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Funding Received:

US CNYEO/DARPA (1988-92). ... ... 0t vvvv.n $1,200,000
"Passive Spatial Beam Control” with M.J. Soileau '
This was a direct match to the FHTIC funding.

SBIR Funded with Schwartz E-O (we splitaward) . ... .. $49,992

Battelle Columbus Laboratories (1987-88). . . . . . . $25,000
"Measurement of Nonlinear Optical Properties :
~of Materials", with M.J. Soileau and D.J. Hagan

" General Dynamics (1987-88) .. ....vvvvennureenns $44,731
*Laser Damage and Limiting", with M.J. Soﬂeau :

McDonnell Douglas (1988- 89) .................... $19,594
"Pulse Laser Test", with M.J. Soileau )

Jet Propulsion Laboratory (1988-89) ............... $50,000
*Cascaded Optical Limiter”
with M.J. Soileau and D.J. Hagan

Army Research Office (1990) . .. .. v i i et e e, $75,000
"Optical Limiting"
with D.J. Hagan and M.J, Soﬂeau

McDonnell Douglas (1990) .. ... .oveve e $22,293
"Limiting Test™
with M.J. Soileau

National Science Foundation (1987-90) ......... .. $248,000
"Engineering of Two-Photon Nonlinearities in Bulk and
Artificially Structured Semiconductors”

with M.J. Soileau, and D.J. Hagan

Battelle Columbus Laboratories (1992) . ............. $75,000

National Science Foundation (1992-95) .. .......... $252,000
"Dispersion of Optical Nonlinearities in Solids"
with M.J. Soileau, D.J. Hagan and M. Sheik-Bahae

Florida High Technology and Industrial Council (1991) .. $21,161
"Passive Optical Switching" ‘
with D_J. Hagan and M.J. Soileau



DISSERTATIONS

The research funded by the Florida High Technology and industrial
Council the past year has resulted in the completion of the
following doctoral dissertations.

1 Edesly Canto-Said, "Picosecond Degenerate Four—Wave Mixing
‘in Semiconductors”, 1989.

~ 2 Yuen Yuan Wu, 'Sechonductor Nonlmeantles for Passive Spatial
- Beam Control", 1990.

3 Kamjou Mansour, "Characterization of Optical Nonlinearities in
‘Carbon Black Suspensions in Liquids”, 1990.

4 Ali A. Said, "Development and Application of a Nonlinear
Optical Characterization Technique”, 1991. ' '

Masters Thesis: Jayant Malhotra, "Laser Induced Darkening in
Semiconductor Doped Glasses”, Univ. of Central Florida, 1988.
Funded by the Florida High Technolgy and Industry Council



APPROACH

1. develop techniques and facilities for the nonlinear optical
characterization of materials

2. work with the materials people to optimize the nonlinear optical
properties based on the results of our studies '

3. implement these materials in the design and construction of
optical limiting devices for sensor protection.

This last step is to be accomplished in collaboration with industry
and government laboratories (eg. Martin Marietta, Shwartz E-0O,
- JPL, CNVYEOQ).

We organized three topical meetings of the SPIE held ir Orlando
entitled "Materials- for Optical Switches, Isolators, and Limiters".
This conference brought to Florida the primary researchers from
around the U.S. working in this field. We presented several talks
each year.



History

o original OPL patent M.J. Soileau. . .........
o screening test for OPL., . . ......... ... ...
o semiconductor limiter (2PA) ..... e e

o Patent; "OPL Based on Two-Photon

Absorption”, . .. ... ... ittt ;
o designed and built MONOPOL. . ...........

self-protecting semiconductor limiter
10 nJ (300 W) limiting for psec 0.53pm pulses
1 uJ (80 W) limiting with nsec 0.53pm pulses

odeveloped Z-sCan ., . . .. ..ot i v vt v oo oo
o limiting in carbon suspensions . ........ ...
o developed psec DFWM (1 and 0.5 pm). . ... ..
o developed method to model thick limiters . . ..

can optimize focusing geometry . . .........

o related n, to § the 2PA coefficient via

‘nonlinear Kramers-Kronig ............



