


















































































































































































































































































































































































































































































SHARP 

SM5K5 
DESCRIPTION 
The SM5K5 is a CMOS 4-bit single-chip micro 

computer incorporating 4-bit parallel processing 

function, ROM, RAM, 10-bit A/D converter and 

timer/counters. 

It provides three kinds of interrupts and 4 levels 

subroutine stack. Being fabricated through CMOS 

process, the chip requires less power and available 

in a small package: best suitable for Low power 

controlling, compact equipment like a precision 

charger. 

FEATURES 
• ROM capacity: 2 048 x 4 bits 

• RAM capacity : 128 x 4 bits 

• Instruction sets : 50 

• Subroutine nesting : 4 levels 

• I/O port : 
Input 

Output 

Input/output 

• Interrupts : 

8 
4 

12 (36QFP/32S0P) 

11 (30SDIP) 

8 (28S0P) 

Internal interrupt 

External interrupt 

x 1 (timer) 

x 2 (2 external interrupt 

inputs) 

• AID converter : 
Resolution 

Channels 

10 bits 

4 
• Timer/counter: 8 bits x 1 

• Built-in main clock oscillator for system clock 

• Signal generation for real time clock 

• Built-in 15 stages divider for real time clock 

• Instruction cycle time: 

1 ~s (MIN.) (2 MHz, at 5 V ± 10%) 

2 ~s (MIN.) (1 MHz, at 2.2 to 5.5 V) 

• Large current output pins (LED direct drive) : 4 

• Supply voltage : 2.2 to 5.5 V 

SM5K5 

4-Bit Single-Chip Microcomputer 
(Controller With 10-Bit AID Converter) 

• Packages: 
30-pin SDIP (SDIP030-P-0400) 

28-pin SOP (SOP028-P-0450) 

32-pin SOP (SOP032-P-0525) 

36-pin QFP (QFP036-P-1 01 0) 

226 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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PIN CONNECTIONS 

30-PIN SDIP 

P53 

P4l 

P42 

P43 

POO 

POl 

P02 

P03 

P10 

P1l 

P12 

P13 

P20 

P2l 

P22 

o 

32-PIN SOP 

P53 

P4l 

P42 

P43 

POO 

POl 

P02 

P03 

P10 

P1l 

P12 

P13 

P20 

P2l 

P22 

GND 

o 

GND 
P40 

AGND 
P33 

P32 

P3l 

P30 

VR 
RESET 
Voo 

OSCOUT 

OSCIN 
P23 

P5l 

P50 

GND 
P52 

P40 

AGND 
P33 

P32 

P3l 

P30 

VR 
RESET 
Voo 

OSCOUT 

OSCIN 
P23 

P5l 

P50 

28-PIN SOP 

P4l 

P42 

P43 

POO 

POl 

P02 

P03 

P10 

P1l 

P12 

P13 

P20 

P2l 

P22 

o 

36-PIN QFP 

P20 

P2l 

P22 

(NC) 

GND 
P50 

P5l 

P23 

OSCIN 

o 

SM5K5 

TOP VIEW 

GND 
P40 

AGND 
P33 

P32 

P3l 

P30 

VR 
RESET 
Voo 

OSCOUT 
OSCIN 

P23 

GND 

P43 

P42 

P4l 

P53 

GND 
(NC) 

P52 

P40 

19 AGND 
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BLOCK DIAGRAM 

Voo 

GND 

OSCIN 

OSCOUT 

ROM 

2048-8YTE 

I~ I~ I~ I~ 

Nomenclature 
A : A register 

AID 
ALU 
BM, BL 

C 

: AID converter unit 

: Arithmetic logic unit 

: RAM address register 

: Carry flag 

IFA, IFB, 1FT : Interrupt request flag 

~ 

o '" a: a: a: a: 

IME : Interrupt master enable flag 
INST. DEC. : Instruction decoder 

228 

RAM 

128 x 4-81T 

N c\i c\j c\l 
a.. a.. a.. a.. 

S'M5K5 

VR 

1-----0 AGND 

M M M M 
a.. a.. a.. a.. 

INT 

PO-P5 

: Interrupt control unit 

: Port register 

Pu, PL : Program counter 

RB, R9, RC, RE, RF : Mode register 

RA : Count register 

RB 

SB 

SR 

: Modulo register 

: SB register 

: Stack register 
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PIN DESCRIPTION 
SYMBOL I/O FUNCTION 

POO-P03 0 High current output (sink current 15 rnA) 

P1o-P11 I Input (standby release) (counter input: P11) 

P12-P13 I Input (standby release) 

P2o-P23 I/O Input or output (independent) 

P30-P33 I Input (also used as analog input) 

P4o-P43, P5o-P53 I/O Input and output 

OSCIN, OSCOUT I/O Crystal pins 

RESET I Reset signal input 

VR,AGND I AID converter reference supply input port 

Voo, GND I Power supply, Ground 

NOTE: 
Symbols apply to 32-pin SOP and 36-pin aFP. (In case of 30-pin SDIP, P52 does not exist. In case of 28-pin SOP, P5o-P53 do not exist.) 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL CONDITIONS RATING UNIT 

Supply voltage Voo -0.3 to +7.0 V 

Input voltage VI -0.3 to Voo+0.3 V 

Output voltage Vo -0.3 to Voo+0.3 V 

IOH High-level output current (all outputs) 4 rnA 

Maximum output current IOLo Low-level output current (POO-P03) 30 rnA 

IOL1 Low-level output current (all but POO-P03) 4 rnA 

LIOH High-level output current (all outputs) 20 rnA 
Total output current 

LIOL Low-level output current (all outputs) 80 rnA 

Operating temperature TOPR -20 to +70 DC 

Storage temperature TSTG -55 to +150 DC 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL CONDITIONS RATING UNIT 

Supply voltage Voo 2.2 to 5.5 V 

Voo = 2.2 to 5.5 V 2 to 61 
Instruction cycle Tsys !-Is 

Voo = 5.0 V ± 10% 1 to 61 

Main clock frequency Voo = 2.2 to 5.5 V 1 M to 32.768 k 
Hz 

(OSCIN-OSCOUT) 
fose 

Voo = 5.0 V ± 10% 2 M to 32.768 k 
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DC CHARACTERISTICS 
(Ta = -20 to +70°C, Typ. value: Voo = 5.0 or 3.0 V, Unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

VIH1 0.8 x Voo Voo 
V 1 

Input voltage 
VIL1 0 0.2 X Voo 

VIH2· 0.9 X Voo Voo 
V 2 

VIL2 0 0.1 X Voo 

Voo = 2.2 to 3.3 V 2 25 90 
Ilu VIN = 0 V 

Voo = 4.5 to 5.5 V 25 70 250 ~A 3 

Input current IIH1 VIN = Voo 2 

11L2 VIN = 0 V 1 10 
~A 4 

IIH2 VIN = Voo 1 10 

Voo = 2.2 to 3.3 V 5 15 
lou Vo = 1.0 V 

Voo = 4.5 to 5.5 V 15 25 
rnA 5 

Voo = 2.2 to 3.3 V 0.3 1.5 
IOH1 Vo = Voo-O.5 V 

Voo = 4.5 to 5.5 V 1.0 2.2 
Output current 

Voo = 2.2 to 3.3 V 7 35 
IOL2 Vo = 0.5 V 

Voo = 4.5 to 5.5 V 20 60 
~A 6 

Voo = 2.2 to 3.3 V 300 2000 
IOH2 Vo = Voo-O.5 V 

Voo = 4.5 to 5.5 V 1 000 2400 

fose = 2 MHz Voo = 4.5 to 5.5 V 1 200 2500 

Voo = 2.2 to 3.3 V 300 800 
fose = 1 MHz 

100 Voo = 4.5 to 5.5 V 600 1 200 ~A 7 

Voo = 2.2 to 3.3 V 20 120 
fose = 32.768 kHz 

Voo = 4.5 to 5.5 V 40 160 

fose = 2 MHz Voo = 4.5 to 5.5 V 760 1 500 

fose = 1 MHz Voo = 4.5 to 5.5 V 400 900 
IHLT 

Supply current Voo = 2.2 to 3.3 V 15 60 
fose = 32.768 kHz 

Voo = 4.5 to 5.5 V 20 90 ~A 7 

Ceramic osc. Voo = 2.2 to 3.3 V 2 

ISTOP Crystal osc. Voo = 2.2 to 3.3 V 2 10 

(at 32.768 kHz) Voo = 4.5 to 5.5 V 10 25 

Voo = 2.2 to 3.3 V 130 300 
AID in operation ~A 8 

IVR Voo = 4.5 to 5.5 V 220 450 

AID in stop Voo = 2.2 to 5.5 V 2 ~A 9 

Resolution 10 bit 

Differential fose = 1 MHz 
Voo = VR = 5.0 V 

linearity error TOPR = 25°C 
± 2.5 ± 4.0 

AID conversion 
Linearity error 

fose = 1 MHz 
Voo = VR = 5.0 V LSB 

TOPR = 25°C 
± 3.2 ± 5.0 

Total error 
fose = 1 MHz 

TOPR = 25°C 
Voo = VR = 5.0 V ± 4.0 ± 6.0 
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NOTES: 
1. Applicable pins: P12, P13, P20-P23, P30-P33 (digital input 

mode), P40-P43, P50-P53" 

2. Applicable pins: OSCIN, RESET, P10, P1, 

3. Applicable pins: RESET, P10-P13, P20-P23, P40-P43, 

P50-P53 (digital input mode)" 

4. Applicable pins: P3o-P33 (analog input mode) 

5. Applicable pins : POO-P03, (High current port) 

6. Applicable pins : P20-P23, P40-P43, P5o-P53 

(during output moder' 

7. No load (NO conversion in stop) MAX. value VDD = 5.5 V 

(or 3.3 V), T OPR = -20°C 

8. NO conversion in operation (operation enable) 

9. NO conversion in stop (operation disable) 

*1 In case of 32-pin SOP and 36-pin aFP. 

( In case of 30-pin SOIP, P52 dose not exist. In case of 

28-pin SOP, P50-P53 do not exist.) 

SYSTEM CONFIGURATION 
A Register and X Register 
The A register (or accumulator (ACC)) is a 4-bit 
general purpose register. The register is mainly 
used in conjunction with the ALU, C flag and RAM, 
to transfer numerical value and data to perform 
various operations. The A register is also used to 
transfer data between input and output pins. 
The X register (or auxiliary accumulator) is a 4-bit 
register and can be used as a temporary register. 
It loads contents of the A register or its content is 
transferred to the A register. When the table 
reference instruction PAT is used, the X and A 
registers load ROM data. A pair of A and X 
registers can accommodate 8-bit data. 

3 0 

I ~ reqister: I 
3 ~-........ o--- EXAX instruction 

I ~ repister I 
Fig. 1 Data Transfer Example between 

A Register and X Register 

SM5K5 

Arithmetic and Logic Unit (ALU) and 
Carry Signal Cy 
The ALU performs 4-bit parallel operation 

4-bit data 4-bit data 

/ ~esult of operation 

Areg I [£] 
Fig.2 ALU 

The ALU operates binary addition in conjunction 
with RAM, C flag and A register. The carry signal 
Cy is generated if a carry occurs during ALU 
operation. Some instructions use Cy : ADC 
instruction sets/clears the content of the C flag; 
ADX instruction causes the program to skip the 
next instruction. Note that Cy is the symbol for 
carry signal and not for C flag. 
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8 Register and S8 Register 
• B register (BM, Bl) 

SM5K5 

• 5B register 

The B register is an a-bit register that is used to 
specify the RAM address. The upper 4-bit section 
is called BM register and lower 4-bit BL. 

The SB register is an a-bit register used as the 
save register for the B register. The contents of B 
register and SB register can be exchanged through 
EX instruction. 

303 0 

8 reg ister I FM re:gister I ~L re?iste~ I 

7 
D ..... 1---

0
- EX instruction (swap) 

$8 r~gist~r I 
Fig. 3 8 Register and 58 Register 

Data Memory (RAM) 
The data memory (RAM) is used to store data up 
to 4 x 16 x a = 512 bits. 

Word (O-FH) 
~ ____________________ ~A~ ______________________ ~ 

File 
(0-7) 

232 

-< 

.~ r BM 
0 

1 

2 

3 

4 

5 

6 

7 
'-

0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

* 
* 1 word = 4-bit 

Fig. 4 RAM File and Word 
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Program Counter PC and Stack Register SR 
The program counter PC specifies the ROM 
address. The PC consists of 12-bit as shown in 
Fig. 5 : The upper 6-bit (Pu) represents a page 
while the lower 6-bit (PL) denotes a step. The Pu 
section is a register and the PL section, a binary 
counter. 

Execution of interrupt handling and the table 
reference instruction PAT also automatically uses 1 
stage of the stack register SR. 

MSB LSB 

Push V 11 Pop 

SR (Level 1 ) 

SR (Level 2) 

SR (Level 3) 

SR (Level 4) 

Stack register SR 

Fig. 5 Program Counter PC and Stack Register SR 

Program Memory (ROM) 
The ROM is used to store the program. The 
capacity of the ROM is 2 048-step (32-page by 64-

step. See Fig. 6). The configuration of the ROM 
and program jumps are illustrated in Fig. 7. 

Specifies a page (Pages OOH-3FH) Specifies a page (Pages OOH-3FH) 
r~------------~A~------------~, r~------------~A~------------~\ 

I I I I Pu I I I I II I I I PL I I I I 
Fig. 6 Page and Step for ROM 
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Pu (page) Pu (page) 

OOH 
Start address upon hardware reset 

10H 

Front cover of 
01H subroutine TRS /RTN(rLXY 11H ® 

02H 
Interrupt I \"-~2H RTN . 
Standby released 

\® - r------ TR~ 03H CD 13H CD - ® , 
\. . 

04H 
Reference to the table dUring execution 

14H of PAT instructions \ 

05H ~R:y 15H 

06H 16H 

07H TLxy 
CD.,/ 17H 

08H ~ 18H 

09H 
./ 

19H TRX~ 

OAH TRx~CD 1AH 

OSH 1 BH 

OCH ~;N 1CH 

OOH CAL~~ 1DH ® -
OEH 1 EH 

OFH 1 FH 
Last page, last step (1 F3FH) 

Number in a circle is a step number in the program jump. 

Fig. 7 ROM Configuration and Program Jump Example 
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Output Latch Register and Mode Register 
The SM5K5 contains 6 output latch registers and 8 

mode registers which either latch contents of output 

ports or control some functions of the SM5K5. 

SM5K5 

Theses registers, their functions and available 

transfer instructions are shown in Table 1 below. 

Table 1 Output Latch Registers and Mode Registers 

SYMBOL FUNCTION OUT INL 

PO Output register 0 -

P1 Input register - 0 
P2 1/0 register (independent) - -

P3 Input register (and analog input) - -
--------- -------------------------- - -- -- - ----

R3 Control register - -

P4 I/O register - -

P5 1/0 register - -

R8* AID data/control register - -

R9* AID data register - -

RA* Timerlcounter register - -
RB* Timerlmodulo register - -

RC Timer control register - -
RE Interrupt mask register - -

RF P2 directional register - -

* 8-bit register 

NOTE: 
Bit 4 (R84) in the R8 register is read only. 

(Read or write operation of this bit does not affect any other operation.) 

OUTPUT LATCH REGISTER 
An output latch register sets the output level of the 

pin to which it is connected. 

OUT INITPB ANP/ORP CONTENT OF BL 

0 - 0 0 

- 0 - 1 

0 0 0 2 

- 0 - 3 
----- ------ --------- --------------

0 - - 3 

0 0 0 4 

0 0 0 5 

0 0 - 8 

0 0 - 9 

0 0 - A 

0 0 - B 

0 0 - C 

0 0 - E 

0 0 - F 

235 

en 
a: 
w 
I­
::::) 
a. 
:IE 
o 
CJ 
o 
a: 
CJ 
:E 
a. 
s: 
CJ 
W 
...J 
CJ 
Z 
(j) 
I­
m 
~ 



SHARP 

FUNCTIONAL DESCRIPTION 
Hardware Reset Function 
Reset function initializes the SM5K5 system. 

When the input on the RESET pin goes Low, the 
system enters reset condition after 2 command 

cycles. After the RESET pin goes High level, the 

reset condition is removed as the input pulse from 

SM5K5 

OSCIN pin repeats 215 times, forcing the program 

counter to start at 0 page and 0 address. 
Initialized status of the system immediately after 

resetting is shown below. 

Table 2 Status of Flags and Registers Immediately after Reset 

FLAG REGISTER STATUS 

PC a 
SP Level 1 

RAM Undefined 

Register A Undefined 

Register X Undefined 

PO, P2, P4, P5 output latch register a 
Timers (RA, R8), divider a 
* The content of the bit R84 is undefined because it is read only. 

Reset causes the following changes. 

1) I/O pins are set to input pins. 

2) All mode registers are reset. 
3) Output latch register PO is reset, causing POa to 

P03 pins go High level. 

4) Interrupt request flags (IFA, IFB, and 1FT), 

interrupt master enable flag (IME) are reset, 
disabling all interrupts. 

236 

FLAG REGISTER STATUS 

IFA flag a 
IF8 flag a 
1FT flag a 
IME flag a 
C flag Undefined 

8M, 8L registers Undefined 

R3, R8*, R9, RC, RE, RF a 

Standby Feature 
The standby function saves power by stopping the 

program whenever it is not necessary to run. The 
mode in which the microcomputer is executing the 

program is called the run mode and the mode in 

which it stops the program is called the standby 

mode. Standby mode is further divided into two 

modes : stop mode and halt mode, one of which is 

selected by halt instruction or stop instruction. Upon 

removal of standby condition, the SM5K5 returns 

from the standby mode to the normal run mode. To 
enter the standby mode, select either stop mode or 

halt mode whichever appropriate (Fig. 8). 
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Operation mode Standby mode 

Run HALT command 

release event 

~ Run STOP command : 

~--+ 
: STOP mode : 

release event 

Fig. 8 Operation Shift of Program 

• Blocks stopped during standby mode 
In the halt mode In the stop mode 

SM5K5 

The system clock generating circuit stops during 
the halt mode, deactivating all the blocks driven by 
the system clock. The main clock and dividers 
remain active. This means that timers can be used 
while in the halt mode. Both internal and external 
clocks can be used as the count clock. 

The main clock and system clock stop upon 
entering the stop mode. Therefore, only timers 
using the external clock remain active. 

• Counters that the system retains during 
standby mode 

The contents that will be retained in the halt mode 
will also be retained in the stop mode. These items 
are shown in Table 3. 

Table 3 System Contents Secured During Standby Mode 

FLAG REGISTER OUTPUT LATCH REGISTER/MODE REGISTER OTHER 

IFA flag A register PO, P2,R3, P5 RAM 

IFB flag X register RB, R9, RA, RB 

1FT flag BM, BL register RC, RE, RF 

IME flag SP 

C flag SR 

• Releasing events of standby mode (6-type) 
RELEASING EVENT FLAG I NT/EXT MASKABLE/NONMASKABLE PRIORITY 

Reset input - External Nonmaskable -
Low level input on P10 pin IFA External Maskable 1 

Low level input on P11 pin IFB External Maskable 2 

Low level input on P12 pin - External Nonmaskable -

Low level input on P13 pin - External Nonmaskable -

Timer overflow 1FT Internal Maskable 3 
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• Usage of halt mode and stop mode 
The system returns back to the normal operation 

mode upon occurring of a standby mode releasing 

condition. The halt mode should be used when the 

system must enter and exit normal operation 

frequently as in the case of key operation. 

The halt mode should also be used to keep timers 

that are operating from the internal clock, while in 
the standby mode. 

The stop mode further saves power than the halt 

mode but requires slightly longer time to return to 

Mask flag (mode register RE) 

Interrupt request flag 

SM5K5 

the normal mode. Therefore, the stop mode should 

be used when the system will not be required to 

return to the normal mode in a short time. 

Interrupt Feature 
The interrupt block consists of mask flags (bits REO, 

RE1, and RE2), IME flag and interrupt request 

handling circuit. Fig. 9 shows the configuration of the 
interrupt block. 

Stack register SR 
Program counter PC 

r 

Interrupt enable flag 
(master enable flag) 

Fig. 9 Interrupt Block Diagram 

• Interrupt used with SM5K5 
Interrupt event occurs on the falling edge of P10 or 
P11 pin input, or the overflow at the timer. Theses 

events set flags IFA, IFB, and 1FT, respectively, 

that then serve as interrupt request flag. 

Table 4 shows interrupt handling priority level and 
jump address. 

Table 4 Interrupt Event Summary 

INTERRUPT EVENT JUMP ADDRESS 
INTERRUPT MASK FLAG 

(REQUEST FLAG) PAGE STEP 
PRIORITY ORDER 

Falling edge of input on P10 (IFA) 2 0 1 REo 
Falling edge of input on P11 (IFB) 2 2 2 RE1 
Timer overflow (1FT) 2 4 3 RE2 
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• IME flag (master enable flag) 
The IME enables or disables all interrupts at the 

same time. The IE command, when executed, sets 

the IME flag and enables the interrupt specified by 
the mask flag setting. The 10 command resets the 

IME flag, disabling process of any interrupt request. 

Setting the IME flag to reset after releasing 

hardware reset, all interrupts are inhibited. 

• Mode register RE (interrupt mask flag) 
The mode register RE (REo, RE1, RE2, interrupt 

mask flag) individually enables or disables three 
type of interrupts. 

P1, pin 

!SYS 

System clock 

( external event clock) 

!SYS 127 

!SYS 12'5 

SM5K5 

Timer/Counter 
The SM5K5 has a pair of built-in timer/counter. The 

timer/counter are used to handle periodic interrupts 

and to count. The overflowing timer can be used to 
disable the halt mode. The timer/counter serve as 

interval timer. 

The timer/counter consists of an 8-bit count register 

RA, modulo register RB (for counter initial value 
setting), 15-bit divider and 4-bit mode register RC 

(for count clock selection). The configuration of the 

timer/counter is shown in Fig. 10. 

After setting BL ~ OBH 
_ OUT command ( RB<-l X, A J ) 

r-...I..---~...., IN command ( [ X, A J<-RB ) 

IN command 

o 3 0 3 

Fig. 10 Configuration of Timer/Counter 

• Selecting count clock 
A count clock is selected by the bit settings in the 
mode register RC. 

Table 5 Count Clock Selection 

LOWER 2-BIT OF RC BITS 
SELECTED COUNT CLOCK 

1 l 0 

0 I 0 fsvs (system clock) I 

0 I 1 fsvsl27 

1 I 0 fsvsl215 I 

1 I 1 External event clock (P11) 
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AID Conversion 
The SM5K5 is provided with a built-in 10-bit AID 
converter having 4-channel multiplexer analog 

inputs. The AID converter operates in AID 
conversion mode and comparison mode. In the 

AID conversion mode, the converter converts the 

analog input from the P3 pin to the digital value; 

and in the comparison mode, it compares the input 
analog amplitude with that of a reference voltage 

set inside the SM5K5. The P30 to P33 pins can be 

used as analog voltage inputs. One or more of 

these 4 inputs can be set to assume AID pin by 

the bit operation of the mode register R3. One of 
these AID pins is further set as analog input by the 

P30 c 
'0.. 

(Jl "5 CD 
P3, c 0- x 

'0.. .~ Q) 

P32 0 --Cii :g-
~ E 'S 

0 ~ 

P33 Z 
Changeover 

SM5K5 

bit operation of the mode register RS. The AID 
converter is controlled by the bits set in the mode 

register RS. For details of the mode register RS, 
refer to MODE REGISTER RS. Configuration of the 

AID converter is illustrated in Fig. 11. 

CAUTIONS 

• Keep the AID converter reference voltage on the VR pin 

equal to or below Voo, 

• Do not apply the voltage to the VR pin before Voo is 

applied. 

• Connect AGND to GND. 

VR 

10-bit 

D/A 

AGND 

AID control, data 
(mode register R8 ) 

D D 
A register X, A registers X, A registers 

Fig. 11 AID Converter Block Diagram 

AID CONVERSION MODE 
In the AID conversion mode, the converter converts 
the analog input voltage to the digital value, The 

analog input voltage is successively compared with 

the internal voltage charged on the weighted 

capacitor array until its digital equivalent is 
determined, The resultant digital data is stored into 
the mode registers RS and R9. 

The conversion requires 152.5 J,Js (main clock at 

400 kHz/system clock at 5 J,Js) or 1.S6 ms (main 

clock at 32.76S kHz/system clock at 61 J,Js). 

240 

COMPARISON MODE 
In the comparison mode, the analog voltage from 
one of P30 to P33 pins is compared, in amplitude, 

with internally generated voltage whose value is set 

by the mode registers RS and R9. The result data 

of the comparison is saved into the bit 4 (bit RS4) 
position of the mode register RS. The comparison 

cycle lasts 62.5 J,Js (main clock at 400 kHz, system 

clock at 5 j.Js) or 763 J,Js (main clock at 32.76S 

kHz/system clock at 61 J,Js). 
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MODE REGISTERS 
The registers which control functions of the SM5K5 

and which serve as counter/timer are commonly 

referred to as "mode registers". In the SM5K5, R8 

to RB are 8-bit mode registers; and R3, RC, RE 

and RF are 4-bit mode registers. 

To set data into the mode registers, the OUT 

command is used; and to check the contents of the 

mode registers IN command is used. 

R3 (AID pin selection register) 
Any pin on 4-pin port P3 can be set to accommodate 

analog voltage (hereafter called AID pin). 

Bit 3 0 ,.----.,..---r-~I 

Bit i (i = 3 to 0) 

Set P3i pin to either general purpose input or 

AID pin 

o I (general purpose) input 

1 I AID input 

* Select one pin which is to be selected by mode register R8. 

R8 (AID conversion control & AID data 
register) 
An 8-bit register used to control AID conversion 

and storing part of A/D conversion result. It also 

stores the results of comparison. 

Bit 7,6 

Storage of AID conversion result (AID conversion 

mode) and setting of internal voltage (comparison 

mode) 

• Use as part of a 10-bit data ragister in 

combination with mode register R9. 

• Bit R86 is the LSB. 

• Store lower 2-bit of converted data in AID 

conversion mode. 

• Use as lower 2-bit of internal voltage setting 
data in comparison mode. 

SM5K5 

Bit 5 

* AID operation enable/disable flag 

o I Disable (AID power source off) 

1 I Enable (AID power source on) 

Bit 4 

Storage of comparison result (read only) 

o I P3i pin voltage < internal setting voltage 

1 I P3i pin voltage> internal setting voltage 

(i = 3 to 0) 
Bit 3 

* SIR flag (start/clear) 

o I End of operation (or stop) 

1 I Start of operation (or in operation) 

Bit 2 

Operation mode selection 

o I AID conversion 

1 I Comparison 

Bit 1,0 

Select one of AID pins as AID conversion. 

00 I P30 
01 I P31 
10 I P32 
11 I P33 

* When operation is end, these bits are cleared. 

R9 (AID data register) 
The register to store the upper 8-bit of 10-bit data 

resulting from AID conversion. 

Bit 7 o 

Bit i (i = 7 to 0) 

Storage of AID conversion result (AID conversion 

mode) and setting of internal voltage (comparison 

mode) 

• Use as part of a 10-bit data register in 

combination with mode register R8. 

• Bit R97 is the MSB. 

• Store upper 8-bit of AID conversion result. 

• Use as upper 8-bit of internal voltage setting 

data in comparison mode. 
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RA (Count register) 
Bit 7 a 

I I 
Bit i (i = 7 to 0) 

Count clock input register 
• Use as counter part of timer/counter (count 

clock input). 
• Load the content of RB to RA when the RA 

overflows or when OUT command (BL = OAH) 
is executed. 

RA~RB 

• Load the content of RA to X and A registers 
upon execution of IN command (BL = OAH). 

(X, A)~RA 
• Bit 7 = MSB, bit a = LSB 

RS (Modulo register) 
Bit 7 a 

I I 
Bit i (i = 7 to 0) 

Count initial value storage register 
• Use as modulo register of timer/counter 
• Load the content of RB to X and A registers 

upon execution of 
IN command (BL = OBH) : X = upper bits, 

A = lower bits. 
(X, A)~RB 

• Load the contents of X and A registers to RB 
upon execution of 
OUT command (BL = OBH) : X = upper bits, 

A = lower bits. 
RB~(X, A) 

• Bit 7 : MSB, Bit a : LSB 

RC (Timer control) 
Bit 3 a 

I I 
Bit 3 

Start up count of the timer. 
a I stop 
1 I start 

242 

Bit 2 (Unused) 
Bit 1, a 

Select the source clock to the timer. 
00 I fsys (system clock) 
01 I fsys/27 
10 I fsys/215 

11 I falling edge input on P11 pin 

RE (Interrupt mask flag) 
Bit 3 a 

Bit 3 (Unused) 
Bit 2 

I 

SM5K5 

Remove overflow interrupt from timer or standby 
condition. 

a I disable 
1 I enable 

Bit 1 
Interrupt on the falling edge of input from P11 pin, 
or release of standby mode by the Low input from 
P11 pin. 

a I disable 
1 I enable 

Bit a 
Interrupt on the falling edge of input on P10 pin, or 
release of standby mode by the Low input from 
P10 pin. 

a I disable 
1 I enable 

RF (P2 port direction register) 
Bit 3 a 

Bit i (i = 3 to 0) 
Selection of input pin/output pin 

a I Set P2i pin to input. 
1 I Set P2i pin to output. 
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liD Ports 
The SM5K5 has 24 ports : 8-input, 4-output and 

12-1/0 port. To verify the input, use suitable 

instruction to transfer the input on the pin directly to 

the A register. To select the output latch register to 

which the content of the A register is to be 

transferred, and to select the input port from which 

the signal or data is to be transferred to the A 

register, use the BL register. For details of BL 

settings and associated ports, refer to Table 1. 

• Port POo to P03 (CMOS inverting output port) 

The data transfers in 4-bit string (use OUT or 

OUTl instruction) or in unit of 1-bit (use ANP or 

ORP instruction). 

• Port P10 to Ph (input port with pull-up resistor) 
The data transfers in unit of 4-bit. This port can be 

used as standby/external interrupt input or count 

pulse input. The P1 port can also be used as a 

standby release port without requiring specific 

setting on P12 and P13 pins. Pins P10 and P11 

require settings through the mode resister RE. 

When using the P1 port as an external interrupt 

input, use pins P10 and P11 with suitable settings in 

the mode register RE. When using the P1 port as 

the count pulse input, use P11 pin. 

• Port P20 to P23 (I/O port with pull-up resistor) 

Each bit can be independently be set its direction 

and can be transferred independently or in 

combination of other 3-bit. The direction of the bits 

is determined by the RF register. After reset, the 

P2 port is set to input. 

SM5K5 

• Port P30 to P33 (input port with pull-up resistor) 

The data transfers in unit of 4-bit. The port can also 

be used as AID analog voltage input. To use the P3 

port as the AID port, set the mode register R3. 

• Port P40 to P43 (I/O port with pull-up resistor) 

The data transfers in unit of 4-bit. 

When set to output, content of each bit can be set. 

Executing the input instruction (IN) sets the P4 

ports (P4o to P43) to input; and executing output 

instruction (OUT, ANP or ORP) sets the port to 

output. After reset, the P4 port is set to input. 

• Port P50 to P53 (I/O port with pull-up resistor) 

The data transfers in unit of 4-bit. 

When set to output, content of each bit can be set. 

Executing the input instruction (IN) sets the P5 

ports (P5o to P53) to input; and executing output 

instruction (OUT, ANP or ORP) sets the port to 

output. After reset, the P5 port is set to input. 

Flags 
The SM5K5 has 4 flags (C flag and interrupt 

request flags [IFA, IFB, 1FT] ), which are used to 

perform setting and judgments. 
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System Clock Generator and Dividers 
• System clock generator 
The system clock is the divided-by-two main clock 

applied through OSCIN and OSCOUT (See Fig. 12). 

The system clock generator is shown in Fig. 13. 

One system clock cycle period is equal to one 

instruction execution time when the instruction 

consists of 1 word. When the ceramic oscillator 

Main clock 
(fose) 

System clock 
(fsys) 

SM5K5 

runs at 400 kHz, the system clock fsys is 200 kHz. 

This means that the instruction execution time is 5 

~s/word. Using a 32.768 kHz crystal oscillator 

generates 16.38 kHz fsys and the instruction 

execution time is 61 ~s/word. The system clock 

can be used as count input pulse to the timer. 

Fig. 12 Main Clock and System Clock 

• Divider 
The divider consists of 15 divided-by-two dividers, 

providing 2 (fsys/27, fsys/21S) of 4 count clocks that 

are fed to the counter RA from the system clock. 

