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Bl Abstract

In today’s ubiquitous society with its highly-developed information infrastructure, the liquid crystal display (LCD)
has leveraged its unique set of properties - its flatness, lightness, low voltage, low power consumption, full-color
rendition and low reflection of ambient light - throughout all aspects of daily life, conveying computer-processed
information to people directly and playing a role in connecting people together.

This paper provides a systematic examination of the course of events wherein liquid crystal material discovered
in Europe was developed in the United States and applied to electronic displays, and then established in Japan
in the form of the LCD industry.

The history of liquid crystals began with a paper presented by a botanist in Prague in 1888. This was
followed by theories on this substance by scientists from all over Europe, including Germany, France, the United
Kingdom, Poland, Sweden, the USSR and the Netherlands, with brief interruptions from the two World Wars.
While this research was purely out of scientific curiosity with no interest in any practical applications, a vast
wealth of knowledge on liquid crystal material was being built up during this time. The Radio Corporation of
America (RCA) made a breakthrough 80 years after the substance was discovered, with a press release on LCD
research and development. This was in 1968, right in the middle of the Cold War, when Japan’s GNP surpassed
that of West Germany to become the second highest in the world. The company had achieved a revolutionary
reflective electronic display with the potential to be ultimately used to produce a pocket television. Prototype
demonstrations of a single-digit display and a clock were highly publicized. Right after the press release, David
Sarnoff, chairman of RCA, who had promoted liquid crystal research with the main aim of implementing a wall-
mounted television, was replaced by his eldest son, Robert, who had set his sights on the computer industry.
By the end of 1969 it was clear that research people were not able to draw a technology roadmap leading to
manufacturing an LCD television and so the television research was discontinued altogether.

RCA researchers started leaving RCA in succession on hearing that the business division, which aimed to
commercialize LCD products, was not proceeding any time soon with mass production of LCD wristwatches due
to the insufficient C-MOS driving voltage. These researchers moved on to join start-up companies with the aim
of launching LCD wristwatch enterprises, but initial quality failure in the LCD wristwatch market and subsequent
price competition with LED wristwatches thwarted LCD businesses to grow big in the United States.

Around 1970, a Japanese calculator manufacturer, eager to restructure its assembly business mode to cope
with the emergence of large-scale integrated circuits(LSI), and a Japanese watch manufacturer, sensing the need
for technical reform to survive the digitization of the wristwatch, rose to the challenge of designing their own
C-MOS and acquiring their in-house production capacity to make full use of LCD technology. These companies
started full-scale mass production of LCDs for calculators and wristwatches in 1973, the year of the oil crisis.
After that, many other manufacturers also entered the LCD industry, cooperating with liquid crystal manufacturers
in Japan and Europe to improve the properties of the liquid crystals and continuing to develop LCD products, thus
establishing the LCD industry in Japan.

In 1981, a group of scientists at the University of Dundee in the United Kingdom published a report describing
an amorphous silicon thin film transistor LCD (a-Si-TFT LCD). In the same year, Prof. Spear of the group visited
Japan with a prototype demonstration model LCD with a 5 X 7 dot display, triggering a flood of research and
development work on the a-Si-TFT LCD in Japan.

In 1984, there were ground-breaking announcements in three fields: computers (PC), TFT LCDs and duty
LCDs. These came in the form of the announcement of the PC/AT 5170 by IBM, the launch of the world’s first
TFT-LCD color television (27) by SEIKO and the publication of a report on the super-twisted birefringence effect
(SBE) by Brown, Boveri & Cie.

Given the recession caused by the rapid appreciation of Yen following the Plaza Accord in September 1985,
many Japanese LCD manufacturers started producing STN LCDs, with a twist angle of less than 270°, launching
both the word processor market in Japan and world notebook PC market.

In 1986, Matsushita marketed the world’s first 3” a-Si-TFT LCD color television. The following year, in 1987,
Sharp started operations at its a-Si-TFT LCD factory using the largest mother glass in the world, with the aim
of producing displays for small color televisions. In 1988, Sharp unexpectedly announced the development of
a 14” a-Si-TFT full-color LCD prototype from one large sheet of mother glass, using technology and equipment
developed for AV. This proved that a-Si-TFT LCD technology was capable of producing a flat panel display (FPD)
rivalling the cathode ray tube (CRT) both in size and display quality. This demonstration spurred other companies
that had adopted large substrates and aimed at the notebook PC market from the very beginning to set up TFT
LCD factories.

The period from 1990 to 1994, including the bursting of the Japanese economic bubble in 1991, saw
a succession of companies establish a-Si-TFT LCD factories. A large LCD industry was established, with
production value crossing the 100 billion Yen mark in 1988 at 101.9 billion Yen and rising to 557.6 billion Yen



in 1994.

With this supply network in place, Windows 95 for the PC OS was introduced in August 1995. Since PC
manufacturers in the United States had predominantly developed competitively-priced CRT-integrated desktop
PCs, there were fewer notebook PC models being developed, resulting in a surplus of TFT LCDs and a significant
drop in price. The year 1995 is remembered as the first year of the “crystal cycle”, with the TFT LCD having its

first boom-bust cycle on the LCD panel market.

Amidst these circumstances, TFT LCD manufacturers shifted to increasingly larger high-resolution panels,
from the conventional 10.4” VGA (640xRGBx480 dots) to 11.3” SVGA (800 X RGB X 600 dots), then to 12.1”
SVGA and XGA (1024 X RGB X 768 dots), and had regained their growing momentum in 1996. Later, around
the year 2000, Korea established a TFT LCD industry, having escaped IMF control, and Taiwan followed suit,
having received technology transfers from Japan, while Japanese LCD manufacturers entered a new phase,

which continues to the present.
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(rubbing= S € ¥ 7). #I AIMEMY &b 5 H
Z. SV HE QO EICHREETEL, 2975
EHM TR LT OBMER T EHESh, Y
AR NT 5 &) HWEMICRINAZALT S (M212-a)0

7

|7

e

b EEREIZ[E, FEITEVESEHIC
Ay k) EATLA HAY)AEY .,
REDHATIHENIRTD.

