O using
ROM confirmation form. executed (Note 2) select count source |external clock, timer A and
b2) B with event counter mode|
IWIT instruction Enabled in all modes Operating | Operating |Halt at "H" or “L"  |Retain bus and port status Operating Reset or hardware interrup!
(wait mode) when the WIT instruction is
executed (Note 2)
Wait bit Access extemnal area with [ Operating | Operating [“H" or “L” pulse Operating Set processor mode
(one-shot wait processor mode register width is doubled register bit 2o “1”
[mode) bit 2 set to “0" during external
area access
ROY input During memory Operating | Operating |Halt at “H" or“L"  |Retain bus and port status Operating When RDY input returns to
(ready status) expansion mode or when “L" level is applied “H
microprocessor mode
[HOLD input During memory Operating | Operating |Halt at *"H" Ports PO, P1, P2, P3, and Halted When HOLD input returns
(hold status) expansion mode or P31 are floating. Ports P32 to “H"
microprocessor mode and P3s halt at “L". Ports
P4 to P47, PS, P6, P7, and
P8 retain port status when
“L" is applied.
Note 1 : Timer A, timer B, serial /0, and A-D converter can be used when oscillating.
Note 2 : If there is an instruction to change the port output or RAM content just before an STP or WIT

instruction, the port output or the RAM content might not be changed. In this case, insert the
number of NOP instruction, as shows the following, before the STP or WIT instruction to adjust
the execution timing.

*The data is written into internal RAM or SFR .......ccooviiiiiiiiiiie e
+The data is written into external memory or I/O without one-shot wait
*The data is written into external memory or /O with one-shot wait

One NOP instruction
One NOP instruction
Three NOP instructions
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CHAPTER 8.TREATMENT OF INTERNAL PROM TYPE

8.1 Description

The M37700E2-XXXFP/M37700E4-XXXFP (one-time PROM) and M37700E2FS/M37700E4FS (EPROM)
are microcomputers with a built-in programmable ROM (PROM). Each has a high-speed version using
a 16MHz external clock. By using a program writing adapter (note 1), normal PROM writers can be used
to write programs in the PROM of these microprocessors. Therefore, these microprocessors are suitable
for small volume/large variety productions. The one-time PROM type enables programs to be written
once. The EPROM type enables programs to be erased by exposing the erase window on top of the
package to an ultra-violet light. Therefore, it is suited for program development and prototype use.
Table 8.1.1 shows the PROM types of the M37700 family. A corresponding PROM type is available for
each mask ROM type with the same amount of memory. These products have identical functions with
only differences among them being the ROM type and supply voltage (EPROM types have different
package). The EPROM types use a ceramic LCC package, but the foot pattern can be made equal to
an 80-pin plastic molded QFP type by using a special IC socket.

Table 8.1.1 M37700 Family Built-in PROM Types

Built-in PROM Type External clock |[Memory Size (Bytes) | Corresponding mask
One-time PROM type| EPROM type input frequency PROM RAM ROM type
M37700E2-XXXFP M37700E2FS 8MHz 16K 512 M37700M2-XXXFP
M37700E2AXXXFP | M37700E2AFS 16MHz » M37700M2AXXXFP
M37700E4-XXXFP | M37700E4FS 8MHz 32K 2K M37700M4-XXXFP
M37700E4AXXXFP | M37700E4AFS 16MHz M37700M4AXXXFP

Table 8.1.2 Difference between Built-in PROM Type and Mask ROM Type

Parameter PROM type Mask ROM type
ROM type One-time PROM or EPROM Mask ROM
Supply voltage Vcc 5V+5% 5V+10%

Note 1.The following write adapters are available for the built-in PROM type.

Type Package Program writing adapter
One-time PROM type | 80-pin plastic molded QFP (80P6) PCA4707
EPROM type 80-pin ceramic LCC (80D0) PCA4708

8.2 Functional Description

Figure 8.2.1 shows the pin connection diagram of the built-in PROM type. The pin arrangement is
identical to the mask ROM type. The built-in PROM types have a normal operating mode which provides
the same functions as the mask ROM type and an EPROM mode used to write to the PROM. The pin
functions depend on the mode. In normal operation mode, the pin functions are equivalent to the
corresponding mask ROM type. Table 8.2.1 shows the function of each pin in EPROM mode.

Table 8.2.1 Pin Description in EPROM Mode

Pin Name Input/Output Functions

Vee, Vss | Power supply Supply 5V+5% to Vec and 0V to Vss.

CNVss Vep input Input Connect to Ver when programming or verifying.

BYTE Vee input Input Connect to Ver when programming- or verifying.

RESET Reset input Input Connect to Vss.

XiN Clock input Input Connect a ceramic or quartz crystal resonator
between X and Xour. When an external clock is

Xourt Clock output Output used, the clock source should be connected to the
Xin_pin and the Xout pin should be left open.

E Enable output Output Open.

AVcc, AVss Analog power supply input Externally connect AVcc to Vecc and AVss to Vss.
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8.2 Functional Description

Pin Name Input/Output Functions
VRer Reference voltage input Input Connect to Vss.
P0o~P07 | Address input Input The low-order 8-bit (A7~Ao) address input pins.
P1o~P17 | Address input Input P1o~P1e¢ are high-order 7-bit address input pins.
Connect P17 to Vce.
P20~P27 Data input/output /0 8-bit data (Do~D7) input/output pins.
P30~P3s |Input port P3 Input Connect to Vss.
P40~P4: |Input port P4 Input Connect to Vss.
P50~P5; | Control input Input P51 and P52 function as OE and CE input. Connect
P50, P53, P54, and P5s to Vec, and P5s and P57 to
Vss.
P6o~P67 |Input port P6 Input Connect to Vss.
P70~P77z |Input port P7 Input Connect to Vss.
P8o~P87 | Input port P8 Input Connect to Vss.
o
2223233 22d¢
g, g Q22
EEREREREzE288888
FRARMAFARAARARAFAFFFFF
p
P70/ANo = [1] O ﬂE——» P8s/CTS1/RTS1
P67/ TB2N < [2| [63] == P85/ CLK1
P6s/ TBIN = [3_| [62] =—= P8¢/ RxD1
P65/ TBON = [4_| [ 6] == P87/ TxDi
P64/ TNT2 <——E E-—» P00/ Ao
P6s/INT1 <[5 | [59) == PO1/A:
P62/ INTo = [7] 58] <= P02/ A2
P61/ TA4N = [& [57) == P03/ A3
P60/ TAdour == [0 | [56] == P04/ As
P57/ TA3N = [10 [55] =—= POs/As
P56/ TA3our == [i1 [54] <= POs/As
P5s/ TA2N ~— [12 [ 53] ~—=  PO7/A7
PS4/ TAZ20ur = [ M37700E2-XXXFP [52] <= P10/ As/De
P53/ TAIIN = [12 [ 51] == P11/ As/ Do
P52/ TAlour < [i5 [ 50] =— P12/ At/ Dro
P51/ TAON = [18 [45] == P13/ An/ D
PS50/ TAGour == [17 [48) = P14/ A2/ Dz
P47 <13 E“ P1s/ A/ Dia
P4 < [0 [46] == P16/ A/ Dis
P4s ~— [20 [ 45) == P17/ Ais/ Dis
P4s == [21 [ 44) == P20/ At/ Do
Py <[22 [ a3) == P21/ A/ D
Pd2/o = [ Z]*—’ P22/ A1s/ D2
P41/ RDY -~ [z g\«— P23/ At/ Do
IEEEEEEEEEE
w a Z 5w 2w ©
BEZpT I spzEEfo e
=~ O TSgri3<l <<
3 34T ES
& = ggag

Outline 80P6 (One-time PROM type)
80D0 (EPROM type)

Fig.8.2.1 Pin Configuration
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CHAPTER 8.TREATMENT OF INTERNAL PROM TYPE

8.3 EPROM Mode

The EPROM mode is entered by pulling the RESET pin “L”. In EPROM mode, ports PO, P1, P2, P51, P52
and pins CNVss and BYTE become EPROM pins (M5M27C256K equivalent) and read/write to built-in
PROM can be performed in the same manner as for M5M27C256K. However, there is no device
identification code. Therefore, program conditions must be set carefully. Xiv and Xour pins must be
connected to a clock (ceramic resonator or an external input).

Table 8.3.1 shows the pin assignments in EPROM mode and Figure 8.3.1 shows the pin connections in
EPROM mode.

The program area should specify the following:

Addresses 400016~7FFF1e for M37700E2-XXXFP, M37700E2AXXXFP, M37700E2FS, M37700E2AFS
Addresses 000016~7FFF1s for M37700E4-XXXFP, M37700E4AXXXFP, M37700E4FS, M37700E4AFS

Table 8.3.1 Pin Assighments in EPROM Mode

Built-in PROM type M5M27C256K
Vee Vee Vce
Vep CNVss, BYTE Vee
Vss Vss Vss
Address input Ports PO, P1o~P1s Ao~A1s
Data 1/0 Port P2 Do~D~
CE P52 CE
OE P51 OE

(1) Read . o
To read the EPROM, set the CE and OE pins to “L” level and input the address of the data (Ao~Aia)
to be read. The data will be output to the I/O pins Do~D7. The data I/O pins will be floating when
either the CE or OE pin is at “H”.

(2) Write
To write to the EPROM, set the OE pin to “H” level. The CPU enters the program mode when Vee
is applied to the Vee pin. Set the address to be written to with pins Ao~A1+ and input the data to be
written through pins Do~D7. The data is written when the CE pin is pulled to “L” level.

(3) Erase (EPROM type only)
The program is erased by exposing the glass window on top to an ultra-violet light having a wave
. length of 2537 Angstrom. The light must be at least 15W-S/cm?.

Table 8.3.2 Input/Output Signals in Each Mode

Pin name — —

CE OE Vep Vce Data 110

Mode
Read-out Vie Vi 5V 5V Output
Output Vi ViH 5V 5V Floating
disable Vi X 5V 5V Floating

Programming Vi Vin 12.5V 6V Input

Programming verify ViH Vi 12.5V 6V Output
Program disable ViH Vv 12.5V 6V Floating

Note: An X indicates either Vi. or Vin.
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8.3 EPROM Mode
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CHAPTER 8.TREATMENT OF INTERNAL PROM TYPE

8.4 Fast Programming Algorithm

To program the built-in PROM type using a fast programming algorithm, first set Vcc=6V, Vrp=12.5V, and
address to 016. Then apply a 1ms write pulse, check that the data can be read, and if it cannot be read,
repeat the procedure until the data can be read. Record the number of pulses applied (N) before the data
was read and then write the data again, further applying three times the number of pulses (3 x N ms).
When this series of write operation is complete, increment the address and repeat the above procedure
until the last address is reached.

Finally, after writing to all addresses, read with Vcc=Vep=5V (or Vcc=Vrp=5.25V).

CADDR=First IocatiorD
Veer=12.5V
—»@ogram one pulse of 1m9

Program / Verify Verify FALL | Device
one byte byte failed
PASS PASS
Program pulse |
of 3Xms duration

Last ADDR?

Increment ADDR

YES

Vec =Ver=5.0V*

Device
failed

DEVICE PASSEDI

* 1 4.75V<Vcc=Vpp<5.25V

Fig.8.4.1 Fast Programming Algorithm Flow Chart
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8.4 Fast Programming Algorithm

Fast Program Operation
Table 8.4.1 AC Electrical Characteristics (Ta=25+5°C, Vcc=6V+0.25V, Ver=12.5+£0.3V, unless otherwise noted)

Limits )
Symbol Parameter Min. Typ. Max. | Unit
tas Address setup time 2 us
toes OE setup time 2 us
tos Data setup time 2 us
taH Address hold time 0 us
toH Data hold time 2 us
torp Qutput enable to output float delay 0 130 ns
tves Vce setup time 2 us
tves Vep setup time 2 us
trPw CE initial program pulse width 0.95 1 1.05 ms
torw CE over program pulse width 2.85 78.75 ms
toe Data valid from OE 150 ns

PROGRAM VERIFY
ADDRESS
tan
—
DATA DATA SET — '\’/‘AIT‘DOUTPUT X
7 L__j‘
}iﬂ; torp|
Vep
VCC
& Vs
J)Z toes | | toe
tepw
Vin
oF topw 7L
vlL

Fig.8.4.2 Fast Programming Timing Diagram
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CHAPTER 8.TREATMENT OF INTERNAL PROM TYPE

8.5 Notes

8.5.1 Notes on all built-in PROM types

High voltage is required to write to the built-in PROM. However, be careful not to apply excessive
voltage. Be especially careful during power-on.

8.5.2 Notes on one-time PROM type

User programmable one-time PROM types (M37700E2FP, M37700E2AFP, M37700E4FP, and
M37700E4AFP) are not given write test and screening after assembly.

To improve their reliability after writing, we recommend that they are written and tested as shown in the
flow diagram below before use.

Writing with PROM writer

Screening (Note)
(Leave at 150°C for 40 hours)

Verify test with PROM writer

Function check in target device :

Note : The screening time must be less than 100 hours, because the temperature during screening
(150°C) is higher than the recommended maximum storage temperature (125°C).

Fig.8.5.1 Recommend Flow Diagram

8.5.3 Notes on EPROM type

«Cover the transparent glass window during read mode because exposing to sun light or fluorescent
lamp can cause the information to be erased.

A shield to cover the transparent window is available from Mitsubishi. Be careful that the shield does
not touch the microcomputer lead pins.

«Clean the transparent glass when erasing. If the window is unclean, erasing may be incomplete.
*The EPROM type is enclosed in an 80-pin ceramic LCC package. However, a special IC socket can
be used to make the foot pattern similar to the 80-pin QFP type so that it can be used as a prototype
for the mask ROM type.
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CHAPTER 9.M37701M2-XXXSP

9.1 Description

The M37701M2-XXXFP is a 16-bit single-chip microcomputer designed with high-performance CMOS

silicon gate technology. It is housed in a 64-pin shrink plastic molded DIP.

This single-chip microcomputer has a large 16M-byte addressable space, three instruction queue buffers,
and two data buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can
also be switched to perform 8-bit parallel processing. This microcomputer is suitable for office, business,

and industrial equipment controllers that require high-speed processing of large data.

