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957] SlNE Adewel A, B Az 2 AP
z23&3te] 24 ddo] Q7HY Aok F 7]&(optical
technology)> Bt F WERIYF 299X 59 Faat A
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A7t 7ha37] WEel, vz HE A i 3 71¢d
7|9%rt B & Fo8) 2 Adolth wEkA 214)7] 1x9 F
HEAANAE Ad3] diMe A2 HEREA 7% J)
T3 gEo] M2 A FAiAl(material) 7He] P2 Aol
SUET Utk

324 (photorefractivity)> HAE FAE o] 3l 3
A F9 UEM, FEIHT TS Johold] & 7}
TOEE A vl EEe] ArHE Foolohia, vjAY
&1 (optical nonlinearity)#} %A T Ad(photoconductivity)S
A 2 Qe AFNAM FFAEHE FZH(photorefractive
effect) B2 Woll sl BAA Aste] AREE st A8
o] ZHgo] F7HYA F712 02 wWsKspatial modulation
of refractive index)3}= A& @3tk 19663 A7 |FeAd LS
7HJ LiNbO,el| A 32 @] 22 SAHIE FAE
Yol 23 A& WSIE HolA o A5 & T 7HF
HAATEL Ashkins & 7ZF{AA 714 A (ferroelectric
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of b2 olaE)7) Az,

3274 AET high density optical data storage, image
processing technique, optical correlator, novelty filter 5 H¢
2 ARZY §Eo oFF F83 B3} BEAE i, Ad
2 4d |7 LiNbO,, BaTiO; 22 74444 2%, Alzte, v
A F FE FIAEE FHLE v &) d7Ho 4ot
123 g g9 F2HAFH s Age 498 A=
(grating)= 4717t BEE 7+ MASAT, Y% A7)e &
< T3] 2AF oHE A AE FRE /MR R &4
Ag g Yok 23 B B vlsf )¢ o 7(photo-
sensitivity) 3t mWAES] Z2 A)7)2] FHo|AE o]l t
Z 2489 ¥k 28 F ok B3 F2E S non-
local response, & ol 93] 5= F4& Myl Jo &
(light distribution) 9} YX|3}A] &7 Z7HAHO 2 o] ZH Lo
Uehts 558 A3 f&d, 2AEE F gl {7k o
1] Zo](2-beam coupling)7} WAIste] & Wlo] ofuix]7}
02 & Yo% Aol A2S B Foh 7] ASE ol
g 32l Aol et ¥ A+ A3 high density optical
data storage!®l, optical correlators!”), optical novel filterss! and
holographic interferometers’® £-& ¥ g8l tjekst Aexga
9 $87FsAol SHEHUCY, F7] F2E AR At
A3 e e BA7EA 21 8 vl7h ik 1 ok 288 2
F2A A€ 7R F1ARE A-A UA A7 ol
A& Bt oz}, 7]&9) integrated circuit technology S B4
FANLFCE dAs o AR L5 7] wEe)
o. F714%0) el Z2 AL 7] &AL, 44, polymer
dispersed liquid crystal, organic glass 5 T ASAAE
FZHAJAHL. FAAFAME 19903 7,7,8,8,-tetracyclo-
quinodimethane-g ¥338F f7] A& 2-cyclooctylamino-5-
nitropyridine o4 H22 FAFHJII, T 33 diethylamino-
benzaldehyde diphenylhydrazone(DEH)o)|2h= AdkraA&
A7F AH7HE JME A EAA ¥AY IRAASAME BF



HaF7t FEEHYH] /713823 AEE LiNbO, 22 7]
E9| B714A wg) 714 2 7y SHoA X fEsin,
a9 A HolFd F2d 54 WM ¢58 2
g RT3 oy, Bk o} {732 EAEE 98 &
LHoe) AYSEE 354 AR 4 125 &4 2E8F% &
A= AAE 7R Yo, FIAFARE AT 5 e H
AdA 52 BAo] JZHT Yk

