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1. INTRODUCTION

This workshop on "Liquid Crystal Materials and Devices for Opto-Electronic
Applications” represents the twenty-fifth of a series of intensive academic /
government interactions in the field of advanced electro-optics, as part of the
Army sponsored University Research Initiative. By documenting the associated
technology status and dialogue it is hoped that this baseline will serve all
interested parties towards providing a solution to high priority Army
requirements. Responsible for program and program execution are Dr.
Nicholas Georae, University of Rochester (ARO-URI), and Dr. Ruaoii Buser,
CCNVEO.




OPTOELECTRONIC WORKSHOP
ON
LIQUID CRYSTAL MATERIALS AND
DEVICES FOR OPTO-ELECTRONIC APPLICATIONS
Organizer: ARO-URI -University of Rochester
and CECOM Center for Night Vision and Electro-Optics

1.  INTRODUCTION

2. SUMMARY -- INCLUDING FOLLOW-UP

3. VIEWGRAPH PRESENTATIONS

CECOM Center for Night Vision and Electro-Optics
Organizer -- James E. Miller

ARO-URI Center for Opto-Electronic Systems Research
Organizer -- Kenneth L. Marshall

Introduction
James Miller, CCNVEO

An IR Chopper for the 8-12 um Region Employing the
TLSM Effect in Ferrcelectric Liquid Crystals
Kenneth L. Marshall, ARO-URI

An Overview of Optical Power Limiting Materials,
Devices, and Sponsored Programs
Gary L. Wood, CCNVEO

Third-Order Nonlinear Susceptibility of Liquid Crystals
at 1053 nm by Chirped-Pulse Nonresonant CARS
Ansgar Schmid, ARO-URI

Optical Power Limiting Employing Laser Speckle in
Liquid Crystal Guest-Host Systems: A Time-Resolved Study
Mark Guardalben, ARO-URI

Liquid Crystal Beam Switching/Beam-Steering Concepts--
Are There Potential CCNVEO Applications?
Kenneth L. Marshall

4. LIST OF ATTENDEES




2. SUMMARY AND FOLLOW-UP

The workshop was opened by a brief review by J. Miller of the device
requirements for an electro-optic element to replace a mechanical chopper for uncooled
IR detector arrays. K. Marshall then reviewed the liquid crystal TLSM/IR chopper
project and presented iecent results. Key highlights presented included the following:

(1.) A TLSM cell driven by a programmable waveform generator designed and built at
UR/LLE was shown to be capable of generating a square-wave optical response with rise
and decay times of 500 ps;

(2.) A modulation depth of 40% in the 8-12 p region of the infrared was demonstrated
in an FTIR experiment using a prototype TLSM/IR chopper;

(3.) The design and synthesis of a new ferroelectric liquid crystal with the potential for
improved transmission in the 8-12 p region was described ; '

(4.) A functional prototype TLSM/IR chopper and programmable waveform generator
were delivered to CZNVEO for further characterization and experimentation.

All participants agreed that the only major unresolved issues for practical
implementation of the TLSM/IR chopper were IR transmission and modulation depth. It
was agreed that every effort must be made to minimize IR losses in future prototypes by
(1) employing thinner substrates and infrared AR coatings, and (2) emphasizing
continued development and synthesis of new IR transparent ferrroelectric liquid crystals
with increased birefringence to reduce interaction pathlength requirements and increase
modulation depth.

The following three presentations concentrated on optical power limiting. G.
Wood reviewed current Army performance requirements for power limiter devices, and
pointed out that the current emphasis is on wavelength agility with more emphasis on the
nanosecond response regime as opposed to picosecond response. Nonlinear phenomena
which showed the greatest potential for power limiting were identified, and data on
modeling efforts of ideal device performance were presented. A review of funded liquid
crystal research efforts at Kent State, Penn State, and Optical Shields, LTD was also
given. A. Schmid discussed a novel technique for the determination of purely electronic
contributions to the X3 of nonlinear materials, and presented data correlating molecular
structure to the magnitude of X3 in several new liquid crystal compounds synthesized at
UR/LLE. M. Guardalben described a series of time-resolved measurements designed to
elucidate the mechanism of laser-induced scattering in a homeotropically aligned smectic
liquid crystal cell with spatially varying anchoring strength.

The workshop was concluded with a brief overview by K. Marshall on a new
project involving liquid crystals for electro-optical beam switching /beam steering
applications and a discussion of potential applications, followed by a demonstration of a

prototype infrared imaging system using uncooled detectors by CZNVEO personnel.




As part of the University Research Initiative collaboration between the U.S. Army
Center for Night Vision and Electro-Optics and the University of Rochester, the following
items were delivered to C2NVEO, Fort Belvoir, today:

¢ One IR chopper TLSM cell.

¢ One electronic driver for the TLSM cell.

¢ One DRV-II parallel interface card for computer control of the electronic driver.

¢ One folder of user documentation for the above, including one 8-in. floppy disk

with driver software.

5 December 1990
Yt ! / . e J / :‘/ ~
)(&y'{‘zw'/}( ‘},)ﬂ"r 6-"\’ \"""f&-y—v‘-» o /{/ 7
Stebhen D. Jacabs J. E. Miller B

University of Rochester C2NVEO




WORKSHOP

Liquid Crystal Materials and Devices for Opto-Electronic Applications

University of Rochester

Organizer

K. L. Marshall
(716)-275-5101

10:30 AM

12:30 pm

1:30 pm

1:45 pm

2:30 pm

3:00 pm

Center for Night Vision and Electro-Optics

Fort Belvoir, VA

5 December, 1990

AGENDA

Introduction

An IR Chopper for the 8-12 um Region Employing
the TLSM Effect in Ferroelectric Liquid Crystals

An Overview of Optical Power Limiting Materials,
Devices, and Sponsored Programs

Third-Order Nonlinear Susceptibility of Liquid Crystals
at 1053 nm by Chirped-Pulse Nonresonant CARS

Optical Power Limiting Employing Laser Speckie
in Liquid Crystal Guest-Host Systems: A Time-
Resolved Study

Lunch

Liquid Crystal Beam Switching/Beam-Steering
Concepts -Are There Potential C2NVEO Applications?