212 TN&RSICHR 3 BEMNIICKS HFEREEL >

a

(8| EERBOSFORNEE
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7T AR B (=R IR 10
pmELTWwd, CORMIBLRRIY D T5ICE
WOT, BEZAML T ARVERZ, ASHL 72 E 8
FOE O R SG LI E & & 12 P> Thlfis L. W4
KOG 1 90 EMEL T 5, DT &iE. 1911 4EIC
A UBBICHE L TWwE L THDH S,

+ 53 2 FBIE 2 FIUIN U 22 BB\, 20 - A3 7 23k
HAE)IC, FEFERGEDIETH BN Z VT
BIEZENT %0, £9F 5 &, BHOEHEOWMS T O
BEFNCIEZALIZ RS, BEEMN L ZHI12H DK
B TIREBRGINCEATY 4 X M2HN SRS (X
212h)o ZD72. ASPLORIGHEIZ ML L 2w,

FERNZ A - 72 A BHE n (4-ethoxybenzykidene)
4-amino-benzoinitride (PEBAB) TAX <~ 7 4 v 7 i
AP AY106C — 128CCTH o720 €, =821 EL =
K7 EIWIIRELIEDOFEFRTMELZ L ->THD,
DSM ZBZ E RV EBNA VA X — 1Tk THE
POLNIZENTH %,

I EEDE—=F v O|E T, BAICL DM
F ORI Z 2L ST TIRRZ MY S 272 % 2%, 60 4
ZRE7: TN WA Tl IEOFFERR M % R0 mih b
FHCBEZEML TS T ORI 2 Z2LsE5 2 L
WCEDEEhZMHL, HF7 1 A7 VA 298lL 7

R D FEARFIINI W SR LI 2% 106C — 128C & &
I, FERMTIE R\ PEBAB & 5 9 WK AR 2
HL7Z2EE OV TOEDTH o7 60 FFER-T, %
JMIRE COREZ RS 720, BESRIEHZHV
TEB L. BBOAS T4y Z7HMERAELT, W
AP 2% 20C — MACORIMMHZIEY L7z S DK
WZEMH L2210 4 mEDE VOIS 2 B ORI
ZATICRE L. ot o mizs (X213-a) &i&H
F (K 213b) @, 1kHz OEVMEENOKLEM: % W7z,

1210—4:—0-\

o
L]
o,
v
=

EREAROEES

joa——e

0

0°

L
']
FNINEE Volts rpe |
ESHEROERICHITLIHRRELED
EEEA M EERF (et 1 kH2);, ) FTELHHO
EREOHNMETEE S (at 1 kHz)

8

213 TNRRICHT 3EBEMMICL 5 “ZEEE -
RyemE " &1t >



FUNEE % LiFTw < &y 3 Vrms TG o [l iz
DIFH & ZBBOBMAUGEE 5, HICEEEZ RIFTw
< &#y 6 Vrms T 1l fFH & %83 OB o s fll 23
¥ %, SNOHOEEIEDSM MO S O L KT %
LR 1/2~1/3 Lo T\ b,

BHEm XM EN72031970E 12 A8 HTH
20, TOAHBWDOI2HA4HIZAAL A ThRERT
(Lichtsteurzelle) &L CTHEFHFZF 7~ yFa Y
Va, BWEEALTYvE Y Yy b ET D
BB ENTWS, 1971464 A 13 HIZX. %W
ZOH/WBLT, d7~vrsuy va2HBEALLT
EEMBE S, BRI, HBEAICE —E— 3 =5
&N TI9714E12 A 3 H IS B (IF 51-13666, X
231) ENTWVBED, 220 H 1970412 H4HD R
A ZTOWMBHOBELHETREZT > TWwb, MBI
R EN TS EFTE LT, DSM Tkl z i o
FTOICERERTLENDLH, TN @ BOWEIX
BRNROLDBEREZWTLEN R FarE R
5E0) ZEMFITMA SR, BT, TN #M T,
DSM #dh & 82 ), HELIC X ) AfHEtoae—1 ¥
A (coherence) Rtz HE S HVDOT, L—¥—3k
DOEFCHHHTES, LI T EFFMENR TS,

FEEFCid. TN S ASZ D51 ORI )7 783 1R
JekE i 2 BAIC R L, ERMICERREEZ bR
LZBEBEANFHETELTO INBMSOMBRELZER (X
214) BE Y BAHITRI N TWw 5,

1 14 16 15 13

—
-

A
-

® 214 EHEHIOEBEETZONBBRNFRTFY

B 214 [T 11 v, 120 1313060 %
U5 i 2 & e fmoba. 14, 15 138, 17 1F
JEIR. 18 IIBILFHTH B, ~IV 7Y v LiZDSRC %
HEEH, W2y ATy Yy FEMALTTINEROY
CTNVEAED, EBREL, AT EHEVWLILIZREDN
FEBRIZ1Z 1969 4E, 1970 4£ @ 2 [, DSRC &k Hriz
ANA X =T TN B ERSE L7, L L, i
EHDLRNIETHLIVWERDPTESLZ L% DSM
BORBELLTOIENL VA4 Y —Iid, bz

TN R TERERPEEL b, EOHHPLALTY) v
LORREZFANLG P o72E)ThHE, ANVTY Y
L 3% 572D DSRC 21X, ANV 7Y v e DFEHH
DSRC TZ 3 N7z DitskiE—UHR I e o7z,
KETIE. r v P RFEZFELTALA) F A2
(ILIXCO=the International Liquid Xtal Company)
ZRILTWAETZ 7=V VI2E), TN MM ORF
AWM ONERMEFH L 7-F£R"ET " L LT, 1971
EAH2HICHBS N, 197345 H8 HITH V. L
oo UK, A7~ Iuy YalhSDORGEND -7
M 77 =AY H1969 4FE 12 H 30 HIZ TN o
AT M2 NICHBLTEBY, 2otz 2 \%
AAELT = MR LTWAZ &R, BRMIEHS
AL T2 KRETORFRVIE» 70—, &
TRy Iu Y Y aORFFEAL ATRIELTWASZ L
0. 24 OB CTHEFEEDRSICE 72 LA L,
R72 o0y ¥ 2 TKRETORETBLO WAARD %
W, EHBIY RO EURE LT, & 2AHH KREMT
7 Y MMV RS HAZORICSIbD Y, £, AL X
MTiEF7~rsuy vtz LTwi7 o
v Y ARANXY — (Brown Boveri) dMEFITRIZMD Y,
Bz S 72, fER. BEHRD ICH-724 Y F
AAPER T rIay Ya~NfFER W ETIE 2R
LA, HEFIZ, d7=rsay YarpEifksf
Iy 7TRIZaA XYY T A RNAILDOWT, kTR
Fuy Y, 777 VRRY—, £ JF 230 348
#%30%. Y D 10%% 7 > ML KEDRZITS
L T1976 ST A HR DY & AT,
—HORERD S OBIRIIRI N2 DD, TN
MORENORIBIRTF L B, A7y ouy va
DOIFFEEATLZ LI D W THEAE 258 T3 i
L, BEIZIZESEIE S V=T 2R LTLE -
oo TORER, ANV TV v CIFI9T3EICEFTIR VT
Oy YRR Y. N Y HERE O
MEIZE o720

