Ordering number : EN4677

CMOS LSI

LC66354B, 66356B, 66358B
SA////WYO Four-bit Single-Chip Microcontrollers

On-Chip 4 K/6 ‘K-byte ROM

Overview

The LC66354B, LC66356B and LC66358B are 42-pin
package four-bit CMOS microcontrollers that integrate on
a single chip all functions required in a control
microcontroller, including ROM, RAM, 1/O ports, serial
interfaces, comparator inputs, three-value inputs, timers
and an interrupt system. These products differ from the
earlier LC66358A series in their power supply voltage
range and operating speed specifications.

Features and Functions

* ROM (with 4 K-, 6 K- and 8 K-byte capacities) ar
RAM (512 4-bit digits) on chip

» LC66000 series compatible instruction set
(128 instructions)

« A tota of 36 /O port pins )

« Two eight-bit serial interfaces that can be gornect
cascade to form a 16-bit interface

. Instruction cycletime: O. 92 to 10 ps 3

ator inputs, three-value inputs, 20 mA drive
15 \% Wlthstand voltage, pull-up or open-drain

g
Runaway déectlon function (watchdog timer) option
ght- bltf/Ofunctlon
wer educnon functions using halt and hold modes
: Packagés DIP42S, QIPASE (QFPASE)
. EyaLuatlon LSI: used together
LC66599 (evaluation chip) + EVA850/800-
TB6630X
— LC66E308 (on-chip EPROM microcontroller)

10 ps (at 2.2 to5.5V).
« Powerful timer and prescaler f

v and all SANYO products described or contained herein do not have specifications that can handle
ppllcatlons”" hat require extremely high levels of reliability, such as life-support systems, aircraft's
Centrol, systems or other applications whose failure can be reasonably expected to result in serious
phygmal “apd/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
93098HA (OT) / 83194TH (OT) B8-0696 No. 4677-1/23



LC66354B, 66356B, 66358B

Series Structure

Product name Pins ROM capacity RAM capacity Package Features
LC66304A/306A/308A 42,48 | 4 K/6 K/8 K bytes 512 W DIP42S QFP48E
LC66404A/406A/408A 42,48 | 4 K/6 K/8 K bytes 512 W DIP42S QFP48E
LC66506B/508B/512B/516B 64 6 K/8 K/12 K/16 K byteg 512 W DIP64S QFP64A
LC66354A/356A/358A 42,48 | 4 K/6 K/8 K bytes 512 W DIP42S QFP48E
LC663545/3565/358S " 44 4 K/6 K/8 K bytes 512 W
LC66556A/558A/562A/566A 64 6 K/8 K/12 K/16 K byteg 512 W DIP64S
LC66354B/356B/358B 42,48 | 4 K/6 K/8 K bytes 512 W DIP42S
LC66556B/558B" 64 6 K/8 K bytes 512 W DIP64S
LC66562B/566B 64 12 K/16 K bytes 512 W DIP64S
LC66E308 42,48 | EPROM, 8 K bytes 512 W DIC42S (window) ,
LC66P308 42,48 | OTPROM, 8 K bytes 512 W DIP42S F ra
LCB6E408 42,48 | EPROM, 8 K bytes 512 W DIC42S (wingow) E;’rsz)is n window and OTP
LC66P408 42,48 | OTPROM, 8 K bytes 512W | DIP42S" 74,510 5.5 V/0.92 pis
LC66E516 64 EPROM 16 K bytes 512 W
LC66P516 64 OTPROM 16 K bytes 512 W

Note: * Under development

Pin Assignments
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solderifig methods to mount the QFP package version.

Contactyour £ S reprwéptative to discuss process conditions if techniques in which the whole packageis

mu‘hersed irva:sol derbath (soller dip or spray techniques) are used.
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LC66354B, 66356B, 66358B

System Block Diagram

rM.J ROM

(=N RAM sTack
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TEST —=] Feae] [ Z]
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05C2-~< ElDD|DD
splMiPR|PP E A
HOLD—= RIHL|xY
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EMP 1
Eupz =g 1Po ()
EMP3 25 MPX
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L CONTRO

e

A01805

he LC6630X Series

Parameter

System Differences
« Hardware wait time (number of cycles)
when HOLD mode is cleared

LC6635XB series

16384 cycles
At 4 MHz (Tcyc = 1 ps): About 16 ms

« Value of timer O on reset

(including the value after HOLD mode is cfea

The value FFC is loaded.

Main differences in product characteri
« Operating power supply voltage/opg
(cycle time)

3.0t0 5.5V/0.92 to 10 ps
LC6635XA, 2.2 t0 5.5 V/3.92 to 10 ps,
3.0t0 5.5V/1.96 to 10 ps

Note: 1.
2.

3.

025

SANYO: DIP42S

unit: mm
3156-QFP48E

1.6

[LC66354B, 66356B, 66358B]
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LC66354B, 66356B, 66358B

