




















































































































































































































































































































































































































































.. ABSOLUTE MAXIMUM RATINGS 
Symbol Parameters Conditions Limits Unit 
Vee V cc Supply Voltage -0.3-7 V --
V pp V pp Supply Voltage -0.3 - 22 V 
VI Input Voltage 

With respect to GND �~�.� 

--0.3-7 V 
Vo Output Voltage 

�-�~� 1--' --0.3-7 V 
Pd Maximum Power Dissipatio;)-r--cG = �2�~�-�-�-�-�-�-�-�-�-�-�'�- c---

0.3 W 
Topr Operating Temperature Range--

1----------- -20-'70--1--- 'c --
Tstg Storage Temperature 

f----------.------.-----
-40-125 'C--

.. RECOMMENDED OPERATING CONDITIONS (Ta=-20-7WC) 

Symbol Parameters 
Limits 

Min Typ Max 
Unit 

Vee Supply Voltage 4.5 5.0 5.5 r---y-
V III Input High Voltage 2.0 !Vlr+O.3 V 
V IL Input Low Voltage -0.1 0.8 V 

.. ELECTRICAL CHARACTERISTICS 
• READ OPERATION D.C. CHARACTERISTICS(Ta=--·20-70'C, Vee=5V±lO%) 

Symbol Parameters Test Conditions 
Limits 

Unit 
Min Typ Max 

---- .-
CE/V PI' = Vee ± 0.3V 

IcCi Standby Vee Supply Current DATA CLOCK,RESET= Vee or Open 100 J1A 
TEST=GND or Vee ctO.3V 

" .. �~�-�-�-�- f---- --t-----c-:-
leu Operating V cc Supply Current IOl'T=OmA 10 rnA 
YUH Output High Voltage 10H= --400J1A 

-----1----2.4 V 
---;-;' -"-------_._- -;-

VOl Output Low Voltage 1",.=2.1mA 0.45 V 
Input High �~�~�T�E�S�T�-�-

r------
2.0 

r-:-;---- ---y--
V jll 

v" to.3 
Voltage TEST 

-----
V" �t�O�~�3� --y-4.0 

Input Low I Except TEST" 
, 

-0.1 
f--- �-�~�~� 

V 0.8 
V ll 

Voltage !fEST -
�-�-�-�~�-�-�-�+�-�- .. "---

1.0 V -0.1 
-----

Input Leakage VI =OV'vee �=�5�.�~�V� 
._-------- .. �~� ---

-- 20 J1A 
III �~�f�E�T�,�D�A�T�A� �C�L�O�C�~� __ ·-180 

---
Current TEST,CE/V pp V,=OV-Vec -10 10 J1A 

lu) Output Leakage Current Vo=OV-Vee 1 -10 10 J1A 

• READ OPERATION, A.C. CHARACTERISTICS(Ta= -20-7OOC, Vee =5V ± 10%) 

Symbol Parameters Test Conditions 
Limits 

Unit 
Min Typ Ma;z-

�~�~�C�(� Clock to Output Delay CE/Vpp=VII 1 J1S 
teE CE to Output Delay Load= 1 J1S 

--
to!' CE High to Output Float !TTLt IOOpF 0 200 ns 
tRW Reset pulse width 2 J1S 

--
telA' Clock pulse width 2 J1S 

�-�I�C�O�©�®�o�a�-�-�-�-�-�-�-�-�-�~�-�-�-�-�-�-
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• D.C. PROGRAMMING CHARACTERISTICS (Ta=25°C±5°C, Vee=5V±5%1 

Symbol Parameters Test Conditions 

II'P V PI' Supply Current CEjVl'p=V,HI' 
1(.( Vee Supply Current 

r--------
Input High Except TEST 

V IH 
V oltage TEST 

Input Low Except TEST 
V" Voltage TEST 

f-------- .-

V1HP 
Program pulse Input High 
Voltage 

----------

V ILP 
Program pulse Input Low 
Voltage 

Input leakage RESET.DATA CLOCK V,=OV,V ee =5.25V 
ILl 

Current TEST V,=OV-V" 

• PROGRAMMING CHARACTERISTICS (Ta=25°C ±5°C, Vee =5V ±5%1 

Symbol Parameters 

t" Address Set-up Time 

tes CE Set·up Time 

t DS Data Set-up Time 

t[)J--I Data Hold Time 

t[)F CE to Output Float 
-

tCE CE to Output Delay 
_.-

tf'\', Program pulse width 
~-

t pR 
~-

V pp Pulse rise time 

t PI'- V PI' Pulse fall time 

tRW Reset pulse width 

tc ".,. Clock pulse width 

• TIMING DIAGRAM 

EESET --.I 

DATA CLOCK 
tRW 

CE/V"I' 

DATA 

tACC -
tCE 

.-

Limits 

Min Typ Max 
Unit 

2 I's 
2 I's 
2 I'S 
2 I'S 
0 200 ns 

1 I's 
45 50 55 ms 
0.5 100 I'S 
0.5 100 I's 
2 I's 

2 
--- - -

I'S 

\ 

\ 
tew .J 

)< 
~ 

Min 

2.0 
4.0 

-0.1 

-0.1 

20.5 

2.0 

-170 
-10 

Limits 
Unit 

Typ Max 

5 rnA 

0.5 rnA 

V" +0.3 V 

Vee +0.3 r----y-
O.S V 

1.0 V 

21.0 21.5 V 

Vee 6.0 V 

-20 I'A 
10 I'A 

/ 

tDF 

---------------1l0©®[}{]-
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• PROGRAM MODE 

RESET 

DATA CLOCK --+r,,,,.,.,-----------__ 
c~------~~Hi-Z 

DATA INPUT DATA INPUT 

CE/Vpp 

tpw tpw t DH tCE 

tpR tpF 

• OPERATING MODES 

~ 
Data Counter output 

Mode 1 8 

Read Data Output Clock (A5) Output 
Standby High impedance High impedance 
Program Data Input High impedance 

Counter operation mode 
TEST(5)=GND 6 bits 
TEST (5) = Vee 7 bits 

• EXPLANATION ON OPERATION 

.READ MODE 

RF5HOl/RP5HOl is a serial address type PROM 
with 6-bit/7 -bit counter. The first bit can be read 
out by adding reset pulse after IT/VPP=V,L . The 
2nd bit-the 64th bit can be sequencially read out 
by adding data clock pulse. The output data is 
valid after a delay of t Aee from reset rise up or 
data clock fall down, in the state of eE/V pp = V,L. 

In the state of TEST=GND, the counter operates 
as a 6-bit counter. It returns to the reset condition 
(address 000000), if it is added with 64-time data 
clock pulses after the reset pulse is applied. 

The counter output pin is for operation test of 
the built-in counter. It puts out the highest output 
(A5) of the 6-bit counter. 

t cs t OF 

[E/V •• Vee GND 
2 3 4 

V'L Vee GND 

V'H Vee GND 
V IHP Vee GND 

.STANDBY MODE 

RF5HOl/RP5HOl is provided with power down 
function that is controlled by CE input. If TTL 
high level is given to the chip enable input (eE), the 
device comes to be the Standby Mode, and the 
output is in the state of high impedance. 

-IID©@OO--------------
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• PROGRAM MODE 

Initially, all bits of RF5H01/RP5H01 are in the 
"1" state. Data is introduced by selectively 
programming "O"into the desired bit locations. 

The program is operated by setting up CE/V pp = 

V IH , and adding the reset pulse, and then applying 
the 50mS 21 V program pulse. The data are 
verified by making CE/V pp = VIL. The 2nd bit-the 
64th bit are programmed by progressing the 
addresses in sequence by means of adding the data 
clock pulse. 

.DUMMY BITS 

RF5H01/RP5HOI is a one-time PROM. For this 
reason, it is provided with a dummy bit of 8 bits 
for test programming. The dummy bit is located 
after the practical use 64th bit. The address is 8 
bits of 1000000-100011l. The built-in counter 
operates as a 7 -bit counter when "Test" (5 pins) is 
set at V cc level, enabling to select the dummy bit. 
In the case of the "Test" being GND level, the 
counter operates as the 6-bit counter, being unable 
to select the dummy bit. In the 7-bit counter, when 
the clock pulse is added in sequence, the address 
progresses from 0000000 to 1111111, and then returns 
to 0000000 . 

• 8-PIN PLASTIC FLAT PACKAGE (EXTERNAL VIEW) (UNIT: mm) 

~ .,. 
0 0 
+1 +1 
0 ex: en co 0.15typ 

"-

~t -en 
en 

-0 
II 

0.95typ 

1.27 typ 1.6±0.15 
+0.1 

0.15 - 0.05 

5.0±0.15 Po 

~ 
00 

0 

;': 
00 

0 

---------------ICO©®OO-
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.8-PIN PLASTIC DIL PACKAGE (EXTERNAL VIEW) (UNIT: mm) 

S.S±O.25 

~typ 

-ICD©®DO----
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~IC_D®_®OO_~I No. 84-01 4-1-1984 

Microelectronic Specification 
RP65C02 
• GENERAL DESCRIPTION 

The RP65C02 is 8-bit CMOS CPU. It has the 
instruction set and pins which are fully compatible 
with the NMOS 6502 CPU, and in addition, with 59 
new instructions. It is provided with the features of 
the CMOS such as the powerdown, standby mode, 
etc. 

• FEATURES 
• Single power supply 5V operation 
• CMOS silicon gate process 
• Low power dissipation 
.8-bit bi-·directional data bus, parallel processing 
.68-type 210 instructions 

• Powerful 13-type addressing modes 
• Programmable stack pointer 
• Maskable interrupt and non-mask able interrupt 
.6-type internal registers 

• Enable to connect the external memory with up 
to 64Kbytes 

.Reference clock 1-4 MHz 

• Executable single-instruction 
• Computable decimal and binary 
• Bus compatible with M6800 
• Pin compatible with ROCKWELL R65C02 

• APPLICATIONS 
• Hand-held computer, etc . 

• BLOCK DIAGRAM 

Ao 9 
A, 10 
A, 11 
A, 12 
A. 13 
A, 14 
A, 15 
A, 16 

As 17 
A, 18 
A" 19 

A" 20 
A" 22 

A" 23 
Au 24 
A" 25 

CMOS 8-bit MICROCOMPUTER SYSTEM 

• PIN CONFIGURATION (Top view) 

READY RDY 2 

CLOCK ",( OUT) 3 
INTERRUPT IRQ 4 
REQUST 
INPUT NC 5 

PRIORTY NMI 
INTERRUPT 

6 

INPUT SYNC 7 

(5V) 

A, 

A, 

A. 

ADDRESS A, 
BUS 

A, 

As 

A, 

A" 

A" 

RES RESET INPUT 

", ( OUT) CLOCK 

SO OVERFLOW SET 
SIGNAL 

"0 (IN) CLOCK 

NC 

NC 

R/W READ/WRITE 

Do CONTROL 

0, 

0, 

0, 
BI -DIRECTIONAL 

D. DATA BUS 

0, 

0, 

0, 

Au ADDRESS BUS A'} 
Au 

Au 

Vss 

4 IRQ 
6 NMI 

2 ROY 

37 "oON) 

3 ",(OUT) 

39 !I,(OUT) 

34 R/W 

33 Do 
32 0, 
31 0, 
30 0, 
29 D. 
28 0, 
27 D. 

~========::t=~======-26 0, 

---------------ICO©®OO--
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• AC ELECTRICAL CHARACTERISTlCS(Vcc =5.0±5%, Ta=0·C-70·C, load 130pF) 

Symbol Parameters 
1 MHz 2 MHz 3 MHz 4 MHz 

Unit Min Max Min Max Min Max Min Max 
tcvc Cycle time 1000 500 333 250 ns 
PW02 1. "" "Low" Clock Pulse Width 430 5000 210 5000 150 5000 100 5000 ns 
PW02H "" "High" Clock Pulse Width 450 220 160 110 ns 
tR, tF Clock rising time, Clock Falling Time 25 15 12 10 ns 
tADS Address Delay Time 225 140 110 90 ns 
tH' Address Hold Time 20 20 15 15 ns 
tHRw R/W Hold Time 30 30 30 30 ns 
tosu Read Data Setup Time 100 50 50 50 ns 
tHR Read Data Hold Time 10 10 10 10 ns 
tHW Write Data Hold Time 30 30 30 30 ns 
tAce Read Access Time 695 340 254 168 ns 

tRWS 
Processor Control Setup Time 

200 110 80 60 ns 
(RDY, S.O, TIm, NMI, RES") 

tWDS Write Data Delay Time 175 100 75 70 ns 
tDlY Delay Time <Po to "" 100 100 100 100 ns 
tDlYI Delay Time q" to "" 50 50 50 50 ns 

• TIMING CHART 

A.-A", R/W 
SYNC 

0 0 -0, 

(R/W=HIGH) 

0 0 -0, 
(R/W=LOW) 

ROY, IRO 
NMI, RES 

=1--------- tCYc ----------IL _tRy_tF-C_ 
tDLY 

I 
I 
I 
I 

~v--r:. ____ t_RW_S ____ __ 
______ J~~ ____________ ~ __________ JX~--------

- f---t R W S I 
)~~----------~------

---------4------------J 

lIE "H"2.4V, "L"0.4V 

-IIO@®OO--------------
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• ABSOLUTE MAXIMUM RATINGS 

Symbol Parameters Limits Unit 

Vee Supply Voltage -30-+7.0 V 
V, Input Voltage -0.3-+7.0 V 

--- -_. 

Pd Power Dissipation 500 mW 

Topr Operating Ambient Temperature 0-+70 ·C 

Tstg Storage Temperature -40-+125 ·C 

• ELECTRICAL CHARACTERISTICS 
• DC ELECTRICAL CHARACTERISTlCS(Vee =5. O±5%. V S5 =OV. Ta =0- +70'C) 

Symbol Parameters Measuring Conditions 
Specified Value 

Unit 
Min Typ Max 

V IH Input High Voltage 
<bo(in) 2.4 V,,+O.3 

V 
I Logic 2.0 V((+O.3 

V'L Input Low V ollage <bo(in) -0.3 0.4 
V Logic -0.3 0.8 

IlL Input Leak Current 
Logic Vcc-5.25V -30 + 10 

J1A 
I <Po (in) V,=0-5.25V --10 + 10 

IOL 
Output Floating Leakage Current 

V,=0.4-2.4V -10 + 10 J1A Data Line _.-
Output High Voltage 11.0'"= -100J1A V OH q,,, if>z. SYNC. D.-D" A,-A'5. R/W Vec=4.75V 2.4 V 

.. -
Output Low Voltage Il.o,o-1.6mA 

VOL - 0.4 V 
q". if>z. SYNC. D.-D,. A.-A 15• R/W Vee =4. 75V 

Ie - OMHz (standby) 0.1 0.15 mW 
=lMHz 20 30 mW 

Pd Power Disspation (no-load) 
=2MHz 40 60 mW 
=3MHz 60 90 mW 
=4MHz 80 120 mW 

Low Power(RDY =0) 10 15 mW!~1Hz 

Input Capacitance Logic 10 
0.-0, 10 • C 
SYNC. Ao-A'5. R/W V,=OV 10 pF 
<bo (in) f=lMHz 10 
,p, 30 
q" 50 

Note: IRa. NMI need pull-up resistor. 

--------·--------ICO®®OO-
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• EXPLANATION ON PIN FUNCTION 

• Clock Input (.pOiO) 
It is the input terminal to generate the system 

clock in the inside and input the reference clock 
from the outside. The operating frequency is 

between 1 and 4 MHz. And when .poi 0 stops at 
highlevel, the CPU becomes the stand-by mode. 

• Clock Output (.pIOUI' .p20UI) 
The two signal .pIOUI or .p20UI output for the 

system-clock output. These are provided with each 
device for one part of control bus synchronous 
signal..plo", is address-time and the address 

becomes valid at .pIOUI time. .p20UI is data-time and 
the data becomes valid at .p20UI time. 

(OllT): I 

: ADDRESS \" ALID 
(OUT)-I 

DATA VALID 

Fig.! PHASE RELATION BY SYSTEM-CLOCK </>>OIT, 

~20l'T 

¢' (OUT) 

¢,(OUT) 

R/W 

• Address Bus (Ao - A15 ) 

Ao-A15 constiute a 16-bit address bus. The 
address that is indicated with these bits are 
hexadecimal $0000- FFFF. (decimal 0-65535) 

All TTL compatible, these address bus is capable 
of driving one-standard TTL and 130 pF. 

• Data Bus (Do - 0 7) 
Do - D7 constitute the 8-bit bidirectional data bus, 

input or output. All TTL compatible, these address 

bus is capable of driving one-standard TTL and 
130pF. 

• Bus Direction Indicative Signal (R/W) 
It is the signal to decide the direction of data 

bus. 

In reading (input .data from other device to the 
CPU) "I" is output, and in writing (output data 

from the CPU to other) "0" is output. Read or 
write timing are as shown in Fig.2, Fig.3. 

1------ t ACC---=:::;;t ___ -t-h-;::-_ 

~ Not Valid 

Fig.2 READ MODE TIMING 

-IIO©®DO--------------
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</>,(OlJTJ 

</>' (OUT) 

K/W 

~ Not Valid 

Fig.3 WRITE MODE TIMING 

• Ready Signal (RDY) 

This input allows the user to single-cycle the 
microprocessor on all cycles including write cycles. 
A negative transition to the low state, during or 

coincident with q", will halt the microprocessor with 
the output address lines reflecting the current 
address being fetched. This condition will remain 
through a subsequent q" in which the ready signal 
is low. This feature allows microprocessor 

interfacing with low-speed memory as well as direct 
memory access (DMA). 
• System Reset (RES) 

The input is used to reset the CPU in a power 
down state and to start. During that the input is 

Low level, READ/WRITE to the CPU is not all 
accepted. When the rising time signal of the pin is 

detected, the CPU becomes the reset mode at once. 
After initial setting time of the 6 clock time, the 

interrupt mask flag is set, the CPU reads the vector 
address from each location (FFFC)(FFFD), and sets 

the program -counter. 
The input consists of the Schmitt trigger circuit 

as which power on reset is acted by only CR. 
• Interrupt Request Signal (IRQ, NMI) 

IRQ (interrupt Request) 

If the TTL compdtible input is the low level, the 
CPU starts the interrupt operation. When the 
instruction in execution is finished, the CPU allows 

the interrupt request, but at the same time, the 
interrupt mask bit in the status code register is 

checked, and if not set, the CPU begins the 
execution of the interrupt sequence. The program 

-counter and status register are loaded with stack, 
the interrupt mask flag is set so as not to accept 
any other interrupts. At the end of this cycle, the 

content of location FFFF load into high order Sbit 
of program-counter, and the content of location 
FFFE load into low order 8-bit of programcounter. 

The program control is changed a memory vec,tor 

which is stored these location. 
To accept an interrupt, RDY 'signal should be 

high level. These are just same with all 

interruptions. When it is used to the wired OR 
with this pin, it must use a pullup resistor. 
• NMT (Nonmaskable Interrupt) 

When the falling signal is input in pin, the CPU 

detects this edge, and starts the nonmaskable 
interrupt operation . 

NMI is unconditional interrupt request. When the 
instruction in execution becomes end, the similar 

----------------ICO©®DO-
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operation to IRQ is executed regardless of. the state 

of interrupt mask flag. 

In the vector address which is loaded to program 

counter, high order 8-bit are contents of location 

FFFB, and low order 8-bit are contents of location 

FFF A. The program counter changes to these 

addresses. When it uses the wired OR with this 

pin, it must use the pullup resistor. 
IPQ and NMI are interrupt inputs of hardware 

which is sampled in the inside of the CPU during 

<P2 time. After a instruction in execution comes at 

the end, it executes next interrupt routine from the 

first <PI time . 

• Overflow Flag Set Signal (sa) 

The overflow flag bit (V) in the status code 

register is set by the falling edge input to this pin. 
As this signal is sampled by the rising edge, the 

input must be synchronized outside . 

• Instruction Fetch Cycle Synchronous Signal (SYNC) 

This output signal indicates the cycle that 

microprocesser fetch the instruction code. 

It becomes "High Level" at the <PI time that the 

instruction is load. During cycle time that SYNC is 

a high level, if RDY input is set at the low level, 

the CPU halts with the state until RDY becomes 
high level. 

The single step execution is enabled by control of 
RDY. _. 

Vector Address 

MSB LSB- Signal Names 

-- FFFF FFFE IRQ 

FFFD FFFC RES c---FFFB FFFA NMI 

• ADDRESSING MODE 

The Fig.4 shows a sample of pattern which 

machine language is stored in the memory. 

