SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MITSUBISHI MICROCOMPUTERS

M3806x Group

DESCRIPTION FEATURES
The M3806x group is made up of 8-bit microcomputers ® Basic machine-language instructions --------:-rrereeeeee 71
based on the MELPS 740 core. ® [nstruction execution time:«--+eoreermr 0.5us
The M3806x group is designed for controlling systems that (shortest instruction at 8MHz oscillation frequency)
require analog signal processing and include two serial 1/0 ® Memory size
functions, A-D converters, and D-A converters. ROM rromeevenenninnninnn 4K to 32K bytes
The various microcomputers in the M3806x group include RAM -rerrverrevstreic e 192 to 1024 bytes
variations of internal memory size and packaging. For de- ® Programmable input/output portg «+«-«-eereereeniern 72
tails, see the section on part numbering. ® interrupts «-ooceeee e 16 sources, 16 vectors
For details on availability of microcomputers in the M3806x @ Timers «rrorersriisrne B8 bitX4
group, see the section on group expansion. ® Serial /O1 - 8-bitX 1(UART or Clock-synchronized)
® Serial [/Q2 - +r-rreereeieiens 8-bitX 1(Clock-synchronized)
® A-D converter oo 8-bitX8 channels
® D-A converter: - 8-bitX 2 channels
@ Clock generation circuit -+ Internal feedback amplifier
(connect to external ceramic resonator or quartz crystal)
® Supply voltage -« 3.0to 5.5V
® Low power dissipation ««-oc-ooseeesesne e 32mw
® Memory expansion possible
® Operating temperature range «~«---«---ooooo- —20 to 85C
APPLICATIONS
Office automation, VCRs, tuners, musical instruments,
cameras, air conditioners, etc.
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80-pin plastic-molded QFP
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function ]
[ Alternate Function

Voo Power supply Power supply inputs 4.0 to 5.5V to V¢c, and OV 1o Vgs.

Vss

CNVgg CNVss This pin controls the operation mode of the chip. Normally connected to Vgs. If this pin is connected to Vgg, the internal
ROM is inhibited and external memory is accessed.

Vaee Analog reference Reference voltage input pin for A-D and D-A converters.

voltage

AVsg Analog power supply GND input pin for A-D and D-A converter. Keep at the same potential as Vss.

RESET Reset input To reset the microcomputer, this pin should be kept at an “L" level for more than 2xs under normal operating condi-
tions.

Xin Clock input input and output signals for the internal clock generation circuit. Connect a ceramic resonator or quartz crystal between
the X and Xouy pins to set the oscillation frequency. If an external clock is used, connect the clock source to the Xiy

Xout Clock output pin and (eave the Xoyr pin open.

PO,—PO; | /O port PO An 8 bit CMOS /0 port. An I/0 direction register allows each pin to be individually programmed as either input or out-
put. At reset this port is set to input mode.

P1o—P1; | 170 port P1 in modes other than single-chip, these pins are used as address, data, and control bus 170 pins.

P2,—P2; | 170 pont P2

P3,—P3, | 170 pot P3

P4o, P4, 170 port P4 An 8-bit CMOS 1/0 port with the same function as port PO.

. —

P4,/INT,, | External interrupt input pin

P4;3/INT,

P4,4/RxD, Serial 1701 1/0 pins

P45/TxD,

P4g/Scixy.

P4;/Srpv:

PS5, 170 port PS An 8-bit CMOS 170 port with the same function as port PO.

P5,/INT,— External interrupt input pin

PS55/INT,

P5,/CNTR, Timer X and Timer Y 1/Q pins

P5;/CNTR,

P5g/DAy, D-A converter output pins

P5,/DA;

P6g/ANg— | 1/0 port P6 An 8-bit CMOS 1/0 port with the same function as port PO. | A-D converter input pins

P6;/AN;

P74/Sinz, 17O port P7 An 8-bit I/0 port with the same function as port PO. The | Serial 1702 I/0 pins

P7,/Sout2. output structure of this port is N-channel open drain, and

P7./Sc1k2 the input levels are CMOS compatible.

P73/Snov2 L

P7,—P7;

P8,—P8; | 170 port P8 An 8-bit CMOS 1/0 port with the same function as port PO.

240 )\a.ecmc
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product name

M3806

3

—]

t

6

- XXX

FP
L Package type

FP: 80P6N package
GP: 80P6S package
FS: 80D0 package

ROM number

Omitted in some types.

ROM/PROM size
: 4096 bytes
: 8192 bytes
1 12288 bytes
: 16384 bytes
: 20480 bytes
: 24576 bytes
: 28672 bytes
: 32768 bytes

@ N DN s W N =

The first 128 bytes and the last two bytes of ROM
are reserved areas; they can not be used.

Memory type

M: Mask ROM version
€ : EPROM or one-time programmable version

RAM size

: 192 bytes
: 256 bytes
: 384 bytes
1 512 bytes
: 640 bytes
: 768 bytes
: 896 bytes
: 1024 bytes

N B W R -
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the M3806x group as follows:

(1) Support for mask ROM, one-time programmable, and
EPROM versions
ROM/PROM capacity
RAM capacity

12K to 32K bytes
384 to 1024 bytes

(2) Packages
80PEN 0.8mm-pitch plastic molded QFP
BOPES: - vmverreernemnens 0.65mm-pitch plastic molded QFP
BODO ................................. 08mm-pltch Ceramic LCC

Memory expansion plan
ROM size (bytes) Being planned Under development
32K preceacnrrens peneeeneness guenne creeees grreesseesaeges M38064M8/ES D~ ko
28K :
: New :product
20K Jorvronecens .é........,...-;. ..... venoas .é 38053M6/56 i
eV SSHNSURNE SOOI SHVVRTOIS SSPRSOIRS SRR RN
i Under development : H
16K ............S,.. .......... é. meg‘ .é ...... . ."'"'"""i""""""?""""""
! Newproduct__d H H :
; v : H : :
12K feresceences esvaeieens o M38062M3/ES geerasersaes | EXEETICTTRRTS PRITISTIRE RETLTIIIOY
8K .. .. . ...... cetens ,
4K [ooveneeees KA LR i RSP SR
i : i :
192 256 384 512 640 768 8% 1024
RAM size (bytes)
The development schedule and other details of products under development may be revised without notice.
Currently supported products are listed below.
As of March 1992
Product name (P) ROM size (bytes)| RAM size (bytes) | Package Remarks
M38062M3-XXXFP Mask ROM version
M38062E3-XXXFP 80PEN | One-time programmable version
M38062E3FP | One-time programmabile version (blank)
M38062M3-XXXGP 12K 384 Mask ROM version
M38062E3-XXXGP 80P6S | One-time programmable version
M38062E3GP One-time programmable version (blank)
M38062E3FS 80D0 EPROM version
M38062M6-XXXFP Mask ROM version
M38062E6-XXXFP 80PEN | One-time programmable version
M3B8063E6FP | One-time programmable version (blank)
M38063M6-XXXGP 24K 512 | Mask ROM version
M3B8063E8-XXXGP 80P6S | One-time programmable version
M3B8063E6GP One-time programmable version (blank)
M38063E6FS 80D0 EPROM version
2—42 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMO0S MICROCOMPUTER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

Microcomputers of the M3806x 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 SLW instructions are not available for use.
The STP, WIT, MUL, and DIV instructions can be used.

CPU Mode Register

The CPU mode register (address 003B,s) contains proces-
sor mode bits that specify the operating mode of the chip.
The CPU mode register also contains the stack page select
bit.

