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Quick Reference Guide

Type Column Driver i
Type Number HD44100H HD66100 HD61100A HD61200 HD61104 HD61104A HD66106 HD66107T SECTION
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for 11 6 17 17 26 28 37 37
LCD Drive Circuit (V)
Power 5 5 5 5 5 5 5 5
Dissipation (mW)
Operating —20t0 +75*! ~20to +75*1 ~20t0 +75*! ~20to +75 ~20t0 +75 —20to +75-~2010 +75 -20t0 +75
Temperature { °C}
Memory ROM (bit} - - - - - - - -

RAM (bit} - - - - - - - -
LCD Driver Common 20 - - - - - 80 160

Column 40 (20) 80 80 80 80 80 80 160
Instraction Set - - - - - - - -
Operation 04 1 25 2.5 3.5 3.5 6 8
Frequency {MHz)
Duty Static-1/32 Static-1/16 Static-1/100 1/32-1/128 1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480
Package FP-60 FP-100 FP-100 FP-100 FP-100 FP-100 FP-100 192pin TAB
Type Column Driver (RAM) Segment Display
Type Number HD44102CH HD61102 HD61202 - HD61602 HD61603 HD61604 HD61605
Power supply for 5 5 5 31056 3t05 3t05 3105
internal circuits (V)
Power supply for 1" 15.5 17 5 5 5 5
LCD Drive Circuit (V)
Power 5 5 5 0.5 0.5 0.5 0.5
Dissipation (mW)
Operating -20t0 +75 -20to +75 -20t0 +75 -20t0 +75*' -201t0 +75*1 -20t0 +75*! -20t0 +75*!
Temperature { °C})
Memory ROM (bit) - - - - - - -

RAM (bit) 200x8 512x8 512x8 204 64 204 64
LCD Driver Common - - - 4 1 4 1

Column 50 64 64 51 64 51 64
Instraction Set 6 7 7 4 4 4 4
Operation 0.28 0.4 0.4 0.52 0.52 0.52 0.52
Frequency (MHz)
Duty 1/8,1/12, Static-1/64 1/48,1/64, Static,1/2, Static Static,1/2, Static

1/16,1/24, 1/96,1/128 1/3,1/4 1/3.1/4
1/32
Package FP-80 FP-100 FP-100 FP-80, FP-80 FP-80 FP-80
FP-80A

* 1 -40 to +85°C (Special request}. Please contact Hitachi agents.
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Quick Reference Guide

Type Common Driver
Type Number HD44103CH HD44105H HD61103A HD61203 HD61105
Power supply for 5 5 5 5 5
internal circuits (V)
Power supply for 11 11 17 17 26
LCD Drive Circuit (V)
Power 4.4 4.4 5 5 5
Dissipation (mW)
Operating -20t0 +75 -20to +75 -201t0 +75 -20t0 +75 -20to +75
Temperature { °C)
Memory ROM (bit} ~ - - - -
RAM (bit) — - - - -
LCD Driver Common 20 32 64 64 80
Column - - - - -
Instraction Set - - - - -
Operation 1 1 2.5 2.5 0.1
Frequency (MHz)
Duty 1/8,1/12, 1/8,1/12, Static-1/10, 1/32-1/128 1/64-1/200
1/16,1/24,1/32,1/48 1/64
1/32
Package FP-60 FP-60 FP-100 FP-100 FP-100
Type Character Display Graphic Display
HD63645
HD64645
HD44780 HD66780 HD64646 HD66840
Type Number HD61105A HD43160AH (LCD-H) (LCD-11IA}) HD61830 HD61830B LCTC LviC
Power supply for 5 5 5 5 5 5 5 5
internal circuits (V)
Power supply for 28 - 11 5 - - - -
LCD Drive Circuit (V)
Power 5 10 2 2 30 50 50 250
Dissipation (mW)
Operating -20t0 +75 -20t0 +75 -201t0 +75%1 -20t0 +76 -20t0 +75 -2010 +75*!1 -201t0 +75 -20t0 +75
Temperature { °C)
Memory ROM {bit)} - 6420 7200 12000 7360 7360 - -
RAM {bit}) ~ 80x8 80x8, 16 - - - -
64x8
LCD Driver Common 80 - 16 16 - - - -
Column - - 40 40 - - - -
Instraction Set - 6 1 1 12 12 - -
Operation 0.1 0.25/0.375 0.25 0.25 11 2.4 10 25(30)
Frequency (MHz)
Duty 1/64-1/240 1/8,1/12, 1/8,1/11, 1/8,1/11, Static Static Static 4-1/1024
1/16 1/16 1/16 -1/128 -1/128 -1/512
Package FP-100 FP-54 FP-80, FP-80A FP-60 FP-60 FP-80, FP-100A
FP-80A FP-80B FP-80B

*1 -40 to +85°C (Special request). Please contact Hitachi agents.
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Type Number Order