etA £ FellAe 7] G2 IEA A e A
A ol g F71 ek, F=d@de 9=, S 2 8A
7K Q78 7] F2EARY F7 R 54T dal et
A 4B A $ith
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ojfl ol =9 T FFH FFS NEHoE A¥EA ¢
&3 Zoinel 5 1e ZHd(interference)e] 93 49 F7]
H oz whEE= Y(spatially modulated light intensity)2 |
8ol AR H7I7Ho] dojdt XA #HstEo] A€
o A" FAsE0] Fatolu EF(diif)S £8) olFsitt
A& Well EAsk= Ef(trap)ell el XFHH, o2 Qs
SHEX7H B AdaiXnh Aate] AEEE AE Yol F71H 2
2 W3kl W5 7) K (internal space-charge field)S FL 3
ok H]AEAE 71 AEst ol 22 YE A7 R8N
£, 27133 & Helectro-optic effect) 5 3t A go)
Il A 4AS 744 0 2 M3 spatial modulation of refractive
index) ¥lof, A& W] A AA7E A== Aotk
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1% 1. Mechanism of photorefractive effect.

J9 13} 7o) 59u7ge 7719 coherentdt o] A7)
ZAE W M8 (Gnterference)o] oj3] YT 1A= M3}
3= dlo] ¥ (spatially modulated light intensity)E Z+=Th
ol We] A)7)7} F7)1H 02 Walsh= 7+, & AAI7HAE(4)
& AHE w3 F g Ale] o] 93] AR EE dl, HAEAE
AR o A9 pmg o)tk A8 At A4 Erate
of photogeneration) o} 7o &R g H7}7HMio] o
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A BAAE A AH R &4 Hol ofF& RO ofF
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FEAtold] ogk FatolAnl, {AEAME YR Q7L
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st MBS WA e EHFE hid I E |, EY
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o A7IAEY EY WiMELS AR FFe] olaEHy
WA FATL Al Foll EAlHE EoEolv 72 AF 5O
Ego® R8sty UAA Uk Ak ALxE s #3
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W2 A7) A& space-charge field(Ey)2+1 =gt
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EX+E?
sc =m ( ? 2 DE) 2 (2)
1+72 + 70
[ E q E q
471X Ej= 98 A7) grating vectort &Y, E,
T it Y3 olF® A3l ga AAH AR
(diffusion field)°|3l, E & trap-limited field o|ch. w]A¥ 3

al

d4AS 7H AR FHEL AR dsinz
(Pockels effect), F7]422 wslele W ¥27) A (spatially
modulated internal field)2 F=23 A7 Holl F71F o Z W3}
3= ALY Wi dn)E SEITHY 2,

An=—;—n3reﬂEsc (x) 3

o714 ne AEY HF UL, effective electro-optic
coefficientl r,= ©]x}u) M ¥ 74E(second-order nonlinear
susceptibility, x@)5-ol ols] A E) FZHAARY F=d
A& Fx- Y F39 gAEA Y YAFAre](phase shift,
6)S Hol= Hl, 8+ of A3} Zo| FARYIH 1).

2
tan® 22| 14 E0, Eo @)
E, E, E,E,

8= AstolFol Filo] 9t Aot/ 22 gk Ho)
o, JIEA} o] AsdtelFo] FatHthe F2 A7HE AA sl
Ao FFo o dojube A9 fdAtele o/ 250 Frk

A71M B2HL o B8 @4 FEHA non-local
response, & Woll &3 frve= FEE W o ¥
(light distribution)$} Y2817 @7 F7HA0 Z o)5 = YA}
o|(phase difference)E HIths A2 FEF e ARdolnh
(12 3i5Ha WHE 5o2 Qg ohE FeEYL local
responseE EQITh WA Ho] RAMEE HEE T XA
Age] FHgo] Wastng Yol Arst AUl M Mg
9 2¢& 9A HUE W) FZHAEE o] 22 9%
°)(phase difference)2 {18} FANEE F o)A W7o o
2] Z0](2-beam coupling), & & W A7} B & Y
S5 HolHe 553 4FE 74 doh 9XE g8 A7)
© T ZA 9 749 oY) A o)(two-beam coupling)= 494
d ARl F 9 7] HAAE90°du) ) o= Ho) s}
dojtet.
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FHEY Hsl(4dn) & A0 o3 AAEE A8
FZH EAL o|EAF(gain coefficient, ' ¥ IHI&
(diffraction efficiency, 7)o 23] AR+ o, Tk FA] 7]
<3 2-beam coupling] 2 four wave mixing(FWM)H<& o]
43l gt

