MITSUBISHI MICROCOMPUTERS

3817 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCRIPTION

The 3817 group is 8-bit microcomputer based on the 740
family core technology.

The 3817 group is designed mainly for VCR timer/function
control, and include six 8-bit timers, a fluorescent display
automatic display circuit, a PWM function, and an 8-channel
A-D converter.

The various microcomputers in the 3817 group include
variations of internal memory size and packaging. For de-
tails, refer to the section on part numbering.

For details on availability of microcomputers in the 3817
group, refer to the section on group expansion.

FEATURES
® Basic machine-language instructions
® The minimum instruction execution time------+----- 0.63us
(at 6.3MHz oscillation frequency)
® Memory size
ROM #rorrereremtameiiiiiiiiiiiiiiiii, 4K to .GOK bytes
RAM ............................................... 192 ‘0 1024 bytes
[ Programmable inpul/output ports ............................ 45
® High-breakdown-voltage output ports --«-----rerereerees 32
[ Interrupts sresessreesieen e {8 sources, 15 vectors

THMEES *1v v vrererttiotieiiiiiie ettt 8-bitX6
Serial 1/Q:----rmmeremrmerreeeees Clock-synchronized 8-bitX2
(Serial 101 has an automatic data transfer function)
PWM output CIPGUIL - rmrremresrrrns e 14-bitX1
8-bitX 1(also functions as timer 6)
A-D converter----oreremeereeesne e 8-bitX8 channels
Fluorescent display function
Segments ............... 8 to 24
Dlgits ............................................................ 4 to 16
2 Clock generating circuit

Clock (Xin-Xoug) *erreereeereee Internal feedback resistor
Sub-clock (Xen-Xcout) = Without internal feedback resistor

. POWer source voltage ................................. 40 to 5.5v
® Power dissipation
in high-speed MO@ ~r-reresrerrermriei 38mw
(at 6.3MHz oscillation frequency)
In Iow-speed MOAE v 300.W
(at 32kHz oscillation frequency)
® Operating temperature range ««--<:--«----+ —10 to +85TC
APPLICATIONS

VCRs, tuners, musical instruments, office automation, etc.
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Package type . 80P6N-A
80-pin plastic molded QFP
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PIN DESCRIPTION

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

P4;/T30ur

Pin Name Function
Function except a port function
Vee, Vss | Power source * Apply voltage of 4.0 to 5.5V to V¢, and OV to Vss.
Vee Pull-down power = Applies voltage supplled to puli-down resistors of ports PO, P1 and P3.
input
Vgrer Analog reference + Reference voltage input pin for A-D converter
voitage
AVsgs Analog power source * GND input pin for A-D converters
* Connect to Vgs.
RESET Reset input * Reset input pin for active “L"
* Input and output signals for the Internal clock generating circuit.
X Clock input put and output sig _ generating circu
= It consist of internal feedback resistor.
* Connect a ceramic resonator or quartz-crystal oscillator between the Xy and Xoyr pins to set the oscillation frequency.
* If an external clock Is used, connect the clock source to the Xy pi d leave the X in n.
XouT Clock output ’ - ’ in pin and le: our pin ope
* This clock s used as the oscillating source of system clock.
« Input and output signals for the sub-clock generating circuit.
Xein Sub-clock input * It consist of without internat feedback resistor.
» Connect a ceramic resonator or quartz-crystal oscillator and external feedback resistor between the Xgw and Xcour pins.
* If an external clock is used, connect the clock source to the Xciv pin and leave the Xcour pin open.
Xcout Sub-clock output « This clock can also be used as the oscillating source of system clock.
POy/SEG¢/ | Output port PO * 8-bit output port * FLD automatic display pins
DIGo- * The output structure is high-breakdown-voitage P-
PQ,/SEG,,/ channel open drain with internal pull-down resistors
DIG; connected between the output and the Vge pin.
« At reset this port is set to Vee pin level.
P1,/DIGa- | OQutput port P1 * 8-bit output port with the same function as port PO * FLD automatic display pins
P17/DIG5
P2,-P2; 170 port P2 * 8-bit CMOS 1/0 port
* 1/0 direction register aflows each pin to be individually programmed as either input or output.
« At reset this port is set to input mode.
* TTL compatible input level
* CMOS 3-state output structure
P3o/SEGg- | Output port P3 * 8-bit cutput port with the same function as port PG * FLD automatic display pins
P3;/SEGs
P4y/INTy Input port P4 * 1-bit CMOS input pin. ¢ External interrupt input pin
P4,/INT,- | I/0 port P4 = 7-bit CMOS 1/0 port with the same function as port P2 * External interrupt input pins
P4,/INT, * CMOS compatible input level
* CMOS 3-state output structure
P4
P4s/T1oyr,

* Timer 1, Timer 3 output pin
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3817 Group

SINGLE-CHIP 8-BIT CM0S MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
Alternate Function

P5,/Sin1, 170 port PS ¢ 8-bit 1/0 port with the same function as port P2 * Serial I/01 1/0 pins
P5./Soutt, * N-channel open drain output structure
P52/Scikn * CMOS compatible input level
P53/Srovi/ * Keep the input voltage of this port between 0V and Vgg.
CS/SCLKlz
P54/Sina. * Serial 1/02 1/0 pins
P5s/Soura,
P5s/ScLie,
P57/Srov2
PBo/PWM, | 170 port P6 * 6-bit CMOS 1/0 port with the same function as port P2 * 14-bit PWM output pin

* CMOS compatible input level
P6,/PWM, * CMOS 3-state output structure » 8-bit PWM output pin
P62/CNTRy, « Timer 2, Timer 4 input pins
P63/CNTR;
P8, P65
P7o/ANg- 170 port P7 * 8-bit CMOS 170 port with the same function as port P2 * A-D conversion Input pins
P7;/AN; + CMOS compatible input level

» CMOS 3-state output structure
P8y/SEGy- | 170 port P8 + B-bit 170 port with the same function as port P2 * FLD automatic display pins
P8;/SEG; + P-channel open drain output structure

+ CMOS compatible input level
¢ Please note that this port does not have internal pull-
down resistors.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product  M3817 3 M 6 - XXX FP
17

Package type
FP : 80P6N-A package
FS : 80D0 package

ROM number
Omitted in some types

ROM/PROM size
< 4096 bytes
. 8192 bytes
. 12288 bytes
. 16384 bytes
< 20480 bytes
: 24576 bytes
. 28672 bytes
: 32768 bytes
. 36864 bytes
. 40960 bytes
. 45056 bytes
. 49152 bytes
: 53248 bytes
: 57344 bytes
. 61440 bytes ’
The first 128 bytes and the last 2 bytes of ROM are reserved areas; they cannot be used.
Memory type
M . Mask ROM version
E : EPROM or One Time PROM version
RAM size
1 192 bytes
: 256 bytes
: 384 bytes
: 512 bytes
: 640 bytes
: 768 bytes
: B96 bytes
: 1024 bytes

TMOOTO>P ©ONDU & WM —

N W —=O
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION : (3)
Mitsubishi plans to expand the 3817 group as follows:

(1) Support for mask ROM, One Time-;PROM', and EPROM

Packages
80P6N-A

0.8mm-pitch plastic molded QFP
0.8mm-pitch window type ceramic LCC

versions (EPROM version)
(2) ROM/PROM s|ze ............................. 16K to 48K by-tes .
RAM size 384 to 1024 bytes
Memory Expansion Plan
ROM size {bytes) Mass product
ool D S S S S
e N . :
T e S e
L S B S AR Mass product
; /E8H
(28K [--oee Mas.s product "3 :
24K M3§1®
20K Mass product
16K - M381
12K
L
L L A S T L SR IECCIECTTS SRR TR ROORS SEPRPPITRRRR
192 256 384 512 640 768 896 1024
RAM size (bytes)
Currently supported products are listed below. As of May 1996
(P) ROM size (bytes)
P RAM si P: R
roduct ROM size for User in ( ) size (bytes) ackage emarks
M38172M4-XXXFP 16384(16254) 384 Mask ROM version
M38173M6E-XXXFP 24576(24446) 512 . Mask ROM version
M38174MB-XXXFP . 80PE6N-A’'| Mask ROM version
M38174E8-XXXFP One Time PROM version
M38174E8FP One Time PROM version {blank)
M38174E8FS 32768(32638) 640 80D0 EPROM version
M38174E8HXXXFP BOPEN-A One Time PROM version
M38174E8HFP One Time PROM version (blank)
M38174E8HFS 80D0 EPROM version
M38177MC-XXXFP Mask ROM version
M38177EC-XXXFP 80P6N-A | One Time PROM version )
M38177ECFP One Time PROM version (blank)
M38177ECFS 49152(49022) 1024 80D0 EPROM version
M38177ECHXXXFP BOPEN-A One Time PROM version
M38177ECHFP ) One Time PROM version (blank)
M38177ECHFS 80D0 | EPROM version
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3817 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3817 group uses the standard 740 family instruction
set. Refer to the table of 740 family addressing modes and
machine instructions or the SERIES 740 (Software> User's
Manual for details on the instruction set.
Machine-resident 740 family instructions are as follows:

The FST and SLW instruction cannot be used.

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

CPU MODE REGISTER

The CPU mode register is allocated at address 003B,¢.

The CPU mode register contains the stack page selection
bit and the internal system clock selection bit.

b7 b0
| | CPU mode register {(CPUM ' address 003B,¢)

U—— Processor mode bits

bl b0

0 0 : Single-chip mode

01:

102 } Not available

112

Stack page selection bit
0 : RAM in the zero page is used as stack area
1 ! RAMin page 1 is used as stack area

Not used (return “0” when read)

Xcout drivability selection bit

0 | Low drive
1 : High drive

Main clock {Xn-Xour) stop bit
0 : Operating
1 : Stopped

Internal sy clock selection bit
0 : X;n-Xout selected (high-speed operation mode)
1 Xcm-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register
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SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

MEMORY

Special Function Reglster (SFR) Area

The Special Function Register area in the zero page con-
tains control registers such as I/0 ports and timers.

RAM

RAM is used for data storage and for stack area of sub-
routine calls and interrupts.

ROM

The first 128 bytes and the last 2 bytes of ROM are re-
served for device testing and the rest is user area for stor-
ing programs.

Interrupt Vector Area

The interrupt vector area contains reset and interrupt vec-
tors.

Zero Page

The 256 bytes from addresses 0000:¢ to O0FF¢ are called
the zero page area. The internal RAM and the special func-
tion registers (SFR) are allocated to this area.

The zero page addressing mode can be used to specn‘y
memory and register addresses in the zero page area. Ac-
cess to this area with only 2 bytes is possible in the zero
page addressing mode.

Special Page ‘

The 256 bytes from addresses FF00,¢ to FFFF,g are called
the special page area. The special page addressing mode
can be used to specify memory addresses in the special
page area. Access to this area with only 2 bytes is possible
in the special page addressing mode.

