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11:20-12:10

1:30-2:20

2:20-3:10

3:10-3:40

Monday Evening, May 16, 1988

REGISTRATION
WELCOMING RECEPTION

PROGRAM:
Tuesday Morning, May 17, 1988

Opening Remarks

. “AnQverview on Nonlinear Optical Polymer Sys-

tems and Devices” by D.R. Ulrich (Air Force Of-
fice of Scientific Research)

“Nonlinear Qptical Effects in Polymeric Films” by
P.N. Prasad (State University of New York at
Buffalo)

?

Break

“Recent Advances in Nonlinear Optical Proper-
ties of Organic and Polymer Systems” by A.F.
Garito (University of Pennsylvania)

“Conjugated Polymers and Nonlinear Optics” by
S. Etemad (Bell Communications)

Lunch
Tuesday Afternoon, May 17, 1988

“Anisotropy ofthe Third Order Nonlinear Optical
Susceptibility in Conjugated Polymers” by A.J.
Heeger (University of California at Santa Bar-
bara)

“Nonlinear Optics in Ordered Molecular Sys-
tems” by K.D. Singer (AT&T)

Break



3:40-4:30

4:30-5:20

8:30-98:20

9:20-10:10

10:10-10:40

10:40-11:30

10:30-12:20

1:30-2:20

2:20-3:10

3:10-3:40

3:40-4:30

M.

“Several Series of Novel Polydiacetylenes for
Nonlinear Optics” by H. Nakanishi (Research
Institute for Polymers and Textiles, Japan)

"Resonance Effects in Cubic Hyper-
polarisabilities of Conjugated Polymers, by F.
Kajzar (CEN Saclay, France)

Wednesday Morning, May 18, 1988

“Nonlinear Optical Measurements on Liquid
Crystals and Quasi-Liquid Crystals” by Y.R.
Shen (University of California at Berkeley)

“Nonlinear Optical Effects in Conjugated Sys-
tems” by D. J. Gerbi (3M Co.)

Break

“Optical Nonlinearity: Molecules, Assemblies
and Wave Phenomena” by G. R. Meredith (E.I.
DuPont DeNemours and Co.)

“Characterization of Polymeric Nonlinear Opti-
cal Materials” by G. Khanarian (Hoechst-Cel-
anese)

LUNCH
Wednesday Afternoon, May 18, 1988

“Preparation and Characterization of Organo-
Transition Metal Langmuir-Blodgett Films" by T.
Richardson (University of Oxford, U.K.)

“Optical Properties of Organized Assemblies”
by S.K. Tripathy {University of Lowell)

Break

“The Nonlinear Optics of Langmiur-Blodgett
Films” by I. Peterson (GEC Research, Lid., Great
Britain)



6:00 p.m.

8:00 p.m.

8:30-9:20

9:20-10:10

10:10-10:40

10:40-11:30

11:30-12:20

12:20

Wednesday Evening, May 18, 1988

POSTER SESSION
Wine & Cheese

BANQUET
Thursday Morning, May 19, 1988

“Advances in Organic Electro-Optic Devices” by
R.S. Lytel (Lockheed Research and Develop-
ment)

“Organic Nonlinear Optical Devices and Mater-
ial Considerations” by B.K. Nayar (British Tele-
com Research Laboratories, U.K.)

Break

“Towards Nonlinear Optical Applications of
Polydiacetylenes” by M. Thakur (AT&T)

“High Resolution Laser Spectroscopy in Poly-
mers’ by D. Haarer (Universitat Bayreuth,
West Germany)

“Closing Remarks” byK.J. Wynne(Office of Naval
Research)
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D. R. Ulrich
Air Force Office of Scientific Research

AN OVERVIEW ON NONLINEAR OPTICAL
POLYMER SYSTEMS AND DEVICES
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NLO Response in Polymers
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Why NLO Polymers?

@ Subplcosecond Response Times

® Largs, Nonresonant Nonllnearities

» Low DC Dlslectric Consiants

» Low Switching Enesgy

» Broschand

® Low Absoipiion

» Absence of Diffusion Problems

® Potentisi tor Resonant Enhancement
# Ease of Processing and Synthasls Moditicstlon
® Room Temparaturs Opsration

# Environmenisi Stablliy

# Machanical and Structural integrity

* X" . Represents Linear Optics

o X% _ Repressnts Third Ordar Nonilnear Process Le.,
Third Harmonic Generation, Seil-Focusing

Flirst and Third Order Terms of Odd Powar of E Common lo
All Muteriais — Centrosymmetric
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Where Will NLO Polymers Fit In?
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Comparison of Optical Switching
Technologies
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Optical Performance Comparison
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Switch Off, T
{Racovery Period)
Energy Aequired & Moderate N e High N,
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Research Directions
NLO Polymer Requirements

® Nonlinear Susceplibilities =10-7 esu
— Resonant vs Nonrssonant

® Ease of Proceasing
— Solubiiity

® Thin Flims of Assscnsble Optlcal Quality
— Transparsncy
— Surtace Smoothness

* Enviranmental Stabiiity
® Low Swiiching Energy (P4, Dlode Lasers)

& Characierization and Separaticn of Elscironic, Molacutar,
Tharmal and Chargs Camier Cantributlon Mechanisms o
Responas Time



Status NLO Polymer Classes

C_I_l_u N Exampios NLO Funcilon
ISO Tropic Glasses X3, x@
Allays
Composites
Bond Allernation Laddar Poiymars X
PTL, PQL
Polyscatylsne
Polythiophens
Liquld Crystailinae Side Chain X4
Polymers (LCP) LCPa
Rigld Rod PaT LCPs X
Aromatle PHO
Heterocyciles BBL,
Polydiacatylanes Mostly X
Soma X

Nonlinear Chromophoeres Covaiently
Linked to Glassy Polymer Constructs
Noncentrosymmetric Assembly

Synthesis and Poling of Covelently-Functionailzed
Poilymers tor Frequancy Doubiing
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Second Order Polymers for
Electrooptical Devices
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# Exceilent Secondary Proparties

Spin Coatsble for Thin Film Wavegquides,
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Low Loss (<1 dbiem at 830 nm)

Meit Processasle tor Optles
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Dependence of SHG On Poling Field

@ Signillcant Hon-Randams Chromophore Allgnment
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FUNCTIONALIZATION OF POLY(p-HYDROXY-

STYRENE) WITH NLO CHROMOPHORES

TN PR NN
o :
) = 7 _wem
~ \\_}l —
oa 3
(PS)OH

(PS)0—-NPP FILMS
EFFECTS OF ANNEALING

1.2
— Ir -
= ANNEALZZ
I -~
- S
Z 08 - ~ . -
= - T~ o _JUNANNEALZE
. .
F‘_\ - -
— 0.4 ~ -
= = "E MOLE m O TUNCTIONALZATION -
— "
L
Q.0

2000 4000 8000 8000

TIME (minutes)

3

€

{PSIQ=NPP FiLMS
TIME DEPENDENCE OF dag

o)

08— e
~
— -
" 0'4 -
0.0
Q 12000

24000 36C00

TIME (minutes)

43000

Values for X}, Eg, W From Semiempirical
Calculations and Experimentaily Determined
Y(HOMOQ)? Delocailzation Length for Prototype

Ladder Polymers and Polyacetyiene

Band Band
Gap Width .
Polymer Eg{aV) Wav) XA {wnu} My
Pristine 1.8 10 85 x f0—12 29
Trans-PA
Prisdine PXL 0.7 1.5 5 x 10— 26-28
X = CH tadder
{Chance)
Blpalaron 0.3 2 107
Siats of PXL
X = CH Ladder
{Dalton)
Protonaied PXL 38 3 2 x 19—'8




Implications of y(HOMO)?
Delocalization Experiments For
NLO Polymen Synthesis

® Nogailve Spin Density Confirms Elsctronlc Excltatlon
{Electron Corralailon)

« Delocailzation Long!h in Ladder Polymers snd
Polyacstylone tha Same — 26 1o 28 Aloms

® Indicates X' Will Not Incresse Beyond 25 Rapast
Units (50 A)

® Ladder Potymats May be Supesior to CGpen Chaln
Poiyanitenes Because Improved 77-Orbital Overlap Wil

Lead to Enhanced Deiocalization and Reduced Optlcal
Gap

Application of Dalton’s Results

¢ Solublfized Ladder Polymers by Lewis Acid Chargs Transfer
Complax Forming Agents

Scoluble Benzimidezophestanthroling (28L)

# Soluble in Organic Acids

® Aeduces Intermoiecular Allractive Forces and Allows
Solubilization of Rigid Macromolucules

Dependence of y(—3w, W, W, W)
On Chain Length

Linear Conjugated Chains
_ 10000 = (CH = CHip— -
2
3
» Finite Chain Limit: y < n53 H
= Decressing Excitallon Energy 2 00 - .
— Increasing Number of Spin 3 r
Correiated Stales 3
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Chaln Length (n)
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NONLINEAR OPTICAL AND

PHOTOCHROMIC PoLYMERs (28772
1 ELECTRONIC
) THERMAL , g
' i
PNOIOCYH ROMALG OMNMENTATIONAL
i 1 H i
108 103 ta-8 w9 16 12
THME [SEC)
THERMAL ORIENTATIONAL XERA ELECTRONIC XERR
PHOYTO-CHAOMIC HONLIKEARITY HONLINEARITY NONLINEARITY
— OPTICAL FUSE — DYE SENSITIZED .. LIQUID CRYSTAL — ELECTRONIC {3}
THERMAL EFFECT  POLYMERS POLYMERS
— 1w-3pc. - 10-3.10-7SEC  ~ 10-7 - 10-10 5EC — 109 . t0-12 5EC
THREAT THREAT THREAT THREAT
— GAS LASERS  — PULSEDFLASH  — Q-SWITCHED SOLID — Q-SWIFCHED S0UD
LAMP PUMPED STATE LASERS STATE LASERS
LASERS
— CWSOLID — GAS LASERS — PULSED FLASH — MODE-LOCKED
STATE LASERS LAMP PUMPED LASERS
- CW SOLID STATE LASERS
TASFRS

HARDENING TECHNIQUES

out
FIXED NOTCH FILTERS ]J l‘

our
QPTICAL SWITCH /I "
our
TUNABLE FILTERS [y
Lr '
ouT
OPTICAL LIMITER -

5UB NANOSECOND
ARESPONSE TIMES

¢ MILUSECOND RECOVERY

SPEEDS [AT LEAST)

s BROADBAND

WAVELENGTH RESPONSE
[OVER VISIBLE AND
NEAR 18]

* REJECTION EFFICIENCY

S39% BEFOHE AND AFTER
SWITCHING

* HIGH DAMAGE

THRESHOLDS { MW/ /gml)

* LOW INSEATION LOSSES

AND MINIMAL RETAGFIT
COMPLEXITIES



SENSOR FROTECTION
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FIELD OF VISION

~
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FOCUS IS ON CONCEPTS WHICH CAM:

* PROTECT AGAINST RAPIDLY TUNABLE. PULSED,
VISIBLE AND NEAR IR LASER THREATS TO HIGH
GAIN OPTICAL SYSTEMS

* USEFUL FOR RANGEFINDERS, VISUAL
SENSORS, CAMERAS, AND MOST
IMPORTANTLY, THE EYE

Third Order Polymers for
Optical Devices

® Planar Structure With Extended T Orbitals

M = Mstal Atom

® Shift in Focus From Conjugated Off.-Assonancs
to Systems on Aesonance With Narrow Maoiscular
Extinction Coatflciants

® High Acttvity Through Saturable Absomtion
— Eftective N, Equais AlGeAs MOW Struciures

@ Excatlent Secondary Propertiss
= Spin Coatabis For Thin Film Structure
Appiications
Opticai Blatabllity
Parailsl Promulnq

Phthalocyanines

N
| <

N
N// N
=N N—¥
]
é)\\“%
* Large NLO response discovered by A. Garito

¢ Numerous variants synthesized to tailor
- NLO activity
- Fabrication properties



Basic Structure of an Optical Neural Network

~_/

Opticaily Implemented

Input Plane Output Plane
Interconnections
of Neurons of Neurons
wli)'s
H,X{'s 2 2 M, XS

W —m Y

Angular Dependence of Reflected X far
Oriented Trans-Polyacetylene by Third
Harmonic Generation
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Third Order Response in
Polyacetylene

« Aasonant Procoss

— Photoexclied Nanilnear Excliations

— Associated Structursi Distortlons (Solltions,
Bipoiarons, Poiarons) Responsible {or Large Shilts of
Oucillator Strangth Observed With Rescnanl Pumping
Cansaquence of Electron.Phonon Intsractlon

— Eiscironlc Resonani Enhiisncament

~- Nonradlative Disslpatlon Produces Slower
Responses

® Reflacted X©

— 8 x 10™1° agu Parailsl to Poiymer Chain

— For Devices Polymer Must Be Able (o Inherently
Transmil or Gulde Light



Third Order NLO Response of
Ordered Polymers

# Colllnear Rigid Aod ® Planar Algid Rod

oo oo

Polybenzoblsthlszois (PBT) Polybunzoblsdauzeie (PBO}

COMPARESON

Uniaxial PBT — Third Harmonle — X = 10—1° gsu
Gonsratlon

Blaxtal PBT ~ Dogenarsie Four — Xm = 10~ asu
Wava Mixing
{DFWM)

Uniaxiat PAQ — Dagenersts Four — X™ = 2.5 x 10~ asu

Wave Mixing

® Raquitemant for Film Quality — Avoid Inherenily Grain or Flbrous

Components Which Scaiter Light

Nonresonant Third
Order Susceptibility X(3) in
Biaxial PBT

* Deagenerats Four Wave Mixing

90°

Polar Ptat
Xaga
Function of
Film Aotation
Angle
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Degenerate Four Wave Mixing

of Biaxial PBT
Ordered Polymer Films

Paly (p-pnanyisnabsnzodisthizzoiw (PBT)

S e .
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1
0.8 - Subpleosscond UFWM Signal
i Response L B
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X® Polymers for Fibers

« X* units have modest activily but very
low absorplion .

= Polymer backbone confers secondary properties
- Spinabiity .

e Shear and elongational fiow yield alignment

® New Festure tor Third Order Davices

® Anisotronic X™ Materials for Opticaily.Activated
Biretringent Flim Applications



X®) Materials

Thin Limit

Properties

* Near reasonance

* High n,

* High absorpiion {q)

Material

* Phthalocyanines
Application

¢ Elalons

* All optical SLM's
Advantages

* Fabrication ease

* Room temperature operation
* Polentially highest n, materials
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POLYALKYLTHIOPHENE
Thick Limit
Properties

» Non resonant
» { ower n,

* Very low absarption “
Material '
+ Side chain polymer
Application

» NLO fibers

* All optical switching
Advantages IF
* Fiber spinning ease
« Potentially highest

n, /a materials

L (ArB. UNIT)
ke

Tig. The degemarece {wur wave miviey sigpal sbtainad for a 20 layer
thick Lanpmuir+Bledgert f1lm #f polyaliyithiowoass anown & a function
of the dulay af the hacrwird bamm; Che wevelangth is 607 wm emd The
ezritacion pulsswidrh iy 360 fs.
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Q9 NEW HFTEROSTRUCTURE ASSEMBLILS

- GAAS ANALOGS
- NON EAds AMAI OGS

O QUANTUM BOT DOMAIR STRUCTURES

HOLTCUL AR ARCHETECSURE
e [ALLORING

0 11081D CRYSTALLINDTY

0 BUEST-HOST BLINDS

o 1A-$110 roUYMERTZAI[ON
AND ORDERTNG

O MEID/FLEXIDE CHALR
CONFOAMATLONS

CHARGE Caxrird
—-Dyepnlcs -

O CHARGE TRANSFER INTERACTTONS

0 REDUCE DIMENSTONALTIY
AF CHANGE CARSIERS

o [NTERFACE SHC

G PTCOSECOND TRANSICNT AWSCEPTION/
Sxating

O TRANSIEAT ETALON EFFECTS/ °
FHONON IRDUCED PROCESSES

!

Brelnngance

LCC Composite

* d< < A {Rayleigh scaliering reqime)

* Randomiy criented LC microdroplels

* Low scaltering - hazy blue 1o ransparent
* Kerr maletiai with positive n

0oz |-

oo |- -

1 1 i ] 1 1 L ]

00 *—1l

Eloctric Fiold Squared (WM
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ADVANCED POLYHER BLENDS AND ORTICS

RLO FOLYMERS

GEHERATION SECOHD OBDER WEO.obiZ) RN e AR

f HOMD#OL YHERS
(1984 PHEYY
Q [SUTROPIL g DORE ALTERNATLION
0 POLED 0 LABDER
1} ORIENIED 0 ORDERED
1 POQLYMER - POLYMER [NIERACTIONS
(1330 - 2) BLENDS - ALLOYS
{ MOLECULAR CUHPOSITES}
[ SELF-1HDUCED 0 REAR-OFF RESGNANCE
POLARIZATION
b SELF-ORGANIZING Q PLANAR

IMPROVEMENES IN CAVCULAFION OF NIG STNGIF-MOIFCULE PROPERTIES

- PARALLEL COMPUTING
ARSORPTION [ INEWIDINS
MOLECULAR CONFORMATIONS AND DIFECES

- DEVELOPMENT OF ALTLRNAIIVE MEINODOIOGIES, SUCH AS FINITL 11918 APFRDACHH ™

SPATISTICAL AVIRAGING OF ORIEMTATION (FROZEN GAS MODEL)

STALISTICAL AVERAGING OF CHAIN LENGTHS

LITECTS O INVERMOLECULAR INTERACTIONS ON SINGLE MOLLCULC RO PROPERIILS
EFFECTS OF IMTCRMOL[CULAR INTLRACTIONS ON MOIECH1 AR CONTORMATION AND S1ROC IR

LFFECT OF INILRMOLECUL AR INTERACTIONS ON MAILRIAL UL TRASTRUCTURD

THE KEY: INTERMOLECULAR INTERACTIONS!
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Status of Understanding for State-of-Art X(2) Devices
Polymer Design

® Travellng-Wave Electrode Mach-Zehnder Eiscirooptic Modulator

Datailed Mechaniamis} of Monilnesr Oplicai Aciivily In LINLO Polymer

k|
Delocalized Electron Polymars Have Yet o Be Dallned Maodulator Moduiator
Switching Volirge (V 3 12-10 112 t.3
* Nonilnsar Optical Activity May Not Be Simply Aeiated mitching Voliage (V) {0.7 With Higher X‘z'i
te Bandgap
Powar Requirament (W) 0.8-5 0.03
® Potantlal Contributions of B Crbitais to NLO (S-D Cross-.
Terms) Maximum
Fraquency (GHz2) 8-24 >50

# Role of Electren-Phonon (nteraciions
— No Expactad Velocity Mismatch implies Higher Frequency

® A Quailtatlve Corraiation Betwesn X and Eisciron Davices are Possible With Polymers
Dolocailzatlon Length « Elactrooptic Bragg Catl

® Eilact of Doping and Intermolacuiar Charge Transfsr = High Speed Radar Signal Processing

Needs to Be Clarifled wu 20 GHZ a8 & Target
» Second Harmonlc Ganeralion
* Quantitativa Theory Lacking to Predict macromolacules - High Efficisncy Doubling of & Diode Laser

With Large Second Order (Bata) and Third Order (Gamma}
Motecular Susceptibliities

Waveguide Devices

5";;;;'}.?3:“’ Polymeric Electrooptic Modulator

Multllayesr (1}
Guide Moauiator

22 Wavequida {Pattamn Input Qutput

: Fll:ri:l:allon Randeringilcas) Laser Beam Signai
Opticai Coupilng  (Coupling/Loss) Snoord o
te 24 Wavequide 3
] . Electrode Laysr ~
Channai (Strip} \ 9§ Analyzer
Modulator NLO
Active — k3| .
Periodic X@ Fitm " S —— i l
Modutation L n <
Mach Olrectional /\] Substrate First Cladding
Zehnder Coupier Elecirode | Layer
Modulator Waveguide SK N
Generator @ TE Polarization
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SOHE CONCLUSIONS OF THEORETICAL STUDIES OF
HICROSCOPIC NONLINEARITY

THE CHOICE OF SASIS. PARTICULARLY THE INCLUSION OF DIFFUSE
POLARIZATION FUNCTIONS, 1S iMPORTANT IN DESCRIBING THE
HYPERPOLARIZABILITIES OF CONJUGATED SMALL HOLECULES.
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A. F. Garito
University of Pennsylivania

RECENT ADVANCES IN NONLINEAR
OPTICAL PROPERTIES OF ORGANIC

AND POLYMER SYSTEMS



RECENT ADVANCES IN NONLINEAR OPTICAL PROPERTIES
OF ORGANIC AND POLYMER SYSTEMS

A.F. Garito
Department of Physics
Univarsity of Pennsylvania
Philadelphia, PA 18104-6386

ELEC TRONCORRELATED STATES: ORIGIN OF THIRD ORDER NONLINEAR
OPTICAL SUSCEPTIBILITY OF CONJUGATED LINEAR CHAINS
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® SECOND ORDER CONTRIBUTION [Sx VANISHES BY SYMMETRY
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ELECTRCN CORRELATED STATES: ORIGIN CF SECCOND CRDER NONUNEAR
CPTICAL SUSCEPTIBILITY OF CONJUGATED CYCLIC CHAINS
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ELECTRON DENSITY CORRELATION DIAGRAMS
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A. J. Heeger
University of California at Santa Barbara

ANISOTROPY OF THE THIRD ORDER
NONLINEAR OPTICAL SUSCEPTIBILITY
IN CONJUGATED POLYMERS
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K. D. Singer
AT&T

NONLINEAR OPTICS IN
ORDERED MOLECULAR SYSTEMS
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NONLINEAR OPTICS IN
ORDERED MOLECULAR SYSTEMS