Type Function Reference Page
HD43160AH LCD Controller 83
HD44100H LCD Driver with 40 Channel Qutput 61
HD44102CH L.CD Column Driver with 50 Channel Qutput 205
HD44103CH LCD Common Driver with 20 Channel Output 230
HD441056H .LCD Common Driver with 32 Channel Output 239
HD44780 LCD-It LCD Controller/Driver 98
HD61100A LCD Column Driver with 80 Channel Output 248
HD61102 LCD Column Driver with 64 Channel Output 261
HD61103A LCD Common Driver with 64 Channel Output 291
HD61104 LCD Column Driver with 80 Channel Output 388
HD61104A LCD Column Driver with 80 Channel Qutput 388
HD61105 LCD Common Driver with 80 Channel Output 433
HD61105A LCD Common Driver with 80 Channel Output 433
HD61200 LCD Column Driver with 80 Channel Output 316
HD61202 LCD Column Driver with 64 Channel Output 330
HD61203 LCD Common Driver with 64 Channel Output 361
HD61602 Segment Display Type LCD Driver 601
HD61603 Segment Display Type LCD Driver 601
HD61604 Segment Display Type LCD Driver 632
HD61605 Segment Display Type LCD Driver 632
HD61830 LCTC LCD Timing Controller 450
HD61830B LCTC LCD Timing Controller 477
HD63645 LCTC LCD Timing Controller 503
HD64645 LCTC LCD Timing Controller 503
HD64646 LCTC LCD Timing Controller 542
HD66100 LCD Driver with 80 Channel Qutput 71
HD66106F LCD Column/Common Driver with 80 Channel Output 398
HD66107T LCD Column/Common Driver with 160 Channel Output 413
HD66780 LCD-IA LCD Controller/Driver 156
HD66840F LVIC LCD Video Interface Controller 552
Driver Output
Selection Guide vooreos T,% wosrzce
HD61602 HD44102H {Built in RAM)
HD44780 b
(LCD-11)- 1w
HDB6780
{Lep-11 A)
1 20
miso: 1/ioo 1/':I28 : 1/64 1/:132 1/1;6 m:z o 1}la 1/446 1/%2 1/2‘54 { 1/328 1/ioo; 1/4;80
Duty 1/240 1/100 1/100 Duty 1/240
HD44103CH T 20
HD44105CH T 32
1 pao—HD24100H
| HDE1103A ; + 60
Fwnsizor HD61200
HDB1105A f——12E1105 FEEE0  b61100a ,
o ™ e
HD66106F
HDB6107T - [ coturnn Driver | p__ HDes1OTT |
Driver Output
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Selection Guide

Hitachi LCD Driver System

Reference Screen
Type Figure Size (max) Lineup Application
Video to 720x512dots HDB66840, Personal Com-
LCD CcRT ] HD66106(Driver) puter, Terminal,
converter Display HD66107(Driver), OHP
HD61104(Column)
HD61105(Common)
Display 640x400 dots HD63645/64645/ Personal Com-
System 2l 8 wosttos | | (S0 646486(Controller) puter, Word-
for CRT S| B [[jtcommon Briver [ systom) HD61104(Column)/ processor, Ter-
Compatible . = 61105(Common) minal
E & AT HD66106(Driver)
{Column driver}
Graphic Character HD®61100A(Column), Laptop Computer,
Display S Do1203 80x16 HD61830B({Controller) Facsimile, Telex,
System & | {Comoten [T| Cemmon @€ | 4 Graphic HD61200(Column)  Copy machine
480x128 dots  HDB61103A(Common},
RAM HD61200 HD61 203(Common)
{Column driver)
Graphic 480x128 dots  HD44102CH(Column)/  Laptop Computer,
Display o 61102(Column) Handy Word-
System HD61203 {Common Driver)| | HD44103CH{Common) processor, Toy
{Bitmap) HD61202(Column)
e HD44105H{Common)/
{Colurmn Driver) 61103A{Common}
HD61203(Common)
Character 40 Charac- HD44780(LCD-11) Electrical Type-
Display crul] 1044780 (Comrolien ToxYo ters {Controller/Driver) writer, Multifunc-
System x 2 Columns HD66780(LCD- Il A) tion Telephone,
80 Charac- (Controller/Driver) Handy Terminal
rvibend ters HD44100H(Column)
(Columm Driver) | X 1 Column HD66100F({Column)
Segment 25 Digits HD61602 ECR, Measure-
Display HDB1602/HDB1604 x1 Column (Controller/Driver) ment System,
System (Contola/Dre) 250 HD61604 Telephone
I —— 7 {Controlier/Driver)
Static 64 Segments HD61603 Industrial Mea-
Display o (Controller/Driver) surement System
System S HDB1605 HDS1603 §\é:’ HD61605
(Controller/Driver) e L (Controller/Driver)
gll'li‘ANGE
4 G HITACH!
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Selection Guide

Application
Character and Graphic Display
SECTION
1 character=7 X 8dot (156X 7 dot +cursor)
“\Character 8 16 20 24 32 a0 Over 80 1
Line
1
HD66100
2
3
HD44100H
4
6to8
12to 15 HD61200 (Column) + HD61203 {Common)
16 to 25 HD61104 (Column) + HD61105 {Common)
26 to 50 HD66106, HD66107
Graphic Display
Horizontall g 9% 120 180 240 480 Over 640
Vertical
16
32 HD61202 (Column) + HD61203 (Common)
48
64
128
HD61104 {Column} + HD61105 (Common)
400
HD66106, HD66107
Over 400

Note: Applications in this page are mere example, and this combination of devices is not the best.
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Differences Between Products

1. HD66100F and HD44100H

HD66100F HD44100H
LCD drive circuits 80 20x2
Power supply for internat logic (V) 3to6 4.5 to 11
Display duty Static to 1/16 Static to 1/32
Package 100 pin plastic QFP 60 pin plastic QFP