RAM area
RA,EAb::):)c“y Address XXXXg

192 00FF,g

256 013F;e

384 01BF,¢

512 023F 46

640 02BF, ¢

768 033F 6

896 03BF,¢

1024 043F, ¢

ROM area
ROM capacity Address YYYY Address ZZZZ
(bytes) . %

4096 F000,¢ FO804¢
8192 E000,¢ E0804¢
12288 D000 D080,¢
16384 C000,¢ C080,¢
20480 B000,s B0804e
24576 A00046 A080,6
28672 9000,¢ 9080,¢
32768 | 80005 808046
36864 70005 708046
40960 6000,4¢ 6080,
45056 500045 5080,
49152 400046 4080,¢
53248 3000,¢ 3080,¢
57344 200046 208046
61440 1000,¢ 108044

0000,¢
SFR area !
0040 Zero
B 18 I FLD automatic display RAM area page
0070,
0100 eriall/Oautomatictransfer RAM area|
RAM
0120,
L XXXXip e mcm e e mmn.--.--
Reserved area
0440,
.
Not used
r YYYY [T 7T TT === ]
Reserved ROM area
(128 bytes)
22226
ROM-
FF00ys ]
FFDCyg
Special
Interrupt vector area page
FFFEg
R d ROM
L FFFFR, eserved ROM area ]

Fig. 2 Memory map diagram
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0000:¢ | Port PO (PO)
0001¢
0002, | Port P1 (P1)
00034
000445 | Port P2 (P2)

0005, | Port P2 direction register (P2D)
0006,¢ | Port P3 (P3)

0007,¢
0008 | Port P4 (P4)

0009, | Port P4 direction register (P4D)
000As | Port P5 (P5)

000B,4 | Port P5 direction register (PSD)
000C,¢ | Port P (PB)

0000 | Port P6 direction register (P6D)
000E,s | Port P7 (P7)

000F,s | Port P7 direction register (P7D)
0010, | Port P8 {P8)

001146 | Port P8 direction register (P8D)
001244
001346
00146
00154
00164¢
0017¢ :
0018,¢ | Serial 10 i transfer data pointer (SIODP)
0019,¢ | Serial I/01 control register (SIO1CON)
001A¢¢ | Serial 1/O automatic transfer control register (SIOAC)
001B4¢ | Serial 1/01 register (SI01)

001C,¢ | Serial 170 automatic transfer interval register {SIOA!)
001D, | Serial 1702 control register (SIO2CQN)
001E4g
001F,¢ | Serial 1/02 register SSIOZ)

0020,¢ | Timer 1 (T1)
00215 | Timer 2 (T2)
0022, | Timer 3 (T3)
0023, | Timer 4 (T4)
0024, | Timer 5 (T5)
0025, | Timer 6 (T6)
002646
00274 | Timer 6 PWM register (TEPWM)
00286 | Timer 12 mode register (T12M)
00296 | Timer 34 mode register (T34M)
002A,¢ | Timer 56 mode register (T56M)
002B,¢ | PWM control register (PWMCON)
002C,4 | PWM register (upper)(PWMH)
002D, | PWM register {lower) (PWML)
002E s
002F,¢
00304 | A-D control register (ADCON)

0031, | A-D conversion register (AD)

0032,5 | Port PO segment/digit switching register (POSDR)
0033, { Port P1 digit/port g register (P1DPR)
0034, | Port P8 seg port ing register (P8SPR)
0035, | Key-scan blanking register (KSCN)
00364¢ | FLDC made register (FLDM)

0037,6 | FLD data pointer (FLDDP)

00386 | High-breakdown-voltage port control register {HVPC)
0039¢
003A,g | Interrupt edge selection register (INTEDGE)
003B,s | CPU mode register (CUPM)

003C,¢ | Interrupt request register 1 (IREQ1)
003046 | Interrupt request register 2 (IREQ2)
003Eqs | Interrupt control register 1 (ICON1)

003F,¢ |interrupt control register 2 (ICON2) |

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

/O PORTS
Direction Registers
The 3817 group has 45 programmable 1/O pins arranged in

six 1/0 ports (ports P2 and P4 to P8). The I/O ports have’

direction registers which determine the input/output direc-
tion of each individual pin. Each bit in a direction register
corresponds to one pin, each pin can be set to be input
port or output port.

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 to output, the value of
the port output latch is read, not the value of the pin itself.
Pins set to input are fioating. If a pin set to input is written
to, only the port output latch is written to and the pin re-
mains floating.

High-Breakdown-Voltage Output Ports

The 3817 group has four ports with high-breakdown-voltage
pins (ports PO, P1, P3, P8). The high-breakdown-voltage
ports have P-channel open drain output with a breakdown
voltage of Vgc—40V. Each pin in Ports PO, P1, and P3 has
an internal pull-down resistor connected to Vg, Port P8 has
no internal pull-down resistors, so that connect an external
resistor to each port. At reset, the P-channel output transis-
tor of each port latch is turned off, so it becomes Vge level
(“L") by the pull-down resistor.

Writing “1” to bit 0 of the high-breakdown-voltage port con-
trol register(address 0038,¢) slows the transition of the out-
put transistors to reduce transient noise. At reset, bit 0 of
the high-breakdown-voltage port control register is set to
“0” (strong drive).
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3 . . Dlagram
Pin Name Input/Output 170 Format Non-Port Function Related SFRs No
FLDC mode register
High-breakdown-
POo/SEG ¢/ 9 Port PO
voltage P-channel ) .
DIGg- . FLD automatic segment/digit
Port PO Output open-drain output i X T X (1)
PO0;/SEG3/ . display function switching register
. with pull-down .
DIG; i High-breakdown-
resistor
voltage port control .
register
FLDC mode register
P1,/DIGg- High-breakdown- @
P1:/DIG itage port control
3 " High-breakdown- Yo X ge p ©
. register
voltage P-channel i -
B FLD automatic FLDC mode register
Port P1 Output open-drain output . . .
. i display function Port P1 digit/port
with pull-down . i
P14/DIG2- resistor switching register o)
P1;/DIGs High-breakdown-
voltage port control
register
1 t/output, TTL level i t
P2,-P2, Port P2 Input/output npu )
individual bits CMQOS 3-state output
High-breakdown- .
FLDC mode register
voltage P-channel . .
P30/SEGg- Port P3 Output open-drain output FLD automatic High-breakdown- 5)
P3;/SEG 5 p P display function voltage port control
with pull-down . ' :
. register
rasistor
CMOS compatible External interrupt Int t edge v
Pag/INTo Input § P Exten P errupt edge ()
input level input selection register
P44/INT,- External interrupt Interrupt edge
! ! CMOS compatible _ ! up © .p © g. (7)
P4,/INT, Port P4 i input selection register
Pa Input/output, input level @
5 individual bits CMOS 3-state . -
P4¢/Tiour, . Timer 12 mode register
output Timer output - - (8)
P4;/T3our Timer 34 mode register
P5o/Sin1, Serial 1/01.control (9)
54/, s ) | register
;51/20“1 Serial 1701 function Segrl':I 1/0 automatic 10
' . i m;
2/ Sorka CMOS compatible | 1/0 uto
P5a/Sapy1/ ) transfer control
— Input/output, input level ) )
CS/Scikiz2 Port P5 o i register
individual bits N-channe!
P54/Sin2, (9)
open-drain output . ) ) -
P55/Sour2, Serial 1/02 function Serial 1/02 control 19
PBe/Scike, 170 ) register
P57/Srovz 1)
PWM control register .
P6o/PWM, . 14-bit PWM output PWML register (12)
PWMH register
CMOS compatible - P
Input/output, Timer 56 mode register
P6,/PWM Port P6 i 8-bit PWM output 8
! ! individual bits input level pu Timer§ PWM register @
CMOS 3-state output
P62/CNTRy, Interrupt edge
2 o Timer 2, Timer 4 input u-p g. (7)
P6,/CNTR, selection register
PB6,, P6g (4)
CMOS compatible
P7o/ANg- Input/output, R P L .
P7-/AN Port P7 individual bita input level A-D conversion input | A-D control register (13
i
v § CMOS 3-state output
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open-drain output
without pull-down
resistor

Diagram
Pin Name Input/Output 170 Format Non-Port Function Related SFRs Ngo
CMOS compatible
) P FLDC mode register
input level
X Port P8 segment/port
High-breakdown- .
P8y/SEGp- Input/output, FLD automatic switching register
Port P8 o i voltage P-channel ) K (4
P8;/SEG, individual bits display function High-breakdown-

voltage port control
registor

Note 1. For details of how to use double-function ports as function I/0 ports, refer to the applicable sections.
2. Make sure that the input level at each pin is either OV or V¢¢ during execution of the STP instruction.
When an input level is at an intermediate potential, & current will flow from V¢ to Vgs through the input-stage gate.
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(1) Port PO

Shift signal from previous stage

Port PU segment/dig

'swltchln reglater I
4

Blanking
register —

e

Local data___4
bus

Pl
N

Shift signal to next stage

(3) Ports P14-P1,

Shift signal from previous stage

—{P:::PI digit/port switching rsgister'—r
A

(Note)

Data bus ——~>—_Portiateh }—
J—
~d

Blanking

eg

Shift signal to next stage

(5) Port P3
Dimmer signal —»o
Local data {Note)
bus
Data bus ———
A
N

(7) Ports P4,-P4,, P6,, P63

Direction
register % | )>—I

Data bus —1

Dimmer signal—-o
N (Note)
Data bus —| 50| FortTaich J— I

N Dimimer signal —=o

Py

Vee

I

g
1

Port latch
~N

INT4-INT, interrupt request
CNTRo, CNTR,; or timer 4
external clock input

* . High-breakdown-voitage P-channel transistor

Note. The dimmer signal sets the Toff timing.

(2) Ports P1,-P15

Shift signal from previous stage

Dimmer signal —o
(Note)

Data bus ——4—a~° Port latch

4
-4

T

Shift signal to next stage Vee

(4) Ports P2, P45, P64, P65

Direction
register
"Data bus —+={Port latch }

b

(6) Port P4,

Payy
o]

Data bus --

INTq interrupt
request

<

(8) Ports P4, P4,, P6,

Timer 1 output selection bit
Timer 3 output selection bit —
Timer 6 output selection bit

Direction
register

Data bus - Port latch

Timer 1 output selection bit
Timer 3 output selection bit
Timer 6 output selection bit

Fig. 4 Port block diagram (1)




MITSUBISHI MICROCOMPUTERS
3817 Group
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(9) Ports P5,, P5,

Direction
register
Data bus — Port latch

(0 Ports P!

Serial
—O

Data bus —

54, P52, P5s, PS¢
Output-off control signal
1/0 port selection bit —

Direction
register

Port latch

~

(1) Ports P53, P5;
Sroy output selection bit

Direction
register

Port latch

Data bus —

Serial 170 input 9@__

02

PWM output enable bit —

—0

Srpv output

(13 Port P7

Direction
register
Data bus —<>->| Port latch }

~ ”
A-D conversion input

* ! High-breakdown-voltage P-channel transistor

Note. The dimmer signal sets the Toff timing.

Port Peo

Data bus — Port latch

~N
Sour of Scixk —t)——

P5,, P5¢ only

Direction
register

(14

Local data )

Data bus —4

Port P8

—<]

PWM output —>——1

Port P8 segment/po
. switching register '
d

Dimmer signal —mo
Direction ] (Note)
_l register

Analog input pin selection bit

Fig. 5 Port block diagram (2)
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INTERRUPTS
Interrupts occur by eighteen sources: five external, twelve
internal, and one 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 in-
terrupt occurs 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 BRK instruction cannot be disabled with any flag or bit.
The | (interrupt disable) flag disables all interrupts except
the BRK Instruction interrupt.

When several interrupts occur at the same time, the inter-
rupts are received according to priority.

interrupt Operation

When an interrupt is received, the contents of the program
counter and processor' status register are automatically
stored into 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 vector table into the

program counter.

Notes on Use

When the active edge of an external. interrupt (INTo-INT,)
is changed or when switching interrupt sources in the same
vector address, the corresponding interrupt request bit may
also be set. Therefore, please take following sequence;

(1)
{2

(3
(4

Disable the external interrupt which is selected.

) Change the active edge selection.

) Clear the interrupt request bit which is selected to “0”.
) Enable the external interrupt which is selected.

