


























































































































































































































































































































































































































































































































































































































































































































SHARP

SM5K5

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

* /O port :
Input 8
Output 4
Input/output 12 (36QFP/32SOP)
11 (30SDIP)
8 (28S0OP)

* Interrupts :

Internal interrupt x 1 (timer)
External interrupt X 2 (2 external interrupt
inputs)
+ A/D converter :
Resolution 10 bits
Channels 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 ps (MIN.) (2 MHz, at 5V £ 10%)

2 pus (MIN.) (1 MHz, at 2.2 t0o 5.5 V)
+ Large current output pins (LED direct drive) : 4
* Supply voltage : 22t0 5.5V

4-Bit Single-Chip Microcomputer
(Controller With 10-Bit A/D 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-1010)
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SHARP SM5K5
PIN CONNECTIONS
TOP VIEW
30-PIN SDIP 28-PIN SOP
S —
P53 [1] P41 lj O GND
P4s [2] P4z [2] % P4o
P42 [3] P43 [3] [26] AGND
Pas [4] Poo [4] [25] P33
P00 [5] PO [5] [24] P32
P01 (6 POz 6] 23] P31
P02 [7] P03 [7] [22] P30
P03 [8] P10 [8] [21] VR
P10 [9] P11 [9] [20] RESET
P11 [10] P12 [10] [19] Vop
P12 [11] P13 [11] (18] OSCout
P13 [12] P20 [12] [17] oscin
P20 [13] P21 [13] 6] P23
P21 [14] P22 [12] 15] GND
P22 [15] -
32-PIN SOP 36-PIN QFP
sics2lBREIS
P52 [1 GND ] P
P44 P52 (-
P42 [3] P4o O
P43 [4] AGND P20 [1] 27] P43
P00 [5] P33 P21 [2] 26] P42
por [6] P32 p22 3] 25| P41
POz (7] P31 (NC) [4] 24] P53
POs [8] P30 GND [5] 23] GND
P1o [9] VR P50 [6] 22] (NC)
P11 % RESET P51 [7] 21] P52
P12 [i1 Voo P23 [8] 20] P4o
P1a [12] 0SCout OSCin [9] [19] AGND
P20 [13] OSCiN
e o DN EE D EEm6E
GND (18] P50 s8LEcgegs
g B -

i 4-BIT SINGLE-CHIP MICROCOMPUTERS
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SHARP SM5K5
BLOCK DIAGRAM
ROM (3
‘é RAM
2 048-BYTE 2 128 x 4-BIT
....... —
DEC \__Dpec__ / [ x@ J= a@ ]
]
b 1
Voo | Pu(5) | P.(6) | | Bw(4) | BL(4) | w
GND | SR x4 l SR (8)
R ! ]
< [Rc T RrB ] [(Re] =5
o R —
E——r——>o R9
4
Sk ey ML iy | w
OSCour AD AGND
RESET j[
|o°|6l3|8 o2 dadd 86 B S F IS S8 58S
a oo la o [ TR o WY HRY o TR o NN o Y o IR « [ Mo N « M o [ VR o O o W o IR « W s O s o
Nomenclature
A : A register INT : Interrupt contro! unit
AD : A/D converter unit PO-P5 : Port register
ALU : Arithmetic logic unit Pu, Pu : Program counter
Bwm, Bu : RAM address register R8, RY, RC, RE, RF : Mode register
o] : Carry flag RA : Count register
IFA, IFB, IFT : Interrupt request flag RB : Modulo register
IME : Interrupt master enable flag SB : SB register
INST. DEC. : Instruction decoder SR : Stack register

228



SHARP

SM5K5

PIN DESCRIPTION

SYMBOL /0 FUNCTION
P0c-P0s o] High current output (sink current 15 mA)
P1o-P14 | Input (standby release) (counter input : P11)
P12-P1a | Input (standby release)

P20-P23 e} Input or output (independent)
P30-P3s | Input (also used as analog input)
P40-P43, P50-P53 1o} Input and output

OSCn, OSCour /o] Crystal pins

RESET | Reset signal input
VR, AGND | A/D converter reference supply input port
Voo, GND | Power supply, Ground

NOTE :

Symbols apply to 32-pin SOP and 36-pin QFP. (In case of 30-pin SDIP, P52 does not exist. In case of 28-pin SOP, P50-P53 do not exist.)

ABSOLUTE MAXIMUM RATINGS

4-BIT SINGLE-CHIP MICROCOMPUTERS

PARAMETER SYMBOL CONDITIONS RATING UNIT
Supply voltage Voo -0.3t0 +7.0 \
Input voltage Vi —0.3 to Voo+0.3 Vv
Output voltage Vo —0.3 to Voo+0.3 \"

low High-level output current (all outputs) 4 mA
Maximum output current loto Low-level output current (POe-P0s) 30 mA

lout Low-level output current (all but POo-P03) 4 mA

Yo High-level output current (all outputs) 20 mA
Total output current oL Low-level output current (all outputs) 80 mA
Operating temperature Torr -20 to +70 °C
Storage temperature Tste -55 to +150 °C
RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL CONDITIONS RATING UNIT
Supply voltage Voo 221055 \Y
Instruction cycle Tsvs Voo = 2210 55 V 210 61 s

Voo = 5.0V £ 10% 1 to 61
Main clock frequency fosc Voo =22t055V 1 Mto 32.768 k Hz
(OSC-0SCour) Voo = 5.0V £ 10% 2 Mto 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
ViHt 0.8 x Voo Voo v 1
Inout voltage VL 0 0.2 x Voo
pu g ViHz - 0.9 x Voo Voo y o
Vi 0 0.1 x Voo
Voo =22t0 3.3V 2 25 90
i [Vw=0V Voo= 451055V | 25 70 250 bA 3
Input current liH1 Vin = Voo 2
lie Vn=0V 1 10
A 4
[ VN = Voo 1 10 H
Voo =22t033V 5 15
=10V
lout Vo =10 Voo=451055V | 15 25 .
A
Voo = 2210 33 V 0.3 15 m
= 5V
Outout current lora | Vo = Voo-0.5 Voo = 4510565V | 1.0 22
P | Vo o05v Voo=221033V | 7 35
o e=" Voo=45t055V | 20 60 6
Vo= 221033V | 300 | 2000 WA
| Vo=V S5V
e 0= Vor-0.5 Voo=45t055V | 1000 | 2400
fosc = 2 MHz Voo =45t055V 1200 2 500
Voo =22t033V 300 800
fosc =1 MH
o | O° Z  [Ve-45t055V 600 | 1200 | pA 7
Voo =22t033V 20 120
fosc = 32.768 kH
ose =3 ? Noo= 451055V 40 160
fosc = 2 MHz Voo =4.5t055V 760 1 500
| fosc = 1 MHz Voo =45t055V 400 900
HLT
Supply current Voo=221033V 15 60
fosc = 32.768 kH
ose Z Vo= 451055V 20 90 LA 7
Ceramic osc. Voo =221t033V 2
istop Crystal osc. Voo =221t03.3V 2 10
(at 32.768 kHz) Voo =45t055V 10 25
Voo =22t03.3V 130 300
Di i A
VP Inoperaton g ey 220 | 450 | " 8
A/D in stop Voo =221t055V 2 pA 9
Resolution 10 bit
Differential fosc = 1 MHz
Voo=VR =50V + 4.
linearity error | Toer = 25°C oo =V 50 t2b5 0
A/D conversion fosc = 1 MH
COMVEISION || inearity error |0 Z |Voo=VR=50V +32 | 50 | LSB
Torr = 25°C
fosc = 1 MHz
Ti = =5. + 6.
otal error Torm = 255G Voo =VR =50V +4.0 6.0
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NOTES :

1. Applicable pins : P12, P13, P20-P23, P30-P3s (digital input
mode), P4o-P43, P5¢-P55"!

2. Applicable pins : OSCw, RESET, P10, P11

3. Applicable pins : RESET, P1o-P1s, P20-P2s, Pdo-P4s,

P50-P5s (digital input mode)*’

4. Applicable pins : P30-P3s (analog input mode)

5. Applicable pins : P0s-P0s, (High current port)

6. Applicable pins : P20-P23, P4o-P4s, P50-P53
(during output mode)

7. No load (A/D conversion in stop) MAX. value Voo = 5.5V
(or 3.3 V), Torr = —20°C

8. A/D conversion in operation (operation enable)

9. A/D conversion in stop (operation disable)

*1 In case of 32-pin SOP and 36-pin QFP.
( In case of 30-pin SDIP, P5: dose not exist. In case of
28-pin SOP, P50-P5; 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

@4——— EXAX instruction
3 0

Fig. 1 Data Transfer Example between
A Register and X Register

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

4-bit data 4-bit data

]
AV

ALU

/ Yesult of operation

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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B Register and SB Register

« B register (Bm, Bo)

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

+ SB register
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 9 3

0

T T
Breg isterl Bw register I B register
L bt}

™ I

7

~4———————— EX instruction (swap)

0

r L $B register

T
Il |

Fig. 3 B Register and SB Register

Data Memory (RAM)
The data memory (RAM) is used to store data up
to 4 x 16 x 8 = 512 bits.

Word (0-FH)
s —A ~
Bilo{1|2|3|4|5|6f7|8lo|lAalB|lc|D|E|F
(BM
0
1
2
File 3
(0-7)ﬁ 4
5
6
7 x
.

% 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 Execution of interrupt handling and the table
address. The PC consists of 12-bit as shown in reference instruction PAT also automatically uses 1

Fig. 5 : The upper 6-bit (Pu) represents a page stage of the stack register SR.
while the lower 6-bit (PL) denotes a step. The Pu
section is a register and the P. section, a binary

counter.
Program counter PC
Pu PL
MSB LSB
Push { J 1) 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 step. See Fig. 6). The configuration of the ROM

capacity of the ROM is 2 048-step (32-page by 64- and program jumps are illustrated in Fig. 7.

Specifies a page (Pages 00H-3FH) Specifies a page (Pages 00H-3FH)

A A

Pu P

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

00y | St address upon hardware reset 1om

o |meme s (e | @

o N ]

034 Standby released \® ®| 134 wRSx %
\

04 | oiontnamcions. N+ || 14w

05H N\Ipsx 15H

06H 16H

07H @)_xy 17H

08H / 18H

oo | 19m T

0AH TRx>® 1AH

0BH 1BH

0CH @/;{TN 1CH

ODH CALE‘_’———_{_/@ ’ 1DH

OEH 1EH

OFH 1FH

Last page, last step (1F3FH)

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

Fig. 7 ROM Configuration and Program Jump Example

234



SHARP SM5K5

Output Latch Register and Mode Register

The SM5KS5 contains 6 output latch registers and 8 Theses registers, their functions and available
mode registers which either latch contents of output transfer instructions are shown in Table 1 below.
ports or control some functions of the SM5K5.

Table 1 Output Latch Registers and Mode Registers

SYMBOL FUNCTION OUT | INL | OUT | INTPB | ANP/ORP | CONTENT OF B.

PO Output register 0] - (0] - (0] 0

P1 Input register - (0] - e} - 1

P2 I/O register (independent) - - o] 0} o} 2

P3 Input register (and analog input) - - - 0o - 3
R3O Control register | - - oI N 3 ]

P4 I/O register - - 0] 0] 0] 4

P5 I/O register - - (0] (0] (0] 5

R8s+ A/D data/control register - - (0] o} - 8

Rgx A/D data register - - 0] (0] - 9

RA* Timer/counter register - - (0] (0] - A

RB* Timer/modulo register - - 6] O - B

RC Timer control register - - (o] o - Cc

RE Interrupt mask register - - (0] (0] - E

RF P2 directional register - - 0] (0] - F

* 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.
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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

OSCw pin repeats 2" 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 FLAG REGISTER STATUS
PC 0 IFA flag 0
SP Level 1 IFB flag 0
RAM Undefined IFT flag 0
Register A Undefined IME flag 0
Register X Undefined C flag Undefined
PO, P2, P4, P5 output latch register 0 Bw, BL registers Undefined
Timers (RA, RB), divider 0 R3, R8*, R9, RC, RE, RF 0

* 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 P0o to
POz pins go High level.

4) Interrupt request flags (IFA, IFB, and IFT),
interrupt master enable flag (IME) are reset,
disabling all interrupts.

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

HALT mode '
release event '

Normal i
operation ' :

STOP mode
release event

Standby mode

HALT mode
STOP mode

Fig. 8 Operation Shift of Program

- Blocks stopped during standby mode

In the halt mode

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.

In the stop mode

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 R8, R9, RA, RB
IFT flag Bwm, B register RC, RE, RF
IME flag SP
C flag SR
- Releasing events of standby mode (6-type)
RELEASING EVENT FLAG | INT/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 IFT 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

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.

Mask flag (mode register RE)

RE2 | REt1 | REO

Interrupt request flag

I FA

IFB

LET |

Stack register SR
Program counter PC

INT signal

Interrupt handling circuit

Interrupt enable flag
IME (master enable flag)

Fig. 9

« 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 IFT, respectively,
that then serve as interrupt request flag.

Interrupt Block Diagram

Table 4 shows interrupt handling priority level and
jump address.

Table 4 Interrupt Event Summary
INTERRUPT EVENT JUMP ADDRESS
PRIORITY ORDER INTERRUPT MASK FLAG
(REQUEST FLAG) PAGE | STEP
Falling edge of input on P1o (IFA) 2 0 1 REo
Falling edge of input on P11 (IFB) 2 2 2 REs
Timer overflow (IFT) 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 1D 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, REz, interrupt
mask flag) individually enables or disables three
type of interrupts.

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.

l A I | X l
0 4 30 3 After setting B = 0B+

¥ ——— OUT command ( RB—( X, A])

IN ¢ d([X A)J—RB)
Modulo register
gl ( RB register )
fovs /27 § 0 3|4 7 After setting BL = OAw
E] %" OUT command
[ 2
- fovs /2"° 2 Count register
fsvs Divider ; (RA regigster) | FT | Interrupt request flag
System clock 5 0 T4 7
P1: pin @ —» Alter setting BL = 0An
( external event clock ) IN command
boooLa ] [ x|
I 0 30 3
Mode register
( RC register)

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

ER 2-
LOV:’ R2 Bn.- OF RC :lTS SELECTED COUNT CLOCK
1
0 1 0 fsvs (system clock)
0 E 1 fsvs/27
1 . 0 fsvs/215
1 ! 1 External event clock (P11)
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A/D Conversion

The SM5KS5 is provided with a built-in 10-bit A/D
converter having 4-channel multiplexer analog
inputs. The A/D converter operates in A/D
conversion mode and comparison mode. In the
A/D 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 P3s pins can be
used as analog voltage inputs. One or more of
these 4 inputs can be set to assume A/D pin by
the bit operation of the mode register R3. One of
these A/D pins is further set as analog input by the

bit operation of the mode register R8. The A/D
converter is controlled by the bits set in the mode
register R8. For details of the mode register R8,
refer to MODE REGISTER R8. Configuration of the
A/D converter is illustrated in Fig. 11.

CAUTIONS

» Keep the A/D 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.

P30 ] £ —&) VR
w 3 o
PO B 3 10-bit
-— 2
P2 O E[ 3 D/A
5| | &
P33 ( }— Changeoﬁ - Comparator _@ AGND
Contorol circuit _J
: A/D control, data A/D data
R3 register (mode register R8 ) ( Mode register R9 )

o g

X, A registers

A register

{J

X, A registers

Fig. 11 A/D Converter Block Diagram

A/D CONVERSION MODE

In the A/D 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 R8 and R9.

The conversion requires 152.5 ps (main clock at
400 kHz/system clock at 5 ps) or 1.86 ms (main
clock at 32.768 kHz/system clock at 61 ps).

COMPARISON MODE

In the comparison mode, the analog voltage from
one of P3o to P3s pins is compared, in amplitude,
with internally generated voltage whose value is set
by the mode registers R8 and R9. The result data
of the comparison is saved into the bit 4 (bit R84)
position of the mode register R8. The comparison
cycle lasts 62.5 ps (main clock at 400 kHz, system
clock at 5 ps) or 763 ps (main clock at 32.768
kHz/system clock at 61 ps).
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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 QUT
command is used; and to check the contents of the
mode registers IN command is used.

R3 (A/D pin selection register)
Any pin on 4-pin port P3 can be set to accommodate
analog voltage (hereafter called A/D pin).

Bit 3 0

LTI

Biti (i=3to0)
Set P3i pin to either general purpose input or
A/D pin
0 | (general purpose) input
1| A/D input

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

R8 (A/D conversion control & A/D data
register)

An 8-bit register used to control A/D conversion
and storing part of A/D conversion result. It also
stores the results of comparison.

Bit 7

0
HEEERREN

Bit7, 6

Storage of A/D conversion result (A/D 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 A/D
conversion mode.

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

Bit 5
* A/D operation enable/disable flag
0 | Disable (A/D power source off)
1 | Enable (A/D power source on)
Bit 4
Storage of comparison result (read only)
0 | P3i pin voltage < internal setting voltage
1 | P3i pin voltage > internal setting voltage
(i=3t00)

Bit 3
* S/R flag (start/clear)
0 | End of operation (or stop)
1 | Start of operation (or in operation)
Bit 2
Operation mode selection
0 | A/D conversion
1 | Comparison
Bit 1, 0
Select one of A/D pins as A/D conversion.
00 | P3o
01 | P3;
10 | P32
11| P3s

* When operation is end, these bits are cleared.

R9 (A/D data register)
The register to store the upper 8-bit of 10-bit data
resulting from A/D conversion.

Bit 7 0

LL L]

Biti (i = 7 to 0)

Storage of A/D conversion result (A/D 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 A/D conversion resuit.

» Use as upper 8-bit of internal voltage setting
data in comparison mode.
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RA (Count register)
Bit 7 0

Biti (i= 710 0)
Count clock input register
» Use as counter part of timer/counter (count
clock input). :
* Load the content of RB to RA when the R
overflows or when OUT command (BL = 0A+)
is executed.
RA«RB
« Load the content of RA to X and A registers
upon execution of IN command (B. = OAw).
(X, A)—RA
* Bit 7 = MSB, bit 0 = LSB

RB (Modulo register)
Bit 7 0

N N N

Biti(i=7t00)
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 (B = 0BH) : X = upper bits,
A = lower bits.

(X, A)«-RB
* Load the contents of X and A registers to RB
upon execution of
OUT command (B. = 0B) : X = upper bits,
A = lower bits.
RB«(X, A)
« Bit 7 : MSB, Bit 0 : LSB

RC (Timer control)
Bit 3 0

(T T 1]

Bit 3
Start up count of the timer.
0| stop

1 | start

Bit 2 (Unused)
Bit 1, 0
Select the source clock to the timer.
00 | fsys (system clock)
01 | fsvs/2”
10 | fevs/2®
11 | falling edge input on P11 pin

RE (Interrupt mask flag)
Bit 3 0

LT T

Bit 3 (Unused)
Bit 2
Remove overflow interrupt from timer or standby
condition.
0 | disable
1 | 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.
0 | disable
1 | enable

Bit 0
interrupt on the falling edge of input on P pin, or
release of standby mode by the Low input from
P1o pin.
0 | disable
1| enable

RF (P2 port direction register)
Bit 3 0

LT T 1]

Biti (i=3to 0)
Selection of input pin/output pin
0 | Set P2i pin to input.
1| Set P2i pin to output.
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/O 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 B. register. For details of BL
settings and associated ports, refer to Table 1.

» Port P0o 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 P13 (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 P1s pins. Pins P1o and P1:
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 P2, 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.

« Port P3s to P3s (input port with pull-up resistor)
The data transfers in unit of 4-bit. The port can also
be used as A/D analog voltage input. To use the P3
port as the A/D port, set the mode register R3.

+ Port P40 to P4s (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 (P40 to P4s) 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 (P50 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, IFT] ), 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 OSCcur (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

runs at 400 kHz, the system clock fsys is 200 kHz.
This means that the instruction execution time is 5
ps/word. Using a 32.768 kHz crystal oscillator
generates 16.38 kHz fsys and the instruction
execution time is 61 ps/word. The system clock
can be used as count input pulse to the timer.

Main clock
(fosc)

Judiuy

System clock

(fsys)

Fig. 12 Main Clock and System Clock

- Divider

The divider consists of 15 divided-by-two dividers,
providing 2 (fsvs/27, fsvs/2") of 4 count clocks that
are fed to the counter RA from the system clock.

Its configuration is shown below. The divider can
be clear by using the DR instruction.

0SCw @__

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

OSCour @“'

fsvs/2 7
CG
TJAJA A A A [ 1] 1] 1]1] fevs2"®
VA VAVAVAVAVAVAVAVAVAVAVAVA VAV
fevs |2 |2l2la|2]2|2]|2]|2]2|2]|2]2|2]2

( System clock )

f 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

Pj
Rj
ROM () :

Cy

: Content of RAM at the address defined

by the B register.

: Transfer direction

: Logical OR

: Logical AND

: Exclusive OR

: An i bit of A register (i = 3 to 0)

:Save the contents of PC to stack

register SR.

: Return the contents saved in the stack

register back to PC.

: Indicates output latch register or input

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

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

C,EF)
Content stored in ROM location defined
by the value in ( ).

: 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.

: 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 (I+ 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 14 and
decrement addition of Fn.

