71828 Mz

1.L7F =8

=7 (photorefractivity ) o] & %4 x4 (photo-
conductivity) ¥ ¥]418 33842 (optical nonline-
arity) & FAld 23 Y= ABANA BREE o
2, Yo s dyd [Aste] ALE 2 sl A5
A go] NN Fr189 o= Ml (spatial modu-
lation of refractive index)3}= A& @dchl? 3
2 g2 19663 A7BEgEA S 1 ZAREA
F712A (ferroelectric  crystal)?l  LiNbO,o A
Ashkin T 9] Fx=z AR oY, T BA=
Qo o5t 24 & HIE Ho)A % A5 &
A= 2FHAGE 28y 19 F Bell 749
Chendll oj3] 71939 2H& ¥z HHAHA
Ashkine] o7e] F2HHYoR BEls N2 F
3 Ao sfuz A4 H7) AT folA EA
= 19909 7,7,8,8,-tetracycloquinodimethane&
233 #7]242 2-cyclooctylamino-5-nitropy-
ridine A Hzz WAHADR I 1S diethyl-
aminobenzaldehyde diphenylhydrazone(DEH)¢]
e AaeEA R AR JtmE A EAA A
A ARAYBANE F2A A7 FRHYGS

£ A =ol¥ FEHEYE JdFHeE A
A o3 Ao, F ¥l ZHi(interference)e]
o AP Fr|Fow vHERE=  H(spatially
modulated light intensity)2 |8 ZAEPE B
340l dold XA FHstso] At B4
g FAslEo] ol FF(drift)E 53 olF3l
o s el EAste EF (trap) ] o 1A

H, o] <8 AsEErt Bzt Aste] A
BE¥E A5 W F713o2 ¥siste WA
(internal space-charge field)& #=3t). o9}
Z2E 5 #7138t A713stasz Adsid A
8o 2HEL FUAEAAM AT Hom ¥
(spatial modulation of refractive index)3stA| €
th o] AYE A FAE F2H A= I F
3 Arzo £8d olF 448 B S45E 7}
Az okt & BFHaH) o Az FAR
A&} (grating) & 37|17t A2 9HF AR EA|RE,

Mgl stelms (St
Mgt sheleh(AAh

The University of Akron, 3
EAFEE

(F)SK dAnEA|ed T4
a7

2yl sty A&
a7

e ed 7Y Post-Doc

Frofoi 8t 3487} Post-Doc

A gt sheta (AL
Algcisial 318ta(4ALH)
University of Texas at Aus-
tin, 3%}z
dRaErledTd #F2Ed
&

g s wg

Organic Photorefractive Materials

Fhodo ehw xlAzelef el 3 sta} (Hyunaee Chun and Nakjoong Kim, Department of Chemistry, Hanyang Univer-
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TL3 A7l 2& 93] 2AL 3P Asd AR
A ARE sigFez &44 AL 5 Utk E3

& Fetd el v)s] vl o7 (photosensitivity)
sl mWARe] 22 A7]9] #olA& o]&dlo=
g Fdge dH3E 48 & Uk oE 5 A
g9 vis] FEHAYT| ZL e FET AHE=R
= non-local responseE Heltle Aojt}. o374
non-local response@ 4o 2l3) f=dE= FHE
W37t 23] 23 (light distribution)$} UX84A]
g Fder oFH $4xlol(phase differ-
ence) & HolE A& oudch(Fz 31344 Wz}
S0z % e FALS local responsed X
Q). mWeba Wel ZAIIE Wz 1 AXAA A
8o FH o) Wstez W Z=rt Hd Rl
A AR 2HE& 94 Ad2 ddn) B=UYs
= o] & Atz E zAlEE F HolA |
719} oid=] o] (2-beam coupling), & ¥+ 19
A7} BES Hon Holse SEG 4L 2
A 9o 99 e B S4B U8 B2E A
8%+ optical information processing, dynamic
holographic storage, imaging 5 ®& 39 AR
AE2A2] g8o] TYsHA Al=x L Ut

B s X f7] F2EAR o g AwFQl o]
e F7) sk, g2HEY e, SAYY £

@%@%@%55

S%%aﬂ@

NONUNIFORM LIGHT

U

PHOTOIONIZATION
&
DIFFUSION / DRIFT

U

CHARGE-TRAPPING

U

SPACE-CHARGE
ELECTRIC FIELD

Vs

REFRACTIVE INDEX
GRATING

2] 1. Mechanism of photorefractive effect.