7 0

] ] CPU mode register

(CPUM: address 003B,¢)

Processor mode bits
bl 50

0 0 : Single-chip mode

0 1 ! Memory expansion mode
1 0 : Microprocessor mode
11 ! Donotuse

Stack page select bit
0 ! RAM in the zero page is
used as stack area
1 ! RAM in page 1 is used
as stack area

Fig. 1 Structure of CPU mode register

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY + Zero Page
* Special Function Register (SFR) Area The 256 bytes from addresses 0000,¢ to 00FF;s are cal-
The Special Function Register area contains registers led the zero page area. The internal RAM and the spe-
which controi functions such as I/0 ports and timers, and cial function registers (SFR) are allocated to this area.
is located in the zero page area. The zero page addressing mode can be used to specify
* RAM memory and register addresses in the zero page area.
RAM is used for data storage as well for stack area. This dedicated zero page addressing mode enabies ac-
* ROM cess to this area with only 2 bytes.
The first 128 bytes and the last two bytes of ROM are re- « Special Page
served for device testing and the rest is user area for The 256 bytes from addresses FF00,s to FFFF,s are call-
storing programs. ed the special page area. The special page addressing
* interrupt Vector Area mode can be used to specify memory addresses in the
The interrupt vector area contains reset and interrupt special page area. This dedicated special page addres-
vectors. sing mode enables access to this area with only 2 bytes.
00006
RAM area SFR area Zero
RAM capacity 004016 page
(bytes) Address XXXX,g
192 | 00FFs | RAM 010046
256 | 013F,s
01BFy¢
023F¢ XXKXK16 b m e cmmmmmmmmm == e
" TozBFis |
033F,¢ Reserved area
 03BFye
043F5 | 0440:
Not used
ROM area CYYYY [~~~ """ -mme-s s
ROM capacity Reserved ROM area
(bytes) Address YYYY,s | Address ZZZ2Z,s (common ROM area, 128 bytes)
[ 406 F000,s FO80, 2222y
8192 [ E000, E08C,c |
12288 | D000, D08016
16384 €000, CO0804¢
20480 BO0O,s | B080,, | ROM
24576 A00046 A080,6 FF00+6
[ Zsen2 9000;6 9080,, |
32768 80006 808045 FFDCe special
Interrupt vector area page
FFFE,g
Reserved ROM area
L. FFFFg

Fig. 2 Memory map diagram
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

0000,¢ | Port PO (PO) 002045 | Prescaler 12 (PRE12)

00016 | Port PO direction register (POD) 0021,¢ | Timer 1 (T1)

0002¢ | Port P1 (P1) 0022, | Timer 2 (T2)

0003,¢ | Port P1 direction register (P1D) 0023;¢ | Timer XY mode register (TM)
00045 | Port P2 (P2) 0024, | Prescaler X (PREX)

0005, | Port P2 direction register (P2D) 0025, | Timer X (TX)

0006, | Port P3 (P3) 0026, | Prescaler Y (PREY)

0007,¢ | Port P3 direction register (P3D) 0027, |Timer Y (TY)

0008, | Port P4 (P4) 0028,¢

0009,¢ | Port P4 direction register (P4D) | 0029,

0C0A,s | Port P5 (P5) 002A,¢

000B,¢ | Port PS5 direction register (P5D) N 002Bs

000C,¢ | Port P6 (P6) 002C¢

000Dy | Port P6 direction register (P6D) 002D

000E,s | Port P7 (P7) 002E,g

000F,¢ | Port P7 direction register {P7D) 002F ¢

0010,¢ | Port P8 (P8) 0030,¢

0011, | Port P8 direction register (P8D) 00314¢

0012,¢ 0032,¢

0013, 0033,¢

001444 0034, | AD/DA control register (ADCON)
0015,¢ 00355 | A-D conversion register (AD)
0016, 0036:5 | D-A1 conversion register (DA1)
0017, 0037:¢ | D-A2 conversion register (DA2)
0018, | Tr it/receive buffer 1 (TB1/R61) 0038,¢

0019, | Serial 1/01 status register (SIO1STS) 0039,

001A¢ | Serial 1701 control register {SIO1CON) 003A,¢ {Interrupt edge selection register (INTEDGE)
001B,¢ { UART control register (UZARTCON) 003B,¢ | CPU mode register (CPUM)
001C,¢ | Baud rate generator (BRG) 003C,¢ | Interrupt request register 1 {IREQ1)
001D,¢ | Serial 1702 control register (SI02CON) 003046 | Interrupt request register 2 {IREQ2)
001Eyg 003E,q | Interrupt control register 1 (ICON1)
001F,¢ [ Serial 1/02 register {S102) 003F,¢ | Interrupt control register 2 (ICON2)

Fig. 3 Memory map of special function register (SFR)
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M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

/O PORTS

Direction Registers

The M3806x group microprocessors have 72 programmable
I/0 pins arranged in nine 1/0 ports {ports PO to P8). The
/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direc-
tion register corresponds to one pin, each pin can be set to
be input or output. When “0" is written to the bit corres-
ponding to a pin, that pin becomes an input pin. When “1”

It 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.

is written to that bit, that pin becomes an output pin.

Pin ] Name Input/Output 1/0 Format Non-Port Function” Related SFRs Ret. No.
input/output, CMOS 3-state output | Address lower-byte
PO,— PO, Port PO . p. ) P ) ) P v CPU mode register
individual bits CMQOS level input output
Input/output, CMOS 3-state output | Address upper-byte
Pio—P1 Port P1 CPU mode register
o v individual bits CMOS level input output registe
Input/output, CMOS 3-state output )
P2,—P2 Port P2 Data bus /0 CPU mode register
o e individual bits CMOS revel input © regt
input/output, CMOS 3-state output
P3e,—P3; Port P3 Control signal I/O CPU mode register
o PS, individual bits CMOS level input 9 9
P4,, P4,
P4,/INT,, External interrupt Interrupt edge selection 2)
P45/INT, input register
R —— Input/output, CMOS 3-state output
P4,/RxD, Port P4 L ) . . (3)
PAIT.D individual bits CMOS level input Serial {70 control @
sF X Serial /01 function I/0 | register -
P46/ScLxs, . (5)
— UART control register —————]
| P4;/Sapys (8)
PSe | (1)
P5,/INT,, . .
External interrupt Interrupt edge selection
P5,/INT,, . N (2)
input register
P53/INT, | Port P5 input/output, CMOS 3-state output ]
P5,/CNTR,, individual bits CMOS level input
+/CNTR, u P Timer XY function 1/0 7
P5:;/CNTR, -
P5¢/DA,,
56/DA, D-A converter output | AD/DA control register|  (8)
P5,/DA, . ]
P8o/ANg— Input/output, CMOS 3-state output
Go/AN Port P6 . p.u. P i K P A-D converter input (9)
P&;/AN, individual bits CMOS level input
P76/Sin2, 10
P7:/Sour2, , Serial 1702 function | Serial 1/02 control (an
P7./S Port P7 Input/output, N-channe! open-drain output 170 register a
ok individual bits CMOS level input
P73/Srpv2 | a3
P7,—P7, (4
Input/output, CMOS 3-state output
P8,—P8 Port P8 (1)
Bo—P8, l individual bits CMOS level input

Note [ For details of the functions of ports PO to P3 in modes other

see the applicable sections.

than single-chip mode, and how to use double-function ports as function /0 ports,

2—46
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(1)

(3)

(8)

(7

Port PO, P1, P2, P3, P4,, P4,, P5,,

or P8

(2} Port

P4,, P45, P5,, P5;, or P5;

3
register
Port latch :l

o
Data bus — j Data bus —
~
Port P4, (4) Port

Serial 170 enable bit
Receive snable bit

register

o e I
Data bus —¢» Port latch ﬁ
Data bus
Seriat 1/0 input ~—@—
Port Pdg (6) Port
Serial 1/0 clock select bit
Serial /0 ble bit

Serial 10 mode select bit

Serial 170 enabie bit b

I Elrecgm I
register
Data bus ——4 Port iatch }

I

Serial I/0 mode select bit
Serial I/0 enable bit

Srovi

2|
o T—

g

Serial clock output —p——

Port P54 or P55

rection
’I re;mer {
Port latch

Data bus —

el

External clock
input “@—

(8) Port

3
o S
gl

Puise output mode
Timer output

o, G

Counter input *—Q}—
Interrupt input

Serial 170 enable bit
Transmit enable bit

Data bus —

Data bus ——-I Port iatch l

Interrupt input '@‘J

P4

P-channe! output disable bit $=—

,l Ejra,cnon }
register

o
—@’J iEﬂ}J;i—

output enabie bit b}
irection

’l re;mer }
Port latch

3
:——o
gl

e

Serial ready output —{>——

PS¢ or P5;

register

D-A converter output ->—°\°—J

D-A1 output enable bit (P5g)
D-A2 output enable bit (P5;)

K

~

Fig. 4 Port block diagram (single-chip mode) (1)
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(9)

a1y Port P7, (12} Port P7,
Serial 1/02 transmit end signal Serial ’{02 clock select bit .
Serial 1/02 port select bit Serial 1102 port select bit
i Direction
r—O FO
Data bus —3} Port latch - j Data bus —» Port latch j
< - External clock
Serial 1702 output —f»——! Serial clock 2 output 2 input v@J
13 Port P7, (4 Port P7, to Port P7,

Data bus q,..l Port iatch 'l j Data bus — Port latch

Port P& 10 Port P7,

Direction
register
Data bus — Port latch

register
—o
Data bus —$»f Port latch j
\o—J
—
A-D coverter input <9 '
Analog input pin select bit N

Serial I/0 input *@—

Snove Output enable bit —

- Direction
 Cearier | % %

bt
~

Serial ready output —fp»———

Fig. 5

Port block diagram (single-chip mdde) (2)
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INTERRUPTS

A total of 16 sources can generate interrupts: 7 external, 8 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 | flag disables all interrupts except for the BRK instruc-
tion interrupt.