Discussions

Center for Night Vision and Electro-Optics

Organizer

J. E. Miller
(703)-664-1585

®)

(30)

(45)

(20)

(20)

(10)

J. Miller
(C2NVEO)

K. Marshall
(LLE)

G. Wood
(C2NVEO)

A. Schmid
(LLE)

M. Guardalben
(LLE)

K. Marshall
(LLE)

C2NVEO Demonstration -IR Imaging Device using Uncooled Detectors

Adjourn




STTVLSAHO AINOIT J21H103130HH34 NI 103443 NSTL
3HL INJWAOTdWT NOID3H WM 21-8 JHL HO4 HIddOHD HI NV
HOHVIS3IH SINILSAS JINOHLO3T13-OLdO HO4 HILN3D



0661 ‘1aquadaqg S
VA ‘lloAj9g Ho4
$91)d0-04)99|3 pue UOISIA JYDBIN 104 19)ud)
.suonediddy 21u04)99]9-03dO 10} S92IA3Q puk Sjedle [eisAl) pinbi,
doysyiom

131S9Y920Yy jJo Auisianiun
sanabiauz sase 10j Aiojeioqe]

lleysiey 1 yauua)

-4

sjei1sAl1) pinbi 2143991904494 U] 19943 NSL
ay] buifojdwz uoibay wri g-g ayy 10} Jaddoysn yj uy



Arewmwuing

sjuawisadxa uolnenpow Yj

sisayjuAs pue ubisap sjeudjew D7 -

SOI1UO0J}O3|d JI9AIP 3JINBQ -

Bunse) pue uonesuqe} |9 -
:SaNANOR Yo4eadsal Jo uonduosaqg

sanssi A3)] Jo uonesynuap]

uoneAnow pue punoibyoseg

-

auijINQ




1aan-Lyi ‘Jaliiw '3 sawer 10 ‘8861 Ay L1 (WA ‘Jj0Aj9g "1 ‘10jus) sopdQ-01190|3
pue uoisiA WYBIN ‘, suonesiiddy sase] uo4 sjeislu) pinbr, :doysxyiom sondo jo aymnsul/jHn Auuy,

1661 0661 6861 8861

0661 ‘aunf ‘O3AN,D
0} JISIA ajis .m
6861 ‘Areniqe
doysyiom saddoys
HI/WS1.1011108(|30419 4
0661 ‘4aqwadeq ‘doysyio 8861 Aepw ‘doysxyio
jeisAio pinbij puodse jeisAi9 pinbyj ysai

s(uotbas wirl Z-g) sAeise J0309}ap palelsul
10} 1addoyd jesiueysaw e aosejdas 0} a91Aap ajels pI|OS k 10} paaN

*Wd
uoyoeIaul OIAN,O/HN 10} UolieAlow pue punoibyoeg




Alisi19AjuN 91v1S uuad ‘Bupeawnbug jeou1o9|3 Jo "1deq ‘0oUM D 'l &

LSonewau ul buayness siweuiqg

sjeisAld pinbi

oSuzZ ‘o1p) ‘sven ‘€OqNIN 'dad -

sjejsAio oluebiou) .

1S1sl -

SOIWe19D J11}09]904494

*mj
uonenpow Yj-piw 10} payebiysaaui Ajsnoinaad
uaaq aney saibojouydsa] sjersajew Jo Bqunu y




paaun|q abewy pauyap ||om abew)
ajejs buuaneoss ajels jasedsues)

sue|d
ebew)
je
Aeasry
10)9919Q

eue|d 10109)ep uo ebew) jo Buissnoojep 410 Bulanig -

uononpai uoissiwisues) you ‘Guuteness piemioy Aq seyesedgy -

-

sAelle 10}09)9p pajooaun 10} yoeosdde ajqesisap
Isow ayj si 1daosuod 1addoys ueas 3uij jeisA1o pinbi ay L




RN
jeanoesd e 10} mojs 00} apnjuubew Jo S1ap10 om] S| awly Aeda(

sw 001 :awmn Aedaqg -
sul | _Pwnpasly .

:awi} asuodsais buuaness slweuiq

(uoibaa wm gL-8) %08 < :uoissiwsues] .
o0V :9jbue aoueydaddy .
Aedap sw |> ‘aslI sw | > :awn) asuodsay .

:sjuswalinbaa asuewsopuad adinaQg

*m.ﬂ-
paads Buiysms 10} 1daosxa sjuawalinbaa asuew.ouad
Jsow saljsiies sanewau ul buliayess slweuiqg




WS1L -

Buuayess paosnpul-pjai4

I14dSS -
uonelol uonezue|od -

:apnNjoul s103)9 |eando a|qissod
uoneualo sixe ando jo A)jIqISIaAdl UBALIP-PIBI4 -
awibal puodsasoldiw a3y} ul saw) asuodsay

: Jo ajqedes ate sjeisA1d pinbij 2113991904494

*w.—..-
wajqo.d awin asuodsaa ayj 0} uoinnjos
e sapinosd ABojouydsal jeisAio pinbij 2141991904494




jyuesedsues)

A+ _=A

C) ©

-

100))0 Bupeness
jueisuel) saonpo.d ajers ebeyjoa 019z ybnosyy Ajuejod pjay op Jo |esioney o

Bupeyess

0 =A

I@ sse|b
S~ \O.:

Aav
youd A

(%)
uopelpes
Juapiou

-

T Y

(p) ssauxoyj (192

yasedsuesy

A-=A

@ sse|

s
0

»oa

sjeish1o pinbi 21)123j904494 Ul

(WS11) apo Bunaneas-1ybi-juaisues) ayy

J i




uoibas wn g-g ayy ul sjuauodwiod adiAap
pue susbosaw 911)99|30443} JO SOSLAORIBYD UOISSIWISURL} H|

:£ 9NsSS|
10919 Buneyeos
9y} jo uopneinp ayj jonuod o) pasinbas swiojenem buiaug .