IEAEED 7)E A 11 W25 20009 49

A7 A3E §7] FE2HAsY FF L 54
S disl AHEzz} Fhl

2.8 B

2.1 32 del

a8 13 Zo] Y utge] $09] coherentdt ¥
o] AF A= 7448 (interference) o] 2]&)
4T oz wWsEe= e EX(spatially
modulated light intensity)& zt=t}. oju He]
A717F F1H ez ¥gse 148, § FANAAN)
& AHg 33D T H Aol oa AAREHE d,
7INBAE AHedhe dRE A ol A
g9 B3 QYA S (rate of photogeneration) &
o] Ao ojE:drnz, B7He] dojud we

BB A Hl(charge carrier)7t BAAT o]
A AAAE AslEe FH oz B4H oF
o2 olFdhe dl, F7|ARAA Aslolwe] 4FY
& dutx o2 QabpEateld] o3 Faile|Aul, &
71BN FoA 7t AVZd o EF
(drift)7} B & 98& @b} o]F3 Asprl A=
Jd WAls e EFE whpd 2FHE b, ER
F3 Az A8 Asde AFEE(o(x))7t EF

N
SAVAVAVAY

e WY AYAYA

- trapped-charge ‘\ /\ /\ /\
density V \/ \/ \/

A\ IVANYANYANYY
AVARVARVARY

NANAN N/
N VvV V

©
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dfAt. FrIAEY] EY Wy Ee A7RAE
AEs| o=l YA kAT, AR Fd| A st
BBy F22E Fo] Efez Ag3idn ¢
#A Aok date] AEEE Q8 $A4S &2 7}
DA Hel Fr1Hoz nEHE= QWRA7Fo] A
d=l= tl(Poisson 4]), FZHAFAE o9} 2
o] =¥ WH¥A7]4& space-charge field( Es)
21 Hrg i,

dEsc _ 47
dx &

FEAAAAE dYse 71EAY 2ae Ao
Kukhtareve]] 519,82 A5 space-charge field
(Es) 9l ghe o)z} o] Fojalo,

_ (E02+ EDZ) 1/2
Ese= m( (1+ED/E,,)2+(E21/E,,)Z)

A7|A Ee 9% A7)l grating vectorddd
AEoln, Epe 84ddl o8] o)FE datd ola A
A" g4kd 7] (diffusion field)o) 1, E= trap-
limited fielde]t}. ¥4y Baydde 710 Ao
2HEES A1AslIM - WElEle g (Pockels  ef-
fect), F71¥o2 wWalsh= UHH7]1%(spatially
modulated internal field) & Z23 A8 4] 37|
Hog Wsisle FH &Y W3l (4n)E 534
ag 1.2

1
dn = — §n3ref,Esc(x)

A7) nd A5 WF THEo|L, effective
electro-optic coefficientQl r,,i= o|xu| AP 4

=

(second-order nonlinear susceptibility, x®) =
q o ZRFES. FSHARA =2 FTHE £
Fe & oA dFURe] € BEY dAEA] @
2 $73ate](phase shift, @) & Hole ©, O o}
A A7 o] FoXH(IR 1).