Table 1. Interrupt vector addresses and priority
Interrupt Source Priority Vector Addresses (Note 1) Interrupt Request Remarks
u|
P High Low Generating Conditions
Reset (Note 2) 1 FFFD1e FFFCye At reset Non-maskable
At detection of either rising or | External interrupt
INTo 2 FFFBie FFFAe falling edge of INT, input ‘(active edge selectable) -
. At detection of either rising or | External interrupt
INT, 3 FFF9:q FFFB1e falling edge of INT; input (active edge selectabie)
At detection of either rising or | External interrupt
INT, 4 FFF71e FFFé10 falling edge of INT, input (active edge selectable)
Valid when serial 1/ dinal
Serial 1101 At completion of data transter alic when O ordinary
.............................. 5 FEFS FRFdyy  |rrereessmmemrmrensinenereessssenneen. | OG0 I8 selOClOd
16 16 e
tS|er;lal I:O automa At completion of the last data :I/aI:d wtflen »s:(;'ial' I/O‘automa-
c transfer transfer c transfer mode is se ected
Serial {/02 6 ) FFF34s FFF2,¢ At completion of data transfer
Timer 1 7 FFF14e FFFO4e At timer 1 underflow
Timer 2 8 FFEF,g FFEE ¢ At timer 2 underflow STP release timer underflow
Timer 3 9 FFED4g FFEC.s At timer 3 underflow
Timer 4 10 FFEB,¢ FFEA.g At timer 4 underflow
Timer & " FFES, g FFE84¢ At timer 5 underflow
Timer 6 12 FFE74s FFEG.¢ At timer 6 underflow
. At detection of either rising or j External interrupt
INT, 13 FFES:1 FFEdqe falling edge of INT; input (active edge selectable)
At detection of either rising or | External interrupt valid when INT, inter-
INT, . i< eplortard {act tactahl
falling edge of INT, input rupt is (active edge e
.............................. "4 FFE315 FFE215 R R R --\.I-é."-.d---;'-I}:I;'-..-ux;.b--.l.':‘.t-e-;-}i;..t....i.s.
A-D converter At completion of A-D conver- P
N . .| selected
sion
Valid when FLD blanking inter-
FLD blanking At talling of final digit " when ing inte
. FFE1 FEEO.,  |oerireeerermmsmmmssnsoesnnsossssinssssssn | ruptis selested ..
o e e At rising of each digit Valid when FLD digit interrupt
FLD digit is selected
BRK instruction 16 FFDD;g FFDCyg 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 bit——
interrupt enable bit —

Interrupt disable flag(l) ————q

BRK instruction
Reset ——— 4 "

Interrupt request

Fig. 6

Interrupt control

b7

* b0

Interrupt edge selection register
(INTEDGE : address 003A,¢)

INT, active edge selection bit

INT, active edge selection bit
INT active edge selection bit
INT; active edge selection bit
INT, active edge selection bit
INT,/AD conversion 0
interrupt switching bit } 1

b7

b0

CNTR;, active edge selection bit} 0
CNTR;, active edge selection bit! 1

Interrupt request register 1

(IREQ1 : address 003C;e)

INT, interrupt request bit

——— INT, interrupt request bit
L INT, interrupt request bit

.Serial I/01 interrupt request bit, or
Serial |/O automatic transfer
interrupt request bit .

Serial 1702 interrupt request bit
Timer 1 interrupt request bit

Timer 2 interrupt request bit

b7

Timer 3 interrupt request bit

Interrupt control register 1

b0
| I (ICON1 : address 003E )

I— INT, interrupt enable bit

INT; interrupt enable bit
INT, interrupt enable bit

Serial /01 interrupt enable bit, or
Serial /O automatic transfer
interrupt enable bit

Serial 1702 interrupt enable bit
Timer t interrupt enable bit

Timer 2 interrupt enable bit

Timer 3 interrupt enable bit

. Falling edge active
. Rising edge active

. INT, interrupt
¢ A-D interrupt

. Count at rising edge
. Count at falling edge

b7

b0

REQ2 : address 003D;s)
L Timer 4 interrupt request bit

Interrupt request register 2

(1

Timer § interrupt request bit
Timer 6 interrupt request bit
INT; interrupt request bit

INT, interrupt request bit, or
AD conversion interrupt request bit

FLD blanking interrupt request bit, or
FLD digit interrupt request bit

0 © No interrupt request issued
1 : Interrupt request issued

b7

I w

E (ICON2 : address 003F,g)

- Not used (returns “0” when read)

Not used (return “0” when read)

Interrupt control register 2

Timer 4 interrupt enable bit
Timer § interrupt enable bit
Timer 6 interrupt enable bit
INT; interrupt enable bit

INT, interrupt enable bit, or
AD conversion interrupt enable bit

FLD blanking interrupt enable bit, or
FLD digit interrupt enable bit

0 ! Interrupts disabled
1 ! Interrupts enabled

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

Flg. 7 Structure of interrupt-related registers
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TIMERS

The 3817 group has six built-in timers : timer 1, timer 2,
timer 3, timer 4, timer 5, and timer 6. All timers are count
down. When the timer reaches "004¢", at the next count
pulse the contents of the corresponding timer latch is
loaded into the timer, and sets the corresponding interrupt
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.

Timer 1 can ailso output a rectangular waveform from the
P4g/T1oyr pin. The waveform changes polarity each time
timer 1 overflows.

The active edge of the external signal CNTR, can be set
by the interrupt edge selection 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 “FFy¢g”, and timer 2 is set to “0145".

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;/T30yr pin. The waveform changes polarity each time
timer 3 overflows.

The active edge of the external signal CNTR, can be set
by the interrupt edge selection register.

Timer 5 and Timer 6

The count sources of timer 5 and timer 6 can be selected

by setting the timer 56 mode register.

Timer 6 can also output a rectangular waveform from the .
P6,/PWM, pin. The waveform changes polarity each time
timer 6 overflows. :

Timer 6 PWM, Mode

Timer 6 can also output a rectangular waveform of n
cycles high and m cycles low. The n is the value set in tim-
er latch 6 (address 0025,) and m is the value in the timer
6 PWM register (address 0027,s). If n is “0", the PWM out-
put is “L”, if m is “0” and n is not “0”, then the PWM output
is “H”. In PWM mode, interrupts are generated at the rising
edge of the PWM, output. ~
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Data bus
Timer 1
X count AESET
o Internal system , source Timer 1 fatch (8) RESET
wr clock selection “1 . selection bit ‘ STP Instruction
X ——)@ o 0 |51 Timer 1 (8) Timer 1 interrupt request
™ “0" 0" Timer 1
count stoj
P4e/Tlour P4g latch ot P

Timer 1 output

selection bit
Timer 2
count "

Loor| source Timer 2 latch (8)
X . selection bit
P4 direction register aQ__ N ) )
01, <1 _Timer 2 (8) I Timer 2 interrupt request
«qp~ Timer 2
count stop
1S H bit
Rising/falling
P8/CNTRo O b edge switch

Timer 3
count

source  LLimer 3 latch (8)
«q»|selection bit

%o [ Timer 3 (8) I Timer 3 interrupt request

—
P4;/T30ur P4; latch “0"  Timer3
count stop bit
Timer 3 output .
: T Timer 4
selection bit
count Timer 4 latch (8)
ugyn|Source L
selection bit
oo | imer 4
P direction register] "00° [ 2| Timer 4 (8) . Timer 4 interrupt request
“10" Timer 4
] count stop
O I> | Rising/falling } i
PBa/CNTR, ed egswitch bit
Timer 5
count Timer 5 latch (8)
source
“1*|selection bit
[ o ) Timer 5 (8) . Timer 5 interrupt request
0 Timer 5 d
count stop bit
Time{ 6
coun
| Source Timer 6 latch (8)
01"} selection bit
i [ Timer 6 (8) Timer 6 interrupt request
— ;i — | P
»10” Timer6
count stop
bit
[Timer 6 PWM register (8)
P6,/PWM; O <}+<1-Pé6, latch
- ' 1" _o{PWM
< 4
Timer 6 output i
selection bit Timer 6 operating

mode selection bit

P86, direction register

Fia. 8 Timer block dlaaram



MITSUBISHI MICROCOMPUTERS

3817 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7 b0
l_l—l—m—m Timer 12 mode register
(T12M : address 0028,¢)
I—— 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 1 H(Xin) /18 or f(Xc) /16
! : f(xcm) )
Not used (returns “0” when read)

Timer 2 count source selection bits
b5 b
0 : Timer 1 underflow

0
01 :f(Xew)
1 0 : External count input CNTR,
11 I Not available
Timer 1 output selection bit (P4g)
0 110 port
1 I Timer 1 output
Not used (returns “0” when read)

b7

r"—’—’—T—[—[—[@I Timer 56 mode register

(T56M : address 0024,s)
L Timer 5 count stop bit
0 © Operating
1 ' Stopped
Timer 6 count stop bit
0 ! Operating
1 . Stopped
Timer 5 count source selection bit
0 1 f(Xin) /16 or f(Xci) /16
1 : Timer 4 underflow

0 ! Timer mode
1 PWM mode
TiTser 6 count source selection bits

00 :#(Xin)/16 or H{Xom)/16
0 1 : Timer 5 underflow

1 0 : Timer 4 underflow

11 I Not available

0 170 port

1 : Timer 6 output
Not used (returns “0” when read)
(Do not write “1” to this bit)

Timer 6 operation mode selection bit

Timer 6 (PWM,) output selection bit (P6,)

b7 .
Timer 34 mode register

(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 #(Xin)/16 or f(Xcin) /16
1 ! Timer 2 underflow
Not used (returns “0” when read)
Tlrbrger 4 count source selection bits

00 : f(Xiy)/16 or f(Xcm)/16
- 01 I Timer 3 underflow
1 0 ! External count input CNTR,
.11 ! Not available
Timer 3 output selection bit (P4;)
0 ! 170 port
1 : Timer 3 output
Not used (returns “0” when read)

Fig. 9 Structure of timer-related registers

ts

Timer 6
count source

Timer 6
PWM mode

.

Timer & interrupt request

\%
Timer 6 interrupt request

Note. If the value set in timer 6 is n and the value set in the timer 6 PWM register is m, a PWM waveform with
duty cycte n/(n+m) and period (n+m) Xt is output (where is tg the frequency of the timen 8ot 3airad) |

Fig. 10 Timing in timer 6 PWM, mode
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SERIAL 1O

The 3817 group has two built-in 8-bit clock synchronized
serial 1/0 channels (serial 101 and serial 1/02).

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

Serial 1702 can only be used in normal operation mode.
The 1/0 pins of the serial 1/0 function also operate as I/0
port P5, and their operation is selected by the serial 170
control registers (addresses 0019,¢ and 001D6).

Main Local
address bus address bus

Vv

T_:4 Address decoder

S1/0 automatic
transter RAM
(01006 to 011F ¢

S1/0 automatic
transfer data

Main data Local data
bus bus

—a il
SI70 automatic

transfer
controller

Serial /O automatic
transfer interrupt request

Serial 1701
interrupt request

JE— “1
T Srovz [Synchronizati
| . cicuil
Sapv2 output selection bit Extarnst clock } “Q”
prs b}
P5g latch 3
(%7,

wpn Ot
Serial 1/02 port selection bit

PSe/Scixz

Xem Internal SI/0 automatic transter
system clock interval register
“1” X selection bit
Xm O «g" - PBs latch
P5a/Seom (Note) © s
/CS/SCLKK’
— i S
L ~CS CLK12
P5; latch
g?
P52/Scikin O o TV e T
joerial
Sertal /01 port selection bit [
0—4—00’0" P5, latch
P5| /SOU‘H O

wyn

Serial 1701 port selection bit

P5/Sny O o] Serial /01 register (8)
©5¢% Frequency divider
P5; latch  Serlal 102 synchronous
“or clock selection bit
P57/SRDY2

rial 1/0 counter 2(3

PSs/Sourz O _O-=— P5¢ latch

Serial /02
interrupt reques.

n1n0=~

Serial 1702 port selection bit
P5,/Sinz O-

>{ Serial I/02 register (8)"'——I

control register.

