
MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

DESCRIPTION 
The M3800x group is made up of 8-bit microcomputers 
based on the MELPS 740 core. 
The M3800x group is designed for office automation equip­
ment, household appliances and include four timers, serial 
I/O function. 
The various microcomputers in the M3800x group include 
variations of internal memory size and packaging. For de­
tails, see the section on part numbering. 
For details on availability of microcomputers in the M3800x 
group, see the section on group expansion. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Basic machine-language instructions ....................... 71 
• Instruction execution time .......... · .... · .................. ·0.5,us 

(shortest instruction at 8M Hz oscillation frequency) 

• Memory size 
ROM ................................................ 4K to 32K bytes 
RAM .............................................. '192 to 1024 bytes 

• Programmable input/output ports ............................ 58 
• Interrupts ................................. 15 sources, 15 vectors 
• Timers .. · .... ·· .. · ...... ·· .. ············ .. ·········· .. · .. ·······8 bitX4 
• Serial I/O .......... 8-bitX1 (UART or Clock-synchronized) 
• Clock generation circuit .. · .. "Internal feedback amplifier 

(connect to external ceramic resonator or quartz crystal) 
• Supply voltage .... · ...................................... 3.0 to 5.5V 
• Low power dissipation ...................................... 32mW 

• Memory expansion possible 
• Operating temperature range ................... -20 to 85"C 

APPLICATIONS 
Office automation, factory automation, household ap­
pliances, and other consumer applications, etc. 

I I I I I I I I I I I I I I I I 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

PIN CONFIGURATION (TOP VIEW) 

Vee 

P56 - 13 

P55/CNTR, - 14 

P54/CNTRo - 15 

P53/1NT5 - 16 

P5,/INT4 "" 17 

P5,/INT3 - 18 

P50 /lNT, - 19 

Vss 

59 .... P35/SYNC 

41 .... P1 7/AD'5 

Package type 64P4B 
64-pin shrink plastic-molded DIP 
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FUNCTIONAL BLOCK DIAGRAM (Package: 64P4B) 
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PIN DESCRIPTION 

Pin Name 

Vee Power supply 

Vss 

CNVss CNVss 

---
RESET Reset mput 

X ,N Clock mput 

XOUT Clock output 

POO-P07 I/O port PO 

P1 0 -P1 7 110 port P1 

P20 -P27 I/O port P2 

P30 -P37 I/O port P3 

P40 • P4, I/O port P4 

P4,1INTo• 

P43/1NT, 

P44 /RxD • 

P45/TxD, 

P46/SCLK• 

P47 /SRDy 

P50 /1NT2 - I/O port P5 

P53/1NT5 

P5,/CNTRo• 

P5,/CNTR, 

P56 • P57 

P6o-P67 110 port P6 

P70 • P7, I/O port P7 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Function 
Alternate Function 

Power supply inputs 30 to 5 5V to Vcc. and OV to Vss 

This pin controls the operation mode of the chip. Normally connected to Vss If this pin IS connected to Vee. the IOternal 

ROM IS inhibited and external memory 15 accessed. 

To reset the microcomputer, this pin should be kept at an "L" level for more than 2.us under normal operating condl-

lions 

Input and output Signals for the internal clock generation CirCUIt. Connect a ceramic resonator or quartz crystal between 

the X,N and XOUT pins to set the oscillation frequency If an external clock IS used, connect the clock source to the X,N 

pin and leave the XOUT pin open 

An 8 bit CMOS I/O port An 1/0 direction register allows each Pin to be indiVidually programmed as either mput or out-

put At reset this port IS set to input mode 

In modes other than single-chip, these pms are used as address, data, and control bus I/O pins 

An a-bit CMOS 110 port with the same function as port PO 

External interrupt Input pins 

Senal I/O I/O pins 

-

An a-bit CMOS I/O port with the same funcllon as port PO External Interrupt Input pinS 

Timer X and Timer Y 1/0 PinS 

An a-bit CMOS I/O port with the same funcllon as port PO 

An 2-blt CMOS I/O port with the same functIOn as port PO 

• MITSUBISHI 2-7 
"'ELECTRIC 



PART NUMBERING 

Product name M3800 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

M4-XXXSP 

L Package type 

SP: 64P4B package 

FP: 64P6N package 

SS· 64S1 B package 

FS· 6400 package 

'------ ROM number 

Omitted in some types. 

'--------- ROM/PROM sIZe 

·4096 bytes 

8192 bytes 

12288 bytes 

4 . 16384 bytes 

20480 bytes 

24576 bytes 

28672 bytes 

8 . 32768 bytes 

The first 128 bytes and the last two bytes of ROM 

are reserved areas, they can not be used 

'------------ Memo~type 

M. Mask ROM version 

E EPROM or one-time programmable verSion 

'----------- RAM sIZe 

0.192 bytes 

1 256 bytes 

384 bytes 

512 bytes 

.4 640 bytes 

768 bytes 

896 bytes 

7 1024 bytes 

.• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP I-BIT CMOS MICROCOMPUTER 

GROUP EXPANSION (2) Packages 

Mitsubishi plans to expand the M3800x group as follows: 64P4B ............................... Shrink plastic molded DIP 

(1) Support for mask ROM, one-time programmable, and 
EPROM versions 

64P6N ........................................ Plastic molded QFP 

64S1 B········································ Shrink ceramic DIP 
ROM/PROM capacity·· .. ·· .................. 8K to 32K bytes 6400 .................................................. Ceramic LCC 

RAM capacity································· 384 to 1024 bytes 

Memory expansion plan 

ROM size (bytes) New product Under development 

32K ., .............. ,.... . ........... :~800~M8~r-· .. · .. · .. TC€:38007M8~ 
, . , , , , , , 
• , I , 

28K - - -: ••••••• - • - - - -~ _ •• _ •••••••••• t _. _ •• _ •••••••. ; - - -- _. - _. _ •••• t- - - -- - -- -- - - -! ------------...... --------': 

24K .............•..............• ------~~~.J~8003M6~.---- .. --------, ..... -- ...... -;- .... -.-------j 
, : : : M6: Unde; developm~nt : : 

20K -·-----·------~---·--·~·-·-·r--·-~----:-···1 ----r------ -------1·-·------- --·;--··-·-·~-~~lproduct 

::: ••••.•..•••• r •••• ···'~r~"""·~:mm ..... ; ...... m .... ; ..•.• ·....i~""i"~ 
"' .. m+ ..!~:~'mm .. !mmj mmmimmm 
4K ------- ______ , ______________ l._ .. _._. __ ._ -.---------- ---i-----

192 256 384 512 640 768 896 

RAM sIZe (bytes) 

The development sChedule and other details of products under development may be revised without notice 

Currently supported products are listed below 

1024 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

Product name (P) ROM size (bytes) 

M38002M4-XXXSP 

M38002E4-XXXSP 

M38002E4SP 

M38002M4-XXXFP 

M38002E4-XXXFP 
16K 

M38002E4FP 

M38002E4SS 

M38002E4FS 

M38002M2-XXXSP 

M38002E2-XXXSP 

M38002E2SP 

M38002M2-XXXFP 

M38002E2-XXXFP 
8K 

M38002E2FP 

M38002E2SS 

M38002E2FS 
M38004M8-XXXSP 

M38004E8-XXXSP 

M38004E8SP 

M38004M8-XXXFP 

M38004E8-XXXFP 
32K 

M38004E8FP 

M38004E8SS 

M38004E8FS 

M38007M4-XXXSP 

M38007E4-XXXSP 

M38007E4SP 

M38007M4-XXXFP 

M38007E4-XXXFP 
8K 

M38007E4FP 

M38007E4SS 

M38007E4FS 

M38003E6-XXXSP 

M38003E6SP 

M38003E6-XXXFP 

M38003E6FP 
24K 

M38003E6SS 

M38003E6FS 

FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

RAM ~ize (bytes) 

384 

384 

640 

1024 

512 

Microcomputers of the M3800x group use the standard 
MELPS 740 instruction set. Refer to the table of MELPS 
740 addressing modes and machine instructions or the 
MELPS 740 Software Manual for details on the instruction 
set. 
Machine-resident MELPS 740 instructions are as follows· 

The FST and SLI/V instructions are not available for use. 
The STP. WIT. MUL. and DIV Instructions can be used. 

