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944 

Address Mode & 
Instructions 

IMPLIED 
ABA ABX 
ASl ASLD 
ASR CBA 
CLC CLI 
ClR ClV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
lSRD ROl 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
DAA XGDX 

PULA PUlB 

PSHA PSHB 

PUlX 

PSHX 

RTS 

MUL 

1 

2 

3 

4 

4 

5 

5 

7 

Address Bus 

1 Op Code Address+ 1 1 0 

1 Op Code Address + 1 1 0 
2 FFFF 1 1 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 Stack Pointer + 1 1 0 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 Stack Pointer 0 1 
4 Op Code Address+ 1 1 0 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 Stack Pointer + 1 1 0 
4 Stack Pointer + 2 1 0 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 Stack Pointer 0 1 
4 Stack Pointer - 1 0 1 
5 Op Code Address + 1 1 0 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 Stack Pointer + 1 1 0 
4 Stack Pointer + 2 1 0 
5 Return Address 1 0 
1 Op Code Address + 1 1 0 
2 FFFF 1 1 
3 FFFF 1 1 
4 FFFF 1 1 
5 FFFF 1 1 
6 FFFF 1 1 
7 FFFF 1 1 

�~�H�I�T�A�C�H�I� 

Data Bus 

1 0 Next Op Code 

1 0 Next Op Code 
1 1 Restart Address (lSB) 
1 0 Next Op Code 
1 1 Restart Address (lSB) 
1 1 Data from Stack 
1 1 Next Op Code 
1 1 Restart Address (lSB) 
0 1 Accumulator Data 
1 0 Next Op Code 
1 0 Next Op Code 
1 1 Restart Address (lSB) 
1 1 Data from Stack (MSB) 
1 1 Data from Stack (LSB) 
1 1 Next Op Code 
1 1 Restart Address (LSB) 
0 1 Index Register (LSB) 
0 1 Index Register (MSB) 
1 0 Next Op Code 
1 1 Next Op Code 
1 1 Restart Address (lSB) 
1 1 Return Address (MSB) 
1 1 Return Address (LSB) 
1 0 First Op Code of Return Routine 
1 0 Next Op Code 
1 1 Restart Address (LSB) 
1 1 Restart Address (LSB) 
1 1 Restart Address (lSB) 
1 1 Restart Address (LSB) 
1 1 Restart Address (LSB) 
1 1 Restart Address (LSB) 

(Continued) 
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Address Mode & 
Instructions 

IMPLIED 
WAI 

RTI 

SWI 

SLP 

RELATIVE 
BCC BCS 
BEQ BGE 
BGT BHI 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
eSR 

• APPLICATION NOTES 

1 
2 
3 
4 

9 5 
6 
7 
B 
9 
1 
2 
3 
4 

10 
5 
6 
7 
8 
9 
10 
1 
2 
3 
4 
5 
6 

12 
7 
B 
9 
10 
11 
12 
1 
2 

1 
4 SI~ep 

1 
3 
4 

1 
3 2 

3 

1 
2 

5 3 
4 
5 

Address Bus 

Op Code Address+ 1 
FFFF 
Stack Pointer 
Star.k Pointer- 1 
Stack Pointer - 2 
Stack Pointer-3 
Stack POinter - 4 
Stack Pointer - 5 
Stack Pointer - 6 
Op Code Address+ 1 
FFFF 
Stack Pointer + 1 
Stack Pointer + 2 
Stack POinter + 3 
Stack Pointer+4 
Stack Pointer + 5 
Stack Pointer + 6 
Stack Pointer + 7 
Return Address 
Op Code Address + 1 
FFFF 
Stack Pointer 
Stack Pointer - 1 
Stack Pointer - 2 
Stack Pointer - 3 
Stack Pointer - 4 
Stack Pointer - 5 
Stack Pointer - 6 
Vector Address FFFA 
Vector Address FFFB 
Address of SWI Routine 
Op Code Address+ 1 
FFFF 

FFFF 
Op Code Address+ 1 

Op Code Address + 1 
FFFF 
j Branch Address - --Test =" 1 .. 

Op Code Address + 1-Test="0--

Op Code Address+ 1 
FFFF 
Stack Pointer 
Stack Pointer - 1 
Branch Address 

• The EPROM Programming and Maintenance 
(1) The EPROM Programming and Data Retention 

An EPROM memory cell is programmed by hot electrons 
injected to the floating gate with applying high voltage at the 
control gate and the drain. The electrons have been trapped 
by the potential barrier at the polysilicon-oxide (Si02) by 
which the floating gate is completely sorrounded. The pro
grammed cell becomes a "0". 

1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

I 
1 
1 

1 
1 

1 

1 
1 
0 
0 
1 

Data Bus 

0 1 1 Next Op Code 
1 1 1 Restart Address (LSB) 
1 0 1 Return Address (LSB) 
1 0 1 Return Address (MSB) 
1 0 1 Index Register (LSB) 
1 0 1 Index Register (MSB) 
1 0 1 Accumulator A 
1 0 1 Accumulator B 
1 0 1 Conditional Code Register 
0 1 1 Next Op Code 
1 1 1 Restart Address (LSB) 
0 1 1 Conditional Code Register 
0 1 1 Accumulator B 
0 1 1 Accumulator A 
0 1 1 Index Register (MSB) 
0 1 1 Index Register (LSB) 
0 1 1 Return Address (MSB) 
0 1 1 Return Address (LSB) 
0 1 0 First Op Code of Return Routine 
0 1 1 Next Op Code 
1 1 1 Restart Address (LSB) 
1 0 1 Return Address (LSB) 
1 0 1 Return Address (MSB) 
1 0 1 Index Register (LSB) 
1 0 1 Index Register (MSB) 
1 0 1 Accumulator A 
1 0 1 Accumulator B 
1 0 1 Conditional Code Register 
0 1 1 Address of SWI Routine (MSB) 
0 1 1 Address of SWI Routine (LSB) 
0 1 0 First Op Code of SWI Routine 
0 1 1 Next Op Code 
1 1 Restart Address (LSB) 

I I I 
1 1 1 Restart Address (LSB) 
0 1 0 Next Op Code 

0 1 1 Branch Offset 
1 1 1 Restart Address (LSB) 

0 1 
First Op Code of Branch Routine 

0 Next Op Code 

0 1 1 Offset 
1 1 1 Restart Address (LSB) 
1 0 1 Return Address (LSB) 
1 0 1 Return Address (MSB) 
0 1 0 First Op Code of Subroutine 

The memory cell will be discharged by; 
CD Exposure to ultraviolet light; discharged by photo emit

ting electrons (erasure principle) 
~ Heat; discharged by thermal emitting electrons 
(j) Applied with high voltage; discharged by high electric 

field. Charge loss from the normal cell by case ~ or (j) 
is negligible. But if there are some defects at the Si02 , the 
cell will be rapidly discharged through the defects. Such a 
defective part is rejected by manufacturing screenings. 
The erased, or discharged, cell is a "I". 

