MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

DESCR'p‘"ON ) @ THMIErG = -rrrerereersreettieisiririoieiiieniieaetinenrnas 8-bitX6
The 3818 group is 8-bit microcomputer based on the 740 ® Serial [/O-everrrereereenienns Clock-synchronized 8-bitX2
family core technology. (Serial 1/01 has an automatic data transfer function)
The 3818 group is designed mainly for VCR timer/function ©® PWM output Girguit:-----r--=reresereerromnnnn, 14-bitX1
control, and include six 8-bit timers, a fluorescent display 8-bitX1(also functions as timer 6)
automatic display circuit, a PWM function, and an 8-channel @ A-D converter--------- PP 8-bitX8 channels
A-D converter. ® Fluorescent display function
The various microcomputers in the 3818 group include Segments «-rrrrrrrrrse 8to 24
variations of internal memory size and packaging. For de- Digits +rererererrreenii i 41016
tails, refer to the section on part numbering. ® 2 Clock generating circuit
Clock (Xiy-Xoyr) +oremmreeeeemees Internal feedback resistor

FEATURES Sub-clock (Xem-Xcour) =+ Without internal feedback resistor
® Basic machine-language instructiong ------+-«--+eroeeenee 4 @ Power source voltage «--:--:-+ssesererrninereeennn 4.0 to 5.5V
@ The minimum instruction execution time:-+-----+- 0.48us ® Low power dissipation

(at 8.4MHz oscillation frequency) In high-speed mode «-«-----=eemrererenmiriiinnnnn 50mw
® Memory size (at 8.4MHz oscillation frequency)

ROM teede e cretea it eiettetesisaratsaraannrnasn 4K to 60K bytes |n low_speed mode ........................................ SOOIIW

RAM eerererieniiii 192 to 1024 bytes (at 32kHz oscillation frequency)
® Programmable input/output ports «----eseemreenieniiien. 67 ® Operating temperature range --«---------e-eoo- —10 to 85C
® High-breakdown-voitage 1/0 PORLS w+eeeeresrenenmmannaneins 12
® High-breakdown-voltage output ports «----=-+s-eveeee 20 APPLICATIONS
@ INterrupts «orerecrra e 18 sources, 15 vectors VCRs, microwave ovens, domestic appliances, ECRs, etc.

PIN CONFIGURATION (TOP VIEW)
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Package type . 100P6S-A
100-pin plastic molded QFP
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MITSUBISHI‘ MICROCOMPUTERS
3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PIN DESCRIPTION

Pin Name Function
Function except a port function
Vee. Vss | Power source * Apply voltage of 4.0 to 5.5V to Vgc, and OV to Vss.
Vee Puti-down power * Applies valtage supplied to pull-down resistors of ports PO, P3 and P9.
input
Viaer Analog reference * Reference voltage input pin for A-D converter.
voltage input
AVsg Analog power source * GND input pin for A-D converters
* Connect to Vss.
RESET Reset input * Reset input pin for active “L"
Xin Clock input * Input and output signals for the clock generating circuit.
* It consist of internal feedback resistor.
Xout Clock output * Connect a ceramic resonator or quartz-crystal oscillator between the Xy and Xour pins to set the oscillation frequency.
« If an external clack is used, connect the clock source to the Xy pin and leave the Xour pin open.
* This clock is used as the oscillating source of system ciock.
Xein Sub-clock input * Input and output signals for the internal sub-clock generating circuit.
* It consist of without internat feedback resistor. Connect a ceramic resonator or quariz-crystat oscillator and external
feedback resistor between the Xc)y and Xgour pins.
Xoour Sub-clock output * If an external clock is used, connect the clock source to the Xci pin and leave the Xeour pin open.
* This clock can also be used as the oscillating source of system clock.
P0y/DIGg—| Output port PO * 8-bit output port * FLD automatic display pins
PQ;/DIG,5 * The output structure Is high-breakdown-voltage P-
channel open drain with internal puli-down resistors
connected between the output and the Vg pin.
* Vee pin level is output at reset.
P1,—P1; 17Q port P1 * 8-bit CMOS /O port
» 1/0 direction register allows each pin to be individually programmed as either input or output.
* At reset this port is set to input mode.
* CMOS compatible input level
* CMOS 3-state output structure
P2,—P2; 170 port P2 * 8-bit CMOS 170 port with the same function as port P1
* CMOS 3-state output structure
* TTL compatible input level
P34/SEQ,g/ | Output port P3 = 8-bit output port with the same function as port PG * FLD automatic display pins
DIG,—P3;/
SEG2y/DIG;
P4o/INT, Input port P4, * 1-bit CMOS input port * External interrupt input pin
P4,/INT,— | I/O port P4 * 7-bit CMOS 170 port with the same function as port P1 * External interrupt input pins
P4,/INT, * CMOS compatible input level
P45
P4¢/T1oyr, * Timer 1, Timer 3 output pin
P4;/T30ur

B L249828 0024037 Ou4y WM
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MITSUBISHI MICROCOMPUTERS

3818 Group

PIN DESCRIPTION

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Pin Name Function
Function except a port function
P50/Sint, 1/0 port P8 * 8-bit 1/Q port with the same function-as port P1 * Serial /01 1/O pins
P51/Souti, * N-channel open Qrain output structure
P52/Scikit, * CMOS compatible input level
P52/Srovi/ « Keep the input voltage of this port bet 0V and Vge.
C8/8cLaiz
P54/Sin2,  Serial 102 I/0 pins
P5s/Sourz
PSe/Sciicz,
P57/Sgoyz
PBo/PWM, | 1/0 port P6  8-bit CMOS 1/0 port with the same function as port P1 * 14-bit PWM output pin
« CMOS compatible input level -
P6,/PWM, * CMOS 3-state output structure * 8-bit PWM output pin
P62/CNTRg, * Timer 2, Timer 4 input pins
P63/CNTR, :
P6,— P§;
P70/ANg— | {/O port P7 « 8-bit CMOS 170 port with the same function as port P1 « A-D converter input pins
P77/AN7 * CMOS compatible input level
« CMOS 3-state output structure
P8y/SEGy— | I/0 port P8 = 8-bit I/0 port with the same function as port P1 * FLD automatic display pins
P8,/SEG; = P-channel open drain output structure
* CMOS compatible input level
* Please note that this port does not have internal pull-
down resistors.
P9y/SEGs— | /O port P9 « 4-bit 1/0 port with the same function as port P1 * FLD automatic display pins
P9,/SEGH, « P-channel open drain output structure
* CMOS compatible input level
* This port has internal pull-down resistors.
- P9/SEG,,;— | Output port P9 *» 4-bit output port with the same function as port PO * FLD automatic display pins
P9;/SEG s
PA;—PA; 170 port PA + 8-bit CMOS 170 port with the same function as port P1
: « CMOS compatible input level
* CMOS 3-state output structure
PBy, PB, Input port PB « 2-bit CMOS input port
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PART NUMBERING

Product

M3818 4 M 8 - XXX FP
TT

Package type
FP : 100P6S-A package
FS : 10000 package

————————— RAM size

RAOM b
Omitted in some types

ROM/PROM size

11 4096 bytes 9 . 36864 bytes
2 : 8192 bytes A 40960 bytes
3112288 bytes B: 45056 bytes
4 16384 bytes G: 49152 bytes
5 : 20480 bytes D: 53248 bytes
6 : 24576 bytes E: 57344 bytes
7 . 28672 bytes F: 61440 bytes
8 © 32768 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

: 192 bytes
: 256 bytes
: 384 bytes
: 512 bytes
: 640 bytes
: 768 bytes
: B96 bytes
: 1024 bytes

WO s WM O

B L249828 0024039 917 W
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MITSUBISHI MICROCOMPUTERS

3818 Group

'SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

GROUP EXPANSION
Mitsubishi plans to expand the 3818 group as follows:
(1) Support for mask ROM, One Time PROM, and EPROM

versions .
(2) ROM/PROM size B S CTRRLTPRRD 32K to 56K bytes
RAM size -rer-rrerereee -+ 640 to 768 bytes
(3) Packages
100P68_A .................................... Plastic molded QFP
100D0 ............................... window type ceramic LCC
Memory Expansion Plan
ROM size (bytes) Mass product
o
52K H
48K _
. 44K R S
Mass product
36K i i Mass product /—\ o
32K - M38184M8
8K frvemsemsrreracerineniceniaeneens P el
24K B e B T M —
1] S SR sredhennsenenenad
1 s Lo S
12K s S .
8K e s Sat OIS SRS S ITRRERE I SR St ——
4K :
192 256 384 512 640 768 896 1024
RAM size (bytes)

Currently supported products are listed below. ‘ As of May 1996
Product ;Z)MF:Eer:gseer(i:y(mS) ) RAM size (bytes) | Package Remarks
M38184MB-XXXFP (g%gg) 640 100PeS.a | MBSk ROM version
M38184MA-XXXFP 40960 (40830) ) Mask ROM version
M38185ME-XXXFP Mask ROM version
M38185EE-XXXFP 100P6S-A | One time PROM version
M38185EEFP 57344 One time PROM version (blank)
M3B8185EEFS (57214) 768 10000 | EPROM version
M38185EEHXXXFP . . One time PROM version
100P6S-A - d
M38185EEHFP One time PROM version (blank)
M38185EEHFS 100D0 | EPROM version

M L2y9828 0024040 L39 mE
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MITSUBISHI MICROCOMPUTERS

- 3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)
The 3818 group uses the standard 740 family instruction

- set. Refer to the table of 740 tamily addressing modes and
machine instructions or the SERIES 740 (Software> User's
Manual for details on the instruction set.

Machine-resident 740 family instructions are as foliows:
The FST and SLW instruction cannot be used.
The STP, WIT, MUL and DIV instruction can be used.

CPU Mode Register
The CPU mode register is allocated at address 003Be.

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

b7 b0 :
I | CPU mode register (CPUM : address 003B,¢)

LProcessor mode bits

bind

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
}  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 (Xn-Xour) stop bit

0 : Operating
1 : Stopped
Internal system clock selection bit

0 Xn-Xour selected (high-speed operation mode)
1 ¢ Xew-Xcour selected (low-speed operation mode)

Fig. 1 Structure of CPU mode register

B L249828 002404l 575 HR
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

MEMORY

Special Function Register (SFR) Area

The Special Function Register area-in the zero page con-
tains control registers such as 1/0 ports and timers.

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

ROM

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

Interrupt Vector Area _
The interrupt vector area contains reset and interrupt vec-
tors.

Zero Page ,
The 256 bytes from addresses 0000, to 00FF,¢ 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 specify
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,¢ 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.