Pin Function Overview

Pin 110 Overview Output drive type Option Value on reset
1/0 ports P00 to P03 . P- . -
PoO P o o tp °:a“”e" pull-up MOS | Either with pull-up MOS
Eg; o « Input or output in 4-bit or 1-bit units yp! 1 g y or n-channel OD lgff)ut
b3 « P00 to P03 have control functions in | * chli anrr:er; intermediate « Reset output lev
HALT mode. sink current type
P10 * P-channel: pull-up MOS « Either with glill-up
P11 /o 1/0 ports P10 to ?13 . o type - . or n—cgﬁgﬁél oD 0:1 ]
P12 « Input or output in 4-bit or 1-bit units | « N-channel: intermediate .+ Resét dutout | ol
P13 sink current type Hutput levg,
1/0 ports P20 to P23
* Input or output in 4-bit or 1-bit units
* P20 is also used as the serial input
SI0 pin.
P20/s10 « P21 s also used as the serial output | * P-channel: CMOS E}/ﬁ
P21/SO0 SO0 pin. « N-channel: intermédjate
pazscro | 70 i H
P23/INTO * P22 is also used as the serial clock S'_nk current ty% _(+15 v
SCKO pin. withstand voltdggin OD
* P23 is also used as the INTO
interrupt request, the timer 0 event
counter and pulse width
measurement input.
1/0 ports P30 to P32
« Input or output in 3-bit or 1-bit units
* P30 is also used as the INT1
P30/INT1 interrupt request.
Either CMOS or n-channel
P3L/POUTO|  1/O * P31 is also used for square waye OD output H
P32/POUT1 output from timer 0.
« P32 is also used for squarg’
P33/HOLD
e
1/Gorts PAGta,P43
4 i tin 3-bit or 1-bit units : tF;—;::annel. pull-up MOS
1/0 in8-bit units when used in + Either with pull-up MOS H

P43

%, Conjtiny tion with P50 to P53

_Out_p‘ut of 8-bit ROM data when
Uiséd in conjunction with P50 to P53

* N-channel: intermediate
sink current type (+15 V
withstand voltage in OD)

or n-channel OD output

Continued on next page.
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LC66354B, 66356B, 66358B

Continued from preceding page.

Pin 110 Overview Output drive type Option Value on reset
1/0 ports P50 to P53
« Input or output in 4-bit or 1-bit units
. o . ¢ P-channel: pull-up MOS
P50 * 1/O in 8-bit units when used in type
P51 conjunction with P40 to P43 . . « Either with pull-u
P52 e} ) + N-channel: intermediate or n-channel
i * Output of 8-bit ROM data when sink current type (+15 V/
PS3/INT2 used in conjunction with P40 to P43 withstand voltage in OD)
« P53 is also used for the INT2
interrupt request.
1/0 ports P60 to P63
« Input or output in 4-bit or 1-bit units
« P60 is also used as the serial input
P60/SI1 SI1 pin. * P-channel: CMOS type
P61/SO1 « P61 is also used as the serial output | * N-channel: intermediates
110 ) '
P62/SCK1 SO1 pin. sink current type (+15:
PE3/PINL « P62 is also used as the serial clock withstand voltage in:O
SCK1 pin.
» P63 is also used as the timer 1
event counter input.
1/0 ports PC2 and PC3
« Output in 4-bit or 1-bit units
PC2IVREFO| | | « PC2is also used as the VREFO H
PC3/VREF1 comparator comparison voltage pin.
* PC3is also used as the VREF1
comparator comparison voltage ping
Dedicated input ports PDO to RD3:
* Can be switched to use as: )q
tor inputs under progral
PDO/CMPO The PDO comparisol
PD1/CMP1 | VREFO. ’ Normal inout
PD2/CMP2 P
PD3/CMP3 voltage is VR
Comparisons ¢
units of PB0, °D2, ang:P
PD3 togéthér.
PEOITRA Dedica‘/igd'input port
PEL/TRE Normal input

« Selection of either
ceramic oscillator or
external clock input.

“This pif fAust be connected to Vgg
rifig fiormal operation.

T

Power supply connections

Note: Pull-up MOS output:
CMOS output:
OD output:

..Complementary output
........... Open drain output

..A pull-up MOS transistor is connected to the output circuit.

No. 4677-5/23



LC66354B, 66356B, 66358B

User Option Types

1. Port 0and 1 reset time output level option
The output levels of ports 0 and 1 can be selected from the following two options in 4-bit u{ni-ts

Option Conditions and notes
High level output at reset time Ports 0 and/or 1 in 4-bit sets
Low level output at reset time Ports 0 and/or 1 in 4-bit sets

2. Ogcillator circuit option

Option Circuit

External clock J——Lo Sc1
c1i 0sc1
Ceramic

Ceramic oscillator

resonator =2 =
ce oscz2

Note: There is no RC oscillator option.

3. Watchdog timer option
The presence or absence of awatchdo

4. Port output type option ) : ; .
« One of the following two output gircuit optidns Cah be sgtegted for each bit in ports PO, P1, P2, P3 (except for the

Option Conditions and notes

Output
data

Open drain output input P2, P3, P5 and P6 are Schmitt inputs.

data

A041808
Output
data
P2, P3, P5 and P6 are Schmitt inputs.
. CMOS outputs (P2, P3, P6 and PC) and pull-up MOS
—| ) input outputs (PO, P1, P4 and P5) are differentiated according to
dala the drive capacity of the p-channel transistor.
B5sE
A01809

No. 4677-6/23



LC66354B, 66356B, 66358B

Specifications
Absolute Maximum Ratings at Ta=25°C,Vgg=0V

Parameter Symbol Applicable pins, notes Conditions A Ratings Unit | Note
Maximum supply voltage Vpp max | Vpp
Vin @) P2, P3 (except for the P33/HOLD pin), P4, P5, P6 1
Input voltage -
Vin (2) Other inputs 2
Vout (1) | P2, P3 (except for the P33/HOLD pin), P4, P5, P6 1
Output voltage
Vourt (2) | Other outputs 2
| PO, P1, P2, P3 (except for the P33/HOLD pin), 3
ON P4, P5, P6, PC
Output current per pin “lop (1) | PO, P1, P4, P5 mA 4
—lop (2) | P2, P3 (except for the P33/HOLD pin), P6, PC mA 4
Slon (1) PO, P1, P2, P3, (except for the P33/HOLD pin) Pf} , P4l mA 3
) Tlon (2) | PS5, P6, P42, P43, PC mA 3
Total pin current — ;
Zlop (1) PO, P1, P2, P3 (except for the P33/HOLD piny, P40, P4% mA 4
Tlop (2) | PS5, P6, P42, P43, PC mA 4
T 600 | mw
Allowable power dissipation Pd max Ta=-30to +70°C
430 | mw 5
Operating temperature Topr -30to+70| °C
Storage temperature Tstg -55t0 +125| °C
Note: 1. Applies to open drain output specification pins. The rating from t
specification.

