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olafs
1. M2 FEI, LCD A% w4l 1Y 5 e uadA
(200 T o7, 24 54 9 Hust 54 F&

TFT—-LCD(thin film transistor liquid crystal = 71 Utk
display) & FHCo® sk FATaEHo] AYe A LCDel A&=H1 v+ txdd /7] »
214171 R3S Axske 34 5 AL B2} Al N wiE s 2 it (LC
2 1 FLeAo] FoE dyold. Al LCD Ak alignment layer), H€8% (over coat), TEAf
< YU AlAIAER AAYE S JHA AL Sl & A#olA (polymeric spacer), Z{Véc"i‘l} U

H3le Aoz AdAx } 9 LG Philips LCD7}

AA T, 2915 B glom ol At = Al
Al Aol e 2 5& A A g BAaE g
HE fsto] Babdel Sl & Eat ohye} §
HorE MHIPHA LCDY el HEHs Ve
o]l Sl AAolrk & vAaEdo] AlelA] 71 3l
deffol & TAIHL = A, FAlokt Vs, &
S SET7F 9 AN S0l thaAelt
NG Ak A S el 7% FFEAREe
zpolell w2} slgo] AIE= g EA|2AF (LCD) 9

A% kS 9E= AT
ofel t-e& + e #71 LA
s A q-E A Sl

s #71 RA AAle 1R, o
4 T =4 A 545
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=
AAs aZzeo] A&
olye} spin coating 59 WHo
uhe 4 gl A4k oA A4
SiNg 59 #7] daA9 2gA
An] 5 37ke] AANE Aok 4 Qlvk

WAb A EA AHEET] 918 Tt

Egowi AR Jore] e

2
Lo

O
-

n:]Ig,

=
=
R}

N

o off
M= oo

ﬁér{

]_

gl

30 Hi oo > o

e RO

Eat
p.

>

=

Zag V9 SO therst,

2A12 1753 71l 23l 1501 7P oPE}

B Eo= A AT o] FaE e
LCDE wiA) vheh 4a)e] 59k 54 2 At
LCD RES] /s 71538 = e AVls 1
2F A AT Tl disl skt gt

2. 28

J8 19 T=AIEEE ko]l €Al LCDE T3t

3 e S e Y, g, §7) A
olofal
1983  Algdghw 3etw S (A
1985  d=ately|ed slstat (M)A
1991  d=aely)ed sty (WA
1985~ sH=3letdtel sletaAAT -

A

Polymer Thin Films for Liquid Crystal Display

St 3letd 9l gFeh A AT (Mi Hye Yi, Korea Research Institute of Chemical Technology, P.O. Box

107, Yuseong, Daejeon 305—606, Korea)

580

e—mail:mhyi@krict.re kr

Polymer Science and Technology Vol. 14, No. 5, October 2003



Black matrix
i Black resin : JSR, Fuji-Hunt

Spacer
Acrylic : JSR
BCB : Dow Chem

Alignment layer(b)

polyimide : Nissan

Color filter

Pigment : FujiHung, JSR
DNP, Toppan

Interlayer insulator (c)

Glass substrate

Semiconduct: Gate insulator(d)
BCB : Dow Chem Pixel

MSZ : Tonen
1Z0 : Idemistu Kosan

8 1. 17| (all organic) LCDY =,

A7F ;A ol, &5 F5T Fo TP A
= A7) vaEdele] B9 TRTY WA 24,

AC)EL T-FAA (gate insulator), A= 2 Z7}
g 7)ol §7) B2 A7 48d 5 vk B
EAolE Ay (a), HguEet (b)), F71 dAA
(o), AlOJER 144 (d) W Z2~g 7] (e)
o o7 54 9 M Sl dialA] aslskat
st}

21 %¥

2.1.1 WAoO|Zk

%] Al Sl oJs gl Tyt o
A2 Wi 28y 543 ExTERE e d
o B mARYE 2y AAZ wskeA &
3 AFolgta B TLHE ARk o
Az wspsict 5, ﬂil, Az, 71A12] o A=

lo,

Chukal S =T = =70

olgigro] oWl SxolA ehAeh ;A el A
2 7 BAE Agolety REU. AYS 2
A9 g2 b 7] SRy S Aget
W PATEE AL Y A7) SRR
o] FolA I, AAl °F 10,0005 HAEHo] U

