MITSUBISHI MICROCOMPUTERS

o M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION @ INtErrUpts - rrereereeenees e 14 sources, 12 vectors
The M3811x group is made up of 8-bit microcomputers @ THMEIS - oeeeeerrrerrnsssstm et 8-bitX4
based on the MELPS 740 core. ® Serial I/0 e -+~ Clock-synchronized 8-bitX2
The M3811x group is designed mainly for VCR timer/func- (Serial 1/01 has an automatic data transfer function)
tion control, and include four 8-bit timers, a fluorescent dis- ® PWM output circuit-- -+ 14-bitX1
play automatic display circuit, a PWM function, and a com- @ Comparator -orrerererrerr e 4-bitX1
parator. ® Fluorescent display function
The various microcomputers in the M3811x group include SEGMENLS crevrerrrrrrrrerrrr s 8to 16
variations of internal memory size and packaging. For de- Digits «w+vvveeeersrees s 8to 16
tails, see the section on part numbering. ® 2 Clock generation circuit
For details on availability of microcomputers in the M3811x Clock (Xjn-Xoyr) *weerreree Internal feedback amplifier
group, see the section on group expansion. Sub clock (Xein-Xcout) Internal amplifier without feedback
) Supply VOltage - wwrrrrr e 4.0 to 5.5V
FEATURES ® Low power dissipation
[ ] Basic machine_|anguage inStruCtionS ....................... 71 |n high_speed Operaﬁon .................................... 25mW
@ Instruction exXecution time:«-««--wteerereerenrerene 0.95us (at 4.19MHz oscillation frequency)
(shortest instruction at 4.19MHz oscillation frequency) In low-speed operation ««««««o-sorrerrrrmrreeseeeeee 300.W
® Memory size (at 32kHz oscillation frequency)
Y IR CRRCIRILIII I AN R 4K to 32K bytes ® Operating temperature range «««+--==-=++==* —10 to 85C
192 to 1024 bytes : .
® Programmable input/output ports ===+ ssreeesreeneeiies 27 APPLICATIONS
® High-breakdown-voltage output ports ==+ EREEERRIREE 28 VCRs, tuners, musical instruments, office automation, etc.
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Package type : 64P6N
64-pin plastic molded QFP
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN CONFIGURATION (TOP VIEW)

P5;/Sapyz ++ 11

P5g/Scie +> [12]

P55/Soyrz2 +* [13}
P54/Sinz +* [14}
P53/Srov1/CS/ScLkr2 +> [18]
P5,/ScLk11 +* [1€]
P54/Sour1 +*

P50/Sni +* [18]

P47/ Tour + [19]

dSXXX-¥NZLI8EW

P2,
P2
P2
P2,

Outline 64P4B
64-pin shrink plastic molded DIP

4] — P3,/SEG,
-+ P3,/SEG,
— P3,/SEG,
— P3,/SEG;
— P3,/SEG,
— P35/SEGs
— P3/SEGs
— P3,/SEG,
~ P0y/SEGs/DIGo
— P0,/SEGe/DIG;
— P0,/SEG/DIG;
— P04/SEG1/DIG;
— P0,/SEG2/DIG4
— P05/SEG3/DIG5
— POG/SEG14/DIGs
— P0,/SEG5/DIG;
— P1y/DIGs
— P1,/DIGo
— P1,/DIGyo
— P14/DIGy4
— P1,/DIGy2
— P15/DIG1s
— P15/DIGy4
— P1,/DIGys
— P24/DIG1s
— P2,/DIGy7
— P2,/DIG1s
— P2,/DIGso

MITSUBISHI

2—113




4

vl

OHLOE'EV

FUNCTIONAL BLOCK DIAGRAM
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
l Alternate Function
Vce, Vss | Power supply Power supply inputs 4 0 to 5.5V to Ve, and 0V to Vss.
Vee Pull-down power Applies voltage supplied to pull-down resistors of ports PO, P1, P2,-P2; and P3.
input

RESET Reset input To reset the microcomputer, this pin should be kept at an “L” level for more than 2us under high-speed operating con-
ditions. In low-speed operation start mode, internal reset is not released until the X¢n-Xcour clock has had time to sta-
bilize

Xin Clock input input and output signals for the internal clock generation circuit. It consist of internal feedback amplifier Connect a
ceramic resonator or quartz crystal between the X,y and Xoyr pins to set the oscillation frequency If an external clock is

Xout Clock output used, connect the clock source to the Xy pin and leave the Xoyr pin open This clock 1s used as system clock

Xem Sub clock input Input and output signals for the internal sub clock generation circuit It consist of internal amplifier without feedback
Connect a ceramic resonator or quartz crystal and external feedback resistor between the X¢iv and Xcour pins If an ex-
ternal clock is used, connect the clock source to the Xciv pin and leave the Xcour pin open This clock can aiso be

Xcout Sub clock output used as the system clock.

P0,/SEGs/ | Output port PO An 8-bit output port The output structure 1s high- | FLD automatic display pins

DiGo- breakdown-voltage P-channel open drain with internal

P0,/SEG s/ pull-down resistors connected between the output and the

DIG; Vee pin Are “L” at reset.

P1¢/DIGg- | Output port P1 An 8-bit output port with the same function as port P0. FLD automatic display pins

P1;/DIG;s

P2¢/DIG16- | Output port A 4-bit output port with the same function as port PO FLD automatic display pins

P2;/DIGyg

P2,-P2; 1/0 port P2 A 4-bit CMOS 1/0 port An I/O direction register allows each pin to be individually programmed as either input or out-
put. At reset this port 1s set to input mode The input levels are TTL compatible

P3y/SEG,- | Output port P3 An 8-bit output port with the same function as port PO FLD automatic display pins

P3;/SEG,

P4y/INT, Input port P4q A 1-bit CMOS input pin External interrupt input pin

P4,/INT,, | I/0 port P4 A 7-bit CMOS 1/0 port with the same function as port P2,4- | External interrupt input pins

P4,/INT, P27, with CMOS compatible input levels

P4, P4,, P4

P45/CNTR Event count input pin

P4;/Tour Timer output pin

P5¢/Sints 1/0 port PS5 An 8-bit 170 port with the same function as port P2,-P2; | Senal I/01 1/0 pins

P5,/Sour1, The output structure of this port 1s N-channel open drain,

P52/Sciki1s and the input levels are CMOS compatible

P53/Srpvi/ Keep the input voltage of this port between 0V and Vcc.

CS/SCLK12

P54/Sinz2s Serial 1/02 1/0 pins

P5s/Sourz,

P5¢/Scuke,

P57/Sgov2
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
Alternate Function
P6o/PWM | I/0 port P6 An 8-bit CMOS 1/0 port with the same function as port | 14-bit PWM output pins
P2,-P2;, with CMOS compatible input levels.
P6,-P6s, P67
P6s/AN Comparator input pin
2116 MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product name M3811 0 M X - XXX SP

Package type
SP ! 64P4B package
FP : 64P6N package
SS : 64S1B package
FS : 64D0 package

ROM number
Omitted in some types

ROM/PROM size
. 4096 bytes

: 8192 bytes

: 12288 bytes
116384 bytes
: 20480 bytes
. 24576 bytes
. 28672 bytes
. 32768 bytes

OO0 D WN -

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

Memory type
M : Mask ROM version
E : EPROM or one-time programmable version

RAM size
. 192 bytes
: 256 bytes
- 384 bytes
512 bytes
: 640 bytes
768 bytes
. 896 bytes
* 1024 bytes

NO s WN—=O




MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION

Mitsubishi plans to expand the M3817x group as follows:

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

(2) ROM/PROM size 16K to 32K bytes
RAM size ........................................ 384 to 640 bytes
(3) Packages
64P4B ............................... Shnnk plasﬁc mo'ded DIP
64P6N ........................................ PIastiC molded QFP
B4STB -ovvvererererereeenne Window type shrink ceramic DIP
BODO ................................ WindOW type ceramic LCC

Memory Expansion Plan
ROM size (bytes) Under development
K [mm— T T T m 7T 7~ (M3BT14MB/ER B
| | I |
! | | | | | I |
8K f———— j——————— - ——————— == — = ——
| | | ! | | | I
1 [ ! ! | | | [
2K '———-—+-———+—————1——-——||————~:————+—~--—f————l
| I I | |
. | I | ! I | | |
20K ————J————-t-——~——ll—-————L————+—~—-1——————+—————1
: New product I' II : : :
)
6K f——— +———+ 2M—l———~a————p—~——+—-—-1
| | — | | I | |
| | | | | | | |
12K h————-)—————i—————w‘————}-—————:-————*l——'—*|~————1
| | I | |
| [ ! ! | ' [ [
8K f-——— 4——-———F—-————-:————4—————f————l————f————T
| | | I I
I ! [ | | | | |
4K -—————4——~—r————+————|————+—————Jl.————|'—————:
| | | | |
I | I | | | | |
1 I 1 | | ] | L ]
192 256 384 512 640 768 896 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
M38112M4-XXXSP Mask ROM version
M38112E4-XXXSP 64P4B | One-time programmable version
M38112E4SP One-time programmable version (blank)
M38112E4SS 16K . a82 64S1B | EPROM version
M38112M4-XXXFP Mask ROM version
M38112E4-XXXFP 64P6N | One-time programmable version
M38112E4FP One-time programmable version (blank)
M38112E4FS 64D0 EPROM version
!
MITSUBISHI
2—118



MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)
Microcomputers of the M3811x 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:

CPU MODE REGISTER

The CPU mode register is allocated to address 003Be.

Bits 0 and 1 of this register are processor mode bits and
should always be set to “0”.

The CPU mode register contains the stack page selection
bit.

For details of the Xgour drivability selection bit, main clock
stop bit, and internal system clock selection bit, see the

The FST and SLW instructions are not available for use. section on the clock generation circuit.

The STP, WIT, MUL, and DIV instructions can be used.

7 0
| | CPU mode register (CPUM : address 003By)

u—— Processor mode bits

b1b0
0 0 : Single-chip mode
0 1 : Donotuse
1 0 : Do not use
11 : Do not use
Stack page selection bit
0 > RAM in the zero page 1s used as stack area
1 I RAM in page 1 is used as stack area
t———————————————— Xgour drivability selection bit
0 ! Low drive

1 I High drive

Main clock (Xin-Xour) stop bit
0 : Operating
1 ! Stopped

Internal system clock selection bit
0 : Xin-Xour selected (high-speed operation mode) *
1 : Xan-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

MEMORY

« Special Function Register (SFR) Area

The Special Function Register area contains registers
which control functions such as 170 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

» Zero Page
The 256 bytes from addresses 00004¢ to 00FF,¢ 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 bytes.