COLLABORATIONS:

0 with RSRE Malvern, England

modified liquids, VxO,, liquid crystals
o with Jet Propulsion Lab on organics

o with Westinghouse on TAS at 10 pm (Singh)

- also AgGaSe from Stanford (R. Route)

also AgGaS from Martin Marietta
o with DuPont on r, of KTP (Vanherzeele)

o with McDonnell Douglas for screening materials

o with Battelle Columbus for screening materials
o with LLNL (R. Adair, L. Chase)

- n, of aseries of materials at several A

they have interest in n, at 355 and 266 nm
o with Bruce Chai (CREOL)

n, of LiCaAlF (of interest to LLNL)

o thh Wright Patt. (C. Lee, Spire)

n, of organic thin films (in plastic host)

o W1th University of Florida (Joe Simmons)

DFWM, n,, Darkening of semiconductor doped glass
o with Kent State Liquid Crystal Institute on organics
o with U. of Iowa (A.L. Smirl) semiconductor doping
o with Oklahoma State Univ. (R.C. Powell)

o with CNVEO for;
help in setting up in-house experiments
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Normalized Output

. LIMITING BY THERMAL EXPANSION FOR NSEC PULSES

N

N
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| | Li=1 e;:mI
f=10.2 cm
T,=24" ns

% for Acetone =~ 50x10~5 per °K
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Measurement Techniques

Nonlihear Transmission

Optical Limiting

Beam Distortion

Excite-Probe

Degenerate Four-Wave Mixing
Z—Scan*

Exite-Probe Z-Scan*

(* Developed at CREOL)
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BAND-GAP SCALING OF n,

St evien gy by gy 1T TR AL et 1

KBr

KCl~— X MgO E

" NaCl 0" Aly05 =

CaCOs~0 g SiD2 ]

“ . : ! Z BOF: -

KDR g SrF; | |

10 KF ~— Caf, -
F O Addair thol L MgF—Np—LiF, 3

| Phye Koy, 639,098 .
10-—5 IR | 1 1 [ 1:1::l L !

i 10
Eg (eV)




~ LABS & FACI.,LITIES

':-‘-10-Hz Plcosecond NG:YAG lab
.= Excite-Probe Z-scan & DFWM

- Plcosecond / Nanosecond CO Iab
Characterlzatlon |n the mld IR
(9 11 mlcron band)

Picosecond CLFZUS]‘NFB laser lab
- Tuneable 50 psec 850 nm
laser with 100 microjoule output.

*Femtosecond Ti:Sapphire / Cr:LiSrAIF
regenerative amplifier system
- 200 fsec, millijoule energy pulses
- fsec broadband continuum source

Picosecond Nd:YLF laser
- Electro-Optic Sampling







§ Introduction:

= Objectives: | :

O_ Establish a state-of-art crystal growth center in a university
_environment for

» Research
» Education

0 Developing high optical quality crystals

» Solid state laser hosts

» Nonlinear optical devices

» Substrates :
0 Supply materials internally and externally forR & D
¢ Technolog‘y transfer

» from abroad to CREOL
» from CREQL to industry and government laboratones



§ Crystal Growth Facilities at CREOL:

¢ The Crystal Growth Laboratory is established under AMMP
(the Advanced Microelectronics and Materials Program)
funded by both DARPA and the State of Florida.

¢ Laboratory planning started in March 1989

¢ Imstallation of power, water and utilities started in July 1989.

0 Testing first crystal puller at the end of September, 1989.

¢ Current Facilities:

Five stations fully optional, four to be completed. - They
include

3 RF heated pullers (two 30KW and one 50KW)
2 resistant heating fluoride pullers

3 TSSG furnaces (flux growih)

1 Cambridge pressurized puller

<

Low temperature solution growth stations

= nonlinear organic compounds.
¢ A fiber puller is under construction = with J, Dixon
¢ Optical fabncatlon laboratory.

0 Most completed bulk crystal growth facility in U.S, universities.



§ Crystal Growth Stations at CREOL:

=
Flg 2, Inductlon heated Czochralski station

ill-—-n
Lk

-

Y T

i
P
1

I

1

i

Fig.3, Resistance heated Czochralskl station



§ Czochralski Pulling:
¢ Pulling crystals directly from melt

* Bestdeveloped growth technique because it can produce large,
dislocation free crystalsin a masonable time.