3. 3=2H d39 £F

3.1. Two-beam coupling(2BC) SHY

S oA Ao, 7 7] ouR] Ho|#ARE nonlocal
reaponseE Holx F=H A ETY] EE5I @Fo|ngia,
2BCAYE F2HENE TH3E FAHAA $AZ AHSgh
T W7k oA Ae]e] F7)E o)|EA 4 (gain coefficient, I’
= 2489 modulation(dn) ¥ YA Ho|e] F7|(phase shift,
8)°l &3 AR ch,

r=%’{al &)Ansin® (5)

2BC Sd< U3 O R oF 100m =] F2 A8E AL
&3, 19 29 2 ARAAE ol &gk 7Y Bol AR
e UL 632.8nmutAe] He-Ne lasero] 7, § W 7+e] Alo]
742 10-30°A}0]¢] ZHS A&ET S7)¢) p-polarized lightS
12 AR 2AE F BIEE 39 A71E Fske 0,
oLz Holell &t gain'] 9] Al7]e] M3k= coupling gain(y)

/
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% 2, Two-Beam Coupling Experiment.
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_1,(1,#0)
I,(1,=0)

(ZAeHE WO 2 s-polarized light& AFE-3R= 79 oyl
2ol g2 p-polarized light& AMS-AE 24 Hrt Z2n, oy
A Aol Higke] whZE uldth) o]EA( I coupled-
wave equation A FEH the A& o|&3ld, Aoz
Z43 yo 2R T3k

(6)

1
r=in()-In(+5-7)] ™
71 B=(I/1)) ©]3, L beam path lengtho]t}.
3.2 Four-wave mixing(FWM) measurement:

FWMHL 2BCH3 tEo] A5 F2HPEAE A4
A3 dg] AREET Bolth Kogelnik7} A<kt coupled-
wave theoryo]] ©J3}H, S H AL thE HoA Ho F &
ol AF 9 2H& Wl 3 AR,

n=s in’ [Cormudn] ®)

.

A714 dne 32 W)Y, Cppym AHE HF 2 A
59| geometryol] FAE Al tHCppyn = /{4, cos[(a, +a,
21H

FWMR X< T3 T Wl(writing beam)ol] 23] A4
H FZA AR A39] H(reading beam)S FA}sle] 34 ¥
= W9 A71E &A38lo 3] a-&(diffraction efficiency, )&
A3, 14 33 22 SHAANE AMS-FT) Writing beams
Zrel AR HelE Hastaly] YA UWHE SR writing
beam S E &= s-HF W& AMSgh ¥ 2¥7F U reading
beam-2 writing beamol 9J3] A H FZH HAE A $B 2,

Mirror Beam

/ splitter

NS

fn
Beam
Detector splitter

18] 3. Setup for Four-Wave Mixing Experiment.

olg HA3}87] Y8 reading beam writing beamol] H]3)
1/1000 AR X2 A)719) WE o]&3ith Reading beame)
o2 writing beam¥} 2+ H3-E AR E HX 5 QJA} 5
+ reading beam®] W3k Bragg conditionS TEILE X
Zefol dvk BHELL 54 A reading ] M7N(g ypuced S
243l olef o} o] L F7} Utk

17int = IR, diffracted / (IR diffracted +IR, transmitted) (9)

1N WA felsher & A HAEE 24ARS 22
ol UE AP FAE HA BAUE Aol wA
BC2RE Fote] uARe} B AR Aol
reading beams] 3}8o] The FoAYe] o Zo) opIz 3
2349 98 2L UL 47 Ack

