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 ---------------------- 71

® The minimum instruction execution time------------ 0.63us
(at 6.3MHz oscillation frequency)

® Memory size

7 ROM ................................................ 4K to GOK bytes
HAM ............................................... 192 to 1024 bytes

® Programmab'e inputloutput ports ............................ 45

® High-breakdown-voltage output ports ----------eeereees 32

@ Interrupts ----c--eeeeesieee e {8 sources, 15 vectors

o Tlmel’s ......................................................... 8-bllX6
® Serial [/Q--mormreermerereeaees Clock-synchronized 8-bitX2
(Serial 1701 has an automatic data transfer function)

. PWM Output circuit ....................................... 14_bitx1

8-bit>X1(also functions as timer 6)
® A-D converter---------oorereeeein, 8-bitX8 channels
@® Fluorescent display function

segmems ...................................................... 8to 24
DHQILS v eremerrrre 41016
® 2 Ciock generating circuit
Clock (Xpn-Xour) wwreeeermereeees Internal feedback resistor
Sub-clock (Xaw-Xeout) = Without internal feedback resistor
® Power source voltage Cererbriareiiacitreie e, 4.0 to 5.5V
® Power dissipation
In high-speed mode -+ r o, 38mw
(at 6.3MHz oscillation frequency)
In Iow-speed MOAE v o 300#w
(at 32kHz oscillation frequency)
® Operating temperature range -5+ —10to +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

P4,/T3our

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 Puli-down power * Applies voltage supplled to puli-down resistors of ports PG, P1 and P3.
input
VRer Analog reference * Reference voltage input pin for A-D converter
voltage
AVss Analog power source = GNO input pin for A-D converters
* Connect to Vgs.
RESET Reset input * Resat input pin for active “L”
* Input and output signals for the internal ¢l i ircuit.
Xin Glock input npu ‘n ou put signals for the . al clock generating circuit
= It consist of internal feedback resistor.
* Connect a ceramic rasonator or quartz-crystal oscillator between the Xy and Xour pins to set the oscillation frequency.
* If an external clock is used, connect the clock to the Xy pi d | the X .
Xour Clock output ? > onnect the clock source to the Xuw pin and leave the Xour pin open
* This clock Is used as the oscillating source of system clock.
« Input and output signats for the sub-clock generating circuit.
Xein Sub-glock input * It consist of without internal feedback resistor.
* Connect a ceramic resonator or quartz-crystal oscillator and external feedback resistor between the Xey and Xgour pins.
* If an external clock is used, connect the clock source to the Xgi pin and leave the Xooyr pin open.
Xcour Sub-clock output « This clock can also be used as the oscillating source of system clock.
PQy/SEGy3/ | Output port PO * 8-bit output port * FLD automatic display pins
DIGo- * The output structure Iis high-breakdown-voltage P-
PO, /SEG,y/ channel open drain with internal pull-down resistors
DIG, connected between the output and the Vee pin.
¢ At reset this port is set to Vee pin level.
P1,/DIGg- | Output port P1 * 8-bit output port with the same function as port PO * FLD automatic display pins
P1;/DIG;5
P2,-P2; 170 port P2 + 8-bit CMOS I/0 port
+ |70 direction register allows 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
P3¢/SEGg- | Output port P3 » 8-bit autput port with the same function as port PO * FLD automatic display pins
P3;/SEGys
P4y/INTy Input port P4y * 1-bit CMOS input pin. * External interrupt input pin
P4,/INTy- [ IO port P4 * 7-bit CMOS 1/Q port with the same function as port P2 * External interrupt input pins
P44/INT,4 * CMOS compatible input level
* CMOS 3-state output structure
P4,
Pag/T1ouT,

* Timer 1, Timer 3 output pin
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PIN DESCRIPTION

Pin Name Function
Alternate Function

P5o/Sin1, 1/0 port P5 * 8-bit 170 port with the same function as port P2 » Serial I/01 1/O pins
P5/Soutt, * N-channel open drain output structure
P52/Scikin, * CMOS compatible input level
P53/Srpvi/ * Keep the input voltage of this port between OV and V.
CSISGLIUZ
P54/S|N2. * Serial /02 1I/0 pins
P5s/Soure,
P5¢/Sci ke,
P5;/Srpv2
P&y/PWM, | 1O port PG « 6-bit CMOS 1/0 port with the same function as port P2 * 14-bit PWM output pin

- * CMOS compatible input level
P&, /PWM, * CMOS 3-state output structure * 8-bit PWM output pin
P6y/CNTRG, « Timer 2, Timer 4 input pins
P6s/CNTR; |
P6,, P6;
P7o/ANg- 170 port P7 * 8-bit CMOS 170 port with the same function as port P2 * A-D conversion Input pins
P7;/AN; * GMOS compatible input level

* CMOS 3-state output structure

P8y/SEGy- | 170 port P8 + B-bit 170 port with the same function as port P2 * FL.D automatic display pins
PB;/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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PART NUMBERING

6 - XXX FP
- T

L Package type

FP : 80P6N-A package
FS . 80D0 package

r -

Product M3817 3
]

ROM number
Omitted in some types

ROM/PROM size
{4096 bytes
. 8192 bytes
. 12288 bytes
. 16384 bytes
1 20480 bytes
: 24576 bytes
. 28672 bytes
: 32768 bytes
| 36864 bytes
+ 40960 bytes
. 45056 bytes
. 49152 bytes
: 53248 bytes
1 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 I Mask ROM version
E ' EPROM or One Time PROM version
RAM size
1192 bytes
: 256 bytes
: 384 bytes
: 512 bytes
: 640 bytes
: 768 bytes
: B96 bytes
: 1024 bytes

TMOO@MP ©O DU RS —

- RN —=O
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GROUP EXPANSION : (3) Packages

Mitsubishi plans to expand the 3817 group as follows: BOPBN-A -creeessrreereees : 0.8mm-pitch plastic molded QFP

(1) Support for mask ROM, One Time._PROMV, and EPROM 80DQ ----eeeneeens 0.8mm-pitch window type ceramic LCC
versions ' {EPROM version)

(2) ROM/PROM §iz@ reereeereererreasarnnninnnn, 16K to 48K bytes -
RAM size

....................................... 384 to 1024 by-tes

Memory Expansion Plan

ROM size (bytes)
48K

MK

40K

36K
32K

28K

24K

20K

16K

Mass product

Mass product *~37 T pomTenneen

-
. H H
H ' | i
................ P SR -
H | ! H
H ' 1 H
H . H H :
H H [ ! H

BN MR

LT T T . Ay

Mass product

' ‘ H
.............. S
v O '

192 256 384 512 640 896 1024
RAM size (bytes)
Currently supported products are listed below. As of May 1996
Product ;?Mni:"f:zjs::’:?s)) RAM size (bytes) | Package Remarks
M38172M4-XXXFP 16384(16254 ) 384 Mask ROM version
M38173ME-XXXFP 24576(24446) 512 B Mask ROM version
M38174MB-XXXFP ' B80P6N-A'| Mask ROM version
M38174E8-XXXFP One Time PROM version
M38174E8FP One Time PROM version (blank)
M38174E8FS 32768(32638) 640 80D0 EPROM version
M38174EGHXXXFP BOPEN-A One Time PROM version
M38174E8HFP One Time PROM version (blank)
M3B174E8HFS 80D0 EPROM version
M38177MC-XXXFP Mask ROM version
M3B177EC-XXXFP BOPEN-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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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

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.

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.

b7

LI 1111

CPU mode register (CPUM : address (03B,¢)

Processor mode bits
bl &0
0 0 : Single-chip mode
01:
10 ° ¢ Not available
11:

Stack page selection bit

0 : RAM in the zero page is used as stack area
1""RAM in page 1 is used as stack area

Not used (return “0" when read)

Xcour drivability selection bit

0 . Low drive
1 : High drive

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

Internal system clock selection bit
0 : Xn-Xout selacted (high-speed operation mode)
1 : Xom-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register
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MEMORY

Special Function Reglster (SFR) Area

The Special Function Register area in the zero page con-
tains control registers such as /O 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 00004 to 00FF,g 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 speclfy
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,q 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
RAM capacity Address XXXX
(bytes) 16

192 00FF¢

256 013F,¢

384 01BFs

512 023F4e

840 . 02BF,¢

768 033F 4

896 03BF,¢

1024 043F, 4

ROM area
ROM capacity Address YYYY. Address ZZZZ
( byt e 3), 16 18

4096 F000,s F0804¢
81 92 E00018 E08015
12288 D000, D080,
16384 C000,¢ C080,¢
20480 B000,¢ B080,s
24576 AQDO A0BO, g
28672 9000,¢ 9080,¢
32768 " 80008 8080;¢
36864 7000,5 7080,
40960 6000,¢ 6080,
45056 500044 5080,¢
49152 4000, 4080,
53248 3000,4 3080,¢
57344 20004¢ 2080,¢
61440 1000,¢ 1080,¢

0000,¢
SFR area !
0040 Zero
F' %8 1 FLD automatic display RAM area page
0070,
0100:5 eriall/Qautomatictransfer RAM area
RAM 12046
- XXXX15 el - e mm e -
Reserved area
0440,¢
1
Not used
r YYYYy [~ =" -~ -~=ese==a- 1
Reserved ROM area
(128 bytes)
2222+
ROM -
FF001S ]
FFDCqg
Special
Interrupt vector area _page
FFFEg
R ed ROM area
| FFFF, esen |

Fig. 2 Memory map diagram
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00004
00014¢
00026 | Port P1 (P1)
00034
0004.¢ | Port P2 (P2)

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

0007 ¢
00085 | Port P4 (P4)

0009, | Port P4 direction register {P4D)
000A,s | Port P5 (P5)

000B,¢ | Port PS5 direction register {P5D)
000C,s | Port P6 (P6)

000D, | Port P6 direction register (P8D)
000E,z | Port P7 (P7)

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

001146 | Port P8 direction register (P8D)
001240
013g
00144
001546
0016|a
00174 :
0018, | Serial 1/0 automatic transfer data pointer (SIQDP)
0019,¢ | Serial I/01 control register {SIO1CON)
001Ag | Serial /O automatic transfer control register (SI0AC)
001B,4¢ | Serial /01 register (S101)