» Produces highest optical quality crystal

* Require smooth rotation and pull movement

* Crystal diameter fiepends on temperature and pull rate.
* Free standing crystal after growth

» Can tolerate to some degnee of nonstoichiometry and
peritectic melting

* Two types of pullers used
(1) RF heated — for oxide crystals,

« high melting point (up to 2200°C)
* Iridium metal containers '

(2) Resistant heated -+ for fiuorides

e low melting point (up to 1100°C)
¢ Platinum metal containers
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§ Cun'ept Research Programs:
(A) New Laser Materials Research
-~ Oxides
~ Fluorides
(B) Nonlinear Optical Crystals
- Borates

-~ Niobates



§ Selection of Laser Materials:

» Selection of host crystals
transparent ;
rubust
high thermal conductivity
low refractive indices '

Cline's rule — High Al and Be for good laser materials

¢ Selection of dopants
rare earth elements —~ intrinsic transition
transitional metals — extrinsic transition
codoping -~ energy transfer

e Matching crystal to dopants
ionic size
coordination number
chemical stability

e Site distortions
finorescence lifetime
nonradiative absorption
excited state absorption

¢ Crystal growth

* Crystal defects

' scattering, smoke
stress
inclusions, voids, solid particles, Ir, etc.
inhomogeneity



§ Current Laser Materials Research
¢ Oxides:
e Cr# doped laser materials
-~ MgeSi04, YAG, CAS, CGS, CAO, YSO, FAP
~ Cr#+ doped YSO has been successfully lased
e Rare earth doped laser materials
- YAG, YAP, YSO, FAP, CaYAlO4
¢ Fluorides: |
* Cr3+ doped laser materials
~ LiSAF, LiCAF, LiSCAF, LiSCrF
* Rare earth doped laser materials
- YLF, KYF, BYF

— First demonstration of TSSG of KYF



§ Current Nonlinear Optical Materials Research
0 Borates:
 BTO, SNB,KNB
e KNB ~ anew potential useful crystal
0 Niobates:
* LiNbOg, KLN, SBN
* Rare earth doped NLO materials
-- LiNbOg, SBN,
~ Self frequency doubling
* Periodical structures for quasi-phase matching

- LiNbO3, LiTaOs, BNN,
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Free—running Laser Spectrum of Cr:Y,5i0; at 77K
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 Solid State Lasers and Laser Spectroscopy |

Jin J. Kim and Bruce H. T. Chai
Center for Research in Electro-Optics and Lasers
University of Central Flofida

Orlando, FL 32826

Study the Physical Properties of Tunable Laser Host Materials
such as CB * :LiSAF, LiCAF, LiSCAF, and Prs HYLF
for Diode Laser Pdmp’in_g |
. ..-measuarements of thermal expansion coefficients and
the indices of refraction
--—-excited state absorption cross sections
---transition properties
---laser gain
Conduct Pulsed Dye Laser Pumping Experiments

in Simulation of High Average Power Diode Laser Pumping

_of Tunable Solid State Lasers

Set up CW Diode Laser Pumping of Pr +»LF Laser
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Excited State Absorption Measurements
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Cr-doped LiSAF Laser Pumped by a Pulsed Dye Laser
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Immary
We have expertise in spectroscopic studies of materials
and laser research and development
We also have expertise in appli—cations of pulsed power

technology to laser research and development













































CREOL

Laser Plasma Laboratory for Science and Technology

Faculty

Dr Martin C. Richardson
Professor, Physics & Electrical Engineering

Dr William T. Silfvast
Professor, Physics & Electrical Engineering

Graduate Ressareh Students

Howard Bender Physics

Charles Bogusch Eiectrical Engineering

Yinfei Chen - Electrical Engineering
Art Hanzo Electrical Engineering
Feng Jin Physics