O Aslo|Fo] Bidl T ALont /22
W Holoj, mEa} o] Hsje|go] Fatrrh=

160

2 A7k AAsle e R 98 dojuke A
AdAele /28 2. YAz g8 B
ZA Y 2] o x] Ao](two-beam coupling)
F W Zbe] A7t 90°gu) Hjolx)Ae) 7}
goluey,

2489 Ml (dn) 2 A4=1(O) g 2
AHe A8 B2 54L& ol5A(gain coeffi-
cient, I') ¥ 37d & & (diffraction efficiency, 7)
o oa] ZAAsE d, o]&L 2.3 7&E 2-
beam coupling® % four wave mixing(FWM)

& ol &3ty FAH}

22 771332 =

U HAM dHRol, FFHEAEE JHAEA ¢
Y FEPAE FAlY E2gstn glojof st
A7A Bug F2AHANEE olge TAANES
Z¥ste W wet 3A dEed 1EA A8
(multifunctional polymeric system)$} 3¢1-¢d
Al (host-guest system)2 BF3 7} gty 38
2014 Hoj FRo] tidtwd IEAARE vNF
)38 B AR EAE 28R T4
Z7HA el st Ao 2 AAA A e ! 19924
University of Arizona®] Peyghambariam 1&&°
polyacrylate backboned] carbazole -2&3} A7)}
8dd & Zh= tricyanovinylcarbazole & &40 |
#3t fully functionalized side chain polymer( 1]
2a))e LR A, o] L&z FAEAN A
713439 A e Zbzt HYA|RY, 2-beam coupling !
A3 F2EPLe BEHA gl o] Hoo) o
3 AT+ University of Chicago?] Yu 2&d)1°
& 7hg dsA AFEH, NN R Ho)F&
APES ¥ FFHuEA AL vaE
& OEAFE Ze Aoz wEIEH/E Yoy
2(b)). °1Z2& YAFd H2FH 1EAANFY F
T AHS 79 A8 dEe BAE 2EHez
s2stche Aol ey Balrx dgo] g
Hu FA] gz E7stn ¢ F2H &
A& 717t dutd oz ojyy] g, A o
T4 B2E A8 dg I We AdHe=z
F= 1 .

FEHARE AR o E o Wi F-2
@A (host-guest system) = (1) PMMA U poly-
carbonate(PC) & inert polymerd] #AEA =
A vy FEERE Arkske 3, (2) vjdg
38 aEAuAd FHEA ExE Huiske W,

2 e 4 Ho 4N
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[o) n
(g“) ° 9
ﬁ“’ (z‘lz)s
SO Dy,
T ]
(a)

SO, 3
(b)
T T, @_m
DHADC-MPN
(¢

&2l 2. Chemical structures of multifunctional mole-
cules.

(3) FRAEA nE= fdd vy Y48 H71s8t
oz ERECT AA AU WEY AS, B
%9] inertdt LEROA(F 30-40 wt% °]*J )
AHS-3H Sl Hl, ol2 O3 BHAEAY " AV
spet Qo] wolA, 4% B2H Am9 A=EI)
HA ¥t g oplel, e %ol =3A HH
wE AHEE A7} ol g Azeith g A7)
g4 2 FHAEAHE FAA Zn Ue olBeA
Bz} (bifunctional molecule)E 718l =YL&
29 BgA9 MRS FHIEE AEE] B
2HYE dl, 2 F9A] Peyghambarian groupel
o AuH o|B/FA EAE FEF UE 5T
F2d BAe 2acam 209 FoR
DHADC-MPN& ola @A a&xld Ariste] A=
2 B3Ale 50V/ume] Hl2d e A
227 em™ Ax9 2 oISAFE H4th

Ay 33 DEAE AR o] &3 Hxo F=
A BgA = bis-A-NIPDAo] A3 4A?1 diethyl-
aminobenzaldehyde diphenylhydrazone(DEH) &
A7betd Az HAR 3).° o] AEE 2-beam

rulo rlo rir

O2X8Etet JiE Al 1192 F 2000 4€

(N;/ Ni)o\Hoo/\(\

NO,
bis-A-NIPDA

_\N NN
O |
DEH

2] 3. Chemical structures of NLO polymer and
charge transporting agent.

