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742 #@AuEAAx2A LCD (liquid crystal display),
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TN, STN® LCDE $H&E, 55402 A8 U
gpge] 2ast AZ F4ol BRath Akt BYw
o Agoz Ackte BE Wl SUE AW F2UE
g @ 22 A= WA Aok

A2 AAAEL71EA TEAEAAA (polymer dis-

0 o

persed liquid crystal, PDLC)E%u1te switchable win-
dow, light shutter, spatial light modulator, nsd TV
= vjoret gaZdol 2o BEAF AdA 4o I
f= "oages 2 A77 43 gdEn o -
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Polymer Dispersed Liquid Crystal
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18] 1. Projection display from PDLC.

1982139 = Craighead o] %9 #4848 o|¥A4dE 71X
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ot FA] ujule} $HFA T Fo] A W "
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gAY daEgelz £4¥ F dE Uupelx=2
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NCAP (nematic curvilinear aligned phase)¥ 2.
PDLCE& wtso] Taliq & RaychemAlollA AdstAlR
th. 2 %, n=9] Kenttd JHATFAdAE T2
oAl AR BN Thd AEe] g A7)
2 gon ¥z} ZuUd = PDLCA didt #ile] 2
Fold ATFA%T ozl 71PA 2 WAz B
A=z

2. PDLCe| =|H

TEA} ol HGL AF (droplet) o2 BT
o= A ARelya fahgol At o] F Iy
2xo g tar). 94 AEHE HgdE dAo 1
74}, prepolymere} @Y% £94g o AT, AA3
Ho] o zRE AHE FAPsAA R T
o} @, et ey YA nRASYLe B
are FAsA Ao AR FEigdE vhee 37t
A7} Aot

2.1 =tlo]| 2|3t AEa|FE (Polymerization induced
Phase Separation, PiPS)

PIPSH& prepolymeret g&o} Az & Y 4
$8% "hgo|tt. Prepolymers} 932 Hgde T
& goatoln}, Foli} Woll ofd] E o] FHo] X3
He T aEpe} 4G E5dol BolAEA, A
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Ao a7)e AgEHE A nE A, AANAEFS 4
zg&e, A, a8z W 939 fd= T F9H
o, o] o Yrsold mEal= F= EAIGFA (ther-
moset)7} BT} & FejH oz HH AHLEEe AE
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o] Hhdo] 713 AAe] Q= Aoz ddA o) 4
T-7} s P 9

22 goll <t J.%!'-'_-El-rrE {Thermally
Phase Separation, TIPS)

Weste! 40 288 n#ze] &gH01dez 7t
sl FLE 248 = 5, WA 7|HA PDLCE
AzPct. o TIPSFHE $4Lx7t GEH2EEH
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HAs AdEEe AMPEr FaoT AR,
TIPSHAME Ya&Eet He, sEEald o] 539
F7t 293 Hrh o] Wy Yutdoez PIPSHEY
2o oo HgLe Wa e ik E epoxyE AHSHE B
o, PIPSHAA Agsle 7t dal AsddAdE
ARgdte] Ay TEAZ FHEV|E $ict

2.3 Suto]| o|$t AR2[FE (Solvent Induced Phase
Separation, SIPS)>®

SIPSHe &-§57] Ao g&s|7t dojve E7144
DEA ] H&3 Wdelwl, mExiel 94 FLH
(cosolvent)ll ¢l % fulg ZFUAFIAAM A
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25, ¢S UEE To] ARV E 93 FLF A
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Z AEA 8B APL ol wWE S AAT|E
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84 2R A {F3AE AR @ o] §3)
de =¥l BL ZUA7H 282} bindertlol] HA
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3. PDLCe| 7 &2

PDLCE: TN& LCDd| vl H3ue AM-shA @
o2 o) &Alo] &3 tiH]H] (contrast ratio)7} =M,
3% (brightness) & Z7IAZith & SetaEa 22 2
i §dd 7)He ST AN ARE F deng flex-
bledt i@, I3 T AL EE APHE
o2 4 gtk A7t 4R DEAS] AL o &T T
zuboz APL ) el "evt glome wWE
olo] Bax o} AlFe| 2t AAFHolw AEAE
o] 43 z7]A1A) (self-supported)do] == F 4 &
Ae 7T vk a8y o &x dsldel H8A,
WaAR, WA, A, 2 FEAGE SEAE A
HR|e} Sl EA|7F Aek>