2. Levels up to the free-running oscillation level are allowed for
3. Inflow current
4
5

(solder dip or spray techniques) are used.

Allowable Operating Ranges at Ta=

Ratings .
Parameter - Unit | Note
min typ max
Operating supply voltage O.Q:f ;Tcyc <10 ps 3.0 5.5 \%
Memory hold supply voltage Jfﬁ'_,l;ﬂbLD mode 1.8 55 \Y
fith lthe output n-channel | o Vo 135 v 1
transistor off
. With the output n-channel
Input high level Voltage transistor off 0.8 Vpp Vbp \% 2
With the output n-channel
transistor off 0.75 Vop Voo | V s
) Using three-value input 0.8 Vpp Vbb \
Middle level input \{gfi,gge Using three-value input 0.4 Vpp 0.6 Vpp \
Common mode ifput ) ) 15 Vpp | V
Using comparator input
voltage range PDF PD2, PD3, PC3 Vss Vpp-15| Vv
’ ﬁ, P3 (except for .
e P33/HOLD pin), :N'th ,‘hte °“‘f?“t n-channel 02Vpp | V 1
P5, P6, RES, OSC1 ransistor o
P33/HOLD Vpp=18t055V 02Vpp | V
PO, P1, P4, PC, PD, PE, | With the output n-channel v 0.5 v v 3
TEST transistor off SS <2 YDD
PE Using comparator input Vgs 0.2 Vpp \%
0.4 4.35 | MHz
(10) 0.92) | (ps)

Note: 1. Applies to open drain specification pins. However, the rating for V| (2) applies to the P33/HOLD pin. Ports P2, P3 and P6 cannot be used as input
pins when CMOS output specifications are used.
2. Applies to open drain specification pins.
3. When PE is used as a three-value input, Vi (4), V) and V_(4) apply. Port P3 cannot be used as input pins when CMOS output specifications
are used.

Continued on next page.
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LC66354B, 66356B, 66358B

Continued from preceding page.

. . " Ratings )
Parameter Symbol Applicable pins Conditions - Unit | Note
min typ max
See Figure 1.
With the signal input to
OSC1 and with OSC2
Frequency fext open (with external clock 04 MHz
input selected for the
oscillator circuit option)
See Figure 1.
With the signal input to
External clock A toxeH 0SC1 and with OSC2
input Pulse width OSC1 ;
- textl open (with external clock
conditions )
input selected for the
oscillator circuit optio|
R
Rise/fall imes text ns
texiF
Electrical Characteristics at Ta=-30to + 70°C, Vgg 5.5 V ynless other wise specified
. . Ratings )
Parameter Symbol Applicable pins Unit | Note
typ max
P2, P3 (except fol
Iy Q) the P33/HOLD pir), 50 | pA 1
P4, P5, P6 :
Input high level current Iy @) 1.0 HA 1
VoD i
Iy (3) the g_utgm‘i n-channel 1.0 MA 1
ransist}gr“v off
ke output n-channel -1.0 HA 2
sfstor off
Input low level current 3
4 VIN = Vss,
WVith the output n-channel -1.0 HA 2
transistor off
lon =—1 mA Vpp - 1.0
\% 3
Output high level voltage lop =-0.1 mA Vpp-05
lon = —50 pA Vpp—1.0
OH = DD v a
lon =—30 pA Vpp - 0.5
Output pull-up currert ViN=Vss Vpp=55V -1.6 mA 4
€ (except for loL = 1.6 mA 0.4 \Y 5
{heP33/HOLD pin)
RO, P1, P2, P3, P4, P5,
6, PC (except for loL =8 mA 15 \%
the P33/HOLD pin)
P2, P3, P4, P5, P6 ViN=135V 5.0 MA
PO, P1, PC Vin = Vbp 1.0 MA
PD1, PD2, PD3 ViN=VggtoVpp—15V +50 +300 mV
PDO Vin=1.5t0 Vpp +50 +300 mV
0.1Vpp Y
High leve
Schmitt thresHOLD VtH P2, P3, P5, P6, 0.5 Vpp 0.8 Vpp \Y
characteristics | voltage OSC1 (EXT), RES
Low level
thresHOLD ViL 0.2 Vpp 0.5 Vpp \Y
voltage

Continued on next page.
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LC66354B, 66356B, 66358B

Continued from preceding page.

o g bW

. . » Ratings .
Parameter Symbol Applicable pins Conditions Unit | Note
max
Oscillator .
§ fcr OSC1, 0sc2 Figure 2, 4 MHz MHz
. requency
Ceramic -
oscillator Oscillator )
stabilization fcrs Figure 3, 4 MHz
time
Cycle |Input ‘
time | Qutput cKey
Low
level/ | Input tekL
high The timing from Figure
Serial clock level SCKO, SCK1 and the test load frome
pulse | Output tckH Figure 5 g
widths
Rise/ ¢
fall Output tCKR us
times CKF )
) Stipulated with respe
Data setup time tick pulals & Peg us
Serial input SIo, SI1
Data hold time tek us
Serial output Qutput delay tcko SO0, SO1 us
time
INTO high/low t
IOH
Lsi\(/ﬁ:]gu'se tioL event;:or;fnter Teye
pulse wi }h
Pulse High/low level
conditions | idths f
pulse w@t s for 2 Teye
interrupt inputs
other than INTO )
PIN1 high/low Conditions such that
level pulse timer 1 event counter 2 Tcyc
widths inputs are accepted.
RES high/l "
S high/low » Conditions such that
level pulse 3 Tcyc
. reset occurs
widths
Comparator response spe*e‘_: ' Figure 7 20 ms
; ing a4 MH i
Usn_wg a Z ceramic 30 50 mA
oscillator 8
Using a 4 MHz external
clock 3.0 5.0 mA
ing a4 MH i
USI_ g a Z ceramic 10 20 mA
oscillator
Using a 4 MHz external
clock 1.0 2.0 mA
Vbb Vpp=1.8t05.5V 0.01 10 HA

¢ 'ﬁm§ cannot be u‘é‘eﬂ"for input when the CMOS output specification option is selected.
r ut and Qutput ports with open-drain output specifications are specified for the state with the output n-channel transistor turned off.