CPU Mode Register 
The CPU mode register (address 0038,6) contains proces­
sor mode bits that specify the operating mode of the chip. 
The CPU mode register also contains the stack page select 
bit. 

2-10 
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Package Remarks 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable version (blank) 

Mask ROM version 

64P6N One-time programmable version 

One-time programmable version (blank) 

64S1B EPROM version 

64DO EPROM verSion 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable verSion (blank) 

Mask ROM version 

64P6N One-time programmable verSion 

One-time programmable version (blank) 

64S1B EPROM version 

64DO EPROM version 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable version (blank) 

Mask ROM version 

64P6N One-time programmable version 

One-time programmable verSion (blank) 

64S1B EPROM version 

64DO EPROM version 

Mask ROM version 

64P4B One-time programmable version 

One-time programmable verSion (blank) 

Mask ROM verSion 

64P6N One-time programmable version 

One-time programmable version (blank) 

64S1B EPROM verSion 

64DO EPROM version 

One-time programmable version 
64P4B 

One-time programmable version (blank) 

One-time programmable version 
64P6N 

One-time programmable version (blank) 

64S1B EPROM verSion 

64DO EPROM version 

7 0 
I I I I I I I I I CPU mode register 

I I (CPUM address 0038,.) 

Ll.----. Processor mode bits 
bl bIl 
o 0 : Single-chip mode 
o 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Do not use 

L-___ Stack page select bit 

o : RAM in the zero page IS 
used as stack area 

: RAM in page 1 IS used 
as stack area 

Fig. 1 Structure of CPU mode register 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

MEMORY 
• Special Function Register (SFR) Area 

The Special Function Register area contains registers 
which control functions such as I/O ports and timers, and 
is located in the zero page area. 

• RAM 
RAM is used for data storage as well for stack area. 

• ROM 
The first 128 bytes and the last two bytes of ROM are re­
served for device testing and the rest is user area for 
storing programs. 

• Interrupt Vector Area 
The interrupt vector area contains reset and interrupt 
vectors. 

RAM area 

RAM capacity 
Address XXXX'6 

(bytes) 

192 00FF'6 
256 013F'6 
384 01 BF'6 
512 023F'6 
640 02BF'6 
768 033F'6 
896 03BF'6 

1024 043F'6 

ROM area 

ROM capacity 
Address YYYY'6 Address ZZZZ'6 

(bytes) 

4096 FOOO'6 F080'6 
8192 EOOO'6 E080'6 

12288 0000'6 0080'6 
16384 COOO'6 C080'6 
20480 BOOO'6 B080, 6 

24576 AOOO'6 A080'6 
28672 9000'6 9080,6 

32768 8000'6 8080'6 

Fig. 2 Memory map diagram 

• Zero Page 
The 256 bytes from addresses 0000 '6 to 00FF'6 are cal­

led the zero page area. The internal RAM and the spe­
cial function registers (SFR) are allocated to this area. 
The zero page addressing mode can be used to specify 
memory and register addresses in the zero page area. 

This dedicated zero page addressing mode enables ac­
cess to this area with only 2 byt,es. 

• Special Page 
The 256 bytes from addresses FFOO'6 to FFFF'6 are call­

ed the special page area. The special page addressing 
mode can be used to specify memory addresses in the 
special page area. This dedicated special page addres­
sing mode enables access to this area with only 2 bytes. 

0000'6 

0100'6 
RAM [ 

0,040'6 

ROM 

XXXX'6 

0440'6 

YYYY'6 

ZZZZ'6 

FFOO'6 

FFDC'6 

FFFE'6 

FFFF'6 

SFR area 

-----------------
Reserved area 

Not used 

-----------------
Reserved ROM area 

(common ROM area,128 bytes) 

Interrupt vector area 

Reserved ROM area 

] 
Zero 
page 

Special 
page 

• MITSUBISHI 
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Fig. 3 

2-12 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

0000,. 
0001'6 
0002,. 
0003'6 
0004,. 
0005,. 
0006,. 
0007,. 
0008,. 
0009'6 
OOOA,. 
OOOB,. 
OOOC,. 
0000,. 
OOOE,. 
OOOF,. 
0010'6 
0011,6 
0012'6 
0013,. 
0014,. 
0015'6 
0016,. 
0017,. 
0018,. 
0019,. 
001A,. 
001B,. 
001C,. 
0010,. 
001E,. 
001F'6 

Port PO (PO) 
Port PO direction register (POD) 
Port PI (PI) 
Port PI direction reg,ster (PI D) 
Port P2 (P2) 
Port P2 direction reQister (P2D) 
Port P3 (P3) 
Port P3 direction register (P3D) 
Port P4 (P4) 
Port P4 direction register (P40) 
Port P5 (P5) 
Port P5 direction register (P5D) 
Port P6 (P6) 
Port P6 direction register (P6D) 
Port P7 (P?) 
Port P7 direction register (P70) 

Transmit/receive buffer (TB/RB) 
Senal I/O status register (SIOSTS) 
Serial I/O control register (SIOCON) 
UART control register (UARTCON) 
Baud rate generator (BRG) 

0020,. 
0021,. 
0022,. 
0023,. 
0024,. 
0025,6 
0026,. 
0027,. 
0028,. 
0029'6 
002A'6 
002B,. 
002C,. 
0020,6 
002E,. 
002F,. 
0030,. 
0031,. 
0032'6 
0033,. 
0034,. 
0035,6 
0036,. 
0037'6 
0038,. 
0039,. 
003A'6 
003B,. 
003C,. 
0030,. 
003E,. 
003F,. 

Memory map of special function register (SFR) 

• MITSUBISHI 
.... ELECTRIC 

Prescaler 12 (PREI2) 
Timer 1 (Tt) 
Timer 2 (T2) 
Timer XY mode register (TM) 
Prescaler X (PREX) 
Timer X (TX) 
Prescaler Y (PREY) 
TimerY (TY) 

.--

Interrupt edge selection register (INTEDGE) 
CPU mode register (CPUM) 
Interrupt request register 1 (IRE01) 
Interrupt request register 2 (IRE02) 
Interru~t control register 1 (ICON1) 
Interrupt control register 2 (lCON2) 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

1/0 PORTS 
Direction Registers 
The M3800x group microprocessors have 72 programmable 
I/O pins arranged in nine I/O ports (ports PO to P7). The 
I/O ports have direction registers which determine the input! 
output direction of each individual pin. Each bit in a direction 
register corresponds to one pin, each pin can be set to be in­
put or output. When "0" is written to the bit corresponding to 

a pin, that pin becomes an input pin. When "1" is written to 
that bit, that pin becomes an output pin. 

If data is read from a pin which is set for output, the value of 
the port output latch is read, not the value of the pin itself. 
Pins set to input are floating. If a pin set to input is written to, 
only the port output latch is written to and the pin remains 
floating. 

Pin Name Input/Output I/O Format Non-Port Function Related SFRs Ref No. 

POO-P07 Port PO 
Input/output, CMOS 3-state output Address lower-byte 

CPU mode register 
individual bits CMOS level Input output 

P1 o-P1 7 Port P1 
Input/output, CMOS 3-state output Address upper-byte 

CPU mode register 
individual bits CMOS level input output 

I n put! output, CMOS 3-state output 
Data bus I/O CPU mode register 

(1) 
P2o-P27 Port P2 

individual bits CMOS level input 

P30-P37 Port P3 
Input!output, CMOS 3-state output 

Control signal I/O CPU mode register 
individual bits CMOS level input 

P40 , P4, 

P4211NTo, External Interrupt Interrupt edge selection 
(2) 

P43 /INT, 
Input/output, CMOS 3-state output 

input register 

P44 /RxD, Port P4 (3) 
individual bits CMOS level input Serial I/O control 

(4) P45/TxD, 
Senal 1/0 function 1/0 register 

P4e/ScLK, (5) 
-- UART control register 

(6) P47/SRDy 

P50 /lNT2' 

P5, /INT3 , External interrupt Interrupt edge selecllon 
(7) 

P52/INT4 , 
Input/output, CMOS 3-state output 

input register 

P53 / INT5 Port P5 
individual bits CMOS level input 

P5,/CNTRo, 
Timer XY function I/O (8) 

P55 /CNTR, 

P56 , P57 

P6o-P67 Port P6 
Input/output, CMOS 3-state output 

individual bits CMOS level Input (9) 

P70 , P7, Port P7 
Input/output, CMOS 3-state output 

individual bits CMOS level Input 

Note: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function I/O ports, 
see the applicable sections 

• MITSUBISHI 
.... ELECTRIC 2-13 



(1) Port PO, P1, P2, P3, P40 or P4, 

Data bus 

(3) Port P4. 