® 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

When the active edge of an external interrupt (INT, to
INT,, CNTR,, 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.

ELECTRIC

Table 1 Interrupt vector addresses and priorities
. Vector address (Note 1) interrupt request
interrupt cause Priority - ) . Remarks
High Low generation conditions |
Reset (Note 2) 1 FFFDs¢ FFFCg At reset Non-maskable
At detection of either rising or | Externat interrupt (active edge
NTo 2 FFFB1e FFFA falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT, 3 FFF91e FFF8:s falling edge of INT, input selectable)
Serial 1701 At end of serial 1/01 data re-
. 4 FFF7,s FFF6,¢ . Valid when serial 1701 is selected
reception ception N
. At end of serial I/01 transfer
Serlal 1701 5 FFF5,4 FFF4,q shift or when transmission bui- | Valid when serial /01 is selected
transmission X
fer is empty
Timer X 6 FFF3,¢ FFF2,¢ At timer X overflow
Timer Y 7 FFF14¢ FFFO,¢ At timer Y overflow
Timer 1 8 FFEF¢ FFEE.e At timer 1 overflow STP release timer overflow
Timer 2 g FFED,g FFEC4s At timer 2 overflow
10 FFEB FFEA At detection of either rising or | External interrupt (active edge
CNTR, 6 e falling edge of CNTRg input selectable)
n FFEQ FFEB At detection of either rising or | External interrupt (active edge
CNTR, 'e e falling edge of CNTR; input selectable)
At end of serial 1702 data X X .
Serial 1702 12 FFE7,s FFE6,s Valid when serial 1/02 is selected
transfer
3 FFE FFE4 At detection of either rising or | External interrupt (active edge
INT> 1 Se e falling edge of INT; input selectabie)
FFE FFE2 At detection of either rising or | External interrupt (active edge
INT, 14 Sie e falling edge of INT; input selectable)
FFE FFEO At detection of either rising or | External interrupt (active edge
INT4 15 t1s e talling edge of INT, input seleclable)
A-D converter 16 FFDF,¢ FFDEs At end of A-D conversion
. . i Non-maskable software inter-
BRK instruction 17 FFDD,g FFDCys At BRK instruction execution rupt
Note 1 . Vector addresses contain interrupt jump destination addresses.
2 ! Reset function in the same way as an interrupt with the highest priority.
MITSUBISHI 249
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interrupt request bit ———
Interrupt enable bit ——

Interrupt disable flag (1) ————-(

BRK instruction

Reset

E—

Interrupt request

Fig. 8 Interrupt control
7 0
Interrupt edge selection register
BTEDGE: address 003A;)
INT, active edge select bit
INT, active edge select bit
Not used (returns “0” when read)
INT, active edge select bit
INT; active edge select bit 0 : Falling edge active
INT, active edge select bit 1 : Rising edge active
Not used {returns "0” when read)  ~
7 0 7 0
i Interrupt request register 1 | L Interrupt request register 2
(IREQ1: address 003C,¢) { (IREQ2: address 003D,s)
INT, interrupt request bit ] L~ CNTR;y interrupt request bit
INT, interrupt request bit | ————— CNTR, interrupt request bit
Serial 1701 receive interrupt request bit ———— Serial 1/02 interrupt request bit
Serial 1701 transmit interrupt request bit L—~— INT; interrupt request bit
Timer X interrupt request bit — INT; interrupt request bit
Timer Y interrupt request bit INT, interrupt request bit
Timer 1 interrupt request bit A-D converter interrupt request bit
Timer 2 interrupt request bit Not used (returns “0" when read)
0 : No interrupt request issued
1 ! interrupt request issued
7 Q 7 0
| I ] Interrupt control register 1 Interrupt control register 2

(ICON1: address 003E,s) I
INT, interrupt enable bit i
INT, interrupt enable bit
Serial 1701 receive interrupt enable bit
Serial I/01 transmit interrupt enable bit
Timer X interrupt enable bit

Timer Y interrupt enable bit
Timer 1 interrupt enable bit

] T~ (ICON2: address 003F )

CNTR, interrupt enable bit
~—~— CNTR, interrupt enable bit
———— Serial 102 interrupt enable bit
L——————————— INT; interrupt enable bit

-————— [NT; interrupt enable bit
INT, interrupt enable bit
A-D converter interrupt enable bit

Timer 2 interrupt enable bit

Not used (returns “0" when read)
(Do not write “1” 1o this bit)

0 . Interrupts disabled

1 ! interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS

Microcomputers of the M3806x group have 4 timers: timer X,
timer Y, timer 1, and timer 2.

The timers count down. Once a timer reaches 00,4, 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 0
] T I Timer XY mode register

T~ (TM: Address 0023)
Timer X operation mode bit
b1b0
0 0 ! Timer mode
0 1 : Pulse output mode
1 0 : Event counter mode
1 1  Pulse width measurement mode

L——— ONTR, active edge select bit

0 ! Interrupt at falling edge
Count at rising edge in event
counter mode

1 interrupt at rising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0 : Count start
} . Count stop

Timer Y operation mode bit

b5b4

0 0 ! Timer mode

0 1 I Puise output mode

1 0 ! Event counter mode

1 1 : Puise width measurement mode

CNTR, active edge select bit
0 : Interrupt at falling edge
Count at rising edge in event
counter mode
1 Interrupt at rising edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0 : Count start
1 % Count stop

Fig. 8 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 and 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 CNTRg {or
CNTR,) pin is inverted. If the CNTR, (or CNTR,) active
edge select bit is “0", output begins at “H”. If it is “17,
output starts at “L”. When using a timer in this mode, set
the corresponding port P5, (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
CNTR, or CNTR, pin.

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

In ail 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.

MITSUBISHI



MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Oscillator Divider

Data bus

!

(Xi) 1/16

P5,/CNTR, pin CNTR, active
edge select bit

Pulse width
measurement

| Prescaler X latch (8) l

I Timer X latch (8

Timer mode
Pulse output mode

Ur——

'—\—> To timer X |nterrupt

mode
Prescaler X (8) I————i Timer X (8
Timer X count stop bit
No
17>°

To CNTR, interrupt

ugn

direction register

Pulse output
mode

CNTR,; active

PS5/CNTR, pin edge select bit

edge select
bit

CNTR,; active

request bit

Toggle flip-flop T

w0 | Q R

Timer X latch write
Pulse output mode

Data bus

[ puise widtn
measurement J Pulse output mode

U

I Prescaler Y latch (8) |

| Timer ¥ ateh (8)

Timer mode

!

I_‘_, To timer Y interrupt

request bit

To CNTR, interrupt

5
direction register

Pulse output
mode

edge select
bit

CNTR, active

ugn

mode
| | | ¢
Pr Y (8) I 1 Timer Y (8)
Timer Y count stop bit
NG
1>°

request bit

Toggle tlip-flop T

Q
agr R

:rTimer Y latch write
Pulse output mode

Data bus

;

4

Prescaler
12 latch (8)

Timer 1 latch (8)

Timer 2 latch (8)

U

4

i}

Timer 1(8)

Prescaler 12(8;

Timer 2(8)

| 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
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SERIAL 1101
Serial 1701 can be used as either clock synchronous or asyn-
chronous (UART) serial 1/0. A dedicated timer is also pro-
vided for baud rate generation.
(1) Clock Synchronous Serial /0

Clock synchronous serial 1/01 mode can be selected by

setting the mode select bit of the serial I/01 control reg-
ister to “1”.