AVcc K

Vrer —» [2]

AVss El
P7;/AN 7/ AD the <+ [¢_|
P7,/AN; <[5 ]
P7{/AN; <+—[6 |
P7o/AN, <+—[7]
P65/ TBO y +— [|
P64 /INT 2 <—P
P63/INT1 <—[10
P62/W'To
P57/ TA3 |y
P56/ TA3 qur <+ [13
P55/ TA2 N
P5 4/ TA2 our <+ [15
P53/ TA1n <+ [36
P52/ TA1 our - [17
P51/TAOIN < [18
P50/ TAO our «—» [10
P4 ; «—[20

P4, /o
P4,/ RDY
P4 /HOLD < [&
BYTE — (2
CNVss (25 ]
RESET — [26 |

Xin — [27]

X our +— [28

<+ (11

<+ |12

-+—» |14

<+ |21

<+ |22

E <— 2
Vss 30
P3; /ALE < [31 |

P3: /BHE < [3]

dSXXX-CINLOLLEN

]

o
@

62

| (g jof [
®| |©f |o] |=

&l |al lal |al |ua afl jaf o
- @| |&] |&

Ey

w| |wl |
N> (o

w
&

w
w

18] 120 5 131 3] 21 2] 3] (=] 1#] 121 (=) (2] 18] (5] 1] 1] (8] [ ] (3] =] 39 3] =] ] (o] 18] 1]

Outline 64P4B

R A SRR

VCC
P80/ CTS o/ RTS o
P81/CLKo
P82/RxD o
P83/TxD o
P8¢ / RxD 4
P87 /TxD 4
P0o/Ag

PO4 /A4

P02 /A2

P03 /A3

P04 /A4
PO0s/As
POg/Ag

P07 /A7
P1g/Ag /D g
P11/Ag /Dg
P12/A10 /D10
P13/A 411 /D 14
P14/A12 /D 42
P1s/A13 /D43
P1g/A15 /D14
P17/A15 /D5
P29/A+ /D g
P21/A17 /D 4
P2,/A 13 /D 2
P23/A19 /D 3
P24 /A2 /D 4
P2s /A21 /D s
P2g /A22 /D ¢
P27 /A23 /D 7
P3, /RW

Fig.9.1.1 M37701M2-XXXSP Pin Connection
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9.2 M37701 Family

9.2 M37701 Family

The M37701M2-XXXSP of products is equal to the M37700M2-XXXFP enclosed in a 64-pin shrink plastic
molded DIP. The M37701 family includes the types shown in table 9.2.1. All of these types are pin
compatible with each other. Only the memory type, size, and operating clock are different. The user can
select the element best suited for his use.

Table 9.2.1 M37701 Family

Type name ROM size (bytes) RAM size (bytes) Clock frequency (MHz)
M37701M2-XXXSP 16K (Mask ROM) 512 8
M37701M2AXXXSP 16K (Mask ROM) 512 16
M37701SSP — 512 8
M37701SASP — 512 16
M37701E2-XXXSP 16K (One-time PROM) 512 8
M37701E2AXXXSP 16K (One-time PROM) 512 16
M37701M4-XXXSP 32K (Mask ROM) 2048 8
M37701M4AXXXSP 32K (Mask ROM) 2048 16
M37701S4SP — 2048 8
M37701S4ASP — 2048 16
M37701E4-XXXSP 32K (One-time PROM) 2048 8
M37701E4AXXXSP 32K (One-time PROM) 2048 16

9.3 M37701M2-XXXSP Characteristics

O®Number of basic instructions

®Memory size

@Instruction execution time (shortest instruction at 8MHZ) .........ccoooiii 500ns
@SINGIE POWET SUPPIY «oiiii ittt ettt ettt s h et re e e e b eab et e ettt eeb e e e er e st e seen bt eaeeaneen 5V+10%
OLow power dissipation (at 8MHZ) ... e 30mW (Typ.)
OINTEITUPES Lo e e 19 sources, 7 levels
OMUlti-fUNCHONTB-DIt TIMEIS ..ot 4+1+3
@S EIIAL /0 e ettt e e et e e ae e e nannees 2

@8-bit A-D converter

@®Watchdog timer

®Programmable 1/O (ports PO, P1, P2, P3, P4, P5, P6, P7, and P8)
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CHAPTER 9.M37701M2-XXXSP

9.4 M37701M2-XXXSP Performance Overview
Table 9.4.1 shows the performance overview of the M37701M2-XXXSP.

Table 9.4.1 M37701M2-XXXSP Performance Overview

Parameters

Functions

Number of basic instructions

103

Instruction execution time

M37701M2-XXXSP

500ns (shortest instruction at 8MHz frequency)

M37701M2AXXXSP 250ns (shortest instruction at 16MHz frequency)
Clock frequency M37701M2-XXXSP 8MHz (maximum)
M37701M2AXXXSP 16MHz (maximum)
Memory size ROM 16384 bytes
RAM 512 bytes
Input/Output ports Ports PO, P1, P2, P5 8 bits x 4
Port P8 6 bits x 1
Ports P4, P6, P7 4 bits x 3
Port P3 3 bits x 1
Multi-function timers TAO, TA1, TA2, TA3, TA4 16 bits x 5(4 with 1/0 functions and 1 internal timer)
TBO, TB1, TB2 16 bits x 3(1 with I/O functions and 2 internal timers)

Serial 1/0

Clock asynchronous serial 1/0 x 2
(UARTO can also be used as clock synchronous)

A-D converter

8 bits x 1 (4 channels)

Watchdog timer

12 bits x 1

Interrupts

3 external, 16 internal (priority levels 0 to 7
can be set for each interrupt with software)

Clock generating circuit

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

Supply voltage

5V+10%

Power dissipation

30mW (at external 8MHz frequency)

Input/Output characteristics

Input/Output voltage

5V

Output current 5mA
Memory expansion Maximum 16M bytes
Operating temperature range -10to 70°C

Device structure

CMOS high-performance silicon gate process

Package

64-pin shrink plastic molded DIP
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9.5 Differences Between M37701M2-XXXSP and M37700M2-XXXFP

9.5 D'ifferences Between M37701M2-XXXSP and M37700M2-XXXFP
Table 9.5.1 shows the differences between M37701M2-XXXSP and M37700M2-XXXFP.

Table 9.5.1 Differences between M37701M2-XXXSP and M37700M2-XXXFP

Functions M37701M2-XXXSP M37700M2-XXXFP
1/0 ports 53 (in single-chip mode) 68 (in single-chip mode)
Port PO 8 bits 8 bits
Port P1 8 bits 8 bits
Port P2 8 bits 8 bits
Port P3 3 bits (P3s/HLDA unavailable) 4 bits
Port P4 4 bits (P43~P4s unavailable) 8 bits
Port P5 8 bits 8 bits
Port P6 4 bits (P6o, P61, P6s, and P67 unavailable) |8 bits
Port P7 4 bits (P73~P7s unavailable) 8 bits
Port P8 6 bits (P84 and P8s unavailable) 8 bits
. Timers 16 bits x 8 16 bits x 8
Timer A |[TAO |Timer I/O pins available Timer I/O pins available
TA1 [Input=TAin, output=TAiour (i=0~3) Input=TAimn, output=TAiout (i=0~4)
TA2
TA3 o ]
TA4 |Internal timer (TA4w and TA4our unavailable)|
Timer B {TBO | Timer input pin (TBOw) available Timer input pin (TBin) available
TB1 |Internal timer (TB1i and TB2i (i=0~2)
TB2 |unavailable)
Serial 1/0 2 ) 2
UARTO Clock asynchronous/synchronous Clock asynchronous/synchronous
serial I/0 serial 1/0
UART1 Clock asynchronous serial I/0 Clock asynchronous/synchronous
serial 1/0

A-D converter

One 8-bit resolution
4-channel analog input pin
ANo, AN1, AN2, AN~
(AN3~ANs unavailable)
Note : Pin ANz is in common with
external trigger pin.

One 8-bit resolution
8-channel analog input pin
ANo, AN, ANz, ANs
ANa, ANs, ANes, ANz
Pin ANz is in common with
external trigger pin.

Note :

Package

64-pin shrink plastic molded DIP (64P4B)

80-pin plastic molded QFP (80P6)
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CHAPTER 9.M37701M2-XXXSP

9.6 M37701 Functional Description

The internal circuit of the M37701M2-XXXSP is identical to that of the M37700M2-XXXFP including the
control registers and memory allocation in SFR area. However, since the M37701M2-XXXSP has only 64
pins, some |/O pins are not provided externally. Therefore, there are some restrictions in the /0O ports
and built-in peripheral device functions. Otherwise it can be used in the same manner as the M37700M2-
XXXFP. The precautions when using each function are as follows.

9.6.1 A-D converter

The analog selection bit in the A-D control register must be “000”, “001”, “010”, or “111” because analog
inputs are ANo~ANz2 and ANz (four channels).

The A-D conversion time for sweep mode is the same as that of the M37700 family. The contents of
A-D registers 3~6 are unpredictable in sweep mode.

9.6.2 Timers
Timers TA4, TB1, and TB2 are internal timers without 1/0. Do not select the timer I/0 functions for the
I/0 pins in the timer Ai (i=4) or Bi (i=1, 2) mode register.

9.6.3 Serial I/0

UART1 can only be used in UART mode. It cannot be used in clock synchronous serial /0 mode.
Therefore, the serial I/0 mode selection bit in the UART1 transmission mode register must not be set
to “001". :

The CTS/RTS selection bit in the UART1 transmission control register 0 must be set to “1” (this bit is
set to “0” at reset).

9.6.4 Ports

The port registers and data direction registers for ports P4, P6, P7, and P8 contain 8 bits. However, the
bits in the data direction register with no corresponding pins must be set to “1” (output) and in the port
register must be set to “0” (the data direction register is set to “0” at reset). This is also required when
using special functions such as timer 1/O.

192



APPENDIX 1
OUTLINE DRAWING



APPENDIX 1.OUTLINE DRAWING

1.80-pin plastic molded QFP (Type name:80P6)
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3.0utline of EPROM Type IC Socket (YAMAICHI ELECTRIC MFG. CO., LTD, Type name : IC61-0804-034)
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APPENDIX 1.OUTLINE DRAWING

4-1.0utline of EPROM Type IC Socket (MITSUBISHI ELECTRIC CORPORATION, 80LCC-046)
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4-2.0utline of EPROM Type IC Socket (MITSUBISHI ELECTRIC CORPORATION, 80LCC-046)

INDEX-1 location

18.4+0.1

0.8X23

0.8X15=12.040. 1

0.80.05

Dimension in mm

4— ¢ 1. 6(Stand off location)

23.440.1

28.4+0.1

18.04+0. 1

23.0%0.1

Sample printed circuit foot pattern dimensions
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APPENDIX 1.OUTLINE DRAWING

5.0utline of One-time PROM Type IC Socket (YAMAICHI ELECTRIC MFG. CO., LTD, Type name : IC138-080-003-S5)

Dimension in mm

fe—12,0——>

0
S 21 | E]F Jaooaon -
(——)) . =
N\ ——) E %
© ® ‘ OO

6.Common Printed Circuit Foot Pattern for 80P6, 80P6N, LCC IC Sockets

Dimension in mm
0.8X15=12.0

0.8
0.5

18.4
17.8
32.4

0.8X23
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APPENDIX 2.SETTING OF UNUSED PINS

1.Setting of unused pins in single-chip mode

Pin Setting
Ports PO to P8 Set to input mode and connect to Vss through a resistor (pull-down)
E, Xout (Note 1) Open
AVce Connect to Vcec or Vss
AVss, Vrer, BYTE Connect to Vss

Note 1: When external clock is input to Xi.

2.Setting of unused pins in memory expansion and microprocessor mode
Pin Setting
Ports P42~P47, P5~P8 Set to input mode and connect to Vss through a resistor (pull-down)
BHE (Note 2), ALE (Note 3),| Open
HLDA, Xout (Note 4)

HOLD, RDY Connect to Vecec through a resistor (pull-up)
AVcc Connect to Vec or Vss
AVss, Vrer Connect to Vss

Note 2: When BYTE="H".
Note 3: When BYTE="H" and address space is 64K bytes.
Note 4: When external clock is input to Xi.

Ports
Ports PO"‘PB_/\/\/\/_ Pdo~P47 P5~P8 ‘—W\/_
(Input mode) (Input’ mode)
El— o BHE |—
XOUT - pen ALE — Open
' HLDA |—
Xout F—
Vee
HOLD
BYTE RDY
AVcc AVce
AVss AVss
Vrer VRer
Vss L7Vs
777 777
Single-chip Mode Memory Expansion and Microprocessor Mode
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APPENDIX 3. M37700 FAMILY PERFORMANCE OVERVIEW

1.M37700 family common performance
The following table shows the performance common to the M37700 family.

Parameters Functions
Programmable 1/O ports 68 in single-chip mode (Note)
Interrupt sources 3 external types, 16 internal types
Built-in | Timers Timer A 16-bit timer x 5
devices Timer B 16-bit timer x 3
Serial 1/0 (UART or clock synchronous) x 2
A-D converter 8-bit A-D converter (8 channel)
Watchdog timer 12 bit x 1
Clock generating circuit Built-in (externally connected to a ceramic resonator or quartz crystal resonator)
Power dissipation 30mW (at external 8MHz frequency)
Input/output voltage 5V
Output current 5mA
Memory expansion 16M bytes maximum
Operating temperature range -10 to 70°C
Device structure CMOS high-performance silicon gate process

Note: 38 during memory expansion mode and microprocessor mode and for external ROM version.

2.Difference in external clock input frequency by type
All types of the M37700 family are available in 8MHz external clock input version and 16MHz version
(high-speed).

External clock input | Mask ROM version | External ROM version |One-time PROM version| EPROM version
8MHz (max.) M37700M2-XXXFP M37700SFP M37700E2-XXXFP M37700E2FS
M37700M4-XXXFP M37700S4FP M37700E4-XXXFP M37700E4FS
16MHz (max.) | M37700M2AXXXFP M37700SAFP M37700E2AXXXFP M37700E2AFS
M37700M4AXXXFP M37700S4AFP M37700E4AXXXFP M37700E4AFS

The shortest instruction execution time .....500ns at f(xiv) input frequency 8MHz
250ns at f(xiv) input frequency 16MHz (High-speed version)
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3. Memory characteristics and size by type

The following table shows the difference in memory characteristics and size by type.

Memory size (Byte) Mask ROM One-time PROM EPROM
ROM...16K M37700M2-XXXFP M37700E2-XXXFP M37700E2FS
RAM...512 M37700M2AXXXFP M37700E2AXXXFP M37700E2AFS

ROM...External M37700SFP — —
RAM...512 M37700SAFP — —
ROM...32K M37700M4-XXXFP M37700E4-XXXFP M37700E4FS
RAM...2K M37700M4AXXXFP M37700E4AXXXFP M37700E4AFS

ROM...External M37700S4FP — —
RAM...2K M37700S4AFP — —

Note that the operating voltage differs as follows according to the built-in ROM type.

ROM Type Operating Voltage
Mask ROM type 5V+10%
External ROM type
One-time PROM type 5V+5%,

EPROM type

4.External ROM types

The external ROM types have the same RAM size, function, and electrical characteristics as the follow-
ing mask ROM size in microprocessor mode.