Ratings forquli- upg)uxput specification pins are stipulated for the output pull-up current Ip. These pins cannot be used for input when the CMOS

output spemflcat;gn Option is selected.

. Stipulated for cMBs output specifications with the output n-channel transistor in the off state.

. Stipulated for pull-up output specifications with the output n-channel transistor in the off state.

. Stipulated for open-drain output specifications with the output n-channel transistor in the off state.
. In the reset state

No. 4677-9/23




LC66354B, 66356B, 66358B

0sc1 (0SC2)

External clock OPEN

textR
1/fext

textF

________ - Op,ga’:gﬁ’ng Vbp
? lgwer limit
\)QE‘

Stable
oscillation

A01B42

C1 =47 pF + 10%
2 MHz (Kyocera) KBR2.OMS | C2 = 47 pF + 10%

External Rd=0Q
capacitance type C1=33pF +10%
2 =33 pF £ 10% 4 MHz (Kyocera) KBR4.0MS | C2 =33 pF + 10%

Rd=0Q Rd = 0Q

tCKO

 —

s00 ){ Vo5=T
0,4V
s01 4Voo

A04B13

Figure 4 Serial /0O Timing

No. 4677-10/23



LC66354B, 66356B, 66358B

R=1kQ
TEST
point

C=50pF

+

A041B14

Figure 5 Timing Load

tPINH
tASH

Comparator output data s

A01Bi6

No. 4677-11/23



LC66354B, 66356B, 66358B

Application Development Tools

Programs for the LC66354B, LC66356B and LC66358B microcontrollers are developed on an IBM-PC compatible
personal computer running the MS-DOS operating system. A cross assembler and other tools are available. To make
application development more convenient, Sanyo also provides a program debugging unit (E\7 860/850) an evaluation

42-pin LC66599

Evaluation chip

LC66E308
board
(EVAB00/850-
TB6630X)

\

User application printed circuit board

Structure of the Appli

1. Program debugging unit (EV A800/850) ;
Thisis an emulator that provides functions for EPROM
equipment (such as a host computer). It suppgrtsapp i
modification. Its main debugging functionsinelude
EV A800/850 monitor ROM.)

Evaluation chlp board (EVABO0/850:T T

Reset method Power supply to the user application board
Jumper 2 (J2: RES) Jumper 3 (J3: Vpp)

Vpp is supplied to the user
ON (a) | application printed circuit board
through the evaluation chip board.

Reset by a RUN instruction from

INT (a)
the host computer.

Jumper setfing
¥ Reset by the reset circuit on the Separate power supplies on the
user application printed circuit user application printed circuit

EXT (b) board. OFF (b) board and the evaluation chip
board.
; Port 0 and 1 output levels on reset Watchdog timer presence or absence setting
Switch SW11: POHL SW10: P1IHL SW9: WDC
Switch setting THON Port 0 high ON Port 1 highPort 1 low ON Watchdog timer present
and mode OFF Port 0 low OFF OFF | Watchdog timer absent

Switches SW1 to SW8: Pull-up resistor option settings

* Set the corresponding switch to the on position for built-in pull-up resistors, and set the switch to the off position
for open drain output.

* These settings can be specified for individual pins.

No. 4677-12/23



LC66354B, 66356B, 66358B

3. Cross Assembler

Cross assembler (file name) Object microprocessors Limitations on program creation
SB instruction limitations
LC66354B, 66356B, 66358B * LC66354B : Only S’BO‘cgn be used.
LC66S. EXE (LC66E308, 66P308) » LC66356B, 663588 : Onl SB@.@n&' 1 can be used.
(LC66599) (LCB6E308, 66P308)
» LC66599 SBD SB1, SB2 and SB3 can be used.

Simulation chip (See the LC66E308 indivi dual product catal og for more detai Is

* Form
The LC66E308 has a pin arrangement and functions |dent|

figure below shows the pin assignment.

» Options

definitions.) This allows evaluation with the
production product.

Pin Assignment

#]42] PE41/TRB/OE

" [41] PEO/TRA/CE
[40] voo

[39] PD3/CMP3/FBM
[38] PD2/CMP2

[37] PD1/CMP1

36 ] PDO/CMPO

E PC3/VREF 1
[34] Pc2/VREFO
[33] PE3/PIN1/DASEC
LCEBE308 [32] P62/SCK1

[31] P61/S01

[30] P60O/SI1

[29] P53/INT2

28] P52/A13

27 ] PS1/A12

26| P5O/A1LY

25| P43/A10

NpssTEST [19] [24] P42/A9
ves [20] 23| RES
osct [21 22] osca

A01817
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LC66354B, 66356B, 66358B

Option Data Area and Definitions

ROM area Bit Option item

Relation between option and data

Unused

g o N

Must be set to ze A

N

Oscillator option

2000H
Unused

P1
PO

Level of reset

Watchdog timer option

P13
P12
P11
P10
P03
P02
PO1
P00

2001H Output circuit type

Unused
P32
P31
P30
P23
P22
P21
P20

2002H

2003H

Nfw|h|lO|o|N|[O|R[MNV|W|[M O|lOIN|O|(R|IN|W|M O[O |N|[O|FR|IN]|®W

1=PU,0=0D

1=PU,0=0D

Unugéd

Must be set to zero.

urfh;éa

Must be set to zero.