945 ~HITACHI 
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Si0
2 
\1

1 
~co.ntrol gate 

• / Floating gate 

Source \ see~-~-::::-:eee::::-:Qy=::-r /Drain 

~ N+ J l N+ \ 

The programmed cell ("0") 

The erased cell ("1") 

Figure 30 Cross-section of An EPROM Memory Cell 

(2) Precaution of the EPROM Programming 
The EPROM memory cell should be programmed with 

the specified voltage and timing. The higher program voltage 
V pp or the longer program pulse width tpw is applied, ~he 
more will be the quantity of electrons injected to the floating 
gate. However, a p-n junction will be broken permanently if 
V pp is applied to more than maximum ratings. Especially 

Baking (Vee and Vpp not applied) 

150oC± 10°C, 48 hrs!.& hrs' 

Ae-verify at Vce = 4.5V and 5.5V 

Vpp overshoot of an EPROM programmer should 1 
checked . 

Negative-noise to device pins may cause a parasitic tra] 
sistor effect and reduce the breakdown voltage. 

(3) Precaution for using the MCU in the ceramic package with 
window 

Static charge on the window surface may adversely affe 
the function of the MCU. The charge will be caused by rul 
bing the window with plastics or dry cloths, or touching 
charged body on it. They can be discharged by exposure 1 

ultraviolet light for a short time. It is recommended to pre 
gram the memory cell again after exposure, since the ele 
trons trapped at the floating gate will reduce. The metho( 
to prevent static charge on the window are follows. 

~
connect the body of an operator to the ground. 

2 Do not rub the window with plastics or dry cloths. 
Do not use coolant sprays which contain some ions. 

4 Use a conductive opaque label. 
The data stored in EPROM may be losed or the MCI 

may malfunction by photocurrent if the MCU is exposed t 
strong light like a fluorescent lamp or the sunlight. Then 
fore, it is recommended to cover tl\e window with an opaqu 
label. 

(4) Screening procedure of the MCU in the plastic package 

Failure 

In general, any standard manufacturing screening ( 
semiconductor devices will make initial failures rejected an 
improve reliability. The bake procedure for EPROM devic~ 
accelerates any electron leakage at the floating gate. Th 
manufacturer tests the CPU, RAM, I/O and other logi 
functions in the EPROM on-chip MCU in the plastic pad 
age at wafer sort and final test, and rejects any devices whic 
do not pass the tests. It is impossible, however, to reject EF 
ROM defects at final test, since the EPROM memory pOI 
tion cannot be completely tested after molding in the plasti 
package. Therefore, it is recommended that the screenin 
procedure shown Fig. 31 after programming EPROM pOI 
tion. 

* Baking time should be 
measured after oven 
temperature reaching at 150°C. 

Figure 31 Recommended Screening Procedure of the MCU in The Plastic Package 

(Caution) If the user experiences several consecutive program
ming failures, from same EPROM programmer, after 
following the recommended screening procedure, then 
call Hitachi. ' 

(5) EPROM programmers and socket adapters 
EPROM programmers and socket adapters which are rec 

om mended for the HD63701XO are shown Table 21. 
A socket adapter is a tool to convert from 64-pin socke 

to standard 24-pin socket. 

946 ~HITACHI 
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Table 21 EPROM Programmers and Socket Adapters for the HD63701XO 

EPROM Programmer 

Maker Type No. 

121A/1218 DATA I/O (U.S.A.) 
29A/298 

AVAL CORP. (JAPAN) PKW-1000 
PKW-7000 

Minato Electronics Inc. M1863 

(JAPAN) M1866 
7GU-2700 

• Write only Register 
When a write-only register such as the DDR of the port is 

read by the MPU, "$FF" always appears on the data bus. Note 
that when an instruction which reads the memory contents and 
does some arithmetic operation on the contents of the write-only 
register, it always gets $FF as the arithmetic and logical results. 
AIM, OIM and ElM instructions are unable to apply especially 
for the bit manipulation of the DDR of the I/O port. 

• Trap Interrupt 
When execution an RTf instruction at the end of the interrupt 

routine, trap interrupt different from other interrupts returns to 
the address where the trap interrupt was generated. Attention is 
necessary when using several trap interrupts in the program. See 
Fig_ 32 and 33 for details. 

FF01 OPn 

FF02 Operand 

FF03 Undefinition 

FF04 OPn+1 C 

Figure 32 Fetching an Undefined Op-code 

After executing OPn instruction, the HD63701XO fetches and 
decodes and undefined op-code inside to generate a trap inter
rupt. When RTI instruction is executed in this trap interrupt 
servicing routine, the HD63701XO will set $FF03 in PC, fetch 
the undefined code again, generate a trap interrupt and repeat 
ABC endless-loop. 

FF02 BSR 

FF03 01 

FF04 OPn 

Figure 33 Fetching Erroneously 

Socket Adapter 

Maker Type No. 

Hitachi Ltd. H67PWA01A 

HD63701XO Data I/O 
(for 29A/298) 

Hitachi Ltd. H67PWA01A 

Hitachi Ltd. H67PWA018 

After performing BSR instruction, the branch destination ad
dress is output on an address bus to fetch the first op-code of a 
subroutine. If $0001 is output as an address by some mistake the 
HD63701XO decodes it inside and generates a trap interrupL 
When RTf instruction is performed in this trap interrupt servic
ing routine, the HD63701XO will set $0001 in PC and start 
from this address, which causes a trap interrupt again and repeat 
this endless-loop_ 

• Precaution for using W AI instruction 
If HAI:T turns "Low" in WAI execution, a CPU upset may 

occur since the correct vector will not be fetched after the halt 
state has been released. It is recommended to use BRA instruc
tion etc. for software interrupt before HAIT turns "Low" shown 
Fig. 35. 