Type name Mask ROM type RAM size Operating clock
M37700SFP M37700M2-XXXFP 512 bytes 8MHz
M37700SAFP M37700M2AXXXFP 512 bytes 16MHz
M37700S4FP M37700M4-XXXFP 2048 bytes 8MHz
M37700S4AFP M37700M4AXXXFP 2048 bytes 16MHz
5.Package

All types except the EPROM type are packaged in an 80-pin plastic molded QFP (type name: 80P6). The
EPROM version is packaged in a ceramic LCC (type name: 80DO0).
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APPENDIX 4. M37700 FAMILY MEMORY MAP

1.Memory map in single-chip mode

Ois O1s
SFR area SFR area
8016 8016
Internal RAM
(512 bytes)
27F1s Internal RAM
(2048 bytes)
87F1s
Not used Not used
80001
000 Internal ROM
(32K bytes)
Internal ROM
(16K bytes)
FFFFis FFFFie
(A)
"~ No. Type name Internal ROM type
(A) M37700M2-XXXFP/M37700M2AXXXFP Mask ROM
M37700E2-XXXFP/M37700E2AXXXFP One-time PROM
M37700E2FS/M37700E2AFS EPROM
(B) M37700M4-XXXFP/M37700M4AXXXFP Mask ROM
M37700E4-XXXFP/M37700E4AXXXFP One-time PROM
M37700E4FS/M37700E4AFS EPROM
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2.Memory map in memory expansion mode

Ote Ote Ove
SFR area SFR area
8016 8016 2
Internal RAM External memory area
(512 bytes)
27F1e Internal RAM 916
(2048 bytes)
87F1e e
External External SFR area
memory memory
Bank 0 area area
800016
C000e Internal ROM
(32K bytes)
Internal ROM
(16K bytes)
i FFFFie FFFFis
P 1000016
Bank 1
* ..... 1FFFFs |
: . External . . External
B memory . . memory
) . area . . area
) FF0000+e |
Bank 255
FFFFFF1e FFFFFFis |
(A) (B)
No. Type name Internal ROM type
(A) M37700M2-XXXFP/M37700M2AXXXFP Mask ROM
M37700E2-XXXFP/M37700E2AXXXFP One-time PROM
M37700E2FS/M37700E2AFS EPROM
(B) M37700M4-XXXFP/M37700M4AXXXFP Mask ROM
M37700E4-XXXFP/M37700E4AXXXFP One-time PROM
M37700E4FS/M37700E4AFS EPROM
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APPENDIX 4. M37700 FAMILY MEMORY MAP

3.Memory map in microprocessor mode (and external ROM type)

Ote Os Oie
SFR area SFR area
8016 8016 2e
Internal RAM External memory area
(512 bytes) i
27F Internal RAM oo
(2048 bytes) 4
87F1s ‘TFs
SFR area
Bank 0
External
memory
grea External
ote
FFFFe (Note) rmemory
. area
1 (Note)
Bank 1
* ...... 1FFFRe |
"*""FF’C’)’O’O"(‘)T;"‘
Bank 255
* FFFFFFs FFFFFFis
(A) (B)
Note: Address FFD61s to FFFF1e in bank 0 is the interrupt vector area and must be assigned to ROM.

No. Type name

(A) M37700SFP/M37700SAFP

M37700M2-XXXFP/M37700M2AXXXFP (microprocessor mode)

M37700E2-XXXFP/M37700E2AXXXFP (microprocessor mode)
M37700E2FS/M37700E2AFS (microprocessor mode)

(B) M37700S4FP/M37700S4AFP
M37700M4-XXXFP/M37700M4AXXXFP (microprocessor mode)

M37700E4-XXXFP/M37700E4AXXXFP (microprocessor mode)
M37700E4FS/M37700E4AFS (microprocessor mode)
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APPENDIX 5.SFR AREA MEMORY MAP

Address (Hexadecimal notation) Access
00000016 RO: Read only
00000116 WO: Write on!y
00000215 [Port PO register AW 5 Genad e
00000316 [Port P1 register RW
000004+ |Port PO data direction register RW
00000516 [Port P1 data direction register RW
00000616 |Port P2 register RW b7 b6 b5 b4 b3 b2 bi bo
00000716 {Port P3 register N [0fo0] 0|0 |RW|RW/RW[RW|
00000816 [Port P2 data direction register RW b7 b6 b5 b4 b3 b2 bi bO
00000916 [Port P3 data direction register N (o] o] 0] o0 |RW[RW|RW|RW]
00000Ase [Port P4 register RWI The high-order 4 bits of the port 3
00000Bss [Port PS5 register RW|  register and port P3 data direction reg-
00000C+s [Port P4 data direction register RW ister are write prohibited and always
00000D1s [Port P5 data direction register RW return “0” when read.
00000E:s [Port P6 register RW The CLB and SEB instructions can be
00000F:s [Port P7 register Rw| used.
00001016 |Port P6 data direction register RW
00001116 |Port P7 data direction register RW
00001216 |Port P8 register RW
00001316
00001416 |Port P8 data direction register RW
00001516
) ] )
00001D1s
00001E:s |A-D control register RW
00001Fs
00002016 |A-D register 0 RO
00002116
00002216 |A-D register 1 RO
00002316
00002416 |A-D register 2 RO
00002516
00002616 |A-D register 3 RO
00002716
00002816 [A-D register 4 RO
00002916
00002A16 |A-D register 5 RO
00002B1s
00002C+s |A-D register 6 RO
00002D1s
00002Ess |A-D register 7 RO
00002F+s
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Address (Hexadecimal notation) Access

00003016 | UART 0 transmit/receive mode register RW The high-ordgr 4 bits of t.he UARTI
00003116 [ UART 0 baud rate generator Wo| lransmitireceive control register 0 are
0000321 T write prohibited and are unpredictable

UART 0 transmission buffer register ~——WO| Wwhen read.
00003316 H b7 b6 b5 b4 b3 b2 bl b0
00003416 | UART 0 transmit/receive control register 0 - ? 20 ? ? |RO |RW|RW|RW
00003516 | UART 0 transmit/receive control register 1 N RO|RO |RO| RO RO |RW| RO [RW
0000366 . : L|RO| b7 b6 b5 b4 b3 b2 bl

ART ff
00003716 U 0 receive buffer register 0TS I 0 I 0 | 0 I 0 I 0 | 0 T 0 LRO]
00003816 | UART 1 transmit/receive mode register RW The UARTI receive buffer register is
0000391 | UART 1 baud rate generator WQ| write prohibited and the high-order 7

bits are always “0” when read.

00003Ae UART 1 transmission buffer register LWO
00003B1s H b7 b6 b5 b4 b3 b2 bt b
00003C16 | UART 1 transmit/receive control register 0 N 217 RO |RW| RW|RW
00003D1s | UART 1 transmit/receive control register 1 - RO RO |RO RO RO |RW| RO |RW
00003E1s . . L | RO b7 b6 b5 b4 b3 b2 bi

UART 1 receive buffer register
00003Fs 9 H[ S |o|o|o|o]o|o|oLRoJ
00004016 | Count start flag RW
00004116
00004216 | One-shot start flag WO
00004316 b7 b6 b5 b4 b3 b2 bl bo
00004416 | Up-down flag - | [WOJWO[WOJRW [RW[RW]RW[RW |
00004516 The high-order 3 bits of the up-down
00004616 | _. ] L flag are write only. The CLB and SEB
0000471 | TIMeET AQ register T‘ RWI instructions can be used.
00004816 L

) A1 regi
00004916 Timer A1 register ] RwW
00004Ais | __. ) L
00004B1s Timer A2 register " RW
00004Cre | .. . L
00004D1s Timer A3 register e RwW
00004Ess | _. . L
00004Fs Timer A4 register 7 RW
00005016 | . . L
00005116 Timer BO register e RW
00005216 Timer B1 register L RW RO: Read only
00005316 H WOQ: Write only
00005416 | _. . L RW: Read/Write
00005516 | | Me" B2 register A 1"™W| 2. Definite when read
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APPENDIX 5.SFR AREA MEMORY MAP

Address (Hexadecimal notation) Access
00005616 [ Timer AD mode register RW] RO: Read only
00005716 | Timer A1 mode register Rw| WO: Write only
00005816 | Timer A2 mode register RW RW: Begd/Wnte

- - ?: Definite when read
00005916 | Timer A3 mode register RW
00005A16 | Timer A4 mode register RW
00005B16 | Timer BO mode register RW
00005C+s | Timer B1 mode register RW
00005D1e | Timer B2 mode register RW b7 b6 b5 b4 b3 b2 bi
00005E1s | Processor mode register N [ RW[RW |[RW|RW [WO [RW | RW]RW]
00005Fe Bit 3 of the processor mode register is
00006016 | Watchdog timer WO write only. The CLB and SEB instruc-
00006116 [Watchdog timer frequency selection flag Rw| tions cannot be used to change the
00006216 contept of t_hls register. Use LDM or

STA instructions instead.

00006F1
00007016
00007116
00007216
00007316
00007416
00007516
00007616
00007716
00007816
00007916
00007As6
00007B1e
00007C1s
00007D1s
00007Ews
00007Fs
0000801

A-D conversion interrupt control register

RW

UART 0 transmission interrupt control register

RW

UART 0 receive interrupt control register

RW

UART 1 transmission interrupt control register

RW

UART 1 receive interrupt control register RW
Timer AQ interrupt control register RW
Timer A1 interrupt control register RW
Timer A2 interrupt control register RW
Timer A3 interrupt control register RW
Timer A4 interrupt control register RW
Timer BO interrupt control register RW
Timer B1 interrupt control register RW
Timer B2 interrupt control register RW
'INTO interrupt control register RW
TNTH interrupt control register RW
INT2 interrupt control register RW

Internal RAM
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APPENDIX 6.CONTROL REGISTERS

The bit configurations of each control register allocated in the SFR area are shown on the following
pages. Each table shows the bit names, functions, content when reset is dea_ctivated, and bit attributes.

* Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following
abbreviations are used to indicate the attribute.

R: read
W: write

O: Allowed
X: Not allowed

If an attempt is made to write to a read only bit, the data is not written. If a write only
bit is read, the result is definite.

1.Port Pi data direction registers (i=0~8)

b7 b6 b5 b4 b3 b2 b1 bo

l Port Pi data direction register
(Addresses 0416,0516,0816,0916,0C16,0D16,1016,1116,1416)

Bit Bit name Functions At reset| R | W
0 | Port Pio data direction register 0:Input mode o [OlO
1 | Port Pii data direction register 1:Output mode 0 |OlO
2 | Port Pi2 data direction register o |O|O
3 | Port Pis data direction register o |00
4 | Port Pis data direction register 0 (OO
5 | Port Pis data direction register 0 100
6 | Port Pis data direction register 0 |0]O
7 | Port Piz data direction register 0 |{O|O
Note: The high-order 4 bits of port P3 data direction register are write prohib-

ited and these bits will always return “0” when read.
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2.A-D control register

b7 b6 b5 b4 b3 b2 b1 b0

] J A-D control register (Address 1E1s)

Bit Bit name Functions Atresetl R [W
Analog input selection bits b2b1b0
0 0 0 0:Select ANo 0 |O|O
|| 0 0 1 :Select ANs
01 O:gelect ANz o
1 0 1 1:Select AN3 0
1 0 0 :Select AN4 o
| 1 0 1 :Select ANs
2 1 1 0:Select ANs 0
1 1 1 :Select AN7 (Note) O|o
A-D mode selection bits b4b3
3 0 0 : One-shot mode o [O]O
___J 0 1:Repeat mode
1 0: Single sweep mode
4 1 1 : Repeat sweet mode 0o |10|O
Trigger selection bit 0 : Software trigger (internal trigger)
5 1 : ADre input trigger (external trigger) | 0 |O|O
A-D conversion start fla 0 : Stop A-D conversion
6 g 1 : Start A-D conversion 0 10O|O
A-D conversion frequency (gap) |0 : Select f(xw)/8
7 | selection flag 1 : Select f(xiny4 0 OO

Note: Pin ANz cannot be used as

trigger is selected.

3.UARTi transmit/receive mode registers (i=0, 1)

b7 b6 b5 b4 b3 b2 b1 b0

UARTO transmit/receive mode register
UART1 transmit/receive mode register

analog voltage input pin when an external

Address 3016
Address 381s

Bit Bit name Functions Atresetf R | W
Serial I/0 mode selection bits b2b1b0
0 0 0 0 :Serial I/O prohibited o (OO
- 0 0 1 :Clock synchronous serial /O
0 1 0 :This cannot be available
1 0 1 1 :This cannot be available o |00
| 1 0 0:7-bit UART
1 0 1:8-bit UART
2 11 0:9-bit UART o |O|O
1 1 1 :This cannot be available
Internal/external clock selection bits 0 : Internal clock
3 1 : External clock o {O|O
Stop bit length selection bit 0 : One stop bit
4 |(in UART mode) 1 : Two stop bits o [O|O
Odd/even parity selection bit 0 : Odd parity
5 |(in UART mode) 1 : Even parity 0 |O|O
Parity enable bit 0 : Parity disabled
6 |(in UART mode) 1 : Parity enabled 0 |O|O
Sleep function selection bit 0 : Sleep function disabled
7 |(in UART mode) 1 : Sleep function enabled 0 |0|O

Note: Bits 4 to 6 are ignored in clock synchronous mode.