DEXLEL J]s Al 14 95 3 20039 10€

BCB : Dow Chem
A Acrylic : JSR
! Polyimide :

§ubst,ate(e;.. — ) /7% )00 11/1

PC : TEKRA SOM : Clariant

PES :

PET:

PI:

A3 7h= g7] ¥74-E 714 thermotropic &Y
e, 2R wAF A gkl FehA], A
714, 2714 ’\*X‘Oﬂ/ﬂ 9] zpol & yERiTt = A
A= AR 2 F& e wiEekE AEE Tt
A glew, #A} ?J?} efe] ol wet ne—
matic (N), smectic(S), cholesteric(Ch) 70 =
TFEET NHAGL 7P ARl Aol #A)
MY BAIAALS] giFato] o] AP AREeta Qlrk
Nt Exp whakel Aol 74 zhar lAwE

UA gkt ol sl
rectorﬂ]u_ n=
of we} A FEF
Z13Arol e $12]4]
713y} PABES EAES )
omogeneous HjgFolg} H-2 11 7]
Ao wigkst A ElE homeo—
F-E1}. Homogeneous HI-2 7]
=] IEAES 3 WO 2 rubbing
Aelet= Aol &3l 7Fsstth. &, homeotropic Bl
go A alkyl’] 2 Zb- BEER J|REWS 3
g3k= Flel o3 A4 7hssith
NG o] 2k g2 714 (substrate) o] ®%H}
oy Kap 749 =443 van der Waals interac—

tion, dipole—dipole interaction %3 Z2 phys—
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n no=n_L

-
L

L /
H‘-u:‘l.______{_‘-/-}"’—# ne=n //

=
=

o

tropic elasticity ¥ ¥W] topologyell BAIEH=
mechanical interaction®l] ]3] J&FS = Ao
2 ol&|¥ §lor, o] & physicochemical in—
teraction> AFEAE 7|A FH HY =
AoF Wjgstes shi=dl AujHd 9EgS 3}
mechanical interaction<> 3 33}A B &Fs=
A= Mds AP4e RxARl 93
RO ® o] AXIT},
213 MXO| EIXMI} HEN

Mol 2o Ex Zo| shl= FEA 124 2
43 T FEE oS VEoR 3 HaEd
A} (birefringence, double refraction) & UYehj+=
Zlolth, 154 AAL no ne F+ MY A= o&
FEZHEC] U nost ne= F A7) AHER
Asado] 449 F5 Oﬂ isto A 52 H3P
3+ 2% (ordinary light) =2 oV¥% (extraordinary
light) &) Z@Eo|t} Nouxh)r SHAL] A= 1=
A ARorAe FHL BAAE Wk director
n® Wake] Fdetr] witell no = ni, ne = n I =
ok A H2dA, S SHE oYY Ind dn
=ne—no=n/—ni°th
214 2EE 0o} ZstH ME

A FHE oYl 7t e #e
Pota AAS e

) drpgel 213y WEks EARdEe] WEF (director,
n) &2 MEA| 71T}

i) YARZe] Hade 9 A s WAt

i) YA HFE -2 AFAdol g3kl wvEAL
52 BT

ol#f3t Fekd AL LCD Solo AH-3Eo
Wl FAAEEA vl Fasith Aol YApst
o] director n9 Wako 7 HAgEslo] WaPsh=

H 4>

P

r
_°,L' oY
rlr o

¢

rlo
O
02\4.

ZoME n > na7y ARET, FEE
%X.—ig nell WhlEEly] wlitol nell BawEe) o
of A3l wake] y o Blwdke] W=

>}i = rr

4g(5u)ﬁr 0174
2} s gl)o] B27] wZoltt,
o] & oA de(=e/—eL)S AYLARE
o sos A7)gey avs

manant dipole moment, p) & EAPEE] gt B

3t =710l sl Aet

As=4aNhF{Aa—Fi?/3kT 3/2(1—3cos’H1 S

S, A& oW 4eE Ze A A[RHAL E
= QI7}3thd electric energy density (fe) 7F A4
ok

fe=—(1/2)eLE>~(1/2) de m.E)*?