3.1 PDLC2 PNLC (Polymer Network Liquid Crys-
tal)

PDLCE #4el @3] met 72Ho2 F 7=
ARE 5 ok st dFo] ofF e gz AFA
mEZL Zd 2a=0] & & (PDLC), B stue=
ao] 3219 nEA PEFZA A&HoR B U=
8 (PNLC)ojth! 7lgd o2 Ql7ke Al s #<&
=3 Adsks He gou o] AdHE FAt &
7t ti2ch. PDLCE 98 7o) 3% Bgoz 248
o] T}z 4R ojgdtt oo Hls} PNLCE HQEA
wlate] BrXAe o]g¥th. A7 2& SIPSHez Al
238 PSMA (poly(styrene-co-maleic anhydride))/LC
sg2e] on, offAdldlMe] FHEE vebdrh HAPE
60% e © x7] ARFEI} ¥ ondee] FAE
= 714 %A Jekdoh a8 3& PS/LC S 94
Ae eres 22 F He SEM AR dFe ¥
o] 27tz ddo] 379 £7t FUFstA Q] FF
o] 50% % WEE AFo] mEA vlexd Fikd 3

100 |
| [ ] (o) fo)
:\; 80+
‘é L
E 60 |-
2 o
a -
‘E 40 °
= r o]
20+ O Von
@ Voff ° . .
0 1 N 1 . L . 1
20 40 60 80

L.C content (wt%)

12| 2. Variations of the transmittance with LC(ZLI-3417-
100) weight fraction.

3.2 PDLCe| 7+& ¥zl
71&e] TN-LCDE 2713 FA7M dAb3e Fo45

2] 3. SEM photographs of the PS/ZLI1-3417-100 composite
films:(a) PS/ZLI-3417-100;60/40, (b)50/50, (c)40/60.
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3 4. Principle of nematic normal mode PDLC light shutter
operation.

Slow Slow

Field 3
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%8 5. Model for the two-stage rise time and decay time
response of droplets.

Electric Field
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75 488 BAFEd A8 FAvh aiale 24
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0|7} Yolu} £ eyl Hu 400 nm o|4te] e
7He UVE ZABIAY BEg $A T cis-olA]
trans- A 2 B0l Hoz 2v] e Az Bolo
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OFAnEtn JlE Al 7 A6 & 19969 129

Liquid Crystal
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(b) response time of PDLC

% 6. Electrooptical behaviors of PDLC.

71, 20 M E Frisitt. Ags fale F4e 3
gl 6(a)l A AFH S-S curveE JER =Y F
Hxof Wslrt 10% 4 de d¢e FE A (threshold
voltage)olg}l &t Folm W37} 90%E el Ate
T-F At (driving voltage) o2l @c). FEAGe] 7]
© AATA oAl dA9 uig, Aol 37], A
HojAle]  mEXIete] <doz  A7)E  anchoring
strengthell ZA] o]&3c}. 53] Ao F37)E= 27] 4
A=, TEEY, 22 $FANNE G nHc

Al T2 37 7oA
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A
UG

(a) radial

(b) bipolar

(c) axial
8| 7. Typical director orientation in PDLC. (a)radial, (b)bipo-
lar, (c)axial.

equatorial line defectZ 7}x|Al ¥t bipolar #jEL
Qo] HAH oz QAR WP o HH B
= wako 2 el shl Wiare w) 9e) bend, twist ¥
Gl
/g.

A

Hoix 2 Fassle Aos PDLCAA AL
oz duid gk B AR} AFE AR

(bl A & -

A7t 10%ANA 0% B w7k e A
timeo]a} at A71F AAA 0% 10%2 72T
u Aa)= A7to] decay timeo|z} ). @ R
A o)s SRAIZre Ot e Aoz FAtE F U

o}.

L_1_ 9edeV? K(1*—1)
TN = 5 2%,/ o0 + 2)° Y~ M
&
7 (2)

o = KT

d a ol K g & 281 Je& 42t BF9] FA,
4= o] major dimension, A&, HHe] ], TIA

&, Ao APE, AFAM FAIF, FEEY
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75 /

=
K
j=
8 50
E
g Hs50
<
= 25 /

0
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Voltage (V)

7| 8. Transmittance vs. voltage of PDLC.
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No Hysteresis
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time Fast Response time
Large Hysteresis

Slow Rsponse
Large Hysteresis

< T
¢ o ¢

2 9. Simulated moving images.

e Uehle sz P LCe 74 1EASH 43&
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oA T decay timed Ao Hxe} BAA T A
&L 4 F drh