OSCIN 

Its configuration is shown below. The divider can 

be clear by using the DR instruction. 

System clock generator (divided-by-two main clock) 

OSCOUT 
fsys/27 

Divider (can be clear by DR instruction) 

Fig. 13 System Clock Generator and Divider 

• Oscillator mask option 
Selection of type of oscillator, ceramic or crystal, is 

made by mask option. 
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INSTRUCTION SET 
Definition of Symbols 
M : Content of RAM at the address defined 

by the B register. 

f- : Transfer direction 

U : Logical OR 

n : Logical AND 

EEl : Exclusive OR 

Ai : An i bit of A register (i = 3 to O) 
Push : Save the contents of PC to stack 

register SR. 

Pop : Return the contents saved in the stack 

register back to PC. 

Pj : Indicates output latch register or input 

register. Pj ( j = 0, 1, 2, 3, 4, 5) 

Rj : Mode register. Rj register ( j = 3, A, B, 

C, E, F) 

ROM ( ) : Content stored in ROM location defined 

by the value in ( ). 

CY : Carry in ALU (independent of C flag) 

The CY(carry} is a signal which is 

generated when the ALU has been 

carried by the execution of a command. 

It is different from the C flag. 

X : Used to represent a group of bits in the 

content of a register or memory. For 

example, the X in the LDAX instruction 

denotes the lower 2 digits (11 and lo) of A 

register. For further information, see 

description of each instruction. 

• A bit in a register is affixed to the register symbol, 

e.g. a bit (i = 0, 1, 2, 3 .... ) of X register is 

expressed as Xi and P (R) register as P (R) i. 

• Increment means binary addition of 1 Hand 

decrement addition of FH. 

• Skipping (SKIP) of an instruction is ignorance of 

the instruction and no operation until the next 

instruction, regarding the instruction as NOP 

instruction. Skipping 1-word instruction requires 1-

cycle, and 2-cycle for 2-word. 

SM5K5 
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'SHARP SM5K5 

Instruction Summary (by function) 
MNEMONIC MACHINE CODE OPERATION MNEMONIC MACHINE CODE OPERATION 

ROM Addressing Instructions Arithmetic Instructions 
TR x 80 to BF PLf--X (15-lo) 

TL xy 
EO to E7, PUf--X (111-16) 

00 to FF PLf--Y (15-lo) 

AOXx 00 to OF 
Af--A+x (b-Io) 

Skip the next step, if CY = 1 

AOO 7A Af--A+M 

TRS x CO to OF 
Push, PUf--01 H, 

PLf--X (14, 13, 12, 11, lo) 
AOC 7B 

Af--A+M+C, Cf--CY 

Skip the next step, if CY = 1 

CALL xy 
FO to F7 Push, PUf--X (111-16) 

00 to FF PLf--Y (15-lo) 

RTN 70 Pop 

COMA 79 Af--A 

INCB 78 
BLf--BL+ 1, Skip the next 

step, if result of BL = 0 

RTNS 7E Pop, Skip the next step 

RTNI 7F Pop, IMEf--1 
OECB 7C 

BLf--BL-1, Skip the next 

step, if result of BL = FH 

Data Load Instruction Test Instructions 
LAX x 10 to 1 F Af--x (b-Io) TAM 6F Skip the next step, if A = M 

LBMX x 30 to 3F BMf--X (b-Io) TC x 6E Skip the next step, if C = 1 

LBLX x 20'to 2F BLf--X (b-Io) 

LOA x 50 to 53 
Af-M, BMif-BMi EEl x (11, lo), 

(i = 1, O) 

TM 48 to 4B 
Skip the next step, if Mi = 1, 

(i = 3 to O) 

TABL 6B Skip the next step, if A = BL 

EXC x 54 to 57 
MHA, BMif-BMi EEl x (11, lo) 

(i = 1, O) 
TPB x 4C to 4F 

Skip the next step, if P (R) 

i = 1, (i = 11, lo) 

MHA, BLf--BL+ 1 

EXCI x 58 to 5B 
BMif-BMi EEl x (11, Io), (i = 1, O) 

Skip the next step, if resul 

of BL = 0 

TA 6C 
Skip the next step, if IFA = 1 

IFAf--O 

TB 60 
Skip the next step, if IFB = 1 

IFBf--O 

MHA, BLf--BL-1 

EXCO x 5C to 5F 
BMif-BMi EEl x (11, lo), (i = 1, O) 

Skip the next step, if resul 

IT 
69 Skip the next step, if 1FT = 1 

02 IFTf--O 

Bit Operation Instructions 

of BL is = FH SM x 44 to 47 Mif--1 (i = 3 to O) 
EXAX 64 AHX-reg RM x 40 to 43 Mif--O (i = 3 to O) 
ATX 65 X-regf--A SC 61 Cf--1 

EXBM 66 BMHA RC 60 Cf--O 

EXBL 67 BLHA IE 63 IMEf--1 (Interrupt enable) 

EX 68 BHSB 10 62 IMEf--O (Interrupt disable) 
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MNEMONIC MACHINE CODE OPERATION 

I/O Instructions 

INl 70 At-P1 

OUTl 71 POt-A 

ANP 72 Pjt-Pj n A ( j = 0, 2, 4, 5) 
ORP 73 Pjt-Pj U A ( j = 0, 2, 4, 5) 

At-Pj ( j = 1, 2, 3, 4, 5) 

IN 74 X-reg, Af-Rj ( j = 8, 9, A, 8) 

At-Rj ( j = C, E, F) 

Pjt-A ( j = 0, 2, 4, 5) 

OUT 75 
Rjt-X-reg, A ( j = 8, 9, 8) 

RAt-RB 

Rjt-A ( j = 3, C, E, F) 

Table Search Instructions 

Push 

PAT 6A 
PUt-04H, PLt-(X1, Xo, A) 

X-regt-ROMH, At-ROML 

Pop 

Divider Operation Instructions 

69 
Divider (fo-f1S) clear DR 

03 

Special Instructions 

STOP 76 Standby mode (STOP) 

HALT 77 Standby mode (HAL T) 

NOP 00 No operation 

SM5K5 
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SYSTEM CONFIGURATION EXAMPLE 
• Charger controller 

Voo 

POo P01 P02 P03 

VOO P20 
VR 
P40 P21 
P41 
P42 SM5K5 

+ 

DC supply source 

Switching circuit 

To 1 O-bit NO converter 
.-----------i OSCIN P30 ~----------I 

OSCOUT RESET t----. 

GND AGND 

248 
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Battery 
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SM5K6 
DESCRIPTION 
The SM5K6 is a CMOS 4-bit single-chip micro­

computer incorporating 4-bit parallel processing 

function, serial interface function, ROM, RAM, 10-

bit AID converter and timer/counters. It provides 

five kinds of interrupts and 8 levels subroutine 

stack. Being fabricated through CMOS process, 

the chip requires less power and available in a 

small package : best suitable for low power control­

ling, compact equipment like a precision charger. 

FEATURES 
• ROM capacity : 4 096 x 8 bits 

• RAM capacity : 256 x 4 bits 

• Instruction sets: 52 

• Subroutine nesting: 8 levels 

• I/O port : 
input 4 

inpuVoutput 20 

• Interrupts : 
Internal interrupt x 3 (2 timers, 1 serial 

interface) 

External interrupt x 2 (2 external interrupt 

inputs) 

• NO converter: 
Resolution 10 bits 

Inputs channels 8 

• Timer/counter: 8 bits x 2 

• Serial interface : 8 bits synchrounous x 1 

• Watch dog timer: 8 bits x 1 (also used as timer 2) 

• Built-in main clock oscillator for system clock 

• Signal generation for real time clock 

• Built-in 15 stages divider for real time clock 

• Instruction cycle time : 

1 ~s (4 MHz, at 5 V ± 10%) 

4 ~s (4 MHz, at 2.0 to 5.5 V) 
• Large current output pins (LED direct drive) : 8 

• Buzzer output 

• Supply voltage : 2.0 to 5.5 V 

SM5K6 

4-Bit Single-Chip Microcomputer 
(Controller With 10-Bit AID Converter) 

• Packages: 
30-pin SDIP (SDIP030-P-0400) 

32-pin SOP (SOP032-P-0525) 

36-pin QFP (QFP036-P-1 01 0) 

In the absence of confirmation by device specification sheets. SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 249 
catalogs. data books. etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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PIN CONNECTIONS 

30-PIN SDIP 

P101 0 30 P03 

16 P30 

36-PIN QFP 

250 

P20 

P21 

P22 

(NC) 

GND 

P51 

P23 

o 

~ 8 
8 > 
en o 

32-PIN SOP 

P53 1 0 

GND 16 

27 P43 

SM5K6 

TOP VIEW 

32 GND 

17 P50 
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BLOCK DIAGRAM 

ROM 

4096-BYTE 

OSCIN 

OSCOUT 

RESET 

Voo 

GND 

POo POl P02 P03 

Nomenclature 
Areg 

ALU 
B 

C 

IFA, IFB, IFS 

IFT1,IFT2 

OSC 
po, P1, P2 

P3, P4, P5 

: A register (Accumulator) 

: Arithmetic logic unit 

: RAM address register 

: Carry latch flag 
: Interrupt request flag 

: System clock oscillator 

: 1/0 access 

RAM 

256 x 4-81T 

P1oP1l P12P13 P20 P2l P22 P23 VR AGND 

PC 

RAM 

ROM 

SB 

SR 
Xreg 

: Program counter 

: Data memory 

: Program memory 

: SB register (Stack B-reg) 
: Stack register (Stack PC) 

: X register (Sub accumulator) 

SM5K6 

P53 

P52 

P51 

P50 

P43 

P42 

P41 

P40 

P33 

P32 

P31 

P30 
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SHARP SM5K6 

PIN DESCRIPTION 
PIN NAME liD FUNCTION 

POO-P03 110 
Parallel input/output: Direction of pins can be set in units of 4 bits. When set at output, 

each pin serves as a drive with a 15 mA (Typ.) current sinking capability. 

P1o-P13 1/0 
Parallel input/output: Direction of pins can be set in units of 4 bits. When set at output, 

each pin serves as a drive with a 15mA (Typ.) current sinking capability 

P20 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes 

external interrupt input or standby release. 

P21 1/0 
Input or output (independent) : Direction of this pin can set independently. Assumes count 

clock input or standby release. 

P22 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes 

external interrupt input or standby release. 

P23 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes 

standby release or buzzer output (divider clock). 

P3o-P33 I Parallel input: Accepts input in units of 4 bits. Also assumes AID pins. 

P40 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes AID 

pin or SID data input. 

P41 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes AID 

pin or SID data output. 

P42 liD 
Input or output (independent) : Direction of this pin can be set independently. Assumes AID 

pin or SID clock liD. 

P43 liD 
Input or output (independent) : Direction of this pin can be set independently. Also 

assumes AID pin. 

P50-P53 1/0 Parallel input/output: Direction of pins can be set in units of 4 bits. 

-- Hardware reset input: Input to this pin resets the microcomputer. For normal run, connect 
RESET I 

0.1 ~F (Typ.) across RESET and GND .pins. 

OSClN,OSCOUT 1,0 
Main clock circuit pins. Connecting a crystal across these pins completes main clock 

oscillator. The divided-by-4 main clock is used as the system clock. 

Voo, GND - Power supply input to the microcomputer 

VR, AGND - AID converter reference voltage: Connect to VR to Voo pin and AGND to GND pin. 

NOTES: 
1. Hardware reset sets all I/O pins to input. 

2. Input ports and 1/0 ports programmed as input port are provided with pull-up resistors. 

252 



SHARP 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL CONDITIONS RATING 

Supply voltage Voo -0.3 to +7.0 

Input voltage VIN -0.3 to Voo+0.3 
Output voltage VOUT -0.3 to Voo+0.3 

IOH High-level output current (at each output) 4 

Max. Output current lOLa Low-level output current (POa-P03, P1 a-P13) 30 

lOll Low-level output current (all but POa-P03, P1 a-P13) 4 

Total output current 
LIOH High-level output current (all outputs) 20 

LIOL Low-level output current (all outputs) 120 

Operating temperature TOPR -20 to +70 
Storage temperature TSTG -55 to +150 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL CONDITIONS RATING 

Supply voltage Voo 2.0 to 5.5 

Instruction cycle 
Voo = 2.0 to 5.5 V 4 to 122 

tcve 
Voo= 5.0 V ± 10% 1 to 122 

System clock frequency fsvs 
Voo = 2.0 to 5.5 V 250 k to 8.192 k 

Voo= 5 V ± 10% 1 M to 8.192 k 

Main clock frequency 
fose 

Voo = 2.0 to 5.5 V 1 M to 32.768 k 
(OSON-OSCOUT) Voo= 5.0 V ± 10% 4 M to 32.768 k 

SM5K6 

UNIT 

V 

V 

V 

rnA 
rnA 
rnA 
rnA 
rnA 
°C 

°C 

UNIT 

V 

Jls 

Hz 

Hz 
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SHARP SM5K6 

DC CHARACTERISTICS 
(Ta = -20 to 70oe, Typ. value: VDD = 5.0 or 3.0 V, Unless otherwise noted.) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 
VIHI 0.8 x Voo Voo 

V 1 
VILI 0 0.2 X Voo 

Input voltage 
VIH2 0.9 x Voo Voo 

V 2 
VIL2 0 0.1 X Voo 

Voo = 2.0 to 3.3 V 2 25 90 
IILI VIN= 0 V 

Voo = 4.5 to 5.5 V 25 70 250 IJA 3 

Input current hHl VIN= Voo 2 

11L2 VIN= 0 V 1 10 
IJA 4 

hH2 VIN= Voo 1 10 

Vo= 1.0 V 
Voo = 2.0 to 3.3 V 3 15 

lOll 
Voo = 4.5 to 5.5 V 15 25 

mA 5 
Voo = 2.0 to 3.3 V 0.2 1.5 

IOHl Vo= Voo- 0.5 V 
Voo = 4.5 to 5.5 V 1.0 2.2 

Output current 
Voo = 2.0 to 3.3 V 70 600 

IOL2 Vo= 0.5 V 
Voo = 4.5 to 5.5 V 400 1 000 

IJA 6 
Voo = 2.0 to 3.3 V 200 2000 

IOH2 Vo= Voo- 0.5 V 
Voo = 4.5 to 5.5 V 1 000 2400 

fose= 2 MHz Voo = 4.5 to 5.5 V 1 600 3500 

Voo = 2.0 to 3.3 V 400 1 100 
fose = 1 MHz 

100 Voo = 4.5 to 5.5 V 850 1 700 IJA 
Voo = 2.0 to 3.3 V 28 170 

fose = 32.768 kHz 
Voo = 4.5 to 5.5 V 55 220 

fose= 2 MHz Voo = 4.5 to 5.5 V 900 1 800 
7 

I HALT 
fose = 1 MHz Voo = 4.5 to 5:5 V 500 1 100 

Supply current Voo = 2.0 to 3.3 V 20 75 
fose = 32.768 kHz 

Voo = 4.5 to 5.5 V 25 120 IJA 
Ceramic OSC mode Voo = 2.0 to 3.3 V 3 

I STOP Crystal OSC mode Voo = 2.0 to 5.5 V 20 45 

(32.786kHz) Voo = 4.5 to 5.5 V 25 65 

Voo = 2.0 to 3.3 V 180 
ND active 

IVR Voo = 4.5 to 5.5 V 300 

420 

650 
IJA 8 

ND inactive Voo = 2.0 to 5.5 V 3 IJA 9 

n Resolution 10 bit 

Differential fose= 2 MHz Voo= VR = 5.0 V ± 2.5 ± 4.0 

linearity TOPR= 25°C 
ND 

fose = 2 MHz Voo= VR = 5.0 V ± 3.2 ± 5.0 
conversion Linearity 

TOPR= 25°C 
LSB 

Total error 
fose= 2 MHz Voo= VR = 5.0 V ± 4.0 ± 6.0 

TOPR= 25°C 
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NOTES: 
1. Applicable pins : POa-P03, P1 a-P13, P22, P23, P3a-P33 

(digital input mode), P41, P43 (digital input mode), P5a-P53 

2. Applicable pins : OSCIN, RESET, P2a, P21, P4a, P42 

(digital input mode) 

3. Applicable pins: P4a-P43, P3a-P33 (digital input mode), 

RESET, P2a-P23, P5a-P53, POa-P03, P1 a-Ph 

4. Applicable pins: P3a-P33, P4a-P43 (NO mode) 

5. Applicable pins: POa-P03, P1 a-Ph (High current port) 

6. Applicable pins: P2a-P23, P4a-P43, P5a-P53 (output mode) 

7. Non-load condition (NO conversion disabled) 

MAX. Voo = 5.5 V (or 3.3 V), TOPR = -20'C 

8. Current into VR at NO conversion mode (run enable 

status) 

9. Current into VR at Non-NO conversion mode (run disable 

status) 

SYSTEM CONFIGURATION 
A Register and X Register 
The A register (accumulator : Acc) is a 4-bit 
general purpose register. The register is mainly 
used in conjunction with the ALU, C flag and RAM, 
to transfer numerical value and data to perform 
various operations. The A register is also used to 

transfer data between input and output pins. 
The X register (auxiliary accumulator) is a 4-bit 

register and can be used as a temporary register. 
It loads contents of the A register or its content is 
transferred to the A register. 
When the table reference instruction PAT is used, 
the X and A registers load ROM data. 
A pair of A and X registers can accommodate 8 bit 
data. 

3 0 

I ~ reqiste~ I 

3 D CI 0 
EXAX instruction 

Fig. 1 Data Transfer Example between 

Register and X Register 

SM5K6 

Arithmetic and Logic Unit (ALU) and 
Carry Signal Cy 
The ALU performs 4-bit parallel operation. 

4-bit data 4-bit data 

/ "\esuit of operation 

Areg I [£] 
Fig.2 ALU 

The ALU operates binary addition in conjunction 
with RAM, C flag and A register. Cy is the symbol 

for carry signal and not for C flag. 
The C flag latches the carry-over as the result of 
arithmetic instruction. The flag can be set/clear 
using SC and RC instructions. 
The content of C flag can be tested using the TC 

instruction. 
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8 Register and 58 Register 
• B register (BM, Bl) 

SM5K6 

• 5B Register 

The B register is an 8-bit register that is used to 
specify the RAM address. 
The upper 4-bit section is called BM register and 
lower 4-bit Bl. 

The SB register is an 8-bit register used as the 
save register for the B register. The contents of B 
register and SB register can be exchanged through 
EX instruction. 

3 0 3 o 
B register I ~M repis,er I FL re?iSle~ 

D ..... 1----

0
- EX instruction (swap) 

~B re:gist~r I 
Fig. 3 B Register and 5B Register 

Data Memory (RAM) 
The data memory (RAM) is used to store data up 
to 256 X 4 bits (256 nibbles). 

~ 8M 
0 1 2 3 4 5 6 7 8 9 A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

8 

C 

D 

E 

F 

Fig. 4 RAM Nibble Mapping 

256 

8 C D E F 

* 
* 1 nibbl.e = 4-bit 



SHARP 

Program Counter PC and Stack Register SR 
• Program counter PC and stack 

SM5K6 

• Precaution on using PAT instruction 

The program counter consists of a 7-bit page 

address register (Pu) and 6-bit binary counter (PL) 
used to specify the steps within a page. 

The stack pointer (SP) is a register which holds the 

starting address of the stack area of RAM space. 

Execution of interrupt handling or the table 

reference instruction PAT automatically uses 1 level 

of the stack register SR, just like as in the case of 

subroutine handling process. 

Program Counter PC 

----------------~~---------------~ ~ 
505 0 

~u : ~L 
Push operation ---I~~-n 11 u -----Pop operation 

SR (Level 1 ) 
I 

SR (Level 2) 

=--;:::... -
f : s~ (L~Vel ~) :9 

Fig. 5 Program Counter PC and Stack Register SR 

Program Memory (ROM) 
The ROM is used to store the user program. The 

capacity of the ROM is 4 096 bytes (64-page by 

64-byte). 

Specifies a page (pages 00H-3FH) Specifies a step (steps 00H-3FH) 
,-______________ A-__________ ~, '( ______________ -A ____________ ~ 

I : : ~u : : II : : ~L : : I 
Fig. 6 Page and Step for ROM 
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Pu (page) Pu (page) Pu (page) 

OOH Start address upon reset (OOOOH) 10H 30H 

01H 
Front cover of ~JN~~Y 11 H subroutine TRS ® 31H 

02H Interrupt I \'" r--22H 
----..... 

RTN 32H 

\® -r-----. ~~ 03H Standby release CD 13H CD - ® 33H 

04H \ 14H 34H 

05H \TR~ 15H 35H 

06H 16H 36H 

07H TLxy 
CD../" 

17H 37H 

08H ~ 18H 38H 

09H 
, 

19H TR~ 39H 

OAH TR~CD 1AH 3AH 

OBH 1BH 3BH 

OCH ~;N 1CH 3CH 

OOH CALL~~ ~ ® 10H 30H 

OEH 1EH 3EH 

OFH 1 FH 3FH Final address 
(3F3FH) 

Number in a circle is a step number of the program jump. 

Fig. 7 ROM Configuration and Program Jump Example 
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Control Registers 
Most of SM5K6 functions are controlled by reading and writing 22 control registers. 

ADDRESS 

BM BL 

* a 

* 1 

* 2 

* 3 

* 4 

* 5 

* 6 

* 7 

a a 

a 9 

a A 

a B 

a C 

* D 

* E 

a F 

1 a 

1 9 

1 A 

1 B 

1 C 

1 F 

* : Don't care 

o : Executable 

SYMBOL 

PO 

P1 

P2 

P3 

R3 

P4 

P5 

R6 

R7 

Roa 

R09 

ROA 

ROB 

ROC 

RD 

RE 

ROF 

R1a 

R19 

R1A 

R1B 

R1C 

R1F 

Table 1 Control Registers 

NAME UNIT 
INl 

AVAILABLE INSTRUCTIONS 

OUTl INfTPB OUT ANP/ORP 

PO port 4 - - 0 - -

PO register 4 - 0 - 0 0 
P1 port 4 - - 0 - -

P1 register 4 - 0 - 0 0 

P2 port 4 - - 0 - -

P2 register 4 - - - 0 0 

P3 port 4 0 - 0 - -

P3 mode register 4 - - - 0 0 

P4 port 4 - - 0 - -

P4 register 4 - - - 0 0 

P5 port 4 - - 0 - -

P5 register 4 - - - 0 0 

P4 direction register 4 - - 0 0 0 
ND select register 4 - - 0 0 0 

ND control register a - - ~ 0 -

ND data register a - - ~ 0 -
Timer 1 counter a - - ~ ~ -
Timer 1 modulo register a - - ~ 0 -

Timer 1 control register 4 - - 0 0 0 

P4 mode register 4 - - 0 0 0 

Interrupt enable register 4 - - 0 0 0 

P2 direction register 4 - - 0 0 0 

SIO shift register a - - ~ 0 -

SIO control register a - - ~ 0 -

Timer 2 counter a - - ~ ~ -

Timer 2 modulo register a - - ~ 0 -

Timer 2 control register 4 - - 0 0 0 

Buzzer control register 4 - - 0 0 0 

~ : Executable but with some restriction - : Not executable 
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I/O Ports 
The SM5K6 has 24 ports : 4 input and 20 1/0 
ports. 

Some ports assume additional port functions : 

• External interrupt input 

• Standby release 

• Count clock input 
• Analog voltage input (AID) 
• SIO (serial interface) 

• Port PO 
This is a 4-bit 1/0 port, all 4 bits can be set to the 

same direction. When set as output, the port can 
accommodate up to 15 mA (Typ.) sink current. 
When used in conjunction with P1 port, the PO 

delivers one half an 8-bit data. 

• Port P1 
This is a 4-bit 1/0 port, all 4 bits can be set to the 

same direction. When set at output, the port can 

accommodate up to 15 mA (Typ.) sink current. 

When used in conjunction with PO port, the P1 
delivers one half an 8-bit data. 

• Port P2 
This is a 4-bit 1/0 port. Each bit can be independently 

set its direction. Each pin of the port can also assume 
the following function pin. 

• P20 and P21 pins : External interrupt input, 

standby release 

• P22 : Count clock input, standby release 

• P23 : Buzzer output, standby release 

• Port P3 
This is a 4-bit input port. It can serve as AID pin in 
addition to a general purpose input pin. 
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• Port P4 
This is a 4-bit 1/0 port. Direction of each bit can be 

independently set. Each pin of the port can also 

assume the following function pin. 

• P40 : AID pin, serial data input 
• P41 : AID pin, serial data output 

• P42 : AID pin, serial clock 1/0 
• P43 : AID pin 

• Port P5 
This is a 4-bit 1/0 port, all 4 pins can be set to the 

same direction. 

• RESET pin 
Input to this pin initializes the microcomputer 

(hardware reset). Normal configuration is to 

connect a capacitor across RESET and GND pins 

so that the hardware reset automatically starts 

upon power-up. Do not leave RESET pin open. 

RESET GND 

'" Hardware reset key (optional) 

Fig. 8 Power-On Reset Circuit 

Placing a low level on the RESET pin starts 

hardware reset of the SM5K6. For further 

information, see "Hardware Reset" in FUNCTIONAL 
DESCRIPTION. 
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• OSCIN, OSCOUT pins 
Connecting required external components (crystal, 
etc.) to these pins configures the main clock 
oscillator. 

• Reference circuit 

OSCIN OSCOUT 

RF 

RD 

o 
C1 I Crystal I C2 

-= -= 

Reference only: Circuit configuration varies according to crystal used. 

Fig. 9 Main Clock Oscillator Circuit 

(under evaluation) 

Refer to "PRECAUTIONS FOR MICROCOMPUTERS". 

• Voo, GND, VR and AGND pins 
These pins supply power supply to the SM5K6 : 
Voo and GND supply the system power; VR and 
AGND supply the reference voltage to the internal 
AID converter. 

System Clock Generators and Dividers 

SM5K6 

Fig. 10 Recommended Power Supply Connection 

GND pin should be connected to AGND. Across 
VDD and GND, connect an electro. capacitor to 

absorb external noise. Although VR can be 
separately supplied (2.0 to Voo), it should be 
derived from Voo for the best precise AID 
conversion. 

Flags 
The SM5K6 has 6 flags (C flag and interrupt 
demand flag of IFA, IFB, IFT1, IFT2, and IFS) 
which are used to setting condition and judgment. 

HALT / STOP 

Main clock 
generalor 
(external 

components) 
OSCour: System clock oscillator 

System clock fsys (to blocks) 

To each block excluding program counter PC 

L...---i~ fSYS9 
L...-____ fSYS8 

'------I~ fSYS7 

'-----------I~ fSYS2 

L...-__________ fSYS1 

fSYS15 

Fig. 11 System Clock Generator and Divider 
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• System clock generator 
The system clock generating system is shown in 

Fig. 11. The system clock fsys is the divided-by-4 

main clock applied through OSCIN and OSCOUT. 
See Fig. 12 for frequency relationship between 

these two clocks. To complete the main clock 

oscillator, external components must be connected 

between OSCIN and OSCOUT pins. 
Execution time of 1 byte 1 cycle instruction is equal 

to 1 system clock period. The system clock (fsys) 

Main clock (fose) 

I 
I 
I 

I I 

System clock (fsys) Jl 

SM5K6 

frequency is 1 MHz and the instruction execution 

time is 1 ~s per cycle when the clock is derived 

from the 4 MHz ceramic. 
The system clock frequency is 8 192 Hz and the 

instruction execution time is 122 ~s per cycle when 

the clock is derived from the 32.768 kHz crystal. 

The system clock fsys is also used as the count 
pulse input to the timer. 

I I 
I I 
I I 

I I I I n n 
Fig. 12 Main Clock and System Clock 

• Divider (DIV) 
The divider consists of 15-step divider circuits and 

produces the following 6-clock from the system 
clock. These divided clocks are provided for 

timer/counters, serial interface and buzzer output. 

All· steps of the divider can be cleared by DR 

instructions. 

Table 2 Divider Output Clock vs fsys 

SYMBOL CLOCK 

fsys* System clock 

fsys1 Divided by-2 system clock (output of 1 st step) 

fSYS2 Divided by-4 system clock (output of 2nd step) 

fSYS7 Divided by-128 system clock (output of 7th step) 

fSYS8 Divided by-256 system clock (output of 8th step) 

fSYS9 Divided by-512 system clock (output of 9th step) 
fsys15 Divided by-32 768 system clock (output of 15th step) 

. . * Clock source to the 1 st step of divider . 

• Resonator mask option 
Selection of type of resonator, i.e. ceramic or 

crystal, is made by masked option. 
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FUNCTIONAL DESCRIPTION 
Hardware Reset 
The hardware reset initializes the SM5K6 system. 

The hardware reset (power-on reset) starts upon 
power up. When the timer 2 is used as i watch 

dog timer, it also starts the hardware reset circuit 

as it overflows. 

SM5K6 

• Hardware reset and system status 
The RESET pin is at high level while the SM5K6 is 

operating normally. When the level is forced to low 

externally, the hardware reset sequence starts after 
2 instruction cycles. When the level on the RESET 

pin returns to high, the SM5K6 starts counting the 
main clock which is oscillating between OSCIN and 
OSCOUT. As a count about 214 is reached, the 

system exits hardware reset status and the 

program starts at address 0 in page O. 

Table 3 Status of the System Immediately after Hardware Reset 

PARAMETER VALUE OR STATUS 

All I/O ports (input and I/O ports) Input mode with pull-up resistor connected 

All control registers a (write only bits are also a when read into A 

(except for SIO register R18) register) 

SIO shift register R18 Unconditional 

AD converter 

Interrupt 

Functions 
Standby 

Timer/counter 
All inactive or disabled 

Serial interface 

8uzzer out 

C flag Unconditional 

Flags 
Interrupt master enable flag IME a (all interrupts disabled) 

Interrupt request flag 

(IFA, IF8, IFT1, IFT2, IFS) 
a 

A and X registers Unconditional 

Program counter PC (Pu, Pl) OOOOH 
8 register (8M, Bl) Unconditional 

Others S8 register Unconditional 

Stack register SR Unconditional 

Level of stack register SR Level 1 

Contents of RAM Unconditional 
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Standby Feature 
Standby feature saves power by stopping the 

program whenever it is not necessary to run. The 

mode in which the microcomputer is executing the 
program is called run mode and the mode in which 

it stops the program is called standby mode. 

Standby mode is further divided into two modes : 

Power on 

SM5K6 

stop mode and halt mode, one of which is selected 

by Halt instruction or Stop instruction. Upon 
removal of standby condition, the SM5K6 returns 

from the standby mode to the normal run mode. 

To enter the standby mode, select either stop 

mode or halt mode whichever appropriate. 

~ Hardware reset input 

Hardware reset input 
or 

Hardware reset request 

Operation mode 

Hardware reset input: Signal to RESET pin 

----------------------_/ 
Standby mode 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Hardware reset request: Overflow from watch dog timer (Timer 2) 

Fig.'13 Operation of Program 

SYSTEM OPERATION AND STATUS DURING STANDBY MODE 
• Operations in halt mode 
In the halt mode, the program counter PC stops to 

pause the program. The system clock fsys is still 

supplied to other functional blocks keeping the 
blocks driven by the clocks from the divider and 

external clock activated. 

• Operations in stop mode 
In the stop mode, the main clock is stopped. This 

means that most of functional blocks are stopped. 

Exceptions : P2 port can recognize external input, 
and the serial interface can work if operated by 

external clock. 

Table 4 Operation I Status in Halt I Stop Mode 

FUNCTIONAL BLOCK 
OPERATION I STATUS 

Halt mode Stop mode 

Hardware reset Recognized Recognized 

Timer 1 0 x 

Timer 2 0 x 

NO converter x x 

Serial interface 0 Operates only on external clock 

Buzzer out Same as before entering halt mode Stop (level unconditional) 

1/0 port Same as before entering halt mode Same as before entering stop mode 
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USE OF HALT MODE AND STOP MODE 

The operation immediately returns from the halt 

mode to the normal mode as a halt mode release 

event occurs. Generally, the halt mode is used 

when the system repeatedly moves between the 

standby mode and run mode. 

The stop mode further saves power than the halt 

mode but has some detrimental effects : time 

required for the system to return to the normal run 

mode is longer (approx. 450 instruction cycles) 

than that of halt mode; stop mode can be canceled 

SETTING AND OPERATION OF STANDBY 

• Standby release events (a-type) 

SM5K6 , 

only by applying low level on P2 port, SID 

operating on an external clock or hardware reset. 

