SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

DESCRIPTION

The M37753FFCFP and the M37753FFCHP are single-chip micro-
computers designed with high-performance CMOS silicon gate tech-
nolegy, including the internal flash memory. These are housed in
80-pin plastic melded QFP.

These microcomputers have a CPU and a bus interface unit. The
CPU is a 16-bit parallel processor that can also be switched to per-
form 8-bit parallel processing, and the bus interface unit enhances
the memory access efficiency to execute instructions fast.

In addition to the 7700 Family basic instructions, the M37753FFCFP
and the M37753FFCHP have € special instructions which contain in-
structions for signed multiplication/division; these added instructions
improve the servo arithmetic performance to control hard disk drives
and so on.

These microcomputers also include the flash memory, RAM, mul-
tiple-function timers, motor control function, serial IYO, A-D converter,
D-A converter, and so on.

The internal flash memory can be programed and erased by using a
PROM programmer or by control of the central processing unit
{CPU). Therefore, these micrecomputers can change the program
easily even after they are mounted on the board.

DISTINCTIVE FEATURES

<Microcomputer mode=

* Number of basic machine instructions ... 108
{103 basic instructions of 7700 Family + 6 special instructions)
* Memory size Flash memory ..., 120 Kbytes
RAM ................. ... 3968 bytes

* |nstruction execution time
The fastest instruction at 40 MHz frequency ...................... 100 ns
® Single Power SUPPIY ..o 5V +10 %
* | ow power dissipation (at 40 MHz frequency) ....... 125 mW (Typ.)
®ntermUPES ..o 21 types, 7 levels
* Multiple-function 16-bit timer ... 543

{three-phase motor drive waveform or pulse motor control wave-

form output)
* Serial /O (UART or clock synchronous) ... 2
& 10-bit A-D converter ... 8-channel inputs
* 8-bit D-A converter 2-channel outputs
® 12-bit watchdog timer
* Programmable input/output {ports PO—P8) ..., 88
* Small package [M37753FFCHP]

................................... 80-pin fine pitch QFP (lead pitch : 0.5 mm)

<Flash memory mede=

* Supply voltage ... Veec=5V+10%
* Program/Erase voltage ... VPP=12V¥ 5%
® Programming method ..., Programming in unit of byte

¢ Erasing method ...
Batch erasing and 2-division-block erasing {in CPU reprogramming mode)

* Program/Erase control by software command

« Number of times for programming/erasing ....................cc.c... 100

APPLICATION

Control devices for personal computer peripheral equipment such as
CD-ROM drives, hard disk drives, high density FDD, printers
Control devices for office equipment such as copiers and facsimiles
Control devices for industrial equipment such as communication and
measuring instruments

Control devices for equipment required for moter control such as in-
verter air conditioner and general purpose inverter
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SHINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

M37753FFCFP PIN CONFIGURATION (TOP VIEW)
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SHINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

M37753FFCHP PIN CONFIGURATION (TOP VIEW)
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MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

FUNCTIONS (Microcomputer mode)

Parameter

Functions

Number of basic machine instructions

109 (103 basic instructions of 7700 Family + & special instructions)

Instruction execution time

100 ns (the fastest instruction at external clock 40 MHz frequency)

M i Flash memory 120 Kbytes
emory size RAM 3968 bytes
InputOutoLE Ports PO—P2, P4-P8 8-bitx 8
pUERLIPLL P P3 4-bit x 1
. o TAD, TA1, TA2, TA3, TA4 16-bit x 5
Multiple-function timers -
TBO, TB1, TB2 16-bit x 3

Serial /O

(UART or clock synchronous serial 1/0) % 2

A-D converter

10-bit % 1(8 channels)

D-A converter 8-bitx 2
Watchdog timer 12-bit x 1
Dead-time timer 8-bitx 3

Interrupts

5 external types, 16 internal types
(Each interrupt can be set to priority levels 0 —7.)

Clock generating circuit

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

Supply voltage

5V+10%

Power dissipation

125 mW (at external clock 40 MHz frequency)

Ineut/Outout ch teristi Input/Qutput withstand voltage 5V
isti
npuliuipul chamcltenstic Output current 5mA
Memory expansion Maximum 16 Mbytes
Operating temperature range —20 to 85 °C

Device structure

CMOS high-performance silicon gate process

Package

80-pin plastic molded QFP

FUNCTIONS (Flash memory mode)

Parameter Functions
Supply voltage 5V£10%
Program/Erase voltage 12V+5%
Flash memory mode 3 modes

(parallel /0, seral /O, CPU reprogramming)

Parallel 11O mode

Programming in unit of byte/120 Kbytes

Programming method Serial /O mode

Programming in unit of byte/120 Kbytes

CPU reprogramming mode

Programming in unit of byte/112 Kbytes

Parallel 11O mode

Batch erasing/120 Kbytes

Serial IO mode

Batch erasing/120 Kbytes

Erasing method
CPU reprogramming mode

Batch erasing/112 Kbytes or 2-division-block erasing
2-division-block erasing: 56-Kbyle area to be erased is selectable.

Program/Erase control methed

Program/Erase control by software command

Parallel I/0 mode

7 commands

Command number Serial IO mode

7 commands

CPU reprogramming mode

7 commands

Number of times for Program/Erase

100
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MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PIN DESCRIPTION (MICROCOMPUTER MODE)

Pin

Name

Input/
Qutput

Functions

Vee, Vss

Power supply

Supply 5V+10 % to Voc and 0 V to Vss.

CNVss

CNVsS input

Input

This pin controls the processor mode. Gonnect to V8§ for single-chip mode or memory
expansicn mode. Connect to Ve for microprocesser mode.

Reset input

Input

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

Clock input

Input

Clock output

Qutput

These are IO pins of internal clock generating circuit. Connect a ceramic er 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 XoUT pin should be left open.

Enable output

Output

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

Bus width select input

Input

This pin determines whether the external data bus is 8-bit width or 16-bit width for
memeory expansion mode or microprocessor mode. The width is 18 bits when "L”
signal inputs and 8 bits when “H” signal inputs.

Analog supply input

Power supply for the A-D converter and the D-A converter. Connect AVCC to VGo
and AVSS to Vss externally.

Reference voltage input

Input

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

IYO port PO

fe

In single-chip mode, port PQ is an 8-bit I/O port. This port has an |/O direction
register and each pin can be programmed for input or output. These ports are in the
input mode when reset. Address (Ao—A7) is output in memory expansion mode or
microprocessor mode.

P1o—P17

IYQ port P1

YO

In single-chip mode, these pins have the same functions as pert PO. When the
BYTE pin is set to "'’ in memory expansion mode or microprocessor mode and
external data bus is 16-bit width, high-order data (Ds—D15) is input or output if E
output is "L’ and an address {As—A15) is output if E output is “H”. When the BYTE
pin is set to “H” and an external data bus is 8-bit width, only address (As-A15) is
output.

P20—-P27

I/Q port P2

11O

In single-chip mode, these pins have the same functions as port PQ. In memory
expansion mode or microprocessor mode, low-order data {Do—D7) is input or output
when E output is “L” and an address (A16—A23) is output when E output is "H”.

P30-P32

IYO port P3

fe

In single-chip mode, these pins have the same functions as port PQ. In memory
expansion mede or microprocessor mode, R/W, BHE , ALE, and HLDA signals are
output.

P40—-P47

/O port P4

e

In single-chip mode, these pins have the same functions as port PQ. In memory
expansion mode or microprocessor mode, P40, P41, and P42 become HOLD and
RDY input pins, and clock ¢1 output pin respectively. Functions of other pins are the
same as in single-chip mode. In memory expansion mede, P42 can be programmed
as I/O port.

P50—P57

I/Q port P5

11O

In addition to having the same functions as port PO in single-chip mode, these pins
also function as I/O pins for timer AQ, timer A1, timer A2, timer A3, output pins for
motor drive waveform, and input pins for key input interrupt.

P6&o-P&7

I/ port P&

fe

In addition to having the same functions as port PO in single-chip mede, these pins
also function as the I/O pin for timer A4, input pins for external interrupt input INTo,
INT1, and INT2, and input pins for timer B0, timer B1, and timer B2, and output pin
for motor drive wave form.

P70-P77

I/Q port P7

YO

In addition to having the same functions as port PO in single-chip mede, these pins
also function as input pins for A-D converter.

P80—P87

I/Q port P8

11O

In addition to having the same functions as port PO in single-chip mode, these pins
also function as 1/O pins for UARTO0, UART1, output pins for D-A converter, and
input pins for INT3, INT4.

Note: I is impossible to change the input level of the BYTE pin in each bus cycle. In other words, bus width cannot be switched dynamically. Fix the input
level of the BYTE pin to “H" or “L" according to the bus width used.
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MITSUBISHI MICROCOMPUTERS

M37753FFCFP
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SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PIN DESCRIPTION (FLASH MEMORY PARALLEL 1/0 MODE)

Input

Pin Name iOutput Functions
Vce, Vss Power supply — Supply 5V +10 % toVcc and 0 V fo VSs.
CNVss VPP input Input | Cennectto 5Y £ 10 % in read-only mede, connect to 12V + 5 % in read/write mode.
BYTE Bus width select input Input | Connect to Vss.
RESET Reset input Input | Connect to Vss.
XIN Clock input Input | Connect a ceramic resonator between XIN and XouT.
Xout Clock output Output
E Enable output Output | Keep it open.
AVce, AVss | Analog supply input — Connect AVcc to VCC and AVSS to Vss.
VREF Reference voltage input Input | Connect to Vss.
POo—PO7 Address input (Ac—-A7) Input | Port PO functions as 8-bit address input {Ao—A7).
P1o—P17 Address input (As—A15) Input | Port P1 functions as 8-bit address input {As—A15).
P2o—-P27 Data I/0 {Do-D7) f[e] Function as 8-bit data’s IO pins (Do—D7).
P30-P33 Input port P3 Input | Connect to Vss.
P40-P47 Input port P4 Input | Keep P4z open. Connect P40, P41, P43—P47 to Vi8S,
P50-P57 Control signal input Input | P50, P51 and P52 funclion as the WE, OF and CE inpul pins respeclively. P54 functions as the
A16 input pin. Connect P53 to Vce. Connect P55, P56 and P57 to Vss.
P6&0—P&7 Input port P& Input | Connect to Vgs.
P70-P77 Input port P7 Input [ Connect to Vss.
P8o—P87 Input port P8 Input | Connect to Vss.
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MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PIN DESCRIPTION (FLASH MEMORY SERIAL IO MODE)

Input

Pin Name iOutput Functions
Vce, Vss Power supply — Supply 5V +10 % toVcc and 0 V fo VSs.
CNVss VPP input Input | Connectto 12V + 5 %.
BYTE Bus width select input Input | Connect to VSS or VGG
RESET Reset input Input | Connect to Vss.
XIN Clock input Input | Connect a ceramic resonator between XIN and XouT.
Xout Clock output Output
E Enable output Output | “H”is output.
AVce, AVss | Analog supply input — Connect AVcc to VCC and AVSS to Vss.
VREF Reference voltage input Input | Input an arbitrary level between the range of Vss and VGC.
POo—PO7 Input port PO Input | Input “H” or “L’, or keep them open.
P1o—P17 Input port P1 Input | Input “H” er “L’, or keep them open.
P20-P27 Input port P2 Input | Input “H” or “L", or keep them open.
P30—P33 Input port P3 Input | Input “H” or “L", or keep them open.
Eio—P43, Input port P4 Input | Input “H” or “L" to P40, P41, P43, P47, or keep them open. Keep P42 open.
7
P44 BUSY output Qutput | This pin is for BUSY signal output.
P4s SDA /O IO | This pin is for serial data I/O.
P4s SCLK input Input [ This pin is for serial clock input.
P50, Input port P5 Input [ Input “H” or “L”, or keep them open.
PS2—P57
P51 Control signal input Input | OF input pin
P8o—P67 Input port P& Input [ Input “H” or "L, or keep them open.
P70-P77 Input port P7 Input [ Input “H” or "L, or keep them open.
P8o-P87 Input port P8 Input | Input “H” or “L", or keep them open.
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SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

BASIC FUNCTION BLOCKS
The M37753FFCFP and the M37753FFCHP have the same func-

MEMORY

tions as the M37753MBC-XXXGP and the M37753M8C-XXXHP ex-

cept for the following.

Therefore, refer to the section on the M37753MBC-XXXGP and the

M37753MBC-XXXHP.
{1) Flash memory is included instead of ROM.
{2) The memory size is different.

{3) The memory area modification function is different.

{4) Part of the peripheral devices control registers is different.

{Flash memory control register, flash command register, and bits

3, 4 of particular function select register 0 are added.)

The memery map is shown in Figure 1.

Bank 016

Bank 116

IR R R R R

Bank FE1i6

Bank FFis

00000015

00FFFF16
0100006

01FFFFi5

FE00001s

FEFFFFis
FF0000:5

FFFFFFis

00000016
00007F16
00008016

000FFF16
00100016

00EFFF16

00FFD216
00FFFF1s
0100006

010FFF16

\
01EFFF16
01FFFF4 ;‘ Reserved area

Intemal RAM
3968 bytes

Internal
flash memory
120 Kbyltes

: The flash memory area (8 Kbyles) where it is impossible to erase/modify in the CPU reprogramming mode.
(It is possible to erase/modify in the parallel I/'C mode or the serial /O mode.)

Note: The internal memory area can be changed. {Refer 1o the section on the memory area modification function.)

- Peripheral devices
. control registers
e (Referto Fig.2.)

00007F15

Interrupt vector table
00FFD216 iNT2
P A-D conversion
- UART1 transmission
- UART1 receive
UARTO transmission
UARTO receive
Timer B2
Timer B1
Timer BO
Timer Ad
Timer A3
Timer A2
Timer Al
Timer AQ
iNTz
INTT
iNTo
Watchdog timer
DBC
BRKinstruction
0 divide
OO0FFFE1s RESET.