(5) Port P46 

Data bus 

Senal clock output -1>----' 

(7) Port P50 to P53 

Data bus 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

(2) Port P42 or P43 

Data bus 

(4) Port P45 

Serial 110 output -[>-----' 

(6) Port P47 

Senal 1/0 mode select bit 
Serial 1/0 enable bit 

Data bus 

Senal ready output 

(8) Port P5. or P55 

Data bus 

Pulse output mode 

Interrupt input ~CDIf----' 
Timer output ---o~C-o-u-'nter Input 

Interrupt Input 

(9) Port P56 , P57 , P6 or P7 

Data bus 

Fig. 4 Port block diagram (single-chip mode) 

2-14 • MrTSUBISHl 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

INTERRUPTS 
A total of 15 sources can generate interrupts: 8 external, 6 in­
ternal, and 1 software. 
• Interrupt Control 

Each interrupt is controlled by an interrupt request bit, an 
interrupt enable bit, and the interrupt disable flag-except 

for the software interrupt set by the BRK instruction. An in­
terrupt is generated if the corresponding interrupt request 
and enable bits are "1" and the interrupt disable flag is "0". 
Interrupt enable bits can be set or cleared by software 
Interrupt request bits can be cleared by software, but can­
not be set by software. 
The I flag disables all interrupts except for the BRK instruc­
tion interrupt. 

Table 1 Interrupt vector addresses and priorities 

Interrupt cause Prionty 
Vector address (Note 1) 

High Low 

Reset (Note 2) 1 FFFD'6 FFFC'6 

INTo 2 FFFB,6 FFFA,6 

INT, 3 FFF9'6 FFF8'6 

SenalllO 
reception 

4 FFF7'6 FFF6'6 

SenalllO 5 FFF5'6 FFF4'6 
transmission 

Timer X 6 FFF3'6 FFF2'6 

Timer Y 7 FFF1,6 FFFO'6 

Timer 1 8 FFEF'6 FFEE'6 
Timer 2 9 FFED'6 FFEC'6 

CNTRo 10 FFEB,6 FFEA'6 

CNTR, 11 FFE9'6 FFE8'6 

INT2 12 FFE7,6 FFE6'6 

INT3 13 FFE5,6 FFE4'6 

INT. 14 FFE3'6 FFE2'6 

INTs 15 FFE1'6 FFEO'6 
1---

BRK Instruction I' 16 FFDD'6 FFDC'6 

Notel: Vector addresses contain Interrupt jump destination addresses 

• Interrupt Operation 
When an interrupt is received, the program counter and 
processor status register are automatically pushed onto the 
stack. The interrupt disable flag is set to inhibit other inter­
rupts from interfering. The corresponding interrupt request 
bit is cleared and the interrupt jump destination address is 

read from the vector table into the program counter. 

• Notes on Use i 
When the active edge of an external interrupt (INTo to 
INTs, CNTRo, or CNTR, ) is changed, the corresponding in­
terrupt request bit may also be set. To insure proper opera­
tion when selecting the active edge, disable interrupts be­

fore setting the interrupt edge selection. 

Interrupt request 
Remarks 

generation conditions 

At reset Non-maskable 

At detection of either rising or External mterrupt (active edge 

failing edge of INTo Input selectable) 

At detection of either rising or External Interrupt (active edge 

falling edge of INT, Input selectable) 

At end of senal 1/01 data re-
ceptlon 

Valid when serial 1/01 IS selected 

At end of senal 1/01 transfer 

shift or when transmission buf- Valid when serial 1/01 is selected 

fer is empty 

At timer X overflow 

At timer Y overflow 

At timer 1 overflow STP release timer overflow 

At timer 2 overflow 

At detection of either nSlng or External Interrupt (active edge 

falling edge of CNTRo input selectable) 

At detection of either rising or External interrupt (active edge 
failing edge of CNTR, Input selectable) 

At detection of either rising or External Interrupt (active edge 

failing edge ~INT2 input selectable) 

At detection of either nSlng or External Interrupt (active edge 
falling edge of INT 3 input selectable) 

At detection of either rising or External Interrupt (active edge 

falling edge of INT. Input selectable) 

At detection of either nSlng or External interrupt (active edge 
failing edge of INT s Input selectable) 

Non-maskable software Inter-
At BRK Instruction execution 

rupt 

2 : Reset function in the same way as an Interrupt With the highest PriOrity 

• MITSUBISHI 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP 8·BIT CMOS MICROCOMPUTER 

Interrupt request bit 

Interrupt enable bit 

Interrupt disable flag (I) 

BRK Instruction ------I 
Reset----~_-', 

Interrupt request 

Fig. 5 Interrupt control 

o 
L J J I I I I I I Interrupt edge selectIon regIster 

~
INTEOGE. address 003A,.) 

INTo actIve edge select bit 
INT, active edge select bIt 

'----INT, actIve edge select bIt 
'-----INT. active edge select bit 

'------INT. actIve edge select bIt 
'-------INT. active edge select bit 

'--'---------Not used (returns "0" when read) 

o : Failing edge active 
1 : RIsing edge actIve 

7 o 
I I I I I I I I I Interrupt request register 1 

~IREQ1 address 003(;,.) 

INTo interrupt request bIt 
INT, interrupt request bIt 

'-----Serial 1/0 receive interrupt request bit 
'------SeriaII/O transmit Interrupt request bIt 

'-------Timer X Interrupt request bIt 
'--------Timer Y Interrupt request bit 

'---------Tlmer 1 Interrupt request bIt 
'-----------Tlmer 2 Interrupt request bIt 

7 
I I I I I I I I lint errupt control register 1 

ON1 address 003E,.) 

Lb: INTo Interrupt enable bIt 
INT, interrupt enable bIt 
Serial 1/0 receIve Interrupt enable bit 
Serial 1/0 transmit Interrupt enable bit 
Timer X Interrupt enable bit 
TImer Y Interrupt enable bIt 
Timer 1 Interrupt enable bit 
TImer 2 Interrupt enable bIt 

Fig. 6 Structure of Interrupt-related registers 
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I I I I I I I I lint errupt request register 2 
REQ2 address 0030,.) 

7 

~ CNTRo interrupt request bIt 
CNTR, interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 
INT. Interrupt request bIt 

Not used (returns "0" when read) 

: No interrupt request Issued 
: Interrupt request Issued 

I I I I I I I I I Interrupt control regIster 2 

~
ICON2. address 003F,.) 

CNTRo interrupt enable bit 
CNTR, Interrupt enable bIt 

'----INT. interrupt enable bIt 
'------ INT, interrupt enable bit 

'-------INT. Interrupt enable bIt 
'--------INT5 interrupt enable bIt 

'---'--------- Not used (returns "0" when read) 
(Do not write "1" to this bit) 

o : Interrupts disabled 
1 : Interrupts enabled 
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TIMERS 
Microcomputers of the M3800x group have 4 timers: timer X, 
timer Y, timer 1, and timer 2. 

The timers count down. Once a timer reaches 00,6, the next 
count pulse reloads the contents of the corresponding timer 
latch into the timer, and sets the corresponding interrupt re­
quest bit to 1. 

The divide ratio of each timer or prescaler is given by 
1/(n+1), where n is the value in the corresponding timer or 
prescaler latch. 