2. HD61100A and HD61200

HD61100A HD61200
LCD drive circuits common - -
column 80 80
Display duty static to 1/128 1/32t0 1/128
Power supply for LCD drive circuits (V) Oto 17 81017
Power supply limits of LCD driver Vee to Vee shown in figures below
circuit voltage {no limit)

Resistance between terminal Y and terminal
V (one of V1L, VIR, V2L, V2R, V3L, V3R, V4L,
and V4R) when load current flows through
one of the terminals Y1 to Ygo. This value is

specified under the following condition.
Vee—Vee=17V

V1L=VIR, V3L=V3R=Vcc—2/7 (Vcc—VEg)
V2L=V2R, V4L=V4R=Vgg+2/7 (Vecc— VEE)

O Terminal Y
(Y4 to Ygo)

VILVIR o\o /\I;O\%,
V3L,V3R o\o ANN————4
VAL, VAR o So AN
V2L V2R O—O0 v

Here is a description of the range of power
supply voltage for linquid crystal display
drive. Apply positive voltage to VIL=V1R and
V3L=V3R and negative voltage to V2L=V2R

and V4L=V4R within the AV range. This
range allows stable impedance on driver
output (Ron). Notice the AV depends on
power supply voltage Vcc—VEs.

V,
- V(1:C(V1 L=V1R) The Range of Power Supply
AV ——~ V3{V3L=V3R) Voltage for Liquid Crystal
Display Drive
55 ————————— e — e — —
)
3 3
——————— V4 (V4L=V4R} T
AV
_l—[—- V2 (V2L=V2R)
Correlation between Driver e
Output Waveform and Power
supply Voltages for Liquid 8
Crystal Display Drive Vee—Vee (V)
Correlation between Power
Supply Voltage Vec—Vee and AV
@ HITACHI

6 Hitachi America Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. « Brisbane, CA 94005-1819 e (415) 589-8300



Differences Between Products

3. HD66100F and HD61100A ‘

HD66100F HD61100A
LCD driver circuits common - - SECTION
column 80 80
Power supply for LCD drive circuits (V) 3t06 55t 17.0 1
Display duty staticto 1/16 static to 1/128
Operating frequency (MHz) 1.0 MHz (max) 2.5 MHz (max)
Data fetch method Shift Latch
Package 100 pin Plastic 100 pin plastic QFP
QFP (FP-100) (FP-100)
4. HD61830 and HD61830B
HD61830 HD618308B
Oscillator Internal External
Operating frequency (MHz) 1.1 MHz 2.4 MHz
Display duty static to 1/128 static to 1/128
Programmable screen size {Max) 64 X240 dots 128x480 dots
{1/64 duty) (1/64 duty)
Other pin 6:C pin 6:CE
pin 7:R pin 7:0E
pin 9:CPO pin 9:NC
Package Marking ® ®
Lot No. Lot No.

@3 @ 3¢

HD61830A00 HD61830B0O0
m J:M
® I Type No. N_Type No.
AN AN
5. HD61102 and HD61202
HD61102 HD61202
Display duty static to 1/64 1/32 to 1/64
Recommended voltage between 4.51t015.5 81to 17
Vee and Vee (V)
Power supply limits of LCD driver Vee to Vee (no limit) shown following figure
circuits voltage
Pin 88 DY (output) NC (non connection)
Absolute maximum rating of Vee (V) Vee~17.0 to . Veec—19.0t0
Vee+0.3 Vee+0.3

Resistance between terminal Y and terminal V {one of V1L, VIR, V2L, V2R, V3L, V3R, V4L and V4R)
when load current flows through one of the terminals Y1 to Yss. This value is specified under the
following condition.

@ HITACHI .
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Differences Between Products

Vee—Vee=156.5V
VIL=V1R, V3L=V3R=Vcc—2/7 (Vcc— Vg)
V2L =V2R, V4L=V4R=Vge+2/7 (Vcc— Veg)

VILVIR—— 0 o
V3LV3R —————0 O

Terminal Y
0 (v, to Yea)

VALVAR —— 0 SO
V2LV2R ———— O——O

£33 ¢

Here is a description of the range of power
supply voltage for liquid crystal display drive.
Apply positive voltage to VIL=VIR and V3L
=V3R and negative voltage to V2L=V2R and

V4L =V4R within the AV range.

This range allows stable impedance on driver
output (Ron). Notice that AV depends on

power supply voltage Vcc— VEs.

The Range of Power Supply
Voltage for Liquid Crystal
Display Drive
—Vec e e e
V1 (ViL=V1R} 5.0
av ——- V3{V3L=V3R) -
2
>
4 3
AV — A————- V4 (VAL=V4R)
[ V2 (V2L=V2R) /
] ) Vee i
Correlation between Driver 7y 17.0
Output Waveform and Power Vee—Vee (V) :
supply Vgltages fqr Liquid Correlation between Power
Crystal Display Drive Supply Voltage Vec—Vee and AV
6. HD61103A and HD61203
HD61103A HD61203
Recommended voltage between 4.51t017 8to 17
Vee and Ve (V)
Power supply limits of LCD drive Vee to Vee {no limit) shown in figures below
circuits voltage
Output terminal shown in following figure 4 shown in following figure 5
Resistance between terminal Y and terminal Vee—Vee=17V