1 WAI lr 
Waiting Interrupt 

Accept interrupt 
Uncorrect vector (MSB) 

Fetch vectors 
Uncorrect vector (LSB) 

Execute interrupt routine 

A CPU upset 

Figure 34 A CPU Upset after HALT Input in WAI Execution 

CLI 

Loop 1-___ B_R_A ___ ---1 

Loop 

Waiting interrupt 

Figure 35 A Recommended Example 
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• Power-on Reset 
At power-on it is necessary to hold RES "low" to reset the 

internal state of the device and to provide sufficient time for the 
oscillator to stabilize. Pay attention to the following. 

RESpin 

Inside the LSI 

* Just after power-on, the MPU doesn't enter reset state until 
the oscillation starts. This is because the reset signal is input 
internally, with the clocked synchronization as shown below. 

Internal reset signal 

Figure 36 Reset Circuit 

Thus, just after power-on the LSI state (IIO port, mode con
dition etc.) is unstable until the oscillation starts. If it is necessary 
to inform the LSI state to the external devices during this period, 
it needs to be done by the external circuits. 

• Board Design of Oscillation Circuits 
Keep the following in mind when connecting a crystal resona

tor to XTAL and EXTAL pins of the HD6~701XO. 

948 

(1) A crystal resonator and 
load capacitors should be 
as close as possible to the 
LSI. 

(

External noise to XTAL and) 
EXTAL pins will disturb the 
normal oscillation. 

HD63701XO 

641------

(2) Keep the lines from XT AL 
and E pins as far as possible. 
(Avoid parallel wiring.) 

(

E signal will go into the 0 
XTAL pin to disturb the 
normal oscillation. 

~ aJ 

Avoid these lines. ~ ~ 

t: : 
Signal C ----'---....,.------1- - - - - -

Signal lines or power supply lines near the oscillation circuit will 
disturb normal oscillation by their induction (see the right figurel. 
So pay attention not to do that. In addition. keep the resistance 
between XTAL and its nearest pin, and between EXTAL and its 
nearest pin more than 10MU. 

HD630701XO 

Figure 37 Precaution on Board Design of Oscillation Circuits 

@>HITACHI 
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HD63701XO 

(Top view) 

Figure 38 Example of Oscillation Circuits in Board Design 

• Receive Margin of the SCI 
Receive margin of the SCI contained in the HD63701XO 

is shown in Table 22. 
Table 22 

Note: SCI = Serial Communication Interface. Bit distortion tolerance 
(t-to) I to 

Character distortion tolerance 
(T-To) ITo 

±43.7% ±4.37% 

START 2 3 4 5 6 8 STOP 

Ideal Waveform 

I 
Bit length /--to --] 

.... >----------Character length To --------~~ 

Real Waveform 

1+---__ T_~t~ __ ___+j.1 

~HITACHI 
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HD63705VO,HD637 A05VO,-
HD637B05VO 
CMOS MCU (Microcomputer Unit) 

The HD63705VO is an 8-bit CMOS single chip microcomputer 
unit (MeU) which, including 4k bytes of EPROM, is object code 
compatible with the HD6305VO. 

The HD63705VO contains 4k bytes of EPROM, 192 bytes of 
RAM, serial communication interface and 31 parallel I/O pins in 
addition to CPU. 

The HD63705VO is available in a hermetically sealed 40-pin 
ceramic pa~kage which includes a glass window that allows for 
programming and EPROM erasure in the same way as 27256 
type EPROM. 

, • FEATURES 
• Instruction Set compatible with the HD6305VO 
• 4k Bytes of EPROM (compatible with 27256 type) 
• 192 Bytes of RAM 
• A total of 31 terminals 
• Twotimers 

8-bit timer with a 7 -bit prescaler (programmable pre-
scaler; event counter) 

- 15-bit timer (commonly used with the SCI clock di
vider) 

• On-chip serial interface circuit (synchronized with clock) 
• Six interrupts (two external, two timer, one serial and one 

software) 
• Low power dissipation modes - Wait, Stop and Standby 

Mode 
• Operation Mode 

MCU Mode (Single-chip Mode) 
EPROM Mode 

• Minimum Instruction Cycle Time 
HD63705VO ....... 1 P.s (f= 1 MHz) 
HD637 A05VO ...... 0.67 P.s (f= 1 .5MHz) 
HD637B05VO ...... 0.5 P.s (f= 2MHz) 

• Wide Operating Range 
HD63705VO ....... f=0.1 to 1 MHz..(Vcc=5V± 10%) 
HD637A05VO ...... f=0.1 to 1.5MHz (VCC=5V± 1 0%) 
HD637B05VO ...... f=0.1 to 2MHz (Vcc=5V±10%) 

• SOFrwAREFEATURES 
• Similar to HD6800 Instruction Set 
• Byte Efficient Instruction Set 
• Bit Manipulation 
• Bit Test and Branch 
• Versatile Interrupt Handling 
• Powerful Indexed Addressing for Tables 
• Fu II Set of Conditional Branches 
• 10 Powerful Addressing Modes 
• New Instructions - STOP, WAIT, DAA 
• Compatible with HD6805 Family 

-ADVANCE INFORMATION-
HD63705VOC,HD637A05VOC, 
HD637B05VOC 

(DC-40) 

• PIN ARRANGEMENT 

(Top View) 

950 ~HITACHI 
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• BLOCK DIAGRAM 

MCU Mode i 
EPROMM7 ~ 

VppfTlME R 7 

, 
Prescaler 

Timerl 
, 

8 Counter 

l Timer Control rW 
EOolAo 
EO,/A, 
EO,lA. 
EOy'A. 
EO.tA, 
EO .... A. 
EO.tA. 
EO ,lA, 

Bo 
B, 
B. 
B. 

EAII/B, 
EA,oIB. 

