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PHOTONIC/OPTICAL ARTIFICIAL INTELLIGENCE

[ | THINK THEREFORE | AM - DESCARTES]
* LIVING IN INFORMATION AGE
* KNOWLEDGE IS POWER
" NATIONS AIM AT ESTABLISHING KNOWLEDGE INDUSTRY

* SALABLE COMMODITY (LIKE OiL.,FOOD,...)

MPUTER -~ AMPLIFIER OF THIS FOWER
(OPTICAL COMPUTER - SUPER AMPLIFIER)

INFORMATION STORAGE AND INFORMATION PROCESSING

I+ OPTICS MAKING RARID INROADS INTC AREA
HITHERTO DOMINATED BY ELECTRONICS

* ASTONISHING IN PGTENTIAL TO RESHAFE
ELECTRONICS-CENTERED TECHNOLQGIE

* BASIC PERCEPTION + +* MOTOR SKILLS

e WP

EVEN LOWER ANIMALS POSSESS PHENOMENAL
CAPABILITIES COMPARED TO COMPUTERS

+ OPTICS PROVIDES: ADAPTIVE, MASSIVELY

PARALLEL DENSLY CONNECTED ARCHITECTURE,
_CONNECTIONS - MODIFIABLE




= OPTICS MAKING INROADS INTO APPLICATION

AREAS HITHERTO DOMINATED BY
ELECTRONICS

(BANDWIDTH, ELECTR. INTERF.)

= MATERIAL LIMITATIONS SLOWING DOWN

DEVELOPMENTS.

(DEVICE QUALITY MATERIALS
LARGE NONLINEAR RESPONSE)

ACTIVE DEVICES.

ENGINEERING OF DESIRABLE OPTICAL
PROPERTIES

TWOQ-APPROACHES

. SUBPICOSECOND SPEEDS (LITTLE/NO
COMPETITION FROM ELECTRONICS)

. SLOWER DEVICES
HIGH DENSITY INTERCONNECTIONS




APPLICATIONS

PHOTONICS (LIGHT ELECTRONICS)

. ARTIFICIAL INTELLIGENGE

. MACHINE/ROBOTIC VISION

. AUTOMATIC PATTERN RECOGNITION

. AUTOMATED PRODUCT INSPECTION

. DATA & KNOWLEDGE BASE SYSTEM

. OPTICAL COMPUTING

. OPT. IMPLEMENTATION OF NEURAL NETS

. INTERFEROMETRIC TESTING

PHOTOLITHOGRAPHY

3-D PICTORIAL INFORMATION TRANSMISSION
(M.M. FIBERS)

. PHASE CONJUGATE LASERS

« INCOHERENT-TO-COHERENT CONVERTER

OPTICAL LOGIC « OPTICAL COMPUTING
- ASSOCIATIVE MEMORIES

- NOVELTY TRACKING FILTERS
PHASE LOCKING OF LASERS
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PATTERN RECOGNITION APPLICATIONS

. IMAGE PROCESSING, SEGMENTATION,
AND ANALYSIS

- COMPUTER VISION
« SEISMIC ANALYSIS

' RADAR SIGNAL CLASSIFICATION / ANALYSIS

» FACE RECOGNITION
. SPEECH RECOGNITION / UNDERSTANDING

- FINGER PRINT IDENTIFICATION

. CHARACTER ( LETTER OR NUMBER)
RECOGNITION

. HANDWRITING ANALYSIS
(NOTEPAD COMPUTERS)

. ELECTROCARDIOGRAPHY SIGNAL ANALYSIS
. MEDICAL DIAGNOSIS




NONLINEAR PHOTOREFRACTIVES

WIDER CLASS OF
MATERIALS

l

NONLINEAR OPTICAL MATERIALS

ATOMIC VAPOURS
DYES

POLYMERS

LIQUID CRYSTALS
PLASMAS

QUANTUM WELLS
SUPERLATTICES




NON-LINEAR OPC

VARIOUS TECHNIQUES
- PHOTON ECHOES
. STIMULATED BRILLIOUN SCATTERING
(SBS)

- SRS
. SQUEEZED STATES

FOOLHARDY TO EVEN THINK OF SUMMARIZING
THE SUBJECT. TALL ORDER
SKETCHY TUTORIAL REVIEW: QUALITATIVE

OBJECTIVE : MERELY TO AROUSE CURIOSITY
GENERATE SOME MORE INTEREST

A REAL-ESTATE BROKER NAMED WHYST
HAD A PHASE CONJUGATE HOUSE ON HER

LIST THE CEILING WAS THE FLOOR AND

THE WALL THE DOOR WHICH MADE HER
EXCEEDINGLY PISST




PHASE CONJUGATION

STATIC (CONV. HOLOGR) DYNAMIC

1 l

e.g. Ag HALIDES NONLINEAR
LATE 60's : LiNbOg (136¢)

OPTICAL DAMAGE : REF. INDEX CHANGE

NUISANCE
(IRREVERSIBLE)

PHOTOREFRACTIVE EFFECT

LITERAL MEANING : CHANGE IN Ri.
DUE TO LIGHT
CONVENTION/USAGE : REVERSIBLE CHANGE
IN REF. INDEX

ADVANCES IN MATERIAL SCIENCE
NONLINEAR EFFECTS AT LOW POWER LEVELS

(NONLIN. OPT. OF EARLY 60's ~ 10’ - 10°
W/cm )
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Figure The formation of photorefractive index gratings:
photoexcited charge carriers: (b) charge transport by
/2 phase-shifted space-charge field distribution: (e}

INTERFERING
COHERENT BEAMS

PHOTOREFRACTIVE
MEDIUM

PHOTO-EXCITED
CARRIERS

INTENSITY PATTERN  (a)

CHARGE TRANSPORT (b)
{DIFFUSION)

SPACE CHARGE {c)
DISTRIBUTION

SPACE CHARGE FiELD (a)
v.E -p

INDEX GRATING {e)
AN e I’Esc

9

(a) periodic light intensity pattern and
diffusion: (c) static charge distribution: (d)
photorefracuve index grating.