Generally the instruction consists of OP-code and 

operand (modifies the OP-code). The operand gives 

the information of address. Instruction I consists of 

the, OP-code, and instruction 2 consists of the I-byte 

OP-code and operand. Instruction 3 consists 1- byt 

OP-code, 2-byte operand. The CPU is informed the 

length of each instruction by the OP -code and is 

fetch the operand of the number of the required 

bytes by this information. The OP-code have the 

information which shows the kind of the operand. 

The kind of this operand is equivalent to the 

addressing mode. 

CD 12lJC1 1::&lJQJL I 
Instruction 1 Instruction 2 

A : OP-code 

B : Operand 

Instuction 3 

Fig.4 A SAMPLE OF PATTERN WHICH MACHINE 

LANGUAGE IS STORED IN MEMORY. 

• Accumulator Addressing 

This type includes the addressing in the single 

byte and is equivalent to the execution in the 

accumulator. 

[6P~ 
i 

The execution on the accumulator. 

Fig.5 ACCUM 

• Immediate Addressing 

This type is 2-byte instructions having the OP 

-code and operand. The operand has not 
information of addressing, but describes the data 

itself. 

IOP-codelData I 

i 
Address is nod needed. 

Fig.6 IMMEDIATE 

• Absolute Addressing 

This type is 3-byte instruction (OP-code is I-byte 

and operand is 2-byteJ. The 2-byte address 

indicates the low order , the third byte address the 
high order, all of 64 Kbytes is accessed . 

I OP-code!Low Order Address! High Order Address! 
Describes directly the execution address. 

Fig.7 ABSOLUTE 

• Zero Page Addressing 

This type is 2-byte instruction of OP-code and 

operand. The high oder address is automatically 

set "00". With addressing a low oder address, it is 

able to code and the short of the execution. It is 

able to use efficiently the memory space and 

execute .time by using the addressing suitably. 

-ICD®®[}{]--------------
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[ OPcode [Low 6~der Address [ 

Execution high order address becomes "00" 
Fig.8 ZERO PAGE 

• Implied Addressing 

The instruction code is I-byte order. Almost all 
of the instruction control registers which is the 

internal memory equipment of the CPU. and needs 
no addressing. 

[ OP-code I 
Without address. 

Fig.9 IMPLIED 

.Indexed Zero Page Addressing 

This is 2-byte instruction of OP-code and 
operand. It is called as "ZERO PAGE X" or 
"ZERO PAGE Y" because the execution address is 
addressed with the indexed register (X or Y). 

This is one of the zero page addressing. The 
high order addressing is set automaticaly "00", and 

low address is added with the content of the 2-byte. 
As the carry after the calculation is not added, the 

execute address does not exceed zero page. 

@~~;;8_.U)\V Order Address 

Execution High Order Address: 00 
Execution Low Order Address : 

L~~:~~~&rAddre&J + L~~!~~~ster (X_~~ 
Neglect the carry. 

Fig.IO Z PAGE X; ZPAGE Y 

.Indxed Absolute Addressing 
This is 3-byte instruction of 1 byte OP-code, 2 

-byte operand. The execute addressing is addressed 

with the index (X or Yl. It is called as "absolute 
X" or "absolute Y". 

This is one of the absolute addressing. Execute 
address is added with the content of index register. 
The count of index and content of count are stored 

in the index register. And it is able to address the 

base address by the OP-code. It is able to modify 
the plural areas by using some base address and 

index, and the code and exeeution time can be 

shortened. 

~~ ,r~o;"'--Order Address High Order Address I 

Execution address: 

[High Order Address I Low Order AddreSS] + Ind('\t ~re~j 

Fig.II ASS, X; ASS, Y 

• Relative Addressing 

This is 2 byte instruction of OP-code and 
operand. It is used only for the jump OP-code, and 

appoints the jump address, 2-byte oder of OP-code 
is called as "offset" and is added with the content 
of offset to the low oder 8-bit of program-counter 

set to the location of next instruction. 
It has the range of-128 to + 127 -byte. The range 

of the branch is -128 to 127 byte from the head 

address of next instruction. 

I OP·code I Offset I 
Offset value is-128(80H)- + 127(7FH) 

Fig.12 RELATIVE 

.Indexed Indirect Addressing 

This is 2-byte instruction of OP-code and 
operand. As execute address is indirectly addressed, 

it is called as "Illdirect X". 
The execute address is added with 2 -byte of 

instruction and content of X -register, and the carry 

is neglected. When the content of calculation is 
the address of Zero page, the content stored in the 

address becomes the low order 8-bit of effective 
address, and the content of next address becomes 

the high order. The address of stored memory 
(high and low orderl that appoints the effective 
address must be in the zero-page. 

The content is stored in the address is low oder 8 
bit of efffective address. 

~P.(ode I Low Order' Addr::.:::.~ 

Execution Address Low Order: 

El.1l I--L{~;-(lr?er .~ddress 
+- X. rt'p;lst!:'r 

----~-.--

Execution Address High Order: 

Illl 

Fig.13 (IND, X) 

• Indirect Indexed Addressing 

content of 
address 

content of 
the address 

This is 2-byte instruction of OP-code and 

---------------ICD©®DO-
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operand. It is called as "Indirect, Y" as it appoints 

indirectly effective address. The 2-byte of OP-code 
shows the address of Zero page. The content of Y 
register is added with the content of memory, and 

the result becomes the low 8-bit of effective 
address. Carry is added to the content of next 
memory in the zero-page and it becomes the high 

oder 8-bit of effective address. 

[ OP·code I Low Order Addr~ 
Execution Address Low Order: 

~ Order Address 

Content of Address + Y register 
Execution Address High Order: 

I 00 I Low Order Address + Tl 
Content of Address + Carry 

Fig.14 (INO),Y 

• Indirect Addressing 

This instruction is 2-byte of OP-code and 
operand. Execution address is address of Zero page. 

Contents of this address becomes low oder 8-bit 
of execution address, and contents of the next 

address becomes high order 8-bit of execution 
address. This is the same operation as in the ease 
of X being zero in "indirect, X". 

~ I Low Order Address I 
Execution Address Low Order: 

I I I content of 
00 Low Order Address . address 

Execution Address High address: 
I I I content of 

00 Low Order Address + 1 . address 
Fig.15 INDIRECT 

• Indexed Absolute Indirect Addressing 

This is 3-byte instruction (OP-code is 1-byte, 
operand is 2-byte). The result which adds the 
content of 2-byte or 3-byte to content of X register 

becomes the memory address that stores 
information of execution low order address 8-bit. 
The content of next addn,ss becomes high order 8 
-bit .of the execution address. 

Low Order Address High Order Address 

Execution Address Low Order: 

I High Order Address I Low Order Address I + I X Register I 
Content of Address 

Execution Address High Order: 

I High Order Address I Low Order Address I -+: I X Register I 
Next Memory data 

Fig.16 JMP (INO), X 

• Absolute Indirect Addressing 

The 2-byte of the instruction contains the low 

order 8-bit of a memory location. The high order 
8-bit of that memory location are contained in the 
3-byte of the instruction. 

The contents of the fully specified memory 

location are the low order byte of the effective 

address. The next memory location contains the 
high order byte of effective address, which is loaded 
into the 16-bit of the program counter. 

1 OP·code I Low Order Address I High Order AddresS] 

Execution Address Low Order: 

Content of 
Address L-______ ~ ____ ~ 

Execution Address High Order: 

.-'-------~ 

Fig.l? JMP (INO) 

• Bit Addressing 

Next memory 
data 

In the instruction set (BBR, BBS, RMB, 5MB), 
OP-code corresponds to bit OP-code. 

lBBR, BBS) This is 3-byte instruction (OP-code is 
1-byte, operand is 2-byte). Execution address is 

zero page. Low order address is 2-byte of 

instruction. 
3-byte of-instruction is offset content which points 

the address of branching . 

I OP·code I Low Order Address I Offset I 
Execution Address: I 00 I Low Order Address 

Fig.18 BBR, BBS 

lRMB, 5MB) This is 2-byte instruction of OP-code, 
operand. Execution address is zero page, low order 
address is 2-byte of instruction. 

I OP·code I Low Order Address I 
Execution Address: I 00 I Low Order Address 

Fig.19 RMB, 5MB 
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• INTERNAL REGISTER 

PROCESSOR STATUS REGISTER "P" 

7 0 

I A I ACCUMULATOR A 
CARRY l=WITH CARRY 

7 0 

I y I INDEX Y ZERO 1 = RESULT ZERO 

7 o REGISTER IRO INHIBIT 1 = INHIBIT 

I X I INDEX X DEAMAL 1 = DECIMAL MODE 

15 7 o REGISTER MODE 

I PCH I PCL I PROGRAM "PC" BRAKE l=BRAKE 
COMMAND 

7 o COUNTER 

I S I STACK "S" OVERFLOW 1 = OVERFLOW 
POINTER NEGATIVE 1 = NEGATIVE 

NUMBERS 

I 

----------------ICO©®OO--
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.. INSTRUCTION SET(Alphabetical order) NOP No operation 
(2) ADC Add memory and accumulator with carry (2) ORA Logical OR memory and accumulator 
(2) AND Logical AND memory and accumulator PHA Push accumulator on stack 

ASL One bit left shift (memory or accumulator) PHP Push processer status on stack 
(1) BBR Branch if bit reset (1) PHX Push X register on stack 
(1) BBS Branch if bit is set (1) PHY Push Y register on stack 

BCC Branch if carry is cleared PLA Pull accumulator from stack 
BSC Branch if carry is set PLP Pull processer status from stack 
BEQ Branch if result is zero (1) PLX Pull X register from stac k 

(2) BIT Test memory bit with accumulator (]) PLY Pull Y register from stack 
BMI Branch if result" is negative (]) RMB Reset memory bit 
BNE Branch if result is not zero ROL Rotate left circular of one bit (memory or 
BPL Branch if result is positive accumulator) 

(1) BRA Unconditional branch ROR Rotate right circular of one bit (memory or 
BRK Forced break accumulator) 
BVC Branch if overflow is cleared RTI Return from interrupt 
BVS Branch if overflow is set RTS Return from subroutine 
CLC Clear carry flag (2) S Be Subtract memory and borrow from 
CLD Clear decimal mode accumulator 
eLI Clear disable interrupt SEC Set carry flag 
CLV Clear overflow flag SED Set decimal 

(2) CMP Compare memory with accumulator S J<: I Set disable interrupt status 
CPX Compare memory with index registerX (1) 5MB Set memory bit 
CPY Compare memory with index registerY (2) STA Store accumulator to memory 

(2) DEC Decrement memory STX Store index register X to memory 
DEX Decrement index register X STY Store index register Y to memory 
DEY Decrement index register Y (]) STZ Zero store 

(2) EOR Exclusive OR memory or accumulator TAX Transfer accumulator to index register X 
(2) INC Increment memory TAY Transfer accumulator to index registor Y 

INX Increment index register X (]) TRB Test or reset bit 
INY Increment index register Y TSB Test or set bit 

(2) JMP Jump to new location TSX Transfer stack pointer to accumulator 
J S R Jump to new location, hold return address TXA Transfer index register to accumulator 

(2) LDA Load memory into accumulator TXS Transfer index register to stack pointer 
LDX Load memory into index register X TYA Transfer index register to accumulator 
LDY Load memory into index register Y 

LSR One bit right shift Note (1) : the instructions are newly designed in 65C02 

(memory or accumulater) (2) : the instructions are added addressing in 65C02 

-IID@®[]{]--------------
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• INSTRUCTION SET (Matrix map) 

BRK ORA TSB ORA ASL 
Implied ,INDXI Zp ZP ZP 

17 26 25 23 25 
BPL ORA ORA TRB ORA ASL 

Relative I~DI,Y ,JND, ZP ZP,X ZP,X 
22" 25' 25 25 24 26 

jSR ~ND BIT ~ND ROL 

Absolute 
,IIiD,X, ZP ZP ZP 

26 23 23 25 
BMI ~ND AND BIT AND ROL 

Relative IND"Y liND' ZP,X ZP,X ZP,X 
22" 25' 25 24 24 26 
RTi EOR EOR LSR 

Implied .'SD,X' ZP ZP 
16 26 23 25 

BVe EOR EOR EOR LSR 
Relative IINDI,Y lIND, ZP,X ZP,X 
22" 25' 25 24 26 
RTS ADC STZ ADC ROR 

Implied IIND,X, ZP ZP Zp 
16 2 6t 23 23t 25 

BVS ADC ADC STZ ADC ROR 
Relative IINDJ,Y lIND, ZP,X ZP,X ZP,X 
22" 25't 25t 24 24t 26 
BRA STA STY STA STX 

Relative IIND,X, ZP ZP ZP 
23 26 23 23 23 

sec STA STA STY STA STX 
Relative ,INDI,Y liND, ZP,X Zp.X ZP,Y 
22" 26 25 24 24 24 
LOY LOA LOX LOY LOA LOX 

A IMM ,IND,X, I,IM ZP ZP ZI' 
22 26 22 23 23 23 

BCS· LOA LOA LOY LOA LDX 
Relative' dND ,I" I~D, ZP,X ZP,X ZP,Y 
22" 25' 2:) 24 24 24 

CPY CMP CPY CMP DEC 
IMM ,JND,X, ZP Zp ZP 
22 26 23 23 25 

Bi'iE OIP CMP C~Il' DEC 
o Relative liND, ,Y dND ZP.X ZP,X 

22" 25" Li 24 26 
CPX SBC CPX SBC INC 
11.IM ,IND,X, ZP ZP ZP 
22 26t 23 23t 25 

BEO SBC SRC SOC n;c 
Relative I:-iD"Y 'I~D, ZP,X ZP,X 
22" 25't 25t 24t 26 

D Newly Designed Instruction 

RMBO 
ZP 
25 

RMBI 
ZP 
25 

RMB2 
ZP 
25 

RMB3 
ZI' 
25 

RMB4 
ZI' 
25 

RMB5 
ZP 
25 

RMB6 
ZP 
25 

RMB7 
ZP 
25 

5MBO 
ZP 
25 

5MBI 
ZP 
25 

S~lB2 

Zl' 
25 

S~IH3 

Zl' 
25 

5MB4 
ZP 
25 

5MBS 
ZP 
25 

5MB6 
ZP 
25 

5MB; 
ZP 
2:) 

A 

PHI' ORA ASL 
Implied IMM Accum 

13 22 12 
CLC ORA INC 

Implied AHS Y Instruction 
12 34' 12 
I'Ll' AND ROL 

Implied IMM Instruction 
14 22 12 

SEC AND DEC 
Implied ABS,Y Instruction 

12 34' 12 

PHA EOR LSR 
Implied IMM Instruction 

13 22 12 

CLl EOR PHY 
Implied ABS,Y Implied 

12 34' 13 
PLA ADC ROR 

Implied IMM Instruction 
14 22t 12 

SEI ADC PLY 
Implied ABS,Y Implied 

12 34't 14 
DEY. BIT TXA 

Implied IMM Implied 
12 22 12 

TYA STA TXS 
Imphed ABS,Y lmplJed 

12 35 12 
TAY LOA TAX 

[mplled IM~1 lmplted 
12 22 12 

CLI' LOA TSX 
Implied ABS,Y Implied 

11 34' 12 

INY CMP DEX CPY 
Implied IMM Implied ASS 

12 22 12 34 

CLD CMP PHX 
Implied ABS,Y Implied 

12 34' 13 

INNX SHC NOP 
Implied IMM Implied 

12 22t 12 
SED SBC PLX 

Implied ABS,Y Implied 
12 • 34'\ 14 

A 

BRK 
implied 

17 

- Operation Code 
- Addressing Mode 
- Byts Cycles 

o 
TSB ORA ASL BBRO 
ABS ABS ABS ZP 
36 34 36 35" 

TRB ORA SAL BBRI 
ABS ABS,X ABS,X ZP 
36 34' 37 35" 

BIT AND ROL BBR2 
ABS ABS ABS ZP 
34 34 36 35" 

BIT AND ROL BBR3 
ABS,X ABS,X ABS,X ZP 

34' 34' 37 35" 

JMP EOR LSR BBR4 
ABS ASS ASS ZP 
33 34 36 35" 

EOR LSR BBRs 
ABS,X ABS,X ZP 

34' 37 35" 

JMP ADC ROR BBR6 
lndliect ABS ABS Zl' 

35 34t 36 35" 

JMP ADC ROR BBR7 
IIND).X ABS,X ABS,X ZP 

36 34't 37 35" 

STY STA STX BBSO 
ABS ABS ABS ZP 
34 34 34 35" 

STZ STA STZ BBSI 
ABS ABS,X ABS.X ZP 
34 35 35 3'" , 

LDY LOA LOX HSS2 
ABS ASS ABS Zl' 
34 34 34 35" 

LOY LDA LOX RES3 
ABS,X ABS,X ABS,Y Zl' 

34' 3 4' 34' 35" 

CMP DEC BBS4 
ABS ABS ZP 
34 36 3'" , 

CM? DEC BBS5 
ABS,X ABS,X ZP 

34' 37 35" 

CPX SBC INC HBS6 
ASS ABS ASS ZP 
34 34t 36 35" 

SBC INC BSS7 
AHS,X ABS,X ZP 
34't 3; 35" 

o 

Cycles Add 1 when decimal mode 

Cycles Add 1 when page crossing occurs 

Cycles Add 1 when branch in same page 

LSD Add 2 when branch in different page 

--------~---------ICO©@oa-
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• INSTRUCTION SET 

ADDRESSING 

Mnemomc Operation 
Immediate Absolute Zero page Accum Implied (IND,X) (IN[),Y 

ap 

AOC A +MIC~A (I)(:i) 69 
AND AAM~A A II) 29 
ASL C-
BBR(#O-n) Branch on Mb = 0 
BBS(#O-n) Branch on Mb = 1 
BCC Branch on C = 0 en 
BCS Branch on C = 1 C!l 
BEQ Branch on Z =- 1 (:!) 
BIT AAM Ibl 89 
BMI Branch on N 00... 1 
BNE Branch on Zo;;-O 
BPL Branch on N = 0 
BRA Branch Alloys 
BRK Broak 
BVC Branch on V = 0 (2) 
BVS Branch on V = 1 (:!l 
CLC O-C 
CLD O-D 
CLI 0-1 
CLV 0- V 
CMP A-M III C9 
CPX X-M EO 
CPY Y-M CO 
DEC M-I·M 
DEX X I -·X 
DEY Y-I~Y 
EOR AYM~A III 49 
INC M+ I~M 
INX X+l~X 
INY Y+l~Y 
]MP ]umo to New Loc 
]SR Jump Sub 
LDA M A III A9 
LDX M-X III A2 
LDY M-Y III AO 
LSR 0- -C 
NOP No Operation 
ORA AVM-A II) 09 
PHA A-Ms S I~S 
PHP P-Ms S-I~S 
PHX X-Ms S-I~S 
PIIY Y-Ms S-·I~S 
PLA S+I~S Ms~A 
PLP S+I~S Ms-P 
PLX S+ 1-'S Ms~X 
PLY S t 1 Ms-Y 
RMB(#O-n) O~Mb III 
ROL 
ROR 
RTI Rtrn Int Isoo Frg 11 
RTS Rtrn SubJsee.Frg 21 
SBC A-M-C~AIIII'I E9 
SEC I~C 
SED I~D 
SEI I~I 
5MB(#O-n) I~Mg 141 
STA A-M 
STX X-M 
STY Y-M 
STZ O-M 
TAX A .X 
TAY A-Y 
TRB A/\M~M 
TSB AVM-·M 
TSX S·X 
TXA X~A 
TXS X~S 
TYA Y.A 

(Symbol Description) X. Index X 

Y : Index Y 
A : Accumulator 
M . Designated Memory 

with Effective Address 

n 

2 
2 

2 

2 
2 
2 

2 

2 
2 
2 

2 

2 

0 op 0 0 op 0 0 ap 0 0 ap 

2 6D 4 3 65 3 2 
2 2D 4 3 25 3 2 

OE 6 3 06 5 2 OA 2 1 
- 5 3 
- 5 3 

2 2C 4 3 24 3 2 

00 

18 
D8 
58 
B8 

2 CD 4 3 C5 3 2 
2 EC 4 3 E4 3 2 
2 CC 4 3 C4 3 2 

CE 6 3 C6 5 2 3A 2 1 
CA 
88 

2 4D 4 3 45 3 2 
EE 6 3 E6 5 2 IA 2 I 

E8 
C8 

4C 3 3 
20 6 3 

2 AD 4 3 A5 3 2 
2 AE 4 3 A6 3 2 
2 AC 4 3 A4 3 2 

4E 6 3 A6 5 2 4A 2 1 
EA 

2 aD 4 3 05 3 2 
48 
08 

DA 
5A 
68 
28 
FA 
7A 

- 5 2 
2E 6 3 26 5 2 2A 2 1 
6E 6 3 66 5 2 6A 2 1 

40 
60 

2 ED 4 4 E5 3 2 
38 
F8 
78 

5 2 
8D 4 3 85 3 2 
8E 4 3 86 3 2 
8C 4 3 84 3 2 
9C 4 3 64 3 2 

AA 
A8 

lC 6 3 14 5 2 
OC 6 3 04 5 ,2 

BA 
SA 
9A 
98 

Ms Designated Memory with Stack pointer 
Mb . Zero page Memory Bit 
M7 : Memory Bit 7 
M6 Memory Bit 6 

5-14 

0 

7 

2 
2 
2 
2 

2 
2 

2 
2 

2 

3 
3 
3 
3 
4 
4 
4 
4 

6 
6 

2 
2 
2 

2 
2 

2 
2 
2 
2 

0 op n 0 

81 6 2 
21 6 2 

I 6 

I 
I 
I 
I 

CI 6 2 

1 
I 

41 6 2 

1 
1 

7C 6 3 

Al 6 2 

1 
01 6 2 

1 
1 

El 6 2 
1 
1 
1 

81 6 2 

1 I 
1 

I 
1 
1 
1 

+ ' Add 
- Subtract 

i\ Logical AND 
V ' Logical Ol{ 
V Exclusive OR 

op 

71 
31 

Dr 

51 

HI 

11 

Fl 

91 

Machine Cycles 
Bytes 

n 

5 
5 

5 

5 

5 

5 

6 

0 

2 
2 

2 

2 

2 

2 

2 
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• Instruction Description (Alphabetical Order) 
Descrption of symbol using in list 

A Accumulator Subtract 
X,Y Index Register V Exclusive OR 
M Memory Transfer 
P Processor Status Register Transfer 
S Stack Pointer V Logical OR 
Ms Stack Memory PCH Program Counter High 
Mb Memory Bit PCL Program Counter Low 

+ Add 
1\ Logical AND 

A D C Add with carry of memory and accumulator. 
Operation A + M + C -> A "P" Register: N,V,Z,C 

AND Logical AND of memory and accumulator. The result is stored in accumulator. 
Operation: AI\M -> A "P" Register.: N,Z 

A SLOne bit left shift. LSB is placed ";r". Contents of MSB is placed C. 
Operation .C~ [f]6JSl4l3l2lllol ~"o" "P" Register N,Z,C 

B B R If specific bit of zero page is a reset state, branch relatively. 