4 Rolg=dE A=

&AM AR RRe], FFEAEE BT 2 9NY F
AL SN0 L glojo} Bk AN nae 22
ARG o] & RS 233 el wet 34 o
54 ZEA A A (multifunctional polymeric system)$} 5
el-&d Al(guest-host system)Z EFT 57} Ut 13 4994
Ho] FRo] tisA IRAAEE WY A7 Ex¢)
FAEA EAE LEAY FAU A7 gEAgeE @
AAA wrETHISI, 1992\d University of Arizona9)
Peyghambariam 151512 polyacrylate backbone® carbazole
53 A1 A S ZHE tricyanovinylcarbazole g 249
28t fully functionalized side chain polymer(1¥ 5(a))&
BHEAGE U, o) TEAE JHEAT A BLL 47}
BHAG, 2-beam couplingd P23} FZAHAYL #AFHA|
&tk o] Foko thdt 9+ University of Chicago?] Yu

@ NLO Chromophore

M Photoconducting molecule
® Photosensitizer

[} Muteunctionat motecnte

(a) Multifunctional polymer system {c) NLO polymer/ PC composite

(®) inert polymer/NLO/PC composite (d) PC polymer/ NLO composite

1% 4. Materials Classes used for polymeric photorefractive
materials.
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13 5. Chemical structures of multifunctional molecules.

Ighsle] oja) 71} GlEA AFE, FAAE Holgd
AYES TV B2ATLA 49 Ty $L o5
FE 2 oz uRH/|E YoHIE 50). ol gt
R 22 TRANES AV 2 RBE 74 AR )
TAE SRACE stk Aotk Jajy EAxE A
go] AFHT I ofRlE £ty 5% F2H 5
AS 4717 gutF o2 ofgy] wEel, EAl s FEE
AT et A7 vl S Ao =T glok
FEHAEE AXSE ol E o WY FA-EH A (host-
guest system)x (1) PMMAUY polycarbonate(PC) 7+ inert
polymero]l FAEA FAe} WY FHEAE Avleke W,
() 5% 29 TRANAG BAEA BAE BrleE 1,
(3) FAEA TEA v Fel] HHY NAE WVlehe WHOE
ERUNIY 4. BA 20 B S, B o) inend
LEAPNE(F 30 - 40wr% o1 AHEE )& AHEEHA He
o|2 Q&) FHEA B A 1B AAo] RolA, ¢+ FF
d AZY Ax7E 44 gk B opde), B 4ol =gA|
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bis-A-NPDA

o
O

DEH
3% 6. Chemical structures of NLO polymer and charge

transporting agent.

A7t & e FA o AZeic weba A713Ed
A Y FAEARE FA 2 e o|FeA FAKbifunctional
molecule) & A7tete] EP&S 2o EFA Y RHFAE &
Batee AEE0] BY HU= o, I FollA Peyghambarian
J5 o3 Exd o)AFA EAe F5E U -8 32
d BAE HPd. 2-95(c)o Foi7 DHADC-MPNE o}
APAIZEA A7t Axd BEAE 50Vimne] v w3
W AP A 227cm? xS & o) EAFE HA:

HIAY B8 YEAE dAR 0|88 X FFAEHA
+ bisA-NPDA¢] Z3}4A19l diethylamino-benzaldehyde
diphenylhydrazone(DEH)E 37}8ted A2 Geii( T 6).
o] A &= 2-beam coupling(2BC) <] o] S A 4(gain coefficient)
7h ek L em ! AEo|3 & FALY HREEE( 1 Wemh)E Ko
= 5 ¢ ¥ FFEEAS BT A7 By E H4A
& IEAE ol &% SIS YWHoE FFEE w4
n)7b a9~ Fopr, FE 38 F &(diffraction efficiency)Lt
%205 Al9x(net gain coefficient) 7} FFA] FUrH 74
wo|5 Aget | FAND)AM F5o ol AE oiR|(a)
£l 3. EA7EA Bag vdY RS o] 8% F2H
SEAE] $re 4E2E A Xoke 7MY & ol wAg
A&7} TREAA e 35t o2 AjtE o] HlA g A uigt
o] Ak 7] WEQ AoE GEA Utk waEtA uAgy
&9 4ol $rHA g & e F2E AAE g
H XY TR} BJAE A X olguia A