001C,¢ | Serial 1’0 atomatic transfer interval register (SI0A!)
001D, | Serial 1702 control register (SIO2CQON)
[.4]] Em
001F,¢ | Serial /02 register (St02)

Port PO (PO}

00204 | Timer 1 (T1)
0021 | Timer 2 (T2)
0022, | Timer 3 (T3)
0023,¢ | Timer 4 (T4)
0024, | Timer 5 (T6)
0025, | Timer 6 (T6)
00265
0027, | Timer 8 PWM register (TEPWM)
00285 | Timer 12 mode register (T12M)
00295 | Timer 34 mode register (T34M)
002A,¢ | Timer 56 mode register (TS6M)
002B,4 | PWM control register {PWMCON)
002C,q4 { PWM register (upper)(PWMH)
002D, | PWM register {lower) (PWML)
002E 5
002F,¢
0030+¢ | A-D control register (ADCON)

0031,5 | A-D conversion register (AD)

003245 | Port PO segment/digit switching register (POSDR)
0033,¢ | Port P1 digit/port switching register (P1DPR)
0034, | Port P8 segment/port switching register (PSSPR)
0035, | Key-scan blanking register (KSCN)
003646 | FLDC mode register (FLDM)

00374 | FLD data pointer (FLDDP)

0038,¢ | High-breakdown-voltage port control register {HVPC)
00395
003Ag | Interrupt edge selection register (INTEDGE)
003B,s | CPU mode register (CUPM)

003C,¢ | Interrupt request register 1 {IREQ1)
0030 | Interrupt request register 2 (IREQ2)
003E,¢ | Interrupt control register 1 (ICON1)
003F,¢ |interrupt control register 2 (ICON2)

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

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

six 170 ports (ports P2 and P4 to P8). The I/0 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 floating. 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-Volitage 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 Vo —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-channe! output transis-
tor of each port latch is turned off, so it becomes Vee level
(“L") by the pull-down resistor.

Writing “1” to bit 0 of the high-breakdown-voltage port con-
trol register(address 0038,5) 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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i . : . Dlagram
Pin Name Input/Qutput 170 Format Non-Port Function Related SFRs No.
FLDC mode register
High-breakdown-
PO/SEGye/ g Port PO
voltage P-channel | .
DIGy- . FLD automatic . segment/digit
Port PO Output open-drain output X X S . 1)
PO;/SEGias/ i display function switching register
. with pull-down .
DIG, . High-breakdown-
resistor
voitage port control .
register
FLDC mode registar
P1o/DIGg- High-breakdown- 2)
P1./DIG ‘ itage port control
s " High-breakdown- vo ‘g P
register
voltage P-channel | tomati FLDGC mode register
. automatic r
Port P1 Output open-drain output , a‘ ,e 9
. with pull-down display function Port P1 digit/port
P14/DIG;2- . P switching register ‘
resistor ) (3)
P1;/DIG+g High-breakdown-
voltage port control
register
1 t/output, TTLI (] t
P2y-P2, Port P2 -np}J. ou pu' evel inpu @)
individual bits CMOQS 3-state output
High-breakdown-
FLDC mode register
voltage P-channel . .
P3o/SEGs- Port P3 Output ) FLD automatic High-breakdown-
P open-drain output ) ) (5)
P3;/SEG5 i display function voltage port control
with pull-down K ' '
. register
rasistor
CMOS compatible External interrupt Interrupt edge .
Pdo/INT, Input . P X P SrTupt edge (6)
input level input : selection register
P4,/INT - . External interrupt Int t
1 1 CMOS compatible =xie neerrup erru.p edgle 7
P4,/INT, Port P4 i input selection register
Pa Input/output, input level @)
L individual bits CMOS 3-state - .
P4e/T1our, ) Timer 12 mode register
output Timer output - - (8}
P4;/T3ouT Timer 34 mode register
P50/Si1, Serial 1701 control (9)
f; , . register
i?/zou'" Serial 1701 function Segrl':IeI/O X tic 0
’ . 1
2/ ScLkr CMOS compatible | 170 automa
P5a/Srovi/ ) transfer control
— Input/output, input level ) [{})]
CS8/Scikiz Port P5 o . register
individual bits N-channei
PS4/ Sinz, open-drain output : ©
P5s/Soure, Serial 1/02 function | Serial 1/02 control ’ 10
P5¢/Scika 170 ' register
P57/Seov2 (1)
PWM control register .
P8y/PWM, . 14-bit PWM output PWML register (12
PWMH register )
CMOS compatible " —
Input/output, ) Timer 56 mode register
P6,/PWM Port P6 i 8-bit PWM output 8
! ! individual bits input level pu Timer§ PWM ragister ®
P62/CNTR, CMOS 3-state output Timer 2. Timer 4 inout | 'teTfUPt edge )
P63/CNTR, ! P selection register
P8y, P6s (4)
CMOS compatible
P70/ANg- Input/output, R P . i
P7-/AN Port P7 individual bits input level A-D conversian input | A-D control register (13
T 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
inout level P FLDC mode register
.p Port P8 segment/port
High-breakdown- .
P8y/SEG,- lnput/output, FLD automatic switching register
Port P8 N . voltage P-channel ) . (4
P8,/SEG; individual bits display tunction High-breakdown-

voltage port control
registor

Note 1. For details of how to use double-function ports as function 1/0 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 potentia), a current will flow from Vee to Vgg through the input-stage gate.
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Fig. 4

(1) Port PO (2) Ports P1o-P1s
Shift signal from previous stage
Shift signal from previcus stage
segmen [°]
Iswlitching reglater . .
] Dimmer signal—so
Blanking - ~ Dimmer signal—»o . (Note)
register — (Note) ___ j_
3 0 Port latch *
peta bus —| % Js  peous——poo Forich |
Local data _// a
bus Ja |
~N
Shift signal to next stage Vee
Shift signal to next stage Vee
(3) Ports P1,-P1;
Shift signal from previous stage
[P g g o {4) -Ports P2, P4, P6,, P6,
A
N Dimmer signal =
{Note) 3_ Dire_csttion j’
5 register -
Data bus . : L
A "Data bus ———| Port latch } Y —D’—Jj
Blanking ~ y .
register I

Shift signal to next stage

(5) Port P3

. Dimmer signal —so
Local data {Note}
bus

|

Data bus ——o" Port {atch

Pl
N

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

156

Direction
register

Data bus — Port latch

g
10
1

(6) Port P4,

bata bus -

Fayy

j}*

INT, interrupt
request

2%

(8) Ports Pdg, P4,, P6,

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

1 Direction j
registar
Data bus — : _D°—)1

~
INT4-INT, interrupt request
CNTRy, CNTR, or timer 4
external clock input
#* . High-breakdown-voitage P-channel trangistor

Note. The dimmer signal sets the Toff timing.

Port block diagram (1)

-

Timer 1 output selection bit -
Timer 3 output selection bit
Timer 6 output selection bit
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(9) Ports PSQ, P54

Data bus —{ Port latch

Diraction Output-off control signal
register Serial 1/O port selection bit —;
— O o] Direction
register ~
Oata bus —-~{ FiTcn il
Data bus — Port latch
N d
Serial 170 input %@__ Sour Of Scux — b
T e — e — |
| Serial clock input !
L 2 _J
(1) Ports P5,, PS5, P5,, P5g only
Srpoy output selection bit — —
| Direction (12 Port P6q
register
PWM output enable bit
5 P
Direction
1 T register

10 Ports P5,, P5,, P5s, P5,

Data bus —

<}

(1% Port P7
Direction
ragister j):—lj
i 4
Data bus —-—I Part latch } 1 _D_'i

~

A-D conversion input ~—o~o—

Analog input pin select

* . High-breakdown-voltage P-channel transistor

Note. The dimmer signal sets the Toff timing.

™~
PWM output

(]4) Port P8
Port P8 sagmant/po
switching register
N Dimmer signal —mo
s (Note)
Local data Drgeg':g?
bus “—j 9
Data bus —f—o° Port latch g-*
ion bit

Fig. 5 Port block diagram (2)
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INTERRUPTS
Interrupts occur by eighteen sources: five external, twere
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 1 (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)
(@)
(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
' Vector Addresses (Note 1) Interrupt Request
Interrupt Sourc Priori Remarks
upt S © Y High Low Generating Conditions
Reset {Note 2) 1 FFFDys FFFCye At reset Non-maskable
At detection of either rising or | External interrupt
INTo 2 FFFBie FFFA1e falling edge of INT, input ‘(active edge selectable) °
. At detection of either rising or | External interrupt
INT, 3 FFF9:e FFF8.e falling edge of INT, input (active edge selectable)
At detection of either rising or | External interrupt
INT- 4 FFF716 FFF8.e failing edge of INT, input (active edge selectable)
‘ Vali rial 1/ di
Serial 1101 At completion of data transfer alid when se O ordinary
.............................. 5 FFF5 FEFAry  |oeomoreeemmimemomsnsineieeenenennnn, | OGS, I8 SOIOGlE
) 16 16 T
] tE:e:lal I:O automa: At completion of the last data :I/alid wtf\en »s::al' I/O‘automa-
¢ transfer transfer c transfer mode is se ected
Serial 1/02 6 " FFF34e FFF2,¢ At completion of data transfer
Timer 1 7 FFF14¢ FFFOys At timer 1 undertiow
Timer 2 B FFEF ¢ FFEE ¢ At timer 2 underflow STP release timer underflow
Timer 3 9 FFEDg FFEC, ¢ At timer 3 underflow
Timer 4 10 FFEB,s FFEA:e At timer 4 underflow
Timer & n FFE9,¢ FFE8,s At timer § underflow
Timer 6 12 FFE7+s ' FFEB,4 At timer 6 underflow
. At detection of either rising or { External interrupt
INTs 13 ,FFES"S FFE4e falling edge of INT; input (active edge selectable)
INT At detection of either rising or | External interrupt valid when INT, inter-
4 falling edge of INT, input rupt is selected (active edge selectable)
GtserssssamssamssasmEnEnsan s "4 FFE315 FFE216 .................................................... :............--------....----c--n--..:.-
Valid when A-D interrupt is
A-D converter At completion of A-I conver-
| selected
sion
Valid when FLD blanki ter-
FLD blanking At falling of final digit 1e when ing inter
15 FFE1 FEEQ .,  Frreeeerrrmrrormeminssmniesssssassienenns ol " ‘.'.F??.!?..s.?‘?.".'.?.‘.’ .......................
.............................. ‘6 e Vaiid when FLD digi imtarant
iai At rising of each digit -
FLD digit 9 9 is selected
BRK instruction - 16 FFDD,g FFDC,¢ 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) —————d

BRK instruction Interrupt request
Reset —L/

Fig. 6 Interrupt control

7

* b0
HEENEEEE

Interrupt edge selection register
(INTEDGE : address 003As)

INT, activa edge selection bit
INT, active edge selection bit
INT, active edge selection bit
INT; active edge selection bit
INT, active edge selection bit

— O

CNTR, active edge selection bit}

b0
ERREEER

CNTR, active edge selection bit

[a]

INT,/AD conversion %
interrupt switching bit

- =

Interrupt request register 1

(

IREQ1 . address 003C,s)
[— INT,, interrupt request bit

INT, interrupt request bit
INT, interrupt request bit

.Serial 1/01 interrupt request bit, or
Serial /O automatic transter
interrupt request bit .