I OP·Code Low Order Address I Off~ 3·byte instruction 

If the specific bit (a bit is decided on the instruction code) of effective address 
l 00 l Low Order Addre~ is a reset state, relative branch by the I9ffsetl value on the basis of 

lead address of next instruction. 
Operation: branch when Mb = 0 "P" Register : not affected 

B B S If specific bit of zero page is a set state, branch relatively. 

BCC 

BCS 

BEQ 

I OP·code I Low Order Address I Offset I 3·byte instruction 

If the specific bit (a bit is decided on the instruction code) of effective address 
100 I Low Order Address I is a set state, relative branch by the lOffsetl value to base with lead 

address of next instruction. 
Operation: branch when Mb = 1 "P" Register Not affected 

Branch if the carry is reset. 
Operation: branch when C = 0 "P" Register Not affected 

Branch if the carry is set. 
Operation: branch when C = 1 "P" Register Not affected 

Branch if the zero flag is set. 
Operation: branch when Z = 1 "P" Register : Not affected 

BIT Test the memory bit by the accumulator. 
Operation: AI\M,M, -> N, M, -> V 

The bit 6 and bit 7 of the memory are transferred to "P" Register. 
If the result of AI\M is zero, Z= 1 "P" Register: N, V, Z 

(M,)(M,) 

B M I Branch if result is negative. 
Operation : branch when N = I "P" Register Not affected 

-ICD®®o{]----------------
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B N E Branch if result is not zero. 
Operation branch when Z = 0 "P" Register: Not affected 

B P L Branch if result is positive. 
Operation branch when N"- 0 "P" Register Not affected 

BRA Unconditional branch. "P" Register Not affected 

B R K Forced break 
Operation: Execute the interrupt. In this instruction, a lead address (2-byte) of next 
instruction is stored in the stack. At the same time, it is stored into contents of "P" 
Register. Program-counter (FFFE) ~ PCL, (FFFF) -> PCH, and Execution of program is 
same vector address with IRQ. The difference from the IRQ interrupt is that in the BKK 
operation, the B flag of "P" register is set "1" and can't mask by the I flag. 

BVC 

BVS 

CLC 

ClD 

Cli 

ClV 

CMP 

Branch if the overflow flag is reset. 
Operation branch when V = 0 

Branch if the overflow flag is set. 
Operation branch when V = 1 

Clear the carry flag (C) 

Operation o _ .• C 

Clear the decimal mode. 

Operation O->C 

Clear the interrupt disenable flag (I). 

Operation 0->1 

Clear overflow flag. 

Operation O->V 

Compare memory with accumulator. 
Operation: A-M 
The result is not stored. If it is nagative, N flag is set 1. 
And if it is zero, Z and C flags are respectively 1. 

C P X Compare memory with the index register X 
Operation: YoM 
Flag condition of "P" Register is the same as CMP. 

C P Y Compare memory with the index register Y. 
Operation: YoM 
Flag condition of "P" Register is the same as CMP. 

DEC Decrement the contents of memory. 
Operation M ~ 1 -> M 

D E X Decrement the contents of index register X. 
Operation: X ~ 1 -. X 

DEY Decrement the contents of index register Y. 
Operation Y ~ 1 -> Y 

E 0 R Execute the exclusive OR of memory and accumulator. 

"P" Register: ~ 

"P" Register Not affected 

"P" Register Not affected 

"P" Register : c 
0 

"P" Register D 
0 

"P" Register V 
0 

"P" Register V 
0 

If it is positive, C flag is set 1. 
"P" Register N, Z, C 

"P" Register N,Z,C 

"P" Register N,Z,C 

"P" Register N,Z 

"P" Register N, Z 

"P" Register N, Z 

---------------llO©®OO-
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Operation : AVM ---+ A "P" Register N, Z 

INC Increment the contents of memory. 
Operation : M + 1 ---+ M "P" Register N, Z 

I N X Increment the contents of index register X. 
Operation : X + 1 ---+ X "P" Register N, Z 

I NY Increment the contents of index register Y. 
Operation : Y + 1 ---+ Y "P" Register N, Z 

J M P Execution of program jUl.lPS to designation address. 

Operation: I OP·Code I Operand I Operand I "P"Register : Not affected 

The designation address by operands with 2·bytes is placed in PCL and PCH. 

J S R The execution of program jumps to designation address. 
Operation: When jump to designation address, return address (lead address of next 
instruction) is stored ·into stack. The return is executed by RTS. 

I OP·Code I Operand I Operand I "P"Register : Not affected 

The disignation address by operands with 2 bytes is stored into the PCL and PCH. 
Lead address of next instruction(2·byte)--Ms, S - 1 ---+ S 

I Ms, S - I---+S 

L D A Load the contents of memory to the accumulator. 
Operation : M ---+ A "P" Register N, Z 

L D X Load the contents of memory to index register X. 
Operation: M---+X "P" Register N, Z 

L D Y Load the contents of memory to index register Y. 
Operation : M ---+ Y "P" Register : N, Z 

L S R One bit right shift. MSB (7bit) is placed to 0, LSB ( 0 bit) is loaded the C. 

Operation: 0 .... 17161514131211101 .... C "P" Register: ~,Z, C 

NOP No·operation 

ORA 

Operation : No operation 

Logical OR of memory and accumulator. 
Operation : A VM ---+ A 

"P" Register : Not affected 

The result is stored into the accumulator. 
"P" Register N, Z 

P H A Store the contents of the accumulator into the memory stack. 
Operation: A ---+ Ms, S-l---+ S "P" Register Not affected 

P H P Store the contents of the register P into the stack. 
Operation: P ---+ Ms, S-1 ---+ S "P" Register Not affected 

P H X Store the contents of the index register X into the stack. 
Operation : X ---+ Ms, S-I---+ S "P" Register Not affected 

P H Y Store the contents of the index register Y into the stack. 
Operation: Y ---+ Ms, S-I---+ S "P" Register Not affected 

P L A Pull accumulator from stack. 
Operation : Ms ---+ A, S+ 1---+ S "P" Register N,Z 

P L P Pull processer status from stack. 
Operation : Ms ---+ P, S+ 1 ---+ S "P" Register Restore 
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P L X Pull X register from stack. 
Operation Ms ~ X, S + 1 ~ S "P" Register N,Z 

PLY Pull Y register from stack. 
Operation Ms ~ Y, S+ 1 ~ S "P" Register N,Z 

R M B Reset the specific bit in the zero page address. 

[ OP·Code [ Low Order Bit [Z-byte instruction 

The specific bit (a bit is decided by the instruction code) of execution address 
LQQJJow Order Address I is reset. 

Operation 0 ~ Mb "P" Register: Not affected 

R 0 L Rotate left circular of one bit. The contents of the MSB are moved into the C, the contents 
of the Care moved into the LSB. 
Operation Y716151413~ "P" Register N, Z, C 

R 0 R Rotate right circular of one bit. The contents of the C are moved into the MSB, the 
contents of the LSB are moved into the C. 
Operation q 7/615141312111 0 r------«:il "P" Register : N, Z, C 

R T I Return from interrupt. The return address in stack is loaded into the program counter, 
and it becomes the lead address of a next instruction of the interrupt. 

RTS 

Operation Ms- P, S+ 1 ~S "P" Register: Restore 
Ms~PCL, S+ 1 ~S 
Ms~PCH, S+ 1 ~S 

Return from subroutine. 
The return address in stack is loaded into 
address of a next instruction of the JSK 
Operation Ms~PCL, S+ 1 ~S 

Ms~PCH, S+ 1 ~S 

the program counter. It becomes the lead 

"P" Register Not affected 

S B C Subtract memory and borrow from accumulator, and the result is stored into the 
accumulator. _ 
Operation t~t1,;;.~w~ A "P" Register N, V, Z, C 

SEC Set carry flag. 

Operation 

SED Set decimal flag. 

Operation 

S E I Set disable interrupt status. 

Operation 1 --> I 

S M B Set the specific bit of zero page address. 

[ OP-Code [Low Order Bit [Z-byte instruction 

"P" Register 

"P" Register 

"P" Register 

C 
1 

o 
1 

It sets the specific bit (a bit is decided on the instruction code) of effective address 
1 00 1 Low Order Address I 

Operation : 1 ~ Mb "P'" Register Not affected 

S T A Store the contents of the accumulator into the memory. 
Operation A ~ M "P" Register : Not affected 
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S T X Store the contents of the index register X into the memory. 
Operation X --> M "P" Register: Not affected 

STY Store the contents of the index register Y into the memory. 
Operation Y --> M "P" Register Not affected 

S T Z Clear the contents of memory. 
Operation 0 --> M "P" Register Not affected 

T A X Transfer the contents of the accumulator to the index register X. 
Operation A --> M "P" Register N, Z 

T A Y Transfer the contents of the accumulator to the index register Y. 
Operation A --> Y "P" Register N, Z 

T R B Reset the contents of memory by accumulator, and test at the same time. 
Operation : A/\M --> M 

If the result is zero, Z flag= 1 "P" Register Z 

T S B Set the contents of memory by accumulator, and test at the same time. 
Operation : A VM --> M 

If the result is zero, Z flag = 1 "P" Register Z 

T S X Transfer stack pointer to the index register X. 
Operation S --> X "P" Register N, Z 

T X A Transfer the contents of the index register X to the accumulator. 
Operation : X --> A "P" Register N, Z 

T X S Transfer the contents of the index register X to stack pointer. 
Operation : X --> S "P" Register Not affected 

T Y A Transfer the contents of the index register Y to the accumulator. 
Operation : Y --> A '''P'' Register N, Z 
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EKH-11-8807 

REAL TIME CLOCK 
RP/RF/R05C15 

• GENERAL DESCRIPTION 
The 5C15 is a real-time clock for microcomputer that can be connected directly with the data bus of 16- bit 

CPUs such as 8086, Z8000 and 68000 as well as 8-bit CPUs such as 8085, Z-80, 6809 and 6502, and is able to set up 
and read a time in the same process with READ/WRITE of the memory. 

It is provided with alarm function in addition to basic functions of time and calendar, and the battery backup 
is possible. 

• FEATURES 
• Direct connection with CPU, and high speed 

access time . 
• 4-bit bi-directiona1 data bus Do -'- D3 

.4-bit address input Ao - A3 

• Counters for Time (hour, minute, second) and 
Calendar (leap year, year, month, date, day of the 
week) are built in. 

• All the clock data are expressed with BCD code. 

• BLOCK DIAGRAM 

• ± 30 second adjustment function is built in. 

• Battery backup is possible. (min. 2.0V) 
• 16kHz, 1kHz, 128Hz, 16Hz, 1Hz, 1/60Hz are 

selectable as the reference clock. 
• Alarm signal or timing pulse (l6Hz or 1Hz) can 

be put out. 

16kHz, 1kHz, 128Hz, 16Hz, 1Hz, 1160Hz lHz,16Hz 

OSC OUT 

CS 
('5---<>.--' 

RD 

WR 

SO 
I 'IDDRESS 

DECODER 
SF 

BlS 
CO\TROL 

Do 0\ O2 D, 

CLOCK 
OUTPUT 

CLK OUT 

f 
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RP JRF JR-.J5C 1 5 

• PIN CONFIGURATION 

cs Vee 

OSCOUT 

OSCI:\ C; 

Q 0 
;,; >n 

0 0 
0 0 (fl 

Z C 0 D,I~ c 0 

18 Vcc 0 '"i >fl '"i 7. 

CS 

CLKOUT 

All ALARM Co 17 OSCOUT 4 3 2 1 28 27 26 

CLKOUT 16 OSCI:\ NC NC 
Ih 

Ali 

[J~ 
A, 

[J, A, 

A" ALAIVvI 
15 ALARM NC ~ NC '" .., 
14 A, D:l Q D:l 9, 

0' C;C 21 NC 
13 1)2 

Az D2 

[J" 
A:) 

RD 

12 [J, 0iC NC 

11 [J" 
12 13 14 15 16 17 18 

WR (;N[J III IVR ~ 91 ~ "F ~ S:J 
tJ 

",0 

RP5C15 RF5C15 RJ5C15 

• PIN DESCRIPTION 

Symbol Function 

CS, CS Terminals for external interfacing. Valid when CS=H, CS=L. CS is 
connected to the power-down detector of peripheral power supply 
circiut and CS is connected to the microcomputer. 

CLKOUT Reference clock output terminal. Open drain output. 8 kinds of mode 
are selectable as seen in the table, according to content of the clock 
select register. 

Ao-A3 ADDRESS pin. Connected to ADDRESS bus of CPU. 
RD I/O control input. L when CPU·- RP5C15. 
GND o V 
WR I/O control input. L when CPU~RP5C15. 
0 0 -03 Bidirectional data bus. Connected to the data bus of CPU. 
ALARM Alarm signal and pulse (16Hz CK or IHzCK) are put out. Open drain 

output. 
OSC IN, OSC OUT Crystal resonator connecting terminal. 32.768kHz. 

Vee +5V power supply. 

----ICD©®DO-
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RP/RF /R..J5C 15 

• ABSOLUTE MAXIMUM RATING 

Symbol Parameters Conditions Limits 

Vee Supply Voltage -0.3-7 

V, Input Voltage With respect to GND -0.3-7 

Vo Output Voltage -0.3-7 

P, Maximum Power Dissipation Ta=25·C 400 

Topr Operating Ambient Temperature -20-70 

T sts Storage Temperature - 40-125 

• RECOMMENDED OPERATING CONDITIONS (Unless Noted: Ta=-20-70·C) 

Symbol Parameters 
Specified Value 

Unit 
Min Typ Max 

Vee Supply Voltage 4.5 5 5.5 V 

V OH Data Hold Voltage 2.0 5.5 V 

fXT Crystal Oscillation Frequency 32.768 kHz 

• ELECTRICAL CHARACTERISTICS 
• DC ELECTRICAL CHARACTERISTICS (Unless Noted: Ta = - 20-70·C , Vee = 5 V ± 10%) 

Symbol Parameters Measuring Conditions 
Specified Value 

Min Typ Max 

V1H Input High Voltage 2.0 V"TO.3 

VII. Input Low Voltage -0.3 0.8 
VOH Output High Voltage 1",,= -4001'A 2.4 

VOl Output Low Voltage 10 ,. =2mA 0.4 

L_I Input Leakage Current V,=0-5.5V ±10 

loz Output-off Leakage Current Voz=0-5.5V ±10 
-Icc I Standby Supply Current fXT =32. 768kHz, Vee =2.0V 15 

Icu Operating Supply Current fXT =32. 768kHz, V cc = 5. 5 (NOTE!) 250 

VILes CS Pin Input "L" Voltage at Backup Vcc=2.0V -0.2 0.2 
V1HCS CS Pin Input "H" Voltage at Backup V,,=2.0V l.8 2.0 

:NOTE Ii RD.WR Signal Frequency: 100kHz. Input TermInal fixed Vee. or GND level. Output TermInal Open 

• AC ELECTRICAL CHARACTERISTICS (Unless Noted: Ta = -20-70·C ,V cc = 5V ± 10%1 

Symbol Parameters Measuring Conditions 
Specified Value 

:'vlin Typ Max 

t" Address '-- RD/WR Delay Time 50 

tcc RD/WR Pulse Width 120 13,000 

tc '\ 
Address Valid Time After 

10 RD/WR Rise 

t RLJ Data Delay Time After RD Fall ITTL+ 100pF Load 120 

tl-![)H Data Hold Time After RD Rise 10 
t WllS Data Setup Time at Write in 100 

tWllH Data Hold Time at Write in 10 

tn:ll Timer Enable- Timer Disable 100 
t ... O) Adjust Completed Time 100 

t ... 1\11 
Alarm Write Inhibit Time after 

100 Alarm set 

tRn RD/WR Recovery Time 1 

Unit 

V 

V 

V 

mW 
·C 

·C 

Unit 

V 

V 

V 

V 

I'A 

J1.A 

J1.A 

J1.A 
V 

V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I's 

J1.s 

J1.s 

I's 

---------------ICO®®[}[]-
6-5 

I 



RP /RF /RJ5C 1 5 

• TIMING DIAGRAM 

• READ CYCLE 

Do-D3 

• WRITE CYCLE 

CS, Ao -- A3 

Val id 

tee 

Val id 

Jr------------,L ,---11 
Val id 

~------------------~ ~--~1 
tee teA 

WR -----""'1 "" _______ ~ !-~-----t-R-CV------1}~--
tWDS tWDH 

Do-D3 

-ICO©®OO--------------
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• ADDRESS ASSIGNMENT 

MODE BANK 0 
A,-Ao 03 O2 

0 1 Sec. Counter 

1 10 Sec. Counter X 

2 1 Min. Counter 

3 10 Mins. Counter X 

4 1 Hr. Counter 

5 10 Hrs. Counter x X 

6 Week Counter X 

7" 1 Day Counter 

8 10 Days Counter X X 

9 1 Month Counter 

A 10 Months Counter x x 

B 1 Year Counter 

C 10 Years Counter 

0 MODE Timer Alarm 
Register EN E1\ 

E TEST Test 3 Test 2 Register 

F RESET 1Hz 16Hz 
Register ON 01\ 

x : Don't care for W R, always 0 for RD. 