2.2.3 REE

Wl D FRE— FIT TN & 59 & 2 i8]
N0 L URHO 1969 4EIC, FvAh—tyaflL
(H. Kelker. B. Scheurle. ~ ¥ A %k = Farbwerke
Hoechst AG) (2 X 0. WO THEIRTHMMZRT
MBBA (p-methoxybenzylidene-p-butylaniline, 20C
- 41C) 23/ EN7zo MBBA OFBGIZ X )., Hik
o 2 o 7o hi 4 OIBEFBRD L & O X9 I[THEBEE
ZMET B UEP L RD, B R IR HE &
ol o, BAEWMETME- TRENZ T2 L

BET 1 AT LA RERORGLAE
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W& D WS OBEFPEOIL KA HEE &2 ). DSM K
WD FEALIZEE D5 72,

= RETLLTY Yy 7R=RIHEZ, TIVFY
JE (azoxy @ 5% ) ABALLT VF VRHMOK
PRI NVT « A% 4 v L —H— (Ralf Steinstrisser.
Merck. FA ) 12X 9 197043 A 28 HIZ A4 VT
MBS 7z, W URFFARENZ 1970 4 11 A 20 HIZ
MBS, 1973411 A 20 HIZR AL L7z Wi
W HEPH 2 55 . ALFEMICRE TR B’ TV A,
ZEMOBELIEE T, ZD72d, 5ETOY v 7
NR=2ZFRELD BT A AT LA DITHL Tz

TR YRBEMEDDDRBIAOFEFRR % F
HDSM IZflibhs 2 & 2L TRTFPFEE LT
b0 THZE TINMELTH ) XL, IEDFBERR
Ttk 8272005 2 RA Lz 135 N72HEIEH
450nm X Y RO EZWIN L TEAIZED R AL
3H 5500, TN HHOKHBENEIROND
Ty INEED L THREHIEHA S kD72, 7VF
FURBBIMOB T ZRET LI LX), TVF
VROWREAN LT ETCTINRMEEIATE L
LT, Z0HO TN BMAMRIA TG S h b L%
FLDITKRELHEKE L (K22),

®22 TUXLREBEAKS X—16) ¥

T =] fift
CH;L)@-N_E n e, 58 wis
& | uf{a{)@l\_{zchms 31 wi%
I c{u,.g —o{ycn 11 wed

Tt 66°C

| Ten -175¢C
|

T2 1973412 1F 7L A (4 F Y RV K,
George William Gray. 1926-2013) %2k 0, ¥ v 7
N—=Z%, TV FTRBTOBEBDIEZT DD DITH
SLRNZRWRT2WEMEELT, Y7 /7€7 2
=—JV (cyanobiphenyl) RSP FEE I N7 (K 215),

X—Q'QY v

®215 (@—F%: b)EZz=—ILR
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X215 12T, (a) BT T 2 —BmickL
72b0THY, BEAFREI-ZSDO7 2= VLB
A -Bilh b, BEIX FFICHIEEZ S5 25
7elZ, 2HEKEA. TR 3ERA LTS RIS
Bz, MBBA b TWwW5 2HEED Y v 7R —
ACH=NTH Y., £ DWMHMHEARCA DFEE%E
FRICHEINTE 7. LA LARDH, ALFEW - b
W AREENZ Y Yy TR=ZAZDH DODFFEITHRE L
TBY. PLOKGHBNIMAKGHIRE, Tz,
BAHVRIRS TR T %0 F72. COMEORDEEL
ST PIIED NN CH o7 VU F Y RIMT
F. WM THD LWL D,

FOREEZHL., ao& % R T0hRit%:
WY w7z ¥7 = =—)v (biphenyl) % (b) Xtk
AOWMEZRT I LA SN TWAS, SRR
PR REIRIRAZ 57272074 A7 VA4 H@EIC3fibh
Bdrolze LAML. PERLDDHMBm AL X &
YEIHATA2ZEICE ) RREMEEAT L L
MHTE YIEY7 7% (CN) 2fHAL. XIZik
CNHN +1 (N=2-4) #ffiHlLCTw5%, ¥7 /¢
7 2 == VRIEBIZIEOFERGTEEZ DL, TN 6
DEDH O R EE L # % Rz L7,

SETITHMTA AT VA I, ¥y 7R—Z %,
TIFRTVHR, BT == VR, LENFNITKRE %
B Bl U7 RSB LT & 7285, oI
. BRI TH S 100 4R35 S IS H > TN CTREA 1
Foh, WLENTRE OIS L. WHERT
Wi F OO —RIE (M216) & LTIZLT Ok
WHDH 5,

OV FIERE LTV 5,

@RV E VBRI u~FH VL O L 2O

DOBAEEDMHAEIL Y TR I N, ZOERMITIE
Z 5 ViE#IE (CnH2n+1, RO-) A HiA LT
Wb,

OB TIHMTE— RV MY 2 570 itk ik

(Bl : -C=N, -F) &2f57 2%,

RCA 13 1968 4E R pi T, ALY & LCTidfi4 o
W E 2 Bat Lo/, ¥y 7X—=2 (-C=N-)
OB —FR o7z, LT LAL. ¥Yv 7
N—= AWK L DMK % 5720, 1970 FER
WNZ DSM W 2 1 L 72 KE o Bk i AR B A %
ML7zZeWDotce TDH. MKGRE LTV
Fv (5Y) Rz 25V (-coo-) RHMHAH TN
WS O R AL RN S i 72,

i, HET2lHes., 220X VEVREE
BERGI®LE7 22— R (M 217) 2SS iz,



217 SR AE, Mk LTy T 23k (C=
N) S, 5 TRl NOFELEIKE VIED
FERRNVEZH-oT0E, T2, ¥y rzuntdy
% (M218) Tld. ¥ 7 7 EOME D S Hllh ) W07
BERPKERAOFER 2 H> T2,

X—{ }—Y—-{ }—Z
T

=i C’

1. #fELGFRR .