2BCHRY ¢ol5 Age FAEA ZEAE WA e
B34 19930 H22 SAH dy] g8 $He
A ZEA poly-N-vinylcarbazole(PVK)e) 3-fluoro-4-N,N-
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A% 7. Chemical structure of PVK, TNF and NLO chromophores.

diethylamino-g -nitrostyrene(FDEANST)3}  2.4,7-trinitro-
fullorene(TNF, PVK 9} 231358 A sto] Azl g =
3 =33k Tom'e] vet gaing FASFHIY 7). 1
#3L ©]E3] University of Arizona®] Peyghambarian 18120
2 7IeAlE F7beHE frEdel2EE BE FARA 18R}
EYA(PVK/ 2,5-dimethyl-4-(p-phenylazo)anisole(DMNPAA)
IN-ethyl-carbazole/TNF)E A28}, 4=0|5 A7} 90V/um
ol Al 200cmto)/dolZ 3 & -&(diffraction efficiency)e]
60V/imol A 100% 3= w9 $58 FIFHHEE AT
F2EABALA T8 o)ZF} 9 o] AR 7MY 283
A& 7}AAQ] N-ethyl-carbazole S A7}sle] Eakx)9) g
TE(TYE F222 ZANFTE Rolt). R TS 7}
EHA Y S ARAME fFA0l ABE, AR Y
A" 52713 (spatially modulated space-charge field)oll
o) izt AWE & 7t Aths Roltt. FZHRE o) ]
A AaE 19 89 7o) 9HolA AolF Agtat YRAY)
e Fo g 24 F713 22 U3k total fieldE WA F
BE, 540l 3l A total fieldo] W3O 2 AjujQalA)
Hrk o]2 Q¢ 2 &9 W3k orientational enhancement'?!!
2L 3k Hl, &8 H713stEH(Pockels effect) it} F
AN gt 7197t 207 Bag] Qi) o] dxAF o]
FTE Y2 FEHol2RE 2 FALA TR B4}
F2E ARE 7ML & QA A7 AFHon, o] AlAE
= °l881e] 2BCY| O|5A%7}E 200cm! o1 de] T g B2

b) A
| —

I

> X

1% 8. (a) Total poling field of PR composite with low Tg; (b)
spatially modulated poling in PR sample.

H AgEo] EFE =AU 19984 Scienced] 2EH DHADC-
MPN/PVK/ECZ/TNF EgA22:= 50 V/und) Bl 7 A e A
UM ISAFIE 200cm ! VR, 30 Viumol X 3H &go|
VIE BY AR 5 32 EAE 2y £9 1998
d Moernor group@24e] ¢J§ PVK/ AODCST(35 wt %)/
butyl benzyl phthalate(15 wt %)/ C,i(0.5 wt %) £ 2] 7%
(3" 7) 2 o)5A9%230 cm! at 100 V/um) B2k oljz}
o WE BhS £5(r,=5 ms at | Wem?)E B, video-rate
optical processing application. §7] 32 AR89 FAHAAAE
29 S47R54 B2 B F90k

5. 22 Hx| 22| performance

1913 IRANEANA H2E F2HaA7) B3 gAE
gain coefficient(I")7} lem'(net gain < 0)°)Y¥, 3|AEF-Lo|
1064=2 7 A5o] ¢ wigtoyun, A28z ol et
% AFZH FAE( = 100 ~ 200 cm19] EL AES Ho|
450] Bol] RIHY Utk 47|1F2HA 57} 0]9} 7o]
2 4TS Holg A2 (NAR fIPA0LEr} v
3 WRAZGel o3t AmIz s WP =71,
orientational enhancement effect™® (2) ¥712A ] H& =
EYFEE I 5 URA/A 3 L vwy B SANS
T 2A 718 Aoz g A Yk

P24 AFAM HEFE FZHL(modulated refractive
index)9] Z71& WA A71BEA A 5] A G
& WOUR, 5o v Aao) B} HA)7F & performance
T 7 F2EAR Az 4 G435 dAok 7)1E A

F

o rir
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=
=

0
p
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71583t & A9 EAL o]al u]AE 74E(second order
susceptibility ~u+ 8 /M )oll 93 HHHRATE, 2 ¢ &
AL E 71 BEA 0] ¥ ASS Hol: Ao &7
H olHE g 2L A OF ujAg Mo EA gt

