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%l 1. Nlustration of PR grating formation.
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Ztolth, Wil 2 F719] A7) 0.3~20 um Hwol). B}
I o5 el B WEe grating wavevector ( K:)
ol ¥ 2 RHIY 1 A7E 27/4:2 BHE 5 ¢
i, o] Kpol Wag ZFo g By Wo A=
dal siioz gHEECh a2lxm 1 Yol Ay HyQ
Aol dst (A3= A4h)7 Sy ol¥A) A"
HeHEL hopping W71 75 B8 BEF £ B
Hia AR, ARl EAshs EY 225 29
A2 g (trapping) o} WRA71 RS A4 "o}
(A8 1(c)). ExY 2A59] A&3 Ade tzf Az
TZ2A Aoy} Asd 2o = BEEg oF
Hi Qdv} webd w2z} RAME FEH o2 A
A oz uz EYEIES FYAY I8 gk v
o AEe] SEEol AVF) $dld HsdE 1 2
&9 F7¥ Wz I HE (spatial modulation) e 33 1
(DAF JebdA €} wabs Azl 48 Qdr)gs
298 58 ¥ZH (modulated) 2E &2 =7 (dn)=
2 (2)3 Zol YR A7 F(E ) 254 Dk

SINUsol-

r.l

rlr lo

dn=-(1/2)n3E, (2)

o714 r& AR electro-optic (EQ) Adolt}. A
= R A7ge A71B8 a9E B A5 2He
& HFAPFA Ha 2Hge] Ws gEo] FiHom B
et AzE PA3) Al We) Aly) 98 (ag 1
(a3 HFAZE HE (3 1(d) Al 944 =
02 =Y €578 PR a7 93 A9 o oA
a/2¢] ZHsA @t o]2E A4S PR @Auto) six
= S5 AHelu.

2.2 F2H BN K3 718 AH

AE 2dolA PR &4, & Yo o8 f=" A2
2HE Wshe vx sl 0 €4, o2 =9 99
AE4, SSHAY, FANPA, Bo)dAsAA, Bu
WH A, doldA, 37<} HAE 4 4P B3 T
Aol Aol g} o)gj3 FAEL 5% 2R Wi
7] (local mechanism)z 2A-&9] W37t 4= njo|z
2 WollA] dojdnt. 287 2H-g9] Wilr) W
o3 B Aslse) SHddl 1 wghe & PR &4
& HF5-2<Ql wg7]7 (nonlocal mechanism)2 ]¢]
TR BT Tel pedEY. 3 P dPoe =
£ four-wave mixing(FWM) ZAx} A& 5 wAg

ARSI J|E A 7A6E 1996 129

(a) = Detector

]
|
I
(b) |
i

Beam 1 and 2(writing beams)
Beam 3(probe beam and reading beam)
Beam 4(diffracted beam)

% 2. (a) Experimental setup and (b) beam geometry for the
PR grating experiments.
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&l 3. Illustration of the grating dynamics in the PR polymer
BisA-NPDA : DEH (A1=647 nm, E,=11.4 V/um).
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:] Diode Detector 2
Beam spilit 9 j Diode Detector ]

Mirror Chopper Polymer

(a)

0 20 40 60 80 100 120
Time (s)

(b)

J® 4. (a) Experimental set-up for two-beam couping, where
S and P are signal and pump beams and (b) the asymmetric en-
ergy transfer as a proof of the PR origin of the grating [PVK :
PDCST : TNF at 753 nm with E,=32V/im and B=1. The in-
tensity of beam 1 is monitored as beam 2 is switched on at =0
and off at t=120s (open circles) and the intensity of beam 2 is
monitored as beam 1 is turned on at {=0 and off at =120s].

P={In(ye®-In(8+1-7)] ®

o714 B % writing beam®] A7) ¥, y,=F L= W
A3 Y] (beam coupling ratio) (I: F=Zdlo] g oj
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AA &8-S A AR Fo5 g F [Ma>0 7} &
Tz
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=23cn™!)9] 2BC H¥e] & 8 BAZ= Add,
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ZF O5>08 #FY F YdPB
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% Charge generator (CG)

(O Charge transporior (CT)

NLO chromophore
%

b Trap

J# 5. Three approaches to creating PR polymeric material.