The stop mode is best suitable when the system 

stays for a longer period in the standby mode and 

does not require fast returning to the normal run 

mode. The standby mode retains I/O port settings 

and levels on the output ports as they are. 

Program should be prepared so that currents 

flowing to/from pins are reduced before the SM5K6 

is put into the standby mode. 

RELEASING EVENT MASKABLE PRIORITY LEVEL FLAG APPLICABLE IN STOP MODE 

Hardware reset input No - - Yes 

Low level on P20 Yes 1 IFA Yes 

Low level on P21 Yes 3 IFB Yes 

Low level on P22 Yes - - Yes 

Low level on P23 Yes - - Yes 

End of SID transfer Yes 3 IFS No 

Interrupt request flag 
Yes 

IFT1 is 1 (timer 1 overflow) 
2 IFT1 No 

Interrupt request flag 
Yes 

IFT2 is 1 (timer 2 overflow) 
4 IFT2 No 

Interrupt Feature 
The interrupt block consists of interrupt enable flags 

(bits of control register RE and interrupt master 

enable flag IME), interrupt request flags (IFA, IFB, 

IFT1, IFT2 and IFS) and interrupt handling circuit. 

Cii 
c 
OJ 
'00 
u; 
Q) 

Interrupt enable register RE 

~ ... 
Ci. 
2 
W IFT21--+-----------LJ E 

SINT 

SINT SIO control register R19 bit 1 

Interrupt 
controller 

IME interrupt master engble flag 

Fig. 14 Interrupt Block Diagram 
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• Interrupts used with SM5K6 
Although the SM5K6 is provided with five 
interrupts, four interrupts are set at the same time 
because P21 selectively uses one of two. 
When an interrupt occurs, the corresponding 
interrupt request flag (IFA, IFB, IFT1, IFT2, IFS) is 
set to "1" level. 

SM5K6 

• Disabling all interrupt requests (IME flag) 
The interrupt master enable IME is the flag which 
inhibits all interrupt. 
The execution of IE instruction sets the IME flag to 
"1 ", enabling the interrupt set by the interrupt 
enable register RE. In contrast, the 10 instruction 
sets the IME flag to "0" and disables all interrupt 

requests. 

Table 5 Igterrupt Event Summary 

INTERRUPT EVENT 
Correspording bit of JUMP ADDRESS PRIORITY 

FLAG 
interrupt enable register RE Page Step LEVEL 

P20 interrupt (falling edge on P2o) IFA REO 02H OOH 1 
Timer 1 interrupt (timer 1 overflow) IFT1 RE1 02H 02H 2 

P21 interrupt (falling edge on P21) IFB 
RE2* 02H 04H 3 

SIO interrupt (end of serial interface operation) IFS 

Timer 2 interrupt (timer 2 overflow) IFT2 RE3 02H 06H 4 
* Either of P21 or SIO Interrupts IS selected by bit 1 of SIO control register R19. 

R19 bit 1 = 0 : P21 interrupt 

R19 bit 1 = 1 : SIO interrupt 

• Enabling and disabling individual interrupt 
requests (interrupt enable register RE) 

The interrupt enable register RE (REO, RE1, RE2, 
RE3 : interrupt mask flag) enables and disables 
each of 5-interrupt. Each bit of RE is called mask 
flag. 

Clock or 

external event 

Count 

clock 

selector 

Count 

clock 

selector 

Count 
clock 

Count 
clock 

Timer / Counter 
The SM5K6 has two pairs of built-in timer/counter. 
These counters are used to handle periodic 
interrupts and to count external events. The 
overflowing timer can be used to disable the halt 
mode. The timer/counters serve as interval counter. 
In addition, the timer 2 can be used as watch dog 
timer (overrun detect timer). Each timer/counter 
consists of an 8-bit count register, modulo register 
and 4-bit timer control register. 

Overflow 

Timer 1 block 

IFT1 int errupt request flag 

Overflow 

Timer 2 block IIFT21 

IFT2 int errupt request flag 

Fig.15 Configuration of Timer I Counter 
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TIMER 1 
the timer 2 has although both timers have The timer 1 is an 8-bit timer/counter. It counts a 

divided-by-n system clocks and external events. 
Figure 16 shows a block diagram of the timer 1. 

Timer 1 has no watch dog timer capability which 

the same configuration. Selectable clocks are also 

different between both timers. 

fsys-- a 
u 
Q) 

fSYS7 __ Q) 
V) 

~ 
u 
0 

fSYSIS-- U 
C 
:J 

Falling edge __ 0 
(,) 

on P21 

Count 
clock 

BilO Bil7 

Timer 1 modulo register ROB 

BilO 

IFT1 interrupt 
request flag 

~~T~im_e~r_1_co~u_nt~er_R~O_A~~--~o~ve=rt=lo=W--~~ 

To count clock selector of timer 2 
Controls 

Timer 1 control register ROC t 

Count clock selector 

Fig.16 Timer 1 Block 

• Selecting count clock 
Select the count clock by setting bits of the control 
register ROC. 

Table 6 Selection of Count Clock 

REGISTER ROC BITS 

RaC1 RaCa 
SELECTED COUNT CLOCK 

a a fsys (system clock) 

a 1 fSYS7 (divided-by-7 system clock) 

1 0 fsys15 (divided-by-15 system clock) 

External clock (falling edge on P22) 

1 1 
When set external clock pin, P22 does not act as the standby release pin. 

This means that SM5K6 can count the external clock while in the halt mode. 

For further information, refer to "Standby Feature". 
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TIMER 2 
The timer 2 is an 8-bit timer/counter. It counts a 

divided-by-n system clocks. Figure 17 shows a block 

diagram of the timer 2. 

Timer 2 has watch dog timer capability which the 

fsys--- ~ 
Q) 

Qi fSYS7 ___ CIJ 
~ 
u 
a 

fSYS15 ___ <3 
C 
:J 

Timer1 ___ 8 
overflow 

Controls 

Timer 1 control register R1C t 

Start/stop 

SM5K6 

timer 1 does not although both timers have the same 

configuration. Selectable clocks are also different 

between both timers. 

Count clock selector 

Interuput request flag 

o-!----- Hardware 
reset request 

Fig. 17 Timer 2 Block 

• Selecting count clock 
Select the count clock by bit setting of the control 
register R1 C. Selecting the overflow from the timer 

1 as the count clock source connects the timer 2 to 

timer 1 in the cascade fashion, a single 16-bit 

timer. 

• Selecting operation mode 
The timer 2 can be used as a watch dog timer by 

the following mode setting. 

Use as a normal timer : 
Control register R1 C, bit 2f-store "0" 

Use as a watch dog timer : 
Control register R1 C, bit 2f-store "1" 

This setting is made valid when done at the 

beginning of timer start. 

Table 7 Selection of Count Clock 

REGISTER R1 C BITS 
SELECTED COUNT CLOCK 

R1C1 R1Co 

a a fsys (system clock) 

a 1 fSYS7 (divided-by-7 system clock) 

1 a fSYS15 (divided-by-15 system clock) 

1 1 Timer 1 overflow 
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• To use the timer 2 as the watch dog timer 
Watch dog timer is also called overrun detect timer 

because it in informs the CPU that the CPU is in a 

closed loop and overrunning due to some trouble, 
for example, program error. The overflowing watch 

dog timer starts the hardware-reset sequence. 

The program must write the initial value to the 

watch dog timer at an interval before the watch dog 
overflows. Therefore, an overflow from the watch 

dog timer means that the program is not running 

normal, for example, it is in an endless loop. 

P43 P42 P4, P40 P33 P32 P3, P30 

SM5K6 

AID converter 
The SM5K6 internal 10-bit NO converter is 

provided with 8 input channels and operates either 

in the NO conversion mode or comparison mode. 
The NO converter mode converts the analog 

voltage coming through P3 and P4 ports to the 

equivalent digital value. The comparison mode 

compares the level of the input analog voltage with 
the voltage level set within the SM5K6 and stores 

the result in the microcomputer. 

VR AGNO 

10-bit 
D/A converter 

Control circuit 

NOTES: 

AIDed value, Values to be compared, Result, Controls 

I , 
AID control register ROB 

BilO 

AID converter enable 

L-__ AID data storage 

Fig. 18 Block of AID Converter 

1_ Apply voltage within the range between 2.0 V and Voo V to the VR pin, the AID converter reference voltage pin. Do not apply 

a voltage outside this range. 

2. Don't Apply the voltage to VR pin before feeding Voo pin. 

3. AGND pin must be connected to GND pin. 
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SHARP SM5K6 

AJD CONVERSION MODE Caution: 
The AID conversion mode converts the analog 
voltage on AID pin into the digital value. The input 
analog voltage is successively compared with 
weighted voltages from the capacitor array. 
Digitalized conversion data (10-bit) are stored into 

upper 2 bit places of the control register R08 and 
the remaining bits into the data register R09. 

While in the AJD conversion mode, do not use registers 

(upper 2 bits of ROB register and the Rag register) reserved 

for storage of AJD data to store other data. 

Serial Interface 

The time required for the converter to complete 
conversion is as follows : 

The SM5K6 has an 8-bit synchronous serial 
interface which transfers 8-bit datastream in 
synchronous with the external or internal clock. 

Conversion duration = system clock period x 30.5 
Example 

• 30.5 ~s (main clock at 4 MHzl1 ~s system clock) 
• 305 ~s (main clock at 400 kHzl1 0 ~s system clock) 
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P42fSCK P41/SoUT P40/SlN 

To P42/SCK 810 shift register 

'--(W_he_n_in_t_er_na_l_cl_oC_k_is_u_S_ed_) ____ ~ Data shift request 

Extrenal clock from 
P4dSCK pin 

o 
t5 
Q) 

Q) 

fsYs----- ~ 
U 
o 

fsys7 ----- <:5 

fSYS15 -----

Clear request (writing to R18 or R19) 

~ End of ~t signal 

a-clock counter 

Interrupt request flag 

Controls 

SID control register R19 t 
Bit 7 

CL8EL 

El~-
P4 port function select 

Start/stop 

Internal/external transfer clock selct 

'----- Clock select 

Fig. 19 Serial Interface Block 
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OPERATION AND CONTROL OF 510 
• Transfer timing 
Transfers the contents of the shift register R18 to 
SOUT pin on the falling edge of the transfer clock 
and then transfers the level on SIN pin to the shift 
register R18 on the rising edge of the next transfer 

SM5K6 

clock. Transmitted data is output MSB first and 
received data is input LSB first. 
At the end of transfer, the oldest bit data is shifted 
to the MSB position of the shift register R18 and 

the latest data in the LSB position. 

Range of the time delay from the start of the transfer to the rising edge of the next 
transfer clock (divided-by-4 fsys to approx. 1/2 transfer clock cycle) 

:\ : .. , .-
, , 

Start/stop bit (bit SIS) + 
, , 
r--r-----------------------------------------.-

Interrupt request (IFS set) ---+' ~:------------------I 

Transfer clock ------; 
(Level on SCK pin) 

, 
, 

(T ransfer start) '" i 
, 

Waveform on SOUT 

External input 
Waveform on S,N pin __ -J 

'oP" da'a'a"h --- - -- ----I 
C Transfer start timing 

t 
The SM5K6 starts transfer on the first rising edge of the 

transfer clock after bit SIS is set. 

• Range of the time delay from the start of the transfer 

to the rising edge of the next transfer clock 

When the internal clock is selected as the transfer clock, 

the time from the falling edge of the transfer clock 

immediately after the start of the transfer to the rising of 

the next transfer clock depends on the start timing of the 

transfer. The minimum delay is equivalent of 114 fsys 

cycle (3/4 fsys cycle if fsys is used as the transfer clock) 

and maximum is approx. 112 clock cycle. This delay 

variations should be taken into consideration in applying 

SIO data to SIN pin. To minimize delay variations, clear 

the divider immediately before the start of SIO. 

:8 

t t 
m Data output timing 

The data output timing refers to the moment at which bits 

of the shift register are clocked out on SOUl pin . 

Upwarding arrows in the diagram show output data 

shifting timing. Numbers (1 to 8) above indicate data 

output order (shift register bit 7 first, 0 last). The timing of 

latching the level on SoUl pin to the external circuit should 

be determined by the external system connected to the 

SM5K6 based on the clock of SCk pin. 

• Input data latch timing 

This is the duration in which SM5K6 latches SIN level to 

store the data into the shift register. This timing should 

also be determined by the external transferring device, 

based on the transfer clock. 

Fig. 20 SIO Transfer Timing Chart 
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Buzzer Output 
The SM5K6 generates 4 buzzer drive clocks one of 

which is selected and placed on P23 pin. 

Divider 

fSYS9 

fSYS8 

fSYS2 

fSYSl 

Normal I/O pin 

~ 

0 
t5 
Q) 

CD 
(fJ 

~ 
U 
0 
(3 

Buzzer control register R1 F 

Fig. 21 Buzzer Output Block 
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P23 

0 

'"--- Buzzer clock select 

Buzzer ON/OFF select 

SM5K6 
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CONTROL REGISTER SET 
CONTROL REGISTER SUMMARY 

SM5K6 

Table 8 shows the configuration of control registers 

and settings of the B register which allows access 

to control register. 

Table 8 Control Registers 

B REISTER SETTING CONTROL 
REGISTER NO. NAME CONFIGURATION 

BM BL 

PO port 
0 PO * 1§J:§l:§D:§l1 PO register 

P1 port 
1 P1 * I~:§]:~:~I P1 register 

P2 port 
2 P2 * I~:§J:§D:~I P2 register 

P3 P3 port 

* 3 
I~:~:~:~I R3 P3 mode register 

P4 port 
4 P4 * I§]:§]:§]:~I P4 register 

P5 port 
5 P5 * I~:§]:§]:~I P5 register 

* 6 R6 P4 direction register I~:~:~:~I 
* 7 R7 AID select register 10:1 ADSEL II 
0 8 R08 AID control register II D1. DO 1:~:~:[~~:n~~J:1 - II 
0 9 P09 AID data register 1~:~:[ill:~:~:~:~:~1 
0 A ROA Timer 1 counter 1[ill:~:~:~:~:~:[EI]:~1 
0 B ROB Timer 1 modulo register 1[ill:~:~:~:~:~:[EI]:~1 
0 C ROC Timer 1 control register 1~:0:1 CLSEL II 
* D RD P4 mode register I~:~:~:~I 
* E RE Interrupt enable register I[§J:~:~:~I 
0 F ROF P2 direction register I~:~:~:~I 
1 8 R18 SID shift register 1[ill:~:~:~:~:~:[EI]:~1 
1 9 R19 SID control register II CLSEL I:~:~:I - J:~:~I 
1 A R1A Timer 2 counter 1[ill:~:~:~:~:~:[EI]:~1 
1 B R1B Timer 2 modulo register 1[ill:~:~:~:~:~:[EI]:~1 
1 C R1C Timer 2 control register I~:~:I CLSEL II 
1 F R1F Buzzer control register 10:~:1 CLSEL II 

* Don't care 
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R3 (P3 mode register) 
P3 mode register R3 sets the operation mode of 

P3 port (general purpose input or ND port). The 

pull-up resistor is disconnected from the AID pin 

which then, cannot be used as a general purpose 

input pin. When connecting ND pins to the ND 

converter, one of ND pins must be set (by the 

corresponding bit of the ND select register R7) to 

the analog voltage input pin. 

Bit 3 0 
r--I --.-----.--------r-------,� 

Bit i (i = 3 to 0) (Mode select bits) 

Thers bits set P3i pin to either general purpose 

input or AID pin. 

o I (general purpose) Input 

1 I ND input 

R6 (P4 direction register) 
P4 direction register R6 sets P4 port to input or 

output. P4 port also assumes ND port and SIO 1/0 
port. While P4 port is used as ND or SIO port, it 

cannot be changed to input or output port even 

though direction of P4 is set by setting R6 (setting 

is established but ignored.) 

Bit 3 0 
'---1 --.-----.---~I 

Bit i (i = 3 to 0) (Directon switch bit) 

These bits switch the direction of P4i. 

o I Input 

1 I Output 
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R7 (AID select register) 
The ND select register R7 selects the ND 

converter input pin among the ND pins. Eight pins 

among P3 and P4 port should be set as ND pins 

before setting R7. A pin other than AID pins should 

not be selected as ND converter input pin. To 

select ND pins, use the P3 mode register R3 and 

P4 mode register RD. 

Bit 3 0 
'---1 --.-----.--------r-------,I 

Bit 3 (unused) 

Bit 2, 1, 0 (ND pin select bits) 

These bits select one of B pins shown below. 

000 I P30 100 I P40 

001 I P31 101 I P41 

010 I P32 

011 I P33 
110 I P42 

111 I P43 

Roa (AID control register) 
The ND control register ROB stores controls of ND 

converter and part of AID data. 