(261,
F=[9up + 2u* Aa/kT)/M (10)

7] pe dipole moment, f+= hyperpolarizability, da:=
polarizability anisotropy(a, -a.), M EA}Zo|th. 71|
7Y UEEY 25 A%, FUA ¥ 3 birefringenced]
A7)1FAFAA Y JlHert A O & A0E HI HYow
2, & B2 Ad EAEYE dad) pd] Fhol 2 WY E4)
7HE 8 32l AsE Bole ALE geA

51. 32 MR WS &

71479 32HAE 4%357] 98] Kukhtarevi? So]
A BFZFH o) E(standard model)o] oJahd, BH2FH T2
B A B ~Y(decay) £EF ARk 7P 2AHAA W
T FATA T T2 response time(r,) AL FA)
g e AHEE B9 A8 1AYE 718 B9 o
3 7ol FOAE H, o]YlA & & Axe] FHEA(9) ol

Z71E B2 Al YHSTE BT,
1, = (66/0) (1 + (Kutie)’Ey?) (1)

oq7|M €9} g, ZH7} relative dielectric constant®} dielectric
constanto] ¥, K(=2n/ A)= =2 ZA}9] wave vectoro|t},
Moemers< f7|ZEAHEFHA ARAA F2Hue &
g 2AReke 2918 7] 99 ol ¥9le) A L intensity
oA AEx9} 2BC build-up £EE ZAFHS1, I 9o A
Hal FRo] F7IAEAAMY 2] fIAREANNE F=2d 4
AP S ARk IA dEs, FAEEI) S
€ 2R3 7P T deaky 13 FAoh I3 Harre
Ol AFsARe] F712R T F7IAES] TEAHY o]
Aol F AR AAFY AE L AAYEeE U
7)E oJPT»N. AHE F2H &no MY E d¥L F
T FHEAl FI1ZAAME A7t Aol FASAE, F
Z|XRAAN BN AR o] AHEE F mobility7} A
ol FA JESTE S M2 UiF A7) A5 A A7)get
Al o Az FH o] MEHE QAN F ABS o
2 HAUES Btk § 7712A A9 2H¢ ke ¢
Hh-g-o] WhE Pockels effectol] SJajAiet AAFRE 2 A7]
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. Q17 QY laser intensity 7} FTEAEFA Y FATE
2 P28 A &5((-1) o u)X= A [Data is taken
from ref 23].

29 AR F2H AR FHEEE At o, F
7| E(E3 FE FPAeEE 2= EF)AE Pockels
effect® F2pe] AuHoll 23t birefringent effect7} FAlo] 2
§2 o2, 324 SEL WY1 9490 2 BRe)
reorientational freedomef] FAlo] &S whE Ao = 7|UH
U] (=3

71822 o] Azte] uke] AF(hole)d)
hopping®|7HE-2 F3 o]FAAE 74, FAEAHL
pesE BAETE A7)A] e 718 H3to| T, pi= A3t
“J(hole mobility)o]ct. p= W ZAle] 23
(mobile holes)9] A4-ZH A3} LA & & (photogeneration
efficiency) 3 AHE-3PZA 9 F3E Fo o8 ZAHD w
A Fe¥Q FAEA ARE AN E 52 3
3MAd&-S 2= A3t WAl A (photogenerator) B W-E A3}
f5/3€ 2 A3t $4A(charge transporter) & FAlol 22
ok gvk AR Bag Adaewkdl $ 7Hg Ro] Kol
JEAE PVKola, Ast WA 2 Coub TNF8} carbazole
unit?}e] charge complex7t 714 da] AR AL B4 A
=632.8nm¢d 7P, PVK the 02 FER} B Wo)
AHLEE BAEA 7ERE PVKS 2+2 hopping unitE 7}




%] carbazole substituted polysiloxane(PSX-Cz)o]th3!, PSX-
Cz= PVKET 958 optical clarity & low optical scattering
characteristics & 7FA| 2 It} T8 fra)dol %(51C)7) @
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