Bit 7 must be “0” when using clock synchronous mode.
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4. UARTi transmit/receive control register 0 (i=0, 1)

b7 b6 bb

b3 b2 b1 bo

UARTO transmit/receive control register 0 (Address 3416)
UART1 transmit/receive control register 0 (Address 3Cis)

5.UARTi

b7 b6 b5 b4 b3 b2 b1 b0

LI T T T T T]]

Bit Bit name Functions Atresetf R |W
BRG count source selection bits | b1b0
0 0 0 :Select fxny/2 (i) o [O]O
|| 0 1 :Select f(xny/16 (f16)
1 0 :Select f(xiny/64 (fea)
1 1 1 :Select foxmy/512 (fs12) 0 |10|O
CTS/RTS selection bit 0: Select CTS
2 1: Select RTS 0 10|10
Transmission register empty flag 0 : Data in transmission register
N(transmitting)
1 : No data in transmission register
8 (transmit complete) 1 |OX
4 | These bits cannot be written to because no memory is allocated. defined| S | X
|__| The result of reading these bits is indefinite.
5 defined )| X
6 defined XC| X
7 defined] XC| X
transmit/receive control register 1 (i=0, 1)
UARTO transmit/receive control register 1 (Address 3516)
UART1 transmit/receive control register 1 (Address 3D1s)
Bit Bit name Functions At resetl R | W
Transmission enable fla 0 : Transmission disable
0 9 1 : Transmission enable o 0|0
1 Transmission buffer empty flag 0 : Data in transmission buffer register 1 |O|X
1 : No data in transmission buffer register
Receive enable flag 0 : Receive disable
2 1: Receive enable o |00
3 | Receive completion flag 0 : No data in receive buffer register o |olx
1 : Data in receive buffer register
Overrun error flag 0 : No overrun error
4 1 : Qverrun error occurred 0 |OIX
Framing error flag 0 : No framing error
5 (in UART mode) 1 : Framing error occurred 0 1O|X
Parity error flag 0 : No parity error
6 (in UART mode) 1 : Parity error occurred 0 |OX
Error sum flag 0 : No error
7 (in UART mode) 1 : Error occurred o |O

Note: Bits 5 to 7 are ignored in clock synchronous mode.
Each error flag'is cleared to “0” when the receive buffer register is read.
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6.Count start flag

b7 b6 b5 b4 b3 b2 b1 b0
| J ] Count start flag (Address 401s)

Bit Bit name Functions Atresetf R | W
0 | Timer AQ count start flag 0:Count stop o OO
1 [ Timer A1 count start flag 1:Count start e)[e)
2 | Timer A2 count start flag 0 |0|0O
3 | Timer A3 count start flag 0 10|0O
4 | Timer A4 count start flag 0 10|10
5 | Timer A5 count start flag 0 |10|O
6 | Timer A6 count start flag o |0O|O
7 | Timer A7 count start flag 0 10O

7.0ne-shot start flag

b7 b6 b5 b4 b3 b2 bl b0

One-shot start flag (Address 421s)

Bit Bit name Functions Atresetf R (W
0 { Timer AQ one-shot start flag 1:0One-shot start 0 |X|O
1 | Timer A1 one-shot start flag 0 |X|O
2 | Timer A2 one-shot start flag 0 |X|O
3 | Timer A3 one-shot start flag 0 |X|O
4 | Timer A4 one-shot start flag 0 |XIO
5 | These bits cannot be written to because no memory is allocated. undefined| > | >
51 The result of reading these bits is unpredictable. ncetned K| 5
7 | This bit must be set to “0”. 0 |X|O

Note: Do not use ready-modify-write type instructions such as CLB and SEB
for these registers. Use LDM or STA instructions to write to these reg-
isters.
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8.Up-down flag

b7 b6 b5 b4 b3 b2 b1 b0

[ ! I I | l l L I Up-down flag (Address 4416)
Bit Bit name Functions tresetl R |W
0 | Timer AQ up-down flag 0:Down count o |10|O
1 | Timer A1 up-down flag 1:Up count o (OO
2 | Timer A2 up-down flag o 10|O
3 | Timer A3 up-down flag o |OlO
4 | Timer A4 up-down flag o OO
Timer A2 two-phase pulse signal 0:Two-phase pulse signal
5 | processing selection bit processing disable 0 |IX|O
1:Two-phase pulse signal
Timer A3 two-phase pulse signal processing enable
6 | processing selection bit o |X|O
Timer A4 two-phase pulse signal
7 | processing selection bit o |X|O

Note: The high-order 3 bits of this register are write only, but read-modify-
write type instructions such as CLB and SEB can be used.
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9.Timer Ai mode registers (i=0~4)

b7 b6 b5 b4 b3 b2 b1 b0

| I ] l [ 1 1J 7 lTimerAi mode register (Addresses 5616~5A1e)

Bit Bit name Functions IAtresetf R | W
Timer Ai mode selection bits b1b0
0 0 :Timer mode o (OO
0 1 :Event counter mode
1 0 :One-shot pulse mode
1 1 1:PWM mode o |00
2 | The meaning of these bits depend on the timer operation mode. o0 |O|O
3 0 |O|O
4 o |00
5 0 10|10
5 Count source selection bits b7b6
0 0 :Select fxiny/2 (f2) 0
- 0 1 :Select fixiny/16(f1s) Oo
1 0 :Select f(xiny/64 (fea)
7 1 1 :Select f(xny/512 (fs12) 0 {O|O

(1)Timer mode

b7 b6 b5 b4 b3 b2 b1 b0

LI fo]

I I 0 ] 0 | Timer Ai mode register <Timer mode>

Bit Bit name Functions
o | Timer Ai mode selection bits b1b0
Kl 0 0 :Timer mode
Pulse output enable bit 0:Disable
2 1:Enable
Gate function selection bit b4b3
0 X :Gate function disabled
— 1 0 :Timer operates while TAi input is “L”
4 1 1 :Timer operates while TAinN input is “H”
5 This bit must be set to “0”
6 Count source selection bits b7b6
0 0 :Select f(xn/2 (f2)
—— 0 1 :Select f(xin/16(f16)
7 1 0 :Select f(xiny/64 (fes)
1 1 :Select f(xin/512 (fs12)
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(2)Event counter mode

b7 b6 b5 b4 b3 b2 b1 b0

[x[x]of |

| | 0 l 1 | Timer Ai mode register <Event counter mode>

Bit Bit name Functions
o | Timer Ai mode selection bits b1b0
KR 0 1 :Event counter mode
Pulse output enable bit 0:Disable
2 1:Enable

w

Count polarity selection bit

0:Count at the falling edge of the input signal
1:Count at the rising edge of the input signal

N

Up-down switching factor selection bit

0:Contents of the up-down flag
1:Input signal of the TAiouT pin

This bit must be set to “0”.

\IICD [&;]

These bits are ignored (may be “0” or “17).

(3)One-shot pulse mode

b7 b6 b5 b4 b3 b2 b1 b0

[o

I

l 1 | 1 [0 ] Timer Ai mode register <One-shot pulse mode>

Bit

Bit name

Functions

0
1

Timer Ai mode selection bits

b1b0
1 0 :One-shot pulse mode

2

This bit must be set to “1”.

w

Trigger selection bits

b4b3

0 X :Internal trigger (software tri%%_er)

1 0 :Trigger at the falling edge of TAIN input
1 1 :Trigger at the rising edge of TAiN input

This bit must be set to “0".

Count source selection bits

b7b6

0 0 :Select f(xn/2 (f2)

0 1 :Select f(xiny/16(f16)

1 0 :Select f(xin/64 (fes)

1 1 :Select f(xn/512 (f512)
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(4)PWM mode

b7 b6 b5 b4 b3 b2 b1 b0
[T T I T [1]1]1] TimerAimode register <PWM mode>

Bit Bit name Functions
o | Timer Ai mode selection bits b1b0

1 1 1 :PWM mode

2 This bit must be set to “1”.

3 Trigger selection bits b4b3

0 X :Internal trigger (software trig%_er)
1 0 :Trigger at the falling edge of TAin input
1 1 :Trigger at the rising edge of TAim input

16/8-bit pulse modulation width
5 | selection bit

0:16-bit width PWM
1:8-bit width PWM

6 Count source selection bits

b7b6

0 0 :Select f(xiv/2 (f2)
0 1 :Select f(xin/16(f16)
1 0 :Select f(xiNn/64 (fes)

1 1 :Select f(xin/512 (f512)
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10.Timer Bi mode registers (i=0~2)

b7 b6 b5 b4 b3 b2 b1 b0

L L JTimer Bi mode register (Addresses 5B16~5D1s)

(1)Timer mode]

Bit Bit name Functions Atreset| R [W
Timer Bi mode selection bits b1b0
0 0 0 :Timer mode o (OO
] 0 1 :Event counter mode
1 0 :Pulse cycle/pulse width
1 measurement mode o |O|O
1 1 :This cannot be available
2 | The meaning of these bits depend on the timer operation mode. 0 10|0
3] 0 |olO
4 | These bits cannot be written to because no memory is allocated. defined] M | DX
— The result of reading these bits is unpredictable. —
5 XX
Count source selection bits b7b6
6 0 0 :Select f(xiny/2 (f2) 0 10|0
0 1 :Select f(xin/16(f16)
1 0 :Select f(xin/64 (fe4)
7 1 1 :Select fxn/512 (fs12) 0 10|0

b7 b6 b5 b4 b3 b2 b1 b0
I 0 l 0 | Timer Bi mode register <Timer mode>

L1

I

Bit name

Functions

Timer Bi mode selection bits

b1b0
0 0 :Timer mode

These bits are ignored (may be “0” or “17).

These bits cannot be written to because no memory is allocated.
The result of reading these bits is unpredictable.

Count source selection bits

\1[07 mewlr\)—nlog

b7b6

0 0 :Select f(xiny/2 (f2)

0 1 :Select f(xiny/16(f16)

1 0 :Select f(xin/64 (foa)

1 1 :Select f(xiny/512 (fs12)
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(2)Event counter mode

b7 b6 b5 b4 b3 b2 b1 bo

l 0 l 1 ] Timer Bi mode register <Event counter mode>

Bit name Functions
Timer Bi mode selection bits b1b0
0 1 :Event counter mode
Count polarity selection bits b3b2

0 0 :Count at the falling edge of the input signal
0 1 :Count at the rising edge of the input signal
10 :Count at both edge of the input signal

1_1 :This cannot be available

These bits cannot be written to because no memory is allocated.
The result of reading these bits is unpredictable.

\nlcv (nJA wlm —alo‘g

These bits are ignored (may be “0” or “1”).

(3)Pulse cycle/pulse width measurement mode

b7 b6 b5 b4 b3 b2 b1 b0

I 1 l 0 I Timer Bi mode register <Pulse cycle/pulse width measurement mode>

Bit Bit name

Functions

Ts

Timer Bi mode selection bits

b1b0
1 0 :Pulse cycle/pulse width measurement mode

Count polarity selection bits

b3b2

0 O :Pulse cycle measurement mode (from falling edge
to the next falling edge)

0 1 :Pulse cycle measurement mode (from rising edge
to the next rising edge)

1 0 :Pulse width measurement mode

1 1 :This cannot be available

These bits cannot be written to because no memory is allocated.
The result of reading these bits is unpredictable.

Count source selection bits

b7b6

0 0 :Select f(xiny2 (f2)
0 1 :Select f(xiny/16(f16)
1 0 :Select f(xiny/64 (fea)

1 1 :Select f(xny/512 (f512)
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11.Processor mode register

b7 b6 b5 b4 b3 b2 b1 bl

| Processor mode register (Address 5E+s)

Bit Bit name Functions Atresetl R W
Processor mode bits b1bo )
0 0 0 :Single-chip mode o |00
- 0 1 :Memory expansion mode
1 0 :Microprocessor mode
1 1 1:This cannot be available 0 |10|O
Wait bit 0:Wait during external access
2 1:No wait 0 |00
Software reset bit Software reset activated by writing "1".
3 o |IX|O
Interrupt priority detection b5b4
4 | time selection bits 0 0:Select fixin/14 o |O|O
. 0 1 :Select f(xin/8
1 0 :Select f(xiny/4
5 1 1 :This cannot be available 0 |10|]O
This bit must be set to “0”.
6 0 |O|O
Internal clock @ output selection bit 0:¢ output disabled
7 (P42 is normal 1/O port) 0
1.0 output enable O[O
(P42 is @ output pin)

Note: Bit 3 is write only.
Do not use read-modify-write type instructions such as CLB or SEB for
this register. Use LDM or STA instructions to write to this register.
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12.A-D conversion,

BO~B2,interrupt control registers

b7 b6 bS b4 b3 b2 b1 b0

13.INTO~INT2 interrupt control registers

b7 b6 b5 b4 b3 b2 b1 b0

UART 0/1 transmission, UART 0/1 receive, timers AO0~A4, timers
A-D conversion, UARTO/1 transmission, UARTO/1 receive, timers AO~A4,
timers BO~B2 interrupt control registers (Addresses 7016~7Cis)
Bit Bit name Functions Atreset| R | W
Interrupt priority level b2b1b0
0 | selection bits 0 0 0 :Level O (Interrupt disabled) 0 10|10
] 00 1:Level1
0 1 0:Level2
1 01 1:Level3 o0 [O|O
1 0 O:Level 4
| 101 :Leve:S
2 11 0:Level 6 0
11 1:Level?7 Qo
Interrupt request bit 0:No interrupt request
3 1:Interrupt request o (OO
4 | These bits cannot be written to because no memory is allocated. Undefinec| M | >
— The result of reading these bits is unpredictable. -
5 Undefine X X
6 Lncened X ] X
7 ndeined X[ X
| INTO~INTZ interrupt control registers (Addresses 7Dis~7Fs)
Bit Bit name Functions Atresetl R | W
Interrupt priority level b2b1b0
0 | selection bits 0 0 0 :Level 0 (Interrupt disabled) 0 |O|O
- 0 0 1:Levelt
010 :Leve:2
1 01 1:Level3 0
1 0 0:Level4 0|0
B 101 :Leve: 5
P 11 0:Level 6 0
11 1:Level7 O|O
Interrupt request bit 0:No interrupt request
3 1:Interrupt request o |O|O
Polarity selection bit 0:Set request bit at “H" level for level
sense and the falling edge for edge
sense
4 1:Set request bit at “L” level for level 0 10|10
sense and the rising edge for edge
sense
Level/edge sense selection bit 0:Edge sense
5 1:Level sense o |0lo
6 | These bits cannot be written to because no memory is allocated. Undefined| D | X
=] The result of reading these bits is unpredictable. etned 3| 5
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APPENDIX 7.INSTRUCTION CODE TABLE

INSTRUCTION CODE TABLE-1

Ds~Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0170 | o111 | 1000 | 1001 | 1010 | 1011 [ 1100 | 1101 | 1110 | 1M
Hexadecimal

D~DN rcation| 0 1 2 3 4 5 6 7 8 9 | Al Bl c | o | & F
ORA ORA | SEB | ORA | ASL | ORA ORA | ASL SEB | ORA | ASL | ORA

0000 0 BRK PHP PHD
A(DIRX) ASR | DIRb | ADIR| DIR [AL(DIR) AIMM | A ABSb | AABS | ABS |AABL
) ORA | ORA | ORA | CLB | ORA | ASL | ORA ORA | DEC CLB | ORA | ASL | ORA

0001 1 BPL CLC TAS
A,(DIR),Y|A,(DIR)|A(SR),Y| DIR,b |ADIRX| DIR,X AL(DIR)Y AABSY A ABS,b |A,ABS X| ABS X [A,ABLX|
JSR | AND | JSR | AND | BBS | AND | ROL | AND AND | ROL BBS | AND | ROL | AND

0010 2 PLP PLD .