Must be set to zero.

Uptised
PC3
PC2

Output circuit type

1=PU,0=0D

Unused

Must be set to zero.
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LC66354B, 66356B, 66358B

LC663XX Series Instruction Table (by function)

Abbreviations:

AC: Accumulator

E: E register

CF Carry flag

ZF: Zero flag

HL: Data pointer DPH, DPL
XY: Data pointer DPX, DPY
M: Data memory

M (HL): Datamemory pointed to by the DPH, DPL data pointer
M (XY): Datamemory pointed to by the DPX, DPY data pointer
M2 (HL): Two words of data memory (starting on an even address) poi ntqd’l@ by t
SP: Stack pointer 7 '
M2 (SP): Two words of data memory pointed to by the stack pointer
M4 (SP): Four words of data memory pointed to by the stack pointer

in: n bits of immediate data
t2: Bit specification
t2 11 10 01 00
Bit 23 22 21 20

PCh: Bits8to 11 inthe PC
PCm: Bits4to 7inthe PC
PCI: Bits0to 3inthe PC
Fn: User flag, n=0to 15
TIMERO: Timer O

TIMER1: Timer 1

SIO: Serial register

P Port '
P(i4): Portindicated by 4 bits of jmmedigi
INT: Interrupt enable flag

Indicates the content ofl alog

()l
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LC66354B, 66356B, 66358B

Instructions

= — .
o o [s} o
2 _ Instruction code o 5, . Affected
25 Mnemonic EAEE Operation status bits Note
2 2 D; Dg Dg Dy|D3 D, D; Dy |2 5|3 &
5 7 Y6 Y5 Y4 321 Po|lz8=z 3
AC - 0
CLA Clear AC 1 0 0 0[O0 0 OO 1 1 (Equivalent to LAIO.) 1
DAA DecimaladjustAC| 1 1 0 0|1 1 1 1 2 2 AC ~ (AC)+6
in addition 00 1 0|01 10 (Equivalent to ADI6.)
. . AC ~ (AC) + 10
DAS Pec'r&a' at‘_“”s‘ AC é é (1) 8 i (1) i (1) 2 | 2 |(Equivalent to
P in subtraction ADIOAH.)
o
B |CLC Clear CF 0 0 111 1 0 1 CF -0
>
E STC Set CF 111 1|1 CF 1
é CMA Complement AC
e
2 |ia Increment AC
=
g |DpA Decrement AC
§ Rotate AC right
k=] otate rig
RAR
g through CF
35
(8]
<
Rotate AC left £, .
RAL Shiff A€ (including CF) left. | CF, ZF
through CF ( g CF)
TAE Transfer ACto E K :l\{lﬁ}{/e the contents of AC to E.
TEA Transfer E to AC Move the contents of E to AC.| ZF
XAE Exchange AC Exchange the contents of
with E AC and E.
- IM Increment M Increment M (HL). ZF, CF
8
3]
% DM Decrement M Decrement M (HL). ZF, CF
c
c Increment M
5 . )
E IMDR i8 direct Increment M (i8). ZF, CF
=}
=3 _ Decrement M ] ) )
c | DMDRi8 h (i8) —~ [M (i8)]—1 |Decrement M (i8). ZF, CF
g direct
P . Set the bit in M (HL) specified
g SMB t2 Set M data bit [M(HL), 2] - 1 by t0 and t1 to 1.
(]
= ) Clear the bit in M (HL)
RMB t2 Reset M data bit 1 |[M(HL),t2] - 0O specified by t0 and t1. to 0. ZF
Add the contents of AC and
M (HL) as two’s complement
AD 1 |AC - (A +M(HL] values and store the result ZF, CF
in AC.
2 Add the contents of AC and
o A ’
= . ) M (i8) as two’s complement
é ADDR 8 2 |AC — (AC) * M (i8)] values and store the result ZF, CF
2 in AC.
§ Add the contents of AC,
5 1 AC ~ (AC) +[M (HL)]|M (HL) and C as two’s ZE CF
CE’- + (CF) complement values and ’
3 store the result in AC.
% Add the contents of AC and
© 2 AC —~ (AC) + 13,15, |the immediate data as two's 7F
S 11, lg complement values and
store the result in AC.
Subtract the contents of AC
AC — [M (HL)] - (AC) |and CF from M (HL) as two’s
1 1] 1 1 - M (HL]-(AC) (L) ZF, CF 2
—(CF) complement values and
5, h store the result in AC.
ANDA And M With AC AC AC) ¥ Take the logical and of AC
then store AC 0 000|011 1|1 1 - (AC) and M (HL) and store the ZF
[M(HL)] ;
result in AC.

Note: 1. Has a vertical skip function.
2. CF will be zero if there was a borrow and one otherwise.

Continued on next page.
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Continued from preceding page.

