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CREOL OPEN HOUSE
January 14, 1994

HOLIDAY INN UNIVERSITY BALLROOM
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Registration; coffee and light breakfast

Introduction M. J. Soileau
Welcome . Pres. John Hitt
Objectives of the Open House;- C. M. Stickley
Sources of Federal R&D Support

Opportunities with High Power Lasers M. Richardson
Theoretical and Experimental Studies of Laser-Aided A. Kar

Materials Processing

Processing and Characterization of New Glass Materials K. Richardson

Break

Infrared Systems | G. Boreman
Advanced Optical Coatings 3 K. Guenther
Semiconductor Optoelectronics | | P. LiKamWa
High Speed Photonics for Instrumentation, P. Delfyett
Networking, and Signal Processing

Aspects of Stegeman Group Research; Nonlinear A. Villeneuve
Optics in AlGaAs

Lunch

' Lab Visits and Tours (Transportation Provided)

Research Pavillion, Bennett Hayes, Crystal Growth Lab

Social Hour at Holiday Inn - Celebrations Lounge
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Theoretical and Experimental Studies
in
Laser-Aided Materials Processing

Aravinda Kar
Assistant Professor
Mechanical and Aerospace Engineering Department
Center for Research on Electro-Optics and Lasers (CREOL)
University of Central Florida, Orlando, Florida
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Laser Cladding/Welding



LASER CLADDING

1. Provides a means of surface modification for xmproved
(a) corrosion resistance - '
(b) oxidation resistance
(¢) wear resistance °

2. Allows novel metastable alloy development

3. Allows reverse machining
It allows to rebuild worn parts such as dles or vehicle -
components. -

Automotive industry is slowly adopting this technology.
It is used extensively in aerospace industries to
repair the expensive turbine blades.

Truck camshafts are rebuilt with a 1. 5 kW CO laser
in the U.S.S.R.



Laser Chemical Vapor Deposition
| (LCVD)
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Thickness (Um)
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FIG. 5. Spatial variation of the thickness of TiN deposits.
s experimental; — calculated: r=1.0 mm, T =1473 K, TM=1640 K,
E=11.0 Kcal/mole, k0=8.4x102 cm/s. m
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Laser Ablafion



45_[ | l it l LI | LI I r1v 11 I I LR I [ L) ] IR I_‘
- Results during the first pulse at height, z = 0.1 mm 5
O 1 = 499.8 MW/cm’ -
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FIG. 11. Distribution of particle size in the plasma phase during laser ablation.



Laser Drilling

Laser Beam

- Liquid Metal =
Recast Layer -
Resolidified Layer - Vapor
\ ¥
Plasma

Solid

Critical Issues:

(a) Tapering Angle (Cylindricity)
(b) Recast Layer Thickness

(c) Aspect Ratio

(d) Laser Pulse Width

(e) Energy per Pulse

(f) Repetition Rate

(g) Waist Size

(h) Beam Divergence
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ADVANTAGES OF LASER DRILLING

No tool wear (the hardness of the work-piece in not critical)
wa distortion (can drill into very fragile components)
EaSy access (can reach into complex geometries)

Ability to drill into curved surfaces or at low angles
Precision (very tight tolerances possible)

Small hole size (diameters down to 0.01 mm)

‘Ease of automation

" High speed (can reach millions of holes/hour in some cases)
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Infrared Systems Research at CREOL

CREOL Open House

January 14, 1994

Dr. Glenn Boreman
Associate Professor |
CREOL & Electrical Engineering

(407) 658-6815



Research areas:

*  ‘Characterization of IR systems
*  Performance modeling of IR systems |
*  Applications of IR in medicine and materials processing

*  Microantennas for IR detectors



Why use noise-like test targets for resolution testing?