• CLOCK OUTPUT SELECT REGISTER 

0 3 O2 0, Do 
x 0 0 0 
x 0 0 1 
X 0 1 0 
X 0 1 1 
X 1 0 0 
x 1 0 1 
x 1 1 0 
x 1 1 1 

• ADJUST FUNCTION 

BANK 1 
Address (A3 , A2 , A" Ao)=(O, 0, 0,1) 
Data (03 , O2 , 0" Do)=(x, x, x, 1) 

RP /RF /RJ5C 1 5 

BANK 1 
0, Do Contents 0, 0, 0, Do 

CLKOUT x Select Register 

adjust x X x 

Alarm 
1 Min. Register 
Alarm x 10 Mins Register 
Alarm 
1 Hr. Register 
Alarm 

X x 10 Hrs. Register 
Alarm 

X Week Register 
Alarm 
1 Day Register 
Alarm 

X x 10 Days Register 

x X x X 

x 12/24 Hour x x X Selecter 
Leap Year x x Counter 

x x X x 

BANK Timer Alarm 
X 

BANK x 
1/0 EN EN 110 

Test 1 Test 0 Test 3 Test 2 Test 1 Test 0 

Timer Alarm 1Hz 16Hi Timer Alarm 
RESET RESET ON ON RESET RESET 

CLK OUT Remark 
--

"Z" High Impedance 
16.384kHz duty 50% 

1. 024kHz duty 50% 
128 Hz duty 50% 

16 Hz duty 50% 

1 Hz .J Second Counter Count up, duty 50% 

1/60 Hz J Minute Counter Count up, duty 50% 
"L" 

If adjusted during the Second counter being 0-29, the 
Second comes to be 0, and if adjusted during 30 - 59, the 
minute is counted up, and the Second comes to be O. 

ICD®®OO-
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RP/RF /R.J5C 15 

• OSCILLATION CIRCUIT 
As the output stabilizer resistor (::::: 100kO) is built in, it is not necessary to fix it externally. 

• MODE REGISTER (A3 , A2 , AJ, Ao) 

D, D, D, Do 

Timer Alarm 
EN E1' 

(1, 1,0, 1) = D 

c, ~ 13pF Typ. 

C" ~ 39pF Typ. 

I 

x BANK 0 : Setup and Read of time 

x BANK 1 : Setup and Read of Alarm, 12h/24h and Leap year, Selection of 

CLK OUT Operation of Adjust. 
'---~~~~~~~~. 1: Alarrr: output ENABLE 

o . Alarm output DISABLE (l6Hz and 1Hz signals are independent) 
: Time count starts 
: Time count after Second stops 

• LEAP YEAR COUNTER 

Leap year when DI = D2 = 0. It counts up 

simultaneously with Year Counter. 

• T2Fi/24h SELECTOR 
24 -hour counter when Do = I 

12 -hour counter when Do = 0 

PYI when DI = 1, and AM when DI = 0 respectively 

of 10h counter 
• RESET CONTROLLER 16 Hz· IHzCK REGISTER 

(A,.A,.AI.Ao)c(I,1.1.11=F 

*Please refer to "Application :\lanual" that we offer. 

Do = 1 : Resetting of all alarm registers 

DI = 1 . Resetting of frequency divisions before 

Second 

0, = 0 : 16Hz CK pulse ON 

D3=0: 1Hz CK pulse OK 

• ADDRESS 0- D 

Both READ and WRITE are possible. 
.ADDRESS E-F 

WRITE only is possible. 

• TEST REGISTER (A3 , A" AI, Ao)=(1, I, I, O,)=E 
Register to be used for our inspection. 
Normal count is operated by setting up data 
(03 .0,. DI , 0 0 )=(0, 0, 0, 0). 

-ltO@®[J{]--------------
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RP/RF/RJ5C15 

• PACKAGE DIMENSION (Unit: mm/inch) 

eRP5C15(18pin DIP) 

I 2'-" MAX ~ (.976 ::vtAX) 

lK 

PIN~l 

eRF5C15(18pin FLAT) 

11 .84 l'vIAX 
.466 :'vIAX 

I 
PI"K#1 

10.:31 ±O :1 

.406 ±O.1J12 

~:t~J ~ -
o 0 

di'--__ ---'\k 

.II. 0 bb ",>2 
I .026 ±n.OOIl 

29') TYI' ,056 TYI' 

------------------------- --llD@®DO~ 
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RP/RF IR.J5C 15 

eRJ5C15( . 24pm PLCC) 

---ICD©®DO 

lZ . ..\5-!:O.l.l 

. ,190 -:-0.00:, 

PIN NO.1 
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_IC_O©_®_[}[] __ ~I No. 84-01 4-1-1984 

Microelectronic Specification 
RP5COl 
• GENERAL DESCRIPTION 

The RP5COI bus compatible real-time clock is 

designed for use with most of the popular 
microprocessors such as the 8085A, Z -80 and others. 
Time setting and readout can be readily done in the 

same manner as writing/readout in and from 
IllCPlcry. This RTC device features: counters for 
complete ·time·of-day clock alarm, a hundred year 
calendar, also a 26 x 4- bit RAM providing battery 

back cd up functions and applications as an 
involatile I<AM. 

• FEATURES 
• Direct connection with CPU - Bus 
.4 bit bi-directional bus; 0 0 -0, 

.4·bit address input; Au-A, 

.Counters for Time (hour, minute, second) and 

Calendar (leap year, year, month, date, day of the 

week) are built in . 

• 24 lIours, or 12 Hours am/pm display 

• All the clock data is BCD encoded 
• AD] terminal for ±30 seconds adjustment 
• Provision for battery backup 

• BLOCK DIAGRAM 

1\1).)---'--" 

C S--,.--...--/ 

so 
I Address 

l)ecodel' 
SI-' 

REAL TIME ClOCK WITH RAM 

• PIN CONFIGURATION (Top view) 

COi Vu 
COl OOlC (HIT 

AD.) OOlC IN 

A" ALA)(M 

AI 

A, D, 

1\, D, 

WI{ 

• Self contained 26 x 4 bit RAM 
.Provision for Alarm signal, or 1611z or 111z 

Timing pulse output. 

I-___ .\_I_"_r'_" __ +_-t-t A la I'm A LAln..,,1 

]U 
Output 

Mode II 

HilS 26 x 4bits 

I(;\M 

I)"I),\J,I), 

---------------ICO©®[J{]-
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• ABSOLUTE MAXIMUM RATINGS 

Symbol Parameters Conditions Limits 

Vee Supply Voltage -0.3-7 
V, Input Voltage With respect to GND -0.3-7 

Vo Output Voltage -0.3-7 

I'd Power Dissipation Ta=25'C 700 
Topr Operating Ambient Temperature 0-70 

Tstp: Storage Temperature -40-125 

• RECOMMENDED OPERATING CONDITIONS(Unless Noted: Ta=0-70'C) 

Symbol Parameters 
Limits 

Unit 
Min Typ Max 

V" Supply Voltage 4.5 5 5.5 V 

Villi Data Hold Voltage 2.2 5.5 V 

fXT Crystal Oscillation Frequency 32.768 kHz 

• ELECTRICAL CHARACTERISTICS 

• DC ELECTRICAL CHARACTERISTICS(Unless Noted: Ta=0-70·C. Vcc=5V ±10%) 

Symbol Parameters Measuring 

V,H Input High Voltage 

VII. Input Low Voltage 

VOII Output High Voltage 1011 = -400pA 

VOL Output Low Voltage IOI=2mA 
I, Input Current V,=0-5.5V 

ILO Output Leakage Current 

IcC! Standby Supply Current fXT=32.768kHz 

Icn Operating Supply Current fXT=32.768kHz 

(NOTE I) : Current flow is 'positive' when flowing toward the Ie. 
(NOTE 2) . When connected to a CPU R/W cycle· time is lOps . 

Conditions 
Limits 

Min Typ 

2.0 
-0.3 

2.4 

Vee=2.2V 

Vcc=5.0V(N2) 

• AC ELECTRICAL CHARACTERISTICS(Unless Noted: Ta=0-70·C. V cc =5V±5%) 

Symbol Parameters Measuring Conditions 
Limits 

Min Typ 

t Ae Address- RD/WR Delay Time 170 

tee RD/WR Pulse Width 400 

teA 
Address Valid Time After 10 
RD/WR Pulse Rise 

tlW Data Delay Time After RD Fall 

tRill! Data Hold Time After RD Rise 0 

tWIll Data Delay Time After WR Fall 
f--. 

Data Hold Time After WR Rise 20 two 

Unit 

V 
V 

V 

mW 
·C 

~ 

Max 
Unit 

Vee V 

0.8 V 
V 

0.4 V 

±1O pA 

±10 pA 

15 pA 

250 pA 

Max 
Unit 

ns 

10000 ns 

ns 

340 ns 
ns 

40 ns 

ns 

-ICO©®OO--------------
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SPECIFICATIONS Under Vcc=5V±IO% are as follows . 

• AC ELECTRICAL CHARACTERISTlCS(Unless Noted: Ta=0-70"C, V cc =5V±1O%) 

Symbol Parameters Measuring Conditions 
Limits 

Unit 
Min Typ Max 

t AC Adress- RD/WR Delay Time 17~ ns 

tee RD/WR Pulse Width 450 10000 ns 
._._--- ----- -~ 

tn 
Effective Address Time After 

10 RD-/WR Pulse Rise ns 

tUI) Data Delay Time AfterRD Fall 
I------ --~ 

ns 

t HlJlI Data Hold Time After RD Rise 0 ns 

Data Delay Time After WR Fall 
+---

tWilL 40 ns 
t WIJ Data Hold Time After WR Rise 20 ns 

• PIN DESCRIPTION 

Symbol Pin No. Function 

CS, CS 1,2 Terminals for external interfacing. Valid when CS = II, CS=L. CS is 
connected to the power· down detector of peripheral circiut power supply, 

and CS is connected to the microcomputer. 

AD] 3 This pin provides easy zero setting for the "seconds" independently of the 

CPU. When AD] = II in the range of from 0 to 29 secs, the "seconds" are 

preset at zero and not released in the range of 30 to 59 sees by countup 

until the full minute expires. 
A()~A:\ 4,5,6,7 ADDRESS pin. Connected to ADDRESS bus of Cl'll. 

IW H I/O control input. L when CPU, RI'5COI. 

GND 9 o V 

WI< 10 I/O control input. L when CPU--.RP5COI. 

Do-D, 11,12,13,14 Bi-directional data bus. Connected to the data bus of CPU. 

Al::-ARM 15 Alarm signal and pulse (1611z CK or IlIzCK) are put out. Open drain 

output. 

OSC'N, OSClI"T 16,17 Crystal resonator connecting terminal. 32. 768k liz. 

Vn 18 t- 5V power supply. 

---------------ICO©®OO-
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• ADDRESS MODES 

MODE MODE 00 MODE 01 10 11 
----
A,-A, Contents D, D, D, D, Contents D, D, D, D, Contents Conh'llls 

0 1 Sec Counter x x x x 

I 10 Sec Counter x x x x x 

2 I Min Counter Alarm block block 
I Min Register 10 II 

3 10- Min Counter X 
Alarm x III Min Register 

4 I-lir Counter Alarm 
I II r Register 

5 III IIr Counter x x Alarm 
X x 4bit 4bit IIlllr Register 

6 Day Counter x Alaml x x x Day Register 

7 I Day Counter Alarm 1:1 13 I Day Register 

8 10 Day Counter x x Alarm 
X X III Day Register 

9 1 Mo Counter X X X x RAM RAM 

A 10-Mo Counter x x X 
TZiT,/2411r 

X X X Selector 

B 1- Y r Counter Leap Year 
Counter X X 

C 10- Yr Counter x X X X 

D MODE Register Timer Alaml MODE Register Timer Alann MODE Register As As 
EN EN MI MO EN EN M1 MO at left at left 

f----

E TEST Register Test Test Test Test Test Test Test Test 
3 2 1 0 3 2 1 0 As As 

F RESET Controller 1I1z 1611z Timer Alann IIIz 16Hz Timer Alann at left at left 
and Others ON ON RESET RESET ON ON RESET RESET 

x ind.cates : don't care for WR, always zero for RD_ 

-IlO©®DO---------------
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• MODE REGISTER (A3 , A2, AI, Ao) 

1>, 

Tinll'r 
I> 

EN EN 

(I, I, 0, J) D 

Time setting and readout 

Alarm, 12Hr/24I1r & Leap Year setting and readout 
RAM Write & Readout. ,BLOCK.IO 

RAM Write & Readout. BLOCK. I I 

I : Alarm output ENABLE 

0: Alarm output DISABLE (l611z and IlIz signals have no relation) 

: Time count starts 
o : Time count after Second stops 

• LEAP YEAR Counter 
Leap year when DJ =D2 = O. It counts up 

simultaneously with Year Counter. 

• T2n/24h Selector 
24·- hour counter when Do = I 

12-hour counter when Do = () 

I'M when DJ = I, and AM when DJ = () respectively 

of 10h counter 

• RESET Controller 16Hz· llIzCK Register 

(A3 , A" AI> Ao)=(I, I, I, I)=F 
Do = I : Resetting of all alarm registers 

DJ = I : Resetting of frequency divisions before 

Second 

D, =() : 16Hz CK pulse ON 

I), =0: 1Hz CK pulse ON 

• ADDRESS 0- D 

Both READ and WRITE are possible. 

.ADRESS E-F 

WRITE only is possible. 

--------------llD©®[]{]--
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• TIMING DIAGRAM 

• WRITE CYCLE (CS="H") 

(:s \ 

Ir 
I\-

-- I"t~ r-~~ 
WI( 

READ CYCLE (CS = "H") 

IW 

• APPLICATION NOTES 

1. Oscillating Circuit 

~ 

, 
~ 

I", L 

.1 

\-

I" 

tHIl 

1- 1 When using a crystal oscillating element. 

The oscillator circuit is shown in Figure I. 

1('( 

Externally connected parts consist of :a resistor, 

capacitors and a trimmer capacitor. To adjust the 
frequency, use the trimmer capacitor (The 16Hz or 

I Hz signal output at the ALARM pin should be 

used), for calibration. 
When calibrating with the 16IIz signal: 
The Address is (A 3 , A2 , Ai> Ao)=(l, 1, I, 1). 

The Data is (1, n, 0, x). 

When calibrating with the I Hz signal: 

The Address is (A3 , A2 , A" Ao)=(l, 1, I, 1) 
The Data is (0, 1, 0, x). 

/ 
1--1,,--1 

l( 
fWD 

f£ 

-.0 
I 

l 

/ 
-1,.=:1 

)( 
_, HI1H 

} 

=:j 

GNU 
C, =0 111,,1: -:111,,1-' RP5COI 
C,=o:llll'l: 

Cl" S6pF 

I( = lIIokfl 

(The crystal employed is Nippon Dl'lTlpa f(ogyo l\1X:~XT{)r {'qui\'ait'1l1l 

Fig. 1 
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12 When using an external Clock 
The external clock should be connected through the circuits shown in Fig.2(a), and (b). The OSCOUT pin 

should be left with no connection. 

o SC-"Ic:.;NCJ\'~A. __ 

/ OSC OliT 
CMOS (·1O!)6) 

RP5COl 

Fig.2 (a) CMOS INVERTER CONNECTION 

2. Input/Output, and Chip selection Pins. 

2-1 Input/Output Pins 

/ '"'' 0<" 
TTl.( 74LS04) 

RP5COl 

Fig.2 (b) TTL INVERTER CONNECTION 

In order to stabilize the potential at the Input/Output Pins during 'battery backup' operation, and a pull 

-down resistor (lOO-300kO), and a pull up resistor (4.7 -47kO) 

TO TilE POWERIJOWN 
SENSING CIRCUIT 

Hu 

Hu 

Hu 

Hu 
----.-1 xx II{\) 

Hu 

2-2 Chip selection Pins 

1--...-__ TO TilE POWER SUPPLY CIRCUIT 

}{,,=IOOkO-:lOOk!l 

H,.=4.7k!l-47k!l 

R" 

Fig. 3 

There are two chip selection Pins. The C5 pin should be connected to the powerdown sensing circuit, and 

the CS pin to the CPU. CS is active "II", whereas CS is active "L". 

--------------IIU©®[}[]-
6-17 

I 



3. Interfacing with typical CPU 

3·1 Applicable CPU 

CPU External Circuit 
Z-8OA Nil 
8085A 74LS74 (NOTE 1) 

6800 74LSOO, 74LS04 

3-2 Standard Interfacing examples. 

Examples of Interfacing the RTC with typical 

CPU (Z80,8085,6800) are presented hereunder. 

(I) 280 

The Data Bus, Address Bus, and RD, WR pins 

are connected to the corresponding pins of the 2-80 

(the same symbols are used). The CS pin of the 

Rl'5COI should connect with the IOI{Q pin, or one 
Bit of the Address Bus (e.g.Ao). 

TIMING CHART 

T. '1', Tw 

(NOTE]) Not needed when the X'tal used is below 

5Mllz 

~D~ 
7. b 

:..:> 
RP5COl uuo 

(fJ(fJ 

00 
---

DnD, DID). AnA, AIAl RO WR CS 

--.-- '---v--' 

I~I~I~ '-':Vl (/)(fJ 

b:::J r.n~ 
.-,:cn gjOJ 
0 Q 

Q 
.-,: Z·80 

Fig. 4 CONNECTION DIAGRAM WITH Z-80 

'1'; T. 
CLOCK ~ ~ rL r--u ~ r-----' 

'-

l80 Ao-" A7 -
lOIU, 

Hil 

RP5COl ilo-I); 

Z 80 WI( 

RP5COl ilo-il; 

D< 
1\ J 

1\ J 

O~)'rpUT\ 
\.:.~ 

1\ 

INPUT 

lX 

l/ 

} 
REA\) 

CYCLE 

} WRITE 
CYCLE 

-IID®®OO--------------
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(2) 8085 

The Data Bus, Address Bus, and RD, WR pins of 

the RTC correspond with those of the 8085 (the 
same symbols are used). The CS pin of the 

R(,5COI should connect with one Bit of the 808" 

Connection Diagram 

~D 
OSC,~ OSC,,! I 

RP5COl 

DoD,DzJh 

IJ,H.~ Bl'S 

Address Bus (e.g. pin Ao). 

When the crystal oscillator used has a frequency of 

6MIIz, a 74LS74 (externally connected circuit shown 
in the dotted line) should be added to provide I 
Wait. 

r-----------, 
I 
I 
I 

L __________ _ 

Fig. 5 CONNECTION EXAMPLE WITH 8085 

Timing Chart 

{

Cl.OCK 

8085 A,-A,; 

IlEAl) 

8085 WlllTE 

8085 HEAIlY 

-
-
-

'1', '1', Tw I '1', '1', 

U-U-~U-I'---
):X 

1\ 

\ 

L..J 

IOlrrl'lJT1 
\.:~ 

/ 

INl'liT 

1 HEAIJ f CYCl.E 

} 
WHITE 
CI'Cl.E 

--------------ICO©®[JO-
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(3) 6800 

The pin connections for the RTC are compatible 

with the Data Bus, Address Bus of the 6800. (The 

symbols are the same). 

The 1<0, W1<, pins of the Rl'5COI should be 

connected to the ,ph and R/W pins of the 6S00, but 

with the addition of the following: two 74LS04 

inverters, two input NANDs and two 74LSOO. 

Besides, the CS pin of the RTC should be connected 
to one Bit of the 6800 Address Bus (e.g.Ao). 

Connection Diagram Timing Chart 

o 

RP5COI 

1J .. \TiI flllS AlJlJHESS ¢, l\/W 
BliS 

6800 

Fig. 6 

3-3 Interrupt into the CPU 

[

T' 

6800 I{/W 

ADD 

1(1) 

RP5COI 
WI( 

The Data of Rl'5COl is read-out by using 

Interrupt to the CPU at the rate of once every 

second. 

(II ;:SO 

RP5COI 
---
AI.AI(M 

11112 

NMI 
Z·80 

J r 
=>< ______ >C 
J x= 

'lREi\1J CYCLE 

----------------~~O~lJ~Tl>l'UU~T 

r-1WRITE 
CYCLE 

---------~(=======)-._ INl'UT . 

(2) 80SS 

(:;) 6800 

RP5COI 
---
ALAI(M 

jlllZ 
I(ST7.:' 

8085 

RP5COI 

AI.AllM 

/IIiZ Si(;Ni\L 
.------.1--, 

NMI 
6800 
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4. Example of a program for setting Time/Alarm 

4-1 Flowchart for the time setting operation 

By setting Data (03 , D" 0 ,• Do) in the test register 
(Address (A" A,. A" Ao)= (I, 1, 1, 0», operation of 
the c,lock is maintained. 