« 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.
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Instruction Summary (by function)
MNEMONIC |MACHINE CODE OPERATION MNEMONIC [MACHINE CODE| OPERATION
ROM Addressing Instructions Arithmetic Instructions
TR x 80 to BF | Prex (Is-lo) A—A+x (Is-lo)
ADX 00 to OF
"y E0to E7, |Pucx () X 1 OF I Skip the next step, if CY = 1
d 00 to FF | Piey (Is-lo) ADD 7A A—A+M
Push, Pu«<01#, A—A+M+C, C<CY
TR DF AD 7B
Sx Coto PLex (Is, s, Io, |1, lo) © Skip the next step, if CY = 1
CALL xy FO to F7 | Push, Puex (l11-ls) COMA 79 A<A .
00 to FF | Py (ls-lo) INCB 78 BueBu+1, Skip the next
RTN 7D Pop step, if result of BL = 0
RTNS 7E Pop, Skip the next step DECB 7 BL(——B.L—1, Skip the next
RTNI 7F Pop, IME«1 step, if result of BL = Fu
Data Load Instruction Test Instructions
LAX x 10to 1F | Aex (Is-lo) TAM 6F Skip the next step, if A= M
LBMX x 30 to 3F | Bue—x (ls-lo) TC x 6E Skip the next step, if C = 1
LBLX x 20'to 2F | Buex (|3-.|o) ' ™ 48 10 4B Skip the next step, if Mi = 1,
LDA x 50 to 53 A<M, BuieBui @ x (I1, lo), (i=3100)
i=1,0) TABL 6B Skip the next step, if A = BL
A, Bui i ip th ,if P (R
EXG x 54 10 57 MH , Brie=Bui @ x (hh, lo) TPB x 4C to 4F $klpl 'e next step, if P (R)
(i=1,0) i=1,(=l)
M<.—>A, .BL(—BL+1 . TA 6C Skip the next step, if IFA = 1
EXCI x 58 10 5B Buie—Bwmi @ x (I1, lo), (i = 1, 0) IFA<-0
Skip the next step, if resul Skip the next step, if IFB = 1
TB 6D
of BL=0 IFB<0
MeA, Bue—Bi—1 T 69 Skip the next step, if IFT = 1
Buie—Bwmi @ x (I1, ), (i =1, 0) 02 IFT«0
EXCD 5C to 5F
X ° Skip the next step, if result Bit Operation Instructions
of BLis = Fu SM x 441047 |Mi1(i=31t00)
EXAX 64 AeX-reg RM x 401043 |Mi<0 (i=31t00)
ATX 65 X-rege-A SC 61 Ce1
EXBM 66 BveA RC 60 Ce0
EXBL 67 BLioA IE 63 IME<«1 (Interrupt enable)
EX 68 B~SB ID 62 IME<«O (Interrupt disable)
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MNEMONIC |MACHINE CODE OPERATION

/O Instructions
INL 70 A«P1
OUTL 71 PO«<A
ANP 72 PiPiNA(j=0,2, 4,5)
ORP 73 PicPiUA(j=0,24,5)

A—Pj(j=1,23,4,5)

IN 74 X-reg, A«Rj(j=8,9, A, B)

A<Rj(j=C, E F)

Pj—~A (j=0,2, 4, 5)
Rj—X-reg, A(j=8,9,B)

out 75 RARB

Rj—A (j=3,C, E, F) %

Table Search Instructions '5

Push %

PAT oA Puc04n, Pe—(X1, Xo, A) 8
X-rege—ROM:, AROML Q

Pop o

Divider Operation Instructions E

DR 69 Divider (fo-f1s) clear 5
03 ul

Special Instructions E')'

STOP 76 | Standby mode (STOP) =
HALT 77 Standby mode (HALT) =
NOP 00 No operation 3
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SYSTEM CONFIGURATION EXAMPLE
« Charger controller

@

emmmaiommm

POo P01 POz POs 4

Vb P20 -
— VR Switching circuit -
> ~o——{ Pdo P21 [=
> ~o——| P44

> ~>——»| P42 SM5K5 Battery

To 10-bit A/D converter

OSCiN P3o [~
OSCour RESET
i GND AGND 1
| I T
=

|||—|
||I—|
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SMSK6

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 A/D converter and timer/counters. |t 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
* 1/O port :
input 4
input/output 20
* Interrupts :
Internal interrupt x 3 (2 timers, 1 serial

interface)
External interrupt x 2 (2 external interrupt
inputs)
« A/D 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 :
1ps (4 MHz, at 5V + 10%)
4ps (4 MHz, at2.0t0 55 V)
« Large current output pins (LED direct drive) : 8
* Buzzer output
* Supply voltage : 20to 55V

4-Bit Single-Chip Microcomputer
(Controller With 10-Bit A/D Converter)

* Packages :
30-pin SDIP (SDIP030-P-0400)
32-pin SOP (SOP032-P-0525)
36-pin QFP (QFP036-P-1010)

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

P10E
P11 2]
P1ZE
P13E
P20E
P21 [6]
P22 E
GND [&]
PSOE
P51 @

P4o

P2s 1] AGND
oscn [12] P3s
0sCour [13] P32
Voo/VR [14] P31
RESET [13] [16] P30

36-PIN QFP

TOP VIEW
32-PIN SOP

GND

AGND

RESET
Voo
OSCour
OSCin
P23

P51

P50

o o )
- - - -
oo oo

N - 2
o o o
o o o

NC)

«
o
a

_[elRelRAlRR] R 0 fos] 28]

P20
P21
P22
(NC)
GND
PS50
P51
P23
OSCiN

®)

250




SHARP

SM5K6

BLOCK DIAGRAM

ROM RAM
4 096-BYTE 256 x 4-BIT
>
PC (Pu, PL) B (BM, BL)
SB
SRx8 —
P53
8 PULSE OUTPUT (P23} ] 0 P52
A 2 P51
w
OSCIN g: osc DIVIDER | = P50
2 TIMER 1 IFT1 —
0OSCour < SERAL | |
E TIMER 2 IFT2 P2 INTERRUPT INTERFACE | 3| P4o-P42
% FA 1025 | CONTROLLER Pas
P22 FB P21 AD | . pas
[ HARDWARE 2 CONVERTER o
RESET O—-| ReseT 4 STANDBY P41
CIRCUIT N CONTROLLER
4 P4o
Voo i: L 4 P33
ND
G ] [ o P32
. P3
L PO | | P1 I P2 | !
; ] 1 l 1 ! 1 ; P30
POo P01 P02 P03 P1oP11 P12 P13 P20 P21 P22 P23 VR AGND
Nomenclature
Areg : A register (Accumulator) PC : Program counter
ALU : Arithmetic logic unit RAM : Data memory
B : RAM address register ROM : Program memory
o] : Carry latch flag SB : SB register (Stack B-reg)
IFA, IFB, IFS : Interrupt request flag SR : Stack register (Stack PC)
IFT1, IFT2 Xreg : X register (Sub accumulator)
osc : System clock oscillator
PO, P1, P2 : /O access
P3, P4, P5
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PIN DESCRIPTION
PIN NAME | 110 FUNCTION

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

P0s-P0s Vo each pin serves as a drive with a 15 mA (Typ.) current sinking capability.

P1o-P1s /o 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

P2, /o Input or output (independent) : Direction of this pin can be set independently. Assumes
external interrupt input or standby release.

P2, /o Input or output (independent) : Direction of this pin can set independently. Assumes count
clock input or standby release.

P2, /o Input or output (independent) : Direction of this pin can be set independently. Assumes
external interrupt input or standby release.

P2, Vo Input or output (independent) : Direction of this pin can be set independently. Assumes

standby release or buzzer output (divider clock).

P30-P3s | |Parallel input : Accepts input in units of 4 bits. Also assumes A/D pins.

Input or output (independent) : Direction of this pin can be set independently. Assumes A/D

Pdo VO | 5in or SI0 data input.

P4, 1o Input or output (independent) : Direction of this pin can be set independently. Assumes A/D
pin or SIO data output.

P4, /o Input or output (independent) : Direction of this pin can be set independently. Assumes A/D
pin or SIO clock I/0.

P4 /o Input or output (independent) : Direction of this pin can be set independently. Also

assumes A/D pin.

P50-P53 IO | 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 |
0.1 pF (Typ.) across RESET and GND .pins.

Main clock circuit pins. Connecting a crystal across these pins completes main clock

, OSC I, O ) . . .
OSCn o oscillator. The divided-by-4 main clock is used as the system clock.

Voo, GND - | Power supply input to the microcomputer
VR, AGND - | A/D 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 I/O ports programmed as input port are provided with pull-up resistors.
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ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL CONDITIONS RATING UNIT
Supply voltage Voo -0.3to +7.0 \
Input voltage Vin —-0.3 to Voo+0.3 \"
Output voltage Vour —-0.3 to Voo+0.3 \Y

lon High-level output current (at each output) 4 mA
Max. Qutput current loto Low-level output current (P0c-P0s, P10-P13) 30 mA
lott Low-level output current (all but POo-P0s, P1o-P13) 4 mA
2o High-level output current (all outputs) 20 mA
Total output current Yo Low-level output current (all outputs) 120 mA
Operating temperature Torr —20 to +70 °C
Storage temperature Tsta -55 to +150 °C

RECOMMENDED OPERATING CONDITIONS

PARAMETER SYMBOL CONDITIONS RATING UNIT

Supply voltage Voo 20t0 55 Vv

Instruction cycle teve Veo=201055V 4 1o 122 us
Voo=5.0V £ 10% 110 122

System clock frequency fovs Voo=2.0t0 55V 250 k to 8.192 k Hz
Voo=5V + 10% 1 Mto8.192 k

Main clock frequency fose Voo=20t055V 1 Mto 32.768 k Hz

(OSCIN-OSCour) Voo=5.0V £ 10% 4 Mto 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
Vint 0.8 x Voo Voo v ]
Inout voltage Vit 0 0.2 x Voo
npu g ViHz 0.9 x Voo Voo v 5
Viez 0 0.1 x Voo
Voo=201t0 3.3V 2 25 90
i V=0V Voo= 4510 55 V 25 70 250 bA | 3
Input current lwr [ Vin= Vop 2
li2 Vn=0V 1 10
Iz |Vin= Vop 1 10 bA 4
o Voo 1.0V Voo=2.0t0 3.3V 3 15
Voo=451t055V 15 25 Al s
 vey Vo= 201033V | 02 15 m
o (Vo= Voo- 05V 51055V 10 2.2
Output current  veosv Voo= 201033 V 70 600
Voo=45t055V 400 1 000 UA 6
e | Vo= Voo- 05 V Voo=2.0t033V 200 2 000
Voo=451t055V 1 000 2 400
fosc = 2 MHz Voo=451t055V 1 600 3 500
Voo=2.0t0 3.3V 400 1100
oo | 0507 1 MHz Voo= 451055V 850 1700 | pA
Voo=2.0t0 3.3V 28 170
foso = 32768 kHz 1 25055V 55 220
fosc = 2 MHz Voo=451t055V 900 1 800 .
- bt fosc=1 MHz xon =451t055 x 5200 1 715(’30
upply current oo=2.010 3.3 0
fose = 32.768 KMz 1 251055V 25 120 | pA
Ceramic OSC mode |[Vop=2.0t03.3V 3
Istor | Crystal OSC mode |[Voo=201t0 5.5V 20 45
(32.786kHz) Voo=45t055V 25 65
. Voo=2.0t03.3V 180 420
ha | VD active Voo= 451055 V 300 R R
A/D inactive Voo=2.0t0 55V 3 MA | 9
n Resolution 10 bit
Differential fosc=2 MHz |Voo= VR =50V +2.5 +4.0
AD linearity Torr = 25°C
conversion | Linearity fosc=2 MHz |Voo=VR =50V +3.2 +5.0 LSB
Torr= 25°C
Total error fosc=2 MHz |Voo= VR =5.0V +4.0 + 6.0
Toer= 25°C
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NOTES :
1. Applicable pins : P0¢-P0s, P1o-P1s, P22, P23, P30c-P33
(digital input mode}, P41, P45 (digital input mode), P50-P53
2. Applicable pins : OSCw, RESET, P2, P21, P4o, P42
(digital input mode)
3. Applicable pins : P40-P43, P30-P3s (digital input mode),
RESET, P20-P23, P50-P53, P0o-P0s, P10-P1a
. Applicable pins : P30-P3s, P40-P4s (A/D mode)
. Applicable pins : P0o-P0s, P10-P13 (High current port)
. Applicable pins : P20-P23, P4o-P4s, P5.-P5s (output mode)
. Non-load condition (A/D conversion disabled)
MAX. Voo = 5.5 V (or 3.3 V), Tors = —20°C
8. Current into VR at A/D conversion mode (run enable
status)
9. Current into VR at Non-A/D conversion mode (run disable
status)

N o o

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

@-q— EXAX instruction
3 0

Fig. 1 Data Transfer Example between
Register and X Register

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

4-bit data 4-bit data

]
V

ALU

/ ‘esult of operation

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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B Register and SB Register

* B register (Bm, BL)

The B register is an 8-bit register that is used to
specify the RAM address.

The upper 4-bit section is called Bu register and
lower 4-bit B..

» SB Register
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.

0

T T T
B register I Burregister | Bw register |
L f

7

~a————————— EX instruction (swap)

0

[ spregser |

Fig. 3 B Register and SB Register

Data Memory (RAM)

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

BMBL012345 7lslolal|B|c|D|E]|F
0
1
2
3
4
5
6
7
8
9
A
B
c
D
E
F Pg

% 1 nibble = 4-bit

Fig. 4 RAM Nibble Mapping
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Program Counter PC and Stack Register SR
+ Program counter PC and stack

The program counter consists of a 7-bit page
address register (Pu) and 6-bit binary counter (Pv)
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.

« Precaution on using PAT instruction

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

AN

0 5 0

Push operation —»ﬂ H
-a— Pop operation

T T I T

SR

Level 1

SR

(Level 2)

T T T 1 1

SR

1 1 L Il L

(Level 8)

L L L 1

Fig. 5 Program Count

Program Memory (ROM)

er PC and Stack Register SR

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)

| | ] I |

Pu

! ! | ] |

PL

| | ] ]

Fig. 6 Page

and Step for ROM
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Pu (page) Pu (page) PU (page)
OOH | Start address upon reset (0000H) 10H 30H

Front cover of
01H | subroutine TRS /'RIN(?-"V 114 ® 31H
o~
02H |Interrupt / \\ 12H RTN 32H
\ r'3
\NRSX
03H | Standby release \@ ®| 134 0) ® 33H
04H \ 14H 34H
05H \ TRSx 154 354
0O6H 16H 36H
TLxy
O7H @ )~ 17H 37H
08H / 181 38H
oon | 4+ 19H i 39H
0AH TRx ' >@ 1AH 3AH
0BH 1BH 3BH
0CH @/vRTN 1CH 3CH
y i
ODH CAﬂZ.,/@ 1DH 3DH
OEH 1EH 3EH
Final address
OFH 1FH SFH | (aFarn)

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.

Table 1 Control Registers

ADDRESS AVAILABLE INSTRUCTIONS
Bum Bl SfieoL NAME UNIT INL | OUTL | INTPB | OUT | ANPIORP
. 0 PO PO porf 4 - - (@] - -
PO register 4 - (0] - (0] (0]
. ] P P1 por? 4 - - (@) - -
P1 register 4 - o} - (0] 0]
. 5 po P2 por? 4 - - 6] - -
P2 register 4 - - - 0] 6] »n
. 5 P3 | P3port 4 o) - o) - - E
R3 P3 mode register 4 - - - 0] (0] =)
P4 port 4 - - O - - %
’ 4 P4 Paregist 2 - - - o o Q
gister o
. 5 P5 P5 por? 4 - - (0] -~ - 8
P5 register 4 - - - o) o) O
* 6 R6 P4 direction register 4 - - (0] 0] 0] E
# 7 R7 | A/D select register 4 - - o) o 0 E
0 8 R08 | A/D control register 8 - - A ) - i
0 9 | RO9 | AD data register 8 - - A 0 - o
0 A ROA | Timer 1 counter 8 - - A A - %
0 B ROB | Timer 1 modulo register 8 - - A o} - =
0 C ROC | Timer 1 control register 4 - - 0] (0] (0] g
* D RD P4 mode register 4 - - O 0] 0] ;
* E RE Interrupt enable register 4 - - O O O
0 F ROF | P2 direction register 4 - - 6] o} O
1 8 R18 | SIO shift register 8 - - A (0] -
1 9 R19 | SIO control register 8 - - A 0] -
1 A R1A | Timer 2 counter 8 - - A A -
1 B R1B | Timer 2 modulo register 8 - - A (0] -
1 C R1C | Timer 2 control register 4 - - 0] 0] O
1 F R1F | Buzzer control register 4 - - (0] o} o]
« : Don't care
O : Executable A : Executable but with some restriction — : Not executable
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I/O Ports
The SM5K6 has 24 ports
ports.
Some ports assume additional port functions :
« External interrupt input
» Standby release
« Count clock input
« Analog voltage input (A/D)
« SIO (serial interface)

: 4 input and 20 I/O

« Port PO

This is a 4-bit I/O 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 /O 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 /O 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
» P25 : Buzzer output, standby release

« Port P3
This is a 4-bit input port. It can serve as A/D pin in
addition to a general purpose input pin.

- Port P4
This is a 4-bit I/O port. Direction of each bit can be
independently set. Each pin of the port can also
assume the following function pin.

* P4o : A/D pin, serial data input

* P41 : A/D pin, serial data output

* P4z : A/D pin, serial clock I/O

* P43 : A/D pin

« Port P5
This is a 4-bit I/O 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
)

0.1 uF (TYP.)
LJ[J

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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* OSCiv, OSCour pins
Connecting requur_ed exterr_wal components.(crystal, ‘ VR Voo GND AGND |
etc.) to these pins configures the main clock T_T

. 100 pF (TYP.
oscillator. uf (TYP)

» Reference circuit

Fig. 10 Recommended Power Supply Connection
| OSCIN  OSCout
)

GND pin should be connected to AGND. Across

i Voo and GND, connect an electro. capacitor to
RD absorb external noise. Although VR can be
1 Cr]y]stal Co sep'arately supplied (2.0 to Vop), it sh.ould be
l l derived from Voo for the best precise A/D

conversion.

Reference only : Circuit configuration varies according to crystal used.
Fig. 9 Main Clock Oscillator Circuit Flags

(under evaluation) The SM5K6 has 6 flags (C flag and interrupt
demand flag of IFA, IFB, IFT1, IFT2, and IFS)
Refer to "PRECAUTIONS FOR MICROCOMPUTERS". which are used to setting condition and judgment.

» 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
A/D converter.

1 H4-BIT SINGLE-CHIP MICROCOMPUTERS

System Clock Generators and Dividers

HALT / STOP
System clock fsvs (to blocks)
To each block excluding program counter PC

0SCn + fosc STOP STOP Divider (15-bit )
Main clock o o | Y| ¥ AAA AN NN 2
generalor hd 22 s 21512l 2222 221222222 svs
|
(external !
components) @ ] —TS:SS:S‘?
OSCour} System clock oscillator —

Pm—————

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 fsvs is the divided-by-4
main clock applied through OSCin and OSCour.
See Fig. 12 for frequency relationship between
these two clocks. To complete the main clock
oscillator, external components must be connected
between OSCin and OSCour pins.

Execution time of 1 byte 1 cycle instruction is equal
to 1 system clock period. The system clock (fsvs)

frequency is 1 MHz and the instruction execution
time is 1 ps 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 ps 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.

System clock (fsys)

e JULAMTATAMIAL,

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 fsvs

SYMBOL CLOCK
fsvs System clock
fsvss Divided by-2 system clock (output of 1st step)
fsvse Divided by-4 system clock (output of 2nd step)
fsvs? Divided by-128 system clock (output of 7th step)
fsvss Divided by-256 system clock (output of 8th step)
fsvse Divided by-512 system clock (output of 9th step)
fsvsts Divided by-32 768 system clock (output of 15th step)

* Clock source to the 1st 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 a watch
dog timer, it also starts the hardware reset circuit
as it overflows.

« 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 OSCi and
OSCour. As a count about 2" is reached, the
system exits hardware reset status and the
program starts at address 0 in page 0.

Table 3 Status of the System Immediately after Hardware Reset

PARAMETER

VALUE OR STATUS

All /O ports (input and 1/O ports)

Input mode with pull-up resistor connected

All control registers
(except for SIO register R18)

0 (write only bits are also 0 when read into A
register)

SIO shift register R18

Unconditional

AD converter
Interrupt
Functions SFandby All inactive or disabled
Timer/counter
Serial interface
Buzzer out
C flag Unconditional
Flags Interrupt master enable flag IME 0 (all interrupts disabled)
Interrupt request flag 0
(IFA, IFB, IFT1, IFT2, IFS)
A and X registers Unconditional
Program counter PC (Pu, P) 0000H
B register (Bwm, BL) Unconditional
Others SB 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 :

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.

Power on

Hardware reset input
or
Hardware reset request

Operation mode

Hardware reset input : Signal to RESET pin

Hardware reset input

Execution of

STOP instruction STOP mode

,“ HALT mode release event

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

HALT mode

Standby mode

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 fsvs 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 / Status in Halt / Stop Mode

FUNCTIONAL BLOCK OPERATION / STATUS
Halt mode Stop mode
Hardware reset Recognized Recognized
Timer 1 0] X
Timer 2 o} X
A/D converter X X
Serial interface (o] Operates only on external clock
Buzzer out Same as before entering halt mode Stop (level unconditional)
I/O 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 (8-type)

only by applying low level on P2 port, SIO
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 P2; Yes 3 IFB Yes
Low level on P22 Yes - - Yes
Low level on P23 Yes - - Yes
End of SIO transfer Yes 3 IFS No
Interrupt request flag
IFT1 is 1 (timer 1 overflow) ves 2 It No
Intem'th reguest flag Yes 4 IFT2 No
IFT2 is 1 (timer 2 overflow)

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.