For clock-synchronized serial /01, the transmitter and
the receiver must use the same clock. !f an internal clock
is used, transfer is started by a write signal to the trans-
mit or receive buffer.

Address 0018,¢

P4,/RxD O

; ;

—= Receive buffer full flag { RBF)

L . Receive interrupt request {RI)

Pds/Scii O

Seriail 170 clock select bit
Fraquency division ratio 1/{n+1)

BRG count source select bit

f(Xw)

P4;/Seoys O .

Falling-edge detector|
Shift clock

[Fransmit shitt register

P45/TxD

Baud rate generator
Address 001Cys

Clock control circuit

Transmit shift completion flag (TSC)
Transmit interrupt source select bit

T T it interrupt r

quest (T1)

Transmit buffer |

Transmit buffer empty flag (TBE)

4 Address 0018, Serial 1/01 status register | Address 0019
¥

Fig. 10 Block dlagram of clock-synchronized serial 1/01

Transfer shift clock
(1/2 10 1/2048 of the internal
clock, or an external clock)

|
|
D XDy )0 X 0s X_ D

Serial output TxD X D X D —
-
Serial input RyD o D, 2 D; X Dy w
|

Receive enable signal Sppy, _‘——l
Interrupt signat to l ‘

!
|
T

receive/transmit buffer I :
(address 0018,4) A
TBE=0 v
TBE=1
TSC=0

¥

RBF=1

TSC=1
Qverrun_error (OE) detection

Note 1 . The transmit interrupt {Ti) can be selected to occur either when the transmit buffer has emptied {TBE=1) or after the transmit shift
operation has ended (TSC=1), by setting the transmit interrupt source select bit (TIC) of the serial 1/01 control register.
2 : If data is written to the transter buffer when TSC=0, the transmit clock is generated continuously and serial data is output continuously

from the TxD pin.
3 : The receive interrupt (Rl) is set when the receive buffer full (RBF) flag becomes “1".

Fig. 11

Operation of clock-synchronized serial 1701 function

SN



MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(2) Asynchronous serial I/0 (UART) mode

Clock- asynchronous serial 1/0 mode (UART) can be
selected by clearing the serial I/0 mode select bit of the
serial {70 control register to “0".

Eight serial data transter 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.

7 bits Recelve shitt ragister

P4,/RxD OHs umlt

f
sg:’g“s Adaress 001Ass
18 "
OF ?F?ggl)ve buffer full flag
Character length select bit i I(Rec)eive interrupt request ||
RI

8 bits

Vo

PE FE

IsP um:wl

N

UART control regisier

Address 001B,g

Serial 170 clock select bit

P4g/Scii O

BRG count source select bit
1(Xine) O Q

Frequency division ratio 1/(n+1)
Baud rate generator 3

Address 001C,e

Transmit shift compietion flag (TSC)

P4s/TD O
Character léngth select bit

Addres Serial 1/01 status registe|
[ A8, | " —

_ | Transmit interrupt source select bit

Transmit interrupt request (TI)

Transmit buffer empty flag (TBE)

'] Address 001 96

Fig. 12 Block diagram of UART serial I/0
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Note 1 ©
2.

Transmit or receive clock + 1 1

Transmit buffer write signal I I
v

Serial output TxD

Receive buffer write signal

Serial input RyD

1 start bit

7 or § data bits
1 or 0 parity bit
1 or 2 stop bit(s)

ST .m ‘:’ -t
Error flag detection occurs at the same time that the RBF flag becomes “1" (at 1st stop bit, during reception).

The transmit interrupt (TI) can be selected to occur when either the TBE or TSC flag becomes “1”, depending on the setting of the
transmit interrupt source select bit (TIC) of the serial 1/0 control register.

3 ! The receive interrupt (RI) is set when the RBF flag becomes "1,

Fig. 13 Operation of UART serial 1/0 function

[Serial VO Control Register (SIO1ICON) 001A,]
The serial 1/0 control register contains eight control bits for
the serial 170 function.

[UART Control Register (UARTCON) 001B;4]
The UART control register consists of four control bits (bits
0 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 P45/TxD pin.

[Serial VO1 Status Register (SIO1STS) 0019,]
The read-only serial 1/01 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 1/0 status register clears all the error flags OE, PE,

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

All bits of the serial 1/01 status register are initialized to “0”
at reset, but if the transmit enable bit (bit 4) of the serial
170 control register has been set to “1”, the transmitter shift
compiletion flag (bit 2) and the transmitter buffer empty flag
(bit 0) become “1".

[Transmit Buffer/Receive Buffer (TB/RB) 0018,5]
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) 001C,¢]

The baud rate generator determines the baud rate for se-
rial transfer.

The baud rate generator divides the frequency of the count
source by 1/{(n+1), where n is the value written to the
Baud Rate Generator.
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7 7
Serial 1701 status register Serial I/01 control register
L(SIO1STS: address 0018,5) (SIO1CON: address 001A,¢)
Transmit buffer empty flag (TBE) BRG count source select bit (CSS)
0  Buffer full 0 (X
1 : Buffer empty 1 1 f(Xw) divided by 4
Receive buffer full flag (RBF) Serial I/01 synchronization clock select bit
0 : Buffer empty (sCs)
1 - Buffer tult 0 : BRG output divided by 4 when clock
Transmit shift compistion fiag (TSC) synchronized serial 170 is selected,
0 ! Transmit shift in progress BRG output divided by 16 when
1 ! Transmit shift completed UART is selected
Overrun error flag (OE) 1 : External clock input
0 . No error Srovy output enable bit (Sgpy)
1 Qverrun error 0 © P4; pin operates as ordinaly /O pin
Parity error flag (PE) 1 P4; pin operates as Sppys Output pin
0 No error Transmit interrupt source select bit (TIC)
1 X Parity error 0 : Interrupt when transmit buffer has
Framing error fiag (FE) emptied
0 : No error 1 :Interrupt when transmit shitt
1 : Framing error operation is completed
S ing error flag (SE) Transmit enable bit (TE)
0 ! OEUPEUFE=(Q 0 : Transmit disabled
1 ! OEUPEUFE=1 1 ! Transmit enabled
Receive enable bit (RE)
0 : Receive disabled
1  Recelive enabled
Serial 1/01 mode select bit (SIOM)
0 : Clock asynchronous {(UART) serial 170
1 ! Clock synchronous serial 1/0
7 0 Serial I/0 enable bit { SIOE)
| [ UART control register 0  Serial 170 disabled
(UARTCON: address 001B,¢) (pins P4, to P4, operate as oridinary I/0 pins)
L ! 1 ! Serial IO enabled
Character length select bit (CHAS) (pins P4, to P4; operate as serial I/0 pins)
0 {8 bits
1 17 bits
Parity enable bit (PARE)
0 : Parity checking disabted
1 ! Parity checking enabled
Parity select bit {(PARS)
0 : Even parity
1 . 0Odd parity
Stop bit length select bit (STPS)
0 © 1 stop bit
1 ! 2 stop bits
P4;/TxD P-channei output disable bit
(POFF)
0 : CMOS output (in output mode)
1 : N-channei open drain output
(in output mode)
Fig. 14 Structure of serial {/O control registers

2—56
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SERIAL 1/02

. . 7 O
The serial 1702 function can be used only for clock syn- I_I_W_I_IT_TI Serial 1/02 control register
chronous serial 1/0. (SIO2CON: address 001D45)
For clock synchronous serial 1/0 the transmitter and the re- Internal synchronization clock select bits
ceiver must use the same clock. If the internal clock is b2 b1 b0
X ) . . 000 :f(X,) divided by 8
nsfer 1 d write signal to th rial /02 N
useg, transfer is started by a e sigl o the se ] 001 H{Xy) divided by 16
register. 010 :H(X\) divided by 32
011 :f(Xy) divided by 64
N . 110 @ H{Xy) divided by 128
§:ma1 _Iltl)sotz':onh;oll Regltster (‘s_lozcomb_?mg,i 1 o e o
r er ains sev! w
© senal contro! register contains seven bils wile L Serial 1/02 port select bit (SM2,)
control various serial 1/0 functions. 0 :1/0 port
1 © Soura Scike signal output

Srovz output enable bit (SM2,)
0 : 170 port
1 Sgpve Signal output
Transfer direction select bit (SM2;)
0 ! LSB first
1 . MSB first
Synchronization clock select bit (SM2g)
0 : External clock
1 *internal clock

Fig. 15 Structure of serial I/02 control register

Internal
1/8 synchronization
1/16 clock E)__ata bus
select bit
5| 132 s
X O g [ ea
Q 1/128
b——————0
1/256
P7, 1atch Synchronization ——————0o

B “0" Z clock select bit “1”
P73/Sgoy2 Srove Synchronization @
. citcuit

Srov2 Output enable bit

o
x
]

%] External tlock

P7; latch

J i 1
1 rﬁgl Serial 170 counter 2 (3) I

Serial 1/02 port select bit Serial 1702
P7, latch interrupt request

g
P7:1/8ourz o<

Serial 1/02 port select bit

P7o/Smz (O

P72/Scixe

Serial 170 shift register 28}

e

N -

Fig. 16 Block diagram of serial 1/02 function
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Transfer clock {Note 1)

Serial 1/02 register
write signal

Serial 1/02 output Spyr;

Serial 1702 input S

Receive enable signal

SRDVZ

(Note 2)

X

I 3D S W S 57

X O T XX XXX

L1

Note 1. When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial 1/02
control register.