Serial /02 interrupt request bit

Timer 1 interrupt request bit

Timer 2 interrupt request bit

b0
LLIT T T 111

Timer 3 intarrupt request bit

Interrupt control register 1

ICONT : address 003Eg)

[~
INT, interrupt enable bit

INT interrupt enable bit
INT; interrupt enable bit

Serial 1701 interrupt enable bit, or
Serial /0O automatic transfer
interrupt enable bit

Serial 1/02 interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

Tirner 3 interrupt enable bit

. Falling edge active
. Rising edge active

¢ INT, intarrupt
¢ A-D interrupt

. Count at rising edge
! Count at falling edge

‘ l l i [ l l lbol Interrupt request register 2
{IREQ2 : address 003D;s)
‘— Timer 4 interrupt request bit
Timer 5§ interrupt raquest 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

Not used (return “0” when read)

0 : No interrupt request issuad

1 | Interrupt request issued

b0
l ’ l | i ] l [—| Interrupt controt register 2
E (ICON2 : address 003F,¢)

Timer 4 interrupt anable bit
Timer § interrupt enable bit
Timer 6 intarrupt 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

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

0 ! Interrupts disabled

1 : Interrupts enabled

Fig. 7 Structure of interrupt-related registers
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TIMERS

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 "00,¢", 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 also output a rectangular waveform from the
P44/T15y7 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 “FF;g", and timer 2 is set to “01,¢".

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;/T30ur 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 scurces 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 polarlty 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 0025,5) and m is the value in the timer
6 PWM register (address 0027,5). 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
om O—>— count RESET
o Z Internal system ... SOurce Timer | fatch (8) RESET
.4» | Clock selection | 1" selection bit ‘ STP instructi
1”4 bit Wil %o [ Timer 1 (8) Timer 1 interrS;tr:Jeq'L?gst
X|N -ﬂ "8” " v
g Timer 1
count stoj
Pdg/T1gur Pdg latch bit P
selection bit
Timer 2
count N
Lo source  Timer 2 latch (8),
3 . selection bit
P4 direction register Q - ) .
g7 | o] Timer 2 (8) Timer 2 interrupt request
=qg~ Timer 2 d
count stop
bit

Rising/falling
PB,/CNTR, O—1{a

P4,/T30ut P4, latch |

Timer 3 interrupt request
v ' — || o
o Timer 3

Timer 3
count -
source Timer 3 latch (8)
«qn|selection bit
h [ Timer 3 (8)

count stop. bit

Timer 3 output Timer 4

selection bit
count Timer 4 latch (8)

ugyn| SOUrCe -
selection bit
gty T Tment G} mer 41
P4, direction register «00,.? |2 Timer 4 (8) . Timer 4 interrupt request
“10" Timer 4
| count stop
Riging/talling i

Timer 5

i [ Timer 6 (8) Timer 6 interrupt t
o0 < . pt reques!
=10" Timer©
count stop
bit
[Timer 6 PWM register (8)
P8,/PWM () < ‘ P6, latch
: ' 1" o{PWM
< o
Timer 6 output .
selection bit Timer 6 operating

P6, direction register

_ o (3 Timer5 (8) . Timer 5 interrupt request
0 Timer 5 d

count Timer 5 latch (8)
source

“1"|selection bit

count stop bit

Timer 6

coun
e Timer 6 latch (8)

*01"] selection bit

mode selection bit

Fia. 8

Timar black diaaram
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| ﬂ Timer 12 mode register
I (T12M : address 0028;s)

Timer 1 count stop bit
0 . Operating
1 . Stopped

Timer 2 count stop bit
0 : Operating
1 : Stopped

Timer 1 count source selection bit
0: f(X|N)/15 or f(XC.N)/IG
1 fH(Xew)

Not used (returns “0” when read)

Timer 2 count source selection bits
b5 b

TH(Xew)
External count input CNTRg
- Not available
er 1 output selection bit (Pdg)
0 : 170 port
1 I Timer 1 cutput
Not used (returns “0" when read)

0 : Timer 1 underflow
1

0:

1

S mnoo

Ti

l l | l | [ |. lbol Timer 56 mode register
(T56M : address 0024,¢)
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 t(Xy) 716 or f(Xew) /16
1 Timer 4 underflow

0 : Timer mode
1 . PWM mode
Tir;lser & count source selection bits

00 I f(Xn)/16 or H{Xew)/16
0 1 : Timer 5 underflow

1 0 : Timer 4 underiow

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,s)
Timer 3 count stop bit
0 - Operating
1 ! Stopped
Timer 4 count stop bit
G : Operating
1 . Stopped '
L Timer 3 count source selection bit
0 f(Xin)/16 or F(Xgi) /16
1 : Timer 2 underflow
Not used (returns “0” when read)
Timer 4 count source selection bits

Y

00 :f(Xn)/16 or 1{(Xew) /16
- 01 I Timer 3 underflow

1 0 I External count input CNTR,

.1 1 : Not available
Timer 3 output selection bit (P4;)

0 ' YO port

1 . Timer 3 output
Not used (returns “0" when read)

b0
[T T 1111

Fig. 9 Structure of timer-related registers

‘E’I

Timer &

count source _J
Timer 6

PWM mode

nth ’

mXtg

(n+m)th

)

v
Timer € 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 cycle n/(n+m) and period (n+m) Xt is output {where is tg the frequency of the timer & count source).

v
Timer 6 interrupt request

Fig. 10 Timing in timer 6§ PWM, mode
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SERIAL /0

The 3817 group has two built-in 8-bit clock synchronized
serial I/0 channels {serial 1/01 and serial 1/02).

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

Serial 1/02 can only be used in normal operation maode.
The 1/0 pins of the serial I/0 function also operate as I/0
port P5, and their operation is selected by the serial 1/0
control registers (addresses 00195 and 001D,¢).

Main Local
address bus address bus

SI/0 automnatic
transfer RAM
(D100,¢ ta 011F 4

SI/0 automatic

Main data Local data
bus bus

XCIN

Internal
systam clock

| S1/0 automatic transfer

transfer data
pointer

[ST70 automatic)

transfer
controller
| N

inerval ragister

Serial /O automatic
transfer interrupt request

0 SC12

selaction bit

Xim age P54 latch
ES/SRDV‘I O (NOte) O SF!D\'I
/CS/Sciki2 circuit 5
== i Scikiz X
—Cs 5 |[External clock
P5; latch

g
P52/Scki O——Q—g;é

={Serial I/0 counter 1(3}——

Serial /01

Sertal /01 port selection bit

interrupt request

0" oe PS5, latch
O0—o e

1716

5C2,
¥ SC2,

Serial 1702

inerrupt reques.

P5/Soyt
"
Serial 1701 port selection bit
PSo/Sny O »] Serial 101 register (8}
5C2 Frequency divider |
P5, latch  Serlal 1702 synchronous 172 174 £173
g clock selection bit \9 \)
agn
P5:/Sapve T "o Srovz 1Syncmonizull Owe
PR— Irguit
Sapy2 output selection bit - CJE":;Z:K Q"
| g g
PS5, /sc P34 latch >
o e aqn Ot 2——sfserial 170 counter 2(3}
Serial 1/02 port selaction bit
0 0”0~ P5; latch
P5s/Sourz O
P5/Siz c}Serifal 1702 port selection bit ’= Serial 1702 register (3) '_j

control register.