2. BEGEEE AL ELE O aATH LB O
EERYTESEN,
FTOFREITEFTLAVEBRIK(CaH2041-, CaH2ns1-0-,

-C=N, -EAEELTLS,
3. SFIREFE— 4V FESLDHHICEERBI-C=NF)
#5735,

SN

216 BEHFO—MH

b=52A

i SR E P 23°C~35C
X217 &&HFH

i b 1L BE AR DH: 24~66°C

218 BRHFH P

ST, WROWYEIZFMN THIZE S I, BlEk s h
770 Z L CHikeABEF (Continuum Theory) 25, i
o O BEPEREYE & BF %8 L 72 4+ £ — >~ (C. W. Oseen.
1879-1944. Sweden) IZX o TMEIh, 75 v 2
(Frederick Charles Frank. 1911-1998, U. K.) T &
DSz (1958), Mk hHamTIZ, A=T 4 v
7 WO — Y 2 R T R TH D .
ZONAWHINET 4 L2 ¥ — (director) &IFIEh
ZHMRZ PLTHEREND (K219, WiEEkE L
Ty AABMT-E— X ¥ b, B, BRI, JHITE,
BEVESR . OREE. WY R S0 B 5. ERS DR
(5T ORI & A ) & TR SR RO R
HEHELTYWS (X220),

HAVI R

T4 L72—13. FHO

2274 v BE ERARERTHEAY b L

219 XXTFTq v IRBRBELILTEZ—

(1) e i )
AATBFE—Avh - BRE ARE - BIFE /IR R BRI
P £ a n K n ig)

Q) Bt ERORAE -
-EREEORAN L& £ - BREORAEGEIRFE N -MN-N

220 BERMEOWMMUEEREZODESME

F 720 EPERIE. T ORLMEZISHIE L TIAAD
PR ERL K IRV ERL : Koo YY) BPEE R
Ky 250 (M 221), WIS, MfiEEE) G S 2 blin
Witk y  dERSIh TS (K222),

(a) [EATOEER Ky {b) R LI K (c) At D ¥R Kn
(spray) (twist) (bend)

221 X714y IREMENF LT 3 DDHFE
BN E /ST % 3 DDRMES Y

[i5 ]

222 X744y I7RBMEICSHTBAEEEE)EE
SR v,

BET 1 AT LA RERORGLAE

17



W% T4 AT VA L LTS 2546, DT
BZDFIRE— NI C72BLREAREZ IS & 5 0%
Mido FEIIRAEEE LCid. ZEMERMm IR L CHEEER
. AKEE, ORI 3EE D 5 (X223),
FHOBLI U 755 T & SeAf & A3 f & )L b
LBV, TOF N M AOHIENE BAF 7R 2R 2 15
% LTHRELRBMRD1OTH S,

FEHI QI D 225, Sl 0 FEAHAS

WHMOFERL ) KE VS, FOFERP oL

WIo M, FEHFOFERIKEWLEEIAOFE

BEREZHFOLEFI (M224) . MWHHICEEZAMT %
&L WA T AFEO R ABEF-E — X ¥ M AER T
VZH D BRI T T ASEEHI S B0 T 5 &L RERIMIC,
D FH B2 FF0 0 2011 i 75 170 73 78 46t 1 V2 T i
W5 EHEI L, AOFEEREL RO TR
FABRIANTFATIC 2 5 X 9 ICEmT % (X2.25)

223 REBAFOEREICKH T BEEE

Ctjj@

BOFEE
(EEARAOREELNKEVEE)

EQFEF
(RESHORBENAELEE)

224 FEXROERAM

225 BEAFIE. BEEHITZ EMEBFE— X >
MERDARICEE EHIZ D
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Wl F DR F BRI )OI & BRI~ D
W T ORI & 2 M A G DT, WAEMIC#EL 7
WRFERE—FAHBEEN TS, HlZIE. DSM i
i ClE, B ORI Z RO WSR2 i HA I |2 2
B &, BHEZEINT 5 &m0 T IEACERN L X
) EFT BN HERORIEIC LY 22 EM 2T
L. G295 > CTDSMIREL 25, —J. TN
TIE, IEOFER A RO WA % T LB KPR
Mz 382525 WK CORIE TR Z 90° K-> TH
<L, WX AFHEOMmGHE 2 90° MRS &5, &
FEZFINT % &0 3 RERINZ T 5720, AN
SOt % Mz S & 280 % RV O AFEOMR
S M fERE ) O A BAIRBA B L TF 1 A7 LA ITH
HALTw3,

2.24 C-MOS (Complementary= 8% MOS)

196346 H18 H, 7 = 7 F ¥ 4 )V § (Fairchild
Camera and Instrument Corporation. K [E) *k o
7~ 5 A (Frank M. Wanlass) 32 E Lz H
& L7-CMOS OFiFra ML, 1967412 H5 H
WV L7 p-F X VA NVMOS bS5 VI X% & n-
FYYANVMOS VIV IVRAID, HADFLA Vil
W, 7 — MERELEERT 5, $5EHVD T Y
VAZIWMBD V5 v VAT DEMELRY L Y N—%
ZRi L. 77— MEED High 2 5 Low ~, 721
Low 7* 5 High ~EB3 B M 7250 p F ¥ & )V MOS
FSYIAZRSEnFXVANVMOS VSV IVRY %
Hild 2B WN S, 7 — MEEA High, T2k
Low CRELREIEL LD N VIR I A4 T
22O TERIZWN T, PHEE L TONEERLH
PN b, T, ZOBBIIATIBIEOR W
BOZILBI§ 5 720, JHBBAME G i Tl AR
WHEBRPAATNS,