I N UMMARY

P_.R EFFECT BASICALLY CONSISTS OF FIVE
FUNDAMENTAL PROCESSES OCCURING IN

ELECTRO—-OPTICAL CRYSTALS:

B PHOTOIONIZATION OF IMPURITIES AND

GENERATION OF CHARGE CARRIERS

N TRANSPORT OF THESE CHARGE CARRYERS

| TRAPPING OF CHARGE CARRIERS AND

FORMATION OF SPACE—CHARGE DENSITY

N FORMATION OF PHOTOINDUCED SPACE—

CHARGE ELECTRIC FIELD

B FORMATION OF INDEX GRATING VIA
LINEAR ELECTRO—OPTIC EFFECT

(POCKEL’”S EFFECT)

@ UNIFORM ILLUMINATION ERASES

SPACE—CHARGE

E.O. EFFECT -

APPLTICATION OF ELECTRIC FIELD RESULTS
IN A CHANGE IN THE DIELECTRIC
PERMITTIVITY TENSOR € ; OR EQUIVALENTLY
A CHANGE IN BOTH THE DIMENSION AND
ORIENTATION OF THE INDEX ELLYIPSOID




— - -9 i— * — o — .o DONORS
- -o- - -o- ACCEPTORS

SIMPLE MoODEL ! P.R. EFFECT

FATLRLY oF TEN ENCOUNTERED CASR
DoNomE AND TRAPS ARE TMPURITIES
OF ToNs OF ONE AND THE sAME TYPE

OF ATom BUT IN DIFFERENT VALENCE
STATES

EXAMPLE:
Fe”. AND F:+ LoNs (I_N OXIDE CRys TALS)

EITHER T MPURITY ©oR DoPrINg
IN LiNboz AND KNbo3z A Fe Towns
SUBSTITUTE FoR NbSt, THE Lo cAl

ELECTRONEBUTRALITY BEENG PRESEAVE)D

BY CREATION OF AN OXyGeENn VACANCY
NEAR R,

Le AN Fert.vg CENTER TS FoRMED.
M
TYPICAL ENBR GIES FOR PHOITOEARCITATION

OF Fel ToNS I N LiNbo3z & KNbes
MRE 3.1 —3.2 eV.
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O — 3

DoNoR TRAP
(e1-Fe*)  (ey. Fe’ ™)

G-ENERATION PRocESs

PHOoToN Doner TARAP ELECTReN

RECOMBINATION PRoCESS

@ +e ——> DoNeR
TRAP ELECcTReN / .

-

Lp: 10 MW
PIEFUSIoN ONLY

A |

DRIFT

f\ LE: 20 MW

DRIFT

| e
L. DHVEFLSION

DS TANCE
LE — Mv-( E MHPPL-BW&S ELECTR-F!EL}
.- o

. 1) 1
Ly =(>0)* .___-k____‘Rir) () &

- 19—

ELECTRON DENSITY




o
S

- ™ W —-o- —
. .

ELECTRQNS

(L)

CoNTRI\RUTION TO
PHOTO CONDVCTIWVITY
%>

o
Fe.“/ FaT rATIO
LiNbog : Fe

—— £ ====  DIRECT PHoTo COND.
MEASVREMENTS

c e oo GRAPHIC MEASURE MENTS

» ERspemE VRAT DENSITY = DENSITY OF

-

Pue-r ga@enst iy - GLE CWARGES

[T

o Hivcrpe-efris COEEEIGENT- SIGN OF

CompE T CRRRIERS
¢ COSARGE LAFEELEMN LENGTH

¢ | \

™MOBILY TVES (Trap iy

Ricra o ma N, CoEERLL L BNTE
*oDtE L TR CoNIT

« Bpcw zoomD REE . TNDRX
. Elhen s tapnt A oN Qikels Sl Tion

CONUMEEE DuvFny ol Do FANTE

‘‘‘‘‘

CHARPCT ERIXATION



SIMPLE MODEL

o P.R. MEDIA ASSUMED TO CONTAIN CERTAIN

TYPE OF IMPURITIES OR IMPERFECTIONS

N ALL DONOR IMPURITIES IDENTICAL,
HAVE SAME ENERGY STATE SOMEWHERE

IN MIDDLE OF BANDGAP

| DONOR IMPURITIES IONIZED BY
ABSORBING PHOTONS GENERATING
ELECTRONS IN CONDUCTION BAND
LEAVING EMPTY STATES BEHIND.
IONIZED IMPURITIES CAPABLE OF

CAPTURING ELECTRONS

B RATE OF GENERATION OF ELECTRONS
SAME AS THAT OF IONIZED IMPURITIES

| ELECTRONS ARE MOBILE, IMPURITIES

STATIONARY

H DENSITY OF DONORS OFTEN MUCH LARGER

THAN THAT OF ACCEPTOR IMPURITIES

WM ACCEPTOR IMPURITIES FOR PURPOSE OF
CHARGE NEUTRALTITY ONLY. DO NOT
PARTICIPATE (THIS MODEL) IN P.R.