Ae>0%1 Hg°] A ALE x¥sh= A ol
7He A, A Ee] Al BAREF s
th o|RE p& A B, nt }W&J%l o
fe7t AARE 27 H%Olv} Ae<0Q1 o ©
o E7y AL W fert AARE ZH %E} 714
Aol Al EApudo] A% 17kl o WEE
we wf, H AFeluA] F & A28 oA fest

B oA /g9 & AFRARoR ZAF 57}
ALt

F =[(fd+fe)dr

A Q7F shellM e g o] AAAQl BAF wid
I A dole] AAIAY e vkt 2o,
Vo= Tt 7ol AT

x/d (i | | ae])?

Ec

x (ki /| ae])Y?

Vi

582 Polymer Science and Technology Vol. 14, No. 5, October 2003



2.1.6 APLEIA EXHHHE

Sck, Sy, Spx 52 7152 BAEE 479 chiral
smectic HHL EAFF] smectic A H
A wpekyl AGZAER AAME RS §ka 9lon,

AT BARSITE 39 WAS HOE del 297

L 9 8§ chiral 72E @48k Atk ol
AT g s 4 f& BT H-
Hokd, AR =SE UERE A Aol Fnt
2.1.7 AM (Active Matrix)- LCD MM =0 2
2= 29

AR Q7HE BAHLS LCD REo wet
T2 3, LCD RE=7} 2t} szt Ao FA1¢) ul
Fato] tf=23, Ayt 75 Fzdo] thE7] wiio
NG5 275G g FHLdsic) o3t of
st QPEAS Bed T IFER dSKATIE
AL wg oy, webd 10~20 e §5t
58 3o, A9 BAS AEsa Utk 53
AM-LCDoll= dutros i} Fof tjs)] =& Al
g o] QFE] uliel, Algde] 9538 BiA 8}
o] Zi A}ﬁl‘c}ﬂ gtk #Al AM-LCDE] A
FAYE 9 1&g o QAR oI, o9
AL 98l E}%h‘zk AP ANE7F A= Q).
2.1.7.1 TAEN

AM-LCDE g As= bl Agte] 94
7] &3t At fAE el e nAgATE 2
TR B HAgH ] Ashs AdRAE] A
3k 4! oiu]H] (contrast) & F-2Ql o] T of
718t7] wltel, HiA @A el W/ s 2
TETh AGA ] R/ WG el e =

(nl

2 AEA7} cyano AFA Bl ity A
i3 (vertically aligned mode, VA) 2 E8-2] ne—
gative birefringence® ZH= AR oA =
H A gx] 9 )bg/do] 73 Alse EEX
NEFAT7E K3 =le] Agst=]a gt

T EAS EFe #AEE - DC(residual
direct current) & ¢ 44 A Yo o]22 AT
RTof QlojA], o] Lel o]lF ke PO ZHE
o]Z7 9l F|Ao] HaAE o DCE= HA A 19
TV AR
2172 HASHY
LCD2 T&xse tha2l 27 o] o
Agold 7 eddel gaf AA dFa=rt

_l

e > B

—_L
L

R

V=1 (Kle, - Ae)"*

IEXIE Js Al 14 8 5 F 2003 102

K=K+ (K33—2K»)/4, Ky, K», K= spray,
twist , bend g3

}/,dz{nzK(Vz/ Vol—1)} 7!