« Special Page
The 256 bytes from addresses FF00;¢ to FFFF;s are cal-

led 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-

vectors. sing mode enables access to this area with only 2 bytes.
000046
SFR area
RAM area Zero
» 0040 -
RAM capacity Address XXXXs 6 | FLD automatic display RAM area page
(bytes) 006046
192 00FF4¢ 0100
256 013F 6 "6 |Seriall/Oautomatictransfer RAM areal
384 01BFy6 RAM 012046
512 023F,¢
640 02BF,¢
768 033F16 XXXX16 fom e cmmmcccccae————— 4
896 03BF¢
1024 043F 16 Reserved area
ROM area 044016
ROM capacity .
(bytes) Address YYYY,s | Address ZZZZ,¢ Not used
4096 F000,¢ F080,¢ YYYY, == mmmmmmm e m 4
8192 E000-6 E080+¢ (‘ Reserved ROM area
12288 D000:6 D08046 (common ROM area, 128 bytes)
16384 C000,4¢ C0804¢
20480 B000,¢ B0804¢ 222746
24576 A000¢ A080+6
28672 900046 9080,¢
32768 800046 808016
ROM
FF00,6
FFDCe
Special
Interrupt vector area page
FFFE;e
Reserved ROM area
L FFFF
Fig. 2 Memory map diagram
MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00004¢ | Port PO (PO)

00026 | Port P1 (P1)

0004,¢ | Port P2 (P2)
00056 | Port P2 direction register (P2D)
0006,¢ | Port P3 (P3)

00086 | Port P4 (P4)
000946 | Port P4 direction register (P4D)
000A6 | Port P5 (P5)
000B,¢ | Port P5 direction register (P5D)
000C;¢ | Port P6 (P6)
000D, | Port P6 direction register (P6D)

00125 | Port PO /digit register (POSDR)

0014, | Port P2 digit/port switching register (P2DPR)
0015, | Key-scan blanking register (KSCN)
001646 | FLDC mode register (FLDM)

0017, | FLD data pointer (FLDDP)

001846 | Serial I/0 ic transfer data pointer (SIODP)
001946 | Serial I/01 control register (SIO1CON)
001A¢ | Serial I/0 automatic transfer control register (SIOAC)
001B;¢ | Serial /01 register (S101)

001C;¢ | Senal I/0 automatic transfer interval register (SIOAI)
001D | Serial 1/02 control register (SIO2CON)

001Fs | Senal 1/02 register (SI02)

002046
002146
00224
002344
0024, | Timer 1 (T1)

0025 | Timer 2 (T2)

002645 | Timer 3 (T3)

0027, | Timer 4 (T4)

0028, | Timer 12 mode register (T12M)
0029,5 | Timer 34 mode register (T34M)
002A¢ )
002B,;s | PWM control register (PWMCON)
002C;¢ | PWM register (upper) (PWMH)
002D,6 [ PWM register (lower) (PWML)
002E+¢
002F;¢
0030,6 | Comparator register (CMP)
003146
003246
003346
0034,¢
003546
003646
003746
0038, | High-breakdown-voltage port control register (HVPC)
003946
003A,6 | Interrupt edge selection register (INTEDGE)
003B;¢ | CPU mode register (CUPM)

003C,¢ | Interrupt request register 1 (IREQ1)
003D | Interrupt request register 2 (IREQ2)
003E,¢ [ Interrupt control register 1 (ICON1)

003F;¢ |Interrupt control register 2 (ICON2) |

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

/0 PORTS

« Direction Registers
The M3811x group microprocessors have 27 programm-
able 1/0 pins arranged in four 1/0 ports (ports P2,-P2;,
P4,-P4;, P5 and P6). The 1/0O ports have direction regis-
ters which determine the input/output direction of each
individual pin. Each bit in a direction register corres-
ponds to one pin, each pin can be set to be input 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 it-
self. 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.

« High-Breakdown-Voltage Output Ports

The M3811x group microprocessors have four ports with
high-breakdown-voltage pins(ports PO, P1, P2,-P2;, P3).
The high-breakdown-voltage ports have P-channel open
drain output with a breakdown voltage of Vcc—40V. Each
pin in Ports PO, P1, P2,-P2; and P3 has an internal pull-
down resistor connected to Vge. At reset, the P-channel
output transistor of each port latch is turned off, so it is
forced to the level of Vge by the pull-down resistor.
Writing “1” to bit 0 of the high-breakdown-voltage port
control register(address 0038,¢)slows the transition of the
output transistors to redyce transient noise. At reset, bit 0
of the high-breakdown-voltage port control register is set
to “0” (strong drive).




MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

. Diagram
Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs No.
High-breakdown FLDC mode register
igh- -
P0o/SEGg/ 9 Segment/digit
, voltage P-channel ) .
DIGo- . FLD automatic switching register
Port PO Output open-drain output . . (1)
P0,/SEGs/ display function High-breakdown-
with pull-down
DIG; voltage port control
resistor .
register
High-breakdown-
'9 FLDC mode register
voltage P-channel . .
P1o/DIGg- FLD automatic High-breakdown-
Port P1 Output open-drain output (2)
P1,/DIG;s ] display function voltage port control
with puli-down K
A register
resistor
. FLDC mode register
High-breakdown- .
Digit/port switching
voltage P-channel
P2o/DIG+e~ - FLD automatic register
Output open-drain output K (3)
P23/DIGqo . display function High-breakdown-
Port P2 with pull-down
voltage port control
resistor
, register
Input/output, TTL level input
P2,-P2; put/output P ()
individual bits CMOS 3-state output
High-breakdown- .
FLDC mode register
voltage P-channel
P3./SEG drain output FLD automatic High-breakdown-
- open-drain outpu
° ° Port P3 Output P P display function voltage port control (5)
P3;/SEG; with pull-down
register
resistor
External interrupt Interrupt edge
P4,/INTo Input CMQOS level input . (6)
input selection register
P4,/INT4, External interrupt Interrupt edge @
P4,/INT, Port P4 input selection register
4. Pa. Pa Input/output, CMOS level input @
&4 "8 individual bits CMOS 3-state output -
P45/CNTR Event count input Timer 34 mode register (7)
P4;/Tour Timer 3 output Timer 34 mode register (8)
P50/Sint, Serial 1701 control (9)
P5,/S ) register
17=ouTt Serial 1701 function g‘ . (10
P5,/SciLk1, /o Serial I/0 automatic
P53/Srpv1/ CMOS level input transfer control
— Input/output, )
CS/Scik12 Port P5 N-channel register
individual bits
P54/Sin2, open-drain output (9)
P5s/SouT2, Serial 1/02 function | Sernal 1702 control )
P5¢/ScLk2, 170 register
P57/Sroy2 (1)
PWM mode register
P6o,/PWM 14-bit PWM output PWML register (12
Port P6 Input/output, CMOS level input PWMH register
individual bits CMOS 3-state output
P6,-P6s, P6; (4)
P6s/AN Comparator input Comparator register 13)

Note. Make sure that the input level at each pin is either OV or V¢ during execution of the STP instruction
If an input level is at an intermediate potential, a current will flow in the input-stage gate
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Port PO

Shift signal from previous stage

S/D switching register

Local data __A

bus M
N
) Shift signal to next stage
(3) Port P2,-P2;
Shift signal from previous stage
—{D/P switching registerIT
A
N Dimmer signal —o
(Note)
Data bus —4—5"
e
Blanking ~
register
Shift signal to next stage
(5) Port P3
Dimmer signal —=o
Local data (Note)
bus

Data bus —1—" Port latch

4
N

(7) Port P4,, P4,, P4s

Direction
register
E =p

Data bus —¢->{_Port latch }

A
Blanking ~N Dimmer signal—s-o
register N (Note)
Data bus — e

(2) Port P1

Shift signal from previous stage

Dimmer signal —o
(Note)

Data bus ———o" Port latch

Shift signal to next stage

s, I

(4) Port P2,-P2;, P43, P4,, P4s, P6,-P6s5, P6,
Direction
:j % register j
Data bus —¢~{ Port atch } D! il
VEE
~
A\
(6) Port P4,
Data bus {} -O

*

INT, interrupt
request

VEE
(8) Port P4,

Timer 3 output selection bit

Direction
register

Port latch

N

T

Data bus —4

LG

N
INT,, INT; interrupt request
CNTR or timer 4
external clock input

* © High-breakdown-voltage P-channel transistor

Note. The dimmer signal sets the Toff timing

4

N

Timer 3 output selection bit +

Fig. 4 Port block diagram (1)

MITSUBISHI
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(Q) Port P5,, P5, (10 Port P5,, P55, P55, P5¢
Direction ) Output-off conFroI signal
register Serial 1/0 port selection bit —
o Direction
register
—O
Data bus -~ Poran ] — il
Data bus —¢ Port latch j
—< g
Sour of Scik ——D—J
| i il
! Serial clock input !
Lo e D -J
(1) Port P53, P5; P5,, P55 only

Srpy output selection bit

Direction
register
Data bus — Port latch

(12 Port P6,

PWM output enable bit —
._O P

Direction j
1 register
Data bus — Port latch j'

g _

Sgrpy output :_ _______ - —
e o |

L_S_"f‘f‘_ _é_ I N PWM output —>——

(13 Port P6g

Data bus ——»—>| Port latch }

Direction
register %——__1 )a__|

N J
Comparator input

Fig. 5 Port block diagram (2)
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MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

INTERRUPTS

A total of 14 source can generate interrupts: 4 external, 9

internal, and 1 software.

« Interrupt Control

Each interrupt is controlled by its interrupt request bit, its
interrupt enable bit, and the interrupt disable flag except
for the software interrupt set by the BRK instruction. An
interrupt is generated if the corresponding interrupt re-
quest 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

cannot be set by software.

The | flag disables all interrupts except for the BRK in-

struction 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
interrupts from interfering. The corresponding interrupt
request bit is cleared and the interrupt jump destination

address is read from the
counter.
* Notes on Use

vector table into the program

If you will change interrupt edge selection from rising
edge to falling edge, interrupt request bit will be set to
“1” automatically. Therefore, please make following pro-

cess;

(1) Disable INT which is selected.

(2) Change INT edge selection.

(3) Clear interrupt request which is selected.
(4) Enable INT which is selected.

Table 1. Interrupt vector addresses and priorities
Interrupt Gause Priority Vector Address (Note 1) Interrupt Request Remarks
P High Low Generation Conditions
Reset (Note 2) 1 FFFD16 FFFCqe At reset Non-maskable
At detection of either rising or | External interrupt (active edge
INTo 2 FFFB1e FFFA1s falling edge of INT, input selectable)
At detection of either rising or | External interrupt (active edge
INT, 3 FFFO1e FFF81e falling edge of INT, input selectable)
. At detection of either rising or | External interrupt (active edge
INT. 4 FFFT16 FFF61e falling edge of INT, input selectable)
Valid when serial 1/0 normal
Serial 1/01 At end of data transfer X
ceee 5 FFF FFF4 .............................................. s seleCted
Serial 1/0 automa- 51 b . when serial 1/0 automa-
K At end of final data transfer . .
tic transfer tic transfer mode is selected
Serial 1702 6 FFF34¢ FFF24¢ At end of data transfer
Timer 1 7 FFF146 FFFO46 At timer 1 overflow
Timer 2 8 FFEF,¢ FFEEqg At timer 2 overflow STP release timer overflow
Timer 3 9 FFED+e FFEC16e At timer 3 overflow
Timer 4 10 FFEB16 FFEA ¢ At timer 4 overflow
At detection of either rising or | External interrupt (active edge
CNTR " FFE9:s FFE816 falling edge of CNTR input selectable)
Valid when FLD bianking inter-
FLD blanking At fall of final digit ] 9
12 FFE EEGi.  |eeeereremsmmsmerenimsmsseesnnnrienens | fuptis selected ...
" St T VR digi Valid when FLD digit interrupt
FLD digit is selected
BRK instruction 13 FFDD+g FFDC1¢ At BRK instruction execution Non-maskable software interrupt

Note 1. Vector addresses contain interrupt jump destination addresses.
2. Reset function in the same way as an interrupt with the highest priority.