Deterministic targets have a position dependence with respect to
discrete detector locations - this affects the measurement

Image of Line Source Image of Line Source

Detector Array | Detector Array

High Signal Level | | Low Signal Level No Signal

Requires precise alignment and high degree of operator skill --
not amenable to automation or high-volume testing

Noise-like test targets average out this position dependence



Laser-speckle technique tests detector arrays alone
(developed for Eglin AFB and Army Research Lab)

Integrating - Apcrturc Polarizer
Sphere
_________________ ! AUV VPI—— - 1111 ') ) TR Y L g
| ‘ under test
Laser .z
(wavelength A) < ' >
Baffle
Aperture

Spatial frequency content
of the speckle pattern

< } >

Lz &

Resulting speckle has a narrow spatial frequency content
Frequency changes as z changes

Measure the modulation depth of the fringes - yields MTF



Performance Modeling of IR Systems

Research currently supported by:
Army, Redstone Technical Test Center, Huntsville, AL
Westinghouse Electro-Optics, Orlando, FL

We participate in a variety of systems modehng efforts for the

next generatlon of m111tary ]R Sensor systems

Our act1v1t1es W1th Redstone are in support of the TOW
program office and involve system design, engmeenng
trade-off ana1y31s_ and design of new test methods

Our activities with Westinghouse involve a class of IR sensors
known as Srgnal Processmg in the Element (SPRITE)

detectors

SPRITEs employ a charge-integrating photoconductive detector



Our previous research in this area was sponsored by Army
Night Vision Lab and McDonnell Douglas

Our published* models for SPRITE performance were adopted
in the standard Army Night Vision Lab computer model
(FLIR-92) for IR system design

*@G. Boreman and A. Plogstedt, "Modulation transfer function and number of equivalent elements
for SPRITE detectors," Appl. Opt. 27, 4331~4335 (1988).

*G Boreman and A. Plogstedt, “Spatlal filtering by a line-scanned nonrectangular detector:
i Application to SPRITE readout MTF," Appl. Opt. 28, 1165-1168 (1989). '






Materials Processing

A demonstration of the potential for IR teChniques'in processt |
control is shown on the following slides, where a sa.mple |
of pyrolytic graphite has been irradiated Wlth a smgle pulse' |
of radiation from a YAG laser |

The material has an order of magnitude difference in thermal

conductivity in the horizo_ﬁtéil'_'_and, vertical directions






Microantennas for IR Detectors

Research currently supported by:
Florida High Technology Council

We have a Cooperative Research & Development Agreement
(CRADA) in place with National Institute for Standards &
Technology (NIST), Boulder, CO for investigation of
planar lithographic antennas used to couple radiation into

IR detectors



NIST has rec_éntly demonstrated® antenna coupling to a
bolometer at 10 um wavelength

Antenna-cb_upling techniques stand to increase the sensitivity of
'existing IR sensors by more than an order of magnitude

Our coopcréitiOn with NIST uses NIST's fabrication facilities
and CREOL's capabilities in numerical analysis and

IR detector measurement

We use Cray YMP supercomputer for finite-element analysis of
the antenna structures that NIST has already fabricated

* Grossman et al., )
- "Lithographic spiral antennas at short wavelengths", Appl. Phys. Lett. 59, 3225-7.



Our numerical models will be compared with the antenna

patterns measured at NIST

These models will allow us to investigate new designs for

specific applications

We are currently désigning instrumentation that will allow
measurement of antenna performance over the range of

3 to 30 um using tunable IR diode lasers



Summary

CREOL's IR Systems Lab

We have a track record of successful collaborations with

industry and government

We would like to explore opportunities for collaboration with

your company in areas of mutual interest



Advanced Optical Coatings

Advanced Optical Thin Films

Karl H. Guenther

Associate Professor
Pepartment of Electrical and Computer Engineering
Department of Physics
Center for Research in Electro-Optics and Lasers
{CREOL)

University of Central Florida

12424 Research Parkway
Otlando, FL. 32826

Phone (407) 658-6832
FAX (407) 658-6880
Internet: guenther@admin.creof.ucf.edu
kguenther@aol.com
dind89a@prodigy

Obijectives

To siudy and exploit:

+ Linear optical effects, n = { {thin film structure,
composition): Interference, polarization, absorption,
scattering, guided optical waves
Applications: Optical coatings (intra- and extra-cavity),
metrology of optical surfaces and thin films, sensors
Quantum opiical effects: Bandgap shift of optical
materials (Si) due to nanometer size thickness and
structure
Applications: Photo- and electroluminescence of Si for
surface emitting diodes and vertical cavity lasers