Note. Selection is by the synchronization clock selection bit, the Sgpv1 output selection bit, and the serial 1701 port selection bit of the serial 1701
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the serial 1/0 automatic transfer

Fig. 11 Serial I/0 block diagram
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Serial 1/0 Contro! Registers

(SIO1CON, SI02CON) 0019,,, 001D,

Each of the serial 170 control registers (addresses 0019,
and 001D,s) contains seven bits that select various control

parameters of the serial 1/0 function.

b7 b0

Serial 1/01 control register (SIO1CON(SC1) . address 0019,¢)

I—l—l——— Internal synchronization clock selection bits

b2 bl b0

000 :f{Xn)/8 or {(Xcy)/8

T (X ) /16 or H{Xgim) /16

T 1(Xin) 732 or 1(Xom)/32
(X ) /64 or 1(Xgn)/64

S (Xin) /128 or f(Xew) /128
* (X ) /256 or T{ Xow) /256

—_——_—o oo

0
1
1
1
1

_D O -

Serial 1701 port selection bit (P5,, P5,, and P5,*)
0 : 170 port
1% Sourt Scukns and Scuwiz™ signal pins
Snov: Output setection bit (P5;3)
0 /0 port
1 : Spovi/CS* signal pin
Transfer direction selection bit
0 [ LSB first
1 : MSB first
Serial 1701 synchronous clock selection bit

@ : External clock
1 * Internal clock

b7 b0

Not used (returns “0” when read)

Serial 1702 control register (SIO2CON(SC2) : address 001Dyg)

Internal synchronization clock selection bits
b2 b1 b0
000 :f{Xu)/8 or f(Xem)/8
(X ) 716 or H(Xcn) /16
T H(Xin) /32 or f(Xem) /32
(X )/764 or 1(Xcin) /64
T1(Xin)/128 or f(Xe)/128
2 f(Xin)/256 or f(Xow) /256
Serial I/02 port selection bit (P55 and P5;)
0 /0 port .
1 ! Sourz and SgLk. signal pins
Srovz output selection bit (P5;)
0 ! /0 port
1 | Srpyz signal pin
Transfer direction selection bit
0 ILSB first
1 : MSB first

—-—— 0 QO
—_———
—_o—m O -

Serial 1702 synchronous clock selection bit -
0 : External clock
1 * Internal clock

Not used (returns “0” when read)

%  Valid only in serial 1/O automatic transfer mode.

Fig. 12 Structure of serial /0 control registers
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Serial VO Ordinary Mode

Either an internal clock or an external clock can be
selected as the synchronous clock for serial I/0 transfer. A
dedicated divider is built-in as the internal clock, for
selecting of six clocks.

If internal clock is selected, transfer start is activated by a
write signal to a serial I/0 register (address 001B,s or
001F,g) . After eight bits have been transferred, the Sour
pin goes to high impedance.

If external clock is selected, the clock must be controlled
externally because the contents of the serial I/0 register
continue to shift during inputting the transfer clock is. In this
case, note that the Spyr pin does not go to high impedance
state at the completion of data transfer. The interrupt re-
quest bit is set at the end of the transfer of eight bits, re-
gardiess of whether the internal or external clock is
selected.

Serial I/0 register
write signal

Synchronous ]
clock

Serial 170 output
Sour

Sarial 1/0 input
SIN

Receive enable

signal
SRDY

after transfer ends.

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

Interrupt request bit set

Fig. 13 Serial 170 timing in normal mode (for LSB first)

Serial /O Automatic Transfer Mode

The serial 1701 function has an automatic transfer function.
For automatic transfer, switch to the automatic transfer
mode by setting the serial 17O automatic transter control
register (address 001A,g).

The following memory spaces are added to the circuits
used for the serial I/01 function in ordinary mode, to en-
able 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/O automatic transfer data pointer

When using serial [/O automatic transfer, set the serial 170
control register (address 0019:¢) in the same way as for
the serial 1/0 ordinary mode. However, note that when ex-
ternal clock is selected and bit 4 (the Sppvs output selec-
tion bit) of the serial 1/01 control register “1”, port P5; be-
comes the CS input pin by setting.

Serial /O Automatic Transfer Control Register
(SIOAC) 001A,

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

b7 b0
ﬂ—ljm Serial /O automatic transfer control register|
l (SIOAC : address 001A,g)
Automatic transfer control bit
0 : Serial /0O ordinary mode
(serial 1/01 interrupt)
1 : Automatic transfer mode
(serial 1701 automatic transfer interrupt)
Automatic transfer start bit
0 : Transfer completion
1 Transferring(starts of 1 write)
Transfer mode switching bit
0 : Fulldupiex(transmit and receive)
mode
1 : Transmit-only mode
L Synchronous clock output
pin selection bit
0 ! Scrki

‘ :SCLK12
Not used (return “0” when read)

Flg. 14 Structure of serlal 170 automatic transfer
control register
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Serial I/0 Automatic Transfer Data Pointer
(SIODP) 0018,

The serial 1/0 automatic transfer data pointer {(address
0018,5) contains five bits that indicate addresses in serial
170 automatic transfer RAM (each address in memory is
actually the value in the serial 1/0 automatic transfer data
pointer plus 0100,¢).

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.

et 7 3 5 4 3 2 1 0

010015
01014
010215

G11D4g
011Eg
011F1g

Fig. 15 Bit allocation of serlal I/0 automatic transfer RAM

Serial /O Automatic Transfer RAM
The serial |/0 automatic transfer RAM is the 32 bytes from
address 0100,6 to address 011F .

Setting of Serial VO Automatic Transfer Data

When data is stored in the serial I/0 automatic transfer
RAM, it is stored with the start of the data at the address
set by the serial 170 automatic transfer data pointer and the
end of the data at address 0100,¢.

Serial /0 Automatic Transfer Interval Register
(SIOAI) 001C,¢

"The serial 1/0 automatic transfer interval register (address

001C4¢) 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.

Serial 1/0 output

Serial 1/0 input

Tra;\sfer clock I I | l | l | l l I l I I l
o ————— ~{(202XP0, X0 X50; X5 X5 K000, - — ~ — — — — - X
A €79 €19 G (T 09 €9 € X

1 byte data

Ti

Fig. 16 Serlal I/0 automatic transfer interval timing
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Setting of Serial VO 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 1/0 automatic transfer.
The serial I/01 control register sets the transfer clock
speed, and the serial 170 automatic transfer interval regis-
ter sets the serial I/0 automatic transfer interval.

This setting of transfer interval is valid only when internal
clock is selected as the clock source.

Start of Serial VO Automatic Transfer

Automatic transfer mode is set by writing "1” to bit 0 of the
serial 1/0Q automatic transfer control register (address
001A,¢), then automatic transfer starts when “1” is written to
that bit. Bit 1 of the serial I/0 automatic transfer controt
register is always “1” during automatic transfer; writing “0”
to it is one way to complete automatic transfer.

Operation in Serial /O Automatic Transfer Modes

There are two modes for serial 1/0 automatic transfer: full
duplex mode and transmit-only mode. Either internal or ex-
ternal clock can be selected for each of these modes.

Operation in Fullduplex Mode

In fullduplex 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
170 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 /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 I/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 I/0 automatic transfer control register is
cleared to “0” to complete the serial |70 automatic transfer.

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 transterred from
the serial 1701 register to the serial 1/0 automatic transter
RAM.

Transfer direction selection bit

Siv

Transfer clock

LSB first (SC15=0) : MSB LsB
MSB first (SC15=1) : LSB MSB

—

DO; | DOg | DOs | DO, | DO3 | DO | DO, | DOy

Sour
Dly | DO; | DOg | DOs ; DO, | DO, | DO, | DO, | —

Dl, | Dly | DO; [ DOg | DOs | DO4 | DO; | DO, —>

Dl; | Diy | Dl | DO; | DOg | DOg | DO,y | DOy =

i

DI; | Dlg | Dis | Diy | DIy | DIz | DIy | Dlp

Serial 1701 register

Fig. 17 Serlal I/01 register in fullduplex mode



MITSUBISHI MICROCOMPUTERS

3817 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

if Internal Clock is Selected

I internal clock is selected, the P53/Sgpyi/CS/Scriiz 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 Sg ke by setting the
SIOAC; bit to “17. In this case, the Sy pin is at high im-
pedance.

Select the function of the P53/Sppy1/CS/Scikiz and P5y/
Sciki1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit &
(SC1e) of the serial I/01 control register (address 0019,5)
and bit 3 (SIOAC;) of the serial 170 automatic transfer con-
trol register (address 001As). (Refer to Table 2.)

-

i using the Sciki1 and Scixiz pins for switching, set the
P54/Sapv1/CS/Sciki2 Pin to PS; by setting the SC1, bit to
“0”, and set the P5, direction register to input mode. _
Make sure that the SIOAC; bit is switched after automatic
transfer is completed, while the transfer ciock is still “H".

Table 2. Sgky1 and Scik2 selection

SCtg SC1, SC3, SIOAC; | P52/Scikis | P53/Scuiaz
0 Scukit P53
1 0 1 High ’
: 1
impedanse Soukrz

Note. SCt; : Serial 101 port selection bit
SC14 ° Sppys output selection bit
SC1; © Synchronization clock selection bit
SIOAC; : Synchronization clock output pin selection bit

Bit 1 write signal of
serial I/0 automatic transf

—n

control register

Serial I/0 automatic transfer -~
control register bit 1 —

. Write signal from RAM to Nl

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

register to RAM

T fer clock

(internal or Sg i output)
Recelve

1
|
I
]
Data pointer n f
T
|
|
|
I

enabled signal
SRDY

Serial 170 output
Sour

Serial 170 input
N

Rttt €0 G CID (D, CD E3 (58 G5 LEEEEE G2 @D G0 1 TR

(Of ){ O )4 DIz X _Dis X DiX Dis X{ Ot X Oy

Do X /L Xt X 01

Transfer intervai

Fig. 18 Timing during serial I/0 automatic transfer (internal clock selected, Sppy used)

Bit 1 write signal of ;
serial /0 automatic transfer ___L

control register

Serial I/0 automatic transfer I

control register bit 1
Write signal from RAM to Il

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

register to RAM

Data pointer ™

'SIOAC,

11T T

Transfer clock

1
(internal) ¢ LML
Seuen outout——{ M| A LML

A_Y/L
x_:-ir.z\\M o
i

Scuki2 output

Serial 1/0 output

Sour————~CX NN - — ~ -- L5 D) —-—7!---- CHEYEEXES
ial 170 i t p I
Serial /G input Y €D €D €5 G D €D -

Transfer interval

.ok X}

P

Ols X O4:

g

I DEXETECEL
i

Fig. 19 Timing during serial I/0 automatic transfer (internal clock selected. Saj w1+ and S x1» Used)
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if External Clock is Selected

It an external clock is selected, the internal clock and the
transfer interval set by the serial 1O automatic transfer in-
terval register are invalid, but the serial 1/0 output pin Sgyr
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 Sour pin and the internal
transfer clock are enabled. When the CS input is “H", the
Sour pin is at high impedance and the internal transfer
clock is at “H". .

Select the function of the P53/Sppy1/CS/Scixr2 pin by set-
ting bit 4 (SC1,) and bit 6 (SC1g) of the serial 101 control
register (address 0019;5) and bit 0 (SIOAC,) of the serial
I/0 automatic transfer control register (address 001A;¢).
Make sure that the CS pin switches from “L” to “H" or from
“H" to “L" while the transter clock (Sg.« 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 9 cycles of the internal system
clock ¢ after the start bit is set. Leave at least 11 cycles of
the system clock ¢ free for the transfer interval after one
byte of data has been transferred.

1t CS input is not being used, note that the Soyr pin will not
go high impedance, even after transfer is completed.