7 o 
I I I I I I I I I 

LL 

'----

Timer XY mode register 
(TM Address 0023,6) 

Timer X operation mode bit 

blbO 
o 0 : Timer mode 
o 1 : Pulse output mode 
1 a : Event counter mode 
1 1 : Pulse width measurement mode 

CNTRo acllve edge select bit 
o : Interrupt at failing edge 

Count at rising edge In event 
counter mode 

: Interrupt at rising edge 
Count at failing edge In event 
counter mode 

Timer X count stop bit 
o : Count start 
1 : Count stop 

Timer Y operatIOn mode bit 

b5b4 
o 0 : Timer mode 
o 1 : Pulse output mode 
1 0 : Event counter mode 
1 1 : Pulse Width measurement mode 

CNTR, active edge select bit 
o : Interrupt at failing edge 

Count at rising edge In event 
counter mode 

: Interrupt at rising edge' 
Count at failing edge In event 
coul)ter mode 

Timer Y count stop bit 
o : Count start 
1 : Count stop 

Fig. 7 Structure of timer XY register 

Timer 1 and Timer 2 
The count source of prescaler 12 is the oscillation frequency 
divided by 16. The output of prescaler 12 is counted by timer 
1 a'nd timer 2, and a timer overflow sets the interrupt request 
bit. 

Timer X and Timer Y 
Timer X and Timer Y can each be set to operate in one of 
four operating modes by setting the timer XY mode register. 
1. Timer Mode 

In timer mode, the timer counts a signal that is the 
oscillation frequency divided by 16. 

2. Pulse Output Mode 
Timer X (or timer y) counts a signal which is the oscilla­
tion frequency divided by 16. Whenever the contents of 
the timer reach "0", the signal output from the CNTRo (or 
CNTR, ) pin is inverted. If the CNTRo (or CNTR, ) active 
edge select bit is "0", output begins at "H". If it is "1", 
output starts at "L". When using a timer in this mode, set 
the corresponding port P54 (or port P55 ) direction regis­
ter to output mode. 

3. Event Counter Mode 
Operation in event counter mode is the same as in timer 
mode, except the timer counts signals input through the 
CNTRo or CNTR, pin. 

4. Pulse Width Measurement Mode 
If the CNTRo (or CNTR, ) active edge select bit is "0", 
the timer counts at the oscillation frequency divided by 
16 while the CNTRo (or CNTR, ) pin is at "H". If the 
CNTRo (or CNTR, ) active edge select bit is "1", the 
count continues during the time that the CNTRo (or 
CNTR, ) pin is at "L" 

In all of these modes, the count can be stopped by setting 
the timer X (timer y) count stop bit to "1". Every time a timer 
overflows, the corresponding interrupt request bit is set. 

• MrrsuBlSHI 
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Timer X count stop bit 

-....:>-~------<l>--------------------uOO------__+- To eNTRo Interrupt 
request bit 

"1" 

Pulse output 
mode 

eNTRo active 
edge select 

Pulse width 
measurement 
mode 

Q 

"1" Toggle flip-flop T jE---------------/ 

"0" Q R 

Timer Y count stop bit 

Timer X latch write 

Pulse output mode 

To eNTR, Interrupt 
-....:>--+'>-------<1>----------------------1 ;>o------t-.-,.. request bit 

"1" 

Port P55 

latch 

Pulse output 
mode 

eNTR, active 
edge select 
bit 

Q 

"1" Toggle flip-flop T 1---------------/ 
Q 

"0'" '--__ ...:Rr'-__ --' 
Timer Y latch write 

Pulse output mode 

To timer 2 Interrupt 
request bit 

To timer 1 Interrupt 
request bit 

Fig. 8 Block diagram of timer X, timer Y, timer 1, and timer 2 

• MITSUBISHI 
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Serial I/O can be used as either clock synchronous or asyn­
chronous (UART) serial I/O. A dedicated timer is also pro­
vided for baud rate generation. 

setting the mode select bit of the serial I/O control regis­
ter to "1" 

For clock-synchronized serial I/O, the transmitter and the 

receiver must use the same clock. If an internal clock is 
used, transfer is started by a write signal to the transrnit 
or receive buffer. 

(1) Clock Synchronous Serial I/O 

Clock synchronous serial I/O mode can be selected by 

Address 0018,• 

[~~~~~~J~-':'-I-: Receive buffer full flag \RBF) 

L... ____ ..... Receive Interrupt request (RI) 

Clock control CIrCUit 

Serial 1/0 clock select bit ___ ~ 
BRG count source select bit Frequency diVISion ratio I/(n+l) 

Baud rate generator 1/4 1--1>-+ 
Address 001 C16 

§~~~~~~~f-l~:::-Q~~~~~~~t:Transmlt shift completion flag (TSC) 

P45/TxD 

Fig. 9 Block diagram of clock-synchronized serial I/O 

Transfer shift clock 

(112 to 112048 of the Internal 
clock, or an external clock) 

Serial output T xD 

Serial Input RxD 

Receive enable signal SRDY 

Interrupt signal to 
recelveltransmlt buffer 
(address 0018,.) 