(1) Timer Setting Program 

TIMEI{ IS STOPPED 

MODE RE<;JSTER SETTIN(; 

(1I"Il"Il"il ll )=IO,x,O,OI 

FREQ, DIVlIIER IS I{ESET 

RESET CONTIWL I<EGISTEI{ IS SET 

(II" ll" il" il ,l )= lx, x, I, xl 

TIMER IS STARTED 

MOllE HE(;ISTER SETTlN(; 

lil,., il" Il" 1111 )=(1, x, x, xl 

no 

For Time setting, the Timer is stopped, and 

readout and write in should be executed within one 
second, 

(2) Time Readout Program 

TIMEI{ IS STOPPED 

MOllE I{E(;JSTER SETTIN(; 

111.,1),. 11,,1111 )=10, x,O,OI 

yes 

TlMEI! IS STAinED 

~!(IIIE I!ECISTEI{ SETTIN(; 

(II", II" iJ .. 1I 11 )~' (I, x, x, xl 

---------------ICO©@OO--

6-21 

I 



4-2 Alarm Setting Flowchart 

(1) Alarm Time Write-in Program 

ALAIlM OUTPUT IS DISABLED 

MODE REGISn:ll IS SET 

(/J" 1J2 , D" Do) = (1. 0, 0, I) 

ALARM REGSITER IS RESET 

RESET CONT. REGISTER IS SET 

(1J"1J 2 ,1J,,IJO )=(O,O,O,I) 

yes 

ALAllM OUTPUT IS ENABLE 

MODE REGISn:R IS SET 

([)3, 1)2, ])" Do) = (I, I, x, x) 

no 

(2) Read-out of Alarm Time 

ALARM OUTPUT IS DISABLE 

MODE IlEGISTER IS SET 

(lJ,,1)2,D,,1)0)=(I,O,O,J) 

ALARM OUTPUT IS ENABU, 

MODE REGISn:R IS SET 

no 

-ICO®®OO--------------
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5. Read/Write With RAM Program 

The 26 x 4 Bit User RAM. has provisions for 
Battery Backup. and can be used as a non-volatile 

RAM. 

(1) Write· in 

STAIn 

TilE IIAM BLOCK IS SELECTED 

MOllE REGISTER IS SET 

(lh.1l2 .1l •• llo)= (x. x.I.O) 

OJ( (x.x.I,I) 

no 

• 18 PIN PLASTIC PACKAGE (UNIT: mm) 

The RAM consists of two Blocks (l Block: 13 x 4 

Bits). A Mode Register enables Selecting the 

needed BI oc k. 

(2) Read· out 

TilE IIAM BLOCK IS SELECTED 

~IOIJE IIEGISTEII IS SET 

(Il" Il,. Ill> IJo)=(x. x.I.O) 

Oil (x. x. I. I) 

no 

11K 22.K6max 10 I 

CJJJ 
1 \I 

---------------ICO@®OO-
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_IC_D©_®_DO_~I REAL TIME CLOCK 
RPSC62/RFSC62 

• OUTLINE 

RP5C62/RF5C62 can be connected directly to SOS6, 6S000, and other CPU data buses. RP5C62/ 
RF5C62 are CMOS realtime clock LSIs with time, calendar, and alarm functions for microcomputer. 

The built-in timer counter allows the clocks to be used as watchdog timers or interrupt timers. 

• FEATURES 

• RP5C62/RF5C62 can be connected directly to the CPU, and have high-speed access. 

• Four-bit bi-directional data bus and four-bit address bus 

• The oscillation circuit is driven by rated voltage, giving excellent oscillation frequency stability for 
power supply voltage fluctuation (within ± I ppm) 

• Built-in timer clock 

• Regular period interrupts and alarm match interrupts to the CPU 

• Interrupt flag and interrupt inhibit 

• Time (hour, minute, and second), calendar (leap year, ordinary year, month, day, and day of week), 
and alarm (hour and minute) functions. 

• Choice of 12-hour or 24-hour time 

• Automatic recognition of leap year 

• All watch and alarm data expressed in BCD code 

• ±30 second adjustment 

• Automatic discrimination between valid and invalid clock data 

• CMOS gives low power consumption, allowing battery backup 

• Single 5V power supply 

• IS-pin DIP (RP5C62) or IS-pin SOP (RF5C62) packaging 

• BLOCK DIAGRAM 

OSCIN 
OSCOUT 

CE 

cs 

IVR -~=t.J---""""14 

1~1 1)1 1)"1 I)' 

LVDD 
,r-vss 

---------------ICD@®o{]-
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RPSC62/RFSC62 

• PIN CONFIGURATION 

18 PIN DIP & SOP 

CS VDD 

CE OSCOUT 

TMOUT OSCIN 

AO INTR 

Al D3 

A2 D2 

A3 D 1 

RD DO 

VSS WR 

TOP VIEW 

• PIN DESCRIPTION 

Symbol Name Function 

CS Chip select CS and CE are used when interfacing external devices. They may be accessed 
CE Chip enable input when CS is low and CE is high. CE is connected to a power down detector on 

the system power supply side, and CS is connected to the microcomputer ad· 
ress bus. 

TMOUT Timer output Timer output may be used as an interrupt free·run timer or watchdog timer. 
When CE is low (running on battery backup), operation stops (th~re is no out· 
put). It is N-ch open drain output. 

AO-A3 Address input Address input is connected to the CPU address bus. It is gated internally with 
CEo 

RD Read control input When RD is set low, the contents of the counters or registers specified by A 0-
A 3 are output to DO - D 3. It is valid when CS is low and CE is high. It is 
CMOS input. 

WR Write con tro! input When WR is low or rises from low to high, the contents of DO - D 3 are writ-
ten to registers or counters specified by A 0 - A 3. WR is valid when CS is low 
and CE is high. It is CMOS input. 

DO-D3 Bi-directional data DO - D 3 are connected to the CPU data bus. The input section is gated inter-
bus naJIy with CEo It is CMOS input/output. 

INTR Interrupt output INTR outputs regular alarm interrupts or alarm match interrupts to CPU. It 
also operates when CE is low (at battery backup). It is N-ch open drain output. 

OSCIN Oscillator circuit Crystal oscillator of 32.768 KHz must be connected between OSCIN and 
OSCOUT input/output OSCOUT. Capacitance is connected externally between VDD and OSCIN and 

VDD and OSCOUT, forming the oscillator circuit. 

VDD Power supply VDD connects to +5V and VSS to ground. 
VSS 

-ICO©®[}{]--------------
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RP5C62/RF5C62 

• ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Condition Value Unit 

VDD Supply Voltage -0.3 - +7.0 V 
VI Input Voltage VSS=O -OJ - VDD+OJ V 
VO Output Voltage -0.3 - VDD+OJ V 
PD Maximum Power Consumption TA = 25°C 300 mW 

TA Operating Temperature -20 - +70 °c 

TSTG Storage Temperature -40 - +125 °c 

• RECOMMENDED OPERATING CONDITION IVSS=OV. TA=-20 - +70°C) 

Symbol Parameter 

VDD Supply Voltage 

VCLK Supply Voltage of Clock 

fXT Crystal Oscillation Frequency 

• DC CHARACTERISTICS 

Symbol Parameter Pin Name 

VIHl "H" input voltage AO-A3, DO-D3 

VILl "L" input voltage CS,RD, WR 

VIH2 "H" input voltage CE 

VIL2 "L" input voltage 

VOHl "H" output voltage DO-D3 

VOLl "L" output voltage 

VOL2 "L" output voltage INTR, TMOUT 

I1I:K Input leak current AO-A3,CE, 
CS,RD, WR 

IOZ1 Output offleak DD-D3 

~ current INTR, TMOUT 

Consumption 
IDDI current for VDD 

back.up 

Consumption 
IDD2 current for VDD 

stand-by 

Oscillation fre- OSCIN 
af quency drift for OSCOUT voltage drift 

Condition MIN. Typ. MAX. Unit 

4.0 5.0 6.0 V 

2.0 6.0 V 

32.768 kHz 

Condition MIN. Typ. MAX. Unit 

2.0 VDD+OJ V 

-OJ 0.8 V 

O.8*VDD VDD+O.3 V 

-0.3 O.2*VDD V 

IOHl = -400/LA 2.4 V 

lOll =2mA 0.4 V 

IOL2= 2mA 0.4 V 

VILK = VDD or VSS -I 1 /LA 

VOZI = VDD or VSS -5 5 /J.A 
VOZ2= VDD -2 2 /LA 

Input: VDD=2.5V 3 /LA VDDorVSS 

Output: VDD=5.5V 8 /J.A OPEN 

VDD=2.5-5.5V -I 1 PPM 

( Unless Noted, VSS=OV, VDD=5V±IO%, TA=-20 - +70°C,) 
X'tal=32.768KHz(CI~ 35Kn), CG=CD=33pF 

--------------ltO@®DO--
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RP5C62/RF5C62 

• AC CHARACTERISTICS 
(vss=OV VDD=5V± 10% TA=-20-+70°C) 

Symbol Parameter Description Value Unit 

tCES CE setup time Time that CE must be held high before the address is MIN nS established 200 
tCEH CE hold time Time that CE must be held high until the address changes MIN 200 nS 

tAA Address setup Time when the address must be established before CS- MIN nS time (RD) RD = low 50 

tCS CS setup time Time taken from when CS becomes low to when data is out· MAX nS (RD) put when RD is low after the address is established 120 

tRD RD setup time Time taken from when RD becomes low to when data is out· MAX nS (RD) put when CS is low after the address is established 120 

tOH 
Data hold time Time when dat~oes not change even though the address MIN nS (RD) changes when CS = RD = L 10 

tCSZ CS output delay Time taken for the data bus line to become hig-h- impedance MAX nS time (RD) after CS becomes high 70 

tRDZ RD output delay Time taken for the data bus line to become high impedance MAX nS time (RD) after RD becomes high 70 

tACS CS setup time Time when the address must be established before CS MIN nS (WR) becomes low when WR is low 50 --

tAWR WR setup time Time when the address must be established before WR MIN 
nS (WR) becomes low when CS is low 50 

tWCS CS pulse width Pulse width at write by CS when WR is low MIN 
nS (WR) 120 

tWR 
WR pulse width Pulse width at write by WR when CS is low MIN nS (WR) 120 

tWDS 
Data setup time Time that data must be established before CS or RD MIN nS (WR) becomes high 60 

tCSH Address CS hold Time that the address must be held after CS becomes high 
MIN 

nS time (WR) 10 

tWH 
Address WR hold 

Time that the address must be held after WR becomes high 
MIN 

nS time (WR) 10 

tWDH Data hold time Time that data must be held after CS or WR becomes high MIN nS (WR) 10 

• TIMING DIAGRAM 

CE 

CS 

Read Cycle AO-A3 

RD 

DO-D3 

CE 

CS 

Write Cycle AO-A3 

WR 

DO-D3 

-ICO©®OO 
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GE DIMENSIONS • PACKA 

1) RP5C62 

(Unit: mm) 

~~ 
I r-'-:c==-------.+ = 

to: 
~~tr 

6-29 

2) RF5C62 

1.05 '/11,095 

rnl 
WJ 

~~ 

---

RP5C62/RF5C62 

• 
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• GENERAL DESCRIPTION 

aUAD.UART 
RFSCS9 

No. EKH-9-871 1 

RF5C59 is the CMOS LSI with 4 channels of serial port built-in for application to asynchronous 

communication. The operations including transfer rate, transmit/receive of communication and etc. 
can be specified by program independentiy for each channel and it allows the use as peripheral circuit 
of CPU. 

• FEATURES 

• Double-buffer mode transmitter/receiver 

• Dual transmit/receive of communication is practicable for all 4 channels. 

• Setting of transfer rate at each channel for both hardware and software is practicable. 

When input clock is 14.7456 MHz, the following rates are applicable. 

614.4 KHz, 307.2 KHz, 153.6 KHz, 76.8 KHz, 38.4 KHz, 19.2 KHz, 9.6 KHz and 4.8 KHz. 

• Freedom of combination of logical address with physical address for 4 channels. 

• Data length 8 bit, stop bit 1 bit fixed. 

• Overrun and framing error are detectable. 

• Error start bit is detectable. 

• Direct connection to 8 bit bidirectional data bus and data bus is practicable. 

• 4 bit address input. 

• Hardware interrupt signal of TXRDY and RXRDY that can be masked. 

• Connection to high speed CPU is practicable. 

• 5V single voltage supply. 

• 60 pin flat package. 

• PIN CONFIGURATION 

TXRDY 
RXRDY 
WR 
TiD 
CLK 
GND 

A2 
Al 

AO 

c/o 
cs 

:;; 
55 

60 

~ " 35 

30 

TEST 
Yeo 
RXCA 
RXCB 
RXCC 
RXCD 

Yeo 

TX21 
TXCA 

TXCB 
25 TXCC 

TXCD 

---------------ICO@®OO--
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RF5C59 

• BLOCK DIAGRAM 

DO- D 7 

AO- A 2 

C/O 
CS 
Rii 
ViR 
elK 

RESET 

T T R R 
X X X X 
D CDC 
A A A A 

• DESCRIPTION OF FUNCTION 

T T R R 
X X X X 
D CDC 
B B B B 

T T R R 
X X X X 
D CDC 
C C C C 

T T R R 
X X X X 
D CDC 
D D D D 

RFSCS9, which is the UART for data communication, is used as peripheral circuit of CPU, and 
operation under serial data transfer mode can be specified with program. 

RFSCS9 has the transmit/receive ports with 4 channels, which receive parallel data from CPU, 
convert them into serial data and feed them out from TXD * terminal. In addition, RFSC59 receives 
data fed to RDX * terminal and feed them to CPU. 

All 4 channels are controllable independently. Reading of status register I will not only make it 
possible to find the condition of transmit/receive operation but also allow to notify CPU of hardware 
interrupt signal from TXRDY terminal and RXRDY terminal. 

The combination of logical port with physical port can be freely set with instruction register 3. 
In other words, logical ports in plural number can be assigned to one physical port. The transfer 
rate is 1/(24 *n) of input clock. (n: 1,2,4,8,16,32,64,128) 

-ICO®®[]]--------------
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RF5C59 

• PIN DESCRIPTION 

--
PIN No. Symbol I/O Function 

6,7,8,9 DO I Bidirectional 3 state data bus used for transfer of command, data and status be-
10.11 - tween RFSC59 and CPU. 
12, 13 D7 TTL compatible input. 

36 RESET I Reset input. Active LOW. During reset, 
• All internal registers turn to reset or default value. 
• Transmit outputs TXDA and TXno turn to mark (HIGH) condition. 
• All transmit/receive ports are enabled. 
• TXRDY and RXRDY lines turn to active. 
(CMOS compatible Schumit input) 

5 CS [ Chip select input. Active LOW. When CS is at LOW level, it ailows data transfer 
with CPU. TTL compatible. 

57 WR I WR input. When WR is LOW-;~nd -cs is LOW, the data on 00- D7 are written 
in this LSI. TTL compatible. 

~---

58 RD I RD input. When RD is LOW and CS is LOW, the content of internal register of 
specified address is read on DO-D7. TTL compatible. 

4 C/D I C/D represents the input which informs whether the data on the bus is control 
information or status information. TTL compatible. 

1,2,3 A2,Al I Address inpu t. TTL compatible. 
AO 

56 RXRDY 0 Interrupt signal to CPU which informs the receipt of data. If the data exist in 
anyone of the receive ports being unmasked by RIM * flag of instruction register 
1, it turns to LOW. When the data are read from all unmasked receive ports and 
each receive buffer has the space, it turns to HIGH. When RIM * flags are all 
turned to 1, it also turns to HIGH. Meanwhile, aparting fro..!!Lthis signal, CPU is 
also able to confirm the existence of receive data by reading RXRDY bit of status 
register. 

59 CLK I System clock input. CMOS compatible. 
----

20 TXDA 0 Transmit receive section of channel A - D serial data output. Following the start 
21 TXDB 0 bit, it is output from LSB and after MSB, 1 bit of stop bits is added. During 
22 TXDC 0 disable of port or during idle, it holds the "MARK" condition. With 'Mark' at 
23 TXDD 0 HIGH level and 'Space' at LOW level, it performs Enable/Disable of coordinate 

ports with bit 7 and bit 3 of instruction register 4 and 5. 

15 RXDA I Receive section of channel A - D serial data input. Receive from LSB. 'Mark'is 
16 RXDB I HIGH and 'Space' is LOW. It performs Enable/Disable of coordinate ports with 
17 RXDC I bit 7 and bit 3 of instruction register 4 and S. 
18 RXDD [ 

29 Vee +5V power supply. Make sure 29 Pin is connected with power supply. 
34, 37 Vee 

14 GND 
19,60 GND 

55 TXRDY 0 Interrupt signal to CPU which informs that the data are transmissible. If anyone 
of the transmit ports unmasked by TIM * flag of instruction register 1 is in trans· 
missible condition, LOW output. (NOR output of TXRDY flag of each port) 
When TXRDY flags of all ports are masked, it turns to HIGH. Meanwhile, apart-
ing from this signal, CPU is also able to confirm the condition of transmit register 
buffer by reading TXRDY* flag of status register 1. 

28 TX 24 0 1/24 frequency division output of CLK input. 

54 D1VAEN I Preset input by hardware of transfer rate. When DIV*EN is LOW, transfer rate 
53 DVRA2 I ~h~~0~~iv~~J?:t~~3~~i~r~~~~/~~t~t i~~~~:~i~:; ~: R~~:t~' ~rYtfe~ 1 i~~~sfr~~i*OO~ 52 DVRAI I 
51 DVRAO I register 4 and 5. All pull·up Schumit input. When CLK input is 14.7454 MHz, 
50 DIVBEN I the transmit rates are: Frequency 
49 DVRB2 I division ratio 
48 DVRBI I DVR*2 DVR*1 DVR*O (vs. CLK/24) Transmit rate 
47 DVRBO I L L L 1 614.4 KHz 
45 DIVCEN I L L H 1/2 307.2 
44 DVRC2 I L H L 1/4 153.6 
43 DVRCI I L H H 1/8 76.8 
42 DVRCO I H L L 1/16 38.4 
41 D1VDEN I H L H 1/32 19.2 

I 
40 DVRD2 I H H L 1/64 9.6 
39 DVRDI I H H H 1/128 4.8 
38 DVRDO I 

27 TXCA 0 Transfer clock output during transmit of each port. Transmit data are output in 
26 TXCB 0 synchronizing with the rise of this clock. 
25 TXCC 0 
24 TXCD 0 

33 RXCA 0 Transfer clock output during receive of each port. Frame synchronization is 
32 RXCB 0 taken in synchronizing with the rise of start bit. 
31 RXCC 0 
30 RXCD 0 

35 TEST I It turns to test mode at HIGH active. 1/24 frequency division circuit of CLK is 
bypassed under the test mode . Normally, it is kept LOW. 

. --

---------------ICO@®[J{]-
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RF5C59 

.DC CHARACTERISTICS (Ta= 0 -70°C, Vcc= 5 V±10%) 

• AC ELECTRICAL CHARACTERISTICS 

~- SY~:-l - - -para~eter 
-T~-;-- I --w=R;~lse Wl~---------------r -- ---- ---.. --------.--

f __ !WDS +- WR data~etup .tlme _______ .... 

I TWDH ! WR data hold time 
f-------+----....:.:::...----------··--·-
~2:'~-+. WR before rise ~ address set~_ time ---- t- ns 

L TWA i WR after rise ~ address hold time ns 

r
- :::~------1 ~: :::e:r:~:-:-~d:~j:-:-se-~:-~d-t~-~-e :----~-- 0 -r-- I :: 

-TR-R- -r--RD-P-~h; width --+1 -----+--2-0-0-+--i~s 
--·----·-·-1-·-----=------------------·-- -t--::::A:

R 
-.- ·--:~~;~~t~2--------·--------T-r-I~~=IO-~F 10 ~5 I :: I 

RD before rise ~ address setup time 50 ns 
._----_._-_._---_._----_.- --+-----+----+-----j------+----I 

RD after rise ~ address hold time 80 ns 
.. _------------_ .... _--'---- ----'---

Test f--Mrn Value 

Condition . MIN TTYP.-TMA 
~- ----

200 
- ---

60 I 

I 45 
I I --- ---

50 
-t-

80 
----r-----

+- I 

0 
r----

~kni't X. i 

ns] -r-- . 
ns I 

n~ 
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• TIME CHART 

A2, AI, 

AO, C/D 

CS 

RD 

> 
~TACS 7 

~ 
~TAR __ 

" 

RF5C59 

>< 
IE- TCSA-i> 

V 
~ TRR T R A ------;;. 