2. When the internal clock is selected as the transfer clock, the Sgyrz pin goes to high impedance after transfer completion.

é

Serial 1702 interrupt request bit set

Fig. 17 Timing of serial 1702 function
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A-D CONVERTER
The functional blocks of the A-D converter are described
below.

[A-D Conversion Register]

The A-D conversion register is a read-only register which
contains the result of an A-D conversion. This register
should not be read during an A-D conversion.

[AD/DA Control Register]

The AD/DA control register controis the A-D conversion
process. Bits 0 to 2 select a specific analog input pin. Bit 3
signals the completion of an A-D conversion. The value of
this bit remains at “0" during an A-D conversion, and
changes to “1” when an A-D conversion ends. Writing “0" to
this bit starts the A-D conversion. Bits 6 and 7 are used to
control the output of the D-A converter.

[Comparison Voltage Generator]

The comparison voltage generator divides the voltage be-
tween AVgg and Vggr into 256 steps for comparison to the
analog input.

[Channel Selector]
The channel selector selects one of the ports P6y/AN, to
P6;/AN;, and inputs the voltage to the comparator.

[Comparator and Control Circuit]

The comparator and: control circuit compares an analog in-
put voitage with the comparison voltage, then stores the re-
sult in the A-D conversion register. When an A-D conver-
sion is complete, the control circuit sets the A-D conversion
completion bit and the A-D interrupt request bit to “1”.

The comparator contains a capacitor, so f(X,y) should be at
least 500kHz during an A-D conversion.

[_]_|_|_|_]_‘—| AD/DA control register
(ADCON: address 0034,4)
Analog input pin select bits
b2 b1 b0
000 : P6/ANy
. P6,/AN,
: P6,/AN,
: P65/AN;
L PB4/AN,
 PBs/ANg
. PBs/ANg
. P6;/AN,
A-D conversion completion bit
0 : Conversion in progress
1 ! Conversion completed
D-A1 output enable bit
0 : D-A1 output disabled
1 ! D-A1 output enabled
D-A2 output enable bit
0 : D-A2 output disabled
1 : D-A2 output enabled

—_——— -0 00

0
1
1
0
0
1
1

—_,O =0 = —

Fig. 18 Structure of AD/DA control register

b7

AD/DA control register I I I I I

(address 0034,¢)

I_

P6o/AN,
PE,/AN,

A-D control circuit

A-D interrupt request

P6,/AN,
P63/AN,
P64/AN,
P6s/AN;

Comparator

Channel selector

!

A-D conversion register | (Address 0035,

T8

PBs/ANg
P6,/AN;

[T

Resistor ladder

T

Vrer  AVss

Fig. 19 Block diagram of A-D converter

KRS
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D-A CONVERTER

Microcomputers of the M3806x group have two internal D-A
converters (D-A1 and D-A2) with 8-bit resolutions.

The D-A converter outputs a voltage corresponding to the
value in the D-A conversion register. The voltage is output
from the DA, or DA, pin by setting the D-A output enable
bit to “1”.

When using the D-A converter, the corresponding port
direction register bit (DA,/P5g or DA,/P5;) should be set to
“0” (input status).

The output analog voltage V is determined by the value n
(base 10) in the D-A conversion register as follows:

V=Vger X n/256 (n=0 to 255)
Where Vgee is the reference voltage.

At reset, the D-A conversion registers are cleared to “00”,
the D-A output enable bits are cleared to “0", and the P5g/
DA, and P5,/DA, pins are set to input (high impedance).
The D-A output is not buffered, so the user must supply an
external buffer when driving a low-impedance load.

Set V¢ to at least 4.0V, when using the D-A converter.

| D-A1 conversion register (8) |

D-A1 output enable bit

R-2R resistor fadder |—O/O———O P5¢/DA,

D-A2 conversion register (8) I

D-A2 output enable bit

I_o/o——o P5,/DA,

I R-2R resistor ladder

Fig. 20 Block dlagram of D-A converter

“0" D-Ai output enable bit R

P5i/DAI O—c1>

D-Ai conversion
register

AVss

Q0

VREF

Fig. 21 Equivalent connection circuit of D-A converter
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RESET CIRCUIT

A microcomputer in the M3806x group is reset if the RESET
pin is held at a “L” level for at least 2us 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,y clock time to stabil-
ize, internal operation does not begin until after 8 to 12 X,y
clock cycles are complete. After the reset is compieted,
the program starts from the address contained in address
FFFDy¢ (upper byte) and address FFFC,q (lower byte).
Make sure that the reset input voltage is no more than 0.8V
for a power supply voltage of 4.0V.

! !
: 2.0v
Power |
voltage ov |
| !
o | L —
inpu
voltage OV ' : 0.8v
| |
Vee
1
5 RESET
M51953AL
-
0. 1uF
3
¢ Vss
r 3806

Fig. 22 Example of reset circuit

Address Register contents

(0001 ‘5)”'|:j7'ﬁ—:j
(00050 006 |
(0009, 0. |
(0008,g) 0,5
(000Dg) T

(1) Port PO direction register
(2) Port P1 direction register
(3) Port P2 direction register
(4) Port P3 direction register

(5) Port P4 direction register

(6) Port PS5 direction register |
(7) Port P6 direction register !

16

(00 0F)[ 00:6

(9) Port PB direction register (00 1 1) 0046 |
(0 Serial 1701 status register (0019 w)... olo uu OE
(1) Serial 1701 control register (0 0 1 Asg)- 0015 J

(0018 [([[1[a oJa[o[o

(13) Serial 1/02 control register (0 0 1 Dyg)--- 001: N

—
(002046) __FFi |

(8) Port P7 direction register

(12} UART control register

(14 Prescaler 12

(19 Timer 1 (0021 ot
18) Timer 2 (0022, FFis —J

(7 Timer XY mode register

(0023 00w |
(00240  FFu |
(00250 PRy |
(002660 FFe |
(00276 FRe |
(0034 ,s)--.-ﬂ
(003640~ 006 |
F 0 00

(13) Prescaler X

(19) Timer X

20 Prescaler Y

@21 Timer Y

{22 AD/DA control register
23 D-A1 conversion register
{24) O-A2 conversion register (0 0 3 7 4¢)!

(29 Interrupt edge setection register (0 0 3 Ayg)-- 00;

{26 CPU mode register

(0038 0]0]o]o]o]o]x]o]

(00 3Ew) 00

29 interrupt control register2 (00 3 F ,5)-~"— 0046
il

(P Cy) |Contents of address FFFD.s

(PC) |Contents of address FFFC,g

{27 Interrupt controt register 1

@9 Processor status register

(10) Program counter

Note : X ! Undefined
% . The initial values of CM, are determined by the level at the
CNVgg pin.
The contents of all other registers and RAM are undefined
after a reset, so they must be initialized by software.

Fig. 23 Internal status of microcomputer after reset
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f(Xin) U, Sualipialp
¢ T Il e e e Lo rer
RESET T
RESETour
(internat reset)
SYNC I 1
Address ) IS D aniD AN G ¢ B YD ADY
Reset address from vector table
Data D GRED GEED GEAD GEED &1 4.°7D G
Note 1 : {{X,y) and ¢ are in the relationship: 1{ Xy) =2¢
A

8 to 12 clock cycles 2:

tion mark ( ? ) indi an undefined status that depends on the
previous status.