Note. Selection is by the synchronization clock selection bit, the Sppy output setection bit, and the serial 101 pert selection bit of the serial 1/01
control register, and the automatic transfer control bit and synchronization ciock output pin selection bit of the serial I/0 automatic transfer

Fig. 11 Serial 170 block diagram
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Serial /O Control Registers
(SIO1CON, SI0O2CON) 0019,,, 001D,

Each of the serial 10 control registers (addresses 0019,
and 001D;g) contains seven bits that select various control

parameters of the serial 170 function.

b7 b0

LITTTITT]

Serial 1701 control register (SIO1CON(SC1) : address 0019,)

Internal synchronization clock selection bits
b2 b1 b0
000 :H{Xn)/8 or H{Xcin)/8
. f(X|N)/16 or '(X(:m)/1s
TH(Xn) 732 or f{Xo)/32
T H(Xin) 764 or H(Xen)/64
T H(Xin) /128 or (X ) /128
L H(Xn) /256 or f{Xcw) /256 .
Serial /01 port selection bit (P5,, P5;, and P5;*)
0 : VO port
1 Sour, Scuki. and Scukee ™ signal pins

—_——_—Co oo
— o — - )
—_ ) o S

Srov: output setection bit (PS;)
0 1O port
1 : Sppvi/CS* signal pin
Transfer direction selection bit

0 [ LSB first
1 - MSB first
Sarial 1701 synchronous clock selection bit

Q0 : External clock
1. < Internal clock
Not used (returns “0” when read)

b0
| |

b7

LIt 111

Serial 1702 control register (SIO2CON(SC2} : address 001Dsg)

Internal synchronization ¢clock selection bits
b2 bl b0
000 ! f(Xy)/8 or f(Xem)/8

FF(Xi) /16 of #{Xem) /16

T H(Xn) 732 or f(Xem) /32

(X )/64 or f(Xgny) /64

TT( Xy }/128 or 1(Xe) /128

T f(Xin /256 or f(Xcw) /256

Serial 1/02 port selection bit (P55 and P5g)
0 1 1/0 port )
1 : Soure and Sg ke signal pins

Srovz output selection bit (P5;)
0 :1/0 port
1 | Sgpy2 signal pin

Transter direction selection bit

- - O QO
—_ - -
—_e o -

0 :LSB first-
1 I MSB first
Serial 1/02 synchronous clock selection bit -

0 : Externat clock
1 { Internal clock
Not used (returns “0” when read)

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

Fig. 12 Structure of serial 1/0 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 170 transfer. A
dedicated divider is built-in as the internal clock, for
selecting of six clocks,

It internal clock is selected, transfer start is activated by a
write signal to a serial I/O register (address 001B,s or
001Fg) . 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 1/0 register
continue to shift during inputting the transfer clock is. In this
case, note that the Syt 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-
gardless of whether the internal or external clock is
selected.

Transfer clock

Serial /0 register n
write signal

Synchronous |
clock

Serial 10 output
Sour

Seriat 10 input
SIN

Receive enable

signal
SRDY

after transfer ends.

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

Interrupt request bit set

Fig. 13 Serlal I/0 timing in normal mode (for LSB first)

Serial /O Automatic Transter Mode

The serial 1/01 function has an automatic transfer function.
For automatic transfer, switch to the automatic transfer
mode by setting the serial 1/0 automatic transfer control
register (address 001A,,).

The following memory spaces are added to the circuits
used for the serial 1/01 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/Q automatic transfer interval register

+ A serial I/0 automatic transfer data pointer

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

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

The serial 1/0 automatic transfer control register (address
001A,5) contains four bits that select various control para-
meters for automatic transfer.

b7 b0

Serial /0 automatic transfer control register,
(SIOAG : address 0014,4)

Automatic transfer control bit

0 : Serial I/0 ordinary mode

(serial 1701 interrupt)

1 : Automatic transfer mode

(serlal 1701 automatic transfer interrupt)

Automatic transfer start bit

0 ! Transfer completion

1 | Transferring{stants 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 Scikn

1 ! Scikiz

Not used (return “0” when read)

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

The serial i/0 automatic transfer data pointer {address
0018,6) contains five bits that indicate addresses in serial
/O automatic transfer RAM (each address in memory Is
actually the value in the serial I/0Q automatic transfer data
pointer plus 0100¢). ‘

Set the serial I/0 automatic transfer data pointer to (the
number of transfer data—1), to specify the storage position
of the start of data.

Addrs] o 7 8 5 4 3 2 1 Q
010045
o1 n

0102:4

01D4g
0t1Ese
D11Fg

Fig. 15 Bit allocation of serlal /O automatic transfer RAM

Serial /O Automatic Transfer RAM
The serial /0 automatic transfer RAM is the 32 bytes from
address 010046 to address 011Fs.

Setting of Serial VO Automatic Transfer Data

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

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

"The serial 170 automatic transfer interval register (address

001C,¢) consists of a 5-bit counter that determines the
transfer interval Ti during automatic transfer.

If a value n is written to the serial 1/0 automatic transfer in-
terval register, a value of Ti= (n+2) X T¢ 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 170 output
SOUT

mansterciec ] [ [T ML
————— ~(25e X0, X0 XB0s B XBo XBoaXBort-— - — — — - XXX

Serial 1/0 in%ut j DI, X DI, X DI; X Di; X D
N

1 byte data

Dis X DI X DI,

O X X

Ti

Fig. 16 Serlal I/0 automatic transfer interval timing
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Setting of Serial VO Automatic Transfer Timing

Use the serial I/01 control register {(address 0019;¢) and
the serial 1/0 automatic transfer interval register {address
001C,¢) to set the timing of serial I/0 automatic transfer.
The serial I/01 control register sets the transfer clock
speed, and the serial /0 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 YO Automatic Transfer

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

Operation in Serlal IYC 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 /0 automatic transfer interval register, then
the data at the next address indicated by the serial /O
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
/0 automatic transfer interrupt request bit is set to “1” and
bit 1 of the serial 1/0 automatic transfer control register is
cleared 1o “0” to complete the serial I/0 automatic transter.

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 1/01 register to the serial 170 automatic transter
RAM.

Transfer direction selection bit

— Sin

JUANJEERRQERS

Transfer clock

g

LSB first (SC15s=0} . MSB LSB
MSB first (SC1s=1) : LSB MSB

s .
U -

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

Sour
Di; | DO; | DOg | DOs | DO, DO, | DO, | DO, | —=

DI, | Dl | DO; | DOg | DOs | DO, | DOy | DO, | —

Dl; | Diy | Dlg | DO; | DOg | DOs | DQ4 | DOy ?

Di; | Dl | Ols | Diy | D3 | Dl | DIy | Dlg

Serial 1701 register

Fig. 17 Serial 1701 register in fullduplex mode
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if Internal Clock is Selected

It internal clock is selected, the P53/Spoy1/CS/ScLkrz pin
can be used as the Sppy, pin by setting the SC1, bit to “1”.
If internal ciock is selected, the P5; pin can be used as the
synchronization clock output pin Sgk by sefting the
SIOAC; bit to “17. In this case, the Sc k¢ pin is at high im-
pedance.

Select the function of the P53/Spoy1/CS/Scikez and P5,/
SciLki pins by setting bit 3 (SC1,), bit 4 (SC1,), and bit &
(SC16) of the serial /01 control register (address 0019,,)
and bit 3 (SIOAC;) of the serial /0 automatic transfer con-
trol register (address 001A,5). ( Refer to Table 2.)

Pl

If using the Sci«i1 and Scikiz pins for switching, set the
P53/Srpy1/CS/ScLkiz pin to P5; by setting the SC1, bit to
“0”, and set the P5, direction register to input mode. .
Make sure that the SIOAC; bit is switched atter automatic
transfer is completed, while the transfer ciock is still “H".

Table 2. SGLKﬁ_and Scikiz2 selection

P52/8cikit | P5a/ScLirn

SC1; SC1, 5C3; SIOAC,
0 Sk PSs
1 0 1 High '
’ 1 ScLz
impedanse

Note. SC1; : Seriat /01 port selection bit
SC14 : Sppys output selection bit
SC1s : Synchronization clock selection bit
SIOAC; - Synchronization clock output pin selection bit

Bit 1 write signal of
serial I/0 automatic transfer

I

control register

control register bit 1
. Write signal from RAM to

Serial I/0 automatic transfer - '

serial /01 register
Write signal from serial 1701

Data pointer n

]
|
register to RAM :
i
T

Receive oy

Trensfer clock ——=y 1 M FULALALUT
(internal or Scix output) !

enabled signal 1|
SRDY

Sour

Serial /0 output - — - o LY BOXBEYCONTOXTENDEXEE Y ~ = — == BN DT - — - -~
Serial /0 ingut GO0 ) €D C8 ED €Y CHI S ¢ {8 G G

Transfer interval

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

Bit 1 write signal of 3
serial 170 automatic transfer ___L

o
— ]

I

control register

Serial 1/0 automatic transfer ]
control register bit 1
Write signal from RAM to L

serial I/01 register

Transfer clock

Write signal from serial /01 - !'L
register to RAM i
Data pointer ™™ m : T\ ] T 1T
i
SIOAC, | ) \k | QL
I

]
(internal) %y FLMUMUMLOUNULUET
Sewn output = M M MLMUMUMUnUTT

Scuxaz output

Serial I/0 output

P .2 o 2 2 0 2 = 1B PEED- -~
ial 1/0 input ‘ —
Serial /O Input Y € G, C5 EV CY D (" 13 1B ¢

Transfer interval

Fig. 19 Timing during serial 10 automatic transfer (internal clock selected. Sai v+ and Sai w.s 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 1/O automatic transfer in-
terval register are invalid, but the serial /0 output pin Sgyr
and the internal transfer clock can be controlled from the
outside by setting the Sppys and CS {input) pins.

When the CS input is “L”, the Sgur pin and the internal
transter 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 P5s/Sppy1/CS/Seii2 pin by set-
ting bit 4 (SC1,) and bit 6 (SC1,) of the serial 101 control
register (address 0019,¢) and bit 0 (SIOAC,) of the serial
170 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 (Scix 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.

If 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, o 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/Sppy1/CS selection

SC1q SC14 SIOAC, P53/Srov1/CS
0 X PS5,
0 ] 0 Saovt
1 cs

Note. SC1, . Sgpy; output selection bit
SG1;g : Synchronization clock selection bit
SIOAC, : Automatic transler control bit

Bit 1 write signal of
serial 170 automatic transfer N
control register

Serial 1/0 automnatic transfer

control register bit 1

Write signal from RAM to
serial 1701 register M

Wirite signal from serial 1/01

register to RAM

Data pointer n

External input
cs |

Serial 1/0 output

Sour — XX

Transfer clock
Scwx input | 1
|
ikt U W Ny W W B a iy N
(internal} F :

Serial /G ingut mmmmmﬁmmmnun X

I S
|
I
|
{
|
I
I
]

1
Note. Data marked with X is invalid.

Fig. 20 Timing during serlal 1/0 automatic transfer (external clock selected)
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PULSE WIDTH MODULATION (PWM) The explanation in the rest of this data sheet assumes
OUTPUT CIRCUIT f(Xin)=4MHz. :

The 3817 group has a PWM function with a 14-bit resolu-

tion. When the oscillation frequency X is 4MHz, the mini-

mum resolution bit width is 500ns and the cycle period is

8192us. The PWM timing generator supplies a PWM con-

trol signal based on a signal that is half the frequency of

the Xy clock. '

Data bus

( Setto 1 at PWML register(address 002Dy )

write )\Iitél v bit5 b",OI

bit7? | bitﬂ]

PWMH register
(address 002C,¢)

[+]
PWM latch(14bits)
MSB | : [ LSB
N, AN
/
14
When setting “0” to internal PGy latch
system clock selection bit P&o/PWM
. _— PWM
Xem e 14-bit PWM circuit ©
X, ) PWM output
™ “0" selection bit
PWM output
PWM | (12Bus period) seloction bit
172 timing P6y direction
generator |(8192us period) register

Fig. 21 PWM block diagram
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Data Set-up

The PWM cutput pin also functions as port P6,. Set port P8,
to be the PWM output pin by setting bit 0 of the PWM
mode register (address 002B,¢). The high-order eight bits
of output data are set in the high-order PWM register
PWMH (address 002C,¢) 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 81924s), and
data written to the PWMH register is transterred 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 7 is the minimum resolution {500ns).