:Z 9NSS|

10918 INSTL Jo aw AB33p pue asiy .

:| anssj

*mj
1daou09 adinap 1addoyd Hi/ NS1L au}
9lepljeA 0} 19p.J0 Ul PaAj0SaL 3] IShw sanssi AdY ad4ylL




9d0280j||980 3dea}-jgnp = 010
Japidwe abejjoa = YA

10jBJ2UaB uodUN} AH-UCIY = D4
sydwe = v

apojpojoyd = d

1199 jejsh1d pinby = 37

13se| dN9H = 1

VA

31

9F

ol1d

dmeg ewi) esuodsey WSTL

N

1S02 pednpai pue

Aondus jeyuewiedxe 10} 8]qISIA Y} Ul PIONPUOD SjusWeINSEeW aWwi) esuodsey

I

- a)

9pPO INST1L Jo asuodsay 211do0-04393]3 ;| anss|




:14: 749

paAjosas A|InjsSsaaons uaaq sey | anssj o

srl g9 :aw Aeddp

s1 -08 3w} Isu
Ap/sT 002 Ul Ut AIp/SW 2

(anem asenbs)
AO0ZT :9bejjoa aaup

wr 6z :yibuad) yjed |13

ERR
gan

£00P 17Z ANIXIN D7 21193|901134 Jo asuodsay WSTL




ZHM 02 =€00v 11Z 10j Aouanbaiy yoind NSTL

WIOJoACM

—l0o=A
Bulaup jeano9)3

- |81
1190 WSIL
jo esuodsai jeando

esuodse. jesndo enem-esenbs
e)enwWis |IIM UOJyMm J1ed WS1L 0} swuiojeaem wesboid seajjep o) Aijiqy

indino yeed-o3-yeed A 002 -

:sjuewelinbey

T
-]

Jaddoyn Hi/ WS1L 10} J9AN(Q 2 anss|




J8UBAUOD
Bore
oy e—] BOEW

reubig

101BII0SQ

eaneq 100108 «——"s01138U00)
WSL eIM/PERY Mowew || sseirpy

Jeyng eweg

Jeindwon
ii-ddd 03a

Hn
ubisap jo Aydiduis yum Aujiqixajy
wnwixew sauiquwod Jojesauab wiojanem sjqewwesbo.ld




VTAZAD,

ajqejieae uojjdo asesn-a|buig

as|nd payosuis 10jesauab-ssasppe Aq paiabbuy 8adooso||19sQ
a|easaw) uoisIAIp/sT oS

A 001LF :3pnjljdwe wnwixew

sjuawnjsuj bojeuy piepueis Aq
ajgeutelieun SWJojdABM pajeiaudn-13yndwod om




salensqns .

sbuneoo juswubije pue Q11 .

sjelsA12 pinby 9111991904194 .

:UO1}eJ9PISUOD JI3PUN SINSS]| S|eldeN

-

sjelidley Jo Aoudsedsuel | paseyul-pip ;€ anss|




L. 0S8
298/ SURIS 02
1-Wo 20

-W9 00V - 000L

:asjou/jeubs
:3)el UBDS WNW)XeW
:uoINjosay

:aBuey

waunsedwo)
ajduweg

JOINW u_&Eum\

3addi4
30331 JeuondQ &

ndsweag yi
JOIVW PIXI]

JOIIIW Sujaol

20\

LRI ETE |

wesbelp jeando

19j9wondads Hil4 DXS0Z 19|09IN

HTn

uoibau

palejjul-piw ai1jud 3y} JI9A0 UoieWIOojUl UOISSIWSURL)
spiaiA Anjawondads pasesjul wiojsuesy 1a14n04




SHI 1 IWONUN
O#021 06SJ! OHIJ1 06901 04201 06.6 OHEE 0688 O0HhG 066/

o
o
- W
(=)
-~
2
K
191}
=
-
EE
(SHOHLSINY 0S2) 031903 0Ll "3SNZ G.N.
m
-~
ut
AJIHL WWZ "031Y0INN " 3ISNZ
[ S
o
(0]

Hun—
S9SS0| UoIssiwsuel} H| 0} uonNQlIIUOI )}sajjews
ay) s)ew sbuieod aAndNPUOI pue Juswubije wjy ulyl



(suoaotm) zumrmdo>a=
(A 1t 01 6 8

| _ _ _ .

|
3001 H-N ! _
|¢ pPu2q H-0

3001 H-)

y231211Ss )-9) |

|
| Yo19131s N-D

~ y231213s 0-
Am——

suornidiosqy dnoin [euorioun,] onIsIISIORIRYY)

(o1330979013193 asnoy-uj) (2133199120112] TETOI2EMIO0))

-4 &7 c18isLa
H D0

ool o
w10 éo LTl
9 0

WTn
spunodwo? je1sAi2 pinbij Jo Aduasedsuesy palesjui-piw
a3y} uo aduanpui buosys e sey ainyonis 1ejnd3|on




, - e OO
- 9 . o

SHS'Y
‘NEOD)
‘€OHD

40 lA/I\VlIA\]/V! OH i

NHS'Y
‘HOY ‘HON vy

‘©OHD UID0D)

.&E

1o (-

Ma

S19jud) |eyD sejod Aly6iH yum si91s3 jAuaydg 10} poylo i sisayuis




62829

‘uoibai
wr-z| 0} -8 19A0 Aduaisedsues) uj Juswarosdwy ue Moys
asNoY-ul pazisayjuis Ajjuadai sjesadjews D dU}09J|90419) MBN ©

%E°G9 :uoissiwsuel) abesane
97 214193190443}

asnoy-ul pg —
%SE :uossiwsuels) abelaae
91 2U193(90443}

jeyosswwmod geLeLaQ-— -

aJuejwsuesy 9,

wr g = Yyibuaj yjed |13d

] ] ] ] | 1 | | 001

Hn
uoissiuisues) pasesjul-piu panosduwil
Ul S}InsaJl sanssi ubisap Jejndajow 0} uonuane |njase)




-

Aduasedsuen 4| Buinosduw 10} yoroisdde wuiay-poys
159q 3y} si sabe)uy 0-9 ul uabAxo 10} JnjIns jo uonmsqns .