Fig. 24 Timing of reset
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CLOCK GENERATION CIRCUIT

An oscillation circuit can be created by connecting a re-
sonator between X,y and Xgyr. When using an external
clock signal, input the clock signal to the X,y pin and leave

the Xout pin open.

Oscillation Control
(1) Stop Mode

If the STP instruction is executed, oscillation stops with
the internal clock ¢ at “H”. Timer 1 is set to “FFs" and

prescaler 12 is set to “01,4".

Oscillation restarts when an external interrupt is re-
ceived, but the internal ciock # remains at “H” until tim-

er 1 overflows.

This allows time for the clock circuit osgcillation to sta-
bilize. if osciliation is restarted by a reset, no wait time 4
is generated, so keep the RESET pin at “L” level until = Ci 2 Cour

oscillation has stabilized.

(2) Wait Mode

If the WIT instruction is executed, the internal clock ¢
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.

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.

XIN XOUT

”

Fig. 25 Ceramic resonator circuit

Xin

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.

External oscillator

Fig. 26 External clock input circuit

interrupt request

Interrupt disable

flag (1) S

Reset
STP instruction

ONW pin
Single-chip mode

wiT ) ,
instruction—| R R}——STP instruction
— Internat ciock ¢
ONW
control

1/2
Rd

© Rf O
Xin Xout

—l 1/8 H Prescaler 12 H Timer 1 Ii
FF;[r 014

¢ output

Reset or STP instruction

Fig. 27 Block diagram of clock generation circuit
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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 CM, and CM, (bits 0 and 1 of
address 003B,s) . 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/0 port functions and become bus pins.

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

Port Name
Port PO
Port P1

Function

Outputs lower byte of address.

Qutputs upper byte of address. N
Operates as 1/0 pins for data D; to Dy

(including instruction codes).

P3¢ and P3, function only as output pins
(except that the port latch cannot be
read).

P3, is the ONW input pin.

P3; is the RESEToyr output pin. (Note)

P3, is the ¢ output pin.

P35 is the SYNC output pin.

P3g is the WR output pin, and P3, is the
RD output pin.

Port P2

Port P3

Note © If CNVgs is connected to Vgg, the microcomputer goes to single-
chip mode after a reset, so this pin cannot be used as the
RESEToyur output pin.

® Single-Chip Mode
Select this mode by resetting the microcomputer with
CNVgs connected to Vgg.

® Memory Expansion Mode
Select this mode by setting the processor mode bits to
“01” in software with CNVgs 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
CNVgg connected to Ve, or by setting the processor
mode bits to “10” in software with CNVgs connected to
Vss. In microprocessor mode, the internal ROM is no lon-
ger valid and external memory must be used.

0000,6 0000,¢
0008,¢ 00086
SFR area SFR area
0040,¢ 0040,
Internal RAM Internat RAM
reserved area reserved area
0440,¢ 0440,
YYYY,5
internal ROM
FFFFy FFFFs
Memory expansion mode Microprocessor mode
The shaded areas are external memory areas.
* 1 YYYY,q is the start address of internal ROM.

Fig. 28 Memory maps in various processor modes

CPU mode register
(CPUM: address 003B,s)

——Processor mode bits
b1b0
0 0 : Single-chip mode
0 1 ! Memory expansion mode
1 0 : Microprocessor mode
11 :Donotuse

—— Stack page select bit
0 : RAM in the zero page is used
as stack area
1 . RAM in page 1 is used as
stack area

Fig. 29 Structure of CPU mode register

MITSUBISHI
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Bus Control with Memory Expansion
Microcomputers of the M3806x group have a built-in ONW
function to facilitate access to extra memory and 1/0 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 ¢. During this extended

period is valid only for writing to and reading from addres-
ses 0000,4 to 0007, and 0440, to FFFF,s and only read

and write cycles are extended.

Read cycle Dummy cycle Write cycle Read cycie Dummy cycle Write cycle
[ S e S e . |
f 1 1 il I 1

AR B N

L

]

L L

AD,s to AD, X

Ve

f
X

X

wo T

-

i

on operations.

]

* © Period during which ONW input signal is received o
During this period, the ONW signal must be fixed at either "H" or “L”. At all other times, the input level of the ONW signal has no affect

The bus cycles is not extended for an address in the area 0008, 10 043F 5, regardless of whether the ONW signal is received

Fig. 30 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 (1)
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) fiags 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 SBC.

Timers
If a value n (between 0 and 255) is written to a timer latch,
the frequency division ratio is 1/(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 /O
In clock synchronous serial /0, if the receive side is using an

external clock and it is to output the Sppyy signal, set the
transmit enable bit, the receive enable bit, and the Spoy; out-
put enable bit to “1”.

Serial I/01 continues to output the final bit from the TxD pin
after transmission is completed. The Sgyy, pin from serial

1702 goes to high impedance after transmission is completed.

A-D Converter

The comparator uses internal capacitors whose charge will
be lost if the clock frequency is too low.

Make sure that f(X\) is at least 500kHz during an A-D con-
version. (If the ONW pin has been set to “L”, the A-D conver-
sion will take twice as long to match the longer bus cycle,
and so f{X;y) must be at least 1MHz.)

Do not execute the STP or WIT instruction during an A-D
conversion.

D-A Converter

The accuracy of the D-A converter becomes poor rapidly
under the Ve =4.0V or less condition. So set V¢ to at least
4.0V, when using the D-A converter.

Instruction Execution Time

The instruction execution time is obtained by multiplying the
frequency of the internal clock ¢ by the number of cycles
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 X,y fre-
quency.

When the ONW function is used in modes other than single-
chip mode, the frequency of the internal clock ¢ may be one
fourth the X,y frequency.
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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
version and built-in EPROM version can be read from and
written to with an normal EPROM writer using a special
write adapter.

Package Name of Write Adapter
80PEN PCA4738F-80
80P6S PCA4738G-80
80D0 | PCA4738L-80

The PROM of the blank one-time programmable version is
not tested or screened after assembly. To ensure proper
operation after writing, the procedure shown in Figure 31 is
recommended to verify programming.

Writing with PROM writer

=~

Screening (Note)
(150°C for 40 hours)

~ =

Verification with PROM writer

~ -

Functional check in target device

Note : The screening temperature is far higher than
the storage temperature. Do not leave the
microcomputer at 150°C for longer than 100 hours.

Fig. 31 Writing and testing of one-time programmable
version

MITSUBISHI
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Supply voltage —0.3t07.0 v
| Yoo | SuppyvoRaee o .
Input voltage P0g-PO;, P15-P17, P25-P2;,
v, P3¢-P3;, P4o-P4;, P5o-P57, —0.3to Vec+0.3 v
P6y-P6;, P7¢<P7,, PBy-P8;, V,
————ﬂ~——°T7L~L—D~ 7 TREF All voltages measured with reference to the
v, Input voltage RESET, Xin i i ) —0.3 to Vgc+0.3 \
———————————1 Vss pin, output transistors isolated.
V, input voitage CNVss N —0.3t0 13 v
Qutput voltage P0y-P0;, P14-P17, P2,-P2;,
Vo P3y-P3;, Pdg-P4;, P5,-P5;, —0.3 to Vge+0.3 v
P6¢-P67, P7o-P77, P8o-P87. Xour o
Py Power dissipation | Ta=25C 500 mwW
Topr Operating temperature ) —20 to 85 c
Tstg Storage temperature —40 to 125 T

RECOMMENDED OPERATING CONDITIONS (vcc=3.0t05.5V, Ty = —20 to 85C, unless otherwise noted)