B. 
EA./B, 

EAoICo 
EA,IC, 
EA,IC. 
EAy'C. 
EA.tC, 
EA .... C. 
EAe/C. 
EA,/C, 

-

-

-<. 5.!1 
D- ~ a: 

CD.! 
5.!1 
D-~ a: 

uS 
5 ·i 
D-a: 

~I 
8 

p 8 sa: 
~,§ 

5 

6 

~~ 6 
is .2' ~ caa: 
OJ c: 8 o.g r----;;IIJ 

J~ ![ 
I Qi a: 

Hdu" caa: 
~,§ 

T ''lAC R~ NUM d fBY l J 0.,"0- li r ~ I t~ , 

Accumulat~ 

A CPU 
Index Control 

Register X 

~ Condition Code 
Register CC 

CPU 
Stack 

POinter SP 
Program 
Counter 
"I:!igh" PCH AlU 

Program 

~ Counter 
"low" PCl 

j I 
II 11 

I I I 4096X8 192x8 
EPROM RAM 

~HITACHI 

Miscella- r neous 
Register 

'---

~~ ~~ oS f-~ is .~ 5·!! ... I*-
Sa: D-l ~ ~ ca c: 
0,8 ... j. 

Serial 
Control Serial Register 

Serial 
Data 

Register Status 
Register 

MCUMode 

lRTl EA. 

Oe/lRT. 
o"CR 
O.tRx 
Oy'Tx 
0,1 ~ 
0,1 C5E" 
00 

EPROMM ode 
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INTRODUCTION OF 
THE RELATED 
DEVICES 

• 8116-bit Multi-chip Microcomputer 
• 4-bit Single-chip Microcomputer 
• IC Memory 
• LCD Driver Series 
• Gate Array 
• CODEC/Filter Combo LSI 
• Speech Synthesis LSI 





8/16-BIT MULTI-CHIP MICROCOMPUTER 

• 8·BIT MULTI·CHIP MICROCOMPUTER 

LSI Characteristics 

Division 
Type No. Clock Supply Operating 

. .. Function Compatibility 
Process Frequency Voltage Temperature Package t 

10Id Type No. IMHz) IV) 1°C) 

HD6803 
NMOS 

1.0 
5.0 0-+70 DP-40 Microprocessor +128 Bytes of RAM 

MC6803 

HD6803-1 us- MC6803-1 

HD6303R ~ 
-- 01'-40 

HD63A03R CMOS ~ 5.0 0-+70 FP-54 Microprocessor +128 Bytes of RAM ------
HD63B03R 2.0 CG-40 

HD6303X ~ DP-64S 
HD63A03X CMOS 5.0 0-+70 Microprocessor +192 Bytes of RAM ~ FP-80 
HD63B03X 2.0 
HD6303Y ~ 
HD63A03Y CMOS ~ 5.0 0-+70 DP-64S Microprocessor +256 Bytes of RAM 

HD63B03Y 2.0 
HD6305X2 ~ DP-64S 
HD63A05X2 CMOS ~ 5.0 0-+70 Microprocessor +12B Bytes of RAM 

HD63B05X2 2.0 
FP-64 

HD6305Y2 ~ DP-64S 
MPU HD63A05Y2 CMOS ~ 5.0 0-+70 

FP-64 
Microprocessor +256 Bytes of RAM 

HD63B05Y2 2.0 
HD6800 HD46800D .J4--- MC6800 

HD68AOO HD468AOO NMOS ~ 5.0 -20 - +75 DP-40 Microprocessor MC68AOO 

HD68BOO HD468BOO 2.0 MC68BOO 

HD6802 HD46802 NMOS 1.0 5.0 -20 - +75 DP-40 Microprocessor+Clock+ 128 Bytes of RAM MC6802 

HD6802W NMOS 1.0 5.0 -20 - +75 DP-40 Microprocessor+Clock+256 Bytes of RAM 

HD6809 *- MC6809 

HD68A09 NMOS 5.0 -20 - +75 DP-40 High-End 8-Bit Microprocessor MC68A09 

HD68B09 ~ MC68B09 

HD6309·· CMOS 
~ 

2.5 5.0 -20- +75 DP-40 High-End 8-Bit Microprocessor 

~ 
HD6809E .J4--- High-End 8-Bit Microprocessor 

MC6809E 

HD68A09E NMOS 5.0 -20 - +75 DP-40 MC68A09E 

HD68B09E r¥o- IExternal Clock Type) 
MC68B09E 

r1J!-- High-End B-Bit Microprocessor 
HD6309E· CMOS ~ 5.0 -20 - +75 DP-40 

3.0 
IExternal Clock Type) 

HD6821 HD46821 r-!Jl.-- MC6821 

HD68A21 HD468A21 NMOS r-LL-- 5.0 -20- +75 DP-40 Peripheral I nterface Adapter MC68A21 

PIA HD68B21 HD468B21 2.0 MC68B21 

HD6321· .J4-- DP-40 
HD63A21· CMOS r-LL-- 5.0 -20 - +75 

FP-54 
Peripheral I nterface Adapter 

HD63B21' 2.0 
HD6840 ~ MC6840 

HD68A40 NMOS J..4- 5.0 -20 - +75 DP-28 Programmable Timer Module MC68A40 

PTM HD68B40 2.0 MC68B40 

HD6340· r-!Jl.--
HD63A40' CMOS ~ 5.0 -20- +75 DP-28 Programmable Timer Module 

HD63840' 2.0 

FDC 
HD6843 HD46503S 

NMOS ~ 5.0 0-+75 DP-40 Floppy Disk Controller 
MC6843 

HD68A43 HD46503S-1 1.5 
HD6844 HD46504 r-14-------- MC6B44 

DMAC HD68A44 HD46504-1 NMOS J..4- 5.0 -20 - +75 DP-40 Direct Memory Access Controller MC68A44 

HD68B44 HD46504-2 2.0 MC68B44 

HD6845 HD46505R ~ CRT Controller 
MC6845 

HD68A45 HD46505R-l NMOS ~ 5.0 -20 - +75 DP-40 
13.0MHz High-speed Display) 

MC68A45 

CRTC 
HD68B45 HD46505A·2 2.0 MC68B45 

iii HD6845S HD46505S r-14-------- CRT Controller ~ 
HD68A45S HD46505S-1 NMOS ~ 5.0 -20- +75 DP-40 

! HD68B45S HD46505S-2 
(3.7MHz High-speed Display) -----

J COMBO 
2.0 

HD6846 HD46846 NMOS 1.0 5.0 -20 - +75 DP-40 Combination ROM I/O Timer MC6846 

:. HD6850 HD46850 
NMOS ~ 5.0 -20 - +75 DP-24 

Asynchronous Communications MC6850 
HD6SA50 HD468A50 1.5 Interface Adapter MC68A50 