(suoaotm) yjrduajoaepn

<l 11 0t 6 8

| ] _ L 1

|
Ao0a H-N ! _
B puaq H-0
|

X201 H-2

yojsais D-) |

y231911s N-J

Yo1213s 0-)

suonidiosqy dnoin [euorioung onsiialoerey’)

suleb uoissiwsues) yj

layuny 10} [enuassa si sdnoub jeuonsunj buiqiosqe-uou

Yyium sasoydowoays wn g-g jo juswase|day



- OO
H 0 ONX /ocm
D o0
.zmcmV p
tpoHD
D
one s T
)
siy 9 xnyay
611465 HOY ‘HOX
0l = g gy

Ao ,
sIy p xnpoy

“€DHD UDOD)
1y 9 xnpJal ‘auanjo],
YosTH%ot ‘(BHVZ
(0
O SIHT H
4 z .
RS Ve S SO v
0 Ops=n  H-N H
o .
€ONH ‘IDH H

-

S32IA3P NS Ul dduejiwisues} yi panosdwl
0} A3} aJe sua)saoiy) Auaydiq painsqns-oiyiAiy




s$3dens 1310 uo sbuneod Yy oN

ol seddo 100uds mAyg

wr gz 880U} JoAe] O o 9
(y oos) 1ad payng :Bupeoo ewubyy
(vosz)ou :Buneod eARoNpUOD
IR ww g ‘esuz :89)8n8GNS SAS0iIoh N
€00t-11Z YOJoy  :|epelBW O J|NJ0|e0LIe]

:si9)owesed 19>

-

whs wewubye +
oGUZ PeIN03-0OLl

Ajquiasse saddoyds HI/NSIL

yidap uonejnpow uo adeys WiojdARM JiSeq JO 10913 Apn}S
uojjeipel Y| ayenpow o} Ayjiqe Ajuap .

:asoding

laddoys Hi/nS1.L 2dAr004d
Jeuolduny 11y ayl Jo uonerzudldeieys Ateuiwijaid




PI91 Op AOOL PaXi4 ~
:9)ejs Juasedsuesy .
saiouanbau snouea
Je sanem se|nbueny pue ‘asenbs ‘suilg -

:3)els buponess .

:sjuawainseaw uoissiwsuely 10j palojdwd SWI0}IARM IALIP |99

3d0O0S

Jpwodads HUd

-

aouewouad
92IA3p 3)eNnjeAd 0} pasn SI Juawadxa HiLd aidwis y



8Z0EY

SUOIDIN
cl
%1 'S = uojssjuisues) abeiaae
(A 00LF) aAem suinBuey zHy-0L ——
%8'21 = uojssjwsuei} abeioae .
(AooL) PO 2@ -+ -+ — n7 10 &
||||||||||||||||||||||||||| i e
Jjed ajesnsqns )
asuz/o4l-—— |- —H Gy 3
HoIy) W Z 3
ejenisqns asuz/OLl —o— | 409 =
0
- e — e e h e e 4 e e e 4 m e — e o W
o -6, o
- -1 06
wr 6z = Yyibusjyjed
jeisA10 pinbiy | ! ! 001

50
Anjdwoab asiaap paziwndoun
ue uj uoljeipes wr gj-g jo uoljejnpow

0,0 € sajedjsuowap 1addoyd HI/WS1L 24l




sjeob suonesidde piemo)
ssa1b60.1d 19ypnj 10} [R}IA SI UONIRIBUI om_>z~o\m: panupuo) .

sjuawaJinbai yi1busjyred
uolnorIAUI PUE 3dueqlosqge Hi-piw yioq adnpas 0] Juswdojansp
sjeudlewt 9 uo pasejd aq i1snw siseydwa yosseasas annd .

palehilsaAul aq 0} ulewal ‘uonelpes pasapess Jo uonnqusip pue
s109)39 uonezuejod Y| buipn|oul ‘sanssi saI1sAyd adIAap [e1ondS .

si9jowesed UOIONIISUOI [|99 Ul SjudaWBULAI jeuonippe
UMM pazijeal 3q ued sjusawaaosdwi aduewtouad jenjueisqnsg .

321A9p adAy030.1d
B Ul pajesjsuowap uaaq sey 3daosuod jo jooad saddoys 4/ WS1L -

*u.-n-

Arewwwng



SNVHHY0Hd A3FHOSNOdS ANV ‘S3dIAIa
‘STVIHILVIN @3LINIT HIMOd TVIILAO 40 MIIAHIAO NV
SOILdO-0H.LD31:1 ANV NOISIA LHHIN HO4 HILINID WOD3D




4296-90¢cc elulbalp ‘41oajag 3104

§011dQ-013299|3 R UOISIA IYBIN 10} 40}U89)

1911t "r AJep pue ‘dieyg °‘r piempg

‘111" 34e1D "M wel| M ‘poomnm "7 Aiep

STVIHALVIN HVANIINON
ONIZITILN SYHILINIT 1VIILdO



<

AO- awos ‘pueqpeouq

HOLIMS 1VJILdO (q)
NIT

)

LNy
\/

«—

J3LINIT TVIILdO (D)

"

o7
Y

HOLIMS ® 3 LINIT TVaQi



ao sbie| yum
spuooesoioiw oL < 92
pueqgpeouiq pue }se} S3dN1iLv3id
oew 0} }noyyp x3|dwos 8q Aeu avd
lse} Alaa aq ued ajew 0} Asea A|aAne|al
S3dNLlv3d
ubisep ajdwis pueqpeoliq ¥ gO obie| aoono
dAISSVd dAILOV
sasse|boAa olwoiyoojoyd-—sjdwexs -JAISSVd
19}1nys |eojueyoow—-a|duixa ALY