It CS input is not being used, or if CS is “L", control the ex-
ternal clock because the data in the serial I/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/Sroy1/CS selection

SC1g SC14 SIOAC, P53/Saov:/CS
0 X PS5,
0 : 0 Srovi
1 cs

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

Bit 1 write signal of
serial 1/0 automatic transfer
control register ——n

Serial 1/0 automatic transfer

control register bit 1

Write signal from RAM to
serial 1701 register M

Write signal from serial I/01
register to RAM

Data pointer n

External input
s |

Serial /0 output
sOUT -

|
Transter clock
Scuk input | :
|
A W W N Wy Ny Np W p Wy
(internal) { :

Serial 1/0 input Y EI0 Gy G G N CY G SR 9 €3 €3 €
IN |

I S
|
|
]
|
|
|
]
]

1
Note. Data marked with X is invalid.

Fig. 20 Timing during serial I/0 automatic transfer (external clock selected)
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PULSE WIDTH MODULATION (PWM)
OUTPUT CIRCUIT
The 3817 group has a PWM function with a 14-bit resolu-
tion. When the oscillation frequency Xy is 4MHz, the mini-
mum resolution bit width is 500ns and the cycie period is
8192us. The PWM timing generator supplies a PWM con-
trol signal based on a signal that is half the frequency of
the X,y clock. '

The explanation in the rest of this data sheet assumes

f(X|N)=4MHZ.

Data bus

(Set to1at

write

IbitOI

PWML register(address 002D¢)

T E) [ |

fer] | |

l | bitd

PWMH register
{address 002C,¢)

—C

[+]
PWM latch(14bits)
boef | 1 1 1T T T T T 1T T
< N s
J
14
When setting “0” to internal PGy latch
Y clock selection bit P6o/PWM
PWM
Xen pr 14-bit PWM circuit ©
X, o PWM output
N O uo',. T selection bit
PWM output
PWM | (12Bus period) selection bit
timing P6y direction
generator |(8192u5 period) register

Fig. 21

PWM block diagram
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Data Set-up

The PWM output pin aiso functions as port P6,. Set port P6,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B,s). The high-order eight bits
of output data are set in the high-order PWM register
PWMH (address 002C,g) and the low-order six bits are set
in the low-order PWM register PWML (address 002D,¢).

Transfer From Register to Latch

Data written to the PWML register is transferred to the
PWM latch once in each PWM period (every 8192us), 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 transfer 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

PWM Operation

The timing of the 14-bit PWM function is shown in Fig. 24.
The 14-bit PWM data is divided into the low-order six bits
and the high-order eight bits in the PWM latch.

The high-order 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
256X T (128us) long. The signal is “H” for a length equal
to N times 7, where T is the minimum resolution (500ns).

The contents of the low-order six bits of data enable the
lengthening of the high signal by = (500ns). As shown in
Fig. 21, the six bits of PWML determine which subcycles
are lengthened. )

As shown in Fig. 24, 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.

'-""e’”"“')“‘(’z"”'-) Sub-periods tm Lengthened (m =0 10 63) For example, if the high-order eight bits of the 14-bit data
00000% |None are 03, and the low-order six bits are 05, the length of
000001 m=32 e - . .
000010 | moiss the “H”-level output in sub-periods tg, th, tas, te, and 156 IS
000100 | me8,2440.5 47, and its length 37 in all other sub-periods.

001000 | m=4,1220,2836,44,52,60
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
8192 us
128 us 128 us 128 us 128 us 128 us
m=0 m=7 m=8§ m=9 m=63
(¢ (¢ _—l_
) L—
=St - e e Sy e = - b - 21 = et
315 us 315 us 315 us 320 us 31.5 us 3.5 us 315 us
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width is 32 us : m = 8, 24, 32, 40, 56
Sub-periods where “H™ pulse width is 31.5 us : m = all other values

Fig. 22 PWM timing
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b7 b0
[ ] PWM mode register (address 002B,¢)

l— P6./PWM output selection bit
0 11/0 port
1 I PWM output
Not used (return “0” when read)

Fig. 23 Structure of PWM mode register

@

Low-order 6-bit
output :
H=6A5 L=24,¢

Example2 6A |6A GA GA 6B G6A 6B 6A 6B 6A GA 6A 6B G6A 6B 6A 6B 6A 6A
PWM output i

Low-order 6-bit
output
H=6Ag, L=18¢

Data 6A,¢ stored at address 002C,¢ Data 7B,¢ stored at address 002C;¢
PWMH -
register 5% I S I hY 7Bis
Data 24, stored| at address 002D Bit 7 cleared after transfer Data 35:¢ stored at address 002D,¢
PWML v Bl
register 131 l Ahe 81 24e l\ i 3
\ Transfer from register to latch BS;s /\ Transfer from register to latch
PWM latch ) :
W e [1653:6 | X 1n93,6 1AAd,; 1AAde| N 1EE4 _ y 1EF5s |
T=8192us “—— When bit 7 of PWML is 0, transter
from register to latch is disabled.
(64X 128x5) L 9
/ - N ————
" ——
S — t=128us \-\.\.
Example 1 6B 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A
PWM output

~
PWML. 2567 (1284s), fixed

—— . t=128us -
256X40,
Minimumn bit width| 7 =0.5us ¢ Sus)
PWM output €BY6a 1693168167, to2; o) ' 6A$691 68} 67§ - 10201
@ ADD » " ADD
8-bit 102 ¢ 01100 |FFIFET FD} FGE - 1975964 95 e f02% 01} 00]FFiFEIFDIFC] - me 1971964954 oo
cmnter A A A AL i I '} e A 4 r A A A I 2 e 2 " r 'l X
The AbD — J
portions with H period length specified by PWMH
additional T are
determined by

Fig. 24 14-bit PWM timing
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A-D CONVERTER
The functional blocks of the A-D converter are described
below.

A-D Conversion Register (AD) 0031,

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

A-D Control Register (ADCON) 0030,

The A-D control register controls the A-D conversion pro-
cess. Bits 0 to 2 of this register select specific analog input
pins. Bit 3 signals the completion of an A-D conversion. The
value of this bit remains at “0" during an A-D conversion,
then changes to “1” when the A-D conversion is completed.
Writing “0” to this bit starts the A-D conversion.

Comparison Voltage Generator

The comparison voltage generator divides the voltage be-
tween AVgs and Vger by 256, and outputs the divided vol-
tages.

Channel Selector
The channel selector selects one of the input ports P7;/AN,
to P7,/ANg

Comparator and Control Circuit

The comparator and control circuit compares an analog in-
put voltage with the comparison voltage and stores the re-
sult in the A-D conversion register. When an A-D conver-
sion is completed, the control circuit sets the AD conver-
sion completion bit and the AD interrupt request bit to “1".
Note that the comparator is constructed linked to a capaci-
tor, so set f (Xy) to at least 500kHz during A-D conversion.

b7

b0 .
I_T—I—[_,—]—m A-D control register

(ADCON : address 0030,¢)
\-—l-—l— Analog input pin selection bits
b2 b} b0

0 : PTo/AN,

1 ! P7,/AN,

0 IP7/AN,

1 : P73/AN;

0 P7,/AN,

1 . P7s/ANg

0 I P7g/ANg

1 : P7;/AN,

AD conversion completion bit
0 : Conversion in progress
1 ! Conversion completed

Not used (return “0” when read)

(Do not write “1" to these bits)

00
00
01
01
10
10
|
1M

Fig. 26 Structure of A-D control register

Data bus

7

0

A-D control register [ I | l

[T T
) J

—

P7o/ANy O

A-D control circuit

A-D interrupt request

P7./AN, O)— s
PT/AN, (O =]
PTa/ANy (O— ]
P74/AN, O— =
P7s/ANs O— o)

Comparator

Channel selector

A-D conversion registe

Resistor ladder

P7/ANg (O =l
PT/AN, (O— o]

o)

Veer AVss

Fig. 26 A-D converter block diagram
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FLD CONTROLLER

The 3817 group has fluorescent display (FLD) drive and

control circuits.

The FLD controller consists of the following components:

+ 24 pins for segments

* 16 pins for digits

* FLDC mode register

* FLD data pointer

* FLD data pointer reload register
« Port PO segment/digit switching register

v

* Port P1 digit/port switching register

* Port P8 segment/port switching register

* Key-scan blanking register

* 48-byte FLD automatic display RAM

Eight to twenty-four pins can be used as segment pins and

four to sixteen
Note that only
and digit pins.

pins can be used as digit pins.
32 pins (maximum) can be used as segment

In the FLD automatic display mode ports P1, to P1ba‘function
as digit pins DIGg to DIG4, automatically.

bus

Main address

FLD automatic display RAM

decoder

0040+ | _G1 (SEG P8) ‘
G2 (SEG P8)
G15 (SEG P8)

004F,s| G16 (SEG P8)

0050,5] G1 (SEG P3)
G2 (SEG P3)

Local %—_‘.

G15 (SEG P3)

005F 5] G16 (SEG P3) |

0060:6| G1 (SEG PQ)
G2 (SEG P0)
G15 (SEG P0)

006F;s{ G16 (SEG P0)
FLD data pointer reload
register(address 00374¢)

Address

FLD data pointer
(address 0037,¢)

Timing

generator

Main data Local data
bus bus

S/P] P8y/S,
S/P PB./:S, ‘
S/P| P8./S,
S/P ] P85/S;
S/P | P84/S,
S/P] P8s/Ss
S/P} P8e/Se
S/P] P8;/S;
0034, 0010,
P3o/Ss
P3,/Se
P32/5:10
P3,/S;,
P3uS |
P3s/Sq3
P3/S1s -
P3,/S:5
0006,¢
S/D] P0y/S,6/Dp
S/D] P0,/S,;/D,
S/D] PO0./Ss/D2
S/D] P03/S,9/Ds
SID| POs/Se00s |
S/D} POs/S.:/Ds
S/D] P0g/522/Ds
:@ P0;7S22/D;
0032, 0000;¢
Key-scan
blanking
register P1y/Dg
(address 0035:s)} [P1,/D,
P1,/Dyy
P14/Dy¢
D/P| P14/Dyz
[D7F [ P1s/Dys
D/P| P1g/Dyy
D/P| P17/Dys
0033,; 00025
FLD blanking interrupt
FLD digit interrupt

Fig. 27 FLD control circuit block diagram
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FLDC Mode Register (FLDM) 0036,

The FLDC mode register (address 0036,¢) is a seven bit
control register which is used to control the FLD automatic

display.

Key-scan Blanking Register (KSCN) 0035,
The key-scan blanking register (address 0035,¢) is a two
bit register which sets the blanking period Tgcan between

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

b7 b0

[TTTITTT]

FLDC mode register(FLDM : address 0036,¢)

Automatic display control bit(PQ, P1, P3, P8)
0 : Normal mode
1 I Automatic display mode
Display start bit
0 : Display stopped
1 ! Display in progress
(display starts when "1" is written to this bit)

Tdisp contral bits
(digit timing setting, when operating at 4MHz)
b4 b3 62
1 128us
. 256us
. 3B4us
. 512us
. 640us
. 768us
: B9%6us
1 1024us

—, O, O~ —O

| i R o= N = Y =
——oco—~—0co

To

g

trol bits (digit/segment-off timing setting)

&)

S 116X Tgisp
1 10716 X Tgisp
1.0 1 12116XTgisp
11 114/16XTdisp

cog

Not used (return “0” when read)

Fig. 28 Structure of FLDC mode register (FLDM)

b7 b0

Key-scan blanking register(KSCN . address 0035,)

Tscan control bits
bl b

0 0 : FLD digit interrupt(at rise of each digit)

01 11XTgj
10: 2>(Tg;:p FLD bianking interrupt
11 :3XTgigp | (atfall of final digit)

~ Not used (return “0” when read)

Fig. 29 Structure of key-scan blanking register {KSCN)
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FLD Automatic Display Pins the FLDC mode register (address 0036,¢) to “1”.
The FLD automatic display function of Ports PO, P1, P3, and  When using the FLD automatic display mode, set the num-
P8 is selected by setting the automatic display control bit of ~ ber of segments and digits for each port.