coupling(2BC) ¢} ©]EA4(gain coefficient) 7} <F
lem'Axol & PAZY MEEEE HolE T
4 @ FFHEASE Btk AF7A Bud
HAY BEAE o]&T EFAES du¥er @
24& A (dn)7t Wi $ oM, FET JHES
(diffraction efficiency)v} $°]5 Al<(net gain
coefficient) 7} B&=2] &ttH(A71A oI5 AT
F o|SAFNANA FFd st A" dA
()8 W Zte). A7x] Bag vy
o] 43 B BHFPA Bl 7T 4AE A X3}
€ 71 & olft HAdd Aavt aEApMbed &
Mo g ZAyso] H AP vido] Ae
7] JEL Aoz A vt wEA udEA A
9] fEAe] BHHR ¥e &, 8 FEE 43
& Zre HAE aEa BEAE AZRdrle oHd
o Az,

2BCAYY] £ol5 AlFe BHEA LEXE of
Az S BYANA 1993de] Hzz wALw
o ¥el geln BHEAY TR poly- Novinyl
carbazole(PVK) el 3-fluoro-4- N, N-diethylamino
- B-nitrostyrene(FDEANST) 3} 2,4,7-trinitroful-
lorene(TNF, PVK$} #3354 A5t A3
Az ZAL)e& ©3sk] 7em’ net gaing &
A3 4).8 28l o]Es] University of
Arizona®] Peyghambarian group&!* 7}241& 3
7¥ete] fE|dol LR g Wi AR LEAREA
(PVK /2,5-dimethyl-4- (p-phenylazo )anisole(DM-
NPAA)/N-ethyl-carbazole/TNF) & #A|Z3lo, &
0|5 A7t 90 V/umdl|A] 200 cm™o] ol 3 &
£ (diffraction efficiency)©] 60 V/ume)A 100%

LEAE
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A O

O,N
PVK TNF

—/ V! H,CO— N,
__/N N < > NO,
F

FDEANST DMNPAA

NC

AODCST

8] 4. Chemical structure of PVK, TNF and NLO
chromophores.

A=Z )& 5% FSEAEE AU B2EA
BAA 8% o]FE7 B o] A& M} Fa
3 EAL J}2A¢Q N-ethylcarbazoleE& #7138l
B39 RelHo)eE(T)E Aoz A2 AY
€ Rojth B T,& 71 B@Ae] Z3HE& J&d)
Ax #8540 mzz, Az U A" HEA7]
Z(spatially modulated space-charge field)el] 2]
3 A7t AuEE 7 ke Aol FEHA
29| HjAE Mies a7 59 Bo] R HojE
Ada WA ge] oz AR FrHoz A
3}3h= total fieldg 2 =22, §540 A A
total fielde] W&ko 2 AuLatA €l olg
3t @38 &2] W3l orientational enhancement
gt shedl,® &48 A7)3a s (Pockels  ef-
fect) 2o} ZFH @Y O rd7 At By
o qlt}. o] dF7Ex oF2 B fEldolexs
Zbe BARA 18R SgAAC F2E A8 b
T WA AMEET A e, o] AJ2Hlg o] &
3led 2BCe] ol5AIF7t 200em™ o|ie] TLES
24 AaEo] WEHL T 1998 Scienced] %
% ¥ DHADC-MPN/PVK/ECZ/TNF %g# =
50 V/me] v & HtA o]SA F71 200
cm oG, 30 V/mmollA BA agel ag By
AEZ 8 32 S 2Nk EF 1998d
Moernor groupsl] 118 ¢]% PVK/AODCST(35 wt%)
/butyl benzyl phthalate(15 wt% )/Cg(0.5 wt%)
B3 e A9 (3™ 5) ¥ °]5A4(230 cm™ at

rir

re b
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) A

—_— -y

n\\\\\\\\fH//ﬂﬂlll\\\\\\\\|m/ x

Space

% 5. (a) Total poling field of PR composite with
low T,: (b) spatially modulated poling in PR sample
[taken from ref. 7].