Interrupt enable register RE

lRE3 RE2 RE1 REOl
1

Interrupt request flag

]

SINT

SINT SIO control register R19 bit 1

- 5
g o
5 IFA S
[z 3]
g | IFT1 I ! H =)
3.
g mp [Fe o > Interrupt
=t Do— :! = 5 controller
= IFS |-o 2
2 Q
& -
£ l IFT2 = S
Q
i

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 P2 selectively uses one of two.

When an interrupt occurs, the corresponding
interrupt request flag (IFA, IFB, IFT1, IFT2, IFS) is
set to "1" level.

- 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 ID instruction
sets the IME flag to "0" and disables all interrupt
requests.

Table 5 Interrupt Event Summary

Correspording bit of JUMP ADDRESS | PRIORITY
INTERRUPT EVENT FLAG interrupt enable register RE | Page Step LEVEL
P2 interrupt (falling edge on P2o) IFA REO 02+ 00H 1
Timer 1 interrupt (timer 1 overflow) IFT1 RE1 02+ 02+ 2
P24 I.nterrupt (falling edg.e oln P21) ‘ IFB RED+ 02 0dn 3
SIO interrupt (end of serial interface operation) | IFS
Timer 2 interrupt (timer 2 overflow) IFT2 RE3 02+ 06n 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,

RES3 : interrupt mask flag) enables and disables

each of 5-interrupt. Each bit of RE is called mask

flag.

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.

Count

Count
clock

clock
selector

Timer 1 block = IFT1

Overflow

IFT1 interrupt request flag

Clock or

)

external event
Count | Count
clock

clock

\

selector

Timer 2 block —={ IFT2

Overflow

IFT2 interrupt request flag

Fig. 15 Configuration of Timer / Counter
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TIMER 1

The timer 1 is an 8-bit timer/counter. It counts a the timer 2 has although both timers have
divided-by-n system clocks and external events. the same configuration. Selectable clocks are also
Figure 16 shows a block diagram of the timer 1. different between both timers.

Timer 1 has no watch dog timer capability which

Bit 0 Bit 7
LR L 1 1 !
f Timer 1 modulo register Ro;]
1 1

fsys ——m]

IFT1 interrupt
Bit 0 / Bit 7 request flag
1

T T 1 T
1 counter ROA ] ,Overflow IFT1
1

1 1L

fsys? ———m|

T
Timer
Il

1 1

fsys1s ———m

Count clock selector

To count clock selector of timer 2
Controls

Falling edge ———»|
on P21

Timer 1 control register ROCA‘k

T T 1
— [lcLseL
1 L
Bit 3 [ Bit 0
Count clock selector

Start/stop

Fig. 16 Timer 1 Block

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

4-BIT SINGLE-CHIP MICROCOMPUTERS

Table 6 Selection of Count Clock

REGISTER ROC BITS

ROC: ROCs SELECTED COUNT CLOCK
0 0 fsvs (system clock)
0 1 fsvs7 (divided-by-7 system clock)
1 0 fsvs1s (divided-by-15 system clock)

External clock (falling edge on P22)

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

timer 1 does not although both timers have the same
configuration. Selectable clocks are also different
between both timers.

Bit 7

Bit 0
T

J T 1 L

L L L L Il

Timer 2 modulo register R1B
|

Reload request

fsys ——»|

Bit 0

Interuput request flag

Bit 7

fsys7 ———m= T T 1T T T 1

Timer 2 counter R1A

! Overflow

fsys1s ——m=|

Count clock selector

Timer 1 —»
overflow
Controls

Timer 1 control register R1C

Start/stop

5] foor] [crseL |

Timer/WDT selector

1
O— Hardware
reset request

Count clock selector

Fig. 17 Timer 2 Block

« Selecting count clock

Select the count clock by bit setting of the control
register R1C. 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 R1C, bit 2«store "0"

Use as a watch dog timer :

Control register R1C, bit 2«store "1"
This setting is made valid when done at the
beginning of timer start.

Table 7 Selection of Count Clock

REGISTER R1C BITS
RiC: R1Cs SELECTED COUNT CLOCK
0 0 fsvs (system clock)
0 1 fsvs7 (divided-by-7 system clock)
1 0 fsvs1s (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.

A/D converter

The SM5K6 internal 10-bit A/D converter is
provided with 8 input channels and operates either
in the A/D conversion mode or comparison mode.
The A/D 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.

P4 mode register RD

P43 P42 P41 Pdo P33 P32 P31 P3o VR AGND
A/D input ‘Normal A/D input Normal ?
(pins >:<I/O pins) (plns ):(I/O pins)
Selection Selection
Input and 8 J J J J \ ,J J J J 10-bit
110 data D/A converter

| Port selector |

A/D select register R7

Comparison reference voltage

Comparator

<

I Control circuit |

A/Ded value, Values to be compared, Result, Controls

/

Bit 7

\ A/D control register R08

Bit0

]A/D data ragislelr ROQl ’ I '@’Y'I - l _—I
I ! ) ) ) L 1 1 ! 1 ) !

Operation mode select
Start/stop
Storage of result of comparison

A/D converter enable
A/D data storage

Fig. 18 Block of A/D Converter

NOTES :

1. Apply voltage within the range between 2.0 V and Voo V to the VR pin, the A/D 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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A/D CONVERSION MODE ,
The A/D conversion mode converts the analog
voltage on A/D 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 R0O8 and
the remaining bits into the data register R09.

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

Conversion duration = system clock period x 30.5
Example

* 30.5 ps (main clock at 4 MHz/1 ps system clock)
+ 305 ps (main clock at 400 kHz/10 ps system clock)

Caution :

While in the A/D conversion mode, do not use registers
(upper 2 bits of RO8 register and the R09 register) reserved
for storage of A/D data to store other data.

Serial Interface

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

P42/Sck P41/Sout

P4o/SIN

Bit7 Blt 0
To Pda/Sox i——{ SIO shlft reglster J

T (When internal clock is used)

Extrenal clock from
P42/Sck pin

fsys ———m—

Clock selector

fsvg7 ———=

fsvs1s ———m=

Clock stop request (bit clear)

A Data shift request

Clear request (writing to R18 or R19)

End of 8th count signal
——

| 8-clock counter l—»—' IFSI
Shlﬂclock

Interrupt request flag

SIO control register R19
Bit 7

Controls

Bit0

||| _ T — ||
I} 1 Il ! ! !

CLSEL

]— P4 port function select
Interrupt select

Start/stop

Internal/external transfer clock selct

Clock select

Fig. 19 Serial Interface Block
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OPERATION AND CONTROL OF SIO

« Transter timing

Transfers the contents of the shift register R18 to
Sour pin on the falling edge of the transfer clock
and then transfers the level on Sw pin to the shift
register R18 on the rising edge of the next transfer

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 fsvs to approx. 1/2 transter clock cycle)

Interrupt request (IFS set)

Transfer clock —
(Level on Sck pin}) I | I I | l I I I l ' I I

—_—

External input X 1 ><
Waveform on S pin

R

O Transfer start timing
The SM5K® starts transfer on the first rising edge of the
transfer clock after bit S/S is set.
H 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 1/4 fsvs
cycle (3/4 fsvs cycle if fsvs is used as the transfer clock)
and maximum is approx. 1/2 clock cycle. This delay
variations should be taken into consideration in applying
SIO data to Sw pin. To minimize delay variations, clear
the divider immediately before the start of SIO.

@ Data output timing

The data output timing refers to the moment at which bits
of the shift register are clocked out on Sour 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 Sour pin to the external circuit should
be determined by the external system connected to the
SM5K6 based on the clock of Sck pin.

M Input data latch timing

This is the duration in which SM5K6 latches Sivlevel 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 P2; pin.

.. Normal 1/O pin
Divider P
A
L =0
1
fsvso - :O_-.'
5]
fsvse Q
| O
7]
fsvs2 - %
o
fovss | O

Buzzer control register R1F

—

_
e/ foe]

Bit3

L

Bito

Buzzer clock select

Buzzer ON/OFF select

P23

Fig. 21 Buzzer Output Block

272




SHARP SM5K6

CONTROL REGISTER SET
CONTROL REGISTER SUMMARY
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
BM BL REGISTER NO. NAME CONFIGURATION
PO port
* 0 PO - - —
PO register |[Poz] [Poz] [Por] [Foo]|
] b1 P1 port
*®
P1 register [[P1a] [Pr2] [Pri] [Pro]] @
P2 port w
; 2 P2 i —____ 5
P2 register [[P2s] [P22][[P21][Peo]| 5
P3 P3 port Q
* 3 P 8
R3 P3 mode register 1D33] [MDa2] [MD31] [MD30 T«
o
P4 port =
* 4 P4 o
P4 register [Pac] [Pez] [Par] [Pao] T
(&
5 ps P5 port u
* -1
P register | [l el rer|[ret] g
# 6 R6 P4 direction register | |[oaa] [oree]:[oR] [orea]] g
# 7 R7 A/D select register | [[=][_aoset__]| 3
0 8 Ro8 A/D control register | [[or.00 J[en][pst][ss][wo][ - ] 5
0 9 P09 A/D data register | |[oe]|[oe][o7] o6 ] [os][o+] 03] o2]]
0 A ROA Timer 1 counter |[o7 ] [ee ][5 J[o+],[03 ][ o2 ] [o1 ] (o0 ]|
0 B ROB Timer 1 modulo register | [[57][os][os | [0+] [03][02] o1 ][o0]]
0 c ROC Timer 1 control register | [[ss][ = ][ cwsec ]|
* D RD P4 mode register [[vosg] foee] [os ] o
* E RE Interrupt enable register| |[iea] [z ][] [ieo]|
0 F ROF P2 direction register | |[orea] [orez] [ore1] [omed]|
1 8 R18 SIO shift register |[o7] (o8 ) [o5 ][0+ ],[03 ][0 ] [o1 ] (o0 ]|
. T T T T T
1 9 R19 SIO control register | [[Cctser_Jeac][ss][ - ] [sw][en]|
1 A R1A Timer 2 counter [[o7 ][ o8 ] o5 ] o« J;[os | [0z ][ o1 ][00 ]|
1 B R1B Timer 2 modulo register | |[o7][os ][ os [ 04] [03] [0z ] [o1][00]|
N . T T
1 c R1C Timer 2 control register | |[s5] [wor] [ cuser ]|
1 F R1F Buzzer control register | (= J[en][ cisec ]|
* 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 A/D port). The
pull-up resistor is disconnected from the A/D pin
which then, cannot be used as a general purpose
input pin. When connecting A/D pins to the A/D
converter, one of A/D pins must be set (by the
corresponding bit of the A/D select register R7) to
the analog voltage input pin.

Bit 3 0

LTI

Biti (i = 3 to 0) (Mode select bits)
Thers bits set P3i pin to either general purpose
input or A/D pin.
0 | (general purpose) Input
1 | A/D input

R6 (P4 direction register)

P4 direction register R6 sets P4 port to input or
output. P4 port also assumes A/D port and SIO 1/O
port. While P4 port is used as A/D 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

LT 1]

Bit i (i = 3 to 0) (Directon switch bit)
These bits switch the direction of P4i.
0 | Input
1 | Output

R7 (A/D select register)

The A/D select register R7 selects the A/D
converter input pin among the A/D pins. Eight pins
among P3 and P4 port should be set as A/D pins
before setting R7. A pin other than A/D pins should
not be selected as A/D converter input pin. To
select A/D pins, use the P3 mode register R3 and
P4 mode register RD.

Bit 3 0

LT[}

Bit 3 (unused)
Bit 2, 1, 0 (A/D pin select bits)
These bits select one of 8 pins shown below.

000 | P30 100 | P4o
001 | P31 101 | P4
010 | P32 110 | P42
011 ] P3s 111 | P4s

R0O8 (A/D control register)
The A/D control register RO8 stores controls of A/D
converter and part of A/D data.

Bit 7 0

LTI ]

Bits 7, 6 (A/D data storage bits)
These bits store the A/D data (2 low bits out of
10 bits) after conversion while in the A/D
conversion mode or the internal voltage set
value while in the comparison mode.
Bit 5 (A/D converter enable bit)
To enable A/D converter set this bit to "1" level
upon power-up. The bit is automatically reset to
"0" at the end of conversion.
0 | Disable
1 | Enable
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Bit 4 (Comparison result storage bit)
This bit stores the result of comparison when
the A/D converter is operating in the comparison
mode. When the pin voltage becomes equal to
the internal set voltage, level of this bit is
unconditional.
0 | Pin voltage < internal set voltage
1 | Pin voltage > internal set voltage
Bit 3 (Start/stop bit)
When at 1 level, the bit starts A/D 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 A/D
operation.
0 | Not in operation
1| In operation
Bit 2 (Operation mode select bit)
Change the operation mode of A/D converter.
0 | A/D conversion
1 | 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 0

[T 1]

Bit 3 (Timer 1 start / stop bit)
Start and stops the timer 1 up count.

0 | Stop, in stop
1 | Count start, in operation

Bit 2 (Unused)

Bits 1, O (Timer 1 count clock select bits)
00 | fsvs (system clock)
01 | fsvs7 (divided-by-7 system clock)
10 | fsvs1s (divided-by-15 system clock)
11 | P22 falling edge

RD (P4 mode register)

P4 mode register RD sets P4 mode to either
general purpose /O pin or A/D pin. The pin set to
A/D is disconnected from the pull-up resistor.
Once set to A/D port by RD, P4 cannot act as
general purpose 1/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 A/D pins for A/D
converter, set one of A/D pins to the analog
voltage input pin by setting the bit of the A/D select
register R7.

Bit 3 0

LITT]

Biti (i = 3 to 0) (Mode select bit)
These bits set P4i pin to general purpose /O pin
or A/D pin
0 | General purpose I/O pin
1| A/D 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.

FLAG INTERRUPT
INTERRUPT SYMBOL INSTRUCTION | ENABLE
REGISTER BIT
P20 interrupt IFA TA IEO
P2; interrupt IFB B IE2
Timer 1 interrupt | IFT1 T IE1
Timer 2 interrupt | IFT2 TT2 IE3
SIO interrupt IFS TSF IE2
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Bit 3 0

[T 1]

Bit 3 (Timer 2 interrupt enable bit)
Enable the interrupt initiated by timer 2 overflow.
0 | Disable
1 | Enable
Bit 2 (P21/SIO 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.
0 | Disable
1 | Enable
Bit 1 (Timer 1 interrupt enable bit)
This bit enables initiated upon timer 1 overflow.
0 | Disable
1 | Enable
Bit 0 (P20 interrupt enable bit)
Enable interrupt from P2o initiated on falling
edge on this pin.
0 | Disable
1 | 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 P2s is set to the buzzer out, it
outputs the buzzer clock as instructed to do so by
the buzzer control register R1F.

Bit 3 0

[T T 1]

Bit 3 (P23 direction switch bit)
This bit switches the direction of P2a.
0 | Input (standby release)
1 | Output (buzzer out)

Bit 2 (P22 direction switch bit)
This bit switches the direction P22.
0 | Input (standby release, count clock input)
1 | Output
Bit 1 (P21 direction switch bit)
This bit switches the direction of P2:.
0 | Input (standby release, external interrupt)
1 | Output
Bit 0 (P20 direction switch bit)
This bit switches the direction of P2o.
0 | Input (standby disable, external interrupt)
1 | Output

R19 (SIO 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. P2
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 0

LT

Bits 7, 6 (SIO transfer clock select bits)
00 | fsvs (system clock)
01 | fsvs7 (divided-by-7 system clock)
10 | fsvs1s (divided-by-15 system clock)
11 | Timer 1 overflow
Bit 5 (SIO transfer clock external / 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 P42/Sck pin while
SIO is running.
0 | External clock
1 | 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.

0 | Stop (no transfer clock catered for)

1 | Start (operation)

Bits 3, 2 (Unused)

Bit 1 (SIO interrupt select bit)

Either P21 interrupt (falling edge) or SIO interrupt
is used at a time. This bit selects either interrupt.
0| P21
1] SIO

Bit 0 (P4 port function select bit)

This bit sets P40, P41 and P42 to general
purpose I/O pin or SIO pin.

0 | P4o, P44, P42 : general purpose /O

1 | P4o, P44, P42 : Sw, Sour, Sck

SIO PIN CIRCUIT CONFIGURATION
PIN P4 DIRECTION SETTING BY REGISTER R6 FOR SIO PIN (SIO STOP STATUS)
P4o/Sn | In (bit-R60«-0) Input with pull-up resistor
CMOS output pin
P41/Sour | Out (bit-R61¢1) Previous bit is output
Data unconditional after hardware reset
P42/Sex Internal clock selected : out (bit-R62¢-1) CMOS output pin (high level)
External clock selected : input (bit-R62¢<-0) Input pin with pull-up resistor

R1C (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

LITT 1]

Bit 3 (Timer
Start and

2 start / stop bit)
stop the timer 2 up count.

0 | Stop, in stop

1 | Count star, in operation

Bit 2 (Timer function change bit)

Select the application of timer 2 : timer or watch
dog timer (WDT, overrun detect timer)
0 | Standard timer
1 | WDT (starts hardware reset sequence
upon counter overflow)

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

00 | fsvs (system clock)

01 | fsvs7 (divided-by-7 system clock)
10 | fsvsis (divided-by-15 system clock)
11 | Timer 1 overflow
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R1F (Buzzer control register)

The buzzer control register R1F controls the clock
placed on P2s. 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 P2s 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

LT T

Bit 3 (Unused)
Bit 2 (General purpose output / buzzer output
select bit)
Select the function of P2a.
0 | Standard output (buzzer output stop)
1 | Buzzer output
Bits 1, O (Output clock select bits)
Select clock to be output to P2s.
00 | fsvse (divided-by-9 system clock)

10 | fsvs2 (divided-by-2 system clock)

(

01 | fsvss (divided-by-8 system clock)
(
(

11 | fsvs1 (divided-by-1 system clock)
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INSTRUCTION SET
Definition of Symbols

M :Contents of the RAM memory + A bit of a register is specified in the position
location addressed by the contents immediately following the register symbol. For
of B register. example, the bit i (0, 1, 2, 3 ...) of X register is

—, & : Direction of transfer and expressed as Xi; that of P register is Pi, and so
exchange of contents on.

U : Logical OR * Increment means binary addition of 1u and

N : Logical AND decrement means binary addition of Fk.