3. PR TExix2
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A Adoz 258 5 i, A= Mag B
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%= dopant (charge generator, charge transporter,
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%] 6. Nonlinearoptical polymers which have served as hosts
for PR composite materials.
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DEANSTE w©=x| 3.75 % T4 %ekuz =33
o 40 % o149l 3" &3 115em '9 & 2BC
A el ge 4o
H Arizonal 8 AFEHE HZ Naturex]d] PVK/
TNF/DMNPAA/ECZ[33:1:50: 16 wt%] system
& AHEE BEHAd 2EA 86 %9 FEa&T 200
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CHy
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38l 7. Charge-transporting molecules and photocharge genera-
tion sensitizers used in PR composite materials (note : TNF is
used as a sensitizer in the form of a charge transfer complex
with carbazole).
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E 1. Optical Properties of Doped Materials Based on NLO Polymer Hosts

NLO-Polymer  Hole Transporting Charge Generation “1y, 1 o External Field
System Agent (CT) Sensitizer Atom) @ (em ) I (em™) 5 (%) E(V/um) Ref.

Bis-NAS DEH No 650 >200 56 70 15
Bis-NAT DEH No 650 >0.11 138 16
Bis-NAT? DEH No 676 18 1.8 55 17
PMMA-PNA DEH Ceo 647 3.4 0.5 5x1073 11 18
PC-NPP® DEH SQ/TCNQ 632.8 10 1.1 34.9 19
PMMA-DTNBI¢ Ceo 676 12 28 7 56 20
PENHCOM? Ceo 633 25 7 100 21

“e=24cm ' and I'=2.4 em™! at 753 nm.

® Decomposed polymeric composite system : Polycarbonate (PC) doped with NPP (30 wt%) and DEH (50 wt%) was heated at

250 °C. The decomposition temperature of DEH is 220 C.

¢ PMMA : DTNBI (33 wt%) : Cgq (0.2 wt%), 125 sam thick films, T,=45 TC.

? Cgo (0.2 Wt%). The sample was 100 ym thick.

R
DN —< >—NoZ _\N _@x
— A\ NO,

EPNA DEANST(R=H)
HiC FDEANST(R=F)
H,CO N
Q0
CH, k/N_©__N02
DMNPAA
NPP
HO,
Oy
C NN NO
NC HO . :
PDCST DHD
HO,
NO
N 2
OO
DANS
oM
CF, MG
N oo CHs

Coumarin-153 EHDNPB

b Hey

PVK

OBy
PBPES

%l 8. Nonlinear optical molecules have been added to charge-
transporting polymers and charge-transporting polymers which
have served as hosts for PR composite materials.
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E 2. Optical Properties of Doped Materials Based on Photoconducting Polymer Hosts

Charge Generation

External Field

Polymer Chromophore Sensitizer Am) alem™) I'(em™) 5 (%) EV/ ) Ref.
PVK DEANST TPY 703 14 7 1.1 62.5 22
PVK EPNA TNF 633 a 0.2 b 23
PVK DMNPAA TNF (ECZ)* 674 30 5 40 24
PVK F-DEANST TNF 647 11 1.2 40 25
PVK DEANST Co 645 1 2 50 26
PVK DEANST Ceo (TCP)¢ 532.8 17 133.6 40 110 27
PVK BHDNPB TNF 676 3.5 120 60 ~57 28

POMDT® TNF 735 46 24.5 29

?Net gain=18 cm ™!, PVK:DPNA (39 wt%) : TNF (0.1 wt%), 400 ms response time was measured in this system.
5 The corona field was 10 kV and the sample was 65 zn thick.