2—39%

000046
RAM area SFR area
RAM capagity 0040 Zane
P Address XXXX;q '8 | FLD automatic display RAM area page
(bytes) 0070:6 :
192 00FF,q 0100 -
256 013F,¢ HAM '¢ |Serlall/Oautomatictransfer RAM areal
384 01BF1s 012016
512 023F, 4
640 02BF,¢
768 033F 16 L XXXXtg hmm e ccme -
896 " 03BF,¢
1024 043F1¢ Reserved area
ROM area 04401e
ROM capaclly | 4 iress YYYY,s | Address 2772
(bytes) ress 16 ress 16 Not used
4096 F000,s F0804¢ - YYYY, P ememememmmaa e 4
8192 E000,5 E08046 Reserved ROM
12288 D000, D080, orea
16384 C00046 C08014 (128 bytes)
20480 B000,¢ B080,¢ 2222+
24576 A000,4¢ A080,¢
28672 9000,¢ 9080,¢
32768 800046 8080,¢
36864 700045 70804¢
40960 6000,¢ 60804¢ ROM _
45056 500046 ~ 5080:¢ FFO0se
- 49152 4000,¢ 408046
53248 300046 308046 FFDCq¢
57344 200046 2010y Special
61440 1000,¢ 10104 Interrupt vector area page
FFFE,s
L FEFE,, Reserved ROM area ]
Fig. 2 Memory map dlagram
M 6249428 0024042 4Dl WM
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

00005 | Port PO (PO)
0001,
000245 |Port P1 (P1)

0003, | Port P1 direction register {(P1D)
0004,¢ | Port P2 (P2)

00055 | Port P2 direction register (P2D)
0006, | Port P3 (P3)

0007,
0008,¢ | Port P4 (P4)

0008,¢ | Port P4 direction register (P4D)
000As [ Port P5 (P5)

0008, | Port P5 direction register (P5D)
000C,¢ | Port P6 (P6)

0000, | Port P6 direction register {PED)
000€E,¢ | Port P7 (P7)

000F,q | Port P7 direction register (P7D)
001046 [Port P8 (P8)

0011,¢ | Port P8 direction register {P8D)
0012, | Port P9 (P9)

0013,¢ | Port P9 direction register (P9D)
0014, | Port PA (PA)

0015, | Port PA direction register (PAD)
0016, | Port PB (PB)

00174¢
0018,¢ | Serial 1/Q automatic transfer data pointer (SIODP)
0019,¢ | Serial 101 control register (SIO1CON)
001A,¢ | Serial /0 automatic transfer control register {SI0AC)
001B,¢ | Serial 1/01 register (S101)

001C,¢ [ Serial 1/Q automatic transfer interval register (SIOAI)
001D,¢ | Serial 1/02 control register (SIO2CON)
001E¢
001Fy¢ | Serial 1702 register (S102)

0020, | Timer 1 (T1)
0021, | Timer 2 (T2)
0022,5 | Timer 3 (T3)
0023, | Timer 4 (T4)
0024, [ Timer 5 (T5)
0025, | Timer 6 (T6)

0027, | Timer 6 PWM register (T6PWM)
00285 | Timer 12 mode register (T12M)
00295 | Timer 34 mode register (T34M)
002A¢ | Timer 56 mode register (T56M)
002B,g | PWM control register (PWMCON)
002C,¢ | PWM register {upper) (PWMH)
002D, | PWM register (lower) (PWML)

0030,5 | A-D control register (ADCON)

0031, | A-D conversion register (AD)

0032,¢ | Port P3 seg digit switching register (P3SDR)
Port PO digit/port ing register (PODPR)
003446 | Port P8 segment/port ing register (P8SPR)
Key-scan blanking register (KSCN)
FLDG mode register (FLDM)

0037,6 | FLD data pointer (FLDODP)

00385 | High-breakdown-valtage port controt register (HVPC)

003A,¢ | Interrupt edge selection register (INTEDGE)
003B, | CPU mods register (CUPM)

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

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

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

/O PORTS

Direction Registers

The 3818 group has 67 programmable 1/0 pins arranged in
nine 1/O ports (ports P1, P2, P4,-P4,, P5-P8, P9,-P9, and
PA ). The I/0 ports have direction registers which deter-
mine the input/output direction of each individual pin. Each
bit in a direction register corresponds to one pin, each pin
can be set to be 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-Voltage Output Ports

The 3818 group has four ports with high-breakdown-voltage
pins (ports PO, P3, P8, P9). The high-breakdown-voltage
ports have P-channel open drain output with a breakdown
voltage of Voo —40V. Each pin in Ports PO, P3, and P9 has
an internal pull-down resistor connected to Vee. Port P8 has
no internal puli-down resistors, so that connect ap external
resistor to each port. At reset, the P-channel output transis-
tor of each port latch is turned off, so it becomes Vge level
(“L") by the pull-down resistor.

Writing “1” to bit 0 of the high-breakdown-voltage port con-
trol register{address 0038,¢) slows the transition of the out-
put transistors to reduce transient noise. At reset, bit 0 of
the high-breakdown-voltage port control register is set to
“0” (strong drive).

B 5249828 0024043 344 EM
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- MITSUBISHI MICROCOMPUTERS

- 3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

: - | Diagram
Pin Name Input/Qutput 1/0 Format Non-Port Function Related SFRs . Ngo
) FLDC mode register
POy/SEGg— High-breakdown- m
/DIG voltage port control
POa/DIG1 High-breakdown- _ 298 port contro
FLD automatic register
voltage P-channel display function FLDC mode register
Port PO Output open-drain output play Port PO digit/ c?n
igi
POL/SEG,— with pull-down aip
resistor switching register @)
P0;/SEG5 . High-breakdown-
voltage port control
register
Input/outout CMOS compatible
P1,—P1, Port P1 input/output, input level 0
individual bits
CMOQOS 3-state output
P2o~ P2, Port P2 Input/output, TTL level input (3)
individual bits CMOS 3-state output
FLDC mod ist
High-breakdown- Port Pan:e :retg/lj e:
nt/digi
P3o/SEG1e/ voltage P-channel FLD automatic switchin, gre eisterg
DiGe—P3;/ Port P3 Output open-drain output display function - Hviv'h bregakdgov\'m (4)
SEGy/DIG; with pull-down pley n-
voitage port control
resistor |
register
CMOS compatible External interrupt Interrupt ed
Pdo/INT, Input P ; P upt edge (s)
input levet input selection register
P4,/INT,— External interrupt Interrupt edge ©
P4,4/INT, Port P4 CMOS compatible input selection register
Input/output, )
Pds Lo ) input levei (3)
individual bits | "
P4s/T1ouT, CMOS 3-state output Timer output Timer 12 mode register )
P4;/T3cut P Timer 34 mode register
P50/Sin1. Seriat 1701 control (8)
PS5,/ . register
|351/2°UT1 Serial /01 function S:'ialello automatic |
¥ 2oLk CMOS compatible | 1/0
P5a/Spov1/ . N transfer control
8&/s Port P5 Input/output, input level register (10)
cLiciz individual bits N-channel L
P54/Sinz, . (8)
open-drain output . ) |
PS5s/Sour2, Serial 1702 function | Serial 1702 control @
P5e/SciLkz (i{e] register
P57/Sapv2 (0
P6o/PWMq 14-bit PWM output PWM control register an
CMOS compatible -
Input/output, . Timer 56 mode register
P6,/PWM, Port P6_ put/outp input level 8-bit PWM output moc reg @
individual bits Timer 6 PWM register
CMOQS 3-state output
P62/CNTRo, Timer 2, Timer 4 input Interrupt edge )
PB3/CNTR, ' P selection register
- PBy— P8, (3)
' CMOS compatible
P70/ANg— Input/output, ) i }
Port P7 PN input level A-D conversion input | A-D control register 12 -
P7;/AN, individual bits
CMOS 3-state output.
CMOS compatible
. P FLDC mode register
input level Port P8 segment/port
PBo/SEG, Input/output High-breakdown- | _ |\ _ tomati itchi iy t .
— g ) u
So o Port P8 . p. | P i voltage P-channel . a'c s“_' ching register 03
P8;/SEG; individual bits . display function High-breakdown-
open-drain output It ort control
without pull-down vo Ia?e port contro
resistor registor

B L249828 0DO2u0uy 284 WE
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Diagram
Pin Name Input/Output 10 Format Non-Port Function Related SFRs Ngo
CMOS compatible
input level
High-breakdown-
P9o/SEG,— Input/output, voltage P-channel (14)
-cha
P9,/SEG,, individual bits 9e ™
open-drain output
. FLDC mode register
with puli-down . )
A FLD automatic High-breakdown-
Port P9 resistor display function voltage port trol
{
High-breakdown- play .g P contral
voltage P-channel registor
P9./SEG1,— Output open-drain output (19
-drai ut,
P9,/SEG s P P e
with pull-down
resistor
Inout/output CMOS compatible
u ut, .
PA;—PA; Port PA . Si d Ipbits input level (3)
individua,
CMQOS 3-state output
CMOS compatible
PBy, PB, Port PB Input _ P )
input level
Note 1. For details of how to use double-function ports as function 170 ports, reter to the applicable sections.
2. Make sure that the input level at each pin is either OV or Ve during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vee to Vs through the input-stage gate.
M L249828 0024045 110 WE
.\W 273



MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

(1) Ports POg-PO3
Shift signal from previous stage

(Note)

,&-4 Port latch I——

Data bus

4
)

Shift signal to next stage

(3) Poits P1, P2, P45, P64~ P67, PA

(2) Ports P04-PO;

Dimmer signal —o

e

(4) Port P3
" shift signal from previous stage
Port P3 segment/digit ’
switching reglstar
j* b_
register - Blanking ’ Dimmer signal—»o
register ﬂ\o . (Note)
Data bus — Port latch | D’Jj' Data bus —4—6~o Port latch g *
Local data _//D
bus g
< .
~
Shift signal to next stage Vee
(5) Port P4q (6) Ports P4,-P4,, P6,, P6;
Direction
Data bus {} —0 register
INT, interrupt /ﬂ| Data bus ——>| Port latch |
request ~

Fig. 4 Port block diagram (1}

—<¢
INT,-INT, interrupt request
(7) Ports P4g, P4;, P6, CNTRq, CNTR or timer 4
Timer 1 output selection bit external clock input
Timer 3 output selection bit —
Timer 6 output selection bit (8) Ports P5,, P5,
Dirac1'ion j
register Direction '
(] o |
Data bus —~{PorTaten |- il | o
Dstabus —t~{ P }— il
Timer 1 output selection bit .
Timer 3-output selection bit M
Timer 6 output selection bit N
* ; High-breakdown-voltage P-channel transistor
Note. The dimmer signal sets the Tog timing. Serial I/0 input

Shift signal from previous stage

Port PO digi/por switchiag register
h d

Dimmer signal —>o
(Note)

Data bus —4——5° Port latch g*
A

Blanking ~

register

Shift signal to next stage

EZhg!
, DJ:’LT
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(9) Ports P5,, P5,, P5s, P5g

Output-off contro! signal
Serial 170 port selection bit —

(1M Port P§,

PWM output enable bit —
Direction " j
register

Data bus — Port latch

+—F

<

PWM output ——[')——

(13) Port P8

segment/port
swltchln register
Dimmer 5|gnal -

Direction
register
Diraction O
register
Data bus —¢ Port latch
‘ V
Sour Of ScLk
it~ 2 Sroy output _k__ ______ ~
\ Serial clock input + !
Lo ] . cs input
PS5y, PS5gonty L —J
2 P38 Only P55 only

(10) Ports P55, P5;
Sgrov output selection bit —

(12 Port P7

Direction
register % :1 )a—lj

Data bus —->{_ Port latch |H— 1 1

N <—WJ
A-D conversion input

Analog input pin Selection bit

() Ports P9,-P9,

Dimmer signal o

(Not
Direction — (Note)

Local data — Direction

us _ register ﬁ' lsggal data

*
oo s | b P ] S e
~ N
VEE
(19 Ports P9,-P9, (16 Port PB
Dimmer signal —o Data bus—h——o
Local data (Note)
bus f—
*
Data bus ,o—)] Port latch h
A
N
VEE
* : High-breakdown-voltage P-channel transistor
Note. The dimmer signal sets the T timing.
Fig. 5 Port block diagram (2)
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INTERRUPTS
Interrupts occur by eighteen sources: five external, twelve
internal, and one software.