® : Exclusive OR + Skipping an instruction means to ignore that

Aregi : The ith (i = 0 to 3) bit of A register instruction and to do nothing until starting the next
or control register and the like instruction. In this sense, an instruction to be n

Push : Save the contents of PC onto skipped is treated as an NOP instruction. ©
stack register SR Skipping 1-byte instruction requires 1-cycle, and '5

Pop :Return the contents saved in 2-byte instruction 2-cycle. Skipping 1-byte 2-cycle %
stack register SR back to PC instruction requires 1-cycle. 8

Pj : Port register Pj (j =0, 1, 2, 4, 5) 8

Rj : Control register other than port e
register. j is one or two digits i
hexadecimal number 2:)

PORT] : Level on port (in or out) u

ROM : Indicates contents at a ROM 3
memory location : %

ROMH : Upper 4 bits of ROM content; =
ROML : lower 4 bits of ROM 3
contents T

cY : Carry signal. In this manual, the

x (lower case)

reg

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
LDA x instruction denotes the 2
bits (Ir, lo) 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.
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Instruction Summary (by function)
MNEMONIC IMACHINE cooe] OPERATION MNEMONI(iMACHINE coner OPERATION

ROM Addressing Instructions

Arithmetic Instructions

TR x 80 to BF | Prex (Is-lo) ADX x 00 to OF An'ag<—x (Is—lo)+Ar¢?g
TL xy EO to E7 | Puex (l11-le) Skip the next step,if CY =1
00 to FF | Py (Is-lo) ADD 7A Areg—Areg + M
Push, Pue01n Arege-Areg + M + C, C«CY
TRS x CODF 1o« (e, 0) ADC B | Skip the next step, it CY = 1
CALL xy FOto F7 |Push, Pucx (l1i-le) COMA 79 Areg—Areg
00 to FF | Puey (ls-lo) INCB 78 BieBL+1,
RTN 7D Pop (PC«SR) Skip the next step,f result of BL = On
Pop (PC«SR), Skip the BL—B.-1,
RTNS 7E return address DECB c Skip the next step,if result of B. = OF«
RTNI 7F Pop (PC«SR), IME«1 Test Instructions
Data Load Instruction TAM 6F Skip the next step, if Areg = M
LAX x 10to 1F | Arege—x (l3-lo) TC x 6E Skip the next step if C = 1
LBMX x 30 to 3F | Bume—x (ls-lo) ™ 48 to 4B | Skip the next step if Mi = 1, (i=h, )
LBLX x 20 to 2F | Bue—x (ls-lo) TABL 6B Skip the next step if Areg = B
Arege—M T(i=h,l)
LDA x 50to 53 | Bwui, Buoc—Bwi, Skip the next step if PORT]" = 1
Bmo®x (11, lo) (j=0,1,2,3,4,5)
MeAreg TPB x 4C to 4F | Skip the next step Rj" = 1
EXC x 54 to 57 | Bum1, Bmoc—Bwi, (j= 08,09, 0A, 0B, 18,19, 1A, 1B)
Bumo®x (11, lo) Skip the next step if Rji" = 1
MeAreg (j=6,7,D,E,0C, OF, 1C, 1F)
Bwmi1, Bumoc—Bwi, Skip the next step if IFA = 1
Bumo®x (l1, lo) ™A 6C IF/i—O ’
EXCI x 58 to 5B - -
BLBL+1 B 6D Skip the next step if IFB = 1
Skip the next step, IFB«0
if result of BL= 0w T1 69 Skip the next step if IFT1 =1
MeAreg 02 IFT1<0
B, Buoe—Bmi, T2 69 Skip the next step if IFT2 = 1
Bmo®x (1, lo) 01 IFT2¢-0
EXCOx | SC15F 1o gy o 69 | Skip the next step if IFS = 1
Skip the next step, 04 IFS«0
if result of BL= On Bit Operation Instructions
EXAX 64 Arege>Xreg SM x 441047 | Mie1, (i = h-lo)
ATX 65 Xreg«Areg RM x 40t0 43 | Mi=0, (i = h-lo)
EXBM 66 BueAreg SC 61 Ce1
EXBL 67 BuerAreg RC 60 C0
EX 68 B-reg—>SB-reg IE 63 IME«1
ID 62 IME«<0
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MNEMONIC |MACHINE CODE OPERATION
I/0 Instructions
INL 70 Arege—PORT3
P0«Areg
OUTL & P1<Xreg
Pj—PjnAreg (j=0,1,2,4,5
ANP 72 Rj«<RjnAreg (j=0, 3, 6, 7,

D, E, 0C, OF, 1C, 1F)

Pj«PjUAreg (j=0, 1, 2, 4, 5)
ORP 73 Rj<—RjUAreg (j =0, 3, 6,
7, D, E, 0C, OF, 1C, 1F)

Acce~PORTj (=0, 1,2, 3, 4, 5)
Xreg, AregR;j (j = 08, 09
IN 74 0A, 0B, 18, 19, 1A, 1B)
AregRj (j=6,7,D,E,
0C, OF, 1C, 1F)

Pj—Areg (j=0,1, 2, 4, 5)
Rj«Xreg, Acc ( j = 08, 09,
0B, 18, 19, 1B)

Rj—Areg (j=3,6,7,D,
E, OC, OF, 1C, 1F)
ROA«<ROB, R1A—R1B

ouTt 75

Table Reference Instruction

Push
Pue (Xreg1, Xreg0, Areg)

; 4-BIT SINGLE-CHIP MICROCOMPUTERS

PAT 6A
Xreg—ROMu, Areg—ROML
Pop
Divider Operation Instruction
DR 69 DIV (fo-f1s)«-0 (Divider
03 clear)
Special Instructions
Change operation mode to
TOP 7
STO 6 STOP
Change operation mode to
A 77
HALT HALT
NOP 00 No operation
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SYSTEM CONFIGURATION EXAMPLE

« Versatile charger

Voo
~p-
LED
DC supply
Serial interface | pgg-pQs3 P10-P13
To external circuit P40-P42 P52 -
P53 Switching
O——| P32 P20 ircui
circuit
) o— P3s P21 [~
SM5K6 ]
= OSCIN P30 = To A/D converter <
0SCour P31 =
L m
0 RESET 3 2
P23 VR _Vop GND AGND 5

11 7T

— . j> PHardware reset
Buzzer outputI { I
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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
+15 (also used as LCD seg-
ment port)
* Interrupts :
Internal interrupt x 4 (timer/counter, {4 signal,
serial /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
OSCw and OSCour)
* Instruction cycle time : 6.67 ps (at 3V), 2 ps (at 5V)
» Buzzer output '
« Standby function
* Supply voltage : 2.7t0 5.5 V
« Package : 64-pin QFP (QFP064-P-1420)

4-Bit Single-Chip Microcomputer
(LCD Driver)

PIN CONNECTIONS

64-PIN QFP 5 TOP VIEW
GEIERDZAGT S22 2
oo >000o0oao0c00n
I&IHEHB\E\E&HE&@@EA@
P3: [1] 'e) EPM
¢ [2] (50] PO
So |3 [49] PO.
Si [a8] PO«
S E @HA
S E EHJ
S [7] [45] H2
Ss [8] [44] H:
Ss [9] (23] CKz
s [1g] [42] CKi
Ss [11] [41] P0o
Ss [i2] [40] TEST
SwE E RESET
SHE 138) Sur
Stz [i5] [37) Sa
SuE —S_E,Sza
S!AE EVOE
Vose [18] [34] Voa
Sis [19] 3] Ses
I EIEE RIS R I BT BIET

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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BLOCK DIAGRAM

o
o
8

ROM
(4 096-BYTE)

1

S
a
O

¢
2
o]

1]
-t

RD H
RE D
RF
RAM
(128 x 4-BIT)
DISPLAY RAM
(32 x 4-BIT)

-t —-|

IFV

| INTERRUPT CONTROL

SB
O s
] O S
~—
[ O's:
O Ss
la——— —O S

GATE & BUFFER

O S
813
. SIA
. S|5
S|6
. SI7
O S
. SI9
O 0202020,0202020,0,0 O
Nomenclature
A B : Accumulators IME : Interrupt master enable F/F
ACL : Auto clear P1-P3 : Registers
ALU : Arithmetic logic unit PL, PU : Program counters
BR, DS : Common signal control F/F PSW : Program status word register
CG : Clock generator R4-R7 : General-purpose registers
DIV : Divider RD, RE, RF : Mode registers
D, EH,L : General-purpose registers SB : Shift register
HC : Common signal circuit SP : Stack pointer
IE : Interrupt enable F/F TC : Count register
IFA, IFB : Interrupt requests ™ : Modulo register
IFS, IFT, IFV
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PIN DESCRIPTION

SYMBOL /0 CIRCUIT TYPE FUNCTION
P0o-P03 | Pull up AccP0o-P0s3
P1o-P1s 110 Pull up I/O selectable by instructions
P20-P2s 10 Pul up I/O selectable independently o
Sound output only when P23 pin is used as an output
P30-P3s I} Pull up Serial interface 1/O by setting the mode register RE
So-Sus Oor Selectable between segment ports and I/O ports through an
110 RC register
Si15-Sa1 (0] Display RAM contents output as LCD segment signals
H1-Ha (0] 4-value output capability; used for LCD common output
TEST | Pull down For test (connected to GND normally) )
RESET [ Pull up Auto clear E
[0} (0] System clock output '5
CK1, CKa For system clock oscillation QE'
OSCnw, OSCour For clock oscillation 8
Vosp, Voa, Vos Power supply for LCD driver 8
Voo, GND Power supply for logic circuit %
o
ABSOLUTE MAXIMUM RATINGS g
PARAMETER SYMBOL RATING UNIT | NOTE L_l‘_l'
Voo —-0.3to +7 \ IT]
Supply voltage Vose 0310 +7 v 1 =
Input voltage Vin —-0.3 to Voo +0.3 \'% 1 =
Output voltage Vour —-0.3 to Voo +0.3 \ 1 E,-J,
Output current lout 20 mA 2
Operating temperature Torr —20 to +70 ‘C
Storage temperature Tsta —55 to +150 e

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 27 5.5 \
Vosp 27 Voo \
. _ Voo=2.71t055V 250 600
Basic oscillation frequency f Voo 451055V 550 2000 kHz 1
Instruction cycle t Voo=271055V 67 1 us
Voo=45t055V 2 16
Crystal oscillation frequency fosc 32.768 kHz

NOTE :
1. Frequency fluctuation : + 30%
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Oscillation Circuit

CKi CK: OSCm OSCour
1 f Crystal
s Rd Crystal : DT-38 (DAISHINKU)
Ce :_[ o :_I: Co
Co=15pF, Co=33pF, Rd=220kQ
DC CHARACTERISTICS (Voo=2.7t0 5.5V, Ta = -20 to +70°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | NOTE
ViH1 0.7 x Voo Voo \" ;
Input voltage Vit 0 0.3 x Voo Vv
ViHz Voo—0.5 Voo \Y o
Vi 0 0.5 Vv
. 2 200
Input current IH Vn=0V LA 1
Voo =45t 55V 20 200
low Von = Voo—0.5 V 50 HA 3
lou1 Vo=05V 250 HA
loz Vo = Voo—0.5 V 5 250 HA 4
loL2 Vou=05V 500 pA
Output current 100
lors | Vou Voo =05V [Voo-451055V | 400 WA
0.5 3
loLs Voo=05V mA
| Voo=45t055V 16
Output Re 5 20 kQ 6
impedance Rs 10 40 kQ 7
Vi 2.7 3 \
Output voltage Vz Vose = 3.0V 1.7 2 23 Vv 8
Vs No load 0.7 1 1.3 \Y%
Va 0 0.3 A
lop f = 600 kHz, Voo = 3.0 V 0.4 1.5 mA 9
Supply current s Standby current Vose = 3.0 V 15 40 uA 10
Voo =3.0V 8 20 11
NOTES :
1. Applied to pins POo-P0s, RESET, P1o-P13, P20-P2s, P3s-P3: 9. No load condition.
(during input mode). 10. No load condition when bleeder resistance is ON.
2. Applied to pins CKi, TEST, OSCn. 11. No load condition when bleeder resistance is OFF.
3. Applied to pin CKa.
4. Applied to pins P10-P13 (during output mode).
5. Applied to pins P20-P2s, P30-P32 (during output mode), ¢.
6. Applied to pins Hi-Ha.
7. Applied to pins So-Sar. Voa  Vos
8

-\
. Applied to pins Hi-He, So-S. ~v i i
Hs« waveform <-V§ Con Cos Coa=1pF, Cos=1F
-,
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PIN FUNCTIONS

« GND, Voo, Vose (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 Vose 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 pF is connected
between this pin and GND to provide a power on
reset function.

« OSCin, OSCour (Crystal oscillator pins)

The OSCn and OSCour 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.

» CKy, CK:z (System clock CR oscillator pins)
The CK1 and CKz pins, in conjunction with a resis-
tor between them, provide a system clock oscilla-
tor.

« Hi to His (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 Ssr pins drive LCD segments. Pins So
through S14 may also be used as I/O ports when
specified with the mode register RC.

» POo to POs (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.

* P2 to P2; (Input/output)

The P20 to P2s pins are bit-independent /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 OD and R/W signals
with the mode register RC.

+ P30 to P3: (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 /0 mode for use in a
serial interface with the mode register RE.

§ 4-BIT SINGLE-CHIP MICROCOMPUTERS
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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 P.
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 80w, the data memory are beginning with the
highest address (excluding the display RAM area)
7FH, is usable as a stack area.

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 Sa1 for individual set of common out-
puts Hi1 to Hs. The segment output pins provide a
single digit of display RAM data Mo to Ms, as an
LCD driving waveform signal according to Hi to Ha
outputs. The operations of the display RAM are
identical to those of other RAM areas.

Page 0, address 0

Page 104, address 0

Address 3Ex

Page 3Fn, address 3Fn

Program excution starts with this address

RESET at power on or RESET
Page 1, address 0 INTT First address of the timer/counter interrupt

_______ service routine

Address 2 INTA First address of the interruput routine that services
_______ the dividers of signal interrupt

Address 4 INTS First address of the interruput routine that services
_______ the serial I/0 interruput

Address 6 INTB First address of the interruput routine that services
_______ the PQ input signal

Address 8 . .
L INTV First address of the divider overflow interrupt routine

Jump address for TRS subroutine instruction
(Pu= 10w,

Last ROM address

Pu=0)

Fig. 1 Program ROM Map
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C~H | oooo | ooof 0010 | 0011 | 0100 | o101 | 0110 | 0111 | 1000 | 1001
0000 So S1s
0001 Si S17
0010 So S1s
0011 Sa S1g
0100 S4 S20
0101 Ss Sa1
0110 Sé S22
0111 S7 So3
1000 Ss Sa24
1001 So Sas
1010 S1o Sos
1011 S So7
1100 Sz Sas
1101 S13 S29
1110 S1a Sao
1111 S1s5 Sat
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.

Fig. 2 RAM Configuration

Hs Hs H. Hi Hs Hs Hz Hi
(L register) + * * * + # * *
- So
[ T T T
0000 L l { Il - Sie
I 1 ! T - - S1
0001 L l l L - | S17
ootof f ! ! ! [ ! . ! -
(H register) (H register)
= 1000 = 1001 L LCD
driver
- = Si3
1101 T T T L . : | —— S20
- = Si4
1110 I T T L I ! ! - L S1o
- | Sis
1111] ! ! ' ' ' L L ! - = Sar
Ms M: M Mo l\ts M: M Mo

Fig. 3 Display RAM and its LCD Segment Outputs

§4-BIT SINGLE-CHIP MICROCOMPUTERS
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Accumulator (A), Subaccumulator (B)
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, /O ports, and registers.

A subaccumulator (B) is another 4-bit register. It is
used as one of general-purpose registers, and
when combined with the A to form a B-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.

General-Purpose Registers (H, L, D, E)
Registers H and 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 H and L regis-
ters on an 8-bit basis. The H and 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 /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

OSCnw

Ao Ar A2 Ay Bo Bi B: B

EERERRR]

0osc

——>I fia fiz fiz 1 fio fo fo Hﬁ fo fs fa fa f2 f1i fo |->

S Qf

fIN

DIv (2)

OSCour

intV+ @—> R
IFA

fa s al
imA+@—>R

Fig. 4 Real-Time Clock and Divider

&1

<

| ™)

1

Overflow

Count pulse ,I
CcP

TC(8)

Binary counter

imT+@—>n

Fig. 5 Timer/Counter

SND flag
TC(@®) T TQ

R2;

P23

]

K}

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 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 IFT 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 fi, fs and 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 P2s (See Fig. 6).

Serial Interface and IFS

The serial interface consists of an 8-bit shift register
(SB) 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 (SB) 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 clocks
which are output from the SCK pin.

Upon completion completion of an 8-bit shift opera-
tion, the serial I/0 ending flag IFS is set each time
a 3-bit counter overflows, and an interrupt request
occurs.

P3./SCK

P3J/SI

P32S0

Fig. 7 Serial Interface

SCK ﬂ_J_,_|_I_.|_

| T T

SO SBr X SBs SBs SB.

SBs SB2 SB: SBo

- S EEEEEEEC

SO : Serial data output
S| :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

sl

PO | 1T s a IFB
POsJ_ intB+ R
Fig. 9 PO port

Interrupts

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/0O 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 OD and R/W 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 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 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 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

| IETI IEAl IES| IEBl IEV|

Interrupt request flag

priority
Interrupt master

Timer/counter

enable flag

IME

fa signat

Serial 1/0 transmit/

. INT

receive completion

Sa¢

PO signal IFB

Priority control

Divide overflow IFV

p270Y

Fig. 10 Interrupt Handling
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Table 1 Characteristics of /0 Ports

Direct 4-bit parallel I/O IN, OUT instruction Bit independent output SPn
PORT FUNCTION —
Input (INA) | Output (OUTA) | Input (IN) | Output (OUT) | Direct pin-independent output RPn
PO | Input-only port (0] X (0] X X
P1 | VO port o} ¢} X (0] o]
P2 | 1/O port, Pz -sound output 0 (0] X X (@]
P30-Sl, P3:-SCK, P32-SO,
p3 | oh T ’ 0 o) X X o)
multi-control port
O :Yes, X:No

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.

CKy External clock —m{ CK:
H {
CKa CKz

Open

Using external clock

On-chip CR oscillator

Fig. 11

Main Clock Sources

Main Clock Oscillator Circuit

The main clock oscillator requires an external resis-
tor across pins CK1 and CKo. Instead of using on-
chip oscillator, an external clock may be applied to
pin CKi. In this case, pin CKz should be left open.
The system clock ¢ is a divided clock equivalent to
1/4 of the clock applied to pin CKi.

LCD Driver

- Display segment

The SM563 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 correspond-
ing bit "1" or "0" in the display RAM area (see Fig.
3).

(Common)

(Segment) Su S Sa Szs

S Szs 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.

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 S1 are used). A voltage of 3 V is applied to pin
Vosr in the Fig. 14. The frame frequency (I/T) can
be selected from 64 Hz or 128 Hz by mask
options.

* Voa and Vos pins

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

Hs

Hs

He

Hi

Fig. 14 LCD Driving Signal Waveform
(required to display the number 5)
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INSTRUCTION SET Data Transfer Instructions
ROM Address Instructions MNEMONIC {MACHINE CODE OPERATION
MNEMONIC |MACHINE CODE OPERATION EX pr 5Cto 5F | Ao(pr)
TR x 80 to BF PLex (Is-lo) LDX adr 7D
A«(adr)
TL xy EO to EF [ Pucx (li1-ls) (2-byte) 00 to FF
(2-byte) 0010 FF | Py (Is-lo) STX adr | 7E
(adr)-A
(SP-2), (SP-3), (SP—4)«-PC (2-byte) 00 to FF
SP«SP—4 EXX adr 7C
D
TRS x COODF b 1ou (byte) | 00toFF | AW
Prex (la,13,12,11,10,0) LAX x 10 to 1F Aex (l3-lo)
SP-2), (SP-3), (SP-4)«-PC LIBA C B I7-I
CALLxy | FotoFF |2 (573 (5P=d)e o3 x (il
o 010 FE | SPESP Puex () (2-byte) 00to FF | Acy (la-h)
yee) ° Py (1s-lo) B—ROM (PusPuz, B, A
LBAT 60
JBA x - Pus-Pu2¢e—x (ls-lo), A<ROM (Pus-Puw, B, Al
(2-byte) 30 o 3F Pui, Puo, Pis, Puc—B, LDL 65 AL
vt Pu3-Ploe—A LD pr 54 to 57 A«(pr)
RTN 61 Pu, P—(SP), (SP+1), (SP+2) ST pr 5810 5B | (pr)<A
T Py, PL—(SP), (SP+1), (SP+2), EXH 6C AcH
RTNS 62 SPSP+4 EXL 6D AL
EXB 6E A<B
PU, PL(—(SP), (SP+1), (SP+2), STB 6A B(—‘A
RTNI 63 PSW«(SP+3), SP«SP+4, LDB 66 AB
ME-1 LDH 64 AH
(SP-1)<-B, (SP-2)«-A,
RAM Address Instructions PSHBA 28 SP«SP-2
MNEMONIC |MACHINE CODE OPERATION (SP=1)¢H, (SP-2)¢L,
PSHHL 29
STL 69 LA S SP«S-2
TH H B P+1), A P),
S 68 <A POPBA a8 «—(SP+1), A—(SP)
EXHD 3F HeD SP«SP+2
LoE POPHL | 39 He(SP+1), L—(SP),
LIHL xy 3D Hex (i1, Ly (1=h) SP«SP+2
(2-byte) | 00 to FF T EEY (o STSB 70 SBreB, SBLA
STSP 71 SPueB, SPLA
STTC 72 TC«TM
STT™M 73 TMueB, TML—A
LDSB 74 B«SBH, A«SBL
LDSP 75 B«SPH, A—SPL
LDTC 76 B«TCh, A<TCL
LDDIV 77 B«DIVu, ADiVL
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Arithmetic Instructions Test Instructions
MNEMONIC |MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
A—A+X (l-lo), TAM 30 Skip if A = (HL)
ADX x 0010 OF ) i if v = 1 TAH 24 Skp T A= H
ADD 36 AeA+(HL) TAL 34 Skipif A=L
ADDG a7 A<TA'+(HL)+C, CeCr, TAB 20 Skfp ff A=B
Skipif Cy = 1 TC 2A Skipif C=0
OR 31 AA vV (HL) T™ x 4810 4B [ Skip if (HL), x = 1
AND . |32 A—A A (HL) TA x 4Cto 4F | Skip if Ax = 1
EOR 33 A—A @ (HL) TSTT 2B Skip if IFT = 1, IFT«0
ANDB 22 A—A A B TSTA 2C Skip if IFA = 1, IFA<0
ORB 21 A—AV B TSTS 2D Skip if IFS = 1, IFS«0
EORB 23 AA®B TSTB 2E Skip if IFB = 1, IFB«0
COMA 6F A—A TSTV 2F Skip if IFV = 1, IFV«0
ROTR 25 C-oA—»A2—AI->A—C
ROTL 35 Ce—Asc—Are—A1c—Aw—C Bit Manipulation Instructions
INCB 52 B—B+1, Skip if B = Fn MNEMONIC |MACHINE CODE OPERATION
DECB 53 B«B—1, Skip if B = 0 SM x 401043 | (HL) xe1
INCL 50 LeL+1, Skipif L = Fu RM x 44 to 47 (HL) x<0
DECL 51 LeL—1, Skipif L=0 RC 26 C0
79 (adr)«(adr) -1, SC 27 Ce1
DECM adr | 010 FE | Skip if (adh) = 0 RIME 3A IME0
NCM adr | 78 (aqr)f—(adr) +1, SIME 3B IME«1
00 to FF Skip if (adr) = Fu DI x 7F IEFIEF A x
(2-byte) CO0 to DF
El x 7F
(2byte) | EOtoFE |'ET VX
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I/0 Instructions

Special Instructions

MNEMONIC [MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
IN 67 A«PO SIO 3E Serial I/O start
ouT 6B P1<A IDIV 7F DIVe-0
INA x 7F AP (0. R () (2-byte) 10
(2-byte) A0 to A9 ' SKIP 00 No operation
OUTA x 7F CEND 7F
P (x), R A System clock sto
ebyte) | BotomF | hRKE (@byte) | 00 y P
INBA 7F B«R (x +1) NOTE :
X 80 to 81 AR (x) The machine code consists of 8-bit of Iz, Is, Is, ls, Is, Iz, 11 and k.
OUTBAX | 7F R (x +1)<B
(2-byte) 90 to 91 R (x)A
SP xy 7A
P (y)«P
(>byte) | 00to F3 WP () x
BP xy 7B
P (y)}P
(2byte) | 00toFs | WP )X
RDS 7F
D
(-byte) | 60 S0
RBR 7F
BR«0
(2byte) | 70 <
SDS 7F
DS«1
(-byte) | 61 <
SBR 7F
BR
@byte) | 71 <0
READ 7F A«—P4
(2-byte) 62 with OD
WRIT 7F P4<A
(2-byte) 72 with RW
READB 7F A—P4, with OD
@byte) | 63 BeP5
WRITB 7F P4<A, with R/W
(2-byte) 73 P5«B
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SYSTEM CONFIGURATION EXAMPLE

Key matrix He

—— O

Hs
r—o—
He LCD
H'C
San _____“___s.f ‘%So

0.1 yF to LCD

-
o

A
28
-
[¢]
o

PO0: [49

P1. &
P12

ajjon
Wl

w
2
%ﬁl&
=N

54] P1s
b by ey
Control signal (1) { =56 P2r > @_A
—i5q P2 Sez iy
ek,  —logl ano SM563 GND [26}
' 5a0 i 29| OSCn S 251=!
0 160] OSCour o E‘J
Laj: 22 ka ol Voo o
3 o=l ro. oz
- 08 % Sie &
@J-—4

PTTET
Piezo electric 64 PS'&", o r v oo = &

— © - N ™M % W O N O D = e e e e D‘Q

buzzer NLeDDNDBBBNDNBOHODAD S H
[oe]

W ER SRR EE RS
av Tiom 4 LT
L SIRAL) L7 D
Control signal (I11)
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SM 5 6 5 4-Bit Single-Chip Microcomputer

(LCD Driver)
DESCRIPTION PIN CONNECTIONS

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
« 1/O port :
Input 4
Input/output 11
+16 (Also used as LCD
segment port)
* Interrupts :
Internal interrupt x 4 (timer/counter, f4 signal,
serial /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
OSCn and OSCour.)