EFFECT

1y




KUKHTAREV™S BAND TRANSPORT MODEL
1979

RATE EQUATION FOR IONIZED DONOR DENSIﬂY
N
D

[NEGLECTING THERMAL GENMERATION (3 <<sI>]

2 Ny’ i i
= sT (My — Npi> — ygNN
3 € D D ¥ g™ Np
Np : DENSITY OF DONOR IMPURITY
Np! ¢ DENSITY OF IONIZED DONORS

(5I+B)(N-—Ni\:RATE OF ELECTRON GENERATION
D D

-

Yy oMNp! ¢ RATE OF TRAP CAPTURE

N ELECTRON DENSITY

(1]

= CROSS SECTION FOR PHOTOEXCITATION

I LIGHT INTENSITY

B:-RATE OF THERMAL GENERATION OF ELECTRONS

YP:ELECTRON—IONIZED TRAP RECOMBINATION
RATE

RATE EQUATION FOR ELECTRON DENMNSITY NM

3N 8 Np' 1

= = — (V.3
ad t at q
3 - Ccurrent density
-] = Electronic charge

is5



CURRENT DENSITY

3 = gNugeE -+ k@TuVN + pI

mrracguivalent photovoltaic const.
MM - Mobility tensor
kB:BQthmann constant

T:Temperaturese

E: Electric field

POISSON EQUAT ION

V.eE = p(r) = —gq (N + N, = N

p(r) : Charge density
NA:Dens1ty of acceptor impurity

e = Dielactric tensor

IN THE ABSENCE OF LIGHT ILLUMINATION,

CHARGE NEUTRALITY

(N + N, — Ny'D) = O

STEADY STATE EQUATIONS:

sTI (Np — Np') — ygNNR' = 0O

V.d = 0

J = qgNnuge + k@TuVN

V.eE = pCr) = —qgC(N + N, — Np'>
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TRANSTENT SOLUTIONS OF SPACE—CHARGE FIELDS

CONSIDERATIONS OF RATE OF PHOTOEXCITATION,
RATE OF RECOMBINATION AND SPEED OF CHARGE
TRANSPORTATION ETC.

TIME—DEPENDENT SOLUTIONS
{LLOW MODULATION DEFTH (|XI,] <<Io) ]

NCr.t) = N, C(t) + Re{N;Ct) e K.y
NDi(r,t) = NDoi(t) -+ Re{Nmi(t) e"“('r}
3Cr,t) = J,(t) + Re{d,;(t) e K}
ECr,t) = E,(t) + Re{E,(t) e KT}

WHERE N ,Np,'.d,.E,.Ny. Ny, . 3;,E, ARE CONSTS.

SET OF EQUATIONS FOR ZEROTH AND FIRST ORDER
TERMS

dNDoi j i
= sY_C(Np — Np,') — ygN/N
gt o D Do R0 Do
i
dN, _ dNp,
dt dt
Jo = auN_E
1 -— —
Np,' + N N, = ©
dNp,’ i i i
v - T ¢STorYRNGINpy Y gNpe Ny+ (Np=Np, > =1,
i
—_1 = - — 3,
gt dt c}
J; = aun(E N, + NE)y — 1 kg THN,
—iKeE; = qCNp;' — Ny

= IS EFFECTIVE DIELECTRIC CONST.<&?>
Lt IS EFFECTIVE MOBILITY <u?»

1

13



INTERFERENCE Fii_ TWO wWavES
(WAVE—-VECTORS k., AND s )
b 4 —an. T
rXr<r?2> = ¥Y_ =+ Ref{I, = >
—— —_ —p
SRATING WAVE—VECTOR K=ky=—k_
FUNDAMENTAL COMPONENT OF SPACE-—
CHARGE DENSITY
— -
] = P COs(K _r):; P o = CONST.L

AMPLITUDE OF SPACE—CHARGE FIELD
(POISSOMN EQN._ )

SOLUTION OF STEADY STATE EQUATS .

AMPLITUDE OF SPACE—-CHARGE FIELD
ASSUMPTIONS -

= LOow MODULATION DEPTH

= ST, <<y gNg4

= NgsI_ <<y agMpa?

<pT K.pnmE_
i . e
L | < < pa > X,
E_‘ = 3
K2 QK . uE I,
1T + — 4+ i
kpZ KgTkpg®<p>
o= N,
kp® = CNp=—Ngz)
€ >k T N,
K.eK K. K
< e > = AND <p1> =
4 <=

1%




PURE DIFFUSTIOM CASE (E_=0)

o
AMPLITUDE OF SPACE-—CHARGE FIELD

aT
4 K—
a I, 1E,, I,
E_! — - 28c b —
<= Io Es I,
1T 14+—
o =
T
DTEFUSION FIELD(EQL)D = K
L |
QM
SATURATION FIELD(EQ) = K ——
< = > K

1 _.FOR LARGE GRATING SPACING
(SMAaLL KD

h &
AND E,=1iE, —
x

E < <E,
=
> FOR SMALL GRATING SPACING
(LARGE K)
] I,
E,<<Egq AND E1=iE, —
ID
3. E, REACHES A MAXIMUM WHEN E_,=E_
a4 _FACTOR 4" INMN E, REPRESENTS

PHASE SHIFT OF (w/2)

WwWITH APPLTITED FIELD

AMPLTI TUDE OF SPACE-CHARGE FIELD

- —

EC‘I

14+ —
1iE, Eg T,
=1 = —
Ea . E, b S

1T+ — 1+ 1
Ea (CELYE,DY

R
SPACE-CHARGE FIELD (E_$0)

TEEM IN SQUARE BRACKET
COMPLEX SCALING FACTCOR[AFFECTS
MASNITUDE AND PHASE OF £,]

19




8.0 10*

-‘; .I'B'I L DA B A D e 3
i 18%a 15, 3
70 104 -_2 1. ND=10 /(:I‘T‘I'5 \ _‘3] :
C [ - 1 3 |
6.0 10° _:Ev N,p=0.5x10" %em _-} |
4 E '.‘ <>=56 for BSO 1
5010 r ‘;' . <«>=1000 for BaTio, 3
Eqvim 4.0 10* F & P
H{(V/im) ) f.'".E4 ’63 :
3.0 10° b1 By gt 3
2.0 10* 5N\ L 3
1010" § 3
0.0 100 ol JBa-Tiq'll " P T P
0 10 20 30 40 50 60
A{um)
[t H