IS - S k]
£ _ Instruction code 5 3, _ Affected
25 Mnemonic R R Operation status bits | Note
n O Se|s5 9
£5 D7 Dg D5 Ds | D3 D2 D1 Dg | 2 2|2 &
Or M with AC then AC « (AC) Vv
ORA 00 00|01 0 1] 1 1
store AC [M (HL)]
Exclusive or M
EXL with AC then 0001010 1|11 Al\;: ;L(AC) ¥
store AC M (HL)]
And M with AC M (HL) « (AC) A §
ANDM 00 0 0|0 O0 1 1 1 1
then store M [M (HL)]
Or M with AC then M (HL) ~
ORM 00 00|01 0 0] 1 1 d
store M [M (HL)]
are the contents of AC
E{HL) ang’set or clear
2 d ZF agt
k<]
=
E -
2 |cm Compare AC 000 1[01 10 Magnitude | | _||zF cF
< with M cgmydarison
2 M (01> (AC) |0 |0
g MAHLT = (AC) | 1|1
3 | M (HL)] < (AC) 1|0
=}
o
S Compare the contents of AC
S and the immediate data I3 I,
S 11 lg and set or clear CF and
"é ZF according to the result.
= .
= ) Compare AC wiht Magnitud
= |Cli4 . . gnitude ZF, CF
< immediate data comparison | ©F|%F
I35 11 1g>AC 0|0
I3l 13 lg=AC 111
I3y 11 lg<AC 1(0
ZF 1 Compare the contents of DP_
CLiia Compare DP_with if (DP) =131y 17 lg | with the immediate data. Set 7F
: immediate data ZF -0 ZF if identical and clear ZF
if (DPL) = |3 |2 |1 IO if not.
ZF « 1
if (AC, t2) = Compare the corresponding
[M (HL), t2] bits specified by ty and t; in
CMB 12 2 0zr 0 AC and M(HL). Set ZF if zF
if (AC, t2) = identical and clear ZF if not.
g M (HL), t2]
LAE Loq_,c’f@eé and E 1 AC ~ M (HL) Load the contents of M2 (HL)
fromai2 (H E « M(HL +1) into AC, E.
Load the immediate data
Il 13 g 1 1 |AC < I3l11 19 into AC. ZF 3
17 0 0 1 ) Load the contents of M (i8)
s | 2| 2 |AC- M8 into AC. zF
o
2 Store the contents of AC
B 11 1|1 | 1 [M(HL — (AC) into M (HL).
g 11 0 1 1 M (HL) ~ (AC) Store the contents of AC, E
g; M (HL + 1) — (E) into M2(HL).
S Load the contents of M (reg)
] into AC. The reg is either HL
S or XY depending on t0.
0 tgp O 1 1 |AC < [M(reg)] reg to ZF
HL 0
XY 1

Note: 3. Has a vertical skip function.

Continued on next page.
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Continued from preceding page.

S ; k] kS
% N _ Instruction code E E " . o Affected
£ 3 Mnemonic EB|EQ Operation Description status bits | NOt®
£5 D7 Dg D5 D4 | D3 D2 D1 Do |2 2|2 &
Load AC from AC ~ [M (reg)]
LAreg,| |M (reg) then 0 1 001 0t 1 1 2 |DP_ ~ (DP)+1 4
increment reg or DPy « (DPy) +1
Load AC from
LAreg, D |M (reg) then 01 0 1|1 0ty 1 5
decrement reg
Exchange AC
XA reg with M (reg) 010 0|1 1t O o
0
1
2
% ‘Exchange the contents of
2 M (reg) and AC. (The reg is
2 either HL or XY.) Then
E E>.<change AC increment the contents of
g XAreg, | YVIIh M (reg) then either DP|_or DPy. The ZF 6
B increment reg relationship between t0 and
s reg is the as that for the XA
§ reg instruction.
Exchange the contents of
M (reg) and AC. (The reg is
either HL or XY.) Then
E)_(change AC C) = M(reg)] decrement the cz)ntents of
XAreg, D |with M (reg) then DP, ~ (DP) -1 either DP|_or DPy. The ZF 7
decrement reg orDPy — (DPy) -1 relationship between t0 and
reg is the as that for the XA
reg instruction.
) Exchange AC ) Exchange the contents of AC
XADRI8 | ith M direct 2 |(AC) - M (B)] with M (i8).
. Load E & A€ with E—lrlglsly Load the immediate data i8
LEAIB  limmediate 2 1ac “I3ly 11 1o into E, AC.
Load into E, AC the ROM
EAC data at.the location _
2 ! determined by replacing the
[ROM (PCh, E, AC)] lower 8 bits of the PC with
E, AC.
Output from ports 4 and 5 the
ROM data at the location
2 Port4,5 determined by replacing the
[ROM (PCh, E, AC)] lower 8 bits of the PC with
E, AC.

&.,_Z(I!‘-'“isoset ac

7. 7Ris Setacc

tilt of incrementing DP_ or DPy.
ult of decrementing DP|_or DPy.

Continued on next page.
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Continued from preceding page.

.§ Instruction code g g Affected
o
=g Mnemonic 2ale8 Operation Description - | Note
B 3 EQ|EQ : status bits
£5 D7 Dg D5 Ds | D3 Dy D1 Dg | 2 2|2 &
Load DPy with
) zero and DP|_ with DPy -~ 0
LOZi4  limmediatedata | °© 1 1 O ffls 2 lulo [ 111 Ipp
respectively
. Load DPy, with 11 001 1 1 1
LHIi4 immediatedata |0 0 0 0|13 I, I Iog| 2 | 2 [PPH=lsl2l1lo
. Load DP| with 11 0 01 1 1 1
LLii4 immediate data 0 0 0 1lI3 Iy Iy I 2 2 |PPL-13l211l0
Load DPy, DP
LHLIi8  |withimmediate | 1 1 0 00 0 0 04 5 15
data Iz lg 15 Ia |13 1 14 Iy
Load DPy, DPy
LXYli8  |withimmediate |1 1 © 0]0 0
data Iz lg 15 Ia |13 1y
IL Increment DP_ 0 0 0 1|00
DL Decrement DP_ 00 10[|00
[%2] ;i
c P
o Incpergent the contents
§ Y Increment DPy 000 1|00 %‘D;P»y-
E ‘Décrement the contents
= DY Decrement DPy 0O 01 0|0 O 4 ZF
s 5 DPy.
g TAH Transfer AC to 11 Transfer the contents of AC
a DPy 11 to DP.
g
E |1ua Transfer DPy to 11 Transfer the contents of DPy . 7E
I AC 11 to AC
c
S Exchange AC with Exchange the contents of
e | DPy o1 AC and DP,.
IS
a] TAL Transfer AC to 1 1 Transfer the contents of AC
DP_ 11 to DP.
Transfer DP| to 11 Transfer the contents of DP|_
TLA AC 11 to AC. =
XAL Exchange AC with AC op Exchange the contents of
DP._ (AC) - (DP) AC and DP,.
Transfer AC to Transfer the contents of AC
TAX DPy ~ (AC) t0 DPy.
Transfer the contents of DPy
2 |AC - (DPy) 0 AC. ZF
Exchange the contents of
1 |(AC) = (OPy) AC and DPy.
Transfer the contents of AC
2 |DPy « (AC) 0 DPy.
Transfer the contents of DP
2 |AC - (DPy) 0 AG. Ylzr
Exchange the contents of
1 |(AC) - (BPy) AC and DPy
Set the flag specified b
5 1 |Fnc1 01 9sp Y
E n4ato 1.
>
o
2
g i
Clear the flag specified b;
g 1 [Fneo g speclied by | 7p
i n4 to 0.