Bit 7 0 
r--

I 
~~~~~I 

L-. ---1...---L----1--L-...L--L-.l....--J 

Bits 7, 6 (ND data storage bits) 

These bits store the ND data (2 low bits out of 

10 bits) after conversion while in the AID 
conversion mode or the internal voltage set 

value while in the comparison mode. 

Bit 5 (AID converter enable bit) 

To enable ND converter set this bit to "1" level 

upon power-up. The bit is automatically reset to 

"0" at the end of conversion. 

a I Disable 

1 I Enable 



SHARP 

Bit 4 (Comparison result storage bit) 

This bit stores the result of comparison when 

the AID converter is operating in the comparison 

mode. When the pin voltage becomes equal to 

the internal set voltage, level of this bit is 

unconditional. 

o I Pin voltage < internal set voltage 

1 I Pin voltage> internal set voltage 

Bit 3 (Start/stop bit) 

When at 1 level, the bit starts AID converter and 

remains "1" level and becomes "0" at the end of 

conversion and remains "0" until next conversion 

starts. Monitoring this bit status is to monitor AID 

operation. 

o I Not in operation 

1 I In operation 

Bit 2 (Operation mode select bit) 

Change the operation mode of AID converter. 

o I AID conversion 

1 I Comparison 

Bits 1, 0 (Unused) 

ROC (Timer 1 control register) 
Timer 1 control register selects the count clock for 

the timer 1 and starts and stops the timer. 

Difference between timer 1 and timer 2 : types of 

count clocks selectable. Timer 2 has watch dog 

timer capability. 

Bit 3 o 

Bit 3 (Timer 1 start / stop bit) 

Start and stops the timer 1 up count. 

o I Stop, in stop 

1 I Count start, in operation 

Bit 2 (Unused) 

Bits 1, 0 (Timer 1 count clock select bits) 

00 I fsys (system clock) 

01 I fsys7 (divided-by-7 system clock) 

10 I fsys15 (divided-by-1S system clock) 

11 I P22 falling edge 

SM5K6 

RD (P4 mode register) 
P4 mode register RD sets P4 mode to either 

general purpose I/O pin or AID pin. The pin set to 

AID is disconnected from the pull-up resistor. 

Once set to AID port by RD, P4 cannot act as 

general purpose I/O or SIO port. To use P4 as I/O 

or SIO port, set again the mode register RD for 

desired P4 mode. To use AID pins for AID 

converter, set one of AID pins to the analog 

voltage input pin by setting the bit of the AID select 

register R7. 

Bit 3 0 
'---1 --'-----'------'--1 

Bit i (i = 3 to 0) (Mode select bit) 

These bits set P4i pin to general purpose I/O pin 

or AID pin 

o I General purpose I/O pin 

1 I AID pin 

RE (Interrupt enable register) 
Interrupt enable register RE enables/disables 

individual interrupts. This register should be set in 

conjunction with the interrupt master enable flag 

IME (ID/IE instruction). When an interrupt is 

initiated, the corresponding interrupt request flag is 

set to "1 ". This and other interrupt request flags are 

not assigned to any control registers but separately 

provided. The status of each interrupt request flag 

can be identified by executing a specific instruction 

as shown below. 

INTERRUPT 
FLAG 

INSTRUCTION ENABLE INTERRUPT 
SYMBOL 

REGISTER BIT 

P20 interrupt IFA TA lEO 

P21 interrupt IFB TB IE2 

Timer 1 interrupt IFT1 TT1 IE1 

Timer 2 interrupt IFT2 TT2 IE3 

SIO interrupt IFS TSF IE2 
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Bit 3 o 

Bit 3 (Timer 2 interrupt enable bit) 

Enable the interrupt initiated by timer 2 overflow. 

o I Disable 

1 I Enable 

Bit 2 (P21/S10 interrupt enable bit) 

Enable the interrupt initiated by the falling edge 

input on P21 or the interrupt initiated at the end 

of SIO (serial interface). One of these interrupt 

events must be selected by the setting of SIO 

control register R19 because only one of the 

events is used at a time. 

o I Disable 

1 I Enable 

Bit 1 (Timer 1 interrupt enable bit) 

This bit enables initiated upon timer 1 overflow. 

o I Disable 

1 I Enable 

Bit 0 (P2o interrupt enable bit) 

Enable interrupt from P20 initiated on falling 

edge on this pin. 

o I Disable 

1 I Enable 

ROF (P2 direction register) 
P2 direction register ROF sets the direction of P2 

port. P2 port can also assume input or output as 

set even if it is set as a functional port. For 

example, the level on this port can be read by 

using an input instruction, while it is set as count 

clock input. When P23 is set to the buzzer out, it 

outputs the buzzer clock as instructed to do so by 

the buzzer control register R1 F. 

Bit 3 o 

Bit 3 (P23 direction switch bit) 

This bit switches the direction of P23. 

o I Input (standby release) 

1 I Output (buzzer out) 
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Bit 2 (P22 direction switch bit) 

This bit switches the direction P22. 

o I Input (standby release, count clock input) 

1 I Output 
Bit 1 (P21 direction switch bit) 

This bit switches the direction of P21. 

o I Input (standby release, external interrupt) 

1 I Output 
Bit 0 (P2o direction switch bit) 

This bit switches the direction of P2o. 

o I Input (standby disable, external interrupt) 

1 I Output 

R19 (510 control register) 
Executing OUT instruction on SIO control register 

clears 8 clock counter (reading serial clock 8 

times). The same operation occurs if the OUT 

instruction is given to SIO shift register. These 

operations assure 8-bit data transfer upon 

continuing of SIO after interruption of SIO. P21 

interrupt and SIO interrupt cannot be enabled at a 

time. End of SIO operation can be verified by "1" 

IFS flag through TSF instruction, if SIO interrupt 

cannot be used. 

Bit 7 o 

Bits 7, 6 (SIO transfer clock select bits) 

00 I fsys (system clock) 

01 I fsys7 (divided-by-7 system clock) 

10 I fsys15 (divided-by-15 system clock) 

11 I Timer 1 overflow 

Bit 5 (SIO transfer clock external I internal select bit) 

Select external source or internal source for 

transfer clock. Selection of external clock source 

disables setting of bits 7, 6 (SIO transfer clock 

select). Selection of the internal clock enables 

transfer of the internal clock to P421ScK pin while 

SIO is runni,ng. 

o I External clock 

1 I Internal clock 
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Bit 4 (SIO start / stop bit) 

When the internal transfer clock is selected, SIO 

starts upon setting of this bit to "1 ". When the 

external transfer clock, the first external clock 

after setting this bit to "1" starts the SIO. Upon 

counting 8 serial clocks, SIO stops and the 

external transfer clock is no longer catered for. 

o I Stop (no transfer clock catered for) 

1 I Start (operation) 

Bits 3, 2 (Unused) 

PIN P4 DIRECTION SETTING BY REGISTER R6 

P40/SiN In (bit-R60f-O) 

P41/SoUT Out (bit-R61 f-1) 

P42/SCK 
Internal clock selected: out (bit-R62f-1) 

External clock selected : input (bit-R62f-O) 

R1 C (Timer 2 control register) 
Timer 2 control register selects the count clock for 

the timer 2 and starts and stops the timer. 

Difference between timer 1 and timer 2 : types of 

count clocks selectable. Timer 1 lacks watch dog 

timer capability. 

Bit 3 0 .---, -r--r-----.---, 

Bit 3 (Timer 2 start / stop bit) 

Start and stop the timer 2 up count. 

o I Stop, in stop 

1 I Count start, in operation 

SM5K6 

Bit 1 (SIO interrupt select bit) 

Either P21 interrupt (falling edge) or SIO interrupt 

is used at a time. This bit selects either interrupt. 

01 P21 

1 I SIO 

Bit 0 (P4 port function select bit) 

This bit sets P4o, P41 and P42 to general 

purpose I/O pin or SIO pin. 

o I P4o, P41, P42 : general purpose I/O 

1 I P4o, P41, P42 : SIN, SOUl, SCK 

SIO PIN CIRCUIT CONFIGURATION 

FOR SIO PIN (SIO STOP STATUS) 

Input with pull-up resistor 

CMOS output pin 

Previous bit is output 

Data unconditional after hardware reset 

CMOS output pin (high level) 

Input pin with pull-up resistor 

Bit 2 (Timer function change bit) 

Select the application of timer 2 : timer or watch 

dog timer (WDT, overrun detect timer) 

o I Standard timer 

1 I WDT (starts hardware reset sequence 

upon counter overflow) 

Bits 1, 0 (Timer 2 count clock select bits) 

00 I fsys (system clock) 

01 I fSYS7 (divided-by-7 system clock) 

10 I fSYS15 (divided-by-15 system clock) 

11 I Timer 1 overflow 
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R1 F (Buzzer control register) 
The buzzer control register R1 F controls the clock 

placed on P23. This clock may also be used as an 

audio alarm. To use P23 as the buzzer output pin, 

set P2 direction register ROF for setting P23 as 

output pin. Once set to buzzer, P23 output must be 

turned off and on by the bit 2 of the buzzer control 

register. Once the buzzer stops, P2 output latch 

register is output to P23 whose level should be 

adjusted. 

Summary of procedure : 

• Set bit 3 of P2 output latch register P2 to 

the desired level (determine the P23 output 

level during buzzer stop). 

• Set P23 to output pin by setting P2 

direction register ROF. 

• Set bit of the buzzer control register to 
select the output clock. 

• Turn on and off the buzzer output by the 

bit 2 setting of buzzer control register. 

Bit 3 0 
'---1 ""'------'------'-------'1 

Bit 3 (Unused) 

Bit 2 (General purpose output / buzzer output 

select bit) 

Select the function of P23. 

o I Standard output (buzzer output stop) 

1 I Buzzer output 

Bits 1, 0 (Output clock select bits) 

Select clock to be output to P23. 

00 I fsys9 (divided-by-9 system clock) 

01 I fsys8 (divided-by-8 system clock) 

10 I fsys2 (divided-by-2 system clock) 

11 I fsys1 (divided-by-1 system clock) 
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INSTRUCTION SET 
Definition of Symbols 
M : Contents of the RAM memory 

location addressed by the contents 

of B register. 

~, f-7 : Direction of transfer and 

exchange of contents 

U : Logical OR 

() : Logical AND 

EB 
Aregi 

Push 

Pop 

Pj 

Rj 

PORTj 

ROM 

ROMH 

CY 

x (lower case) 

reg 

: Exclusive OR 

: The ith (i = ° to 3) bit of A register 

or control register and the like 

: Save the contents of PC onto 

stack register SR 

: Return the contents saved in 

stack register SR back to PC 

: Port register Pj ( j = 0, 1, 2, 4, 5) 

: Control register other than port 

register. j is one or two digits 

hexadecimal number 

: Level on port (in or out) 

: Indicates contents at a ROM 

memory location : 

: Upper 4 bits of ROM content; 

ROML : lower 4 bits of ROM 

contents 

: Carry signal. In this manual, the 

symbol CY is used to indicate 

that a carry occurs at ALU. This 

is also expressed as CY = 1 

(note that this does not mean C 

flag nor bit state. 

: Represents a set of bits in the 

operand. For example, an x in 

LOA x instruction denotes the 2 

bits (11, 10) in the operand. x may 

be substituted by "y". 

: An abbreviation reg may "follow a 

symbol to assure that the symbol 

is identified as a register. For 

example, Areg (or A-reg) for A 

register and Xreg (or X-reg) for X 

register to distinguish them from 

similar symbols or figures. 

SM5K6 

• A bit of a register is specified in the position 

immediately following the register symbol. For 

example, the bit i (0, 1, 2, 3 ... ) of X register is 

expressed as Xi; that of P register is Pi, and so 

on. 

• Increment means binary addition of 1 Hand 

decrement means binary addition of FH. 

• Skipping an instruction means to ignore that 

instruction and to do nothing until starting the next 

instruction. In this sense, an instruction to be 

skipped is treated as an NOP instruction. 

Skipping 1-byte instruction requires 1-cycle, and 

2-byte instruction 2-cycle. Skipping 1-byte 2-cycle 

instruction requires 1-cycle. 
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Instruction Summary (by function) 
MNEMONIC MACHINE CODE OPERATION MNEMONIC MACHINE CODE OPERATION 

ROM Addressing Instructions Arithmetic Instructions 

TRx 80 to 8F PLf-X (15-lo) 

TL xy 
EO to E7 PUf-X (111-16) 

00 to FF PLf-Y (15-lo) 

ADXx 00 to OF 
Aregf-x (b-lo}+Areg 

Skip the next step,if CY = 1 

ADD 7A Aregf-Areg + M 

TRS x CO to DF 
Push, PUf-01 H 

PLf-X (14-10, O) 
ADC 78 

Areg~Areg + M + C, C~CY 

Skip the next step, if CY = 1 

CALL xy 
FO to F7 Push, PUf-X (111-16) 

00 to FF PLf-Y (15-lo) 

RTN 7D Pop (PCf-SR) 

COMA 79 Aregf-Areg 

INC8 78 
8Lf-8L+ 1, 

Skip the next step,if result of BL = OH 

RTNS 7E 
Pop (PCf-SR), Skip the 

return address 
DEC8 7C 

8Lf-8L-1, 

Skip the next step,if result of BL = OFH 

RTNI 7F Pop (PCf-SR), IMEf-1 Test Instructions 

Data Load Instruction TAM 6F Skip the next step, if Areg = M 

LAX x 10 to 1 F Aregf-x (b-Io) TC x 6E Skip the next step if C = 1 

L8MX x 30 to 3F 8Mf-X (b-Io) TM 48 to 48 Skip the next step if Mi = 1, (i=h, 10) 

L8LX x 20 to 2F 8Lf-X (b-Io) TA8L 68 Skip the next step if Areg = BL 

Aregf-M * (i = 11,10) 
LDA x 50 to 53 8Ml, 8MOf-8Ml, Skip the next step if PORTji* = 1 

8Mo<BX (11, lo) ( j = 0, 1, 2, 3, 4, 5) 
MHAreg TP8 x 4C to 4F Skip the next step Rji* = 1 

EXC x 54 to 57 8Ml, 8MOf-8Ml, (j = 08,09, OA, OB, 18, 19, 1A, 1B) 
8Mo<BX (11, lo) Skip the next step if Rji* = 1 
MHAreg (j = 6, 7,0, E, OC, OF, 1C, 1F) 
8Ml, 8MOf-8Ml, 

EXCI x 58 to 58 
8MO<BX (11, lo) 

8Lf-8L+ 1 

Skip the next step, 

TA 6C 
Skip the next step if IFA = 1 

IFAf-O 

T8 6D 
Skip the next step if IFB = 1 

IF8f-0 

if result of 8L = OH 

MHAreg 

69 Skip the next step if IFT1 = 1 
TT1 

02 IFT1f-0 

8Ml, 8MOf-8Ml, 

EXCD x 5C to 5F 
8Mo<BX (11, lo) 

8Lf-8L-1 

Skip the next step, 

69 Skip the next step if IFT2 = 1 
TT2 

01 IFT2f-0 

TSF 
69 Skip the next step if IFS = 1 

04 I FSf-O 

if result of 8L = OH Bit Operation Instructions 

EXAX 64 AregHXreg SM x 44 to 47 Mif-1, (i = 11-lo) 

ATX 65 Xregf-Areg RM x 40 to 43 Mif-O, (i = 11-lo) 

EX8M 66 8MHAreg SC 61 Cf-1 

EX8L 67 8LHAreg RC 60 Cf-O 

EX 68 8-regHS8-reg IE 63 IMEf-1 

ID 62 IMEf-O 
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MNEMONIC MACHINE CODE OPERATION 

I/O Instructions 

INl 70 Aregf--PORT3 

OUTl 71 
POf--Areg 

P1 f--Xreg 

Pj~PjnAreg ( j = 0, 1, 2, 4, 5) 
ANP 72 Rj~RjnAreg ( j = 0, 3, 6, 7, 

D, E, OC, OF, 1C, 1 F) 

Pj~PjuAreg ( j = 0, 1, 2, 4, 5) 
ORP 73 Rjf--RjuAreg ( j = 0, 3, 6, 

~ D, E,OC,O~ 1C, 1~ 
Acc~PORTj ( j = 0, 1, 2, 3, 4, 5) 

Xreg, Aregf--Rj ( j = 08, 09, 

IN 74 OA, OB, 18, 19, 1A, 1 B) 

Aregf--Rj ( j = 6, 7, D, E, 

OC, OF, 1C, 1F) 

Pjf--Areg ( j = 0, 1, 2, 4, 5) 

Rjf--Xreg, Ace ( j = 08, 09, 

OUT 75 
OB, 18, 19, 1 B) 

Rjf--Areg ( j = 3, 6, 7, D, 

E, OC, OF, 1C, 1 F) 

ROAf--ROB, R1 Af--R1 B 

Table Reference Instruction 

Push 

PAT 6A 
PLf-- (Xreg1, XregO, Areg) 

Xregf--ROMH, Aregf--ROML 

Pop 

Divider Operation Instruction 

DR 
69 DIV (fo-f15}f--O (Divider 

03 clear) 

Special Instructions 

STOP 76 
Change operation mode to 

STOP 

HALT 77 
Change operation mode to 

HALT 
Nap 00 No operation 

SM5K6 
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SYSTEM CONFIGURATION EXAMPLE 
• Versatile charger 

LED 

Serial interface POO-P03 P1o-P13 

To external circuit ~ P4o-P42 

f 
P32 

P33 

SM5K6 
OSCIN 

OSCOUT 

P52 
P53 
P20 
P21 

P30 
P31 

RESET 

P23 VR Voo GND AGND 
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Buzzer outputI 
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VDD 

DC supply 

Switching 

circuit 

To AID converter 
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SM563 
DESCRIPTION 
The SM563 is a CMOS 4-bit single-chip microcomput­

er incorporating 4-bit parallel processing function, 

ROM, RAM, I/O ports, serial interface, timer/counter in 

a single chip. 

It provides 5 kinds of interrupt and subroutine stack 

function using the RAM area. Provided with a 128 

segments LCD drive circuit, this microcomputer is 

applicable to Low power system with multiple LCD 

segments. 

FEATURES 
• ROM capacity : 4 096 x 8 bits 

• RAM capacity: 160 x 4 bits (including 32 x 4 bits 
display RAM) 

• Instruction sets : 98 

• A RAM area is used as stack area 

• I/O port : 
Input 4 

Input/output 11 

• Interrupts : 

+ 15 (also used as LC D seg­

ment port) 

Internal interrupt x 4 (timer/counter, f4 signal, 

serial I/O, divider overflow) 

External interrupt x 1 (PO signal) 

• Timer/counter: 8 bits x 1 
• Serial interface : 8 bits x 1 

• Built-in main clock oscillator for system clock 

• Built-in sub clock oscillator for real time clock 

• Built-in 15 stages divider for real time clock 

• Built-in LCD driver: 128 segments, 1/3 bias, 1/4 

duty cycle (If LCD drive circuit is used, a crystal 

oscillator circuit needs to be constituted between 

OSCIN and OSCOUT) 

• Instruction cycle time: 6.67 !-Is (at 3V), 2 !-Is (at 5V) 

• Buzzer output 

• Standby function 

• Supply voltage: 2.7 to 5.5 V 

• Package : 64-pin QFP (QFP064-P-1420) 

SM563 

4-Bit Single-Chip Microcomputer 
(LCD Driver) 

PIN CONNECTIONS 

64-PIN QFP TOP VIEW 

~"e"~gNClg:~~:G1l" 
(/)(/)(/)(/)(/)(/)z(/)(/)(/)(/)(/)(/) 

(9 

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 283 
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BLOCK DIAGRAM 

GND{ 
VDD 

TEST 

OSCOUT 

OSCrN 

Nomenclature 
A, B 

ACL 
ALU 
BR,DS 
CG 
DIV 
D, E, H, L 

HC 

IE 
IFA,IFB 

IFS, 1FT, IFV 
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ROM 
(4096-BYTE) 

: Accumulators 
: Auto clear 
: Arithmetic logic unit 
: Common signal control F/F 
: Clock generator 
: Divider 
: General-purpose registers 
: Common signal circuit 
: Interrupt enable F/F 
: Interrupt requests 

RD 
RE 
RF 

IME 
P1-P3 
PL, PU 

PSW 
R4-R7 

c:3 c5 0 c3 
c.. c.. c.. c.. 

SP 
H L 
D E 

RAM 
(128 x 4-BIT) ___ 

DISPLAY RAM 
(32 x 4-BIT) 

: Interrupt master enable F/F 
: Registers 
: Program counters 

SM563 

: Program status word register 
: General-purpose registers 

RD,RE,RF : Mode registers 
SB : Shift register 
SP : Stack pointer 
TC : Count register 
TM : Modulo register 
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PIN DESCRIPTION 
SYMBOL I/O CIRCUIT TYPE FUNCTION 

POO-P03 I Pull up Accf-POo-P03 

P10-P13 I/O Pull up I/O selectable by instructions 

P20-P23 I/O Pull up 
I/O selectable independently 

Sound output only when P23 pin is used as an output 

P30-P33 I/O Pull up Serial interface I/O by setting the mode register RE 

SO-S14 
o or Selectable between segment ports and I/O ports through an 

I/O RC register 

S15-S31 0 Display RAM contents output as LCD segment signals 

H1-H4 0 4-value output capability; used for LCD common output 

TEST I Pull down For test (connected to GND normally) 

RESET I Pull up Auto clear 
cp 0 System clock output 

CK1, CK2 For system clock oscillation 

OSCIN,OSCOUT For clock oscillation 

VosP. VOA, VOB Power supply for LCD driver 

Voo. GND Power supply for logic circuit 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage 
Voo -0.3 to +7 V 

1 
Vosp -0.3 to +7 V 

Input voltage VIN -0.3 to Voo +0.3 V 1 

Output voltage VOUT -0.3 to Voo +0.3 V 1 

Output current louT 20 mA 2 

Operating temperature TOPR -20 to +70 'C 

Storage temperature TSTG -55 to +150 'C 

NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 

2. Sum of current from (or flowing into) output pins. 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Voo 2.7 5.5 V 
Supply voltage 

Vosp 2.7 Voo V 

Basic oscillation frequency 
Voo = 2.7 to 5.5 V 250 600 

kHz f 1 
Voo = 4.5 to 5.5 V 250 2000 

Voo = 2.7 to 5.5 V 6.7 16 
Instruction cycle t IJs 

Voo = 4.5 to 5.5 V 2 16 

Crystal oscillation frequency fosc 32.768 kHz 

NOTE: 
1. Frequency fluctuation : ± 30% 
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Oscillation Circuit 
OSCIN OSCOUT 

t cryostal1 Rd 
~ J--::1 Crystal: DT-38 (DAISHINKU) 

CG J J Co 

CG= 15 pF, Co= 33 pF, Rd = 220 kn 

DC CHARACTERISTICS (Voo = 2.7 to 5.5 V, Ta = -20 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 
VIHl 0.7 x Voo Voo V 

1 
VILl 0 0.3 X Voo V 

Input voltage 
VIH2 Voo-0.5 Voo V 

VIL2 
2 

0 0.5 V 

2 200 
Input current IIH VIN = 0 V ~A 1 

I Voo = 4.5 to 5.5 V 20 200 

IOHl VOH = Voo-0.5 V 50 ~A 
3 

lOll VOL = 0.5 V 250 ~A 

IOH2 VOH = Voo-0.5 V 5 250 ~A 
4 

IOL2 VOL = 0.5 V 500 ~A 
Output current 

100 
IOH3 VOH =Voo - 0.5 V 1 ~A 

Voo = 4.5 to 5.5 V 400 
5 

IOL3 
0.5 

VOL = 0.5 V mA I Voo = 4.5 to 5.5 V 1.6 

Output Rc 5 20 kQ 6 

impedance Rs 10 40 kQ 7 

Vl 2.7 3 V 

Output voltage 
V2 Vosp = 3.0 V 1.7 2 2.3 V 

8 
V3 No load 0.7 1 1.3 V 

V4 0 0.3 V 

lop f = 600 kHz, Voo = 3.0 V 0.4 1.5 mA 9 

Supply current Vosp = 3.0 V 15 40 10 
ISB Standby current ~A 

Voo = 3.0 V 8 20 11 

NOTES: 
1. Applied to pins POO-P03, RESET, P10-P13, P20-P23, P30-P32 9. No load condition. 

(during input mode). 10. No load condition when bleeder resistance is ON. 

2. Applied to pins CK1, TEST, OSCIN. 11. No load condition when bleeder resistance is OFF. 

3. Applied to pin CK2. 

4. Applied to pins P10-Ph (during output mode). 
5. Applied to pins P20-P23, P30-P32 (during output mode), <p. 

6. Applied to pins Hl-H4. 
7. Applied to pins SO-S31. 
8. Applied to pins H1-H4, SO-S31. 

VOA VOB 

1 1 
COAr r

COB 
COA= 1 ~F, COB= 1 ~F 

286 
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PIN FUNCTIONS 
• GND, Vee, Vesp (Power supply inputs) 

Both GND pins 26 and 58 should be grounded. 

The Voo pin is the positive power supply with 

respect to GND. 

The Vosp pin is the positive power supply for an 

LCD driver with respect to GND. 

• TEST (Test input) 
The TEST pin should be left open or connected to 

GND with a pull-down resistor. 

• RESET (Input) 
The RESET accepts an active Low system reset 

which initializes the internal logic of the device. 

Normally a capacitor of about 0.1 ~F is connected 

between this pin and GND to provide a power on 

reset function. 

• OSCIN, OSCOUT (Crystal oscillator pins) 

The OSCIN and OSCOUT pins connect with an exter­

nal crystal oscillator and these pins and the GND 

connect with a capacitor, which constitute an oscil­

lator circuit. 

The output of the oscillator is coupled to a clock 

divider for real-time clock operation. 

• CK1, CK2 (System clock CR oscillator pins) 

The CK1 and CK2 pins, in conjunction with a resis­

tor between them, provide a system clock oscilla­

tor. 

• H1 to H4 (Common signal outputs) 

The H1 to H4 pins are used to drive the common of 

an LCD. 

• So to 531 (Segment outputs) 

The So to S31 pins drive LCD segments. Pins So 

through S14 may also be used as I/O ports when 

specified with the mode register RC. 

SM563 

• POo to P03 (Inputs) 
The PO pins are normally used to accept key input 

data. A falling edge at these pins resets the IFB 

flag. 

• P10 to P13 (Input/output) 
The P1 are I/O pins connected to the positive sup­

ply with pull-up resistors. 

They may be switched between input and output 

modes through an instruction. 

• P20 to P23 (Input/output) 
The P20 to P23 pins are bit-independent I/O ports 

which can be independently set to input or output 

mode with the mode register RF. 

When the P23 is used for an output pin, it serves 

exclusively as a sound output pin, which can output 

a sound signal with any frequency set up by the 

timer counter. 

Pins P20 and P21 output the 00 and R/W signals 

with the mode register RC. 

• P30 to P32 (Input/output) 
The P30 to P32 pins are I/O pins which are connected 

to the positive supply with pull-up resistors. 

These pins can be set to I/O mode for use in a 

serial interface with the mode register RE. 
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SYSTEM CONFIGURATION 
ROM and Program Counter 
The on-chip ROM has a configuration of 64-page x 
64-step x 8-bit, and stores programs and table 
data. 
The program counter consists of a 6-bit page 
address counter Pu and a 6-bit binary counter PL 

used to specify the steps within a page. 
The locations shown in Fig. 1 are allocated in the 
on-chip ROM. 

Stack Pointer (SP) 
The stack pointer (SP) is an 8-bit shift register 
which holds the starting address of the stack area 
of RAM space. Immediately after the reset, the 

contents of the stack pointer are uninitialized and 
must be set to an appropriate value. If, for 
instance, the initial value of the stack pointer is set 
to 80H, the data memory are beginning with the 
highest address (excluding the display RAM area) 
7FH, is usable as a stack area. 

SM563 

RAM 
Data memory has a 160-word x 4-bit configuration, 
and is used to store processing data and other 
information. Data memory is also used as a stack 
area to save register values, the program counter 
value, and program status word (PSW) at the time 

a subroutine jump or an interrupt occurs. Fig. 2 
shows the RAM configuration. 2 x 16 x 4-bit of 

entire RAM space is used as a display RAM area 
from which data is output to LCD segment driving 
pins. An LCD with a 1/4 duty and 1/3 bias format 
can be directly driven by writing display data into 
the display RAM area. The display RAM outputs 
are, as shown in Fig.3, connected to segment out­
put pins So to S31 for individual set of common out­
puts H1 to H4. The segment output pins provide a 
single digit of display RAM data Mo to M3, as an 
LCD driving waveform signal according to H1 to H4 
outputs. The operations of the display RAM are 
identical to those of other RAM areas. 

Page 0, address 0 
RESET 

Program excution starts with this address 
at power on or RESET 

288 

Page 1, address 0 
INTI 

Address 2 ------­
INTA 

Address 4 ------­
INTS 

Address 6 ------­
INTB 

Address 8 ------­
INTV 

1-------
I I 

Pag' 10 ... add"" 0Il 
~ : : 

I I 
I I 

Add"" 3Et ____ J 
I I 

Pag' 3F". add"" 3FJ ----- -I 
Fig. 1 

First address of the timer/counter interrupt 
service routine 

First address of the interruput routine that services 
the dividers of signal interrupt 

First address of the interruput routine that services 
the serial I/O interruput 

First address of the interruput routine that services 
the PO input signal 

First address of the divider overflow interrupt routine 

Jump address for TRS subroutine instruction 
(Pu= 10H, PLe= 0) 

Last ROM address 

Program ROM Map 
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~ 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 
0000 80 816 

0001 81 817 

0010 82 818 

0011 83 819 

0100 84 820 

0101 85 821 

0110 86 822 

0111 87 823 

1000 88 824 

1001 89 825 

1010 810 826 

1011 811 827 

1100 812 828 

1101 813 829 

1110 814 830 

1111 815 831 

NOTE: 
The area with the thick line is allocated for a display RAM and the Sn (n = 0 to 31) shows the related segment outputs. 

(L register) 

0000 

0001 

0010 

::: 

1101 

1110 

1111 

I 

I 

I 

I 

I 

I 

Fig. 2 RAM Configuration 

~ I I I I I 
~ 

I I I I 1 ~ 
~ 
~ 

I I I I I I I 

(H register) (H register) 

1000 :: 1001 ~~ ::: LCD 
driver 

~ 

I I I I I ~ 

~ 
I T T 

I I I I ~ 

I I I I I I I 
~ 

~ 

• Mo 

Fig.3 Display RAM and its LCD Segment Outputs 
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Accumulator (A), Subaccumulator (8) 
and Arithmetic and Logic Unit (ALU) 
The accumulator (A) is a 4-bit working register 
which is the nucleus of the single chip system. It 
holds the results of operations and transfers data to 
memory, I/O ports, and registers. 
A subaccumulator (8) is another 4-bit register. It is 
used as one of general-purpose registers, and 
when combined with the A to form a 8-A register 
pair, allows data transfer on an 8-bit basis. 
The arithmetic and logic unit (ALU) performs, in 
conjunction with a carry flag (C), binary addition, 
shift operations, and logical operations such as 
AND, OR, EX-OR, and complement. 

I 
I _ 

SM563 

General-Purpose Registers (H, L, D, E) 
Registers Hand L are 4-bit general-purpose regis­
ters. They can transfer and compare data with the 
Acc on 4-bit basis. Registers D and E are 4-bit reg­
isters and can transfer data with the Hand L regis­
ters on an 8-bit basis. The Hand L as well as the 
D and E registers can be combined into 8-bit regis­
ter pairs, and can be used as pointers to data 
memory locations. The L register can be incre­
mented or decremented and is used to access I/O 

ports and mode registers. 

Clock Divider, IFV Flag, IFA Flag 
The device contains a crystal oscillator and a 15-
stage divider, as shown in Fig. 4. A real-time clock 

OSC'N I 

E~'& OSC f14 f13 f12 fll flO f9 fa 
fiN 

_ OSCOUT : DIV (2) 

IFV 

L.....-_----.-___ fl----1fo BJ--fSOl-
intv+e---~ 

290 

- I 
I 

Count pulse 
CP 

BJ--R 
intA+e---~ 

Fig.4 Real-Time Clock and Divider 

~ B,A 

~ 8 

Binary counter 

Fig. 5 Timer/Counter 

SND flag A 

",,---TC_(8) -----HTI-Bft---t[> t 
R2, ~ 

Fig. 6 SND Signal 
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can be provided by connecting an external crystal 

oscillator between the oscillator pins. When an 

external 32.768 kHz crystal oscillator is used, the fa 

signal is a frequency of 1 Hz. 

Timer/Counter and the SND Signal 
The timer/counter consists of an 8-bit count register 

(TC) and an 8-bit mudulo register (TM). 

The count register is an 8-bit incremental binary 

counter. It is incremented by one at the falling edge 

of its count pulse (CP) input. If the count register 

overflows, the timer interrupt request flag 1FT is set, 

and the contents of the modulo register (TM) are 

loaded into the count register (See Fig. 5). 
The count pulse CP can be selected from divider 

signals fiN, fa and fa, and the system clock, by using 

the mode register RD. If the count register (TC) 

overflows, the SND flag reverses its status at the 

falling edge of the TC. A sound signal can be 

obtained at the TC output by putting P2 in output 

mode and sending a "1" to pin P23 (See Fig. 6). 

B,A 

RED 

P3o/SI P3dSCK 

SM563 

Serial Interface and IFS 
The serial interface consists of an 8-bit shift register 

(S8) and a 3-bit counter, which is used to input 

and output the serial data. The serial clock can be 

selected with either an internal clock (system clock) 

or an external clock. 

In serial shift operations, the highest bit data of the 

shift register (S8) is output from the SO pin, and 

the data input from the SI pin at the rising edge of 

a serial clock is loaded into the lowest bit of the 

shift register. When the internal clock is used, 

immediately after the SID instruction is executed, 

the serial operation begins and stops with 8 clocks 

which are output from the SCK pin. 