K.D. SINGER and M.G. KUZYK
AT&T Engineering Research Center, Princeton, NJ

OQUTLINE
R.8. COMIZZOLI

o.L. FISH + NONLINEAR OPTICS IN MOLECULAR ENSEMBLES

W.R. HOLLAND » FILMS POLED UNDER UNIAXIAL STRESS

¢« NEW PCLYMERS
— MATERIALS
L.A. KING — CORONA POLING
- NONLINEAR CPTICAL PROPERTIES
— MOLECULAR CORIENTATION DISTRIBUTION

H.E. KATZ

M.L. SCHILLING

J.E. SOHN

MOLECULAR MATERIALS

« MACROSCOPIC POLARIZATION
Pi(r) = %I+ x{HOE j(0)+ % [BE () Ee() + x B (E (ELDE (1) +

» MICROSCOPIC POQLARIZATION
2i(t) = iV +ay(F )+ Brx(OVF ;) e () + v prr (OF HOF g ()F L)+ -

» VAN DER WAALS MATERIALS

Pt = T<prlr)>;
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SYMMETRY CLASSES DISTRIBUTION FUNCTION
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POLED MATERIALS
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exp[— f{.'(zgnv-m;'Ep)l

Gu(Q.E,) = 1 -
[dQexp(~ E(};‘, Uuy=~Mmq-Ep)]

F-5

POLING UNLCER UNIAXIAL STRESS

+ SECOND HARMONIC TENSCR PROPERTIES

« MOLECULAR DISTRIBUTION

SECOND HARMONIC GENERATION

PP (2uw) = 2d31{—20;0,0)E (0)E 3(0)

X2 = viQ<po>+vfl<Py>+ilii<P,>

PRN2w) = 2d31(—2wiw,0)E {w)E 3{w)

P (20) = dur(~20i0.0) [E30) + E3(@)] + das(-20i0,0)E3 ()

EXPERIMENTAL GEOMETRY
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SECOND HARMONIC INTENSITY
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¢ P-POLARIZED INCIDENT LIGHT
p(8)=(acos?8, +sin?e, )sing,, + 2acose, sing,cosds,

» S-POLARIZED INCIDENT LIGHT

p(8) = asin{82,)
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ORDERING ENERGY
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+» ELECTRIC FIELD POLING
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DE = m.,-E,,

i L] m;E;r 1 4 _B_“
xHa = NBze ™ [E + ?<P2> * 35 <P4>]
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s UNIAXIAL STRESS
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STRESS POTENTIAL
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FILMS POLED UNDER STRESS

+» DISPERSE RED 1 DYE DISSOLVED IN PMMA

Film # | Dvye Number Density | Thickness | Poling Fisld Stress
Y 1020 em lum) E(MV/em) | aidyne/cm2 x 107\
| 2.42 4.0 0.60 0.00
2 i 1.08 4.9 0.25 3.71
¢ RESULTS
‘ RE, | b [<Py> | <Py | <P | <Py An
Fllm » I a F pes

1 ‘0.33' 0.50 t0.00] 0.18 {-0.020 | 0.00 | 0.015 | 0.0014

2 EO.T | 0.20 | 1.2 | 0.041 ] -0.20 | -0.018 | -0.02 §-0.0043

[

NEW MATERIALS

DISTRIBUTION FUNCTION

red=Npguk,

MOLECULES

CORONA POLING

POLYMERS

MOLECULES

8w MEASURED BY EFISH

""""""" ISOTROPIC + DIRECT MEASUREMENT IN DIFOLAR SLVENT, DMSO
------- POLED
————. STRESS + POLED

« INFINITE DILUTION TECHNIQUE
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RESULTS
Molsculs Bu*
bR m 10907
. -
eV 4110*

* Bw in 10~ 3cm3D/asu
1+ A = 1356um
# i = 158um

CORONA POLING

H.Y.

L

+» NO ELECTRODE DEPCSITION

« HIGHER POLING FiELD

POLYMER

SUBSTRATE
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Research Institute
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SEVERAL SERIES OF NOVEL
POLYDIACETYLENES FOR NONLINEAR OPTICS
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CEN Saclay, France

RESONANCE EFFECTS
IN CUBIC HYPERPOLARISABILITIES

OF CONJUGATED POLYMERS
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Jeparcesnt <’'ClactTonicur ef 2" Instrumentatian Nugléesare
tasoratoire ds Phvaigue Llectranique afs Maticisux
CEY Saclay. #1719t GIF SUR YYETTE, Franga

= THIN FILH PREPARIATION TECHNIGUES .polygzacecylenses,
- THIRD GRDLR OPTICAL #YPERPOLARISABILITY GETERMINATION
TECHNIQUES
Thizo Harmenie Gefiecetzon
Elsctrie Field [nouced Sacond sarmonic GCefstation
« MOMLINEAR SPECTROSCOPY IN P0A THIM FILME
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D. J. Gerbi
3M Co.

NONLINEAR OPTICAL EFFECTS
IN

CONJUGATED SYSTEMS



SECOND ORDER NONLINEAR OPTICAL EFFECTS

N COCNJUGATED SYSTEMS G. 7. BOYD
DIANA GERBI 0. A. ENDER
K. M. HENRY
K. K. KAM
P. C. W. LEUNG
ADVANCED OPTICAL MATERIALS
SCENCE RESEARCH LABORATORY J. J. STOFKO
3M CORPORATE RESEARCH LABORATORES
ADVANCED QOPTICAL MATERIALS PROGRAM
(CRGANIC-BASED DEVICES)
CHARACTER-
SYNTHESIS \L IZATION
DEVEILOPMEMT AND APPLICATIONS!
X(3)
# OENTIFY CANDIDATE MATERIALS
. UNDEF‘ST';? ) D MANTAN [ orTIcAL commumcaTions | | oPTicaL sianat PROCESSNG
® CETERMINE APPLICATIONS OF MATERIALS. FIBER OPTICS LAB INFORMATION AND
FEASIBILITY N DEVICES TELCOMM MAGING TECHNOLOGIES
IM DORRAN
EOTEC
OPTICAL SIGNAL PROCESSNG
FEER SLag OPTICAL SENSOR PROTECTION

AFOSRHR



OUTLINE

. REVIEW OF SECOND ORDER NONLINEAR OPTICS, CHARACTERIZATION

METHODS AND DEVICE CONFIGURATIONS

. ADVANTAGES OF ORGANIGC NONLINEAR OPTICAL MATERIALS

M. MATERIALS PROCESSING/APPLICATIONS

V. ELECTRO-OPTIC MATERIALS - CRYSTALS AND
POLED POLYMER SYSTEMS

MACROSCOPIC POLARIZATION:

A T

MICROSCOPIC POLARIZATION:

P=p +d’fEf; +44EE, + ‘%H.E;.E&E.a -

REVIEW OF SECOND ORDER NONLINEAR OPTICAL EFFECTS

ELECTRO-OPTIC EFFECT:

Index of refraction changes with appiied voitage
m=n,+amE}
2
AR X( !

SUM FREQUENCY GENERATION:

Output Irequency = sum of input Irequencies
wtout2! =W, + W,
2
SHG: llzw)-c[x{ '] [“wnz
DIFFERENCE FREQUENCY GENERATION:

Output frequency = difference of input frequencies

wiout} = w, - v,

CHARACTERIZATION METHODS

SECOND ORDER NONINEAR OPTICAL MATERIALS
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x — Il TOR
e

i(2w )sampie

(2w Jurea
MATERIAL FORM: MICROCRYSTALLINE POWDER
ADVANTAGES: USEFUL FOR SCREENING

flm

DISADVANTAGES: CANNOT RESOLVE MCRO- AND
MACROSCCPIC CONTRBUTIONS
TO NONLINEARITY

SINGLE CRYSTAL SHG

=1

]LASER%’E ,:uF E—B—[DETECTOR
: F
8

MAKER FRINGE
400
gZDO \/W
w
LA Vi,
40 20 0] 20 L0
ANGLE

MATERIAL FORM: LARGE SINGLE CRYSTAL (imm to cm)

ADVANTAGES: MEASURES TENSOR ELEMENTS X2
DISADVANTAGES: REQURES CRYSTAL ORENTATION,

NOICES OF REFRACTION. POLISHING

EFISH

1.06 micron 4 M ] 3.832 micron

i

MATERIAL FORM: SCLUTION (LOW POLARITY SOLVENTS)

ADVANTAGES: CBTAIN MOIECILAR PROPERTES,

COMPARISONS

DISADVANTAGES: MOLECULAR PROPERTES ARE

SUBJECT TO ENVIRONMENT

POLYMER POLING

FR ‘_] : =
v
f’;qm.'!. &p«mﬂm—uph&hﬂmﬁGmmem

E mm&pdymilma;m;miuqev.hnmﬂ.mﬂm
\ Glag-Thampess pnsm GT, A and 4

|

MATERIAL FORM POLYMER SYSTEM

ADVANTAGES: REAL LIFE ENVIRONMENT,
EASY SHINAL DISCRIMINATION
DISADVANTAGE: NOT A DIRECT MEASUREMENT FOR E-O



]
g 2 c .
He-Ha Lser -
e N e I
P
4
Hign
4
1 kHz ;
Retervnce Lok in Ameiller
Oacllsscy

Figure [. Experimentai set-up for titctro-opn
A. and Babinet-Saler] mpmc. -

MATERIAL FORM POLYMER SYSTEMS, CRYSTALS
ADVANTAGES: DRECT MEASUREMENT (DEVICE FORM)

DISADVANTAGES: LESS SENSITIVE THAN SHG
NOT AN IN-SITU TEST
CRYSTALLOGRAPHC ORENTATION
FOR CRYSTALS

ADVANTAGES OF ORGANIC MATERIALS

SYNTHETIC TALORABLITY VIA
CELCCALZATION/SUBSTITUENTS

*®

SUBPICOSECCND AESPCNSE TMES
TRANSPARENCY

MECHAMNICAL AND STRUCTURAL STABLITY
HiGH RADIATION DAMAGE THRESHOLD

ENVIRONMENTAL STABLITY
PROCESSABLITY

® K ¥ & ¥ K K

ROOM TEMPERATURE CPERATICN OF DEVICES

MATERIALS PROCESSING

SPIN-COATED POLYMERS
e.g. CHANNEL WAVEGUDES

- REQURES LOW LOSS (<1 dB/cm)

- REPRODUCHBLE. WELL-KNOWN
TECHNIQUES AVALABLE

- INDUCE ORDER RATHER THAN RELY
ON CRYSTAL PACKING

CRYSTALS
e.g BULK CRYSTALS
CHANNEL WAVEGUIDES
VAPOR DEPOSITED FLLMS

REQURES LOW LOSS (<1 dB/cm)

BULK CRYSTALS MUST BE DURABLE ENOUGH
FOR CUTTING AND POUSHNG

. COMPLETE CRYSTALLOGRAPHIC ORENTATIOM
1S REQUIRED

PRINCIPAL OPTIC INDICES AND AXES RELATIVE
TO EXTERNAL MORPHOLOGY MUST BE
DETERMINED

.