Fig. 1 Memory map
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Address (Hexadecimal notation) Address (Hexadecimal notation)
000000 000040 Count start register
000001 000041
000002 Port PO register oo0042 One-shot start register
000003 Port P1 register 000043
000004 Port PO direction register 000044 Up-down register
000005 Port P1 direction register 000045 Timer A write flag
000006 Port P2 register 000046 ] )
000007 | Port P3 register oooo47 | |mer ADregister
000008 Port P2 direction reqgister 000048 : f
Timer A1 register
000009 Port P3 direction register 000049 9
00000A Port P4 register 00004A y i
000008 | Port P5 register ooopdp | 1mer A2 register
00000C Port P4 direction register 00004C . .
00000D | Port P5 direction register 00004D Timer A3 register
00000E Part P6 register 00004E ] -
00000F | Port P7 register 00004F | |Imer Adregister
000010 Port P6 direction register 000050 . .
000011 [ Port P7 direction register oooost | |'merBO register
000012 Port P8 register 000052 . i
000013 000053 Timer B1 register
000014 Paort P8 direction register 000054 ’ f
000015 000055 Timer B2 register
000016 000056 Timer A0 mode register
000017 000057 Timer A1 mode register
000018 000058 Timer A2 mode register
000019 000059 Timer A3 mode register
D0001A Waveiorm output mode register 00005A | Timer A4 mode register
00001B Dead-time timer 000058 | Timer BO mode register
00001C Pulse output data register 1 00005C Timer B1 mode register
00001D Pulse oulput data register 0 00005D Timer B2 mode register
00001E A-D control register 0 00005E Processor mode register 0
00001F A-D control register 1 00005F Processor mode register 1
000020 . 000060 Watchdog timer register
000021 A-D register 0 000061 Watchdog timer frequency select regsiter
000022 . 000062
oooozg | AP register 000063
000024 _ p 0000864 Comparator function select register
000025 A-D register 2 000085 Flash command register
000026 ] 000066 Comparator result register
000027 A-D register 3 000067 Flash memory control register
000028 . 000068 D-A register 0
oogozg | AD register 4 000069
00002A p 00006A D-A register 1
oooozg | A0 redisters 000068
00002C ; 000068C Particular function select register 0
A-D ster 6 - - :
00002D register 00006D Particular function select register 1
00002E ) 00006E INT4 interrupt control register
A-D — -
00002F register 7 DOO0SF | INTs inerrupt control register
000030 UARTO transmit/receive mode register 000070 A-D interrupt control register
000031 UARTO baud rate register 000071 UARTO trasmit interrupt control register
000032 . p 000072 UARTO receive interrupt control register
UARTO 1 it buft — :
000033 ransmit butter register 000073 UART1 trasmit interrupt control register
000034 UARTO transmit/receive control register 0 000074 UART1 receive interrupt control register
000035 UARTO fransmit/receive control register 1 000075 Timer AQ interrupt control register
000036 . ; 000076 Timer A1 interrupt control register
000037 UARTO receive buffer register 000077 Timer A2 interrupt control register
000038 UART1 transmit/receive mode register 000078 Timer A3 interrupt control register
000039 UART1 baud rate register 000079 Timer A4 interrupt control register
00003A : . 00007A Timer B0 interrupt control register
UART1 1 it bufi it
00003B ransmit butier register 00007B Timer B1 interrupt control register
00003C UART1 fransmit/receive control register 0 00007C | Timer B2 interrupt control register
00003D UART1 transmit/receive control register 1 00007D INTo interrupt control register
00003E . . 00007E INT+1 interrupt control register
00003F UART! receive bufter register 00007F INTz interrupt control register

Fig. 2 Location of peripheral devices and interrupt control registers

10 MTSUBISHI
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: oY
& we g
I L
Pt
o

Address Address
Port PO direction register 1044 s)| 0016 | Waichdog timer (6015)---| FFF1s |
Port P1 direction register (0515)---| 0018 | Watchdog timer frequency select register (6116} Klmﬁmﬁnn
Port P2 direction register (0815)---| 0 W 0 | 0 | 0 | 0 | Comparator function select register (S415)---| 0016 |
Port P3 direction register {091g) - *Emﬂnnnn Comparator result register (5515)"'| 0016 |
Port P4 direction register (OCWE)'"| 0018 | Flash memory control register (5715)'"|><| 0 | 0 | 0 | 0 | 0 | 0 | 0 |
Port P5 direction register foDs s)---| 0016 | D-A register 0 (6815)---| 0016 |
Port P6 direction register (1015)---| 0015 | D-A register 1 (6A15)---| 0016 |
Port P7 direction register i 115)...| 0018 | Particular function select register 0 (6C1s)---| 0015 |
Port P8 direction register 144 s)'"| 0016 | Particular function select register 1 (6D1s)---| 0018 |
Waveform oulput mode regisier (1A1s)---| 0018 | NT2 interrupt control register (GEws)---m 0 | 0 | 0 | 0 | 0 | 0|
Pulse output data register 1 (1Cws)--| 0018 | INT3 interrupt contrel register (6F1s)---| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 |
Pulse output data register 0 (1D15)"| | 0 | 0 0 | A-D interrupt control regjster (?Ows)---w ? | 0 | 0 | 0|
A-D confrol register 0 (1E1s)---| | 0 | 0 | 0 | 0 ? | UART 0 transmit interrupt control register (7118} W 0 | 0 | 0 | 0 |
A-D conlrol register 1 (1F16)'"| | 0 | 0 | 0 | 0 | UART 0 receive interrupt control register ~ (7216) - W 0 | 0 | 0 | 0|
UART 0 transmil/receive mode register (3015)---| 0018 | UART 1 transmit interrupt control register ~ (7318) -+ W 0 | 0 | 0 | 0 |
UART 1 transmil/receive mode register (3815)'"| 0018 | UART 1 receive interrupt control register (7418} W 0 | 0 | 0 | 0 |
UART Otransmit/receive control register 0 (3415)---| DM 0 | 1 | Timer A0 interrupt control register (7516} m@q 0 | 0 | 0 | 0 |
UART 1 transmit/receive control register 0 (3C15)---| D@q 0 | 1 | Timer Al interrupt control register (7618} W 0 | 0 | 0 | 0|
UART Dtransmit/receive control register 1 (3515)---| | 0 | 0 | 0 | 0 | Timer AZ interrupt control register (7718} W 0 | 0 | 0 | 0|
UART 1 transmit/receive control register 1 (3D15)---| | 0 | 0 | 0 | 0 | Timer A3 interrupt control register (7816} W 0 | 0 | 0 | 0|
Count start register (4015)---| 0018 | Timer A4 interrupt control register  (791g) - W 0 | 0 | 0 | 0|
One-shot start register (4216)'"|><D®q 0 | 0 | Timer BO interrupt control register (?Aws)---|><D<|><D<| 0 | 0 | 0 | 0|
Up-down register (4415)---| 0 | 0 | 0 | 0 | 0 | Timer B1 interrupt control register (?Bws)---w 0 | 0 | 0 | 0|
Timer A write 1lag 14515} Timer B2 interrupt control register (?Cm)---w 0 | 0 | 0 | 0|
Timer A0 mode register (5515)---| 0016 | mmterrupt control regisler (?D1s)---D®q 0 | 0 | 0 | 0 | 0 | 0|
Timer A1 mode regisier (5715)'"| 0018 | NT1 interrupt control register (?Ews)---m 0 | 0 | 0 | 0 | 0 | 0|
Timer A2 mode regisier (5815)---| 0018 | m'\mterrupt control register (?F1s)---|>®ﬂ 0 | 0 | 0 | 0 | 0 | 0|
Timer A3 mode regisier (5915)---| 0016 | Processor status register PS | 0 | 0 | 0 | ? | ? | 0 | 0 | 0| 1 | ? | ?|
Timer A4 mode regisier 15A1 s)---| 0018 | Program bank register PG | 0016 |
Timer B0 mode register (5315)'"| | 0 | 1 I><| 0 | Program counter PCH | Conlents of FFFF16 |
Timer B1 mode regisier (5015)---| | 0| 1 |><| 0 | Program counter PCL | Contents of FFFE1e |
Timer B2 mode register (5D15)---| | 0 | 1 N 0 | Direct page register DPR 000016 |
Processor mode register 0 (5E1s)---| 0 | 0 | 0 | 0 | 0 | Data bank register DT | 0015 |
Processor mode register 1 15F s)---| 0018 | Contents of other registers and RAM are not initiallzed and must be in-
itiallzed by software.

Fig. 3 Microcomputer internal registers status after reset
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SHINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

MEMORY AREA MODIFICATION FUNCTION
For the M37753FFCFP and the M37753FFCHP, the internal
memory’s size and address area can be changed by setting bits 2, 3,
4 {memory allocation select bits) of the particular function select reg-
ister 0 (see figure 5). Figure 4 shows the memory map when chang-
ing the internal memory area.

MLo : Memory allocation select bit 0
ML1 : Memory allocation select bit 1
MLz : Memory allocation select bit 2

(ML2, ML1, MLo) = {0, 0, 0)
Flash memory size : 120 Kbyles
RAM size : 3968 byles

(ML2, ML1, MLo) =(0, 0, 1)
Flash memory size : 92 Kbyles
RAM size : 3968 byles

00 0C7F1g | Internal RAM 2072 bytes

00 FFH-18

{ML2, ML1, MLoy = {1, 0, 0)

00 00018 SFR 00 000018 SFR
00008018 00 008016
00 OFFF18 Internal RAM 3968 byles 00 OFFF1s Internal RAM 3968 bytes
00 100016
[\ External memory area
00 800018
Internal flash memory
120 Kbyles
Internal flash memory
92 Kbytes
01EFFF8 01 EFFF18
01 FFFFe (Reserved area) 01 FFFF16 (Reserved area)
[ External mamory area N I External memory area
FFFFFFs FF FFFFe

Flash memory size : 48 Kbytes

(ML2, ML1, ML0) = {1, 0, 1)

Flagsh memory size : 32 Kbytes

FF FHRFF1s

RAM size : 2048 byles RAM size : 2048 bytes

00000018 SER 00 000016 SER
00 008016 00008018
00 087F 18 Internal RAM 2048 b?es 00 087F 18 Internal RAM 2048 byles
I External memory area k
00 40001 External memory area\
00800015
Internal flash memory
48 Kbytes Internal flash memory
32 Kbytes

00 FFFF18 00FFFF15

N\ \

External memory area External memory area N

\ N\

FFFFFF1s

FFFFFF18

00 087F16
00 100016

00 FFH-18

FF FHRFF1s

(MLz, ML, MLO) = (0, 1, O}

Flash memory size : 60 Kbytes

RAM size : 3072 bytes
SFR

Internal flash memory
B0 Kbyles

00 FFH-s

7

External memory area s

2.

Note: The intemal flash memory area becomes the external memory area in the microprocessor mode.

(ML2, ML1, MLo) = (0, 1, 1)
Flash memory size : 56 Kbyles
RAM size : 3072 bytes

SFR
Internal RAM 3072 bytes

Internal flash memory
56 Kbyles

N\

Exiernal memory area .}

A\

FFFFAF15

(ML2, ML1, MLo} = (1,1, 0y
Flash memory size : 60 Kbytes

RAM size : 2048 bytes

{ML2, ML1, MLo) =1, 1, 1)
Flash memory size : 56 Kbyles

SFR

Internal BAM 2048 bytes

Internal flash memory
B0 Kbyles

00 FFH-18

7

External memory area

Fd

Y

FF FFFF1s

RAM size : 2048 bytes

SER
Internal BAM 2048 byles

Internal flash memory
56 Kbyles

N\

External memory area

X

Fig. 4 Memory allocation (Internal memory area modification by memory allocation select bits)
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SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

I— Fix to “0”

in execution of WIT or STP instruction.

| | | | | | | | 0 | Particular function select register 0 i

External clock input select bit (Notes 1, 2)
0 : Actuated oscillation circuit; connecting resonator
1 : Stopped oscillation circuit; inputting externally generated clock

Memory allocation select bits 2, 1, 0 {(Note 2)
000 : ROM 120 Kbytes, RAM 3968 byles

(ROM : 00100015 1o 1EFFFF1s, RAM : 00008015 1o 000FFF1s)
001 : ROM 92 Kbyles, RAM 3968 bytes

{ROM:0080001s 10 01EFFF1s, RAM:00008016 to 000FFF1s)
010: ROM 60 Kbyles, RAM 3072 byles

{RCM : 00100015 to 00FFFF1s, RAM : 00008015 to 000C7F16)
011:ROM 56 Kbyles, RAM 3072 byltes

{ROM:00200016 o 00FFFF 15, RAM:00008015 fo 000G 7F15)
100 : ROM 48 Kbytes, RAM 2048 bytes

{ROM : 00400015 1o 00FFFF1s, RAM : 00008045 1o 00087F 15)
101 : ROM 32 Kbytes, RAM 2048 bytes

{ROM:00800016 to 00FFFF1s, RAM:00008015 fo 00087F1e)
110: ROM B0 Kbytes, RAM 2048 bytes

(ROM : 00100015 to 00FFFF15, RAM : 00008015 fo 00087F15)
111: ROM 56 Kbytes, RAM 2048 bytes

{ROM:00200016 1o 00FFFF 15, RAM: 00008015 o 00087F1s)

Standby state select bit 0 (Note 1)
; when WIT or STP instruction is executed in memory expansion
or microprocessor mode
0 : Pins PO to P3 are for external data bus.

1 : Pins PO to P3 are for port output or port input.

Standby state select bit 1 {Notes 1, 3)
; in execution of WIT or STP instruction
0 : “H” or “L” output for pin E
1 : “H” output for pin E

STP return select bit
0 : Watchdog timer is used when returning from Stop mode
1 : Waichdog timer is not used when retuming from Stop mode; the microcomputer retums at once.

Notes 1 : After the expansion function select bit (bit 5 of particular function select register 1) is “1”, bits 1, 5 and 6 can be rewritten.
2 : To set hits 1 1o 4, continuous-twice-write operation must be performed to address 6C1s.
3 : When the signal output disable select bit is “1” and bit 5is “1”, the E pin always outputs “L” independent of bit 6's contents

Fig. 5 Particular function select register 0 bit configuration

ELECTRIC

13



MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

FLASH MEMORY MODE

The M37753FFCFP and the M37753FFCHP have the flash memory
mode in addition to the normal operation mode (microcomputer
mede). The user can use this mode to perferm read, program, and
erase operations for the internal flash memeory.

The M37753FFCFP and the M37753FFCHP have three modes the
user can choose: the parallel input/output and serial input/output
mode, where the flash memory is handled by using the external pro-
grammer, and the CPU reprogramming mode, where the flash
memory is handled by the central processing unit {CPU). The follow-
ing explains these modes.

Flash memory mode 1 (parallel /0O mode)

The parallel I/O mode can be selected by connecting wires as shown
in Figures 6, 7 and supplying power to the VCC and VPP pins. In this
mode, the M37753FFCFP and the M37753FFCHP operate as an
equivalent of MITSUBISHI's CMOS flash memory M5SM28F101.
However, because the M37753FFCFP and the M37753FFCHP’s in-
ternal memeory has a capacity of 120 Kbytes, pregramming is avail-
able for addresses 0100016 to 1EFFF16, and make sure that the data
in addresses 0000016 to 00FFF1s and addresses 1F0001s6 fo
1FFFF16 are FF15. Note also that the M37753FFCFP and the
M37753FFCHP do not contain a facility to read out a device identifi-
cation code by applying a high voltage to address input (AS). Be
careful not to erratically set program conditions when using a gen-
eral-purpose PROM programmer.

Table 1 shows the pin assignments when operating in the parallel
input/output mode.

Table 1. Pin assignments of M37753FFCFP and M37753FFCHP
when operating in the parallel input/output mode

M37753FFCFP/CHP M5M28F101
Veo Vee Veo
VPP CNVss VPP
Vss Vss Vss
Address input Ports PO, P1, P54 Ao-A16
Data I/C Port P2 Do-D7
CE P52 CE
‘OE P51 OE
WE P50 WE

Table 2. Assignment sates of control input and each state

Functional outline (Parallel input/output
mode)

In the parallel input/output mede, the M37753FFCFP and the
M37753FFCHP allow the user to choose an operaticn mode be-
tween the read-only mode and the read/write mode ({software com-
mand control mode) depending on the voltage applied to the VPP pin.
When VPP = VPPL, the read-only mode is selected, and the usercan
choose one of three states {e.g., read, output disable, or standby) de-
pending on inputs to the CE, OE, and WE pins. When VPP = VPPH,
the read/write mode is selected, and the user can choose one of four
states {e.g., read, output disable, standby, or write) depending on in-
puts to the CE, OE, and WE pins. Table 2 shows assignment states
of control input and each state.

Read

The microcomputer enters the read state by driving the CE, and OE
pins low and the WE pin high; and the contents of memory corre-
sponding to the address to be input to address input pins {Ao—A18).
are output to the data input/output pins {Do—D7).