V (one of V1L, ViR, V2L, V2R, V5L, V56R, V6L
and V6R) when load current flows through
one of the terminals X1 to X64. This value is
specified under the following conditions:

V1iL=V1R, V6L=V6R=Vcc—1/7 (Vec—VEg)
V2L=V2R, V5L=V5R=Vge+1/7 (Vcc— VEE)

Rol
VILVIR 0 o- ’\/\;\/
V6L, V6R O\C '\/\/\/ _ Terminal Y
O (Ys to Yga)
V5L, VSR 0 o- AAY e
V2L,V2R O0—0O ANV
Figure 1.
8 @ HITACHI
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Differences Between Products

Here is a description of the range of power V5L=V5R within the AV range.

supply voltage for liquid crystal display drive. This range allows stable impedance on driver

Apply postive voltage to VIL=V1R and V6L= output (Ron). Notice that AV depends on

V6R and negative voltage to V2L=V2R and power supply voltage Veo— Vez. SECTION
The Range of Power Supply 1
Voltage for Liquid Crystal
Display Drive

Vee
-—r———- V1 (VIL,=V1R)
ov ——- V6 (V6L=VER)

AV (V)

AV | — —A—_———— V5 (VEL=V5R)
l___.l ________ V2 (V2L=V2R)

Correlation between Driver Vee I
Output Waveform and Power 8 17
Supply Voltages for Liquid ' Vee— Vee (V)
Crystal Display Drive Correlation between Power
Supply Voltage Vec—Vee and AV
Figure 2. Figure 3.
I
V1L
VIR N
-rt= I ; I PMOS v
Vee —O VILVIR
V6L | ; PMOS
"L—:,‘I":F—O VR Ve —~O V6L, V6R
== O———4 N
[ _r I } l NMOS
Ver -0 V5L,V5R
»—E:J_IE:)—O ver ==
VSR [ ¥ 1nmos
== Vie Q V2L,V2R
=t Figure b.
V2L
V2R
Figure 4.
7. HD66106F and HD61104
HD66106F HD61104
LCD drive circuits voitage +14 to +35 (Vicp-GND) -10 to -26 (Vcc-Vee)
Display Duty 1/100 to 1/400 1/64 to 1/200
Operating frequency (MHz) 6.0 MHz 3.5 MHz
Function column and common driver column driver
@ HITACHI 9
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Differences Between Products

8. HD44780 LCD-II and HD66780 LCD-II A

Item LCD-1l (HD44780) LCD- 11 A (HD66780) Note
Display RAM 80 bytes (80 characters) Same as LCD-Ii
{(Maximum number of
display characters)
* Character generator ROM 7200 bits 12000 bits
(kinds of characters) 192 characters 240 characters
5x 7,160 characters 5x10;240 Characters
5X10;32 characters
Character generator RAM 64 bytes (8 characters) Same as LCD- I
{Number of characters)
LCD driving terminals 16 COMs Same as LCD- 1|
(Maximum number of 40 SEGs
display characters/ (16 characters)
unit)
Character font 5x8 dots Same as LCD- 1l
{with a cursor) 5x11 dots
Muitiplexing duty ratio 1/8, 1/11, 1/16 Same as LCD- Il
* LCD driving voltage 1/4 bias 3.0t0 11 (V) 3.0 to Vce (V) Vee to Vs
1/5 bias 4.6 10 11 (V) 3.0 to Vee (V)
*LCD driving waveform waveform A waveform B Shown follow-
ing figures
* Bus timing 1, 1.56MHz 2MHz
Instruction codes 11 instructions Same as LCD- I}
Power-on reset circuit Yes Same as LCD- It
Oscillator Ceramic filter, Rf, Same as LCD- i
{Frequency) external clock
(250 kHz)
interface HD44100H HD44100H or HD66100F
Package FP-80, FP-80A Same as LCD- I

Note: *Indicates the modified items in LCD- Il A.

Cormmon

Segment

1 M

L
U

Common-segment

L L

[ W AR I S |
]

|
|
|
{
|
i

1 frame

.,
uuy

Waveform A (1/3 Duty, 1/3 Bias)

10
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Segment
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|
I
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1 frame :
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Differences Between Products

9. HD61104 and HD61104A

HD61104 HD61104A
LCD Drive Circuits 80 80 SECTION
Data Transfer Rate (MHz) 3.5 3.5 _
Power Supply for LCD drive circuits (V) 10 to 26 10 to 28 1
10. HD61105 and HD61105A
HD61105 HD61105A
L.CD Drive Circuits 80 80
Power Supply for LCD drive circuits (V) 10 to 26 10 to 28
11. HD66106F and HD66107T
HD66106F HD66107T
LCD drive circuits 80 160
Data transfer 4-bits 4-bits/8-bits
Operating frequency (MHz) 6 8
Power supply for LCD drive circuits 14 to 37 14 to 37
Packge 100-Pin plastic 192-pin TAB
QFP (FP-100A}

12. HD63645, HD64645 and HD64646

HD63645 HD64645 HD64646
CPU interface 68 family 80 family 80 family
Package 80-pin plastic 80-pin Plastic 80-pin plastic

QFP (FP-80) QFP (FP-80) QFP (FP-80A)

Other - HD64646 has another LCD
drive interface in HD64645

G HITACHI
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Package Information

Package Information

The Hitachi LCD driver devices use plastic
flat packages to make compact equipment in

Package Dimension

which they are incorporated and provide
higher dencity mounting by utilizing the fea-
tures of thin liquid crystal display elements.