SECOND HARMONIC GENERATION APPLICATIONS

red W blue 2w
laser diode SHG waveguide
optical disk

doubling optical frequency gives 4x storage density

APPLICATIONS — ELECTRO.OPTIC EFFECT

modulator directional coupler



ELECTRO-QPTIC PHASE SHIFTER

ACOULATOR, GYRO

+ COMPARE LINCG, ELECTRO-OPTIC PHASE SHIFTER

=80 m
Insertion loss 68
M =3GY
e =5 o
® ‘erperatire ENET LI eI AL
v 2= 1n, ¢
_EN?rL

xgzaxi()"’esuzal-xa ire
e

-

v® = cNufE N=twle
c=0.4W/m

= uf-0 - 45 OW
4 < 0.4 ( B/



RELATIVE
HALONITROANILINES EFAICENCY
{UREA)
HH,
OMN.. =~
z 20
— e
NH
2
oM .
—gr <0.001
NH,
o <0.001
\._,/\cl
na,
o Mo
S £0.001
N
CL_A:2
2
S
No,
NH,
ARG 0.03
'\h‘-v’
cr
RH,
-,
<0.001
ON" =
L ]
MATERIAL SPACE a L]
41114
S-chlaro-2-nitroaniline Pra2y j0.844 8] 3.852 R
(phase 1)
S-bromo-2-nitroaniline ri 7.344 7.844
{$-chloro-2-nitroaniting)
{phase 1)
Z-¢hloro-4-nitroaniline’ Pray 11.23 16.85
J-chloro-4-nitroaniline PZI/C 1.813 12.531
A T, MePRi) and 6. A, Sim, ). Chem. Soo., 227 {1965)

in

6.004 R

7.091

14,467

u {DEBYE

4.4

%.403

4.433

T.922

528

8.023
x £ r 4
10e s0¢ s0®
87.9% 116.69 52,22
1] ”0 20
20 21.20 1]

ire



HOMO

MOLECULAR  MODELLING

Q
\ e
» T e
/ /
e *
/9 o< difference in ground state and exciled state
dipole moments
Ny,
CLN [
5-CHLORO-2-NITROANILINE e
c
{
s ———e - B fa -
Ty i3 i
a = 30844 A SPACE GROUP
b = 13852 Pna2,
¢ = §.004

g

Figure 4. An illustration of the crystal structure of 5-chloro-2-pitroaniline. Significant
intra- and intermolecular hvdrogen bonding indicated by thin lines.
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o

.

’ry

\
~

Figure 5. A projection of the ribbon-like packing structure of 5-chloro-2-nitroaniline.

Molecules in each row are connected by significant intermoiecular hydrogen bornding.

2-CHLORO-4-NiITROANILINE

5-CHLORO-2-NITROANILINE

SPACE GROUP Pna2,

polarization axis « C-axis

Px X (333) x 3(zzz)COS’#

P

e
e ;

Z 'l polarization axis of molecule
C il polarization of crystal

Z-C =cos 8 =0906
SHG PACKING EFFICIENCY = 074

ELECTRODE CONFIGURATION
FOR MEASURING E-O EFFECT

— -
A/ Ac
/ / / /
7 7 ?/
Lm |

FIGURE OF MERIT = 41 n,’r,--nir--i= 18 pm/v
DC -
=Y
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SHG STUDIES OF POLED POLYMERS

i,
EFISH on 3-CHLOROC-4-NITROANILINE ol
ot
hoz PRINCIPLE OF POLING GUEST/HQST SYSTEMS
I N s\ fe . 4 7 '
i ~
e - 4 a
v \ -A » Y
— | l | [ 1B=6.9x10""esu 7 — £=0 l )
1.08 micron | v 0.532 micron
B INVESTIGATE:
® Exzent of orgenng
® In-situ ﬁ
® Poling dynamics
CONDITIONS FOR POLING RESULTS OF POLING EXPERIMENTS
3-CHLORO-4-NITROANILINE !N PMMA
iw
// - CALCULATED ﬁ AGREES WITH MEASURED

T

\

— H £* tocal pel
!7 L / ii sxG X ocal peling - OBSERVED DE £ or (2 wrmH ToE
i el P a e

.4.)".

CONRITIONS %2 (goy)
z, 0% 2 1 x 10710
. 5.7 8 w0 PMMA (10% By wT)
z. RT < g sg-il
= ‘% o
- T = 6 x 10 v/ T = @8 {30 sec), 2T 6.5 % 10-10

. ™ owo110% 2 ) 2 = 0 (65 hr), RT c.19 x 10720
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POLED POLYMER SYSTEMS FOR ELECTRO-OPTIC EFFECT

4B {x 10'2%-esu)

A/molar

810 nm 1000 nm 1300 nm 1500 nm

GUEST at 1.58 microns

3MX-40 37 84 51 30 27
3MX-3 19 15 013  0.09 0.1
3MX-36 18 0.6 0.3 0.3 0.3
3MX-2 15 0.5 0.6 0.6 0.6
3MX-1 1 '0.07 0.06 0.05 0.07
3MX-8 10 0.03 0.04 0.04 0.04



K-1

G. R. Meredith
E. . Dupont DeNemours and Co.

OPTICAL NONLINEARITY: MOLECULES,
ASSEMBLIES AND WAVE PHENOMENA
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G. Khanarian
Hoechst-Celanese

CHARACTERIZATION OF POLYMERIC
NONLINEAR OPTICAL MATERIALS



Charactenzateon :f “onnnear

~otlest Jrganie lateniais

3. <hananan

-oecnst Talaness Carporation

Summut. New Jersay

L]

7eMm

ACS ‘Morxksnoo

Virgma deacn. May, (988

CUTLINE

Motecutar Miller s Rue

Polvmer Structure ang

Measurement of ,°
Generauon

by Secend Harmonic

Measurermnent of . by the Pockels Effect
Aesuits for MNA/PMMA

MNA/PMMA/Sol-Get Glasses - Sole of Molecyi
Motion

Langmuir Bloagent Films - Role of intemal
Cotical Fieid

Appncation 0 Devices
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HE

= ZEMARTING

2. HAAS
T LESLE
. MAN

J. STAMATCFF

2. TENG
. YCCN
Schematic

Design of Untuition, computer modeling
organic molecules and quanium mechanics)
Synthesis
| { Oplical, electro—optical..)

Characterization { Solvato~—chromism )

Materials { Structure/property algonthm}
Formulation of { Guest—host, single
Development component LCs )

polymeric systems f s )
{ ( Traciabiity, amphipiilicity )

L}
Fabrication (Thin Hlms, 3D articles)

(Dimensions & reiation lo
activity, shape, size..}

Fabrication to
critical standards

Device Design
and

Canverston to device format
. i
Evaiuation

¥
Evaluation of device




BASIC PHYSICS

MOLECULAR
P = 4, + & + & + 2
MATERIAL
P=y'E + B + 'F
Q.ﬁ-;.it&m,"r—fl'"""ig
i ™

! 1
M oy = Jipwy = wy

P o) = = o )l ) M+ )

£0-

I
t
T

ANHARMONIC OSCILLATOR MODEL

m  mass of electron

e charge of electron

N oscilfator strength

4 anharmonie constant

FFE_‘

w anguiar frequency

L langiht of molecula

Exp. 116" esu) Theory 110" esw

mg 1 3.0

log,f3... versus log,a
Verification of molecular Miller’s Rule

I

/

siope = 28=C3

14
in
w
o
W
wn
»
£
-
h
T
L]



in v =g
a2 .
See2tiozaglias
- - Teiegdrdr w=a1gnt
] - csiragiive ‘ngam
= wdveiengrh 3f ligng
M - Jretecirig ANt
1 - Zmasity
El - ferr zanscanmt
2% - aglar <err zoastant
A% . 2T My OF L, e dee®™ IV amy, 2y
it0 -1t <7 3T
S - = -5
=z Tz
teiE Ry e T - ;
B P = xm vy Tyy
I a2 - 2 - 3 {13t hyparvelarizasility}
Tx Trzz Tixx Iy

¥ = maan ina avopsroolarizapilizy
* = ldvogadrd's AusDar

3oltzmann's sanstant

»
"

= temMperature

% w =ean solarizaniticy

“, = diooie moment

Types of Molecular Packing

Packing Type

Qrder

TAULE 1

4 FZ]
Molar Kerr constants (K {x 10 ’esul. linear polarizability ¥, {x 10 eLu)

and 8,0 x 10 Pesw)

Compaund wk
T
A 2} HOy 0 985
HyC

bt N
|!,H—\Q)— HO, 6 450

- e ll;N"M—HOz 145

- HyN -@—(@—@— NO, 16.9

@y

132

18,7

295

igs

Pree

[+
3.7
20

51

mK values are al 0633 KA. &, nas been deduced from equation §.  and

Hterature values for the dipale momuent #, hd the uverage polarizability,

to yo Irom G635 ta 191 pm B, ore adsoat | 91 rm

rr Values reported above are ai 1.9 st A dispersion formula has been used

' OF POLED FLEXIBLE DIPOLAR POLYMERS

Magniiude

\ / Non-centric

Second

Moderate e Theory same as for afish

H[ Non-centric

Second

Strong

il Centric

Third

Strong

\\‘// Centric

Third

Weak

Theory

Direction of dipole moment ®  Exact caiculatons can be done for single chams - Flory



FIG. Z. Designation of bonds of PPNS, X =NC,,

TABLE O, {4+3)/x {10~ e} and {p¥) /X
(%10 55! e’} of poly{p=nitrostyrene; ve
tacticity p, "> 298 K, x = 200 repeat units.

Pr ¥y e
x
0.0 (isotactic) 21.5 10,7
.2 16.6 8,27
0.4 16.3 g.12
0.6 16,8 4,36
0.5 16. 4 8,17
1.0 {syndiotactic) 12.5 6,323
». XMANARLAN, .. THEM, PMYS_. :_'. 98I, ?. l5B%
Ir ]
Dolay
Dye P
l YAG Laser lx?! !Laser GenTraIOr
P
4 P H,
Pulsed
F 85 p Valage
—10) Supply
Le L l
EFISH 3
ference L Cell | 53MPle | e tAC Crare
XY Z Mation
Controt
L L
F =t- F
M
[]F‘MT PMT PppP
11473
a A Compuler

T
Boxcar ragrator

B A

L-5
éknv\PVNﬂJ%/wAzﬁ:%3P<?

Table 2: Avarage Monomar Susceplibilties far

Vanous Motecuiar Waight Copoymars.

Molecuiar Calculatad Numpar of MzBz/n Eahancament
Waightd M, Manomar Unds, n {1045 gy tacar, G
NLO ehromopnored -— 57 _—
17.000 a7 8ao 15
70.000 152 1140 20

! Datermined by GPC relative 1o patystyrane.
® Structure I from Tabie 1.

C. 5. Willandt, 5, E. Fath, M. Scozratava, and D. J, Wilkarns
Comorate Resanren Laboratcnes, Eastman Kogax
Comparny. Rocnesier, N, Y.