AT JEAG S A AR 9}
= 271 fsiAe SRt
sl 3] AHTE3 AAGo 9l
o] F7kshe= Aol 3 ARSI &
T-9t}. =, Vy, (threshold voltage) 7} 22 &4&
Aoz yyb & AFE YE oy A

H

@3l TFT-LCDE A&3tety] 98 T2
Q7 54 F9 shiEA FAersil oy
Atk Alopts gehr] g o R dE
of thet At A FAjozhE HAu|FFRE Eo|
gk A7 FREHT Tk F, FAE o 4y
o= vy A e % st WE =

2 X (multi—-domain mode), 7% wIdeES
Aslels FAMEREE (VA mode), ¥ 312
el F A& A7 IPS (in—plane Swit—
ching) =7} A7 /=1 9lown o2 4
FHE YaAlAe At BT s *’F
‘ﬁ’g‘ﬂﬂﬂ‘jml o] wle- FQst. &
g 7]=2 TN (twisted nematic) %
7114‘13}7] Hated Ak ZRAC) wgE 7 i’ﬂ,
< Ouje]e} wE SEEEE AdT 4 gl
3lHg LCDEA FEk SRSt
o] TN Rioke 2] At A7l oJs) A&
t '/FZ]OETH FHoZ WEF 7L
AL 7, ol 8liAE s
& zte wjgo] dyAow g F-Hr)
VA EE% LCDx= d&e] FA| 22kl oJ8) 43
8k multi domain® LCD (MVAN-LCD) 7} 75
Rom, 9t Alobzt 140°, SHEEE 25 mse]
et EAS Y vk 5u1e Ae A
Ztoll 23l patternned vertical alignment (PVA)
FAlokz}t T)so] AEEGeH, o] Y]se &std
Wl =& giniH|el FHE, 27 ms AL wWE &

nm\ﬂrsh

o 4y o 4
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HEE Fol Zhssk, Aekas- 160° ool &
Alobzt 523 Zva Stk ddidzbeE VA BEg)
fringe field switching (FFS) 7]&& ®aste] 12
T, FAJokzt, W A F 7] (cross talk), W

oFeLE 9% AT Ak SEY FRNFRE
1<0] 83 gl
wstgel et g

e
X
o
=
—
O
w)
o
bt 4
offl
RN

2Ae &9 54
2.2.1 A EFAt0|2k

LCDY F4AI= & H7gnakare Hgwatel
sto] AFEAS wdetA A7 = o
Shal QUrt. wgFEke] oHAw)EF EA] 9l whubo g
A714 AL LCDY %A # :
o] wiiZoll LCDE XA UFH S}l FRksto] wljgk
gogo] QFAFE Kt 1E3E T
222 WH Higate| &5

Ng el vl = vt gk Ao e (A
ZAAHL, pretilt angle) 9F 2 - 8F 7]k Ato]eA] o
FEA] AEH4 oz EAFEW, @ 204 1
T+ vl9} o] 7 twisted nematic (TN) 8, super

1o

I S bstrate

P e Bl i = e
fo—x4 fo—"4 a
%= % % Lwd ﬂ ﬂ ﬂ
= =] e crystal
= == ==X
I S.bstrate L]
Voltage
I I
oIy oIy COmmmD
l - o
___
i — =
T
I ]

J8 2.LCD 718 29 =&,

Color filter Polarizer
(Red) (Green) (Blue)

Black matrix

Alignment Liquid
film crystal

Glass

TFT 1o t

Polarizer
8l 3.TN-LCD9 SHHE,

twisted nematic(STN)& % vertical alignment
(VA EoR FHHEL dExyez TN LCD
S=s 3B 3o EAlskgi=l, LCD 712 3
9 F3=E Aot AR FHH=<Q indium tin
oxide (ITO), A=2] on - off2 A|*J3= thin film
transistor (TFT), A4S FAS= 2] I8, TFT
o] wle] §&S 2slr] $13 black matrix
(BM) % Ny EAm o] vk wiEEe ITO
71382] 5ol wjAEo] ARAF A5 HFskar 9l
=l o] vzl Aruigehe A oinn] WA
71484 54 T LCD2 #9lel #A = gt
HE Austs o3 o3ds gdsith e T
& REof whE wigure] 549 A o}f
o} Z,
2.2.2.1 TNY dfskat