Table 5. Pins in FLD automatic display mode

Port Name Automatic Display Pins ) Setting Method
SEGo-SEG; ] I i
The individual bits of the Port P8 segment/port switching register (address 0034,s) can be used to set each
P8y-P87 or wyr i “Qr
pin to elther segment {*1”} or normal port input (“0”). (Note)
P8y-P8;
P3,-P3; SEG-SEG5 None (segment only)
SEG16-SEGzs "
The individual bits of the Port PO segment/digit switching register (address 00324s) can be used to set each
P0o-PO; or Tugn i (O
pin to segment {*1”) or digit (“0"). (Note)
DIGp-DIG;
P1o-P13 DIGs-DIG4 None {digit only, use all bits always.)
DIG2-DIGiy5 NN . . o .
P1.-P1, : o The individual bits of the Port P1 digit/port switching register (address 0033¢) can be used to set each pin
to digit (“17) or normal port output (“0"). (Note)
Pl4-Pi7
Note. Always set digits in sequence.
Number of segments )
Number of digits 16 8 16 24 16
’ 4 ’ 12 10 8 16
0] P8y 0| P8y 0} P8 . 1| SEGo 1| SEGy
0] P8y 0] P8, 0 P8y 1| SEGy 1 | SEG4
Port P8 0| P8, 0] P8, 0| P8, 1| SEG, 1| SEG,
(has Port P8 segment/ 0] P8 0} P8 0| P8y 1| SEG; 1| SEGg
port switching register) 0] P8y 0P8, 1| SEG, 1| SEG, 1] SEG,
0| P8g 0P8 1| SEGs 1| SEGs 1| SEGg
0] P8s 0| P8 1| SEGg 1| SEGg 1| SEGg
0 P8; 0| P8, 1| SEG; 1| SEG; 1| SEGy
SEGs SEGa SEGs SEGs SEGg
SEGs SEGy SEGy SEGg SEGe
Port P3 SEGp SEGio . SEG¢ SEGio SEG1g
(segment only) SEGyy SEGiy SEGy, SEGy, SEGyy
SEGy2 SEGi2 SEG,2 SEGi2 SEG2
SEGyg SEGi3 SEGqs SEGis SEGi3
SEGis SEGi4 SEGi4 SEGia SEGi4
SEGys SEGys SEGs | SEGs SEGs
1| SEGq¢ 01 DIGy ~G12 1 | SEGye 1| SEGys 0] DIG, ~G16
1{ SEGq7 0| DIG, —=G11 1| SEGy7 1 | SEGy7 0| DIG; —~G15
Port PO 1| SEGqs 0| DIG, ~G10 1| SEGys 1] SEGys 0| DIG, ~G14
(has Port PO segment/ 1| SEGye 0| DIG; ~G9 1| SEGyg 1| SEGsg 0| DIG; —~G13
digit switching register) 1| SEG 0| DIG, ~G8 0] DIG, —~G10 1| SEGy 0| DIG, »G12
1| SEGy, 0| DIGs —=G7 0| DIGs ~G9 1| SEG, 0| DIGs —G11
1| SEG;2 0| DIGg ~G6 0| DIGs —~G8 1| SEG,, 0 [ DIGg —=G10
1| SEGys 0 | DIG; G5 0| DIG; =+G7 1| SEGz; 0| DIG; —+GS
DIGs +G4 DIGs —+G4 DIG; —+G6 DIGs +G8 DIGs —+G8
DIGp +G3 DIGg —»G3 DIGs —+ G5 DIGy —G7 DiGg —=G7
Port P1 DiGy G2 DIGyg ~G2 DIGo =G4 DIG4 —~G6 DIG —+G6
(has Port P1 digit/port DIGy; —G1 DIG;;, ~G1 DIG,; ~G3 DIG,; =G5 DIG,; =G5
switching register) o] Pl 0] Pl 1| DIGy, —~G2 1] DGz =G4 1] DGy, —G4
0] Plg 0| Pl 1| DIGy; —G1 1] DIGy5 ~G3 1, DIG3 —G3
0] Plg 0! Plg 0| Plg 1| DIGi, B62 1) DIG,, G2
0] Pl 0{Pl; 0} P, 1| DIGys ~G1 1| DIGs ~G1

Elem AN Coammoant/dimit cattina avamnlo
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FLD Automatic Display RAM

The FLD automatic display RAM area is the 48 bytes from
address 0040, to 006F,c. The FLD automatic display RAM
area can be used to store 3-byte data items for a maximum
of 16 digits. Addresses 0040, to 004F;¢ are used for P8
segment daté, addresses 0050,¢ to 005F,¢ are used for P3
segment data, and addresses 0060,5 to 006F;¢ 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 segment,
and the FLD data pointer reload register indicates the
address of the first digit of segment P0.

Both the FLD data pointer and the FLD data pomter reload
register are allocated to address 0037, and are 6-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 pointer
plus 404¢.

The contents of the FLD data pointer indicate the first
address of segment PO (the content of the FLD data poin-
ter reload register) at the start of automatic display. The
content of the FLD data pointer changes repeatedly as fol-
lows: when transferring the segment PO data to the seg-
ment, the content decreases by —16; when transferring the
segment P3 data to the segment, it decreases by — 16;
when transferring the segment P8 data to the segment, it
increases by -+31. After it reaches “00,¢", the value in the
FLD data pointer reload register is transferred to the FLD
data pointer. In this way, three bytes of data for the PO, P3,
and P8 segments of one digit are transferred.

Bit
) 7 6 5 4 3 2 1 0
Address Final digit

004044 SEG; SEGs SEGs SEG, SEG, SEG, SEG, SEGy  |¢&|—— (final data of

00416 SEG; SEGs SEG, SEG, SEG; SEG, SEG, SEGy segment P8)
Segment P8
data area

004E,¢ SEG; SEG SEGs SEG, SEG; SEG, SEG, SEGo

004F ¢ SEG; SEGs SEGs SEG, SEG, SEG, SEG, SEG, Final digit

005044 SEGqs SEG,, SEGy3 SEG; SEGy, SEGy SEG, SEGs  [&-|—— (final data of

0051,¢ SEGss SEGy4 SEGs SEG,, SEGy, SEGio SEG, SEG, segment P3)
Segment P3
data area

005E+¢ SEG;s SEGi4 SEGhs SEG» SEGy, SEGso SEG, SEGy

005F 46 SEGss SEG4 SEG,3 SEG,» SEG;, SEGo SEGg SEGg Final digit

00606 SEGa SEGg, SEGy, SEGzo SEGye SEGqs SEGy; SEGis k| —— (final data of

0061,¢ SEGys SEGg, SEGy SEGa SEGe SEG,s SEG,; SEGys segment P0)
Segment PO
data area

006E g SEGy SEG SEGy, SEGzo SEG,g SEGys SEG,; SEGqg

006F ¢ SEG2, SEG,, SEG,, SEGy SEGig SEGs SEG,7 SEGqg

Fig. 31 FLD automatic display RAM and bit allocation
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Data Setup

When data is stored in the FLD automatic display RAM, the
end of segment P8 data is stored at address 0040,s, the
end of segment P3 data is stored at address 0050,¢, and
the end of segrhent PO data is stored at address 0060;e.
The head of each of the segment P8, P3, and PQ data is
stored at an address that is the number of digits—1 away
from the corresponding address 0040,¢, 0050;¢, 0060+.

Set the value (the number of digits —1) to the low-order
four bits of the FLD data pointer reload register. “1” is al-
ways written to bit 5, and “0” is always written to bit 4. Note
that “0” is always read from bit 5 or 4 during a read.

For 17 segments and 15 digits .
(FLD data pointer reload register=14)
Bit
Addrose 7 .8 5 4 3 2 1 0
0040, //
00414¢
0042,¢
0043,
00444
0045,¢
00466 [/,
00476
0048,¢
0049,¢
004A+6
004B¢
004Cys
004D g
004E,¢
004F 6
0050,¢
00514
0052,¢
005346
005446 /
0055,
0056,¢
00575
0058,¢
0059,
005A:6 "/
00585
005C.¢
00506
005E¢
005F,5
00606
0061.¢
0062,¢
0063,¢
00646
0085,¢
0066,¢
0067,¢
00686
0069:¢
006A16
. 006B,s
006C16
006D4¢
006E+¢
006F 5

Note. Shaded areas are not used.

For 24 segments and 8 digits
(FLD data pointer reload register=7)
Bit

[Address
004045
00414
0042,
0043,5
00444
004544
00464¢
0047,¢
0048+¢
00494
004A:5
004Byg
004C6
00401
004E;¢
004F ¢
005045
00514
00525
0053,
0054,
0055,¢
005646
0057,¢
0058,4
00596
005A,¢
005B;s
005C ¢
005044
005E,¢
005F
00604¢
00615
006246
006344
006444
0065,
0066+
0067,
00681
0069,¢
006As

006815
006C1s
006D4¢
006E¢
006F ¢

7 6 5 4 3 2 1 0

P

= s & .8 _ _ ah . mme A% s _af_ B8 B BN ARA
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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
00364¢). The scan timing (Tscan) can be set by the key-
scan blanking register (address 0035,¢) -

Note that flickering will occur if the repetition frequency (1/
(Tdisp X number of digits+ Tscan)) is an integral multiple
of the digit timing Tdisp.

FLD Start

To perform FLD automatic display, you have to use the fol-
lowing registers.

* Port PO segment/digit switching register

* Port P1 digit/port switching register

* Port P8 segment/port switching register

* Key-scan blanking register

¢ FLD data pointer

* FLDC mode register

Automatic display mode is activated by writing “1” to bit 0

of the FLDC mode register (address 0036,¢), and the auto-
matic display is started by writing “1” to-bit 1.

During automatic display bit 1 always keeps “1”, automatic
display can be interrupted by writing “0” to bit 1.

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

scan blanking period Tscan,

1. Write “0" to bit 0 (automatic display contro! bit) of FLDC
mode register (address 0036,¢).

2. Set the port corresponding to the segment to the normal
port.

3. After the key-scan is performed, write “1” (automatic dis-

play mode) to bit 0 of FLDC mode register {address
003616)

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

1. Do not write “0” to bit 1 of FLDC mode register (address
0036,5).

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

FLD digit interrupt generated
at the rising edge of segment
data

Tdisp Tscan
Gn 1
Gn-1 ,—1 m
ert 1 [
G1
pot-rel OO OO OO OO OO
e
T Segment setting by software

FLD blanking interrupt generated at
the falling of edge of the last digit

_Digit

Segment _)\ £

Toft

Tdisp

BEila A% €1l OC timina
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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, to reset the micro-
computer occurs, the RESET pin is heid at an “L” level for
2us or more. Then is returned to an “H” level (the power

source voltage should be between 4.0V and 5.5V), reset is

released. Both the X,y and the Xy clocks begin oscillating.
In order to give the X,y clock time to stabilize, internal op-
eration begins until after 13 X,y clock cycles are com-
pleted. After the reset is completed, the program starts
from the address contained in address FFFD,s (high-order
byte) and address FFFCs (low-order byte).

i/ Poweron
|
Power source: d (Note)
PR voltage
RESET Vee 9 ) |
ov { |
27 73 i )
— A —
Ny Reset input | )
J e voltage :

P ov

Note. Reset release voltages :
In high-speed operation start mode : Voc=4. 0V
In low-speed operation start mode : Voc=2, 8V

RESET V,
2 Power source voltage

a Bl — detection circuit

|
f
I
f
|
!