The contents of the low-order six bits of data enable the
lengthening of the high signal by 7 (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.

Lower B ofDala(PWHL)| __Sub-periads m Lengthened (m =0 to 63) For example, if the high-order eight bits of the 14-bit data
000007 |None are 03,5 and the low-order six bits are 05,6, the length of
000001 m=32 Ly N . .
000010 | moios the “H"-level output in sub-periods tg, ta, ta, teg, and ts is
000100 | meg,24 405 471, and its length 37 in all other sub-perlods.

001000 | m=4,1220,283644,52,60
010000 |m=2,6,10,14,18,22 26,30, 34, 38, 42, 46, 50, 54, 58, 62
100000 [ mM=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
( («
) )]
e o 4 o . e ks wa by e == ot = <
31.5 us 315 us 35us 320 us 31.5 us 31.5 us 3.5 us
Pulse width modulation register H : 00111111
Pulse width modulation ragister 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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b? b0
FTT T 1T T T T ] PwWMmode register (address 002B,s)
I— PGa/PWM output sélection bit
0 11/0 port
1 I PWM output
Not used (return “0” when read)
Flg. 23 Structure of PWM mode register
Data 6A,¢ stored at address 002C,¢ Data 7B stored at address 002Cqg
PWMH - )
register 59 I 28 I 7B1s
Data 24,4 stored| at address 002Dg Bit 7 cleared after transter Data 35,5 stored at address 002D,
.!:‘gmgr 1318 l Adig & ;/ 2446 l v 354
\ Transfer from register to latch BS,s | Transfer from register to latch
PWM latch 1653 1A93 1AA4 1AA4 1EE4 1EFS ‘
(Hbits) I usI 16 186 lGI 18 6 |
' T=8192us “—— When bit 7 of PWML is 0, transfer
from register to latch is disabled.
(643128,5) L g
/ - - \-.
" .
e t=128ps Tt
Example ] 6A |6B 6A 6B GA BB 6A 6B 6A £B |6B |6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A BB 6A |6B BA
PWM output
, @
Low-order B-bit -
output - 51235 5 5 5 5

H=5A15, L=24|6

Example 2 6A |6A 6A GA BB GA 6B 6A 6B 6A GA 6A 6B 6A 6B 6A 6B 6A 6A
PWM output i

Low-order 6-bit
output :
H=6As, L=18,4

L t=128us -]

25640,
Minimum bit width| t=0.5.s (2560, 8)

=

PWM output €Bf6a;69}68167; -~ §02] 0] ' 6A$69168} 67} 10201
@ ADD : - ADD|
&-bit 102011 00| FFFES FDIFGE - 197196 1 9058 oo T 021 01100 | FFIFELFDIFG] ) vy g SE—
counter A A A 'l A A A '] A s A L A r '] 'l A 'l 2 & 2

The ADD —} : J

portions with H period length specified by PWMH
additional  are

determined by N
PWML. 256 7 (128us), fixed

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) 00314

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 contro! 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 Vgee by 256, and outputs the divided vol-
tages.

Channel Selector
The channel selector selects one of the input ports P7,/AN;
to P70/ANO

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.

A-D control register
(ADCON : address 0030,¢)

b0
LTI TTTT]

Analog input pin selection bits
b2 b1 b}
000 :P7/AN,

I P7,/AN,

I P72/AN,

. P73/AN;

L P74/AN,

L P7s/ANg

T P7g/ANg

: P7;/AN,

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

Not used (return “0" when read)

(Do not write “1" to these bits)

-, DD - — O
—_ D ) —

—_——— o000

Fig. 26 Structure of A-D control register

A-D interrupt request

Data bus
7 0
A-D control register l I J l I l l ]
{ 3
A-D control circuit
P7o/ANg (O)———=]
PT/AN, (O
P72/AN; (O)——= % Comparator -D conversion registe
PTa/AN; O—a 3 8
o
P74/ANy O)— o T
P7s/ANs O— = &
[&] Resistor ladder
P?gIANe O—%
P7:/AN; (O o CL i
VHEF

AVgs

Fig. 26 A-D convenrter block diagram
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FLD CONTROLLER

The 3817 group has flucrescent 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

» 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 pins can be used as digit pins.

Note that only 32 pins {maximum) can be used as segment
and digit pins. ‘ _

In the FLD automatic display mode ports P1, to P13 function
as digit pins DIG; to DIG,4 automatically.

Main address

bus bus

FLD automatic display RAM

0040,6| G1 (SEG P8)
G2 (SEG P8)

G15 (SEG P8)
004F,s] G16 (SEG P8)
0050, G1 (SEG P3)

G2 (SEG P3)
Local address .
bus .

G15 QSEG P3)

005F ;| G16 (SEG P3)
0060,] G1 (SEG PQ

G2 (SEG PO)

G15 (SEG P0)
006Fs| G16 (SEG PO)

FLD data pointer reload
register(address 0037,¢)

Main data Local data

bus
S/P] P8./S,
S/P| P8,/S,
S/P| P8./S;
S/P| P84/S;
S/P| P8./S,
S/P] PBs/Ss
S/P| P8g¢/Se
S/P| P8,/S,
0034(5 0010|B
P3y/Ss
P3,/5s
P3:/50
[(P3s/S11 |
P3,/S,,
P3s/S15
[P375,, |
P3,/S,5
0008,¢
S/D]_PGo/S,e/D; |
S/D] PO,/S,;/D,
S/D| P0.75:5/D; |
S/D| P03/S;s/Ds
S/D P04/SQQ/D4
S/O] P0z/S;1/Ds |
S/D] P04/52/Dg
S/D] P0;/S,3/D;

003246 0000,
Key-scan
blanking
register P1,/Dg
(address 0035:s)] [P1,/Ds |
P1,/Dyg )
P1,/Dyy

D/P | P14/Dyz
D/P | P1,/Dpa
D7P | Pig/Dys
D/P| P1,/Dys |
003315 0002|5

Address FLD data pointer
decoder (address 0037,4)
Timing
generator

= FLD blanking interrupt

FLD digit interrupt

Flg. 27 FLD control circuit block diagram
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FLDC Mode Register (FLDM) 0036, Key-scan Blanking Register (KSCN) 0035,
The FLDC mode register (address 00364¢) is a seven bit The key-scan blanking register {address 0035.¢) is a two
control register which is used to control the FLD automatic bit register which sets the blanking period Tscan between
display. the last digit and the first digit of the next cycle.

LT TTITTT FLDC mode register(FLDM : address 0036,¢)

Automatic display control bit(Pg, P1, P3, P8)
0 : Normal mode
1 Automatic display mode
Display start bit
0 : Disptay stopped
1 . Display in progress
(display starts when "1" is written to this bit)
Tdisp control bits
{digit timing setting, when operating at 4MHz)
b# b3 b2
000 :128us
1 ! 256us
0 . 3Bdus
1 :512us
0 :640us
1
0
1

. 768us
. 89%6us
1 1024us

10 :12/16deisp
11: 14/16XTdisp
Not used {return “0” when read)

Flg. 28 Structure of FLDC mode register (FLDM)

b7 b0
L] ] l ] | ] Key-scan blanking register(KSCN : address 0035,5)
Tscan control bits
bl b0
0 0 ! FLD digit interrupt(at rise of each digit)
10 :2XTgis FLD bianking interrupt
11 :3XTgigp (at fall of final digit)

- Not used (return “0” when read)

Fig. 20 Structure of key-scan blanking register (KSCN)
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FLD Automatic Display Pins
The FLD automatic display function of Ports PO, P1, P3, and
P8 is selected by setting the automatic display control bit of

the FLDC mode register (address 003615) to “1”.
When using the FLD automatic display mode, set the num-
ber of segments and digits for each port.

Table 5. Pins in FLD automatic display mode

Port Name Automatic Display Pins Setting Method
SEGq-SEGy L Lo '
: The individuai bits of the Port P8 segment/port switching register (address 0034,s) can be used to set each
P8y-P8; or wyn . .
pin to sither segment (1"} or nomal port input (“0”). (Note)
P8;-PE;
P30-P37 SEGs-SEGy5 None (segment only)
SEGq6-SEGzs .
The individual bits of the Port PO segment/digit switching register {address 00324¢) can be used to set each
P0,-PO; or Tugn it (40"
pin to segment (*17) or digit (*0"). (Note)
DIGy-DIG
Plo-Pl3 DIGs-DIGy4 None (digit only, use all bits always.)
DIG1z-DIGis o
P1.-P1 The individual bits of the Port P1 digit/port switching register (address 0833,¢) can be used to set each pin
a7 o to digit (“1”) or normal port output (“0"). (Note)
P14-P17

Note. Always set digits in sequence.