Output disable

The microcomputer enters the output disable state by driving the CE
pin low and the WE and OE pins high; and the data input/output pins
enter the floating state.

Standby

The microcomputer enters the standby state by driving the CE pin
high. The M37753FFCFP and the M37753FFCHP are placed in a
power-down state consuming only a minimal supply current. At this
time, the data input/output pins enter the flcating state.

Write

The microcomputer enters the write state by driving the VPP pin high
{VPP = VPPH) and then the WE pin low when the CE pin is low and
the OE pin is high. In this state, software commands can be input
from the data input/output pins, and the user can choose program or
erase operation depending on the contents of this software com-
mand.

Mode pvmrn i CE OE WE VPP Data I/O
Read ViL ViL VIH VPPL Qutput
Read-only | Qutput disable ViL VIH VIH VPPL Floating
Standby VIH X * VPPL Floating
Read ViL ViL VIH VPPH Qutput
Read/Write Qutput disable ViL VIH VIH VPPH Floating
Standby VIH X * VPPH Floating
Write VIL VIH VIL VPPH Input
Note: x can be ViL or ViH.
14 MITSUBISH
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o SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION
CDa >
CDs >
D7D
Ve
[ Aves M37753FFCFP S
—— P77 E
+— P76 XouT —O) %
+— P75 XN —O
P74 RESET
+—— P73[78 CNVsS
r—rpr@ O BYTE
+—— P71 [0 P4p
R 6 e S S R R S R )
REs88388c8bh 88l 8FILIRYF
[ SO o T o T o T I T o T o T o T o Ay o o Ay M o I o Y o N Y o N o I o Y O o Y o I

# : Connect to the ceramic oscillation circuit.
O indicates the flash memory pin.

Outline 80P&6N-A

Fig. 8 Pin connection of M37753FFCFP when operating in parallel input/output mode
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M37753FFCHP

P22 D2
P23 D3
P24 D1
P2s ——_ D5
P26 Ds
P27 D7 >
P3}g —mM8M8M8M88
P34
P32z
Pz — =
Vss —————— Vo>
E
XouTt —O) *
XN —O
RESET ——#
CNvss ~VpP >
BYTE ——
23 P40
22| P4+ b
21] P42

Outline 80P6Q-A

% : Connect to the ceramic oscillation circuit.
> indicates the flash memory pin.

Fig. 7 Pin connection of M37753FFCHP when operating in parallel input/output mede
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Read-only mode

The microcomputer enters the read-only mode by applying VPPL to
the VPP pin. In this mode, the user can input the address of a
memory localion to be read and the control signals at the timing

shown in Figure 8, and the M37753FFCFP and the M37753FFCHP
will output the contents of the user's specified address from data I/Q
pin to the external. In this mode, the user cannot perform any opera-
tion other than read.

VIH / \
Address M\ Valid address /M—
ViL
tRG
VIH
c VAR [
ViL
1a{CE)
VIH
A \ /
OE
ViU \ /
| WRR toF
VIH
WE
Vit ta(OE) 10H
o=t
to 7
vor Floating i 1 Floating
Data \l Dout
VoL [\
tatAD)

Fig. 8 Read timing

Read/Write mode

The microcomputer enters the read/write mode by applying VPPH to
the VPP pin. In this mede, the user must first input a software com-
mand to choose the operation (e. g., read, program, or erase) to be
performed on the flash memory (this is called the first cycle), and
then input the information necessary for execution of the command
{e.g, address and data) and control signals (this is called the second
cycle). When this is done, the M37753FFCFP and the
M37753FFCHP execute the specified operation.

Table 3. Software command (Parallel input/output mode)

Table 3 shows the software commands and the inpult/output informa-
tion in the first and the second cycles. The input address is latched
internally at the falling edge of the WE input; software commands
and other input data are latched internally at the rising edge of the
‘WE input.

The following explains each software command. Refer to Figures 8
to 11 for details about the signal input/output timings.

First cycle Second cycle
Symbol - - -
Address input Data input Address input Data /O
Read b 0016 Read address Read data (Output)
Program * 4016 Program address Program data (Input)
Program verify b CO16 P Verify data (Output)
Erase b 2016 X 20186 {Input)
Erase verify Verify address AO1s *® Verify data (Output)
Reset x FF1s6 *® FF16 (Input)
Device identification b 9016 ADI DD (Qutput)

MNote: ADI = Device identification address : manufaciurer's code 0000015, device code 0000116
DDI = Device identification data : manufacturers code 1Cis, device code D016

X can be VIL or VIH.

2l sy
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Read command

The microcomputer enters the read mode by inputting command
code “0016” in the first cycle. The command cede is latched into the
internal command latch at the rising edge of the WE input. When the
address of a memory location to be read is input in the second cycle,
with control signals input at the timing shown in Figure 9, the
M37753FFCFP and the M37753FFCHP output the contents of the
specified address from the data 1/O pins to the external.

The read mode is retained until any other command is latched into
the command latch. Consequently, once the M37753FFCFP and the
M37753FFCHP enter the read mode, the user can read out the suc-
cessive memory contents simply by changing the input address and
executing the second cycle only. Any command other than the read
command must be input beginning from its command code over
again each time the user execute it. The contents of the command
latch immediately after power-on is 001s.

ViH / \
Address Valid address M
ViL e
we RC
|
VIH — /—
cE / \ 1A /
ViL
tCH
1a(CE)
s
ViH /—
oF |
ViL o
tRRW WP WRR 1ok
11
VIH
e / \_/
ViL
ta(OE)
i0s
VIH oz TIF
Data 001s| fr Dout
tcLz
Vit 1DH 1oH
tvsc ta(AD)
VrrPH
VPP
VPPL
Fig. 9 Timings during reading
18 MITSUBISHI
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Program command

The microcomputer enters the program mode by inputting command

code “4016” in the first cycle. The command cede is latched inte the

internal command latch at the rising edge of the WE input. When the
address which indicates a program location and data are input in the
second cycle, the M37783FFCFP and the M37753FFCHP internally
latch the address at the falling edge of the WE input and the data at
the rising edge of the WE input. The M37753FFCFP and the

M37753FFCHP start programming at the rising edge of the WE in-

put in the second cycle and finishes programming within 10 s as

measured by its internal timer. Programming is performed in units of
bytes.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 12 for the programming flowchart.

Program verify command

The microcomputer enters the program verify mode by inputting
command code “CQ16” in the first cycle. This command is used to
verify the pregrammed dala after executing the program command.
The command code is latched into the internal command latch at the
rising edge of the WE input. When control signals are input in the
second cycle at the timing shown in Figure 10, the M37753FFCFP
and the M37753FFCHP output the programmed address’s contents
to the external. Since the address is internally latched when the pro-
gram command is executed, there is no need to input itin the sec-
ond cycle.

v Program verify
e w.w.wwilw.w.w.e.v.v.l e v visssn v V. v v w.w.w.w. U i
/ Program VVVVYVVVVVVVY
Address Program,
VL \__address  IAAN T T ANANANANANNA TAVAVAVAVAVAVAVAVAVAVAVA
_ twe | tAs _ (tAH‘
[= =t ===
ViH
ViL
tesy
|ten
VIH
3 / \
viL tRAW
Ctwe | twed | pwe | top owe | tWRR
VIH = -
WE / \
ViL ] —_— | S
_qtos| . _[tos| tos]
VIH
Data 4018 DIN Co1s - (( Dout ))—
ViL
_| | _toH N _tbH - _toH Verify data output
tvsc
VPPH
VPP \
VPRL

Fig. 10 Input/output timings during programming (Verify data is output at the same timing as for read.)
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Erase command

The erase command is executed by inputting command code 2018

in the first cycle and command code 2016 again in the second cycle.

The command code is laiched into the internal command latch at the

rising edges of the WE input in the first cycle and in the second cydle,

respectively. The erase operation is initiated at the rising edge of the

'WE input in the second cycle, and the memory contents are collec-

tively erased within 8.5 ms as measured by the internal timer. Note

that data 0016 must be written to all memory locations before execut-
ing the erase command.

Note: An erase operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 12
for the erase flowchart.

Erase verify command

The user must verify the contents of all addresses after completing

the erase command. The microcomputer enters the erase verify

mode by inputting the verify address and command code AQ16 in the
first cycle. The address is internally latched at the falling edge of the

‘WE input, and the command code is internally latched at the rising

edge of the WE input. When control signals are input in the second

cycle at the timing shown in Figure 11, the M37753FFCFP and the

M37753FFCHP cutput the contents of the specified address to the

external.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

Erase verify
VIH IF vor
Address Erase erify
address |
Vil
tAS | taH
VIH —_— |
CE \ / \
ViL
_ _ tCcs _
Cften | _|teH|
= = = =
VIH -
OE / \
ViL
_tRAW
ctwe | twee [ wwe [ tDE | e tWRR
VIH -
WE / \
Vil — — —
qtos| __qtos[ _qtos)
VIH 1 1 ll \
Data 2018 2018 fp————mm AD1s p— i\ Dout )/
vib = - - = - - Verify data output
tvsc toH toH toH
veeH -
VPP \
VPPL

Fig. 11 Input/output timings during erasing (Verify data is output at the same timing as for read.)
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Reset command

The reset command provides a means of stopping execution of the
erase or program command safely. If the user inputs command code
FF1s in the second cycle after inputting the erase or program com-
mand in the first cycle and again input command code FF16 in the
third cycle, the erase or program command is disabled {i.e., reset),
and the M37753FFCFP and the M37753FFCHP are placed in the
read mede. If the reset command is executed, the contents of the
memory does not change.

Device identification code command

By inputting command code 8016 in the first cycle, the user can read
out the device identification code. The command code is latched into
the internal command latch at the rising edge of the WE input. At this
time, the user can read out manufacture’s code 1Ci1s (i.e.,
MITSUBISHI) by inputting 000016 to the address input pins in the
second cycle; the user can read out device code D016 (i. e., 1M-bit
flash memory) by inputting 0001 186.

These command and data codes are input/output at the same timing
as for read.

ELECTRIC
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Program

START

( VCe =5V, VPP = VPPH )

( ADRS = first location

WRITE PROGRAM
COMMAND

v

)
)
WRITE PROGRAM )
)
)

4018

DATA DI

]
( DURATION = 10 ps

v

( X=X+1

v

WRITE PROGRAM-VERIFY Cots
COMMAND

( DURATION =86 ps )

FAIL

INC ADRS LAST ADRS ?

( WRITE READ COMMAND )0018
]

( VPP = VPPL )

¥

VERIFY BYTE ?

Erase

‘ INC ADRS

START

( VCC =5V, VPP = VRPH )

ALL
BYTES = 0016 7

PROGRAM
ALL BYTES = 001e
]

YES

4;( ADRS  first location )
v
( X -0 )

( WRITE ERASE )2016

COMMAND
( DURATION = 9.5 ms )
¥

( X=X+1 )
v
)Ama

( DURATION =6 ps )

WRITE ERASE
COMMAND

WRITE ERASE-VERIFY
COMMAND

FAIL
VERIFY BYTE ?

LAST ADRS ?

DEVICE
PASSED

DEVICE
FAILED

( WRITE READ COMMAND ) 0018
¥
( VPP = VPPRL )
]
DEVICE DEVICE
PASSED FAILED

Fig. 12 Programming/Erasing algorithm flow chart
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DC ELECTRICAL CHARACTERISTICS (T2 = 25 °C, Voc = 5V + 10 %, unless otherwise noted)

Symbol Parameter Test conditions Min. LJrr;I:s Mo Unit
ISB1 Vcec =55V, CE = VIH 1 mA
sB2 Vee supply current (at standby) &0;\150_(5: :’0_2 y 100 WA
lcet Voo supply current (at read) :ﬁ%%c==1g.05r¥.,s,cl;EU=T ZIB’ mA 30 mA
lcez Voo supply current {at program) VPP = VPPH 30 mA
Icca Voo supply current (at erase) VPP = VPPH 30 mA

0=VprrVeeo 10 pA
IPP1 VPP supply current (at read) Veoc<VPpVec + 1.0V 100 HA

VPP = VPPH 100 pA
IPP2 VPP supply current (at program) VPP = VPPH 30 mA
IPP3 VPP supply current (at erase) VPP = VPPH 30 mA
VPPL VPP supply voltage (read only) Vee Vcec+ 1.0 V]
VPPH VPP supply voltage (read/write) 11.4 12.0 12.6 Vi

Note: ViH, VIL, VoH, VoL, liH, and 1L for the control input, address input, and data input/output pins conform to the standards for microcomputer modes (eg.,

memory expansion and microprocessor modes).

AC ELECTRICAL CHARACTERISTICS {Te =25 °C,McC = 5V + 10 %, unless otherwise noted)

Read-only mode

Limits .

Symbol Parameter i, Max Unit
tRC Read cycle time 150 ns
tafAD) Address access time 150 ns
ta(CE) CE access time 150 ns
ta(OE) CE access time 55 ns
toLz Output enable time (after CE) ns
tOLZ Cutput enable time (after OF) ns
tDF Cutput floating time (after OF) 35 ns
tDH Output valid time {after CE, OF, address) 0 ns
tWRR Write recovery time (before read) B s

Read/Write mode

Limits .

Symbol Parameter i, Max Unit
twe Write cycle time 150 ns
tAs Address set up time 0 ns
tAH Address hold time 60 ns
tDS Data setup time 50 ns
tDH Data hold time 10 ns
tWRR Write recovery time (before read) 6 us
tRRW Read recovery time (before write) 0 us
tos CE setup time 20 ns
tCH CE hold time 0 ns
twpP Write pulse width 60 ns
tWPH Write pulse waiting time 20 ns
tbP Program time 10 Us
tDE Erase time 9.5 ms
tvsc VPP setup time 1 s

Note : The read fiming in the read/write mode is the same timing as in the read-only mode.
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Flash memory mode 2 (serial /O mode)

The M37753FFCFP and the M37753FFCHP have a function to seri-
ally input/output the software commands, addresses, and data re-
quired for operation on the internal flash memory (e. g., read,
program, and erase) using only a few pins. This is called the serial I/
O f{input/output) mode. This mede can be selected by driving the
SDA (serial data input/output), SCLK (serial clock input ), and OE

pins high after connecting wires as shown in Figures 13, 14 and
powering on the VCC pin and then applying VPPH to the VPP pin.

In the serial /O mode, the user can use seven types of software
commands: bank (0, 1) select, read, program, program verify, auto
erase, and error check.

Serial input/output is accomplished synchronously with the clock,
beginning from the LSB (LSB first).

= VI .+ B S Eo R o= I

M37753FFCFP

[=3
()

— oy oo
[V ot I o]
oo o

Outline 80P6N-A

% : Connect to the ceramic oscillation circuit.
%k : Connect the BYTE pinto Vcc or Vss.
«_»indicates the flash memory pin.

Fig. 13 Pin connection of M37753FFCFP when operating in serial /O mede
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M37753FFCHP

Outline 80P6Q-A

# : Connect to the ceramic oscillation circuit.

sk - Connect the BYTE pin fo VCC or Vss.
< indicates the flash memory pin.

Fig. 14 Pin connection of M37753FFCHP when operating in serial /O mode
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Functional outline (Serial /0 mode)

In the serial /O mode, data is transferred synchronously with the
clock using serial input/output. The input data is read from the SDA
pin into the internal circuit synchronously with the rising edge of the
serial clock pulse; the output data is output from the SDA pin syn-
chronously with the falling edge of the serial clock pulse. Data is

Table 4. Software command (Serial /0 mode)

transferred in units of eight bits.