<9, TN-LCD= th@st wgAshrh #3150,
Hepedel| &AglE 1HEAY AFE AFsta 9l
b vk GAIRE AREA] s o] S
Axlojob & FTAHO R, o] TS Ihd oA
WA= A Z1Q1sk, wiFute] A=
HAET A A el AFAAL] A 7T
= 38 40 Yeridth =, 75 9@ o] AR
el o N S el
o] w=gtel wet wiger 1
AstA HH, ol T AF-AAE i §
T Zete], ATl AAZERD WA FAA
&3k Flom gzE o] At} ol AFAFA
E A7) e D WEEA s RE o
T BTE ol e AFsAY i) wiEES
AN =E FAAAE W Fart vk

at

2.2.2.2 VAY HFujsiat
ok o

e

o
flo

= BTE Ol
B

.
Mo ¥O X L 2 pf 7

-
@

| O ®
M
N0 g ®

:‘_
}
\!u-iil |
st}
W) Y
o
o
o b
09 rx Ju JA 41 o
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J8 4. AFH cell LHOIMS AEA
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Qlo], 1E$] LCDEA =551 itk VA BE+=
TN RE9= g At A7tel &3] A4t
FAOZHE FHoR WEYHZE HElslr] wii
o et AN A S-S ZH= | Ekulo)
HNGIALE] A NERe] DA glojA = Akt
kel yEakele] wiA A gyt Fast e
BuEy Qo) & Adel| == wjde uga &
Holl &l NG FA= o Z st Ht
TS A gte] o SHCEAE D)
85° OV‘L—J =11, Yok AAFALZE (pretilt angle)
o w4, i) FAlokzteE ¢33 multi domain®] &
d ¥ éoﬂ ok QFA, i) LCDO] AT AREA
gshs & d@449 AR Fol dazelrt o]
=
=

w5299 =
3|

A% S 7twr] I GEAS] AR, g
Az TqFE U= BFeE ol A Ve A
Wb gl wgke] 0] gAE flsh A
7} FEE 3 Qe
2.2.2.3 ZHHEFat

o2 LCD E=o Slojx Agmas izt
HjEkeks e A 2] g8l o] FojA =, e F
A2 & dEzl viel gol 11, Fd7] 2 59
AE Wzsta itk H, NI YE depA &
g omA 2pe)d Aol A BE A
st o] S Qiok e LCD
gAIstel sk 3k wiME 9 FajoRzt
stell A3t 3449 Mg F&o] Jhssith B

S 2= AR Hgel A oprlE = 2 st
“&%P_E Fold s, Faal

e Folds whgelle onkge] o, FE
W&ol el EC 3t AFF] 29 59
Aol gl WhA, Folgsl Hhge) slojAEs 7]
polyvinylcinnamate”} AE
e Tgol 7] wiel] ¥8 diE wdEA It
AFE-E7] ol 8 diZsel A7 itk 1#
sto] ARG oM g Aubgslsty] A8l car—
coneAl MEA} AEE I & Yl carconed i
ZFef| A= polyvinylcinnamate Aol v]wste] S5
o] Zupgola, Fupe] zkelA FAte] 3
A& golgsl REgo] agA o] TEEHU

B 1S 300 nmoldhe] shgedele fisbs %
A A ZAFE 3 259} 300 nm ©|5+9] 3}
e At Al 2AEE e Ao A Al

ﬁérlrﬂn
= 1o
o,

o, -

ﬂl

P

r..VL:?‘:':LJOt'mE

IEXtpsta 7|& A 14 ¥ 5 & 20039 10¥

a7,

o] Ano|t}, F4+E AkelAd FAYEE polyvinylcin—
namate, carconed EHE FEg o]Mgn|E
eb AR, T skel fEek 300 nm ©]/¢e] 29
A ZAFRE carconeA| aEAREO] & o] MAMH| =
vrER STt