~
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Interrupt request blt—-{

Interrupt enable bit ——

Interrupt disable flag(l) ——4

BRK instruction
Reset ——————U

Interrupt request

Fig. 6 Interrupt contro\l

7

Interrupt edge selection register
(INTEDGE - address 003A,)

INT, active edge select bit
INT, active edge select bit
INT, active edge select bit
Not used (returns “0” when read)

CNTR active edge select bit
Not used (returns “0” when read)

(———- INT, interrupt request bit
INT, interrupt request bit

b Serial I/01 interrupt request bit, or

Interrupt request register 1
(IREQ1 : address 003C¢)

0 : Falling edge active
1 ! Rising edge active

Interrupt request register 2
(IREQ2 : address 003D;6)

INT, interrupt request bit

Serial I/0 automatic transfer

L——— Timer 4 interrupt request bit
CNTR interrupt request bit

Not used (returns “0” when read)
FLD blanking interrupt request bit, or
FLD digit interrupt request bit

interrupt request bit

Serial 1/02 interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrupt request bit
Timer 3 interrupt request bit

|—— INT, interrupt enable bit

Interrupt control register 1
(ICONT1 : address 003E¢)

0

Not used (returns “0” when read)

0 : No interrupt request 1ssued
1 ! Interrupt request issued

Interrupt control register 2
CON2 : address 003F )

INT, interrupt enable bit
INT, interrupt enable bit

Serial 1/01 interrupt enable bit, or
senal 1/0 automatic transfer

{
‘— Timer 4 interrupt enable bit
—— CNTR interrupt enable bit

Not used (returns “0” when reed)
FLD blanking interrupt enable bit, or
FLD digit interrupt enable bit

Not used (returns “0” when read)

interrupt enable bit

Serial 1/02 interrupt enable bit
Timer 1 interrupt enable bit
Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

Not used (returns “0” when read)
(do not write “1” to this bit)

0 : Interrupts disabled
1 ! Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS
Microcomputers of the M3811x group have four built-in tim-
ers. The timers count down. Once a timer reaches 0046, the
next count pulse loads the contents of the corresponding
timer latch into the timer, and sets the correspanding inter-
rupt request bit to 1. Each timer also has a stop bit that
stops the count of that timer when it is set to “1”.
Note that the system clock ¢ can be set to either high-
speed mode or low-speed mode by the CPU mode reg-
ister.
* Timer 1 and Timer 2
The count sources of timer 1 and timer 2 can be selected
by setting the timer 12 mode register.
When the chip is reset or the STP instruction is executed,
all bits of the timer 12 mode register are cleared, timer 1
is set to FF4¢, and timer 2 is set to 0146.

* Timer 3 and Timer 4
The count sources of timer 3 and timer 4 can be selected
by setting the timer 34 mode register.
Timer 3 can also output a rectangular waveform from the
P4,;/Toyr pin. The waveform changes polarity each time
timer 3 overflows.
When Timer 4 is assigned to external event count mode,
rising edge is active.

7 0
mTrm Timer 12 mode register
[ (T12M : address 0028¢)

Timer 1 count stop bit
0 ! Operating
1 ! Stopped

Timer 2 count stop bit
0 : Operating
1 ! Stopped

Timer 1 count source selection bit
0 f(Xin) or f(Xcin) divided by 16
10 H(Xe)

Timer 2 count source selection bit
0 : Overflow from timer 1
1 f(Xew)

Timer 34 mode register
l_ (T34M : address 0029;¢)

Timer 3 count stop bit
0 : Operating
1 ! Stopped

Timer 4 count stop bit
0 . Operating
1 . Stopped

Timer 3 count source selection bit
0 : 1(Xin) or f(Xei) divided by 16
1 : Overflow from timer 2

Timer 4 count source selection bits
b5 b4
00 : f(Xn) or f(Xcin) divided by 16
0 1 : Overflow from timer 3
1 0 : External count input CNTR
11 ! Do not use

Timer 3 output selection bit (P4;)
0 :1/0 port
1 : Timer 3 output

Fig. 8 Structure of timer-related registers
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Data bus

Xein O l’b ] Timer 1 latch (8)
Timer 1 count
“q»  selection bit
“" Q
Timer 1(8)
Xin 116 3 .

RESET
STP instruction
> Timer 1 interrupt request

“0 Timer 1 count
Internal system clock stop bit
selection bit

Timer 2 latch (8)

Timer 2 count
o selection bit

(T J 7
B

“1”  Timer 2 count
stop bit

Timer 2 interrupt request

Timer 3 latch (8)

Timer 3 count |
selection bit

Timer 3(8) v
Timer 3 count J. l
stop bit

P4, latch

P47/ Tour

Timer 3 interrupt request

Timer 3 output
selection bit

Timer 4 latch (8)

Timer 4 count
“01"  selection bit

“10” Timer 4 count : )
/ stop bit :

P4, direction register

—o0 Timer 4 interrupt request
“00"

Rising/ falling
edge switch

CNTR interrupt request

P4s/ CNTR O J@

Fig. 9 Timer block diagram
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SERIAL 10

Microcomputers of the M3811x group have two built-in 8-bit
clock synchronized serial 170 channels (serial /01 and se-

rial 1/02).

Serial 1/02 can only be used in normal operation mode.
The 1/0 pins of the serial 1/0 function also operate as 1/0
port P5, and their operation is selected by the serial 1/0
control registers (addresses 0019, and 001D;¢).

Serial 1/01 has a built-in automatic transfer function.Normal
serial operation can be set via the serial I/0 automatic
transfer control register (address 001A;).

Main Local Main data Local data
address bus address bus StIr/aOnsa’gtro’r:‘n:&c
(010046 to 011F4¢
Address decoder transfer data 2
¢ Serial I/0 automatic
transfer 2]~ transfer interrupt request
controller €
ks
5
Xom Internal 3
system clock y
1" X selection bit o ]
O O - &4
Xn O ,"0.,0 P5, latch Synchronization 172y iy
clock selection %
S <— | __bit i
EG/ Srovi (Note) kfﬂ"_ Synchronization| '%
/CS/Sciki2 1 arcut G
_— % Scikiz x z
cs & |External clock| el
P5, latch fﬁ
“0" Y
P52/Sciks O Ty o Serral 170 counter 13 : Serial 1/01
Senal /01 port selection bit ‘l; e 3 { interrupt request
0" o< P5, latch -
P5,/Sourn O—<J0~ ° 5
“qr .
Serial 1/01 port selection bit x
P5o/Sm1 O | Senal I/0 shift register 1(8) i
Frequency divider 4
O %
P5; latch Synchronization 8
“o" clock selection ¥ %
S bit “1” -
P5;/Srov2 "o Srovz ‘Syncmom:all O=
ircuit
Srovz Output selection bit - C_Q‘:;_j;g 0"
o T o<—Psg latch 3
P5¢/S 6 latc
ormoLk uqn O= eral 1/0 counter 2(3 Setnal ”?2 .
Serial 1/02 port selection bit Interrupt reques
“0" o< PS5y latch
P55/S 6 1alC
5/ SouT2 AT
11/
P54/Sin2 Csena 02 port o ’{Serlal 1/0 shift register 2(8)|*J
Note. Selection 1s by the synchronization clock selection bit, the Sgoy1 Output selection bit, and the serial 1701 port selection bit of the serial 1/01
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the seral 1/0 automatic transfer
control register

Fig. 10 Serial 1/0 block diagram
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(Serial /O Control Registers) SIO1CON, SIO2CON
Each of the serial 1/0 control registers (addresses 0019,
and 001D,¢) contains seven bits that select various control

parameters of the serial 1/0 function.

7 0

l—l:—l— Internal synchronization clock selection bits

L Sqovs output selection bit (P5;)

Senal I/01 control register (SIO1CON(SC1) : address 001946)

b2 b1 b0
000 :f(Xn) or f(Xcin) divided by 8
(X)) or f(Xcin) divided by 16
L 1(Xin) or f(Xein) divided by 32
S f(Xin) or f(Xein) divided by 64
T f(Xin) or f(Xein) divided by 128
T f(Xn) or f(Xgin) divided by 256
Serial 1701 port selection bit (P54, P5,, and P5;*)
0 :1/0 port
1 : Sour, Sckir» and Sciki2™ signal pins

—_ — 0 OO

0
1
1
1
1

—_—o — O =

0 : 170 port_

1 : Spov:/CS™* signal pin
Transfer direction selection bit

0 : LSB first

1 : MSB first

7 0

Synchronization clock selection bit
0 : External clock
1 ! Internal clock

Serial 1/02 control register (SIO2CON(SC2) : address 001D¢)

Internal synchronization clock selection bits
b2 b1 b0
000 :f(Xy) or f(Xen) divided by 8
:r(x.N) or f(Xcin) divided by 16
T f(Xin) or f(Xcin) divided by 32
L f(Xin) or f(Xein) divided by 64
S f(Xin) or f(Xein) divided by 128
Lf(Xin) or f(Xcin) divided by 256
al 1702 port selection bit (P55 and P5¢)
1 1/0 port
. Soutz and Scgik2 signal pins
Srov2 output selection bit (P5;)
0 :1/0 port
1 : Srovz signal pin
Transfer direction selection bit
0 :LSB first
1 1 MSB first

0
1
1
1
1

—_e = O —

0
0
0
1
1
Sen.
0
1

% : Valid only in serial I/0 automatic transfer mode

Synchronization clock selection bit
0 : External clock
1 ! Internal clock

Fig. 11

Structure of serial I/0 control registers
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1

Operation in Normal Serial I/0 Mode

Either an internal clock or an external clock can be
selected as the synchronization clock for serial 1/0
transfer. A dedicated divider is built-in as the internal
clock, giving a choice of six clocks.

If internal clock is selected, transfer start is activated
by a write signal to a serial 1/0 register (address
001B4¢ or 001F¢). After eight bits have been transfer-
red, the Soyr pin goes to high impedance.

If external clock is selected, the clock must be control-
led externally because the contents of the serial 1/0
register continue to shift while the transfer clock is in-
put. In this case, note that the Soyr pin does not go to
high impedance at the completion of data transfer. The
interrupt request bit is set at the end of the transfer of
eight bits, regardless of whether the internal or exter-
nal clock is selected.

Synchronization
clock

Serial I/0 register
write signal

Serial 1/0 output
SOUT

Serial 1/0 input
Sin

Recelve enable

signal
Srov

Note. If internal clock is selected, the Soyr pin is at high impedance

after transfer ends.

Interrupt request bit set

Fig. 12 Serial 1/0 timing in normal mode (for LSB first)

(2)

Serial I/0 Automatic Transfer Mode

The serial 1/01 function has an automatic transfer func-
tion. For automatic transfer, switch to the automatic
transfer mode by setting the serial 1/0 automatic trans-
fer control register (address 001Ag).

The following memory spaces are added to the circuits
used for the serial 1/01 function in ordinary mode, to
enable automatic transfer mode:

* 32 bytes of serial I/0 automatic transfer RAM

* A serial 1/0 automatic transfer control register

* A serial 1/0 automatic transfer interval register

* A serial 1/0 automatic transfer data pointer

When using serial I/0 automatic transfer, set the serial
1/0 control register (address 0019;¢) in the same way
as for ordinary mode. However, note that if external
clock is selected and bit 4 (the Sppy; output selection
bit) of the serial I/01 control register is set to “1”, port
P53 becomes the CS input pin.