In the first transfer, the user inputs the command code. This is fol-
lowed by address input and data input/output according to the con-
tents of the command. Table 4 shows the software commands used
in the serial I/C mede. The following explains each software com-
mand.

umber of transfers| First cornmand Second Third Fourth
Command code input
Bank 0 select EO1s
Bank 1 select El1s
Read 0016 Read address L (Input) Read address H {Input) Read data (Cutput)
Program 4016 Program address L (Input) Program address H (Input) Program data {Input)
Program verify CO1e Verify data (Output)
Auto erase 3016 3016 (Input)
Error check 8016 Error code (Output)

Bank select command

This is the command which specifies the bank of the flash memory,
which is to be read/programmed, before executing the read com-
mand or the program command (and the program verity command).
There are the bank 0 select command (command code “EQ167),
which selects bank 0 (addresses 0000016 to OFFFF1s6), and the bank
1 select command (command cede “E116”), which selects bank 1
{addresses 1000016 to 1FFFF18).

When any bank select command is input once, specified bank is

valid until the next bank select command is input. Accordingly, when
the read command or the program command (and the program verify
command) is executed to plural bytes in the same bank, if any bank
select command is input first, it is unnecessary to input the bank se-
lect command again for the following bytes. When selecting the se-
rial IO mode (before bank command input), bank 0 is selected.
Note: Bank select command dees not affect the auto erase com-
mand, that is to say, when executing the auto erase com-
mand, all flash memory is erased collectively regardless of
specified bank.
And in the same way, the bank select command does not af-
fect the error check command.

icH

SCLK

SDA = ===—- 100000|111l ------

Command code input (EO16)

BUSY ‘L

Bank 0 select command

icH

SCLK ]
SDA  mmmme- |1|oooo|1 P J—

Command code input (E118)

BUSY ‘L

Bank 1 select command

Fig. 15 Timings during bank select
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Read command
Input command code 0016 in the first transfer. Proceed and input the
low-order 8 bits and the high-order 8 bits of the address and pull the

then latch it into the internal data Iatch. When the OE pin is released
back high and serial clock is input to the SCLK pin, the read data that
has been latched into the data latch is serially output from the SDA

OE pin low. When this is done, the M37753FFCFP and the pin.
M37753FFCHP read out the contents of the specified address, and
tCH 1cH
Ao Az As Ats Do D7
DA -————- woooooo0of " AAMNAI A UWAAMAAAANYF U A M
Command code input (0016) Read address input (L) Read address input (H) Read data output
| Icr WwR tRC
CE
Read
BUSY ‘L’
Note : When outputting the read data, the SDA pin is swilched for output at the first falling edge of SCLK. The SDA pinis placed
in the floating state during the period of th(G-E) after the last rising edge of SCLK {at the 8th bit).

Fig. 16 Timings during reading
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Program command

Input command code 4016 in the first transfer. Proceed and input the
low-order 8 bits and the high-crder 8 bits of the address and then
program data. Programming is initiated at the last rising edge of the
serial clock during program data transfer. The BUSY pin is driven
high during program operation. Programming is completed within 10
us as measured by the built-in timer, and the BUSY pin is pulled low.

Note : A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
In the case of failure in the verification, the user must repeat-
edly execute the program command until the pass in the veri-
fication. Refer to Figure 12 for the programming flowchart.

tCH tCH CH
trc [
Ao A7 As A1s Do Dz
SbA  ------ ]oooooo|1|or """"""""""""""""""
Command code input (4016) Program address input (L) Program address input (H)  Program data input
OE twp
Program
BUSY

Fig. 17 Timings during programming

Program verify command
Input command code CO016 in the first transfer. Proceed and drive the
OE pin low. When this is done, the M37753FFCFP and the

M37753FFCHP verify-read the programmed address’s contents,

and then latch it into the internal data latch. When the OE pin is re-
leased back high and serial clock is input to the SCLK pin, the verify
data that has been latched into the data laich is serally output from
the SDA pin.

Do D7
SDA poo0poooft 1L A A A A R A A
Command code input (C016) Verify data output
[_tCRPV_ | twR tRC
r
OE
Verify read
BUSY ..

Noie: When outputting the verify data, the SDA pin is swilched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th;G-£) after the last rising edge of SCLK (at the 8th bit).

Fig. 18 Timings during program verify
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Auto erase command

Input command code 3016 in the first transfer and command cede
3016 again in the second transfer. When this is done, the
M37753FFCFP and the M37753FFCHP execute an aute erase com-
mand. Auto erase is initiated at the last rising edge of the serial clock.
The BUSY pin is driven high during the auto erase operation. Auto

erase is completed when all memory contents are erased, and the

BUSY pin is pulled low.

Note: In the auto erase operation, the M37753FFCFP and the
M37753FFCHP automatically repeat the erase and verify op-
erations internally. Therefore, erase is completed by execut-
ing the command once.

tCH

Command code input (3016) Sommand code input (3016)

g

5DA —-——-|0000|1 1|0 Or--——-|0000|1 1|0 Ol ------

Auto-erase

BUSY

Fig. 19 Timings at auto-erasing

Error check command

Input command code 8016 in the first transfer, and the
M37753FFCFP and the M37753FFCHP output error information
from the SDA pin, beginning at the next falling edge of the serial
clock. If the EQ of the 8-bit error information is 1, it indicates that a
command error has occurred. A command error means that some in-
valid commands other than commands shown in Table 4 has been
input.

When a command error occurs, the serial communication circuit sets
the correspending flag and stops functioning te avoid an errcneous
programming or erase. When being placed in this state, the serial
communication circuit does not accept the subsequent serial clock
and data {even including an error check command). Therefore, if the

user wants to execute an error check command, temporarily drop the
VPP pin input to the VPPL level to terminate the serial input/output
mode. Then, place the M37753FFCFP and the M37753FFCHP into
the serial I/O mode back again. The serial communication circuit is
reset by this operation and is ready to accept commands. The error
flag alone is not cleared by this operation, so the user can examine
the serial communication circuit’s error conditions before reset. This
examination is done by the first execution of an error check com-
mand after the reset. The error flag is cleared when the user has ex-
ecuted the error check command. Because the error flag is
undefined immediately after power-on, always be sure to execute the
error check command.

tCH

e

E0
SDA  -m—m-- 1000000 0|1 L IWGWW """

Command code input {(8018)

Error flag output

OE

BUSY « »

Note: When outputting the error flag, the SDA pin is swilched for output at the first falling edge of the serial clock. The SDA pin is placed
in the floating state during the period of th(G-E) after the last rising edge of the serial clock {at the 8th bit).

Fig. 20 Timings at error checking
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DC ELECTRICAL CHARACTERISTICS (Ta=25°C,voc =5V + 10 %, VPP = 12V % 5 %, unless otherwise noted)

Icc, IPP-relevant standards during read, program, and erase are the same as in the parallel input/output mode. VIH, VIL, VOH, VoL, IIH, and IIL for

the SCLK, SDA, BUSY, OE pins conform to the microcomputer medes.

AC ELECTRICAL CHARACTERISTICS

(Ta=25 °C,Vec =5V +10%, VPP = 12V + 5 %, f{XIN) = 40 MHz, unless otherwise noted)

Limits .
Symbol Parameter i, Max, Unit
tcH Serial transmission interval 4qq(Note 1) ns
tCR Read waiting time after transmission 4pq(Note 1) ns
twR Read pulse width 320(Note 2) ns
tRC Transfer waiting time after read 40g(Note 1) ns
{CRPY Waiting time before program verify 6 Us
twpP Pregramming time 10 us
tPC Transfer wajting time after programming 40g(Note 1) ns
tFC Transfer waiting time after erase 4pq(Note 1) ns
totCK) SCLK input cycle time 250 ns
tw(CKH} SCLK high-level pulse width 100 ns
tw{CKL) SCLK low-level pulse width 100 ns
tr{CK) SCLK rise time 20 ns
tHCK) SCLK fall time 20 ns
ta(C-Q) SDA output delay time 0 a0 ns
th{C-Q) SDA output hold time 0 ns
th(C-E) SDA output hold time (only the 8th bit) 12q(Note 3) [ oggNote ) | g
tsu(D-C} SDA input set up time 30 ns
th{C-D) SDA input hold time 90 ns
Notes 1: When f(XIN) = 25 MHz or less, calculate the minimum value according to formula 1.
Formula 1 : 1X19 108
1(XIN)
2: When (X N) = 25 MHz or less, calculate the minimum value according to formula 2.
Formula 2 : :(;INB) x 10°
3: When f(XN) = 25 MHz or less, calculate the minimum value according to formula 3.
Formula 3 : :(;IN:? x 109
4: When f{(XN) = 25 MHz or less, calculate the minimum value according to formula 4
Formula 4 : :():NS) 9

AC waveforms

1o(CK)
O twickL 1r(Cr) w(CKH)
\ v \
SCLK N /
|
G-
h(G-E)

y Test conditions for AC characteristics
SDA output >. ______

/ « Quiput timing voltage : VoL =08V, VOH =20V

teu(D-C | hiC-D) + Input timing voltage : VIL = 0.2 Vcc, VIH = 0.8 VcC
SDAINpUt  —==——m—— el e
30 MITSUBISH

ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Flash memory mode 3 (CPU reprogramming
mode)

The M37753FFCFP and the M37753FFCHP have the CPU repro-
gramming mede where a built-in flash memory is handled by the cen-
tral processing unit (CPU). 112 Kbytes (addresses 00100016 to
00EFFF16 and addresses 01100016 to 01EFFF1s) of the 120-Kbyte
flash memory shown in Figure 1 can be reprogrammed (erase and
program). Remaining 8 Kbytes of the flash memory {addresses
00FQ00Q16 to 010FFF16) cannot be reprogrammed, but can be read.
(It is possible to reprogram this remaining 8 Kbytes in the parallel 11O
mode and the serial I/O mode). This area of 8 Kbyles can be used as
an area where the control program of CPU reprogramming mode is
stored.

In CPU reprogramming mode, the flash memory is handled by writ-
ing and reading to/from the flash memory control register {see Fig-
ure 21) and the flash command register (see Figure 22).

The CNVSS pin is used as the VPP power supply pin in CPU repro-
gramming mede. It is necessary to apply the power-supply voltage of
VPPH from the external to this pin.

Functional outline (Parallel input/output
mode)
Figure 21 shows the flash memory control register bit configuration.

Figure 22 shows the flash command register bit configuration.

Bit 0 of the flash memery control register is the CPU reprogramming
mede select bit. When this bit is set to “1” and VPPH is applied to the
CNVss/VPP pin, the CPU reprogramming mode is selected. Whether
the CPU reprogramming mode is realized or not is judged by reading
the CPU reprogramming mode monitor flag (bit 3 of the flash
memory control register).

Bit 1 is a busy flag which becomes “1" during auto erase, erase, and
program execution.

Whether these operations have been completed or notis judged by
checking this flag after each command of auto erase, erase, and the
program is executed.

Bits 4, 5 of the flash memory control register are the erase/program
area select bits. These bits specify an area where auto erase, erase,
and program is operated. When the auto erase and the erase com-
mands are executed after an area is specified by these bits, only the
specified area is erased. Only for the specified area, programming is
enabled; for the other areas, programming is disabled.

Figure 23 shows the processor mode register 0 bit configuration in
the CPU reprogramming mode. Set bit 1 to “0” (single-chip or
memory expansion mode) in the CPU reprogramming mode. Set bit
2 (internal memory access bus cycle select bit) to “0.”

Be sure to set data length select flag m to “1" (8-bit length) before-
hand because writing and reading of data are operated in unit of
byte.

Fix this bit to “D.”

Fix this bit to “0.”

Flash memory control regsiter  671s

CPU reprogramming mode select bit {Notes 1, 2)
0 : CPU reprogramming mdoe is invalid. (Normal operation mode)
1 : When applying 0 V or VPrL to CNVss/VPP pin, CPU reprogramming mode is
invalid. When applying VFPH to CNV8s/VPP pin, CPU reprogramming mode is valid.

Auto erase/Erase/Program busy flag
0 : Aulo erase, erase, and program are completed or not have been executed.
1 : Auto erase/erase/program is being executed.

CPU reprogramming mode monitor flag
0 : CPU reprogramming mode is invalid.
1 : CPU reprogramming mode is valid.

Erase/Program area select bits
0 X : Addresses 00100015 to 00EFFF1s
and addresses 01100016 to 01EFFFi6 {total 112 Kbytes)
1 0: Addresses 00100016 to 0DEFFF+6 (total 56 Kbytes)
1 1: Addresses 01100016 to 01EFFF1s {total 56 Kbytes)

Notes 1: Bit 0 can be reprogrammed only when 0V is applied to the CNVss/VPP pin.
2: When bit 0is “1,” the processor mode does not change even if VPPH is applied to the CNVSS/VPP pin.

Address

Fig. 21 Flash memory control register bit configuration
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CPU reprogramming mode operation proce-
dure
The operation procedure in CPU reprogramming mede is described
below.

< Beginning procedure =

@ Apply 0V to the CNVss/VPP pin for reset release.

® Set the processor mode register 0 (see Figure 23).

@ After CPLU reprogramming mode control program is transferred to
internal RAM, jump to this control pregram on BAM. ({The follow-
ing operations are controlled by this control program).

@ Set “1" (8-bit length) to data length select flag m.

® Set “1" to the CPU reprogramming mode select bit.

® Apply VPPH to the CNVSS/VPP pin.

@ Read the CPU reprogramming mede menitor flag to confirm
whether the CPU reprogramming mode is valid.

® The operation of the flash memory is executed by software-com-
mand-writing to the flash command register .

Note: The following are necessary other than this:

*Control for data which is input from the external (serial 1/O
etc.) and to be programmed to the flash memory

*Initial setting for perts etc.

*Writing to the watchdoeg timer

7 6 5 4 3 2 1 0 Address
| | | | | | | | | Flash command register 68518

<Software command name>

Writing of software command

<Command code>

+ Read command “‘DD1e”
+ Program command ‘401"
+ Program verify command “‘Co1s”
+ Erase command "2018" + “20718"
+ Erase verify command “ADng”
+ Auto erase command “301e" + “30718"
+ Reset command “FF18" + “FF18"

Note: The flash command register is write-only register.

Fig. 22 Flash command register bit configuration

< Release procedure >
@ Apply 0V to the CNVSS/VPP pin.
@ Set the CPU reprogramming mede select bit to “0.”

Each software command is explained as follows.

Read command

When “0016" is written to the flash command register, the
M37753FFCFP and the M37753FFCHP enter the read mode. The
contents of the corresponding address can be read by reading the
flash memory (For instance, with the LDA instruction etc.) under this
condition.

The read mode is maintained until another command code is written
to the flash command register. Accordingly, after setting the read
mede once, the contents of the flash memory can continuously be
read.

After reset and after the reset command is executed, the read mode
is set.

7 65 43 2 1 0
Address
| | 0 | | | | 0 | 0 | | Processor mode register 0 5E1s

Processor mode bits
0 0 : Single-chip moce
0 1 : Memory expansion mode
1 X : Do not select.

Internal memory access bus cycle select bit
Fix this bit to "0.”

Software reset bit

Interrupt priority detection time select bits

Test mode bit
Fix ihis bit to "0.”

Clock ¢1 output select bit

MNote: For the description of processor mode register 0, reter 1o Figure 14
on the M37754MB8C-XXXGP data sheet.