ABS |A(DIRX)| ABL | ASR |DIRb,R| ADIR| DIR [AL(DIR) AIMM| A ABS,b,R| ALABS | ABS | AABL
AND | AND | AND | BBC | AND | ROL | AND AND | INC BBC | AND | ROL | AND

0011 3 BMI SEC TSA
A(DIR).Y|A,(DIR)|A,(SR),Y|DIR,b,R|A,DIR,X| DIR,X |AL(DIR).Y, AABSY| A ABS,b,R|A,ABS,X| ABS,X |A,ABL X
EOR EOR EOR | LSR | EOR EOR | LSR JMP | EOR | LSR | EOR

0100 4 RTI Note 1 MvP PHA PHG
A,(DIRX) ASR ADIR | DIR [AL(DIR) AIMM| A ABS |AABS| ABS | AABL
EOR | EOR | EOR EOR | LSR | EOR EOR JMP | EOR | LSR | EOR

0101 5 BVC MVN cLl PHY | TAD
A(DIR).Y|A,(DIR)|A,(SR).Y A,DIR,X| DIR,X [AL(DIR).Y AABS,Y ABL |AABSX| ABSX |AABLX|
ADC ADC | LDM | ADC | ROR | ADC ADC | ROR JMP | ADC | ROR | ADC

0110 6 RTS PER PLA RTL
A(DIRX) ASR | DIR |ADIR| DIR [AL(DIR) AIMM| A (ABS) | AABS | ABS | AABL
ADC | ADC | ADC | LDM | ADC | ROR | ADC ADC JMP | ADC | ROR | ADC

0111 7 BVS SE! PLY | TDA
A(DIR).Y|A,(DIR)|A,(SR),Y| DIR,X |A,DIR,X| DIRX [AL(DIR), AABS,Y (ABS,X) |A,ABS X| ABS,X |A,ABLX
BRA | STA | BRA | STA | STY | STA | STX | STA STY | STA | STX | STA

1000 8 I DEY |Note2| TXA | PHT
REL |A(DIRX)] REL | ASR | DIR | ADIR| DIR [AL(DIR) ABS |AABS| ABS |AABL
STA | STA | STA | STY | STA | STX | STA STA LDM | STA | LDM | STA

1001 9 BCC TYA TXS | TXY
A(DIR),Y|A,(DIR)|A,(SR),Y| DIR,X |A,DIR,X| DIR,Y |AL(DIR), A,ABS,Y ABS |AABSX| ABSX |AABLX
LDY | LDA | LDX | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1010 A TAY TAX | PLT
' IMM |A(DRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) AlIMM ABS |AABS| ABS |AABL
LDA | LDA | LDA | LDY | LDA | LDX | LDA LDA LDY | LDA | LDX | LDA

1011 B BCS cLv TSX | TYX
A(DIR),Y|A,(DIR)|A,(SR),Y| DIR,X |A,DIR,X| DIR,Y AL(DIR)Y AABS,Y ABS,X |A,ABS X| ABS,Y |AABL X|
CPY | CMP | CLP | CMP | CPY | CMP | DEC | CMP CMP CPY | CMP | DEC | CMP

1100 (¢} INY DEX | WIT
IMM |A(DIRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) AIMM ABS |AABS| ABS | AABL
CMP | CMP | CMP CMP | DEC | GMP | CMP JMP | CMP | DEC | CMP

1101 D BNE PEI CLM PHX | STP
A(DIR),Y|A,(DIR)|A,(SR),Y ADIRX| DIR,X AL(DIR)Y| AABSY L(ABS)|A,ABS X| ABS,X |AABLX|
CPX | SBC | SEP | SBC | CPX | SBC | INC | SBC SBC CPX | SBC | INC | SBC

1110 E INX NOP | PSH
IMM [A(DIRX)| IMM | ASR | DIR | ADIR| DIR |AL(DIR) AIMM ABS |AABS| ABS | AABL
SBC | SBC | SBC SBC | INC | SBC SBC JSR | SBC | INC | SBC

1 F BEQ PEA SEM PLX | PUL
A(DIR),Y|A,(DIR)|A,(SR),Y ADIR,X| DIR,X |AL(DIR)Y AABS,Y| (ABS X) |A,ABS X| ABS,X |A,ABLX|

Note 1 : 42, specifies the contents of the INSTRUCTION CODE TABLE-2.

Note 2 :

About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2.

89,6 specifies the contents of the INSTRUCTION CODE TABLE-3.

About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2.
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INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is 421s)

: :
i | | |
\\Dpoo 0000 | 0001 ~ 0010 0011 | 0100 0101 . 0110 | 0111 | 1000 | 1001 | 1010 [yo11 | 1100 | 1101 | 1110 | 11
\ | | ] | |
AN N ; o 1 ‘ 1 ! \
D,~p,eadecmal |, 12 s 4 15 | 6 7 8 ‘ 9 A | B | c | o | E F
N I i \ H
| | oRA | | oRA | ORA ORA | omra | AsL | ORA ORA
0000 0
. B.DIRX), B.SR B.DIR B.L(DIR) 'BIMM| B B,ABS B,ABL
| B 1 _ | BDIR, |8
! ORA | ORA | ORA ORA | ORA T ORA | DEC ORA ORA
0001 | 1 ‘ \ _ TBS
| B.DIR).YB.(DIR) B.(SR).Y |BDIRX B.L(DIR)Y {B.ABS,Y] B B,ABS X B,ABLX
‘ AND | | AND [ anD | AND AND | ROL AND AND
0010 2 |
, B(DIRX)| | B.SR l DR | IBL (OR)| B,lMMl B B,ABS BABL
1 AND | AND | AND | AND ‘l AND | INC | AND AND
0011 3 - , i | | TsB
\ B.(DIR).Y[B,(DIR)|B,(SR) Y |BDIRX| BLDIR), BABSY, B | B,ABS X B,ABLX
| EOR EOR [ Eor i EOR EOR | LSR | EOR EOR
0100 4 , PHB |
L ,_J, ] _B(ORX) | BSR | BDIR | B.L(DIR) BIMM| B | B,ABS B,ABL
| EOR | EOR | EOR EOR | EOR EOR ' EOR EOR
aor | s | I | TBD
, |B.(DIR).Y|B,(DIR) B,(SR).Y B,DIR,Xl [BL(DIR), B.ABS.Y, B.ABS X B,ABL X
| o L
H ADC ADC ADC | I aDC ADC | ROR ADC ADC
0110 6 ‘ \ | ‘ PLB
_ [B(oRX) B.SR B.DIR |8 L(DIR) BIMM| B B.ABS B,ABL
I"apc | aDc | ADC | apC | | aDC ADC ADC ADC
om 7 ‘ ‘ TDB
B.(DIR).Y/B,(DIR)[B,(SR).Y B,DIR.X| BL(DIR), B,ABS.Y, B,ABS X B,ABL X
‘ £
[ sTA STA STA | sTA STA STA
1000 8 i TXB
B(DIRX) B.SR B.DIR B.L(DIR) B,ABS B.ABL
STA \ STA | sTA STA STA STA STA STA
1001 9 ™E |
B,(DIR).Y|B,(DIR)|B,(SR).Y B,DIR X BL(DIR), B.ABS.Y] B.ABS X B,ABL,X
LDA | LDA LDA LDA | LDA LDA LDA
1010 A \ BY | TBX
B.(DIRX) | BSR B,DIR B.L(DIR) | BIMM B,ABS B.ABL
LDA | LDA | LDA LDA LDA | Lpa LDA LDA
1011 B
B,(DIR).Y|B,( DIR)‘B.(SR),Y B,DIRX BL(DIR), BABS,Y| B.ABS X B,ABLX
CMP CMP cMP CMP CcMP | cMP CcMP
1100 c |
B.(DIRX) B,SR | BDIR [B.L(DIR), B.IMM B,ABS B.ABL
CcMP | cMP | cmp | cmp [ cmP cMP ‘ cMP cMmP
1101 D ;
\_ B.(DIR).Y[B,(DIR)[B,(SR).Y B/DIRX BL(DIR), BABSY | B,ABS.X B,ABL.X]
SBC SBC | sBC SBC SBC ‘ SBC SBC
1110 E
8,(DIRX) B.SR | BDIR ‘ B,.L(DIR) |BIMM B.ABS B.ABL
SBC | SBC | SBC ' sBC | SBC | sBC SBC SBC
1 F
B,(DIR).Y|B,(DIR)|B,(SR).Y }B,DIR,X\ BL(DIR), B.ABS.Y, B,ABS X B,ABL X
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INSTRUCTION CODE TABLE-3 (The first word's code of each instruction is 891s)

Dg~Do| 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 [ 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1N
p~peedemal o )y 2 3 | a5 | 6| 7|8 | 9| Al B]|c!| D|E]|F
MPY MPY MPY MPY MPY MPY MPY
0000 0
(DIR,X) SR DIR L(DIR) IMM ABS ABL
MPY | MPY | MPY MPY MPY MPY MPY MPY
0001 1
(DIR),Y| (DIR) |(SR),Y DIR,X L(DIR).Y ABS,Y ABS,X ABL,X
DIV DIV DIV DIV DIV DIV DIV
0010 2 XAB
(DIR,X) SR DIR L(DIR) IMM ABS ABL
DIV | DIV | DIV DIV DIV DIV DIV DIV
0011 3
(DIR),Y| (DIR) | (SR),Y DIR,X L(DIR),Y| ABS,Y ABS,X ABL,X
RLA
0100 4
IMM
0101 5
0110 6
0111 7
1000 8
1001 9
1010 A
1011 B
LDT
1100 c
IMM
1101 D
1110 E
1M F
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APPENDIX 8.MACHINE INSTRUCTIONS

SYMBOLS
The following notations are used for the following descriptions.
Symbol Description Symbol Description
IMP Implied addressing mode R Exclusive OR
IMM Immediate addressing mode — Negation
A Accumulator addressing mode — Movement to the arrow direction
DIR Direct addressing mode Acc Accumulator
DIR, b Direct bit addressing mode Acch Accumulator’s upper 8 bits
DIR, X Direct indexed X addressing mode AccL Accumulator’'s lower 8 bits
DIR, Y Direct indexed Y addressing mode A Accumulator A
(DIR) Direct indirect addressing mode An Accumulator A’s upper 8 bits
(DIR, X) Direct indexed X indirect addressing mode AL Accumulator A's lower 8 bits
(DIR), Y Direct indirect indexed Y addressing mode B Accumulator B
L (DIR) Direct indirect long addressing mode Bu Accumulator B's upper 8 bits
L (DIR), Y Direct indirect long indexed Y addressing mode By Accumulator B's lower 8 bits
ABS Absolute addressing mode X Index register X
ABS, b Absolute bit addressing mode Xn Index register X’s upper 8 bits
ABS, X Absolute indexed X addressing mode XL Index register X's lower 8 bits
ABS, Y Absolute indexed Y addressing mode Y Index register Y
ABL Absolute long addressing mode Yu Index register Y’s upper 8 bits
ABL, X Absolute long indexed X addressing mode Yo Index register Y’s lower 8 bits
(ABS) Absolute indirect addressing mode ) Stack pointer
L (ABS) Absolute indirect long addressing mode PC Program counter
(ABS, X) Absolute indexed X indirect addressing mode PCh Program counter’s upper 8 bits
STK Stack addressing mode PC_ Program counter’s lower 8 bits
REL Relative addressing mode PG Program bank register
DIR, b, REL Direct bit relative addressing mode DT Data bank register
ABS, b, REL Absolute bit relative addressing mode DPR Direct page register
SR Stack pointer relative addressing mode DPRy Direct page register's upper 8 bits
(SR), Y Stack pointer relative indirect indexed Y addressing DPR_ Direct page register's lower 8 bits
mode PS Processor status register
BLK Block transfer addressing mode PSy Processor status register's upper 8 bits
c Carry flag PS_ Processor status register's lower 8 bits
z Zero flag PSp Processor status register's b-th bit
! Interrupt disable flag M(S) Contents of memory at address indicated by stack
D Decimal operation mode flag pointer
X Index register length selection flag Mp b-th memory location
m Data length selection flag ADg Value of 24-bit address’s upper 8-bit (Ax~Asg)
\Y Overflow flag ADy Value of 24-bit address’s middle 8-bit (A;s~As)
N Negative flag AD_ Value of 24-bit address’s lower 8-bit (A;~Aq)
IPL Processor interrupt priority level op Operation code
—+ Addition n Number of cycle
— Subtraction # Number of byte
* Multiplication i Number of transfer byte or rotation
/ Division iq, iz Number of registers pushed or pulled
VAN Logical AND
V Logical OR
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NOTES

The number of cycle shown in the table is described in case of the fastest mode for each instruction. The
number of cycles shown in the table is calculated for DPR.=0. The number of cycles in the addressing
mode concerning the DPR when DPRw#0 must be incremented by 1.

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue
buffer, or according to whether the memory read/write address is odd or even. It also differs when the
external region memory is accessed by BYTE="H".

Note 1.The operation code at the upper row is used for accumulator A, and the operation at the lower
row is used for accumulator B.

Note 2.When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the
number of bytes increments by 1.

Note 3.The number of cycles increments by 2 when branching.

Note 4.The operation code on the upper row is used for branching in the range of —128~+127, and the
operation code on the lower row is used for branching in the range of -32768~+32767.

Note 5.When handling 16-bit data with flag m=0, the byte in the table is incremented by 1.

Note 6.The number of cycles corresponding to the register to be pushed. The number of cycles when no
pushing is done is 12.
Type of register A B X Y DPR DT PG PS
Number of cycles 2 2 2 2 2 1 1 1

i indicates the number of registers among A, B, X, Y, DT, and PS to be saved, when iz
indicates the number of registers among DT and PG to be saved.

Note 7.The number of cycles corresponding to the register to be pulled are added. The number of
cycles when no pulling is done is 14.
Type of register A B X Y DPR DT PS
Number of cycles 3 3 3 3 4 3 3

i1 indicates the number of registers among A, B, X, Y, DT, and PS to be restored, while i==1 when
DPR is to be restored.

Note 8.The number of cycles is the case when the number of bytes to be transferred is even.
When the number of bytes to be transferred is odd, the number is calculated as;
7 + (i/12) X 7 + 4, note that, (i/2) shows the integer part when i is divided by 2.

Note 9.The number of cycles is the case when the number of bytes to be transferred is even.
When the number of bytes to be transferred is odd, the number is calculated as;
9 + (i/2) X 7 + 5, note that, (i/2) shows the integer part when i is divided by 2.

Note 10.The number of cycles is the case in the 16-bit + 8-bit operation. The number of cycles is
incremented by 16 for 32-bit + 16-bit operation.

Note 11.The number of cycles is the case in the 8-bit X 8-bit operation. The number of cycles is
incremented by 8 for 16-bit X 16-bit operation.

Note 12.When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the
number of bytes increments by 1.