(Serial 1/0 Automatic Transfer Control Register)
SIOAC

The serial 1/0 automatic transfer control register (address
001A;¢) contains four bits that select various control para-
meters for automatic transfer.

7 0
I | Serial I/0 automatic transfer control register

(SIOAC : address 001A;)
Automatic transfer control bit
0 : Ordinary serial mode
(serial 1/01 interrupt)
1 ! Automatic transfer mode
(serial 1/01 automatic transfer interrupt)
Automatic transfer start bit
0 : Transfer end
1 : Transferring(start of 1 write)
Transfer mode switching bit
0 : Fullduplex(transmit and receive)
mode
1 : Transmit-only mode
Synchronization clock output
pin selection bit
0 * Scikn

1 % Scikie

Fig. 13 Structure of serial I/0 automatic transfer

control register

KRy
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(Serial /0 Automatic Transfer Data Pointer) SIODP
The serial I/0 automatic transfer data pointer (address
0018,¢) contains five bits that indicate addresses in serial
1/0 automatic transfer RAM (each address in memory is
actually the value in the serial I/0 automatic transfer data
pointer plus 01004¢).
Set the serial 1/0 automatic transfer data pointer to (the
number of transfer data—1), to specify the storage position
of the start of data.
« Serial I/0 Automatic Transfer RAM
The serial 1/0 automatic transfer RAM is the 32 bytes
from address 010046 to address 011F.

Uk 6 5 4 3 2 1 0

010016
010116
010216

011D
011Es6
011F1g

Fig. 14 Bit allocation of serial I/0 automatic transfer RAM

« Setting of Serial /0 Automatic Transfer Data
When data is stored in the serial 1/0 automatic transfer
RAM, it is stored with the start of the data at the address
set by the serial 1/0 automatic transfer data pointer and
the end of the data at address 010046.

(Serial I/0 Automatic Transfer Interval Register)
SIOAI.

The serial I/0 automatic transfer interval register (address
001C,¢) consists of a 5-bit counter that determines the
transfer interval Ti during automatic transfer.

If a value n is written to the serial 1/0 automatic transfer in-
terval register, a value of Ti= (n+2) X Tc is generated,
where Tc is the length of one bit of the transfer clock.
However, note that this transfer interval setting is only valid
when internal clock has been selected as the clock source.

Transfer clock

Senal 1/0 output
Sour

Serial 1/0 input )
sIN

Ly
(20, X(2o: X(20: X20. X00: XBoeX(Dor}-— = = = = = y S D G G
) D G S S

1 byte data

Ti

Fig. 15 Serial I/0 automatic transfer interval timing
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« Setting of Serial I/0 Automatic Transfer Timing
Use the serial 1/01 control register (address 0019,¢) and
the serial 1/0 automatic transfer interval register
(address 001C,¢) to set the timing of serial I/0 automatic
transfer.
The serial 1/01 control register sets the transfer clock
speed, and the serial I/0 automatic transfer interval reg-
ister sets the serial |/0 automatic transfer interval.
This setting of transfer interval is valid only when internal
clock is selected as the clock source.

« Start of Serial 1/0 Automatic Transfer
Automatic transfer mode is set by writing “1” to bit 0 of
the serial 1/0 automatic transfer control register (address
001A:6), then automatic transfer starts when “1” is written
to that bit. Bit 1 of the serial /0 automatic transfer control
register is always “1” during automatic transfer; writing
“0” to it is one way to end automatic transfer.

* Operation in Serial I/0O Automatic Transfer Modes
There are two modes for serial I/0 automatic transfer: fuil
duplex mode and transmit-only mode. Either internal or
external clock can be selected for each of these modes.

(2.1) Operation in Full Duplex Mode

In full duplex mode, data can be transmitted and received
at the same time. Data in the automatic transfer RAM is
sent in sequence and simultaneously receive data is written
to the automatic transfer RAM, in‘accordance with the serial
1/0 automatic transfer data pointer.

The transfer timing of each bit is the same as in ordinary
operation mode, and the transfer clock stops at “H” after
eight transfer clocks are counted. If internal clock is
selected, the transfer clock remains at “H” for the time set
by the serial 1/0 automatic transfer interval register, then
the data at the next address indicated by the serial 1/0
automatic transfer data pointer is transferred. If external
clock is selected, the setting of the automatic transfer inter-
val register is invalid, so the user must ensure that the
transfer clock is controlled externally.

Data transfer ends when the contents of the serial 1/0 auto-
matic transfer pointer reach “00,¢". At that point, the serial
1/0 automatic transfer interrupt request bit is set to “1” and
bit 1 of the serial 1/0 automatic transfer control register is
cleared to “0” to complete the serial 1/0 automatic transfer.

(2.2) Operation in Transmit-Only Mode

The operation in transmit-only mode is the same as that in
full duplex mode, except that data is not transferred from
the serial 1/01 register to the serial 1/0 automatic transfer
RAM.

Transfer direction selection bit LSB first (SC15=0) : MSB LSB
MSB first (SC1s=1) : LSB MsB
DO;7 | DOg | DOs | DO, | DO; | DO, | DO, | DO,
Sin I Sour
I I —> Dl | DO7 | DOg 005|004 DO; (DO, | DOy| —>
| | | l —> | DIy | Dlp | DO7|DOg | DOs | DO4 | DO; | DO, | —=
| I | | | | > DI, | DI, | Dlp | DO; | DOg | DOs | DO, | DO4 =
I I I | | I I I | l | I | I I | Dl; [ Dlg | DIs | Dls | Dl3 | DI, | DIy | Dly
Transfer clock Sernial I/01 register
Fig. 16 Serial 1/01 register in fuil duplex mode
MITSUBISHI
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(2.3) If Internal Clock is Selected

If internal clock is selected, the P53/Sppy1/CS/Sciki2 pin
can be used as the Sgpyy pin by setting the SC1, bit to “1”.
If internal clock is selected, the P5; pin can be used as the
synchronization clock output pin Sgi k2 by setting the
SIOAC; bit to “1”. In this case, the Sg ky1 pin is at high im-
pedance.

Select the function of the P53/Sppy1/CS/Scikiz and P5,/
Sciki1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6
(SC1g) of the serial I/01 control register (address 0019;¢)
and bit 3 (SIOAC;) of the serial /0 automatic transfer con-
trol register (address 001A). (See Table 2.)

If using the Scik11 and Sciki2 pins for switching, set the
P53/Srov1/CS/Sciki2 Pin to P53 by setting the SC1, bit to
“0”, and set the P53 direction régister to input mode.

Make sure that the SIOAC; bit is switched after automatic
transfer is completed, while the transfer clock Is still “H”.

Table 2. Sc.ki11 and Sciki2 selection

SC1g SC14 SC33 SIOAC3 | P5/Sciki1 | P5a/Scikiz
0 Scuki P55
1 0 1 High
1 Scikiz
impedanse

Note. SC1;: Serial 1/01 port selection bit
SC1, . Sgpyy output selection bit
SC1g . Synchronization clock selection bit
SIOAC; : Synchronization clock output pin selection bit

Senial 1/0 automatic transfer
control register

I

bit 1 wnte signal

Serial 1/0 automatic transfer
control register bit 1

Write signal from RAM to N

senal I/01 register
Write signal from serial 1/01

register to RAM

Data pointer n

Receive ,

;
Transfer lock ———y M MMM
(internal or Sc k output) ! !

enabled signal | I
SRDY ’
Serial 1/0 output = — - = D CED CID CD, C) D Gy CED SEetits (X PEXED)- - ----
Sour

Senal 1/0 input .
S (01 X 01 X 012 X 01 X 01X D' X Dl X Ofz S D ¢/B €D T

Transfer interval

Fig. 17 Timing during serial I/0 automatic transfer (internal clock selected, Sroy used)

Serial 1/0 automatic transfer
control register

/I |_n

bit 1 write signal

Serial I/0 automatic transfer
control register bit 1 —J

Write signal from RAM to N L.

senal /01 register l

Write signal from senial 1/01 1,1 - J|l

register to RAM | \ | “

Data pointer ™ D, GRS I | W : i\ n
|
SIOAC, | \\ | r\\

T T

Transfer clock

(internal) —y MMM UL T
1
Souar output = M MMM

Sciki2 output

Senal 1/0 output

Senal 1/0 input
IN

Sour= === ~CXTEXCEXEX XX EEN TN ~ ~ = == 5] YEEXED)- —~~ }»---
€9 G G €5 €O € C CIp

Transfer interval

Fig. 18 Timing during serial I/0 automatic transfer (internal clock selected, Scik11 and Scik12 used)
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(2.4) If External Clock is Selected

If an external clock is selected, the internal clock and the
transfer interval set by the serial 1/0 automatic transfer in-
terval register are invalid, but the serial 1/0 output pin Soyr
and the internal transfer clock can be controlled from the
outside by setting the Sppy; and CS (input) pins.

When the CS input is “L”, the Soyr pin and the internal
transfer clock are enabled. When the CS input is “H”, the
Sout pin is at high impedance and the internal transfer
clock is at “H”.

Select the function of the P53/Sppy1/CS/Sciki2 pin by set-
ting bit 4 (SC1,) and bit 6 (SC1¢) of the serial 1/01 control
register (address 0019,) and bit 0 (SIOAC,) of the serial
1/0 automatic transfer control register (address 001A,g).
Make sure that the CS pin switches from “L” to “H” or from
“H” to “L” while the transfer clock (Sc k input) is “H” after
one byte of data has been transferred.

If external clock is selected, make sure that the external
clock goes “L” after at least nine cycles of the internal sys-
tem clock ¢ after the start bit is set. Leave at least 11 cy-
cles of the system clock ¢ free for the transfer interval after
one byte of data has been transferred.

If CS input is not being used, note that the Syt pin will not
go high impedance, even after transfer is completed.

If CS input is not being used, or if CS is “L”, control the ex-
ternal clock because the data in the serial 1/0 register will
continue to shift while the external clock is input, even after
the completion of automatic transfer. (Note that the automa-
tic transfer interrupt request bit is set and bit 1 of the auto-
matic transfer register is cleared at the point at which the
specified number of bytes of data have been transferred.)

Table 3. P53/Srpy1/CS selection

SC1s SC14 SIOAC, P53/Srov1/CS
0 X P53
0 . 0 Srovt
1 cs

Note. SC1,: Sgpys output selection bit
SC1g : Synchronization clock selection bit
SIOAC, : Automatic transfer control bit

Serial 1/0 automatic transfer
control register

bit 1 write signal

Senal 1/0 automatic transfer

control register bit 1 J

Write signal from RAM to n

serial 1/01 register
Write signal from serial 1/01

register to RAM

Data pointer n

External input —

cs

Sernal |/0 output
Sout ~

"N

|
Transfer clock
Scik Input | LJUUUUUULJ Ul—ll—lu
|
Transferclock—y—‘ r‘ l—l I_l r-l n ,—| l—] l
(internal) :

Serial 1/0 input G CIY GIA CID CID G G GID SIS €9 €9 €9 &

Note. Data marked with X 1s invalid

Fig. 19 Timing during serial I/0 automatic transfer (external clock selected)
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PULSE WIDTH MODULATION (PWM)

OUTPUT CIRCUIT

4MHz.