Fig. 23 Processor mode register O bit configuration in CPU rewrit-
ing mode
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Program command

When “4016" is written to the flash command register, the

M37753FFCFP and the M37753FFCHP enter the program moede.

Subsequently to this, if the instruction {for instance, STA or LDM in-

struction) for writing byte data in the address to be programmed is

executed, the control circuit of the flash memory executes the pro-
gram. The auto erase/erase/program busy flag of the flash memory
control register is set to “1" when the program starts, and becomes

“0" when the program is completed. Accordingly, after the write in-

struction is executed, CPU can recognize the completion of the pro-

gram by polling this bit.

The programmed area must be specified beforehand by the erase/

program area select bits.

During programming, watchdog timer stops with “FFF16” set.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 24 for the flow chart of the pregramming.

Program verify command

When "C016" is written to the flash command register, the
M37753FFCFP and the M37753FFCHP enter the program verify
mode. Subsequently to this, if the instruction (for instance, LDA in-
struction) for reading byte data from the address to be verified {i.e.,
previously programmed address), the contents which has been writ-
ten to the address actually is read.

CPU compares this read data with data which has been written by
the previous program command. In consequence of the comparison,
if not agreeing, the operation of “program — program verify” must be
executed again.

Erase command

When writing “2016” twice continuously to the flash command regis-

ter, the flash memory control circuit performs erase to the area speci-

fied beforehand by the erase/program area select bits.

Auto erase/erase/program busy flag of the flash memory control reg-

ister becomes “1" when erase begins, and it becomes “0" when

erase completes. Accordingly, CPU can recognize the completion of
erase by polling this bit.

Data "0016” must be written to all areas to be erased by the program

and the pregram verify commands before the erase command is ex-

ecuted.

During programming, watchdog timer stops with “FFF16” set.

Note: The erasing operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 24 for
the erasing flowchart.

Erase verify command

When “A016" is written to the flash command register, the

M37753FFCFP and the M37753FFCHP enter the erase verify mode.

Subseqguently to this, if the instruction (for instance, LDA instruction)

for reading byte data from the address to be verified, the contents of

the address is read.

CPU must erase and veiify to all erased areas in a unit of address.

If the address of which data is not “FF16" (i.e., data is not erased) is

found, itis necessary to discontinue erasure verification there, and

execute the operation of “erase — erase verify” again.

Note: By executing the operation of “erase —erase verify” again
when the memory not erased is found. It is unnecessary to
write data “0016” before erasing in this case.
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Program

START

( ADRS = first location )
v
e
!
B WRITE PROGRAM 10
= COMMAND 8
!
WRITE PROGRAM DIN
DATA
!
( NOP X 10 )

WRITE PROGRAM-VERIFY
COMMAND

Yoor
¥

( DURATION = 6 ps )

(

INC ADRS

LAST ADRS ?
YES

( WRITE READ COMMAND )0016

VERIFY BYTE ?

Erase

YES

ALL
BYTES = 0016 7

C

PROGRAM
ALL BYTES = 001e

)

¥
4‘—( ADRS = first location )
¥

C

o)
¥

_)(

(

WRITE ERASE 2015
COMMAND
WRITE ERASE 2018
COMMAND
NOP X 10 )

[ WRITE ERASE-VERIFY

COMMAND

)A018
¥

¢

DURATION =6 ps )

DEVICE DEVICE
PASSED FAILED

INC ADRS

VERIFY BYTE ?

( WRITE READ COMMAND )0016

DEVICE DEVICE
PASSED FAILED

Fig. 24 Flowchart when program/erase/auto erase is executed {1)
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Auto erase command

When writing “3016” twice continuously to the flash command regis-

ter, the flash memory control circuit executes the auto erase se-

quence described below for the area specified beforehand by the
erase/program area select bits.

(1) Data “0016" is written to the area to be erased in the flash

memory.

{2) The erasure is executed.

(3) The contents of the erased flash memory is erase-verified one by
one. When the address which is not erased is found, verification
is interrupted, and after the erase command is executed again,
erase-verification is operated again.

(4) When the erasure of all areas specified to be erased, is con-
firmed by erase-verify-operation, the auto erase command is
ended.

The auto erase/erase/program busy flag of the flash memory control

register becomes "1" when auto erase starts, and becomes “0" when

auto erase completes. Accordingly, CPU can recognize the comple-
tion of auto erase by polling this bit.

During auto erase, watchdog timer stops with "FF16” set.

Note: When the flash memory is erased by using the auto erase
command, it is unnecessary to execute the erase and erase
verify commands. Figure 25 shows the flowchart when auto
erase is executed.

DC electric characteristics
Note: The characteristic of the flash memory part are the same as
the standard of the parallel IO mode.

AC electric characteristics
Note: The characteristics are the same as the standards of the mi-
crocomputer mode.

Reset command

The reset command is a command te discontinue the program,
erase, or the auto erase command on the way. When “FF16” is writ-
ten to the command register two times continuously after “4016,”
“2018,” or "3016” is written to the flash command register, the pro-
gram, erase, or auto erase command becomes invalid (reset), and
the M37753FFCFP and the M37753FFCHP enters the reset mode.
The contents of the memory does not change even if the reset com-
mand is executed.

Auto erase

START

WRITE AUTO-ERASE )
3018

COMMAND

COM MAN D

NOP X 10

m ERASE PROGRAM

BUSY FLAG =0

( WRITE AUTO ERASE )
3016

DEVICE
PASSED

Fig. 25 Flowchart when program/erase/auto erase is executed (2)
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Ratings Unit
Vee Power source voltage 03107 \'s
Avce Analog power source voltage 03107 \'i
Vi Input voltage RESET, CNVss, BYTE —0.3 to 12 (Note) vV

Input voltage  P00—P07, P10—P17, P20-P27, P30—-P33, P40-P47,
Vi PSo-P57, Peo—P67, P70-P77, P80-P87, —0.3to Vcc+0.3 \'
VREF, XIN
Qutput voltage P00-P07, P10-P17, P20—P27, P30-P33, P40—P47,
Vo P50—P57, PB0-F67, P70-P77, PB0-P87, -0.3to Vee+0.3 v
XouT, E
Pd Power dissipation 300 mw
Topr Operating temperature —20 to 85 °c
Tsig Storage temerature —40 to 150 °c

Note : For the CNVSS pin, this is 12.8V when programming to the flash memory.
RECOMMENDED OPERATING CONDITIONS {Vcc =5 V410 %, Ta = —20 to 85 °C, unless otherwise noted)

Svmbol B Limits )
ymbo arameter Min. Typ. Max. Unit
Vee Supply voltage 4.5 5.0 55 v
AvVce Analog supply voltage Vce Vi
Vss Supply voltage 0 v
AVSs Analog supply voltage Q v
High-level input voltage P00—P07, P30-P33, P40—P47,
VIH P50-P57, P6o—P67, P70-P77, P80—P87, XIN, 0.8 Vce Vee A
RESET, CNVss, BYTE
VIH High-level input voltage P10—P17, P20—P27 (in single-chip mode) 0.8 Veo vee v
VH High-level input voltage P10-P17, P20-P27 ) 0.5 Voo Voo v
{in memory expansion mede and microprocesser mode)
Low-level input voltage P00—P07, P30—-P33, P40—P47,
VIL P50—P57, P6o—P&7, P70—P77, P80—P87, XIN, 0 0.2 Vce \
RESET, CNVss, BYTE
ViL Low-level input voltage P10—P17, P20—P27 (in single-chip mode) 0 0.2Vce
Low-level input voltage P10-P17, P20-P27
viL {in memory expansion mede and microprocessor mode) a 0.16 Voo v
| High-level peak oulput current  P0o—P07, P10—P17, P20—P27, P30—P33, P40—P47, 10 mA
OH{peak] P50-P57, PBo—P67, P7o—P77, PBo-P87
High-level average cutput current P0o—P07, P10—P17, P20—P27, P30—-P33, P4o—P47, -5 A
|OHavg) P50—~P57, P6o—P67, P70—P77, PB0—P87 m
Low-level peak output current  P00—PO7, P10—P17, P20-P27, P30—P33, P40—P47,
|OLipoak P56, P57, P6i—P67, P7o-P77, PBo—P87 10 mA
101 (peak) Low-level peak output current  P50—P5s 20 mA
0L (avg) Low-level average output current  P00—P07, P10—P17, P20—P27, P30—P3s, P40—P47,

9 P5s, P57, P60—P67, P70—P77, P8o—P87 5 mA
10Ltavg) Low-level average output current  P50—P5s 15 mA
FOXIND External clock frequency input (Note 3)| Low-speed running 25

High-speed running 40 MHz

Notes 1: Average output current is the averaage value of a 100 ms interval.

2: The sum of 10L{peak) for ports PQ, P1, P2, P3, and P8 must be 80 mA or less, the sum of |OH{peak) for ports PO, P1, P2, P3, and P8 must
be 80 mA or less, the sum of |OL{peak) for ports P4, P5, P8, and P7 must be 110 mA or less, the sum of |0H(pezk) for ports P4, P5, P8,
and P7 must be 80 mA or less.

3: When the clock source select bit is “1,” f(XIN)’s maximum limit is 12.5 MHz at low-speed running and is 20 MHz at high-speed
running.
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ELECTRICAL CHARACTERISTICS (vcc =5V, Vss = 0V, Ta = —20 to 85 °C, f{XN) = 40 MHz {(Note))

- Limi
Symbol Parameter Test conditions i, llr_;gs Max. Unit
High-level output voltage P0o—P07, P1o—P17, P20—P27,
P30, P31, P33, P4o-P4z, _
VoH P50_P5;. Pav—P67, PTo—p77,| |OH = —10mA 3 v
Pac—Par
High-level output voltage P0c—P07, P10-P17, P20—P27, _
VOH Pav, P31, P33, IoH = —400 pA 4.7 v
High-level output voltage P32 IoH = =10 mA 3.1
VoH v
IoH = —400 pA 4.8
High-level output voltage E loH=—-10 mA 34
vor 0H = —400 LA 48 v
Low-level output voltage PO0—P07, P1-P17, P20-P27,
P30, P31, P33, P40-P47, _
VoL PS¢, P57, Po-P67,P7o-p77, | 'O = 10 MA 2 v
Pac—Par
Low-level output voltage PO0—P07, P1-P17, P2r—P27, _
VoL P30, P31, P33 loL=2mA 045 | v
. loL=10mA
VoL Low-level cutput voltage P32 m 1.9 v
oL =2mA 0.43
VoL Low-level output voltage E oL =10 mA 1.6 v
loL=2mA 0.4
Low-level output voltage P50-P5s loL =20 mA 2
VoL i
oL =2mA 0.4
Hysteresis  HOLD, RDY, TAQIN-TA4IN,
T TBOIN-TB2IN, INTo—INT4, ADTRG, v
VIV CTS0, CTS1, CLKo, CLK1, RxDo, 04 !
RxD1
VT+ —VT- Hysteresis RESET, HOLD, RDY 0.2 0.5 v
VT+ —VT- Hysteresis  XIN 0.1 0.3 v
High-level input current PO0-PO7, P10-P17, P20-P27,
P30-P33, P40-P47, PSo—P57, _
I Peo-Pe7, P70-P77, Pac-Par, | V1= 5V 5| M
XN, RESET, CNVss, BYTE
Low-level input current  PO0-PO07, P10-P17, P20-P27,
P30-P33, P4o—P47, P50-P53,
- P&0—P67, P70-P77, P81-Pg7, Vi=oVv -5 HA
XN, RESET, CNVss, BYTE
I Low-level input current  P54-P57, P8o Vi =0V, No pull-up transistor -5 UA
Vi =0V, Pull-up transistor used -025 | 05 -1.0 mA
VRAM RAM hold voltage When clock is stoped. 2 A
Power supply current (target value) Oulputonly pinis  [XN) =40 MHz, square
opeﬁ and gﬂger waveiorm (Note) 25 50 mA
lee pins are Vss during [Ta = 25 °C when cleock 1
resetl. is stopped.
Ta =85 °C when cleock 0 HA
is stopped.
Note: f(XIN) = 20 MHz when the clock source select bit = 1.”
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2
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“O‘me oo
50

A-D CONVERTER CHARACTERISTICS
(Vce=AVeec =5V 1+ 10 %, V85 = AVS8S = 0V, Ta = —20 to 85 °C, the clock source select bit = 0, unless otherwise noted)

Limits
Symbol Parameter Test conditions Wi, Typ. Max. Unit
Resdlution VREF < VO© A-D converler selected 10 Bits
Gomparator selected —25VREF v
10-bit mode +3 LSB
250 kHz < $AD  [g it mode +2 LSB
<125MHz
Absolute accuracy VREF = VGC Comparator +40 mV
250 kHz < gap < |B8-bit mode +3 LSB
20 MHz (Note 1) | Comparator + 60 mv
RLADDER Ladder resistance VREF = VGC 5 20 kQ
10-bit mode 59
High-speed ﬁ‘:l[;;t;g(m)m 8-bit mode 49
running Comparator 14
tCoNy Conversion time (I(XR) < 40 MHz) ¢AD = f(XINY2 |8-bit mode 2.45 us
(Note 2) selected Comparator 07
. g _ 10-bit mode 472
ow-speed running 8-bit mode 3.92
{f(XIN) < 25 MHz) (Note 2) Comparator —p
VREF Reference voltage 27 Voo V)
Via Analog input voltage 0 \V REF vV

Notes 1: This is valid when the high-speed running is selected.
2: When the clock source select bit = 1, {{XIN) is 20 MHz or less at the high-speed running, and f(XiN) is 12.5 MHz or less at the low-speed running.

D-A CONVERTER CHARACTERISTICS

(Vec =5V, Vss = AVSS =0V, VREF =5V, Ta = —20 to 85 °C, unless otherwise noted)

. Limits )

Symbol Parameter Test conditions Wi Typ. Max, Unit
—_— Resolution 8 Bits
e Absolute accuracy +1.0 Y
tsu Set time 3 s
Ro Qutput resistance 1 25 4 kQ
IVREF Reference power supply input current {Note) 3.2 mA

Note: The test condifions are as follows:
» One D-A converter is used.
* The D-A register value of the unused D-A converter is “0015.”
* The reference power supply input current of the ladder resistance of the A-D converter is excluded.

38 A MITSUBISHI
ELECTRIC



MITSUBISHI MICROCOMPUTERS

M37753FFCFP
M37753FFCHP

SHINGLE-CHIP 18-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

PERIPHERAL DEVICE INPUT/OUTPUT TIMING (vcc = 5Vv+109%, Vec =0V, Ta = —20 to 85 °C, unless otherwise noted)
% If the values depends on external clock frequency f{XIN), formulas of the limits are shown below. Also, the values at f(XIN) = 40 MHz in high-
speed running and at f{XIN) = 25 MHz in low-speed running are shown in (). At this time, the clock source select kit is “0.” When the clock
source select bitis “1”7, regard f(XIN) in tables as 2-f{XIN).
*k The rise and fall time of input signal must be 100 ns cor less respectively, unless otherwise noted.