SPACE~CHARGE FIELD E; Vs GRATING PERIGDA
For BaTioz AND BSO

6.0 10" [T e T
e NpA=O.5Ng
50107 7 i -
¥ \ <e>=1000 for BxITIO3 1
i ]
4 T 4
4010 ir \ =
R 17,3 :
L No=10" "/em F]
IE,| (vim) 3.0 10* r \'o 2
L - i
' \ 1
20104} g
o f "’ 1‘5“‘\5.-"'--. ;
1010 -_,'ND=1° lem ‘-'..-;,___v.‘_.“ ~_~
P e Tt |
0 No=10"%/cm? "
0_0100' p319 R | ! e o 3
0 5 10 15 20 25 30 35 40

Afum)

{b)

SPACE- cHARGE FiEL) Ey Vs QRATING
PERIOD A FoeR VA RIoUS DO PANT DPENSITIES

% ©




MOVIMG GRATIMGS

INTERFERENCE OF TWO BEAMS
(FREQUENCTIES @,,® g5

- - -
ICP) = I, + Re{I e '®@-K-m,

OO=w b—ﬂ =

AMPLITUDE OF SPACE—CHARGE FIELD

Ea
14+ —
T1E, Eg 1 X,
E1= —
=g = E,+E +iE_, I
14— 1+ = 1+4i0t = = =
Eq EgtEg EgtE +1E,
Y rRMAa Na
DRIFT FIELD(E,)=—— AND t,=——— AS
<pLI>K Noas I,

CHARACTERISTIC TIME CONST.OF MEDIUM
WITHOUT APPLIED FIELD(E_=0)

AMPLITUDE OF SPACE—CHARSGE FIELD

iE, 1 I,
E, =
Eg Eg+E I
14+ —— 1+ie_—— "% <
E, EL,+E,

COMPLEX AMPLITUDE ALSO WRITTEN AS

E, = |E.le"
— 'ﬁ.‘/z
iEg 1 I,
|E. | = | T
T+ — 14+ Q€ )
E E,+vE
- L atEq)
¢ = /2 — tan T(Qt)

24




TRANSIENMNT SOLUTIONS

SPACE—CHARGE FIELD FORMATION

Es(t) = E, [1 — e=-t/%]
e,z ST EAaDY ST ATE SPACE -CHARGE
FIELD

AND COMPLEX TIME CONST.

K TK®  H ke
1T+ —— ) —_—

QY pMAa Y rMA A=
i = e
= QK E,, g
1 + — +
agTlko™

a2 o
—— tg
ELstE +1E
T. WITHOUT APPLIED FIELD [E_ =01,
e ~dh IS REAL L E,(t) SROWS
EXPONENTIALLY .
=2 _ WTTH FINMNITE FIELD, "T"IS COMPLEX.

E,(t) GROWS EXPONENTIALLY

WITH OSCILLATIONS.

SPACE-CHARGE FIELD DURING FRASURE

E,(t) = E, e ®/T

- MO OSCILI ATIONS DURING ERASURE

WITH/  WITHOUT APPLIED FIELD

22




BaTIO3
Na=5x 10'&cm?

2000 Np= 10'7/em3
K 2213 x10%m
[Ey Eq=0
(¥/m}
1000
0 N L N ! " 1 L L
[\ 1 2 k] 4
Ut
10000 T T T T T 1 T T v
8000 —
X
5000
LEymi
BaTiO3
{Vim)
4000 1 M, = 5 x 10%cmd
Np= 1017Tem3
K =213 x 10%m
2000 f- Eg = SkViem
o " ! s | i ! L 1 N
0 1 2 3 4
Yr
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BAMND TRANMSPORT MODEL - SHORTCOMINGS

ANOMALOUS EXPERIMENTAL RESULTS
[LSTEADY STATE AND TIME-DEPENDENT
BEHAVIOUR OF P_.R. MATERIALS]

= SUBLINEAR DEPENDENCE OF
PHOTOCONDUCTIVITY /RESPONSE
RATE/GRATING ERASURE RATEC(T)
WITITH INTENMSITY (Tt I™: O<>x=1)

- TWO DISTINMCT TIME CONSTANTS
DURING GSRATING DECAY, FOR
GRATING FORMATIOMNM WITH HIGH
INTENSITY PULSED LASERS

[ PEAK SPACE-CHARGE FIELD
OCCURING AT A LOWER P_.R.
GRATING SPACING

- NOMNM—-EXPONENTIAL DARK DECAYS OF
P_.R. GRATINGS AND DEPENDENCE OF
DARK STORAGE TIME ON THE LIGHT
INTENSITY (USED FOR WRITING)

- CHANGE OF SIGMN OF COUPLING
CONST - (Ir) BY CHANGE OF GRATING
WAVE MUMBER/DIFFERENCE IN THE
CONCENTRATION OF IONIZED DONORS
FOR ELECTRONS AND HOLES

a DECREASE IM DIFFRACTIOM
EFFICIENCY OBSERVED IN BSO

[ FIXINMNG AT ELEVATED TEMPERATURE/OR
BY PERIODIC POLING FOR LONG—TERM
HOLOGRAPHIC STORAGE

EXPLAINED THROUGH INCLUSION OF

m ELECTRON—HOLE TRANSPORT

[ MULTIPLE SPECIES OF PHOTO-—
ACTIVE CENMNTRES

[ MOBILE IONS

2y



lmlﬂxﬂFIEJBAMDTRM%WDRTFKMELVHTH
TwO(}MRﬁE(”RRIE%BAND(”MISETCW
RECOMBINATION SITE

e CONDUCT ION
1 BAND
—_— NA&t
D
—_ t
VwvALENCE
h BAND
+
BND . .
3 = s,T C(Np=Np') = 7NNy
+
a N_ 1 N
S — —— (V_.dgod) = sSgI (Npg—Np )
2t - e e D D .
— 1-N-ND
d N, 1
— = 4+ —— (V .3p) = sSpINp"
P I o =