Note 13.When flag m is 0, the byte in the table is incremented by 1.
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MACHINE INSTRUCTION

Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) | (DIRX) | (DIR),Y
op| n |4 |op| n |4 |op|n|#|op| n|#|op| n|#|op| n|#|op|n|3t|op|n|#|op|n|#[op|n|H#
ADC Acc.C + Acct+M-+C | Adds the carry, the accumulator and the memory contents. 69|22 65| 4 {2 75|52 721612617 |2(71(8|2]
(Note 1,2) The result is entered into the accumulator. When the D
flag is “0", binary additions is done, and when the D flag is 42143 42163 421713 428 |3 [42/ 934210 3
“1”, decimal addition is done. 69! 65 75 72 61 71
AND Acc +~ AccAM Obtains the logical product of the contents of the accumu- 29122 25|42 35/ 5|2 32|16|2(2117(2(31/8(2
(Note 1,2) lator and the contents of the memory. The result is en-
tered into the accumulator. 42143 42163 42713 42183 (42193 |42/10 3
29 25! 35 32 21 31
ASL m=0 Shifts the accumulator or the memory contents one bit to 0A) 21106/ 72 1672
(Note 1) [Cl+{bis[ | boj0 | the left. “0" is entered into bit 0 of the accumulator or the
memory. The contents of bit 15 (bit 7 when the m flag is 42/ 412
m=1 “1") of the accumulator or memory before shift is entered 0A
[Cl+{br] oo }-0 | into the G fiag.
BBC Mb=07? Tests the specified bit of the memory. Branches when all
(Note 3,5) the contents of the specified bit is “0”.
BBS Mb=1? Tests the specified bit of the memory. Branches when all
(Note 3,5) the contents of the specified bit is “1".
BCC c=0? Branches when the contents of the C flag is “0".
(Note 3)
BCS c=1? Branches when the contents of the C flag is “1".
(Note 3)
BEQ z=1? Branches when the contents of the Z flag is “1".
(Note 3)
BMI N=17? Branches when the contents of the N flag is “1”.
(Note 3)
BNE z=0? Branches when the contents of the Z flag is “0”.
(Note 3)
BPL N=0? Branches when the contents of the N flag is “0".
(Note 3)
BRA PC+PCzoffset Jumps to the address indicated by the program counter
(Note 4) | PG+PG+1 plus the offset value.
(carry occured)
PG+PG—1
(borrow occured)
BRK PC+PC+2 Executes software interruption. 00]15] 2
M(S)+—PG
S+—s—1
M(S)<PCy
S+S—1
M(8)+—PCL
S+—S—1
M(S)—PSy
S+-8—1
M(S)—PS_
S=s—1
11
PCL+—ADL
PCH+ADy
PG«-0015
BVC v=0? Branches when the contents of the V flag is “0"
(Note 3)
BVS v=1? Branches when the contents of the V flag is “1".
(Note 3)
cLB Mb+0 Makes the contents of the specified bit in the memory “0". 14/8|3
(Note 5)
CcLC C+0 Makes the contents of the C flag “0". 18211
cLl 10 Makes the contents of the | flag “0". 58121
CLM m+0 Makes the contents of the m flag “0". D8 2|1
CLP PSb+0 Specifies the bit position in the processor status register by the bit C2 4|2
pattern of the second byte in the instruction, and sets “0" in that bit.
CcLv V0 Makes the contents of the V flag “0". B8l 2|1
CMP Acc—M Compares the contents of the accumulator with the contents of Cc9|2{2 C5| 4|2 D552 D2/ 62]Cl|7|2|D1}8)2
(Note 1,2) the memory.
42143 42(6 (3 42/713 42/ 8 1314219314210/ 3
[ C5) D5, 02, Cl Dl
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Addressing mode Processor status register
L(DIR)[LIDIR)Y| ABS |ABS,b|ABSX|ABSY| ABL |ABLX|(ABS)|L(ABS)|(ABSX)| STK REL |DIRbR |ABSbR| SR |(SR)Y| BLK 10[9,8 7 675 413]2(1
opn | #|op| n|#{op(n|#|op|n|#|op|n | op|n % op|nis|op{ni|op|n|tiop|n|iop| ni]op|n|#|op|n|H|opin|#H|op|ni$|op|n|st|op|nist|opin #| IPL N/VIm|x|D|1|Z]|C
167{10{2|77{11{ 2|60} 4|3 7D 63179/ 6 | 3|6F| 6|4 |7F| 74 63]5/2(73/8 |2 cle s IN[V[elelele|Z]|C
42112| 3 1421313 (42/ 6 | 4 42/814142/814(42/8|5(42/915 42773 a2}10(3
67 77 6D 70 79 6F F 63 73
27)10( 2 (37)11|2 [2D{ 4|3 30|6(3|39/6 (3 (2F 64 (3F|7|4 231512133812 cpele|Nje|sfeje|eZ]"
la2]12) 3j4213[3 426 |4 42814 42]8|4]a2|8]5|42[9]5 427 3 142[10] 3|
27 37 20 30 39 2F 3F 23 33 |
0E| 73 IE|83 el Nl e zle
34/743c!8|5 elofofefafalalola]ele
+
24(7 (4 f2c|8 |5 elefolalaloafalolelele
190/ 4 | 2 elelofelelolelelolate
BO(4 |2 PR (RS I (O (S I (R R (R R O
F0l4]2 ( elefolo|ofo]olelofefse
30(4 |2 efefofofala]ole|elale
Do[ 4|2 elefojofalo]o|elofals
10042 elefolelaialofololofe
80( 4 |2 efofofefefolalo]afa]n
82|43
50(4 2
70/ 4 | 2 elolotofafolofofafale
IC|9(4 o leflolofofatoefatalole
elelefalalalalalelelo
ejelefolololofaiO]e]>
elofelololO]efo]o]e]e
*| |+ | Specified flag be-
comes “0”
elefefololelofofo]o]fe
C7|10121D7|11| 2[CD| 4 | 3 DD| 6|3 |D9|6 (3 |CF|6|4|DF| 7|4 C3|5(2(D3|8]2 el e[N[eie|e|e|-|2Z|C
42\12| 3 [42(13/3 |42/ 6 | 4 4284142184 142(8(542(9|5 427314210/ 3
C7 D7 ICO| IDD)| D9 CF| DF| C3 D3
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Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb [ DIRX | DIR,Y | (DIR) [(DIRX) | (DIR).Y
opn#op,n#op[n#opnﬁopln:tupnﬁopn#opn#opn#op'n#

CPX X—M Compares the contents of the index register X with the EOJZ 2 E4| 412
(Note 2) contents of the memory.

CPY Y—M Compares the contents of the index register Y with the c0j2|2 c4l4|2
(Note 2) contents of the memory.

DEC AccAcc—1 or Decrements the contents of the accumlator or memory by TA[2]1(C6[7{2 | (0672
(Note 1) | M—M—1 1.

42142
1A

N

DEX Xe—=X—1 Decrements the contents of the index register X by 1. ICA|

DEY YY—1 Decrements the contents of the index register Y by 1. 88211

DIV Alquotient)+~B,A/M | The numeral that places the contents of accumulator B to the higher order and the 8927, 3 89[29( 3 89/30| 3 89(31) 3189(32( 3 {8933/ 3
(Note 2,10) | B(remainder) contents of accumulator A to the lower order is divided by the contents of the memory. 29 25 35 32 21 31
The quotient is entered into accumulator A and the remainder into accumulator B.

EOR Acc+—Acc¥M Logical exclusive sum is obtained of the contents of the 492 |2 45/4 |2 555 | 2 5262411725182
(Note 1,2) accumulator and the contents of the memory. The result is

placed into the accumulator. 4243 4216 |3 42713 42(8 |3 1429 (3 {42(103
149 145! 55 52 41 51

INC Acc*AcctH1 or Increments the contents of the accumulator or memory by
(Note 1) | M «~M+1 1.

—

INX X—X+1 Increments the contents of the index register X by 1. E8| 211

INY Y<Y+1 Increments the contents of the index register Y by 1. C82|1

JMP ABS Places a new address into the program counter and jumps
PC_+ ADL to that new address.
PCy — ADy

ABL J
PC_ ~ AD_
PC «— ADn
PG+—ADg |

I
(ABS) ! [
PC_ +(ADy, AD) | |
PCyy +—(ADy, AD(+1) | | \

L(ABS) l
PC_ +(ADy, AD,) 1 |
PCy +(ADy, AD +1) |

PG «—(ADy, AD_+2) |

(ABS, X)
PC_ +(ADy, AD_+X) |
PCy + (ADy, AD +X

1) ‘

JSR ABS Saves the contents of the program counter (also the con- | [
M(S)+ PCy tents of the program bank register for ABL) into the stack,
S—s—1 and jumps to the new address. ’ | |
[
|

PC_+ AD_
PCy + ADy

|
ABL |
M(S)+— PG
s—-5—1 [
M(S)+ PCy |
S+-S—1 |
M(S)—PC,
S+—s—1
PC_ + AD_
PCy +— ADy
PG + ADg

(ABS, X) ‘

M(S)+ PCy

S+-5—1

M(S)+— PCL

S+s—1

PC +—(ADy, AD_+X)

PCy + (ADw, AD_+X ‘
+1)
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Addressing mode Processor status register

L(DIR).Y| ABS |ABSb|ABSX|ABSY| ABL |ABLX |(ABS)|L(ABS)|(ABSX)| STK | REL | DIRbR |ABSHR| SR [(SR)Y| BLK 10[918 716(5(4{3(2|1]0

L(DIR)

op| n | #|op| n|#|op| n|#|op|n|#|op|n|#[op| n|#|op| n|#|op| n|#{op| n|#|op| n|#|op|n(#[op|n|tt|op|n{tt|op|n|lop{n|t|op|n|ttlop|n|tt{opin|{#| IPL |N|VIm|x|D|I|Z|C

EC| 413 elofo[Nlelele|ele]|z|C
Iccl 4|3 ) elele|NlslelelelelziC
CE| 7 (3 DE[ 8 |3 elefo|N|e]elelele]|z]e

89135 3 (89361 3 [89[29{ 4 189311 4 189131| 4 |89131| 5 |89|32| 5 89(30 3 (8933 3 eleleINjV|e]efele]zlC
27, 37, 20| 30 39 oF 3F 23 33
4710} 2157|112 |40] 4 | 3 50(6 35963 |4F| 64 [5F| 7|4 4352 (53|82 eleleiNfelele]ele]z]
l42[12] 314213342/ 6 | 4| 42| 8414284428542/ 9]5] 42|73 [a2[10[ 3]
147 57, D 50 59 I3 5F 43 53]

ee| 7|3 FE|8 (3 BREENEREEREEE

4C12|3 5C| 4|4 6C|4|3|DCI 8 |3(7C| 6|3 e ofofofofelaloalojele

20(6 (3 22814 FCi 8|3
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Addressing mode
Symbol Function Details IMP | IMM | A DIR | DIR,b | DIRX | DIRY | (DIR) | (DIRX)|(DIR),Y
opnitopnﬁopn#opnﬁopn#og[n#opn#opn#opn#opn#
LDA Acc+— M Enters the contents of the memory into the accumulator. A 212 A5|4(2 B5[5|2 B2|6|2|A1|7|2(B1i8|2
(Note 1,2)
4214 |3 42/ 6| 3 42/713 42| 8|3 (42|93 (42(103
A A5 B5 B2 Al Bl
LDM M < IMM Enters the immediate value into the memory. 6414 |3 74513
(Note 5)
LDT DT < IMM Enters the immediate value into the data bank register. 89,53
C2
LDX XM Enters the contents of the memory into index register X. A2(2(2 A6 412 B6| 5|2
(Note 2)
LDY Y+M Enters the contents of the memory into index register Y. A0| 2|2 Al4)2 B4|5|2
(Note 2)
LSR m=0 Shifts the contents of the accumulator or the contents of 4A12|1146|7 (2 56(7| 2
(Note 1) | 0=[byg] [bo/~C the memory one bit to the right. The bit 0 of the accumula-
m=1 tor or the memory is entered into the C flag. “0” is entered 42/ 4|2
o into bit 15 (bit 7 when the m flag is “1".) 4A
o~{Bl Tahc
MPY B, A~A*M Multiplies the contents of accumulator A and the contents of the mem- 89)16| 3 89118 3 89/19 3 89|20| 3 [8921| 3 [89]22| 3
(Note 2,11) ory. The higher order of the result of operation are entered into accu- 09) 05 15 12 01 11
mulator B, and the lower order into accumulator A.
MVN Mn+i—Mm-+i Transmits the data block. The transmission is done from
(Note 8) the lower order address of the block.
MVP Mn—i=Mm—i Transmits the data block. Transmission is done form the
(Note 9) higher order address of the data block.
NOP PC+PC+1 Advances the program counter, but performs nothing else. [EA|2 |1
ORA Acc—AccVM Logical sum per bit of the contents of the accumulator and 09|22 05/4 {2 15/5(2 12(6(2(01/7(211(8{2
(Note 1,2) the contents of the memory is obtained. The result is en-
tered into the accumulator. 421413 4263 42|73 42|83 (42) 9342|103
03 05 15] 12 01 "
PEA M(S)+—IMM; The 3rd and the 2nd bytes of the instruction are saved into
S+8—1 the stack, in this order.
M(S)—IMM;
S$+-s—1
PEI M(S)—M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd
+1) byte of the instruction, and saves the contents into the
S+S—1 stack.
M(S)M((DPR)+IMM)
SeS—1
PER EAR+—PC+IMM2,IMM; Regards the 2nd and 3rd bytes of the instruction as 16-bit
M(S)+EARy numerals, adds them to the program counter, and saves
S+S—1 the result into the stack.
M(S)EAR_
S+8—1
PHA m=0 Saves the contents of accumulator A into the stack.
M(S)—An
S+S—1
M(S)+—AL
S+8—1
m=1
M(S)—AL
S+S—1
PHB m=0 Saves the contents of accumulator B into the stack.
M(S) By
S+—S—1
M(S)+BL
S85—1
m=1
M(S)+~BL
S+S5—1
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Addressing mode Processor status register
L(DIR){L(DIR)Y| ABS |ABSb|ABSX|ABSY| ABL |ABLX|(ABS) [L(ABS)|(ABSX)| STK | REL |DIRbR |ABSHR| SR |[(SR)Y| BLK IoTigTB 7 Gls 413(2111]0
opn#opn#opnﬁopn#opn#opn#opn#opn#opn#opn#topn#oplntopn#opn#opnﬁopn#opnﬁopnﬁ IPL [N{VImix|D|I|Z]|C
A7)10{ 2 |B7{11] 2 |AD[ 4| 3 BD| 6|3 |BY| 6|3 [AF| 6|4 [BF| 7|4 1 A315(2{B3[8|2 el N el iZ]"
14212| 3 [42/13/3 |42/ 6 | 4 42|84 142|814 (42/8(542/9|5 42713142110 3
A7 B7 AD| BD| BY AF! BF| A3 B3
9C| 514 9E 6| 4 efeloiafelolofofoloale
AE| 43 BE| 6|3 clel e [N elelelolelz]e
ACl 43 BC| 6|3 eleIn] e le o]l e 2]
4E| 713 5€) 8|3 eloalef0]ele]|o]s]|e]zlC
189/24 3 89|25 3 |89/18| 4 89/20] 4 {89]20| 4 [89/20| 5 (89(21| 5 89|19 3 189|22| 3 clo|eIN[e|e|e]e]|"|Z]|0
07, 17, 0D D 19) OF 1F 03 13
54(7(3 0 [ofo|o|ofola|ela]els
[+
Ly
24913 o] efalelefo|e]olale]e
+
X7
07(10{ 2 [17]11] 2 {0D| 4|3 1D[6|3{19/6|3[0F|6|4|IF| 714 03)5(2(13(82 cleleINjelefefoielzZie
42|12/ 3 142/133 |42/ 6 | 4 42/184142/8(4142/8 54295 42(7 314210/ 3
07 17 0D D 19 OF 1F 03 13
F4|5(3 elefolefololalotfafafs
D452
62/5|3 elefefelofalalafo]els
48] 41 elolefofololafole]ele
4262 olafafofalolalolelofs
48
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Symbol

Function

Details

Addressing mode

IMP

IMM

DIR | DIRb | DIRX

DIRY

(DIR) | (DIRX) | (DIR).Y

opin|#

n{#op|n|#fop{n

#{op

n|#

op

#{op|n[#|op|n

#

PHD

M(S)+DPRy
S+=5—1
M(S)«—DPRL
S—5—1

Saves the contents of the direct page register into the
stack.