Fig. 34 Poweron reset circuit example

Low-Speed Operation Start Mode

In low-speed operation start mods, to reset the micro-
computer occurs, the RESET pin is held at a “L” level for
2us or more. Then Is returned to an “H” level (the power
source voltage should be between 2.8V and 5.5V). The Xy
clock does not begin osciilating. In order to give the Xcn
time to stabilize, timer 1 and timer 2 are connected
together and 512 cycles of the Xcn/16 are counted before
internal operation begins. After the reset is completed, the
program starts from the address contained in address
FFFD,s (high-order byte) and address FFFC,s (low-order
byte).

If the X¢n clock is stable, reset will complete after approx-
imately 250ms (assuming f{ Xcyn) =82.768kHz).
Immediately after a poweron, the stability of the clock cir-
cuit 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 less than 0.8V in
high-speed operation start mode, or less than 0.5V in low-
speed operation start mode.
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Address Register contents Address Register contents
(1) Port PO register (0000 ‘s)"' @) Timer 12 mode register (0 0 2 8 45)- 00,6
(2 Port P1 register (0002 15)'" @) Timer 34 mode register (0029,g) 00,6
(3) Port P2 register (0004 ‘s)"' @) Timer 56 mode register (002 Aw)"-
(4) Port P2 direction register (0005 ,s)--- % PWM control register (002Bg) 0046
(5) Port P3 register (000 64) 00, (0 A-D control register (0030 ] o8e |
{6) Port P4 register (00084 00,6 31 Port PO segment/digit (0032 .e)m

(7) Port P4 direction register (0 0 0 9,¢)- switching register

(8) Port P5 register (000Ag) 0046 82 Port P1 digit/port switching register (0 0 3 3 45)-+-
(9) Port P5 direction register (0 0 0 Bg)*

8

8

Port P8 segment/port (0034, 004¢
(0 Port P register (000 C|s)"' switching register
(1) Port PG direction register (0 0 0 D) 0046 34 Key-scan blanking register (0 0 3 § ,4)- 00,6
(1)) Port P7 register (000Eq) 0046 35 FLDC mode register (0036 6

(13 Port P7 direction register (0 0 0 F ) High-breakdown-voltage pot (0 0 3 B 4g)-

HH
@
4

(4} Port P8 register (0010, control register

(19 Port P8 direction register {00 1 1 (5)-

8
ES

-
=

Interrupt edge selection register (0 0 3 Ag)*

° 00y
U6 Serial /01 control register (0 0 1 9,5)+ 0046 8 CPU mode register (0038 *|*[1]0]0]o]o]
Serial 1/0 automatic transfer (0 0 1 Ag)--+ .

=

(39 Interrupt request register 1 (0 0 3 C )+

control register 40 Interrupt request register 2 (0 0 3 D)

(13

Serial 1/O automatic transfer (0 0 1 C,g)-

8

Interrupt control register 1 (0 0 3 E (g}

interval register 42 Interrupt control register 2 (0 0 3 F,g)-

[]
gl8|8
L]

(19 Serial I/02 control register (0 0 1 Dqg)-- 00,5 @) Processor status register (Ps )...
@0 Timer 1 register (0020,6) FFis @4 Program counter (P Cu)"‘
@) Timer 2 register (0021,) 014 (ch)...
@2) Timer 3 register (0022,) FFyg

) Timer 4 register (0023,

@) Timer 5 register (0024, FFye

@5 Timer 6 register (0025,4) FFis

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. 35 Internal status at reset
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5,5V
4.0v - Y ——— — — — — — — — — =

Vee

i Zys [r———————
RESET 1

xOUT
(6. 3MHz)""j |
Time until oscillation starts IlTime necessary for oscillation to stabilize
=
XCOUT ! /
(32kHz) S/ N\
— Time until oscillation starts T
1
Internal
reset 0.32us
e

clock . "
Address ' X X X XrrrcXFreo R0, Lx:
Data ’ . AD, m

SYNC , I l

Fig. 36 Reset sequence in high-speed operation mode

5.5V I

VCCZ.BV 1 l —'—————————-————‘—————~~——

2us
RESET < EA‘

(Oscillation stopped)
Xour X

(6.3MHz) ™|
Xcour / \
(32kHz) )
Time until oscillation starts I/Time necessary for oscillation to stabilize
<
Internal ’
62.5us

reset )

System _T I | I l I | II

clock

Address | ~ X X X XrrrcXFrrp X A0, LX:
Data _ AD, m

SYNC , _r_|_

Fig. 37 Reset sequence In low-speed operation mode
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CLOCK GENERATING CIRCUIT

To supply a clock signal externally, input to the Xy (Xoin)
pin and make the Xour (Xcour) pin open. if the Xgn clock
is not used, connect the Xc;n pin to Vgg, and leave the
Xcout Pin open.

Either high-speed operation start mode or low-speed op-
eration 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 Xy. Immediately after poweron, both the Xn
and Xciv clock start oscillating. To set the internal clock ¢
to low-speed operation mode, set bit 7 of the CPU mode
register (address 003B,s) to “1".

Low-Speed Operation Start Mode

After reset has completed, the internal clock ¢ is half the
frequency of Xcn. Immediately after poweron, only the Xciy
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, the internal clock ¢ stops
at an "H” level. Timer 1 is set to “FFy¢" and timer 2 is set to
“0146”".

Either X,y or Xy 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”),
s0 a program must set these bits before executing a STP
instruction. Oscillator restarts at reset or when an external
interrupt is received, but the internal clock ¢ is not supplied
to the CPU until timer 2 underflows. 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 in-
ternal clock restarts if a reset occurs or when an interrupt is
received. Since the oscillator does not stop, normal opera-
tion can be started immediately after the clock is restarted.

Low-Speed Mode

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

Note that in low-power-consumption mode the Xgin-Xcout
drivability can be reduced, allowing even lower power con-

sumption (20uA with f(Xcw)= 32kHz). To reduce the Xgn-
Xcour drivabllity, clear bit 5 (CM5) of the CPU mode regis-
ter (003B;g) to “0”. At reset or when a STP instruction is
executed, this bit is set to “1” and strong drivability is
selected to help the oscillation to start.

Xein Xcout Xin Xout
28 29 30 Kl
Rt Rd

7-177-_Ccm 7;;_Ccou1 7;9 Cin 7;'7_Cou‘r

Fig. 38 Ceramic resonator circuit

xCIN XCOIJT XIN xOI.IY

28 =] 30 31
Open Open

External oscillation circuit  External oscillation circuit
or pulse

Vee | I | I Vee Ill‘lllll
Vss Vss

Fig. 39 External clock input circuit
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Xen T Xeour

Timer 1 count stop bit

5
Qo -
“or Timer 1 count

Internal system clock . source selection
selection bit bit
CM; (Note)

Timing ¢
(Internal clock)

Main clock stop bit CMg
Internal system clock
selection bit CM;

Timer 2 count stop bit

R STP
instruction

s oK La s_@
Reset

WIT —R
instruction

b

— STP instruction

Reset
Interrupt disable flag |
Interrupt request

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

Fig. 40 System clock generation circult block diagram
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High-speed operation
start mode(Note 4)

wIT STP
i instruction I instructi
Xin clock osc|I.|alIT\g - Xn clock oscillating uction X clock stopped
Xein clock oscillating X clock oscillating Xein clock stopped
@ is stopped (“H") —_—> F=1{X\n) /2 - ¢ is stopped (“H")
Timer operating Interrupt Interrupt
(Note 1)
External interrupt, External interrupt, or
timer interrupt, or CM;=0 Serial 170 interrupt
Serial 170 interrupt

CM;=1

wIT

STP
Xin clock oscillating instruction . instruction
Xew clock oscillating - X clock oscillating o X clock stopped
) wyn clock oscillatin Xcin clock stopped
$is stopped (“H") X 9 on oppH
Timer operating nt . ¢=f(Xcin) 72 | 4 is stopped (*H")
(Note 3) nterrup nterrupt
(Note 1)
CMg=0
The program must
CMg=1 allow time for Xy
oscillation to stabilize
wIT STP
Xy clock stopped instruction instruction
Xom clock oscillating - Xin clock stopped —_— X clock stopped
i upr Xein clock oscillatin
¢ |§ stopped (“H") CiN 9 Xem clock stopped
Timer operating =t Xew) /2 ¢=stopped (*H")
Interrupt Interrupt
(Note 3)
(Note 2)

Low-speed operation
start mode (Note 4)

The example assumes that 6. 3MHz is being applied to the X,y pin and 32kHz to the Xy pin.

Note 1. When the STP state is ended, a delay of approximately 1. 3ms is automatically generated by timer 1 and timer 2.
2. The delay after the STP state ends is approximately 0. 25s.
3. W the internal clock ¢ divided by 8 is used as the timer count source, the frequency of the count source is f(Xcu)/16.
4, Specify this option when ordering a mask ROM version.

Fig. 41 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”. After a reset, initialize flags which affect prog-
ram execution. Iin particular it is essential to initialize the
index X mode (T) and the decimal mode (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
teast one instruction before executing 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, execute at least one
instruction before executing a SEC, CLC, or CLD instruc-
tion.

In decimal mode, the values of the negative (N), overflow
(V), and zero (Z) flags are invalid.

The carmry flag can be used to indicate whether a carry or -

borrow has occurred. Initialize the carry flag 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).

Muiltiplication and Division Instructions
The index X mode (T) and the decimal mode (D) flags do
not affect the MUL and DIV instruction.

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.

The following cannot be used :

» the data transfer instruction (LDA, etc.)

= the operation instruction when the index X mode flag (T)
is “1"

« the addressing mode which uses the value of a direction
register as an index.

« the bit-test instruction (BBC or BBS, etc.) to a direction
register

* the read-modify-write instruction (ROR, CLB, or SEB
etc.) to a direction register

Use instructions such as LDM and STA, etc., to set the port

direction registers.

Do not write “1” 1o bit 0 of the port P4 direction register
(address 0009,¢)

Serial 110

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 170 transfer.

When using the internal clock, set the synchronization clock
to internal clock, then clear the serial I/Q 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
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 haif of the Xy or
Xcin frequency.

At the STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode
register are cleared. '
The Xcour drivability selection bit (the CPU mode register)
is set to "1” {high drive) in order to start oscillating.

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 500kHz or more during an A-D
conversion.

Do not execute the STP or WIT instruction during A-D con-
version.
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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) Mark Specification Form
(3) Data to be written to ROM, in EPROM form

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

ROM PROGRAMMING METHOD ,

The built-in PROM of the blank One Time PROM version
and built-in EPROM version can be read or programmed
with a general-purpose PROM programmer using a special
programming adapter. Set the address of PROM program-
mer in the user ROM area.

Package Name of Programming Adapter|
BOP6N-A PCA4738F-80A
80D0 PCA4738L-80A

The PROM of the blank One Time PROM version is not
tested or screened in the assembly process and following
processes. To ensure proper operation after programming,
the procedure shown in Figure 42 is recommended to
verify programming.

IProgramming with PROM pmgrammerl

NS

Screening {Caution)
(150°C for 40 hours)

S

Verification with
PROM programmer

l Functional eheck in target device I

Caution. The screening temperature is
far higher than the storage temperature.
Never expose to 150°C exceeding 100 hours.