CMOS 37 =7 F ¥ 4 )V K THF L S izAs, HiF
TzT7FXANVFEAEY)—HBIIENLTEY. FH
K1 C-MOS Z Bl %$ 2 R 113k > 720 —7i. RCA
@ DSRC T b 1960 4E G 2 & /N — Y + v 7 (Gerald
Herzog) 753 ¥ ¥ 2—%— X €1 —HIZ C-MOS O
FEMBEL TR Hyofro ANiciditmo
BTAPL—=FDEIZIAVYTYAYFT)—=FINL A%
B L Mks LIZBR b o572, CMOS O T
EIEFICHMETH V. PRI O BRI &
T RO EDIEBAMBZ LIS F—E Y 7 L
FHUE % SR 0AS, YU F— ¥ ¥ 72 60
LCwW/z7z, F—Y ¥ 7 REO I 2 HE A IEH# 12
LD OThHb, A F VHHAATIERMZ F—



Y ZHAMHRIC R ) 72 L2 1970 SERTHTDH - 720
IN= oy ZIFZ2H R NASA & ORISR TiFsE
FERA D R MR L. 1967 4E K. RCA 13 C-MOS o+
VINWVIBRFEERB Lz LALRDVH, N F—F%
MOS &L L, HEENOA LIS TBE, 20
A= FDREZIHNS CMOS B RICH - THEERS
P il IhTnidh o,

19674, 727 F ¥4 VFTTL—F—=7ut2R
ZRBE L7z ~N—= (Jean Hoerni) &. ¥ ¥ VIl
WEEL MOS 7354 A& EHET L720124 ¥ F—
V (Intersil) ZFLL72", A—=i3Vat—7 (X
AR) EFNTHY., £ v &= VoBREITIZBIEET
B D AEh T,

|2.3 BAICRIT2RET 1« 2T DESRIE

1968 4E5 HO RCA I X WM T 1+ A7 LA BHRD
RETEE, Flo, TTHEL 1968 457 H D RCA O
XRERIZHATORMNIEHTE % 8 S &7 FFI,
RCA 237 L EIZH# R 2 W REEICOWTHE R L7 2
Lk, RERA U2 b2 8ICH72,

K23 FHARITRT BT 4 A7 VA4 OMWFE
LD RPE LB 7212, 1968 44 5 1983 4E F TIZ,
HARA = =DM LB B E R L ISHEDZHD
Thbo TOENPS. AIPOFHFEICY + v F - BEH
A=A =D AHIEHD TS I ERATIA
%o ORDHMT A AT VA OFREREY v F - &
B OETE o7z, LE)TEBGh D, FLT, 1971
ST HAS 7 0 Y 7 BHARGAATES VF &2 HE L
725, ERLBEO BB D5 5E 1 1973 4 S AR
B EdSoTWnb,

KIET C-MOS Zflio 727 Y & VBRSBTS h
T2ON1970ETH Y, T HDRENFFIG I hizD
MHI9724ETH 5D Eh D, HARDWRBA L X)L s
1973 4B IR ENZ B VDO VT W= H A b D 5, GNP
THADWE KA Y 20 CTHRE 2 M oREREE
% 721968 SE D RCA OFLHEHREI Y T IZ%R D,
BIIERBOHADWRHT 4 A7 VA OSEh
Fole LAl BT A4 AT VAL OWEELERE LR
HARRX —=H —DEFARIKE D> 720 DSM -
TN B OBRFIZOWT, T 14 A7 L A4 O,
Bwid, 74 vy AL 2RO T, RCANGEH
A==, A7~xruyyab L) FAINEH
FIA—H =T 4 2 A G2 RDTHM L7z 5
EBAFEA = — 2L > TEHO TOEF TH ) Bl S
N7zH, SO LI T A AT VAL OfER Al - 72
BDOHARX =71 — DS OFFALITH T 2 TH DR
EEWiESTV D, FFIZ, TNBMERE LT 7
vouy Y ald., TOHEMOL AL H S Xk
I ENLL L OWSIITEIC R Y 22 THFZES L —
TERIFHL T2, HR2L DM T 4 & ¥ A4KHH
OB R TCEOAREZ R L. BIZEEHM 2 TR
HLLZEETH S,

—HHARMITIE, 1973413 10 HIRZ > 728 4 K
kS 2 RN E LTHIRFA VY 3y 712D
. Tk CAERL AR S & LT 11 i3 A
SO R & R UCE B (TR EE BN SR ATH S
Nizo TORER, BAED 1974 412037 B % WAl 45 %
+23%. FRFREF -12% LRBEND T A FAKE
L0, 1954 4E DAsRHE T & 22 R R W A
BEMZ 7

%23 HAOEEHESEY X b FRUREEFHOHRE) ©

ID  f#A HFd— #atlle8 69 70 71 72 73 74 75 7 77 78 79 8 81 82 83
1 =7 (FUIZbEE) Ot F Mg 19 3 1 3 3 1 2 2 2
2 hid e 13 1 1 1 1 2 2 1 1 3
3 tqa3-—xFvVi TA T W 5 1 1 1 2

4 BETESR BFREFEMLESLITILIFD=S2 2 1 1

5 LFX PER A 4 1 1 11
[ IlL&kO=53 4 1 2 1

7 Hi ILZFOZ5 A 5 1 2 1 1

8 A= Hh=F T F WA 5 1 2 2

9 =iF ILYrO=223 5 1 1 2 1

10 HAEMS Il bhO=ZFA ]

11 &4/ oAy F - B 5 1 1 1 1 1
12 Jad-— e L] 2 1 1

13 WOWTE (12— o4y F - fis 1 1
14 Arams DAy F - liE 3 2 1

15 @il ILH FOZHA 0

BET 1 AT LA RERORGLAE
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2.3.1 BEARES

W HEE LTS LIPS BO—D ) 5
TH o 7275, 1970 SRR OB EFEZ Y % < Bibi
ERLTVE—=DOOERNEK24 TH S, ML VEAN
BFE s HE L 1970 HEHit4. EHIC LSIAMEb kD 72,
ZLC RHEBHEZRE L T 5 CMOS 281972 4F
WD THibhlz, COBOFERFEFIZLED Tho
72 (EL-810),