- ¥y Ny (Np=Np™ )
Ja= SN_H_E + kgThH, VNG
Jep= N E — kgTh, VN,
V.E = —=C(4mwes/e) (NMa—=Ng =N, +N_)

Mo " : IONIZED DONOR DENSITY

N_: ELECTRON DENMNSITY

N, :HOLE DENSITY

FJu: ELECTRONMN CURRENT DENSITY
My, ELECTRORN MOBILITY

IJrn:-HOLE CURRENT DENSITY

HOLE MOBILITY

L
J




rrx _ MODTFEFITED 2AND TRANMSPORT MOMDEL
WITITTH Two CHARGE CcARRIERS ANMD
TWoy SETS O RECOMBINMNMATION SITES
=
IGC_‘!\!DUCTION BAND
ND”'
Mp—Npg*Y ————— —— M7
VALENCE BAND T
h
ND"'
= SaX (Np—Np*) - Y SN Ng™T
d ©
@ N~
d t
a N a My™ 1
N L T T =— AV _G.)
Jd Jd =
d N, d N~ 1
T T T = = (V _.3.)
Jd g t =
T = eN i E -+ g T V 1 J
IJn = SN LE — kgTu,V N,
V-E=(a4me/ <) (N =N, +NMN,—~N_+A N )
AN = (Np =N")Y IN DARK
My DENSITY oOQOF HoOlL E DOMINANT LEVELS

2.6




TIY. MODIFICED saAaND TRANSPORT MODEL,

TN PRESENMCE OoOF SHALLOW TRAPS

coONDUCT ION sANMD

—_ - SHALLOW
TRAPS

. s - - & & __ —<
TNACTIVE *~ * - & = * DEEP

ACCEPTORS DONMORS

VALENCE BAND

SHALLOW TRAPF MODEL FOR N-TYFPE
CRYSTALS

3 Ng*
__° = s ( Np—NMNg*) — ¥ pMNMMNp™
g t
Jd M
-—_ = ~{(s,+I+BYM + y tNM(M—M)
d t
d 1

(Mg —M—N) + — (V.33 = O
d =
V.E = —Camwes/e) (N—Np " +Nj+M)

M: DENSITY OF FILLED SHALLOW

TRAPS
M - TOTAL sHALLOW TRAP DENSITY

LTIGHT EXCITATION CROSS—SECT .

Paaal e

FaR DONORS AND SHALLOW TRAPS

S . S

RECOMBINMATION CONSTANTS
EFOR DORNORS AND SHALLOW TRAPS

10111‘

A: THERMAL EXCITATION RATE FROM
SHALLOW TRAPS

a7




MATERIAL PROPERTIES FoR
3)7 NAMWC HOL-O GRAMS

PHOTOREFRACTINE SENSITVITY

DyNAme RANGE (Max, REF TIORX
AN GE)

PUASE SWET BETWEEN REF. TNDEK
GRATING & INTENGTY GRRTING

PuroTo REFR. RECO RDING 4
TIME

SPATIRL FREAVE NCY DEPENDEN CE

ElLgeTrRie FIE _p DEPENDEN C§

WAVELENGTH Tor TNDUCING REF.
INDEX CWANGE

RE <oLUTION
S\GN AL -To-NoeIsSE RATI®

Roo™ TempP . OPE R A-TIoN

2%



\fho‘ro KEF RACTIVE MATERIALS

THREE SEPARATE CLASSE S

° FERRO ELECTR!IC O0X\DE S
o CLUBIC OXIDE S (OF SILLENITE FAMILY
¢ SEMI INYUL ATING CoMPQUND SEMICLONDULTO

'@ MAXIMUM  AMPLITUDE OF A REFRACTIVE
INDE x  HOLO0G RAM (AN RNE WRITTEN

® I SILLENITES AND  COMPOUND saMiconDVCrem
ONE. MUST APPLY AN ExTERNAL ELECTRIC
FIELD To AET ODESIRED R.T. MODULATION

IN FERROELECTRICS MAXIMUM AMPLITY pE
REACHRE S IN DIFFUSION REBGIME

® SILLENITES AND SEMIcONDYVETIRS
HAvE SMALLER IMDEX CHANGE S

¢ FERRDS ELECTRICS HAVE LARGE R
DIELEeTRIC CONSTAN TS

* LARGER DIELECTRIC RELAXAT)ON

TIMES 5 1ApuER RESPINSE
TINE.

CERAMICS

2.9



FERROELECTRIC OXIDES (oxz_‘CyiE;Dm)
.- QqQ

LiNbBO3, &iTaly, KT, _ Nb,0y (KTN)

BeTi03 5 KNBOy, Sw __ Boa, Nb, 0, (SAN)
T~ -
GG,_NO\ Nbsols(BNN) PBN »(15)
T eaL

i:aﬁgm‘_ﬂ Sv,, K""? Nm.J Nbs Ols (RSk NN )

= NO 0PTILAL ALTIVITY , HiuLy PIREFRINGLENT
Li.Nb03 ? * RESPONSETIME v 10- 103 $€c.