Upon completion completion of an 8-bit shift opera­

tion, the serial I/O ending flag IFS is set each time 

a 3-bit counter overflows, and an interrupt request 

occurs. 

so 

e4fS 
STS R 

P32iSO 

Fig. 7 Serial Interface 

SCK 

so 

Sl 

so : Serial data output 
Sl : Serial data input 

Fig. 8 Serial Interface Timing 
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Input Port PO and IFB Flag 
The IFB flag is set at the falling edge of the signal 

applied to the input port PO by which the interrupt 
is enabled. 

When port PO is used as a key input, it can cause 

an interrupt each time a key is operated. 

to A 

::~ 1111 
PO, 

Interrupts 

D-lli--R--IFB 
int B + <§>--~ 

Fig. 9 PO port 

When an interrupt occurs, the corresponding inter­

rupt request flag is set. The CPU acknowledges 
the interrupt if it is enabled (Master interrupt enable 

flag and the corresponding interrupt enable flag are 

set). If more than one interrupt occurs simultane­

ously, all of the corresponding interrupt request 
flags will be set, but the CPU will only acknowledge 

that interrupt with the highest priority and other 

interrupts will be queued. 

I/O Ports 
Port PO is a 4-bit parallel input port. The IFB flag is 

set at the falling edge of this port. 

SM563 

Port P1 can be switched between input and output 

modes, 4-bit at a time. 
Each bit of port P2 can be independently placed in 

input or output mode by setting the corresponding 

bit of mode register RF. 
Ports P20 and P21 can output the OD and RIW sig­

nals, respectively. In those cases, these pins 

should be kept High in an output mode. Port P23 
outputs the SND signal in the output mode. 

Port P3 is a 4-bit lID port which can be placed in 

input or output mode, 3-bit at a time. Each bit of 

port P3 can be set to the lID modes (SI, SO, 

SCK) of a serial interface. 
Ports P1 and P3 are placed in an output mode 

when a port output instruction is executed, and in 

an input mode when a port input instruction is exe­

cuted. After an ACL operation, ports P1, P2 and 

P3 are all placed in an input mode. 
Every input port has pull-up resistors. (Pull-up resis­

tors for lID ports are effective only when the ports 

are placed in an input mode.) 
Ports P1 through P3 in an output mode can be 

independently set or reset by instructions. 
When a key-matrix is configured by using lID ports, 

if the short on output pins may occur caused by a 

multiple key depression, port P1 should be used as 

an output. 

Interrupt enable flag 
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Timerlcounter 

f. signal 

Serial liD transmiV 
receive completion 

PO signal 

Divide overflow 

L.....r-...L......r--'--,....J....~...,......J priority 

1 

Fig. 10 Interrupt Handling 

e 
'E 
o 
u 

Interrupt master 
enable flag 

~-l 
_DL-INT 
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Table 1 Characteristics of lID Ports 

PORT FUNCTION 
Direct 4-bit parallel I/O 

Input (INA) Output (OUT A) 

PO Input-only port 0 X 
P1 I/O port 0 0 
P2 I/O port, P23 -sound output 0 0 

P3 
P30-SI, P31-SCK, P32-S0, 

multi-control port 
0 0 

Standby Mode 
Executing the CEND instruction places the device 

in standby mode. To reduce power consumption, 

the system clock is inactivated. Standby mode may 
be cleared with the interrupt request or the RESET 
signal. 

Reset Function (ACL) 
Applying a Low level signal to the RESET pin 

resets the internal logic of the device and applying 

a High level signal starts execution of the program 

at address 0, page o. Once the device is reset, all 
1/0 ports are placed in input mode, all interrupts 

are disabled, and the LCD display turns off. The 

device is also reset when it is powered up. 

r--- CK, External clock __ CK, 

R 

'---- CK2 Open- CK2 

On-Chip CR oscillator Using external clock 

Fig. 11 Main Clock Sources 

(Common) 

IN, OUT instruction Bit independent output SPn 

Input (IN) Output (OUT) Direct pin-independent output RPn 

0 X X 
X 0 0 
X X 0 

X X 0 

0: Yes, X: No 

Main Clock Oscillator Circuit 
The main clock oscillator requires an external resis­

tor across pins CK1 and CK2. Instead of using on­
chip oscillator, an external clock may be applied to 

pin CK1. In this case, pin CK2 should be left open. 

The system clock <I> is a divided clock equivalent to 

114 of the clock applied to pin CK1. 

LCD Driver 
• Display segment 
The SM563 contains an on-chip LCD driver which 

can directly drive an LCD with a 114 duty and 1/3 
bias. Fig.12 shows an example of LCD segment 

configuration for 1/4 duty. 

Each segment of the LCD can be turned on or off 

by software control of the setting of the correspond­

ing bit "1" or "0" in the display RAM area (see Fig. 

3). 

(Segment) SJ1 5" S29 528 S" S" S, So 

Fig. 12 LCD Segment Configuration for 1/4 Duty 
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The LCD digit may have any shape, provided that 
the maximum number of segments does not 
exceed 128 (see Fig. 12). Fig. 13 shows an exam­
ple of a 7 -Segment Numeric LCD Digit. 

H, ------... 
\ 

\. -

So S, 

Fig.13 7-Segment Numeric LCD Digit 

• LCD driving signal waveform 
Fig. 14 shows the LCD signal driving waveforms 
required to display the number "5" on the 7-seg­
ment display shown in Fig. 13 (segment outputs So 
and Sl are used). A voltage of 3 V is applied to pin 
Vosp in the Fig. 14. The frame frequency (1fT) can 
be selected from 64 Hz or 128 Hz by mask 
options. 

• VOA and VOB pins 
The device contains bleeder resistors to allow 1/3 
bias driving. When Vosp is 3 V, voltages of 2 V and 
1 V are output from pins VOA and VOB respectively. 
Normally pins VOA and VOB are left open. When an 
LCD with a large display area is driven, connect 
capacitors across pins VOA and Vosp and across 
VOB and Vosp to improve the rise time of the LCD 
driving signal. 
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So 

S, 

SM563 

-------- VOSP(3 V) 

- - - - - - - - - VOA (2 V) 

~-~1--------- Vos(1 V) 
-,-r.,.--------- GNO (0 V) 

1 1 1 1 1 1 1 

1 -i-r+-:-t-+--------- Vosp 
1 ---------VM 

1 -------- Vos 

-}-i--------- GND 

1 1 1 1 1 1 
_L-L_LL...1 _________ Vosp 

1 1 1 1 1 _________ VOA 

1 -------- Vos 

: 1 1 -t--------- GND 
1 1 1 1 
+--l-I--+--------- Vosp 

'--+-+-+1--------- VOA 
-------- Vos 

--------- GND 
1 1 
1 1 

--------- Vosp -t- --------- VOA 
-t" --------- Vos 

1 1 -------- GND 
1 1 1 
1 1 1 

--------- Vosp 

i-======== ~:: 
+-1-+-+--------- GND 

1 1 II! 1 ! 

H, ------... 
\ 

\. -

So S, 

Fig. 14 LCD Driving Signal Waveform 
(required to display the number 5) 
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INSTRUCTION SET 
ROM Address Instructions 

MNEMONIC MACHINE CODE OPERATION 

TR x 80 to BF PL~X {ls-Io} 

TL xy EO to EF Pu~x (lll-16) 

(2-byte) 00 to FF PL~Y (ls-Io) 

(SP-2), (SP-3), (SP-4)~PC 

TRS x CO to OF 
SP~SP-4 

PU~10H 

PL~X (14,b,I2,I1,lo,0) 

CALL xy FO to FF 
(SP-2), (SP-3), (SP-4)~PC 

(2-byte) 00 to FF 
SP~SP-4, Pu~x (111-16), 

PL~Y (ls-Io) 

JBA x 7F 
PUS-PU2~X (b-Io), 

(2-byte) 30 to 3F 
PU1, Puo, PLS, PL4~B, 

PL3-PLO~A 

RTN 61 Pu, PL~(SP), (SP+ 1), (SP+2) 

RTNS 62 
Pu, PL~(SP), (SP+ 1), (SP+2), 

SP~SP+4 

Pu, PL~(SP), (SP+1), (SP+2), 

RTNI 63 PSW~(SP+3), SP~SP+4, 

IME~1 

RAM Address Instructions 

MNEMONIC MACHINE CODE OPERATION 

STL 69 Lf-A 

STH 68 Hf-A 

EXHO 3F 
HHO 

LHE 

LlHL xy 30 
Hf-x (h-14), Lf-Y (13-10) 

(2-byte) 00 to FF 

SM563 

Data Transfer Instructions 

MNEMONIC MACHINE CODE OPERATION 

EX pr 5C to 5F AH(pr) 

LOX adr 70 
Af-(adr) 

(2-byte) 00 to FF 

STX adr 7E 
(adr)f-A 

(2-byte) 00 to FF 

EXX adr 7C 
AH(adr) 

(2-byte) 00 to FF 

LAX x 10 to 1 F Af-x (13-10) 

LlBA xy 3C Bf-X (17-14) 

(2-byte) 00 to FF Af-Y (13-10) 

LBAT 60 
B~ROM (PUS-PU2, B, A)H 

A~ROM (PUS-PU2, B, A)L 

LOL 65 Af-L 

LO pr 54 to 57 Af-(pr) 

ST pr 58 to 5B (pr)f-A 

EXH 6C AHH 

EXL 60 AHL 

EXB 6E AHB 

STB 6A Bf-A 

LOB 66 Af-B 

LOH 64 Af-H 

PSHBA 28 
(SP-1 )~B, (SP-2)~A, 

SPf-SP-2 

PSHHL 29 
(SP-1 )~H, (SP-2)~L, 

SPf-8-2 

POPBA 38 
Bf-(SP+ 1), Af-(SP), 

SPf-SP+2 

POPHL 39 
Hf-(SP+ 1), Lf-(SP), 

SPf-SP+2 

STSB 70 SBHf-B, SBlf-A 

STSP 71 SPHf-B, SPlf-A 

STIC 72 TCf-TM 

STIM 73 TMHf-B, TMlf-A 

LOSB 74 Bf-SBH, Af-SBl 

LOSP 75 Bf-SPH, Af-SPl 

LOTC 76 Bf-TCH, Af-TCl 

LOOIV 77 Bf-OIVH, Af-OIVl 
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Arithmetic Instructions Test Instructions 
MNEMONIC MACHINE CODE OPERATION MNEMONIC MACHINE CODE OPERATION 

ADXx 00 to OF 
A(-A+x (13-10), 

Skip if Cv = 1 

TAM 30 Skip if A = (HL) 

TAH 24 Skip if A = H 

ADD 36 A(-A+(HL) TAL 34 Skip if A = L 

ADDC 37 
A(-A+(HL)+C, C(-Cv, 

Skip if Cy = 1 

TAB 20 Skip if A = B 

TC 2A Skip if C = 0 

OR 31 A(-A V (HL) TM x 48 to 4B Skip if (HL), x = 1 

AND 32 A(-A 1\ (HL) TAx 4C to 4F Skip if Ax = 1 

EOR 33 A(-A EB (HL) TSTT 2B Skip if 1FT = 1, 1FT (-0 

ANDB 22 A(-A 1\ B TSTA 2C Skip if IFA = 1, IFA(-O 

ORB 21 A(-A V B TSTS 20 Skip if IFS = 1, IFS(-O 

EORB 23 A(-A EB B TSTB 2E Skip if IFB = 1, IFB(-O 

COMA 6F A(-A TSTV 2F Skip if IFV = 1, IFV(-O 

ROTR 25 C~A3~fu~A1~Ao~C 

ROTL 35 C(-A3(-fu(-A 1 (-Ao(-C Bit Manipulation Instructions 
INCB 52 B(-B+ 1, Skip if B = FH MNEMONIC MACHINE CODE OPERATION 

DECB 53 B(-B-1, Skip if B = 0 SM x 40 to 43 (HL) x(-1 

INCL 50 L(-L+ 1, Skip if L = FH RMx 44 to 47 (HL) x(-O 

DECL 51 L(-L-1, Skip if L = 0 RC 26 C(-O 

DECM adr 
79 (adr)(-(adr) -1, 

00 to FF Skip if (adr) = 0 

SC 27 C(-1 

RIME 3A IME(-O 

INCM adr 
78 (adr)(-(adr) +1, 

00 to FF Skip if (adr) = FH 

SIME 3B IME(-1 

01 x 7F 
IEF(-IEF 1\ x 

(2-byte) CO to OF 

EI x 7F 

(2-byte) EO to FF 
IEF V x 
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1/0 Instructions 

MNEMONIC MACHINE CODE OPERATION 

IN 67 Af-PO 

OUT 6B P1f-A 

INA x 7F 

(2-byte) AO to A9 
Af-P (x), R (x) 

o UTA x 7F 

(2-byte) BO to BF 
P (x), R (x)f-A 

7F Bf-R (x +1) 
INBA x 

80 to 81 Af-R (x) 

OUTBA x 7F R (x + 1)f-B 

(2-byte) 90 to 91 R (x)f-A 

SP xy 7A 

(2-byte) 00 to F3 
P (Y)f-p (y) x 

BP xy 7B 

(2-byte) 00 to F3 
P (Y)f-p (y) x 

RDS 7F 

(2-byte) 60 
DSf-O 

RBR 7F 

(2-byte) 70 
BRf-O 

SDS 7F 

(2-byte) 
DSf-1 

61 

SBR 7F 

(2-byte) 71 
BRf-O 

READ 7F Af-P4 

(2-byte) 62 with 00 
WRIT 7F P4f-A 

(2-byte) 72 with RIW 

READB 7F Af-P4, with 00 

(2-byte) 63 Bf-P5 

WRITB 7F P4f-A, with RIW 

(2-byte) 73 P5f-B 

SM563 

Special Instructions 

MNEMONIC MACHINE CODE OPERATION 

SIO 3E Serial I/O start 

IDIV 7F 
DIVf-O 

(2-byte) 10 

SKIP 00 No operation 

CEND 7F 

(2-byte) 00 
System clock stop 

NOTE: 
The machine code consists of 8-bit of h, 16, 15, 14, 13, 12, 11 and 10. 
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SYSTEM CONFIGURATION EXAMPLE 
Key matrix 

LCD 

SM563 

S~_-~~++ ____ ~~~~~~~~~~~~~~r~ 
3 V -=- 10 IJF 

J. 
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SM565 
DESCRIPTION 
The SM565 is a CMOS 4-bit single-chip 

microcomputer incorporating carrier output circuit 

for remote control, ROM, RAM, I/O ports, serial 

interface, and timer/counter. It provides 5 kinds of 

interrupts and subroutine stack function using the 

RAM area. Provided with a 256 segments LCD 

drive circuit, this microcomputer is applicable to a 

multi-functional AV remote control system, high 

performance hand-held LCD games or any other 

similar system with Low power consumption. 

FEATURES 
• ROM capacity : 8 192 x 8 bits 

• RAM capacity : 256 x 4 bits (including 64 x 4 bits 

display RAM) 

• Instruction sets : 98 

• A RAM area is used as stack area 

• I/O port : 
Input 4 

Input/output 11 

• Interrupts: 

+ 16 (Also used as LCD 

segment port) 

Internal interrupt x 4 (timer/counter, f4 signal, 

serial I/O, divider overflow) 

External interrupt x 1 (PO signal) 

• Timer/counter : 8 bits x 1 

• Serial interface : 8 bits x 1 

• Built-in main clock oscillator for system clock 

• Built-in sub clock oscillator for real time clock 

• Built-in 15 stages divider for real time clock 

• Built-in LCD driver: 256 segments, 1/3 bias, 1/4 

duty cycle (If LCD drive circuit is used, a crystal 

oscillator circuit needs to be constituted between 

OSCIN and OSCOUT.) 

SM565 

4-Bit Single-Chip Microcomputer 
(LCD Driver) 

PIN CONNECTIONS 
100-PIN QFP TOP VIEW 

§u ~M~~8~~~~N&~~~~a~ 
~~&~~~~>oo~~~~~~~~~~ 
099 9 969<:94939291908 B 878 8 8 8 8281 

51 VOA 

• Built-in carrier output circuit for remote control 

Carrier frequency 37.9 kHz 

Basic oscillation frequency (main clock) 455kHz 

Duty cycle 1/3 or 1/2 (mask option) 

Reversal polarity (mask option) 

• Instruction cycle time : 
8.79 I..lS (TYP., 455 kHz, at 3 or 5 V) 

• Buzzer output 

• Standby function 

• Supply voltage: 2.4 to 5.5 V 

• Package : 100-pin QFP (QFP100-P-1420) 

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 299 
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BLOCK DIAGRAM 

GND{ 

Voo 

TE8T 

RE8ET 

08CIN 
08COUT 

<1> 

CK1 
CK2 

<1>OUT 

VosP 

VOA 

VOB 

H4 

H3 

H2 

H1 

Nomenclature 
A,B 
ACL 

ALU 

BR,DS 

CG 
DIV 
D, E, H, L 

HC 

IE 

IFA,IFB 

IFS, 1FT, IFV 
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ROM 
(8 192-BYTE) 

: Accumulators 
: Auto clear 

: Arithmetic logic unit 

: Common signal control F/F 

: Clock generator 

: Divider 
: General-purpose registers 

: Common signal circuit 

: Interrupt enable F/F 

: Interrupt requests 

~ 

SM565 

8 c5 a c3 
0. 0. 0. 0. 

P10 

P11 

P12 

Ph 
8P P20 

RD H L 
P21 

RE D E 

RF 
P22 

P23 
RAM 

P30 (192 x 4-BIT) 
P31 

P32 

80 

81 

82 

83 

84 

85 

86 

87 

88 

ill 89 
l-
e:( 810 
CD 

811 

812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 

IME : Interrupt master enable F/F 

P1-P3 : Registers 

PL, PU : Program counters 

PSW : Program status word register 

R4-R7 : General-purpose registers 

RD,RE,RF : Mode registers 

SB : Shift register 

SP : Stack pointer 

TC : Count register 

TM : Modulo register 
<I> : Carrier contlol circuit 
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PIN DESCRIPTION 
SYMBOL I/O CIRCUIT TYPE FUNCTION 

POO-P03 I Pull up Acc f- POO-P03 

P10-P13 I/O Pull up I/O selectable by instructions 

P20-P23 I/O Pull up 
liD selectable independently 

Sound output only when P23 pin is used as an output 
P30-P33 liD Pull up Serial interface liD by setting the mode register RE 

SO-S15 
o or Selectable between segment ports and I/O ports through 
liD an RC register 

S16-S63 0 Display RAM contents output as LCD segment signals 
Hl-H4 0 4-value output capability; used for LCD common output 

TEST I Pull down For test (connected to GND normally) 
RESET I Pull up Auto clear 

<1> 0 System clock output 
<l>OUT 0 Carrier output pin for remote control 

CK1, CK2 For system clock oscillation 

OSON,OSCOUT For clock oscillation 
VosP. VOA, VOB Power supply for LCD driver 

Voo, GND Power supply for logic circuit 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Voo -0.3 to +7 V 
Supply voltage 1 

Vosp -0.3 to +7 V 
Input voltage VIN -0.3 to Voo +0.3 V 1 

Output voltage VOUT -0.3 to Voo +0.3 V 1 
Output current lOUT 20 rnA 2 
Operating temperature TOPR -20 to +70 'C 

Storage temperature TSTG -55 to +150 'C 

NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 

2. Sum of current from (or flowing into) output pins. 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Voo 2.4 5.5 V 
Supply voltage 

Vosp 2.4 Voo V 
Basic oscillation frequency f 455 kHz 

Instruction cycle t 8.79 Ils 
Crystal oscillation frequency fosc 32.768 kHz 1 

NOTE: 
1. Starting condition : within 10 seconds after power on. 
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Oscillation Circuit 
Oscillator circuit 1 Oscillator circuit 2 

OSCIN OSCOUT CK, CK2 
C1 = 470 pF, C2 = 470 pF C1 = 330 pF, C2 = 330 pF Rt 

bS~ Crystal Rd 
Rf = 1 Mil Rf = 1 Mil 

0 Rd = 1 kQ Rd = 1.5 kQ CG J + Co 

+ + Oscillator: KBR-455B (Kyocera) Oscillator: CSB455E (Murata) 
CG= 33 pF, CD= 22 pF 

DC CHARACTERISTICS (Voo = 2.4 to 5.5 V, Ta = -20 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

VIH1 0.7 x Voo Voo V 
1 

VIL1 
Input voltage 

0 0.3 x Voo V 

VIH2 Voo-0.5 Voo V 
2 

VIL2 0 0.5 V 

Input current hH VIN = 0 V 2 200 IlA 1 

IOH1 VOH = Voo-0.5 V 50 IlA 
3 

10L1 VOL = 0.5 V 250 IlA 

IOH2 VOH = Voo-0.5 V 50 IlA 4 

Output current 
IOH2o VOH = Voo-0.5 V 160 IlA 5 

1012 VOL = 0.5 V 500 IlA 6 

IOH3 VOH =Voo-0.5 V 20 IlA 7 

IOH3o VOH =Voo-0.5 V 90 IlA 8 

IOL3 VOL = 0.5 V 0.2 mA 7 

Output impedance 
Rc 5 20 kQ 9 

Rs 10 40 kQ 10 

V1 2.7 3 V 

Output voltage 
V2 Vosp = 3.0 V 1.7 2 2.3 V 

V3 
11 

No load 0.7 1 1.3 V 

V4 0 0.3 V 

lop f = 455 kHz, Voo = 3.0 V 160 320 12 

Supply current 
IS8 Standby current 

NOTES: 
1. Applied to pins POo-POJ, RESET, P1 a-Ph, P2a-P23, P3a-P32 

(during input mode). 

2. Applied to pins CK" TEST, OSCIN. 
3. Applied to pin CK2. 

4. Applied to pins P1a-Ph, P2a-P22, P3a-P32 (during output 

mode). 

5. Applied to pins P23, <l>OUT (during output mode). 

6. Applied to pins P1 a-Ph, P2a-P22, P30-P32, <l>OUT (during 
output mode). 

7. Applied to pins SO-S'5 (during data output mode). 

302 

Vosp = 3.0 V 15 40 IlA 13 

Voo = 3.0 V 8 20 14 

8. Pins cited in NOTE 7 are applicable with mask option used. 

9. Applied to pins H,-H4. 

10. Applied to pins Sa-S63 (during LCD output mode). 
11. Applied to pins H,-H4, SO-S63 (during LCD output mode). 

12. No load condition. 

13. No load condition when bleeder resistance is ON, 

Vosp = 3.0 V, during 32.768 kHz crystal oscillation. 

14. No load condition when bleeder resistance is OFF, 
during 32.768 kHz crystal oscillation. 

VOB 

1 C COA= 1 IJF, COB= 1 IJF l OB 
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PIN FUNCTIONS 
• GND, Voo, Vosp (Power supply inputs) 

Both GND pins 40 and 90 should be grounded. 

The Voo pin is the positive power supply with 
respect to GND. 

The Vosp pin is the positive power supply for an 

LCD driver with respect to GND. 

• TEST (Test input) 
The TEST pin should be left open or connected to 

GND with a pull-down resistor. 

• RESET (Input) 
The RESET accepts an active Low system reset 

which initializes the internal logic of the device. 

Normally a capacitor of about 0.1 ~F is connected 

between this pin and GND to provide a power on 
reset function. 

• OSCIN, OSCOUT (Crystal oscillator pins) 

The OSCIN and OSCOUT pins connect with an 
external crystal oscillator and these pins and the 

GND connect with a capacitor, which constitute an 

oscillator circuit. 

The output of the oscillator is coupled to a clock 

divider for real-time clock operation. 

• CK1, CK2 (System clock oscillator pins) 
The CK1 and CK2 pins provide a system clock 

oscillator. 

• H1 to H4 (Common signal outputs) 
The H1 to H4 pins are used to drive the common of 

an LCD. 

• 50 to 563 (Segment outputs) 
The So to S63 pins drive LCD segments. Pins 80 

through 815 may also be used as I/O ports when 

specified with the mode register RC. 

SM565 

• POo to P03 (Inputs) 
The PO pins are normally used to accept key input 

data. A falling edge at these pins resets the IFB 

flag. 

• P10 to P13 (Input/output) 
The P1 are I/O pins connected to the positive 

supply with pull-up resistors. 
They may be switched between input and output 

modes through an instruction. 

• P20 to P23 (Input/output) 
The P20 to P23 pins are bit-independent I/O ports 
which can be independently set to input or output 

mode with the mode register RF. 

When the P23 is used for an output pin, it serves 

exclusively as a sound output pin, which can output 
a sound signal with any frequency set up by the 

timer counter. 
Pins P20 and P21 output the 00 and R/W signals 

with the mode register RG. 

• P30 to P32 (Input/output) 
The P30 to P32 pins are I/O pins which are 
connected to the positive supply with pull-up 

resistors. 
These pins can be set to I/O mode for use in a 

serial interface with the mode register RE. 

• <POUT (Carrier output pin for remote control) 
A carrier signal output pin for remote control. It is 

used to control carrier signal output by setting the 

bits in the bit 3 of R7 register. 
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SYSTEM CONFIGURATION 
ROM and Program Counter 
The on-chip ROM has a configuration of 128-page 
x 64-step x 8-bit, and stores programs and table 
data. 
The program counter consists of a 7 -bit page 
address counter Pu and a 6-bit binary counter PL 

used to specify the steps within a page. 
The locations shown in Fig. 1 are allocated in the 
on-chip ROM. 

Stack Pointer (SP) 
The stack pointer (SP) is an 8-bit shift register 
which holds the starting address of the stack area 
of RAM space. Immediately after the reset, the 
contents of the stack pointer are uninitialized and 

must be set to an appropriate value. If, for 
instance, the initial value of the stack pointer is set 
to 80H, the data memory are beginning with the 
highest address (excluding the display RAM area) 
7FH, is usable as a stack area. 

Page 0, address 0 
RESET 

Page 1, address 0 
INTI 

Address 2 f------­
INTA 

f-------
Address 4 

INTS 

Address 6 f--- ---­
INTB 

Address 8 f------­
INTV 

f-------

I I 

Page 10". add"" 0 11 
\

: : 
I I 
I I 

Add"" 3E" ~ _ n _ J 
I I 

Page 7F". add"" 3FJ -----l 

SM565 

RAM 
Data memory has a 256-word x 4-bit configuration, 

and is used to store processing data and other 
information. Data memory is also used as a stack 
area to save register values, the program counter 
value, and program status word (PSW) at the time 
a subroutine jump or an interrupt occurs. Fig. 2 
shows the RAM configuration. 64 x 4-bit of entire 
RAM space is used as a display RAM area from 
which data is output to LCD segment driving pins. 
An LCD with a 1/4 duty and 1/3 bias format can be 
directly driven by writing display data into the 
display RAM area. The display RAM outputs are, 
as shown in Fig.3, connected to segment output 
pins So to S63 for individual set of common outputs 
Hl to H4. The segment output pins provide a single 
digit of display RAM data Mo to M3, as an LCD 
driving waveform signal according to Hl to H4 
outputs. The operations of the display RAM are 
identical to those of other RAM areas. 

Program excution starts with this address 
at power on or RESET 

First address of the timer/ counter interrupt 
service routine 

First address of the interruput routine that services 
the dividers of signal interrupt 

First address of the interruput routine that services 
the serial I/O interruput 

First address of the interruput routine that services 
the PO input signal 

First address of the divider overflow interrupt routine 

Jump address for TRS subroutine instruction 
(Pu= 10H, PLO= 0, PLS= 0) 

Last ROM address 

Fig. 1 Program ROM Map 
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~ address 
Lower H 0 1 2 3 4 5 6 7 8 9 A B C D E F 
address 

L 
0 80 816 832 848 
1 81 817 833 849 
2 82 818 834 850 
3 83 819 835 851 
4 84 820 836 852 
5 85 821 837 853 
6 86 822 838 854 
7 87 823 839 855 
8 88 824 840 856 
9 89 825 841 857 
A 810 826 842 858 
B 811 827 843 859 
C 812 828 844 860 
D 813 829 845 861 
E 814 830 846 862 
F 815 831 847 863 

NOTE: 
The area with the thick line is allocated for a display RAM and the 8n (n = a to 63) shows the related segment outputs. 

Fig. 2 RAM Configuration 

(L register ). t •• t ••• t t t t t t t t 
'---f--

I I I I 
l-

f---I I I I I 
I I I l-

f---

So 

0000 
I I 1 1 r---

I--
I--

f--I 1 1 1 r---
I--I I I I 

L1 i1 r---
f--0001 

I I I 1 I--
f--

r---

Cii 
> 

(H register) (H register) (H register) (H register) :§ 
::= 1100 ::i=; 1101 :: 1110 :: 1111 ::r= :: 

0 
::;= 

() 
...J 

r---
f--I I I I r---

I I I I f--
L _i 1 1 r---

I--

s" 

1110 

I I I 1 I--
f--

r---
I--I I I I r---
f--

I I 
1 1 1 I--

I--
1111 

I 1 1 r---
f-- s., 

ttttttttttt"'" ----
Fig. 3 Display RAM and its LCD Segment Outputs 
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Accumulator (A), Subaccumulator (8) 
and Arithmetic and Logic Unit (ALU) 
The accumulator (A) is a 4-bit working register 
which is the nucleus of the single chip system. It 
holds the results of operations and transfers data to 
memory, 1/0 ports, and registers. 
A subaccumulator (8) is another 4-bit register. It is 
used as one of general-purpose registers, and 
when combined with the A to form a 8-A register 
pair, allows data transfer on an 8-bit basis. 

The arithmetic and logic unit (AL~) performs, in 
conjunction with a carry flag (C), binary addition, 
shift operations, and logical operations such as 
AND, OR, EX-OR, and complement. 

I 
I 

SM565 

General-Purpose Registers (H, L, D, E) 
Registers Hand L are 4-bit general-purpose 
registers. They can transfer and compare data with 
the Acc on 4-bit basis. Registers D and E are 4-bit 
registers and can transfer data with the Hand L 

registers on an 8-bit basis. 
The Hand L as well as the D and E registers can 
be combined into 8-bit register pairs, and can be 
used as pointers to data memory locations. 
The L register can be incremented or decremented 
and is used to access I/O ports and mode 

registers. 

OS~CIN I r-: = I OSC fiN f14 f13 f12 f11 flO f9 f8 

roSCauT I DIV (2) 

IFV 

L--_---..,r---__ f1 _f--,o ~R 
- I 
- I 

I 
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Count pulse 
CP 

DIV(1) intV+e--~ 

~R 
intA+e--~ 

Fig.4 Real·Time Clock and Divider 

~ B,A 

~ 8 

Binary counter 

Fig. 5 Timer/Counter 

SND flag A 

~TC_(8)_~~~~ t 
R2, ::J 

Fig.6 SND Signal 
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Clock Divider, IFV Flag, IFA Flag 
The device contains a crystal oscillator and a 15-

stage divider, as shown in Fig. 4. A real-time clock 

can be provided by connecting an external crystal 
oscillator between the oscillator pins. When an 

external 32.768 kHz crystal oscillator is used, the fo 

signal is set at a frequency of 1 Hz. 

Timer/Counter and the SND Signal 
The timer/counter consists of an 8-bit count register 

(TC) and an 8-bit mudulo register (TM). 

The count register is an 8-bit incremental binary 

counter. It is incremented by one at the falling edge 
of its count pulse (CP) input. If the count register 

overflows, the timer interrupt request flag 1FT is set, 

and the contents of the modulo register (TM) are 

loaded into the count register (See Fig. 5). 
The count pulse CP can be selected from divider 

signals fiN, fo and the system clock, by using the 

mode register RD. If the count register (TC) 

overflows, the SN 0 flag reverses its status at the 
falling edge of the TC. A sound signal can be 

obtained at the TC output by putting P2 in output 

mode and sending a "1" to pin P23 (See Fig. 6). 

SM565 

Serial Interface and IFS 
The serial interface consists of an 8-bit shift register 

(S8) and a 3-bit counter, which is used to input 

and output the serial data.The serial clock can be 
selected with either an internal clock (system clock) 

or an external clock. 

In serial shift operations, the highest bit data of the 

shift register (S8) is output from the SO pin, and 
the data input from the SI pin at the rising edge of 

a serial clock is loaded into the lowest bit of the 

shift register. When the internal clock is used, 

immediately after the SIO instruction is executed, 

the serial operation begins and stops with 8- clock 
which are output from the SCK pin. Upon 

completion of an 8-bit shift operation, the serial I/O 

ending flag IFS is set each time a 3-bit counter 

overflows, and an interrupt request occurs. 

P3o/SI a-bit SB register 

S-----@) 

Fig. 7 Serial Interface 
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Start bit (Bit SIR) 

Interrupt request timing 
(IFS set timing) 

Transfer clock 
(Level at SCK pin) 

Example of waveform 
output from SO pin 

(Serial) Data output 
timing 

Example of waveform 
linput from any external 
source to SI pin 

: /:SIO start timing width (per cycle of transfer clock) 

:.. --: 
I I 

~~tt~~~~: ------------------------------------------~ 
I 
I 
I 
I 
I 

-------------r-----------------------------------------------------------------~ 

I 

-----------~ 

(Serial) Data latch timing ---------------~ 

Data output timing 

SM565 

Data output timing is timing to output the contents of SB register bit to SO pin any user needs to decide timing latch the SO 
pin level at the outside of SM565 according to the SCK pin clock. 

Data latch timing 

308 

Data latch timing is timing that SM565 latches the SI pin level and stores it to SB register. 
Any user needs to decide timing to SI pin according to the SCK pin clock. 

Fig. 8 Serial Interface Timing 
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Input Port PO and IFB Flag 
The IFB flag is set at the falling edge of the signal 
applied to the input port PO by which the interrupt 
is enabled. 
When port PO is used as a key input, it can cause 
an interrupt each time a key is operated. 

to A 

:::~ 1111 o-N--R--IFB 
po, ;otB'~ 

Fig. 9 PO Port 

Interrupts 
When an interrupt occurs, the corresponding 
interrupt request flag is set. The CPU 
acknowledges the interrupt if it is enabled (master 
interrupt enable flag and the corresponding 
interrupt enable flag are set). If more than one 
interrupt occurs simultaneously, all of the 
corresponding interrupt request flags will be set, but 
the CPU will only acknowledge that interrupt with 
the highest priority and other interrupts will be 
queued. 

SM565 

I/O Ports 
Port PO is a 4-bit parallel input port. The IFB flag is 
set at the falling edge of this port. 
Port P1 can be switched between input and output 
modes, 4-bit at a time. 
Each bit of port P2 can be independently placed in 
input or output mode by setting the corresponding 
bit of mode register RF. 
Ports P20 and P21 can output the 00 and R/W 
signals, respectively. In those cases, these pins 
should be kept High in an output mode. Port P23 
outputs the SNO signal in the output mode. 
Port P3 is a 4-bit I/O port which can be placed in 

input or output mode, 3-bit at a time. Each bit of 
port P3 can be set to the 1/0 modes (SI, SO, SCK) 
of a serial interface. 

Ports P1 and P3 are placed in an output mode 
when a port output instruction is executed, and in 
an input mode when a port input instruction is 
executed. After an ACL operation, ports P1, P2 
and P3 are all placed in an input mode. 