Edward Miesak Electrical Engineering

Gary A. Sweezey Electrical Engineering

Research Assistants

Karin Karpinchik Physicist

Douglas Latiman Computer Scientist

Jerry Thorpe Physicist

Visiting Sclentists & Ressarsh Asseciates

Dr Paul Beaud

Institute of Applied Physics, University of Bern,
Switzerland

Dr Ann Marie Eligon
CREOL
Dr Victor Yanovsky

General Physics Institute,Academy of Sciences,
Moscow, USSR

Undergraduate Research Students

Tony Delia
Nanette J. Gruber

Physics
Electrical Engineering




Laser Plasma Laboratory Funding

Funding Suppert

State of Florida
National Science Foundation
Defence Advanced Research Projects Agency
Lawrence Livermore National Laboratory
Florida High Technology & Industry Council

Industrial Suppert

Laser ionics Inc, Orlando, FL
Lightning Optical Corp, Tarpon Springs, FL
Newport Corp, Fountain Valley, CA
Quantum Technology Inc, FL
Schwartz Electro-Optics Inc, Orlando, FL
Tektronix Inc, Beaverton WA




PRIMARY COMPONENTS OF LPL

AR R O L _.._u._l T

ULTRASHORT
LASER PULSE
INTERACTIONS

SOFT X-RAY
PROJECTION
LITHOGRAPHY

PULSED X-RAY
| MICROSCOPY

1

- X-ray emission Advanced x-ray
Advanced solid | Ia | ic &
state las amwng]  'TOM faser |- OPtic :
state faser produced | 4 eiectro-optic
development plasmas technology
_— — -
new laser materials Noval target New optical designs
Ultrashort pulse geomietries Ultrafast techniqques
techniques | Spectral channelling Improved fabrication
New focusing _ , techniques
techniques




;C:E:m properties of Laser Plasma X-Ray Sources

POINT SOURCE  Micron-size point source.
| Stable to microns in position

BRIGHTNESS  High conversion efficiency to continuum and line
emission. Isotropic or directional.

VARIABLE SPECTRUM  Mutlti-component spectrum. Strong line emission.
_, Target dependent.

PULSED EMISSION Pulsed duration from millisecond to picosecond.
flash and time-resolved studies.

COMPACT Laboratory-size footprint. Low cost. Clean vacuum
environment. High repetition rate.




Atomic & heavy particle E:m:om
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Impact Areas of X-ray Microscopy

In vitro_studies of live specimens. Soft X-rays are the only radiation

which can penetrate several microns thick of biological stuff and
provide high contrast images.

U<=m:,=o mEa.mm of mcuom__:_mq structure. Pulsed x-rays, say from a

laser-plasma source provide v.oowmoo:a (even less) time resolution.

Location of specific elements. Elements possess specific absorption
bands in the soft x-ray range. It is therefore possible to isolate the
location of specific elements in color-sensitive images.

Thick specimens. The large depth of field permits thick cell structures to
be imaged. Structures as thick as 50 microns may be possible.




High Resolution Image of in-vitro Human Chromosome




We have demonstrated a robust, reliable technique
which permits the rapid application of x-ray microscopy to
many biological and life science issues

—— —— e — S—r— — — l.

\émﬁm_.

__mmmﬁ - \U_s_sb resist
plasma ”

X-ray - ‘Image replication by
source - isomorphic

replication & TEM
microscopy

Advantages

Technique is non - specific to mvmow_sm:m studied

Relatively simple laser - plasma experimental set-up



- Schwarzschild Microscope at 44A

X-RAY FILM
Kodak 101
LASER
1071, 3ns
y = 532nm

MICROSCOPE M =15, N.A.=0.28 /V
. . . i § .... . \ \
/4

FILTER CH(2y) + Al(0.1p) \) TARGET Au
: . m . , . Spot size ~200yp



A multi-media laser system

= CREOL ==

UCF

H,oo*m ﬂno:# End 4 O oq _._mb_u mmam:mﬁmﬁ?m
| Boam-_ooﬂma m_v._ :sapphire > >3%_‘__‘__~.%_ﬂ._,m<m_~ﬂ_ow:_:uma pulse £

Pulse stretcher

0_." _._m>_u _u_.mmav_:_mq |

O_‘ _._m>_u:._0>_u _uoém_‘ >3_u_5m_. Al <<m<9,33 imaging

} and Passive FourPass Amplifier

1 Pulse Compression

| Beam transport
§ Beam focussing




Primary Scientific

Objectives

== CREOL UCF ==

Laboratory x-ray lasers
Recombination lasers
Fast photoionization

Resonant photo-pumping

Dense plasma production

High density plasma physics Quasi - molecular ions
Super ionization of heavy Z elements

High field effects on ionized media  QED effects
Nuclear studies .