Interrupt Control

Each interrupt is controlied 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 intgrrupt disable

flag is “0”.

Interrupt enable bits can be set or cleared by software.
Interrupt request bits can be cleared by software, but can-
not be set by software.

The BRK instruction cannot be disabled with any flag or bit.
The | (interrupt disable) flag disables all interrupts except
the BRK instruction interrupt.

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

Interrupt Operation

When an interrupt is received, the contents of the program
counter and processor status register are automatically
stored into the stack. The interrupt disable flag is set to in-
hibit other interrupts from interfering. The corresponding in-
terrupt request bit is cleared and the interrupt jump des-
tination address is read from the vector table into the prog-

ram 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, plese take following sequence;

(1)
(2)
3)
(4)

Disable the external interrupt which is selected.
Change the active edge selection.

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

"Table 1. Interrupt vector addresses and priority
Vector Addresses (Note 1) Interrupt Request .
Interrupt Source Priori
up ty High. Low Generating Conditions Remarks

Reset (Note 2) 1 FFFD1e FFFCqe At reset : Non-maskable
At detection of either rising or | External interrupt -

INTo 2 FFFB1s FFFAw falling edge of INT, input (active edge selectable)
At detection of either rising or | External interrupt

INT, 3 FFF916 FFFB1e falling edge of INT, input (active edge selectable)
At detection of either rising or | External interrupt

INT, 4 FFF71e FFF6:e falting edge of INT; Input (active edge selectable)

i Valid when serial I/0 ordinary
Seralvot .. A Cea. | A completion of data vaNSIOr | moge i setectea
Serial 1O automa- 516 18 At completion of final data | Valid when serial 10 automa-
tic transfer transfer tic transfer mode is selected
Serial 17102 6 FFF34¢ FFF24¢ At'’completion of data transfer
Timer 1 7 FFF146 FFFO.¢ At timer 1 underflow .

Timer 2 8 FFEF,¢ ‘FFEEq¢ At timer 2 underflow STP release timer underflow
Timer 3 9 FFED.e FFEC1q At timer 3 underflow
Timer 4 10 FFEBse FFEA4¢ At timer 4 underflow
Timer 5 11 FFE94¢ FFE8.¢ At timer 5 underflow
Timer 6 12 FFE74¢ FFEG4e At timer 6 underfliow )
At detection of either rising or | External interrupt
INTs 13 FFES+e FFE416 falling edge of INT; input (active edge selectable)
INT At detection of either rising or | External interrupt valid when INT, inter-
: 1 Fres FrEz.  |folling edge of INT, input || rupt s selectad (active edge selectable)
1€ 18 At completion of A-D conver- | Valid when A-D interrupt is
A-D converter sion selected
Valid when FLD blanking inter-
FLD blanking At falling of final digit 9
e . 15 FFE1 FFEO eseemenoscsirseraneonas = selec‘ed
i b * At rising of each digit Valid when FLD dig
FLD digit is selected
BRK instruction 16 FFDD+s FFDCq6 At BRK instruction tion No kable software int pt

Noate 1. Vector addresses contain interrupt jump destination addresses.

2. Reset function in the same way as an interrupt with the highest priority.

B L249828 0024048 92T
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Interrupt request bit——
Interrupt enable bit ——]

Interrupt disable flag(t) ————q

BRK instruction
Reset

Interrupt request

Fig. 6 Interrupt control

WN £0 Interrupt edge selection register
(INTEDGE : address 003As)
—L—— INT, active edge selection bit:
INT, active edge selection bit
‘———— INT, active edge selection bit
INT; active edge selaction bit
INT, active edge selaction bit
L INT/AD conversion } 0 :INT, interrupt
interrupt switching bit 1 { A-D interrupt:

0 : Falling edge active
1 ! Rising edge active

CNTRy, active edge selection bit | 0 : Count at rising edge
CNTR; active edge selection bit | 1 . Count at falling edge

Ib—7‘-—‘——|——'|—1ﬁ% Interrupt request register 1 IPZT—]—TI—W—FQI Interrupt request register 2
(IREQ1 : address 003Cs) (IREQ2 : address 003D,¢)
]— INT, interrupt request bit ) I— Timer 4 interrupt request bit
INT, interrupt request bit Timer 5 interrupt request bit
INT; interrupt request bit L—— Timer 6 interrupt request bit
INT;, interrupt request bit

Serial 1701 interrupt request bit, or
Serial 170 automatic transfer

INT, interrupt request bit, or

interrupt request bit AD conversion interrupt request bit
Serial 102 Interrupt request bit ‘—————————————— FLD blanking interrupt request bit, or
Timer 1 interrupt request bit FLD digit interrupt request bit

Timer 2 interrupt request bit Not used (return “0" when read)
Timer 3 interrupt request bit 0 : No interrupt request issued

1 ! interrupt request issued
b7 b0 b7

[TTT 717711 Interrupt control register 1 [—[_]_ITT—WLO] Interrupt control register 2
I (ICON1 : address 003E,g) (ICON2 : address 003F ;)

INT, interrupt enable bit l— Timer 4 interrupt enable bit

————— INT, interrupt enable bit Timer 5 interrupt enable bit

INT, interrupt enabie bit ‘——————— Timer 6 interrupt enable bit
INT; interrupt enable bit

Serial 101 interrupt enable bit, or
Serial 170 automatic transfer

INT, interrupt enable bit, or

interrupt enable bit AD conversion interrupt enable bit
Serial 1/02 interrupt enable bit FLD blanking interrupt enable bit, or
Timer 1 interrupt enable bit FLD digit interrupt enable bit

Timer 2 interrupt enable bit L——  —— Notused (returns “0" when read)
Timer 3 interrupt enable bit Not used (returns “0" when read)

(Do not write “1” to this bit)
0 . Interrupts disabled
1 ! interrupts enabled

Filg. 7 Structure of Interrupt;related registers
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TIMERS

The 3818 group has six built-in timers: timer 1, timer 2, tim-
er 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
P4g/T1our 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,¢", 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 sources of timer 5 and timer 6 can be selected
by setting the timer 56 mode register.

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

Timer 6 PWM, Mode

Timer 6 can also output a rectangular waveform of n cycles
high and m cycles low. The n Is the value set in timer latch
6 (address 0025:¢) and m is the value in the timer 6 PWM
register (address 0027.¢). If n is “0", the PWM, output 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.

B 6249828 0024050 588 WM
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clock selection
i

Internal system

Timer 1
count

, source

“1” selection bit

Pag/T1our

o Timor 1 107]

Timer 1
count stop
bit

©
“Qn

Timer 1 latch (8),

Data bus

RESET

‘ STP instruction

Timer 1 interrupt request

selection bit

P4 direction register

Rising/fallin
P62/CNTR (O D odgs switch

P4;/T30ur

Timer 2
count
source
selection bit
|2 Timer

“qo~ Timer 2
count stop
bit

'00

w1

2(8)
|

Timer 2 latch (8)

Timer 2 interrupt request

Timer 3
count
source
seloction bit

“0

count stop bit

Timer 3 latch (8))

[>
Timer 3 d.

Timer 3 interrupt request

Timer 3 output
selection bit

P4, direction register

Rising/falling
PeYCNTR O—{2>

Timer 4

count

source
sselectlon bit

[ S| Timer 4 (8) l
“10” Timer 4
count stop
bit

“91”

—0
“00"

Timer 5

count

source
*1"|selection bit

>

Timer §
count stop bit

“0

Timer 4 latch (8)

Timer 5 iatch (8)
Timer 5 (8) l

Timer 4 interrupt request

Timer 5 interrupt request

Timer 6
count
.| source

PB/PWM,

Timer 6 output
selection bit

50"

P86, latch
g

“01"] selection bit
——0ou0 »

Timer &
count stop

bit

|Timer 6 PWM register (8)

“Qr

" o

Timer 6 operating
mode selection bit

P6, direction register

Timer 6 latch (B),
Timer 6 (8) .

Timer 6 interrupt request

Fig. 8 Timer block dlagram
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b7 b0 _ b7 b0
W Timer 12 mode register I—’—I'—’—'—’—’—-'—I Timer 34 mode register
(T12M : address 0028,¢) L(TMM . address 0029,¢)
|—Tlmer 1 count stop bit Timer 3 count stop bit

0 : Operating 0 : Operating
1 : Stopped - 1 : Stopped

Timer 2 count stop bit Timer 4 count stop bit
0 : Operating 0 : Operating
1 : Stopped 1 : Stopped

Timer 1 count source selection bit ——————Timer 3 count source selection bit
0 H(Xin)716 or H(Xo)/16 ' 0 :f(Xu)/16 or {{Xen) /16
1 1 {Xom) 1 : Timer 2 underflow

Not used (returns “0” when read) L Not used (retuns “0” when read)

Timer 2 count source selection bits Timer 4 count source selection bits
b5 b4 . b5 b4
0 0 : Timer 1 underfiow 0 0 :#(Xn)/16 or {Xcim)/16
01 :f(Xem) 0 1 : Timer 3 underfiow
1 0 : External count input CNTRy - 1 0 : External count input CNTR,
1 1 7 Not available 1 1 ! Not available

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

Not used (returns “0” when read) Not used (returns “0" when read)

IEZ-'—I—I—!T-I—IEI Timer 56 mode register
. (T56M : address 0024¢)

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 (X716 of H(Xci)/16
1 : Timer 4 underflow
Timer 6 operation mode selection bit
0 : Timer mode
1 PWM mode .
Timer 6 count source selection bits

b5 b4

00 #(Xn)/18 or H{Xc)/16
0 1 : Timer 5 underfiow

1 0 : Timer 4 underflow

11 : Not available

Timer 6 (PWM, ) output selection bit (P6,)
0 : 1/0 pont .
1 : Timer 6 qutput

Not used (returns “0” when read)

(Do not write “17 to this bit)

Fig. 9 Structure of timer-related registers

Timer 6
PWM mode

ts .
Timer 6 NN nNnnnn o
count source - —————

J
"~ (n+m)Xtg ]
; i
Timer 6 interrupt request Timer 6 interrupt request

Note. If the value set in timer 6 is n and the value set in the timer 6 PWM register is m, a PWM waveform with
duty cycle n/(n+m) and period (n+m) Xtg is output (where is tg the frequency of the timer 6 count source).

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

The 3818 group has two built-in 8-bit clock synchronized
serial I/0 channels (serial 1/01 and serial 1/02).

Serial 1701 has a built-in automatic transfer function.Normal
serial operation can be set via the serial 1/0 automatic
transfer control register {address 001A,4).

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

- Main Local Main data Local data
address bus address bus, | Svg,automatic bus bus
1(010046 to 011F ;¢
SI/O automati
- Address decoder transfer data
pointar
1/0 automatic Serial I/0 automatic
cg:tnrﬁleerr transter interrupt request
Xom Internat
system clock
“1" X selection bit
X 0" PS5, latch
PS54/Sapvs (Note) - Sapv |
/C8/ScLk12
L & i sCLK|2
£5; latch
. g
P5./S, o
#soLm “n o erial 1/0 counter 1(3 Serial /01
Serial 1701 port selection bit L interrupt request
0" pe PS5, latch
P5,/Soyr ()—4-0 O
ayn }
Serial I/01 port selsction bit
P5o/Siy O > Serial /01 register (8)
o
o]
P5; latch  Serial 1/02 synchronous
0" clock selection bit
P57/Sapya o Srov2 Smononzan 0
Srpy2 output selaction bit = Extermal clock b “0"
o l 0 e sy latch | 3
P5¢/Sg s latc
s/ ScLrz o Tial 170 counter 2(3 §erlal 1702
Serial 1102 port selection bit interrupt request
g
P5s/Soyrz O——o—2 PSe latch
u1nc
Serial 1102 lection bi
P5./Sne O port selaction bit =1 Serial 1/02 register (8) '——]
Note. Selection is by the synchronization clock selection bit, the Spovy output selection bit, and the serial 1701 port selection bit of the serial I1/01
control register, and the automatic transfer control bit and synchronization clock output pin selection bit of the serial 170 automatic transfer
control register. ’

Fig. 11 Serial 170 block diagram
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Serial /O Control Registers

(SIO1CON, SIO2CON) 001946, 001D;¢

Each of the serial 1/0 control registers (addresses 0019
and 001D,5) contains seven bits that select various control

parameters of the serial 170 function.