Timer A input (Countinputin event counter mode)

Limits
Symbol Parameter Min Max Unit
to(TA) TAiIN input cycle time 80 ns
bw(TAH) TAIIN input high-level pulse width 40 ns
tw(TAL) TAIIN input low-level pulse width 40 ns
Timer A input (Gating input in timer mode)
Svmbol B Limits Uni
ymbo arameter Min. Max. nit
f(XIN) <40 MHz 16 % 109
- . foxny 400 ns
to(TA) TAIIN input cycle time
(XIN) <25 MHz 8 x 109 (320) s
f(XIN)
f(XIN) £ 40 MHz 8x10°
(XIN) W (200) ns
tw (TAH) TAIIN input high-level pulse width
f(XIN) <25 MHz 4x10% (160) ns
FXIN)
f(XIN) <40 MHz g8x10°
- . oxmy - 200 ns
tw{TAL) TAIIN input low-level pulse width
f(XIN) <25 MHz 4109 (160) ns
f(XIN)

Note : The TAiN input cycle time requires 4 or more cycles of count source. The TAiIN input high-level pulse width and the TAiIN input low-level pulse width
respectively require 2 or more cycles of the count source. The limits in the table are the values when the count source is f{XiN)/4 in high-speed running

(f(Xin) < 40 MHz) and when the count source is 1(XIN)/2 in low-speed running {(XIN) < 25 MHz). At this time, the clock source select bit is “0.”

Timer A il'lpl.lt (External trigger input in one-shot pulse mode)

ELECTRIC

Limits )
Symbol Parameter Wi Max. Unit
9

. o . f(XIN) < 40 MHz B‘f();(l'INO) (200) ns

(TA) TAIIN input cycle time
f(XIN) < 25 MHz 4x10°

W (1 60) ns

tw (TAH) TAIIN input high-level pulse width 80 ns

tw (TAL) TAIIN input low-level pulse width 80 ns

Timer A input (External trigger input in pulse width modulation mode)

Limits )

Symbol Parameter Min. Mo, Unit

tw{TAH) TAIIN input high-level pulse width 80 ns

tw(TAL) TAIIN input low-level pulse width 80 ns

Timer A input (Up-down input in event counter mode)

Limits .

Symbol Parameter Min. Max. Unit

te(UP) TAIOUT input cycle time 2000 ns

tw(UPH] TAIOUT input high-level pulse width 1000 ns

twiUPL) TAIOUT input low-level pulse width 1000 ns

tsutUP-Tiny TAIOUT input setup time 400 ns

th(TiIN-UP) TAIOUT input hold time 400 ns
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Timer A input {Two-phase pulse input in event counter mode)

Limits )
Symbol Parameter Min. Max, Unit
to(TA) TAIIN input cycle time 800 ns
tsu (TAjIN-TAoUT) TAJIN input setup time 200 ns
tsu{ TACUT-TAjIN) TAJOUT input setup time 200 ns

« Count input in event counter mode
« Giating input in timer mode
+ External trigger input in one-shot pulse mode

+ External frigger input in pulse width modulation mode
te(TA)

tw(TAH)

TAIN input /

)

tw(TAL)

+ Up-down and count input in event counter mode
te(UP)

tw(UPH)

TAIOUT input
{Up-down input) /

)

tw(LPL)

TAIOUT input
{Up-down input)

th{Tin-LIP) LsufUP-Tm)
11
TAIN input } \

{When count by falling)

TAIN input
{When count by rising) \ /

+ Two-phase pulse input in event counter mode

to(TA)
Lo '4 b
TAjN input / S /
K 7
1su(TA)IN-TAjoUT) tsu(TAuN-TA]ou‘r)l 0

1su(TAjoUT-TAjIN)

TAjouT input Z‘
7

tsu{TAjouT-TAjIN)

Test conditions
* VCC =5 V+10%
* Input timing voltage : ViL=1.0V, VIH=4.0V
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Timer B input {Count input in event counter mode)

Svmbol P Limits Uni
ymbo arameter Min. Max. nit
tc(TB) TBilN input cycle time {one edge count) 80 ns
tw(TBH} TBiIN input high-level pulse width (ocne edge count) 40 ns
tw(TBL) TBiIN input low-level pulse width (one edge count) 40 ns
tc(TB) TBilN input cycle time (both edge count) 160 ns
tw(TBH} TBiIN input high-level pulse width (both edge count) 80 ns
tw(TBL) TBiIN input low-level pulse width (both edge count) 80 ns

Timer B input {Pulse pericd measurement mode)
Limits )
Symbol Parameter Min. Max. Unit
9
FXIN) < 40 MHz % (400) ns
te(TB) TBilN input cycle time 100
%
f(XIN) < 25 MHz Ny (320) ns
9
f{XIN) < 40 MHz % (200) ns
tw(TBH) TBiIN input high-level pulse width 75100
%
f(XIN) < 25 MHz Ny (160) ns
9
f{XIN) < 40 MHz 82107 g ns
- ' f(XIN)
tw(TBL) TBiIN input low-level pulse width 7,100
f(XIN) < 25 MHz W (160) ns

MNote : The TBiN input cycle time requires 4 or more cycles of count source. The TBiIN input high-level pulse width and the TBiiN input low-level pulse width
respectively require 2 or more cycles of the count source. The limits in the table are the values when the count source is f{XiN)/4 in high-speed running
(f(XiN) < 40 MHz) and when the count source is fXINY2 in low-speed running (XN} < 25 MHz). At this time, the clock source select bit is “0.”

Timer B input {Pulse width measurement mode)

Limits
Symbol Parameter Min Max Unit
9
FXIN < 40 MHz % (400) ns
te(TB} TBilN input cycle time 22100
F(XIN) < 25 MHz W (320 ns
9
F(XIN) < 40 MHz % (200) ns
tw({TBH} TBiIN input high-level pulse width 75100
b
F(XIN) < 25 MHz “thany (169 ns
e
F(XIN) < 40 MHz £x107 500 ns
. . fIXIN)
tw(TBL) TBiIN input low-level pulse width 25109
F(XIN) < 25 MHz W (160) ns

Note : The TBilN input cycle time requires 4 or more cycles of count source. The TBilN input high-level pulse width and the TBiIN input low-level pulse width
respectively require 2 or more cycles of the count source. The limits in the table are the values when the count source is f{XiN)/4 in high-speed running
(f(XIN) < 40 MHz) and when the count source is f{XIN})/2 in low-speed running {(XIN) <25 MHz). At this ime, the clock source select bit is “0.”

A-D trigger input

Svmbol b Limits Uni
ymbo arameter Min. M. nit
tcfAD) ADTRG input cycle time (minimum allowable trigger) 1000 ns
twiADL) ADTRE input low-level pulse width 125 ns
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Serial /0
Svmbol b Limits Uni
ymbo arameter Min. Max. nit
tc{CK) CLKi input cycle time 200 ns
tw(CKH} CLKi input high-level pulse width 100 ns
tw(CKL) CLKi input low-level pulse width 100 ns
ta(C-Q) TxDi output delay time 80 ns
thic-Q) TxDi hold time 0 ns
tsu(D-C} RBxDi input setup time 20 ns
thiC-D} RxDi input hold time 90 ns
External interrupt INTi input
Limits )
Symbol Parameter Min, Max. Unit
tw(INH) INTi input high-level pulse width 250 ns
bw(INL) INTi input low-level pulse width 250 ns
1o{T8) |
w(TBH)
TBilN input /
w(TBL)
I 1
1e(AD}
tw{ADLY
ADTRG input \ L \ /
16{CK}
tw{CKH)
CLKi / L‘ z‘ \‘
tw(CKL)
thiC - G
{—){
TxDi K
1
tHC - @) 1su(D - G) c- Dy
|
RxDi X K
tw{INL)
TN input D"( il INH) n__ /
I

Test conditions

*Veo=5 V10 %
+ Input timing voltage :VIL=10V,ViH=40V
+ Qutput timing voltage : VoL = 0.8 V,VoH =2.0 V,CL = 100 pF
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READY, HOLD TIMING
Timing requirements (vcc=5V10%, Vs =0V, Ta =20 to 85 °C, f(XN) = 40 MHz when the clock source select bit = “0", unless

otherwise noted)

¢ The rise and fall time of input signal must be 100 ns or less respectively, unless otherwise noted.

Limits )
Symbol Parameter Min. Max. Unit
tsu{RDY- g1} RDY input setup time 42 ns
tsu(HOLD-¢1) HOLD input setup time 42 ns
thig¢1-RDY) RDY input hold time 0 ns
thig1-HOLD) HOLD input hold time 0 ns

e 1(N) = 20 MHz when the clock source select bit = “1”.

Switching characteristics (vcc = 5 V410 9%, Vss = 0V, Ta = —20 to 85 °C, f(XN) = 40 MHz when the clock source select bit =
"0"*, unless otherwise noted)

Limits .
Symbol Parameter i, Max, Unit
totg1-HLDA) HLDA output delay time 50 ns
{pxz{HLDA-RWZ) | Floating start delay time (at hold state) 50 ns
Ipxz(HLDA-BHEZ) | Floating start delay time (at hold state) 50 ns
toxz(HLDA-AZ) | Floating start delay time (at hold state) 50 ns
{pxe{HLDA-ADZ) | Floating start delay time (at hold state) 50 ns
Ipzx(HLDA-RWZ) | Floating release delay time (at hold state) 0 ns
pzx{HLDA-BHEZ) | Floating release delay time (at hold state) 0 ns
tpzx(HLDA-AZ) | Floating release delay time (at hold state) 0 ns
Ipzx{HLDA-ADZ) | Floating release delay time (at hold state) 0 ns
$: 10XN) = 20 MHz when the clock source select bit = “1”.
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RDY input {when 3-¢ access in high-speed running)

A VANV WA VAN

m|
L
e

RDY input

tsu(RDY-01) = = = = thig1-RDY)

% RDY input is always sampled at the falling edge of 91 just bafora the E signal’s rise regardiass of the bus mode and the number of waits.

HOLD input

20 AR NS

toifg1 -HLDA)

—

_ tpzx{HLDA-R/WZ)

_ tozxHLDA-BHE)

_ tpzx{HLDA-AZ)

[0l
tsuHOLD-91) thio1-HOLD)
HOLD input
. _ 1die1-HLDA) -
HLDA output \(
N _tpxz{HLDA-RAWZ)
— Hi-Z
RWoutput | e e e e
_ _tpxz{HLDA-BHE) _
JR— Hi-Z
BHE output R e e e e e e e e e S s mmmm———— o
N _tpxz{HLDA-AZ) _
A0-A7 output » Hi-Z
AB—ATsoUtpUL L Ry e o
(BYTE ="H")
_tpxz{HLDA-A/DZ) N

A16/Do-A23/D7
As/De—A18/D1g
(BYTE =L

Test conditions
= VecCc=5V+10%
= RDY input, HOLD input :ViL=1.0V,VH=4.0V
= HLDA output VoL =08V, VoH=2.0V, CL= 100 pF

_ fpzx{HLDA-A/DZ)
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Timing requirements (voc = 5 V10 %, Vss = 0V, Ta = —20 to 85 °C, f(XN) = 40 MHz when the clock source select bit = “0"*, unless
otherwise noted)

# The rise and fall time of input signal must be 100 ns or less respectively, unless otherwise noted.

Single-chip mode

Limits

Symbol Parameter Min. Max. Unit
to External clock input cycle time (Note 1) 25 ns
tw{H) External clock input high-level pulse width (Note 2) le/2 -8 ns
twiL) External clock input low-level pulse width (Note 2) le/2 -8 ns
tr External clock rise time 8 ns
tr External clock fall time 8 ns
tsu(PiD-E} Port Pi input setup time (i = 0—8) 80 ns
th(E-PID) Port Pi input hold time {i = 0—8) 0 ns

#: f{XIN) = 20 MHz when the clock source select bit = “1”
Notes 1: When the clock source select bit = “1”, te's minimum limitis 50 ns.
2: When the clock source select bit = “1”, set tw{Hy'tc and tw{lL)/tc ratios to 45 to 55 %.

Switching characteristics (VCC = 5V+10 9%, V55 = 0V, Ta = —20 to 85 °C, f{XN) = 40 MHz when the clock source select bit = “0"¥, unless
otherwise noted)
(Single-chip mode)

o . Limits Uni
ymbo arameter Min. Max. nit

t(E-PICY Port Pi data output delay time (i = 0—8) 80 ns
#: f{XIN) = 20 MHz when the clock source select bit = “1”

t 1 tc

twiH) tw(L)
AN

Port Pi output {i = 0—8) X

mi

1d(E - Pi@)

1sU(FID — E) faesn] et th(E - PID)
Port Pi input ) K
(i =0—8)

Test conditions

*VoC =5 V+10%

* Intput timing voltage : ViL=1.0V, VIiH =40V

 Cutput timing voltage : VoL =08 V, VOH =20V, CL = 100 pF
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Timing requirements (voc=5V+10 %, Vs = 0V, Ta = —20 to 85 °C, f(XN) = 25 MHz when the clock source select bit = “0"%, unless
otherwise noted)
# The rise and fall time of input signal must be 100 ns or less respectively, unless otherwise noted.

Memory expansion and Microprocessor mode : Low-speed running

Limits .
Symbol Parameter Wi M, Unit
to External clock input cycle time (Note 1) 40 ns
twi(H) External clock input high-level pulse width (Note 2) /2 — 8 ns
twi{L) External clock input low-level pulse width (Note 2) le/2—-8 ns
tr External clock rise time 8 ns
tf External clock fall time 8 ns
tsu(D-E) Data input setup time 30 ns
tsu(PiD-E) Port Pi input setup time (i = 4—8) 60 ns
th(E-D) Data input hold time 0 ns
th{E-FID) Port Pi input hold time (i = 4—8) 0 ns
55 {29 access)
tsu{An/A-D) Data setup time with address stabilized (Note 3) 135 (3-paccess)| ns
215 {4-¢ acoess)

#: f{XIN) = 12.5 MHz when the clock source selet bit = “1”
Notes 1: When the clock source select bit = “1”, t¢’s minimum limit is 80 ns.
2: When the clock source select bit = “1”, set tw{H)/tc and tw(L}/tc ratios to 45 to 55 %.
3: Since the values depend on external clock input frequency f(XIN), calculate them using the bus timing data formula on the page after
the next page.
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Switching characteristics (voc = 5 V10 %, V88 =0 V, Ta = —20 to 85 °C, f(XN) = 25 MHz when the clock source select bit = “0",
unless otherwise noted)
Memory expansion and Microprocessor mode : Low-speed running

2-¢ access 3-¢ access 4-¢access )
Symbol Parameter Min. 1 Max. | Min 1 Max. | Min. | Max. Unit

tw(gH), twigl) ¢ high-level pulse width, ¢ low-level pulse width (Note) 20 20 20 ns
te (E-gn) ¢ output delay time -12 7 -12 7 -12 7 ns
tw(EL) E low-level pulse width (Note) 55 135 135 ns
td(An-E) Address output delay time (Note) 12 12 g2 ns
te (E-DQ Data output delay time 35 35 35 ns
tpxz(E-DZ) Floating start delay time 5 5 5 ns
tc (A-E) Address output delay time (Note) 12 12 g2 ns
td(A-ALE) Address output delay time (Note) 5 5 52 ns
td(E-ALE) ALE output delay time (Note) 20 20 20 ns
td (ALE-E) ALE output delay time 4 4 4 ns
tw(ALE) ALE pulse width (Note) 22 22 62 ns
td(BHE-E} BHE output delay time {(Note) 15 15 95 ns
td (RAW-E) R/W output delay time {Note) 15 15 g5 ns
th(E-An) Address hold time (Note) 10 10 10 ns
th{ALE-A) Address hold time 9 9 25 [Note) ns
th(E-DQ) Data hold time (Note) 18 18 18 ns
tpzx(E-DZ} Floating release delay time (Note) 18 18 18 ns
th(E-BHE) BHE hold time (Note) 10 10 10 ns
th(E-RAW) R/MW hold time (Note) 10 10 10 ns
te (E-PiQ) Port Pi data output delay time (i = 4—8) 80 60 80 ns