SIHOLIMS B SHALINIT 40 SddAl




JIW @009 ©

S$So1 zmmazumzu MOT ©

(A13acoaa1 3s8)) SESINd FAILILHJHH ©
SNOGYVZVH-NON ©

ALITIGVLS TVOIWAHD ©

(M0 03 pasInd) SNIVWOA IWIL TIV ©
xw~> dOo aT1d14 ©

(Pioysaiyy a3emep y3ry ‘proysaaygy IN M0T) HONVH OIWVNAQ ©

( XV) aNvaavoud o

SOILSIUIALDVHVHD HOLIMS /JHALIWIT HAAISSVI




[ »,, Jor JL1ON

I Mg Ignil Io 1o M N Il (0 !
:Sum_o:omoBm EXM + om om_o3m EX i owoBM QX i oBLSX Ho3n_

aNV  — SL1O1d1S3Yd 3TIA3A 1IN IAISSVYd

f1

N - A5 5l Ny (5 _
: +§3m\3m§m @x +\3m_03u @

o+ gty = 4

) °Mm™ (1) m

SV ISNOdS3H 370dIAd V NI SLINS3YH a13id 21419313
d3dtiddv O1 1VIU3aLVIN 40 3SNOJdSdH OINOWHVYIHNY

SOILdO HVINIINOCN




T ETdV] E

*(SYM IM_“TIM SVM-_) (g)X PUB (BSM-‘TM’IM SYM_) (g,X ‘WOIJ SYM JO UOT)}BIBUID
‘1M pue Su JO uoljrJiaual ayj uo ALduanbaay sTIY3l jJo 303)J3 8y} pue 1M ¢ SvYM JOo uorTjeIBUAP saaJoaul .,

*uo1}a(dap juedrFTUBIS (I}TM WEBIQ JUSPIIUT 3Y3 JOJ UOTIPOBIYSI JBIUTJUOU IDNPUT UeD BUTII}}BOS

SM ~ M YITM C(SMP M- MO SMo) W (X

. - [§ < € . 3 ¢
SM ¢ 1M 2a9YM ‘(SMIM-fTMESMo)HI (g X

(M-8 M M) HI ()X 2AT3D9]39

(M—"M M M) NI (o)X

(M-fM'Mim_) 2u gy

(M—M MM} 3l ()X~

(M—fMmim-) 2¥ o)X

(Minimimg-) (e)HX

*Be1q SV-§ +Burdno) S2j038-TJUY-S3}03}§
" SES ButrJId3jeds UINOT[TIg P3BINWIIS
IN ‘-BeI1g sys Burusj)BOg ueweYy pojREINAILS

+8UTI2}338DS poajBINEILS

. VSH Go.mumhomAC Nuﬁa%lﬁ@uﬂuxm
IN ‘-3BeIq Vdil uotrjdiosqy uojoyd-omy

(d) woridiosqy amosurjuoy :

‘Betrq WMda BUIXTl @aem-anog 3djevIdUaBaq

" as Buisnoojag-JIos

IN ‘-8erq Jds gursnooj-jJiI°es
(2u) wotr3oBIFAY JBIUTTUON :BuTXIN SaBpg-_InO§
‘Betg DH1 GOY}1BIUIH OTUOWIAe, -PATYY

(SLOAAAT AdADNANI —JITHAS ) VNHNWONIJIHAd HVINITNON




I

[

i Rt R PR

) HOLIMS P HALIWIT
TVIDIJINOVS AH vdl
HOLIMS “HV F1VDNH
VYHSVId AHH AVANI'INON
HILIWIT HOLIMNS
ONISND204d9a-4148S AHH HIL
HILIWIT B NOILVWHOJ
ONISND04-dT4S — F1aand

) K

f 0 L ] -
ONINNVJI < ¢ o, T80
Wviad o o, _AHH DNIHZILVOS

X L] . [ 4 .




R

140443 STVIHALVIN TVOILdO HVINITTNON




PHOTOREFRACTIVE DEVICES °

Two-Beam Coupling
SENSOR

PHOTOREFRACTIVE
CRYSTAL ——
oump

C-AXIS

BEAM FANNING

Coherent .. Crystal

Incident Beam &

Scattered Light
Self-Pumped Phase Conjugation

AN

CAXIS

N

Double Phase Conjugation




SHVO LNVNOS3IHNON 3ST1Nd-a3dHIHO A9 NN €501
1V SIVISAHO alnOil 40 ALITEILdIOSNS HVYINITNON H3AHO-AHIHL
HOHVIS3H SWILSAS JINOHLOIT13-0LdO HO4 HILIN3D




0661 Pquadag S
VA ‘HOoAjeg M0
sa11dO-04199|3 pue UOISIA YBIN 10} 19)1Ud)

191S9Yyo0Y J0 AlisiaAiun
sanabiaug Jese 10} Alojeloqe]

uaqepJens) Niep pue ‘piuyds sebsuy ‘lleysiepy yiauuad)j

2717

= SHVYS JUBUOSAIUON

as|nd-padiiyg Aq wu g6ol 1e sjeishiy
pinbin jo Ayjigndassng JeauljuoN 19p1O-piiylL




*an

s}insay
yoroiddy jejuswiiadxy
uonod9S |eldle

aAnoalqo

ulino




‘SanjeA ainjela)| bBunjoayd
$s049 10} Ajjiqeded juswainseaw va asnoy-ul asedaid °¢

"S109}J9 abeyjul| pue juanpisqns Jo }nsas se ‘spunodwod
lejiuis Jo ssejd e uiyum puasy AypqezuejodsadAy ysiigeisg ‘i

*5n
SaAn23IqO om] 193N 01 IO 189S M



SUONNQIIU0I JUeUOSaL [enuajod ajeulwijd ap o

()X Jeuosaiuou abie] yuem nop e

S32IA3P 109}J3-1UBUOSAI SJIOABJSIP ANjigels [ediwaydoloyd

2717

dan
aoueuoduwi jesnoesd jo

ale sanjeAa (g)X jueuosasuou AjuQ




TS6TO

-o@@a

/01._23

-0 = O - oudjfieos =
s|eisA10 pinbj| ojdosjoursay} ase spunodwoo |y

Wah

uoilezjjedojap Uo04}93j3-L JO uolouNn}
e se (g)X AljiqeziiejodiadAy Jejndajoly :isay




e > 2c829

abe)s
pajew|jjod

dwe aAjjesauabai
ss8|B:pN

19)}|ds weag - sd 0S

ond | e

passaidwio)
rw g0 Bupeso

924N08 19AMP SHYD
Juddyj4@ sapiaoad yoeoidde ajeis-plios-j|y




6829

SpU023s09did

oL 0 : o,wl.