. G. D. Green,” J, I, Wainschank, IIL, H, K. Hali, Jr.,and J.E. a— e

Mulvaney
C. 8. Marvet Laboratones, Dapanment of Chanmistry,
University of Anzona, Tucson, Az

Maker Fringe of EFISH of Dioxane
at A=1.53%um. HV= 5 0kv

3 T I 1 T 1 T T I

: |
| l‘ ;’
g ﬁfﬂ%
4 B
Lo

Ferans Lat pan



Second harmonic intensity (arb. units)

Second Harmonic Intensity
From a Poled MNA/PMMA Alloy

-750

SECOND HARMONIC SENEIATION FHOM POLED POLYMERS

The secand harmonic intensity is given by

@) - tTdpTsin® (3L 0 3
1] 2 Ic (n-sn g

L. T Frasnal transmissicn factors

d Second harmonic coefficiant

p Projaction factor of d tansor onto optical electric
field

H Coherence iength

n Refractuve index
L Thickness ol sampie
9 Angie of rotation

2% w oo o= 2d

75

Rotation axis
ws

Poled polymer
film

When ¢ = 0, p = O and there is no companent of d along E, and

thera 13 no secona harmonic observed

The Maker fringe arses from an interference batween the
fungamantal Dearn anc generated harmonic wave

Polarized incident
laser beam



THESAY COF MEASUREMENT FOR POCKELS AND KERR EFFECT

“he oireiringence an induced in a Kerr call is:

sn = L8E

ang N a Pockei call:

en = 1/2 mE

The sireirngence resulls It & retardauon -
To= 2nsni
A
In the srall angre approxmmation, Equation 4 bscomes:
o= 11+ 1]
T Z

A sinusaidal voltage (s appliea across the alectro-optic call

V = Vo sinwt

Substituting Eguation 7 into Eguaton 5

Z 2 2

I = 1 +« r Kerr « r Pockel sinwt - r Karr cos2wt
Z A

L-7

The cpucar retardation is

c = 20l sn
A

1 Couical path langth
an inguced birefringence

A Wavelength of light

The induced birefringence

an = 1 (Ajr, -nlr)E
r Pockets constany

n Reiractive ingex

E Applied electric fiald

For paled matanals

r, =

UL"
-

This result is obtained from a thermoaynamuc mode! for poling

The anparant angular dependence of the Pockels allect anses from

change of optical path length

cose

where d is the thickness of the sampie

The analyzing lignt beam sees a difierant birelringence as a

function ot angie

8R (9) = an (o = 90%) sine

@ 15 the angle between the normal axis of samole and the light

Daam

Bolizmann statictics

Rotation
Axis

Poled Polymer Faq
Film

Polarized
Incident
Laser Beam
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SCHEMATIC OF ELECTROOPTIC APPARATUS

QUAARTER
WAVE
POLARIZER PLATE ANALYZER
ELEGTRO
LASER OPTIG CELL DETECTCA
SIGNAL REFENENCE SIGNAL
GENEHAFQR
Pockels Effect from Poled
MNA /PMMA Sample
{ Angular dependence)
- -
Intensity
{arb. units) -
[ ]
]
-] ) ! L 1
0.0" io* 20" 30 40*

Rotation angle

Pockels Linear Electro-optic Effect
From a X'?' Polymer

Intensily
{arb. units}

Electneat field { Viga/um)



S0L-GEL TECHUOLOGY

POLYMERIC - CROS5-LINKED POLYMERS/
LONG~-CHAINED MOLECULES
(oL | = [riguinHsorip]
\ COLLOIDAL - LINKED COLLOIDAL
PARTICLES {SOL}
KERR EFFECT OF SOL-GEL GLASS

MNA added to sol-gel glass

PMMA is added to sol gel glass to give mechanical
strength

Slab was cut and polished for electro-optic measurement

Arrhenius Plot of Kerr Constant
for MNA Optical Composites

1.5 r

T = ““naﬂ@%mc;
Ty
&

0.5
»

-

Log -0.8 p a
[Btri/Bl298BK] .
u]

D@

[ ]
*5Xw/w MNA in PMMA :

O S5Xw/w MNA in glass/PMMA
-1.5 ae

-3 ' i 1 " ' i L 1 1 i i

2,5 26 2.7 28 29 3 3.1 3.2 3.3 3.4 3.5
1031/ temperature (K)
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THERMODYNAMIC MODEL

NLO Side Chain Polymers
First Generation

Assume that noniinear optical molecules are distributed ) CH,
onantationaily according to Boltzmann statistics. L_ CH. — (l;_] Backbone
2 "
cC=0
i
xn(2umd) = Nfs i+ 20 uE o
n+ 2. 5kT (C‘;Hz)n Spacer
o}
N numper density NLO/mesogen
f internal field O
s hyperpolarizability MO,  1n=2,3,5,6,8,11,12
i dipole moment
E poling field
Kk Boltzmann constant
T lemperature
. dielectric constant
n refractive index Dependence of Glass and Clearing Temperatures
on Carbon Spacer Length
110
RESULTS S N RN O N U O YISO N R B
&
b
(1] (k3 121 5
Sample 1 (2w 2 (~ww.0) % {calc) =
g
g
10% .y
MNA/PMMA 1.8 1.5 c.6
L]l Bt Sl el e el I I e o e e P
On 1 2 3 4 5 6 7 8B 9 10 1t 12 13 14

Number of Spacer Carbons

All 3" values are x10" esu and are at 1.06 gm
x'(-Ru.ws) measured at 1.06 ym

x'(-..0) measured at 0.63 um and a dispersion relation
was used to obtain values at 1.06 wm

x{calc) used the thermodynamic model
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NLO Polymer Properiies

x'2V at 1.3 um > 50 pm/V
r {calculated) >14 pm/V
n {1.3 pm) 1.57°

e {DC) - 3.5

g (n?) 2.6
waveguide loss at 1.3 um 0.8 dB/cm

Spin coatable from common solvents

Poled for application .
Stable {<10% loss} at >50°C lor 5 years

Langmuir-Blodgett Film (LBF) Formation

» [s the deposition on a surface of a single molecular layer at a
highly ordered stale

» Sequential deposition leads 1o periodically struclured films

* |t is done by transfer of a compressed molecular surface layer
on a liquid onto a solid surface by dipping

Transferred layer on solid surface

Molecular surface layer

Liquid

S
—

= Applications w
— Nonlinear optics: Bistable swilches
Thin film SH and TH generation
— Electro-optics: Thin film light modulator
— Integrated oplics: Pianar dielectric wave guides

LANGMUIR  BLCDGETT FILMS

[ ] 70 Llatenat

®  Onemanan of Moecwes 5y Suriace

. Useiut for Funcamental Stucies of;

- [nteragiton ¢f ramiabion with molgcuies
{sDecirescopy)

~ Tl angiss

~ Hyperooisnzaniity

-~ Moleculassurtace nisractions

~ imleraction Datwsen layers

= Local opucal slectic finid eifects

HeFlm*
07!

bt
<

P ._‘_..._,._L....____‘_...__‘

:
t
!
°
!

b aeam o g st ey

N1z HEF)

SiiaL NEL All‘:‘f [0 GhARTZ
o

-
o

O et pe it de e 2 iee

{155 514 SOhAL HELATIVE 10 CUA

{IPP Siy

s A

FRACTIONAL AREA OCOURED BY THE ore
= 5. Plot of the second-harmonic {SH) sig'nu.lsl T#=7 (O} anc
i~e 1%} relative to the quartz reference slab versus the area iractor
zupied by the dye in the mized monoiayer.

T.A. SIRLING TP AL 2OSE N, L9A7, TOL. = 3. 230
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CLASSES QF ORGANIC NLO DEWVICES

POLYMER GUIDE FABRICATICN PROCESS

Ziectro-Cptic Cevices

CCOMPONENTS
- Control of light with elecironics

=~ Zased on the second order NLO susceptibility P
Spin Coating {thin fiim formation)

- Applicatons: Mybrid optical processing and optical

communicalions - : .
' Buffer Layer and Substrate Materials

‘ - Patterning
All Cpucal Cevices

- Metallizing
~ Convol of light with light - Beam Coupﬁng
- Hased on lhe third order NLO susceptibility <
= Applications:  All optrcal computing and ultra-fast
cpiical communications
Qutout
signal -
N ;E!ectrooe .
P inout i N
| i @ ' Second cragding .:
N -~ iaser beam / SRR CRAN
. 4 laver 4 !
\ / ! 1N, Anawvzer
. J P
s P — el
\ ) Supstrate |

Sirst clagaing

NLO zcuve him
iaver

cieciroge

= TZ Zaanzanon

- M Sanzanon
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MODULATOR RESULTS

i ‘ : | i : o
MATERIAL [LENGTHi V. | A | Fuax | Pga .
M) V) [ nm) L (MHZ)  (pm/V)
; ! |
PMMA: pNA | 4.0 ' 450 633 30 1 .5
(HCC #0520 | 4.0 45 633 ; 0.5 § 3.5
i : ; : ! ;
|HCC #1622 | 2.0 | 30 830 ; 10" | =.75
HCC #1238 | 1.5 4.0/ 83 , ¢ | 20
316
Frag = —e——
® T RiLvLr
' = .B5 to .85 for these structures
CTHER MATEARIAL PROPERTIECS
> N OFROM +.S5: To 488
> £ 402 KA = 2.2
SUMMARY

- Crganic NLO research at HCC has developed
outstanding NLO and EQ polymars

- These materials, additionally, exhibit
combination of excellent performance
characteristics and fabrication properties
for NLO and EQ devices

- Initiative to develop a series of impartant
NLO gevices has been undertaken at HCC

- Fabrication science and technology for the
materials is a key component of the initiative
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PREPARATION AND CHARACTERIZATION
OF
ORGANO-TRANSITION METAL

LANGMUIR-BLODGETT FILMS
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i. R!EHARDSEI 6.4, RABERTS
YERSITY OF qXFOR
TEPAR HEKT OF EMBIXEERAING SCIEWCE
PARKS ROAD, JXFORD, OX) 3PJ. ENGLAND

t::

AE.C. POLYWEA, 5.6, DAVIES
DYSBH PEARINS LABORATOREES
JMIVERSITY OF OXFORD
S0UTH PARKS lﬂﬁll QXFORD, GX1 3QY, EMGLAND

4 SERTES OF #8YEL AUTHEMLOX CCMPOUNDS HAVE 3EEN DEVELOPED FOR USE
WITH THE LANGMULR=-8LONGETT JEPOSITION TECHNIQUE. COMPLEXING OF A
A= [RUTHEMIUN (CYCLOPENTARLENYL-31S YRIPHENYLPHOSPHINE) | HEAD
SROUP TO A CYRMOTERPHENYL LIQUID CRYSTAL MOLECULE HAS BEEN SHOWN
TO [MCREASE THE SECOXD-ORDER WOM-LIWEAR OPTICAL
HYPERPOLARIZARILITY AND FURTHERMORE (MOUCE RULTILAYER FORMATION.
OPTICAL ABSORPTIOX BATA MAVE REVEALED THE EXCELLENWT
REPRODUCIBILITY OF SUCCESSIVE MONOLAYER TRANSFER. SECOND
HARMAKIL GEMERATION HAS BEEN OBSERAVED AND THE EFFECT HAS 3EEN
LNCREASED BY [XCORPORATING UNSUBSTITUTED LIQUID CRYSTAL MOLECULES
IKTO THE vO1DS BETWEEN THE TERPHENYL ¢HA(NS QF ADJACEMT RUTKEWIUN
SUBSTITUTED AMOLECULES. WE HAVE FURTRER OPTIMISED THE WON-LINEAR
RESPONSE 3Y SYSTEMAT{CALLY YARYING THE ELECTROM-RELEASING
CHENICAL SROUP AND THE LOMJUGATION W(THIN THE MGLECULE.