*: f{XIN) = 12.5 MHz when the clock source selet bit = 1"
Note: Since the values depend on external clock input frequency f(XIN), calculate them using the bus timing data formula on the next page.
The value of th{ALE-A) depends on f{XIN) only when 4—¢ access is performed.
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Bus timing data formulas
Memory expansion and Microprocessor mode : Low-speed running {(VCC=5V+10%,Vs8 =0V, Ta =—-20 to 85 °C, f(XN) <25 MHz when
the clock source select bit = “07*, unless otherwise noted)

Symbol Parameter 2-¢ access 3-¢ access 4-paccess Unit
tsutAn/A-D) Data setup time with address stabilized ?(;":I)OQ—BS Ef’(;z";ll)og -85 7f()>2":|)09 -85 ns
tagH), bw (o) ¢ high-level pulse width, ¢ low-level pulse width -}(;7':009—20 - - ns
twi(EL) E low-level pulse width ?&IEI)OQ—ZS ‘lf'&";ll)og —25 - ns
to(An-E) Address output delay time -lf&";ll)og—ZS - ::(;é":l)og —28 ns
to{A-E) Address output delay time -If(;i":l)og—% -~ ::&7"1)09 —28 ns
to{A-ALE) Address output delay time ‘If&";ll)(lg_% B — 2f()>2"‘\ll)09 —28 ns
to{E-ALE) ALE output delay time -lf(%gl)og—zo - | .- ns
fw(ALE) ALE pulse width L (;"3)09_18 -— 2“;2"1;)9 18 | ns
te(BHE-E) BHE outupt delay time -If(;—":nog—% - :?(;":,)09 —25 ns
te(RW-E) R/W output delay time 1&,:,)0 o5 | w-—— ?&,,2,)0 ? 25 ns
thiE-An) Address hold time -lf(;—|:|)ma—30 - —— ns
th(ALE-A) Address hold time E— .If(;";ll)og -15 ns
th(E-DQ)] Data hold time 1&7,,:,)09 -2 | +—— | *—— | 05
tozx(E-DZ) Floating release delay time -If(;—"l)og_zz -— | - ns
t(E-BHE) BHE held time 1&,,:,)0 a0 | e——  a—— |
to(E-RW) RMW hold time 1&7..:.)09 80 | | /| ns

#: f(XIN) < 12.5 MHz when the clock source select bit = “1”
Note: When the clock source select bit is “1”, regard f(XIN) in tables as 2-f{XIN).
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(when 2-¢ access in low-speed running <Write>)

L) tw(H) Ir Itfl | to |
H(XIN)
twigl)
) 1 I
¢ \r o /| \_/_
td(Eo1) 1d(E-¢1)
_ T A w(ED E
; _
1d(An-E)
fee—sae] th(E-Al
Ao-A7 output | A
As—A15 ouiput X Address P
(BYTE =*H") \
; td(E-DQ)
d(A-E)
fe—————== h=—3ed th(E-D
A1s/Do-Az3/D7 output I \ S
As/Ds—A15/D1s output ﬂ Address Data TX
BYTE=L) to{A-ALE) [e—s=] pee—b| th(ALE-A)
Do—D7 input
De—Disinput 0 o----mm--m-mo—m------ F--f--------= -
(BYTE =L")
tw(ALE)
td(E-ALE) 2w 1d(ALE-E)
ALE output /" _:
td(BHE-E) th(E-BHE)
-
3E<
BHE output ;
td(RAW-E) th(E-R/W)
R/W output \
1
1d(E-PiQ)
Port Pi output
(i =4-8)
Test conditions (except Port Pi, f(XIN))
*VCC =5V+10%
* Qutput timing voltage : VoL =0.8V, VOH = 2.0V, CL = 100 pF
*Datainput: ViL=08V,VIH=25V
Test conditions (Port Pi, 1(XIN))
+VeCc=5VH10%
* Input timing voltage : VIL=1.0 V, VIH =40V
 Qutput timing voltage : VoL =0.8V, VOH = 2.0V, CL = 100 pF
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{when 2-¢ access in low-speed running <Read>)

tw( L) tw( HY Itli Iﬁl . e ,

f(XIN)

o \

twigl)

- twioH) \_/ \_/_

td(E-o1) td(E-¢1)

_ T ) tw(EL)
E /| R

td(An-E) A
Ao—A7 output I (E-An)
As—A15 output X Address
(BYTE ="H") L

; 2 tpxz(E-DZ)

d(A-E)
A15/Do-Az3/D7 output k tozx(E-D2)
Ag/Ds—A16/D16 output x Address | {----==-==-=--1 —— <
(BYTE ="L") Ik 1
tdiA-ALE) f—= th(ALE-A)  tsu(D-E)
Do—-D7 input ; pe—=| th(E-D)
De-D1s input = aeeeemeedeeeedacaaa-a- LT 4 Data J----
(BYTE ="L" tsuiAn/A-D)
w(ALE)
1d{E-ALE) =2 tc(ALE-E)
¥ L
ALE output / S_
th(E-BHE)

pee———= td{BHE-E) =
BHE output X Z

1

td{ RAW-E) =] th E-RAW)
R output Fi F
tsu{PiD-E) eem! th(E-FiD)

Port Pi input )iﬂ LY
(i=4-8) k K|

Test conditions {(except Port Pi, 1{XiN}))

+VCC =5V+10 %

+ Output timing voltage : VoL =08 V, VoH=2.0V, CL=100 pF
+ Datainput: VIiL=08 V,VIH=25V

Test conditions {FPort Pi, 1{{XIN))

*VCC =5 V10 %

* Input timing voltage : ViL=1.0 V, ViH=4.0 V

« Output timing voltage : VoL =0.8V,VoH =20V, CL =100 pF
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(when 3-¢ access in low-speed running <Write>)

twiL) tw(H) tr il ic
JL JL L ]

H(XiN)

wiol)

L x
" -\ A twigh) \_/_\_/_\_/_
td(E-01) to(E-01)
_ F 1 tw(EL) [
E / ¢ ]
1 An-E)

Ao—A7 output

k L
As—A1s output )g Address ,X

(BYTE ="H")

td(E-DG)
td(A-E)

A1s/Do-Aza/D7 output I \
As/Ds—A15/D1s output X Address ﬁ Data
(BYTE =*L%)

h(E-D@)

!

d(A-ALE) | TH(ALE-A)
Do-D7 input
De—Disinput 0 =se==eeemeqecemcoceaaa- e e e
(BYTE =L")

1d(E-ALE) 1d(ALE-E)

ALE output /

h{E-BHE)

BHE output )Z

to(RW-E) th(E-RW)
R/W output \

o E-PIC)

Port Pi output
(i = 4-8)
Test conditions {(except Port Pi, 1{XIN))
* VCC =5 V+10%
« Qutput timing voltage : VoL =0.8 V, VOH =2.0 V, CL = 100 pF
*Datainput: VIL=08 V,VIH=25V
Test conditions {Fort Pi, 1{XIn))
Voo =5V+10%
* Input timing voltage : ViL=1.0V, ViH=40V
+ Output timing voltage : VoL =0.8V, VOoH =20V, CL=100 pF
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{when 3-¢ access in low-speed running <Read>)

tw(l) twiH) ir ti tc
1b 1L I ]
o R AV R YAV aAVAYAW
twiol)
" \ A twioHy [\ / \ / \ /
td(E-¢1) td(E-¢1)
— 3 1] tw(EY T aa—
E / v i
F |
tdian-E) ;
Ao-A7 output Ir y 1(EAn)
As—-A1s output B Address
(BYTE =*H") - A
tpxz({E-DZ)
s E) e sy tozx(E-07)
A1e/Do-Az3/D7 output I \
As/Ds—A1s/D1s output X_t Address ] ity ---
BYTE=L) td(A-ALE) thiALE-A) tsu(D-E) i
Do-D7 input Ir : MED)
De-Disinput = =mmesmemesdeseadea-eaa- e LLLLLEET T TP PP { Data -
(BYTE ="L") - tsu(An/A-B) * |
ALE
td(E-ALE) “ELL td(ALE-E)
ALE output /_ N
td(BHE-E) th(E-BHE)
N 4
BHE output )l F
X
Td(RAW-E) be—a»d th(E-R/W)
— I
RAW output 7 R\
tsu(PiD-E) th{E-PiD)
Port Piinput X!
(i=4-8) K
|

Test conditions (except Port Pi, f{XIN))

*VoCc =5 V+10%

* Qutput fiming voltage : VoL=0.8 V,VOH =20V, CL =100 pF
*Datainput: VIL=08V, VIH=25V

Test conditions (Port Pi, f(XIN))

+VCC=5VE10%

« Input timing voltage : VIiL=1.0V, VIH =40 V

« Output timing voltage : VoL =08 V,VOH =20V, CL =100 pF
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(when 4-¢ access in low-speed running <Write>)

tw(L) tw(H) I Lt ,
TEXINY
twioL)
13 ¥
. / \ ; \ / \ f
i A twieH)
td(E-41) | re—1c(E7)
— 4 tw(EL) -
E _/ i‘
td(An-E) :
Ac-A7 output Ir 3_th(EAn)
Ag—Ais output X Address A
(BYTE ="H" § ]
td(E-DQ)
1d(A-E) ] 1 E-
A1s/Do-Az3/D7 output Ir \ I LWE £
Ag/Ds-A1s/D1s output x_ Address g Data X
(BYTE ='L) ) -c—;: thiALE-A) i
T(A-ALE )
Do-D7 input ( )
De-Disinput =~  =sesmseeefessessesssecsscesssesseee———— [msfmmmmemec e s s eessme s s e ———————
(BYTE ="L")
t(E-ALE) IwALE) ==l td(ALE-E)
F p 1
ALE output f N
I td(BHE-E) th{E-BHE) jeczm]
BHE output X K
| F
| td(RIW-E) thiE-RW)
RAW output 4 (_)tl/_
|
t(E-PIQ)
Port Pi output
(i = 4-8)
Test conditions {except Port Pi, f{XIN)}
+VCC =5 V10 %
« Qutput timing voltage : VoL =08 V, VOH = 2.0 V, CL = 100 pF
« Datainput: VL=08V,VIH=25V
Test conditions (Port Pi, f0XN))
*VoC=5V+10%
* Input timing voltage : VIL=1.0 V, VIH =40V
* Output timing voltage : VOL=0.8V,VOH =20V, CL=100pF
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* SHINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

{when 4-¢ access in low-speed running <Read>)

twi ) tw(H) Itll' H . e |
1{XIN)
wiol)
LF y r
¥ \f H twioH) \_/_\_/
td(E-91) t(E-01)
_ 5 1 tw(EL) LF
e __
i
td{An-E) ]
Ao-A7 output I = ;! thiE-An)
As—Ads output Address 7
(BYTE ="H") 4
1 AE) I X
A1s/Do—Az3/D7 output Ir lpzx(E-D2)
As/Ds-A1s/D16 output k_‘ Address - -
(BYTE =“L")
tsu(D-E
. tdA-ALE] O et )
Do—D7 input I 1
De-Disinput = ==mea--- TR P PP PP PP PP PR meb e ———— Data [-----
(BYTE ="L") TouiAnia-D) 1 3}
td(E-ALE) iALE) e {ci(ALE-E)
ALE output 1 N

1d{BHE-E)

Jez3=d 1h( E-BHE)

m‘
il
A
ot

HE output

o R/W-E)

e h{E-RAW)
__ 3
R/W output 7 F
1suPID-E) ez3ed thiE-FID)
Port Pi input )if +
(i=4-8) I X

Test conditions {except Port Pi, 1(XIN))

*VGC =5 V+10%

 Quiput timing voltage : VoL =08V, VOoH =20V, CL =100 pF
*Datainput: ViL=08V,VIH=25V

Test conditions {Port Pi, 1{Xin})

*VCC=5V10%

* Input timing voltage : ViL=1.0V, ViH=40V

* Quiput timing vollage : VOL=0.8V, VOH =2.0V, CL =100 pF
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Timing requirements (vcc = 5 V410 %, Vss = 0 V, Ta = —20 to 85 °C, f(XN)=40 MHz when the clock source select bit = “0"*, unless
otherwise noted)
# The rise and fall time of input signal must be 100 ns or less respectively, unless otherwise noted.

Memory expansion and Microprocessor mode : High-speed running

Limits
Symbol Parameter Min. Max. Unit
te External clock input cycle time (Note 1) 25 ns
twit) External clock input high-level pulse width (Note 2) tc/2-8 ns
twiL) External clock input low-level pulse width (Note 2) te/2-8 ns
tr External clock rise time 8 ns
tf External clock fall time 8 ns
tsu(D-E) Input setup time 30 ns
tsu(PiD-E} Port Pi input setup time (i = 4—8) 60 ns
thiE-D) Data input hold time 0 ns
th(E-PiD) Port Pi input hold time (i = 4—8) 0 ns
50 {3-¢ access)
tsu{An/A-D) Data setup time with address stabilized (Note 3) 100 {4-¢ access) | ns
150 (5-¢ access)

#: f(XIN) = 20 MHz when the clock source selet bit = *1”
Notes 1: When the clock source select bit = “1”, t¢'s minimum limit is 50 ns.
2: When the clock source select bit = “1”, set tw{H)/tc and tw(L)/tc ratios to 45 to 55 %.
3: Since the values depend on external clock input frequency f(XIN), calculate them using the bus timing data formula on the page after
the next page.
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SHINGLE-CHIP 16-BIT CMOS MICROCOMPUTER FLASH MEMORY VERSION

Switching characteristics (voc=5V210%, Vss =0V, Ta = —20 to 85 °C, f(XN) = 40 MHz when the clock source select bit =
“0"*, unless otherwise noted)
Memory expansion and Microprocessor mode : High-speed running

3-¢ access 4-¢ access 5-¢ access .
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. Unit

tw{eH), twigl) ¢ high-level pulse width, ¢ low-level pulse width (Note) 5 5 5 ns
to(E—¢1) ¢ output delay time -12 7 -12 7 -12 7 ns
tw(EL) E low-level pulse width {Note) | 50 75 125 ns
td(An-E) Address output delay time {Note) | 15 40 40 ns
td(E-DQ) Data output delay time 35 35 35 ns
toxz(E-D7) Floating start delay time 5 5 5 ns
ta(A-E) Address output delay time {Note) | 15 40 40 ns
td(A-ALE) Address output delay time (Note) 5 30 30 ns
td{E-ALE) ALE output delay time {(Note) | 10 10 10 ns
td{ALE-E) ALE output delay time {Note) | 4 4 4 ns
tw(ALE) ALE pulse width (Note) [ 10 35 35 ns
{d{BHE-F) BHE output delay time {Note) | 20 45 45 ns
to(RAW-E} R/W output delay time (Note) | 20 45 45 ns
th{E-An) Address hold time (Note) [ 10 10 10 ns
thiALE-A) Address hold time {(Note) | 10 10 10 ns
th(E-DQ) Data hold time {Note) | 15 15 15 ns
tPZX(E-DZ) Floating release delay time (Note) [ 15 15 15 ns
th(E-BHE) BHE hold time {Note) | 10 10 10 ns
th(E-RW) R/W hold time {Note) | 10 10 10 ns
IE-PIQ) Port Pi data output delay time (i = 4-8) 60 80 60 ns