~ 
~~~----------------------------'I ---
TBE~O TBE=1 ~BF=1 

TSC=O TSC=1 
Overrun error (OE) detection 

Notel: The transmit Interrupt (TI) can be selected to occur either when the transmit buffer has emptied (TBE=I) or after the transmit shift 
operation has ended (TSC=I)' by setting the transmit Interrupt source select bit (TIC) of the serial 110 control register 

2 : If data IS written to the transfer buffer when TSC=O, the transmit clock IS generated continuously and serial data IS output continuously 
from the T xD pin 

3 : The receive Interrupt (RI) is set when the receive buffer full (RBF) flag becomes "1" 

Fig. 10 Operation of clock-synchronized serial I/O function 

• MITSUBISHI 2-19 
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(2) Asynchronous serial 1/0 (uART) mode 
Clock ,asynchronous serial 1/0 mode (uART) can be 
selected by clearing the serial 1/0 mode select bit of the 
serial 1/0 control register to "0". 
Eight serial data transfer formats can be selected, and 
the transfer formats used by a transmitter and receiver 
must be identical. 
The transmit and receive shift registers each have a buf­
fer, but the two buffers have the same address in mem-

ory. Since the shift register cannot be written to or read 
from directly! transmit data is written to the transmit buf­
fer, and receive data is read from the receive buffer. The 
transmit buffer can also hold the next data to be transmit­
ted, and the receive buffer can hold a character while 
the next character is being received. 

Senall/O control regIster Address 001A16 

r;;;~~~~~}-'-:==C=: Receive buffer full flag !, (RBF) 
Receive Interrupt request 
(RI) 

Clock control Clrcurt 

Serial lID clock select bit 

UART control register 

Address 001 B,• 

P4~SeLK ~------------------------------------------i>---1 

BRG count source select bit Frequency division ratio 1I(n+l) 

Baud rate generator 

Address 001 C,• 

,------Transmit shift completion flag (TSC) 

P45/TxD C}-________________________ -IT!~~~~~~~-JLT~ra::n:;s~m~'t~ln:t:er~ru:p:t;souree select bit 
Transmit Interrupt request (TI) 

Character length select bit 1~1!!~TJt~~:::}-r.;::::::;:;:;;:::::::;:::;;Tgr;.an~s~mit buffer empty flag (TBE) 

Senal lID status re Ister Address 0019,. 

Fig. 11 Block diagram of UART serial 1/0 

2-20 A~ 
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Transmit or receive clock 

Transmit buffer write Signal 

Senal output T xD 

Receive bufler wnte Signal 

Senal Input RxD 

1 start bit 
7 or 8 data bits 
1 or 0 panty bit 

___________ 1;..0:;r..;:2_:!op blt(s) 

TBE=1 TSC=I* 

,_." _VJ~~r--====~ 

Notel: Error flag detectIOn occurs at the same time that the RBF flag becomes "1" (at 1 sl stop bit, dunng reception) 
2: The transmit Interrupt (TI) can be selected to occur when either Ihe TBE or TSC flag becomes "1", depending on the setting of the 

transmit Interrupt source select bit (TIC) of the senal 110 control register 
3: The receive Interrupt (RI) IS set when the RBF flag becomes "1" 

Fig. 12 Operation of UART serial I/O function 

[Serial 110 Control Register (SIOCON) 001A16] 

The serial I/O control register contains eight control bits for 
the serial 1/0 function. 

[UART Control Register (UARTCON) 001816] 

The UART control register consists of four control bits (bits 
o to 3) which are valid when asynchronous serial 1/0 is 
selected and set the data format of an data transfer. One 
bit in this register (bit 4) is always valid and sets the output 

structure of the P4s/T xD pin. 

[Serial 110 Status Register (SI01STS) 001916] 

The read-only serial 1/0 status register consists of seven 
flags (bits 0 to 6) which indicate the operating status of the 

serial 1/0 function and various errors. 
Three of the flags (bits 4 to 6) are valid only in UART 
mode. 
The receive buffer full flag (bit 1) is cleared to "0" when 

the receive buffer is read. 
If there is an error, it is detected at the same time that data 
is transferred from the receive shift register to the receive 
buffer, and the receive buffer full flag is set. A write to the 
serial I/O status register clears all the error flags OE, PE, 

FE, and SE (bit 3 to bit six, respectively). Writing "0" to the 
serial 110 enable bit SlOE (bit 7 of the Serial 1/0 Control 
Register) also clears all the status flags, including the error 

flags. 
All bits of the serial 1/0 status register are initialized to "0" 
at reset, but if the transmit enable bit (bit 4) of the serial 
1/0 control register has been set to "1 ", the transmitter shift 
completion flag (bit 2) and the transmitter -buffer empty flag 

(bit 0) become "1". 

[Transmit BufferlReceive Buffer (TBIRB) 001816] 

The transmit buffer and the receive buffer are located at 
the same address. The transmit buffer is write-only and the 
receive buffer is read-only. If a character bit length is 7 

bits, the MSB of data stored in the receive buffer is "0" 

[Baud Rate Generator (BRG) 001C16] 

The baud rate generator determines the baud rate for se­

rial transfer. 
The baud rate generator divides the frequency of the count 
source by 11 (n + 1 ), where n is the value written to the 

Baud Rate Generator. 

• 'MlTSUBlSHI 
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a 
Senal 110 status register I I I I I I I I I ( 

L' 

'---

-

SIOSTS address 001916 ) 

Transmit buffer empty flag (TBE) 
a : Buffer full 
1 : Buffer empty 

Receive buffer full flag (RBF) 
o : Buffer empty 
1 : Buffer full 

Transmit shift completion flag (TSC) 
o : Transmit shift In progress 
1 : Transmit shift completed 

Overrun error flag (DE) 
a : No error 
1 : Overrun error 

Parity error flag (PE) 
o : No error 
1 : Parity error 

Framing error flag (FE) 
o : No errflr 
1 : Framing error 

Summing error flag (SE) 
o : OEUPEUFE=O 
1 : OEUPEUFE=l 

7 0 
I I I I I I I I I UART control register 

L(UARTCON- address 001B,.) 

Fig. 13 

Character length select bit (CHAS) 
O:Sbits 
1 : 7 bits 

'---- Parity enable bit (PARE) 
o : Panty checking disabled 
1 : Parity checking enabled 

'--- Panty select bit (PARS) 
o : Even parity 
1 : Odd parity 

Stop bit length select bit (STPS) 
a : 1 stop bit 
1 : 2 stop bits 

P4,IT xD P-channel output disable bit 
(POFF) 

o : CMOS output (In output mode) 
1 : N-channel open drain output 

(In output mode) 

Structure of serial I/O control registers 

I I I I I I I I I 
L 

'----

-

2-22 • MITSUBISHI 
.... ELECTRIC 

Serial 110 control register 
(SIOI CON address 001 A,.) 

BRG count source select bit (CSS) 
o : f(X ,N ) 
1 : f( X,N ) divided by 4 

Serial 110 synchronization clock select bit 
(SCS) 

o : BRG output divided by 4 when clock 
synchronized senal 110 is selected, 
BRG output divided by 16 when 
UART IS selected 

: External clock Input 

SRDY output enable bit (SRDY) 
o : P4, pin operates as ordlnaly 110 Pin 
1 : P4, pin operates as SRDY output pin 

Transmit interrupt source select bit (TIC) 
a : Interrupt when transmit buffer has 

emptied 
: Interrupt when transmit shift 

operation IS completed 

Transmit enable bit (TE) 
o : Transmit disabled 
1 : Transmit enabled 

Receive enable bit (RE) 
o : Receive disabled 
1 : Receive enabled 

Senall/O mode select bit (SIOM) 
o : Clock asynchronous (UART) senal 110 
1 : Clock synchronous serial 110 

Senall/O enable bit (SIDE) 
o : Senal 110 disabled 

(PinS P4, to P4, operate as ondinary 110 Pins) 
: Senal 110 enabled 
(PinS P4, to P4, operate as senal 110 Pins) 
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RESET CIRCUIT 
A microcomputer in the M3800x group is reset if the RESET 
pin is held at a "L" level for at least 2/.1- s then is returned to 
a "H" level (the power supply voltage should be between 
4.0V and 5.5V). In order to give the X,N clock time to stabil­
ize, internal operation does not begin until after 8 to 12 X,N 

clock cycles are complete. After the reset is completed, 