: {(a) {b)
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SURFACE PRESSURE,

130 140 150 160 740 150 160
ARAEA PER MOLECULE (A%)

FIGURE 2

THE BEHAYIDUR OFMOLECULES OF COMPLEX [ AKD 10 UMDERGOLNG
COMPRESSION M THE WATER SURFACE. (A) COMPLEX ] AY P# 5.8, (B, C
AND D) CORPLEX i1 AT Pu 3.8, 5.8 AMD 3.7 RESPECTIVELY. THE
ROLECULAR AREAS AT RELATIVELY HIGH SURFACE PRESSURE (20 mNN™1)
CORRESPOUNDG ACCURATELY TO THE MEASURED CRDSS-SECTIONAL AREA OF THE
RUTHERIUR HEAD SROUP.
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FIGURE 1

(A) A TYPICAL CYANO-TERPHEMYL MOLECULE (1),

(81 THE |(CsHg) Ru (PPH3)2| SUBSTITUTED MOLECULE
POSSESSES A LARGER SECOND-ORDER NON-LINEAR
OPTICAL HYPERPOLAREZABILITY TRAN COMPOUXD [.

0.06

0.05F -

0.04}1 -

.03 »

0.02 R

OPTICAL ABSORBANCE AT 332mn

0.0 . 4

2 3 4 5 6 7
NUMBER OF LAYERS, N

FIGURE 3

OPTICAL ABSORPTION VERSUS THE NUMBER OF JRAXSFERRED MNOLAYERS.
THE LINEAR RELATLONSHI® [KDICATES FHE REPRODUCIBILITY OF
SUCCESSIYE AONDLAYER DEPOSITION,
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SQUARE ROOT OF SECOND HARMONIC SIGNAL (132 (a.u)

NUMBER OF LAYERS, N

FIGURE 4

THE RELATIONSHIP JETMEEX THE SQUARE RODT OF THE SECOXD HARRON§C
GENERATION  SIGNAL AMD STRENGTH THE THICKESS OF THE FILM. THE
APPROXIMATELY LINEAR RELXTIOMSHLP ([MPLIES THE UNTDIRECTIONAL
ALIGNRENT OF THE MOLECULES.
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FIGURE &

OFTIMISATLION OF NOM-LINEAR RESPONSE, THE SECOMD HARMOMIC SIGNAL
[S WISHLY DEPEMDENT yPON THE ELECTROM DONOR AND THE DEBREE OF
COMJUGATION.
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FIGURE 5

HIGH PACK[XG DEMS{TY STRUCTIRES.
(&Y THE LIQUID CRYSTAL ROLECULES XAY REMAIN ON THE WATER

SURFACE,
R

(B} THEY MAY ZE IMCORPORATED INTO THE MATRIX FORAED 3Y THE

RUTHEWLIUR SUBSTITUTED ROLECULES,

AREA PER MOLECULE, AmlAs)
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e 25
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_ CYCLE
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FIGURE 7

OPTIRISATION OF THE CARSCX CHAIN LENGTH:-

481 I1 ¥S.Am PLOT FOR CORPLEX ¥,

(B} THE I-TYPE DEPDSITION OF COMPLEX v,

SHOMM (X [NSERT

HIGHER RATES OF

DEPOSITION ARE POSSIBLE WITH CoClz [ THE SUBPHASE,
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Theoretical advantages:
» Good geometry
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"= Dense packfng
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ADVANCES
IN
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R&DD LOCKHEED
QRGAMNICS
R&DD LOCKMEED
onaawca ACKNOWLEDGEMENTS
ADVANCES IN ORGANIC
ELECTRO'OPTIC DEVICES DARPA 3. ARMY HOECHST-CELANESE
* J NFFF "€ staAp ) SIAMAIOFF
MAY 18, 1988 "W EISER
A DEMARTING
AFDSR
nLYTEL T CH . PENH e
AFWALIAFML "AF GAITQ U, 5. MisS,
! Ry h and Develop Diviion .
LOCKHEED MUGSK ES AND SPACE COMPRIY. G TP AN A GAIFIH

3251 Manavor 5t, Pato Atlo, Gakloia 84204

Ogng?cs THE LOCKHEED ORGANIC LOCKHEED
88 DEVICES GROUP
SYNTHESIS ANALYSIS GHATINGS/FILTERS
S.ERMER S, KWIATKOWSKI M. STILLER
M. STILLER G.F. LIPSCOMB B. SULLIVAN
R.LYTEL
0. SWANSON
A. TICKNOR
CHARACTERIZATION WAVEGUIDES SPATIAL LIGHT
L ALTMAN GF LIPSCOMA MODULATORS
K. AHON R.LYTEL 0. ARMITAGE
P. ELIZONDO M. STILLER W. EADES
G. HANSEN J. THACKARA '
M. STILLER
R. STONE

PR AL,

onomncs MAJOR BENEFITS OF NONLINEAR™YV"TE5Y
3/88  ORGANIC/POLYMERIC MATERIALS

* ONGANICPOL YMERIC MATERIALS QFFER UNICQUE OPTICAL AND
STRUCTURAL FEATURES FOR DEVICE APPLICATICNS

* MOLECULAR PROPEATIES CAN BE ENGINEERED TO ACHIEVE
DESINED MACROSCOPIC PNOPERTIES

STRUCTURAL
* MOLECULAR ENGINEERNG

* THIN FILMS AND BULK CRYSTALS

© AOOM- TEMPERATURE OPERATION

* CHEMICAL/STRUGTURAL STABILITY *

* INTERNAL GRATINGS/STRUCTURE

* ABCHITECTURAL FLEXIBILITY

OPTICAL

' LARGE, NONRESONANT RESPONSE
"LOW DC DIELECTRIC CONSTANTS

' FAST NI Q RESPONSE

HIGIEOPTICAL DAMAGE THRESHIOLD

* BROADBAND

* 1 OW ABRSORPTION
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HE I ORGANIC MATERIALS S LOCKIEED
OREACS IN INTEGRATED OPTICS
* CURRENTITECHNOLOGY: TiLINGG s PROPERTIES OF POLYMERIC
- Malcriais Dev. Began in 196d1s : ORGANIC E O MATERIALS
- Materiais Dev. Begun (975
® =12 payV o r=14-533 pn/V (poded Hilms )

R&DD
ORGANICS

/88

ORGANIC

- Larger Modulating Vollage
- Litle lmprovement Expected

LIMITED FABRICABILITY
- 1000 C Processing
- Depth Limiled to 5 pm
- Low lndex Change An
- Loss> 0.1 dB/em
- Opticad Damage {Photorelracior)

LARGE DEELECTRIC CONSTANT (28)
- Lomger Time Constants = RC
- Large Velocity Mismalch in
Triveling Wave Modutator
[
MASS PRODUCTION DIFFICULT
* Sou Proc Mawnals Research Hacmly,
* Cuerent | ackhgedrlinachel Celatesa

MATERIALS IN LOCKHEED

OTHER DEVICES

ELECTRO-OPTIC DEVICES

*SPATIAL T IGHT MODULATORS.
TUNARLE TIL1ERS, SIUTIERS

T MATENIALS WITH LARGE r AND
LOWDIELECTRIC CONSTANES
EXIST AND ARE AVAILABLE

* FABRICATION UNDERWAY IN
THIS IMOJECT

ALL-OPTICAL DEVICES

" ETALON SWITCIIES, ALL-
OPTICAL FILTENS, NONLINEAT
WAVEGINDE DEVICES

" HONRESONANT NONLINEATRITIES
AE STHL FAR TOO
SMALL FOR MICITON-SIZED
DEVICES RESONANT
MATERIAI S REQUIRED

* NONRESONANT MATERIALS
NEARLY ADEQUATE FOR
GUIDED WAVE DEVICES

- Lower Modulaiing Valtage
- Potenually Much Larger r

FLEXIBLE FABRICATION
- Low Temperature Processing
- Flexihle Dimensions
- Contrultable Index Change Au
- Luss < 0.8 dBfcn**
- High Optical Daesge Threslold

LOW DIELECTRIC CONSTANT (4}
- Shorter Time Constants = R¢
- Sialler Yeloeity Misiueh

POTENTIAL FOR MASS
PRODUGCTION
. Boston MA [12187)
Result

R&DD LOCKHEED
OAGANICS ORGANIC E-O THIN-FILM
8 WAVEGUIDE MODULATORS
i PEAM Valtnge CYARIME A
ﬁL‘___,

CONTACTS W POLYMERS (T

BUFFER LAYERS (]

COPPER POLYSILOXARE RESIM UNAPHMA
ALUMINUM UV CURABLE COMTINGS PCES
GOLO SICON DIOXIDE c.22
1o 2. COMPONENT EPOLY HCE. 1237 [naw}

' IYPICAL LAYED HHDCKHESS OF OfETN 2 MCNOeis
* PO NG AGCORMPY ISTEN PAIOA TOTHAL ASSEMNY



w0 N ol < POLED POLYMER FiLMg  [OCKHEED
POLED ORGANIC £-O LAYER PREPARATICN ara8  AND SLAB WAVEGUIDE MODULATORS
(wavelenglh = 083 pm) PCES c-22
l{_«,: s :\:_;Lﬁ,ﬂ:':?.‘:" DO SRRV e E-O0 COEFFICIENT 2.8 14.0
(pm/V}
SUSSFRAIE LI LYY
} l TM REFRACTIVE [NDEX 1.7 158
DLPOLIT OALAHIC LATSA |SPH L‘;lllm.l HLA T AHUYE CEAST FRAMEITINN 10WEY NAY Y (POLED)
T™M INDEX DIFFERENCE 0.06 0 005
RN N “{ taven erra (POLED-UNPOLED)
. WG LENGTH 18 25
liulslllll SIS INALE (cm’
APMT LEECINIC FLELD COM KACK 10 AtkMT w170 (140 AFFI R MEASURED LOSS 3-4 0.8
{dBiem}
HALF-WAVE VOLTAGE 18 7
{voils)
H&aLU LOCKHEED
ORGANICS
(;ﬁz.;;cs FABRICATION OF CHANNEL CYvnricew 3/88 VERTICAL AND TRANSVERSE POLING
188 WAVEGUIDES BY SELECTIVE POLING OF GLASSY POLYMER FILMS/WAVEGUIDES
* SINGLE POLAMIZATION BURIEE CHANNEL WAVEGUIDES CAN BE VINTICAL GEbe rey, T

EVEC AN
AtEriR 1ACA

FABRICATED BY SELECTIVE ELECTRIC FIELD POLING IN THIM FILM
POLYMERNS LUSMNG VERTICAL ON THANSVERSE El ECTRODES

ARGARIC TAYLA F= TR S S st g, L
AR Mt i tavin

* POLING PRODUCES  iiGHER-INDEX, E-O CHANNELS BURIED BUCFLA LAYER AUIER 1ATIR
1N SLRROUNDING, UNPOLED. LOWER INDEX POLYMER rHrerannes fLictrnney

SunsInANe HRSIRANL

PRIOR TQ POLING

fLICTARDE
MITFEN LAvER

* WAVEGUIDE PATTERN DEFINED BY PHOTOLITHOGRAPHY

" RELATIVELY LOW TEMPERATURE PROCESSING, 100-200 C

"1 EXIBLE DIMENSIONS N HEIGHT AND WIDTH, 1-100 MICRONS i T SRTEIRN S A
MUFTR (ATER |

* VAIUABLE INDEX DIFFERENGE an=(0 001-0 05 seainonts rreepoe
SLNLTHANE SNy IMATE

* CAN MCDE MATCH TO STANDARD SINGLE MODE FIBER
AFTER POLING
" CONCEPT PROVED IN DEVICE STRAUCTUNES; MACH ZEHNDER
IMTEIFEROMETER, COUN ER. TRAVEL ING WAVE MODUATOR
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B. K. Nayar
British Telecom Research Laboratories, U. K.