ACIA HD6350 ~ -----
HD63A50 CMOS 5.0 -20- +75 

Asynchronous Communications 
~ DP-24 

Interface Adapter 
HD63B50 2.0 

SSDA 
HDB852 HD46852 

NMOS ~ 5.0 -20 - +75 DP-24 Synchronous Serial Data Adapter 
MC6852 

HDB8A52 HD468A52 1.5 MC68A52 
HD4850S ~ ----
HD485OB·1 

ADU 
HD4850SA 

NMOS ~ 5.0 -20- +75 DP-40 Analog Data Acquisition Unit f--------- ----
.J4---

HD4650SA-l 1.5 

ATC HDI46818 CMOS 1.0 5.0 0-+70 
DP-24 

Aeal Time Clock Plus RAM MC146H1H FP-24 

• Preliminarv •• Under development ••• Wide Temperature Aange (-40 - +S5°C) version is available. 
t DP; Plestic DIP, FP; Plastic Flat Package, CG: Glass-sealed Ceramic Leadless Chip Carrier 
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8i16-BIT MULTI-CHIP MICROCOMPUTER 

• 16-BIT MULTI-CHIP MICROCOMPUTER 
LSI Characteristics 

Division Type No. 
Clock Supply Operating t Function Compatibility 

Process Frequency Voltage Temperature Package 
(MHz) (V) (oC) 

HD68000-6 6 MC68000L6 

HD68000-8 8 MC68000L8 

HD68000-10 10 
DC-64 

MC68000L10 

HD68000-12 12.5 MC68000L 12 

HD68000Y6 6 MC68000R6 

MPU HD68000Y8 NMOS 8 5.0 0- +70 Microprocessor MC68000R8 
PGA-68 

MC68000R10 HD68000Y10 10 

HD68000Y12 12.5 MC68000R12 

HD68000P6 6 
DP-64 

MC68000G6 

HD68000P8 8 . MC68000G8 

HD68000PS6 6 -
DP-64S 

HD68000PS8 8 -

HD68450-4 4 MC68450L4 

HD68450-6 6 MC68450L6 
DC-64 

HD68450-8 8 MC68450L8 

HD68450-10 10 Direct Memory MC68450L10 
DMAC NMOS 5.0 0-+70 

HD68450Y4 4 Access Controller -
iii HD68450Y6 6 -...J 

PGA-68 
0; HD68450Y8 8 -4; 
.t: HD68450Y10 10 -.g-

HD63463-4** 4 CI> -0.. 

HDC HD63463-6*· CMOS 6 5.0 0-+70 DC-48 Hard Disk Controller -

H D63463-8 * * 8 -

HD63484-4* 4 -

ACRTC HD63484-6* CMOS 6 5.0 0-+70 DC-64 Advanced CRT Controller -
HD63484-8* 8 -

* Preliminary ** Under developmerit t DP; Plastic DIP, DC; Ceramic DIP, PGA; Pin Grid Array 
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4-BIT SINGLE-CHIP MICROCOMPUTER 

• PMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 

Family Name HMCS42 
(Type Name) (HD38702) 

r; Supply Voltage (V) -10 

0= Power Dissipation (typ.) (mW) 100 
Ui "i Max. I/O Terminal Voltage (V) -50 
~~ Operating Temperature Range ., (oC) -20 to+75 

.s:. Package DP-28, DP-28S u 

ROM (bits) 512 x 10 
Memory 32x 10·' 

RAM (bits) 32 x 4 

Registers 4 

Stack Registers 2 

4-Bit Data Input. 4x1 

4-Bit Data Output 4x2 
I/O Ports Discrete Output 22 1x6 

~ 4-Bit Data Input/Output -0 
°fl Discrete Input/Output 1x4 c: 
:s External "- Interrupts -

Timer/Counter -
Instructions Number of Instructions 51 

Cycle Time (I's) 10 

Built-in Clock Pulse Generator 

Power on Reset Yes 

Battery Back-up -
HD38750E 

Evaluation Chip HD44850E 
HD44857E 

·1 Wide Temperature Range (-40to+85°C) version is available. 
·2 Pattem Memory 

.. H~~_~_3_ 

Wg3~815SS' 
-10 

100 

-50 

-20 to +75 

DP-42, DP-42S 

1,024 x 10 
64 x 10·' 