‘b7 b0

Serial 1/01 control register (SIO1CON(SC1)

I—I—-L——— Internal synchronization clock selection bits

b2 bt b0

000 :f(Xn)/8 or f(Xcn)/8
LX) 116 or F{Xgy) /16
TH(Xin)/32 or (X ) /32
LX) /64 or f{Xon) 764
$f(Xin) 7128 or f{Xcn) /128
*f(Xin)/256 or 1(Xcin) /256

- -0 00

0
1
1
1
1

—_o = O =

Serial I/01 port selection bit (P5,, P5,, and P5;*)

0 1170 port

. . .
1 % Soutt, Scukiv, and Sciii2” signal pins

Srovs output selection bit (P53)
0 1 1/0 port
1 : Srov1/CS* signal pin
Transfer direction selection bit
0 : LSB first
1 | MSB first

Serial 1/01 synchronous clock selection bit
0 : External clock
1 . internal clock

Not used (returns “0" when read)

b7 b0

Serial 1/02 control register (SIO2CON{SC2)

Internal synchronization clock selection bits
b2 bl b0
000 :#(Xn)/8 or f(Xc)/8
TH{Xin) 16 or H{ X ) /16
S H(Xin) 732 or H(Xe) /32
LX) /64 or 1{Xc)y) /64
S H(Xin) /128 or #(Xcm) /128
(XN /256 or H{Xew) /256
Serial 1/02 port selection bit (P55 and P5g)
0 170 port
_ 1 * Sourz and Sgik2 signal pins
Sppv2 Output selection bit (P5;)
0 110 port
1 I Sppy: signal pin
Transfer direction selection bit
Q [ LSB first
1 I MSB first

0
0
0
1
1

—— - O
—_O = O =

Serial /02 synchronous clock selection bit
0 ! External clock
1 ! internal clock

Not used (returns “0” when read)

* . Valid only in serial 170 automatic transfer mode.

: address 0019,s)

* address 001D¢)

Fig. 12 Structure of serlal I/0 control registers
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Serial /O ordinaly Mode

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

If internal clock is selected, transfer start is activated by a
write -signal to a serial 1/0 register (address 001B,s of
001Fys) . After eight bits have been transferred, the Sgur
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 Sgyr 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.

Synchronous
clock

Transter clock

Serial 170 register
write signal

Serial 170 output
uT

Serial /O input
Sy

Receive enable

signal
SRDY

after transfer ends.

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

Interrupt request bit set

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

Serial /O Automatic Transfer Mode

The serial 1701 function has an automatic transfer function.
For automatic transfer, switch to the automatic transfer
mode by setting the serial 1/0 automatic transfer control
register (address 001A;g).

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 I/0 automatic transfer control register

* A serial 1/0 automatic transfer interval register

* A serial I/0 automatic transfer data pointer

When using serial I/0 automatic transfer, set the serial 1/0
control register (address 0019,5) in the same way as for
the serial IO ordinary mode. However, note that when ex-
ternal clock is selected and bit 4 (the Sppys output selec-
tion bit) of the serial 1701 control register is set to “1”, port
P55 becomes the CS input pin by setting.

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

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

b7 b0 X
|_]_'|_|_r—|'_m Serial 1/0 automatic transter control register
(SIOAC : address 001A,5)
Automatic transfer control bit
0 : Serial I/0 ordinary mode
(serial 1701 interrupt)
1 ! Automatic transfer mode
(serial 1701 automatic transfer interrupt)
Automatic transfer start bit
0 | Transfer completion
1 : Transterring{starts of 1 write)
Transfer mode switching bit
0 : Fullduplex(transmit and receive)
mode
1 * Transmit-only mode
Synchronous clock output
pin selection bit
0 Sewkn

1 Seuaz
Not used (return “0” when read)

Fig. 14 Structure of serial 1/0 automatic transfer
control register
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Serial /0 Automatic Transfer Data Pointer
(SIODP) 0018,

The serial 1/0 automatic transfer data pointer (address
0018,5) contains five bits that indicate addresses in serial
I/0 automatic transfer RAM (each address in memory is
actually the value in the serial I/0 automatic transfer data
pointer plus 010045). ‘

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

Serial VO Automatic Transfer RAM
The serial 1/0 automatic transfer RAM is the 32 bytes from
address 0100,¢ to address 011F¢.

e 3 5 4 3 2 1 0

0100
01014
010215

01101¢
011E18
011Fys

Fig. 15 ' Bit allocation of serial 170 automatic transfer RAM

Setting of Serial VO Automatic Transfer Data
When data is stored in the serial 1/0 automatic transfer
RAM, it is stored with the start of the data at the address
set by the serial /0 automatic transfer data pointer and the
end of the data at address 0100, '

Serial /O Automatic Transfer Interval Register

(SI0AN001C,,

The serial 1/0 automatic transfer interval register (address
001C,s) consists of a 5-bit counter that determines the
transfer interval Ti during automatic transfer.

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

Serial 1/0 output

- Serial /O input

Te

1 byte data

Transfer clock HpipEpEpEpEpEpN
Som ~ =~ == ~{20XP0X00: X0 X0 XBG: KBOXBo -~ — — — — - "D G G G
Yo X X X X )Xok X X

Ti

Fig. 16 Serial 1/0 automatic transfer interval timing
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Setting of Serial /O Automatic Transter Timing

Use the serial 1/01 control register (address 0019,¢) and
the serial 1/0 automatic transfer interval register (address
001Cy6) to set the timing of serial I/0 automatic transfer.
The serial 1/01 control register sets the transfer clock
speed, and the serial I/0 automatic transfer interval regis-
ter sets the serial 1/0 automatic transfer interval.

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

Start of Serial /O Automatic Transfer

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

Operation in Serial /O Automatic Transfer Modes

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

Operation in FullDuplex Mode

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

Data transfer ends when the contents of the serial 1/0 auto-
matic transfer pointer reach “004¢". At that point, the serial
170 automatic transfer interrupt request bit is set to “1” and
bit 1 of the serial 1/0 automatic transfer control register is
cleared to “0” to complete the serial 10 automatic transfer.

Operation in Transmit-Only Mode
The operation in transmit-only mode is the same as that in
full duplex mode, except that data is not transferred from

the serial 1/01 register to the serial 1/0 automatic transfer
RAM.

Transfer direction selection bit

sIN

Transter clock

LSB first (SC1,=0) : MSB Ls8
MSB first (SC15=1) : LSB MSB

DO; | DOg | DO; | DO, | DO; [ DO, | DO, | DO,

sOUT
Dl | DO7 | DOg | DOs | DO, | DO, | DO, | DO, | —=

Di, | Dlp | DO; | DOg | DOs | DO, | DO3 | DO, | —

Dl; | Diy | Dlg | DO; | DOg | DOs | DO, | DO, >

Di; | Dlg | DIs | DI, | DIy | DI, | DIy | Dig

Serial 1/01 register

Fig. 17 Serial 1/01 register in fullduplex mode
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

If Internal Clock is Selected o
if internal clock is selected, the P53/Sppy1/CS/Scikiz pin
can be used as the Sgpy¢ pin by setting the SC1, bit to “1”.
it internal clock Is selected, the P5; pin can be used as the
synchronization clock output pin Sciki2 by setting the
SIOAC; bit to “17. In this case, the Sg kq¢ pin is at high im-
pedance.
Select the function of the P53/Sgpy/CS/Scikyz and PS5,/
Sciki1 pins by setting bit 3 (SC13), bit 4 (SC1,), and bit 6
(SC1g) of the serial 1/01 control register (address 0019;¢)
* and bit 3 (SIOAC;) of the serial 170 automatic transfer con-
trol register (address 001A5). (Refer to Table 2.)

If using the Sc i1 and Scikiz pins 'fof switching, set the
P53/Srpv1/CS/ScLki2 Pin to PS5, by setting the SC1, bit ta
“0", and set the P5; direction register to input mode. '
Make sure that the SIOAC; bit is switched after automatic
transfer is completed, while the transfer clock is still “H”.

Table 2. Sg k11 and Sciky2 selection

SC1g SC1, SC3, SIOAC; | P52/Sciki1 | P5a/Scuikiz
0 Sokiy P54
1 [} 1 High
1 _ Scriaz
impedanse

Note. SC1j; : Serial 101 port selection bit
SC14 ! Srov1 output selection bit
SC1g : Synchronization clock selection bit
SIQAC; : Synchronization clock eutput pin selection bit

Bit 1 write signal of
serial 1/0O automatic transfer il — //
control register
Serial 1/0 -
control register bit 1 —J l._
Write signal from RAM to - Nl .. !
serial 1/01 register o
Write signal. from serial 1/01 | L — jl;
register 1o RAM } ! \\ ]
Data pointer nl i X ___nol N 0 i
T T T
Transler ook ———3 [ M ALLALMUUTT
(internal or Sg.k output) : !
Receive , oy —
enabled signal L
SRDY
Serial /0 output - — - .- {BOYEG KON ETXECKEoN TN To)-— —— —— KCeN EeXEo)- - ~~--
sOUT
Serial /0 ingut € ED €D € €1 € ) CHEES T ¢/ €D €1
Transter interval
Fig. 18 Timing during serlal 1/0 automatic transfer (Internal clock selected, Sppy used)
Bit 1 write signal of ’
serial I/0 automatic transter — L . // // Nl
control register
Serial 170 automatic transfer [ — = 1
control register bit 1 .
Write signal from RAM to - n n. Nl
serial /01 register -
Write signal from serial /01 Iﬂ . !]
register to RAM | )
Data pointer ) SR | W I i}
. I \
SIOAC, | _ \ | J
Transfer clock ! ! \
(internal) t||||||||||||||‘ " ‘|||||||
1 |
L
Scun output M ML UMLAUUUT [
S
Souaz output . - L
Serial /0 output
Sour———— YT EENEEN Y- - — - =-2( 50} ——— B o G2 (58, (1
Serial 170 input : I,
Sie €3 € ED ¢ C3 CD CD LN IS €1 (/B £ €8 XoRY T
Transfer interval

Fig. 19 Timing during serlal I/0 automatic transfer (internal clock selected, Sc k11 and Sci k2 used)

I L2ys8284 0024058 879

2—412

LA



MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

If External Clock is Selected

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

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

Select the function of the P55/Sqpy/CS/SeLkiz pin by set-
ting bit 4 (SC1,) and bit 6 (SC14) of the serial 1701 control
register (address 0019;5) and bit 0 (SIOAC,) of the serial
1/0 automatic transfer control register (address 001A¢).
Make sure that the CS pin switches from “L”" to “H” or from
“H" to “L” while the transfer clock (Sc« input) is “H” after
one byte of data has been transferred.

It 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.