(ILMENITE) * PHOTO REFRALTIVE SENSITE VITY

RELATIVELY SMALL, REQD.
( ariny o)., AT 2 sote m o o
' o) ) nm. ¢ LASER)
BaTi0y = * RESPINGE TIME w4

i-10 mg
(PERO VSKITE)

* MORE SENSITIVE |, ENERGY DENSTY

“ 3 MT/)NY (ot 514y nw} {Ay LMRER )
* LARGE EB-0 CO-EFRICIENT

(Y'M_:: 640 Ppm /v )

* MosT gUITARLE FoOR
REAL-TIME KoL 0L RA PRY
SELF- PUMPED P M RROR

L ]

S
BN = * RESPONSE TIME awnd SENSITIVITY
(TUNG stEN .
BRONZ ES) SIMILaR  TO Na Tv0g

ITS LARGEST 3-0 CO-EFRIC) BANT

SBN BSKNN—» SELEPUMPED

- 20 -



KNb 03 (SN ges ponsE T \ME) FASTER
(Pevo vskite) THAN BaTi0y AND SBN

® LRATINL DULD VP TIMNE + |o0 ras
AT 488 mm. of INTENSITY LN/CMQ'

e NO SELF- PYMPED PHASE
CONJTUGATION SNRSERVED

® BEAM COUPLING LAIN (Co-EFVCIENT

GREATER THAN RBaTiO03 A4ND
EreeEds SELF-PUNPING THRESHOLDS

KTN = Ml N & O F KNb03 AND KT:LO3

® VERY SENSITIVE PR MATER)AL

—

® ITS AVAILADBILITY 1S LIMITED
RECAVSE OF DIFFICVvLTI B
IN UROWING (RYSTALS OFf
GOOD APTICLAL  RUALITY

CoMMERCI A AVAVLA BIWI\TY OF MATERIALS

Wit -ARGE NoN-LINEARITIES IS

L™ eD.
CrROWTH ( SIRE4 OPTICAL GUALITY)
REBEAVIRES T NVESTMENT OF SEVERAL

NTIAL RUNDING AND
JERRS, SUBS”%ALENTEL PERSONNEL

43'7._



cumic ox1pES (SILLENITES)

(osTLY

BL4&C3 oiz (A
P NON-DIREFRINGENT IN THE
ARSENCE O0F ELECTRIC FIELD
HiaLY PROTO CUNDVUCTIVE AND

OpPTICA LLY ACTIVE

)

EXHI DT BLECTI CALLY INDVLED
BIREFRINGENC E

BiaSi 0y, E-0 COEFFICIENT Y, =45 PMIV\
(Rso) gb'l%“UPTICAL ROTATORY POWER 21:4 ‘/mm

RESPONSE TIME » (32 -4 ¢ge

SENSITIVITY ~ 100 MT/eM ok 514G 7m
OPERATION AT ELEVATED TEMPERATVRE
DE CREASE § RESPONSE TIME A ND
IMPROVES ThHE EFFRICIENCY

Bi 2Tt0p = NOT SVITED FOR O0PE RATION
(670) INT HE G REEN, SVITE D
FOR RED  AND PosSiBLy INFRARED
AN  AC FIELD USED [N RBTO tivEg
VERY L AR GE CGAIN (o EFFICIENTS

IPTIcAL &CTivViTY |5 3§ TIMES
SHALVY ER THAN RS/ RGO

- 32 -



S TN\ - INSV LATING
coMPOUND SEMICONDY c-ro&s!

Go As, Cd S, Go As 1Ct, InP: Fe, CdTe

o PEAK SENSITIVITY LIES IN INFRARED
o E-0 COEFFICILEN TS — SAME MAGNITUDE S AS SILLENTES
o ELECTRON AND HOLE MimLiTiEg (08 To {000

TIMES LARGER THAN OXIDES

(VRREMT WORK N /AR ARE A ¢
e MWING GRATING AND AC FIRLD

TECW NI QAVE S = ENnANCE NONLINEARITY

® DIPING TECHNIQUBS TO INCLREASE
DONOR ) ACCEPTOR/ TRAP DENSITY

® Pico SECOND PULSE ODRIBRVATIONS

O PWoTO REFRACTIVE EFFECT TO0 MEASURE
PROPERTIES oFf MATERIALS

SPATIAL PHASE SHWIFT DNETWEEN SPALE CwARLE
f\ELD AND INTERFERRENLE PATTERAN RANWES
From O To 93 = THREE WAYS FoR OpTIMUM
ENERGY TRANSFER

ExTERNAL D¢ FIELD 3) Eg 50‘;:::“&
(HARGLE

FIELD

o UEAXRER bDC AND MOVING TIP BY
FRE GLUVENCLY DE TUN) NG
e AN At FIBL) WiTH PERIOD ¢ LRATING FIRNATIO
TIME
¢ SENSITIVE FOR ENERGY TRANSFRAR RATHNEEN
_{:lcosaco Nd» AND NAND SECON‘DH_ PULSB D NEANMG

R —

-3 -



A =02y B
PHeTo REFRACTVE S
OPT. & ELECTRO-OPT. PROPER'NES
SR Y, M éanVMsk
MATERIP:L: (E%) o M [ca.f/;:])
X oopr. M (] J(P“/V] ELET pox

"f’ AND
GRouP,

L onT )BG.-M:. (Aaw) L) @ RONS
-V SEMI
%oN DUCTIRS

TwP  §3m L350 800 329006 S2 b1 Yoo IS0
Gals  §3mIN2lyfa(iow S5 (1oyt32 43 33500 Heo
Ga P (3maaeTyspopesy3usew1 44 33 Vo s

{

-1 Swmi

ConDNCTORS _

CATe  §3miseh-be(a2:82099Y 452 (6 leSo Joo
1 It 65 5

ZnS 3w 36E Yy =12 (0W) Y (o5 16
2N Se  UIMALE Ty=20(055)246091 3% W
2 Te  WIma? Vy=yyso59)3) osylel 133 13
ColSe. Gami 33243339254 isleds  Fo €€ Roo
CAS  bmmayrrss=y (o59n. ooy 61 54



LINBo; 3w 32  p3c2 (0432 W32 30 '“? ,
— 2, |

Ccp 23 ve§ (oeasy @ 8

BLl’-'s‘a’" " q6e0 (11300 §4-4

Bka Oa Ywm 3-3 :5‘=-|i\l:(o-SS')Q;E_Z}){BS 383)2-4
KN bO2 q"‘3-11‘§?5-:(,q 223 3% 690 M

S:?th‘““s-lfg‘s:‘3“0(0'63)3\‘30 3'{@ |‘3°0 "'?