80 x 4 

6 

3 

4x1 

4x2 
32 1 x 12 

4x1 

1x4 

2 

1 

71 
10 

Yes 

RAM Hold 

HD38750E 
HD44850E 
HD44857E 

~HITACHI 

HMCS44A 

~~~=, 
-10 

150 

-50 

-20 to +75 

DP-42, DP-42S 

2,048 x 10 
128 X 10·' 

160x4 

8 

4 

-

-
32 -

4x4 

1 x 16 

2 

1 

71 
10 

Yes 

Yes 

RAM Hold 

HD44850E 
HD44857E 

HMCS45A 

Wg33a?1~' 
-10 

150 

-50 

-20 to +75 

FP-54, DP-64S 

2,048 x 10 
128 X 10·' 

160x4 

6 

4 

-

4)(1 
44 -

4)(6 

1)( 16 

2 

1 

71 
10 

Yes 

RAM Hold 

HD44850E 
HD44857E 

\ Hitachi America Ltd .• 2210 O'Toole Ave. • San Jose, CA 95131 • (408) 435-8300 

HMCS47A 
(HD38870) 

-10 

250 

-50 

-20 to +75 

FP-54,DP-64S 

4,096 x 10 

256 x 4 

6 

4 

-

4x1 
44 -

4x6 

1 x 16 

2 

1 

71 
10 

Yes 

RAM Hold 

HD44857E 

957 



4-BIT SINGLE-CHIP MICROCOMPUTER ----------------------

• CMOS 4-BIT SINGLE-CHIP MICROCOMPUTER HMCS40 SERIES 

Family Name 

(Type Name) 

rl Supply Voltage (V) 

:~ Power Dissipation (typ.) (mW) 

~t ..JIV 
Max. I/O Terminal Voltage (V) 

~ Operating Temperature Range·' (oC) 

() Package 

Memory ROM (bits) 

RAM (bits) 

Registers 

Stack Registers 

'" 4·8it Data Input c: 
.2 

4-Bit Data Output 1:> I/O Ports c: 
::l Discrete Output 22 LL. 

4-Bit Data Input/Output 

Discrete Input/Output 

External 
Interrupts 

Timer/Counter 

Instructions 
Number of Instructions 

Cycle Time V-ts) 

Built·in Clock Pulse Generator 

Power on Reset 

Battery Back-up 

Evaluation Chip 

·1 Wide Temperature Range (-40 to +B5°C) version is available. 
·2 Pattern Memory 
·3 LCD DRIVE FUNCTION 

Common 4 

LCD Segment 32 

Drive Duty Static, 1/2, 1/3, 1/4 

Bias 112, 1/3 

Display Capability 4x32 Matrix (1/4 Duty) 

Expandable using the LCD Driver HD44100H. 

958 

HMCS42CL 
(HD44708) 
HMCS42C 
(HD44700) 

3/5 

0.23/1.5 

Vcc+0.3 

-20to+75 

DP·28, DP·28S 

512 x 10 
32 x 10.2 

32x 4 

4 

2 

4x1 

4x2 

1x6 32 

-
1x4 

-
-
51 

20/10 

No/Yes 

Halt 

HD44850E 
HD44857E 

~HITACHI 

HMCS43CL HMCS44CL 
(HD44758) (HD44808) 
HMCS43C HMCS44C 
(HD44750) (HD44801) 

3/5 3/5 

0.24/1.5 0.32/2 

Vcc+0.3 Vcc+0.3 

-20 to+75 -20 to+75 

DP·42, DP-42S DP-42,DP·42S 

1,024 x 10 2,048 x 10 
64x10·2 128x10·2 

80 x4 160 x 4 

6 8 

3 4 

4x1 -
4x2 -
1 x 12 32 -
4 x 1 4x4 

1x4 1 x 16 

2 2 

1 1 

71 71 

20/10 20/10 

Yes 

No/Yes No/Yes 

RAM Hold Halt 

HD44850E HD44850E 
HD44857E HD44857E 
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4-BIT SINGLE-CHIP MICROCOMPUTER 

HMCS45CL HMCS46CL HMCS47CL LCD-.DI· 3 

(HD44828) (HD44848) (HD44868) (HD44795, 
LCD-IV·

3 

HMCS45C HMCS46C HMCS47C (HD613901) 
(HD44820) (HD44840) (HD44860) HD44790) 

3/5 3/5 3/5 3/5 3/5 

0.32/2 0.32/4 0.32/4 0.36/2.4 0.9/5.0 

Vcc+0•3 Vcc+0.3 Vcc+0•3 Vcc+0.3 Vcc+0.3 

-20to+75 -20to+75 -20 to +75 -20to +75 -20tO+75 

FP-54, DP-64S DP-42, DP-42S FP-54, DP-64S FP-BO FP-80 

2,048 x 10 4,096 x 10 4,096 x 10 2,048 x 10 4,096 x 10 
128xl0·2 128 X 10.2 

160 X 4 256 x 4 256x 4 160x 4 256 x 4 

6 8 6 6 6 

4 4 4 4 4 

- - - 4 xl 4xl 

4xl - 4x1 4xl 4 xl 

44 - 32 - 44 - 32 - 32 -

4x6 4x4 4x6 4x2 4x2 

1 x 16 1x 16 1 x 16 1 x 16 1 x 16 

2 2 2 2 2 

1 1 1 1 1 

71 71 71 71 71 

20/10 20/5 20/5 20/10 20/5 

Yes 

No/Yes No/Yes No/Yes Yes No 

Halt Halt Halt Halt Halt 

HD44850E HD44857E HD44857E HD44797E HD44797E 
HD44857E 

~HITACHI 959 
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4-BIT SINGLE-CHIP MICROCOMPUTER ----------------------

• CMOS 4·BIT SINGLE·CHIP MICROCOMPUTER HMCS400 SERIES 

Family Name (Type Name) (HD614042) ~rt8ma:Jr rHMD'ii~1.~r Wt89~Jfio*)* 
rl Supply Voltage (V) 4to 6 4.5 to 6.0 2.7 to 6.0 4 to 6 

:; Power Dissipation (max,) (mW) 18 27 9 12 
Ci)~ 
.J1:; Max. I/O Terminal Voltage (V) VCC-40 VCC-40 VCC-40 VCC-40 

~ Operating Temperature Range ("C) -20 to +75 -20 to +75 -20 to +75 -20 to +75 

6 Package FP-64, DP-64S FP-64, DP-64S FP-64, DP-64S DP-42 

Memory ROM (bits) 4096 x 10 4096 x 10 4096 x 10 2048 x 10 

RAM (bits) 256 x 4 256 x 4 256 x 4 160 x 4 

Registers 7 7 7 7 

Stack Registers 16 16 16 16 
! 4 x 1 4 x 1 4x 1 0 4-Bit Input 1 x1 "fi 2 x 1 2 x 1 2 x 1 
c 4-Bit Output 4x4 4x4 4x4 4 x 1 :::J I/O Ports 58 58 58 36 u. 

4-Bit Input/Output 4x5 4x5 4x5 4x4 
1-Bit Input/Output 1 x 16 1 x 16 1 x 16 1 x 15 

External 2 2 2 2 

Interrupts Timer/Counter 2 2 2 1 
Serial Interface 1 1 1 -
Number of Instructions 99 99 99 98 

Instructions 
Cycle Time U£s) 2 1.33 4 2 

Built-in Clock Pulse Generator Yes (External drive is possible) 

Others Low Power Dissipation Mode (Stop mode, Stand-by mode) 

Family Name (Type Name) HD614POSOSt HD614P1SO**t 

rl Supply Voltage (V) 4.5 to 5.5 4.5 to 5.5 

:; Power Dissipation (max.) (mW) 27 27 

Ui~ .J.., Max. I/O Terminal Voltage (V) VCC-40 VCC- 4O 

~ Operating Temperature Range ("C) -20 to +75 -20 to +75 

6 Package DC-64SP DC-42 