Every input port has pull-up resistors. (Pull-up 
resistors for 1/0 ports are effective only when the 
ports are placed in an input mode.) 
Ports P1 through P3 in an output mode can be 
independently set or reset by instructions. 
When a key-matrix is configured by using 1/0 ports, 
if the short on output pins may occur caused by a 
multiple key depression, port P1 should be used as 

an output. 

Interrupt enable flag 

Interrupt master 
Timerlcounter 

f. signal 

Serial 1/0 pin 

~~-! 
_D-LINT 

PO signal 

Divide overflow 

Fig. 10 Interrupt Handling 
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SHARP SM565 

Table 1 Characteristics of I/O Ports' and Registers 

PORT FUNCTION 
Direct 4-bit parallel 1/0 

Input (INA) Output (OUT A) 

PO Input-only port 0 X 
P1 1/0 port 0 0 
P2 1/0 port, P23-sound output 0 0 

P3 
P30-SI, P31-SCK, P32-S0, 

0 0 multi-control port 

Standby Mode 
Executing the CEND instruction places the device 
in standby mode. To reduce power consumption, 
the system clock is inactivated. Standby mode may 
be cleared with the interrupt request or the RESET 
signal. 

Reset Function (ACL) 
Applying a Low level signal to the RESET pin 
resets the internal logic of the device and applying 
a High level signal starts execution of the program 
at address 0, page 0. Once the device is reset, all 
I/O ports are placed in input mode, all interrupts 
are disabled, and the LCD display turns off. The 
device is also reset when it is powered up. 

r CK, ~,~~~na' -Fl 
~ ~>'I/II'V'-----i CK, Open U 

Using ceramic oscillator Using external clock 

Fig. 11 CK2 Main Clock Sources 

(Common) 
H1----

H2<>----

H4o-----

IN, OUT instruction Bit independent SPn output 

Input (IN) Output (OUT) Direct pin-indepedent output RPn 

0 X X 

X 0 0 
X X 0 

X X 0 

0: Yes, X: No 

Main Clock Oscillator Circuit 
The main clock oscillator requires an external 

resistor across pins CK1 and CK2. Instead of using 
on-chip oscillator, an external clock may be applied 
to pin CK1. In this case, pin CK2 should be left 
open. The system clock <1> is a divided clock 
equivalent to 114 of the clock applied to pin CK1. 

LCD Driver 
• Display segment 
The SM565 contains an on-chip LCD driver which 
can directly drive an LCD with a 1/4 duty and 1/3 
bias. Fig.12 shows an example of LCD segment 
configuration for 1/4 duty. 
Each segment of the LCD can be turned on or off 
by software control of the setting of the 
corresponding bit "1" or "0" in the display RAM 
area (see Fig. 3). 

(Segment) S63 S62 S61 S60 S59 S58 S2 Sl so 

Fig. 12 LCD Segment Configuration for 1/4 Duty 
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The LCD digit may have any shape, provided that 

the maximum number of segments does not 

exceed 256 (see Fig. 12). Fig. 13 shows an 

example of a 7-segment numeric LCD digit. 

So 

Fig.13 7-Segment Numeric LCD Digit 

• LCD driving signal waveform 
Fig. 14 shows the LCD signal driving waveforms 

required to display the number "5" on the 7-

segment display shown in Fig. 13 (segment outputs 

80 and 81 are used). A voltage of 3 V is applied to 

-pin Vosp in the Fig. 14. The frame frequency (lIT) 

can be selected from 64 Hz or 128 Hz by mask 

options. 

• VOA and VOB pins 
The device contains bleeder resistors to allow 1/3 

bias driving. When Vosp is 3 V, voltages of 2 V and 

1 V are output from pins VOA and VOB respectively. 

Normally pins VOA and VOB are left open. When an 

LCD with a large display area is driven, connect 

capacitors across pins VOA and Vosp and across 

VOB and Vosp to improve the rise time of the LCD 

driving signal. 

SM565 

T .. .. 

I I I -------- Vosp{3 V) 
--------- VOA{2 V) 

_LL..l. _________ VOB{1 V) 
I I I -,-r-r--------- GND (O V) 

I I I I I I I 

1-tt-:-r--t--------- Vosp 
I --------- VOA 

I -------- Vos 
I I -11--------- GND 

I I I I I I 
_L..l..J_L..l. _________ Vosp 

I I I I I 
--------- VOA 

I -------- Vos 
I .1 _________ GND 
I I I I 
I I I I 
+~-~+---------~~ 

!-+--+--t-...l--------- VOA 
H4 I 

-------- Vos 
--------- GND 

I I I 
I I I I I I I I 

1H1J14f
: I ---------Vosp 

& I I ---------v~ 
I -t- --------- Vos 

I I I -------- GND 
I I I I I I I I I 
I I I I I I I I I 

1tiill1ff
1 I I ---------Vosp 

I : I -------- VOA 
S, I -r--------- Vos 

I +-l-f-4--------- GND 
I I I I I I I I I 

------
\ 

\.. -
-----,-

-----
" H4 " 

So 

Fig. 14 LCD Driving Signal Waveform 
(required to display the number 5) 
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Remote Control Carrier Output Function 
SM565 has a carrier output function for remote 

control output. 

A carrier is output from <POUT, and controlled using 
the register R73. Setting "0" in the bit of R73 

causes the output from <POUT to be set to constant 

and High output. If "1" is set, a carrier, which is a 

remote control signal, is output. If "0" is set in the 
bit of R73,the output level is set to constant and 

High as stated above. However, it can be set to 

the constant Low level using the mask option. 

Either 1/2 or 1/3 can be selected as the duty of the 
carrier. (See Table 2 and Fig. 15.) 

PLA1 

SM565 

The frequency of the carrier is approximately 37.9 

kHz (1/2 duty or 1/3duty) when the basic oscillation 

frequency (main clock) is 455 kHz. 

Table 2 Mask Option for <POUT pin Output 

SELECTION OF PLA <POUT OUTPUT 

PLA1 PLA2 Output waveform When remote control signal is not output : 

1 1 A Constant Low output 

2 1 B Constant Low output 

1 2 A Constant High output 

2 2 B Constant High output 

1/2 duty ~.~ ...... ! !..p..~;.? .. : 

Wd"tY-r?n~$O", 
L. __________ ! 

Output waveform 

Main clock 

System 
clock 

A~ L 37.9 kHz, 1/2 duty 

B 37.9 kHz, 1/3 duty 

AI I 37.9 kHz, 1/2 duty 

B 37.9 kHz, 1/3 duty 

Fig. 15 Mask Option for <POUT Output 

Fig. 16 shows an example of a circuit that converts 

remote control carrier signal from the <POUT pin into infrared signal. 

VDD 

I Remote control signal 

cI>OUT D----"\~_+1 

SM565 
-

GND 

Fig. 16 Remote Control Signal Output Circuit 
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INSTRUCTION SET 
ROM Address Instructions 

MNEMONIC MACHINE CODE OPERATION 

TR x 80 to BF PL~X (15-10) 

TL xy CO to OF PU~X (112-16) 

(2-byte) 00 to FF PL~Y (15-10) 

(SP-1)-(SP-4)~PC 

TRS x EO to EF 
SP~SP-4 

PU~10H 

PL~X (0,13,12,11,10,0) 

CALL xy FO to FF 
(SP-1 )-(SP-4)~PC 

(2-byte) 00 to FF 
SP~SP-4, PU~X (111-16), 

PL~Y (15-10) 

JBA x 7F 
PUS-PU2~X (13-10), 

(2-byte) 20 to 3F 
PU1, Puo, PLS, PL4~B, 

PL3-PLO~A 

RTN 61 Pu, PL~(SP), (SP+ 1 ),(SP+2) 

RTNS 62 
Pu, PL~(SP), (SP+ 1 ),(SP+2) 

SP~SP+4 

Pu, PL~(SP), (SP+ 1 ),(SP+2) 

RTNI 63 PSW~(SP+3), 

SP~SP+4, IME~ 1 

RAM Address Instructions 
MNEMONIC MACHINE CODE OPERATION 

STL 69 Lf-A 

STH 68 Hf-A 

HHO 
EXHO 3F 

LHE 

LlHL xy 3D 
Hf-X (17-14), Lf-Y (13-10) 

(2-byte) 00 to FF 

SM565 

Data Transfer Instructions 
MNEMONIC MACHINE CODE OPERATION 

EX pr 5C to 5F AH(pr) 

LOX adr 70 
Af-(adr) 

(2-byte) 00 to FF 

STX adr 7E 
(adr)f-A 

(2-byte) 00 to FF 

EXX adr 7C 
AH(adr) 

(2-byte) 00 to FF 

LAX x 10 to 1 F Af-x (13-10) 

LlBA xy 3C Bf-X (17-14) 

(2-byte) 00 to FF Af-y (13-10) 

LBAT 60 
B~ROM (PU5-PU2, B, A)H 

A~ROM (PU5-PU2, B, A)l 

LOL 65 Af-L 

LO pr 54 to 57 Af-(pr) 

ST pr 58 to 5B (pr)f-A 

EXH 6C AHH 

EXL 60 AHL 

EXB 6E AHB 

STB 6A Bf-A 

LOB 66 Af-B 

LOH 64 Af-H 

PSHBA 28 
(SP-1 )f-B, (SP-2)f-A, 

SPf-SP-2 

PSHHL 29 
(SP-1 )f-H, (SP-2)f-L, 

SPf-SP-2 

POPBA 38 
Bf-(SP+ 1), Af-(SP), 

SPf-SP+2 

POPHL 39 
Hf-(SP+ 1), Lf-(SP), 

SPf-SP+2 

STSB 70 SBHf-B, SBlf-A 

STSP 71 SPHf-B, SPlf-A 

STTC 72 TCf-TM 

STTM 73 TMHf-B, TMlf-A 

LOSB 74 Bf-SBH, Af-SBl 

LOSP 75 Bf--SPH, Af-SPl 

LOTC 76 Bf-TCH, Af-TCl 

LOOIV 77 Bf-OIVH, Af-OIVl 
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SHARP SM565 

Arithmetic Instructions Test Instructions 
MNEMONIC MACHINE CODE OPERATION MNEMONIC MACHINE CODE OPERATION 

ADX x 00 to OF 
A~A+x (13-10), 

Skip if Cv = 1 

TAM 30 Skip if A = (HL) 

TAH 24 Skip if A = H 

ADD 36 A~A+(HL) TAL 34 Skip if A = L 

ADDC 37 
A~A+(HL)+C, C~Cv 

Skip if CY = 1 

TAB 20 Skip if A = B 

TC 2A Skip if C = 0 

OR 31 A~A U (HL) TM x 48 to 4B Skip if (HL), x = 1 

AND 32 A~A n (HL) TA x 4C to 4F Skip if Ax = 1 

EOR 33 A~A E9 (HL) TSTT 2B Skip if 1FT = 1, 1FT ~O 

ANDB 22 A~A n B TSTA 2C Skip if IFA = 1, IFA~O 

ORB 21 A~A U B TSTS 20 Skip if IFS = 1, IFS~O 

EORB 23 A~A E9 B TSTB 2E Skip if IFB = 1, IFB~O 

COMA 6F A~A TSTV 2F Skip if IFV = 1, IFV~O 

ROTR 25 C-7A3-7A2-7A1-7Ao-7C 

ROTL 35 C~A3~A2~A1~Ao~C Bit Manipulation Instructions 

INCB 52 B~B+1, Skip if B = FH MNEMONIC MACHINE CODE OPERATION 

DECB 53 Bf-'-B-1, Skip if B = 0 SM x 40 to 43 (HL) x~1 

INCL 50 L~L+1, Skip if L = FH RM x 44 to 47 (HL) x~O 

DECL 51 L~L-1, Skip if L = 0 RC 26 C~O 

DECM adr 
79 (adr)~(adr)-1 , 

00 to FF Skip if (adr) = 0 

SC 27 C~1 

RIME 3A IME~O 

INCM adr 
78 (adr)~(adr)+ 1, 

00 to FF Skip if (adr) = FH 

SIME 3B IME~1 

01 x 7F 
IEF~IEF n x 

(2-byte) CO to OF 

Elx 7F 

(2-byte) EO to FF 
IEF U x 
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I/O Instructions 
MNEMONIC MACHINE CODE 

IN 67 

OUT 6B 

INA x 7F 

(2-byte) AD to A9 

OUTAx 7F 

(2-byte) BO to BF 

INBA x 
7F 

80 to 81 

OUTBA x 7F 

(2-byte) 90 to 91 

SP xy 7A 

(2-byte) 00 to F3 

BP xy 7B 

(2-byte) 00 to F3 

RDS 7F 

(2-byte) 60 

RBR 7F 

(2-byte) 70 

SDS 7F 

(2-byte) 61 

SBR 7F 

(2-byte) 71 

READ 7F 

(2-byte) 62 

WRIT 7F 

(2-byte) 72 

READB 7F 

(2-byte) 63 

WRITB 7F 

(2-byte) 73 

OPERATION 

Af--PO 

P1 f--A 

Af--P (x), R (x) 

P (x), R (x)f--A 

Bf--R (x+1) 

Af--R (x) 

R (x+ 1 )f--B 

R (x)f--A 

P (Y)f--p (y) x 

P (Y)f--p (y) x 

DSf--O 

BRf--O 

DSf--1 

BRf--O 

Af--P4 

with 00 
P4f--A 

with RIW 

Af--P4, with 00 

Bf--P5 

P4f--A, with R/W 

P5f--B 

SM565 

Special Instructions 
MNEMONIC MACHINE CODE OPERATION 

SIO 3E Serial I/O start 

IDIV 7F 
DIVf--O 

(2-byte) 10 

SKIP 00 No operation 

CEND 7F 

(2-byte) 00 
System clock stop 

NOTE: 

The machine code consists of 8-bit of 11, 16, 15, 14, 13, 12, 11 and 10. 
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SYSTEM CONFIGURATION EXAMPLE 

Key matrix 

Control signals --{ 

Power (0 V) 

0 

Voo 

316 

LCD 

~ :t :2 :i I B 8 ~ ~ I~ ~ m ~ ~ m 53 3j m m ~ ~ m ~ m ~ ~ ~ ~ § ~ 
>- w 

a: 
P02 

P03 

Pl0 

Pl1 

P12 

P13 

P20 

P21 

P22 

GNO 

08CIN 

08COUT 

VDD 

P23 

P30 

P31 

P32 

$ 
(NC) 

<!>OUT 

S M 56 5 

O~~~~~mm~mm~~agila~~~~~~~a~a~i 

LCD driver power 8upply (VOD) 

I Remote control signal 

845 

844 

843 

842 

841 

840 

839 

83B 

837 

836 

GND 

(NC) 

835 

834 

833 

832 

831 

830 

829 

82B 

SM565 
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SM3903 
DESCRIPTION 
The SM3903 is a CMOS 4-bit single-chip micro­

computer incorporating 4-bit parallel processing 

function, carrier output circuit for remote control, 

ROM, RAM, 15-stage divider. Provided with 132 

segments LCD drive circuit, this microcomputer is 

applicable to remote control system with a Low 

power consumption. 

FEATURES 
• ROM capacity : 2 772 x 8 bits 

• RAM capacity : 128 x 4 bits (including 32 x 4 bits 

display RAM) 

• Instruction sets: 49 

• Subroutine nesting : 2 levels 

• I/O Port : 
Input 6 

Output 10 

33 (Used as LCD segment output port) 

4 (Used as LCD common output port) 

• Built-in main clock oscillator for system clock 

• Signal generation for real time clock 

• Built-in 15 stages divider circuit for real time clock 

• Built-in carrier output circuit for remote control 

• Built-in LCD driver: 132 segments (1/3 bias, 1/4 

duty cycle) 

• Built-in carrier output circuit for remote control 

Carrier frequency 32.768 kHz 

Bacic oscillation frequency (main clock) 32.768 kHz 

Duty cycle 1/2 

• Instruction cycle time: 61 ~s (TYP., 32.768 kHz, at -3 V) 

• Standby function 
• Supply voltage : -2.6 to -3.2 V 

• Package: 60-pin QFP(QFP060-P-1414) 

SM3903 

4-Bit Single-Chip Microcomputer 
(For Remote Control) 

PIN CONNECTIONS 

60-PIN QFP TOP VIEW 

to ID II') 10 • .., M 

~ ~ D ~ D ~ D ~ D rn E ~ E m ~ 

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 317 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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BLOCK DIAGRAM 

5, 

52 

53 

54 

55 

56 

57 

5a 

--' o 
c( 

c( 
[IJ 

* Display RAM can also be used as general purpose RAM. 

Nomenclature 
ALU : Arithmetic logic unit 

Acc 

ACL 

C 
Pu, PM, PL 

SU, SM, SL 

Ru, RM, RL 

DIV 

: Accumulator 

: Auto clear circuit 

: Carry F/F 
: Program counter 

: Stack register of program counter 

: Stack register of program counter 

: Divider 

PIN DESCRIPTION 
SYMBOL 1/0 CIRCUIT TYPE 

ai, bi 
0 

b5 

H1-H4 0 
Sl-S8 0 

T I 

K1-K4 I pull-down 

OSCIN 

OSCOUT 

BA,~ I pull-up 

GND, VDD 

Rl, R2 0 

ACL I pull-down 

318 

w 
P 

o 
o 
> 

z 
5 <3 o CI) 

CI) 0 
o 

bg 

b12 

a13 

b13 

b'6 

: 8-bit shift register 

: Independent input register 

: RAM address register 

: Backplate signal generator circuit 

: 4-bit F/F 

SM3903 

BM, BL 
Bp, Be 
H, L, Y 

R 

K 

: Control register for remote control output 

: Key input F/F 

CG : Clock Generator 

FUNCTION 

Segment output ports ( i = 1 to 16) 

Common output ports 

Strobe output ports 

Test input port (normally connected to GND) 

Key input ports 

Crystal oscillator 

Independent input ports 

Power supply 

Remote control carrier output 

Auto clear input port 
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ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT 

Supply voltage 
Voo -3.5 to +0.3 V 

VIN Voo to +0.3 V 
Operating temperature TOPR o to +50 'c 
Storage temperature TSTG -20 to +125 'c 
NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL RATING 

Supply voltage Voo -3.2 to -2.6 

Crystal oscillation frequency fosc 32.768 (TYP.) 

DC CHARACTERISTICS 
PARAMETER SYMBOL CONDITIONS 

VIH1 

Input voltage 
VIL1 

VIH2 

VIL2 

IIH VIN = 0 V 
Input current 

ill VIN = Voo 

VOH louT = 50 ~A to Voo 

VOL lOUT = 5 ~A to GND 

Output voltage 
VOA 

Vas Voo = -3.0 V 

Voe No load 

Voo 

Output current 
Iso VOUT = -D.2 V 
ISIN VOUT = Voo+0.2 V 

Supply current 
IDA During full-range operation 

los When system clock is stationary 

NOTES: 
1. Applied to pins K1-K4, p. 
2. Applied to pins ACL, SA. 

3. Applied to pins K1-K4. 

4. Applied to pin p. 
5. Applied to pins 81-88. 

6. Applied to pins a1-a16, bl-b16, bs, Hl-H4. 
7. Applied to pins Rl, R2. 

8. No load condition when bleeder resistance is ON. 

NOTE 

1 

UNIT 

V 

kHz 

MIN. 

- 0.6 

- 0.3 

- 0.5 

- 0.3 

-1.3 

-2.3 

-3.0 

100 

100 

SM3903 

(Voo = -3.2 to -2.9 V, Ta = 25'C) 

TYP. MAX. UNIT NOTE 

V 

Voo+0.6 V 
1 

V 

Voo+0.3 V 
2 

15 ~A 3 

15 ~A 4 

V 

Voo+0.5 V 
5 

0 0 V 

-1.0 - 0.7 V 

-2.0 -1.7 V 
6 

-3.0 -2.7 V 

~A 

~A 
7 

40 ~A 
8 

12 ~A 
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PIN FUNCTIONS 
• K1 to K4 (Inputs) 
The K1 to K4 ports normally pulled down are 

connected to, and loaded into the accumulator 
(Acc) by instructions. A matrix composed of K input 

ports and strobe output ports (S1 to Sa) enables up 

to 32-kind of keys to be connected. In this case, be 

sure to take the interval at least 1 instructon cycle 
between strobe outputs and K inputs. 

• SA, B (Individual inputs) 
The individual input ports BA and P normally pulled 

up can be tested by using the TAL and TB 
instructions. Applying a High level to these ports 

skips the next instruction. 

• S1 to S8 (Strobe outputs) 
The strobe outputs (S1 to Sa) are used to output an 

8-bit W register, and constitute a key input matrix in 

combination with the input ports K1 to K4. 

The W register is an 8-bit register transferred by 
the PTW instruction in parallel. The W register is 

an 8-bit shift register of which the least significant 

bit W1 is set and reset by WS and WR instructions, 

and the entire contents of W register are shifted by 
one bit. 
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• a1 to a16, b1 to b16, bs 
The segment outputs a1 to a16, b1 to b16 are 
connected to the display RAM. By transferring 

appropriate data to the display RAM, alphanumeric 

characters are automatically displayed. 

The bs is used to output the contents of the LorY 

register. Segment output ports are designed to 
drive an LCD with 114 duty cycle. The bs is used to 

flash the display such as a colon under the control 

of Y register. 

• H1 to H4 (Common outputs) 
The H1 to H4 are used to drive an LCD with 1/4 
duty cycle and 113 bias, and have the 4-level of 

output. 

The common outputs control the BP FIF, BC FIF to 
select the display mode or blanking mode. 

Below shows the conditions of a display mode to 

be selected. 

BP = 1 and BC = 0 

• R (Remote control carrier output) 
The R1 and R2 output ports are used to carrier 

output for remote control. The R port can generate 

the contents of the R register with a mask change, 
and used as a control signal. 
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SYSTEM CONFIGURATION 
Program Counter and Stack 
Program counter consists of a 2-bit register Pu, a 

4-bit register RM and a 6-bit polynomial counter PL. 

The Pu and PM specify the pages and the PL 

specifies the steps within a page. 

The stack consists of registers Su, SM, SL and Ru, 

RM, RL, and has 2-level of nesting. 

Program Memory (ROM) 
An on-chip 2 772-bit ROM is organized as 44- page x 

63-step. Fig. 1 shows the ROM configuration. 

• When power on, the program starts execution 

from the address Pu = 3, PM = 7, PL = 0 specified 

by an ACL circuit. 

~ 0 1 2 3 
0 o Subroutine cover page 10 ~~~borm 20 30 

1 1 11 21 31 

2 2 12 22 32 

3 3 13 23 33 
4 4 14 24 34 

5 5 15 25 35 

6 6 16 26 36 
7 7 17 27 37 Power on 

8 8 18 28 38 
9 9 19 29 39 

A A 1A 2A 3A 

* page consists of 63-step. 

Fig. 1 ROM Configuraton 

SM3903 

• When the program starts execution from the 

system clock halt state by a 1 s signal or a key 

input signal, the address starts at Pu = 1, PM = 0, 

PL = O. 

• For the instructions except for a jump instruction, 

the polynomial counter PL is shifted by 1 step 

according to a polynomial code. 

• The combination of jump instructions including T, 

TL, TM, TML, RTNO, RTN1 and ATPL enables to 

jump to any page or any subroutine. Fig. 2 

shows the relationship between jump instructions 

and jump addresses on a ROM map. 

~u 0 1 2 3 
0 0 IDX~ 10 [START] 20 30 

1 1/ \\ 1~ 21 31 

2 2l 12 ~ 22-......... 32 \ 
3 3 \ TM J 13\ " 23 -......... 33 ..... \ 
4 4 / 14'\ 24 "'--... 34 ............. ; 
5 5 T) 15 TL (NOTE 2) 25 35 TML (NOTE 1) 

6 6 16 -; 26 36 

7 7 17 27 37 [ACL] 

8 8 18 28 38 

9 9 19 29 39 

A A 1A 2A 3A 

NOTES: 
1. Jump address of TML, PM = 0 to 3 

2. Jump address of TL, all addresses 

Fig. 2 Jump Instruction and Jump Addresser 
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Data Memory RAM 
A 512-bit data RAM consists of 8 x 16 x 4-bit. The RAM is 
specified by a 3-bit BM and a 4-bit BL. The BM is used to 
specify the files and the BL specifies the words. Note that 1 
word consists of 4-bit. The SM3903 has 2 x 16 x 4-bit of 

~ x y Z 
000 001 010 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

M 
011 

SM3903 

display RAM area out of the entire RAM, and the display 
RAM is connected to external pins for segment outputs. 
Writing data to the display RAM directly drives an LCD with 
1/4 duty and 1/3 bias scheme. 

P a R s 
100 101 110 111 

The area (R, S) with the thick line is allocated for a display RAM. 

Fig. 3 RAM Configuration 

Divider Circuit for Clock Function 
An internal 15-stage divider circuit is used to make 
a clock system. The divider outputs the signal at 
1 s unit (1 s), and the 'Y F/F is set at the rising 
edge of 1 s signal. The 'Y F/F can be tested by an 
instruction, and reset by the test. A 1 s count is 
notified upon execution of this instruction. 

Standby Function 
The SM3903 is a Low power consumption design 
due to CMOS process. Further Low power feature 
can also be obtained by halting almost all the 
system clocks through the CEND instruction for 
Low power requirements. The 'Y F/F must be reset 
or one or more inputs of K1 to K4 must go High in 
order to restart the system clock from the halt 
state. Then the program starts at the ROM address 
1000 (Pu = 1, PM = 0, PL = 0). 

Clock Generator (CG) 
The device contains an on-chip crystal oscillator 
circuit which consists of the external circuit shown 
in Fig. 4. The system clock has a frequency of one 
second that of the oscillator frequency. 
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I 
aSC'N ,/ I' 

SM3903 ck /" 
aSCouT(~HI' 

Crystal 32.768 kHZ 

Fig. 4 Oscillation Circuit 

ACL Circuit 
Resistors and capacitors are mounted in an ACL circuit 
which does not normally require any external circuits. The 
ACL will be cleared in about 0.5 s from a crystal oscillator 
circuit starts oscillation after power on, and the program 
starts at Pu = 3, PM = 7, PL = O. The ACL operations can 
be obtained by transferring signals into the ACL pin after 
power on. Note that it takes about 0.5 s to start 
execution of the program after the ACL signal is released. 
In case noise may harm the ACL operation, apply a 0.01 
to 0.1 ~F of capacitor between ACL pin and GND pin. 
Fig. 5 shows the sample circuit. 

0.01 to 0.1 IJF 

Fig. 5 Compensator for ACL 
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Remote Control Signal Output (R) 
The SM3903 outputs carrier wave for remote 

control signal. The carrier signal is output from R1 

and R2 pins. Those pins are at Low level when 

not outputting the carrier. Fig. 6 shows external 

circuit that accepts the remote control signal and 

the carrier waveform. 

SM3903 

The carrier output is controlled by program. Lower 

2-bit (bits 0 and 1) of accumulator correspond to bit 

1 (pin R1) and bit 2 (pin R2) of the R register. 

Executing the ATR instruction with a bit of one 

accumulator set at 1 causes the output of carrier 

signal through the corresponding R pin. 

GND (0 V) 

+---.....----, Remote 

VDD(-3 V) 

control 
signal 

;/ 

ContentsofR10rR2flag~~ 

___ 32.768 kHz 

Contents of R1 or R2 pin outP~t n n n n n n n n n n 
(remote control carrier output~ U U U U U ~~ U U U L-

Fig. 6 Remote Control LED Output Circuit 

LCD Driver 
• LCD segment 
The SM3903 has an on-Chip LCD driver circuit 

which can directly drive an LCD with a 3 V, 1/4 
duty and 1/3 bias scheme. The display RAM is 

connected to segment outputs of ai, bi ( i = 1 to 16) 

according to LCD common outputs of H1 to H4 as 

shown in fig 7. The segment outputs provide 1-

digit data (M1 to M4) of the display RAM in 

synchronizing with H1 to H4 outputs. 

Each segment of the LCD can be turned on or off 

by controlling the corresponding bit data "1" or "0" 

in the display RAM area. 

The LCD driving waveform relative to the display 

mode is automatically generated. The device 

provides the maximum of 132-segment. Fig. 7 

shows the segment display example. 

Fig. 7 7-Segment Numeric LCD Digit 
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~ ~ ~ ~ ~ ~ ~ ~ 

0000 
I--I I I I L I 1 1 f-

I I I I -
I I I I -0001 

-I I I I 
I j 1 j f----0010 

'- Rfile ... Sfile 
~ ... ~ ... 

r (BM= 110) (BM= 111) ~r - driver 
LCD 

f----I I I I 
I I I I -1110 

f---

I I I I -
I I j j r---1111 

b16 
'----

Fig. 8 Display RAM and LCD Segment Output 

'liT -n---lEf
--- VaA(=OV) 

- - - - - - Vas (= -1 V) 
1 1 

1 - - - - - - - -1- - - - - - - Vae (= -2 V) 

: : - - - - - - ~ - - - - - -" VaD (= -3 V) 
'I I I I 
I I I I I 

i-rP1fF
: 1 ----~-~-------:------- VaA 
I I I 1 ______ VOB 

- - - Vae 
I I I I I 

WUF
! i i _L<_-_-_-r-: __ -_- ~:: 
I I I I I I I: I: I I _ _ _ _ _ _ VOB 

1 1 

: : : : :: : --- Vae 

J4I1ftE
l 1 1 : l_l-_l_L-X_-_-_-_-_-_" ::: 
I I I I I I 

:: I:: -i------- VOB 

I :::: --- VaG 

1J1±flff[
i: :! i i : C::: ::: 

-,-- - -- -T--------- Vas 
1 1 

: I I -~-- ------ Vae 

: : : : : iii : ---- VaD 

~
: i i: i::: :------VOA 

I I I : ___ Vos 

--------" Voe 
- - - - - - - - - - - - - - - - VOD 

frame frequency=1/T =64 Hz 

Fig. 9 LCD Driving Signal Waveform 
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• Display waveform 
Fig. 9 shows the display waveforms required to 

display the number "5" on the LCD pattern shown 

in Fig. 8 (segment outputs a1, b1 are used). 

In the combination that the potential difference 

between the common output and segment output 

is 3 V (in the combination of H4 and a1), shown in 

Fig. 9, the segment is turned on, and in the case 

of 2 V or less (in the combination of H4 and a1), 

the segment is turned off. 

• LCD flashing output (bs) 
The bs output is used to flash symbols displayed on the 

LCD screen. Otherwise, the bs is used as a segment 

output in the same way as ai, bi ( i = 1 to 16). 
• Blanking the display 
There are two ways for blanking the entire display 

depending on applications. 

1. For blanking the display in a short period of 

time. Control the common signal generator 

circuit by the ATBP instruction. 

2. For blanking the display in a long period of 

time to decrease power consumption. Use 

the BOC 'instruction to turn on and off the 

liquid crystal bleeder current. In this case, 

cutting off the bleeder current decreases great 

amount of power consumption. 
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INSTRUCTION SET 
RAM Address Instructions 
MNEMONIC MACHINE CODE OPERATION 

BL3, BL2~x (b) EB x (12) 
LB x 40 to 4F BL1, BLO~X (13, 12) 

BM1, BMO~X (11, lo) 
LBL xy 5F 

BM~X (16-14), BL~y (b-Io) (2-byte) 00 to FF 
SBM 02 BM2~ 1 (only next step) 

EXBLA OB ACCHBL 

INCB 64 Skip if BL = FH, BL~BL+ 1 

DECB 6C Skip if BL= 0, BL~BL-1 

ROM Address Instructions 
MNEMONIC MACHINE CODE OPERATION 

ATPL 03 PL3-PLO~Acc 

RTNO 6E Pu~Su~Ru, PM~SM~RM 
PL~SL~RL 

RTN1 6F 
Pu~Su~Ru, PM~SM~RM 
PL~SL~RL, Skip next step 

TL xyz 70 to 7A PM~X (b-Io), Pu~y (17, 16) 
(2-byte) 00 to FE PL~Z (Is-Io) 

TML xyz 7C to 7F R~S~PC+ 1 ,PM3,PM2~(0, O} 
PM1, PMO~X (11, 10},Pu~y (17, 16 (2-byte) 00 to FE 
PL~Z (Is-Io) 

TM x CO to FE R~S~PC+ 1, Pu~O, PM~O 
lOX yz 00 to FE PL~X (Is-Io), Pu~y (17, 16) 
(2-byte) PL~Z (Is-Io), PM~4 

T xy 80 to BE PL~X (Is-Io) 

Data Transfer Instructions 
MNEMONIC MACHINE CODE OPERATION 

EXC x 10 to 13 ACCHM 
BM1, BMO~BM1, BMO EB X (11, lo) 
BC~C 

BDC 60 Display on if C = a 
Display off if C = 1 
ACCHM 

EXCI x 14 to 17 BM1, BMO~BM1, BMO EB X (11, lo) 
Skip if BL = FH, BL~BL+ 1 
ACCHM 

EXCD x 1 C to 1 F BM1, BMO~BM1, BMO EEl x (h, lo) 
Skip if BL = 0, BL~BL-1 

LOA x 18 to 1 B ACCHM 
BM1, BMO~BM1, BMO EEl X (11, lo) 

LAX x 20 to 2F ACCHX (14-ll) 
Skip when in succession 

WR 62 W7~W6~···~Wo~0 

WS 63 W7~W6~"·~WO~ 1 

SM3903 

I/O Instructions 
MNEMONIC MACHINE CODE OPERATION 

KTA 6A Acc~K 

ATBP 01 BP~Acc 

ATL 59 L~Acc 

ATFC 60 Y~Acc 

ATR 61 Ri~Acc (i = 1, 2) 

Arithmetic Instructions 
MNEMONIC MACHINE CODE OPERATION 

ADD 08 Acc~Acc+M 

ADD11 09 Acc~Acc+M+C, C~CY 
Skip if CY = 1 

ADXx 30 to 3F Acc~Acc+x (b-Io) 
Skip if CY = 1 

COMA OA Acc~Acc 

DC 3A Acc~Acc+AH 

ROT 6B CAcco~ACC1~ ... ACC3j 
~C 

RC 66 C~O 

SC 67 C~1 

Test Instructions 
MNEMONIC MACHINE CODE OPERATION 

TB 51 Skip if ~ = 1 

TC 52 Skip if C = a 
TAM 53 Skip if Acc = M 

TMI x 54 to 57 Skip if Mi = 1, (i = x (11, lo)} 

TAO 5A Skip if Acc = a 
TABL 5B Skip if Acc = BL 

TIS 58 Skip if 1 s = 0, 'Y~O 

TAL 5E Skip if BA = 1 

TF1 68 Skip if fl = 1 

TF4 69 Skip if f4 = 1 

Bit Manipulation Instructions 
MNEMONIC MACHINE CODE OPERATION 

RM x 04 to 07 Mi~O, i = (11, lo) 

SM x OC to OF Mi~1, i = (11, lo) 

Special Instructions 
MNEMONIC MACHINE CODE OPERATION 

SKIP 00 No operation 

CEND 50 Clock stop 

IDIV 65 DIV~O 
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SYSTEM CONFIGURATION EXAMPLE 
• Remote control with LCD display 

326 

DC voltage output 

LCD 
(132-segment) 

0.02 IJF - - - - - - - - - -

r------IS1 

.-----IS7 

Sa 

SM3903 

K1 K2 K3 K4 ACL GND Voo 

'------6660 
~ 

Key matrix 

SM3903 

OSCOUT I--~--I 

1SpF 
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SM3905 
DESCRIPTION 
The SM3905 is a CMOS 4-bit single-chip micro­

computer incorporating 4-bit parallel processing 

function, carrier output circuit for remote control, 

ROM, RAM, I/O ports, serial interface, and 

timer/counter. It provides 5 kinds of interrupts and 

subroutine stack using a RAM area. Provided with 

128 segments LCD drive circuit, this microcomputer 

is applicable to multi-functional AV remote control 

system, or any other similar system with a Low 

power consumption. 

FEATURES 
• ROM capacity : 4 096 x 8 bits 
• RAM capacity: 160 x 4 bits (including 32 x 4 bits 

display RAM) 

• Instruction sets: 98 

• A RAM area is used as stack area 

• I/O port : 
Input 4 

Output 11 

• Interrupts : 

+ 15 (also used as LCD 

segment port) 

Internal interrupts x 4 (timer/counter, f4 signal, 

serial I/O, divider overflow) 

External interrupts x 1 (PO signal) 

• Timer/counter : 8 bits x 1 

• Built-in main clock oscillator for system clock 

• Built-in sub clock oscillator for real time clock 

• Built-in 15 stages divider for real time clock 

• Built-in LCD driver: 128 segments, 1/3 bias, 1/4 

duty cycle (if LCD drive circuit is used, a crystal 

oscillator circuit needs to be constituted between 

OSCIN and OSCOUT.) 

SM3905 

4-Bit Single-Chip Microcomputer 
(LCD Driver) 

PIN CONNECTIONS 

64-PIN QFP TOP VIEW 

• Built-in carrier output circuit for remote control 

Carrier frequency 37.9 kHz 

Basic oscillaton frequency (main clock) 455 kHz 

Duty cycle 1/3 or 1/2 (mask option) 

Reversal polarity (mask option) 

• Instruction cycle time : 

8.79 I..lS (TYP., 455 kHz, at 3 V) 

• Buzzer output 

• Standby function 

• Supply voltage: 2.7 to 3.6 V 

• Package : 64-pin QFP (QFP064-P-1420) 

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 327 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 

en 
a: w 
I­
:;:) 
a. 
:E 
o 
(.) 
o 
a: 
(.) 

~ 
a. 
:E 
(.) 

W 
..J 
~ :z 
en 
I­
iD 

I 
"I::t 



SHARP 

BLOCK DIAGRAM 

ROM 
(4096-BYTE) 

TEST 

OSCOUT 

OSCIN 

<I>OUT 

Nomenclature 
A, B : Accumulators 
ACL : Auto clear 
ALU 
BR,DS 
CG 
DIV 
D,E,H,L 
HC 
IE 
IFA,IFB 
IFS, 1FT, IFV 

328 

: Arithmetic logic unit 