FP-80

256+04(1.00810.016) 2.9max
! {0.114max )

=]
=

14(0551)
19.6+0.4
(0.77240.016)

FP-80A

17.2+0.3(0.677 £0.012)
14.0(0.551)
4

2.90(0. $14) max
q 0.1(0.004)

{STAND OFF)

17.240.3(0.67740.012)
.0(0.551)
£
B=5
0.65(0.026

[5] 0.15(0.008Y] e =
25 2
‘ | —
03530, o _— ey ' 20 0.15+0.05
Ga00a) (corstoom)  QRISOIRE o, (0 o REEL | ol T30 | ©.006:£0.002)
(00060 002)
0°~5°
| 7£0 3006720 0
Code FP-80 Code FP-80A
EIAJ — EIAJ —_—
JEDEC e JEDEC —
HD61602, HD61603, HD61604, HD66780
b
licable LSI HD61605, HD44780, HD66780, Applicable LS|
App HD63645, HD64645, HD64646, | PP HDa4780.
HD644102CH
640,
FP-54 256404 FP-60 , (uz!gsstou.s:ns)
o (|.ooa£o.ms) oo ) 200 (0 o)
i it
) i,
S0 3] = s
= @ == L <|s
54 2|23 60— oz %
) SlHiH ) e e &lg
SE]S = s
s ‘ > 2
. 8 23 )%
1.0(0.039) 035401 1.0(0.039) 03540 n‘\‘)‘“::uﬁ
(0.0140,004) LSS o ©0.014:£0.008) GOLOXOE  g6¥
(0.006 £:0.002)
° 0‘(;773‘312) 0~ 10 J

03
© &’;1§Q_0\2)

Code FP-54 Code FP-60
EIAJ J— EIAJ —
JEDEC — JEDEC —
HD44100H, HD44103CH,
Applicable LS! HD43160AH Applicable LSI HD44105H, HD61830,
HD61830B
12 @ HITACHI
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Package Information

FP-80B
, 24.8:+0.4(0.976+0.016) 2.9max.
) 20 {0.114max.)
s OB SECTION

|

18.840.4(0.740+0.018)

AL owtor | g L
0.8(0.031) (0.0142:0.004) B0 15000 ) 015 £005
(0006 0092

= [egin
Code FP-80B
(0.047£0008) (&0, 15(0.008)] EIAJ —
JEDEC I

HD64646, HD66780
Applicable LSI

FP-100 256404
(1098*0(“6) 2 9max
) 20(0.787) _ (0_"""3")
Code FP -100
EIAJ [—
JEDEC —_—
HD61100A, HD61102, HD61103A, HD61104
Applicable LSI HD61105, HD61200, HD61202, HD61203
HD66100
FP-100A
L 24.8+0.4(0.976+0.016) 2.9max,
200.787) (0.1 14max.}
7
3
K 30 ¢
0.35+0.1 ,_
0.65(0.026) (0.014£0.004) COE T Ry ]
——— 2006002
_f“wl\l”mlﬂ|\”WWM\IWHIHII;H'”H“\H‘IH”'\__,
(0.047£0.008) GSl0.150006) | Code FP-100A

EIAJ —_—
JEDEC —

HD66106, HD66840
Applicable LSI
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Reliability and Quality Assurance

1. VIEWS ON QUALITY AND RELIABILITY

Basic views on quality in Hitachi are to meet individual user's purchase
purpose and quality required, and to be at the satisfied quality level con-
sidering general marketability. Quality required by users is specifically
clear if the contract specification is provided. If not, quality required is
not always definite. 1In both cases, efforts are made to assure the reliabi-
lity so that semiconductor devices delivered can perform their ability in
actual operating circumstances. To realize such quality in manufacturing
process, the key points should be to establish quality control system in the

process and to enhance moral for quality.

In addition, quality required by users on semiconductor devices is going
toward higher level as performance of electronic system in the market is
going toward higher one and is expanding size and application fields. To

cover the situation, actual bases Hitachi is performing is as follows;
(1) Build the reliability in design at the stage of new product development.
(2) Build the quality at the sources of manufacturing process.

(3) Execute the harder inspection and reliability confirmation of final

products.
(4) Make quality level higher with field data feed back.
(5) Cooperate with research laboratories for higher quality and reliability.

With the views and methods mentioned above, utmost efforts are made for users'

requirements.

2. RELIABILITY DESIGN OF SEMICONDUCTOR DEVICES

2.1 Reliability Targets

Reliability target is the important factor in manufacture and sales as well
as performance and price. It is not practical to rate reliability target
with failure rate at the certain common test condition. Tﬁe reliability
target is determined corresponding to character of equipments taking design,
manufacture, inner process quality control, screening and test method, etc.

into consideration, and considering operating circumstances of equipments the

G HITACHI
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semiconductor device used in, reliability target of system, derating applied

in design, operating condition, maintenance, etc.

SECTION

2.2 Reliability Design

To achieve the reliability required based on reliability targets, timely study 1

and execution of design standardization, device design (including process

design, structure design), design review, reliability test are essential.