ORGANIC NONLINEAR OPTICAL DEVICES

AND
MATERIAL CONSIDERATIONS
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M. Thakur
AT&T

TOWARDS NONLINEAR OPTICAL
APPLICATIONS OF POLYDIACETYLENES
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TOWARD NONLINEAR OPTICAL APPLICATIONS
OF POLYDIACETYLENES

M. THAKUR
ATA&T BELL LABORATORIES

B. I. GREENE

J. CRENSTEIN
K. TAl

G. C. CHI

K. J. O'BRIEN
Y. SHANI

M. GOMEZ
H. TANAKA
A. TONELLI

*

IMPORTANT PARAMETERS FOR
MATERIALS SELECTION

TOPICS

MATERIALS ASSESSMENT

GROWTH OF THIN
FABRICATION OF
DEMONSTRATION

INTENSITY DEPEN

EXTENT OF CONVERSION (MONOMER — POLYMER)

EXTENT OF CONJUGATION (PLANARITY)

THERMAL STABILITY (THERMOCHROMISM)

SOLUBILITY

EASE OF CRYSTALLIZATION

NLCFLECTIVITY

SINGLE CRYSTAL FILMS
DEVICE STRUCTURES
OF CHANNEL WAVEGUIDING

DENT PHASE-MODULATION

WAVELENGTH (rmi

€00 500 oo

ETCD
R lu={CH] 4 OCONHC Hy

b e s
Tty T T

Tempertiwre ("C),
v

20 22

I8
PHOTON ENERGT (103 em" 1)

,
[} ] 4 26



ZHa
cH, CHz
9-2H Chz
27l 2 3¢ Chemtcal Shifts of Polydiacetylenes
[
o :T e é C, ppm vs. TMS
sB 58 iit se |l 3B } VJ C=0 | XC= | ~Ca a~CH, p-CH,, +CH,
AJ\.LW»JLJ - W J
ETCD 157.5 | 131.6 | 107.4 37.3 24.5
{blus)
PTS-8 — 131.3 § 1071 — —-
0 - i {blue}
i
| : PTS-12 _— 131.0 § 108 - -
h i 38 {biue}
o
[——
TCOU - — | 1072 — —
{blue)
2% ETCD 168.3 | 132.0 | 1036 378 26.4
{red)
| I\ l Ie. TGDU 1558 | 1345 | 1029 | 37.8,32.3 | 259, 21.8 28.0, 208
L | i 55 8/ {red)
&8 ! 5
) ) ) ETCD | 158.1 | 1308 | 1025 7.3 27.2
150 40 120 00 8C 6C 40 20 O (mit)

ELIY

CONCLUSIONS FRCM NMR STUDIES

» THE CONJUGATION LENGTH IS DETERMINED BY THE EXTENT OF
PLANARITY OF THE CHAIN-BACKBONE.

« INCREASE OF CHAIN LENGTH DOES NOT GUARANTEE INCREASE
OF CONJUGATION LENGTH.

* THE ACETYLENIC FORM IS PREDCMINANT IN POLYDIACETYLENES
INDEPENDENT OF PHASES.
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SINGLE
GROWTH OF THIN F!LMACRYSTALS Pneslsuae
» THE SHEAR METHOD 1 | SHEAR
SOLID L
ORIENTATIONAL PRINCIPLES SUBSTRATES D) C d%ium
REQUIREMENTS ON MOLECULAR SHAPE ~]
GROWTH PARAMETERS (aa
CONTROL OF THICKNESS
OPTICAL QUALITY OF FILMS PRESSURE
« COMPARISON WITH THE L-B METHOD
SOLID ATIIT
SUBSTRATES D) I
+ ASSESSMENT OF APPLICABILITY ~ \
(b) "N ORIENTED
NUCLEUS

COMPARISON OF THE CALCULATED
MOLECULARLENGTHS WITH THE OBSERVED

. B d-SPACINGS
COMPENSATED | d¢-SPACINGS OF
MATERIALS i LENGTH 1ST OADER
Lsi REFLECTIONS({A
SPREADING COEFFICIENT kA o
AC=C—C=CRWITHR
Sea= Ta- "5~ 7aB t. — CHy OH ~B8.1 8.1 8.05
2. — (CH;), OCONH CaHs ~17.9 11.9 17.87
= Wag - Wap 3. — (CHy), OCO NH CoHs ~18.5 19.5 t8.94
7 = SURAFACE TENSION 4. — CHa 0503 Cg Hy CHy ~14.8 12.9 12.87
Wag = WORK OF ADHESION 5. — (CHg) DCO NH CH,COOC H, ~26.9 26.9 26.80
W =
B = WORK OF COHESION NH,—-@—C =N ~8.0 a.0 8.40
HO
::: N _@_ NOy ~10.5 10.5 10.05
FOR SPONTANEOUS SPREADING Ho
SBIA >0
SHEAR
| =
Zdm~1 pm

| |

TOTAL SHEAR T = Teap + Text

LATERAL PRESSURE P ~ 107 DYNES/cm2

EQUILIBRIUM SPREADING PRESSURE OF A MONOLAYER
Pmone ~ 107 DYNES/cm?2



PRESSURE
SENSOR

A

MOVABLE
BARRIER

/

___i AR INTERFACE N
COMPARISON OF THE L-B AND

UL LT THE SHEAR METHOD

— e = T WATERS. o eme o=

POLAR INTERACTIONS HAVE IMPORTANT ROLES iN BOTH THE

METHODS.

IN THE L-B TECHNIQUE A LIGUID 1S USED AS THE SUBSTRATE,
IN THE SHEAR METHOD SOLID SUBSTRATES ARE UTILIZED,

INTERFACIALE
REGION

THE L-B8 METHOD APPLIES TO AMPHIPHILIC MOLECULES ONLY.
THE SHEAR METHOD 1S APPLICABLE TO A BROADER
RANGE OF MOLECULES,

THE L-B METHOD PROVIDES ORDER ALONG ONE DIRECTION ONLY.
THE SHEAR METHOD LEADS TO 3-D ORGANIZATION.

THE L-B FILMS HAVE MICRO-DOMAIN MORPHOLOGY {POOR
OPTICAL QUALITY).

THE SHEAR-GROWN FILMS ARE UNIFORM SINGLE CRYSTALS
(EXCELLENT OPTICAL QUALITY}.

INTENSITY DEPENDENT PHASE MODULATION

n=ng-+npl

A¢=2_7r

Iu
P

FOR A~0.8 TO 2.0
ng OF PTS~7 x 1

L= LENGTH OF PROPAGATION
A= PHASE SHIFT

{HERMANN AND

0% cmarMwW SMITH, 1980}

IF OPTICAL PULSES (A~1) OF PEAK POWER ~ 500 mW

ARE FOCUSSED O

N A CROSS-SECTION~1 um?

AP ——=1
FOR L~1.4 mm. SEMICONDUC TOR
LASER
(xe1.3,1.550)
PTS FILM
e < SM FIBER |SAMPLE LR.
~ , , ou, ] CAMERA
INg e m ouT; COUPLER
HeNe LASER

WITH SUBPICOSECOND PULSES
ENERGY REQUIREMENT <1 pj/hit.
THE DATA-RATE THAT THE DEVICE COULD HANDLE ~ 1 THz

NONABSORPTIVE —= NQ THERMAL DAMAGE. PT

FIBER .

5

¥ 5 3
SUBSTRATE
SAMPLE

- SiOZ
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n'l Bt

SUMMARY

A COMPARATIVE EVALUATION IS MADE FOR DIFFERENT
POLYDIACETYLENES IN RELATION 7O NLO DEVICE
APPLICATIONS.

€' — NMR RESULTS SHOW THAT THE CONJUGATION LENGTH {S
DETERMINED BY THE EXTENT OF PLANARITY OF THE CHAIN
BACKBONE AND NOT BY THE CHAIN LENGTH.

THE ORIENTATIONAL PRINCIPLES OF THE SHEAR METHOD ARE
DISCUSSED IN COMPARISON WITH THE L-B TECHNIQUE.

SUMMARY (Cont.)

THE SUPERIORITY OF THE SHEAR METHOD IN PAOVIDING GOOD
OPTICAL QUALITY SINGLE CRYSTAL FILMS OF CONTROLLED
THICKNESS AND ORIENTATION IS DEMONSTRATED WITH MANY
EXAMPLES.

CHANNEL WAVEGUIDING 1S DEMONSTRATED (PROPAGATION
> 5 mm) FOR SHEAR-GROWN PTS FILMS.

PRELIMINARY RESULTS OF INTENSITY DEPENDENT PHASE CHANGE
IN PTS WAVEGUIDES ARE DISCUSSED.



S-1

D. Haarer
Universitat Bayreuth, West Germany

HIGH RESOLUTION
LASER SPECTROSCOPY IN POLYMERS
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Optical Kerr Measurements on some Ferrocene Derivatives.

C.S.Winter, J.D.Rush and S.N.Oliver.

British Telecom Research Labs.,
Martlesham Heath,

Ipswich IPS 7RE,

England.

We report here preliminary results from a study of the third order non-linearities in
a range of organo-metallic compounds. These initial measurements have been
carried out carried using the optical power limiter technique developed by Soileau
et al 9, where the critical power for self-focusing is measured and used to calculate
n,. The materials measured were solutions of ferrocene in ethanol, varying from
10" to 10” molecules/cc and a liquid ferrocene derivative,
bis(trimethylsilyl)ferrocene. A value of 4 for ferrocene of 4.1x10™ esu was found
for the solution studies, in good agreement with that measured for the liquid
derivative of 4.6x10* esu . The experiments were carried out at 1.06 xm with 10 ns
pulses. We are currently repeating the measurements using other techniques and
shorter pulses to distinguish the various possible contributions to the observed n..

(1) M.J.Soileau, W.E.Williams and E.W.Van Stryland;IEEE J Quant Elect.,QE-
19,(1983),731.