100-PIN QFP TOP VIEW

NNNNN

O O [59 PO1
(79 Ha
78] Ha
77 Hz
{76] He
179 cka
74 cKi1
73 Poo
(7 TEST
7] RESET
179 Se3
[69 562
[68] 561
[67] 560
[66) Ss9
[69] Sse
[69 Ss7
[63 556
[62] Ss5
[61] S54
(69 S53
[59] ss2
[58] 551
[57) Ss0
[56] Seo
(59 S4s
(54 547
153 S46
(52 Vo
E Voa

0 ) 5 0 5 5 5

CNOINSNESE SR N T
R8I BLGO08ERIBLITIYIN

+ 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 ps (TYP., 455 kHz, at 3 or 5 V)

+ Buzzer output

+ Standby function

* Supply voltage : 24t0 55V

+ 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
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

S & 8 S
a o o o
OO0
[T 1] Q P
O P1
i /_E O P1‘
2
O P1s
S | sP O P2
ROM 3] RD H L O P2,
(8192-BYTE) ™| - RE D E P2
GND{ <£ RF O P2:
= SND—»1—0 p2,
Voo RAM Q P3
\ (192 x 4-BIT) °
TEST mwrvers B R [ S e T
[——l I——IA isplay ||
R g T (64 x 4-BIT) SB Q P3
RESET ] 1 .o So
A O Sy
HC —1 1R .. S
0sC L “ — A
w Hov()H 1Fv
OSCour 6‘ .. S
o T L O Ss
CK Z R5 B
CK; Q - 5 | | .o Se
E INT = O S
> @ ok
Dour E 8 ' :
w ¥ w O Ss
E : R6 .. St
=z
=| |bS[BR
Vosp _— Ej © .. S
P2, O Sw2
'L R7 =‘ S
Von POs { He | O Sis
Vos O O S
Hs O '. Sz
] L S
Hs O L O S
Hz O =. S2o
- ' O Sa
He @ [/ [ O Sz
0,0.6,0,0.0/0/0/0/0,0)6,0,0,0.0,0.,0.0,0,0.0.0,0.0/0'0/0 0]00/0]0]0]0]0]0]0 0 070
Nomenclature IME : Interrupt master enable F/F
A B : Accumulators P1-P3 : Registers
ACL : Auto clear PL, PU : Program counters
ALU : Arithmetic logic unit PSW : Program status word register
BR, DS : Common signal control F/F R4-R7 : General-purpose registers
CG : Clock generator RD, RE, RF : Mode registers
DIV : Divider SB : Shift register
D, E H, L : General-purpose registers SP : Stack pointer
HC : Common signal circuit TC : Count register
IE . Interrupt enable F/F ™ : Modulo register
IFA, IFB : Interrupt requests D . Carrier contlol circuit
IFS, IFT, IFV
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PIN DESCRIPTION

SYMBOL lle} CIRCUIT TYPE FUNCTION
P0c-P0s | Pull up Acc « PQo-P0s
P1o-P13 1o} Pull up I/O selectable by instructions
I/O selectable independently
PawP2: Vo Pull up Sound output only when P2 pin is used as an output
P30-P3s /O Pull up Serial interface I/O by setting the mode register RE
So-Sis Oor Selectable between segment ports and /O ports through
110 an RC register
S16-Ses O Display RAM contents output as LCD segment signals
Hi-Ha 0] 4-value output capability; used for LCD common output
TEST | Pull down For test (connected to GND normally)
RESET | Pull up Auto clear
o 0] System clock output
Pour (0] Carrier output pin for remote control
CKi, CKe For system clock oscillation
0OSCn, OSCour For clock oscillation
Vosp, Voa, Vos Power supply for LCD driver
Voo, GND Power supply for logic circuit

ABSOLUTE MAXIMUM RATINGS

4-BIT SINGLE-CHIP MICROCOMPUTERS

PARAMETER SYMBOL RATING UNIT | NOTE

Supply voltage Vop —-0.3to0 +7 \ 1
Vose -0.3to +7 \

Input voltage Vin ~0.3 to Voo +0.3 \% 1

Output voltage Vour —0.3 to Voo +0.3 \Y 1

Output current lour 20 mA 2

Operating temperature Torr —20 to +70 C

Storage temperature Tsta -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 24 55 \
Vosp 24 Voo \Y
Basic oscillation frequency f 455 kHz
Instruction cycle t 8.79 us
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

O a9 C1 =470 pF, G2 = 470 pF C1 = 330 pF, C2 = 330 pF eyt
Crystal Rd Rf =1 MQ Rf =1 MQ Pm{
I Rd =1 kQ Rd = 1.5 kQ CGI ICD
L I Oscillator : KBR-455B (Kyocera)  Oscillator : CSB455E (Murata) = =
Co=33pF, Co=22pF
DC CHARACTERISTICS (Voo=2.410 5.5V, Ta =-20 to +70°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | NOTE
Vi 0.7 x Voo Voo \Y
Input voltage Viu 0 0.3 x Voo \ !
Vinz : Voo—-0.5 Voo \"
Vi 0 0.5 \ 2
Input current I Vn=0V 2 200 pA 1
lom Von = Voo—-0.5 V 50 ULA 3
lowt Vo=05V 250 A
lowz Vou = Voo—0.5 V 50 pA 4
lonzp Von = Voo—0.5 V 160 pA 5
Output current
loz VoL =05V 500 LA 6
lows Vo =Voo-0.5 V 20 nA 7
lonao Von =Voo—-0.5 V 90 pA 8
loLa Vou=05V 0.2 mA 7
Output impedance Ro > 20 k2 9
Rs 10 40 kQ 10
Vi 2.7 3 \Y
Output voltage Ve Vosp = 3.0V 1.7 2 23 Y 1
Vs No load 0.7 1 1.3 \
Va 0 0.3 \
lop f = 455 kHz, Voo = 3.0 V 160 320 12
Supply current s Standby current Vose =30V 15 40 pA 13
Voo=30V 8 20 14
NOTES :
1. Applied to pins P0o-PQs, RESET, P10-P13, P20-P23, P30-P32 8. Pins cited in NOTE 7 are applicable with mask option used.
(during input mode). 9. Applied to pins Hi-Ha.
2. Applied to pins CK1, TEST, OSC. 10. Applied to pins So-Ses (during LCD output mode).
3. Applied to pin CK-. 11. Applied to pins Hi-Hs, So-Ses (during LCD output mode).
4. Applied to pins P1o-P1s, P20-P22, P30-P32 (during output 12. No load condition.
mode). 13. No load condition when bleeder resistance is ON,
5. Applied to pins P2s, ®our (during output mode). Vosp = 3.0 V, during 32.768 kHz crystal oscillation.
6. Applied to pins P1o-P1s, P20-P22, P30¢-P32, ®our (during 14. No load condition when bleeder resistance is OFF,
output mode). during 32.768 kHz crystal oscillation. )

7. Applied to pins So-S1s (during data output mode).
Voa  Vos

- \/,

- \/, i
H« waveform -~ \/3; Coa

- V4 :_[

Coa=1pF, Cos=1pF
Cos

i
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PIN FUNCTIONS

+ GND, Voo, Vose (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 Vose 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 pF is connected
between this pin and GND to provide a power on
reset function.

» OSCin, OSCour (Crystal oscillator pins)

The OSCin and OSCour 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.

« CKi1, CK2 (System clock oscillator pins)
The CK: and CKz pins provide a system clock
oscillator.

+ Hi to Ha (Common signal outputs)
The H1 to Hs pins are used to drive the common of
an LCD.

«» So to Sez (Segment outputs)

The So to Ses pins drive LCD segments. Pins So
through S1s may also be used as I/O ports when
specified with the mode register RC.

» PQo to POs (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 /O pins connected to the positive
supply with pull-up resistors.

They may be switched between input and output
modes through an instruction.

* P2 to P2 (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 P2s 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 P2 output the OD and R/W signals
with the mode register RC.

« P30 to P3: (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 /O mode for use in a
serial interface with the mode register RE.

+ Mourt (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 P.
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 80w, the data memory are beginning with the
highest address (excluding the display RAM area)
7Fw, is usable as a stack area.

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 Ses for individual set of common outputs
H1 to Ha. The segment output pins provide a single
digit of display RAM data Mo to Ms, as an LCD
driving waveform signal according to H: to Ha
outputs. The operations of the display RAM are
identical to those of other RAM areas.

Page 0, address 0

RESET

Page 1, address 0 INTT
Address2[ — 7

INTA

Address 4 INTS
Address6[ |

INTB
Address 8] |

ress INTV

Page 104, address 0

Address 3Eu

Page 7Fn, address 3Fu

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 /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= 10w, Pwo= 0, Pis=0)

Last ROM address

Fig. 1 Program ROM Map
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Higher
address
Lower\ H 0 1 2 3 4 5 6 7 8 9 A B C D E F
address
L
0 So | Sie | Sa2 | Sus
1 St | S17 | Sas | Sae
2 Sz | Sis | Sas | Sso
3 S3 | Sis | Sas | Ss:
4 Sa | So0 | Sss | S
5 Ss | S21 | Saz | Ssa
6 Se | S22 | Sas | Sse
7 S7 | S23 | S39 | Sss
8 Ss | Soa | Sa0 | Sse
9 Se | Sos | Sa1 | Ss7
A S0 | S26 | Sa2 | Sss
B Si1 | S27 | Sas | Sse
C Si2 | Szs | Sas | Seo
D S13 | So9 | Sas5 | Se
E S1a | Szo | Sas | Sez
F Si5 | Sa1 { Saz | Ses
NOTE :

The area with the thick line is allocated for a display RAM and the Sn (n = 0 to 63) shows the related segment outputs.

Fig. 2 RAM Configuration

He Hs Hz Hi He Ha Hz Hi Hs Ha Hz Hi He Ha He H»

LRI L I A O

(L register) *
rrryryT

0000 llllllll

0001 bl

(H register) (H register) (H register) (H register)
= 1100 A= 1101 4= 110 5= 1 a4 a

LCD driver
b)
T

1110

1N laly
(NN

BEERERRERREERER

Ms M2 Mi Mo Ma Mz Mi Mo Ms M2 My Mo Ms M2 Mi Mo

Fig. 3 Display RAM and its LCD Segment Outputs
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Accumulator (A), Subaccumulator (B)
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, /O ports, and registers.

A subaccumulator (B) is another 4-bit register. It is
used as one of general-purpose registers, and
when combined with the A to form a B-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.

General-Purpose Registers (H, L, D, E)
Registers H and 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 H and L
registers on an 8-bit basis.

The H and 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 /O ports and mode
registers.

Ao A1 A Bo B B2 Bs

AERERRR,

osc fie fia fi2 fn fio fo

——»

fin

fs

Hf7 fo fs fo fo fo £ foI—»S Q

DIV (2)

WO @]
{ IFA
‘

s Q

intA+@—> R

Fig. 4 Real-Time Clock and Divider

B, A

~

@ a
—1 e

I ™@E)

|

1

Overflow

Count pulse
cP

—]

TC(8)

Q

ENEEE

Binary counter

intT+@—> R

Fig. 5 Timer/Counter

SND flag

TC(8)

TQ I } ll> t P23
R2s \F{Faj

A

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 IFT 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 fiv, 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).

Serial Interface and IFS

The serial interface consists of an 8-bit shift register
(SB) 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 (SB) 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 /O
ending flag IFS is set each time a 3-bit counter
overflows, and an interrupt request occurs.

P32/SO &)~

T T T T T
8-bit SB register )—1
; 1 L L .

Serial clock output
-—

P31/SCK dock

Serial

selector [

—
Extenal clock
Internal clock

Data shift request

Transfer end signal

s o[ s

3-bit
CNT register

Fig. 7 Serial Interface
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SIO start timing width (per cycle of transfer clock)

Juuu'
Start bit (Bit S/R) R

t
|
I
1
I
j
Interrupt request timing - ------------ e -
(IFS settiming) '
I
|
1
1

Transfer clock
(Level at SCK pin)

Example of waveform

output from SO pin MSB

(Serial) Data output . _________ -
timing

Example of waveform :
linput from any external ><0 :LSB><1
source to Sl pin

X71msB

(Serial) Data latch timing--------------- -

Data output timing
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
Data latch timing is timing that SM565 latches the Sl pin level and stores it to SB register.
Any user needs to decide timing to Sl 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.

POD—‘ [
PO:

PO | — sa IFB
P03_|-_

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.

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 P2: can output the OD and R/W
signals, 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 /0 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 1/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 /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

| IETIIEA l IESl IEB| IEV |

Interrupt request flag

priority

Interrupt master

Timer/counter. IFT ]

enable flag

fa signal

Serial I/0 pin IFS

INT

AL

PO signal IFB

Divide overflow IFV

Jj"?n (Tg % [Tl L’JA
Priority contro!

Fig. 10

Interrupt Handling
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Table 1 Characteristics of I/O Poris and Registers
Direct 4-bit parallel /O IN, OUT instruction Bit independent SPn output
PORT FUNCTION
Input (INA) | Output (OUTA) | Input (IN) | Output (OUT) | Direct pin-indepedent output RPn
PO | Input-only port (0] X (0] X X
P1 |10 port (0] (6] X 0] (0]
P2 | I/O port, Ps-sound output 0} 0] X X )
P3 P30-.S|, P3:-SCK, P3z-SO, o o X X o)
multi-control port
O : Yes, X : No

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/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.

External
CK1 dock 1 CKi1
| )
CKz Open ——]CKz2

Using ceramic oscillator ~ Using external clock

Fig. 11 CK:z Main Clock Sources

Main Clock Oscillator Circuit

The main clock oscillator requires an external
resistor across pins CK1 and CKo. Instead of using
on-chip oscillator, an external clock may be applied
to pin CKi. In this case, pin CKz should be left
open. The system clock ¢ is a divided clock
equivalent to 1/4 of the clock applied to pin CKi.

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).

(Common)

Him— e - —— - -

H2o- ——— - - - -

H3o————| -— - - -

Hao———— - - - -

(Segment) Ses

Sez2

Se1

Seo

Ssg

Sss

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.

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 Vosr in the Fig. 14. The frame frequency (I/T)
can be selected from 64 Hz or 128 Hz by mask
options.

» Voa and Vos pins

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

Hs

He

Ha

Ha

T

S

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 ®our, and controlled using
the register R73. Setting "0" in the bit of R73
causes the output from ®our 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.)

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 d®our pin Output

SELECTION OF PLA Qour 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

1/3 duty =

— ®out

Output waveform

e LT

clock
A L | 37.9kHz 12 duty
B I [ | 37.9kHz 13duty
AT | ] [ 37.9kHz 1/2duty
B [ [ 37.9KHz 1/3duty

Fig. 15 Mask Option for ®our Output

Fig. 16 shows an example of a circuit that converts

remote control carrier signal from the ®out pin into infrared signal.

Doyt

SM565

/’ Remote control signal

GND

Fig. 16 Remote Control Signal Output Circuit
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INSTRUCTION SET

ROM Address Instructions Data Transfer Instructions
MNEMONIC |MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
TR x 80 to BF Prex (Is-lo) EX pr 5Cto 5F |As(pr)
TL xy COto DF | Puex (h2-ls) LDX adr 7D
A«(adr)
(2-byte) 00to FF | Puey (Is-l) (2-byte) 00 to FF
SP—1)~(SP—4)—PC X 7E
(SP<—S)P(-4 ) (S2Tbytae(;r wtoFr | BINEA
TRS x EO to EF
Pue10m EXX adr 7C Acs(adn)
Pue—x (0,l3,12,11,10,0) (2-byte) 00 to FF
CALLxy | Foto FF (SP—=1)—(SP—4)PC LAX x 10t0 1F [ A«x (I>-lo)
(2-byte) 00 to FF SP«SP—4, PU«x (l11-Js), LIBA xy 3C Bex (l7-la) ‘£
Py (Is-lo) (2-byte) 00 to FF | A<y (Is-lo) E
Pus-Puze—x (ls-lo), B—ROM (Pus-Puz, B, A4 =)
Z':Qy’t‘e) Zg oaF |Pon P P PucB, LBAT €0 A—ROM (Pus-Puz, B, Al <
Pis-PLocA LDL 65 AL 8
LD pr 541057 |A«(pr) Q
RTN 61 Pu, PL~(SP), (SP+1),(SP+2) STpr 581088 [(p)cA g
RTNS 6 Pu, PL(SP), (SP+1),(SP+2) EXH 6C AcH o
SP«SP+4 EXL 6D Aol 5
Pu, PL—(SP), (SP+1),(SP+2) EXB 6E AcB 0l
RTNI 63 PSW«(SP+3), STB 6A BeA 5,
SPSP+4, IME«1 LDB 66 A—B =
LDH 64 A<H =
RAM Address Instructions PSHBA o8 (SP-1)«B, (SP-2)«A, g
MNEMONIC |MACHINE CODE, OPERATION SPSP-2
STL 69 LA (SP—1)H, (SP—2)«-L, ‘ 5
STH 68 HeA PSHHL 29 SP«SP-2 :
HoD B«(SP+1), A—(SP),
EXHD 3F LOE POPBA 38 P SP.2
(Lz":)"yt’;‘)’ 25 WEF | HEX (), Loy (o) POPHL | 39 ::SSPPT;’ L(SP).
' STSB 70 SBH«B, SBL.<A
STSP 71 SPHe<B, SPL—A
STTC 72 TC—TM
STTM 73 TMheB, TML<A
LDSB 74 B«SBH, A«SBL
LDSP 75 B«-SPh, A<SPL
LDTC 76 B<TCn, A—TCL
LDDIV 77 B«DIVH, A<DIVL
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Arithmetic Instructions Test Instructions
MNEMONIC (MACHINE CODE OPERATION MNEMONIC [MACHINE CODE OPERATION
AA+x (la-lo), TAM 30 Skip if A = (HL)
ADX x 0010 0F it oy =1 TAH 24 Skipif A= H
ADD 36 A—A+(HL) TAL 34 Skipif A=L
A—A+(HL)+C, C—Cv TAB 20 Skipif A=B
ADDC 87 Skip if CY = 1 TC 2A Skipif C = 0
OR 31 A—A U (HD) T™ x 4810 4B | Skip if (HL), x = 1
AND 32 AA N (HL) TA x 4Cto 4F | Skip if Ax = 1
EOR 33 A—A @ (HL) TSTT 2B Skip if IFT = 1, IFT<-0
ANDB 20 AcA N B TSTA 2C Skip if IFA = 1, IFA<O
ORB 21 AcA UB TSTS 2D SKip if IFS = 1, IFS<0
EORB 23 AcA® B TSTB 2E Skip it IFB = 1, IFB<-0
COMA 6F AA TSTV oF Skip if IFV = 1, IFV<-0
ROTR 25 CoA—»A2-AI—-A—-C
ROTL 35 CeAsc—Arc—A1e—A—C Bit Manipulation Instructions
INCB 52 B«B+1, Skip if B=Fn MNEMONIC [MACHINE CODE OPERATION
DECB 53 BeB1, Skip if B = 0 SM x 4010 43 | (HL) xe—1
INCL 50 LeL+1, Skip if L = Fn RM x 441047 | (HL) x0
DECL 51 L L1, Skipif L= 0 RC 26 C0
79 (adr)e—(adr)—1, SC 27 Ce1
DECMadr | 1010 FE | Skip f (adr) = 0 RIME 3A IME—0
NCM agr | 7 (ad)—(adn)+1, SIME 3B IME—1
00to FF | Skip if (adr) = Fu DI x 7F EF IR (1
(2-byte) CO to DF
El x 7F
(2byte) | E0tFF | UX
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I/O Instructions Special Instructions
MNEMONIC [MACHINE CODE OPERATION MNEMONIC [MACHINE CODE OPERATION
IN 67 A<PO SIO 3E Serial I/O start
ouT 6B P1<A IDIVV 7F DIVe0
INA x 7F AP (9, R () (2-byte) 10
(2-byte) A0 to A9 ' SKIP 00 No operation
OUTA x 7F CEND 7F
P (x), R A System clock sto,
(2bye) | BotoBr | XFRKe (@byte) | 00 y P
INBA 7F B—R (x+1) NOTE :
X 80 to 81 AR (x) The machine code consists of 8-bit of Iz, ls, Is, s, I3, Iz, I and lo.
OUTBAX | 7F R (x+1)<B
(2-byte) 90 to 91 R (x)A g:.)
SP xy 7A o
P (y)<P
@byte) | 00toF3 | WP OX 5
o
BP xy 7B =
P (y)<P (y) x o
(2-byte) 00 to F3 8
RDS 7F
D o
@byte) | 60 S0 9
RBR I BR«0 o
(2-byte) 70 E:)
D 7F !
SDS DS«1 'ﬂ
(2-byte) 61 g
SBR 7F BRO b
(2-byte) 71 =
READ 7F AcP4 g
(2-byte) 62 with OD
WRIT 7F PdeA 5
(2-byte) 72 with R/W
READB 7F A«P4, with OD
(2-byte) 63 B<P5
WRITB 7F P4«A, with R'W
(2-byte) 73 P5«B
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5bd
S0