3.4 Hysteresis®} 55 SH<| J&

Hysteresis®} B8 $%9& gray scale®] o|u|x|d] &
dge nHo 71 = 54 S5 1Y dE off ¥
oA e dgto: 7 My o] A& TN fAbshut
PDLCZo] ®X =glth ol A7l 59 o] TNeA
wrt PDLCAIA #etd oz o & HFuigo] 87571
wj o)t} Hysteresis? 17 8914 & F %ol 2L
Ao "7 o] Z7he o} 24y o Yehdes 34
T zlo]2 waksy BE A7 WA JErdd a8 9
A =2l A ggoz s FHe AolAT &
2 2 917, hysteresis® 28] image sticking& & +
91t} Hysteresis:= onAtele] @713 Al719% of f A}el 2]
Qo] grgimnt opje} B} APAHNA S an-
choring forcedl = 4&g weth 53 $8S 449
277} &3 2gPo] HELSFE B}A| 1L, hysteresise
ARz wiaro] M BFE FolAn, Z7|BAD
% Tojdch ngde] ge AmaALE &) AAME
= guhe W] sla hysteresisE glofof ich

3.5 2x9| g
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8! 10. Effect of temperature on transmittance for phenoxy/
LC film.
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%] 11, Transmittance vs. voltage of PDLC.
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13l 12. Temperature dependence of transmittance with thresh-
old voltage applied.
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A==} GH cell
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18] 13. Principle of electrooptical effect in GH type.
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% 14. Transmittance as a function of temperature In the
absence of external field.
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ILC &
Dopant

Random Bipolar Structure
(a)

%} 15. (a) Random bipolar structure and (b) axial structure.
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5.3 Reflective Direct View Displays

o] FA &A= Talightell s HE o2 Adst= .
TEHHE AR A71FE Zol3d PDLCLE H
Zd| Qle ZdEhia A e Aol Uetus it of
W PDLCEEo] 3¢ G855 Yol Y= Moz
4% = Qu, 2 A e wiHoz e

(L TR T



laser
interference
fringes

=

Light intensity
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2! 17. Schematic structure of holographic PDLC.

o W, Bg

WrEE 7pd taZgols $47ksdith , BE
2 Aol E%@_%F% °“7z, =ML
ALFE NAREE oA, T
%‘01 ZolxnR A3 2Ho| Agsirh
3 PDLCE LCDdl vlef #3x7t Ba glonz
= %'i- 2Tt forward scattering (F3})o] ol WAL
EEEHE E}i Bxrsi. Zeaduries =4
o} kg E glol WAk et
ZalolellA ‘ﬂ&}%—% AriH ez FE/VEdte e
Apel wre aMlddos Fg Yu dulolxaz HPE

oft
b i

ot Bt
_,>L

iz |

th2 o] tJulejxiz 71&Ee] PDLCS ABE gou} +
27} NERA oz vach a8 163 o] F ITOREA

olof 47 prepolymer® ¥ F #oIAE FEFA
A AMZIA oAyt A F™Es ERIANIIEE
FE gl 4 & AbRalyl LCst aRAE nAstn 7]
Aol 722 7NA Azt 2eln 289 xmma
! *éél% o] mER/LC BalFFd =A o&Ese
aRel =717} 1 Wwrt #eFE, 5 ™1 794 (a)
9} e Tz w wHALFgo] Fojzh

Back lighte] %718 73ksl7] 98 wHeeix prism

array sheets® o]j&3 % 92 189 o] back .

o]d PDLCEFAE

scattering (¥IA}) ZAEE = i
lolo] =& Z7IAHE 4 AT

TEALGE B, v
5.4 Z2HM C|aEd 0]
LCD projector= A@vto 2 Q&) ¥e F s M=

incident light incident light

on state off state \\ l \ f/
] - —

r
— i VAN
'\ prism sheet
[ | [ i
(&) light absorber (b)

18l 18. Schematic illustration for back scattering enhancement

with prism sheet.

‘White light source

ﬂ PDILC
Blue » Blue

DC mirrox- Eb\ DC mirror

PDLC ﬂ
Green Green
DC mlrro\m[{]} m
PDLC

Red —\ ed
U:D DC mirror

DC mlrro

DC mirror

Projection lens < >

712l 19. Schematic of a method to achieve full color projection
using PDLC shutter.

guiele) ez AR HEe 97 YEG. 2 2
ael ZHe UEo) Ause ZeAdsug 2w
4 5N AL & 18 v S e
oA AHEE] AE TR del 28E 271

AAoksl=y) 1 WPE o R  polarization converter £}
microlensg legou Aae WE Furt a3 4
= Fg8o] v} TNLC t)aldl PDLCE A48 A%
1533k 24 S AMe-skA] ot ZaAE e W &S T
14 29 % olrh. PDLCE #¥ug Agd 244
2l 199} zto] ZA}Po| collimator A=A WE
o) gl 3709 dichroic mirrordl] 2&} —r-alﬂ
o] Zetze PDLC 48 533 ] 2&8%
dichroic mirror2 HX 1 T2 A A= RolA 3}
oz =AML, PDLCE TNLCe) ®ls) I3 204
weAZE AXY we Yol dulElzk of w38
2194l TN} vms] PDLC Zol o MW¥ 3de
£ 4 drh

5.5 & 310, Flexible 3}, Switchable "g

PDLCe Fa #Y& A7IAge] ke Rojth &
HAUEA So| BaA gonz oty IF PP, A

ur‘

T

¢

2
e
I

1

L Y

7}

N
o

746 Polymer Science and Technology Vol. 7, No. 6, December 1996



100 g .
- PDLC 4601m
8 Ny e mem TN 2001m
E :&\ = == = TN 100Im
[&]
o 10 A “~ B —
Z Lo et S0
5] o o et S
i e B
[25] =b - -

1
0 40 80 120

Ambient Illumination on a Screen [ 1, ]

28] 20. Effective contrast of projectors.