Number of segments
Number of digits

Port P8
(has Port P8 segment/

Port P3
(segment only)

Port PO
{has Port P) segment/
digit switching register)

Port P1
(has Port P1 digit/port
switching register)

port switching ragister)

16 8 16 . A 16
4 12 10 - 8 16
o[ Pe, 0] Pe, 0] P8, . 1] SEG, 1] SEG,
0| P8, 0] P8, 0} P84 1| SEG, 1 | SEG,
0] P, 0] e8, 0 P8, 1] SEG, 1] SEG,
0| Pe, 0| P8, 0] P8, 1| SEG, 1] SEG,
0| P8y 0P8y 1| SEG, 1 [ SEG, 1| SEG, .
0] PBs 0| P, 1| SEGs 1| SEGs 1| SEGs
0| P8 0| P8, 1] SEG, 1| SEG, 1] SEG,
0] Fe, 0| Ps, 1] SEG, 1| sEG, 1| SEG,
SEGs SEGs SEGg SEGy SEGg
SEG, SEGy SEGy SEGy SEGy
SEG1p SEGio SEGyq SEGyo SEGa
SEGy, SEG: SEG1y SEGs, SEGH,
SEGs2 SEGy2 SEG; SEG,» SEGh2
SEGs SEGs SEGis SEGya SEG,s
SEG4 SEG4 SEG4 SEG:4 SEG4
SEGys SEGs SEQ,s [ SEG, SEG,s
1| SEGe 0| DIGy ~G12 1| SEGye 1| SEGq¢ 0| DIGy, ~G18
11 SEG7 0| DIG, —~G11 1| SEGy7 1 | SEGy7 0] DIGy —~G15
1| SEGqg 0| DIG, +Gi0 1| SEGjs 1| SEGyg 0| DIG, ~G14
1| SEGqe 0| DIG; +G9 1| SEGyg 1| SEGyg 0| DIG; ~G13
1| SEGy 0] DIG, ~+G8 0] DIGs —~G10 1| SEGzo 0| DiIG, —G12
1 | SEGy 0| DIGs —=G7 0| DIGs —+G9 1 | SEGpq 0] DIGs —G1t
1 | SEG;2 0| DIGe —~G6 0| DIGeg —G8 1 | SEGy, 0| DIGg —G10
1| SEGys 0| DIG; —+G5 0| DIG; —G7 1| SEGz 0] DIG; +G9
DIGg +G4 DIGa +G4 DIGs —CG6 DIGs +G8 DIGs +G8
DIGy —G3 DIGg —G3 DIGg —G5 DIGy —+G7 DiGy —G7
Dle —+G2 D|G1o (G2 D|G1o —G4 D'Gm —-G6 D'Gm —+G6
DIGyy —G1 DIGy —G1 DIG,; —G3 DIGy; =G5 DIG,; =35
0 Pl‘ 0| Pl 4 1 DIG,, —-G2 1 DIG,s —G4 1 DIGy; +G4
0 P15 0] Pl 5 1 DIG,; —G1 1 DIGs +G3 1 D|G13 —+G3
0| Pi, ol P, R 1] DIG,, +G2 1 DIG,, ~G2
0 P]7 0{Pl 7 0 P17 1 DIGs +G1 1 RlGis. Gl

Ele AN Canmantfdilaib saattina avamnla
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FLD Automatic Display RAM

The FLD automatic display RAM area is the 48 bytes from
address 0040, to 006F;g. The FLD automatic display RAM
area can be used to store 3-byte data items for a maximum
of 16 digits. Addresses 0040,s to 004F,¢ are used for P8
segment data, addresses 0050,¢ to 005F,¢ are used for P3
segment data, and addresses 0060,¢ to 006F,¢ are used for
PO segment data.

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

Both the FLD data pointer and the FLD data pomter retoad
register are allocated to address 0037, and are 8-bits

wide. Data written to this address is written to the FLD data
pointer reload register, data read from this address is read
fram the FLD data pointer.

The actual memory address is the value of the data pointer
plus 40,¢.

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 Q
Address Final digit

00404 SEG, SEGg SEG; SEG, SEG; SEG; SEG, SEGp & | ——— (final data of

00414 SEG; SEG, SEG; SEG, SEG; SEG, SEG, SEG, segment P8)
Segment P8
data area

004E 6 SEG; SEGg SEGs SEG, SEGa SEG, SEG, SEGq

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

0050|3 SEG|5 SEGs4 5EG|3 SEG12 SEG“ SEGm SEGQ SEGQ - —— (flﬂal data of

0051, SEGs SEGq. SEGqs SEGi. SEGy; SEGo SEGa SEGs segment P3)

i Segmaent P3

data area

005E ¢ SEG;s SEG4 SEG,3 SEGz SEGyy SEGyq SEGg SEGg

005F 45 SEGs SEG4 SEGq3 SEGy2 SEGyy SEG1o SEGe SEGe Final digit

006015 SEng SEG22 SEG21 SEGzo SEG|9 SEGm SEG" SEG\G < | — (fina! data of

00614 SEGgs SEGy, SEGy, SEGq SEGse SEGyg SEG,; SEGs segment PO}
Segment PO
data area

Q06E ¢ SEGxn SEGy, SEGy SEGy SEG;y SEGqg SEG,; SEGqg

G06F,¢ SEG SEG,; SEGy, SEG;_OL SEG1e SEGs SEG,; SEGq

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, the
end of segment P3 data is stored at address 0050,5, and
the end of segment PO data is stored at address 0060,.
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,g, 0050,g, 00604¢.

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 regsster—M)

Bit

Addros 7 1.6 b 4 3 2 1 0

0040:s |/, 7 /A A
0041, / LLNLIN
0043, /
0044, / / / // /
0045, [/ gy
00466 [ // / y 7'
0047,¢ /

048 [/ /N// /
0049 [/, /7 99894
004A15 /7 /
004B1q /

004Css |// SIS SN AS
004D,
004E,¢
004F,¢
005044 V. ‘
0051, 7 /
005246 /
0053,
005446 SIS,
005546 v

/ /
006 [/ /A LA SIS
0057 [/

/ //; / /

/S
00585 [/
0058 |/ //]
0osas |/ /N SN
0058, /
005C ¢ /
005016/ / /| ;
005E /' // 94 /,

005F ;g
006045
006156 /,
0062,¢ ’
006345
0085,
0066,¢
0067,¢ /s
00684 /
0069 /
006A;5 /

_006B1s ‘ S/
006C 16
006046 .
006E ¢ /
006F 15_

Note. Shaded areas afe not used.

\\\

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

AddressB“ 716 |5 | a3 2|10
004046 g A / // / //
0041, /s LKA AN
0042, "/ ; Y7/ ? /7

0043,
e |/ //V/ LA A /,
0045,¢ SRS /
004644 7 /
0047,¢ /] /
00484 :
0049,
004Aq
004B,¢
004C,¢
004D16
004E,¢
004F|5
005045 4 4
005146 /S
005246 I /, /
0053, LN,
00544 / / / / / /
/// /

\\\\ §

0055, Y
056 |/ /XS /XS
0057, | v

0058,
0059,¢
005A,5
005 B1 B
005C 14
005044
005E,¢
005F 5
0060:4

006tys |/ /,
00626 |V //
0083 V7
0064,
00654
006615
00676 |/ /.
006845
0069,5
006A 5
006815
006C 16
006046

N
N
\Q.
N

N
N NN

N
\\\\
N
S
™~

N

\\\\

=T - .. .. e - aa . wms e . e -t ae . -
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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 0036,5), 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 control bit) of FLDC
mode register (address 0036,4).

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
0036,5).

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.

FL.D digit interrupt generated

at the rising edge of segment
data

Tdisp Tscan
Gn 1
Gn-l ' '—1 m
G n-2 |—1 I——l
G1
el i )Y Y Y G Y Y S Y S ¥ S ¥ G e Y Y Y
—
W Segment setting by software

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

_Digit

segment )\ )

P~

Tott

Tdisp

Ela 29 £l N, siminn
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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 Xgy clocks begin oscillating.
In order to give the Xy 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 FFFCyq (low-order byte).

i/ Poweron
I
Power source: ' (Note)
o voitage
RESET Veo 9 ! |
ov ! !
27 73 i |
LV\’ Reset input | )
_ voltage :

o ov

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

RESET V ]
== Power source voltage
27 73

oy I, 1/ detection circuit

I
[
I
|
i
[

Fig. 34 Poweron reset circult exampie

Low-Speed Operation Start Mode

In low-speed operation start mode, 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 X
clock does not begin osciilating. In order to give the Xgn
time to stabilize, timer 1 and timer 2 are connected
together and 512 cycles of the Xgn/16 are counted before
internal operation begins. After the reset is completed, the
program starts from the address contained in address
FFFDys (high-order byte) and address FFFC,s (low-order
byte).

If the X¢yn clock is stable, reset will complete after approx-
imately 250ms {assuming 1{ Xcn) =32.768kHz).
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,

Q046 @8 Timer 12 mode register (00284

{2) Port P1 register (00024 00,5 @h Timer 34 mode register (0029,

(3) Port P2 register (0004, 00,

I @) Timer 56 mode register (002A)
(4) Port P2 direction register (00 05.6)- 004

|

|

(5) Port P3 register (00064 00y @30 A-D control register. (0030,)

{6) Port P4 register (00084) 00,6

;8
AREEEE

]
29 PWM control register (002 Bw)...L 00,4

30 Port PO segment/digit (0032,)

{7) Port P4 direction register (0 00 9,¢) 00,5 switching register

(8) Pon P5 register (000A) 00,6 32 Port P1 digit/port switching register (0 0 3 3 ,5)--

8

{9} Port PS5 direction register (0 0 0 Byg) 004

8
-

Port P8 segment/port (0034,

(10 Port P6 register (D0O0C.) 0046 switching register

(1M Port P6 direction register (0 0 0 D) 0046

B¢ Key-scan blanking register (0035 .6)-~-| 00,5

(2 Port P7 register (00 0Eq) 0015 @) FLDC mode register (0036 .6)-'-| 00,

00 N N N

(1) Port P7 direction register {0 0 0 F ) 0045 B8 High-breakdown-voltage pot (0 0 3 B ,6)-~-| 0046 1

(1) Port P8 register (D01 D04 00 control register

(19 Port P8 direction register (0 0 1 1 45) 006 @) Interrupt edge selection register (0 0 3 A,e)---l 0046