/ 
~TDH~ 

oE__TRD----?> 

DO -D7 /' VALID '" '-.,. --r 
~ TAW -------;;. Tww _<E--- TWA----';>o 

"~~:-----------t-'->f,-",J,.,"~------
• EXAMPLE OF APPLICATION 

r 
I 
I 
I 
I 
I 
I 
I 

I 
L 

-------------------1 
I 
I 

TXRDY I 
--.L 

I 

RXRDY I 

Host I 
QUAD I Address 

control UART I 
CPU I 

-V RF5C 59 I 
I 

I \ Data bus I 
j r I 

~ 
I 
I __________________ -1 

Host machine 

6-34 

TXDA 
Personal 

RXDA computer 

TXDB 

[ 
Printer 

RXDB 

TXDC 

Modem ~ 
I RXDC 

Telephone line 

TXDD 
Control device 

fE--
RXDD (D&A) 

Sensor signal 

Peripheral devices 

-----ICO©®OO-
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RF5C59 

• REGISTER MAP 

r""" 
b7 b6 b5 b4 b3 b2 bl bO 

'---
RIMA RIMB RIMC RIMD TIMA TIMB TIMC TIMD 

----
L. P. A L. P. B L. P" C L. P. D L. P. A L. P. B L. P. C L. P. D 

Instr I o : non mask 

linstr. 2 

I : mask 

t-iNIRER-~ 

------------ ---------
ERSTA ERSTB ERSTC ERSTD 

--
o : NOP o : NOP 

I 
I : Ini tial Reset I : Error Flag Reset 

~~~_LLPAbO LPBbl LPBbO LPCbl LPCbO LPDbl LPDbO 

11 : physical port A 

instr. 3 10 : physical port B 

01 : physical port C 

00 : physical port D 
r------~ 

~NLPA-'-- ADIV 2-T~ADIV IDI:liVO ENLPB BDIV2 BDIVI BDIVO 

L. P. A physical port A L. P. B physical port B 
instr. 4 -~------- ---- --f---

o : DIS o : DIS 
note I note I 

I : ENA I : ENA 

ENLPC CDIV2 ICDIVI CDIVO ENLPD DDIV2 DDIVI DDIVO 

instr. 5 o : DIS o : DIS 
note I note I 

I : ENA I : ENA 
--

RXRDYA RXRDYB RXRDYC RXRDYD TXRDYA TXRDYB TXRDYC TXRDXD 

L. P. A L. P. B L. P. C L. P. D L. P. A L. P. B L. P. C L. P. D 
stat. I --'-

0 : no recei ve data o : transmit busy 

I : recei ve data in buffer I : transmit ready 
:----

FREA FREB FREC FRED OVEA OVEB OVED OVEE 

L. P. A L. P. B L. P. C L. P. D L. P. A L. P. B L. P. C L. P. D 
stat. 2 f---

0 no error 0 : no error 

1 : framing error I : over run error 

L. P. * : Logical Port * 
note 1: 000 : 1/1, 001: 1/2, 010: 1/4, 011: 1/8, 100: 1/16, 101: 1/32, 110: 1/64, lll: 1/128 

• ADDRESS ASSIGNMENT OF REGISTER 

C/D A 2 A I A 0 wri te register read regi ster 

L L L L TXDA (Logical port) RXDA (Logical port) 

L L L H TXDB (Logical port) RXDB (Logical port) 

L L H L TXDC (Logical port) RXDC (Logical port) 

L L H H 
--r----

(Logical port) (Logical port) TXDD RXDD 
-

H L L L instruction register I instruction register I 1-----I---
H L L H instruction register 2 instruction register 2 I---- H ---

L H L instruction register 3 instruction register 3 
H L H H instruction register 4 instruction register 4 
H H L L instruction register 5 instruction register 5 

-

I 

H H L H status register I 
I H H I H L status regi ster 2 L 

-ICO®®DO------------
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• PACKAGE DIMENSIONS (60 pin FLAT) 

24.8 ±O.4 

(.976±0",') 

20.0 TYP 

(. 787 TYP ) 

" " 1. 2 ±o 2 ~ ~ 

'" 00 
0 

(.047 ±OOO') .,; 0 

--' 

" " ~ ~ 
o ~ . '" 
:::: '" ~ 

'" g . . 
'" <C 
~ 0 

",; 
0 
~ 

RFSCS9 

.~ 
o 0 . . 
00 0 

~ ~ 
~ 

: , 
0> :::: 

'" 
~ 

...:-

~--.. - -------·---IIO®®OO-

6-36 

• 





ICD©®OO I EKH-2 

!ll!!!!!!!!R!II!!!!!!!!F!II!!!!!!!!5!11!!!!!!!!C!ll!!!!!!!!16!11!!!!!!!!A!II!!!!!!!!/!II!!!!!!!!R!II!!!!!!!!P!ll!!!!!!!!5!11!!!!!!!!C!ll!!!!!!!!16~ CRT CONTROLLER 

• General description 

RP5C16/RF5C16A are LSI developed under 
CMOS process technology for application to 
CRT controller. They allow to display the various 
patterns on the CRT by control commands and 
image data fed from 8 bit CPU including 8085, 
Z80, etc. With use of this 5C16, CRT controller 
system can be configurated by merely connecting 
DRAM. 

Note) 

RF5C16Ais the 64 pin FLAT packaged product 
RP5C16 is the 64 pin DIL packaged product. 

• Features 

• 4 modes 

-Color picture with 80 X 25 characters 
· Color picture with 640 X 200 dots 
· 2 color pictures with 40 X 25 characters and 
40 X 25 characters 

· 2 color pictures with 320 X 200 dots and 
40 X 25 characters 

• Display of maximum 15 colors with RGB out­
put (2 values or 3 values) 

• Virtual screen 
• Smooth scroll to horizontal and vertical direc­

tions are practicable. 
• Abundant attribute function (transverse invert, 

longitudinal invert, vertical invert and black 
white invert) 

• Cursor built-in (for mouse) 
• Master/Slave mode (Superimpose practicable) 

• Redefinable character set 
• Buffer register and address counter built-in for 

updating of V-RAM (Video RAM) 

• Low power consumption for the sake of CMOS 
process 

• 60 Hz non-interlace display 

• Pin configuration 
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D, 
D, 
D, 

RP5C16 

NC 
VBUS EN 

CLOCK OUT 
CLOCK IN 

C-SYNC 
H-SYNC 
V-SYNC 

L/d 
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• Block diagram VBUS REQ 
r-------------------~V~B~US EN 

=======j:~::l=======================~==~========~~:t=====WEN -------1 RD/WR WEL 
control 
logic 

[NT 

Do - D, ¢:==========~ 

• Pin description 

(1) CPU interface 

Symbol Name 

CS Chip Select 

RD Read Strobe 

WR Write Strobe 

Ao~A3 Address 0 ~ Address 3 

Do~D7 Data O~ Data 7 

INT Interrupt 

DREQ DMk Request 

DACK DMA Acknowledge 

(2) V-RAM interface 

Symbol Name 

RAS ROW Address Strobe 

CAS Column Address Strobe 

CASo Column Address Strobe 0 

CASl Column Address Strobe I 

VBUS EN VIDEO BUS ENABLE 

VBUS REQ VIDEO BUS REQUEST 

WEM Write Enable MSB 

WEL Write Enable LSB 

VAo~VA7 
Video Memory 
Address O~ 7 

VDo~VDl5 
Video Memory 
Data O~15 

-ICO©®OO 

input/output Logic 

IN Active 
L 

IN L 

IN L 

IN (positive) 

IN/OUT (positive) 

OUT Active 
H 

OUT L 

IN L 

input/output Logic 

OUT Active 
L 

OUT L 

OUT L 

OUT L 

IN H 

OUT H 

OUT L 

OUT L 

OUT (positive) 

IN/OUT (positive) 
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Function 

L/d 
R 
G 
B 
M-LEVEL 

~:: ~~~~ 
V- SYNC 
RAS 
CAS 

Make it possible to Read and Write of control 
register address register and buffer register 

Selective line of control register 

Data bus Data 0 = LSB Data 7 = MSB 

Function 

Set Row Address, Provide Timing 

Set Column Address, Provide Timing 

CAS which turns to active only when address is 
O~3 FFFH. 
CAS which turns to active only when active is 
4000H~ FFFH. 
When L it turns CAS", "CASQ, CASl ""RAS", 
WEL WEM VAo_7 and VDO_l5 to ll:i-Z. 
5C16 accesses VBUS, it turns to active betore 
4 clock. 

Write is early write operation 

Write is early write operation 

Data 0 - LSB 
Data 15 = MSB 



RF5C16A/RP5C16 

(3) Clock and Video output 

Symbol Name input/output Logic Function 
CLOCK IN Clock In 14.31818 MHz which connects quartz crystal. CLOCK OUT Clock Out 

M-LEVEL Middle Level IN When RGB3 value output, it provides CRTC 
with intermediate level 

Vee, GND Vee, GND - -

~l( G, B Ld 
Red, Green, Blue 
Light and dark OUT (positive) Video output (2 values or 3 values) 

C-SYNC Composite Synchronous OUT/IN (negative) uutl?ut (open dram outpu9 when master mode 
and mput H-SYNC when slave mode 

V-SYNC Vertical Synchronous OUT/IN (negative) Output (open drain outpupwliim master mode 
and input V-SYNC when slave mode 

H-SYNC Horizontal Synchronous OUT/IN negative) Outl?ut (open drain output) when master mode 
and mput H-SYNC when slave mode 

Yo CLK Yo CLOCK OUT Clock Yo frequency division output 

• Absolute maximum rating 

Symbol Parameter Condition Value Unit 

Vee Supply voltage -0.3 - +7.0 V 
VI Input voltage -0.3 - +7.0 V 
Vo Output voltage -0.3 - +7.0 V 

Pd Maximum power consumption Ta = 25°C 300 mW 

Ta Operating ambient temperature -10-70 °c 

.Tstg Storage temperature -40- 125 °c 

• Recommended operating condition 

Symbol Parameter Condition Value Unit 

Vcc Supply voltage 4.5 - 5.5 V 

Vss Supply voltage 0 V 

VIH "H" input voltage 2.0 - Vee + 0.3 V 

VIL "L" input volta~e -0.3 - 0.8 V 

Ta Ambient temperature -10 - 70 °c 

Value 
Symbol Parameter Condition Unit • • DC electrical characteristics (Vee = S.OV ± 10%, Ta = -\0 ~ 70°C) 

Min. Typ. Max. 

VIH 
f--------

"H" input voltage 2.0 Vee + 0.3 V 

VIL "L" input voltage -0.3 0.8 V 

VOH "H" output voltage IOH = -400J.l.A 2.4 V 

I-
VOL "L" output voltage IOL = 3.2mA 0.4 V 

ILl Input leakage current 0';; VI';; Vee 10 J.l.A 

ILO 3-state floating current 0.4 ,;; VI';; 2.4 10 J.l.A 

Icc Supply current 50 rnA 

VIN</> Clock input "H" input voltage 0.7 x Vee V 

ViI4> Clock input "L" input voltage 0.3 x Vee V 

--~ICO®®oa 
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RF5C 16A/RP5C 16 

• AC characteristics (Vee = S.OV ± 10%, Ta = -1O~70°C). and Timing diagram 

(1) CPU-5C16 READ/WRITE 

No. Symbol Parameter 
Value 

Min. Typ. 
I taee Access time from CS Ao~A3 and DACK 
2 tder RD delay time from CS Ao~A3 and DACK 30 
3 twrh RD pulse width (H-threshold) 
4 ther CS, Ao~A3 and DACK hold time during read 5 
5 tddr Data delay time from RD 
6 thdr Data hold time during read 0 
7 tdew WR delay time from CS Ao~A, and DACK 30 
8 twwh WR pulse width (H~threshold) 
9 twwl WR pulse width (L-threshold) 150 
10 thew CS, Ao~A3 and DACK hold time from WR 10 
11 tsdw Data setup time ISO 
12 thdw Data hold time during write 10 
13 tddgl DREG. delay time from .CLK OUT 
14 tddgh DREG t delay time from CLK OUT 

15 tdinl I INT • delay time from RD or WR 
(End of INT by Buffer Ready) 

16 tdinl2 INT • delay time from CLK OUT 
17 tdinh INT t delay time from CLK OUT 

(1-1) CPU READ 5C16 (1-2) CPU WRITE IN 5C16 

(Unit: ns) 

Max. 
Unit 

200 ns 
ns 

10 ns 
ns 

120 ns 
85 ns 

ns 
10 ns 

ns 
ns 
ns 
ns 

90 ns 
60 ns 

410 ns 

120 ns 
90 ns 

thew 

t= tsdw--i i'hdW 

----<1 -f~--

(1-3) INT, DREG, DACK 

eLK OUT 

INT 
(BUFFEJl.READY) 

INT 
(VSoc,HSOC) 

-ICO©®DO------
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(2) 5C16-V-RAM READ/WRITE 

Symbol Parameter 
Value 

Unit No. 
Min. Typ. Max. 

1 trc Read cycle time 279 ns 
2 tras RAS pulse width 150 ns 
3 trp RAS pre-<:harge time 90 ns 
4 trcd RAS-CAS delay time 40 ns 
5 trsh RAS hold time 80 ns 
6 tcrs CAS-RAS setup time 0 ns 
7 tcas CAS pulse width ISO ns 
8 tcp "CAS" pre-<:harge time 60 ns 
9 tasr Line address setup time 0 ';;s-
10 trah' Line address hold time 20 ns 
II tasc Column address setup time 0 ns 
12 tcah Column address hold time (CAS reference) 40 ns 
13 trcs Read command set~ time 0 ns 
14 trch Read command hold time (CAS reference) 0 ns 
IS tITh Read command hold time (RAS reference) 0 ns 
16 tdsr Da ta inpu t setup time (CAS reference) 60 ns 
17 tdhr Data input hold time (CAS reference) 0 ns 
18 tW 9s Write command setup time 0 ns 
19 twcli Write command hold time (CAS reference) 60 ns 
20 tdsw Data input setup time (CAS reference) 0 ns 
21 tdhw Data input hold time (CAS reference) 60 ns 
22 tdvr VBUS REQ delay time from CLK OUT 90 ns 
23 thve Hold time of VBUS EN against CLK OUT 40 ns 
24 tsve Setup time of VBUS against CLK OUT 0 ns 
25 tdral RAS ~ delay time from CLK OUT 100 ns 
26 tdraf Delay time for RAS from CLK OUT to turn to floating 0 60 ns 

27 tdwev Delay time for WEL or WEM from CLK OUT to turn to 
valid 70 ns 

28 tdwef Delay time for WEL or WEM from CLK OUT to turn 
to floating 0 60 ns 

29 tdcav Delay time for CAS, CASo and CASl from CLK OUT to 
turn from floating to valid 30 ns 

30 tdcaf Delay time for CAS, CASo and CASl from CLK OUT to 
turn to floating 30 130 ns 

31 tdvav Delay time for VAo -7 and VDo -15 from CLK OUT to 
turn from floating to valid 70 ns 

32 tdvaf Delay time for VAo_7 and VDO_15 from CLK OUT to 0 60 ns turn to floating 

(2-1) 5C16 READ V-RAM (2-2) 5C16 WRITE V-RAM 

• Ire 
tras-·- Irp 

RAS RAS 

Ired Irsh 

CAS" CAs 

WEe -------\ 
w," 

Dm~t-----....... ___ _ 

---------------IID®®OO-
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RF5C 16A/RR5C 16 

(2-3) VBUS REO, VBUS EN (3-1) ClK IK, ClK OUT 
CLPK OUT 

CLOCK IX 

vaus REQ -----1f-""I'--+---t---t----

VBUS EN 

VAo-VA, 

CLOCK OL'T 

l.'.CLK 

R. G. B. 
«(or 80 ch.r, 
640 dots mode) -;,. 

R. G. B. 
(ror 40 char. 
320 dots mode) 

VDo-VD 1
, ------l<t======~'t=_;_ 

(3) ClK IN, ClK OUT 

No. Symbol Parameter 

1 tcci Clock frequency 

2 twch Clock pulse width (H period) 

3 twci Clock pulse width (L period) 

4 td4ch v.. CLK t delay time from CLK OUT 

5 td4cl v.. CLK + delay time from CLK OUT 

6 tdvi RGB delay time from CLK OUT 

(4) SYNC wave, R.G.B. output 

No. Symbol Parameter 

7 a Backdrop (peripheral) display period front porch side 

8 b Backdrop (peripheral) display period back porch side 

9 c Front porch 

10 d Horizontal synchronous period 

11 e Horizontal synchronous period + back porch 

12 f Horizontal synchronous signal cycle 

13 g Display period of backdrop (peripheral) 

14 h Blanking period before vertical synchronous period 

15 i Vertical synchronous period 

16 j Blanking period after vertical synchronous period 

17 k Display period of backdrop (peripheral) 

18 1 Display period of character and graphic 

Value 
Min. Typ. 

14.318 
-300 18 

32 

32 

Value 

3.64±0.50 

3.64±0.50 

1.68±0.30 

4.48±0.30 

10.80±0.30 

63.70±0.SO 

21 

3 

3 

14 

21 

200 

Max. 
Unit 

MHz 
+300 ppm. 

ns 

ns 

60 ns 

60 ns 

60 ns 

Unit 

/lS 

/lS 

/ls 

/ls 

/ls 

/lS 

line 

line 

line 

line 

line 

line 

-ICO©®[}{]---------------
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RF5C I 6A/RP5C I 6 

(4-1) SYNC wave, R.G.B. output (Unit: /ls) 

10.8-------0. 
b 

-3.64 
Front ".",,_.01 ----.. 

Backdrop porch ;!~.!:-.. Back porch Backdrop 

.... Horizo~a~~ 

21 ~e--"- 31~n. -.,.- 31:ne.....,~ 14 line 

" " 
k .. ..;.- I 

21 line 200 line 

.",.1 '-:"-OP-(:-P.-,,-p":-.~r1·-) --.'VC"C"",~i"::C':i:"c:ln=::;::~n::;o::;:'l:=:·-'::=~o:.:,i:dc-~r-----------r c,::~:~!;r ~::~:IC 
di.$play period 8ackdrop(puiphtrill)' 

display periot.! 

• Connectible CPU • Usable memory 

8085 6MHz 
Z-80 6MHz 
6502 3MHz 
16bitCPU 

808SAH-2 
Z-80B 
65C02B 

• Table of control register 

(WR) 
Register 

No. b7 b6 
0 -
1 -
2 
3 
4 MV MH 

808SA-2 64Xlbit, 16kX4bit or 64kX4bit 
• Use Tacc (access time) of below 120 ns. 
• Memory at maximum 128 K byte is usable. 

Data 
CONTENTS 

b5 b4 b3 b2 bl bO 
TR-L Transfer Register L 
TR-M Transfer R~ister M 
Add-L Transfer Address L 
A<iJ.M Transfer Address M 

MB DMA 1/2 byWR byRD ML/L Transfer mode interrupt mask 
5 r-MODE FG·on BG-on R·on M/S-A~ Display mode 
6 CSHL Cursor coordinate HL 
7 CsV Cursor coordinate V 
8 BCG-M- X CsH= Chara. Gen. Base Address M cursor coordinate CsHm 
9 BF.G-M X X Fore Ground Base Address M 
A BBG-L Back Ground Base Address L 
B BBG-M Back Ground Base Address M 
C I'---CFG3 CFG£= FG 3rd color FG 2 color 
D t::=..CBG3 CBG2-== BG 3rd color BG 2 color 
E t::=..CBD",- CBD-= BD color (peripheral) BD color (center) 
F SL SV X SH Dot Scroll V direction H direction 

(RD) 
0 TR-L Transfer Register L 
1 TR-M Transfer R~ister M 
2 Add-L Transfer Address L 
3 Add-M Transfer Address M 
4 MV MH MB X FV FH FB· X Interrupt flag 

---------------IIO©®DO-
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RF5C I 6A/RP5C I 6 

• Description of function 

(1) Display mode 

• Following 4 display modes are available. 

A. 80 character X 25 line character 
display mode (only back ground) 

B. 640 X 200 dot graphic dispaly mode 
(only back ground) 

80 characters 640 dots 

~ 
'" :. ..= 
" 

:l 
0 

"'" 0 
0 

'" on 

'" 
C. 40 characters - 40 character display mode D. 40 character - 320 dot display 

.t 

Background 
/ 

Back ground 

f-
320 dots I Fore groun 

/ 

-0 
f-~ 

40 characters 
"'" 0 t I 
0 , 
'" '" :. I 

..= I 
--" 

________ .J 

t 40 characters J Fore grou 
~ I I 
~ 

f-~ 40 characters " '" t;1 " I -5 '" :;; I 
on -5 I 

'" 
________ J 

on 

nd d 

'" on 

'" 
(2) Picture simultaneous display (display mode 3 and 4) 

• 2 pictures of fore ground face and back ground 
face are simultaneously displayed. 

• When overlapping of FG face pattern with BG 
face pattern, FG face is displayed. 

• In case where there is neither pattern present on 
FG face nor on BG face, backdrop color (CBD-C) 
is displayed. 

• As far as the distance ranging from the outside of 
display window to the edge of cathode ray tube, 
the color of backdrop face (CBD-P) is displayed. 
(Backdrop color is specified by register E) 

(3) 15 color display 

15 colors can be displayed. 

Color code Color 

Lid B G R 

0 0 0 0 Black 

0 0 0 1 Red 

0 0 1 0 Green 

0 0 1 1 Yellow 

0 1 0 0 Blue 

0 1 0 1 Magenta 

0 1 1 0 Cyan 

0 1 1 1 Gray 

Lid 

1 

1 

1 

1 

1 

1 

1 

1 

120 INPUT AA V BGfa 
30: FOR S=1 TO 14 STEPO.2 
40: W=2*3.14*S 
50: 8=A 

~ 

/ 
Backdrop face t'l; , 

FG face 

Color code Color 

B G R 

0 0 0 Black 

0 0 1 Pink 

0 1 0 Light Green 

0 1 1 Light Yellow 

1 0 0 Light Blue 

1 0 1 Light Magenta 

1 1 0 Light Cyan 

1 1 1 White 

ce 

-IIO®®[}{]--------------
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(4) R, G, B output 

• Following outputs are held as image signal. 
R, G, B, Lid, C-SYNC, V -SYNC and 
H-SYNC 

• RGB terminal takes the following output 
levels at 3 value output. 

Min. Max. 
High 4.4 Vee 
Middle M-LEVEL-O .6 M-LEVEL+O .4 
Low - 0.4 

Vcc=5V, M-LEVEL=2.5V, Io=±lmA 

(5) Character display 

• The size of character at character display 
is 8 X 8 dots. 

• Fonts are kept in memory area of 2K 
words from character generator base 
address (BCG-M). 

(Max. 256 kinds) 
• Data of code area 

RF5C I 6A/RP5C I 6 

• V -SYNC, C-SYNC and H-SYNC termi­
nals turn to output terminal (open drain) 
under master mode and to input terminal 
under slave mode. 
(Refer "Terminal function (3) Clock and 
Video output") 

• Configuration of character font 

font base • 
address 
BeG • • 

007011 
008811 Font of • 000811 character 

•• 006811 code "OOH" 

• 001811 @ 

OOA811 

• 007011 

[Character}115 817 

rbc-' ___ .-___ b..:.,o (BCG+§>--- ••••••• 0 ••• 0000 hI!> b 8 

I Color code I 
000011 
FF7011 Font of 

character 

'~ I 
1st color Attribute Character code 

• Data of character generator area 

/ ~lbl5l "--'-1 1 r-r-11 1 [f-h--J bbo' 1 
~~I~[~-J~I~[J~~/b7 . . . . . . . 

~L....:..L-l-L-L-~_.~ 

Character Display 
generator value color 

00 aear 
01 lst color 

••••••••• 000.000 
••••••••• OOO.OOC 
•••••••• ~ •••• OOO 

~ When displaying MSByte in 
single color such as alphanu­
meric character, etc., all "0" or 
all "1" is used. 

~ When drawing the picture such 
as game, etc, 4 colors can be 
displayed at each dot with 2 bit 
of combination such as bit 15 
with bit 7, bit 14 with bit 6 and 
so on. 

10 
11 

2nd color 
3rd color 

2nd and 3rd colors are specified 

by control register(C, D). 

(6) Graphic display 

• 1 dot is consisted of 4 bits, and 8 dots are 
allocated as I block. 

• Display color is decided by 4 face synthe­
sis of R, G, B and Lid. 

BBG+2 ;; t 

BBG+4 

Lid t t 

Lid: L ight/dark 
B: BLue 

G:Green 
R:Red 

// 
" W 

FF88H code"OlH" 
FF88H A 

FFF811 
0:0 
.:1 

II 

display screen 

--------------IIO©®[]{]--· 
6-45 

• 



RF5C I 6A/RP5C I 6 

(7) Attribure (character display) 

• 4 kinds of attribute can be decided with bit 
8 ~ bit 11 of code area data. 

mack wllitc invert : Inverl 1st color and clear 

'----_TransvcfliC invert : l!lver! priority of display 

~-----_longiludinal invert: Invert longitudinal of cell 

1----------_ Vertic:!J invert : Invert vertical of cell 

(8) Cursor 

• Cross hair cursor is displayed. The coordi­
nate of cursor in the horizontal direction is 
specified with 10 bits of cursor register 
CsHm and CsHL while in the vertical direc­
tion with 8 bits of CsV. 2 bits of cursor 
register CsHm will not become effective 
unless CSHL is written. 

(9) Dot scroll (only back ground) 

• It allows scroll of 0~7 dots in the horizon­
tal and vertical directions. The number of 
shift to the horizontal and vertical direc­
tions is specified by respective dot scroll 
register SH and SV. 

(10) Control of video memory area 

• Base address 
BG base address (BBG-M, BBG-L) is 

consisted of 16 bits and allows to specify 
by 1 character unit. Therefore, the change 
of BG base address allows scroll in the 
column or line direction. BBG-M becomes 
effective when BBG-L is written. Those 
subsequent to this address area fall in code 
data of back ground. In case of graphic, 
too, data are stored here. 

FG base address (BFG-M) allows paging 
of each 1,024 characters with 6 bit. Subse­
quent to this address, code data of fore 
ground are stored in 1,000 words (40 
character X 25 line). 

Character generator base address (BCG­
M) is able to specify the start address of 
character font for each 2,048 words 

Black white invert Longitudinal invert 

Transverse invert Vertical invert 
b9--Q b9~1 bll~ 0 bll ~1 
F.G B.G 

[E] [!] ~ ~ 
B,G F G 

Shape of cursor 

9 dots 

Shift to vertical ._ ... ,., 

directiop f i :~,. 

[f 
Shift to horizon tal direction 

with 5 bit. Character font is consisted 
of 1 cell 8 words and is able to select 
256 patterns. (Refer diagram) It will 
not be used for only graphic display. 

I 
I 
I 
I 
I 
I 

8 7 
Fore ground 

Back ground 

Character 
,generator 

I I I I 

OOOOH 
BFG-M 

BBG-M, L, 

I t I I mH-I L ___ L ____ L ________ .w--' 

-ICD©®[]{]-------------~ 
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• Width of code area (No. of character AH) 
FG is fixed with 40 characters. BG can 

be selected from 40 characters (320 dots), 
64 characters (512 dots), 80 characters 
(640 dots) and 128 characters (1,024 dots). 
With this, the width of virtual screen is set. 

(11) Updating function of frame buffer 

• Since it has the transfer register and address 
counter, it allows read/write of frame 
buffer data, making use of retrace line 
section in horizontal/vertical direction 
without relying on externally mounted 
circuit. 

• Write mode/read mode/read modify write 
mode (see diagram below) 

• Word transfer/Byte transfer (see diagram 
below) 

Write mode Read mode Read modify write 
Word tranJler Byte trander Word transfer 

ReadTR-M I 

ReadTR·L Add+l-RT 

1 WriteTR·M Wf-Add+1 

I ! WnteTR-L WI-Add+) WT-Add+l wr 
ReadAdd·M 

i RewAdd-L 
WriteAdd-M 

WriteAdd·L RT 

Byte llansfer Wordtransler 

Add+l-RT 

Add+l-Wf 

WT 

WT WT-Add+1 
-RT 

RT RT 

I TR Transfer register 
I Add: Addl'ess counter 

RT : Read transfer (frame buffer read) 
WT: (frame buffer write) 

Byte transfer 

WT-Add+l 
-RT 

WT-Add+1 
-RT 

RT 

The rdationship •• -" betwem read/write operation of transfer reJister and read/write low;ud fume buffer 

represenu Ihe sequence of pro,css. For cumple. when CPU side read TR·L register under (read mode), fU"St of 

aU, number of addteu counter b set as + 1, then, perform read of frame buffer. .. - .. represents thai no steps 

are beina: taken for frame buffer. 

(12) D-RAM refresh 

• 8 addresses per 1 H (64JLs) are refreshed 
within retrace line section. 

D-RAM 
refresh 
(8 cycle) 
2.31's 

RF5CI6A/RP5CI6 

R.c.M.L 

80,40 character 

Display 
window 

64 K word max. 
B.C 
Cade Area 

--------;Ac-H--------j 

(Code area, number of character 
in horizontal direction) 

• The mode of increment +1/+2+2 of 
address counter is used in graphic 
display, for example, only the face of 
BLUE is rewritten in sequence. 

• DMA transfer 

In case of DMA transfer, it is necessa­
ry to set whether to read or write to LSB 
of transfer register, or to read or write to 
MSB. In case of word transfer, TR-L 
and TR-M vary at every 1 byte. In clijle 
of byte transfer, it is always written in 
the register that has been set. 

Horizontal 
line section 

Horizontal 
line section 

-------------ICO©®OO-
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• 64 pin flat package dimel,lsion (Unit: mm) 

24.8~" 
r-------~(976~· .. ·) -------

~U-lH.-U-U-lH.J-<H}-U_<H..HJ-U.L..-~~ f-~ ~!~- ~~~ 
• O. N -; - - -

• 64pin DIL package dimension (Unit: mm) 

~ F=1 
-1L. -1+-. 

0.25+0.13 0.- 15 
-0.05 

-ItD©®OO-----------------
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EKH-l0-8807 _IC_D©_@_OO __ ~/ VOLTAGE REGULATORS 
RX5RA Series 

• OUTLINE 

The RX5RA series, developed with C-MOS processing technology, are highly accurate, low-power­

consumption, fixed three terminal voltage regulators. They include reference voltage supply, error 

amplifier, control transistor, and resistor network to control the output voltage. The output voltage 
is fixed in the Ie. 

The RX5RA series are both available in two different types of package: mini-power-mold and 

TO-n. 

• FEATURES 

.• Extremely low power consumption TYP. 1.0/lA Vout = 3.0V 

• Small input-output voltage difference TYP. 60mV lout = l.OmA 

• Low temperature coefficient for output voltage .......... . TYP. ±IOOPPMtC 

• Stable input rate .................................. . TYP. 0.1 '!S/V 

• Accurate output voltage ............................ . ±2.5% 

• Variety of output voltage levels ...................... . O.IV step 

• Compact package TO-92, mini power mold 

• APPLICATIONS 

• Constant-voltage power supply for battery-powered devices 

• Constant-voltage power supply for camera, communication, and video equipment 

• Stable standard voltage supply 

• BLOCK DIAGRAMS 

Type RX5RAXXXX 
( positive-voltage regulator) 

RL 

Figure 1 