LCD

584

S63

Hs
2
H1

IHac

;

3 455
o i

Wi

AMA

3

—=LCD driver power supply (Voo)

/* Remote control signal

Key matrix

eg h
52
ﬂ VOA (oN oe
lzg| s s [z
wS %S (82
[og] ows ses L2
lag| wvs ves |92
log| evs e2s {52
75| s zs vz
8| 15S 12s (g2
65| 255 ozs [e2
o9 €55 61S |12
1ol (5] 815 |02,
29 sss 5 s 61
lea] sss as [s1
m 58 © SIS
159| 855 Y] dSaA
99] 5 g
m o095 M €18
83| 195 . asle
.Ollm. 298 S Hns fe
0L €95 01s E
(12| 13530 6s [0t}
(22| 1531 s (6
& 00d isle
vz] w0 9s | ¢
SL} %0 sS |9
192 H S )S
22| en esiy
B8Z| €H s | €
.|h H 1Is|2
m od . w _ st
QOO0 4 0o« 53
| 28£fiffss88828860.280
[18[es]es]ve[ss]os]ze]es]ea]os] 6]z6]e6]v6 6] 98] 26 86 66001
! 1o
— — ~ >
a2 3 > ® 8
s 2 2 © s
(=4 — ~— j =
[S ] o k=) E
w2 1] @ 1
g ellé e &
5 ¥ 3
o x O
g
S
1
= F
L— = -

SYSTEM CONFIGURATION EXAMPLE

SHARP
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SHARP SM3903
SM 3903 4-Bit Single-Chip Microcomputer

(For Remote Control)
DESCRIPTION PIN CONNECTIONS

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

« 1/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 172

« Instruction cycle time : 61 ps (TYP., 32.768 kHz, at -3 V)

« Standby function

* Supply voltage : 2.6 to -3.2 V

» Package : 60-pin QFP(QFP060-P-1414)

60-PIN QFP

nnnnnnnnnnnnnnn
o @ O @ O &6 © O © H ® O«

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 i
catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.
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SM3903

BLOCK DIAGRAM

8833538838 £ 35583838
O-0-0-0-0-0-0 O-0~-0-0-0-0-O
L O bs
I LCD DRIVER O an
{\r O b
ROM L . DISPLAY RAM* O an
@rase ALU (32 x 4-BIT) :> O bn
L
RAM O b2
96 x 4-BIT)
o
[}
Ru(2) | Ru(4) | K(4) Acc(4) Bu(3) | Bu4) O an
O b
Y(4) O aws
|:: L(4) O br
(g) — QO ais
O bis
O as
O bis
K4
@) — DIV (15) 5]
L 555 4 wyuel
Poe222 3 3 M 8 § § =g & 3
(0] 3 o
* Display RAM can also be used as general purpose RAM.
Nomenclature
ALU : Arithmetic logic unit w : 8-bit shift register
Acc : Accumulator B : Independent input register
ACL : Auto clear circuit Bm, BL : RAM address register
c : Carry F/IF Br, Bc : Backplate signal generator circuit
Pu, Pu, PL : Program counter H LY : 4-bit F/F
Su, Sm, St : Stack register of program counter R : Control register for remote control output
Ru, Rm, Rt : Stack register of program counter K : Key input F/F
DIV : Divider CG : Clock Generator
PIN DESCRIPTION
SYMBOL o] CIRCUIT TYPE FUNCTION
ai, bi .
b ' (0] Segment output ports (i =1 to 16)
S
Hi-Hs (0] Common output ports
S1-Ss o Strobe output ports
T | Test input port (normally connected to GND)
K1-Ka | pull-down Key input ports
OSCu Crystal oscillat
stal oscillator
0SCour i
BA, B | pull-up Independent input ports
GND, Voo Power supply
Ri, R2 (0] Remote control carrier output
ACL | pull-down Auto clear input port

318




SHARP

SM3903

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT | NOTE
Supply voltage Voo -3.510 +0.3 \ 1
Vin Voo to +0.3 \
Operating temperature Torr 0to +50 °C
Storage temperature Tste —20 to +125 °C
NOTE :
1. The maximum applicable voltage on any pin with respect to GND.
RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL RATING UNIT
Supply voltage Voo -32t0-2.6 Vv
Crystal oscillation frequency fosc 32.768 (TYP.) kHz
DC CHARACTERISTICS (Voo =-3.21t0 2.9V, Ta = 25°C)
PARAMETER SYMBOL CONDITIONS MIN. | TYP. | MAX. | UNIT | NOTE
Vi1 -0.6 \ ]
Input voltage Viu Voo+0.6 \
Vikz -03 \ 5
Vi Voo+0.3 \
Input current In Vn=0V 15 pA 3
I Vin = Voo 15 pA 4
Von lour = 50 pA to Voo -0.5 \' 5
Vo lour = 5 pA to GND Voo+0.5 \
Output voltage Vor 03 0 0 v
Vos Voo =-3.0V -13 -1.0 | -0.7 \ 6
Voc No load -2.3 -2.0 -1.7 Vv
Voo -3.0 -3.0 27 \Y
Iso Vour = 0.2V 100 HA
Output current Isin Vour = Voo+0.2 V 100 pA 7
loa During full-range operation 40 pA
Supply current los When system clock is stationary 12 HA 8

NOTES :

. Applied to pins Ki-Ks, B.
. Applied to pins ACL, BA.
. Applied to pins Ki-Ks.

. Applied to pin f.

. Applied to pins Si-Ss.

. Applied to pins R1, Ra.

0N O A O =

. Applied to pins ai-ass, bi-bie, bs, Hi-Ha.

. No load condition when bleeder resistance is ON.
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PIN FUNCTIONS

* K1 to Ks (Inputs)

The Ki to Ks 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 (St to Se) 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.

+ BA, B (Individual inputs)

The individual input ports BA and  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 Ss (Strobe outputs)

The strobe outputs (S1 to Ss) are used to output an
8-bit W register, and constitute a key input matrix in
combination with the input ports Ki to Ka.

The W register is an 8-bit register transferred by
the PTW instruction in parallel. The W register is
an 8-hit 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.

« ai to ais, b1 to bis, bs

The segment outputs a: to aw, br to bie 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 L or Y
register. Segment output ports are designed to
drive an LCD with 1/4 duty cycle. The bs is used to
flash the display such as a colon under the control
of Y register.

« H1 to Hs (Common outputs)

The H1 to Hs are used to drive an LCD with 1/4
duty cycle and 1/3 bias, and have the 4-level of
output.

The common outputs control the BP F/F, BC F/F to
select the display mode or blanking mode.

Below shows the conditions of a display mode to
be selected.

BP=1and BC=0

* R (Remote control carrier output)

The Rs and Rz 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 P..
The Pu and Pwm specify the pages and the P.
specifies the steps within a page.

The stack consists of registers Su, Sm, St and Ru,
Rwm, R, 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, Pw = 7, P = 0 specified
by an ACL circuit.

« 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,
P.=0.

* For the instructions except for a jump instruction,
the polynomial counter P. is shifted by 1 step
according to a pelynomial 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.

by 0 1 2 3
0 |0 coverpage |10 2ERE™ |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 17 17 27 37 Poweron
8 |8 18 28 38
9 |9 19 29 39
A |A 1A 2A 3A

* page consists of 63-step.

Fig. 1 ROM Configuraton

nly 0 1 2 3
010 , IDX ~ 10 [START] |20 30
IHEVAERNE 21 31
2 || | T2 22 32 \
3 (3N [ 18\ 23 33
4[4/ J1a N\ 24 > 3¢ ]
5 1|5 T ) 15TL (NOT% 2)|25 35TML (NOTE’1)
6 |6 16 7 |2 36
7 [7 17 27 37 1acy
8 [8 18 28 38
9 |o 19 29 39
A A 1A 2A 3A

NOTES :

1. Jump address of TML, Pu =010 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 Bu and a 4-bit B.. The Bu is used to
specify the files and the B. specifies the words. Note that 1
word consists of 4-bit. The SM3303 has 2 x 16 x 4-bit of

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.

Bm| X Y 4

B 000 | 001

0000

0001

0010

0011

0100

0101

0110

0111

1000

1001

1010

1011

1100

1101

1110

1111

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 countis
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,Pu=0, PL.=0).

Clock Generator (CQG)

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.

OSCm
SM3903
OSCour [emll
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, Pu =7, P. = 0. 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 pF of capacitor between ACL pin and GND pin.
Fig. 5 shows the sample circuit.

‘ ACL GND

) O

0.0110 0.1 yF

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.

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.

32.768 kHz
Inside SM3903

Do
R2

Accumulator

Remote

control

carrier output
—

GND (0 V)

Remote
control
< signal

® @

Voo (-3 V)

Contents of R1 or R2 flag I

—— 32.768 kHz

Contents of R1 or R2 pin output
(remote control carrier output)

P

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 Hi to Hs as
shown in fig 7. The segment outputs provide 1-
digit data (M: to M) of the display RAM in
synchronizing with Hi to Hs 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.

ai bi

Fig. 7 7-Segment Numeric LCD Digit
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Ha Hs Ha Hi Ha Hs Ha Hi
S S S S S S N
oo | T TP T N
== b1
[ T T T a2
0001 | | | | .
™ a
oqm [ T | [ | | | N b3
' d
L A fle = S fle :L = LCD ‘L E
' (Bu=110) (Bu=111) driver ] !
11'10 I [ ! I ae
(I T A L bis
1111 [ 1 T | = ais
(I O I | L e bis
bttt
Ma Ms Mz M1 Ma Ms M2 M1

Hs

Hz

Hi

ai

b1

frame frequency=1/T=64 Hz

Fig. 9 LCD Driving Signal Waveform

Fig. 8 Display RAM and LCD Segment Output

- 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 Hs and a1), shown in
Fig. 9, the segment is turned on, and in the case
of 2 V or less (in the combination of Hs and ai),
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 =1to 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 BDC 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.

324



SHARP SM3903
INSTRUCTION SET
RAM Address Instructions I/0 Instructions
MNEMONIC|MACHINE CODE OPERATION MNEMONIC|MACHINE CODE OPERATION
Bus, Broex () @ x (I2) KTA 6A AcceK
LB x 40 to 4F BL1, Bro«—x ([3, |2) ATBP 01 BP«<Acc
But, Buoe—x (l1, lo)
By [5F - 0 By 0 ATL 59 LAcc
(2-byte) |00 to FF MeX (lo-ls), Buemy (lo-lo) ATFC |60 YeAcc
SBM 02 Buze—1 (only next step) ATR 61 Ri<Acc (i = 1, 2)
ﬁ\lstLA gi gﬁ?ﬁB,; e Arithmetic Instructions
! = y
SEE—tee Skip :f BL OHB :_‘—B L: MNEMONIC|MACHINE CODE OPERATION
L= 0, BiBi—
P ADD |08 AcceAcciM
. AcC—ACC+M+C, C—CY
ROM Address Instructions ADD11 109 Skip if CY = 1
MNEMONIC[MACHINE CODE OPERATION ADX x 130 0 3F gﬁpﬁfAé:?f (113-10)
ATPL |03 Ple-PLo—Acc proY=
RTNO 6E Pue—Su«—Ru, Pu«Sm—Ru COMA 0A AcceAcc
PLeSLeRu DC 3A Acc—Acc+An
PuSueRu, Pme—Sue—Ru AcCo«—AcCCi¢—-AcCa
RTN1 6F PLeSLRu, Skip next step ROT 68 [ C (_l
TLxyz |70to7A Puex (ls-lo), Pue=y (l7, ls) RC 66 C—0
(2-byte) |00to FE  |Prez (Is-lo)
R—S—PC+1,Pvo,Pvac(0, 0) SC 67 Cet
TML xyz | 7C to 7F P .
Y M1, Pmoe—x (ll, IO),PU(—y (|7, ls Test Instructlons
(2-byte) |00 to FE Pre-z (ls-h)
MY oo |ReS—PGH, Puco, Puct MNEMONICMACHINE CODEl  OPERATION
IDXYZ | o010 pE | Prex (ish), Puey (I7, T B 51 Skip if B =1
(2-byte) PLéez (Is-lo), Pme—4 TC 52 Skipif C=0
T xy 80 to BE PLex (ls-lo) TAM 53 Skip if Acc = M
TMIx |54t057 |Skipif Mi=1, (i=x (I, o))
Data Transfer Instructions TAO 5A Sk?p ?f Acc =0
MNEMONIC [MACHINE CODE OPERATION ;ASBL :s 2‘;" f: ’:‘CC =OBL -
AN pif15=0
EXCx 1101013 g "B e Bun, Buo @ x (I, I TAL 5E Skip if BA = 1
BC«C TF1 68 Skip if f1 = 1
BDC 6D Display on if C =0 T —
Dicplay oft if G = 1 TF4 69 Skip if fe= 1
AcceoM Bit Manipulation Instructions
EXCIx 14t017 | Bw, BuoeBw, Buo @ x (I, ) MNEMONIC]MACHINE CODE OPERATION
Skip if BL= Fn, BueBi+1 . -
BRM x 04 to 07 Mi<—0, i = (I, lo)
AccoM - -
EXCD x [1Cto 1F  |Bwr, BuocBumi, Bvo @ x (1, l) SM x 0Cto OF [ Mie1,i=(I1, lo)
Skip if BL= 0, Bre—BL-1 s ial Instructi
ecial Instructions
LDAx |18t01B |ACCOM p
Bu1, Broc—Bum1, Buo @ x (I, lo) MNEMONIC [MACHINE CODE OPERATION
Acceox (le-h) KIP |00 No operation
LAX x 20 to 2F Skip when in succession (S;END ) CIO olf n :
WR 62 Wi Wee—Woe0 Ock Stop
WS 63 WreWeecWoeT DV |65 il
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SYSTEM CONFIGURATION EXAMPLE
» Remote control with LCD display

LCD

(132-segment)

[
DC voltage output _T_ _T. .T. .T.

i

Hy Hz Hs Hs a1 bs bis aie bie bs
OSCour
OSCiv
. SM3903
S Ri
Ss
Ki Ko K3 Ks ACL GND Voo BAB T

0T

N

Key matrix

Crystal 00F
32.768 kHz2P
l_
| |
T /”/\
15pF

Reset (o ANe]
D
o,
1 pF
-
H

]
0.1 yF L
3y = =100Q

T

Remote
control
signal
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SM3905 4-Bit Single-Chip Microcomputer

(LCD Driver)
DESCRIPTION PIN CONNECTIONS

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, /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 contro!
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

* |/O port :
Input 4
Output 11

+15 (also used as LCD
segment port)
* Interrupts :
Internal interrupts x 4 (timer/counter, f4 signal,
serial 1/Q, 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
0OSCw and OSCour.)

64-PIN QFP TOP VIEW
3 =
SRR ZATRE S o
naa>000000a00a
o) 63! 6 [61]bool [5e] el [57 6] 55 [54) [5 s 2]
P3[4 0O 51] P10
Dour(Z] (50] P03
So[3] [49] P02
Si[4] (48] PO
S2[5] (47] Ha
Sa[s] l46] Ha
S4[7] [a5] Ha
Ss(8] (a4] H
Ss[9] 23] CK2
Sr{io] 22] CKi
Sa 1] 41] POo
Sefi2] l40] TEST
S1oi3] [39] RESET
S11E (38] Sa
Si2i5) [37] Sa0
S13@ 136] S2o
S14 (35] Vos
VDSP% 34] Voa
Sisl19 [33] Sas

« 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 us (TYP., 455 kHz, at 3 V)

+ Buzzer output

« Standby function

* Supply voltage : 2.7 t0 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
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

P0o

(O POy
P02
() PO:

IFB

(O P13
o sp O P2
rov | (B Ao PR re
4 096-B : RE
GND{ (4 096-BYTE) § RE P2
Voo () RAM : ::;1
TEST O (128 x 4-BIT) 5 P3°
& | DISPLAY RAM '
L] (32 x 4-BIT) B Q P
RESET - O s
\ — LlRs St
HC O
0OSCour oV = Oss
OSCw () 5 (O Ss
Dour (O l ™ l E E:J Oss
CKi 8 - H_" O Ss
oK TC IFT g INT 2 O's
2 o e
IFA [=|2 o O se
SI/P. o E
20 IFS b= E \ é : Ss
s
SCK/Par s |-| Z| [Ds[eR] 5 s:?
a:} i O s
P0s DIV(1) O Sn
< I (O Sis

. Sis
' S|7
. S!B
O——0O Y6 SOOHE— s
& 28 ITELTLT §F5SSSSSEF5FE B
Nomenclature
A B : Accumulators IME : Interrupt master enable F/F
ACL : Auto clear P1-P3 : Hegisters
ALU : Arithmetic logic unit PL, PU : Program counters
BR, DS : Common signal control F/F PSW : Program status word register
CG : Clock generator R4-R7 : General-purpose registers
DIV : Divider RD, RE, RF : Mode registers
D,E,H,L :General-purpose registers SB : Shift register
HC : Common signal circuit SP : Stack pointer
IE : Interrupt enable F/F TC : Count register
IFA, IFB : Interrupt requests ™ : Modulo register
IFS, IFT, IFV Dour : Carrier control circuit
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PIN DESCRIPTION

SYMBOL /0 CIRCUIT TYPE FUNCTION
P0o-P0s | Pull up AcceP0o-P0s
P1e-P13 I[e] Pull up I/O selectable by instructions
I/0 selectable independently
P2o-P2s Vo Pull up Sound output only when P23 pin is used as an output
P30-P33 110 Pull up Serial interface /O by setting the mode register RE
So-Sue Oor Selectable between segment ports and 1/O ports through
/{e] an RC register
Si5-Sai 0] Display RAM contents output as LCD segment signals
H1-Ha (0] 4-value output capability; used for LCD common output
TEST | Pull down For test (connected to GND normally)
RESET ] Pull up Auto clear
Gour 0] Carrier output remote control
CKjs, CKe For system clock oscillation
OSCw, OSCour For clock oscillation
Vosp, Voa, Vos Power supply for LCD driver
Voo, GND Power supply for logic circuit

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT | NOTE
Supply voltage Voo —-0.3to +7 \ 1
Vosp -0.31t0 +7 \"
Input voltage Vin —-0.3 to Voo +0.3 \Y 1
Output voltage Vour —-0.3 to Voo +0.3 \ 1
Output current lout mA 2
Operating temperature Torr —20 to +70 ‘C
Storage temperature Ts1a 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 Vv
Vosp 2.7 Voo Vv
Basic oscillation frequency f Voo=271t036V 455 kHz 1
Instruction cycle t Voo=271036V 8.79 Hs
Crystal oscillation frequency fosc 32.768 kHz

NOTE :

1. Starting condition : within 10 seconds after power on.

329

4-BIT SINGLE-CHIP MICROCOMPUTERS



SHARP SM3905

Oscillation Circuit

CKi CK2
/ Oscillator : KBR-455B (Kyocera) OSCn 0SCour
Rr=1MQ Crystal
Re Ry Ra=56kQ i_m,_i
L, GRS I 1°
I I Co=10pF, Co=8 pF
DC CHARACTERISTICS (Voo=2.7 10 3.6 V, Ta =-20 to +70°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | NOTE
Vir 0.7 x Voo Voo \" )
Input voltage Vi 0 0.3 x Voo Vv
ViHz Voo—0.5 Voo \ 5
Viz 0 0.5 \Y
Input current I Vn=0V 2 200 pA 1
low Von = Voo—0.5 V 50 HA 3
lou1 Voo=05V 250 pA
loz Vo = Voo—0.5 V 50 pA 4
Output current loHzn Von = Voo—0.5 V 160 pA 5
lot2 Voo=05V 05 mA 6
loHs Vo = Voo—0.5 V 20 HA 7
lomap Vo = Vop—-0.5 V 90 pA 8
loa VoL =05V 0.2 mA 7
Output impedance Re S 20 ka2 o
Rs 10 40 kQ 10
Vi 2.7 3 \
Output voltage Va Vosp = 3.0V 1.7 2 2.3 \' 1
Vs No load 0.7 1 1.3 \
Va 0 0.3 \
lop f = 455 kHz, Voo = 3.0 V 160 320 12
Supply current Vose =30V 15 40 pA 13
lss Standby current Vor =30V 3 9 7
NOTES :
1. Applied to pins P0o-P0s, RESET, P10-P1s, P20-P23, P30-P32 8. Pins cited in NOTE 7 are applicable with mask option used.
(during input mode). 9. Applied to pins Hi-Ha.
2. Applied to pins CKi, TEST, OSC. 10. Applied to pins So-Sst (in LCD output mode).
3. Applied to pin CKe. 11. Applied to pins Hi-Hs, So-Sa1 (in LCD output mode).
4. Applied to pins P1o-P1s, P20-P22, P30-P3: (during output 12. No load condition. ,
mode). 13. No load condition when bleeder resistance is ON,
5. Applied to pins P23, Pour (during output mode). Vosp = 3.0 V, during 32.768 kHz crystal oscillation.
6. Applied to pins P1o-P1s, P20-P2s, P30-P32, Pour (during 14, No load condition when bleeder resistance is OFF,
output mode). during 32.768 kHz crystal oscillation.