223 WHHISAS 2F Y

NPAFLE AREAL 0T 2AS AGS )
AN V)5 oA g g7
of AR ke 2ol LCDOl AAFHH WA
A7} Glek. A Aze YR 2T S50

i A A 289, AR, e, 71A
701.1: ﬂslx q_;g]
9 AGuAE 52

B8 SR AE e RA

N o o

sl Hs] A&t e= st
2231 EHN
Hlj &Fate]] 94?‘5% 7%1%*&5’4 e

=4
Fo] a.FH,
2232 TEHHI S0 Sy
WgeE 719 el YA e A

H 1. Zui oo AFHyerSdel Hlw (0]A4H])

xlg]rng\_A} uv
ik ok UV (314300 nm oleh)| > °
i - ’ i (34:300 nm ©}%)
PVCi 0.43 0.04
Carcone 4| 147} 0.32 045
Coating of alignment film(0.05~0.1 xm) Assembling of substrate (150~200C)
: Alignment film
substrate with ITO

' g

Curing of alignment film(200~250 C)

[—
: 3

Rubbing of substrate

Spacer
+ sealant

njection of \lquld crystal

Liquid crystal

Rubbing roller coated with
‘ cotton or rayon

—
1 Annealing of liquid crystal (100~150C)
Washing of substrate (Water, IPA)

J8 5. LCDe A= 3H.
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FAqol AHgd & glov, IFFol aTEA
s Aol Ratel] Adeith FAMOE: H
of=Zy, AumEY g FAAMY ol Thsdht
Foprdgol fshar wigker gl E4o] A
FARA o] F= AgHrk o] wl gufof gigh u
wAke] g, A4 Sl A3 2 H ool s,
aEFErel] ok QI7bASKe] sk WAs] S18)

2233 HEY

Hjgkete] g W ) A st 7Es SRR
7] S5t A=A Ha 3% E 150~200 C 4
E2A, o] 34 =% Mgkt wig 5o A et
= @S s A8 250

Au)
™
9
o ®
15
o
)
2
rir
i)
2
o
o 3
o
i,
iuj

a3 WPYe =

xAAse] gl LCDE A1z
of A ErHAe Q4o LCDE #9+ ¢nky
o8 F . BAAE] FFEAEL] v (th8lH], con—
trast) 2 XEA|E™ 1% LCDE Fdst7] sl
M B 200 o)) o]l @FETh olwf Ko
RIS Rl i U = S R s Rl
2.2.3.5 MAAZH (@, Pretilt Angle)

HigFEka) Y RExpe] Aol S AAAME
& At ~I7MA LCDE F9E A3k Fa0%
24 8 60l EAIZ nle} o] MHAARZRo] 0°)l
A (@) AERA7MA AFEA7L doM = WS
Aolg 7t A =i, 2 Ay A ZHQ] Ao
o disclination®|2}al &= ZA|ESE o] LAy
vl weba] A7AREe] gt Alo)rt e FEH, o]
= LCDE 7% Rio] wel A2 tE Fho]l e
Hrh & TN 2=o] 49 1~5°, STN BE=9] 7
 4~7°7F AEsh, ¥bH VA EE=O] A=
85~90° Ao MAA o] HQ3slrt,

4

a) Without pretilt angle(~0 ©)
I Substrate

— o —=
—_—— — L
—_— ——o Liquid
= —o e Cciystl
Pl —

g
I S.bstrate

 Disclination

\

2.2.3.6 MERE(VHR, Voltage Holding Ratio)
JE 70l Z=Alsk vk}l o] mskz LCDe A ¢
TFT] on - off A5l &3] 60 psec F712 A
Asgto] st Aol 17tE o] NFEAE F-53T)
ol 2 M-S LCD s AA ] sfazdTof
AEs7] $ai+= 16.7 msec A= 44 F717}
o5 e, olEet ke dAks 27
o7 FAAFIE Aol a7} &, A &
AYF7] B 27 A7bE AgE
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HAES 47 eiAeE 99 A= 119
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-7 o] (isopropyl alcohole] t3t U
8} ) eHdst Ul8A14d ol St
3719 22 27z ugshr] A AlEE
< TFT-LCD& wigst Age] /I F9s 4
s B 29 )
2.2.4 HXHiEFAE Mo SA U AIHE
2.2.4.1 HFujea) Mol SF

dgufeFuke tif-to] Ealotujato 2 HE] A%
Hw, 39 F 7tQgromsn wjguto gl 4
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B 2. HFH e =l Ji (1998, 7ISME, 18(11), 23]
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