o4,096-word x 10-bit ° 4,096-word x 10-bit 
with standard with standard 
EPROM 2764 EPROM 2764 

Memory ROM (bits) 
o8,192-word x 10-bit °8,192-word x 10-bit 

with standard with standard 
EPROM 27128 EPROM 27128 

RAM (bits) 576x4 576 x 4 

Registers 7 7 

Stack Registers 16 16 .. c 
4-Bit Input 4x1 .2 1 x 1 

1:; 2 x 1 
c 4-Bit Output 4x4 4 x 1 :::J I/O Ports 58 36 u. 

4-Bit Input/Output 4x5 4x4 

1-8it Input/Output 1 x 16 1 x 15 

External 2 2 

Interrupts Timer/Counter 2 1 

Serial Interface 1 -
Number of Instructions 99 98 Instructions 
Cycle Time U£s) 1.33 2 

Built-in Clock Pul. Generator Yes (External drive is possible) 

Others 
Low Power Dissipation Mode 
(Stop mode, Stand-by mode) 

* Preliminary 
* * Under development 
t EPROM on the P8Ckage Type 
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Ie MEMORY 

HM6116A/L Series 
120 - 200ns 

HM6167H/L Series 
45 - 55ns 

HM6264A/L Series 
120 - 200n5 

HM66202/L Series 
150 - 200ns 

HM4864A Series 
120 - 200ns 

HM50465 Series 
120 - 200ns 

HM~025 7 Series 
120 - 200ns 

HM611 7/L Series 
150 - 200ns 

HM6267 Series 
35 - 45ns 

HM51 258 Series 
100 - 150ns 

~HITACHI 
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Ie MEMORY----------------------------------------------------------------

HN61364 
250ns 

HN613128 
250ns 

HN61256 
3.5 J.Ls 

HN613256 
250ns 

HN62201 
3.5 J.Ls 

HN62101 
3.5 J.Ls 

HN482732A Series 
200 - 300ns 

HN482764 
200 - 300ns 

HN4827128 Series 
250 - 450ns 

HN27256 Series 
250 - 300ns 

HN482764P-3 
300ns 

HN4827128P-30 
300ns 

HN58064P Series 
250 - 300ns 

962 ~HITACHI 

HN61365 
250ns 

HN62301/A 
350ns/250ns 

HN27C64 Series 
150 - 300ns 

HN27C256 Series 
200 - 300ns 

HN61366 
250ns 
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----------------------------------------------------------------IC MEMORY 

• BIPOLAR RAM 

HM10414-1 
8ns 

HM10422-7 
7ns 

HM2112 Series 
8 - 10ns 

HM2142 
10ns 
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[LCD DRIVER SERIES 

• LCD DRIVER SERIES CHARACTERISTICS 

Item Use General 

" 
Type Number HD44100H HD61100A 

.~ 

Process .~ CMOS CMOS 

ti Supply Voltage (V) 5*1 5*1 

~ Operating Temperature (oC) -20 - +75*' -20 - +75 
u 
Ui Package FP-60 FP·l00 
...J Power Dissipation (mW) 5.0 5.0 

ROM (bits) - -
Memory 

RAM (bits) - -

Interface (CPU) S 8 

1/0 Interface (Driver I C) 2 2 
c Interface e - -

j (External ROM, RAM) 

Number of Instruction - -
Common 

40 SO 
LCD Driver Segment 

Duty Free (N) Free (N) 

N x 40 N x SO 
Display Capability Matrix Matrix 

(liN Duty) (liN Duty) 

Comment SR type SR type 

Item 
Use 

" 
Type Number HD44102CH HD44103CH 

"= Process "i CMOS CMOS 

j Supply Voltage (V) 5*1 5*1 

Operating Temperature (oC) -20 - +75 -20 - +75 
U 

Package FP·SO FP-60 
Ui 
...J Power Dissipation (mW) 2.5 4.0 

ROM (bits) - -
Memory 

RAM (bits) 200 xS -

Interface (CPU) 21 6 

1/0 Interface (Driver IC) - 5 
c 
0 Interface - -

j (External ROM, RAM) 

Number of Instruction 6 -
Common - 20 

LCD Driver Segment 50 -

Duty 
liS, 1/12, 1/16, 1/S,l/12,l/16, 
1/24,1/32 1/24,1/32 

32 x 50 
Display Capability Dots -

(1/32 Duty) 

Suitable common 
Comment driver is HD44105H 

or HD44103CH 

*1: Except Power Supply for LCD. 
*2: -40 - +8SoC (Special Request). Please contact Hitachi Agents. 
*3: CG; Character Generator. 

964 

Segment Display 

HD61200 HD61602 HD61603 

CMOS CMOS CMOS 
5*1 3 - 5*1 3 - 5*1 

-20 - +75 -20 - +75 -20 - +75 

Fp·l00 FP-SO FP·SO 

5.0 0.5 (5V) 0.5 (5V) 

- - -

- 51 x 4 64 xl 

8 14 10 

2 - -
- - -

- 4 4 

80 
4 1 

51 64 

Free (N) Static, 1/2, Static 1/3,1/4 
N x 80 204 
Matrix Segment 64 Segment 

(l/N Duty) (1/4 Duty) 

SR type 

Graphic Display 

HD4410SH HD61102 HD61202 

CMOS CMOS CMOS 

5*' 5*1 5*' 

-20 - +75 -20 - +75 -20 - +75 

FP-60 Fp·l00 Fp·l00 

4.0 3.0 2.5 

- - -

- 512 x S 512 x 8 

6 21 21 

5 - -

-- -

- 7 7 

32 - -
- 64 64 

1/S,l/12,l/16,l/24, 1/64 1/64 
1/32, 1/4S, 1/64 

64 x 64 64 x 64 
- Dots Dot. 

(1/64 duty) (1/64 duty) 

Suitable common Suitable common 
driver is H 0611 03A driver is HD61203 

~HITACHI 
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-----------------------------LCD DRIVER SERIES 

Character Display 

HD44780 
(LCD-II) 

CMOS 

5*' 

-20 - +75*' 

FP-80 

1.75 

7200 
(CG)*' 

80 x 8/64 
x 8(CG)*' 

11 

4 

-

11 

16 

40 

1/8,1/11, 
1/16 

16 Digits 
(5 x7 Dots 
1/16 Duty) 

Expandable 
to 80 Digits 
using 
HD44100H 

HD61103A 

CMOS 

5*' 

-20 - +75 

FP-l00 

5.0 

6 

64 

1/48,1/64 
1/96,1/128 

HD43160AH 

CMOS 

5*' 

-20 - +75 

FP-54 

10.0 

6240 
(CG)*' 

80 x 8 

21 

5 

18 

6 

-
-
1/8,1/12, 
1/16 

-

Display to 
80 Digits 
using 
HD44100H 

Graphic Display 

HD61203 

CMOS 

5" 

-20 - +75 

Fp·100 

5.0 

64 

1/48, 1164, 