#: H{XIN) = 20 MHz when the clock source selet bit= *1”
Note: Since the values depend on external clock frequency (XN}, calculate them by using the bus timing data formulas on the next page.
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Bus timing data formulas
Memeory expansion and Microprocessor mode : High-speed running (VcC=5V+10 %, VsS =0V, Ta = —20 to 85 °C, f(XN) < 40 MHz when
the clock source select bit = “0"*, unless otherwise noted)

Symbol Parameter 3-¢ access 4-¢ access 5-¢p access Unit
g 9 g
tsu(An/A-D) Data setup time with address stabilized % 75 Tf(;<(I1N‘)J _75 2(;&? 75 ns
g
twigH), twigl) ¢ high-level pulse width, ¢ low-level pulse width % -20 - [ — ns
_ ] g 9 9
tw(EL) E low-level pulse width % -25 4f-(§(l1N()J 25 ?(?(I:\I()J 25 ns
g 9
tdtAn-E) Address output delay time % 35 ::(>)<(I1N()J B — ns
g g
td{A-E) Address output delay time % -35 % -35 B ns
g
ld(A-ALE) Address output delay time 1f(>)<(I1N()) -20 2”);('1'?9 =20 - ns
g
tdiE-ALE) ALE outuput delay time 1f(>)<(|1|\|()) -15 - | -———— ns
9 g
IwiALE) ALE pulse width % 15 2”;'1'? -5 | -—— ns
S (BHE-E) BHE outuput delay time 27107 5o | 8%10° o | o | s
f(XIN) fXIn)
td(R/W-E) R/W outuput delay time 2 %109 -30 3 x 109 -30 - ns
F(XIN) FEXINY
g
thiE—An) Address hold time 1f&l:f)’ 45 | +—— | -— | s
th{ALE-A) Address hold time .If(;i"ll?g -5 e et I — ns
th{E-DEY Data hold time 1f(>)<(—|:\|())9 -0 | 44— | -—— | ns
g
tozx(E-DZ) Floating release delay time 1”);('1N? -0 | -#— | 44— | ns
- 9
{d(E—BHE) BHE hold time 1”);('1'\'? 45 | -— | 4a— | ns
bE-RW) R/W hold time 1f(>)<(||1|?9 45 | -— | -—— | 7s
#: f(XIN) < 20 MHz when the clock source select bit = *1”
Note: When the clock source select bit is *1”, regard f(XIN) in tables as 2-f{XIN).
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{when 3-¢ access in high-speed running <Whitex)

Tw(l) Tw(H) L te

Tw(gL)
1 I iy
? Wi/ W/ /S
tdiE-01) et E-01)
— F 1 tw(EL) —
E _/ j
1d(An-E)
Ao—A7 output k (e An)
As—A1s5 output )g Address :
(BYTE ="H") K ’K
- T E-DQ)
A8y Je—m th(E-D)
A16/Do—Az3/D7 output ¥ | \
As/Ds—A15/D15 output | Address Data ]
(BYTE =L") >‘\ F
1d(A-ALE) jee—p{ 1h(ALE-4)
Do-D7 input
De-Disinput = =cceeceedeeemccemcmecceemaaa- LR T s s
(BYTE ="L")
w(ALE)
1d(E-ALE) == td{ALE-E)
ALE output /" N
td(BHE-E
i ) s th(E-BHE)
BHE output >gl
k
td(R/W-E)
th{E-RMW)
R output \
I
e E-FIC)
Port Pi output
(i = 4-8)

Test conditions (except Port Pi, 1{XiN))

s VCC =5VE10%

* Cutput timing voltage : VoL =08V, VoH = 2.0V, CL=100pF
* Datainput: VIL=08 V,VIH=25V

Test conditions {Port Pi, f{XIN))

Voo =5VE10%

« Input timing voltage : ViL=1.0V, VH=40V

+ Output tming voltage : VoL =08V, VoH =2.0 V, CL= 100 pF
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(when 3-¢ access in high-speed running <Read>)

tw(L) twiH) L i tc
L] L] 1 |
f(XIN)
twigl)
] 13 |
“’ U/ /S
1d(E-¢1) tdE91)
_ i | tw(EL) ¥
E / g
td(An-E)
Ao—A7 output 7 == h(E An)
As—A1s output X Address
(BYTE =*H") k
1pxz{E-DZ)
1diA-E)
A16/Do-Az3/D7 output I
As/Ds—A16/D16 output | Address
BYTE =°L" >g
¢ ) td(A-ALE) e=—t» th( ALE-A) ]
Do-D7 input I = hiE-D}
De-Disinpul =~ amemmeeeememmemmemfeaaaaa & F PO S i Data P----
(BYTE =.‘|f’,,) su{An/A-D) .‘( T JE
twiALE)
td(E-ALE) ! T(ALE-E)
ALE output /' N
te{BHE-E) le=3d h(E-BHE)
—_ b
BHE output )t 1
X 7
td(RW-E) =] theE-RW)
R/W output /J' F
tsu(PiD-E) le===] th(E-FID)
Port Pi input ¥ L
(i=4-8) N 4

Test conditions (except Port Pi, {{XIN))

* VCC =5 V+10%

» Output fiming voltage : VoL =08 V, VOoH =20V, CL = 100 pF
e Datainput: VIL=08 V,VIH=25V

Test conditions {Port Pi, 1{XIN})

+VCGC =5 V10 %

¢ Input timing voltage : ViL=1.0V, ViH=4.0V

« Qutput timing voltage : VoL =08 V, VoH =20V, CL = 100 pF
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{when 4-¢ access in high-speed running <Write>)

1(XIN)

o1

mi

Aoc—A7 output
As—A1s output
(BYTE ="H")

A16/Do—-Az3/D7 output
As/Ds—A15/D1s output
(BYTE =‘L")

Do-D7 input
Des-D1s input
(BYTE =L")

ALE output

BHE output

RAW output

Port Pi output
(i=4-8)

twiol)

F™ twioH) \_/_\_/

td(E-¢1) td(E-01)
g .1 tw(EL) IF
/ i 1
tdiAn-E) ety E-An)
3
)}{ Address
I
; et 1d(E-DG)
A E) | re=—sm| th(E-D)
r X
X_ Address Data 1
A ¥,
hae=— &
td(A-ALE) ’JHALE A
twial E)
to(E-ALE) td{ALE-E}
il il
1eHBHEB) bz thy( E-BHE)
y— X
L )
v'ﬁ to(RW-E) (_’T[}‘ﬁfw)
1
tdiE-Picy

Test conditions {except Port Pi, 1(XIN}))

Voo =5V+10%

* Output timing voltage : VOL=0.8V,VoH =20V, CL=100pF
eDatainput : VIL=08V,VIH=25V

Test conditions {Port Pi, f{In})

VoG =5V+10%

* Input timing voltage : VIL=1.0 V, VIH =40 V
* QOuiput timing voltage : VOL=0.8V, VOoH =20V, CL =100 pF
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(when 4-¢ access in high-speed running <Read>)

h{e4]

twigl)

v R = W A N N A W

td(E-01) td(E-91)

Ll

tw(EL)

m|
t
o
=t
t

tc{An-E)
Ac—A7 output )i fe=—=l 1h( E-AN)

. 8
As—A1s output Address

(BYTE ="H") P

] S tpxz(E-DZ)
d(A-E)
A16/Do—A=3/D7 output I fee—=] tozx(E-D2Z)
Ag/Ds—A16/D18 output )( Address @ | MH---mmemm e bee-

(BYTE ="L")

P Je—pe th(ALE-A) tsu(D-E)
Do-D7 input HA-ALE) b= 1h(E-D)

De-Disinpul =~ semeemeedessssessessdesessee—ee———————— B T T 4 Data [-----
(BYTE ="L") tsu(AVA-D) * 7

o E-ALE) WALE) ta(ALE-E)

ALE output /

14BHEE) =] 11(E-BHE)

BHE output XE 1
s K

to RW-E)

el th(E-R/W)

R/W output /

tsu(PiD-E) e==m! th(E-PiD)
Port Pi input £
(i =4-8) J

]

Test conditions (except Port Pi, f{XIN))

+ VCC =5 V+10%

+ Qutput timing voltage : VoL =0.8 V, VOH = 2.0 V, CL = 100 pF
* Datainput : VIiL=08 V,VIH=25V

Test conditions (Port Pi, 1(XIN))

*VCC =5V+10%

* Input timing voltage : VIL=1.0 V, VIH =40 V

« Output timing voltage : VoL =0.8V, VoH = 2.0V, CL = 100 pF
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{when 5-¢ access in high-speed running <Whitex)

FOON)

o1

mll

- tdtAn-E) - th{E-An)je—s]

A0—A7 cutput = =
Ae—A15 output X Address g
(BYTE ="H") Y

td(E-DQY

A18/Do-A23/D7 output = = thiE-DQ|e—

|
As/Da—A15/D15 output )g Address H Data X
BYTE =L" i T
( ) = ] E(ALE- A}

|
1

Do—-D7 input
De—Disinput = aeemeeeedecemememmeemeeemmeemmee—aaa Uy VS [
(BYTE =L

td(E-ALE) = - e ta(ALE By
ALE output / N

td(BHE-E} - th{E-BHE)

BHE cutput X

==
) td¢RW-E) N IhiE-RW
RW output \
K
|

Ld(E- PiQ)

Pert Pi output
(i=4-8)

Test conditions (except Port Pi, f{IN))

*VCC=5VHID%

« Qutput timing voltage : VoL = 0.8 V, VOH =2.0V, CL = 100 pF
*Datainput: VIL=08V,VH=25V

Test conditions {Port Pi, f(XIN))

*VCC=5VID%

« Input timing voltage : VIL= 1.0V, VH =40V

« Qutput timing voltage : VoL = 0.8V, VOH =2.0 V, CL = 100 pF
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(when 5-¢ access in high-speed running <Read>)

twil) tw(H) I1r|’ ¥ ) tc |
F(XIN)
twiol)
1 . X T \ / \ / — e
? \F { twiory \_/_\_/
1d(E91) te E-¢1)
= T 1 tw(EL) |
E -
td(An-E) y
Ao-A7 output k th(E-An)| ==
As-A1s output ) Address B
(BYTE =H") I |
1cl(A-E) ’ toen =07
At1e/Do—A=z3/D7 output I pxz{E-DZ)
As/Ds—A16/D16 output ) Address | H-==-=memme e e Lo
(BYTE =L") I o)
uiD-
Do-D7 input 1diA-ALE) ; -c—J-Lth(E Dy
[0 D31 SRR YRR R — e { Dpaa JF----
(BYTE ="L") tsu(An/A-DY A
tw(ALE)
td(E-ALE) d(ALE-E)
ALE output /' N
td(BHE-E) h{E-BHE)
=S
BHE output )] "
72<
h(E-RMW
td(RW-E)
R/W output /‘ ’l;
outpu
h(E-FID)
tsu({FiD-B) ==
Port Pi input 3 1 B
(i=4~8) L ]

Test conditions (except Port Pi, 1{XIN}))

* VCC =5 V+10%

« Cutput timing voltage : VoL =08V, VoH =20V, CL=100pF
* Datainput : VIL=08 V,VIH=25V

Test conditions (Port Pi, fXIN))

*VoCc =5V+10%

* Input timing voltage : ViL=1.0V, VIH=4.0 V

* Qutput fiming voltage : VoL =08 V, VOH =20V, CL =100 pF
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<NOTE> External bus timing when internal memory area is accessed (2-¢ access) in high-speed

running
(Vec=5V+109% V85 =0V, Ta=—20 to 85 °C_ f{XN) < 40 MH=z when the clock source select bit = 07y
Limits Bus timing .
Symbol Parameter i Max. daia formula Unit
9
tw(oH), twiol) ¢ high-level pulse width, ¢ low-level pulse width 5 1f(XX:N(; -20 ns
td(E-g¢n) @1 output delay time -12 7 ns
_ 9
tw(EL) E low-level pulse width 5 % -20 ns
i 2x 109
tdtAn-E) Address output delay time 15 HXN) 35| ns
tpxz{F-D2) Floating start delay time (BYTE="L") 5 ns
9
tetA-E) Address output delay time 15 2f(><X;|N(; -35| ms
) 1% 10°
totA-ALE) Address output delay time 5 XNy~ 20| ns
; 1109
td(E-ALE) ALE oulput delay time 10 XNy~ 15| ns
td(ALE-E) ALE output delay time 4 ns
9
bwALE) ALE pulse width 10 1f(XX:N0) —15| ns
YT . 2x10°
td(BHE-E) BHE output delay time 20 HXIN) 30( ns
_ 9
tatRAW-E) R/W output delay time 20 2f(><X;|N(; -30| ns
9
thiE-An) Address hold time 10 1f(XX:N(; —15| ns
; @ 1109
th{ALE-A) Address hold time (BYTE="") 10 W —15]| ns
i ; 1109
{pzx{E-DZ) Floating release delay time (BYTE="L") 15 XNy 10| ns
BHE ; 1x108
td{E-BHE) BHE hold time 10 (XIN) 15| ns
W ; 1x 109
td(E-RAW) R/W hold time 10 N~ 15| ns

#: f(XIN) < 20 MHz when the clock source select bit = "1".
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(External bus timing on internal RAM access (2-¢ access) in high-speed running)

<Writex <Read>

F{XINY
01
E T = H i L T —
E / N ey / . twi{ELY -
. th{E-An) th(E-An)
B td(An-E} R _ td{An-E) _
A0—A7 output - = . I~ = y
Ag—A15 output )g Address g X Address x
(BYTE =*H") |- { \ ]
tpxztE-DZ)
_ td(A-E) _ ~ td{A-E) ~ _ﬂf—DZ)
A1s/Do—A23/D7 cutput I— — I's —
Ag/De—-A15/D15 output Address Data M ) Address | H----- ---- -<
wp >" A SSRNENE NN 1 1
(BYTE =*L")
= == o td(A-ALE) |= = |= = th{ALE-A)
’ to{A-ALE) th(ALE-A)
Do—-D7 input
De—D15input  r=====ssseeeeecsssssssediessssssssfesssssssfesssssss e eeemssssle s ssssssms— - ECEL EEEEEREY CEERELEEE
(BYTE ="L")
Td(E-ALE) | tw(ALE]|| t(ALE-E) _ MEALE) | bwALE) ||lotALE-E)
ALE output 7 -S_ ]- -:_
td(BHE-E) th(E-BHE) tA(BHE-E) th(E-BHE}
= = =] = = e
N 3 y r y
BHE output )g g X Z
K 7 K 7
. MRWE th(E-RMW)  wawes th{E-RW)
_ 2
R/W output \( 7_ } \
1
% The value of write data is undefined. % Contents of external data bus cannot be read inte the internal.

Test conditions
*VCC=5VHID%
* Qutput timing voltage : VOL = 0.8 V, VOH =20V, CL = 100 pF
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— Keep safety first In your clrcult designs!

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

— Notes regarding these materlals

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

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

All information contained in these materials, including product data, diagrams and charts, represent information on products at the time of publication of these materials, and are subject to change by Mitsubishi
Electric Gorporation without notice due to product improvements or other reasons. |t is therefore recommended that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for the latest product information before purchasing a product listed herein

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

The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or reproduce in whole or in part these materials

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

Any diversion or reexport contrary to the export control laws and regulations of Japan andfor the country of destination is prohibited.
Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product distributor for further details on these materials or the products contained therein.
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