Limits
Symbol Parameter Unit
_7 o Min. Typ. Max.
Supply voltage (f(Xp) =2MHz) ) . B 3.0 5.0 5.5
Vee Supply voitage (f(Xiy)>2MHz) o 4.0 5.0 5.5 v
Supply voltage (when D-A converter is used) 4.0 5.0 5.5
Vss Supply voltage 0 Vv
S N——
v Analog reference voltage (when A-D converter is used) 2.0 Vee v
REF Analog reference voltage (when D-A converier is used) 4.0 Ve
AVss Analog power voltage i Q v
Via Analog input voltage ANg-AN; ) AVgs Vee v
“H” input voltage P0p-PO7, P1o-P17, P2,-P2;, P3-P3;, P4p-P4;,
Vin oo e i 7 0.8Vcc Vee v
P5;-P57, P6y-P6;, P75-P7;, P8o-P8;
Viu “H" input voltage RESET, X;n. CNVsg 0. 8BVc¢e Vee v
“L" input voltage P0y-P07, P1g-P17, P25-P2;, P3,-P3;, P4s-P4,,
Vi g 7, P1o-P17, P24-P27, P3,-P3;. Pdo-P47 o 0. 2Voo v
P54-P57, P6g-P67, P7o-P7;, P8;-PB;
Vie L input voltage RESET (] 0.2Vee v
| Yoo | - WMpWIvOREge T I I A
Vie | “L” input voltage X 0 0. 16Vec v
Vie “L" input voltage CNVgg 0 0.2Veoc \
Zlonipeak) | “H" total peak output current POy-PO7, P1o-P17, _P20—P27, P3,-P3;, P8)-P8; (Note 1) —B0 mA
Slon(peak; | “H" total peak output current P4g-P4;, P5o-P5;, PBo-P6; (Note 1) —80 mA
Sloipeak) | “L” total peak output current P0o~PO7, P19-P17, P2o-P2;, P3g-P3;, P8o-P8; (Note 1) 80 mA
2'0L<geak) L" total peak output current Pdg-Pd;, P5,-P5;, P6y-P6;, P7,-P7; (Note 1) 80 mA
“H" total average output current P0g-PO7, P15-P1;, P2p-P2;, P3p-P3;.
2'oulavg> —40 mA
P8-P8; (Note 1)
Elon(avq) “H” total average output current P4y-P4;, P5,-P5;, P6o-P6; (Note 1} —40 mA
“L" total average output current P0y-P07, P1g-P1;, P2o-P27, P3p-P3;,
Zlovtavg 40 mA
P8,-P8; (Note 1)
| E S —— N e —
Zlouavgy | “L” total average output current Pdg-Pd;, P5o-P5;, P6o-P67, P7,-P7; (Note 1) | 40 mA
“H" peak output current P0p-P0;, P19-P17, P24-P2;, P39-P3;, P4p-P4;,
lontpeak) —10 mA
P5,-P5;, P8y-P67, P8)-P8; (Note 2)
“L" peak output current PGo-PO;, P19-P1;, P2¢-P2;, P3p-P3;, P4y-P47,
lou(peak) 10 mA
PS5¢-P5;, PBg-P67, P74-P7;, PB(-P8; (Note 2)
0 forfy PRo oy VT —
“H" average output current P0o-P0;, P19-P1;, P20-P2;, P3o-P37, P4p-P4;,
loncavg) =5 mA
P5¢-P5;, P6o-P6;, P8o-P8; (Note 3)
— —
“L.” average output current PQy-PO7, P1o-P17, P2g-P2;, P3¢-P3;, P4g-Pd;,
loLcavg) 5 mA
P5¢-P5;, P6o-P67, P70-P7;, P84-P87 (Note 3)
i Internal clock oscillation frequency (Ve =4. 0~5.5V) 8
f(Xin) e — MHz
| Internal clock oscillation frequency (Vee=3.0~5.5V) T 2

Note 1. The total output current is the sum of all the currents flowing through all the applicable poris. The total average current is an average value me-
asured over 100ms. The total peak current is the peak value of all the currents.
2. The peak output current is the peak current tlowing in each port.
3. The average output current lg, (avg), lox (avg) in an average value measured over 100ms.
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ELECTRICAL CHABRACTERISTICS (vcc=3.0105.5V, Vss =0V, Ta = ~20 t0 85%C, unless otherwise noted)

Limits
Symbol Parameter Test conditions Unit
Min, | Typ. | Max
“H” output voitage PGq-PO;, P15-P17, P24-P2;, lon=—10mA Vee—2.0
Vee=4.0~5.5V
Vou P3¢-P37, P4o-P4;, PS-PS7, v
lon==1.0mA Vee—1.0
PB-P67, PBo-P8; (Note 1) Vee=3.0~5.5v
“L” output voltage POqy-PO7, P14-P1;, P2p-P2;, loy=10mA 2.0
Vec=4. 0~5, 5V
Voo P30-P3;, P4o-P4y. PSe-P57, v
Ioo=1.0mA 1.0
P6g-P6;, P70-P77, PBo-P8; Vee=3. 0~5, 5V
Vy4+—Vs- | Hysteresis CNTRy, CNTR,, INTo-INT, 0.4 v
Vy4—Vy- | Hysteresis RxD, Sciki, Swz, Scike 0.5 v
Vr4—Vs— | Hysteresis RESET 0.5 \"
“H” input current P0g-PO;, P15-P1;, P20-P2;,
'™ P34-P3;, P49-P47, P5¢-P5;, Vi=Vec 5.0 A
PBg-P67, P70-P77, PBo-P8;
[ “H" input current RESET, CNVgs Vi=Vce 5.0 2A
lipr “H" input current Xy Vi=Vcc 4 zA
“L” input current POp-POy, P1o-P17, P2o-P2;,
P3y-P3;, P4o-P4;, P50-P5;,
V= —5.0
e PBo-P6y, PT0-P7;, PBy-PB;, = Ves 5 #A
RESET, CNVgg
e “L" input current Xy Vi=Vss —4 #A
Vaam RAM hold voltage With clock stopped 2.0 5.5 v
H{Xin)=8MHz, Vgc=5V 6.4 13
1(Xn) =5MHz, Vec=5V 4 8
1{Xin) =2MHz, V=3V 0.8 2.0 mA
When WIT instruction is executed with t{Xip) =8MHz, Voo =5V 1.5
lee Supply current —
When WIT instruction is executed with f( Xju) =SMHz, Voo =5Y 1
When WIT instruction is executed with f{X;y)=2MHz, Voo=3V 0.2
When STP nstruction is executed | T52=25C (Note 2) 0.1 1
with clock stopped, — uA
oulput iransistars isolated Ta=857C (Note 2) ] 10

Note 1 P45 is measured when the P4s/T«xD P-channel output disable bit of the UART control register (bit 4 of address 001B,4) is “0".
2 © With output transistors isolated and A-D converter having completed conversion, and not including current flowing through Vgeeg pin.

A-D CONVERTER CHARACTERISTICS

(Vee=3.0t0 5.5V, Vgg=AVgs=0V, Vaer=2.0V 10 V¢, Ta=—20 10 85T, unless otherwise noted)

§ Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.

— Resolution 8 Bits
- Absolut y q error) +1 +2,5 Ls8e
tcony Conversion time 50 tc (@)
Riapper | Ladder resistor 35 kQ}
bRer Reterence power source input current (Note} Vrer=5. OV 50 150 200 “A
I (ap) A-D port input current 0.5 A

Note : When D-A conversion registers (addresses 0036, and 0037,¢) contain “004s".

D-A CONVERTER CHARACTERISTICS

(Vee=4.010 5.5V, Vgs=AVss=0V, Vaer=4. 0V to Voc, Ta=—20 10 85T, unless otherwise noted)

Limits )
Symbol Parameter Test conditions - Unit
- Min. Typ. Max
— Resolution g Bits
- Absolute accuracy 1.0 %
tsy Setting time 3 Hs
Ro Qutput resistor 1 2.5 4 k2
Ivrer Reference power source input current (Note) 3.2 mA

Note : Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “00,5", and excluding currents flowing
through the A-D resistance ladder.