1/96,1/128 

HD61830 HD61830B 

CMOS CMOS 

5*' 5" 

-20 - +75 -20 - +75 

FP~O Fp·60 

30.0 30.0 

7360 7360 
(CG)*' ICG)" 

(external (external 
65536 x 8) 65536 x 
13 13 

9 

33 33 

12 12 

1/1 - 1/128 
Static 
1/1 -1/128 

Display to 
524288 
Dots using 
HD44100H or HD61100A. 
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I GATE ARRAY 

CMOS Gate Array HD61J/HD61K/HD61L/HD61MM Series 

• FEATURES 
• Fast operation 

Internal gate (2-input NAND, FO=3, Al=3mm) .. 3.5ns typ 
Input buffer (FO=3, Al = 3mm) ............. 9ns typ 
Output buffer (CL =50pF). . . . . . . . . . . . . . . .. 20ns typ 
Memory access time (HD61MM) ............... 60ns typ 

• low power dissipation 
At 10MHz operation (Internal gate) ...... 130J..LW/gate typ 

• Abundant input and output configuration 
Allocation of all pins except power supply pins to input/ 
output/input-output 
Output can be CMOS/open drain/3-state 

• LINE UP 

HD61J 
Gate count 504 

I/O pin count 50 
RAM on chip -

DP28 0 
DP40 * 
DP42 0 
DP64 -

FP54 0 
FP80 -

Package 
FP100 -
DC28 0 
DC40 0 
PGA72 -
PGA120 -

Power supply pin 

·Under development 

• Memory on-chip (HD61MM) 
Flexibility of memory capacity and word organization 
Selection of single port/dual port memory 

• Wide operation temperature range 
-20 to +75°C 

• Wide package selection 
Especially plastic packages with high pin 
count .......... DllP64/FPP100 

• Powerful design support 
User-Defined-Macro 
Test pattern evaluation with fault simulator 
Design support at local Design Center 

• Quick turn around time and reasonable development cost 

HD61K HD61l HD61MM 

1080 1584 2496 

68 68 104 
- - available 

0 0 -

* 0 * 
0 0 -

0 0 0 
- - -

0 0 -
- - * 
0 0 * 
0 0 * 
- 0 -
- - * 
4 4 8* 

Bi-CMOS Gate Array HD27K/HD27l/HD27P/HD27Q Series 

• FEATURES 
• High speed with super low power dissipation 

• Internal gate: 4.0ns (Fan out=3) 
@0.05mW 

• Input buffer: 5_0ns (Fan out=3) 
@2_6mW 

• Output buffer: 8.0ns (CL =15pF) 
@2.6mW 

• lS TTL compatible input/output _ ...... _ ..... _ .... . 
• Selectable totem-pole/3-state/open collector output 
• IOL =8mA: Capable of driving 20 lS TTL's 

• Output buffer can construct logic functions_ 
• Saves gate stages. 

• A variety of macrocell library 
• Internal gate: 44 
• Output buffer: 9 

• A variety of reliable package 
• Plastic DIP 16 to 64 pins 
• Plastic FP 60 to 100 pins (under development) 

• A variety of DA 'system support 
• Only logic diagrams and test patterns needed as an interface 

with the user. 
• Short development time 
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--------------------------------------------------------------GATE ARRAY 

Number of gates Number Package 

Internal gate Input Output of Vee DIP FP* 
(2-input NAND) buffer buffer and GND (Plastic) (Plastic) pins 

HD27K 200 18 18 2 16,20,28, -40 pins 

HD27L 528 30 30 4 28,42,64 60 pins pins 

HD27P 966 40 40 4 28,42,64 60,80,100 
pins pins 

HD27Q 1530 50 50 4 
28,42,64 60,80,100 
pins pins 

·Under development 
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CODEC/F I L TER COMBO LSI 

CLOCK OUTPUT AMP 
COMPo POWER DECODER INPUT 

SERIES TYPE LAW (Typ.) INTERNAL SYNCIASYNC PCMBIT SHIFT AMP MIN 
CLOCK OPERATION CLOCK RATE TYPE LOAD 

44230 HD44231B A DEVIDER SYNC. 15361 ADJUST- SINGLE 3kn 

HD44232B /J. 60mW INCLUDED ONLY 15441 - ABLE 

HD44233B A 2048kHz USING 

HD44234B /J. BOTH 2 

HD44235 A PLL SYNC. 64- - RESIST ENDED 1.2 kn 

HD44236 /J. 50mW INCLUDED ONLY 2048kHz 0 
HD44237 A -

HD44238 /J. BOTH 0 
44230C HD44231C A DEVIDER SYNC. 15361 FULLY 600 n 

HD44232C /J. INCLUDED ONLY 15441 - UNCOMM-

HD44233C A 2048kHz ITED 

HD44234C /J. 60mW BOTH OP-AMP 

HD44235C A PLL SYNC. 64- -
HD44236C /J. INCLUDED ONLY 2048kHz 0 
HD44237C A -
HD44238C /J. BOTH 0 

44240C HD44247C A PLL 64- - SAME AS PUSH- 600n 
HD44248C 

80mW 
INCLUDED BOTH 2048kHz 0 ABOVE PULL /J. 

SPEECH SYNTHESIS LSI 

Type CMOS 1-chip System 

Device 
H 1;)6188517 (Speech Synthesizer) 
HD44881 (128k-bit Expanding ROM) 

System PARCOR 

, Voice channel model 10 steps digital filter 

Sampling frequency 10 kHz 

Bit rate (b/s) 1250 ~ 9900 

Frame period (ms) 10/20 

Variable speaking speed -25%, 0, +25% 

Speaking time 1 0 ~ 20 sec (internal ROM) 
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Bloomington, MN 55431 
612/896-3444 

• Hitachi America, Ltd. 
80 Washington St., Suite 302 
Poughkeepsie, NY 12601 
914/485-3400 

• Hitachi America, Ltd. 
6 Parklane Blvd., #558 
Dearborn, MI 48126 
313/271-4410 

• Hitachi America, Ltd. 
6161 Savoy Dr., Suite 850 
Houston, TX 77036 
713/974-0534 

• Hitachi (Canadian) Ltd. 
2625 Queensview Dr. 
Ottawa, Ontario, Canada K2A 3Y 4 
613/596-2777 

• Hitachi America, Ltd. 
401 Harrison Oaks Blvd., Suite #317 
Cary, NC 27513 
919/481-3908 