(8 Serial 1/O1 control register (00 1 9,6) 00:¢ 8) GPU mode register (003B.)|x[*[1]0]0]o]0]0]

(M Serial 1/O automatic transfer (0 0_1 A ) 0046 39, Interrupt request register1 (00 3 C‘B)'"L 006 ‘
control register 40 Interrupt request register2 (0 0 3 Dw)---\ 0046 1

(18 Serial 1/O automatic transter (0 0 1 C,a)---L 004 ‘ @1 Interrupt controi register 1 (0 0 3 E,s)---l 00:¢ —|
interval register @2 nterrupt control register 2 (0 0 3 Fm)---l 004 l

19 Serial 1/02 controt register (0 0 1 D"‘)'"l 004 —| @3 Processor status register (P S}---}X|XIX[X|X| 1 |X|X|

20 Timer 1 register (6020 ,.,)---L FFyg I ) Program counter (P CH)"‘F“"G“‘S of address FFFDM|

@) Timer 2 register (0021 ";)"'L 014 —‘ (P C,_)---konlents of address FFFC,.,I

@) Timer 3 rogister (o022 ‘5)---| FFye —I '

@) Timer 4 register (0023 .5)---| FFie —I

@) Timer 5 register (0024 .5)-“| FFye ‘

25 Timer 6 register (00258 ‘6)“‘1 FFys l

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
Voo 4,0v !
4 -
| us
RESET “‘_" !
|
]
XOUT 1
(6. 3MHz)""j : l
Time until oscillation starts IlTime necessary for oscillation o stabilize
[
xt.‘,()UT ] e—
(32kHz) L/ SN———
— Time until oscillation starts I
]
Internal
reset \ i 0.32us
clock
Address X 7 X X FFFC X FFFD mﬂ, L[
Data X Alfx' ADH_X
SYNC I I

Fig.

36 Reset sequence in high-speed operation mode

5.5V l

Vee 5 gy I

RESET

Xour _|
(6. 3MHz}

(Oscillation stopped)

xC()U‘I'
(32kHz)
! Time until oscillation starts

N\

2

)
ime necessary for oscillation to stabilize

Internal
reset .

=<

62, 5us

System
clock
Address |

Data

SYNC

UL

f=—>1

: X X X Xrrrc X FFFD XADy, LX:
X 2o Y a0 X
[ 1

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 {Xem)
pin and make the Xour (Xcout) pin open. if the Xgn clock
is not used, connect the Xcn 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 Xy
and Xy clock start oscillating. To set the internal clock ¢
to low-speed operation mode, set bit 7 of the CPU mode
register {address 003B,g) to “1".

Low-Speed Operation Start Mode

After reset has completed, the internal clock ¢is half the
frequency of Xc . Immediately after poweron, only the X\
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 “FF,¢" and timer 2 is set to
“014¢".

Either X,y or Xgn 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 (Xcw),
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,¢) to “1".
When the main clock Xy is restarted, the program must
allow enough time to for oscillation to stabilize.

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

sumption (204A with f(Xcy)= 32kHz). To reduce the Xgn-
Xcour drivability, clear bit 5 (CMs) of the CPU mode regis-
ter (003B,;5) 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.

Xcin Xcour Xin Xout
28 29 30 3
Rt Ry

I
7‘]7';_Ccm 7;[;_ Ccour 7;- Cin 7;—TCouT

Fig. 38 Ceramic resonator circuit

X'CIN XCOUT xIN xO uTr
28 2 30 3
Open Open

External oscillation circuit
of pulse

Vee | I | I Ve ”I”ll”
Vss Vss

External oscillation circuit

Fig. 39 External clock input circult
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e T Xgour

Timer 1 count stop bit

Timer 2 count stop bit

xiN XOUT .
. . “1" Lo Timer 2
Timer 1 A )

o
“on ] Timer 1 count
— Internal systam clock . source selection
selection bit bit
CM; (Note)

Timing ¢ '
_ {Internal clock)

l— Main clock stop bit CMg
[— Internal system clock

selection bit CM;

s [ T [ -
e s ‘ ; s Q Q S—Gﬁeset

R STP WIT —R R |—STP instruction
instruction instruction

Reset
O——— Interrupt disable flag |
Interrupt request

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

Fig. 40 System clock generation circult block diagram
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Note 1.

wIT STP
instruction i j
: - instruction
Xy clock osml_!atlf\g - X clock oscillating o X clock stopped
Xgim clock oscillating X clock oscillating Xew clock stopped
# is stopped (“H") —_— > $=1{Xy) 72 < # 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

wIT STP
Xy clock oscillating instruction ; instruction
Xcw clock oscillating - Xin clock oscillating — ¥m clock stopped
. ugr clock oscillatin Xcin clock stopped
¢ is stopped ( 'H ) Xom g o opp
Timer operating it . ¢=1(Xcm) /2 | ¢ is stopped (*H")
(Note 3) nterrup nterrupt
(Note 1)
CM3=0
The program must
CMg=1 allow time for Xy
‘ oscillation to stabilize
wiT STP
Xy clock stopped instruction instruction
Xcin clock oscillating - Xin clock stopped _— X clock stopped
i up* Xein clock oscillatin
-] 'f“ stopped {“H") CiN g Xem clock stopped
Timer operating e=t{Xen) /2 g=stopped (“H")
Interrupt Interrupt
{Note 3)
(Note 2)

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

2.
3.
4,

High-speed operation
start mode( Note 4)

Low-speed operation
start mode (Note 4)

When the STP state is ended, a delay of approximately 1. 3ms is automatically generaled by timer 1 and timer 2.

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

If the internal clock ¢ divided by B is used as the timer count source, the frequency of the count source is f(Xciw) /16.
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 “17. After a reset, initialize flags which affect prog-
ram execution. in particulaf 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
least one instruction before executing a BBC or BBS in-
struction. : ’

Decimal Calculations

To calculate in decimal notation, set the decimal mode flag
{D) to “17, 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 (2) flags are invalid.

The carry 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 tlmer Iatch

the frequency division ratio is 1/{n+1).

Muitiplication and Division Instructions
The index X mode (T) and the decimal mode (D) flags do
not afiect 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" to bit 0 of the port P4 direction register
(address 0009,5)

Serial /O

When using an external clock, input “H" to the external
clock input pin and clear the serial 170 interrupt request bit
before executing a serial 1/0 transfer.

When using the internal clock, set the synchronization clock
to internal clock, then clear the serial i/Q interrupt request
bit before executing a serial 170 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 half of the X,y or
Xgin frequency.

At the STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode
register are cleared. '
The Xeoyr 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)
i 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|
BOPEN-A PCA4738F-80A
80D0 PCA4738L-80A

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

Programming with PROM programmer

S

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

S

Verification with
PROM programmer

S~

Functional check in target device

Caution. The screening temperature is
far higher than the slorage temperature.
Never expose to 150C 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
Vee Power source voltage ) —0.3t07.0 v
VEee Puli-down power source voltage } Veo—40 ta Vee+0. 3

Input voltage P2,-P2;, P4,-P4;, P5q-P5;, )
V, —0. .

f PBy-P6s, Po-PT2 0.3 to Vg t0. 3 V'
v, Input voltage P4 —0.3 to Vgc10.3 \'
v, Input voltage PBy-P8; All voltages are based on Vgs. Vec—40 to Ver40. 3 v
v, input voltage RESET, Xiy Output transistors are cut off. —0.3to Ve t0.3 v
V| Input voltage Xcin —0.3to0 Vcc+0. 3 v

QOutput voltage P0y-PO;, P1y-P1;, P3y-P3;, ’
) —40 to V . 3 v
Vo PB-P8; Vcc (o] cc+0
Quiput voltage P24-P2;, P4,-P4,, p5n-P57.
\' —0.3 to V0.3 \%
© P6o-P8s, P74-P77, Xour, Xcour ec
Pd - Power dissipation Ta=25C 600 mw
Topr Operating tomperature —10to 85 T
Tstg Storage temperature —40 to 125 T

RECOMMENDED OPERATING CONDITIONS (Voo =4.0105.5V, Ta= —10 to 85°C, unless lothemise noted)

Symbol Parameter : Limits Unit
Min. Typ. Max,
High-speed operation mode 4.0 5.0 5.5
Veo Fower source VQItag Low-speed operation mode 2.8 5.0 5.5 v
Vss Power source voltage ' 0 v
Vee Pull-down power source voltage Vae—38 Vee v
Vaer Reference input voltage (when A-D converter is used) 2 Vee \'i
AVgs Analog power source voitage ) 0 v
Via Analog input voltage ANg-AN; 0 Vee v
Vin “H" input voitage P2)-P2; o 0.4V Vee v
Vin “H" input voltage P4y 0.75V¢g Vec \'4
Vi *H" input voltage F4,-P4;, P5,-P5;, P6y-PBs, D.>75Vcc Voo v
P7o-PT; ‘
Vin “H" input voltage P8-P8; 0.8Vee Voo \
Vin “H” input voltage RESET ) 0. 8Vge Vee v
Vin “H" input voltage X, Xcm 0. 8Vec Voo v
Vi “L” input voltage P24-P2; . 0 0.16Vee v
Vio “L" input voltage Pdy 0 0. 25Vee \'J
N e s o | s v
Vi “L” input voltage P8,-P8; 0 0.2Veg Vv
' “L™ input voltage RESET 0 0.2Vce v
Vo "L input voltage X, Xciw 0 0.2Vce \'4
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RECOMMENDED OPERAT|NG COND|T|0NS (Vge=4.010 5.5V, Ta=—10 t0 85, unless ctherwise noted)