: Common signal control F/F 
: Clock generator 
: Divider 
: General-purpose registers 
: Common signal circuit 
: Interrupt enable F/F 
: Interrupt requests 

~ RD H 

RE D 

RF 

IME 
P1-P3 
PL, PU 
PSW 
R4-R7 
RD,RE,RF 
SB 
SP 
TC 
TM 
<l>OUT 

o c5 a 8 a. a. a. a. 

SP 

L 
E 

: Interrupt master enable F/F 
: Hegisters 
: Program counters 
: Program status word register 
: General-purpose registers 
: Mode registers 
: Shift register 
: Stack pointer 
: Count register 
: Modulo register 
: Carrier control circuit 

SM3905 
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PIN DESCRIPTION 
SYMBOL I/O CIRCUIT TYPE FUNCTION 

POO-P03 I Pull up Accf-POo-P03 

P1o-P13 110 Pull up I/O selectable by instructions 

P2o-P23 I/O Pull up 
I/O selectable independently 

Sound output only when P23 pin is used as an output 

P3o-P33 I/O Pull up Serial interface 110 by setting the mode register RE 

SO-S14 
Oar Selectable between segment ports and I/O ports through 
I/O an RC register 

S15-S31 0 Display RAM contents output as LCD segment signals 
H1-H4 0 4-value output capability; used for LCD common output 

TEST I Pull down For test (connected to GND normally) 

RESET I Pull up Auto clear 
<I>OUT 0 Carrier output remote control 

CK1, CK2 For system clock oscillation 
OSCiN, OSCOUT For clock oscillation 

VosP, VOA, VOB Power supply for LCD driver 
Voo, GND Power supply for logic circuit 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage 
Voo -0.3 to +7 V 

1 
Vosp -0.3 to +7 V 

Input voltage VIN -0.3 to Voo +0.3 V 1 

Output voltage VOUT -0.3 to Voo +0.3 V 1 

Output current lOUT 20 mA 2 

Operating temperature TOPR -20 to +70 ·C 

Storage temperature TSTG -55 to +150 ·C 

NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 

2. Sum of current from (or flowing into) output pins. 

RECOMMENDED OPERATING CONDITIONS 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Voo 2.7 3.6 V 
Vosp 2.7 Voo V 

Basic oscillation frequency f Voo = 2.7 to 3.6 V 455 kHz 1 
Instruction cycle t Voo = 2.7 to 3.6 V 8.79 ~s 

Crystal oscillation frequency fosc 32.768 kHz 

NOTE: 
1. Starting condition: within 10 seconds after power on. 
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Oscillation Circuit 

Oscillator: KBR-455B (Kyocera) 
Rf= 1 Mn 
Rd = 5.6 !ill 
Cl = 220 pF 
C2 = 100 pF 

DC CHARACTERISTICS 
PARAMETER SYMBOL CONDITIONS 

VIH1 

Input voltage 
VIL1 

VIH2 

VIL2 

Input current IIH VIN = 0 V 

IOH1 VOH = Voo-0.5 V 

IOL1 VOL = 0.5 V 

IOH2 VOH = Voo-0.5 V 

Output current 
IOH2o VOH = Voo-0.5 V 

IOL2 VOL = 0.5 V 

IOH3 VOH = Voo-0.5 V 

IOH30 VOH = Voo-0.5 V 

IOL3 VOL = 0.5 V 

Output impedance 
Rc 

Rs 

V1 

Output voltage 
V2 Vosp = 3.0 V 

V3 No load 

V4 

SM3905 

OSCfN OSCOUT 

~~s;t 
CG J J Co 

CG=10 pF, Co=8 pF 

(Voo = 2.7 to 3.6 V, Ta = -20 to +70°C) 

MIN. TYP. MAX. UNIT NOTE 

0.7 X Voo Voo V 
1 

0 0.3 X Voo V 

Voo-0.5 Voo V 
2 

0 0.5 V 

2 200 ~A 1 

50 ~A 

250 
3 

~A 

50 ~A 4 

160 ~A 5 

0.5 mA 6 

20 ~A 7 

90 ~A 8 

0.2 mA 7 

5 20 kQ 9 

10 40 kQ 10 

2.7 3 V 

1.7 2 2.3 V 
11 

0.7 1 1.3 V 

0 0.3 V 

lop f = 455 kHz, Voo = 3.0 V 160 320 12 

Supply current 
ISB Standby current 

NOTES: 
1. Applied to pins POO-P03, RESET, P10-Ph, P20-P23, P30-P32 

(during input mode). 

2. Applied to pins CK1, TEST, OSC,N. 
3. Applied to pin CK2. 
4. Applied to pins P10-Ph, P20-P22, P30-P32 (during output 

mode). 
5. Applied to pins P23, <DOUT (during output mode). 
6. Applied to pins P10-Ph, P20-P23, P30-P32, <DOUT (during 

output mode). 
7. Applied to pins SO-S14 (during data output mode). 

330 

Vosp = 3.0 V 15 40 ~A 13 

Voo:: 3.0 V 8 20 14 

8. Pins cited in NOTE 7 are applicable with mask option used. 
9. Applied to pins H1-H4. 

10. Applied to pins SO-S31 (in LCD output mode). 
11. Applied to pins H1-H4, SO-S31 (in LCD output mode). 
12. No load condition. 

13. No load condition when bleeder resistance is ON, 
Vosp = 3.0 V, during 32.768 kHz crystal oscillation. 

14. No load condition when bleeder resistance is OFF, 
during 32.768 kHz crystal oscillation. 

VOA VOB 

1 1 
cOAl lcoB 

COA = 1 IJF, COB = 1 IJF 
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PIN FUNCTIONS 
• GND, Vee, Vesp (Power supply inputs) 

Both GND pins 26 and 58 should be grounded. 

The Voo pin is the positive power supply with 

respect to GND. 

The Vosp pin is the positive power supply for an 

LCD driver with respect to GND. 

• TEST (Test input) 
The TEST pin should be left open or connected to 

GND with a pull-down resistor. 

• RESET (Input) 
The RESET accepts an active Low system reset 

which initializes the internal logic of the device. 

Normally a capacitor of about 0.1 ~F is connected 

between this pin and GND to provide a power on 

reset function. 

• OSCIN, OSCOUT (Crystal oscillator pins) 

The OSCIN and OSCOUT pins connect with an 

external crystal oscillator and these pins and the 

GND connect with a capacitor, which constitute an 

oscillator circuit. 

The output of the oscillator is coupled to a clock 

divider for real-time clock operation. 

• CK1, CK2 (System clock oscillator pins) 

The CK1 and CK2 pins provide a system clock 

oscillator. 

• H1 to H4 (Common signal outputs) 

The H1 to H4 pins are used to drive the common of 

an LCD. 

• So to S31 (Segment outputs) 
The So to S31 pins drive LCD segments. Pins So 

through S14 may also be used as I/O ports when 

specified with the mode register RC. 

SM3905 

• POo to P03 (Inputs) 
The PO pins are normally used to accept key input 

data. A falling edge at these pins resets the IFB 

flag. 

• P10 to Ph (Input/output) 

The P1 are I/O pins connected to the positive 

supply with pull-up resistors. 

They may be switched between input and output 

modes through an instruction. 

• P20 to P23 (Input/output) 
The P20 to P23 pins are bit-independent I/O ports 

which can be independently set to input or output 

mode with the mode register RF. 

When the P23 is used for an output pin, it serves 

exclusively as a sound output pin, which can output 

a sound signal with any frequency set up by the 

timer counter. 

Pins P20 and P21 output the 00 and R/W signals 

with the mode register Re. 

• P30 to P32 (Input/output) 
The P30 to P32 pins are I/O pins which are 

connected to the positive supply with pull-up 

resistors. 

These pins can be set to I/O mode for use in a 

serial interface with the mode register RE. 

• <POUT (Carrier output pin for remote control) 

A carrier signal output pin for remote control. It is 

used to control carrier signal output by setting the 

bits in the bit of R7 register. 
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SYSTEM CONFIGURATION 
ROM and Program Counter 
The on-chip ROM has a configuration of 64-page x 
64-step x 8-bit, and stores programs and table 
data. The program counter consists of a 6-bit page 
address counter Pu and a 6-bit binary counter PL 
used to specify the steps within a page. 
The locations shown in Fig. 1 are allocated in the 
on-chip ROM. 

Stack Pointer (SP) 
The stack pointer (SP) is an 8-bit shift register 
which holds the starting address of the stack area 
of RAM space. Immediately after the reset, the 
contents of the stack pointer are uninitialized and 
must be set to an appropriate value. If, for 
instance, the initial value of the stack pointer is set 
to 80H, the data memory are beginning with the 
highest address (excluding the display RAM area) 
7FH, is usable as a stack area. 

Page 0, address 0 
RESET 

Page 1, address 0 
INTI 

f-------
Address 2 INTA 

r------
Address 4 INTS 

-------
Address 6 INTB 

-------
Address 8 

INTV 
-------
I I 

SM3905 

RAM 
Data memory has a 160-word x 4-bit configuration, 
and is used to store processing data and other 
information. Data memory is also used as a stack 
area to save register values, the program counter 
value, and program status word (PSW) at the time 
a subroutine jump or an interrupt occurs. Fig. 2 
shows the RAM configuration. 2 x 16 x 4-bit of 
entire RAM space is used as a display RAM area 
from which data is output to LCD segment driving 
pins. An LCD with a 1/4 duty and 1/3 bias format 
can be directly driven by writing display data into 
the display RAM area. The display RAM outputs 
are, as shown in Fig.3, connected to segment 
output pins So to S31 for individual set of common 
outputs H1 to H4. The segment output pins provide 
a single digit of display RAM data Mo to M3, as an 
LCD driving waveform signal according to H1 to H4 

outputs. The operations of the display RAM are 
identical to those of other RAM areas. 

Program excution starts with this address 
at power on or RESET 

First address of the timer/counter interrupt 
service routine 

First address of the interruput routine that services 
the dividers of signal interrupt 

First address of the interruput routine that services 
the serial I/O interruput 

First address of the interruput routine that services 
the PO input signal 

First address of the divider overflow interrupt routine 

Pag' 10,. addco" 0 r! 
\

: : Jump address for TRS subroutine instruction 
I I (Pu = 10H, PLO = 0) 
I I 

Addco" 3Et ___ J 
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I I l-----I Last ROM addco" 

Page 3FH, address 3FH 

Fig. 1 Program ROM Map 
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L--Jj 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 
0000 80 816 

0001 81 817 

0010 82 818 

0011 83 819 

0100 84 820 

0101 85 821 

0110 86 822 

0111 87 823 

1000 88 824 

1001 89 825 

1010 810 826 

1011 811 827 

1100 812 828 

1101 813 829 

1110 814 830 

1111 815 831 

NOTE: 
The area with the thick line is allocated for a display RAM and the Sn (n = 0 to 31) shows the related segment outputs. 

(L register) 

0000 

0001 

0010 

1101 

1 1 10 

1111 

I 

I 

I 

~ 

I 

I 

I 

Fig. 2 RAM Configuration 

H2 

• f--I I I I I I 1 f--
I I I I 1 1 1 

f--
f--

I I I I 

(H register) (H register) 

1000 1001 ::: ~::: LCD ~ 
driver 

f--
I I I I f--

f--
I I I I 1 1 f--
I I I , 1 1 1 

f--
r--

• M2 • Mo 

Fig. 3 Display RAM and its LCD Segment Outputs 
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Accumulator (A), Subaccumulator (8) 
and Arithmetic and Logic Unit (ALU) 
The accumulator (A) is a 4-bit working register 
which is the nucleus of the single chip system. It 
holds the results of operations and transfers data to 
memory, I/O ports, and registers. 
A subaccumulator (8) is another 4-bit register. It is 
used as one of general-purpose registers, and 
when combined with the A to form a 8-A register 
pair, allows data transfer on an 8-bit basis. 
The arithmetic and logic unit (ALU) performs, in 
conjunction with a carry flag (C), binary addition, 
shift operations, and logical operations such as 
AND, OR, EX-OR, and complement. 

I 
I 

OS~CIN I 

S = I OSC 114 113 112 111 110 19 Is fiN L...-____ ----I 

OSCOUT I DIV (2) 
- I 
- I 

I 

SM3905 

General-Purpose Registers (H, L, D, E) 
Registers Hand L are 4-bit general-purpose 
registers. They can transfer and compare data 
with the Acc on 4-bit basis. Registers D and E are 
4-bit registers and can transfer data with the Hand 
L registers on an 8-bit basis. The Hand L as well 
as the D and E registers can be combined into 8-
bit register pairs, and can be used as pointers to 
data memory locations. The L register can be 
incremented or decremented and is used to access 
I/O ports and mode registers. 

Clock Divider, IFV Flag, IFA Flag 
The device contains a crystal oscillator and a 15-
stage divider, as shown in Fig. 4. A real-time clock 

IFV 

L...-__ r--__ i1_f-"o ~:t t 
DIV (1) int V + TST R 

ITJ--R 
intA+e--~ 

Fig.4 Real-Time Clock and Divider 
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Count pulse 
CP 

C';;.. S, A 

~ 

Binary counter 

Fig. 5 Timer Counter 

SND flag A 

~TC_(8)_~~~~ t 
R2'~ ~ 

Fig. 6 SND Signal 

CP23 
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can be provided by connecting an external crystal 
oscillator between the oscillator pins. When an 
external 32.768 kHz crystal oscillator is' used, the fo 
signal is a frequency of 1 Hz. 

Timer/Counter and the SND Signal 
The timer/counter consists of an 8-bit count register 
(TC) and an 8-bit mudulo register (TM). 
The count register is an 8-bit incremental binary 
counter. It is incremented by one at the falling 
edge of its count pulse (CP) input. If the count 
register overflows, the timer interrupt request flag 
1FT is set, and the contents of the modulo register 
(TM) are loaded into the count register (See Fig. 5). 
The count pulse CP can be selected from divider 
signals fiN, fo and the system clock, by using the 
mode register RD. If the count register (TC) 
overflows, the SND flag reverses its status at the 
falling edge of the TC. A sound signal can be 
obtained at the TC output by putting P2 in output 
mode and sending a "1" to pin P23 (See Fig. 6). 

B,A 

P3o/SI P3dSCK 

SM3905 

Serial Interface and IFS 
The serial interface consists of an 8-bit shift register 
(S8) and a 3-bit counter, which is used to input 
and output the serial data. The serial clock can be 
selected with either an internal clock (system clock) 
or an external clock. 
In serial shift operations, the highest bit data of the 
shift register (S8) is output from the SO pin, and 
the data input from the SI pin at the rising edge of 
a serial clock is loaded into the lowest bit of the 
shift register. When the internal clock is used, 
immediately after the SIO instruction is executed, 
the serial operation begins and stops with 8-clock 
which are output from the SCK pin. 
Upon completion of an 8-bit shift operation, the 
serial I/O ending flag IFS is set each time a 3-bit 
counter overflows, and an interrupt request occurs. 

so 

rrFS 
r-,----. S Q L....-___ 8-

R 

P3';SO 

Fig. 7 Serial Interface 

SCK 

so 

SI 

SO : Serial data output 
SI : Serial data input 

Fig. 8 Serial Interface Timing 
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Input Port PO and IFB Flag 
The IFB flag is set at the falling edge of the signal 
applied to the input port PO by which the interrupt 
is enabled. 
When port PO is used as a key input, it can cause 
an interrupt each time a key is operated. 

to A 

Interrupts 

D-LQ · R--IFB 
int B + <§)--~ 

Fig. 9 PO Port 

When an interrupt occurs, the corresponding 
interrupt request flag is set. The CPU 
acknowledges the interrupt if it is enabled (Master 
interrupt enable flag and the corresponding 
interrupt enable flag are set). If more than one 
interrupt occurs simultaneously, all of the 
corresponding interrupt request flags will be set, but 
the CPU will only acknowledge that interrupt with 
the highest priority and other interrupts will be 
queued. 

SM3905 

I/O Ports 
Port PO is a 4-bit parallel input port. The IFB flag is set at 
the falling edge of this port. 
Port P1 can be switched between input and output 
modes, 4-bit at a time. 
Each bit of port P2 can be independently placed in input 
or output mode by setting the corresponding bit of mode 
register RF. 
Ports P20 and P21 can output the 00 and RIW signals, 
respectively. In those cases, these pins should be kept 
High in an output mode. Port P23 outputs the SNO signal 
in the output mode. 
Port P3 is a 3-bit I/O port which can be placed in input or 
output mode, 3-bit at a time. Each bit of port P3 can be 
set to the I/O modes (SI, SO, SCK) of a serial interface. 
Ports P1 and P3 are placed in an output mode when a 
port output instruction is executed, and in an input mode 
when a port input instruction is executed. After an ACL 
operation, ports P1, P2 and P3 are all placed in an input 
mode. 
Every input port has pull-up resistors. (Pull-up resistors 
for I/O ports are effective only when the ports are placed 
in an input mode.) 
Ports P1 through P3 in an output mode can be 
independently set or reset by instructions. 
When a key-matrix is configured by using I/O ports, if the 
short on output pins may occur caused by a multiple key 
depression, port P1 should be used as an output. 

Interrupt enable flag 
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Interrupt request flag priority 

1 
Timerlcounter 

f4 signal 

Serial liD transmit! 
receive completion 

PO signal 

Divide overflow 

Fig.10 Interrupt Handling 

Interrupt master 

~-! 
~DL'NT 



SHARP SM3905 

Table 1 Characteristics of I/O Ports 

PORT FUNCTION 
Direct 4-bit parallel I/O 

Input (INA) Output (OUlA) 
PO Input-only port 0 X 
P1 I/O port 0 0 
P2 I/O port, P23-sound output 0 0 

P3 
P3o-SI, P31-SCK, P32-S0, 
multi-control port 

0 0 

Standby Mode 
Executing the CEND instruction places the device in 
standby mode. To reduce power consumption, the 
system clock is inactivated. Standby mode may be 
cleared with the interrupt request or the RESET signal. 

Reset Function (ACL) 
Applying a Low level signal to the RESET pin 
resets the internal logic of the device and applying 
a High level signal starts execution of the program 
at address 0, page O. Once the device is reset, all 
I/O ports are placed in input mode, all interrupts 
are disabled, and the LCD display turns off. The 
device is also reset when it is powered up. 

Am '''''"''''o"'-Fl LJ op,"--u 
On-chip CR oscillator Using external clock 

Fig. 11 Main Clock Sources 

(Common) 
Hl°----

H2°----

H3°----

H4°----

IN, OUT instruction Bit independent output SPn 
Input (IN) Output (OUT) Direct pin·independent output RPn 

0 X X 
X 0 0 

X X 0 

X X 0 

0: Yes, X: No 

Main Clock Oscillator Circuit 
The main clock oscillator requires an external 
resistor across pins CKl and CK2. Instead of using 
on-chip oscillator, an external clock may be applied 
to pin CK1. In this case, pin CK2 should be left 
open. The system clock G> is a divided clock 
equivalent to 1/4 of the clock applied to pin CK1. 

LCD Driver 
• Display segment 
The SM3905 contains an on-chip LCD driver which 
can directly drive an LCD with a 1/4 duty and 1/3 
bias. Fig.12 shows an example of LCD segment 
configuration for 1/4 duty. 
Each segment of the LCD can be turned on or off 
by software control of the setting of the 
corresponding bit "1" or "0" in the display RAM 
area (see Fig. 3). 

(Segment) S31 S30 S29 S28 S27 S26 S2 S, So 

Fig. 12 LCD Segment Configuration for 1/4 Duty 
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The LCD digit may have any shape, provided that 

the maximum number of segments does not 

exceed 128 (see Fig. 12). Fig. 13 shows an 

example of a 7 -Segment Numeric LCD Digit. 

H, ------
\ 

\. -

'­
'-

So 

Fig. 13 7-Segment Numeric LCD Digit 

• LCD driving signal waveform 

Fig. 14 shows the LCD signal driving waveforms 

required to display the number "5" on the 7-

segment display shown in Fig. 13 (segment outputs 

So and S1 are used). A voltage of 3 V is applied to 
pin Vosp in the Fig. 14. The frame frequency (1fT) 
can be selected from 64 Hz or 128 Hz by mask 

options. 

• VOA and Voe pins 
The device contains bleeder resistors to allow 1/3 

bias driving. When Vosp is 3 V, voltages of 2 V and 

1 V are output from pins VOA and VOB respectively. 
Normally pins VOA and VOB are left open. When an 

LCD with a large display area is driven, connect 
capacitors across pins VOA and Vosp and across 

VOB and Vosp to improve the rise time of the LCD 

driving signal. 
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So 

SM3905 

-------- Vosp (3 V) 
--------- VOA (2 V) 

L......I........L..-;--+-:-}-~--------- Vos (1 V) 
-,-r-r--------- GND (0 V) 

I I : I I I I 

I 1-r+-:-t--t--------- Vosp 
I --------- VOA 

I -------- Vos 

: I -}--t--------- GND 
I : I I I I 
-r+-:-}-~--------- Vosp 

--------- VOA 

I : -------- Vos 

I I I I -t--------- GND 
I I I I I 
+-1-1-+--------- Vosp 

1-+-+-+1--------- VOA 

I I 
I I 

-------- Vos 
--------- GND 

--------- Vosp -t- --------- VOA 
-j- --------- Vos 

I I -------- GND 
I I I 
I I I 

--------- Vosp 

I -------- VOA 
,--------- Vos 

+-1-+--+--------- GND 
I I ! ! ! ! ! 

------
\ 

\. -

'­
'-

So 

Fig. 14 LCD Driving Signal Waveform 

(required to display the number 5) 
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Remote Control Carrier Output Function 
SM3905 has a carrier output function for remote 
control output. A carrier is output from <l>OUT, and 
controlled using the register R73. Setting "0" in the 
bit of R73 causes the output from <l>OUT to be set to 
constant and High output. If "1" is set, a carrier, 
which is a remote control signal, is output. If "0" is 
set in the bit of R73, the output level is set to 
constant and High as stated above. However, it 
can be set to the constant Low level using the 
mask option. Either 1/2 or 1/3 can be selected as 
the duty of the carrier. (See Table 2 and Fig. 15) 

PLA1 

SM3905 

The frequency of the carrier is approximately 37.9 
kHz (1/2 duty or 1/3 duty) when the basic 
oscillation frequency (main clock) is 455 kHz. 

Table 2 Mask Option for <l>OUT Pin Output 

SELECTION OF PLA <l>ouT OUTPUT 

PLA1 PLA2 Output waveform When remote control signal is not output: 

1 1 A Constant Low output 

2 1 B Constant Low output 

1 2 A Constant High output 

2 2 B Constant High output 

:::::~~~o~ 
L ___________ l 

Output waveform 

Main clock 

System 
clock 

A~ 

B 

A IL-__ 

B 

L 37.9 kHz, 1/2 duty 

37.9 kHz, 1/3 duty 

37.9 kHz, 1/2 duty 

37.9 kHz, 1/3 duty 

Fig. 15 Mask Option for <l>OUT Output 

Fig. 16 shows an example of a circuit that converts 
remote control carrier signal from the <l>OUT pin into 
infrared signal. 

SM3905 

VDD 

i Remote control signal 

-
GND 

Fig. 16 Remote Control Signal Output Circuit 
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INSTRUCTION SET 
ROM Address Instructions 

MNEMONIC MACHINE CODE OPERATION 

TR x 80 to BF PL~X (15-10) 

TL xy EO to EF Pu~x (Ill-Ie) 

(2-byte) 00 to FF PL~Y (15-10) 

(SP-2), (SP-3), (SP-4)f-PC 

SP~SP-4 
TRS X CO to OF 

PU~10H 

PL~X (14, 13, 12, 11, 10,0) 

CALL xy FO to FF 
(SP-2), (SP-3), (SP-4)f-PC 

(2-byte) 00 to FF 
SP~SP-4, Pu~x (Ill-Ie), 

PL~Y (15-10) 

JBA X 7F 
PUS-PU2~X (13-10), 

(2-byte) 30 to 3F 
PU1, Puo, PLS, PL4~B, 

PL3-PLO~A 

RTN 61 Pu, PLf-(SP), (SP+ 1), (SP+2) 

RTNS 62 
Pu, PLf-(SP), (SP+ 1), (SP+2), 

SP~SP+4 

RTNI 63 
Pu, PLf-(SP), (SP+ 1), (SP+2), 

PSW~(SP+3), SP~SP+4, IME~ 1 

RAM Address Instructions 
MNEMONIC MACHINE CODE OPERATION 

STL 69 Lf-A 

STH 68 Hf-A 

HHO 
EXHO 3F 

LHE 

LlHL xy 30 
Hf-X (17-14), Lf-y (13-10) 

(2-byte) 00 to FF 

340 

SM3905 

Data Transfer Instructions 
MNEMONIC MACHINE CODE OPERATION 

EX pr 5C to 5F AH(pr) 

LOX adr 70 

(2-byte) 00 to FF 
A~(adr) 

STX adr 7E 
(adr)f-A 

(2-byte) 00 to FF 

EXX adr 7C 
AH(adr) 

(2-byte) 00 to FF 

LAX X 10 to 1 F A~x (13-10) 

LlBA xy 3C B~x (17-14) 

(2-byte) 00 to FF A~y (13-10) 

LBAT 60 
B~ROM (PUS-PU2, B, A)H 

A~ROM (PUS-PU2, B, A)L 

LOL 65 A~L 

LO pr 54 to 57 A~(pr) 

ST pr 58 to 5B (pr)f-A 

EXH 6C AHH 

EXL 60 AHL 

EXB 6E AHB 

STB 6A B~A 

LOB 66 A~B 

LOH 64 A~H 

PSHBA 28 
(SP-1 )f-B, (SP-2)f-A, 

SPf-SP-2 

PSHHL 29 
(SP-1 )~H, (SP-2)~L, 

SPf-SP-2 

POPBA 38 
B~(SP+ 1), Af-(SP), 

SP~SP+2 

POPHL 39 
H~(SP+ 1), Lf-(SP), 

SPf-SP+2 

STSB 70 SBHf-B, SBLf-A 

STSP 71 SPH~B, SPlf-A 

SITC 72 TCf-TM 

SITM 73 TMHf-B, TMlf-A 

LOSB 74 B~SBH, Af-SBl 

LOSP 75 B~SPH, Af-SPl 

LOTC 76 B~ TCH, Af-TCl 

LOOIV 77 B~OIVH, Af-OIVl 
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Arithmetic Instructions 
MNEMONIC MACHINE CODE OPERATION 

ADX X 00 to OF 
Af-A+x (13-10), 

Skip if Cv = 1 

ADD 36 Af-A+(HL) 

ADDC 37 
Af-A+(HL)+C, Cf-CV 

Skip if Cy = 1 

OR 31 Af-A U (HL) 

AND 32 Af-A n (HL) 

EaR 33 Af-A EB (HL) 

ANDB 22 Af-A n B 

ORB 21 Af-A U B 

EORB 23 Af-A EB B 

COMA 6F Af-A 

ROTR 25 C-7A3-7A2-7A1-7Ao-7C 

ROTL 35 Cf-A3f-fuf-A1 f-AOf-C 

INCB 52 Bf-B+ 1, Skip if B = FH 

DECB 53 Bf-B-1, Skip if B = 0 

INCL 50 Lf-L+ 1, Skip if L = FH 

DECL 51 Lf-L-1, Skip if L = 0 

DECM adr 
79 (adr)f-(adr)-1, 

00 to FF Skip if (adr) = 0 

INCM adr 
78 (adr)f-(adr)+ 1, 

00 to FF Skip if (adr) = FH 

SM3905 

Test Instructions 
MNEMONIC MACHINE CODE OPERATION 

TAM 30 Skip if A = (HL) 

TAH 24 Skip if A = H 

TAL 34 Skip if A = L 

TAB 20 Skip if A = B 

TC 2A Skip if C = 0 

TM x 48 to 4B Skip if (HL), x = 1 

TA x 4C to 4F Skip if Ax = 1 

TSTT 2B Skip if IFT·= 1, 1FT f-O 

TSTA 2C Skip if IFA = 1, IFAf-O 

TSTS 20 Skip if IFS = 1, IFSf-O 

TSTB 2E Skip if IFB = 1, IFBf-O 

TSTV 2F Skip if IFV = 1, IFVf-O 

Bit Manipulation Instructions 
MNEMONIC MACHINE CODE OPERATION 

SM x 40 to 43 (HL) xf-1 

RM x 44 to 47 (HL) Xf-O 

RC 26 Cf-O 

SC 27 Cf-1 

RIME 3A IMEf-O 

SIME 3B IMEf-1 

01 x 7F 

(2-byte) CO to OF 
IEFf-IEF n x 

Elx 7F 

(2-byte) EO to FF 
IEF u x 
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I/O Instructions Special Instructions 
MNEMONIC MACHINE CODE OPERATION MNEMONIC MACHINE CODE OPERATION 

IN 67 Af-PO SID 3E Serial lID start 

OUT 6B P1f-A 

INA x 7F 

(2-byte) AO to A9 
Af-P (x), R (x) 

IDIV 7F 
DIVf-O 

(2-byte) 10 

SKIP 00 No operation 

OUTAx 7F 
P (x), R (x)f-A 

(2-byte) BO to BF 

CEND 7F 

(2-byte) 00 
System clock stop 

INBA x 
7F Bf-R (x +1) 

80 to 81 Af-R (x) 
NOTE: 
The machine code consists of a-bit of 17, 16, 15, 14, 13, 12, 11 and 10. 

OUTBA x 7F R (x +1)f-B 

(2-byte) 90 to 91 R (x)f-A 

SP xy 7A 
P (Y)f-p (y) x 

(2-byte) 00 to F3 

BP xy 7B 
P (Y)f-p (y) x 

(2-byte) 00 to F3 

RDS 7F 

(2-byte) 
DSf-O 

60 

RBR 7F 

(2-byte) 
BRf-O 

70 

SDS 7F 

(2-byte) 
DSf-1 

61 

SBR 7F 

(2-byte) 
BRf-O 

71 

READ 7F Af-P4 

(2-byte) 62 with 00 
WRIT 7F P4f-A 

(2-byte) 72 with R/W 

READB 7F Af-P4, with 00 
(2-byte) 63 Bf-P5 
WRITB 7F P4f-A, with RIW 
(2-byte) 73 P5f-B 
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SYSTEM CONFIGURATION EXAMPLE 

Piezo electric 
buzzer 

Key matrix 

SM3905 

LCD 

Remote control signal 

® 
100 pF 

5.6 kn 

t I 
KBR-455B 

o 

1 Mn 

SM3905 

220 pF 
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4-BIT SINGLE-CHIP MICROCOMPUTERS 
(FOR DATA BANK USE) 
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Lineup of 4-Bit Microcomputers 

(For Data Bank Use) 

PRODUCT SELECTION BY BUILT-IN MEMORY SIZE 

Built-in 
data RAM (bit) 

APPROXIMATE TELEPHONE LISTING 

64k 

24k 

20k 

16 k 

8k 

6k 

4k 

o 

346 

, 
I I I I I - --------r--------r--------~-------~--------~--------

I I I I I _________ L ________ ~ ________ ~ _______ ~ ________ ~ _______ _ 

, , , , , , 

(SM350a) , , , 

, 
I I I I I - --------r--------r--------~-------~--------~--------

(SM3509J. , , _________ ~ ________ ~ ________ ~ _______ ~ ________ J _______ _ 

I I I I I , , 
~-SM-3-50-3) 
, , 

- --------~--------~--------~-------~--------~--------, , , , 

KSM3504isM3514J.cSM3515jSM351 V 
, ~SM3507~ , , 

- - - - - - - - - r - - - - - - - -,. - - - - - - - -,- - - - - - - - -,- - - - - - - - "I"_-_-_-_-_-_-_oii_"t 

400 PERSONS MEMORY 

156 PERSONS MEMORY 

1 00 PERSONS MEMORY 

52 PERSONS MEMORY 

26 PERSONS MEMORY 

.... ___ ~---____!----~---~----!----.... ~Built-in ROM 

2k 4k 6k 8k 12 k 24k 
(WORD(X23 bit width)) 

( ) : Under development 
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Lineup of 4-Bit Microcomputers 

(For Data Bank Use) 

PRODUCT SELECTION BY LCD SEGMENT NUMBER 

EXTERNAL MEMORY SIZE(MAX.) 
(ROM/RAM) 

AND EXTERNAL MEMORY SIZE 

1 
1 1 1 1 1 1 _ _ _______ oJ _______ __ , _________ L _____ • __ J ________ ..} ________ .'- _______ _ 

128 M-bitx4 SM3513* SM3511 

8 M-bitx3 SM3508 

1 1 ______ ..--_" 

--------~ ---------:- --------r ---------~,' _____ ~----_...---.-r 
1 

1 

1 1 1 1 ___ oJ _______ __ 1 _________ L ________ .I _______ _ 

1 1 1 
1 1 1 
1 

---------.. ~'----------- -! - - - - - - - - -1- - - - - - - - -1- - - - - - - --

64 k-bit 

SM3507 

SM3514 

SM3515 
SM3503 
SM3504 

SM3509 
SM3512* 

1 1 

1 1 --------r--------,--------

32seg.x4com. 4Sseg.xScom. 60seg.xScom. 60seg.x9com. 74seg.x16com. 74seg.x32com. 9Sseg.x32com 

5x7dot:1line 

4SxSdot 
DISPLAY EXAMPLE. 

7segment:4line 

5x5dot:1line 
5x7dot:2line 5x7dot:4line 5x7dot:4line 

7segment:1line 

7segment: 1 line 
7segment:1line 7segment:2line 7segment:2line 

OR 
OR OR OR 

5x5dot:1line 
16x16dot:11ine 16x16dot:2line 16x16dot:2line 

7segment:2line 

Number of 

LCD SEGMENT 

*:UNDER DEVELOMENT MODEL 

347 



SHARP 

COMPARISON TABLE 
SM3507 SM3503 

Application Game 
52 Persons 
Data Bank 

Built-in Program ROM Size 
6k 6k 

(word (23-bit width)) 

Built-in Data RAM Size 

(byte) 
0.5 k 1 k 

Enternal Memory (byte) - -

48 x 8 60 x 8 
LCD Display (seg. x com.) 

(384 dots) (480 dots) 

LCD Contrast 
- -

Adjustable Level 

IR Communication 
- -

(External Ceramic Resonator) 

Parallel 1/0 8 -

Output 2 -
1/0 

Buzzer Output 1 1 

Input 2 -
Key Matrix 14 x 4 14 x 6 

ON Key 1 1 

Low Battery Detector 
- -

(Extenal Reference Voltage) 

Supply Voltage (V) 2.5 to 3.4 2.5 to 3.4 

Power Consumption (I-lA) TYP.20 TYP.20 

(Display Mode) (at 3V) (at 3V) 

Package Chip/80QFP Chip/100QFP 

Tooling (EV-Board) Now Now 

348 

Lineup ot 4-tilt Microcomputers 
(For Data Bank Use) 

SM3504 SM3514 SM3515 

26 Persons 26 Persons 26 Persons 
Data Bank Data Bank Data Bank 

6k 8k 12 k 

0.5 k 0.5 k 0.5 k 

- - -
60 x 8 60 x 8 60 x 8 

(480 dots) (480 dots) (480 dots) 

- - -

- - -

- - -
- - -

1 1 1 

- - -

14 x 6 14 x 6 14 x 6 

1 1 1 

- - -

2.5 to 3.4 2.5 to 3.4 2.5 to 3.4 

TYP.20 TYP.20' TYP.20 

(at 3V) (at 3V) (at 3V) 

Chip/80QFP Chip/100QFP Chip/100QFP 

Now Now Now 



SHARP 

SM3509 

Application 
100 Persons 
Data Bank 

Built-in Program ROM Size 
8k 

(word (23-bit width)) 

Built-in Data RAM Size 
2k 

(byte) 

Enternal Memory (byte) 8k 

LCD Display (seg. x com.) 
60 x 9 

(540 dots) 

LCD Contrast 
-

Adjustable Level 

IR Communication 
-

(External Ceramic Resonator) 

Parallel I/O 8 

Output 2 
I/O 

Buzzer Output 1 

Input -

Key Matrix 14 x 6 

ON Key 1 

Low Battery Detector 
-

(Extenal Reference Voltage) 

Supply Voltage (V) 2.5 to 3.4 

Power Consumption (IJA) TYP.20 

(Display Mode) (at 3V) 

Package Chip/1000FP 

Tooling (EV-Board) Now 

* Can be used as key matrix. 

SM3512*1 

100 Persons 
Data Bank 

8k 

8k 

8k 

60 x 9 

(540 dots) 

-

-

8 

2 

1 

-

14 x 6 

1 

-

2.5 to 304 

TYP.20*2 

(at 3V) 

Chip/1000FP 

Now 

Lineup of 4-Bit Microcomputers 
(For Data Bank Use) 

SM3508 SM3511 SM3513*1 