Microcomputers of the M3811x group have a PWM function

with a 14-bit resolution. When the

oscillation frequency Xy

is 4MHz, the minimum resolution bit width is 500ns and the
cycle period is 8192us. The PWM timing generator sup-
plies a PWM control signal based on a signal that is half

the frequency of the Xy clock.

The explanation in the rest of this data sheet assumes Xjy=

Data bus

(

Setto 1 at

PWML register(address 002D )

write

I bit0 I

" B

[oir]

[ |

| | [ee]

PWMH register
(address 002C )

A

XIN
(4MHz)

~N
_—

(e]
PWM latch(14bits)
beel 1 1 1 1 1 [ L [ [ [T [
- N J
L/
14 y
P6, latch
P6,/PWM
PWM
14-bit PWM circuit O
PWM output
selection bit
PWM output
PWM (128us period) selection bit
172 tming | P6, direction
) generator |(8192us period) register

Fig. 20 PWM block diagram
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(1) Data Set-up

The PWM output pin also functions as port P6,. Set port P&,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B;¢). The upper eight bits of
output data are set in the upper PWM register PWMH
(address 002C,¢) and the lower six bits are set in the lower
PWM register PWML (address 002Ds¢).

(2) Transfer From Register to Latch

Data written to the PWML register is transferred to the
PWM latch once in each PWM period (every 8192xs), and
data written to the PWMH register is transferred to the
PWM latch once in each sub-period (every 128us). When
the PWML register is read, the contents of the latch are
read. However, bit 7 of the PWML register indicates.
whether the trangfer to the PWM latch is completed; the
transfer is completed when bit 7 is “0”.

Table 4. Relationship between lower 6 bits of data and
period set by the ADD bit

(3) PWM Operation

The timing of the 14-bit PWM function is shown in Fig. 23.
The 14-bit PWM data is divided into the lower six bits and
the upper eight bits in the PWM latch.

The upper eight bits of data determine how long an “H"-
level signal is output during each sub-period. There are 64
sub-periods in each period, and each sub-period is 256 X
7 (128us) long. The signal is “H” for a length equal to N
times 7, where 7 is the minimum resolution (500ns).

The contents of the lower six bits of data enable the leng-
thening of the high signal by 7 (500ns). As shown in Fig. 20,
the six bits of PWML determine which sub-cycles are leng-
thened.

As shown in Fig. 23, the leading edge of the pulse is leng-
thened. By changing the length of specific sub-periods in-
stead of simply changing the “H” duration, an accurate
waveform can be duplicated without the use of complex ex-
ternal filters.

Lower 6 Bits of Data(PWML) Sub-periods tm Lengthened (m =0 to 63) For example, if the upper eight bits of the 14-bit data are
LSB
00000%T |None 03,6 and the lower six bits are 0546, the length of the “H”-
000001 m=32 . . .
000010 | m=icss level output in sub-periods tg, tos, taz, tso, and tsg is 4 7, and
000100 | m=s, 24405 its length 3 7 in all other sub-periods.
001000 | m=4,1220,28,36,44,52,60
010000 m=2, 6,10, 14,18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 |[m=1,3,5,7, - ,57,59, 61,63
L
8192 s
128 us 128 us 128 us 128 us 128 us
m=0 m=7 m=8 m=9 m=63
— (¢ (¢
= < >4 < > < > = > < ﬂ < > <
315 us 315 us 315 us 320 us 315 us 315 us 315 us
Pulse width modulation regster H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width 1s 32 us : m = 8, 24, 32, 40, 56
Sub-periods where “H” pulse width 1s 315 us : m = all other values
Fig. 21 PWM timing
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7 0

0 :1/0 port
1 ! PWM output

D:ED:[[]{ PWM mode register (address 002B;¢)

P6o/PWM output selection bit

Fig. 22 Structure of PWM mode register

Data 6A4¢ stored at address 002C¢

Data 7B, stored at address 002Cs

PWM output | l |
0]

Lower 6-bit output ZI 5 5 5:215 5 5 5
H=6A5, L=24;5 4 ° ° '

PWM output l I

Lower 6-bit output :
H=6A16, L=18,5 ey

(256X0. 5u8)
Minimum bit width| 7 =0.5us

9——-——*4—-

feaster ___ %0 |\ O [ Bue
Data 24,4 storedl at address 002D,¢ Bit 7 cleared after transfer ‘ Data 35, stored at address 002D
2’3’.’;’1";, 1316 H Adis v 244 ]\ v 355
l \Transier from register to latch 85,5/\ Transfer from register to latch
F'mﬁb!?t?h | 165316 [ X 1A93,6 1AAGe [ranae] Nieea, | 1EF56 |
its
T=8192us A When bit 7 of PWML 1s 0, transfer
from register to latch is disabled
(64X128ys) |\
~ " — T —_— _
P —, t=128us —_—
Example 1 6A |6B 6A 6B 6A 6B 6A 6B 6A 6B (6B |6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B GA [6B 6A

6B4s - - 36times 6A 28mes . 106X64436
(107) (106)
Example 2 6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B [6A BA

6B,g 24times 6As6° ———=106X64+24

- T mizes

PWM output 66]6ni 6968467 o2y o1 BA169% 68} 673 —rnemv iz 01
(2\' ' ' L) ' ' . ' 1] 1 , . 0
e ADD ) ADD
8-bit 102301100 [FFiFE!FDIFCE - 197496 § 95§ 102401400 |FFiFEIFDLFCE —mmr 1970965954
counter —toc oLt 4FELFD:FCE 19719094 1023014 00|FFiFE}FDIFCH H 1951

The ADD-] J

portions with

additional 7 are
determined by
PWML 256 T (128us), fixed

H period length specified by PWMH

Fig. 23 14-bit PWM timing
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of a switch tree, ladder re-
sistors, a comparator, a comparator control cricuit, a com-
parator register (address 00304¢), and an analog signal in-
put pin (P6¢/AN). The analog signal input pin (P6¢/AN)
also functions as an ordinary digital 1/0 port.

Comparator Register (CMP)
The comparator register is a 5-bit register of which bits 0 to
3 can be used to generate internal refernce voltage in
steps of 1/16 Vgc, The result of the comparision between
the analog input voltage and an internal reference voltage
is stored in bit 4 of comparator register.

Comparator Operation

To activate the comparator, first set port P6¢ to input mode
by setting the corresponding direction register (address
000D,¢) to “0”—this ensures that port P6¢/AN is used as an
analog voltage input pin. Then write a digital value corres-
ponding to the internal comparison voltage into bits 0 to 3
of the comparator register (address 00304¢). This write op-
eration immediately activates the comparison. After 14 cy-
cles of the system clock ¢ (the time required for the
comparison), the comparison result is stored in bit 4 of the
comparator.

If the analog input voltage is greater than the internal refer-
ence voltage, bit 4 is “1”; if it is less than the internal refer-
ence voltage, bit 4 is “0”. To perform another omparison,
the comparator must be written to again, even if the same
internal reference voltage is to be used.

Table 5. Correspondence between bits 0 to 3 of the
comparator register and internal reference

voltage
Comparator register Internal reference voltage
Bit 3 Bit 2 Bit 1 Bit 0

0 0 0 0 1/32Vce

0 0 0 1 1/16Vec+1/32Vc
0 0 1 0 2/16Vec+1/32Vcce
0 0 1 1 3/16Vec+1/32Vec
0 1 0 0 4/16Vec+1/32Vcc
0 1 0 1 5/16Vcc+1/32Vec
0 1 1 0 6/16Vec+1/32Vec
0 1 1 1 7/16Vec+1/32Vec
1 0 0 0 8/16Vcc+1/32Vec
1 0 0 1 9/16Vec+1/32Vee
1 0 1 0 10/16Vec+1/32Vec
1 0 1 1 11/16Vgc+1/32Vec
1 1 0 0 12/16Vec+1/32Vec
1 1 0 1 13/16Vec+1/32Vcc
1 1 1 0 14/16Vec+1/32Vec
1 1 1 1 15/16Vec+1/32Vec

(Address 000C+¢)

Comparator control circuit

GGO——L————)

Analog input voltage e

Comparator result

output 4
Comparator register (CMP)
(address 0030;¢)

Bit4 | Bit3 Bit 2 Bit 1 Bit0

/L \ ‘ /

I

Internal reference voltage

Switch tree

Ladder resistors

Vss Vee

Fig. 24 Comparator circuit
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FLD CONTROLLER * Port PO segment/digit switching register

Microcomputers of the M3811x group have fluorescent dis-  Port P2 digit/port switching register

play (FLD) drive and control circuits. * Key-scan blanking register

The FLD controlier consists of the following components: * 32-byte FLD automatic display RAM

* 16 pins for segments Eight to sixteen pins can be used as segment pins and
* 20 pins for digits eight to sixteen pins can be used as digit pins.

* FLDC mode register Note that only 28 pins (maximum) can be used as segment
* FLD data pointer and digit pins.

* FLD data pointer reload register

Main address

bus FLD automatic display RAM Main data bus Local data bus
B 0040, G1 (SEG P3) ] P30/So
G2 (SEG P3) ¥ e arer g DL
s P P3,/S,
& P34/Sa
G15 (SEG P3) P3J/%s 8
004F 5 G16 (SEG P3) P35/Ss
005046 G1 (SEG P0) - Ple/S
Iaﬂcs:al address G2 (556 FO) & P3,/S;
4 0006,6
A4 S/D | PO,/Sy/Do
G15 (SEG P0) iﬁ S/D P0,/Se/D;
005F G16 (SEG P0) bl ST/ | P0,/S,0/D,
5 —>I"s/p [ Poys,, /D,

S/D | PO/Sw/Ds | g
, S/D| P0s/Sia/Ds
i 3 l—=] S/D | P0s/S14/Ds
4 I—=S/D [ P0,/S:s/D;
001246 00004¢

i I TR e RN 3y Pro/Dn
bes Key-scan P1,/Dg
blanking P1,/Dro
- register P1a/Dry
| (adaress 0015,6) =
FLD data pointer reload R /D12 18
register (address 00174¢) 5\1 P1s/Dia
i P1¢/D1g
Address o P17/D1s
i> decoder “ 000216
FLD data pointer 4
=~ | (address 00174¢)
4 D/P P2y/D16
k D/P P2,/Dy7
< D/P P2,/D1s 8
4 L lom | Poype
. 0014;5 000475
ot
% FLD blanking interrupt

Timing generator

o> FLD digit interrupt

Fig. 256 FLD control circuit block diagram
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FLDC Mode Register (FLDM)
The FLDC mode register (address 0016;¢) is a seven bit
control register which is used to control the FLD automatic

display.

Key-scan Blanking Register (KSCN)

The key-scan blanking register (address 0015,¢) is a two
bit register which sets the blanking period Tscan between

the last digit and the first digit of the next cycle.