FrBEAM I & R3S S e O R L i
FEMASAR T 2SBmsE L7zs 197142 ¥ —2 & LTH
Bz W32 A=A —BBETLHBDTB Y., LT

WY EXRY 2T B ERSAEA TV Y,
RCA DWMFERHEZ TR OB IHEN D - 72 1968
EORIZ, BEPUFOFEDORELHEDO—DOTH -
7oy v —THRASHN S, R L BRFEDOK L
DAY, WHFRZ BENRHT 5 2 L 2 WRET
%720 RCA Zali L7ze LA L. EEHICIZINE
RHAKRET XL, ELTHMNT A A7 L1 ORI
Wr & N7ze X226, Z DFGITR 7Bk 15z
BHFGEE TR 72D DTH 5o

W24, DSRC Tldiidh 7 L ¥ H O % b5
5ILEPSELTEBY. /2, BUEIZIX. DSRC %8

£ 24 BEFAELEHEROZHEK O
B oot R ¥ o2 ot R o3 o R maemr
" f 1964 ~1966 F 1967 ~ 19685 1969 ~10724 19734~
ENEOnrd v i T e T
REMBAMA | CS-10A | CS-204 | CS-31A |CS—-16A [QT-8D |EL-801 | EL-805
B OF  F|1964F | 1965F |1967F |1967F | 19694 [1972F | 1973&
BMre@ A& () | 535000] 379,000|350000 | 230,000 | 99800| 39000 | 26800
B R R F|=%v— | 2dy— | =Fy— |BERFE |BWERFE| LED R
® M| ac AC ac AcC AC | Bis-ax) | Dia-1%)
HEEH (W) 90 35 25 10 4 0.5 0,03
H B ) 25 16 13 4 14 0.23 0.2
ol () 33 29 29 7.5 1.7 0.22 0.19

(RE)REK (BT LHERORHRAR (1975 1) T, WS/-W5 ERENTE,

DQA=Fso?, IvAT Vg2, RFZF2T
» Q3B Y, ETY—FLAER 7
4ATUAELTH dv7F ¢ 20—H@L

@FoiE i
Of {DFf, MB0F(1L0FORARL 2y
B, #5x, LCOBRD)

Twnd, On OFf, #156%
@erofzE (RL) [OEESEES
WS IR LA P E Y. A
80D, 1s,0,
\ Sol,lu O n ) em —] 0
L | 72 r
(¥ 10
' |
e
| 1 30 60 (V)
e s MNTBEE
®LC o @10 6 846 A ICHAAEM L LRSI

BEEEE 2 FF( — 8. 8°C)~2 1 2° (100
°C ) BhFERIIT 10~254A/5of at 15V
DCT3000R, ACT25000H
DT VICERT 254, BEERT001ines
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DRIND, HAEEZE Von, 4 BE%Z Voff &5
RN

Von = (1+ {b(b+2)}/N)"*

Voff = (1+ {b (b-2)|/N)

Von/Voff 23 kK & % 4% (Von/Voff) ... T5 &,

(Von/Voff) .. = (1+2/(N"*-1))"* Vs/Vd = N

Vonmax = Vd(N+3) "

Voffmax = Vd (N-1)"*

L%,

ERMBN2IE 5 L Von,,, & Voff,,, & DA
—FEMICHF Y OO NDPREL LB L Vs B
BEL &Y, W3 A O IE C-MOS IC BRE) Ml i
(driver= F 54 N) SUEEE LD, RRFENICIE
Von & Voff L DMAVNS KB, 2V FF R MDD
NS BB 2R LTWA,

CDH. FA4F Iy 7B TI Y IR b

b = Vs/Vd



ARSI BO6F5 4 FIv 7 BNERELL
X9 ¢95L. ALOHMEEOZLTERFEHIKE
ELLFEZFS, BEEEEEI/NES L, BT
& Voff,,. 2VM S WM R 2T L L HIT, 2
A M ONSVREE C-MOS F 5 4 35— fli ] 2 w6
LT HVEND D,

COEBFEMBMOZIES W LM E LT, &l
FA10% 22 ZEMEILEEZ Ve EBZED50% 12 %
HHMEREZ Vo2 L. 2V M52 M5 255 %
¥ p (slope parameter) T#MT 4 A 7 L 4 % -l
T5ILDHB (K314),

p = Vs/ Vi

100

Vso: BRS04 DRHONMRE
90 = Vi :BARS0%OMODNRE n

p=(Vsa-V10) /Vio

H0 -

TR

ENHNEE .~ Vrms
314 EIMMEE—ZBER HFECEZFRE p

(1) BAVPFAMERDICEE And/24 = 05, 1, 15, ..

: [(1 + pf + 1P Voo = Vio)
2} —; =
@ Nmax = o= P Vo
(3) V(TN-LCD) o n (M)
g AL

(4) tx(TN-LCD) o y,/x,

(8) ATN-LCD) o (ku/ky — 1) + (ln d’f_)dj

(6) p(STN-LCD, OMI-LCD) cc k;, /ky; Aefe, ; ky k),

Wy MY ABEFHITRWTE LB XS, b
Y4 I VT IEREOMEMAEIRIh T I
WIEAEIM S, FRICEREEmHD® S Z DR MO
AIRBIZIS T T EE. b L RHETEE?—F
CHME NS 720, Z O5RE) 5B H AR R R ERB)
# (a one-line-at-a-time driving) & X, F 7.
BEmIE, F—OBIREE Vs ZEIML 225K 4
HiEMEBINL TV 22 5EREM (scanning
electrode). #MEEM X, MIET 25 F v b OFRIRE
WEDHMBENEDSL I EH 57— B (data
electrode) &MFEN S Z &% v, 72, EAEEM
WZEVNY % EAEEE. EAEBRICEELMZEDS
JiM%E T & LT, T/N ORRZZFEMEEAS 2 5
NB720, VAN Tlbh s HEEZMHAHL. /N
TFa—T 4 BB LTINS 2 EhH 5,

1970 FEWC TV #Rm 2 o TS T4 A T L A4 obf
ZER M L2 HL Tk, AT 4 XA 7 L A4 O dbR
B E UCTEREFIMLELEH L. 1973410 H i
HAZA W TRFFIB L, SREIT 1976 45 8 HIZHL
(USPAT3976362 Il L 3:1). H AT 19824 12 H
A (RN 57-057718) S/ Twbe AHRMICIE
HMPERLTWA X ICRA LSS, EELED
F 10 4R, I AND ==Xz LI L T2
MHEX—=A— (ELLTHMN) EHADTF 1 2TV A
A= =%, WA EOREEZREZ R0, M
oWt EBE 71 A7V 4 OMERE L OBRERE
W52 LT &, 1989 45, TN L DR H D
—ANTH Y. TS WMHOWTETE D BT < i H
#Y—FLTHk7Z¥Y*x v I (Martin Schadt) &, ¥
AR OB E WM T A AT VAL D 600
BIfRZ/R L7 (XM315), BMBRXOLMICETTNS
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532261 (4 December).
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315 REMEOEBEMEERERRT « 2 T L1 M EDBEFR P
EE(D), (QIFEREmX. 3). (4), (5)I2EEAE.