T
|
N
L=

1
<
=

—
i
N
. \
I 1
w0
o
(ajeos ieauj|) Alisuajuj

-
-
o
.
-

sabesaae joys-g| :syuiod ejeq

Fmn
un

as|nd Jnduil SHYH JO ade4)} uoljejaai0d0ine HS




yibuajaaem

-m M
V-2 4

'

\ SYvOd

Ll A |

) Y LL

'y L. ) N J A 4 i

PR W N B |

ERR

0001

000¢C

000¢

(syun Azeapqie)

Ayisuajup jeubis

96829

an

¢go wodj winioads sayojs-ljue ‘sa)yols ‘yoys-aibuis




168¢9

(shun Asesyique) (V-m)|(m),|

0c Gl 9] § G 0
| ] O o
>
o)
w
B
00l T.«a
=<3
o L
<3
. c
\ . 2 >
e 100¢ 35
\- o}
J p» |
. 2
L 1 i 1 rM.
jeubis SHVYD

ajesaunbap Ajgeau ¢gn jo Buljeos Ayisuaiuj




oL

142

56829

(syun Aseniqie) ()I(V-2)z)

cl

O]%

8

9 14 4 0

LA B S R B

v

v L4 L

A2 v v l L L v

8

I L T el

es
|

(=

n

LJ_L,_[_[_A_J‘

=
wn
-

002

(syun Aseqiqie)
Ajisuaju) yead |eubis - $8%01S

JJI]JAA

¢SO wodj bupeyeos sa)ois

jualayo9d ajetauabap Ajdeau Jo Bujeos Ajisusiu|




()X 01 uonNQLIUOI jewsay} — Aunqnedwod 821nog e

()X 0}
uonnquUuod UuolleluUaIoadl — SJuUNo9 (g)X 0}
:ainseall 10U sao( e uonNqLIIUOd 21U0II3I3 AU o
924N0S INO JO snooj e ybnouay) deams j1ou

AlAnoe yibusjaaem payiwig o |isnw 3jdwes— Ajpusliy abeweq,, o

1soo—snjesedde xajdwon e| | Juswainsesaw 3al—punoibiyoeg e

sSuon S0.d

2711 _ \;
dan

suod ybiamino soid abues puosasoaid uj




1S629

"13]awWo)lde)al Iqqy pajjonuod
-ainjesadwa) e uo painseaw S| Xapul dA[IORIAI Jeaul] D YL e

pajinqg
Ajjesjueyoew Bupeo) e

jouaydouojys-d

e
aseydosaw O uojinjos
Jo 1120 wni-gog N jo uopn|
971 pue didososi %L U] pajeod d|q e
¢ tilol} jet uj painseaws )X o
YiMm pasedwod P () ajejeyiydasajeusjling
S| jeubis abe)s j0y PN -Ajod
S9)]0}S-ljue aYy)| e U] pajunow Sj|9) e :6upeod Juawubjy e
©% 9Ape|ey Jofjuo) aseyd uopesedaid 1199

#50
s|i®d yibuaj-yyed wn-gog uj
painsesawl aloM Sjellsiew ||y -




e e
H-0 0 " .
/.~o TS — odonosy | |4

-0y “.U e}

H- OI o-d oidosos| M 440 m
H-0 j 0-y sidosos) * {s0 M,
© oo £

— : 14°

_,U\,,\ 0<O-O)-0-u ~ — odenon | { 870
o 1
¢gH :_..O. L

»*an
syjuaninsqns pue sabeyjuj| Jejndosjow usaamjaq
uonounSIp 1ed|0 |B9AdL sjudwainseaw )X aApe|dy -




‘O ‘807 IS
$818P0sSsY SOdIHL
11 Aweyopy

o9'81 =8|Bue uojsi0} Buy-auejo) susjeyiydeN

LTI

o 8'1S =aiBue uojsio) Buy-19)se ausjeyyden




:9W09 O} |INS

asuodsai 19p10-paiy} ui
uonipuod aidosjost woly Apybis Ajuo 193p saseydosaw [eysAio-pinbi e

"SaljlIeaUljuou adueyua syuanyisqns jind-ysnd e

‘sabeyul| 19)1sa J13n0 va aoueyus sabeyul| aue|o] e

e 3t
"N
suoisnjouod Asteuiwijasd jeianass
ale aldy)} ‘swid) ALsiwayd uj



AdNLS @3AT0S3H-INIL V SWILSAS LSOH-1S3ND TVLSAHD AINOIT
NI 3IX03dS HASVT ONIAOTdWI ONILINIT HIMOd 1TvIIlLdO
HOHV3IS3H SWILSAS JINOHLO3T3-0LdO HO4 HILN3D




0661 13QUWIBAON 66—t
VIN ‘uoisog
Buneap jenuuy 0661
eduawy jo Aje190g jeando

laysayooy jo Alisianiun
sondo jo ansuy,
pue
sanabiaug 1ase 10} Alojeioqe]

001089 sejoyaIN pue
‘Aapue ydasopr ,‘Buep an-uays ‘uagjepiens) yiep

3N

- apjoadg tase] Buisn uonelioxg
pasind wu-ggy 0} asuodsay walsAig
ISOH-1Sany Yy-o1}09ws jJo ApniS paAnjosay-awi]



B 1Y

§20€9

‘uonduN} Uoissiwsuel) Juspuadap-awi}
e se uoibai pajeipedal Buijapow Aq 10949

Buniwij-1omod jJo wisiueysaw aepion|3 :jzon

(2-1 ao) uonounxa abie| -

papaau pjaly Hulio1say [euldlxa ou -

st | > Buiisjleas 10)-awl} }dsuUo -
921nap Buniwij-1omod aaissed e

uoneAljonN




¥20€9

‘solweulp jsoy-1sanb jnoqe uoljewiojul mau
apinoud uided apyoads jo sjuawainseaw jeiodwa] e