7 0

| I FLDC mode register(FLDM : address 00164¢)

b4 b3 b2

o
o
o

—_—0 -0 —= 0O —

|- Ny =)

—~CO—~O0Og0 mmwO0O0 ==

Tof

<o

- —00g

|— Automatic display control bit(P0, P1, P2, P3)
0 : Normal mode
1 : Automatic display mode
Display start bit
0 : Display stopped
1 : Display in progress
(display starts when “1" 1s written to this bit)
Tdisp control bits
(digit timing setting, when operating at 4MHz)

1 128us
1 256us
1 384us
:512us
1 640us
1 768us
1 896us
11024us

ntrol bits (digit/segment-off timing setting)

- 1/16XTdisp

- 10/16XTgisp
- 12/16XTdisp
- 14/16XTgisp

Fig. 26 Structure of FLDC mode register (FLDM)

7 0

D:lm_ﬁj_‘ Key-scan blanking register(KSCN : address 00154¢)
Tscan control bits

bl b0
00:

—_—O
—_— =

*1XTdisp
12X Tdysy
*3XTdisp

FLD digit interrupt(at rnise of each digit)

FLD blanking interrupt
(at fall of final digit)

Fig. 27 Structure of key-scan blanking register (KSCN)
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FLD Automatic Display Pins

The FLD automatic display function of Ports PO, P1, P2,-
P2;, and P3 is selected by setting the automatic display

uqn,

control bit of the FLDC mode register (address 0016,5) to

Table 6. Pins in FLD automatic display mode

When using the FLD automatic display mode, set the num-
ber of segments and digits for each port.

Port Name Automatic Display Pins Setting Method
P3,-P3; SEG(-SEG; None (segment only)
SEGg-SEG1s X .
The individual bits of the segment/digit switching register (address 00124) can be used to set each pin to
P0o-PO; or wqn " gy
segment (“1”) or digit (“0") (Note)
DIGo-DIG;
P1o-P1; DIGg-DIGys None (digit only)
DIG16-DIG1g . . . X
P2.-P2 or The individual bits of the digit/port switching register (address 0014,5) can be used to set each pin to digit
oTres (“1”) or normal port output (“0") (Note)
P20-P2;3

Note. Always set digits in sequence

Number of digits

Port P3

Port PO

register)

Port P1

Port P2

Number of segments

(segment only)

(has segment
/digit switching

(digrt only)

(has digit/port
switching register

SEG,

SEG4

SEG,

SEGs

SEG4

SEGs

SEGs

SEG;

SEGsg

SEGo

SEGio

SEG4

SEG»

SEGy3

SEG4

[P UG UG Y UG R DY Y

SEGs

DIGg ~G8

DIGg —G7

DIG1o, ~G6
DIGy; =G5

DIG, =G4

DIGy3 ~G3
DIG4 —~G2

DIG;s ~+G1

P2,

P2,

P2,

o|lo|o|o

P23

Segment (Note)

Digit

Normal port

12
16

SEG,

SEG;,

SEG,

SEG3

SEG,

SEGs

SEGg

SEG;

SEGg

SEGy

SEGjo

SEG

DIG, ~G16

DIGs »G15

DIGs ~G14

olo|lo|/o|=|=|=]—

DIG; #~G13

DIGg ~G12

DIGg —~G11

DIGy —+G10

DIG;; ~G9

DIG,, »+G8

DIG3 =+G7

DIG4 ~G6

DIGs =G5

DIGc G4

DIGy; =+G3

DIGs G2

DIGs —G1

Note : Eight pins are used among the sixteen segment pins (SEG, to SEGs)

Segment

Digit

16

SEGo

SEG,

SEG,

SEG;

SEG,

SEGs

SEGg

SEG;

SEGs

SEGg

SEGio

SEGy4

SEG;,

SEGi3

SEG14

SEGis

DIGg »G12

DIGg —»G11

DiGyo —G10

DIGy; —~G9

DIG;, ~G8

DIGy3 ~G7

DIGy4 ~G6

DIGys +G5

DIGyg ~G4

DIG,; ~G3

DIGg ~G2

DIG,s —~G1

Segment

Digit

Fig. 28 Segment/digit setting example
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FLD Automatic Display RAM

The FLD automatic display RAM area is the 32 bytes from

address 0040,¢ to 005F¢. The FLD automatic display RAM

area can be used to store 2-byte data items for a maximum
of 16 digits. Addresses 0040, to 004F;s are used for P3
segment data, addresses 0050,¢ to 005F;¢ are used for PO

segment data. .

* FLD Data Pointer and FLD Data Pointer Reload Register
The FLD data pointer indicates the data address in the
FLD automatic display RAM to be transferred to a seg-
ment, and the FLD data pointer reload register indicates
the address of the first digit of segment PO.

Both the FLD data pointer and the FLD data pointer re-
load register are allocated to address 0017, and are 5-
bits wide. Data written to this address is written to the
FLD data pointer reload register, data read from this
address is read from the FLD data pointer.

The actual memory address is the value of the data poin-
ter plus 4015, 5015.

The contents of the FLD data pointer indicate the start
address of segment PO at the start of automatic display. If
segment PO data is transferred to the segment, the FLD
data pointer returns — 16; if segment P3 data is transfer-
red, it returns +15. After it reaches “00”, the value in the
FLD data pointer reload register is transferred to the FLD
data pointer. In this way, two bytes of data for the PO and
P3 segments of one digit are transferred.

Bt 6 5 4 3 2 1 0
Address Final digit
0040,6 SEG; SEGs SEGs SEG, SEGs SEG, SEG, SEGo  |e|— (final data of
00415 SEG; SEGg SEGs SEG, SEG; SEG, SEG; SEGqg segment P3)
0042,¢ SEG; SEGs SEGs SEG, SEG; SEG, SEG, SEG,
Segment P3
data area
004D-6 SEG, SEGs SEGs SEG, SEG; SEG, SEG, SEGo
004E¢ SEG; SEGg SEGs SEG, SEG3 SEG; SEG; SEGq
004F s SEG; SEGs SEGs SEG, SEG3 SEG, SEG, SEG, Final digit
0050,6 SEG 5 SEG4 SEG 3 SEG:, SEG SEGio SEGs SEGs  f=| —— (final data of
005146 SEG5 SEG4 SEG3 SEG, SEG4 SEGo SEGy SEGsg segment PO)
00526 SEGs SEG;4 SEG3 SEG; SEGy, SEGo SEG,g SEGg
Segment PO
data area
-
005D+¢ SEG5 ] SEG4 SEG3 SEG,; SEG1, SEGio SEGs SEG,
005E,¢ SEG5 SEG14 SEGq3 SEG,; SEG,4 SEGo SEGg SEGs
005F ;6 SEGss J SEG4 SEGq3 SEG,, SEG, SEG¢ SEGsg LSEGS
Fig. 29 FLD automatic display RAM and bit allocation
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e Data Setup
When data is stored in the FLD automatic display RAM,
the end of segment P3 data is stored at address 0040+,
and the end of segment PO data is stored at address
0050,6. The head of each of the segment P3 and PO data
is stored at an address that is the number of digits—1
away from the corresponding address 0040,6, 0050;¢.

Set the FLD data pointer reload register to the value
given by the number of digits—1. “1” is always written to
bit 4. Note that “0” is always read from bit 4 during a
read.

For 12 segments and 16 digits For 16 segments and 12 digits
(FLD data pointer reload register=15) (FLD data pointer reload register=11)
Bit Bit

Address | 7 | © 5 | 4 3 | 2 1 0 Address 716 |5 | 4 3 2 1 0
004046 [ V/ / [ //Z 004046 / / / // / / /
004146 004146 / / / / / // / //
0042, 7/ /7 00426 V//A/]] XTIV
0043, 7 ’7 0043, / LIV TAT T TN
004446 00445 [/// [TV 1A ]]
0045, 7 '] 00456 V/////] [TV ATV ]
004645 / Z/ 004646 // // f// //
004746 / 00476 /LY TN TIITIN T IV LA
0048, 77 7 008 [ //N//NT]T [TV ]
00495 / / // 0049, VI T T T
004As /7] 7 777 004Ae |/ /] /] [/1]] /
004B,, 7 004Bis | // [V AT
004C6 / / 004C16
004D;6 g 1SV A/ 1/ 004Dy¢
004E ¢ / V. 004E;¢ -
004F 5 / /1Y, 004F 45
0050, 7 7/ 0050: 7/ X7/
005115 T1177V7 7] 005146 / /1Y sy
0052, 0052, / 71/ I
005346 0053, 77V /1]
0054, 005446 [/I] [T/
0055, 008545 /77 v
005646 0056, / siaesvass
0057, / 00575 V] /
0058, 77 7 058 |///V/ /] /
0059, 0059,y 1/ /
005As 005A |/ / [T1/] /
005B, 005816 / /
005C,¢ 005C46
005D,¢ 005D16
005E ¢ 005E;¢
005F ¢ / 005F ¢

Note. Shaded areas are not used

Fig. 30 Example of using the FLD automatic display RAM.
MITSUBISHI
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* Timing Setting

The digit timing (Tdisp) and digit/segment turn-off timing
(Toff) can be set by the FLDC mode register (address

automatic display is started by writing “1” to bit 1.
During automatic display bit 1 always keeps “1”, automa-
tic display can be interrupted by writing “0” to bit 1.

0016,¢). The scan timing (Tscan) can be set by the key-

scan blanking register (address 0015;¢).

Note that flickering will occur if the repetition frequency
(1/(TdispX number of digits+Tscan)) is an integral mul- 1.

tiple of the digit timing Tdisp-
* FLD Start

To perform FLD automatic display, you have to use the

following registers.

* Port PO segment/digit switching register
* Port P2 digit/port switching register

* Key-scan blanking register

* FLDC mode register

* FLD data pointer

Automatic display mode is activated by writing “1” to bit 0 1.
of the FLDC mode register (address 0016,5), and the

If key-scan is to be performed by segment during the

key-scan blanking period Tscan,
Write “0” to bit 0 (automatic display control bit) of

FLDC mode register (address 0016,).
2. Set the port corresponding to the segment to the nor-

mal port.

3. After the key-scan is performed, write “1” (automatic
display mode) to bit 0 of FLDC mode register

(address 0016,6).

Note on performance of key-scan in the above 1 to 3

order.

(address 00164¢).

Do not write “0” to bit 1 of FLDC mode register

2. Do not write “1” to the port corresponding to the digit.

Tdisp Tscan
<
Gn I__I
Gn-1 | | r"—l
Gn-2 | ] ﬁ
G1
Segment
output L VA Y| A A A [ A £ A A VA )\
S —
T Segment setting by software
FLD digit interrupt generated FLD blanking interrupt generated at
at the nsing edge of segment the falling of edge of the last digit
data
Digtt ‘
Segment /
| |
; Toff ‘
-
{ ' Tdisp |
|
Fig. 31 FLDC timing
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RESET CIRCUIT

After a reset, the microcomputer will start in high-speed

operation start mode or low-speed operation start mode

depending on a mask-programmable option.

* High-Speed Operation Start Mode
In high-speed operation start mode, reset occurs if the
RESET pin is held at an “L” level for at least 2us then is
returned to an “H” level (the power supply voltage
should be between 4.0V and 5.5V). Both the Xy and the
Xcin clocks begin oscillating. In order to give the Xy
clock time to stabilize, internal operation does not begin
until after 13 X,y clock cycles are complete. After the re-

1
lf/ Power on
I

| HMWNote)
|

RESET Ve
27 1

ov

P, ov

Note. Reset release voltages :
In high-speed operation start mode : Voc=4. 0V
In low-speed operation start mode : Vgo=2.8V

f
|
|
|
|

RESET Vee

Power supply voltage

Z7 L 1/ detection circuit

|
|
|
l
|
|

Fig. 32 Power-on reset circuit example

set is completed, the program starts from the address
contained in address FFFD,s (upper byte) and address
FFFC,s (lower byte).