100 V/um) gt o]z} of ¢ W& vg Sx(r,~
5ms at 1 W/em?) & B, §7]3FdA 8 A
AR a2 S8 3 o FU

2.3 M@y

231 FFHCY

FEAASANAN FHAEAS WAV 77] &
Y =& AAseE, 5849 FEFH A8E
AA ) e FATA Y B 3 FHo|
Fasich {71 B2HABAMG 2ol Hsle] gut
o] g (hole)®] hopping®l7hF& Fal ©]Foi7]
T A, BAEAL gp=penz FANELL o974
ec 718 AstFel, u= Hdte] /54 (hole mo-
bility) o]t} p= W ZAl) o&] FAFE F4 3 (mo-
bile holes) 2] A2 A1 AL &8 (photogenerat-
ion efficiency) ¥ AMg-mgdMe] FFx Foff 9
3 249 mepd 283 FHIEA ARE A
A= = FANIAEEE 2 Hs &
A4 (photogenerator) 3 & Fatel FEAE 2
= A& 4 (charge transportor)& FAld] =
23l o}F g}

a8 63 o], BHAEY L FEI HAF Aol A
=X gke Y FAFAGE Mg F, E 24
Az Fo|| AR zas AFE S FHA=Y
(photocurrent method)& o] &3t AAY F7}
21t}h.'® Photoconductive sensitivity, S&= A8ez
T3 FAF() =258 vhga Zo] A2

S=J/EL
A714 Je Bl AT WE 3 58 AR (D)
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% 8. Experimental setup for photoconductivity.

olz, Ex &AA /1% 9¥AY, Le 29 83
7 oA Zzoltth

2.3.2 Electro-optic 4%l

B2H AR N E BHAEA g 9
she i, WzE B4 & (modulated refractive
index) 9] Z7|E F2 HAPM4e] A7) B E
o8 4g dherh 7)1E Ar)Fee A S4L
o]z} B]AE 7}4&(second order susceptibility,
~p- B/ M)l &3] H7H= A2, orientational en-
hancement?] 7|97} & @& falHolLr F=A
B e e 2L 2oz HdE Hae &
e HrH3ig 2

F=[9uB+ 2/ 4a/kT /M

o714 p= dipole moment, 8= hyperpolariza-
bility, 4o+ polarizability anisotropy, M2 %}
o)},

F2AE Ax0) 1P 27 TAA Rl
ZF= A3} o] transmission ellipsometry& o] &
st WA &4 2RE 47} ok o 100 m
A=l Fo Wgel DL sk M4Y A2E ¥
P AR, Azel B AF(ie, da ) 2 NG
g Axd o3 analyzerg FHsl= B A7t
waiat. $ad 2o Ay) (T)s thes 2

7= (7557

A71M Ae AHEREe] #3, 6= A8 718
A%, de A8 Tt aga a9 A7
A (N 22 E Hol (Un)E2FE ¢ 5 AT

DEXED JE A 11 @2 35 20000 49

Q

)
I\

Polarizer g Analyzer
Sample

%} 7. Experimental setup for electro-optic measure-
ment,

beam 1

beam 2

2BC signal (Normalized)

0.96 T T T
0 5 10 15 20

time (sec)
a8 8. Two-beam coupling experiment.

2.3.3 Two-beam Coupling(2BC) %%

A AgFlRo], F W3t ] Aold
& nonlocal responseE Hole FEFE A 5wte
EE3 galolmz 2 oBCAYE BIZAILLE Z
s WA FA2 SR F w2 oY
ZAole] z7|= o]l5AlF(gain coefficient, ') &
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Beam
splitter

Detector

8l 9. Setup for four-wave mixing experiment.

FolAr}?