~~~---~--~~~~~---ICD®@[]{]-
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RX5RA 

• SELECTION GUIDE 

You can define the output voltage and package of the RXSRA series. 

The devices are defined by the following characters. 

No. 

a 

b 

c 

d 

-ICO©®OO 

RX S RAXXXX <- Type number 

t t t t 

abc d 

Meaning 

Defines the packaging type 

E: TO-92 

H: Mini power mold (SOT-89) 

Defines output voltage (Vout) 

The range for Vout is 2.0V to 6.OV in units of O.lV, 

with an accuracy of ±2.S%. 

Defines the output current type 

A: Standard type 

Defines the packaging method for shipment 

A-Tl Taping-Tl type (See Fig. 2) 

A-T2 Taping - T2 type (See Fig. 2) 

A-RF Taping - RF type (See Fig.2) 

A-RR: Taping - RR type (See Fig. 2) 

B Gluing (Gluing is for mini power mold package 
as a sample) 

C Electric conductive bagging (for TO-92) 

Table I 
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RX5RA 

Example: positive-voltage regulator 

Type numbers 
output voltage (V out) Packing 

MIN.(V) TYP.(V) MAX. (V) 
Package method 

RX5RA21AX 2.048 2.100 2.152 

RX5RA30AX 2.925 3.000 3.075 

RX5RA33AX 3.218 3.300 3.382 ATaping 

E:TO-92 
B:Gluing 

RX5RA37AX 3.608 3.700 3.792 
H:Mini power 

mold C:Electric 

RX5RA40AX 3.900 4.000 4.100 conductive 
bagging 

RX5RA50AX 4.875 5.000 5.125 

RX5RA60AX 5.850 6.000 6.150 

Table 2 

* Following the selection guide, determine specification other than those shown in Table 2. 
Use the type number. 

• TAPING METHODS 

o 0 0 0 

~~q 
~ ~l;; 

~ lLdl~riL 

I 
~ ILdl =¢=¢= ~"01 

T1 type T2 type RF type RR type 

mini -power-mold TO-92 
Figure 2 

---------------ICD©®[){]-
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RX5RA 

II ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATINGS UNITS 

Input V oitage Yin + 12 V 

Output Current lout 150 mA 

Output Voltage Vout Vin+0.3~-0.:) V 

Power Dissipation Pd 300 mW 

Operating Temperature Range Topr -30~+80 
r-- -- 'c 
Storage Temperature Range 

r-------- . 
Tstg -10~ + 125 

Soldering Temperature Tsolder 260'C 10Sec 
__ L......... .. __ . 

II ELECTRICAL CHARACTERISTICS 

I PARAMETER SYMBOL CONDITION MIN. TYP. MAX. 

~l _. -

Output Voltage 
(Vout) (Vout) 

Vout Iout= IOmA V 
x 0.975 x J .025 

f--- ----_. __ .. 

Vin- Vout =2.0V 

Output Current lout Vout =3.0V 40 mA 

Vout =5.0V 
I 

60 I 
Vin- Vout =2.0V 

----t---

Load Vout =3.0V 

6 Vout ImA~Iout~20mA 60 mV 

Regulation Vout =5.0V 

ImA~Iout~10mA 40 

Input-Output Iout=lmA 

Voltage Vdif Vout =3.0V 60 mV 

Difference =5.0V 30 

-ICD©®OO-~~~~~~~~~~~~~~-
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,-----
PARAMETER SYMBOL 

Quiescent 
Iss 

Current 

0,Vout 
Line Regulation 

Vout-0, Yin 

Input Voltage Yin 

Temperature 
6 Vout/ 6 Topr 

Coefficient 

• PACKAGE INFORMATION 

I~ 5.2MAX .... 1 
-----, 

[ " "" ~ 
N 

O.6MAX i )~ ->I [ 

I ~ ~i I O.SMAX O.S5\lAX 

- Q 

m1f.,' I , 1.27 

2.54 

TO-92 

CONDITION MIN. 

Vin- Vout =2.0V 

Vout =3.0V 

=5.0V 

Iout= ImA 

Vout +0.5V::;: Vin :-o;:10V 

Iout= lOrnA 

-30°C :-o;:Topr:-o;:SO°C 

A 

~ 
~ 

!O.42tO.06 0.4710.()(j! O.42.iO.06 

I 1.5 +0.1 11"1.5±-O,l ~ I 

TYP. 

1.1 

1.3 

0.1 

±100 

mini -power-mold 

1 GND 

2 Yin 

3 Vout 

RX5RA 

MAX. UNIT 

3.3 fJ.A 

3.9 

%/V 

10 V 

PPM(C 

1 ! +0.03 M O. 4 _.o0? 

----~-~---------ltD(lg®OO-
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'!II!!!!!II'!'!I!!!,!,!!!!!C!!!,!,!!!!!O ©~®!!!'!'!!!!![}O~~~I VOLTAGE DETECTORSH-9-sso7 
RX5VA Series 

• OUTLINE 

RXSV A series, developed with C-MOS processing technology, are accurate, low-power-consumption 

voltage detectors. The detectors include comparators, output drivers and hysteresis circuit. 
The value of detect voltage is set internally, and is accurately controlled by Laser Trimming. 
There are three types of output: N-ch open-drain, P-ch open-drain, and C-MOS. There are two 
convenient packages: mini-power-mold and TO-92. The RXSV A series can be used as a reference 

voltage supply for rcs in many applications. 

• FEATURES 

• Extremely low power consumption ................... . 

• Wide voltage range ................................ . 

• Variety of detect voltage ........................... . 

• High accuracy .................................... . 

• Good temperature characteristic for detect voltage ....... . 

• Output Options .................................. . 

• Compact Package ................................. . 

• APPLICATIONS 

"Resets circuit ofP-ch, N-ch, and C-MOS microcomputers 

• Battery checker 

• Logic circuit reset 

• Level discriminator 

• Waveform shaping circuit 

• Switching circuit for battery backup 

• Power failure detector 

TYP. l.OMA (VDD = 3.0V) 

l.5V to 10.OV 

0.1 V step 

±2.S% 

TYP. ±100 PPMj"C 

N-ch open drain, 
P-ch open drain, 
CMOS 

TO-92, min-power-mold 

--------------ICO©®[}o-
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RX5VA 

.. SELECTION GUIDE 

You can define several options, including output driver type, package and packing method with the 

RXSVA series. 
The devices are defined by the following characters. 

R X 5 V A X X X X +- Type number 
'-0---' 

iii i 
abc d 

Character Meaning 

Defines the packaging type 

a E: TO-92 

H: Mini -power-mold 

Defines the voltage value that is to be monitored 

( -VDET) 
b 

The monitor range is 2.00V to 6.00V in 0.1 V units, 

with an accuracy of ±2.S%. 

Defines the output type 

A: N -ch open drain 
c 

B P -ch open drain 

C : C-MOS 

Defines the packing method 

A-Tl Taping-Tl type (See Fig. 1 ) 

A-T2 Taping-T2 type (See Fig. 1 ) 

d 
A-RF: Taping - RF type (See Fig. I) 

A-RR: Taping - RR type (See Fig. I) 

B Gluing (Gluing is for mini power mold package 
as a sample) 

C Electric conductive bagging (for TO-92) 

Table 1 

-ICO©®DO 
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RX5VA 

Example 

Type 
Voltage Detect ( - VDET) Output Driver 

N-ch P-ch Package Packing 
number method 

MIN.(V) TYP.(V) MAX.(V) Open·Drain Open·Drain C~MOS 

RX5VA20AX 0 
RX5VA20BX 1.950 2.000 2.050 0 
RX5VA20CX 0 
RX5VA21AX 0 
RX5VA21BX 2.048 2.100 2.152 0 
RX5VA21CX 0 
RX5VA27AX 0 ATaping 

RX5VA27BX 2.633 2.700 2.767 0 E:TO-92 
RX5VA27CX 0 B:Gluing 

RX5VA45AX 0 H:Minipower 
RX5VA45BX 4.388 4.500 4.612 0 mold C:Electric 

RX5VA45CX 0 (SOT-89) Conductive 
bagging 

RX5VA47AX 0 
RX5VA47BX 4.583 4.700 4.817 0 
RX5VA47CX 0 
RX5VA55AX 0 
RX5VA55BX 5.363 5.500 5.637 0 
RX5VA55CX 0 

Table 2 

* Consult the guide to determine specifications other than those shown in Table 2. 
Use the type number. 

• TAPING METHODS 

40101 

I_~O~ ,I~ ~:5~!~ 

r-O-O-O-O~' lo~d -¢ r ¢ 1-. -::1: 

P9 I( b:n:J ~~ j C ~ \;\ W-1S2q~l-"'-
I= __ .M'-'-l _ ~l c 

u:::==u u::=:JJ lLdJ u::=:JJ- ~r~L 
Tl type T2 type 

mini -power-mold 
RF type RR type 

TO-92 
Figure I 

---------------ICD©®OO--
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RXSVA 

• SYSTEM BLOCK DIAGRAMS 

Figure 2 is block diagrams of RX5V A series and shows the system with three terminals. 
The system has three types of output drive: N-ch open-drain, P-ch open-drain, and C-MOS. 