* Low-Speed Operation Start Mode
In low-speed operation start mode, reset occurs if the
RESET pin is held at an “L” level for at least 2us then is
returned to an “H” level (the power supply voltage
should be between 2.8V and 5.5V). The X\ clock does
not begin oscillating. In order to give the X¢n time to sta-
bilize, timer 1 and timer 2 are connected together and
512 cycles of the Xcin/16 are counted before internal op-
eration begins. After the reset is completed, the program
starts from the address contained in address FFFD;g
(upper byte) and address FFFC,¢ (lower byte).
If the Xcgn clock is stable, reset will ‘complete after
approximately 250ms (assuming f(Xgn)=32.768kHz).
Immediately after a power-on, the stability of the clock
circuit will determine the reset timing and will vary
according to the characteristics of the oscillation circuit
used.

* Note on Use
Make sure that the reset input voltage is no more than
0.8V in high-speed operation start mode, or no more than
0.5V in low-speed operation start mode.
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Address Register contents Address Register contents

(1) Port PO register (00004) (4 Timer 12 mode register (00284) 0046

(2) Port P1 register (000 2) 59 Timer 34 mode register (0029,) 0045

(3) Port P2 register (000 4,) (26 PWM control register (002 B,s)n-
(4) Port P2 direction register (0 0 0 54)-* @7 Comparator register (0030 ,s)-"
(5) Port P3 register (00064) 0046 (28) High-breakdown-voltage port (0 0 3 8 ‘s)"'
(6) Port P4 register (000 84g) control register

(7) Port P4 direction register (0 0 0 94¢)- 0046 (29) Interrupt edge selection register (0 0 3 A|s)"'
(8) Port P5 register (000A)- ) CPU mode register (003 nnnnnnnﬂ

(9) Port P5 direction register (0 0 0 Byg)-* (1) Interrupt request register 1 (0 0 3 Cq)-*

8

(10 Port P6 register (000Cqg) (32 Interrupt request register 2 (0 0 3 Dyg)-** 0056

(1) Port P6 direction register (0 0 0 D) (33 Interrupt control register 1 (0 0 3 Eg)- 0046
(1 Port PO segment/digit (001 24) 0045 (34 Interrupt control register 2 (0 0 3 F,g)-*

004
(9 Processor status register (PS) ...n X

(13 Port P2 digit/port switching (0 0 1 4,6)-- 0046 (36) Program counter (PCy)-

switching register

register (PCL)-

SIoX]
HHIE
22
@& |[x
el
g8 |X
2
@ || ®
814
mim
3|3
ollo
212 1[x]

(4

Key-scan blanking register (0 0 1 54¢)-
(19 FLDC mode register (001646
(16 Serial 101 control register (0 0 1 946)
(1) Senal I/0 automatic transfer (0 0 1 Ayg)-- 0046
control register
(18 Serial 1/0 automatic transfer (0 0 1 Cg)-
interval register
(19 Serial 1/02 control register (0 0 1 D)
@) Timer 1 register (0024,) FFie
@) Timer 2 register (00254

(22 Timer 3 register (00264) FFs

@3 Timer 4 register (002746) FFie

Note. * ' The initial values of bits 7 and 6.of the CPU mode register are determined by a mask option.
X ! Underfined
The contents of all other registers and RAM are undefined after a reset, so programs must set their initial values

Fig. 33 Internal status at reset
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5.5V !
4.0V _—— Y — — — — T T T T —— —— —— —— — —

Vee

{ QUS  [r———
RESET D

Xour

(4MHz) —ﬁj |
Time until oscillation starts f Time necessary for oscillation to stabilize
>t

Xcout I /

(32kHz)
Time until oscillation starts \,——
[‘ =

Internal | o5

reset - ous

piginipiph

clock X

Address | X X X XrrrcXFrro Xan, X
Data ! AD, m

SYNC I I

Fig. 34 Reset sequence in high-speed operation mode

5.5V I
VCCZ_SV -_— - T T T T T T T T T T T

2us
RESET s<__)\

(Oscillation stopped)

Xour (
(4MHz) 1

Xcour j : . \
(32kHz) J

Time until oscillation starts I/Tlme necessary for oscillation to stabilize
>T<

Internal
reset 62.5us

System I I I | l | I |
clock
Add 1 !
ress X X X XrrroXrrro X X
SYNC ___l I_

Fig. 35 Reset sequence in low-speed operation mode
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CLOCK GENERATION CIRCUIT
When using an external clock signal, input the clock signal
to the Xiy (Xcin) pin and leave the Xour (Xcout) pin open.
If the Xcn clock is not used, connect the Xgy pin to Vgs,
and leave the Xcout pPin open.
Either high-speed operation start mode or low-speed start
mode can be selected by using a mask option.
* High-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of X\y. Immediately after power-on, both the
Xin and Xcny clock start oscillating. To set the internal
clock ¢to low-speed operation mode, set bit 7 of the
CPU mode register (address 003B;¢) to “1”.
* Low-Speed Operation Start Mode
After reset has completed, the internal clock ¢ is half the
frequency of Xcy. Immediately after power-on, only the
Xcin clock starts oscillating. To set the internal clock ¢ to
high-speed operation mode, first set bit 6 (CMg) of the
CPU mode register (address 003B,¢) to “0”, the set bit 7
(CM;) to “0”. Note that the program must allow time for
oscillation to stabilize.
Oscillation Control
Stop Mode
If the STP instruction is executed, oscillation stops with
the internal clock ¢ at an “H” level. Timer 1 is set to
“FF4¢” and timer 2 is set to “014¢".
Either X,y or Xciv divided by 16 is input to timer 1, and
the output of timer 1 is connected to timer 2. The timer 1
and timer 2 interrupt enable bits must be set to disabled
(“0”), so a program must set these bits before executing
an STP instruction. Oscillation restarts at reset or when
an external interrupt is received, but the internal clock ¢
is not supplied to the CPU until timer 2 overflows. This
allows time for the clock circuit oscillation to stabilize.

Wait Mode

If the WIT instruction is executed, the internal clock ¢
stops at an “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.

Low-Speed Mode

If the internal clock is generated from the sub clock
(Xcin), @ low power consumption operation can be en-
tered by stopping only the main clock X,y. To stop the
main clock, set bit 6 (CMg) of the CPU mode register
(003B) to “1”. When the main clock X,y is restarted, the
program must allow enough time to for oscillation to sta-
bilize.

Note that in low-power-consumption mode the Xgn-
Xcour drive performance can be reduced, allowing even
lower power consumption (20uA with Xon= 32kHz). To

reduce the Xgn-Xcour drive performance, clear bit 5
(CMs) of the CPU mode register (003B;s) to “0”. At re-
set or when an STP instruction is executed, this bit is set
to “1” and strong drive is selected to help the oscillation
to start.

Xcin Xcout Xin Xout
28 29 30 31
Rt Rd

10 0
717;_Ccm 7;; Ccour' 7% Cin 7;-7_COUT

Fig. 36 Ceramic resonator circuit

Xcin Xcout Xin Xour
28 29 30 31
Open Open

External oscillator or pulse External oscillator

Vee | l | I Vec IIIIIlIII
Vss Vss

Fig. 37 External clock input circuit

ol syEH
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Xoin Xcour

Internal system clock

5
g
Timer 1 count

source selection

Timer 1 count stop bit

Timer 2 count stop bit

Timing ¢
(Internal clock)

G Reset

|— STP instruction

) selection bit bit
CM; (Note)
Main clock stop bit CMg
Internal system clock
selection bit CM;
L—Q S s Q Q S
R STP wIT —R R
instruction instruction
Reset

Interrupt disable flag |
Interrupt request

Note. The values of CM; and CM; at reset are determined by a mask option.

Fig. 38 System clock generation circuit block diagram
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< Reset »

wiT STP
nstruction i
structi
Xin clock oscnllanT\g Xy clock oscillating instrue '0; Xin clock stopped
Xoin clock oscillating Xgin clock oscillating Xcin clock stopped
¢ 1s stopped (“H") - =1(Xin) /2 - #1s stopped (“H")
Timer operating Interrupt Interrupt
(Note 1)
External INT,

timer interrupt, or
SI/0 interrupt

WIT STP
Xin clock oscillating instruction instruction
Xom clock oscillating - Xy clock oscillating - s X clock stopped
“yr X clock oscillating Xcin clock stopped
¢ 1s stopped (“H”) CIN opp
Timer operating d=1(Xcin)/2 #1s stopped (“H”")
(Note 3) Interrupt Interrupt
(Note 1)
CMe=0
The program must
CMe=1 allow time for Xy
oscillation to stabilize
wIT STP
Xin clock stopped instruction instruction
Xcin clock oscillating - X clock stopped —_— Xin clock stopped
¢ is stopped (“H”) Xcin clock oscillating Xcin clock stopped
Timer operating #=1(Xoin) /2 ¢=stopped (“H")
(Note 3) Interrupt interrupt
(Note 2)

The example assumes that 4MHz 1s being applied to the Xy pin and 32kHz to the Xciy pin

Note 1.
2.
3.
4,

The delay after the STP state ends is approximately 0. 25s

Specify this option when ordering a mask ROM version

When the STP state 1s ended, a delay of approximately 2ms 1s automatically generated by timer 1 and timer 2

If the internal clock ¢ divided by 8 is used as the timer count source, the frequency of the count source 1s f(Xgn)/16

High-speed operation
start mode(Note 4)

External INT, or
SI/0 interrupt

e |

Low-speed operation
start mode (Note 4)

Fig. 39 State transitions of system clock
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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 ex-
ecution must be initialized after a reset. In particular, it is
essential to initialize the T and D flags because of their
effect on calculations.

Interrupts

The contents of the interrupt request bits do not change
immediately after they have been written.

After writing to an interrupt request register, execute at
least one instruction before performing a BBC or BBS in-
struction.

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 instruction yield proper decimal
results. After executing an ADC or SBC instruction, ex-
ecute at least one instruction before executing a SEC,
CLC, or CLD instruction.

In decimal mode, the values of the negative (N), over-
flow (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 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 reg-
ister as an index, or bit-test a direction register (BBC or
BBS), or perform 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 1710

When using an external clock, input “H” to the external
clock input pin and clear the serial 1/0 interrupt request
bit before executing a serial 1/0 transfer.

When using the internal clock, set the synchronization
clock to internal clock, then clear the serial 1/0 interrupt
request bit before executing a serial 1/0 transfer.
Instruction Execution Timing

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 X,y or
Xcin frequency.