7. Applied to pins So-Si4 (during data output mode). v Vi
OCA 0B

-\, i -t
- \/,

H: waveform _rl—l_l—_r -V, Cor Coo CO*=THF, Con=1yF
-\, I

-||_|
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PIN FUNCTIONS

« GND, Voo, Vose (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 Vosr 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 pF is connected
between this pin and GND to provide a power on
reset function.

» OSCin, OSCour (Crystal oscillator pins)

The OSCwn and OSCour 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 CK: and CK: pins provide a system clock
oscillator.

« Hi to Hs (Common signal outputs)
The Hi to Hs pins are used to drive the common of

an LCD.

« So to Sa1 (Segment outputs)

The So to Sa1 pins drive LCD segments. Pins So *

through S+ may also be used as I/O ports when
specified with the mode register RC.

+ P0o to P0s (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 P2; (Input/output)

The P20 to P25 pins are bit-independent I/O ports
which can be independently set to input or output
mode with the mode register RF.

When the P2s 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 P2 output the OD 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.

* ®our (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 P.
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. |[f, for
instance, the initial value of the stack pointer is set
to 80w, the data memory are beginning with the
highest address (excluding the display RAM area)
7Fw, is usable as a stack area.

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 Se to Sa1 for individual set of common
outputs Hi to Ha. The segment output pins provide
a single digit of display RAM data Mo to Ms, as an
LCD driving waveform signal according to Hi to Ha
outputs. The operations of the display RAM are
identical to those of other RAM areas.

Page 0, address 0

RESET
Page 1, address 0 INTT
Address 2|~ _IN—T; -
Address 4 IN—'—I' S
Address 6] _IN—TI; 7
Address 8 INTV

Page 10n, address 0

Address 3Ex

Page 3Fw, address 3Fu

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 =10k, P =0)

Last ROM address

Fig. 1

Program ROM Map
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L H| 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001
0000 So Sts
0001 S Si7
0010 Sz Sis
0011 Ss Sig
0100 Sa S20
0101 Ss So
0110 Se S22
0111 S7 Ses
1000 Ss Sos
1001 Se Sos
1010 S1o Szs
1011 S Szz
1100 Sw2 Sas
1101 Sis Sz
1110 S - Sao
1111 Sis Sai

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.

Fig. 2 RAM Configuration

(L register) * * * + + * * *

T . T = So
oooo| f [ L 1 = Si
= S
[ 1 I T
0001 L ! ! 4 - |- S/
0010| ! ! ' T L L } . -
(H register) (H register)
r 1000 > 1001 o= & LCD =
driver
| Si3
1101 T T f T L L s L > S2e
T = Si14
1110 I ) ! ! ! 1 - |- Sio
[ Sis
vl DT ' T P ! - S

Fig. 3 Display RAM and its LCD Segment Outputs
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Accumulator (A), Subaccumulator (B)
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 (B) is another 4-bit register. It is
used as one of general-purpose registers, and
when combined with the A to form a B-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.

General-Purpose Registers (H, L, D, E)
Registers H and 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 H and
L registers on an 8-bit basis. The H and 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

OSCn

Ao Av A2 A» Bo Bi B2 Bs

A A B O A v

0osC

—>I fia f1a f12 f11 fio fo f5
fin

OSCour DIV (2)

fr s fs fo fa f2 foFVS Q
DV intV+ R

; IFA
int A+ R

Fig. 4 Real-Time Clock and Divider

TM™(8)

Sl "H@
|

|

Overflow

Count pulse

cP _’l

e

Fig. 5 Timer Counter

SND flag

>t

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 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
IFT 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).

Serial Interface and IFS

The serial interface consists of an 8-bit shift register
(SB) 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 (SB) 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.

B, A

f

Sl

SB(8)

1 SO

I
i

f
by

P3u/S1 P31/SCK

IFS
+»| 3-bit CNT
@-> R

P3450

Fig. 7 Serial Interface

| [T

SCK

I J I I

SO SBy SBs

X SBs

SBs

SBz SB: SBo

SI Sl Sh Sk

B

-

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
POy
P0|——I‘
ro ;i_) T $ Qf—=IFB
POJ'—J— intB+ @—» R
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 wili be
queued.

I/O Ports

Port PQ 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 OD and R/W signals,
respectively. In those cases, these pins should be kept
High in an output mode. Port P25 outputs the SND signal
in the output mode.

Port P3 is a 3-bit /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 (S, 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

| IETl IEA| IES I IEB | IEV|

Interrupt request flag

priority

9 Interrupt master
enable flag

INT

(FJQ
Priority control

Timer/counter I er |
| |
fa signal ] IFA }
L
Serial /O transmit/ | IFS ]
receive completion L= 1
! [ |
PO signal IFB
¢ |
Divide overflow [ IFV ]
|

Fig. 10 Interrupt Handling
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Table 1 Characteristics of I/O Ports

PORT FUNCTION Direct 4-bit parallel 11O IN, OUT instruction B.Il md'e;.)endent output SPn
Input (INA) | Output (OUTA) | Input (IN) | Output (OUT) | Direct pin-independent output RPn

PG | Input-only port (6] X (0] X X
P1 | I/O port 0 o] X 0O 0}
P2 | I/O port, P2s-sound output (0] (0] X X (0]

P30-Sl, P3i-SCK, P32-SO,
pg | > ’ o) o) X X o)

multi-control port

O :Yes, X:No

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.

CKi External clock —=] CK1
R {
CK:

Open CK:

On-chip CR oscillator Using external clock

Fig. 11 Main Clock Sources

Main Clock Oscillator Circuit

The main clock oscillator requires an external
resistor across pins CKi and CKe. Instead of using
on-chip oscillator, an external clock may be applied
to pin CKi. In this case, pin CKz should be left
open. The system clock ¢ is a divided clock
equivalent to 1/4 of the clock applied to pin CKi.

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).

(Common)

Hio-——— —= —— - - -

(Segment) Ssi Sao Sag Ses Sor

S26 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
example of a 7-Segment Numeric LCD Digit.

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 S are used). A voltage of 3 V is applied to
pin Vosr in the Fig. 14. The frame frequency (I/T)
can be selected from 64 Hz or 128 Hz by mask
options.

« Voa and Vos 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 Vos respectively.
Normally pins Voa and Vos are left open. When an
LCD with a large display area is driven, connect
capacitors across pins Voa and Vose and across
Vos and Vose to improve the rise time of the LCD
driving signal.

I T T O Vose (3 V)
Ha M -t Voa (2 V)
T Voo (1 V)
[ Sl i GND (0 V)

I I I

| I L

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 ®our, and
controlled using the register R73. Setting "0" in the
bit of R73 causes the output from ®our 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

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 ®our Pin Output

SELECTION OF PLA Dour OUTPUT

PLA1 ( PLA

N

Output waveform | When remote control signal is not output : |

constant and High as stated above. However, it 1 1 A Constant Low output
can be set to the constant Low level using the 2 1 B Constant Low output
mask option. Either 1/2 or 1/3 can be selected as 1 2 A Constant High output
the duty of the carrier. (See Table 2 and Fig. 15) 2 | 2 B Constant High output
PLA1
1/2 duty --O1 PLA2
—0O- —O1
1/3 duty =02 —O— ®our
02
Output waveform
Main clock
System
clock
A _ L 37.9kHz, 1/2duty
B 37.9 kHz, 1/3 duty
AT [ 37.9kHz, 12duty
B 37.9 kHz, 1/3 duty

Fig. 15 Mask Option for ®our Output

Fig. 16 shows an example of a circuit that converts
remote control carrier signal from the ®our pin into
infrared signal.

Doyt

SM3905

/* Remote control signal

GND

Fig. 16 Remote Control Signal Output Circuit
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INSTRUCTION SET

ROM Address Instructions Data Transfer Instructions
MNEMONIC [MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
TR x 80 to BF  |Puex (Is-lo) EX pr 5Cto 5F | Ae(pr)
TL xy EO to EF | Puex (li-l6) LDX adr 7D Ae—(adh)
(2-byte) 00 to FF | Piey (Is-lo) (2-byte) 00 to FF
SP-2), (SP-3), (SP—4)PC STX ad 7E
(SP-2), (SP-3), (SP—4)« adr (adnA
: SP«SP—+4 (2-byte) 00 to FF
TRS x CO to DF
Pu«104 EXX adr 7C Acs(ad)
Prex (la, I3, I2, 11, lo, O) (2-byte) 00 to FF
SP-2), (SP-3), (SP—4)«PC LAX 10 to 1F A I3-1
CALLxy |Fotorr |EF2 (5P (P4 X X (l-l)
(2-byte) 00 to FF SP«SP—4, Puex (ln-ls), LIBA xy 3C Be—x (I7-14)
d PLey (Is-h) (2-byte) 00to FF  |Acy (lxh)
Pus-Puz¢—x (l3-lo), B—ROM (Pus-Puz, B, A
BA
‘(Jfg X ;gt o | P Pon Pis PucB, LBAT 60 A<ROM (Pus-Pwz, B, A).
vte) ° PLo-PlocA LDL 65 AL
LD pr 54 to 57 Ae(pr)
RTN 1 Pu, Pue—(SP), (SP+1), (SP+2
6 b PLe(SP), (SPH1). (5P+2) STpr 581058 | (pnA
Pu, PL—(SP), (SP+1), (SP+2), EXH 6C AcH
RTNS 62 SP«SP+4 EXL 6D AL
RTNI 63 Pu, PL—(SP), (SP+1), (SP+2), EXB 6E AoB
PSWe(SP+3), SPSP+4, IME1 STB B6A BA
LDB 66 A<B
LDH 64 A<H
RAM Address Instructions (SP-1)«B, (SP-2)«A,
PSHBA 28
MNEMONIC [MACHINE CODE OPERATION SP«SP-2
STL 69 LA (SP-1)¢«=H, (SP-2)«L,
STH 68 HeA PSHHL 2 SP«SP-2
HeD B«~(SP+1), A—(SP),
F
EXHD 3 LoSE POPBA 38 SPSP+2
LIHL xy 3D H«(SP+1), L(SP),
H -l4), L I3-1
ebyte) | ootofr | X (1o Ly () POPHL 1 39 SPSP+2
STSB 70 SBu«B, SBL—A
STSP 71 SPu«B, SPL<A
STTC 72 TC~TM
STTM 73 TMue—B, TM—A
LDSB 74 B«SBH, A«SBL
LDSP 75 B«SPH, ASPL
LDTC 76 B«TCn, ATCL
LDDIV 77 B«DIVH, ADIVL
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Arithmetic Instructions Test Instructions
MNEMONIC |MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
A—A+x (Is-lo), TAM 30 Skip if A = (HL)
ADX x 0010 0F o init oy =1 TAH 24 Skipif A=H
ADD 36 A—A+(HL) TAL 34 Skip if A = L
ADDC 37 A%A.+(HL)+C, C«Cv TAB 20 Sk?p if A=B
Skip if Cy = 1 TC 2A Skipif C=0
OR 31 A—A U (HL) ™ x 4810 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 @ (HL) TSTT 2B Skip if IFT = 1, IFT«0
ANDB 22 A-ANB TSTA 2C Skip if IFA =1, IFA<0
ORB 21 A—A UB TSTS 2D Skip if IFS = 1, IFS«0
EORB 23 A-A @B TSTB 2E Skip if IFB = 1, IFB«0
COMA 6F A<A TSTV 2F Skip if IFV =1, IFV<0
ROTR 25 C—oA»A2—-AI—A—C
ROTL 35 CAsc—Ar—Ar—Au—C
INCB 52 B«B+1, Skip if B = Fu Bit Manipulation Instructions
DECB 53 B«B-1, SkipifB=0 MNEMONIC |MACHINE CODE OPERATION
INCL 50 LeL+1, Skip if L = Fn SM x 40 to 43 (HL) xe1
DECL 51 LeL—1, Skipif L=0 RM x 44 to 47 (HL) x<-0
79 (adr)«(adr)-1, RC 26 Ce0
DECMadr | 00 1o FF | Skip if (adh) = 0 sC 27 Ced
INCM adr 78 (ac.ir)<'—(adr)+1, RIME 3A IME«<0Q
00 to FF | Skip if (adr) = Fu SIME 3B IME 1
DI x 7F
(2-byte) cotoDF |/EFEIEF N x
El x 7F
(2byte) | EOFF | Y X
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SHARP

SM3905

1/0 Instructions

Special Instructions

MNEMONIC |MACHINE CODE OPERATION MNEMONIC |MACHINE CODE OPERATION
IN 67 A<PO SIO 3E Serial /O start
ouT 6B P1<A IDIV 7F DIVe0
INA x 7F AP 00, R (0 (2-byte) 10
(2-byte) A0 to A9 ’ SKIP 00 No operation
INBA x 7F B—R (x +1) NOTE :
80 to 81 AR (x) The machine code consists of 8-bit of I7, Is, Is, l4, I, Iz, I+ and lo.
OUTBAXx | 7F R (x +1)<B
(2-byte) 901091 |R XA
SP xy 7A
(byte) | 00toF3 |~ WP )X
BP xy 7B
ebyte) |ootoFs |7 WP X
RDS 7F
@byte) | 60 DS<0
RBR 7F BR_O
(2-byte) 70
SDS 7F
@byte) | 61 DS«
SBR 7F BRO
(2-byte) 71
READ 7F A<—P4
(2-byte) 62 with OD
WRIT 7F P4<A
(2-byte) 72 with RW
READB 7F A«P4, with OD
(2-byte) 63 B—P5
WRITB 7F P4<A, with RW
(2-byte) 73 P5B
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SHARP SM3905

SYSTEM CONFIGURATION EXAMPLE

Key matrix

to
L LCD
= b
*E P20 Sea E}J w
Control signal (1) [«E P2, Ses gpﬁ '5
__E P2 S22 z [a
Crysta " [58|GND SM3905 GND [25] =
32768kHz = it o S Eﬂ 8
E OSCour Seol E}—* (@]
I e SE :
10 pF a . 52|P2 Se[22] =
1-: «© I E P3: S E—’ =
Piezo electric &4lP3; 5 o S«jao}—! %
S x| || N 98 2~ a0« EREN - N
buzzer \memmmmwwwmmwwwwwmgw (.)
SW_,__To\L [l [~ =]=lel=lxe ]k lelel=T=]e] w
; L= g
3v =10 HFE]!Z- =z
I L *_»L—** to LCD 7
gy - -
Contro! signal (II) m
<

Remote control signal
/

@ = -

100 pF 220 pF
KBR-4558
I

5.6 kQ

1 MQ

CKz CK;4
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Lineup of 4-Bit Microcomputers
SHARP (For Data Bank Use)

PRODUCT SELECTION BY BUILT-IN MEMORY SIZE

Built-in
data RAM(bit
ata (bit) APPROXIMATE TELEPHONE LISTING

: : : 400 PERSONS MEMORY
64 Kk 5 5 CMm3512) : ( )
24 k \SM3508) Gse PERSONS MEMO@
20k S
-1 6 k E E :SM3509 : E @0 PERSONS MEMO@
8k (SM3503) Gz PERSONS MEMOR\D
6k e
4k ; ICSM3504XSM351A)(SM351EXSM351)
(SM3507), SaoT C% PERSONS MEMORD
| = S
0 T
; : H H ; g BUIt-in ROM
ok ' 4k ' 6 k ' 8k ' 19k ' o4 k (WORD(X23 bit width))

D : Under development
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SHARP

Lineup of 4-Bit Microcomputers

(For Data Bank Use)

PRODUCT SELECTION BY LCD SEGMENT NUMBER

AND EXTERNAL MEMORY SIZE

7segment:4line

7segment:iline

5x5dot:1line

7segment:2line

OR OR

[16x16dot:1line |1 [16x16dot:2line

OR
16x16dot:2line

EXTERNAL MEMORY SIZE(MAX.)
(ROM/RAM)
‘ 1 1 1] 1 ] ] L]
1 L] 1 L I 1 1 1
N SO Joommmcmm o e cmemm Loccmcnaa e ecmaa deccccmmm - Lccmcann !
( : : : ' N
128 M-bitx4 ‘ : ' SM3513* SM3511 ||
. . . .
] L] ] 1l
1 1 U
- e ------ q--------- i
1 U
1 HIGH END DATA BANK "
1 1
. N h
8 M-bitx3 : ELECTRIC DICTIONARY SM3508 :
1 1
] N 1
afacaaaaa B S —— EEEEEEPP ;.--..-..-... . . j—:
1 . ] 1 ] 1 |
' H 1 1 ] ] 1
1 ' ' N ] 1 h
! ' ] 1 1 0
[ 1 1 1 f
DATA BANK : : ' : \
1
-1 TRANSLATOR R R Lo . ;
1 ' ) 1
SPELL CHECKER ' ' ' ' '
SCIENTIFIC CALCULATOR : ! : : d
: . : : 1
] N ] ] f
L] [ ] [] 1
-l eymmemaman [P e mme=--- 0
1] 1 L} 1
1 L
SM3509 ) ! ! '
H ) 1] t]
64 kebit SM3512% E ' ' '
] ) 1 1
SM3514 ! ! ' '
-1- Y Fommmman- LR — \
SM3515 ' ' ' !
1 ] [} 1
sm3s507 SM3503 : : : ;
SM3504 ' ! ' '
1 1
- ‘:7 . /: Number of
| LCD SEGMENT
32seg.x4com. ! 48seg.x8com. ' 60seg.x8com. ! 60seg.x9com. , 74seg.x16com., 74seg.x32com. 985eg.x32com.:
]
L]
5x7dot:1line ‘ ) . :
48x8dot s5x5dot:1line 7segment:ine 5x7dot:2line 5x7dot:4line 5x7dot:4line :
DISPLAY EXAMPLE » 7segment:1line |s] 7segment:2line | 1| 7segment:2ine s
]
1
]
1]
1
L]
1
1
1

*:UNDER DEVELOMENT MODEL

347

4-BIT SINGLE-CHIP MICROCOMPUTERS
(FOR DATA BANK USE)



Lineup ot 4-Bit Nlcrocomputers

SHARP (For Data Bank Use)

COMPARISON TABLE

SM3507 SM3503 SM3504 SM3514 SM3515
Built-in Program ROM Size
(word (23-bit width)) 6k 6k 6k 8k 12k
Builtin Data RAM Size 05k 1k 05k 05k 05k
(byte)
Enternal Memory (byte) - - -
LCD Display (seg. x com) 48 x 8 60 x 8 60 x 8 60 x 8 60 x 8
(384 dots) (480 dots) (480 dots) (480 dots) (480 dots)
LCD Contrast '
Adjustable Level ) ) ’ )
IR Communication
(External Ceramic Resonator) i ) | )
Parallel 110 8 - - - -
e Output 2 - - - -
Buzzer Output 1 1 1 1 1
Input 2 - - - -
Key Matrix 14 x4 14 x 6 14x6 14x6 14x 6
ON Key 1 1 1 1 1
Low Battery Detector
(Extenal Reference Voltage) ’ ’ ) i )
Supply Voltage (V) 25t034 251034 2510 3.4 2510 3.4 2510 3.4
Power Consumption (LA) TYP.20 TYP.20 TYP.20 TYP.20" TYP.20
(Display Mode) (at 3V) (at 3V) (at 3V) (at 3V) (at 3V)
Package Chip/80QFP | Chip/100QFP | Chip/80QFP | Chip/100QFP | Chip/100QFP
Tooling (EV-Board) Now Now Now Now Now
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Lineup of 4-Bit Microcomputers

SHARP (For Data Bank Use)
SM3509 SM3512* SM3508 SM3511 SM3513*'
Application 100 Persons | 100 Persons | 156 Persons High End High End
Data Bank Data Bank Data Bank Data Bank Data Bank
Built-in Program ROM Size
(word (23-bit width)) 8k 8k 12k 24k 24k
Built-in Data RAM Size 2k 8k 3k 05 k 05k
(byte)
Enternal Memory (byte) 8k 8k 3M 64 M 64 M
. 60 x 9 60 x 9 74 x 16 98 x 32 74 x 32
LCD Display (seg. x com.)
- (540 dots) (540 dots) (1 184 dots) (3 136 dots) (2 368 dots)
LCD Contrast i i 16 16 16
Adjustable Level
IR Communication
(External Ceramic Resonator) i ) © © ©
Paralle! I/O 8 8 8 8 8
o Output 2 2 2 3 3 %
Buzzer Output 1 1 1 1 1 =
Input - i 2 2 2 z
Key Matrix 14 x 6 14 x 6 16 x5 16 x5 16 x5 g
ON Key 1 1 1* 1 1* 8
Low Battery Detector i i i o o 5 n
(Extenal Reference Voltage) =Y
Supply Voltage (V) 251034 25t034 251055 3.81t06.0 3810 6.0 % %
Power Consumption (pA) TYP.20 TYP.20* TYP.40 TYP.50 TYP.50%* Qg
(Display Mode) (at 3Vv) (at 3v) (at 3V) (at 5V) (at 5V) 5 ::
Package Chip/100QFP | Chip/100QFP | Chip/128QFP Chip Chip 2 :
Tooling (EV-Board) Now Now Now Now Now "'_’ g
* Can be used as key matrix. *1 : Under Development *2 : Preliminary :3 E
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SHARP

SM3507

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 1Hz
timer interrupt is made possible for easier clock
function.