-+-' .... 
til ..c: 

U 
<J) 

a 
~ 

N ·ch open·drain 

(RX5VAXXAX) 

P·ch open·drain 

(RX5VAXXBX) 

VDD 

-VDET 

vss 

VDD 

vss 

3·terminals 

mini· power· mold 

TO·92 

Figure 2 

C-MOS 

(RX5VAXXCX) 

-ICO®®DO---------------
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RX5VA 

• ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYNBOL RATINGS UNIT 

Supply Voltage VDD 12 
V 

Output Voltage VOUT VSS-0.3- VDD+0.3 

Output Current lOUT 70 rnA 

Power Dissipation Pd 300 mW 

Operatmg Temperature Range Topr -30-+80 
'c 

Storage Temperature Range Tstg -40-+125 

Soldering Temperature Tsolder 260'C (lOSec) 

• ELECTRICAL CHARACTERISTICS 
Topr: 25'C 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNIT 

Detect Voltage 
(-VDET) (-VDET) 

-VDET V 
x 0.975 x 1.025 

VHYS 
(-VDET) 

Hysteresis V 
XO.05 

VDD= 2.0V 0.9 2.7 

3.0V 1.0 3.0 

Supply Current Iss 4.5V 1.15 3.45 f.J.A 

6.0V 1.3 3.9 

1O.OV 1.7 5.1 

Operating 
VDD 1.5 10.0 V 

Voltage 

Nch 

VDS=O.5V VDD:l.OV 0.5 

2.4V 3.6 • 3.6V 6.5 

Output Current lOUT 4.6V 8.6 rnA 

6.0V 11.6 

1O.OV 19.6 

Pch 

VDS=2.1V VDD:4.5V 0.04 

Temperature [c,(-VDET) 
-30'C ;;;;Ta;;;;80'C PPMj'C 

Coefficient 
±100 

/ [c,Ta 

---------------ICO©®OO-
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RX5VA 

INFORMATION • PACKAGE 

I. OUT 

2. VDD 

3. VSS 

UNIT:mm 

3 TO-9 
Figure . (3-terminal) 

-ICD©®OO 
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CD OUT 

® VDD 

® VSS 

I I +0.03 
~O.4_0.05 

Mini-power-mold 
Figure 4. ( 3-terminal) 





RICOH is capable of meeting customer's needs on 
designing and manufacturing of IC, Thermal Print Head 
and also Heatsenstive paper, related machine. 
For the RICOH Thermal Print Head, our large area thin film technology, high density and high precision 
photographic technology based on LSI process, and high density chip assembly technology have been 
mobilized to meet the needs for a great variety of recording densities, recording widths, sizes, forms, and 

other parameters. 

In addition, thermal transfer printing, label printing, and other special applications may also be accom­
modated for ou~ partially glazed types and label printing-oriented hard coated types. 

[FEATURES] 

o With a high speed shift register driver mounted on, enables high speed printing operations to be achieved. 
o A totally new head structure has been employed to achieve the physical compact at about 15% (as 

compared with our earlier NH series). 
o The partially glazed types permit effective thermal transfer recording operations, and may also be applied 

to color printing requirements. 
o By mobilizing hard coating technology, the wear abrasion life at above 30km has successfully been 

attained even for the label printing process with its stringent operating requirements. 
o By virtue of a reduced voltage drop within the head and a structure for uniform heat dissipation, assures 

high picture quality with minimized density disuniformities. 
o In addition, Custom versions for application to special physical configurations may also be supplied 

upon request. 

[PRODUCT LINEUP] 

Series Recommended Applications Features 

Facsimile. Recorders, Graphic Numerous types ranging from A 1(24") to B9 

SH I Printers, and Plotters (2") and from 16dpm to 4dpm have been made 
available to meet a wide range of requirements. 

Same applications as the The compact design with depth at 36mm will 

SH n above, of which further be effective in achieving the compaction of 
compaction is demanded end equipment. Low cost types for general 

purpose. 

Thermal transfer Printers, The resistor area has been made convex to 
Partially Glazed Types' Thermal transfer Facsimile achieve high speed and high picture quality for 

thermaltransfer recordings. 

Hard Coated Types' 
Bar Code Printers. and Durability against label paper at above 30km 
Ticket Vendors is assured by a ultra hardness protective film. 

* Partially glazed and hard coated types may be supplied for any of the SH I and SH n series models with extra-cost. 

7-2 



ICO@®OO 
High performance can be achieved by our 
advanced technology. 

[MODEL IDENTIFICATION] 

Type I 

SH 
CD 

Model No. 

848 4 p 

2 Effective printing width (B4 ~ 256mm) 

3 Dot density (dots/mm) 

4 Heater·element figure 

5 Products series No. 

6 Variation of glaze 

(No marks ~ Full grazed type. 

,p ~ Partial grazed type.) 

Effective 
Dot "I Toto' Type Parts No. printing density dots 

width number 

{mml dots/mml (dots) 

SH-A316-41 , 296 16 4736 

SH-B416-41 256 16 4096 

SH-A416-41 * 216 16 3456 

SH-A312-41* 
, 

298.7 12 3584 

-

SH-B412-41* 256 12 3072 

I SH-A412-41 213.3 12 2560 

SH-A48-44 216 8 1728 

r~-A68-42 __ 104 8 832 

SH-B98-42 48 8 384 

SH-A66-44 106.7 6 640 

f--

SH-A64-44 104 4 416 

* 
SH-400-0SFS-41 400 8 3200 

SH-256-08FS41 256 8 2048 

II SH-216-08FS41 216 8 1728 

SH-l04-08FS41 104 8 832 

* 
SH-213-06FS31 213.3 6 12S0 

Heater 
element 
figure 

(~m x ~m) 

50xl00 

50xl00 

50xl00 

70 X 140 

70x140 

70 x 140 

100" 175 

100 x 175 

100 X 175 

150x230 

230 X 320 

100 X 175 

110 X 175 

110x175 

110x175 

150x230 

Type IT 

SH 

CD 

256 
CZl 

08 F S 4 

Model No. 

2 Effective printing width (mm) 

3 Dot density (dots/mm) 

4 Variation of glaze 

(F ~ Full grazed type. 

P ~ Partial grazed type.) 

5 Wear film coated on heater element 

(5 ~ General protective film. 

C ~ Ultra-hard coating for Label printer.) 

6 Resistor value for heater element 

7 Products series No. 

Resistor Standard Printing condition 

value power Clock 
typo voltage Energy Cycle Pulse Strobe frequency 
In) (mJ) time width number fetMHz) 

(ms/2) Imsl 

1100 21 0.19 5 0.5 8 4 

1100 21 0.19 5 0.5 8 4 

1100 21 0.19 5 0.5 8 4 

1100 24 0.25 5 0.5 8 4 

1100 24 0.25 5 0.5 8 4 

1100 24 0.25 5 0.5 8 4 

700 18 0.45 10 1 8 4 

230 11.6 0.45 5 1 4 4 

230 9.3 0.35 5 1 3 5 

670 22 0.84 5 1.2 4 4 

700 23.2 1.7 10 2.5 4 4 

1100 24 0.425 10 0.86 8 4 

1320 22.4 0.35 5 1 8 4 

1320 22.4 0.35 5 1 8 4 

1320 22.4 0.35 5 1 4 4 

630 21 0.6 5 1 I 4 4 

Outer dimension 
{mml 

except for 
connecter 

320 X 55 X 10.1 

275 X 45.7 X 10.1 

234 X 55 X 10.1 

320 X 55 X 10.1 

276 X 55 X 10.1 

234 X 55 X 10.1 

236x46.5x 10.6 

124x46.5xlO.6 

68x46.5xl0.6 

124x46.5xl0.6 

124x46.5xl0.6 

426 X 80 X 19.6 

274 X 36 xl0 

234 X 36 xl0 

126x36 Xl0 

234>"36 >( 10 

* : under development 
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- SH I Type -
Configuration & Dimension 

SH-A316-41 

r"'t"'f-------------;:;:-;:298.7±O.2=::-----------4' 320 I 
~ 1 ! ~ (HEATER ELEMENTS) -.tJ 

l1~I 

" eN2 MOLEX5268 12A 

o r==---11 
@ W 

SH-A48-44 

~ eNI 
MOLEX5268-IIA 

YF=='.IG 
([]J 0) 

r~------------23'-----------~1 A.~11-11~---=-~~=;~=-(HE=A~;"i;T.f,;:E~~:Mm;;T)ENT~) --~~--~~~~I' 'I ~~Jn 
b ~~l "v _ 

::;1 " 
@ 

L-__ ====~ ____ -===~ __ ~ 
yr---91 
~\ 

~ CD 

SH-A68-42 

r-~ eN2 
Q' (0 

I 
~ 124 + I ~ I 
IIr---t ~_,,;:002~-------i' I i -j ~ 

• 

t~ 

SH-B98-42 

~' ::::~5 I 
4BtO.2 

(HEATER ELEMENTS) _ ~ <Q 

i 

7-4 
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Pin Assignment 

ON 1 ON 2 

PIN SIGNAL PIN SIGNAL 

1 VHD 1 NO 

2 VHD 2 SB4 

3 GND 3 SB3 

4 GND 4 SB2 

5 VDD 5 SB1 

6 Vss 6 OK 

7 SB8 7 [D 

8 SB7 8 DI 

9 SB6 9 GND 

10 SB5 10 GND 

11 TH 11 VHD 

12 12 VHD 

13 

14 

-------- -----

1 ON1 CN2 

PIN NO, SIGNAL PIN NO' '51"ONAL 
1 VHD 1 Vss 

----- -

2 VHD 2 VDO _._"._. 
3 VHD 3 SB8 ---
4 VHD 4 SB7 

GNO- 5 
--~--

5 SB6 

6 GND 6 SB5 

7 GND ~-- SB4 
8 GND ~-

PIN NO, SIGNAL PIN NQ. SIGNAL 

1 VHD 11 SB1 

2 VHD 12 LD 

3 GND 13 OK 

4 GND 14 DI 

5 GND 15 VDD 

6 GND 16 Vss 

7 TH 17 NO 

8 SB4 18 VHD 

9 SB3 19 VHD 

10 SB2 

PIN NO. SIGNAL PIN NO. SIGNAL 

1 VHD 11 LD 

2 VHD 12 OK 

3 VHD 13 Din 

4 GND 14 VDD 

5 GND 15 Vss 

6 GND 

7 TH 

8 SB3 

9 SB2 

10 SB1 



Circuit Diagram Logic Signal Sequence 

I I 
" -1IIl--- J1JlL ______ "n----.l1lI-

-.-J---- ---LI _____ -"---nnL 

58\ ------.L-Ir--------------'L 

582 -------,L-i~------------

583 -----'L-ir ---------

Sii4 ----------.L-i~---------

585 ------------,LJr-------

SB6 r-------,L-Ir-------l 

SBJ~ 

Sii8~ 

~ 

ICO@@[J{] 

I TypO.5~s 1"------- -------4 1_ t line 
1].28 

CK __ JUU'UUUIUUUIUL _________ --'UUUUUUUUUL-__ 

DI ~==LI ________ ~I--=~ 
Co ----------,U u---
581 r-I PWh_1 
------,~~-----------------

~2 r----------------------~ 

7-5 

---'-"--Ss, ________________ ~ 

~I I 832·~-----1 hne------_ 

CK __ ~UUUUUUUUUL _________ ~luullUmIOO1JL-___ 

DI ~='--LI ______ --.JI--=~ 

LD u u---
SBl ___________ ..,rt pwh __ 1 

~r---------

SB2 _________ -,~r---------

-, 
SS4 ________________ '_'~~ 

384 1- t line I TyPO.5~s '-1----- --------
CK 

_~'''UUU,JUUUl ____________ __'l'UUUUOOUUl __ _ 

DO ~-'--LI _____ --JI--=~ 
LD -----------U U-
SB' _______ ,I'-' POh-j'-___________ __ 

~-

~2-------------_.~r---------------­

SB3-------------,L......Jr -----------

I 



- SH n Type -
Configuration & Dimension Pin Assignment 

SH-400-08FS41 --
CNI CN 2 

226 PIN NO. SIGNAL PIN NO SIGNAL 

rl 
'3 200t02 1 VHO 1 NC 

~ I HEATER ELEMENTS 2 VHO 2 TH 2 

3 VHO 3 SB. 

~ 
... .. .. I» P • GNo • SB3 

5 GNo 5 SB2 ~~ 
6 GNo 6 SBI 

LJo 7 Voo 7 CK 
III G @ @ I) a Vss a Lo 

9 SBa 9 01 

10 SB7 10 GNo 
11 SB6 11 GNO-

12 SB5 12-XGND-, 
1 
I 

13 THI 13 Tv;;D 
I 9 ~, I. I. VHO I I) (i~) eN' 

-, 
15 VHO @- CN2 

MOLEX5268-15A MOLEX5268 13A 

SH-256-08FS41 ,-----cN,- --_ .... _-". 
CN2 

IpjN '~'-----SIGNAL PlN··No.U~~AL-
1 TH 

=:¥=t=f" 'l:@ 
274 

Jt 
2 "~- 2 _ V~H 256+0.2 
3 DO 3 VHO 

-~ 1--,-• SBa VHO 

5 SB7 5 VHO 

@ 6 SS6 6 GNo 
7 SB5 7 GNo 

I I = a SB' a r-ONo 

9 SB3 9 GNo 

10 SB2 10 GNo ----,,- S81 11 Vss 

I I 12 CK 12 Voo 
1 1 r==cm===i l 1 IC7RnI~ 1 1 13 LD 

I. 01 CI' ()~ 'I") " 

SH-104-08FS41 

I 126 

I I-'c-r 
rp;-~~~~N--;;~ ~~NA'l 

1"'Oi 104'02 1-_-=--,-___ ~~E _____ ~ ~ 
2 VHD 12 CK I 

1 1-;;;-

-- 3--' 00--'3-- DI-a 
~.-

4 TH 14, GND 

, ~ 5 Vss 15 I GND I 

~ 

J 
6 " v~o.-=t~-"- t- GNo : @l @ 7 

""-i-" -'."? a SB3 . 18 VHD 
i---- -- t--- ---+-----

I 
Q ~:~ . 19 ~t~.~~H~~-

I 
giG I I I I C?' If eN \ 

I' 1-$ 

SH-48-08FS41 

~~ F 68 

I 

11- "'--j 

IOf-°C48'O~ ~l ~~ - ~:b--1 , ,,' 1 '--j b 
1 

'e--~~- --a-NO 

~ I f~~Ji~~~ 
~ -

, 7 I TH..-J , 

t~- ;'2i 
@ @) 

~ ''Sf L:; ,,~~ __ ~ 
I I ~13-" 01'1 

14- - ·VOD -: I ,~ e.C I 
_'5_~_ vss_J eN 

,1 
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Circuit Diagram 

~, ~~--r+L--4L-~~-­

~l ~~~~---4--~---­
." 

fl. 

w ~~~~---+----+---

7-7 

Logic Signal Sequence IIO©®OO 
1--"'"' I 

" --1111.--- -JIIlL-___________ f\ll----.IIIl.-

" ---1- -- -- - LI __________ ---11---- --- L 

581 ------,~r-------------,L 

582 ----------,~r--------------

sa3 u 
SB4 -----------,~~---------

585 ------------'Ur ----

566 ---' r--------------our -------

I I 
" ----'111--- - JIIlL-___________ nn ---- .IIIL-

" --.J-------LI __________ ---.JI-------L 

581 U L 

Sii2 U L 

S83 U 

584 LJ 

Siis LJ 

,-" LJ 

I 
---IlJl----llnL--_________ 11Il:----111L-

DI ---1 -- - -- - IL--__________ ---' --L 

---,~r-----------'L 

------.L___'r-----

Sib ~r--------------,L___'r--------

I 
--1lJl---mJ1ll'----_____ IlIl------AA-- I 

01 ----1-- ---- --- LI ____________ ---11--- ----- - L 

------,ur-----------------,~ 

L 

-------,~r-----

Lt~J 



SH-Series Technical Data 

I 

Printing Characteristics (1) 
(Full Glaze Type) 

15 

025 050 075 
Applied Energy (m.J/dot) 

dot density 8 dpm 
pulse width O.6ms 
paper RICQH 135F 
platen weight 300Il/cm 
rubber thickness 5mm 
rubber hardness 40' 
platen diameter 20mm¢ 
ambient temp 22t 

Printing Characteristics (3) 
{Par (Partial Glaze Type) 

15 

025 050 075 
Applied Energy (m.J!dot) 

Pulse Durability 

dot density 8dpm 
pulse Width O.6ms 
paper RICOH 135F 
platen weight 150g/cm 
rubber thickness 5mm 
rubber hardness 40· 
platen diameter 20mm¢ 
ambient temp 22'C 

o 25mJidot 
(022msecl 

10' 

dot density 
pulse penod 
applied voltage 

8dpm 
5msec/hne 
15V 

Platen weight & Optical Density 
(Partial Glaze Type) 

009 r dotden"ty 8dpm 
paper RICOH 135 F 

08 

T 

rubber thickness 5mm 
All Graze platen d1ameter 20mmjli 

100 200 300 400 500 

Platen Weight (g/cm) 

energy O.2BmJ/dot 
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Pr-inting Characteristics (2) 
(Full Glaze Type) 

025 050 075 
Applied Energy (mJ!dot) 

dot denSity 8dpm 
pulse Width 0.6ms 
paper RICOH 135F 
platen weight 300g/cm 
rubber thickness 5mm 
rubber hardness 40' 
platen diameter 20mmjli 
ambient temp 22'C 

Thermal Response 

400 

e 
<1)300 
3 

~ 
~200 
l-. 
~ 100 
V> 

05 10 15 20 

TIme (mS) 

measured by Infrared 
radiation microscopy 
dot denSity Bdpm 
element shape rectangle 
size 110X170mm 
ambient temp 2JC 
all glaze 

Ambient Temperature & Optical Density 
(Full Glaze Type) 

15 

050 075 

Applied Energy (m.J/dot) 

dot denSity 8dpm 
pulse Width 0.6ms 
paper RICOH 135F 
platen weight 300g/cm 
rubber thickness 5mm 
rubber hardness 40' 
platen diameter 20mmp 

Wear Durability (Full Glaze Type) 

10 

. 
;'05 

~ 20lA for Lat>el 
135F tor High Speed FAX 

PaperRICOH120lA 

S~ 
PaperRICOH120LA 

'" PaperRICOH135F 

2Q 30 
Paper Feed Length (km) 

platen wel!Jht 3009/cm 
paper feed speed 

l00mm/sec 
dot density 8dpm 
without prlnling 
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Typical Specification 

1. Pulse Resistance 

Type SH I SH II 

Pulse Number (MIN) 4 x 107 1 X 10' 

Cycle Time (ms/line) 10 5 

Pulse Width (ms) 1 1 

Applied Power (w/dot) 0.65 0.35 

o Firing One Dot in Open Air. Room Temp .• 
Room Humi. 

3. Environmental Condition 

Type SH I SH II 

Operating Temp. (Co) 5-40 0-40 

Operating Humi. (%) 30-85 30-85 

Storage Temp. (Co) -10-50 -20-60 
---

Storage Humi. (%) 30-85 30-85 

5. Timing Wave Form 

CK 

DI 

LD 

58 

Vout u 

2. Wear Resistance 

Type SH I SH II 

Paper Feed Length (km) MIN40 MIN 30 

Cycle Time (ms/line) 10 5 

Pulse Width (ms) 1 1 

Applied Power (w/dot) 0.45 0.35 

Paper Feed Sp.eed (mm/sec) 12.5 25 

Platen Pressure (g/cm) 300 300 

4. Platen Condition 

Type SH I SH II 

Roller Diameter (mm) MAX 25 MAX18 

~ller Pressure (g/cm) 300±50 300±50 

~oller Rubber Hardness (deg) 45±10 40±5 

Rubber Thickness (mm) t2-5 t2-4 

Type SH I SH II 

tcw 1 MIN (ns) 100 100 

tcw 2 MIN (ns) 100 100 

tds MIN (ns) 100 100 

tdh MIN (ns) 100 100 

tis MIN (ns) 500 1500 

tlw MIN (ns) 250 350 

tf MAX (ns) 250 50 

tr MAX (ns) 250 50 

* Typical specification discribed on this page is for 
SH I (SH·A48-44) and SH II (SH-216-08FS-41). 

,--- RICOH CUSTOM PRODUCT DEVELOPMENT FLOW CHART 

J 
,------

I 
Confirmation of Customer I I Approval of C.S. I Requested Specification Specification by Customer 

l Approval of Custom Development I I Delivery of Commercial I Specification by Customer Sample (C.S.) 

I Delivery of Engineering I I Evaluation of C.S. and J Sample (E.S.) Approval Mass Production 

~~:~~~~c~~ Section I Check of Initial I Production 

I Evaluation of E.S and I ~ ;~1~~e~~jon Approval by Customer 
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RICOH COMPANY, LTD. 
ELECTRONIC DEVICES DIVISION 

. TOKYO OFFICE 
1.15·5, MINAMIAOYAMA, MINATO·KU, TOKYO 'rlO7 JAPAN 
PHONE 03 (479) 3111 

. OSAKA OFFICE 
34- 5 ENOKI - CHO, SUITA-SI , OSAKA 
RICOH-OSAKA Building 'r564 JAPAN 
PHONE 06(337) 3711 

. TOKYO DEVELOPMENT CENTER 
4· 13·5, NIHONBASHI·HON·CHO, CHUO·KU, TOKYO 'r 103 JAPAN 
PHONE 03 (662) 11 OS 

RICOH CORPORATION 

.2011 CONCOURSE DRIVE SAN JOSE CA 95131 USA 
PHONE 408(434)6100 
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