Wavelengthin um

0.4 0.8 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14135
1 T T 7 1 T T I 1 | 1
LI'Nuoi | " L L L .

‘ T T D DL I S
KNeC T T R L

" e e L

:ﬁr_otj P T S T S TR B
' ' T R N A R B

ﬁ 1 | t | | | i |
SEN T D T D R R A

T D L
BaTIO, [ T T B B
I 1 1 T | I [} I ] |

t 1 1 1 i 1 t |

[ TR I Y N B e . i

P T N T InP i

T T T T S NN NS N A N |

] | | 1 1 GaAs

(T T I S

(T I I |

[ T R

....... d

vvvvvvv

- ’ -, b

Figure & Approximate spectrul runge ol some representative photorelractive matcnials.
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PRELIMINARY PHOTOREFRACTIVE RESULT ON DIFFERENT DOPANTS

Ce?+ -DOPED SBN:60|Cr?*+*-DOPED|Fe2+ -DOPED
SBN:60 SBN: 60
PROPERTY

12-FOLD 9-FOLD 6-FOLD 6-FOLD
CRYSTAL PINK GREENISH-{GREENISH- YELLOW
CCLOR YELLOW YELLOU
QUALITY EXCELLENT | EXCELLENT{EXCELLENT |[REASCNABLE®
ELECTRO- 4460 440 550 480
OPTIC
COEFFICIENT
X 10-1'2 mv
BEAM FANNING
RESPONSE
AT 40 mW/cm? 2.5 s 3. 0.7 g 2.8 s
AT 0.2 U/cm® 0.6 = 1.2 - -
AT 2 W/cm? 0.05 = .09 s 0.008 s 0.097 =
COUPLING ~19 em~ ' }~5-6 cm-*? ~6-7 cm~1 -
CONSTANT (CUBE)

~45%w
{PLATE)

SPECTRAL 0.4-0.7um|0.4-0.9%9um| 0.6-1.0um 0.4-0.9%um
RESPONSE
SPPCR EXCELLENT | EXCELLENT| EXPECTED EXPECTED

STRIATED AT HIGHER DOPING LEVELS

36




TYPES OF DOPANT SITE PREFERENCE SPECTRAL RESPONSE

15—-FOLD COORDINATE SITE
Ce®*: PINK IN COLOR

12—-FOLD COORDINATE SITE

Ce®* /Ce**: PINK IN COLOR
* PHOTOIONIZABLE

* DONOR/ACCEPTOR /' 9—FOLD COORDINATE SITE (1)
+ SITE PREFERENCE _

~r . . -
* S[ZE AND DG.PF:Jw Ce +\..,+. YELLOWISH GREEN

(1)
6—~FOLD COORDINATE SITE

(1) Ar—Ne LASER Fe?*/Fe®*, Cr®, Mn **/Mn%*
Amv DYE-LASER YELLOW TO GREENISH~-YELLOW ﬁ.,m. ol
va NO RESPONSE YELLOWISH-BROWN Aza

ROLE OF DOPANTS FOR PR APPLICATIONS

0.2 TO 0.60 um

0.48 TO 0.70 um

0.5 TO 1.0 um
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WHY NLO POLYMERS ?

SUBPICOSECOND RESPONSE TIMES

LARGE, NONRESONANT NONLINEAR ITIES
LOW DC DIELECTRIC CONSTANTS
LOW SWITCHING ENERGY

BROADBAND
LOW ABSORPTION

ABSENCE OF DIFFUSION PROBLEMS
POTENTIAL FOR RESONANT ENHANCEMENT

EASE OF PROCESSING AND SYNTHESIS
MODIFICATION |

ROOM TEMPERATURE OPERATION

ENVIRONMENTAL STABILITY
MECHANICAL AND STRUCTURAL INTEGRITY

3%




WHERE WILL NLO POLYMERSFIT IN ?

(2)

I
COMMUNICATIONS

X

-

OPTICAL SIGNAL PROCESSING
(OPTICAL COMPUTING)

» MODULATORS - NEURAL NETWORKS
» MULTIPLEXERS * SPATIAL LIGHT MODULATORS
. LOGIC (NO E-O TUNABLE FILTER
« REPEATERS TODAY)
LiNbO4y:KDP POLYMERS
3
l X 7
DIGITAL ALL-OPTICAL
(OPTICAL COMPUTING)
- OPTICAL BISTABILITY . 8IGNAL_PROCESSING
. |
OPTICAL SWITCHES PARALLEL SERIAL
MQw - MQw - POLYMERS
- LASER DIODES - BULK SEM!- - GUIDED WWE
- OPTICAL STABILITY CONDUCTOR
MOST INTEREST - POLYMER
IN ELECTRONICS - PLANE WWE

TUNEABLE FILTER
DFWM

PHASE CONJUGATION
SENSOR PROTECTION

POLYMERS

39




PHOTOREFRACTIVE POLYMERS::