YO v-onoaws ul g m/m %|L°0 -jelsley -
salnjeaj ayi|-sud] yum (apyoads)
I3SNJIp JU3iISuel) Se pajapow aq ued y-o1j93Ws }soy-1sanx) e

uljino




£6629

9d02s0jj19s0

Adoosouod
10} 19zAjeue

Jadwy ‘19z11e
jod ajqeroway
— [
_M > ww 06 =) pEHTHEES
_ N NHHA—
— ﬁ —3HH—) 1T
a|dwesg wu 8gp 195€] IV
€c/LE Omn
aido
GOSZNL
J0}luow
Aeidsig
¥5on

PI9Y paiajjeds
9y} JO uoI}njoAa jesodwa}-ojeds ay) azuiajoeieyd
0} 3qoud pue dwnd yjoq se pasn 1a3se| 1y pas|nd



6629

uoibas Yyoea ul suojjipuoy [0} [edNuap]

iojejosi sejAn -

—
T ——
~——

Buijeod yuawubilly ee=== )

)

I
deb wr-goL

I
- ]

SuoI}Ipuod Buloysue Jejndajowl JUIBHIP
Jo uonebisaaul spwiad |99 zuenb pajebaibag



910ED

aodejins auo uo saoeins Yyjoq uo
Bbuijeod yuswubije oN Bujjeod yuswubiy Buijeos yuawubi|y

FJ1

an

uoiBbaa pajeipeldl yosea ui juswubjje
jeixeiun [eoaljuapl |eaaas sasAbosi o1doosouo)d




(441134

lasnjjip ssejb-payol3

- «

MO

(sw 0oL = W) Alde3

ubiH .

Ayisuajui

a|yoads |ejshiD pinbi

E
un

ajoads JO sainiedj aAlJoulISIp
smoys [eysAio pinbij wouay 1ybij paiayeds




610€3

aoads padojanap IPjoads 1sesjuod-moj

-|I9Mm ‘)sesjuod-ybiy ‘punoiboeq-buols

Jaquinu jaxid Jaquinu |axid
009 oov 00¢C 0 - 009 00v 002 0 —
T _ 4 ] T o w ] _ | B — || ° w
- <02 S a 0c 3
- dovr & T o =
o i < - 09 <
] 09 M!.../ N 08 Me./
R oor Z
: T s |
B s r —q0vL S
i dov § | Hoor 5
1 | . | 1 091 :@f\ 1 | ] | 1 08l m

13snjIp paydsd AIpin jeisAid pinbiqy

E 3

sainjea} ayi|-sua| smoys apyoads |ejsA1o pinbiq



020€9

(5261) 691251 ‘I °SAyd “iddy ‘e|aldN S 0 Y Pue ‘uler 'y ‘ebioen) °N,

(=)H 1
N:_“F “{o)y _u 49
<n>/ 0 = Hy

Ams 0S5 =W v

. . . ‘Guneod oN

1200°0 = SW(uy)] <= wiizo  v8E'0 st je1sk1o pinbr

sse(b yole piIN

wr gz°0 8G°0 ee’L elep juaun)

sse|b

punoib painsesy

v6°0 88°1L P30 3Judidjay

L0L°0 00°L 00'2 Aioay)
()Y oy Le) (==)"Y

n n

(0)"y e TiOn (0)"y

paziiejodun

»5A

uoljellBA Xapul aAloelal swa [eishio
pinbi| saAIb gpjoads jo Aloayl [eansnels




Aejap awn sns1dA uoljejaa10o0ine jo Juauodwod apyoads

(sw) Aejag awiyg

.
e,
-
hl}
...
‘.,
~.e
.
lllll
‘..

00s6¢ 000¢ 00S1t 0001} 00S 0
. v T ’ . v . v : i 00
<
410
n”.”.”“.l'l 1
......... dzo0 T
73
fr
40 I =
®9
) o2
lllllllll N enc lm m
................ 2
llllll xo
{50 3
o
(o]
=

Bupieod ON —p— 490
puneos ccu -

sbujjeooom] ._.ag.--
420

1 - 1 a 1 a 1 - ] A Q.Q

= A

gn

Sulioyoue 13)yeam 10} J19jealdb si
UOIlBJU3IIO JBINJ3joW wopuey




Kejap awi} snsian uone|allod0lne Jo aul| aseq

(sw) Aejag awiy

00s¢ 0002 00s!t 000!} 00S

| § v | v 4

.
LI

.
LN
..
)

.
~
-
.

.
~
.
~.

Buileod ON g
fuyeosdsuQ ...m.-..

sbunjeooom} .- g .-

L] M ¥

-
-
-
-
I-llllll
- -
-

.....
.o m
lllllllll
~rma
~om,

L20E9D

00

S0

oL

Sl

0¢c

X4

0¢

*NJJ

=N

yibualis Huiioyosue jo uonaunj e si
juauodwod 3)Ij-su3a| Jo uoleura jerodwa )

uolejallod0ine jo auj| aseg




420€9

"0861 AInr 2Z-zz ‘9duaizjuo) |eish1) pinbiq jeuopeussiul yigL ‘phoi g ‘v pue Assouep °f,

‘palsinbes soiweuAip 1soy-1sanb jo Apnjs Jaylng e

‘Bupioyoue sendsjow
JO uonounj si Joneds jo eduspuadap |esodwa] e

"1200°0 = SW(uv) ‘lepow 18snjjip wold

"'Sainjes) 9)Ij-susd] YHMm 13snyip
Builien-awil) se pajopows aq ued y-dij0ews Jsoy-jsenb
‘.(sud| BulAsea-ewn}) onewau jsoy-isanb yum pasedwo)) o

| Alewwng




¢SNOLLVOI'IddV O3ANDD 1VILNILOd 3H3IHL FHV
*S1d3ONOD ONIHIILS-WV3E / ONIHOLIMS WYL TVLSAHD AINOI
HOHVIAS3H SINILSAS JINOHLO3T13-01LdO HO4 H3ILN3D