2BC &A= of 100 pm A=) Fuhg AM2-3}
W, 8 89 #& AYFAE ol&g). duvixA
ol o]% gain® A7]9] WalE 4P oz A3
o coupling gain(y=f(L+0)/1,(5=0))& T3}
W, o)EASF (M= y2 FE Fdltk(coupled-
wave equation).

r= %[m(yﬁ) —In(8+1—9)]

o714 B=(h/f)ol1, L& beam path length
ojt}.

2.3.4 Four-wave Mixing{FWM) Measurement

FWMH & 2BCH 7 89 A59 F2HH4e
&3317] 98 de] AHSElE Wolth. FWM 4
Ae mad F49 W (writing beam)dl] o3
e F2H A A3 W (reading beam)& =
Al SEsE W AYE 2Rsd HhES
(diffraction efficiency, )& ZAAR %}, Kogelnik
7} A Q3 coupled-wave theoryd] ¢)spd, A&
& ()& MBe Fdgdsle UL e BAE
=t

7 = sin® [ Dppyy 4 1]

A7 Adn-e FFE 3BT, Cpmpus AME
B 2 Al5e] geometryd] BAE Folth.(Cpmwu
=7ld/{/10 COS[(G’l + ‘1’2)/2]})

FWM34& O3 99 Zo] +3gtl Writing
beams 7] AR He|E 2337 HsA Lyt
o2 writing beamo 2 WY Y8 A3}
W B¥yl #Y3 reading beam& writing beam
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o & BAHE F=2H FAAE N ¢EE, ol Ha
3}317] 98l reading beam2 writing beamo]] H]
3 HEY 1 Fx2 e A7|9 g o4
Reading beam®] #}#-& writing beam®} 2& 33
& A= =R QJAkE]l: reading beame] W}
€ Bragg conditiong "IE3ITE ZAH o} s}
3HEES A H readingV] M (L sispaced) S
33l oo} Zo] 4& F7} 9k

Nint = IR, di/jracted/( IR. diffracted + IR, transmitted)

714 7R felsfol & e Has 234
He FEAEEY U AYHA FAE HA 2
g Aotk A 2BCEA S F3lo duix|doelr}
TDEE Ao AL reading beame] 3|Ao]

& B3l % Zo] o FFE AR 9
T AYE FAE F71 Ak

3.8 B

B 3o =o §7] F2H AEAAEE 10
dolgle B2 | s £33, FEAR 4~
2ol §80] e Axe 1EE FEH AR
M F 8L FHAA 47275 Holx ot &
71%2d Ase LINBO; 22 7]&9 F71Z2H4q
vl 714 9 7} SHdA #BR FE3d, 3da
& % A Ho] 5o FEFE 54 HAIME ¢
S 235 HAFEa 9o By ojly {73
AR A8 $EFok] APs=S ety A
2 TRE &G4 288 F de e JRa
Ao, F71AZAEE dAE ¢ Y= HFGAE=R
#Ae] AFFa ot

AF7HA] Big 8 {71333 A8 FolA 7t
Zde d7HA de Poke w2 E848 Hole
BAEA 1RAE HEHAZ = 28R S
Alzglolt}. #Al o] HEope] AFFYFS AWHEA,
(1) PVKET} Appdsdo] 3 AN 1
2te] A 2 FHANBAAEES] FFE o vkg
&5 g F71 7L, (2) ZEA vEEA 444
o] L3 w& FEFAE = vy i A
B2 FHEN S Folgie 77 $dsiA AyH
3 e}t 2y} olF X real-time application 59
HEarlde =3 BHeEE, B 2 A B
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& %ol AAIAMEc 2 Q1% A#e], M2 (chromo-
phore)e] wl& &3} To2 AF AP AN T
Aot & B FAE Zt1 k. o9} B2 £A4
E8 BZEAZE] A9 AFYEEE 7
Hum g 712 o did=e], #2209 5 3
Azaz 2ol S84/ o] AFE Aog 7t
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