(1) Design Standardization

Establishment of design rule, and standardization of parts, material and
process are necessary. As for design rule, critical items on quality
and reliability are always studied at circuit design, device design,
layout design, etc. Therefore, as long as standardized process, mate-
rial, etc. are used, reliability risk is extremely small even in new
development devices, only except for in the case special requirements

in function needed.

(2) Device Design

It is important for device design to consider total balance of process
design, structure design, circuit and layout design. Especially in the
case new process and new material are employed, technical study is deeply
executed prior to device development.
(3) Reliability Evaluation by Test Site
Test site is sometimes called Test Pattern. It is useful method for
design and process reliability evaluation of IC and LSI which have com-
plicated functions.
1. Purposes of Test Site are as follows;
* Making clear about fundamental failure mode

* Analysis of relation between failure mode and manufacturing process

condition
» Search for failure mechanism analysis

e Establishment of QC point in manufacturing

2. Effectiveness of evaluation by Test Site are as follows;

+ Common fundamental failure mode and failure mechanism in devices can

be evaluated.

@ HITACHI
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* Factors dominating failure mode can be picked up, and comparison can be

made with process having been experienced in field.

¢ Able to analyze relation between failure causes and manufacturing

factors.

*» Easy to run tests.

etc.

2.3 Design Review

Design review is organized method to confirm that design satisfies the per-
formance required including users' and design work follows the specified ways,
and whether or not technical improved items accumulated in test data of in-
dividual major fields and field data are effectively built in. In addition,
from the standpoint of enhancement of competitive power of products, the
major purpose of design review is to ensure quality and reliability of the
products. In Hitachi, design review is performed from the planning stage for
new products and even for design changed products. Items discussed and de-

termined at design review are as follows;
(1) Description of the products based on specified design documents.

(2) From the standpoint of specialty of individual participants, design
documents are studied, and if unclear matter is found, sub-program of

calculation, experiments, investigation, etc. will be carried out.

(3) Determine contents of reliability and methods, etc. based on design

document and drawing.
(4) Check process ability of manufacturing line to achieve design goal.
(5) Discussion about preparation for production.

(6) Planning and execution of sub-programs for design change proposed by
individual specialist, and for tests, experiments and calculation to

confirm the design change.

(7) Reference of past failure experiences with similar devices, confirmation
of method to prevent them, and planning and execution of test program
for confirmation of them. These studies and decisions are made using

check lists made individually depending on the objects.
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3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR DEVICES

3.1 Activity of Quality Assurance SECTION
General views of overall quality assurance in Hitachi are as follows;

(1) Problems in individual process should be solved in the process. There- 1

fore, at final product stage, the potential failure factors have been

already removed.

(2) Peedback of information should be made to ensure satisfied level of

process ability.

(3) To assure reliability required as an result of the things mentioned

above is the purpose of quality assurance.

The followings are regarding device design, quality approval at mass produc-

tion, inner process quality control, product inspection and reliability tests.

3.2 Quality Approval

To ensure quality and reliability required, quality approval is carried out
at trial production stage of device design and mass production stage based on

reliability design described at section 2.
The views on quality approval are as follows;

(1) The third party performs approval objectively from the standpoint of

customers.
(2) Fully consider past failure experiences and information from field.
(3) Approval is needed for design change and work change.
(4) Intensive approval is executed on parts material and process.

(5) Study process ability and fluctuation factor, and set up control points

at mass production stage.

Considering the views mentioned above, quality approval shown in Fig. 1l is

performed.

3.3 Quality and Reliability Control at Mass Production

For quality assurance of products in mass production, quality control is
executed with organic division of functions in manufacturing department,
quality assurance department, which are major, and other departments related.
The total function flow is shown in Fig. 2. The main points are described

below.
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3.3.1 Quality Control of Parts and Material

As the performance and the reliability of semiconductor devices are getting
higher, importance is increasing in quality control of material and parts,

which are crystal, lead frame, fine wire for wire bonding, package, to build
products, and materials needed in manufacturing process, which are mask pat-
tern and chemicals. Besides quality approval on parts and materials stated

in section 3.2, the incoming inspection is, also, key in quality control of

parts

and materials.

The incoming inspection is performed based on incoming

inspection specification following purchase specification and drawing, and

sampling inspection is executed based on MIL-STD-105D mainly.

The other activities of quality assurance are as follows:

Step Contents Purpose
Target { .
Speiificacion R Design Review l
Design Materials, Parts Characteristics of Materiall=—{ Confirmation of
Trial A 1 ’ =1 and Parts Characteristics and
Production pprova Appearance Reliability of Materials
Dimension and Parts
Heat Resistance
Mechanical
Electrical
Others

l Characteristics Approyglg}-~————~‘“-

[Euality

Approval (1)

I Quality

Approval (2)

l Mass Production l

18

Fig. 1

k_.____._

ﬂ_._._.___

Electrical Characteristics
Function
Voltage
Current
Temperature
Others
Appearance, Dimension

Confirmation of Target
Spec. Mainly about
Electrical Characteristics

Reliability Test
Life Test
Thermal Stress
Moisture Resistance
Mechanical Stress
Others

Confirmation of Quality
and Reliability ia Design

Reliability Test
Process Check same as
Quality Approval (1)

Confirmation of Quality
and Reliability in Mass
Production

G HITACHI
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(1) Outside Vendor Technical Information Meeting

(2) Approval on outside vendors, and guidance of outside vendors

SECTION

(3) Physical chemical analysis and test

The typical check points of parts and materials are shown in Table 1. 1

3.3.2 Inner Process Quality Control

Inner process quality control is performing very important function in quality
assurance of semiconductor devices. The following is description about con-
trol of semi-final products, final products, manufacturing facilities, measur-
ing equipments, circumstances and sub-materials. The quality control in the
manufacturing process is shown in Fig. 3 corresponding to the manufacturing

process.