0661 ‘“Jaquiadeq S
VA ‘lioAjeg Lo
s913d0-04)99]3 pue UoISIA WBIN 104 J8jud)
.suonedijddy siuonosja-0)dQ 10} sadinaq pue sjenale [eisA1) pinbi,
doys)iom

131S9Y9J0Yy jo Aussanun
sanabiauz sose 10} Aiojesoqge

lleysiey 7 yiasuuay

¥

wm:o_“mo__an_<0m>zo_m_ESon_mhm:amh<-m~nmu:oo
buiid9ls Emmm\m.w_:o:;w weag |eisA1n pinbiq




saoInap Buliaays/Buiyoyms weaq xapui juaipesb jeysfio pinbry .
:€ 1dasuon

sjelajew \ 91309WS |ediyd ul 3039
J1UIj9043939]0 3y} Uo paseq J0)I3|JaP Wweaq ajqelteA Aeaully
:Z2 1daosuo)n

sjeisfAio
pinby| o1309]80.19) Ul 10842 D14SS oY) Buisn yoyums weaq YLy -
1 ydasuon

M¥a

uIilno



.E: Pojesnyy)

TSe1Lo
By _9,_ 9
uojssjwsues) 4="u="u(q)

Q Uol}ipuod abejjon HIL<+—B8y > % =My (e)

@ uojipuod abejjon

-
221N0Ss

B, __0o,__o
U= "u= 9y 'Gejjoa

6L'0 = 2luy
.-O— oOh =@

uopiesado ajqe;siq - uopseyes [eussju jejo} pejesysni; uo peseg e

idasuoy 10)33)jaq weag uonisod-om




€S61

‘4113 uj Bupnse:s ‘®u esuspedxe O) uopepR: JUIPIOU) sasned Ajuejod
PIol JO |esioAeY () HiL Buimoje ‘°u sasuapadxa uopejpes yuapiou) (e)

(q) (e)

19he) Bupdonpuod Ol

—
4 -
———
—

AU
%\‘\‘\‘\% N

%‘\‘\‘\é

T Y (]
juewuBye

X3
R

|
NN
GO

NN
OUOL

+

i i, e | =]
LYY

Hhe
g

ejodip

wspd sse)b f [ Jejndejow

(Buymeap jo suejd Jo N0 Gp) UOHRIUBIQO UOIEZIIRIOG JUIPIOU|

M
ol - g )

suabosay 9 21129WS |eaIyD d1U}I31301134 U}
yiL) Buisn 3d1naq uondala@ wWeag 3\qelsig UOHISOd-OML



D4

J0IA - N

Jaseq -1

JOojeIdudn uorpunyg AMNY-uory - N4
Jaydury apoipojoyd - vy
apoipojoyd - 74 ‘Id

adoasoqqasQ deqy jenq - 0Ld

o

oLda

WeTn-

youms weag 10} dmag iso) ando-01399(3




weeg peywsuell edell wonog

weog poyoeyjay :edes), doy

(weeg peunwsuesy)
osuodsey epojpoioyd :edei) wonog

(ma/A 01) eBeyjop eauq :eoei) doyt

6€LY INZ Buisn
UOUMS weag D 9111991904194 JO dduewIondd Buiysoums ando-0430913



#5619

(z'0 se abae| s8) UONeIUI03I J0}INP
paonpui-p|at} 0} NP Xapu} aApoelja) u abueyd = uv
(s@24B3p 0° L-1°0) ajbue aBpaMm {30 = n
(99169p € JO SYUd jesanas) ajbue uolIRIP = 0 dIdYM

Ou=Alu=u
uvyo = ¢

ajqejsijquou -
suojyisod ajqelsiq
oM} punose 2ouabuiijaiq ajqeun yiim ajqeisiq -
a|qeis|q -
uojjesado jo sapows a|qissod (e19A3S ©

Ian
Sl - (g ]

1dasuo) 10103))2Q wead uonisodyinin




T
SjeldleN v noaws
[eaiyo ui 19943 J1u20130913 ay} buihojdwz 10309100 wead d|qeleA




Jyndury adeyjop auq - va

(passoad) s1aziaejog uosdutoyJ ues) - n oLd

J3se] -

J0)BIIUIS) uoydUNy NH-uory - 94

Byidury apoipojoyq - vd

polpoyoyd - 4

adoasof1asQ k4L, [en( - OLJ v a

................................ d
[ oo « ....... N e i p

W

S|19D V J1odws pabpam Jo uonenjeas 103 dnmas 1sal ando-on9913



sjelalew 9 Jo U Uj doUBIBYIP = Uy
uojbas Bupw jo YIpIM = pp

Yibuaj uonebedoid = q

9jBue uonoayep = 9

Mmuv)1=0

Aq pauiwiajep si ajbue uonosyeq

[elsjeW D7 Xapu] moj

®

/ uojbas Bupxyw

A : ,

} | \
_ _
D 4 | ‘D o |
~le
/
leusjew 97 xapul yby

I
gan

SRR ET I IEENTS

weaq/buiyoyms weaq xapui Juaipesb jeisAio pinbi



S33AN311lV 40 1SI1]




WORKSHOP

Liquid Crystal Materials and Devices for Opto-Electronic Applications

Center for Night Vision and Electro-Optics
Fort Belvoir, VA

5 December, 1990

IST OF DE
C2NVEO
James E. Miller" IRT-UDDT 703-664-1585
Robert. E. Flannery IRT-UDDT 703-664-1585
Mary Jo Miller L-LRT 703-664-1432
Don Nichols IRT-UDDT 703-664-1585
Andy Mott L-LRT 703-664-1432
Gary L. Wood L-LRT 703-664-1432
Byong Ahn L-LRT 703-664-5364
Edward J. Sharp L-LRT 703-664-5767
University of Rochester
Kenneth L. Marshall* LLE 716-275-5101
Stephen D. Jacobs LLE 716-275-5101
Ansgar W. Schmid LLE 716-275-5101
Mark Guardalben LLE 716-275-5101
Don Schertler Optics 716-275-6195
Bryan Stassel Optics 716-275-6195
*Workshop Organizers
IRT = Infrared Technology Division
L = Laser Division
LRT = Laser Research Team
UDDT = Uncoded Devices Development Team