If CS input is not being used, or if CS is “L", control the ex-
ternal clock because the data in the serial 170 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/Sgrpv:/CS selection

SC1g SC1, SI0ACy P53/Sapy1/CS
[} X PS5,
0 : 0 Spovt
1 cs

Note. SC1, ! Sgpys output selection bit
SC1g ¢ Synchronization clock selection bit
SIQAC, . Automatic transfer control bit

Bit 1 write signal of
serial |/Q automatic transfer n

control register

Serial 1/0 automatic transfer

control register bit 1
Write signal from RAM to

serial 1701 register Nn ||
Write signal from serial 1/01
register to RAM

Data pointer n

External input
e |

Serial I/0 output
Sour T

: ) )
Serial "0'"2:: KDigX O} XDiz XDIsX DL XD XDl XL X X~ XXX XX

|
Transfer ciock
Scik input | l
|
|
e T LML
(internal) :

-
|
]
]
|
|
|
i
1

Note. Data marked with X is invalid.

Fig. 20 Timing during serial 1/0 automatic transfer (external clock selected)
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PULSE WIDTH MODULATION (PWM)
OUTPUT CIRCUIT

The 3818 group has a PWM function with a 14-bit resolu-
tion. When the oscillation frequency Xy is 8MHz, the mini-
mum ' resolution bit width is 250ns and the cycle périod is
4096us. The PWM timing generator supplies a PWM con-
trol signal based on a signal that is half the frequency of
the X,y clock.

_ The explanation in the rest of this data sheet assumes
f(Xin) =8MHz.

Data bus

PWML register(address 002D )

(Set ta 1 at )
write

lbitOl

il

bof |11 1

| bit()l

PWMH register

(address 002C,q)

C

o €
PWM latch(14bits)
boef [ ] [ T 0L L ] 1 [ [ [
< RS
A
14
When setting “0” to internal P8, latch
clock selection bit P6o/PWM
PWM
Xow o——— 14-bit PWM circuit o
X ! o0 PWM output
N O ..o’n T selection bit
' PWM output
PWM (6458 period) selection bit
1/2 timing PG, direction
generator | (4096us period) register

Fig. 21 PWM block diagram
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Data Set-up

The PWM output 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,5). 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 4096us), and
data written to the PWMH register is transferred to the
PWM latch once in each sub-period (every 64us). 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 upper sight bits of data determine how long an “H"-
level signal is output during each sub-period. There are 64
sub-periods in each period, and each sub-period is 256 X
T (B4us) long. The signal is “H” for a length equal to N
times T, where T is the minimum resolution (250ns).

The contents of the low-order six bits of data enable the
lengthening of the high signal by T (250ns). As shown in
Fig. 21, the six bits of PWML determine which sub-cycles
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 6 B - = . . . . .
s wum(iwa: 2 N eSUb Periods tm Lengthensd (m =0 to 63) For example, if the high-order eight bits of the 14-bit data
on .
g g g g g 1 [ m=32 — are 03,5 and the low-order six bits are 05,6, the length of
000010 |m=1648 the “H"-level output in sub-periods ta, to4, ta2, tag, and tss is 4
000100 | m=8,2440,5 T, and its length 3T in all other sub-periods.
001000 | m=4,122,28,3644,52,60
010000 m=2, 6,10,14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 m=1,3,5,7, - ,57,59, 61,63
40965
64us ! 64us 64us 64us 64us
m=0 m=7 m=8 m=9 m=63
15. 75us 15. 75us 15. 75us 16us 15.75us 15. 755 15. 75us
Pulse width modulation register H : [CORRARY
FPulse width modulation register L : 000101
Sub-periods where “H” pulse width is 16xs : m="8, 24, 32, 40, 56
Sub-periods where “H” pulse width is 15. 75us : m==all other values

Fig. 22 PWM timing
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

b7

0 : /0 port
1 : PWM output

b0
PWM mode register (address 0028,5)

L P6o/PWM output selection bit

Not used (return “0” when read)

Fig. 23 Structure of PWM mode register

ddress 002C,g

Data 6A,¢ stored at a Data 7B, stored at address 002C+¢
PWMH
- register 59 I Bhe l A 7815
Data 24,¢ stored| at address 002Dy¢ Bit 7 cleared after transfer Data 35,6 stored at address 002Dy¢
PWML v H
register 131 l Adig o | 2446 ] y: 35 ‘
\ Transfer from register to latch BS5,g / ] Transfer from register to latch
PWM latch
WM late | 16536 | X 1493, 1AAd,, 1AAd;6 | BB, | 1EF5,6 |
=4006u8 When bit 7 of PWML is 0, transfer
from register to latch is disabted. N
(64X64x8) L
/ - - —————
L — T —
l//‘ e t=64us —
Example! 6A [6B 6A 6B 6A 6B 6A 6B BA 6B |6B [6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A |6B 6A

PWM output
)]
Low-order
6-bit output :
H=6As, L. =24,

JT 5 5 5

6Byg - 36times

Example 2 6A
" PWM output
Low-order

6-bit output
H=6Ag, L=18)5 ==

Minimum bit width

7 =0.28us

i

o
N
v
o
3]

BAg e 2Btimes o 106X64+36

(106)

6A 6A GA GB 6A 6B 6A 6B G6A 6A 6A 6B 6A 6B 6A 6B 6A 6A

t=64us
(256X0. 25u8)

ainnEnlr

—

| [1

6A 6B 6A 6B 6A 6B [6A 6A

106X64+24

P

PWM output 66]eas69168167; to2; 01 6A1691 68} 67 --m toz o)
ADD ADD
8-bit +02 {01 § 00 |FF}FES FD}FC] - 1971963954 102101300 |rFiFEiFDiFCE H AT
oy 402 {013 O0)FFIFEIFOIFCE (TR0 W g 1%

The ADD -}

)

portions with
additlonal * are

H period length specified by PWMH

determined by
PWML.

2567 (64us), fixed

Fig. 24 14-bit PWM timing
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A-D CONVERTER
The functional blocks of the A-D converter are described
below.

A-D Conversion Register (AD) 0031,

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

A-D Control Register (ADCON) 0030,

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

Comparison Voltage Generator

The comparison voltage generator divides the voltage be-
tween AVss and Vger 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 (X,) to at least 500kHz during A-D conversion.

b7
A-D control register

l (ADCON : address 0030,¢)
Analog input pin selection bits

b2 bl b0

00 I P7o/ANg
01 :P7/AN,
1.0 P7y/AN,
11 1P73/AN,
00 : P7,/AN,
01 :P7s/ANg
10 I P7/ANg
1V I P7;/AN;
AD conversion completion bit
0 : Conversion in progress
1 : Conversion completed
Not used (return “0" when read)
Not used (return “0" when read)
(Do not write “1” to these bits)

0
0
0
0
1
1
1
1

Fig. 25 Structure of A-D control register

Data bus

7

A-D control register L l l l

P7a/ANg (O

A-D control circuit

A-D interrupt request

P7./AN, H

P72/AN, (O o)
P73/AN3 ()
PT/AN, O o]
P7s/ANs (O

Comparator

Channel selector

A-D conversion registe

P76/ANg ()— =]
PT,/AN, ()— =]

. Resistor ladder

o4

Veer AVss

Fig. 26 A-D converter block diagram
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MITSUBIQHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD CONTROLLER : « Port PO digit/port switching register

The 3818 group has fluorescent display (FLD) drlve and * Port P8 segment/port switching register
control circuits. * Key-scan blanking register
The FLD controller consists of the following components: * 48-byte FLD automatic display RAM
* 24 pins for segments ’ Eight to twenty-four pins can be used as segment pins .and
+ 16 pins for digits four to sixteen pins can be used as digit pins. )
* FLDC mode register . Note that only 32 pins (maximum) can be used as segment.
* FLD data pointer S and digit pins.
¢ FLD data pointer reload register In the FLD automatic display mode ports P1, to P1; function
* Port P3 segment/digit switching register as digit pins DIGg to DIG44 automatically.
Main address. : Main data Local data
bus bus bus
FLD automatic display RAM S/P] PBy/So
00404 | G1 (SEG P8) S/P| P8,/S; |
G2 (SEG P8) S/P| P8,/S,
S/P] PBy/S,
$/P| P8./S, 8
: S/P| P8s/Ss :
G15 (SEG P8) S/P| P8y/Se
004F,5] G16 (SEG P8) S/P] P8,/S;
0050,5| G1 (SEG P9) 0034, 001044
G2 (SEG P9) PO/S
Local address : 078
: —:_‘—'> : Pg,/S
bus H . ]
i P9,/S.
- /S.
G15 (SEG P9) EN
005F ] G16 (SEG P9) POS
0060,6| GT (SEG P3 ‘ 'ﬁ.%gf—
G2 éseelpa (P95 |
; 0012,
; S/D] P3y/S;6/Dg
@15 (SEG P3) S/D] P3,/8,,/D4
006F,¢] G16 (SEG P3) ’ : : S/D] P3,/S,s/D
- S/D] _P3;/S,0/D; .
S/D] P3./S:0/Ds 8
S/0]_P3/8,,/D;
S/D]_P3¢/Sz,/Ds
S/D| P31/S5/D; |
003246 0006,
FLD data pointer reload
. Key-scan
ragister(address 0037,¢) blanking
register POu/Ds
(address 0035,¢)] | P0,/Ds
: Address | FLD data pointer ) | POz/Dig
decoder (address 0037) P03/D14
D/P | P0./Dy, 9
’ D/P | P0s/D:a
D/P | P0s/Dys
D/P{ P0,/Dys
0033, 0000+
Timing FLD blanking interrupt
generator _ FLD digit interrupt

Fig. 27 FLD control circuit block diagram
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3818 Group

SINGLE-CHIP 8-BIT CM0OS MICROCOMPUTER

FLDC Mode Register (FLDM) 0036,
The FLDC mode register (address 0036,¢) is a seven bit

control register which is used to control the FLD automatic
display.

.Key-scan Blanking Register (KSCN) 0035,
The key-scan blanking register (address 0035:¢) is a two
bit register which sets the blanking period Tgcan between
the last digit and the first digit of the next cycle.

b7 b0

FLDC mode register(FLDM : address 0036,)

Automatic display control bit(PO, P3, P8, P9)
0 : Normal mode
1 . Automatic display mode
Display start bit
D : Display stopped
1 ! Display in progress
(display starts when “1” is written to this bit)
Tgisp control bits
(digit timing setting, when operating at 8MHz)
b4 b3 b2
L 64us
1 128us
1 192us
. 266us
1 320us
1 3B4us
D 448Bus

—O - O -0 = O

:512us

2 mammwooco0o0

To

S

trol bits (digit/segment-off timing setting)

oggQg~—oco—-—oco

L 116X Tdisp
1 110/16XTdisp
10 1 12/16XTgisp
11 21416X Tyisp

cof

Not used (returns “0" when read)

Fig. 28 Structure of FLDC mode register (FLDM)

b7 b0

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

Tscan control bits

bl b0 ‘
0 0 : FLD digit interrupt(at rise of each digit)
01 11 XTgisp o
10 :2XTgis FLD blanking interrupt
11 13XTgisp (at tall of final digit)

Not used (returns “0” when read)

Fig. 20 Structure of key-scan blanking register (KSCN)
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3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

FLD Automatic Display Pins ' the FLDC mode register (address 0036,¢) to “1”.
The FLD automatic display function of Ports P3, PO, P9, and When using the FLD automatic display mode, set the num-
P8 is selected by setting the automatic display control bit of ber of segments and digits for each port.
Table 5. Pins in FLD automatic display mode
Port Name Automatic Display Fins ’ Setting Method
SEGe-SEG;
The individual bits of the Port P8 segment/port switching register (address 0034,¢) can be used to set each
P8,-P8; or o i aym “gn
) pin to either segment (*1”) or normal port input (“0").
. P8q-P8;
P9o-P9~ SEGs-SEGs None (segment only)
SEG16-SEG2a . . .
P34-P3, - The individua! bits of the Port P3 segment/diglt switching register {address 0032,5) can be used to set each
G o pin to segment {“1”) or digit (“0"). (Note) .
DIG,-DIG; .
P0g-P0O5 DIGg-DIG4 None {digit only, use all bits always)
DIG12-DIGs
PO.-PO The individual bits of the Port PO digit/port switching register (address 0033,5) can be used to set each pin
T - to digit {*1") or normat port output (*0"). (Note)
P04-PO;

Note. Always set digits in sequence.

