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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 Georne, University of Rochester (ARO-URI), and Dr. Rudoif 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 jim Region Employing the 
TLSM Effect in Ferroelectric 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 \AS; 

(2.) A modulation depth of 40% in the 8-12 \i region of the infrared was demonstrated 
m an b'llR 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 \i region was described ; 

(4.) A functional prototype TLSM/IR chopper and programmable waveform generator 
were delivered to C^NVEO 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 C^NVEO 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 

s- i^yU^M J'stf-h < )) 

Stephen D. Jacobs 
University of Rochester 

J 
J 

.^g£* '^     S 

J. E. Miller 
C2NVEO 



WORKSHOP 

Liquid Crystal Materials and Devices for Opto-Electronic Applications 

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

5 December, 1990 

University of Rochester 
Organizer 

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

Center for Night Vision and Electro-Optics 
Organizer 

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

AGENDA 

10:30 AM 

12:30 pm 

1:30 pm 

1:45 pm 

2:30 pm 

3:00 pm 

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 Speckle 
in Liquid Crystal Guest-Host Systems: A Time- 
Resolved Study 

Lunch 

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

(5) J. Miller 

(C2NVEO) 

(30) K. Marshall 
(LLE) 

(45) G. Wood 

(C2NVEO) 

(20) A. Schmid 
(LLE) 

(20) M. Guardalben 
(LLE) 

(10) K. Marshall 
(LLE) 

Discussions 

C^NVEO Demonstration -IR Imaging Device using Uncooled Detectors 

Adjourn 
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PHOTOREFRACTIVE DEVICES 

Two-Beam Coupling 
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WORKSHOP 

Liquid Crystal Materials and Devices for Opto-Electronic Applications 

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

5 December, 1990 

LIST OF ATTENDEES 

C^NVEO 

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 