Symbol Parameter Limits unit
Min. Typ. Max.
“H" total peak output current P0q-PQ;, P1g-P1+,
EIOH(pGaKJ (Note 1) P24-P27, P34-P37, —240 mA
P8,-P8;
E'ou(peak) "H" total peak output current P4,-P4;, P6¢-P6s, —&0 mA
(Note 1)  P75-P7;
“L" total peak output current P24-P2;, P4,-P4,,
Zloupeak: (Note 1) P5y-P5;, P6,-P6s, 100 mA
P7y-P7;
Zloupeak)| “L" total peak output current P8, (Note 1) 3.0 mA
“H” total average output current POy-PO;, P1y-P1;,
z |QH(avg) {Note 1} P20-P2;, P33-P3;, —120 mA
P8,-P8;
"H" total average output current P4,-P4;, P6y-P6s,
Zlowavg) (Note 1) P7o-PT; %0 mA
. [ “L" total average output current P2y-P2;, P4,-Pd,,
ZloLtavg) {Note 1) PSo-P57, P61-P6s5, 50 mA
P70-P7;
Zloicavyy | “L” total average output current P6, (Note 1) 1.5 mA
’ “H" peak output current P0g-PQ;, P1g-P1;, P34-P3;,
lontpeak) (Note 2)  PBo-P8; —40 | maA
|0H£peak) “H” peak output current P2¢-P2;, P4,-P4;, P6p-PGs, —10 mA
{Note 2)  P7,-P7;
loL(peak)| “L” peak output current P2,-P2;, P6,-P6s, P75-P7; (Note 2) 10 mA
loy(poak)| “L” peak output current P4,-P4;, P5¢-P5; (Nate 2) 10 mA
loLcpeaks| “L" peak output current P&y (Note 2) 3.0 mA
Iou(avg) “H" average output current PQg-P0;, P1,-P1;, —18 mA
{Note 3) P3,-P3;, PBy-P8;
|0H(avg) "H" average output current P2y-P2;, P4,-P4;, —5.0 mA
(Note 3) P69-P6s, P7,-P7;
lowtavg) “L" average output f:urfent P2,-P2;, P64-P8;, 5.0 mA
{Note’3) P7¢-P7;7
loL(avg) | “L” average output current P4,-P4;, P5;-PS; {Note 3) 5.0 mA
loL(avg) | “L" average output current P6, (Note 3) 1.5 mA
{{CNTRy) | Clock input frequency for timers 2 and 4 250 KHz
{{CNTR,) | (duty cycle 50%)
(X Main clock input oscillation frequency (Note 4) 6.3 MHz
f(Xoin) | Sub-clock input ascillation frequency {Note 4, 5) 32.768 50 kHz

Nate 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.

;e w

frequency f(Xgn) is less than £(Xy)/3.

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

The average output current in an average value measured over 100ms.
When the oscillation frequency has a duty cycle of 50%.
When using the microcomputer in low-speed operation mode, make sure that the sub-clock input
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ELECTRICAL CHARACTERISTICS (Voc=14.0105.5V, T = —10 10 85%, unless ctherwise noted)

Limits
Symbol Parameter Test conditions y Unit
Min. Typ. Max.
Von H" output voitage ::::(8): P1o-P17, P3¢-P3:, los=—18mA Vee—2.0 v
Vou “H" output voltage F24-P2;, P4y-P4;, P6y-PGs, Jon=—10mA Vee—2.0 v
P7y-P77
Voo L" output voltage :.::::: s:;:;:: P5o-PS7, lo,=10mA 2.0 v
Voo “L” output valtage P&, lop=1.5mA . 0.5 \Y
Vop=—=Vi— Hystereala INTo-INTs. S, Sina: Soue Seue When using a non-port function 0.4 \Y
CNTRg, CNTR,
Vr+—Vy- | Hysteresis RESET, X RESET : Vge=2. 8V to 5. 5V 0.5 \'
Vy+—Vy— | Hysteresis Xoin . 0.5 v
e H" input current :-:Z, ::;-:::, P5¢-P5;, Vi=Vee 5.0 HA
hu “H” input current Pdg Vi=Vgg 5.0 nA
Iy “H” input current P8y-P8; (Note 1) Vi=Vge 5.0 A
iy “H” input current RESET, Xcin o] Vi=Vee 5.0 A
[ “H" input current Xy Vi=Vge 4 A
e “L" input current P2y-P2;, P4,-P4;, P5,-P57, Vi=Ves —5.0 A
P6o-PBs, P7o-P77
I “L” input current P4g Vi=Vsg —5.0 A
I “L" input currant P8y-P8; (Note 1) | Vi=Vss —5.0 rA
le “L” Input current RESET, Xgin V=Vgs —5.0 #A
e “L* input current X Vi=Vss —4 #A
: Vee=Vco—38Y,
ILoap Qutput Icad current POy-PO;, P1p-P17, P3¢-P3; Vor=Vcc. 150 500 900 zA
Qutput transistors “off”
| Vee=Voo—38V,
Output leakage current P0p-PO;, P1g-P14, P3y-P3;,
ILEAK P8y-P8; Vo|_=Vcc_"3BV. —10 o A
Output transistors “off” (Except for reset) )

VRam RAM hold voltage When clock is stopped 2.0 5.5 v

Note 1. Except when reading ports P8.
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTR'CAL ‘ CHARACTER'STICS {Voc=4.0105.5v, Ta = —10 to 85°C, unless otherwise noted)

Symbol

Parameter

Test conditions

Limits

Min.

Unit
Typ. Max.

lco

Power source current

* High-speed mode
1(Xn)=6. 3MHz

T( Xc|N)=32kHZ

Output transistors “off”
A-D converter operating

7.5 15 mA

* High-speed mode
(Xn)=6.3MHz (in WIT state)
1(Xew)=32kHz
Output transistors “off”

A-D converter stopped

1.5 mA

* Low-speed mode

#(Xn)= stopped, f{Xcin)=32kHz
Low-power dissipation mode set
(CMs=0)

Output transistors “off*

60 200 zA

* Low-speed mode

f(Xiy)= stopped

#Xgn)=32kHz (in WIT state)
Low-power dissipation mode set
(CMg=0)

Output transistars “off”

20 40 uh

All oscillation stopped Ta=25°C
(in STP state}

Qutput transistors “oft” Ta=85TC

A
10

A-D CONVERTER CHARACTERISTICS

{Veo=4.0 10 5.5V, V5s=0V, Ta=-10 10 85°C, high-speed operation mode, unless otherwise noted)

Symbol Parameter Test conditions Limits Unit
Min. Typ. Maux.
= Resolution 8 Bits
— Absolute accuracy (excluding quantization error) Vec=Vger=5. 12V +1 +2.5 LSB
Tcony Conversion time 49 50 te (&)
lvrer Reference input current Vaer=5V 50 150 200 uh
lia Analog port input current 0.5 5.0 #A
Riapoer | Ladder resistor 35 kQ




MITSUBISHI MICROCOMPUTERS

3817 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

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

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

twircscs) | Reset Input “L” pulse width ‘ 2 us
toixm) Main clock input cycle time (X input) ' 158 ns
fwhH(m) Main clock input “H™ pulse width 40 : ns
B o) Main clock input “L” pulse width 40 . ns
toixom) Sub-clock input cycle time (Xg Input) 20 1S
bwHixcn) Sub-clock input “H” pulse width : 5.0 HS
b (o Sub-clock input “L” pulse width ‘ 5.0 1S
tcenTr) CNTRg, CNTR, input cycle time 4.0 | s
bwH{CNTR) CNTRg, CNTR,, input “H” pulse width 1.6 1S
twiL(cnTR) CNTRg, CNTRy, input “L” pulse width 1.6 1S
twhONT) INTo-INT, input “H” pulse width 80 ns
L ONT) INTg-INT, input “L” pulse width 80 ns
totsaw Serial /0 clock input cycle time ) 1.0 ©S
twh(scix) Serial 1/0 clock input clock “H” pulse width 400 ns
twi{scLK). Serial 1/Q clock input clock “L” pulse width 400 ns
tsutsgk-s) | Serial I/0 input setup time - 200 ns
thesgswy | Serial /0 input hold time ' 200 - ns

SWITCHING CHARACTERISTICS (Vcc=40105.5v, Vs =0V, Ta = —10 t0 85C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - - Unit
Min. Typ. Max.
twikscuo | Serial 10 clock output *H* pulse width | c.=100pF, R.=1k0 tj;s%’ ns
“ . — . — . 'C(Scu() ns
twLiscuo Serlal 1/0 clock output “I." pulse width IC.=100pF, R.=1k{) 2160
td(sc x—Soyr)| Serial I/0 output delay time 0. 2tg ns
ty(sqk—Sour) | Serlal 1O output hold time ' 0 ns
tesow) Sarial 1/Q clock output falling time C,=100pF, R,.=1K} 40 ns
P-channel high-breakdown voltage output rising time _ _
tr( pch.strg) (Nole‘ 1 ) CL'-' 1 00sz VEE—VCQ_36V 85 ns
P-channel high-breakdown voitage output rising time
tpch-weak (Note 2) C =100pF, Veg=Vcc—36V 1.8 us

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038;6) is at “0”.
2. When bit 0 of the high-breakdown voltage post control register (address 0038,¢) is at “1”.
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Serial I/0 clock output
port

PSe/Scikz
P52/ Scui

b

AL

P-channel

output port

No;e : Port P8 has no internal pull-down resistors and external resistors should be used if necessary.

(Note)

PO, P1, P3, P8

lI o

Vee

Fig. 43 Output switching characteristics measurement circult
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timing Chart

1 teionTr) .
. twHicnTR) Pl twiionTa)
CNTR,, CNTR, 0.8Vee 0.2Vee - /
' 7
. twhanm L twionm) » |
INTo-INT, ‘ / } 0 8V°‘? 0.2Vge
| tw(ReESET) |
- 0.8V,
RESET \ 0. 2Veo e
1 teoan)
. L tWH()(m) . | tWL(}(m‘)
Yo ' ;" 0. 8Voc 1/
0.2Vce
A
e taixcn)
| tWH(Xcm) | . 1 tWL(XQm)
Xein 0.8vee 0. évcc _/
.
i tC(ScLK)
t tovLiscu) Y twHisc
—_— . r— |
. BVee
Scrk \‘ 0.2Vee ‘ . ,/ ) \
Tsutsm—scx) thtscyk—si?
s e DIRIIIIRIIK
N - .
) Q0. ZVQG »
tdiscLc-sour) Wesgu—sour!
Sour