(1) Quality Control of Semi-final Products and Final Products

Potential failure factors of semiconductor devices should be removed
preventively in manufacturing process. To achieve it, check points are
set—up in each process, and products which have potential failure factor
are not transfer to the next process. Especially, for high reliability
semiconductor devices, manufacturing line is rigidly selected, and the
quality control in the manufacturing process is tightly executed -~
rigid check in each process and each lot, 100% inspection in appropriate
ways to remove failure factor caused by manufacturing fluctuation, and
execution of screening needed, such as high temperature aging and tem—
perature cycling. Contents of inner process quality control are as

follows;

* Condition control on individual equipments and workers, and sampling

check of semifinal products.
* Proposal and carrying-out improvement of work
¢ Education of workers
* Maintenance and improvement of yield
* Picking-up of quality problems, and execution of counter-measures

* Transmission of information about quality

(2) Quality Control of Manufacturing Facilities and Measuring Equipment

Equipments for manufacturing semiconductor devices have been developing

extraordinarily with necessary high performance devices and improvement
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20

of production, and are important factors to determine quality and re-
liability. 1In Hitachi, automatization of manufacturing equipments are
promoted to improve manufacturing fluctuation, and controls are made to
maintain proper operation of high performance equipments and perform the
proper function. As for maintenance inspection for quality control,
there are daily inspection which is performed daily based on specifica-

tion related, and periodical inspection which is performed periodically.

At the inspection, inspection points listed in the specification are

checked one by one not to make any omission.

Process

—————————————-{ Material, Parts

Material,

Quality Control

As for adjustment and

Method

Parts >
nspectidn,

of Material
and Parts

Inspection on Material and

Parts for Semiconductor
Devices

Lot Sampling,
Confirmation of
Quality Level

__________ i Manufacturing Equipment b —afem =4 .
! >
1{ Manufacturing %.——- Environment, Sub-material, gz:fi:matzgzlof
! | Worker Control - 4
! i
1 {
1 I ) l.—~d~-4 Lot Sampling,
| Screening l b= énzi:oirocess Quality Confirmation of
! 1 ° Quality Level
! |
] |
: i 100% T i
| % Inspection on b~<-~1 Testi
L- -4 Appearance and Electrical Inse :E;on
Characteristics et p

Products
Inspection

Sampling Inspeciton on
Appearance and Electrical
Characteristics

Lot Sampling

Reliability Test

Confirmation of

—————————— . Quality Level,
Lot Sampling
Receiving
Feedback of
RS T | e
| Claim
| Field Experience
! Information 1
e e e — e ———— ——d

Fig. 2 Flow Chart of Quality Control in Manufacturing Process
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maintenance of measuring equipments, maintenance number, specification

are checked one by one to maintain and improve quality.

SECTION

(3) Quality Control of Manufacturing Circumstances and Submaterials

Quality and reliability of semiconductor device is highly affected by

|

manufacturing process. Therefore, the controls of manufacturing circum-

stances =~ temperature, humidity, dust - and the control of submaterials

- gas, pure water - used in manufacturing process are intensively

executed. Dust control is described in more detail below.

Dust control is essential to realize higher integration and higher re-
liability of devices. 1In Hitachi, maintenance and improvement of clean-
ness in manufacturing site are executed with paying intensive attention
on buildings, facilities, airconditioning systems, materials delivered-
in, clothes, work, etc., and periodical inspection on floating dust in

room, falling dusts and dirtiness of floor.

3.3.3 Final Product Inspection and Reliability Assurance
(1) Final Product Inspection

Lot inspection is done by quality assurance department for products which
were judged as good products in 1007 test, which is final process in
manufacturing department. Though 100% of good products is expected,
sampling inspection is executed to prevent mixture of failed products by
mistake of work, etc. The inspection is executed not only to confirm
that the products meet users' requirement, but to consider potential

factors. Lot inspection is executed based on MIL-STD-105D.

(2) Reliability Assurance Tests

To assure reliability of semiconductor devices, periodical reliability
tests and reliability tests on individual manufacturing lot required by

user are performed.
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Table 1 Quality Control Check Points of Material and Parts

(Example)
Material, Important .
parts control items Point for check
Appearance Damage and contamination
on surface
Wafer Dimension Flatness
Sheet resistance Resistance
Defect density Defect numbers
Crystal axis
Appearance Defect numbers, scratch
Dimension Dimension level
Mask : :
Resistoration
Gradation Uniformity of gradation
Fine Appearance Contamination, scratch,
wire for . . bend, twist
wire Dimension
bonding Purity Purity level
onding . . .
Elongation ratio Mechanical strength
Appearance Contamination, scratch
Dimension Dimension level
Processing
Frame accuracy
Plating Bondability, solderability
Mounting Heat resistance
characteristics
Appearance Contamination, scratch
Dimension Dimension level
Leak resistance Airtightness
Plating Bondability, solderability
Ceramic Mounting Heat resistance
package characteristics
Electrical
characteristics
Mechanical Mechanical strength
strength
Composition Characteristics of
plastic material
Electrical
characteristics
Thermal
1 . characteristics
Plastic ‘Molding Molding performance
performance
Mounting Mounting characteristics
characteristics