BET 1 AT LA RERORGLAE

47



48

i LAV FR S NIRRT AT 1970 SEAETH D . ']
M7 A AT VA OEFERS LT R2ss, —H T
A ARILEH, BT T4 AT VA B 72 b 5%
BT 2 D 725 2R, MM X THRELTE
72y EBRTWD,

(D) 2HoE, WXy bPIAMFREVHE
M7 A AT VA ZHETAHDTHBH, FEHH KL
M RO A n EEMEE d O EEE ZERE L. 4
#MEAn-d 2- 1) #1 (24 minimun) 215 (3,4
minimum) ZEA TV, #F5—TFTHMHDOE
Wz, X)L L %5 05 (1, minimum)

HERXPC ¥ +—7 : PC-5000
1083 5% 640 X80 Ky b
(EF 40 #1% 4 17)

7—-78 Y+—7 WD-500
1984 £3 AR5E 384 X 16 Ky b

7—70 ELi& OASYS Lite
1984 £5 A%k 8FX 117
24 x24 Ry b (192X 24 Ky )

IREEND LI T holze  Fi2, (2) ITHOE,
W78 R VORISR RE )] £ Tl & 3 B Eh ] ¥ % B 76
L. (3) WHo&, X VIKEECTHIET 2 MMk %
L. (4) 1ITHD&, X)) EHERINEZ T 5 W
BERBEL 5). (6) KX, pAVNS K ERER
DREREHT A AT VA BT 205, FITHEI
X DR BER OBERNAN 235 70 B REVE S 5 2 & 12
HETILEID S,

Z LT, 1980 AER D R-FICIZMT A AT L4 D
K&l LTy —70d ) — b PC LHLERE
G772 (43.16),

HRIDZ v 7~y T PC EE T-1100
1985 F 4 B BN THRE
640 X 200 K b

7-78 Yv—7 WD-80
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I 3.0 STN&S

19844 11 B, FHBE L EALM T4 A7V A “A
new highly multiplexable liquid crystal display” &
LT, ¥=77— (TJ]. Scheffer) & 32— %7 (J.
Nehring) & 34, C# i 3L A5 APL (Appl. Phys.
Lette., Vol45, No.10, 15, November 1984) IZ5&Sh
720 I3AEHIIC TN ERE LA 7=y Iuy Y a
Lg% L CT\w/2 BBC ®ff 58/ (Brown Boberi
Research Center, Baden, Switzerland) 75 ®D¥#&K T
& 720 SBE (Super Birefringence Effect= i@#i)Jm i
WA LT HHBAREMHL, /120 DF 2 —F 4
e, |EHIMOIT L FF A0, 45°BlEFMHTa >
FF AN MUENURETH 70 WHD TN &
DiEWIX, SBE Tidighf %z 270°5E <L (X 317).
BT ) FN & 5 LEICE RS E5, LT
2D % WHE 90° TR T A2 MEE L IR % 5
ECTH D AT 5. EVMBIEZENE T L5 TFD
i & ffiE,. TR0 M3 270° 35 T EMENT VD RS
D, 300 ZWZBHLLRATY Y AEFD (K318), K
WA L, BIERENEC 2 Wik, BN
RIZEPM S X HI2TE 5. W ofmLHRZ 90° [uli:
S5 L, BEMAMISHRCE., BIEAMEICH S
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T, ROEETHF NV IMAZEBTE, 1/300 72—
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Fy YoFEIMTbNIZ, Fa—T 4% 1/100 YL 1
WCETFA2DIAT &G T > TR OREKLE 70T
REGIEHZED,
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Qf‘,’) ® ©» e @ @ 0 0 0 § @ "\_Vf’/'
6§ 6 8 8 e (0 0 0 0 0 7
@ @ @ 2 @ U 0 g d U
SR I I
o & B &S 8 &S 5 5
e e e e e e e e e S )
= DNNAS2S @

317 ZEEVY) 270°#7h SBE &R0 H FEMERR 2
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I=FHER +=FFIFLIEAA 5= R4HE

90

@
[=]

PRETHAFOFLIE B

0.0 0.5 1.0 1.5 2.0 2.5
EREENMERE ¥/

3.18 BEFMICL B 5 FDIEHF IV AR
(Vo= BHEEE)

L2LeDBoY A4 AMIZI° L) b RELSTEHS
LIZoVTIE, IR EDOHARDEMT 4 A7 LA
A — I — FEMBGET 2R Tz,

Hy Tz 90° k0 b K& {3 58 % 1983 4
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¥y — 7Tl 1982 AEEH D & B PENE O B BL 5 ik
THbTYE V7 THMD 360° T TORNENEZ %
LTBY, Pz 90° L) K& LT LEMEE
— BRI RIBIC R Y, 210° e E L LR
TYVIYAZFFOIEZMAL LTRTW, L2LE
AR B72DFEMIT R SR, ELTHMROF FIC
MOTENLLLOBERP SN 572 TDL I IR
WorpcSID L2 C. ThEToMEEE»L.
BB 2P % 220° ~240° W23k E L 7= STN ik OB
AL —bER, 27 ATRER RSP,