RR



MITSUBISHI MICROCOMPUTERS

M3806x Group
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TIMING REQUIREMENTS 1 (Voo =4.0105.5V, Vss =0V, Ta = —20 to 85°C, unless otherwise noted)

Symbol Parameter [ Limits Unit -
Min. Typ. Max
tw(ReESET) Reset input “L" pulse width 2 s
to o External clock input cycle time 125 ns
| twhox ‘_External clock input "H” pulse width 50 ns
twi(xy) External ciock input “L" pulse width 50 ns
toienTR) CNTRy, CNTR; input cycle time 200 ns
twHicnTR) CNTRy, CNTR; input “H” pulse width 80 ns
twrint) | INT, to INT, input “H” pulse width 80 ns
twii(cnTR) mo.—CNTFh input “L" pulse width 80 ns
twirnT) INTy to INT, input “L” pulse width T 80 ns
R Serial 1701 ¢clock input cycle time (Note) 800 ns
ic(sm‘z) Serial 1/02 clock input cycle time 1000 _ ns
twhsgik) Serial 1701 clock input “H” puise width (Note) 370 ns
tWH(Scugz) Serial 1/02 clock input *H” pulse width 400 ns
twi(seiki) Serial 1/01 clock input “L” pulse width (Note) 3L ns
twi(seike) Serial 1702 clock input “L" pulse width 400 ns
tsu(ayeD-ScLx) | Serial 101 input set up time 220 ns
tsulsz-ScLga) | Serial /02 input set up time 200 ns
Th(scm-nxn) Serial /01 input hold time 100 ns
thiscike-Sig) | Serial 1702 input hold time 200 ns
Note : When (X, )=8MHz and bit 6 of address 001A is “1". Divide this value by four when 1(X,n)=8MHz and bit 6 of address 001A,g is “0".
TIMING REQUIREMENTS 2 (vcc=3.0105.5V, Vgs =0V, Ta= —2010 85T, unless otherwise noted)
Symbol ! Parameter — T Limits — Unit
Min. | Typ. Max
| twimgsery | Reset input “L” pulse width 2 s
Wtc(x ) External ciock input cycle time - 500 ns
twhigy) External clock input “H” pulse width 200 ns
-‘tWL(xm) External ciock input “L" pulse width 200 ns
—“c(cmn) CNTRg, CNTR; input cycle time 500 ns
twriontr) | CNTRo, CNTR; input “H” pulse width 230 T ns
twHONT) INT, to INT,4 input “H” pulse width 230 ns
twicentr) | CNTRy, CNTR, input “L" pulse width 230 ns
twiOnt) INT, to INT, input “L” pulse width 230 e
teisgii? Serial 1701 clock input cycle time (Note) 2000 ns
—tg(‘;az) Serial 1/02 clock input cycle time 2000 ns
ﬁt;v:(;;m) Serial 1/01 clock input “H" pulse width (Note) 950 ns
twhisciko) Serial 1702 clock input “H” pulse width 950 ns
twiisgky) Serial 101 clock input “L" puise width (Note) 950 ns
twitseixe? Serial 1702 clock input *L” pulse width 950 ns
tsu(ryD-Scky) | Serial 1701 input set up time 400 ns
tsuts)no-Scikz) | Serial 1702 input set up time 400 ns
thiscuk-AxD) | Serial 1701 input hold time T 200 ns
thiscip-Swp) | Serial 1702 input hold time 300 ns

Note | When f{ X,y )=2MHz and bit 6 of address 001A;; is “1”. Divide this value by four when f(X;)=2MHz and bit 6 of address 001A,g is "0".
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SWITCHING CHARACTERISTICS 1

(Vee =4.01t0 5.5V, Vgs = 0V, Ty = —20 to 85°C, unless otherwise noted)

Symbo Parameter Limits Unit
Min. Typ. Max.
twhisgua? Serial 1701 clock output “H” pulse width te(scrxr)/2—30 ns
twh(scLe) Serial 1/02 clock output “H” pulse width tetscuke)/2—160 ns
twilsciky) Serial 1/01 clock output “L” pulse width tgisoLKe)/230 T ns
twL(sc ko) Serial 1/02 clock output “L" pulse width tetsoLra)/2— 160 )l ns
td(scux~TxD) | Serial 1701 output detay time (Note 1) 140 ns
td(scLra—Sourz)| Serial 1702 output delay time j 0. 2Xtotseupg) ns
ty(seux—TxD) | Serial 1/01 output valid time (Note 1) T —30 | s |
tiscLka—Sourz) | Serial 1702 output valid time 0 ns
triseucr) Serial 1/01 clock output rise time ] 30—4 ns
tisokn) Serial 1701 clock output fall time 30 ns
Ysoiee) Serial 1/02 clock output fall time 40 ns
triemos) CMOS output rise time (Note 2) 10 30 ns
Micuos) CMOS output fall time (Note 2) | 1o 30 ns
Note 1 : When the P4s/T«D P-channel output disable bit of the UART control register (bit 4 of address 001B,g) is “0".
2 : Xoyr pin excluded.
Measurement output pin (_— . 1K
_L 100pF Measurement output pin () J_
; 100pF
CMOS output

N-channel open-drain output

.

Fig. 32 Circuit for measuring output switching characteristics (1

SWITCHING CHARACTERISTICS 2 (Vcc=3.0t05.5V, Vss = 0V, Ta = —20 t0 85, unless otherwise noted)

Limits ,
Symbol Parameter Yy Tvo. l Max Unit
twH(scikr) Serial /01 clock output “H" pulse width te(sgLpr)/2—50 ‘ ns
twH(Scik2) Serial 1702 clock output “H” pulse width te(soLxz)/2—240 ns
twi(sou) Serial 1/01 clock output “L" pulse width to(scLxi)/2—50 ns
twi(scik) Serial 1/02 clock output “L” pulse width teiscLia)/2—240 ns
td(sexi—TxD) | Serial 1701 output delay time (Note 1) 350 ns
td(sc xa—Souts)| Serial 1702 output delay time 0. 2Xte(sgna) ns
ty(sgui—TxD) | Serial 1/O1 output valid time (Note 1) —30 ns
ty(scoxe—Sourz| Serial 1702 output valid time o ns
trisc) Serial ¥O1 clock output rise time 50 ns
Hisounn Serial /01 clock output fall ime 50 ns
Y(scure) Serial 1/02 clock output fall time 50 ns
tricmos) CMOS output rise time (Note 2) 20 50 ns |
tHicmos) CMOS output fall time (Note 2) | 20 50 ns
Note 1 : When the P4;/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B,s) is “0".
2 . Xour Pin excluded.
MITSUBISHI 2—71
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TIMING REQUIREMENTS

IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Voc =4.010 5.5V, Vg =0V, T3 = —20 to 85C, unless otherwise noted)

Symbol Parameter Limits Unit
Min. Typ. | Max.
tsu(onw—¢ | ONW input set up time —20 ns
th(s—onw) | ONW input hold time o —20 ns
tsu(oe—e¢) Data bus set up time 60 ns
th(s—pa) Data bus hoid time 0 ns

SWITCHING CHARACTERISTICS

IN MEMORY EXPANSION MODE AND MICROPROCESSOR MODE

(Vec = 4.0 10 5.5V, Vgg = 0V, Ty = —20 to B5C, unless otherwise noted)

Symbol Parameter Limits Unit
_ N | Min. Typ. Max

te(s) # clock cycle time 2X (k) ns
twH(®) ¢ clock "H" pulse width toiy =10 ns
twile) ¢ clock “L" pulse width toxp—10 ns
td(g—ar) ADys to ADg delay time 20 40 ns
tv(s—AH) ADys to ADg valid time 6 10 ns
td(s—aL) AD; to AD; delay time 25 45 ns
tu(s—AL) AD; to AD valid time 6 10 ns
g s—svNO) SYNC delay time 3 20 ns
ty( g—sYNG) SYNC valid time B 10 ns
tds—wrm RD and WR delay time T 10 20 ns
ty(o—wh) AD and WR valid time 3 5 10 ns
td(s—v8) Data bus delay time o N 20 70 ns
tv(¢—DB) Data bus valid time o - 15 ns
t(RESET~AESEToU) | RESETour output delay time (Note 1) ] 200 ns
ty(4—RESET) RESEToyr output valid time (Note 1) o 200 ns

Note 1 . The RESEToyr output goes “H” in sync with the rise of the # clock that is anywhere between about 1 cycle and 19 cycles after the RESET in-
put goes “H”

Measurement output pin ()

1
-

CMOS output

100pF

Fig. 33 Circult for measuring output switching characteristics (2)
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING DIAGRAM

(1) Timing diagram
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MITSUBISHI MICROCOMPUTERS

M3806x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

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

AD,5-AD,

AD;-AD,

SYNC

ONW

DB,-DB;
{At CPU reading)

DB,-DB;
(At CPU writing)

tow
twnie twite)
7{0. SVee \\ At
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j 5 : Ve ‘k
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(3) Timing diagram In microprocessor mode
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