Aiming at:

Low-loss thin films, suitable for high power lasers,
optical communication, waveguide sensors, displays

K. H. Guenther, UCF/CREOL . ' Page 1



Advanced Optical Coatings

People Involved

Faculty / Principal Investigator:
Dr. Karl H. Guenther, Associate Professor of
Engineering Science and Physics
Research Scientists:
K. Balasubramanian, Ph.D. (OSC/UAZ), Adjunct
ASS|stant Professor EE (1989-1992), now self empl.
Mare Himel, Ph.D. (OSC/UAZ), now at AT&T Bell Labs
&ﬁhsas ?“"ar.abian Ph.D. (Chemistry/UF), now at Airco
Coatings, Concord, CA
Thomas Kimble, M.S. (Physics/UCF), Valencia CC
International Vmuors
H. Schink (U. Hannover, FRG), Z. Taubenfeld (Israel),
G. Fanmui (ENSPWM, Marseille, France), K. Montkau
(U. Hannover, FRG), &. Ogura (Kobe, Japan), X.-G Hu
(Zheijiang U., PRC), Z. Yang (Chonging Inst., PRC),
B. Zeyben (FHS Berlin, FRG).

Students

Undergraduate: Graduaie: grad. date

J. Mabry, ET A. Rubin, ECE current

M. Bitterman, ECE (NSF/REU) S. Qian, ECE current

J. Gibbs, ECE (NSF/REU) S. Raneru, ECE  current

S. Nunez, Comp. Sci. S. Zarrabian, ECE Summer 93
dJ. Cryer, Comp. Sci. X.-F. Han, ECE Summer 93
J. Richmond, ET C. Lee, EE Spring 92
J. Santiago, Physics T. Kimble, Phys. Fall 91

K. Karpinchik, Physics D.-X. Sun, EE Summer 91
. Penny, Physics T.V.Le,EECS  Fall 90

A. Hutchinson, ET S. Savrda, EECS Fall 90

P. Sachdeva, EECS

K. H. Guenther, UCF/CREOL | Page 3



Advanced Optical Coatings

Thin Film Optics

Raipiion fiBery Gistectyic muldilayer coniings) baend O
Wderiaronte 50 Poliiss

-

- .
Scientific American Vol. 267 Nr. 6 p. 29 (Dec. 1992} ...

K. H. Guenther, UCF/CREOL : Page 5



Advanced Optical Coatings

Optical Coatings for HOTY
{Presmation with RGOS Ligh Valves)

K. H. Guenther, UCF/CREOL | " Page7



Advanced Optical Coatings

ESCA Deplh Profiles of HIO: Films
. ﬁiiﬂmr ez (12883 o den peladinig (P9

Oxygen Binding Energy in HID: Films

. ehpobrur-hem 55 evan, B, fon pladed 0P sample

K. H. Guenther, UCF/CREOL ' . Page 9.



Advanced Optical Coatings

K. H. Guenther, UCF/CREOL Page 11



Advanced Optical Coatings

Optical Thin Film R&D at CREOL/UCF
Using Energetic Particle Processes (1)

O Advanced PVD processes for optical coatings

® lon Assisted Deposition {IAD): "industry standard," in
collaboration with Virgo Optics (Port Richey, FL))

® Reactive Low Voltage lon Plating (RLVIP): "top solution,"
employing a state-of-the-art Balzers BAP 800 coater

{1 Process and thin film characterization

® Optical emission spectroscopy, using an EG&G monitor

® Optical wavequide properties: attenuation (loss)

& ESCA depth profiling (chemical composition, Ch. Evans)

® Surface imaging and roughness measurement using
STM (KFU Graz) and AF\} (FIU Miami, FSU Jena)

® Uitra - micro-hardness testing (at TU Vienna, Austria)

Optical Thin Film R&D at CREOL/UCF
Using Energetic Particle Processes (2)

L2 Qutlook and future work

® Coating of plastic substrates (completed SBIR-Il sub)