1985 4D 10 Hifibh/lzL 7 br=27 A ¥ a—
WCIRFRED A=A —2PEY M % 270° L ) /S L
TEENZ LT I VRZERL:, LT,
J— b PCRT =7 u~DILH OS5I IEH -
720 FEBEL TAEDL LRI S FHA V4 ¥ L TWiziidTr
A—=H—DHN,/ 7V / BTFI1984EFEDOTL 7
fo=s72ya—LMEiELCTT v 7 by 7 PCHY
12 CGA (640 x 200) 7 5 A D STNHME Y 2 —
O ZBHBL TV ® 7, F72, HifA270° L D
LNER o2 lDnD, Y —T7 7 —EPRELL
SBE & 59 MM S . IRAEHE O TN |
mTHibND 90° X BIERITKEV, LFI)EKE
A% TSTN (Super Twisted Nematic) #dhk 9
B —BAL L 72,0

L2 LAa23H R bICBE L Cid% o EIC D
M, AL E b UPNIMEBR T Y 237z BRI O
MEVORKEELTEUTFOL) BRI LEABITHN
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b0 Thbb, WMMEORELICE > TEL S 8%
FMORRES, BHREEEE6 v m OFIHOKE S,
BRI TINHS TR £ 1 4 m OBEFTFERZEMN
WENSG Y FIZHL 1HDLEBEZ LT 5081 DH -
7228, 201l umdDONTYFTHERATVRET
DT, THARRYMED Ol u mPTFICHWEZEZ
LRI, BEERTROZ ) —VEE LT3
DIZHEBEO VA 77 MEERH M EA L & LAY
SUETH-722 LB ETHb, T2, LTV
AT AIEMIZIZS Y 25 Y . YU RIS A3 E
Lol L BFHN5E, SHITIE. £y D%
BT HHCEL R VNTORE LA OARE— S8
STNM/SANDERAET R BTHT Lozl E
bHY., COMKHLETH -7

COX) BMRERY A5 STNHMHTT 2 —
T4 17100 R Lo BB oW TIETF— %
B SA VO LT 5463 5 BT 5 BKE %
BRI L. 720 X 192 Fv b @ STN s 3l 25 o
EYog—7uifibhz (K319),

319 7-70 Y+—7 WD-260F
1987 £ 6 A%T
720 X 192 Fv b STN B&FT

BWT, 1987 4E7 A2z —7unFERFy b
YV TV ERIUTLARLVD 640 X 400 Ky Moz
(I 3.20)
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640 X 400 Fv b STN
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Z OIS TN OB RIZHET SN TIRHZ LK
L. “We2fizs 16 x16 Fy b)) "2F vy F 7L —
REFFRSBHHOMBbITbI Tz (X321),

X 3.21 EFEHIFEZDEFFIKR PA-7000
1987 £ 1 A%%E 96 X 32 Ky b

SBE o #ifas (£7:13%) otao& 2 {lzvx—7
TiE. TNHEMHOMW 2> & Ok & L T 1980 4¢
CHEFREEZ LTV TR T, B % Rz L7z
SEFAE R SRV & HRA bS5 T 2 gk
VTN 74 A7 VAR (K322) 2GS E, HD
WO E 2 M L290° XD D RELWYMEAT S
A —=723—=TN (STN) HEWEMHT 1 A7 L4 (Double
STN=DSTN) D% % BIEL 72,

1HZ R (a,b, o)

2 EEEE (2. b)

3: ERA (a b cd
7 40 mEHHE(ab)

50 #ibFl
6 fWitik (a.b)
|2 7:BE
b o
+_6b 8RR

M 322 ¥ 2 B/ kEES®

DSTNE 2O ANV EH WSO TEL ol
T2 2O —HFEANR ANV EHRDL I EBIEFICH
HTHY), TOXILR2HOREFVERYSEDES
7o, BRLAFRBIEALESNIAHTH 720 ZHIF,
DSTN O VIED AN+ 005 I 7 1 V(T
LRNVT v 7 TEDFEThvi, TOfiid. #ED
TN H#SHOLED =1 4 m D 20 15, STN OYEHD =
01 u mD2HFEOMETH %, $HIT. TOMBH %
NVEFEORRE S 72O T HRFEME 7 4 VAITHEE
#z ohi: (M323-d),
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- RASRAOEE R

2 EZ ~
— . FEAENESOSINARILE

(c)DSTN (Double STN) & DAL
EEZANMLERYFEZEECABE ARLEZEAL
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A FOEAH90°
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_ ] RReERICEE
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BE-BARHENREICLY,
AVRSAREERECHRS D, BRTH.
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e
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72 TSTN A IE“ A 22 35 A PRI L v
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(4326)s ZOFy MIE SV IV HBEFRLEFy b
BTH5 640 x 400 Ky P THo72,
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HEAEIN7Z2STN X, 7—7u, /— b PCIicfR
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4 TFT (Thin Film Transistor #B L5 Y 2%) W

TET #MiE TFT LM T4 A7V A4 L5 9 4L
Frp ZIPBAR IO K2 MAGDEZDDTH
%0 2200FTOEHE F 21X, TFT 13EMA L
Ak & O OBEM: 2 R 3R AR E R L Tw
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5) RBITEEAL : “95 4 Y FHMA T —F4 AT LA, FLEYa v
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WERoELENLZEE Lz, $hbLAN~
W=7 FGRAEPHHIYT =TT AD 1 BT THRIEKR
EXWHBEHICTIUE. T4 v OIELLTHETDH
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(400 x 320mm) & L7:o SDF A4 VIFKME 1 T
BN EA SN 2 Ban L 7o 1990 4 EWICIE—
FAC A B LD BB S NIz SO =7 T A1
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A bS5 4 7EH) (275) & 1991 4E 1 H o VICS 4
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AN L EBEEL, EF AR RHIC 2
B L. O RGBRRH EHEE T A BT D2
DOEFHEEEZTIIIONE LI LIz, Ny
T4 N BEBAOLLT OFEHENE & SOLITHA v 3 —
N—BIRIA Ty a e THILICE-T, 22—
F—MOBRAHZ ML 22K L, B cRE
WMADUREE BB L) BT L o7,

H—FEF—Ya v X—h—OMEET, B
ORBICBVTIR, 22 TH /=< VKT AL FE—
FOFAICEY, a5 2 METF 4% FHC
TEED AT, L Ly KR -10C mikTsABE Tk
WIENT Y FIT XD WM EOET O XETABA AT
RESEHKE L WREESD 5. L OfHi% 57 BE
Va2 —VOMAFTOBMFM 5272 ShiT L
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