PDLC 460 Im

2%l 21. Projected image on a screen.

29 28bssith ® ITOE Y3 Bed2H2g
2 olgsd 2IHAL ARG £ ek ol Taligrt
3 STl AN

A= 5 A AMe-sth

&, AsA AJANRA, 384 F ARERZE 9
& x| privacy FoRE AMRE 9l o
olf&3te v & FYULE VIAHA] Alokde] Yojop
g ey, debyoezs TNwAe] Azbel o)
PDLCE Alokzto] Frh. wmapr] Aokt 714dg s A
LA A4V} FaAA L Ut

5.6 n3lE ZTFHEET|

S o= dAREY Bl&E 2ASh= d 2ole 4%
& 3 ung da, o] Wl vjgg 2FE ¢ e ¥
& 7 A2 7 27| (spatial light modulator ©
SLM)e} gt} 2 HAFE 39 7eo] gdez
A wet AzpAzRe] FFEATE dEAIE A7)
AP At AF7A A taZdols A7 A
22 F5EJoy, SLMS FEH o2 TEHY 4%
7hH 23, $HSERE Wa. o] of PDLC 282 %
AxZy AEZ Folil o] 2 YA e o u}
2} Ago] gepxich. Here] PDLC &3 Fdxd) <
7hElo} A& o] Wo] YAlEH PDLC HBdles &2
Aol Zdela, B %o Yol YAHA JuHor &
Age] 2t PDLC &8 wAP o g AFHES
A= v, vl A giAtE Bhe 92 o] 3d
of gt 3}e e E, S Ttesd oW 249

DX 7| A 7P6F 1996d 129

N
Q) Ah N Q)AL
_— : N -—
1Y
3 \\_
FREA AT
PDLC

2} 22. Spatial light modulator.

827} g7l WEo HAAIZE (real time)o] sieo] =
2 71#9} o axirt} X el & Ert wet slahg A
gl f-83H AMgE £ ok &, J8" 22904
BHE A 22o] #A3st A3 AA} (charge-coupled devic-
es 1 CCDYEH AEE AZ3Y o|n] TaH HBE =
23 A vz Ay, 28 dske PDLC A1A

2 2% HAeME @A
g A7de] zo]lE Holzt] o|& ol&3| 9sgolut 1
Bre) ohg AAjele] &&o] 7t ® PDLCE 9%
o] Efst wiggd oz wnjgtel 71xy AH] E2uh Sl
o] &7tx7t AY, olAL HUE Fe|UAAERT A4 &
o] & Zo=z 47HA AU
5.7.1 PDS (Smectic) LC
2~ "gA 9L 7 Azt AFFzvneg 2}
a2iA PDLCel AMg3l %2 vlEeled e 717 flex-
ibledtil 7hH@ &R taF o)) w2a] tinjo
27 71diE et 28 diopE g8 A4-¢ PDLCY) v
& @2 AR, B TEAY T ol e BAH
At E gtold 2"l A (AHAdAY ) A3t
A% o] MR G Ay) BIAeh A7) )
ARG A e dolrt dotge g dA wE dr)ge
SEAEE Bk AREAGAE o] &3] F 7 #Hol
A=sHT e e 71Ee] Zed
o|9} o] O] 23X Y ¥4 B
PDLC A& A HPwAlold] Fi= Aolx, tlE sy
PDLC¢} ulzizix|z2 -3}
M-EA dAd vAAE 7k
AR e 2N AAMHA/FHEA
o] 78}hct.
5.7.2 PDCh (Cholesteric) LC
detg Ao FalAdeN e HP3] Hrlsle 29

ol

il
o

Jo

o rir

747



TE
— 0
o o ooa
>°O°oc> oa
P [~

= PDIC |
-]

CL'_FE

W

3] 23. Schematic presentation of the ferroelectric PDLC dis-
play.

LCD Panel

Photo

I.CM
Monomer C Molecule

(a) injection of premixture

‘Photomask

UV Light

(b) irradiation of UV light

12§ 24. Fabrication process of PM-STN-LCD. (a)injection of
premixture and (b)irradiation of UV light.
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