the program starts from the address contained in address 
FFFD16 (upper byte) and address FFFC16 (lower byte). 
Make sure that the reset input voltage Is no more than O.8V 
for a power supply voltage of 4.0V. 

Power 
voltage OV 

Reset Input 0 ___ ....... __ . 
voltage V 

.---------1 Vee 

~------1 RESET 

M51953AL 

+------~-1 Vss 

M3800x 

Fig. 14 Example of reset circuit 

Address Register contents 

(1) Port PO direction register ( 0 0 0 1,.)···1 00,. 1 

(2) Port Pl direction register (0003,·)···1 00,. 1 

(3) Port P2 direction register (0 0 0 5,.)--.·1 00,. 1 

(4) Port P3 direction register (0007,.)· .. 1 00,. 

(5) Port P4 direction register (0009,.)···1 00,. 

(6) Port P5 direction register (0008,·) .. ·1 00,. 

(7) Port P6 dlrecllon register (0000,.)···1 00,. 

(8) Port P7 direction register ( 0 0 0 F,.)· .. I 00,. 

(9) Serial lID status register ( 0 0 1 9,.).+ 10 10 10 10 I 0 I 0 I 0 

00) Serial lID control register (00 1 A,.)'"I 00,. 

(11) UART control register (0 0 1 8,.) ... 11 11 11] 0 I 0 I 0 I 0 I 0 I 

(12) Prescaler 12 (0020,·)",1 FF,. 
I 

(13) Timer 1 ( 0 0 2 1,.)· .. 1 01,. 
I 

(14) Timer 2 (0022,·)",1 FF,. 
I 

(1~Tlmer XY mode register (0023,·)· .. 1 00,. 
I 

(16) Prescaler X (0024,·)",1 FF,. I 

(In Timer X (0025,·)· .. 1 FF, • 
I 

(18) Prescaler Y (0026,·)",1 FF,. 
I 

(19)TlmerY (0027,·)",1 FF,. 
I 

~O) Interrupt edge selection register (0 0 3 A,.) · .. 1 00,. I 

~1) CPU mode register ( a 0 3 8,.)' ··1 0 I 0 I 0 I 0 I 0 I 0 I * I 0 I 

~2) Interrupt control register 1 ( 0 a 3 E,.) .. ·I 00,. I 

~3) Interrupt control register 2 (0 a 3 F,.) .. ·I 00,. I 

~4) Processor status register (P S)"'lxlxlxlxlxlllxlxl 

~5) Program counter (P C H)'"I Contents of address FFFD,.1 

(p C L) "'Icontents of address FFFC16 I 

Note: X : Undefined 
* : The Initial values of CM, are determined by the level at the 

CNVss pin 
The contents of all other registers and RAM are undefined 
after a reset, so they must be initialized by software 

Fig. 15 Internal status of microcomputer after reset 

2-23 



.p 

REsET 
RESEToUT 
(internal reset) 

SYNC 

Address 

Data 

Fig. 16 Timing of reset 
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8 to 12 clock cycles 
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FFFC FFFD DH• AD 
Reset address from vector table 

A L 

Note1: f(X,N ) and .p are In the relatIonshIp· f(X,N )=2.p 
. 2 : A question mark ( ? ) Indicates an undefIned status that depends on the 

previous status 



CLOCK GENERATION CIRCUIT 
An oscillation circuit can be created by connecting a re­

sonator between X,N and XOUT ' When using an external 

clock signal, input the clock signal to the X,N pin and leave 
the XOUT pin open. 

Oscillation Control 
(1) Stop Mode 

If the STP instruction is executed, oscillation ~tops with 
the internal clock rp at "H". Timer 1 is set to "FF16" and 

prescaler 12 is set to "01 16". 

Oscillation restarts when an external interrupt is re­

ceived, but the internal clock rp remains at "H" until tim­
er 1 overflows. 

This allows time for'the clock circuit oscillation to sta­
bilize. If oscillation is restarted by a reset, no wait time 

is generated, so keep the RESET pin at "L" level until 

oscillation has stabilized. 
(2) Wait Mode 

If the WIT instruction is executed, the internal clock rp 
stops at a "H" level, but the oscillator itself does not 

stop. The internal clock restarts if a reset occurs or 

when an interrupt is received. 

Since the oscillator does not stop, normal operation can 

be started immediately after the clock is restarted. 

To ensure that interrupts will be received to release 

the STP or WIT state, interrupt enable bits must be set 

to "1" before the STP or WIT instruction is executed. 

Interrupt request 

Interrupt disable 
flag (I) 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

When the STP status is released, prescaler 12 and tim­

er 1 will start counting and reset will not be released 

until timer 1 overflows, so set the timer 1 interrupt en­

able bit to "0" before the STP instruction is executed. 

X,N XOUT 

IDt 
II JI 

C JCOUT 

Fig. 17 Ceramic resonator circuit 

XOUT 

V
CC 1JlJlJ External osclliator 

Vss 

Fig. 18 External clock input circuit 

S 

STP instructIOn R 
WIT 
InstructIOn R STP InstructIOn 

XOUT 

Fig. 19 Block diagram of clock generation circuit 

• MITSUBISHI 
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L. ___ -'-'....J.. ___ Reset or STP instructIOn 
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PROCESSOR MODES 
Single-chip mode, memory expansion mode, and micro­
processor mode can be selected by changing the contents 
of the processor mode bits CMo and CM1 (bits 0 and 1 of 
address 003816), In memory expansion mode and mIcro­
processor mode, memory can be expanded externally through 
ports PO to P3. In these modes, ports PO to P3 lose their 
I/O port functions and become bus pins. 

Table 2 Functions of ports in memory expansion mode 
and microprocessor mode 

Port Name Function 

Port PO Outputs lower byte of address 

Port P1 Outputs upper byte of address. 

Port P2 
Operates as 1/0 pms for data 0 7 to Do 
(mcludmg mstruction codes) 

P30 and P3, functIon only as output pms 
(except that the port latch cannot be 
read) 

--
P32 IS the ONW input pin 

Port P3 P33 IS the RESEToUT output pm. (Note) 
P34 IS the rp output pm 
P35 IS the SYNC output pm 
P3s IS the WR output pIn. and P37 IS the 
-
RD output pIn. 

Note: If CNVss IS connected to Vss• the mIcrocomputer goes to slngle­
chIp mode after a reset. so thIS pin cannot be used as the 
RESET OUT output pin 

• Single-Chip Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Vss. 

• Memory Expansion Mode 
Select this mode by setting the processor mode bits to 
"01" in software with CNVss connected to Vss. This mode 
enables external memory expansion while maintaining 
the validity of the internal ROM. Internal ROM will take 
precedence over external memory if addresses conflict. 

• Microprocessor Mode 
Select this mode by resetting the microcomputer with 
CNVss connected to Vcc• or by setting the processor 
mode bits to "10" in software with CNVss connected to 
Vss· In microprocessor mode. the internal ROM is no lon­
ger valid and external memory must be used. 

0000,. 

SFR area 
0008,. 

SFR area 

0040,. 0040,. 

Internal RAM Internal RAM 

reserved area reserved area 

0440,. 0440,. 

YYYY,~ 

Internal ROM 

FFFF,. FFFF, ....... '-'--'-""'-.................... 

Memory expansIon mode MIcroprocessor mode 

The shaded areas are external memory areas 

* : YYYY,. IS the start address of Internal ROM 

Fig. 20 Memory maps in various processor modes 

7 a 
I I I I I I I I I CPU mode regIster 

I I (CPUM address 0038,.) 

LL-Processor mode bIts 
blbO 
o 0 : SIngle-chIp mode 
o 1 : Memory expansIon mode 
1 0 : MIcroprocessor mode 
11 : Do not use 

'----Stack page select bIt 
o : RAM In the zero page IS used 

as stack area 

: RAM In page 1 IS used as 
stack area 

Fig. 21 Structure of CPU mode register 
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Bus Control with Memory Expansion 
Microcomputers of the M3800x group have a built-in ONW 
function to facilitate access to extra memory and I/O func­
tions in memory expansion mode or microprocessor mode. 
If an "L" level signal is input to the ONW pin when the CPU 
is in a read or write state, the corresponding read or write 
cycle is extended by one cycle of rp. During this extended 
period, the RD or WR signal remains at "L". This extension 
period is valid only for writing to and reading from addres­
ses 000016 to 000716 and 044016 to FFFF16, and only read 
and write cycles are extended. 

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle 

I' ;slo:;: ",I" ;sIr; !<I< !lJw;; 

AD'5 to ADo 

RD 

WR 

ONW 

* * 

* : Period dUring which ONW Input signal IS received 