Continued on next page.
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Continued from preceding page.

S - S |5
§ N _ Instruction code E g " . Affected
= Mnemonic Eg|EL Operation status bits | Note
£5 D7 Dg D5 Dy | D3 D2 D1 Dg | 2 |2 &
. PC12 . PC12 Jump to theé Jécation
IMP addr |2UMP |tnbthek Pl Pl Pl F(’) ';11 ';10 E9 EB 2 2 |PC11t00 « same bahksSpecified by. 8
current ban 7765 P43 T2 T 0 P1qto Py immegiaté data R12.
Jump to the PC12to PC8 — Dt
address stored at PC12to PC8
JPEA E and AC in the 00100111 1 1 PC7t04 ~ (E)
current page PC3t0 0 ~ (AC)
PC12,11 - 0 4
PC10to 0 —
. 01 0 1 0 PlO Pg Pg PlO to PO
CAL addr | Call subroutine P; Pg Ps Py | P3 Py Py Po 2 2 M4 (SP) <
PC12 to 8) .
SP — (SPy-4
0 Call subroutine in
£ | CZPaddr | o ero page 1 0 1 0|P3P,Py
3]
2
&
£ 3
© Change the memory bank
% BANK Change bank 00 0 1|1 0 1 aﬁcg_tgfegister bank.
o S
§ 7| Store the contents of reg in
@ M2 (SP). Subtract 2 from SP
©
< after the store.
g -
5 Push reg on reg 11 lo
PUSH re
- 9 |m2 (sP) HL 0o o
XY 0 1
AE 1 0
lllegal setting| 1 1
Add 2 to SP and then load the
1 contents of M2 (SP) into reg.
Pop reg off P~ (SP)+2 . A
POP reg M2 (SP M2 (SP The relation between iy ig
(SP) reg — [M2 (SP)] and reg is the same as that
for the PUSH reg instruction.
Return from a subroutine or
RT Re;urntfrom 2 iz - (;Z) ;é interrupt handling routine.
subroutine - M4 (SP)] ZF and CF are not restored.
Return f SP - (SP)+4 Return from a subroutine or
RTI ! f”m t“’m 2 |PC - [M4 (SP)] interrupt handling routine. ZF, CF
interrup CF, ZF — [M4 (SP)] |ZF and CF are restored.
PC7to 0 — P; Pg Pg |Branch to the location in the
p P4 P3 P, | same page specified by Pj to
BAt2 addr |Brangcti on AC bit 2 P1Pg P if the bit in AC specified
if (AC, t2)| by the immediate data t; ty
=1 is one.
PC7to 0 — P; Pg Pg |Branch to the location in the
" P4 P3 P, | same page specified by Pj to
s 2 2 Py Po P7 if the bit in AC specified
‘g if (AC, t2)| by the immediate data t; ty
2 =0 is zero.
c
= PC7to 0 — P, Pg Pg |Branch to the location in the
°‘ P4 P3 P, | same page specified by Pj to
N 2 2 P1Pg P if the bitin M (HL) specified
if [M (HL),| by the immediate data t; ty
t2]=1 is one.
PC7to 0 —~ P; Pg Pg |Branch to the location in the
= A P4 P3 P, | same page specified by Pj to
o thz E.;anc'*"-@” e e R LR I P1Py | Pyifthe bitin M (HL) specified
adar ! 76 F's Fa|F3 P2 F1 Fo if [M (HL), | by the immediate data t; tq
t2]=0 is zero.

Note

: 8. This becomes PC12 + (PC12) immediately following a BANK instruction.

Continued on next page.
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Continued from preceding page.