2—152 AMITSUBCSHI
, . ELECTRIC



MITSUBISHI MICROCOMPUTERS

M3811x Group

SINGLE-CHIP 8-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) Mark Specification Form
(3) Data to be written to ROM, in EPROM form

(three identical copies)
If required, specify the following option on the Mask Con-
firmation Form: .
* Operation start mode switching option

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
64P4B, 64S1B PCA4738S-64
64P6N PCA4738F-64
64D0 PCA4738L-64

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 40 is
recommended to verify programming

[ Writing with PROM writer I

N

Screening (Note)
(150C for 40 hours)

S

Venfication with
PROM writer

A N
[ Functional check in target device I

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. 40 Writing and testing of one-time programmable
version

ELECTRIC
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'ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vce Supply voltage —0.3t07.0 \'
Vee Pull-down power supply voltage Vec—40 to Vee+0. 3 \'
v Input voltage P24-P2;, P4,-P4;, P5,-P5;, P6o-P6; —0.3 to Vec+0.3 v
Vi Input voltage Pdo All voltages d based on the Vss pin :0' 3o Voo+0.3 v
Vi Input voltage RESET, Xix Output transistors are Isolated 0.3t0 Voo t0.3 v
\A Input voltage Xcin —0.3 to Vge+0. 3 Vv
Vo Output voltage P0y-P07, P14-P1;, P2p-P23, P3¢-P3; Vec—40 to Vee+0. 3 \%

Output voltage P2,-P2;, P4,-P4;, P50-P5;,
Vo P6o-P67, Xout, Xcour —0.3 1o Veet0.3 v

Pd Power dissipation Ta=25TC 1000(Note 1) mwW
Topr Operating temperature —10 to 85 C
Tstg Storage temperature . —40 to 125 ‘c

Note 1 : 600mW in case of the flat package

RECOMMENDED OPERATING CONDITIONS (Vec=4.0t05.5v, Ta= —10to 85C, unless otherwise noted)

Symbol Parameter Limits Unit
Min Typ Max
Voo Supply voltage High-speed operation mode 4.0 5.0 5.5 v
Low-speed operation mode 2.8 5.0 5.5
Vss Supply voltage 0 \
Vee Pull-down power supply voltage Vec—38 Vee \
Via Analog input voltage 0 Vee \
Vin “H” input voltage P2;-P2; 0.4Vce Vee \'4
Vin “H" input voltage P4, 0.75V¢e Vce \
Vin “H” input voltage P44-P4;, P5,-P5;, P6y-P6; 0.75Vee Vece \Y
Vin “H” input voltage RESET 0.8Vce Vee \
Vin “H" input voltage Xin, Xoin 0.8Veoc Vee \
ViL “L” input voltage P2,4-P2; 0 0.16Vge \
Vi “L” input voltage P4y 0 0.25V¢e \
ViL “L” input voltage P4,-P4;, P5,-P5;, P6,-P67 0 0.25V¢ec \'
Vi “L” input voltage RESET 0 0.2Vce \'
VL “L” input voltage Xin, Xoin 0 0.2Vee \
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RECOMMENDED OPERATING CONDITIONS (Vcc=4.01t05.5V, Ta=—10to 85°C, unless otherwise noted)

Limits
Symbol Parameter Unit
Min Typ Max
“H” total peak output current P0o-P07, P1o-P17,
Zlon(peak) —240 mA
(Note 1) P2¢-P27, P3-P3;
S lon(peak)| “H” total peak output current P4,-P4;, P6o-P6s —60 mA
“L" total peak output current P24-P2;, P4-P4;,
| 100 mA
oLpeak) P5g-P57, P6;-P6;
Zlou(peak)| “L" total peak output current P8y 3.0 mA
“H" total average output current P0o-P0;, P1o-P17,
Sloncavg) 9e oulp o e —120 | mA
(Note 1) P24-P2;7, P3,-P3;
S lon(avg) | “H” total average output current P4,-P4;, P6,-P6; —30 mA
“L” total average output current P2,-P2;, P4,-P4;,
ZloLcavg) 50 mA
P50-P57, P64-P6;
S loL(avg) | “L” total average output current P6g 1.5 mA
\ “H” peak output current P0o-PO;, P1o-P17, P2,-P2;, 40 A
— m
on(peak) P3,-P3; (Note 2)
lon(peak) | “H" peak output current P24-P27, P4,-P4;, P6o-P67 —10 mA
loL(peak)| “L” peak output current P2,-P2;, P6-P6; 10 mA
loL(peak)| “L" peak output current P44-P4;, P5,-P5; 10 mA
loL(peak)| “L" peak output current P6; 3.0 mA
“H” average output current P0o-PO;, P1o-P1;, P29-P2;,
loncavg) —18 mA
(Note 3) P3,-P3;
“H" average output current P24-P2;, P4,-P4;,
loncavg) —5.0 mA
P6o-P6;
loL(avg) | “L” average output current P2,-P2;, P6,-P6; 5.0 mA
loL(avg) | “L" average output current P4,-P4;, P5,-P5; 5.0 mA
loL(avg) | “L" average output current P6g 1.5 mA
f(CNTR) | Clock input frequency for timer 4 (duty cycle 50%) 250 kHz
f(Xin) Main clock input oscillation frequency (Note 4) 4.2 MHz
f(Xcin) | Sub clock input oscillation frequency (Note 4, 5) 32.768 50 kHz

Note 1. The total output current i1s the sum of all the currents flowing through all the applicable ports The
total average current is an average value measured over 100ms. The total peak current is the peak

value of all the currents

OB wWwnN

frequency f(Xcin) is less than f(Xy)/3

. The peak output current is the peak current flowing in each port.

. The average output current in an average value measured over 100ms
. When the oscillation frequency has a duty cycle of 50%

. When using the microcomputer in low-speed operation mode, make sure that the sub clock’s input

ELECTRIC
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ELECTR'CAL CHARACTER|ST|CS (Veec = 4.0t05.5V, Ta = —10 to 85°C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max

“H” output voltage P0,-P07, P1¢-P17, P2¢-P2;,

Voun P3y-P3; lop=—18mA Veo—2.0 v
Von “H” output voltage P24-P2;, P4;-P4;, P6y-P6; lon=—10mA Vec—2.0 Vv
VoL “L” output voltage P24-P2;, P44-P4;, P5,-P57, loL=10mA 2.0 v
P64-P6;
VoL “L" output voltage P8y lou=1.5mA 0.5 \'
Vr+—Vr— | Hysteresis INTo-INT2, Sint, Sina: Sciki, Scikes CNTR When using a non-port function 0.4 v
Vr4+—Vr— | Hysteresis RESET, Xiy RESET : Voe=2.8V to 5.5V 0.5 \;
Vr4—Vy— | Hysteresis Xcin 0.5 v
[ “H" input current P24-P2;, P44-P4;, P5,-P5;, P6,-P6; Vi=Vce 5.0 ~A
I “H" input current P4, Vi=V¢e 5.0 ~A
ha “H” input current RESET, Xoin Vi=Vee 5.0 ~A
hn “H" input current Xy Vi=Vee 4.0 A
I “L” input current P24-P2;, P44-P4;, P5¢-P5;, P6,-P67 Vi=Vss —5.0 uA
I “L” input current P4, Vi=Vgs —5.0 #A
he “L” input current RESET, Xcin Vi=Vsgs —5.0 uA
I8 “L” input current Xy Vi=Vsgs —4.0 ©A
Vee=Vcc—36V,
lLoaD Output load current POy-P0;, P1g-P17, P2g-P25, P39-P3; | Vo=V, 150 500 900 ~A
With output transistors off '
Vee=Vcc—38V, .
Output leakage current P0g-P07, P1o-P17, P2o-P23,
lLeax P3g-P3; VoL=Vcc—38V, —10 A
With output transistors off (Except for reset)
Veam RAM hold voltage When clock 1s stopped 2.0 5.5 \Y
In high-speed operation mode
f(Xin) =4MHz
f(Xcin)=32kHz 5| 10 mA

Output transistors off
Comparator operating

In high-speed operation mode
f(Xin)=4MHz (in WIT state)
1(Xoin) =32kHz 1 mA
Output transistors off

Comparator stopped

In low-speed operation mode
#(Xiy)= stopped, f(Xcin)=32kHz
Low-power dissipation mode set 60 200 HA
(CMs=0)

Output transistors off

lec Power supply current

In low-speed operétlon mode
f(X\y)= stopped

f(Xcin)=32kHz (1n WIT state)
Low-power dissipation mode set
(CMs=0)

Output transistors off
All oscillation stopped Ta=25T 0.1 1.0
(in STP state) : LA
Output transistors off Ta=85C 10

20 40 uA
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COMPARATOR CHARACTERISTICS

(Vee=4.0105.5V, Vss=0V, Ta=—10 to 85°C, high-speed operation mode, f(X;y)=500kHz to 4MHz unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min Typ Max
-— Resolution 4 Bits
- Absolute accuracy 1/2 LSB
Tconv Conversion time 7 “S
ha Analog port input current 5.0 7.
Riapper | Ladder resistor 30 kQ
TIMING REQUIREMENTS (Voc=4.0t05.5V, Vgs =0V, Ta=—101085C, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min Typ Max
tw(RESET) Reset input “L” pulse width 2 “s
teixn) Main clock input cycle time (X input) 238 ns
twHOxin) Main clock input “H” pulse width 60 ns
twiLOan) Main clock input “L” pulse width 60 ns
toixom) Sub clock input cycle time (Xoi input) 2.0 ms
twHxcm) Sub clock input “H” pulse width 0.5 ms
twiL(xcin) Sub clock input “L” pulse width 0.5 ms
tG(CNTR) CNTR input cycle time 4 “s
twH(CNTR) CNTR input “H” pulse width 1.6 us
twL(CNTR) CNTR input “L” pulse width 1.6 “Ss
twHONT) INTo-INT, input “H” pulse width 80 ns
twLGNT) INTo-INT, input “L” pulse width 80 ns
to(sc) Serial clock input cycle time 1 us
twH(scLk) Serial clock input clock “H” pulse width 400 ns
twi(sck) Serial clock input clock “L” pulse width 400 ns
tsu(scik-sw) | Senal input setup time 200 ns
thisgk-sy) | Serial input hold time 200 ns
SWITCHING CHARACTERISTICS (Voc=4.0105.5V, Vg =0V, Ta = —10to 85T, unless otherwise noted)
Symbol Parameter Test conditions Limits Unit
Min Typ Max
twH(scu) Senial clock output “H” pulse width C_=100pF, R,=1kQ te/2—160 ns
twi(sok) Serial clock output “L” pulse width C.=100pF, RL,=1kQ tc/2—160 ns
td(scik—Sour)| Senal output delay time 0. 2tc ns
tv(scik—Sour) | Senal output hold time 0 ns
tiesci) Senial clock output fall time C_=100pF, R,=1kQ 40 ns
¢ P-channel high-breakdown voltage output rise time _ _ _
rPch-strg | (note 1) CL=100pF, Veg=Vcc—36V 55 ns
P-channel high-breakdown voltage output rise time
Ytpch-weak) (Note 2) C_=100pF, Vgg=Vcc—36V 1.8 us
Note 1. When bit 0 of the high-breakdown voltage port control register (address 00384¢) 1s at “0”
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) is at “1”
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P5¢/Scikz Ry —‘ j

P5,/S,
Serial clock output 2 Dotk P-channel

port r output port T*
— c, c
7 J

PO, P1, P2,-P2;, P3

Fig. 41 Output switching characteristics measurement circuit
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Timing Chart

1 teiontr)
\ twH(cNTR) | twiienTR)
0. 8V, /
CNTR cc
0.2Vce A
. twhOnT) | twianT) |
0. 8V,
INTG-INT, / ce 0.2Veo
. tw(ReseT) ,
- 0.8Vee
RESET 0.2Vee
. tex)
X twrHixy) ) twiix)
0.8V¢e
Xin 0.2Veo A
X tetxem)
| twH(xcin) | tWiixen)
Xem ) 0.8Vce 0. 2Vee /
7
tetsow)
1 twiisck) tr twH(sck)
4 N
0.8Vee
Scux \t 0.2V¢e / \\
tsulsin—scLx) thiscuc—sin)
¥ 0.8Vce
S L 0.2Voc
1, -
td(scLk—sour) V(scLk—Sout)
SOUT
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