Number of segments 16 8 16 24 ’ 16
Number of digits 4 12 10 . 8 ’ 16
0| P8g 0] P8y 0] P8, 1|'SEGy 1] SEG,
0| P8, 0P8, 0P8, 1] sEG, 1| SEG,
0| P8, 0] P8, 0| Ps, 1] sEG, 1| SEG,
(has Pozoga?egment/ g :gs g Py 0} P8 1] SEG 1] SEG,
port switching register) 4 i 1]SEG, 1 | SEG, 1 SEG,
0f pss 0P8 1] SEGs 1] SEGs 1| SEGs
0| Psg 0! P8g 1| SEGs 1] SEGs 1| SEGs
0fPs,; 0P8, 1] SEG; 1] SEG, 1] SEG;
SEG SEGs SEGg SEGg SEGs
SEGg SEG, SEG, SEG, SEGs
. SEGio SEGqo SEGyo SEGyq SEGig
Port P9 : SEGy, SEGyy : SEGq, SEGy; SEGi
(segment only) SEGy» SEGy, SEG, SEGy2 SEGi2
SEGys SEGys SEGys SEGys SEGys
SEG4 SEGy4 SEGa SEGy4 SEGya
SEGy SEGyg SEGys SEGs SEGys
1| SEGqe 0 DIG, +G12 1] SEGys 1| SEGqe 0| DIG, G186
1| SEGy 0| DIG, =@11 1] SEG;; 1] SEGy; 0| DIG, —~G15
Port P3 1| SEGus 0] DIG; =~G10 1| SEGys 1] SEGys 0| DIG; ~G14
(has Port P3 segment/ 1] 88Gss 0] DIG; ~G9 1| SEGys 1] SEG1e 0| DIG; »G13
digit switching register) 1[ SEGz 0| DIG, —~G8 0| DIG, ~G10 1| SEGy 0| DIG, »+G12
1] SEG,, 0| DIGs ~G7 0| DIGs =G9 1| SEGa 0| DIGs ~G11
1| SEG,» 0| DIGs ~G6 0| DIGs —G8 1] SEG,s 0{ DIGs ~G10
1| SEGy 0| DIG; —~G5 0| DIG; ~G7 1| SEGy 0| DG, ~Go
DIG, ~G4 DIGs —+G4 DIGs —~G6 DIG, —~G8 DIG, —~G8
) DIG, ~+G3 DIG, —+G3 DIGs —G5 DIG, ~G7 DIGy ~G7
Port PO DIGy G2 DIGy —~G2 DIGi ~G4 DiGyo =GB DIGye ~G6
(has Port PO digit/port DIG,, —~G1 DIG;; —~G1 DIGy; ~G3 DIGy; ~G5 DIGy; =G5
switching register) 0| PO, 0} PO, 1| DIG,; ~G2 1| DIG,; ~G4 1| DIG,, ~G4
0] POs 0! POs 1] DIGy; —~G1 1] DIG,s —~G3 1] DIGy; +G3
0] PO 0 POs 0] POs 1] DIG,s ~G2 1] DIG,, —@2
0] po, 0] PO, o] po, 11{D1G,s =G1 1] DIG,;s —~G1

Fig. 30 Segment/digit setting example o
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3818 Group

SINGLE-CHIP 8-BIiT CMOS MICROCOMPUTER

FLD Automatic Display RAM

The FLD automatic display RAM area is the 48 bytes from
addresses 0040,5 to 006F,;. The FLD automatic display
RAM area can be used to store 3-byte data items for a
maximum of 16 digits. Addresses 00405 to 004F,¢ are used
for P8 segment data, addresses 0050,5 to 005F,¢ are used
for P9 segment data, and addresses 0060, to 006F, are
used for P3 segment data.

FLD Data Pointer and FLD Data Pointer Reload Register
The FLD data pointer indicates the data address in the
FLD automatic display RAM to be transferred to a segment,
and the FLD data pointer reload register indicates the
address of the first digit of segment P3.

Both the FLD data pointer and the FLD data pointer reload
register are allocated to address 0037, and are 6-bits
wide. Data written to this address is written to the FLD data
pointer reload register, data read from this address is read
from the FLD data pointer.

The actual memory address is the value of the data pointer
plus 40,6, 50,6, Or 604.

The contents of the FLD data pointer indicate the first
address of segment P3 (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 P3 data to the seg-
ment, the content decreases by—16; when transferring the
segment P9 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 P3, P9,
and P8 segments of one digit are transferred.

Bit
Add ' 7 6 5 4 3 2 1 0
ress Final digit
0040,¢ SEG; SEGg SEGs SEG4 SEG, SEG, SEG, SEG, - (final data of
004144 SEG; SEGs SEGs SEG, SEG; SEG, SEG;, SEG, ~ segment P8)
Segment P8
data area
004E,¢ SEG; SEGs SEGs SEG, SEG, SEG, SEG, SEGp
004F,q SEG; SEGs SEGs SEG, SEG, SEG, SEG, SEG, Final digit
0050+ SEGys | SEGi | SEGy | SEGy, | SEGy SEGi | SEG, SEGs  &|— (final data of
005144 SEGs SEGy4 SEG,3 SEG, SEG, SEGyo SEG, SEGy segment P9)
: { Segment P9
data area
005E,¢ SEGs SEGq, SEGia SEG2 SEG,, SEGyo SEGy SEGs
005F¢ SEGs SEGua SEG1a SEGy, SEGq, SEGqo SEG, SEG, Final digit
0060, SEGaa SEG,; SEG SEG,p SEGqe SEGs SEG,7 SEG,; [ |—- (final data of
0061,¢ SEGy; SEG., SEGy SEGyo SEGe SEG s SEG,; SEGqg segment P3)
Segment P3
data area
006E ¢ SEG; SEGz SEGy SEGz SEGe SEGiq SEGy, SEGys
008F ;¢ SEGys SEG;, SEGy SEGzo SEGe SEGye SEGy; SEGe
Fig. 31 FLD automatic display RAM and bit allocation
M 5249828 002407 441 I
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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 P9 data is stored at address 0050,s, and
the end of segment P3 data is stored at address 0060,c.
The head of each of the segment P8, P9, and P3 data is
stored at an address that is the number of digits—1 away
from the corresponding address 0040,e, 0050,¢, 0060;¢.

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

For 17 segments and 15 digits For 24 segments and 8 digits
(FLD data pointer reload register=14) (FLD data pointer reload register=7)
Bit . Bit
adares 7186 5 4 3 2 1 0 adarese 7 6 | 5 4 3 2 1 0
0040, s 7 0040,6 / 72974
004156 / / 00415 YA /
00424 /. /AL 004256 7Y/ /, [V
004346 / AN 004345 VY /7 A/
00444 NSNS A / 0044,¢ VS NSNS
00456 [/ /N// /. 00456 / /
00461 7/, Z 00465 |/ /), # i
00476 [// / / 004744 /| NN SN
00486 / / '/ 004846
00486 N/ 0049,¢
00476 / 004A.4
004Bis | //, / A 004B,g
004Cie |7/, / s 004C;¢
004D4q o LA 004Dy
004E;q Q04E,¢
004F s Q04F;¢
0050, |/ LA 7 0080, LXK TA
00514 7 = 0051 |//, -
005246 # '/, / w526 |/ //V/, .0 /
00536 Vs 00535 /s /
0054, / 00546 |/, /. /
| 005644 v 00554 /A /
0056w [/ / N/, | 005616 7 7
00574¢ ,/ SN /| 00674¢ /. /s
005845 / 0058,
0059:5 / 0059,¢
005A15 Y/, f 005A,¢
005B,¢ / v/ /Y / 005B,6
005C+¢ / 005C:s
005D, N XN A 005D
005E;¢ / Y, 005E:6
005F ¢ 005F,q
00606 / 006045
0061,¢ 00615 Y/ AL
006246 /, 006216 /) 7 /. /,
00636 - 006346 /
0064.¢ 008416 994 v y 44
0065.5 006516 y
006615 006616 /
006716 . 006716 / /
006815 / 0068y5
00695 00694
006A,5 006A5
006Bys | - g 00686
006C1q 006C16
006D // 006D,6
006E;¢ /. 006E e
006F 3¢ 006F ;¢
Note. Shaded areas are not used.

Fig. 32 Example of using the FLD automatic display RAM.
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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
0036,¢). 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 pertorm FLD automatic display, you have to use the fol-
lowing registers.

* Port P3 segment/digit switching register

« Port PQ digit/port switching register

+ Port P8 segment/port switching register

* Key-scan blanking register

* FLD data pointer

* FLDC mode register

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

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

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

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

scan blanking period Tscan,

1. Write "0” to bit 0 (automatic display control bit) of FLDC
mode register {address 0036,5).

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,¢).

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
0036,6).

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

FLD digit interrupt generated
at the rising edge of segment
data

Tdisp Tscan
Gn I I
G n-1 I L I L
Gn-2 { | I |
G1
Segment m(—)[—}(—} ‘—-) l—)‘——)(——’(——)
oulgput
- :
T Segment setting by software'

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

Digit

U

Tofi

Tdisp

Fig. 33 FLDC timing
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RESET CIRCUIT

After a reset, the microcomputer will start in high-speed op-
eration start mode or low-speed operation start mode depend-
ing 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 held 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 Xy and the X¢y 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,¢ (high-order
byte) and address FFFC.s (low-order byte).

i/ Poweron
I .
Power source) ¥~ (Note)
RESET veg|¥otage
ov |
35 91
——AMA—— I
Pl Reset input I
= voltage

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

Power source voitage

/ detection circuit

|
I
I
|
I
!

Fig. 34 Poweron reset circuit example

Low-Speed Operation Start Mode

In low-speed operatidn start mode, to reset the microcompu-
ter occurs, the RESET pin Is held at an “L" level for 2us or
more. Then is retumned to an “H" level (the power source vol-
tage should be between 2.8V and 5.5V). The X,y clock does
not begin oscillating. In order to give the X¢n time to
stabilize, timer 1 and timer 2 are connected together and
512 cycles of the Xcn/16 are counted before internal
operation begins. After the reset is completed, the program
starts from the address contained in address FFFD,¢ (high-
order byte) and address FFFC,g (low-order byte).

If the Xc v clock is stable, reset will complete after approx-
imately 250ms (assuming f(Xc,y) =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.