Write cycle 

~I 

* 

DUring this period, the ONW signal must be fixed at either "H" or "L" At ali other times, the mput level of the ONW signal has no affect 
on operations 
The bus cycles is not extended for an address In the area 0008'6 to 043F'6, regardless of whether the ONW signal is received 

Fig. 22 ONW function timing 
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NOTES ON PROGRAMMING 
Processor Status Register 
The contents of the processor status register (PS) after a 
reset are undefined, except for the interrupt disable flag (I) 
which is "1". Therefore, flags that affect program execution 
must be initialized after a reset 

In particular, it is essential to initialize the T and D flags be­
cause of their effect on calculations. 

Interrupts 
The contents of the interrupt request bits do not change im­
mediately after they have been written. After writing to an 
interrupt request register, execute at least one instruction 
'before performing a BBC or BBS instruction. 

Decimal Calculations 
To calculate in decimal notation, set the decimal mode flag 
(D) to "1", then execute a ADC or SBC instruction. Only the 
ADC and SBC instructions yield proper decimal results, Af­
ter executing an ADC or SBC instruction, execute at least 
one instruction before executing a SEC, CLC, or CLD in­
struction. 

In decimal mode, the values of the negative (N), overflow 
(V), and zero (Z) flags are invalid, 
The carry flag can be used to indicate whether a carry or 
borrow has occurred, but must be initialized before each 
calculation, Clear the carry flag before an ADC and set the 
flag before an SSC. 

Timers 
If a value n (between 0 and 255) is written to a timer latch, 
the frequency division ratio is 1 I( n+1 ) 

Multiplication and Division Instructions 
The MUL and DIV instructions do not affect the T and D 
flags, 
The execution of these instructions does not change the 
contents of the processor status register. 

Ports 
The contents of the port direction registers cannot be read, 
Programs can not use the value of a direction register as an 
index, or bit-test a direction register (BBC or BBS), or per­
form a read-modify-write instruction such as ROR, CLB, or 
SEB. Use instructions such as LDM and STA to set the port 
direction registers. 

Serial 110 
In clock synchronous serial liD, if the receive side is using 
an external clock and it is to output the SRDY signal, set the 
transmit enable bit, the receive enable bit, and the SRDY 
output enable bit to "1". 
Serial liD continues to output the final bit from the T xD pin 
after transmission is completed. 

Instruction Execution Time 
The instruction execution time is obtained by multiplying 

the frequency of the internal clock '" by the number of cy-
cles needed to execute an instruction. 
The number of cycles required to execute an instruction is 

shown in the list of machine instructions, 

The frequency of the internal clock '" is half of the X1N fre­
quency. 
When the ONW function is used in modes other than sing­
le-chip mode, the frequency of the internal clock", may be 

one fourth the X1N frequency. 
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SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

DATA REQUIRED FOR MASK ORDERS 
The following are necessary when ordering a mask ROM 
production: 

1. Mask ROM Order Confirmation Form 
2. Mask Specification Form 
3. Data to be written to ROM, in EPROM form (three 

identical copies) 

ROM Writing Method 
The built-in PROM of the blank one-time programmable ver­
sion and built-in EPROM version can be read from and writ­
ten to with an normal EPROM writer using a special write 
adapter. 

Package Name of Wrote Adapter 
64P4B, 6481 B PCA47388-64 

64P6N PCA4738F-64 

6400 PCA4738L-64 

The PROM of the blank one-time programmable version is 
not tested or screened after assembly. To ensure proper op­
eration after writing, the procedure shown in Figure 23 is re­
commended to verify programming. 

Note: The screening temperature IS far higher than 

the storage temperature Do not leave the 

microcomputer at 150t for longer than 100 hours 

Fig. 23 Writing and testing of one-time programmable 
version 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP S·BIT CMOS MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Conditions Ratmgs Unit 

Vee Supply voltage -0.3 to 7. a V 
~~ 

Input voltage POo-PO" P1 o-P1" P2o-P2" 

V, P30-P3" P4o-P4" P50-P5" -0.3 to Vee+O. 3 V 

P6o-P6" P70, P7, 
-- Ali voltages measured with reference to the 

-0.3 to Vee+O. 3 V, Input voltage RESET, X,N V 

V, Input voltage CNVss 
Vss pm, output tranSistors Isolated 

-0.3 to 13 V 

Output voltage POo-PO" P1o-P1" P2o-P2" 

Va P30-P3" P4o-P4" P50-P5" -0.3 to Vec+O. 3 V 

P6o-P67, P7Q, P71, XOUT 

Pd Power diSSipation Ta = 25'C 1000(Note) mW --C-=--. 
-20 to 85 'c Topr Operatmg temp~rature 

--
Tstg Storage temperature -40 to 125 'c 

Note: 300mW In case of the flat package 

RECOMMENDED OPERATIN'G CONDITIONS (Vee = 3.0 to 5. 5V, T a = -20 to 85'C, unless otherwise noted) 

Lrmlts 
Symbol Parameter Unit 

Min Typ Max 

Supply voltage (f (X,N)o;;2MHz) 3. a 5. a 5.5 
Vee 

Supply voltage (I (X,N»2MHz) 5. a V 
4. a 5.5 

Vss Supply voltage 0 V 

V ,H 
"H" Input voltage POo-PO" P1o-P1" P2o-P2" P30-P3" P4o-P4" 

0. 8Vee Vee V 
P50-P5" P6o-P6" Plo, P7, 

V ,H "H" mput voltage RESET, X'N, CNVss 0. 8Vee Vee V 

V'L 
"L" Input voltage POo-PO" P1 o-P1" P2o-P27, P30-P3" P4o-P47, 

0 0. 2Vee V 
P50-P5" P6o-P6" P70, P7, 

V'L "L" Input voltage RESET a 0. 2Vec V 

V'L "L" Input voltage X1N a 0. 16Vee V 

V'L "L" Input voltage CNVss a 0. 2Vce V 

}; IOHlpeakl "H" total peak output current POO-PO?, Pl o-P1 7, P2o-P27, P30-P3, (Note 1) I 
-80 mA 

};loHI~eakl "H" total peak output current P4o-P4" P50-P5" P6o-P6" P7o, P7, (Note 1) -80 mA - . 

}; 10LiOeak) "L" total peak output current POo-PO" P1o-P1" P2o-P2" P30-P3, (Note 1) 80 mA 
:1: 10Lioeaki "L" total peak output current P4o-P4" P50-P5" P6o-P67, P70, P7, (Note 1) 80 mA 
:1: 10HlaVQI "H" total average output current POo-PO" P1o-P1 7, P2o-P2" P30-P37 (Note 1) -40 mA 
}; 10HlaVQI "H" total average output current P4o-P47, P50-P57, P6a-P67, P7a. P71 (Note 1) -40 mA 
:1:loLiavgl "L" total average output current POO-P07, P1 o-Ph, P2o-P2?, P30-P3? (Note 1) 40 mA 
:1:loLiavgl "L" total average output current P4o-P47, P50-P5?, P6o-P6? P7o, P71 (Note 1) 40 mA 

10HIpeaki 
"H" peak output current POO-PO?, P1 o-P1?, P2o-P27, P30-P37, P4o-P4?, 

-10 mA 
P50-P5y, P6o-P6" P70, Pl, (Note 2) 

IOL(peakl 
"L" peak oUlput currenl POo-P07, P1o-P1" P2o-P27, P30-P37, P4o-P4" 

10 mA 
P50-P5" P6o-P6" P70, P7, (Note 2) 

IOH(avgJ 
"H" average output current POO-PO?, P1o-Ph, P2o-P27 , P30-P3?, P4o-P4?, 

-5 mA 
P50-P5" P6o-P6" P70, P7, (Note 3) 

10L(avgl 
"L" average output current POO-PO?, P1o-Ph, P2o-P27, P30-P37, P4o-P47, 

I 
5 mA 

P50-P57, P6o-P6" P70, P7, (Note 3) 

f(X ,N ) 
Internal clock oscillation frequency (Vcc=4. 0--5. 5V) 8 

-- MHz 
Internal clock oscillation frequency (Vcc=3. 0 ........ 5. 5V) 2 

Note 1 The total output current IS the sum of all the currents flOWing through all the applicable ports The total average current IS an average value me· 
asured over lOOms The total peak current IS the peak value of all the currents 

2 The peak output current IS the peak current flOWing In each port 
3 The average output current IOl (avg)' IOH (avg) In an average value measured over lOOms 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

ELECTRICAL CHARACTERISTICS (Vee = 4.0 to 5. 5V. Vss = OV. T a = -20 to 85"C, unless otherwise noted) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

"H" output voltage POn-PO,. Pl o-Pl,. P2o-P2,. IOH- lOrnA 
Vec-2. a Vee=4. 0-5. 5V 

V OH P30-P3,. P4o-P4,. P50-P5,. 
IOH--IOmA 

P6o-P6,. P70, P7, (Note) Vec=3. 0-5. 5V Vee-I. a 