Fig. 42 Programming and testing of One Time PROM
version
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vec Power source voltage —0.3t07.0 v
Vee Pull-down power source voltage ) Vee—40 to Vee+0. 3 v

Input voltage P2y-P2;, P44-P4;, P5¢-P57,
—0.3 to V, .
Vi PBq-P6s, P7o-PT2 0 Veo+0. 3 \
v, Input voltage P4y —0.3 to Vcc+0. 3 \'
Vi Input voltage P8y-P8; All voltages are based on Vgs. Vee—40 to Ve +0. 3 \4
Vi input voltage RESET, Xy Output transistors are cut off. —0.3 to Vg +0.3 v
v, Input voltage Xcin —0.3to Vg +0.3 v
Output voltage P0,-PO;, P14-P17, P3-P3;, :
V ’ Vee—40 to V. 0.3 v
(=] PB-P8; cc 0 Voot
Output voltage P2,-P2;, P4,-P4;, P54-PS5;,
\ —0.3 to Vcc+0.3 v
° P6y-P65, P7-P77 Xour, Xcour -~
Pd - Power dissipation Ta=25C 600 mw
Topr Operating temperature —10 to 85 T
Tstg Storage temperature —40 to 125 c

RECOMMENDED OPERATlNG COND|T|°NS (Voe =4.01t05.5V, Ty = —10 10 85°C, unless botherwise noted)

Symbol Parameter : Limits Unit
Min. Typ. Max.
High-speed operation mode 4.0 5.0 5.5
Vee Power source v Low-speed operation mode 2.8 5.0 5.5 v
Ves Power source voltage ) 0 v
Vee Pull-down power source voltage Voc—38 Vee \'
Vaer Reference input voltage (when A-D converter is used) 2 Vee \4
AVgs Analog power source voltage . 0 v
Via Analog input voltage ANy-AN7 0 Vee v
ViH “H" input voltage P2,-P2; o 0. 4Vee Vee v
Vin “H" Input voltage P4g 0.75V¢c Vec \'4
Vi “H" input voltage P4;-P4;, P5,-P5;, P6y-P6s, 0.75Veo Voo v
P70-P7; X
Vi “H" input voltage PBy-P8; 0.8Vce Vec \'2
Vin “H” input voltage RESET 0. 8Vog Vec v
Viu “H” input voltage Xin. Xcn 0.8Vcc Vee \%
N “L” input voltage P2,-P2; . 0 0.16Vee \'
Vio “L" input voltage Pdg 0 0. 25Vc v
Vi “L” input voltage P4|-P47, P5¢-P5;, P6o-P6s, 0 0. 25Voo v
P70-P7;
Viu “L" input voltage P8y-P8; ] 0. 2Vec v
VL “L” input voltage RESET Q 0.2Vee \'
\' "L” input voltage Xin, Xciv 0 0. 2Vee A\
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RECOMMENDED OPERATING CONDITIONS (Vce=4.0t05.5v, Ta=—1010 85T, unless otherwise noted)

Symbol Parameter Limits Unit
Min. Typ. Max.
“H" total peak output current P0g-PO;, P1g-P15,
Zlonipeak) (Note 1) P20-P27, P3y-P3;, —240 mA
P8,-P8;
Slonpeak “H" total peak output current P4,-P4;, P6y-P6s, —60 mA
(Note 1)  P7o-P7;
“L" total peak output current P2q-P2;, P4;-P4;,
2 low(peak (Note 1) P5-P5;, P6,-PGs, 100 mA
PTo-P7;
Zloupeal)| “L” total peak output current P8y (Note 1) 3.0 mA
“H” total average output current P0g-PO;, P14-P17,
z |0H(avgl (Note 1) P2o-P2;, P3,-P3;, —120 mA
P8;-P8;
“H" total average output current P4,-P4;, P6y-P6s,
Zlon(avg) (Note 1) P76-PT; —30 mA
“L" total average output current P2y-P2,, P4,-P4;,
Zlouavg) (Note 1) P5o-P57, P6y-P6s, 50 mA
P70-P7;
ZloL(avg) | “L" total average output current P8, (Note 1) 1.5 mA
. “H" peak output current P0y-P07, P15-P1,, P3g-P3;,
lontpeak) (Note 2)  PBy-PB; 40 mA
low( poaks “H” peak output current P24-P2;, P4,-P4;, P6,-P6s, —10 mA
(Note 2) P7o-P7;
lou(peak)| “L” peak output current P2y-P2;, P64-PBs, P7-P7; (Note 2) 10 mA
lou(peak)| “L” peak output current P4,-P4;, P5-P5; (Note 2) 10 mA
loL(peak;| “L" peak output current P8y (Note 2} 3.0 mA
|0H(avg) “H" average output current P0,-P0;, P1p-P1, —18 mA
(Note 3) P3y-P3;, P8o-P8;
|on(avg) "H” average output current P2y-P2;, P4,-P4;, —5.0 mA
(Note 3) P6y-PBs, P7¢-P7;
|0|_(avg) “L” average output f:urrent P2¢-P2;, P64-P6s, 5.0 mA
(Note'3) P7¢-P77
loLavg) | “L” average output current P4,-P4;, P5,-P5; (Note 3) 5.0 mA
loL(avg) | “L" average output current P&y (Note 3) 1.5 mA
f(CNTR,) | Clock input frequency tor timers 2 and 4 250 KHz
(CNTR,) | (duty cycle 50%)
f(Xy) Main clock input oscillation frequency (Note 4) 6.3 MHz
f(Xci) | Sub-clock input oscillation frequency (Note 4, 5) 32.768 50 kHz

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

value of all the currents.

;o w N

frequency f(Xcy) is less than #(X)/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 input
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ELECTRICAL CHARACTERISTICS (Vcc=4.0t05.5v, Ta = —10 10 85°C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
Vo H" output voitage :::::77 P14-P17, P3¢-P3;, lon=—18mA Vee—2.0 v
Vou “H” output voltage P2,-P2;, P4,-P4;, P6,-P6;s, low=—10mA Vee—2.0 v}
P7o-P77
Vou L" output voltage :2.::::; ::;:::: P5¢-P5;, lor=10mA 2.0 v
VoL “L” output valtage P6; lo,=1.5mA . 0.5 \Y
Vop—Vi— Hysteresle INTa-INTs. S, Sz, Scut. Souke. When using a non-port function 0.4 v
CNTRg, CNTR;
Vy+—Vy— | Hysteresis RESET, X RESET : Voc=2. 8V to 5.5V 0.5 v
Vy+—V7— | Hysteresis Xy 0.5 v
» H" input current :_:Z, z:;-:;:. P50-P57, Vi=Vgo 5.0 KA
hy “H” input current P4y Vi=Vee 5.0 A
™ “H” input current P8o-P3; {Note 1) Vi=Vee 5.0 A
hn “H” input current RESET, Xoin Vi=Vge 5.0 A
Iy “H" input current Xy Vi=Vec 4 #A
he “L” input current P2y-P2;, P4,-P4;, P5y-P5;, Vi=Ves —5.0 A
P6q-P6s, P7o-P77
he “L” input current P4y Vi=Vss —5.0 A
[ “L" input current P8¢-P8; (Note 1) Vi=Vsg —5.0 uA
[ “L" Input current RESET, Xgin Vi=Vss —5.0 wA
I “L” input current Xy Vi=Vss —4 uA
Vee=Vcc— 36V,
lLoap Output load current POy-PO;, P1p-P17, P39-P3; Vor=Vcc. 150 500 900 zA
Output transistors “off”
| Veg=Vcc—38V,
Output leakage current P0p-P0;, P1g-Pt7, P3p-P3;,
lLeak PB-PE, VoL=Vcc—38V, —10 uA
Qutput transistors “off” (Except for reset)
Veam RAM hold voltage When clock is stopped 2.0 5.5 \4

Note 1. Except when reading ports P8.
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ELECTRICAL CHARACTERISTICS (Voc=4.0105.5V, Ta = —10 to 85T, unless otherwise noted)

Symbol

Parameter

Test conditions

Limits

Min.

Unit
Typ. Max.

Power source current

* High-speed mode
1(Xn)=6.3MHz
1(Xein)=32kHz

Output transistors “off”
A-D converter operating

7.5 15 mA

* High-speed mode
1(Xn)=6. 3MHz (in WIT state)
(X )=32kHz
Output transistors “off*

A-D converter stopped

* Low-speed mode

H{X)= stopped, H{Xcin)}=32kHz
Low-power dissipation mode set
(CMs=0)

Output transistors “off”

60 200 A

* Low-speed mode

1(Xin)= stopped

{Xcin) =32kHz (in WIT state)
Low-power dissipation mode set
(CMs=0)

Output transistors “off”

20 40 uh

All oscillation stopped Ta=25°C

0.1 1.0

(in STP state)
Qutput transistors “oft” Ta=85T

uA
10

A-D CONVERTER CHARACTERISTlCS

(Voe=4.0105.5V, Vss=0V, Ta3=-10 10 85C, high-speed operation mode, unless otherwise noted)

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

— Resolution 8 Bits

— Absolute accuracy (excluding quantization error) Veo=Vgrer=>5. 12V +1 +2.5 LSB

Tcony Conversion time 49 50 tc (@)
tvRer Reference input current Vaer=5V 50 150 200 #A
la Analog port input current 0.5 5.0 uA
Riapoer | Ladder resistor 35 kQ
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

TIMING REQUIREMENTS (Voc =4.0105.5V, Vgg =0V, Ta = 10 t0 85C, unless otherwise noted)

Symbot Parameter Test conditions - Limits Unit
Min. Typ. Max.

tw(RESET) Reset Input “L" pulse width ' 2 #°s
toixm) Main clock input cycle time (X input) ) 158 ns
fwhHOu) Main clock input “H” pulse width 40 . ns
twiLOaw) Main clock input “L” pulse width 40 . ns
totxen) Sub-clock input cycle time (Xgu Input) 20 8
twhixem) Sub-clock input “H” pulse width : 5.0 “S
twexew) Sub-clock input “L” pulse width 5.0 #S
te(cnTR) CNTRy, CNTR, input cycle time 4.0 | #s
twH(CNTR) CNTRq, CNTR;, input “H” pulse width 1.6 HS
twiL(CNTR) CNTRg, CNTR,, input “L” pulse width 1.6 I3
twH(NT) INT,-INT, input “H” pulse width 80 ns
twLONT) INTo-INT, input “L” pulse width 80 ns
teseuo Serial 1/0 clock input cycle time 1.0 (S
twhiscu) Serial 170 clock input clock “H” pulse width 400 ns
twiiscuo Serial 1/0 clock input clock “L” pulse width 400 ns
| tsutscic-sw | Serial /O input setup time : 200 ns
thesgcsy) | Serial /0 input hold time ) 200 - ns

SWITCHING CHARACTERISTICS (vcc .=> 4,0105.5V, Vgs =0V, Ta=—101085C, uniess otherwise noted)

Limits
Symbol Parameter Test conditions " il Unit
Min. Typ. Max.
t Sel “H” ’ = = totsg i) ns
WH(ScLk) rial 170 clock output “H” pulse width G =100pF, R,=1kQ s
t Se “r i = F = fetsce ns
wL{scLk) rial 1/0 clock output “L” pulse width IC.=100pF, R .=1kQ 160
td(sgix—soyn)| Serial /0 output delay time 0. 2tc ns
tv(sck-Sour) | Serlal 170 output hold time ' 0 ns
Hesouo Serial 1/0 clock output talling time C.=100pF, Ri=1k 40 ns
P-channel high-breakdown voltage output rising time _ _
tr(P¢;h-strg) {(Note' 1) CL=100pF, Veg=Vgc—36V 85 ns
P-channel high-breakdown voltage output rising time
tipch-weak) | (Note 2) C=100pF, Veg=Vec—36V 1.8 us

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038;s) is at “0”.
2, When bit 0 of the high-breakdown voitage post control register (address 0038,¢) is at “17.
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P56/Scike R -——I f

Serial /0 clock output PSe/Soua PO, P1, P3, P8

port Jﬁ P-channel kﬁ
output port
™ " 1

Vee

Note : Port P8 has no internal puli-down resistors and external resistors should be used if necessary.

Fig. 43 Output switching characteristics measurement circult
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Timing Chart
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