® STISPHENOL A—-DIGLYCILDYLETHER <4 —
NITRO—1 ,Z2-—-PHENMYLLENEDIAMINME MADE
PHOTOCONDWUCTIVE "y DOFRPINMNMG WITH

HOLE—TRANSPORT AGEMT DIETHYL—
AMINO-BENZALDEHYDE DIPHENYL —
HYDRAZOME FBo1is A — NMPDA I DEH ]
(DEH IS HOLE—TRANSPORT AGENT TO
FACILITATE MONOPOLAR CHARGE
TRAMSPORT) . DIFF_EFF. = 10 % -10"%._

® METHYL METHACRYLATE COPOLYMER
WITH HNON—-—LINEAR CHROMOPHORE P
NITRCAMILINE InN PENDENT SIDE
SROUP DOPED WITH A CHARGE—
TRANSPORT AGENT , DIETHYLAMINO—
BENZALDEHYDE DIPHENYLHYDRAZONMNE

CPMMA —-—PNA-DEH] .

® FULLERENE MOLECULE Cg4, SENSITIZER
FOR PMMA—-PMNA : DEH .

® METHACRYLIC ESTER POL.YMER
CONTAINMNIMG TRICYANOVINYL—
CARBAZOLE GROUP WITH AN ALKYLINE
SPACER [L5—(N-—CARBAZOLYL ) PENTYL

METHACRYLATE]

® DISPERSE RED (DR1) INMN PMMA THINM
FILMS [PMMA-DR1].
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1 -1 STIDE—CHAIN COPOLYMER OF
M—METHACRYLOXEYETHYL—N—
METHYLAMINMONITRISTILBENE WITH
METHYL METHAGCRYLATE [DANS/MMAI] _

PHOTOCONDUCTING POLYMER POLY (N—

VINY LCARBAZOLE), DOPED WITH
OPTICALLY NONM-LIMEAR CHROMOPHORE
3—FLUORO—4—MN, N DIETHYLAMINO—RB—

MNITROSTYRENME AND SENSITIZED FOR
CHARGE SEMERATIONM WITITH 2,4 _ 7 —
TRIMITRO—-2—FLUOREMNMONMNE CLPVK:>-F—
DEANST : TNF1 _

POLYVIMYLCARBAZOLE DOrPED WITH
NMON—-—LINEAR OPTICAL DY E ANMND A
CCPOLYMER OF NL O DYE—PENDANT
MONOMER ANMNMD MONMOMER WITH
CARBAZOL YL GROCuUP 1 —CYANO—Z2-—-((4—
DIMETHYLAMINOPHENYL ) ACRYLIC

ACID METHYL ESTER AS NMLO DYE.

HOLE TRAMSPORT ING COMPOUND AND
NONM—LINMEAR CQOPTICAL CHROMOPHORE
COVALENTLY LIMNMKED TO THE POLYMER
BACKBONE -

POLYMER CONMNTAINING A CONJUGATED

BACKBONE AND A SECONMD—CRDER NON-
LINEAR OPTICAL CHROMOPHORE -

14



AZO-DYE—DOPED POLYMER, POCLY

(VINYLCARBAZOLE) : TRIMITRO—
FLUORENONE,/ DISPERSE RED I [[PVK—
THNF :DR I 1. (PHOTOCONDUCTING

POLYMER HOST DOPED WITH SMAL L
CONCENTRATION OF SENSITIZER AND
LARGE CONCENTRATION OF NONLINEAR
OPTICAL CHROMOPHORE HAVING
ORIENTATIOMNMAL MOBILITY AT
AMBTITENT TEMP) .

NONML INMEAR OPTICAL CHROMOPHORE
=2 ., 5 DITMETHTYIL — 4—pPp —MNITRO —
PHERNMNMYLAZOANISOLE DOPED WITH N—
ETHYLCARBAZOLE ADDED TO PVK:-TMF
TO GET HIGH QP TICAL SAIN AND
DIFF . EFFICIENCY = 100x%
[LOMNPAA - PVYVK-ECZ:TNFJ]} .

'ES
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1
NLO chromophore Acronym Structure aem™') | n, rem™h
3}-Fluoro-4-N V- F
diethylamino-(£ )-8- FDEANST :),.@f“"' 1.4 4.5x107* 7.0
ntrostyrene
. ) . CcN

+-Piperidinobenzylidene-

POCST g 2.3 37x107° 18
malononitrile
{+)-2-(a-Methylbenzyl)

MBANP @ @ NO, 0.9 L7x107 26
anino-5-nirropyridine

a CF,

4-Methoxy-2"-trifluoro-

MTFNS 7~ dno, |06 1.2x 107 ° 1.2
methyl-4"-nivostiibeny CH,0 Q
4N N-Diethylamino-
(Z)-B-methyil- DEANMST }@}-N": 10 1S5x107? 8.0
(£ }-B-nitrostyrene
4-N, N-Diethylamino- N

DEANST DA 0 10 23% 107} 5.0
(& )-B-mtrostyrenc
4-¥_N.Diethylamino-

R DEACST }@J/'c" 1 20x 1074 21
(£ )<tnnamonitrile
(E.E}-1-(4-N,N-Dicthyl —NO,
aminophenyl)-4- DEABNB 4 40 99x 10" * 12
natrobutadicne
1.3-Dimethyi- \
NO

1.2.tetramethylene- DTNBI O(m’ ? 49 3i8x 107 54
S-nigrobenzimidazoline

Fig. @ Nonlinear chromophores that are combined with PYK: TNF at a concentratio
wsorption coefficient «, steady-state diffraction efficiency n,,,

n of 33 wt. %, along with their acronyms. structure.
and two-heam coupling-gain cocfficient I of the resulting PR materials.