PHG

M(S)+-PG
S+s—1

Saves the contents of the program bank register into the
stack.

PHP

M(8)—PSy
S+—8—1
M(S)+PS_
S+5—1

Saves the contents of the program status register into the
stack.

PHT

M(S)—-DT
S—s—1

Saves the contents of the data bank register into the
stack.

PHX

x=0

M(S) Xy
S-5—1
M(S)*+X¢
S—-s—1

x=1
M(8)—X¢
S+-s—1

Saves the contents of the index register X into the stack.

PHY

x=0

M(S) <Yy
S<s—1
M(8)+<YL
S$+-s—1

x=1
M(S)«YL
S+s—1

Saves the contents of the index register Y into the stack.

PLA

m=0
S+-s+1
AL—M(S)
S+5+1
Ap—M(S)

m=1
S+5+1
AL—M(S)

Restores the contents of the stack on the accumulator A.

PLB

=0
S+S+1
BL—M(S)
S—s+1
Bu—M(S)

m=1
S+s+1
BL—M(S)

Restores the contents of the stack on the accumulator B.

PLD

S+S+1
DPR_+—M(S)
S<5+1
DPRy+—M(S)

Restores the contents of the stack on the direct page reg-
ister.

PLP

S—S+1
PS_—M(S)
S+S+1
PSH—M(S)

Restores the contents of the stack on the processor status
register.

PLT

S+-8+1
DT+—M(S)

Restores the contents of the stack on the data bank reg-
ister.

PLX

x=0
S+—s+1
XL —M(S)
S+-s+1
Xu—M(S)

x=1
S+—s+1
X —M(S)

Restores the contents of the stack on the index register X.
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Addressing mode Processor status register

ABS [ABSb |ABSX|[ABSY| ABL |ABLX {(ABS)[L(ABS){(ABSX)| STK | REL |DIRbR |ABSbR| SR |(SR),Y| BLK IO—IQLB 706(5(4|3(2(1
op| n|#jop| n|#|op|n|#|op|n|#]|op|n|#]op|n|# |op|n|#|op|n|#|op|n|H|op| n | op{n|H|op{n||op|n|tiop|n|Hiop|n|H#iop|n|#] IPL |N|V|m|x(D|I|Z|C

08( 41

48|31 efleleflofolafalelalele

1
08/ 4| 1 elofofolalo]ole]ofe]e
88131 elafalolofofolofolo]e
- 1 3 -t
DAl 4|1 elefofefalalalalolole
5a04 (1 efefelelalolalola]els
L

68/ 5|1 elele(N|ofolelolelzle

4272 elelolN|o|o]ofe]e]|z]~

68

2B/ 5| 1 elafafefelalolalale]e

28/6 (1 Value saved in stack.

AB| 61 ele|o|Njeletolofelzie

FA|5 (1 ele|olNlololololeiz]e
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Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb | DIRX | DIRY | (DIR) |(DIRX) | (DIR),Y

op| n | op| n |4 [op| n |4 |op| n |2 |op| n(#op| n|#{op{n | {op|n|3k|op|n{#|op/n|#t

PLY x=0 Restores the contents of the stack on the index register Y.
S+—S+1
Yi-M(S)
S+—S+1
YreM(S)

x=1
S+S+1
Y —M(S)

PSH M(8)+A, B, X+ Saves the registers among accumulator, index register,
(Note 6) direct page register, data bank register, program bank
register, or processor status register, specified by the bit
pattern of the second byte of the instruction into the stack.

PUL A, B, X +M(S) Restores the contents of the stack to the registers among

(Note 7) accumulator, index register, direct page register, data
bank register, or processor status register, specified by
the bit pattern of the second byte of the instruction.

RLA m=0 Rotates the contents of the accumulator A, n bits to the 89
(Note 13) | n bit rotate left left. 49)

m=1
n bit rotate left

“Fo

ROL =0 Links the accumulator or the memory to C flag, and rotates 2A(2(1{26]7(2 36| 712

m
(Note 1) result to the left by 1 bit.
{ois] -~ o] 42412
m

[]

1
[ (]

ROR m=0 Links the accumulator or the memory to C flag, and rotates 6A1 2| 11667 |2 767 |2

(Note 1) ’_ﬁ result to the right by 1 bit.
[l-{ois[ oo} w12

6A

m=1

[-]

RT! S+—S+1 Returns from the interruption routine. 4011111

RTL S+8+1 Returns from the subroutine. The contents of the program |68/ 8|1
PC_—M(S) bank register are also restored.

RTS S+S+1 Returns from the subroutine. The contents of the program (605 |1
PC_—M(S) bank register are not restored.

PCH—M(S)

SBC Acc, C—Acc—M—C | Subtracts the contents of the memory and the borrow from E3{2|2 1E5142 F|5]2 F2|6|2|E1|7|2|F1|8]|2
(Note 1,2) the contents of the accumulator.

42413 4263 42/ 713 428 3142193 142/10/3
9 E5 F5 F2 El F1
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Addressing mode Processor status register
L(DIR)|L(DIR)Y| ABS |ABS,b|ABSX|ABSY | ABL |ABLX |(ABS)|L(ABS)|(ABSX)| STK | REL | DIRbR [ABSHR| SR [(SR),Y| BLK uﬂgls 706(5(43(2(1
op| n | |op| n|#fop| n|#|op| n|#|op|n|Hfop|n|#]op|n(#|op/n|H|op[n|H#|op| n|H|op|n|Hfop|n|sfop|n|tfop|n|t|op|n|Hlop|n|tt|op|n|H|opin|#| IPL [NIVIm|x|D|1I]|Z

[ A5 (1 olefo|N|ofolejelelz
44 ’
EB(12| 2 alelelelala]ololelofe
4
2i1+i2
FB|14| 2 If restored the contents of PS,
3i 14. it becomes its value. And the
SR other case is no change.

- SE—
2E(713 3E8(3 slelo|Nl[o|olelele]zlC
6E[ 7|3 7EIB|3 eleleiN|ele|e|e]elzIC

Value saved in stack.
|
2|F7[11| 2[ED| 4 {3 FD| 6| 3{F9|6|3|EF|6|4|FF|7]4 E3(5|2(F3]8|2 el INfViefefetelZIC
314213(3142/6 |4 4281414284 14218(5142(9|5 42(7 13142103
| | |0 FD| F9 EF FF 3 F3
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Addressing mode

Symbol Function Details IMP | IMM A DIR | DIRb | DIR,X | DIRY | (DIR) [(DIRX) [ (DIR)Y

op|n (#[op(n{#Ffop|ni#fop|n#fop(n|#|op[n|%|op/n|#fop/n H|op|n|Hfop|n|H

SEB Mb+1 Makes the contents of the specified bit in the memory “1”. 041813
(Note 5)
SEC C+1 Makes the contents of the C flag “1". 38] 2 |1
SEI <1 Makes the contents of the | flag “1”. 781211
SEM m«+1 Makes the contents of the m flag “1". F8[211
SEP PSb+1 Set the specified bit of the processor status register's low- E2]3|2
er byte (PS.) to “1”.
STA M+—Acc Stores the contents of the accumulator into the memory. 85(4 (2 95|52 92| 712(81]7 (2917
(Note 1)
42/6 |3 421713 42|19 {3142/ 9|3 ]42|9
85 95| 92| 81 91
STP Stops the oscillation of the oscillator. DB{ 31
STX M+<X Stores the contents of the index register X into the memory. 8642 96/ 5 | 2
STY MY Stores the contents of the index register Y into the memory. 8414 |2 94|51 2
TAD DPR+—A Transmits the contents of the accumulator A to the direct |58/ 2|1
page register.
TAS S—A Transmits the contents of the accumulator A to the stack pointer. |18/ 2|1
TAX XA Transmits the contents of the accumulator A to the index [AA[2 |1
register X.
TAY Y—A Transmits the contents of the accumulator A to the index (A8 2|1
register Y.
TBD DPR+B Transmits the contents of the accumulator B to the direct |42)4 |2
page register. 58
TBS S-B Transmits the contents of the accumulator B to the stack [42|4 |2
pointer. 18
TBX X+-B Transmits the contents of the accumulator B to the index |42/ 4|2
register X. IAA
TBY Y—B Transmits the contents of the accumulator B to the index (424 |2
register Y. A8
TDA A+<DPR Transmits the contents of the direct page register to the {7B{ 2|1
accumulator A.
TDB B+DPR Transmits the contents of the direct page register to the [42/4 |2
accumulator B. 78
TSA A+S Transmits the contents of the stack pointer to the accumulator A. |38/ 2 | 1
TSB B+S Transmits the contents of the stack pointer to the accumu- 1:!2 412
lator B. 38
TSX XS Transmits the contents of the stack pointer to the index [BA|2 (1
register X.
TXA A—X Transmits the contents of the index register X to the accu- {8A[2 |1
mulator A.
TXB B+X Transmits the contents of the index register X to the accu- 42|42
mulator B. 8A
TXS SeX Transmits the contents of the index register X to the stack [9A| 2|1
pointer.
TXY Y+—X Transmits the contents of the index register X to the index [9B{2 |1
register Y.
TYA A-Y Transmits the contents of the index register Y to the accu- (98(2 1
mulator A.
TYB B+Y Transmits the contents of the index register Y to the accu- (424 {2
mulator B. 198
TYX XY Transmits the contents of the index register Y to the index [BB| 2 |1
register X.
WIT Stops the internal clock. ICB| 31
XAB ASB E the of the ac or A and the con- (8916 (2
tents of the accumulator B. 28]
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Addressing mode Processor status register

L(DIR)[LIDIR)Y| ABS |[ABS,b[ABSX|ABSY| ABL [ABLX L(ABS) L(ABS)|(ABSX)| STK REL | DIRbR |ABSDR| SR |(SR)Y| BLK 10]9]5 7(6(5(4(3(2 YT
O Ry - Mt Bl v ~L B
opnﬁop[njfopnﬁopnlﬁopjnlztopn:topniiopnnopnﬁopnﬁopnztopnﬁopjn#4opn#opnﬁopn#opnitopnit IPL |[N|Vim|x D[l ]|Z]|C

0C| 9|4 ool ofolololo]|o]|o]lefs
- 1 | . L .
‘ I TR

.....]l.....
I +|+|+|Specified flag be-
comes "1".
87|10/ 2|97(11/2 [80| 5 | 3 90/ 531995 3 [8F|6 |4 |oF| 7|4 T Jeals | 2]o3ls ]2
42714 \42] 7] a|a2] 8|5 a2 915 42| 7]342[10] 3
9D, 99 8F 9 83 93
g B A | - i ind
- - . § - -

8153 r efefofolafalololelels
1 BC53Y ! L i a ERREN IEs ,L_ ....'_.,"...
ele|elele]z].
1 ool e N[ele|o|efe]|z]>

|
ele| o |N|lejelolele|Z]e

o L 1] e

1 elele|N|s|e|oio]e|Z]e
eleleIN|e|e|oijele]|zle
elefeINo|o|olele]|zle
eloloN|olelofjele]|Zzle

] 1
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APPENDIX 9.MASK ROM ORDERING METHOD

Mask ROM Ordering Method

Mitsubishi Electric Corporation accepts order to transfer EPROM supplied program data into the mask
ROMs in single-chip 16-bit microcomputers. When placing such order, please submit the information
description below.

1.Mask ROM Order Confirmation FOIM ..ottt e 1 set
(There is a specific form to be used for each model.)

2.Data to be written into Mask ROM ..ot EPROM
(Please provide three sets containing the identical data.)

3.Mark SPeCifiCation FOTIM ...c.iiiiiiiie ettt ettt et sat et eeenan 1 set

Please use the Mask ROM Order Confirmation Form and Mark Specification Form on the latest data
book.

Notes

(1)Acceptable EPROM type
Any EPROM made by Mitsubishi Electric Corporation that is listed in the Mask ROM Order Confirma-
tion Form may be used.

(2)EPROM window labeling
Please write the type name and the identification code (A, B, C) on the label for each of the three sets
of data EPROMs provided.

Example : Label

Type Name

Identification
code for each of
three sets

(3)Calculation and indication of check sum code
Please calculate the total number of data in words in the EPROM, and write the number in 4-digit
hexadecimal form in the check sum code field of the Mask ROM Order Confirmation Form.
(4)Options
Refer to the appropriate data book entry and write the desired options on the Mask ROM Order
Confirmation Form.
(5)Marking specification method
The permissible marking specifications differ depending on the shape of package. Please fill out the
Marking Specification Form and attach it to the Mask ROM Order Confirmation Form.

Mark Specification Form

Mark specification format differs depending on the package type.

Fill out the Mark Specification Form for the package type being ordered, and submit the form with the
Mask ROM Order Confirmation Form.

248



APPENDIX 10
Q&A
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1.Parallel ports

(1) Port P4 S

@ :What is read from port Pdo
(HOLD) and P4: (RDY) when
port P4 is read in memory
expansion mode or micro-

processor mode?

2.Interrupt

(1) Interrupt priority level

@ sWhich type of interrupts has
higher priority; software inter-
rupts or other interrupts?

(2) Processor mode register

@ :What are bits 4 and 5 (inter-
rupt priority level detection
interval selection bits) in the
processor mode register
(5E1e) used for?

3.Timer/Counter

(1) Reading the timer register

@z:ls the result of reading the
timer register in timer A or
timer B timer mode/event
counter mode not the same
as the value set in the reload
register?

AzThe P4o and P41 level is obtained.