S ; k] k]
£ _ Instruction code 5 3, _ o Affected
2 g Mnemonic R R Operation Description status bits | Note
= o b
25 D7 Dg D5 Dy | D3 D, D3 D (2 5|2 5
PC7t00 « P7PgPs
P4 P3P,
1101|1004 t
BPt2 addr |Branch on port bit P, Pg Ps Py | Ps Py P Py 2 2 9
PC7t00 ~
BNPt2 Branchonnoport | 1 0 0O 1|1 0 t; tg 2 9
addr bit P; Pg P5s P4 | P3 P, Py Pg
11 0 1|1 1 00
BC addr Branch on CF 2
P; Pg P5 P4 | P3 P, Py Pg
0 P L
5 10 Brancl tg‘the location in the
§ BNC addr |Branch on no CF b p same pAge specified by Py to
s 776 EF is zero.
£
<
% P
@ 11 Branch to the location in the
BZ addr Branch on ZF b P same page specified by Py to
76 P if ZF is one.
10 Branch to the location in the
BNZ addr |BranchonnoZF | P; Pg same page specified by Py to
P if ZF is zero.
{PE€710 0 ~ P7 Pg Pg | Branch to the location in the
1 P4 P3 P, | same page specified by Py to
BFn4 addr | Branch on flag bit P1Pg P if the flag (of the 16 user
P . oo
if (Fn) flags) specified by n3 ny ny ng
=1 is one.
PC7to 0 ~ Py Pg Pg | Branch to the location in the
P4 P3 P, | same page specified by Pg to
BNFn4 Branch on no flg 2 P1Pg P if the flag (of the 16 user
if (Fn) flags) specified by ng ny ny
=0 ng is zero.
Input the contents of port 0
1 |AC < (PO) 10 AC ZF
Input the contents of port
1 [|AC —~ [P (DP))] P (DP,) to AC. ZF
Input the contents of port
1 MHD P OPIL b pp) to M (HL).
) Input the contents of P (i4
2 |AC < [P ()] e 426
Input the contents of ports
7510 1 1 11 E ~ [P (4)]
G 2 2 P (4) and P (5) to E and AC
ectively | 0O 1({0 1 00O AC « [P (5)] respectively.
o6 10lo0 101 1 1 lpmp AC Output the contents of AC to
(OPL) — (AC) port P (DP).
Output the contents of M (HL)
00 1(1 0 10|21 1 |P(OP) ~ MHL] | port P (DP).
. 11 001 1 11 ) Output the contents of AC
OPDR 4 001 1 11301 | 2|2 [PMA-A9 to P (i4).
Output E, AC to Output the contents of E and
OP45 port4,5 1100711 11 2 2 P4 - (E) AC to ports P (4) and P (5)
) 11 0 1|01 01 P (5) ~ (AC) .
respectively respectively.

Note: 9. Internal control registers can also be tested by executing this instruction immediately after a BANK instruction. However, this is limited to registers
that can be read out.

Continued on next page.
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Interrupt control instructions

S Instruction code S S
B . 5] 3 ., . Affected
25 Mnemonic -g 2|ES Operation status bits Note
25 D7 Dg D5 Dg| D3 D2 D1 Dp |2 5|2 &
3 trpoi
SPB t2 Set port bit 0 00 0|1 0t tgf 1 1 |[P(DP),t2] -1 P (DP,_),fége‘Eified by the
immegHat€ data tyg.
w |RPB t2 Reset port bit 0 01 0|1 0¢ tg|1 1 |[P(DP),t2] - 0O
K]
°
= .
@ | ANpPDR |And port with 11000101 P (P3to Pp)
o |4 ps immediate data | I papy Py Pyl 2| 2 |P(PstoO)]
= ' then output 8 2 1 01"z T0 3
ORPDR | O portwith 1100]0
i4, pa immediate data I TR TR ™
' then output 3 2 1 0173
WTTMO Write timer O 110 0|1
WTTM1 Write timer 1 110011
11 1 1|0
%]
c
k<]
S RTIMO Read timer O 1 1 0 0]1
B
R=
35 110 Read out the contents of the
) .
z RTIM1 Read timerl 1 1 1 timer 1 counter into E, AC.
S 1 1 0
E STARTO | Start timer O 11 1 Start the timer O counter.
= 110
START1 |Starttimer 1 11 1 Start the timer 1 counter.
. 1 1 0 . .
STOP1 Stop timer 0 11 1 Stop'timer O counter | Stop the timer O counter.
. 11 . .
STOP1 Stop timer 1 1 top timer 1 counter |Stop the timer 1 counter.
Set interrupt 1 Set the interrupt master
MSET MSE ~ 1
master enable flag enable flag to one.
MRESET Reset interrupt MSE - 0 Clear the interrupt master

enable flag to zero.

master enable flg

Set the interrupt enable flag

EIH i4 EDIH ~ (EDIH) V i4
to one.
Set the interrupt enable fla
EILi4 EDIL - (EDIL) V i4 P g
to one.
. — | Clear the interrupt enable
DIH i4 EDIH — (EDIL) A i4 ZF
flag to zero.
— | Clear the interrupt enable
DIL i4 EDIL — (EDIL) A i4 P ZF

flag to zero.

SP ~ (E), (AC)

Transfer the contents of E,
AC to SP.

Standby control
instructions:

Transfer the contents of SP

E, AC — (SP) to E, AC.
HALT Enter halt mode.
1 0
1 1
11 2 2 |HOLD Enter HOLD mode.

Continued on next page.
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lerany of applicable local export control laws and regulations, such products must
taining the export license from the authorities concerned in accordance with the

S Instruction code é E’
g o . g g, . Affected
£ 3 Mnemonic E 8 E s Operation status bits | NOte
£5 D7 Dg D5 Dy | D3 Dy D1 Dg | 2 2|2 &
° STARTS | Start serial 10 110031111 2 2 |START SIO
g art serial 101 1 11 1 0
o
o 2 11 001 1 1 1
c . .
O & | WTSIO Write serial 10 2 2 |[SIO ~ (E), (AC)
= g 111 01 1 1 1
.g Z RSIO Read ial 10 T 2 2 |E,AC SIO
g ead serial 1111011111 ,AC « (SIO)
%]
.5 NOP No operation No operation
B
T 2
=R .
O £|SBi2 Select bank

p ly high-quality high-reliability products. However, any and all
probability. It is possible that these probabilistic failures could
ould endanger human I|ves that could give rise to smoke or fire,

t/téchnology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the %NYO product that you intend to use.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of September,
subject to change without notice.

1998. Specifications and information herein are

PS No. 4677-23/23