156 Persons High End High End 
Data Bank Data Bank Data Bank 

12 k 24 k 24 k 

3k 0.5 k 0.5 k 

3M 64 M 64 M 

74 x 16 98 x 32 74 x 32 

(1 184 dots) (3 136 dots) (2368 dots) 

16 16 16 

0 0 0 

8 8 8 

2 3 3 

1 1 1 

2 2 2 

16 x 5 16 x 5 16 x 5 

1* 1* 1* 

- 0 0 

2.5 to 5.5 3.8 to 6.0 3.8 to 6.0 

TYPo4O TYP.50 TYP.50*2 

(at 3V) (at 5V) (at 5V) 

Chip/1280FP Chip Chip 

Now Now Now 

*1 : Under Development 
. . 

*2 : Preliminary 
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SHARP 

SM3507 
DESCRIPTION 
The SM3507 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key input circuit and buzzer out­

put circuit. By connecting an external crystal, a 1 Hz 

timer interrupt is made possible for easier clock 

function. 

FEATURES 
• ROM capacity : 

Program ROM 

Character ROM 

• RAM capacity : 
Working RAM 

Display RAM 

Data RAM 

6 k x 23 bits 

4 x 8 x 128 bits 

256 x 4 bits 

48 x 8 bits 

512 x 8 bits 

• LCD display : 48 segment x 8 common 

• I/O ports: 
Parallel 1/0 8 bits 

Output 2 bits 

Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release: 2 events (2 Hz signal, key input) 

• Built-in oscillator: 
System clock (built-in CR oscillator) 250 kHz 

Timer (built-in CR oscillator) 32.8 kHz 

(external crystal) 32.768 kHz 

• Instruction cycle time : 12 ~s 

• Operating temperature : -10 to +60 °C 

• Supply voltage : 2.5 to 3.4 V 

• Packages: 
80-pin QFP (QFP080-P-1420) 

Chip (83-pad) 

SM3507 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

350 In the absence of confirmation by device speCification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

(FOR GAME APPLICATION) 

APPLICATION EXAMPLE 

LCD GAME 

~iiiiilllllllllllllllllllllllll~11111111 
Common signal 

Segment signal 

K12-K17 
H.-Ha 1--------' 

DIO.-DIOa SM3507 

XCR 

KI. Vee TEST RESET XI XO BZ 

I -II -II -I I - II -I - - -I _I.U.U. •• ·CI.O. 
I-In I-I 1-11-1 

0.0.0.· • ·CI.O. 

7 8 9 Me 

4 5 6 X MR 

1 2 3 - M-
0 = + M+ 

DUAL LINE CAL. 

EO. 
E02 Individual output 

Vee 

00·00 
UU·UU 

WORLD TIME CLOCK 

SM3507 
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SHARP 

SM3503 
DESCRIPTION 
The SM3503 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key input circuit and buzzer out­

put circuit. By connecting an external crystal, a 1 Hz 

timer interrupt is made possible for easier clock 

function. 

FEATURES 
• ROM capacity : 

Program ROM 6 k x 23 bits 

Character ROM 5 x 8 x 128 bits 

• RAM capacity : 
Working RAM 

Display RAM 

Data RAM 

256 x 4 bits 

60 x 8 bits 

1 k x 8 bits 

• LCD display : 60 segment x 8 common 

• liD ports: 
Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release : 2 events (2 Hz signal, key input) 

• Built-in oscillator: 

System clock (built-in CR oscillator) 250 kHz 

Timer (built-in CR oscillator) 32.8 kHz 

(external crystal) 32.768 kHz 

• Instruction cycle time : 12 ~s 

• Operating temperature : -10 to +60°C 

• Supply voltage : 2.5 to 3.4 V 

• Packages: 
100-pin QFP (QFP100-P-1420) 

Chip (84-pad) 

SM3503 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

352 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

Common signal 

Segment signal 

S,-S60 

Hl-H. f-------' 

K12-K17 SM3503 

XCR 

Kll Vee TEST RESET XI XO BZ Vee 

APPLICATION EXAMPLE 

LCD Control : 60 x 8 dot 

111111111111 

A7B CD Et 8 
GH IJ KL 
4 5 6 

OOOOOOOOOOCIO 
I_I.U.U.U.U.U.U.U.U.U.U.U. 5 x 5 dot matrix: 1 

1 

Q 

2 

W 

t 
SM3503 

Chip (83-pad) 

t 
3 4 5 

E R T 

6 

Y 

KEY: MAX. 85 key 

8 segment : 1 

A B C D E F 
7 8 9 > 

SM3503 
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SHARP 

SM3504 
DESCRIPTION 
The SM3504 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key input circuit and buzzer out­

put circuit. By connecting an external crystal, a 1 Hz 

timer interrupt is made possible for easier clock 
function. 

FEATURES 
• ROM capacity: 

Program ROM 6 k x 23 bits 

Character ROM 5 x 8 x 128 bits 

• RAM capacity : 
Working RAM 

Display RAM 

Data RAM 

256 x 4 bits 

60 x 8 bits 

512 x 8 bits 

• LCD display : 60 segment x 8 common 

• 1/0 ports: 
Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release: 2 events (2 Hz signal, key input) 

• Built-in oscillator: 

System clock (built-in CR oscillator) 250 kHz 

Timer (built-in CR oscillator) 

(external crystal) 

• Instruction cycle time: 12 ~s 

32.8 kHz 

32.768 kHz 

• Operating temperature : -10 to +60 DC 
• Supply voltage : 2.5 to 3.4 v 

• Packages: 
80-pin QFP (QFP80-P-1420) 

Chip (83-pad) 

SM3504 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

354 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

APPLICATION EXAMPLE 

AB CD EF 
7 8 9 

GH IJ KL 
4 5 6 

Common signal 

Segment signal 

H.-He 1-------' 

K12-K17 SM3504 

XCR 

KI. Vee TEST RESET XI XO BZ Vee 

LCD control: 60 x 8 dot 

111111IIIIII 
OOOOOCIOOOCIOO 
U.U.U.U.U.'-I.U.U.U.I_I.U.U. 5 x 5 dot matrix: 1 

1 

Q 

2 

W 

t 
SM3504 

Chip (83-pad) 

+ 
3 4 5 

E R T 

6 

y 

i 
I 

KEY: MAX. 85 key 

8 segment : 1 

A B ~ D E F 
7 8 > 

SM3504 
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SHARP 

SM3514 
DESCRIPTION 
The SM3514 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key input circuits and buzzer out­

put circuit. By connecting an external crystal, a 1 Hz 

timer interrupt is made possible for easier clock 

function. 

FEATURES 
• ROM capacity : 

Program ROM 8 k x 23 bits 

Character ROM 5 x 8 x 128 bits 

• RAM capacity : 
Working RAM 

Display RAM 

Data RAM 

256 x 4 bits 

60 x 10 bits 

512 x 8 bits 

• LCD display : 60 segment x 8 common 

• 1/0 ports: 
Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release: 2 events (2 Hz signal, key input) 

• Built-in oscillator : 
System clock (built-in CR oscillator) 300 kHz 

Timer (built-in CR oscillator) 32.8 kHz 

(external crystal) 32.768 kHz 

• Instruction cycle time: 1 0 ~s 

• Operating temperature : -10 to +60 DC 

• Supply voltage : 2.5 to 3.4 V 

• Packages: 
100-pin QFP (QFP100-P-1420) 

Chip (83-pad) 

SM3514 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

356 In the absence of confirmation by device specification sheets. SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

Common signal 

Segment signal 

H'-H.I-__ ---' 

K12-K17 SM3514 

XCR 

Kh Vee TEST RESET XI XO BZ Vee 

SM3514 
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SHARP 

SM3515 
DESCRIPTION 
The SM3515 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key input circuits and buzzer out­

put circuit. By connecting an external crystal, a 1 Hz 

timer interrupt is made possible for easier clock 

function. 

FEATURES 
• ROM capacity : 

Program ROM 12 k x 23 bits 

Character ROM 5 x 8 x 128 bits 

• RAM capacity : 

Wm~~RAM 256x4b~ 

Display RAM 60 x 1 0 bits 

Data RAM 512 x 8 bits 

• LCD display : 60 segment x 8 common 

• I/O ports: 
Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release: 2 events (2 Hz signal, key input) 

• Built-in oscillator : 

300 kHz System clock (built-in CR oscillator) 

Timer (built-in CR oscillatm) 

(external crystal) 

32.8 kHz 

32.768 kHz 

• Instruction cycle time: 1 0 ~s 

• Operating temperature : -10 to +60 °C 

• Supply voltage : 2.5 to 3.4 V 

• Packages: 
100-pin QFP (QFP100-P-1420) 

Chip (83-pad) 

SM3515 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

358 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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SYSTEM COMFIGURATION EXAMPLE 

Common signal 

Segment signal 

HI-He 1------' 

K12-K17 SM3515 

XCR 

KII Vee TEST RESET XI XO BZ Vee 

SM3515 
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SHARP 

SM3509 
DESCRIPTION 
The SM3509 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver, key/switch input circuit, 8-bit par­

allel I/O port, 2 output ports, external memory con­

trol circuit, and buzzer output circuit. 

FEATURES 
• ROM capacity : 

Program ROM 8 k x 23 bits 

Character ROM 5 x 9 x 128 bits 

• RAM capacity : 
Working RAM 256 x 4 bits 

Display RAM 60 x 9 bits 
Data RAM . 2 k x 8 bits 

• Memory expansion (external) : 8 k x 8 bits 

• LCD display : 60 segment x 9 common 

• I/O ports: 
Parallel I/O 8 bits 

Output 2 bits 

Buzzer output 1 bit (4 kHz) 

Key input 7 bits 

• Standby release : 2 events (2 Hz signal, key input) 

• Built-in oscillator : 

System clock (built-in CR oscillator) 250 kHz 

Timer (built-in CR oscillator) 32.8 kHz 

(external crystal) 32.768 kHz 

• Instruction cycle time : 12 ~s 

• Operating temperature : -10 to +60 °C 

• Supply voltage : 2.5 to 3.4 V 

• Packages: 
100-pin QFP (QFP100-P-1420) 

Chip (98-pad) 

SM3509 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

360 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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SYSTEM COMFIGURATION EXAMPLE 

[H [] I~=I m [;] 1:3 E;J [[] ~] [] [;] [] 

9c9c9c9c9c9c9c9c9c9c9c9c 
9c9c9c9c9c9,9c9c9c9c9c9c 

Segment signal 

SM3509 

Common signal 

361 



SHARP 

SM3512 
DESCRIPTION 
SM3512 is a CMOS 4-bit single-chip microcomput­
er for databank incorporating data memory RAM, 
LCD driver, key/switch input circuit, 8-bit parallel I/O 
port, 2 output ports, external memory control circuit, 
and buzzer output circuit. 

FEATURES 
• ROM capacity: 

Program ROM 8 k x 23 bits 
Character ROM 5 x 9 x 128 bits 

• RAM capacity : 
Working RAM 
Display RAM 
Data RAM 

256 x 4 bits 
60 x 9 bits 
8 k x 8 bits 

• Memory expansion (external) : 8 k x 8 bits 
• LCD display : 60 segment x 9 common 
• I/O ports: 

Parallel I/O 8 bits 
Output . 2 bits 
Buzzer output 1 bit (4 kHz) 
Key input 7 bits 

• Standby release: 2 events (2 HZ<~I.·.:.;.g ... , .. ; ....•......... n .. : .•.. ai, key 
• Built-in oscillator :./"'\ 

System clock (built-in 9,B;psCiIl9-tor) 
Timer (built-in CR oscjI!9~9r,) . 

250 kHz 
32.8 kHz 

( extern~~.,,~~~!al) 
• Instruction CYd;;nti,we;\~;:~{;."ps 
• Operating temp~r~~.~I~':'~~;,8.,to +60 °C 
• Supply ~~!~~~~>: 2;9;}.g.{~.4 V 
• Packag~?' :)':\\\,f'<" 

tQf.k~in' OFP (OFP100-P-1420) 
ChiR,O,92-pad) 

32.768 kHz 

SM3512 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

362 In the absence of confirmation by device specification sheets. SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs. data books. etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

Em E] 1[1] E~]I [!3 Iii] E1~ I~~J EJ IE] IE] 1m 

~D~D~D~DeDaDaDaDeDaDaDaD 
~D~DaD~DaDaDaDaDaDaDaDeD 

Segment signal 

Common signal 

H,-H9 f-----' 

SM3512 
EO, 
E02 Individual output 

SM3512 
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SHARP 

SM3508 
DESCRIPTION 
The SM3508 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver (the output is adjustable in 16 

steps for various contrast), key/switch input circuit, 

8-bit parallel I/O port, 2 output ports and buzzer 

output circuit. The chip also has memory expansion 

controlling feature. One of two ports contains spe­

cial output circuit for infrared(IR) communication. By 

connecting an external crystal, a 1 Hz timer interrupt 

is made possible for easier clock function. 

FEATURES 
• ROM capacity : 

Program ROM 12 k x 23 bits 

Character ROM 6 x 8 x 256 bits 

• RAM capacity : 
Working RAM· 256 x 4 bits 

Display RAM 74 x 16 bits 

Data RAM 3 k x 8 bits 

• Memory expansion (external) : 1 M x 8 bits x 3 

• LCD display : 74 segment x 16 common 

• I/O ports: 
Parallel I/O 8 bits 

Input 2 bits 

Output 2 bits 

Buzzer outpu 1 bit (4 kHz) 

Key input 6 bits 

• Standby release: 2 events (2 Hz signal, key input) 

• Built-in oscillator : 

System clock (built-in CR oscillator) 1 MHz 

(external ceramic resonator) 

Timer (built-in CR oscillator) 

(external crystal) 

• Instruction cycle time : 3 ~s 

• Operating temperature : -10 to +60 °C 

• Supply voltage : 2.5 to 5.5 V 

• Packages: 
128-pin OFP (OFP128-p-2828) 

Chip (128-pad) 

1 MHz 

32.8 kHz 

32.768 kHz 

SM3508 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

364 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. . 
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SYSTEM COMFIGURATION EXAMPLE 

(HIGH END DATABANK) 

11111 11111 I iii I IiIiI mil 11111 11111 mil mil 11m 11111 11111 1111111111 

1llilliiilliiilliiillilillilillHillilillii'j Iliil Iml I ill I niilliiil iii iii iii iii iii Iii iii iii ii! Ii iii iii iiil 1m 

9a9a9a9a9a9a9a9a9,9a9,9,9,9, 
Segment signal 

SM3508 

Common signal 
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SHARP 

SM3511 
DESCRIPTION 
The SM3511 is a CMOS 4-bit single-chip micro­
computer for databank incorporating data memory 
RAM, LCD driver (the output is adjustable in 16 
steps for various contrast), keylswitch input circuit, 
8-bit parallel 1/0 port, 3 output ports, external mem­
ory control circuit, buzzer output circuit and voltage 
detector circuit. One of three ports contains special 
output circuit for infrared(lR) communication. It is 
easy to realize timer function by timer signal inter­
rupt since the oscillator circuit is built-in. 

FEATURES 
• ROM capacity : 

Program ROM 
Character ROM 

24 k x 23 bits 
6 x 8 x 256 bits 

• RAM capacity : 
Working RAM 
Display RAM 
Data RAM 

256 x 4 bits 
98 x 32 bits 

512 x 8 bits 
• Memory expansion (external) : 16 M x 8 bits x 4 
• Built-in battery detector 
• LCD display : 98 segment x 32 common 
• 1/0 ports: 

Parallel 1/0 8 bits 
Input 2 bits 
Output 3 bits 
Buzzer output 1 bit (4 kHz) 
Key input 6 bits 

• Standby release : 2 events (Timer signal, key input) 
• LCD contrast adjustable : 16 levels 
• Built-in oscillator : 

System clock (built-in CR oscillator) 
(external ceramic resonator) 

Timer (built-in CR oscillator) 
(external crystal) 

• Instruction cycle time : 3 ~s 
• Operating temperature : -10 to +60 °C 
• Supply voltage : 3.8 to 6.0 V 
• Package: Chip (180-pad) 

1 MHz 
1 MHz 

32.8 kHz 
32.768 kHz 

SM3511 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

366 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 



SHARP 

SYSTEM COMFIGURATION EXAMPLE 

(HIGH END DATABANK) 

................................................................................................ 

lililllllllllllllllllllllllllllllllllllllllllllllllill1III1II11111111111111111111111111111111111 ................................................................................................ 
Segment signal 

SM3511 

Common signal 
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SHARP 

SM3513 
DESCRIPTION 
The SM3513 is a CMOS 4-bit single-chip micro­

computer for databank incorporating data memory 

RAM, LCD driver (the output is adjustable in 16 

steps for various contrast), key/switch input circuit, 

8-bit parallel I/O port, 3 output ports, external mem­

ory control circuit, buzzer circuit and voltage detec­

tor circuit. One of three ports conta~s special out­

put circuit for infrared (IR) communication. It is easy 

to realize timer function by timer signal interrupt 

since the oscillator circuit is built-in. 

FEATURES 
• ROM capacity : 

Program ROM 24 k x 23 bits 

Character ROM 6 x 8 x 256 bits 

• RAM capacity : 
Working RAM 

Display RAM 

Data RAM 

256 x 4 bits 

74 x 32 bits 

512 x 8 bits 

• Memory expansion (external) : 16M x 

• Buil-in battery detector 
• LCD display : 74 segment x 32 r-nnnrY"lr,n 

• I/O ports: 
Parallel I/O 8 hits 

Input2>8Jt~ 
Output 3;~i~~L"<,,y;,i"'" 
Buzzer ,,~,utP\.Jt 1 bit (;1 kHz) 
Key input 6,bits 

• Standbyr,,7J~~§~ :2:~y,~,~ts (Timer signal, key input) 
• LCD contrastadjustable : 16 levels 

• Built-in'Oscillcitor : 
Systeijlclock (built-in CR oscillator) 

(external ceramic resonator) 

1 MHz 
1 MHz 

32.8 kHz Timer (built-in CR oscillator) 

(external crystal) 32.768 kHz 
• Instruction cycle time: 3 I-ls 

• Operating temperature: -10 to +60 °C 

• Supply voltage : 3.8 to 6.0 V 

• Package: Chip (156-pad) 

SM3513 

4-Bit Single-Chip Microcomputer 
(For Data Bank Use) 

368 In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP devices shown in 
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device. 
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SYSTEM COMFIGURATION EXAMPLE 

S9-S32 

(HIGH END DATABANK) 

................................................................................................. 
~1111~l~l!!1!111l!!~11!1!!!ll!l!1!!l!l!lll!!!!ll!1!1!ll!lll!!l!ll~l!!!!!l!l!!!!!l!lll!!!!!Hllll ................................................................................................. ................................................................................................. ....................................................................................................... .................................................................................................... 

liiiillliilliiiilllllilliiiillll!llllliillllllliiiliiiill~iiiiill!llliiiiillliiilllliillliiliil 
................................................................................. a .................... . 

:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
•••••••••••••••••••••• a ................................... a .................. a ................................... a • .................................................................................................... 

Segment signal 

SM3513 

SM3513 

Common signal 
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PRECAUTIONS FOR 
SINGLE-CHIP MICROCOMPUTERS 

Installation Considerations-Mounting 
OSC on PCB 
When mounting LSI and oscillation circuit on PCB, 

observe the following precautions to minimize stray 

capacitance of wiring and noise interference. 
1) All wirings to/from oscillator must be as short as 

possible. Capacitor and crystal must be placed 

close to the LS I. 
2) Do not connect GND of oscillator to return line 

of high current circuit. 

3) Do not derive clock directly from oscillator 
wirings, leads. 

4) On a multi-layered PCB, do not intercross 

oscillator pattern and other circuit pattern. 
5) Do not run patterns carrying high current near 

the oscillator. 

6) Connect ground lead of capacitor directly to 
GND of LSI to eliminate potential difference. 
This also minimizes stray capacitance of wiring 

and leads. 

7) Stray capacitance of wiring to GND and Voo of 
LSI must be minimum. 

Recommended OSC circuit connection 

GND OSCIN OSCOUT 

o 

372 

PRECAUTIONS FOR 
SINGLE·CHIP MICROCOMPUTERS 

Preferable connection practice 
• Short wiring. Short distance between LSI and 

oscillator. 

• No direct clock output. 
• No high-current return is connected. 
• No intercross with wiring from/to other circuit(s). 

• All returns of oscillation circuit are at the same 
potential. 

• No high-current pattern running nearby. 



SHARP 

Undesirable Oscillator Circuit Connections 

• Long wiring. Crystal is not close to LSI. 

• GND of oscillator is connected 
to return path of High-current. 

High-current 

Long wirings 

• Current flows on line connecting ground 
points of oscillator. Voltage drops occurs 
across points a, band c. 

PRECAUTIONS FOR 
SINGLE-CHIP MICROCOMPUTERS 

• Clock is directly output. 

• (Multi-layered PCB) Oscillator 
wiring and another wiring intercross. 

PO 

• Pattern carrying High-current runs along oscillator. 
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SHARP DEVELOPMENT SUPPORT SYSTEMS 

DEVELOPMENT SUPPORT SYSTEMS 

Centronics 
Parallel 
Interface 

• Support Tools for a-Bit Single-Chip Microcomputers 

In-Circuit Emulator Emulation Pod 

The development support systems for 8-bit 

single-chip microcomputers are configured 

with a host computer and an appropriate 

in-circuit emulator. 

The development support systems for 4-bit 

single-chip microcomputers are configured 

with a host computer and dedicated debug­

ging tools (an emulator and an evaluation 

board). The SME-4D is a currently available 
high-performance SM emulator. 

jlDl~ , 
I:r-=~ .. ~ 

• Support Tools for 4-Bit Single-Chip Microcomputers 

Emulator 

I,~.DI Host computer 
(Perconal computer with 
MS-DOS'" operating system, 
such as Sharp's PC8900 
series or IBM's PC/AT) 

SME-40 

8-Bit Single-Chip Microcomputer 
Development Support Systems 

In-circuit Emulator 
This emulator helps develop 8-bit single-chip micro­

computer programs efficiently. 

It implements the functions of a single-chip micro­

computer, allowing PC-based program entry and 

debugging. 

Emulation Pod 
This emulation pod connects an emulator to a user 
system. 

It has a probe cable for external signals. 

376 

4-Bit Single-Chip Microcomputer 
Development Support Systems 

Emulator 
This emulator expedites the development of 4-bit 

single-chip microcomputer programs. 

An evaluation board connected to an SME-4D emu­

lator allows program development plus PC-based 

program entry and debugging. 

Evaluation Board 
Evaluation boards provide the functions of a single­

chip microcomputer running in a user system. An 

evaluation chip and an EPROM socket are mount­

ed on the board. 

An evaluation board connected to an SME-4D emu­

lator permits programs to be run in the emulator. 
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One-Time Programmable Microcomputer 
8-bit single-chip microcomputers with one-time-pro­
grammable (OTP) memory are pin compatible with 
SM8300 series microcomputers. Data can be wit­
ten to their program ROM once only in the same 
way as a EPROM is written to. 
When OTP microcomputers 
installed in user systems after 
memory writing, they func­

tion in the same way as 
masked ROM devices used 
for evaluation or production. 

Evaluation Chip 
An evaluation chip is a program debugging LSI 
device to which an external memory module can 
be connected in place of the internal ROM of a sin­
gle-chip microcomputer. 

DEVELOPMENT SUPPORT SYSTEMS 

Microcomputer with Built-In Flash Memory 
Microcomputers with built-in flash memory are 

pin compatible with SM8500, SM6000 series micro­
computers. 
Data can be rewritten repeatedly to their program 
ROM in three write modes of PROM mode, copy 
mode and serial transmit mode(on-board mode). 
When the microcomputers with built-in flash memo­
ry are installed in user systems after memory writ­
ing, they function in the same way as masked 
ROM devices used for evaluation or production. 

Piggyback 
Piggyback chips have a double stacking structure 
in which an EPROM socket is mounted on an eval­

uation chip housed in a regular Ie pakage. They 
can be installed in user sys- !S 

tems to allow evaluation in 
a physical package simi­
lar to that used in mass pro­
duction. 

* Under development 

a-Bit Single-Chip Microcomputer Development Support Tools 

Model No. 
In-Circuit Emulator 

Unit I Emulation Pod 
Evaluation Chip Piggyback 

OTP 

Microcomputer 

SM8311/3/4/5 LU8300H7 I LU8313H4 LU8313H5 LU8313H6 LU8311 PO/P1 

SM8502* 13* 14/5* 16 Refer to page 379 *LU8500FO/F1 * 
* Microcomputers with built-in flash memory. 

Support Tool Features 

• 64k-byte emulation memory • Line assembler and reverse assembler 

In-circuit emulators • RS232C interface to host • Centronics interface 

(LU8300H7) • Instruction cycle time count • Coverage function 

• Real-time trace function • Structured assemler for SM8300 
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SHARP DEVELOPMENT SUPPORT SYSTEMS 

* Under development 

4-Bit Single-Chip Microcomputer Development Support Tools 

SME-40 System 

• Target microcomputers: 
4-bit single-chip microcomputers 

• Emulator: 
SME-40 (LU4DH400) 

• Evaluation board 

• Host computer 
Personal computer with MS-DOSTM 

operating system 

• Optional software : 
Cross-assembler/Mapper 

Emulator software 
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Supported MPU Evaluaton Board 

SM3503/04/14 L13504H2 

SM3507 L13504H2*1 

SM3508 L13508H2 

SM3509 L13502H2 

SM3511/13* L13511 H2 

*SM3512 L13512H2 

SM3515 L13515H2 

SM3903 -

SM3905 -

SM563 LU563H2 

SM565 LU565H2 

SM5K4/5K5 LU5K5H2 

SM5K6 *LU5K6H2 
SM5L 1 /5L2/5L3 LU5L1H2 

*1 Evaluation chip: Ll3507H5 
*2 OTP microcomputer 

Piggyback / OTP 
-
-
-
-
-
-

-
-
-

LU563H6 

LU565H6 
LU5K5PO/P1 /P2/P5/P6/P7 *2 

*LU5K6POOIP101P201P50/P60/P70*2 
-



SHARP DEVELOPMENT SUPPORT SYSTEMS 

* Under development 

16-Bit/8-Bit Single-Chip Microcomputers, 
32-Bit RISC Microcomputer Development Support Tools 
The development support tools for 16-bit/S-bit 
microcomputers and 32-bit RISC microcomputer 

are supplied by the YOKOGAWA Digital Computer 
Components. 

Supported MPU Support tool Package 

SM8311/13/14/15 AD200-S56/P POO 1 64SDIP 

SM8502* 103* 104/05* 106 AD200-S56/PP150 
100QFP 

Emulator 100QFP' 

*SM6003/04/05 
advice 

* 
100QFP 
100QFP' 

ARM7D Core * QFP, PGA, etc. 

* 0.5mm pin-pitch advice is the registered trademark of YOKOGAWA Digital Computer Corporation. 

Debbuger Supported MPU Language 

SM8311/13/14/15 Assembler 

microVIEW 
SM8502* 103* 104/05* 106 Assembler, Structured assembler/C compiler by ADaC 

*SM6003/04/05 Structured assemblerlC compiler by ADaC 

ARM7D Core C compiler confirming to ANSI by ARM 

ADaC : Advanced Data Controls Corp. ARM : Advanced RISC Machines, Ltd. 

FEATURES 
SM0300 Series SM8500 Series 

*SM6000 Series ARM7D Core 
(SM8311/13/14/15) (SM8502*103* 104/05*106) 

CPU core 8-bit CPU 8-bit CPU 16-bit CPU 32-bit RISC CPU 

ROM (byte) 8k to 32k 24k to 60k 16k to 96k 
Selectable 

RAM (byte) 512 to 1k 1k to 2k 512 to 3.5k 
at user's option 

liD 52 84 88 

Operating voltage 2.7 to 5.5 V 1.8 to 5.5 V 2.5 to 5.5 V 2.7 to 5.5 V 

Instruction cycle 500ns (at 5V) 330ns (at 5V) 67 ns (at 5 V)/100 ns (at 3 V) 30 ns (at 5 V)/50 ns (at 3 V) 

• NO converter 
• Timer 16-bit x 1 • Timer/counter 16-bit x 6 ·OMAC 
• Timer 8-bit x 7 • NO converter ·INTC 

Remarks • Zero cross detector circuit 
• NO converter • O/A converter ·IOC/BUSC 

• Pulse width measuring function 
• O/A converter ·PWM • RTC 

·SIO 
• UART/SIO • UART/SIO • 82CXX series etc. 

Application Office Automation equipment, Communication equipment, Audio visual equipment, 
POA etc. 

Home appliances Home appliances Bussiness equipment 

ARM is the trademark of Advanced RISC Machines, Ltd. 
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SHARP PACKAGING 

Package Outline (Unit: mm) 

SDIP : Shrink DIP* 

30 SDIP (SDIP030-P-0400) SOP : Small Outline Package 
QFP : Quad Flat Package 
LQFP : Low Profile QFP 
*DIP : Dual In-line Package 

10.16 TYP. 

I I 

J~ :~l~~> 
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SHARP PACKAGING 

28 SOP (SOP028-P-0450) 
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24 SSOP (SSOP024-P-0275) 
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60 QFP (QFP060-P-1414) 
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72 OFP (OFP072-P-1 01 0 ) 
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100 LQFP (LQFP100-P-1414) 
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128 QFP (QFP 128-P-2828 ) 
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SHARP CORPORATION Japan 
HEAD OFFICE IC SALES DEPARTMENT 
INTERNATIONAL SALES & MARKETING GROUP 
-IC/ELECTRONIC COMPONENTS 

INTERNATIONAL SALES & MARKETING GROUP 
-IC/ELECTRONIC COMPONENTS 

22-22, NAGAIKE-CHO, ABENO-KU, OSAKA 545, JAPAN 
PHONE: (06) 621-1221 

2613-1, ICHINOMOTO-CHO, TENRI-CITY, NARA 632, JAPAN 
PHONE: (07436) 5-1321 

FAX: 6117-725300,6117-725301,6117-725302 FAX: (07436) 5-1532 

U.S.A. 
SHARP ELECTRONICS CORPORATION 
Microelectronics Group 

North America Head Office 
5700 Northwest Pacific Rim Blvd. #20, 
Camas, WA 98607 
PHONE : (1) 360-834-2500 
FAX: (1) 360-834-8903 

West 
1980 Zanker Road, 
San Jose, CA 95112 
PHONE : (1) 408-436-4900 
FAX: (1) 408-436-0924 

16841 Armstrong Avenue, 
Irvine, CA 92714 
PHONE : (1) 714-250-0225 
FAX: (1) 714-250-0438 

Central 
1025 Royal Lane, 
DFW Airport, TX 75261-9035 
PHONE: (1) 214-574-5205 
FAX: (1) 214-574-9870 

9950 Cypresswood, Suite 350, 
Houston, TX 77070 
PHONE : (1) 713-955-9909 
FAX: (1) 713-955-9910 

Midwest 
1300 Napervill Road, 
Romeoville, IL 60441 
PHONE : (1) 708-759-6326 
FAX: (1) 708-759-6319 

1825 S. Woodward Avenue, Suite 170, 
Bloomfield Hills, MI48302 
PHONE: (1) 810-377-9220 
FAX: (1) 810-377-9222 

East 
14A Second Avenue, 
Burlington, MA 01803 
PHONE: (1) 617-270-7979 
FAX: (1) 617-229-9117 

Canterbury Hall, 4815 Emperor Blvd., 
Suite 140, Morrisville, NC 27560 
PHONE : (1) 919-941-0065 
FAX: (1) 919-941-0066 

EUROPE 

SHARP ELECTRONICS (EUROPE) 
GmbH 

Head Office 
Microelectronics Division, (MED) 
Sonninstrasse 3, 20097, Hamburg, 
Germany 
PHONE : (49) 40-23 76 22 86 
FAX: (49) 40-23 76 22 32 

Germany 
MED Stuttgart Office 
Zettachring 8, 70567, Stuttgart, 
Germany 
PHONE: (49) 711-72094'20 
FAX: (49) 711-7209428 
MED Nurnberg Office 
Donaustrasse 69, 90451 NOrnberg, 
Germany 
PHONE : (49) 911-642 70 51 
FAX: (49) 911-6426669 

France 
MED Paris Office 
Immeuble Rosny 2, Avenue du 
General de Gaulle 93110 
Rosny So us Bois Cedex, France 
PHONE : (33) 1-48 55 91 53 
FAX: (33) 1-48554678 

Itary 
MED Milano Office 
Centro Direzionale Colleoni 
Palazzo Taurus Ingresso 2 
20041 Agrate Brianza, Milano, Italy 
PHONE: (39) 39-68 99 946 
FAX: (39) 39-6899948 

U.K. 
MED London Office 
Centennial Court, Easthampstead 
Road, Bracknell, Berks RG12 1JA, 
United Kingdom 
PHONE : (44) 1344-86 99 22 
FAX: (44) 1344-36 09 03 
MED Scotland Office 
Unit 48 
Grovewood Business Centre, 
Strathclyde Business Park, 
8ellshill ML43NQ, 
Scotland, United Kingdom 
PHONE: (44) 1698-843442 
FAX: (44) 1698-84 28 99 

Ireland 
MED Dublin Office 
First Floor, Block 1, St. Johns Court, 
Santry, Dublin 9, Ireland 
PHONE: (353) 1-8428705 
FAX: (353) 1-8428455 

ASIA 
SHARP-ROXY (HONG KONG) LTD. 
3rd Business Division, 
Room 1701-1711, Admiralty Centre, 
Tower 1, Harcourt Road, Hong Kong 
PHONE : (852) 28229311 
FAX: (852) 28660779 

SHARP ELECTRONICS (SINGAPORE) 
PTE., LTD. 
Electronic Components Division, 
100, Beach Road #32-07 to 13, 
Shaw Towers, Singapore 0718 
PHONE : (65) 295-0566 
FAX: (65) 295-0977 

SHARP ELECTRONIC 
COMPONENTS (TAIWAN) CORPORATION 
8 Fl., No.16, Sec. 4, Nanking E. Rd., 
Taipei, Taiwan, Republic of China 
PHONE : (886) 2-577-7341 
FAX: (886) 2-577-7326/2-577-7328 

SHARP ELECTRONIC 
COMPONENTS (KOREA) CORPORATION 
RM 501 Geosung BID, 541, 
Dohwa-dong, Mapo-ku, Seoul, Korea 
PHONE : (82) 2-711-5813 to 5818 
FAX: (82) 2-711-5819 
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