A sWhen a BRK instruction is executed or a zero divide is performed
in an interrupt handling routine, a BRK interrupt or a zero divide
interrupt occurs and that interrupt is serviced. However, if mul-
tiple interrupts are enabled by setting the | flag to “0”, interrupts
with priority higher than IPL are accepted because the IPL is not
changed. Furthermore, the WDT interrupt is always enabled.

utu

the processor speed or the number of interrupt sources is in-
creased. When the oscillating frequency is 8MHz or 16MHz and
the number of interrupt sources is 19, the shortest interval (bits
5,4=1,0) can be used.

A 3The following figure shows an example where the rising edge is
selected for event counter mode. (Falling edge and timer mode is
also the same.)

TAininput
(TBininput) LT LY 1LY Lt
Read | Decrement count 216 116 0 FFFFie n-1
counter
content | Incrementcount | FRED, | FFFEG | FFFF N+t
Reloa '.Acycle

In other words, for decrement count, FFFF1s is returned at the
reload cycle and n-1 (n=reload value) is returned at the next
cycle. For increment count, 0 is returned at the reload cycle and
n+1 is returned at the next cycle. Therefore, the value set in the
timer register (n) cannot be read while the timer is active. How-
ever, the value n is returned if no count source is provided after
writing a value in the timer register or if the count start flag is set
to disable.

On the other hand, in timer A one-shot pulse generation mode
and PWM mode, the value set in the reload register can always
be read correctly.
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3.Timer/Counter

(2) Timer interrupt request

@ :When is the interrupt request
flag set? How is it related to
the output pulse change tim-
ing?

(3) Timer I/O pins

@ :Can the pin levels of pins
TAin, TAioutr, and TBin be
read when these pins are
used as timer I/O pins?

(4) Timer A

@3z Is it possible to use timer A
as an 8-bit timer+8-bit prescaler
in modes other than pulse width
modulation mode?

A »Timer mode and event counter mode
The TAiout output pulse changes direction at the effective edge of
the count pulse after the counter has reached “000016” (‘FFFF16"
if increment count is selected in event counter mode).
The interrupt request flag is set when the effective edge changes
direction (same for timer B).

Example) Timer A timer mode and event counter mode (falling
edge effective, decrement count)

Counter content 11e 0 §FFFF1s§n—1§

26 | s} 0 FFRRen—1 ]

Count pulse '

TAbur output | |

Interrupt
request flag

« One-shot pulse mode and PWM mode
The interrupt request flag is set at the falling edge of the TAiour
output.

A = If the direction register is set to “input”, the pin level can be read.
If the direction register is set to “output” the port latch data is re-
turned instead of the pin level.

/A sTimers operate basically in 16-bit mode. However, when perform-
ing pulse width modulation, the output pulse frequency can only be
selected with the clock source (four types) if the timer is 16 bits.
Therefore, in 8-bit pulse width modulation mode, the timer is divided
into 8 bit halves with the low-order 8 bits used to select the pulse
output frequency and the high-order 8 bits used to set the “H” width
of the pulse output. In other modes, only 16-bit timers are available
because they are more precise than 8-bit prescaler+8-bit timer.
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(5) Event counter mode

@ :What is the increment/decre-
ment switching of timer A in
event counter mode synchro-
nized to?

(6) Watchdog timer

@ :1.When does the watchdog
timer start?
2.What action should be
taken when the watchdog
timer is not used?

e increme
mode uses an internally synchronized TAiour input so that it can
be switched while counting.

The following is an example when the falling edge is selected.

Thiinpu 7N ]
Up Up Down
TAosrinput | v
Up |

Internally |
\T

synchronized
TAiour input
his should be a down count when viewed
from an external pin, but internally, it is an
up count.

Down

In other words, TAiour input is obtained while the TAiwn input is at
“L” and it is made effective at “H”. Therefore, the second count
appears as an up count in the above figure. The third count is a
down count because the internally synchronized TAiour has al-
ready changed to “L”. This is also true when the count direction
is changed with software.

The count start flag must be set after setting the count direction
(internally or externally).

Therefore, the recommended external input signal and event input
signal for switching the count direction are as follows:

TAiout input |
Thinpu e A I I

Up Up Up Up
TAioutinput I
TAininput T L T

Down Down

Set timer A start flag to “1”

r

Down

L1

Down

(This is also true when the falling edge is the effective edge of event input.)

2.Apply 2 x Vcc to the RESET pin.
The watchdog timer may overflow between the time a reset is
activated and the RESET pin reaches 2 x Vcc. This must be
compensated by software with one of the following methods:

a)Set the watchdog timer interrupt vector equal to the reset
vector.

b)Perform a software reset in the interrupt service routine.

c)Execute an RTI instruction without doing anything else.
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4.Serial Port

4.Serial Port
(1) Clock synchronous serial I/0
@ : Can the same clock be used [|A :1.When M37700 outputs the clock
to perform output and input If the communication partner (clock input side) can perform
(concurrently)? concurrent data 1/0 using an external clock, data output and
input can be performed concurrently according to the procedure
shown by the flowchart in Figure 1. However, in this example,
the clock input side is assumed to set the M37700 CTS pin to
“L" when it is ready to receive data and has set the output data.
2.When M37700 inputs the clock
If the communication partner (clock output side) can perform
concurrent data I/0O using its own output clock, data output and
input can be performed concurrently according to the procedure
shown by the flowchart in Figure 1. However, in this example,
the clock output side is assumed to start clock and data output
when “L” is output from the M37700 RTS pin.

RxD |- TxD
Clockinputside XD 1RXD Giock output side
0 700
(M37700 for case 2) CLK | CLK (M37700 for case 1)
RTS - CTS
[ Serial Connection Diagram ]
1) When clock is output 2) When clock is input
Address Address
i (311s)
) - Ep—
Select clock synchronous | 30:
) o () oomne

—
(34e) g XXXXXOXX : _
(3Cue) Set data in transmission

buffer register

Select CTSand clock source

fgi::)) < XX

Enable transmit & receive }gg“‘)) -—— X5
1]
) -
[]
Set data in transmission (3315 3218)
buffer register (3B1g 3Ais) < XX
Receive ( 351) .
complete? ( 3Ds) Testbit 3

Y

(356)  1ogtbit3 s _

Receive
complete?
es
Read data in receive
buffer register
joxt

transmission
cessary?

( 3Dus) Read data in receive (371 361s)
buffer register (3Fig 3E1s) » (A)
(374 36:s) (35%)

(3R 366) — P (A)

Disable receive

lext
fransmission
ecessary?

(3Dv) ~——  XXXX00012

Fig.1 Flowchart when M37700 Performs Clock Input/Output
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(2)Clock synchronous serial /O

@ sif the synchronous clock is externally
input, what happens when clock is
input nine or more times?

(3) Serial Communication with
@ zls it possible to connect the series
MELPS 740 microcomputer and the
M37700 through a clock synchronous

serial /10?

5.A-D Conversion

@ :What happens to the A-D
converter value when the
analog input pin level changes

during A-D conversion?

(2) Veer pin ’
@ sHow should Vrer be set during
A-D conversion?

(3) A-D conversion mode

@ sWhat happens to the analog
input selection bit when the
operating mode is changed?

(4) A-D conversion rate
@ :Why is the A-D conversion
reference clock selectable?

(5) A-D converter input current

@ :What is the A-D converter
input current?

put

from the TxD pin continues.

2.For receive, shifting stops after writing 8 bits of data in the
receive buffer register. However, receiving of next data starts
when dummy data is written in the transmission register.

A:Yes. A connection example is shown below.

Series MELPS 740 M37700MX-XXXFP
Sov |——® CTS
(RxD) Sour  |——®»1 RxD
(TxD)Sn  |«—— T
(Scy) CLK  j——— CLK

Note: When the M37700 CTS/RTS pin is used as an RTS pin, use
the series MELPS740 Srov pin as normal data input pin and check
the level by software or use an external interrupt pin.

A sThe error will become greater when the analog input pin level
changes during A-D conversion because the analog input pin is
not held. The analog input pin level should be kept constant
during A-D conversion which is @aox57 cycles (@apo is f(Xin)/8 or
f(xiny/4) for single conversion of one channel.

A sSet the voltage between 2V and AVcc.

A :Nothing. This bit is ignored in single sweep mode and repeat
sweep mode.

clock is increased. gao can be either f(xiny/4 or f(xiv)/8 when the
oscillating frequency (f(xiv) is 8MHz or 16MHz.

A 3The input current (reference value) to the A-D input port is:

1102 pA
2 to 3 pA

(f(xin)=8MHz)
(fcxiny=16MH2z)
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@:What happens when data is
written in an unused or fixed
SFR area?

(2) Switching processor Mode

@:What happens when the

processor mode is changed in’

the middle of a program?

(3) @ output

@:When does g output start if
the internal clock @ output
selection bit (bit 7) of the
processor mode register PMR
(5Eve) is set to “1” to output
o?

(4) @ output
@:What is the difference between
X and output signal ¢ and E.

Az 1.0ne-shot start flag (421) bit 7 and processor mode register
PMR (5E16) bit 6 must be set to “0”. The result is unpredictable
when either is set to “1”.

2.Writing to unused registers or bits is ignored, but the result is
unpredictable when these values are read.

A:When the mode is changed from single-chip mode to other mode
or from non-single-chip mode to single-chip mode, the pin function
changes to port or bus at the rising edge of E after writing to the
processor mode register.

— A
E Write to processor mode register

Pin function changes
after this rising edge

utp g edg e interna

clock @ output selection bit to “1".
delayed for the first “H”.

= l } Write to internal clock ¢

output selection bit

° [

-
First rising edge is slightly delayed

However, the rising edge is

A:The differences are as follows:

XIN

WIWAVIVAW
° —\ 7720V / \

L5 2,
t i,
p - tdE-0)
5 \ /
Clock 8MHz 16MHz
Parameter Min. Max. Min Max.
td(E-o) 0 30ns 0 20ns
Xin—-a(tr) 10ns 60ns 10ns 60ns
Xin—E(t2) 10ns 50ns 10ns 50ns
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(5) HOLD

@:When there is a HOLD input,
when does the HOLD state
start and when is HLDA
output?

@:lf the number of cycles required
to execute instructions is not
constant for the series
MELPS7700, what is meant by
“cycles” in the user's manual?

(7) Wait o

@:What is the difference between
a software wait using a wait bit
and a hardware wait using the
RDY signal? What are the
merits of each method?

A:The timing are as follows:

1)When HOLD is input when the bus is not used.

S [ S O N B

T

Bus free interval

2)When HOLD is input when the bus is in use.

T

Bus free interval

Note: gcru is an internal signal and cannot be verified externally.

A:They are the cycles required to execute each instruction under the
best conditions which are:
*Use internal ROM and RAM
em=1, x=1
*DPRL=001s
*Two or three data in the instruction queue buffer
«Bus is free when the instruction is started
In actual programming, the memory area, flags, and registers can
be controlled from the program, but the number of cycles required
to execute an instruction also depends on the status of the
instruction queue buffer when the previous instruction completes.
Therefore, the total processing speed cannot be calculated just by
adding the minimum cycle counts.

are the merits of hardware wait and the bottom two items are the
merits of software wait.
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Parameter Software wait Hardware wait
Time required for one wait Twice the time required for zero wait | 1.5 times the time required for zero wait
Wait area All external memory area Required area only
Number of wait states One cycle only 110 o
External hardware Not required Required
Contribution to access time Two o cycles n o cycle

(n is inserted wait count)

@:ls there any difference in the
program execution speed
between single-chip mode
and memory expansion mode
or microprocessor mode?

microprocessor mode is the same as in single-chip mode if there
is zero wait state due to wait bit or RDY input and if “L” level is
applied to the BYTE pin (16-bit external bus).

If the above conditions are not satisfied, the execution speed for
memory expansion mode and microprocessor mode is slower.
Figure 2 shows the difference in execution speed when a sample
program is executed under various conditions.

Sample program (24 bit x 24 bit matrix conversion)

LDY
LOOPO: LDX
LOOP1: ASL
SEM
ROL
ROL
CLM
ROR
DEX
DEX
DEX
BNE
STA
SEM
STA
CLM
DEY
DEY
DEY
BNE

#69 (m=0, x=1)
#69
ss, X

ss+2,X
B

A

LOOP1
A,dddd,Y

B,dddd+2,Y

LOOPO

Execution speed in memory expansion mode and microprocessor mode
(Assuming 8MHz single-chip mode execution speed is 1.)

Wait bit External bus width (and used memory) Execution Time (ms) Ratio
16 bits 5.54 1.00

1 8 bits (internal memory is only RAM) (Note) 5.98 1.08

8 bits 6.52 1.18

16 bits (internal memory is only RAM) (Note) 6.79 1.23

0 8 bits (internal memory is only RAM) (Note) 9.78 1.77

8 bits 10.86 1.96

Note : Memory expansion mode only

Fig.2 Sample Program Execution Speed Comparison

257






CONTACT ADDRESSES FOR FURTHER INFORMATION

JAPAN
Semiconductor Marketing Division
Mitsubishi Electric Corporation
2-3, Marunouchi 2-chome
Chiyoda-ku, Tokyo 100, Japan

Telex: 24532 MELCO J
Telephone: (03) 218-3473
(03) 218-3499

Facsimile: (03) 214-5570
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Kita-ltami Works

4-1, Mizuhara, Itami-shi,
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Telex: 526408 KMELCO J
Telephone: (0727) 82-5131
Facsimile: (0727) 72-2329

HONG KONG —
MITSUBISHI ELECTRIC (H.K.) LTD.
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Telephone: (5) 773901-3
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1501 Luna Road, Suite 124
Carrollton, TX 75006

Telephone: (214) 484-1919
Facsimile: (214) 243-0207

NORTHERN

Mitsubishi Electronics America, Inc.
15612 Highway 7 # 243
Minnetonka, MN 55345

Telephone: (612) 938-7779
Facsimile: (612) 938-5125

NORTH CENTRAL

Mitsubishi Electronics America, Inc.
800 N. Bierman Circle

Mt. Prospect, IL 60056

Telephone: (312) 298-9223
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200 Unicorn Park Drive

Woburn, MA 01801

Telephone: (617) 932-5700
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Facsimile: (404) 662-5208

SOUTHEAST

Mitsubishi Electronics America, Inc.
Town Executive Center

6100 Glades Road #210

Boca Raton, FL 33433

Telephone: (407) 487-7747
Facsimile: (407) 487-2046

CANADA

Mitsubishi Electronics America, Inc.
6185 Ordan Drive, Unit #110
Mississauga, Ontario, Canada L5T 2E1
Telephone: (416) 670-8711

Facsimile: (416) 670-8715

Mitsubishi Electronics America, Inc.
300 March Road, Suite 302

Kanata, Ontario, Canada K2K 2E2
Telephone: (416) 670-8711
Facsimile: (416) 670-8715

WEST GERMANY ————
Mitsubishi Electric Europe GmbH
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