B 6249428 0024070 37 N
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Address - Register contents Address Register contents

(1) Port PO register (0000, 3 Timer 12 mode register (00 28Bqg)

8

(2) Port P1 register (000 2,) (32 Timer 34 mode register (0029,

g

o
-
3

(3) Port P1 direction register (0 00 3 ,¢)-* (339 Timer 56 mode register (002A)-
(4) Port P2 register (0004, 0046 14 PWM control register (002Bg)

(5) Port P2 direction register (0 0 0 5,¢)

8

(39 A-D control register (00304) 08¢

(6) Port P3 register (000D 6,5 00,¢ (36 Port P3 segment/digit (0032,:) 0046
(7) Port P4 register (0008, switching register
(8) Port P4 direction redister (0 0 0 9,4) 0046 1) Port PO digit/port switching register (0 0 3 3 ,4)++ 004

(9) Port P5 register (000A ) (38 Port P8 segment/port (0034,

(1) Port P5 direction register (0 0 0 Bg)-- switching register

(1) Port P6 register (000Cyg)

5

39 Key-scan blanking register (0 0 3 5,)
- | G2 Port P6 direction register (0 0 0 Dyg)-- @) FLDC mode register (0036,
(13 Port P7 register (00 0Eq)- @) High-breakdown-voltage port (0 0 3 8 4¢)--

(19 Port P7 direction register (0 0 0 Fyg) control register

(19 Port P8 register (001 04g) I #2) Interrupt edge selection register (0 0 3 A g)-- 004g
(18 Port P8 direction register (0 0 1 1)+ 0045 #3 CPU mode register (003Be) Hnnnnn
(7 Port P9 register (001 24) @4 Interrupt request register 1 (0 0 3 Cqg)-

(18 Port P9 direction register (0 0 1 3 ,4)- FO1q @39 Interrupt request register 2 (0 0 3 Dyg)-

>

(19 Port PA register (001 4,5 @8 Interrupt control register 1 (0 0 3 E )

{20) Port PA direction register (0 0 1 5) @7 interrupt control register 2 (0 0 3 F (g)-+

]
HE HHERE
]

@) Serial I/01 control register {0 0 1 9,g)--

3
=
=

Processor status register (PS)-

] s [x]

(P C)+[Contents of address FFFC,g

22 Serial I/0 automatic transfer (0 0 1 A g)-- @9 Program counter (PCy)-

control register

g
g
E
2
@
=3
2
a
2
2
2
n
n
-
2

3

Serial 170 automatic transfer (0 0 1 Cyg)-*
interval register

@4 Serial 1/02 control register (0 0 1 Dg)-
2% Timer 1 register (0020,6)
@6 Timer 2 register (0021 ,4)
@) Timer 3 register (0022,) FFqs
@8 Timer 4 register (00236)

2% Timer 5 register {(0024,)

(1) Timer 6 register {0025} FFig

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

B bL249828 0024071 202 1M
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| s r—
RESET ,‘ >

xOUT +
(8. 4MHz) - '
Time until oscillation starts | Time necessary for oscillation to stabilize

(d

Xcour : ' (
(32kHz) j . ) \\
— - “Time until oscillation starts , ) 7
=

Internal . .
reset \' | 0.24us,
T 1

Address , | , X X X Xrrrc)Frro Yoo X
Data o
[ L

SYNC

Fig. 36 Reset sequence In high-speed operation mode

5.5V

VCCZ.BV 1 |L —_—— e ———— e ——

ﬁﬁr‘iﬂi’

/ (Oscillation stopped)

Xour .

(6. AMHz)— ‘ i
- Xcour j \

(32kHz) J
Time until oscillation starts | Time necessary for oscillation to stabilize
<
Internai
reset : 62.5us

clock )

Address | ' - X X X X(rrro)(Frro Xaou X
Data AD_ m
SYNC ] |

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

To supply a clock signal, input it to the Xy (Xcw) pin and
make the Xour (Xcour) pin open. If the Xew clock is not
used, connect the Xgn pin to Vgs, and leave the Xcour 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 Xcny clock start oscillating. To set the internal clock ¢
to low-speed operation mode, set bit 7 of the CPU mode
register (address 003B,¢) to “1”.

Low-Speed Operation Start Mode

After reset has completed, the internal clock ¢is half the
frequency of Xcn. Immediately after poweron, only the Xgy
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
“0146".

Either X,y or X¢,n divided by 16 is input to timer 1, and the
output of timer 1 is connected to timer 2. The timer 1 and
timer 2 interrupt enable bits must be set to disabled (“0"),
SO a program must set these bits before executing an STP
instruction. 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 osciliator 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 (Xcpw),
a low power consumption operation can be entered by
stopping only the main clock Xy. To stop the main clock,
set bit 6 (CMg) of the CPU mode register (003B,) to “1”.
When the main clock X,y is restarted, the program must
allow enough time to for oscillation to stabilize.

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

sumption (204A with f (Xcin) = 32kHz) . To reduce the
Xcn-Xcout drivability, clear bit 5 (CMs) of the CPU mode
register (003B,5) to “0”. At reset or when an STP instruc-
tion is executed, this bit is set to “1” and strong drivability is
selected to help the oscillation to start.

Xcin Xcout Xin Xout

36 37 38 39
7;;_Ccm 7;;_ Ccour % Cin 7;'7.Cou1'

Fig. 38 Ceramic resonator circult

X Xcour Xin Xout
36 37 39

= -
Open Open

External oscillation circuit or pulse External oscillation circuit

© Vee l I | I Vccll””l”
Vss Vss

Fig. 39 External clock input circuit

BN L249828 0024073 085 N
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Xem : * Xeour

Timer 1 count stop bit

Timer 2 count stop bit

Xin - Xour

L
"0
Timer 1 count

Internal system clock tS)(iltu“:e selection

selection bit
CM; (Note)

Timing ¢
(Internal clock)

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

1o s s aH Lo S-—G
Reset

Rl— s1P wiT —4r R|— STP instruction
instruction instruction

Reset
Interrupt disable flag |
tnterrupt request

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

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

wIT STP
i instruction I instructi
Xin clock oscnl.latl?g - Xy clock oscillating w ?(.N clock stopped
Xcin clock oscillating Xcin clock oscillating Xen clock stopped
¢ is stopped (“H") — > #=1(Xn)/2 - ¢ is stopped (“H")
Timer operating Interrupt Interrupt
(Note 1)
External interrupt, External interrupt, or
timer interrupt, or CM;=0 Serial /0 interrupt

Serial 170 interrupt

CM;=

wIT STP
X clock oscillating instruction ) instruction
Xem clock osciliating - Xn clock oscillating - X clock stopped
; apn Xein clock oscillating Xein clock stopped
#is stopped ("H") 5 CIN « on PP
Timer operating #=1(Xem) /2 ¢ is stopped (*H")
(Note 3) Interrupt Interrupt
(Note 2)
CM=0
The program must
CMg=1 allow time for X,y
oscillation to stabilize
wiT STP
Xin clock stopped instruction instruction
Xcin clock oscillating - i clock stopped _— X clock stopped
: agn X clock oscillatin X, lock d
é |.s stopped (“H") ciN [+} cin clock stoppe
Timer operating =t(Xcm) /2 ¢=stopped ("H")
(Note 3) Interrupt Interrupt
(Note 2)

Low-speed operation
start mode (Note 4)

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

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

Fig. 41 State transitions of system clock
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a
reset are undefined, except for the interrupt disable flag (1)
which is “1". After a reset intialize flags which affect prog-
ram execution. In particular, it is essential to initialize the
index X mode (T) and the decimal mode (D) flags be-
cause of their effect on calculations.

Iinterrupts

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 “1”, then execute a ADC. or SBC instruction. Only the .

ADC and SBC instruction yleld 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
i a value n (between 0 and 255) is written to a timer latch,
the frequency division ratio is 1/(n+1)."

Multiplication and Division Instructions

The index X mode (T) and the decimal mode (D) flags do

not affect the MUL and DIV instruction.

The execution of these instructions does not change the

contents of the processor status register.

Ports '

The contents of the port direction registers cannot be read.

The following cannot be used :

« the data transfer instruction (LDA, etc.)

« the operation instruction when the index X mode flag (T)
is “1” ‘ o

» 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;¢)

Serial /0

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 170 transfer.

When using the internal clock, set the synchronization clock
to internal clock, then clear the serial 1/0 interrupt request
bit before executing a serial 170 transfer.

Iinstruction Execution Timing

The instruction execution time is obtained by multiplying
the frequency of the internal clock ¢ by the number of cy-
cles needed 10 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 Xy or
Xcin frequency.

At the STP Instruction Release

At the STP instruction release, all bits of the timer 12 mode
register are cleared.

The Xcour drivability selection bit (the CPU mode register).
is set to “1” (high drive) in order to start oscillating.

A-D Converter

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

Make sure that f(X,) is 500kHz or more during an A-D
conversion.

Do not execute the STP or WIT instruction during A-D con-
version.
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DATA REQUIRED FOR MASK ORDERS -
The following are necessary when ordering a mask ROM
production: :
(1) Mask ROM Order Confirmation Form
(2) Mark Specification Form
(3) Data to be written to ROM, in EPROM form

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

ROM PROGRAMMING METHOD

The built-in PROM of the blank One Time PROM version
and buiit-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]
100P6S-A PCAA4738F-100A
100D0 PCA4738L-100A

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

|Programming with PROM programmer I

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

S

Verification with
PROM programmer

LFunclinnaI check in target devicej

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

Fig. 42 Programming and testing of One Time PROM
version

B L2459828 0024077 720 M
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Conditions Ratings Unit
Vee Power source voltage —0.3t07.0 \"
| Vee Pull-down power source voltage Vcoc—40 to Vgc+0.3 v
v, Input voltage P1o-P17, P23-P2;, P4,-P4;, P5y-P5;, —0.310 Veot+0.3 v
P6g-P67, PTy-P7;, PA-PA;, PBy, PBy
v, Input voltage P4, —0.3 to Ve t+0.3 v
\ Input voitage P89-P87, P9y-P33, All voltages are based on Vgs. Vee—40 to V0. 3 \'
v, Input voltage RESET, Xy Output transistors are cut off. —0.3 to Voet0.3 v
v, Input voltage Xcin —0.3 to Vge+0.3 v
Vo Output voltage :::_:z: ::;:: Voo—40 to Voo 0. 3 v
Output voltage P14-P17, P25-P2;, P4,-P4;, P5,-P5;,
Vo P6q-P87, P7o-P77, PAg-PA7, Xour, Xcour —0.3t0 Voet0.3 v
Pdq Power dissipation Ta=25C 600 mw
Topr _ Operating temperature —10 to 85 C
Tstg Storage temperature —40 to 125 C

RECOMMENDED OPERATING CONDITIONS (Voo =4.0105.5V, Tq = —10 to 85C, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.
High-speed operation mode 4.0 5.0 5.5
Veo Power source votage Low-speed operation mode 2.8 5.0 5.5 v
Vss Power source voltage 0 v
Vee Pull-down power source voltage Vec—38 Vee \4
VRrer Reference input voltage 2 Voc \4
AVgs Analog power source voltage 0 Vv
Via Analog input voltage 0 Vee v
“H” input voltage P1o-P1;, P4,-Pd47, P5,-P5;,
Vin P6y-P67, P70-P77, PAs-PA;, 0. 75Vcc| Vee v
PBy, PB,
Vin “H” input voltage P2,-P2; 0.4Vee Vee v
Vin “H” input voltage P4g 0. 75Vce Vece v
Vin “H" input voltage PBy-P8;, P9g-P9s 0.8Vge Vee v
Vin “H" input voitage RESET 0.8Vee Vece \4
Vin “H" input voltage X, Xcin 0.8Vee Vee v
Vi “L" input voltage P1o-P1;, P4,-P4;, P5,-P5;, P6o-P6;, 0 0.25Veo v
P70-P77, PAo-PA;, PBo, PB,
ViL “L" input voltage P2-P2; 0 0.16V¢e v
Vie “L” input voltage P4y 0 0, 5Vc \4
Vio “L" input voltage P8,4-PB;, POy-P9; 0 0. 2Vee v
Vi “L” input voltage RESET 0 0.2Vee \
Vie “L” input voltage X, Xcm 0 0. 2Vge \