¢PVK : DMNPAA (39.7 wt%)
4 PVK : DEANST (3.75 wt%)
DOP (30 wt%)

¢ POMDT (61 wt%) :

1 ECZ (19.8 wt% as plasticizer) : TNF (0.8 wt%).
1 TCP (36 wt% as plasticizer) : Cgy (0.22 wt%).
: CNNB-R (7.6 wt%) : TNF (1.4 wt%). The sample was 80 zm thick.
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3 9. Bi-functional chromophores used in PR composite mate- 10° F T
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% 10. Dependence of the photorefractive properties on the
chromophore concentration in composites containing bi-function-
al chromophores. (a) Concentration dependence of the four-
wave mixing (FWM) diffraction efficiency. Solid curves are fits
of the data to an expression no< N2 (b) Concentration depen-
dence of the holographic grating writing rate. Lines are a guide
to the eye. Circles : Composites containing DPANST; Squares :
Composites containing DPANS.
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8@ 13. Schematic illustration of the location of the relevant
energy levels for the various components of a PR polymer in
the context of hole generation, transport, and trapping pro-
cesses. The HOMO-LUMO optical absorption of .the host poly-
mer, NLO chromophore, and charge generating agent must be
at longer and longer wavelengths, respectively. The charge-
transport agent (CTA) is not optically excited, but forms a net-
work for hopping of photogenerated holes to a trapping site.
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Appendix.

BisA-NAS : Poly(4,4’-isopropylidenediphenol- co-4-nitro-4-bis(2,3-epoxypropyl) -aminostilbene)

BisA-NAT : Poly(4,4’-isopropylidenediphenol- co-4,4’-nitroaminotolane)

BisA-NPDA : Poly(4,4’-isopropylidenediphenol- co-4-nitro-1,2-phenylenediamine)

Cgo : Buckminsterfullerene

CNNB-R : 3-Cinnamoyloxy-4-[ 4-( N, N-diethylamino)-2-cinnamoyloxy phenylazo J-nitrobenzene

DBP : Dibuthylphthalate

DEANST : 4-( N, N-Diethylamino)-( E)-#-nitrostyrene

DECH : p-Diethylaminobenzaldehyde- N-carbazolylhydrazone

DEH : p-Diethylaminobenzaldehydediphenylhydrazone

DHD : 4-( N, N-bis[ f-hydroxyethyl Jamino-4’-nitrostilbene

DMNPAA : 2,5-Dimethyl-4-methoxy-4’-nitrostilbene

DOP : Diisooctylphthalate

DPANS : 4-( N, N-Diethylamino)-4’-nitrostilbene

DR-1 : 4-( N-Ethyl- N~-hydroxyethylamino)-4’-nitro-1,1’-azobenzene

DTADCST : 4~( N, N-Bis-( p-toly)amino)- g §-dicyanostyrene

DTNBI : 1,3-Dimethyl-2,2-tetramethylene-5-nitrobenzimidazoline

ECZ : 9-Ethylcarbazole

EHDNPB : 1-(2’-Ethylhexyloxy)-2,5’~dimethyl-4-(4 "-dinitrophenylazo )benzene

EPNA . N,N-Diethylamino-4-nitrobenzene

FDEANST : 3-Fluoro-4-( N, N-diethylamino) - #-nitrostyrene

NPP : N-(4-Nitrophenyl)-( L)-prolinol

NPDA : 1,2-Diamino-4-nitrobenzene

PBPES : Poly( p-Butoxyphenylethylsilane)

PDCST : 4-Piperidyl- p- 8 8dicyanostyrene

PENHCOM : Poly-[ 4-( N-ethyl- N-(hydroxyethyl)amino)-4’-nitrostilbenyl methacrylate]-co-[ N
-(2-hydroxyethyl)carbazolyl ]- co-[ n-octyl methacrylate])

PMMA : Poly(methylmethacrylate)

PMMA-PNA : Poly{methylmethacrylate- co-2-[ ( N- p-nitrophenyl- N-methyl) J-aminoethylmethacrylate}

PVK : Poly(9-vinylcarbazole)

SQ : Bis[4-( N-ethlyl- N-octadecyl)-amino-2-hydroxyphenyl Jeyclobutadienylium-1,3-diolate

TCNQ : 7,7,8,8-Tetracycnoquinodimethane

TCP . Tricresylphosphate

TNF : 2,4,7-Trinitrofluorenone

TPD : N,N'-Diphenyl- N, N’-bis(3-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine

TPY : 4-(4-Dimethylaminophenyl)-2,6-diphenylthiapyrylium perchlorate

TTA : Tris-p-tolyamine
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