FEATURES
* ROM capacity :
Program ROM 6 k x 23 bits
Character ROM 4 x 8 x 128 bits
* RAM capacity :
Working RAM 256 x 4 bits
Display RAM 48 x 8 bits

Data RAM 512 x 8 bits
» LCD display : 48 segment x 8 common
* /O ports :
Parallel /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 : 2.5t0 34 V
 Packages :
80-pin QFP (QFP080-P-1420)
Chip (83-pad)

4-Bit Single-Chip Microcomputer
(For Data Bank Use)
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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

SM3507

SYSTEM COMFIGURATION EXAMPLE

(FOR GAME APPLICATION)

Common signal

ﬁ Segment signal
1

. S1-Sas
Key matrix :> Klz-KI7

(MAX. 84-key) Hi-Ha

S1-Ss
Sa1-Sas

~ 5 I_gﬁg?gtor K> biot-Dioe SM3507 cor

Eos | Individual output

XCR
.s Kt vee TEST RESET  XI X0 BZ vee

LR
1 1 Buzzer

APPLICATION EXAMPLE

I S
(I Ll
[ I | IZl
0, o,
el 11
71891 =Imc e g
A 456 [ x MR
q D O O 1 2 3 J— M_ MODE UP DOWN SET
v 0 = |+ | M+
LCD GAME DUAL LINE CAL. WORLD TIME CLOCK
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SHARP

SM3503

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 1Hz
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 256 x 4 bits
Display RAM 60 x 8 bits

Data RAM 1 k 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 :
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 ps
+ Operating temperature : —10 to +60°C
* Supply voltage : 2.5 to 3.4 V
* Packages :
100-pin QFP (QFP100-P-1420)
Chip (84-pad)

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 cbtain the latest device specification sheets before using any SHARP device.




SHARP SM3503

SYSTEM COMFIGURATION EXAMPLE

Common signal

i

%%%%%%%%%%

T T Segment signal
1

S1-Seo

@@_‘2

Hi-Hs

Key matrix =" ki SM3503

S1-S6  |(MAX. 84-key)

S53-Seo
—[— XCR

Kir Ve TEST RESET Xl X0 BZ vee

! Veo
ON + |reseT il 1 =) )
Key Key . L
v - II I W .‘.‘.‘jl Buzzer

LCD Control : 60 x 8 dot

V5 D

APPLICATION EXAMPLE

LU 1| 5x 5 dot matrix s 1
8 segment :1

SM3503
Chip (83-pad)

]

AB|CD[E ATB]CI[D[E[F
819 1]2181415]68 7lslal+]>
GHIY KL Q|w|E[R|T]Y

KEY : MAX. 85 key
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— SM3504
SM3504 4-Bit Single-Chip Microcomputer

(For Data Bank Use)
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 1Hz
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 256 x 4 bits
Display RAM 60 x 8 bits

Data RAM 512 x 8 bits
+ LCD display : 60 segment x 8 common
* 1/O 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 ps
+ Operating temperature : —10 to +60 °C
« Supply voltage : 2.5 t0 3.4 v
» Packages :
80-pin QFP (QFP80-P-1420)
Chip (83-pad)
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Inthe 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 SM3504

SYSTEM COMFIGURATION EXAMPLE

Common signal

%%E%%%%%@%%%

{T Segment signal
]

S1-Sea

Hi-Hs

Key matrix :a Kiz-Ki? SM3504

S1-Se (MAX. 84-key)
Ss3-Seo

XCR

"T

Kih Vee TEST RESET  XI X0 BZ

Vee
Vee
ON + RESET P % 1 % ) ))
key key I I W j_ Buzzer

APPLICATION EXAMPLE

LCD control : 60 x 8 dot

DR

I | 5 x 5 dot matrix
8 segment 1

SM3504

Chip (83-pad)
AB|CD|EF A[BJCIDIE[F
ik 12(3]4]5]s JHHEE
RN a|wlE[R|T]|Y

KEY : MAX. 85 key
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SHARP

SM3514

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 1Hz
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 256 x 4 bits
Display RAM 60 x 10 bits

Data RAM 512 x 8 bits
+ LCD display : 60 segment x 8 common
« 1/O 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 : 10 ps
* Operating temperature : —10 to +60 °C
* Supply voltage : 2.5t0 34 V
* Packages :
100-pin QFP (QFP100-P-1420)
Chip (83-pad)

4-Bit Single-Chip Microcomputer
(For Data Bank Use)

3 56 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

SM3514

SYSTEM COMFIGURATION EXAMPLE

i

660680686688

Common signal

{T Segment signal
]

$1-Se
S53-Seo

Key matrix  —=

(MAX. 84-Key)

—

S1-Seo
Hi-Hs
Kkt SM3514
XCR
Kh  Vcc TEST RESET Xl X0 BZ
vee

o 2 L 1"““1
Rk

=)))

Buzzer
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SHARP SM3515

S M3 5 1 5 4-Bit Single-Chip Microcomputer
(For Data Bank Use)

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 1Hz

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 :
Working RAM 256 x 4 bits
Display RAM 60 x 10 bits

Data RAM 512 x 8 bits
+ LCD display : 60 segment x 8 common
* 1/O 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 : 10 ps
« Operating temperature : —10 to +60 °C
» Supply voltage : 2.5 t0 3.4 V
« Packages :
100-pin QFP (QFP100-P-1420)
Chip (83-pad)

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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SHARP

SM3515

SYSTEM COMFIGURATION EXAMPLE

1
B8

" Common signal

B

S1-S6
S53-Se0

{T Segment signal
]

Key matrix
(MAX. 84-Key)

—

Hi-Hs

S1-Seo
Kiz Kt SM3515
XCR
Kit Vec TEST RESET Xl X0 BZ

ON
Key
3V’

Vee D))>

Buzzer
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SHARP SM3509

SM 3 509 4-Bit Single-Chip Microcomputer
(For Data Bank Use)

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-

alle! 1/0 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 1/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 ps
+ Operating temperature : —10 to +60 °C
* Supply voltage : 25t0 34 V
» Packages :
100-pin QFP (QFP100-P-1420)
Chip (98-pad)

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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SHARP SM3509

SYSTEM COMFIGURATION EXAMPLE

E1EVED 0T BB E BN ET D | common sgna
BEEEBEBEEBE8E
858585888888

ﬁ Segment signal
1.

l \_ S1-Seo
CE
cE Hi-Hy
S7-S1s Expand K| mw
memory |,
By (—{oo00s  SM3509 o
EOz |—= Individual output
Kl2-K17
Ki XCR Ve TEST RESET X X0 Bz vee
. Vee
Key matrix |
—liax. 84-key) 2 | fpeser Pﬂ‘{ =) )>
S1-Ss key wid 7 | key I I
Ssa-Seo BUZZER
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SHARP SM3512

S M 3 5 1 2 4-Bit Single-Chip Microcomputer
(For Data Bank Use)

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 /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 256 x 4 bits
Display RAM 60 x 9 bits
Data RAM 8 k x 8 bits
* Memory expansion (external) : 8 k x 8 bits
« LCD display : 60 segment x 9 common

+ /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 H
« Built-in oscillator :
System clock (built-in

"32.8 kHz
32.768 kHz

QFP (QFP100-P-1420)
02-pad)

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

SM3512

SYSTEM COMFIGURATION EXAMPLE

g

6 HEEAAA00800
908666650988

Common signal

ﬁ Segment signal
]

S53-Se0

3Vy

S1-Seo
: —ce
CE Hi-Hg
§7-S1s | Expand (j:‘ RW
—— Memory
8kbyte K DI0:i-DI0s SM3512 €on - L
EO2 __L Individual output:
Kl2-KI?
Kit XCR Vec TEST RESET XI X0 BZ Voo e
_—_:> Key matrix PU
RESET
oo |MAX. BaKey) = b .

P

\]4-BIT SINGLE-CHIP MICROCOMPUTERS

#1(FOR DATA BANK USE)
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SHARP SM3508

SM 3 508 4-Bit Single-Chip Microcomputer
(For Data Bank Use)

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 /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 1Hz 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) : 1M x 8 bits x 3
+ LCD display : 74 segment x 16 common

+ I/O ports :
Parallel /0 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) 1 MHz
Timer (built-in CR oscillator) 32.8 kHz
(external crystal) 32.768 kHz
* Instruction cycle time : 3 s
« Operating temperature : ~10 to +60 °C
* Supply voltage : 25t0 5.5V
» Packages :
128-pin QFP (QFP128-p-2828)
Chip (128-pad)

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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SHARP

SM3508

SYSTEM COMFIGURATION EXAMPLE

(HIGH END DATABANK)

| 0 O O
i i
B8.8588E68E888888

Ll
1113 i1

| T O T

Common signal

il i

{T Segment signal

Se-S2s

S1-Ss
Se7-S7a

!

CE

Expand
memory
1 M-bytex 3

=

S1-574

CE1-CE3

RW

DIO1-DIOs

Klz-Kl7
Kis

SM3508 VH

Kii Vcc TEST RESET CXI CX0 BZ

Intrared signal
for IR communication

= Vce

Key matrix

(MAX. 96-key)

= 1]

N EE LElred
L

Vee =)))

Buzzer
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SHARP SM3511

SM 3 51 1 4-Bit Single-Chip Microcomputer
(For Data Bank Use)

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), key/switch input circuit,

8-bit parallel IO 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(IR) 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 24 k x 23 bits
Character ROM 6 x 8 x 256 bits
* RAM capacity :
Working RAM 256 x 4 bits
Display RAM 98 x 32 bits
Data RAM 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

« /O ports :
Parallel I/O 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) 1 MHz
(external ceramic resonator) 1 MHz
Timer (built-in CR oscillator) 32.8 kHz
(external crystal) 32.768 kHz
* Instruction cycle time : 3 ps
+ Operating temperature : —10 to +60 °C
* Supply voltage : 3.8 to 6.0 V
+ Package : Chip (180-pad)

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 inj
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
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S M 3 5 1 3 4-Bit Single-Chip Microcomputer
(For Data Bank Use)
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 contains 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 256 x 4 bits
Display RAM 74 x 32 bits
Data RAM 512 x 8 bits
« Memory expansion (external) : 16M x 8-bits x 4
« Buil-in battery detector
+ LCD display : 74 segment x 32 common
* I/O ports :
Parallel /O

+ Standby release :
» LCD contrast adjustablé : 16 levels
» Built-in oscillator :
Syéte@-,gl_ock (built-in CR oscillator) 1 MHz
(external ceramic resonator) 1 MHz
Timer (built-in CR oscillator) 32.8 kHz
(external crystal) 32.768 kHz
+ Instruction cycle time : 3 ps
« Operating temperature : —10 to +60 °C
« Supply voltage : 3.8 to 6.0 V
« Package : Chip (156-pad)

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 betore using any SHARP device.
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SYSTEM COMFIGURATION EXAMPLE

(HIGH END DATABANK)

Common signal

E—

4 [Segmenl signal

CE CE1-CEs S1-574 Hi-Ha2
Reference

®Lep swe Vee it

DIO1-DIOs SM3513 cpectAL

Se-S32 | Expand
memory
16M-byte x 4

Infraréd signal .
for IR comprinication”

Kl-Klz EOQ2
Kis Kt Vcc TEST RESET CXI Cxo Bz

T4

_:> Key matrix l
ON + |reser
sose [MAX-s6ken sw1
6 it
Se7-574 I

t{4-BIT SINGLE-CHIP MICROCOMPUTERS

£{(FOR DATA BANK USE)
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PRECAUTIONS FOR
SINGLE-CHIP MICROCOMPUTERS

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 LSI.

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 OSCnN
D

)

OSCour
O

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.
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PRECAUTIONS FOR
SINGLE-CHIP MICROCOMPUTERS

Undesirable Oscillator Circuit Connections

¢ Long wiring. Crystal is not close to LSI.

GND OSCiN OSCour
ey

?

Long wirings

L™ Loy,

* GND of oscillator is connected
to return path of High-current.

GND OSClN OSCour

| E

High-current

e Current flows on line connecting ground
points of oscillator. Voltage drops occurs
across points a, band c.

GND OSCw 0OSCour

e Clock is directly output.

| GND OSCwn -OSCour
) )

¢ (Multi-layered PCB) Oscillator
wiring and another wiring intercross.

| GND OSCw

PO

OSCour

O
N

F

1

e Pattern carrying High-current runs along oscillator.

GND OSClN

OSCour

|-

Hngh -current
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DEVELOPMENT SUPPORT SYSTEMS

DEVELOPMENT SUPPORT SYSTEMS

The development support systems for 8-bit
single-chip microcomputers are configured
with a host computer and an appropriate

@ Support Toals for 8-Bit Single-Chip Microcomputers

Centronics

Parallel Emulation Pod

In-Circuit Emulator

in-circuit emulator.

RS-232C

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-40 is a currently available

Host computer
(Perconal computer with
MS-DOS™ operating system,
such as Sharp's PC8900 SME-40

series or IBM's PC/AT)

@ Support Teols for 4-Bit Single-Chip Microcomputers

Emulator Evaluation Board

™ o -

high-performance SM emulator.

8-Bit Single-Chip Microcomputer
. Development Support Systems

In-circuit Emulator

4-Bit Single-Chip Microcomputer
Development Support Systems

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 emulator expedites the development of 4-bit
single-chip microcomputer programs.

An evaluation board connected to an SME-40 emu-
lator allows program development plus PC-based
program entry and debugging.

Evaluation Board

This emulation pod connects an emulator to a user
system.
It has a probe cable for external signals.

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-40 emu-
lator permits programs to be run in the emulator.
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DEVELOPMENT SUPPORT SYSTEMS

One-Time Programmable Microcomputer

Microcomputer with Built-In Flash Memory

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 are
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

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

An evaluation chip is a program debugging LS|
device to which an external memory module can
be connected in place of the internal ROM of a sin-
gle-chip microcomputer.

Piggyback chips have a double stacking structure
in which an EPROM socket is mounted on an eval-
uation chip housed in a regular IC pakage. They
can be installed in user sys- 4
tems to allow evaluation in
a physical package simi-
lar to that used in mass pro-
duction.

* Under development

8-Bit Single-Chip Microcomputer Development Support Tools

Model No. In-Circuit Emulator Evaluation Chip Piggyback orp

Unit Emulation Pod Microcomputer

SM8311/3/4/5 LUB300H7 LU8B313H4 LU8313H5 LU8B313H6 LU8311P0/P1
SM8502*/3*/4/5*/6 Refer to page 379 * | UB500F0/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
(LUB300H7) + Instruction cycle time count + Coverage function
+ Real-time trace function * Structured assemler for SM8300
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* Under development

4-Bit Single-Chip Microcomputer Development Support Tools

SME-40 System Supported MPU | Evaluaton Board Piggyback / OTP
* Target microcomputers : SM3503/04/14 LI3504H2 -
4-bit single-chip microcomputers SM3507 LI3504H2* -
» Emulator : SM3508 LI3508H2 -
SME-40 (LU4DH400) SM3509 LI3502H2 -
« Evaluation board SM3511/13* LI3511H2 -
» Host computer *SM3512 LI3512H2 -
Personal computer with MS-DOS™ SM3515 LI3515H2 -
operating system SM3903 - -
« Optional software : SM3905 - -
Cross-assembler/Mapper SM563 LU563H2 LU563H6
Emulator software SM565 LU565H2 LU565H6
SM5K4/5K5 LU5SK5H2 LUSK5PO/P1/P2/P5/P6/P7 *2
SM5K6 *LU5K6H2 *LUSK6P00/P10/P20/P50/P60/P70"2
SM5L1/5L2/5L.3 LUSL1H2 -

*1 Evaluation chip : LI3507H5

*2 OTP microcomputer

378




SHARP

DEVELOPMENT SUPPORT SYSTEMS

16-Bit/8-Bit Single-Chip Microcomputers,
32-Bit RISC Microcomputer Development Support Tools

The development support tools for 16-bit/8-bit

* Under development

are supplied by the YOKOGAWA Digital Computer

microcomputers and 32-bit RISC microcomputer Components.
Supported MPU Support tool Package
SM8311/13/14/15 AD200-S56/PP001 64SDIP
100QFP
M8502*/03*/04/05* D200-
SM8502*/03*/04/05*/06 Emulator AD200-S56/PP150 100QFP*
advice 100QFP
*SM /04/ *
SM6003/04/05 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*/03*/04/05*/06 | Assembler, Structured assembler/C compiler by ADaC
*SM6003/04/05 Structured assembler/C compiler by ADaC
ARM7D Core C compiler confirming to ANSI by ARM
ADaC : Advanced Data Controls Corp.  ARM : Advanced RISC Machines, Ltd.
FEATURES
SM8300 Series SM8500 Series
*SM i ARM7D
(SM8311/13/14/15) | (SMB502+/03"/04/05%08)| > Mo000 Series Core
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
Vo 52 84 88 P
Operating voltage 271055V 18t0 55V 25t055V 27t055V
Instruction cycle 500ns (at 5V) 330ns (at 5V) 67 ns (at 5 V)/100 ns (at 3 V)B0 ns (at 5 V)/50 ns (at 3 V)
« AID converter * Timer 16-bit x 1 « Timer/counter 16-bit x 6 + DMAC
« Zero cross detector circuit * Timer 8-bit x 7 » A/D converter « INTC
Remarks « Pulse vidih measuring funcion | A/D converter « D/A converter + I0C/BUSC
"s0 9 » D/A converter - PWM - RTC
» UART/SIO « UART/SIO « 82CXX series etc.
- Office Automation equipment, [ Communication equipment, | Audio visua! equipment,
Application Home appliances Home appliances Bussiness equipment PDA etc.

ARM is the frademark of Advanced RISC Machines, Ltd.
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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
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60 QFP (QFP060-P-1414)
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72 QFP (QFP0O72-P-1010)
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100 LQFP (LQFP100-P-1414)
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128 QFP (QFP128-P-2828)
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SHARP CORPORATION Japan

HEAD OFFICE

INTERNATIONAL SALES & MARKETING GROUP
-IC/ELECTRONIC COMPONENTS

22-22, NAGAIKE-CHO, ABENO-KU, OSAKA 545, JAPAN
PHONE : (06) 621-1221

FAX : 6117-725300, 6117-725301, 6117-725302

IC SALES DEPARTMENT

INTERNATIONAL SALES & MARKETING GROUP
-IC/ELECTRONIC COMPONENTS

26131, ICHINOMOTO-CHO, TENRI-CITY, NARA 632, JAPAN
PHONE : (07436) 5-1321

U.S.A.

EUROPE

FAX : (07436) 5-1532

ASIA

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 (1) 408-436-0924

16841 Armstrong Avenue,
Irvine, CA 92714

PHONE : (1) 714-250-0225
FAX 1 (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 (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, M1 48302

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 Bivd.,
Suite 140, Morrisville, NC 27560
PHONE : (1) 919-941-0065

FAX : (1) 919-941-0066

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) 711-720 94-20
FAX  :(49) 711-720 94 28
MED Niirnberg Office
Donaustrasse 69, 90451 Nirnberg,
Germany
PHONE : (49) 911-642 70 51
FAX 1 (49) 911-642 66 69
France
MED Paris Office
Immeuble Rosny 2, Avénue du
Général de Gaulle 93110
Rosny Sous Bois Cédex, France
PHONE : (33) 1-48 55 91 53
FAX = :(33) 1-48 55 46 78
tary = -
MED Milano Office
Centro Direzionale Colleoni
Palazzo Taurus Ingresso 2
20041 Agrate Brianza, Milano, ltaly
PHONE : (39) 39-68 99 946
FAX : (39) 39-68 99 948
UK.
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,
Bellshill ML43NQ,
Scotland, United Kingdom
PHONE : (44) 1698-84 34 42
FAX 1 (44) 1698-84 28 99
Ireland
MED Dublin Office
First Floor, Block 1, St. Johns Court
Santry, Dublin 9, Ireland
PHONE : (353) 1-842 87 05
FAX : (353) 1-842 84 55

T

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 FI., 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 B/D, 541,

Dohwa-dong, Mapo-ku, Seoul, Korea
PHONE  :(82) 2-711-5813 to 5818
FAX : (82) 2-711-5819

Ref. No. WT 284C |