B 6249828 0024078 LL7 WM
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RECOMMENDED OPERATING CONDITIONS (vec=4.0105.5v, Ta==—10 t0 85°C, unless otherwise note(.i)

Limits
Symbol Parameter Unit
‘Min. Typ. Max.
“H” total peak output current POg-PQ;, P1o-P17,
2|0H(peak) {Note 1) P2y-P2;, P3¢-P3;, —240 mA
PB8o-P8;, P9g-P9;
2|on(peakJ “H" total peak output current P4,-P4;, P6y-P6;, —60 mA
(Note 1) P70-P7;, PAG-PA;
“L” total peak output current P1y-P1;, P23-P2;, P4,-P4;,
S loupeak) P5¢-PS;, P6,-P6y, 100 mA
(Note 1) P79-P77, PAc-PA;
2 lopeak)| “L” total peak output current ‘P&, (Note 1) 3.0 mA
“H" total average output current POg-PO;, P15-P17,
S lowcavg) (Note 1) P24-P2;, P39-P3;, —120 mA
P84-P87, P9o-P9;
Z loncavg) | “H” total average output current P4,-P4;, P6y-P6;, —30 mA
(Note 1) P7¢-P77, PA-PA; )
“L” total average output current P14-P17, P2p-P2;,
P4,-P4;, P5¢-P5;,
Zlovavg) PG:-P:: _ P:-W:, 50 mA
(Note 1) PAg-PA;
Zloiavg) | “L” total average output current P6g (Note 1) 1.5 mA
|0H(peak) “H" peak output current P0y-P0;, P3y-P3;, P8,-P8;, —40 mA
(Note 2)P3g-P9;
“H" peak output current P1g-P1;, P2o-P2;, P4,-P4;,
lon(peak) {Note 2) P6-PS;, P7-PT7;, PAg-PA 10 mA
i 0 7 7
loL(peak; “L” peak output current P1o-P17, P2,-P2;, P4,-P4;, 10 mA
(Note 2) P6-P6;, P7-P7;, PAs-PA;
loL(peak)| “L" peak output current P5-P5; (Note 2) 10 mA
loL(peak)| “L™ peak output current Pgqy (Note 2) 3.0 mA
loncavg) “H" average output current P0y-P0;, P3¢-P3;, 18 mA
(Note 3)  PBy-P8;, P9-P9;
|cm(avg) “H" average output current P1¢-P17, P2p-P2;, P44-P4;, —5.0 mA
(Note 38)  P6y-P6;, P70-P7;, PA-PA;
“L" average output current P1,-P1;, P2-P2;,
loLtavg) (Note 3)  P4;-P4;, P€,-P6;, 5.0 mA
P70-P7;7, PAG-PA;
loLcavg) | “L” average output current PSo-P5; { Note 3) 5.0 mA
loL(avg) | “L” average output current Py  (Note 3) 1.5 mA
f{CNTR,) | Clock input frequency for timers 2 and 4 260 KHz
f(CNTR,) | (duty cycle 50%)
F(Xyn) Maln clock input oscillation frequency (Note 4) 8.4 MHz
f(Xcin) | Sub-clock input oscillatlon frequency (Note 4, Note 5) 32.768 50 kHz

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

value of all the currents.

& W

frequency f{Xci) I8 less than f(X,)/3.

. The peak output current is the peak-current flowing in each pont.
. 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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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

ELECTRICAL . CHARACTERISTICS (vec=4.0105.5V, Ta = —10t0 85T, unless otherwise noted) -

Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
Von “H” output voltage P0Og-PO;, P3,-P3;, P8o-P8;, lon=—18mA . Veo—2.0 v
P9g-PY; . :
Vo “H" output voltage P1y-P1;, P2p-P2;, P4,-P4;, low=—10mA Vee—2.0 ' v
PBo-P67, P7o-PT;, PAy-PA; .
“L” output voltage P14-P1;, P2y-P2;, P44-P4;,
VoL P5,-P5;, P6:-P67, P7-PT7, lo.=10mA : 2.0 v
" PAg-PA; ]
Voo “L" output voltage P6y lor=1.5mA 0.5 v
Vr4—Vi- Hysteresls INTo—NTa, S, Siwz, Scux. Souxc: When using é non-port function 0.4 v
CNTRg, CNTR,
Vry—Vy_ | Hysteresis RESET, Xin RESET : Veo=2. 8V t0 5.5V 0.5 v
Vy4+—Vr— | Hysteresis Xoin 0.5 Vv
» “H” input current P19-P1;, P24-P2;, P4,-P4;, P5¢-P5;, Vi=Voo 5.0 LA
P6y-P6;, P7o-P77, PA)-PA;, PBqg, PB;
hn “H” input current P4, Vi=Vee . , 5.0 uhA
i “H" input current P8y-P8;, P9,-P9; (Note 1) Vi=Vee 5.0 uA
i “H" Input current RESET, X¢in 1 vWw=Vec 5.0 #A
'™ “H" Input current Xy Vi=Vce 4.0 uA
N “L” input current P19-P17, P20-P27, P4,-P4y, P5o-P57, VimVes —5.0 KA
P6o-P6;, P75-P7;, PAg-PA;, PBy, PBy .
I “L* input current P4, V|=Vss —5.0 #A
e “L” input current P8¢-P8;, P9;-P9; (Note 1) Vi=Vss —5.0 A
[ “L” input current RESET, Xcn Vi=Vgg —5.0 rA
he *L" input current X Vi=Vss ) —4.0 ‘uA
) Vee=Vec—36V,
lLoaD Output load current POo-PQy, P3,-P3;, P9y-PY; Vor=Vce. 150 500 900 uA
Qutput transistors “off” )
Vee=Vgc—38V, .
Output leakage current P0g-FPQ;, P39-P3;, P8y-P8;,
leax gy VoL™Vee—38Y, | —10 uA
Output transistors “oft" (Except for reset)
Vaam RAM hold voltage When clock is stopped 2.0 5.5 v
) * High-speed mode
(X n)=8. 4MHz )
f(Xein) =32kHz 10 20 mA
Output transistors “off"
A-D converter operating
* High-speed mode
' (Xw)=8. 4MHz (in WIT state)
f(Xcin) =32kHz 1.5 mA
‘Qutput transistors “off”
| A-D converter stopped
* Low-speed mode
f(Xin) = stopped, #(Xon)=32kHz
lec Power sourcs current Low-power dissipation mode set ) ' 60 200 A
(CMs=0)
Qutput transistors “off"
* Low-speed mode
f(Xn)= stopped
I(Xcm)=32kl-:lz (in WIT state) 2 0 uA
Low-power dissipation mode set
(CM5=0)
QOutput transistars “off”
All oscillation stopped Ta=25C . S 0.1 1.0
(in STP state) - A
Output transistors “cff” | Ta=85C 10
' Note 1. Except when reading ports P8,—P8; or ports P9;—P9;.
I L249828 0024080 215 HE
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

A-D CONVERTER CHARACTERISTICS

(Vee=4.0105.5V, Vgs=0V, T;=—10 t0 85C, high-speed operation mode, uniess otherwise noted)

Limits
Symbot . Parameter Test conditions Unit
Min. Typ. Max.
— Resolution 8 Bits
— Absolute y ( g quantization error) Vee=Vaer=5. 12V +1 +2.5 LSB
Tcony Conversion time 49 50 tc (&)
IvRer Reference input current . Veer=5V 50 150 200 uA
hia Analog port input current 0.5 5.0 A
Risoper | Ladder resistor 35 k(2
TIMING REQUIREMENTS (Vcc=4.0105.5V, Ves = 0V, Ta= —10 1085C, unless otherwise noted)
Symbot Parameter Test conditions Limits Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2.0 us
teom Main clock input cycle time (X input) 119 ns
twh O Main clock input “H” pulse width 40 ns
twi () Main clock input “L" pulse wlidth " 40 ns
tetxem) Sub-clock input cycle time (Xc input) 20 us
twH(xom) Sub-clock input “H” pulse width 5.0 us
twi(xan) Sub-clock input “L” pulse width 5.0 us
te(onTR) CNTRo, CNTR, input cycle time 4.0 u8
twH(cnTR) CNTRy, CNTR,, input "H" pulse width 1.6 s
twi(cnTR) CNTRyg, CNTR;, input “L” pulse width 1.6 1S
twHONT) INTo-INT, input “H” pulse width 80 ns
twiaing INTo-INT, input “L” pulse width 80 e
toiso) Serial I/0 clock input cycle time 1.0 us
twH(scuo Serial 170 clock input “H” pulse width 400 ns
twi( Sew) Serial I/0 clock input “L” pulse width 400 ns
tsu(seik-sw) | Serial IO input setup time 200 ns
the _Spy) Serial 1/O input hold time 200 ns
SWITCHING CHARACTERISTICS (Voo =4.0105.5V, Ves =0V, Ta= —10 10 857, unless otherwise noted)
Limits
Symbol Parameter Test conditions Unit
Min. Typ. Max.
twH(seL) Serial 170 clock output “H* pulse width CL.=100pF, R, =1k ;‘2:(_5";&)’ ns
twicse | Serial /0 clock output “L” pulse width C,=100pF, R_.=1kQ ;‘2’:3?&’) ns
Yd(scx—Sgur)| Serial /O output delay time 0. Agtsey ) ns
tvise k—soyp) | Serial I/O output hold time - 0 ns
tisou Serial I/0 clock output falling time C.=100pF, R,=1kQ 40 ns .
tr(Pch-strg) :‘-’;‘t;h:n:\)el high-breakdown voltage output rising time CL=100pF, Vee=Voc—36V 55 ns
‘r(Pch-weak) :";t;h:nzn)el high-breakdown voltage output rising time CL=100pF, Vee=Voc—36V .8 us

Note 1. When bit 0 of the high-breakdown voltage port control register (address 0038,) is at “0".
2. When bit 0 of the high-breakdown voltage port control register (address 0038,¢) is at “1".
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

PSg/Scixz R __| j

Serial 1/Q clock output P5o/Seiki PO, P3, P8, P9 ‘
o . , P3, P8,
J—J P-channel !
C output port C
— ; 8 (Note) J; -

VEE

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

Fig. 43 Output switching characteristics measurement circuit
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MITSUBISHI MICROCOMPUTERS

3818 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

Timing Chart

1 tetentr)
twh(cnTR) | twi(enTR)
 0.8v
CNTR,, CNTR, - BVec 0. Ve ] /
X twhinm ;o EavLont) |
. 8V,
INTo-INT, / 0.8Vee 0.2Vee
| twirEsem |
— N 0.8V,
RESET 0.2Vcc e
\ Yoo
. twniun) o fw )
Xon 0.8Vee /
L 0.2Vcc A
| totem
| twHOGny ;o twiixg)
[
0.8V,
Xomn ce /
0.2Vcc .

tetsoun
i twi(sgik) tr twH(sg k)
Y < N
0.8v,
Scuk \ 0.2V / . 8Vee
N A
tsuisin—scik) thiscik—sm)

:

P0. 8Voe X
\ 0. 2Veo §

tv(scik—soun

td(scik—soun

Sour
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