22
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Process

Y Purchase of material

b HaLET

[-— Frame

L— Package

Surface oxidation

Inspection on suriace
oxidation

Photo resist

Inspection on photo resist
2QC level check

Diffusion

Inspeccion on diffusfon

PQC level check

Evaporation

Inspection on evaporation
PQC ievel check
Wafer inspection

Inspection on chip
electrical cnaracteristics

Chip Scribe

Inspection on chip
appearance

PQC lot judgement

Assembling

PQC level check

Inspection after assembling

PQC loc judgement

Sealing

PQC level check
Final electrical inspection

Failure analysis

Appearance inspection

Sampling inspection on
products

Receiving
Shipment

Vafer

Oxidation

Photo
resist

Diffusion

Evapora-~
tion

Wafer

Chip

Assembling

Sealing

Marking

Control point

Characreristics, Appearance

Appearance, Thickness of
oxide {ilm

Dimengion, Appearance

Diffusion depth, Sheet
resistance

Gate width

Characteriscics of oxide
film, Sreakdown voltage

Thickness of vapor film,
Scratch, Contamination

Thickness, Vry characteris-
tics

Electrical characteristics

Appearance of chip

Appearance after chip
bonding

Appearance after wire
bonding

Pull scrength, Compression
width, Shear strength

Appearance after assembling

Appearance after sealing
Outline, Dimension

Marking strength

Analysis of failures, Failure
mode, Mechanism

Purpose of contrel

Scracch, removal of crystal
defect water

Assurance of resistance
Pinhole, Scratch

Dimension level
Check of photo resist

Diffusion status

Conctrol of basic parameters

{Vry, etc.) cleanness of surface

Prior check of VTH
Breakdown voltage check

Assurance of standard
chickness

Prevention of crack,
Quality assurance of scribe

Qualicy check of chip
Bonding

Quality check of wire
Boading

Prevention of open and
short

Guarantee of Appearance
and Dimension

Feedback of analysis iefor-
mation

Fig. 3 Example of Inner Process Quality Control
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Customer

Claim
(Failures, Information)

Sales Dept.
Sales Engineering Dept.

Quality Assurance Dept.

1

Manufacturing Dept.

Report

!

Design Dept.

Quality Assurance Dept.

Sales Engineering Dept.

Reply

Customer

Countermeasure
Execution of
Countermeasure

Follow-up and Confirm-
ation of Countermeasure
Execution

Fig. 4 Process Flow Chart of Field Failure
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RELIABILITY TEST DATA OF LCD DRIVERS

SECTION

I, INTRODUCTION

The use of liquid crystal displays with microcomputer application systems has 1

been increasing, because of their merits such as low power consumption,

freedom in display pattern design, and thin shape. Low power consumption
and high density packaging have been achieved through the use of the CMOS

process and the flat plastic packages, respectively.

This chapter describes reliability and quality assurance data for Hitachi LCD

driver LSIs based on test data and failure analysis results.

2. CHIP AND PACKAGE STRUCTURE

Hitachi LCD driver LSI family are produced in low power CMOS technology and
flat plastic package. Si-gate process is used for high reliability and high
density. Chip structure and basic circuit are shown in Fig. 1, and package

structure is shown in Fig. 2.

PSG Al Gate

& e 5y
| &L
N \_nJ CH

Ve

§ Pwer
1

1 i
T A}

S0z Source Dyain

Bonding wire Plastic

FET2

Prorannel Fig. 2 Package Structure

N-chaanel
EMOS

Fig. 1 Chip Structure and Basic Circuit
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3. RELIABILITY TEST RESULTS

The test results of LCD Driver LSI family are shown in Table 1, 2 and 3.

Table 1 Test Result (1), High Temperature Operation
(Ta=125°C, V¢c=5.5V)

Device Sample size Component hour Failure
HD44100H 40 40,000 0
HD44102CH 40 40,000 0
HD44103CH 40 40,000 0
HD44780 90 90,000 0
HD66 100F 45 45,000 0
HD61100A 80 80,000 0
HD61102 50 50,000 0
HD61103A 50 50,000 0
HD61200 40 40,000 0
HDe1202 50 50,000 0
HD61203 40 40,000 0
HD6 1104 45 45,000 0
HD61105 45 45,000 0
HD61830 40 40,000 0
HD61830B 40 40,000 0
HD63645 32 32,000 0
HD64645 32 32,000 0
HD6 1602 38 38,000 0
HD61603 32 32,000 0
HD61604 32 32,000 0
HD61605 32 32,000 0

Table 2 Test Result (2)
Test item Test condition zzt:zle l(jzr‘r:];onent Failure
High temp, storage Ta=150°C, 1000 hrs. 180 }1,800,000 0
Low temp, storage Ta=-55°C, 1000 hrs. 140 [1,400,000
Steady state humidity| 65°C, 95% RH, 1000 hrs.| 860 860,000 1*1
g‘i:z:gz state humidity | g5 9oy gH, 1000 hrs.| 165 | 170,000 2*2
Pressure cooker 121°C, 2 atm.100 hrs. 200 20,000 0

*1, %2

Aluminum corrosion
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