"L" output voltage POo-PO" Plo-Pl" P2o-P2" IOL-IOmA 

Vee=4. 0-5. 5V 
VOL P30-P3,. P4o-P4" P50-P5" 

IOL-1.0mA 
P6o-P6" Plo. P7, Vee=3. 0-5. 5V 

VT+-YT- Hysteresis CNTRo. CNTR,. INTo-INT, 0.4 

VT+-VT- HysteresIs RxD, SCLK 0.5 

VT+-VT- HysteresIs RESET 0.5 

"H" mput current POC-P07, P1 o-P1 7, P2o-P27, 

I'H P30-P3" P4o-P4" P50-P5" VI=VCC 

P6o-P6" P70, P7, 

I'H "H" mput Gurrent RESET, CNVss VI=VCC 

I'H "H" Input current XIN VI-Vee 4 

"L" Input current POC-P07. P1 o-Ph, P2o-P27, 

I'L 
P30-P3" P4o-P4" P50-P5" 

Vr=Vss 
P6o-P6,. P70• P7, 

RESET. CNVss 

I'L "L" mput current X1N V\=Vss -4 
VRAM RAM hold voltage With clock stopped 2.0 

f(X ,N )=8MHz. Vee=5V 6.4 
f(X,N)=5MHz. Vcc=5V 4 
f(X,N )=2MHz. Vcc=3V 0.8 

When WIT mstructlon IS executed With 

f(X'N)=8MHz. Vcc=5V 
1.5 

When WIT instruction IS executed With 
Icc Supply current 

f(X,N)=5MHz. Vec=5V 
1 

When WIT instruction IS executed With 

f(X,N)=2MHz. Vec=3V 
0.2 

When STP mstructlon IS executed I T a=25'C 0.1 
With clock stopped, output 

I Ta=85"C transistors Isolated 

Note: P4. is measured when the P4./T xD P-channel output disable bit of the UART control register (bit 4 of address 0018,6) IS "0" 

. • MITSUBISHI 
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Unit 
Max 

V 

2.0 
V 

1.0 

V 
,-

V 

V 

5.0 I'A 

5.0 I'A 
I'A 

-5.0 I'A 

I'A 
5.5 V 

13 

8 

2.0 

mA 

I 
I'A 

10 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS 1 (Vee =4.0t05.5V, Vss=OV, Ta =-20t085'C, unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ. Max 

tWCRESET) Reset Input "l" pulse width 2 

tceXIN) External clock Input cycle time 125 

tWH(XIN) External clock Input "H" pulse width 50 

tWL(XIN) External clock input "L" pulse width 50 

tC(CNTR) CNTRo, CNTR, Input cycle time 200 

tWHCCNTA) CNTRo, CNTR, Input "H" pulse width 80 

tWH(INT) INTo to INT, Input "H" pulse width 80 

tWLCCNTR) CNTRo, CNTR, Input "L" pulse width , 80 

tWL(tNT) INTo to INT, Input "l" pulse width 80 

tC<SCLK) Senal 1/0 clock Input cycle time (Note) 800 

tWHCSCLK) Senal 1/0 clock Input "H" pulse width (Note) 370 

tWLCsCLK) Senal 1/0 clock Input "l" pulse width (Note) 370 

ISU(AXD-SCLK) Senal 110 Input set up time 220 

thCSCLK-RX D ) Senal 1/0 Input hold time 100 

Note: When f(X,N )=5MHz and bit 6 of address 00lA'6 IS "1" DiVide this value by four when f(X,N )=5MHz and bit 6 of address 001A'6 IS "0" 

TIMING REQUIREMENTS 2 (Vec =3.0 to 5. 5V, Vss = OV, T a = -20 to 85"C, unless otherwise noted) 

limits 
Symbol Parameter 

Min Typ Max 

tWCRESET) Reset input "L" pulse width 2 

tC(XIN) External clock Input cycle tIme 500 

IWH(XIN) External clock tnput "H" pulse width 200 

tWL(X,N) External clock Input "L" pulse width 200 

tC(CNTR) CNTRo, CNTR1 mput cycle time 500 

tWH(CNTR) CNTRo, CNTR, Input "H" pulse width 230 

tWH(INT) INTo to INT, Input "H" pulse width 230 

tWL(CNTR) CNTRo, CNTR, Input "l" pulse width 230 

tWLCINT) INTo to INT, Input "l" pulse width 230 

tC(SClK) Senal 1/0 clock Input cycle time (Note) 2000 

tWH(SClKJ Senal 1/0 clock Input "H" pulse width (Note) 950 

tWLCsClK) SenalliO clock mput "l" pulse width (Note) 950 

tSU(RXD-SClK) Senal 110 mput set up time 400 

th(SClK-RXDJ Serral 110 rnput hold time 200 

Note: When j(X'N)=5MHz and bit 6 of address 001A'6 IS "1" D,v,de this value by four when f(X'N)=~MHz and bit 6 of address 001A'6 IS "0" 
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Unit 

!-,S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Untt 

!-,S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP a-BIT CMOS MICROCOMPUTER 

SWITCHING CHARACTERISTICS 1 (Vee = 4.0 to 5.5V, Vss= OV. Ta = -20 toB5'C, unless otherwise noted) 

Limits 
Symbol Parameter 

Min Typ 

tWH(SCLKl Serial 1/0 clock output "H" pulse width tC(SCLK)/2-30 

tWL(SclK) Senal 1/0 clock output "L" pulse width tCIsCLKI/2 

td<SCL.K-rXO) SenalllO output delay time (Note 1) 

tV(SCLK-TXO) Serial 1/0 output valid time (Note 1) -30 

tr(SCLKl' Serial I/O clock output rise time 

tfCSClK ) Senal 110 clock output fall time 

tr(CMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P4./TxD P-channel output disable bit of the UART control register (bit 4 of address 0016,6) is "0" 
2 : XOUT pin excluded 

30 

10 

10 

Max 

140 

30 

30 

30 

30 

SWITCHING CHARACTERISTICS 2 (Vee =3.0t05.5V. Vss=OV, Ta =-20toB5"C, unless otherwise noted) 

limits 
Symbol Parameter 

Min 

tWHCSCLKl Senal liD clock output "H" pulse Width tCIsCLK)/2-50 

tWLCSCLK) Senal 1/0 clock output "L" pulse width tCIsCLKj/2-50 

tct(SCLK-TXOl Senal 1/0 output delay lime (Note 1) 

tV(SCLK~TXD) Senal 1/0 output valid time (Note 1) -30 

tr(SClKl Senal 1/0 clock output nse time 

tf<SCLK) Senal 1/0 clock output fall time 

tr(CMOS) CMOS output nse time (Note 2) 

tf(CMOS) CMOS output fall time (Note 2) 

Notel: When the P45 /T xD P-channel output disable bit of the UART control register (bit 4 of address 0016,6) IS "0" 
2 : XOUT pin excluded 

Measurement output pin Or----I~-----O'> ... 

~ 100pF 

CMOS output 

Fig. 24 Circuit for measuring output switching characteristics (1) 

Typ 

20 

20 

Max 

350 

50 

50 

50 

50 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Umt 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI MICIIOCOMPUTERS 

M3800x Group 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 

TIMING REQUIREMENTS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vcc = 4.0 to 5. 5V. Vss = OV. T a = -20 to 85'C. unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Mm Typ Max 

tSU(ONW-¢) ONW Input set up time -20 ns 

thC¢-ONW) ONW input hold time -20 ns 

tsucos-¢) Data bus set up time 60 ns 

th(,-oB) Data bus hold time 0 ns 

SWITCHING CHARACTERISTICS IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE 
(Vcc= 4.0 to 5. 5V. Vss=OV. Ta= -20 to 85'C. unless otherwise noted) 

limits 
Symbol Parameter Unit 

Mm Typ Max 

tc (.) 1; clock cycle time 2XtC (XIN) ns 

tWH (¢) ¢ clock "H" pulse Width tcexIN)-lO ns -
tW L(1)) ¢ clock "L" pulse Width tC(XINI-10 ns 

tdC¢-AH) AD 15 to ADs delay time 20 40 ns 
--

tV(¢-AH) ADt5 to ADs valid time 6 10 ns 

td"-AU AD, to ADo delay time 25 45 n.!'_ 

tY(¢-AU AD7 to ADo valid time 6 10 ns 

td(¢-SYNCl SYNC delay time 20 ns 

tV(t>-SYNC) SYN C valid tl me 10 ns 

td('-WR) RD and WR delay time 10 20 ns 

tV(o;l>-WR) RD and WR valid time 3 5 10 ns 

td('-OBJ Data bus delay time 20 70 ns 

tV(¢-DS) Data bus valid time 15 ns 

tdCRESET-RESETOUT) RESET OUT output delay time (Note) 200 ns 
-

tV(¢-RESET) RESET OUT output valid time (Note) 0 200 I ns 
---

Note: The RESET OUT output goes "H" In sync With the rise of the if> clock that IS anywhere between about 1 cycle and 19 cycles after the RESET Input 
goes "H" 

Fig. 25 
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Measurement output pin Of-----r-r------?>-> 

1100PF 

CMOS output 

Circuit for measuring output switching characteristics (2) 
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TIMING DIAGRAM 

(1) Timing diagram 

CNTRo. CNTR, 

INTo-INT. 

X,N 

SCLK 

RxD 

TxD 

o.avcc 

---.A0' aVee 

MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE-CHIP S-BIT CMOS MICROCOMPUTER 

1c(CNTRi 
twH(CNTR) tWL(CNTRl 

O. 2Vcc 

tWHONT) 

No. 2vee 

tWL<INTl y-
'-!o. 2vee 

tW(RESETl yo. aVec 

~.~~ 
tcexlNl 

Jr-tWH{XIN) 

No. 2vee 

tWL(XIN) 

le(ScLKi 

If tWL(SCLK) t, twH(SCLKl 
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MITSUBISHI MICROCOMPUTERS 

M3800x Group 

SINGLE·CHIP I·BIT CMOS MICROCOMPUTER 

(2) Timing diagram in memory expansion mode and microprocessor mode 

AD15-AD. O.5Vcc 

AD,-ADa 0,5Vcc 

SYNC 0. 5Vcc 

RD, WR 

ONW 

DBa-DB, 

(At CPU reading) 
----------------+-------(1 O. BVcc 

1'-0.~2~V~c~c __ +-/1 

DBa-DB, 

(At CPU writing) 
----------------+---f-0.5Vcc 

(3) Timing diagram in microprocessor mode 

RESET 

RESEToUT 
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