® Diamond-like carbon fitms (abrasion / erosion resistant):
Peliminary results with evaporation of spongy graphite and
methan plasma in BAP 800 show feasibility

® Co-deposition from up to 3 evaporation sources (BAP 800)
for multi-component glass films: tailored mixed oxides,
laser glass

® Nonlinear optical devices: waveguide lasers, NLO laser
protection filters (proposal with Schwartz Electro-Optics)

K. H. Guenther, UCF/CREOL Page 13



SEMICONDUCTOR OPTOELECTRONICS

Patrick Li Kam Wa
Asst. Professor Electrical and Computer Engineering

Controlling Flow of Data in Local Area Optical Networks

All-Optical Directional Coupler Switch
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NONLINEAR WAVEGUIDES
Dr. George Stegeman, Professor of Physics, CREOL/UCF
Objectives: -
Long Term - Study the physics,. engineering and- .applications
of nonlinear optics in waveguides.
Short Term -

- Search for progressively better nonlinear optical materials
via careful materials characterization.

- Compare material properties against dev1ce drlven
materials figures of merit.

- Investigate nonlinear optical interactions in waveguides.

- Investigate second harmonic and electro-optic devices in
polymers.

- Investigate all-optical devices such demultiplexers, logic
gates, transistors, interconnects, switching networks and
nodes, modulators etc.

- Assess novel applications of nonlinear phenomena such as
solitons etc.



4

DANS SAMPLE FOR CP SHG

.

Grating



T PARAMETER: PTS

- R =R'= —CH20502CH3

delocalized w-electrons of C=C and C= =C
bonds (2p, orbital above and below the plane)

- give large nonlinearities

Ne—p
I
C
I
C
/
R—'C\\
C—R
/
C
]
C
d
R-
AN
1000 g
100 -
o 10 E”
<, s
s
| -
B 1
0.1 3
- 0.01

n, =2.2(£0.3) x 102 cmW—""_

o

1 L i i ! A N L 1 . N i 1

0.7

| 0.9 1.1 1.3 1.5 17
Wavelength (Lm) ‘



- ALL-OPTICAL SWITCHING IN SEMICONDUCTORS
USED AT HALF THE BAND GAP

- All-optical devices including switches, logic gates,
demultiplexers, modulators etc. in AlGaAs

- Operation at 1550 gives very high thioughputs, no
multiphoton absorption, and ultrafast nonlinearities

- Switchiné and demultiplexing operations with switching
energies of tens of picojoules have been achieved with
sub-picosecond pulses

Alo.18Ga0.82As  Eg/2 = 1550 nm

12 - — 2,};.10'13'
| _ n = mny + n,l : |
| 83 = n, (cm?/W)
¢, (cm/GW) _ E N
- 1x10™
4] = 5

e

155 195
Wavelength (pm)
HALF BAND GAP NONLINEARITIES



ALL-OPTICAL SWITCHING

SELF SWITCHING

NLDC
DEMULTIPLEXING

control

signal

- filter block control

NLDC

TRANSMISSION
? o
F o

0.2 0.4 58 0.8 1.0
INPUT POWER (A.U.)




' BEMULTIPLEXING - CONCEPT

Signal Pulses Polarizer

e mode | \ Demuitiplexed Signal
AMAN), e I

|\ e A Bar state
mmm >Cross state

Control
. Pulses L
TE-mode
Ps,(2)
B,(0) = Bo * ABoP.0) '\\ .
B,(0) = By
Psz(z)
P11~ B, - Pg;(2)
By — - Power
B — Ps2(2)

P s /—\4 Z
- Control pulse p'relsent in: channel 1, power PC(O)

_ it changes index in channel 1

— the channels aremisrﬁatchéd

= N0 power transfer betWeen channels for signal pulse



OTHER ACHIEVEMENTS

A —————————————————————

X-JUNCTION

SPATIAL SOLITON STEERING

SPATIAL SOLITON BASED DEVICES
DEMULTIPLEXER WITHOUT PULSE BREAK-UP
NONLINEAR POLARIZATION ROTATION
WAVELENGTH SHIFTING