Theoretical models for the second hyperpolarizability of
novel conjugated polymers

David N. Beratan

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, CA 91109

Theoretical models will be presented for the chain length dependence of the
second electronic hyperpolarizability of simple polyenes, simple polyynes,
and more complicated unsaturated organic materials. The
hyperpolarizability of conjugated polymers which Incorporate novel
localized electronic states will be described as well. These materials present
the possibility of achieving enhanced hyperpolarizabilities due to mixing of
appropriate "gap states” with the delocalized states of the conjugated
polymer. They also present the possibility of designing materials with
"switchable" hyperpolarizabilities.



NONLINEAR OPTICAL PROPERTIES OF TRANSITION METAL POLY-YNES
£.4. Chauchard, M.P. Cockerham, P.L. Porter, 5. Guha, C.C. Frazier
Martin Marietta Laboratories
1450 South Rolling Road
(301) 247-0700

Data from third harmonic generation (with a 1.06-um fundamental},
power limiting and four-wave mixing measurements of sclutions and films of
transiticen metal poly-ynes were used to verify that these compounds have
large third-order optical susceptibilities. The large third-order
nonlinearities observed in four-wave mixing studies of metal poly-yne
solutions may originate, in part, from contributions from the real and
imaginary components of intense two-photon absorptions associated with the
metal-organic compounds. We will discuss our latest four wave mixing
experiments and the direct observation of two-photon absorption in metal

pocly-ynes.

We will also discuss the correlation of polymer chain length and
structure with third-order hyperpolarizability per repeat unit for several

metal polymers and oligomers.



REVERSE SATURABLE ABSORBERS: INDANTHRONE AND ITS DERIVATIVES

R. S. Potember, R. C. Hoffman, and K. A. Stetyick
Johns Hopkins University Applied Physics Laboratory
Johns Hopkins Road
-aurel, MD 20707-6099

Indanthrone has been shown to exhibit the phenomenon of reverse saturable
absorption.l The wavelengths at which indanthrone behaves in this fashion can
be changed by structural modification of the indanthrone chromophore. The
derivatives which have been synthesized have been shown to be more efficient
reverse saturable absorbers than the parent chromophore.

It is advantageous to extend the range of nonlinear behavior to any desired
portion of the spectrum, and this is best accomplished by substitution on the
aromatic portion of the indanthrone molecule. We have demonstrated that oxidized
indanthrone, monochloroindanthrone and an oligomer of indanthrone are more
efficient saturable absorbers than the parent. Oxidized and monochloro-
indanthrone exhibit reverse saturable absorption at both 1064 nm and 532 nm,
whereas indanthrone itself exhibits the phenomenon at 532 nm only. The
oligomer, which consists of three anthraguinone units, has proved to be an effi-
cient reverse saturable absorber at 1064 nm as well as at 532 nm.

1c. R. Giuliano and L. D. Hess, IEEE J. Quantum Elec. QE-3, 338 (1966).

This work was supported in part by the Dept. of the Navy under Contract No.
NO0039-87-C-5301.



THE PREPARATION AND CHARACTERIZATION OF POLYMERIC MATERIALS
WITH ENHANCED SECOND ORDER NONLINEARITIES. M.L. Schilling, H.E.
Katz, D.I. Cox, AT&T Bell Laboratories, Murray Hill, NJ 07920.

We have recently introduced a new class of organic materials for second order
nonlinear optics, consisting of poled films of dye-containing polymers. In the past
year, some uncommon functional groups (di- and tricyanovinyl) have been shown to
enhance the molecular susceptibilities of the nonlinear moieties when used instead of
their more usual counterparts. Dyes with enhanced nonlinearities by virtue of the
cyanovinyl substituents have been exploited in the preparation of bulk materials with
some of the highest second order susceptibilities yet reported.

The synthesis of conformationally defined dye aggregates, whose subunit dipoles
are constrained to be additive, is in progress. These dyes can then be incorporated into
polymeric materials, taking advantage of their enhanced effective dipole moments for
increased orientation in poling experiments. We will report some of the new synthetic

organic chemistry that has been utilized in prepanng our latest electro-optical
materials.



Second Harmonic Generation in Doped Glassy Polymer Films as a

Function of Physical Aging

Hilary L. Hampschlal, Jian YangiS., Gecrze X. Wcngii,
and John. M. Torkelscnia,c!~
‘a] Cepartment of Matarials Science and Inginearing
fE! Department of Physics and Astronenmy

{c] Department of Chemical Zngineering
and the Materials Research Center
Northwestern University
Evanston, Illinoils

March 31, 13988

ABSTRACT
The temporal stability of second harmonic generation (SHG)
intensity is measured in poly(methyl methacrylate) (PMMA) and
bisphenol-A-polycarbonate (PC) doped with nonlinear optical dyes
in electric field poled £ilms. Doped PC £iims show slower SHG
decay than doped PMMA films at times less than § hours. in

PC+CANS films aged 10 hours at 2%9C, there is nc SHG decay over

“hwe first 8 hours, whereas in PMMA+DANS aged a%f 259C and at 800C
the effect is much smaller. Two dopants shcw the eifect of size

sn SHG decay, with the larger dopant showing increased temporail

stability. Goecd agreement is obtalned when decay curves are tit

-

using a Williams-Watts stretched exponential

* +n whom correspondence shoulild be addressead



ELECTRO~OPTIC, POLYMER CLAD, E-~FIELD SENSOR

L. MICHAEL HAYDEN
GERALD F. SAUTER

UNISYS CORPORATION, CSD, St. Paul, MN, 55164

Abstract

There is a military need for sensor systems that combine
high sensitivity, immunity to EMI/RFI, large bandwidth, and low
power and cost. The hybridization of present day electronic
components with optical components coffers the promise of sensor
systems that meet these requirements.

Unisys has been developing a PVDF-coated fiber optic,
electric field sensor and now has expanded its program to include
nonlinear organic polymers as cladding and waveguide material.
This paper will report on progress using Guest/Host (GH) polymers
as cladding material.

The concept of an all dielectric high frequency sensor is
demonstrated. The sensor consists of a Ag’ exchange waveguide
coated with a GH nonlinear polymer glass. The sensor is
incorporated into one arm of a Mach-Zender interferometer and
exhibits a figure of merit of 4 microradians/volt/meter/meter.
The frequency response is flat from DC to our current
instrumentation 1imit of 5 MHz.

This sensor design was chosen primarily as a vehicle that
would allow an easy method to test and verify design parameters
for fiber sensor systems. These parameters include index and
depth of guide vs. index, thickness and E-0 coefficients of the
cladding. We will present a comparison of the results of this
sensor with those from the PVDF sensor program.



MOLECULAR CONFORMATICON AND THE STABILITY OF
TICT STATE IN P,P’-DISUBSTITUTE-1,6-DIPHENYL-
1,3,5-HEXATRIENES

C.T. Lin, H.W. Guan, R. K. MeCoy and C. W. Spangler
Department of Chemistry
Northern Illinois University
DeKalb, IL 60115

ABSTRACT

_The p,p-disubstituted linear diphenyl polyenes are expected to have a high
optical nonlinear susceptibility because of its large permanent dipole moment
induced by the substituents . The photophysical properties for a series of
p,p’' -disubstituted-1l,6-diphenyl-1,3,5-hexatrienes (referred as D ,A-DPH) are
investigated, whers D and A are the electron-donating and - accepting groups ot
-0CH3, -N(CH3)p and -NQp. In 211 solvents used, a dual fluorescence is
observed for D,A-DPH containing the internal rotation groups of -N(CH3)y and/or
-NOy, suggesting that the "a*" fluorescence (the locally excited state gives
the normal "b*" fluorescence) is originated from a twisted intramolecular
change transfer (TICT) state. The stability of TICT state is sensitive to the
D and A substituents and their relative twisting angles. The observed rasulcs
provide the evidence of the n-slectron distortion and thus the enhancement of
optical nonlinearity in this class of molecules.



Second and Third — Order Nonlinear Optical Properties of
End — Capped Acetylenic Oligomers

Joseph W. Perry, Albert E. Stiegman, Seth R. Marder and Daniel R. Coulter

JetPropulsion Laboratory, California Instiute of Techinology
4800 Oak Grove Drive, FPasadena, CA 97709

We have been investigating the second and third — order nonlinear optical
properties of avariety of acetylenic oligomers. A series of symmetric acetylenic
oligomers of the form

R~ {(C=C)—R l
n

have been invéstigated for third — order nonlinear susceptibility. A series of new
compounds of the form

D (c==cC) A Il
n

where D and A are electron donor and acceptor groups, respectively, have
been synthesized and investigated for second — order nonlinearity. Third —
order nonlinear susceptibilities of series | molecules in solution have been
measured using third harmonic generation (THG). THG susceptibilities at

1064 nm have been determined for various oligomer lengths and end — capping
groups. X(3) increases with length and varies with the nature of the end —
group. Seriesll compounds have been screened for second harmonic gener —
ation by using the Kurtz powder method. Several samples show SHG efficien —
cies comparable to urea. Characterization of molecular hyperpolarizabilities
forthe series is in progress.



Optical Pield Induced Scattering in
Polymer Dispersed Liguid Crystal Films

P. Palffy-Muhoray, Michael A. Lee and J.L. West
Ligquid Crystal Institute
Kent State University
Kent, OH 44242

ABSTRACT

We report observations of optical field induced scattering
in polymer dispersed liquid crystal films due to reorientation of
the liquid crystal molecules by the optical field of a CW argon
ion laser. These composite materials consist of nearly spherical
liquid crystal droplets dispersed in a polymer binder. As
previously reported *-2-3, films of these materials may be
switched from an opagque scatitering state to a c¢lear transparent
state by application of a d.c. or low frequency a.c. electric
field. &an applied low frequency electric field is used to align
the 1liquid crystal i1n an orientation such that the refractive
index of the ligquid crystal within the droplet i1s matched with
that o©f the polymer binder. If a sufficiently intense optical
field is applied to the transparent film, it will reorient the
liguid crystal director, and give rise to a refractive index
mismatch and hence scattering.

1. J.W. Doane, N.A, Vaz, B.-G. Wu and 8. Zumer, App. Phys. Lett.
48, 269 (1986).

2. J.L West, Mol. Cryst. Lig. Cryst. {(in press).

3. S. Zumer and J.W. Docane, Phys. Rev. A 34, 3373 (1986).



FABRICATION OF WAVEGUIDE STRUCTURES FROM SOLUBLE
POLYDIACETYLENES. G.L. Baker, N.E. Schiotter, J.l.. Jackel, P. Townsend,
S.Etemad, Bell Communications Research, Red Bank NJ 07701.

Thin waveguide structures were fabricated from spun films of poly(3-BCMU) and
poly(4-BCMU) by two separate processes. In the first, micron-sized features were
patterned in polydiacetylene films using deep-UV lithography. This multilayer process
utilizes a novel silicon-substituted polyacetylene as the resist layer, and can be used to
generate sub-micron sized features in thick (>1pm) polydiacetylene films.

In the second method, composite waveguides were fabricated from a patterned glass
substrate and an overlayer of the polydiacetylene. These composite structures are
relatively simple to prepare and are mechanically robust. Guides constructed as
described above performed well with minimal losses and single-moded behavior at
faser wavelengths of 1-1.5 pm.