Ultrashort X-ray puise @m.:mmw,ﬁo:
Dynamic materials studies ( crystal & interfaces)
X-ray fluorescence - Dynamic absorption measurements

Picosecond X-ray microscopy




Small sighal gain measure

Small Signal Gain [1/cm]

0.20—

0.10T

0.051

0.00

ments of LISAF

0.151

—— 20%Cr
—o— 1.4% Cr

1

Input Energy [Jem ']



XUVFEL and FIRFEL(X-Ray/Vacuum-UV and
Far-Infrared FEL)

Accelerator and EIecﬁon Beam Layout

o SRR .
B

+ 8 MV Tandem Accelerctor

- 2 MV Bechron Collector
Average Power: 1-3 kW !! .

Wavelength Range

» Phase I: Mid- Infrared Region

A =10 - 80 microns

» Phase II: Vacuum-Ultraviolet/ Soft X-Ray

A = 0.04-0.4 microns
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CFELI (Compact Free-Electron Laser)

Electron M——— 7 M ]

beam -
recovery

system

Electrostatic Accelerator

CFELI is preseh-tly under construction.
Aﬁerage Power: 1 kW

Waevlength Range: 120 - 800 micrometers

.............

13
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CREOL FEL PROJECT

Major Objectives:

* Develop continuously tunable sources in regions of the

¢lectromagnetic spectrum where conventional sources do not exist.

= Make the laser sources available to science and industry through a

state funded user's facility.

Scientific and Technical Staff:

Luis Elias, Professor of Physics, Director of CREOL FEL
Isidoro Kimel, Theoretical Senior Physicist

Huabei Jiang, Postdoctoral Researcher

Muffit Tecimer, Postdoctoral Trainee

Kent Hopkins, Junior Physicist, FEL Laboratory Manager
Eduardo Ugaz, Visiting Physicist

Paul Tesch, Graduate Student

3 Undergraduate Students

Administrative Staff:
Gerald Grover, Administrative Assistant



X-Rays VUV Visible Infrared Far-Infrared mm Microwaves

0.01 0.1 1 10 100 1000

: Wavelength in micrometers . >
Applications
Chemistry Solid State Physics  Fusion Energy
Microchip etching Biophysics

Medical
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Space Object

Atmospheric
Tyrbulence

8 p = Dittraction Resolution = A/D

84 = Seelng Angle =1/ ro

|~#— ro = Equivalent Dlameter

l“— D = Aperture Diameter

, ~=emil 1
Tracking
Aperture

Isoplanatic Angle = 0.36 l'o/Ah

Ahi= helght of turbulent atmospheric layer

Focal Plane

—> [%—g,
—» g e ;

Figure 7. Schematic diagram of optical system and definition of resolution angles.

Center for Research in Electro-Optics and Lasers _/
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THE INFRARED GROUP

DR. BOREMAN 8 YRS IN UCF'S ELECTRICAL ENGINEEF{!NG DEPT.
CURRENTLY 3 MS AND 3 PHD CANDIDATES

RESEARCH SPECIALTIES

INFRARED/OPTICAL SYSTEMS: ANALYSIS & DESIGN
PROTOTYPE INSTRUMENTATION DEVELOPMENT
DETECTOR AND FOCAL PLANE CHARACTERIZATION
MODULATION TRANSFER FUNCTION

INFRARED SCENE PROJECTION

CUSTOM MEASUREMENTS

SPECIALIZED TRAINING

APPLIED RESEARCH IN COLLABORATION WITH INDUSTRY



CURRENT RESEARCH

IR SCENE PROJECTION - REFLECTIVE LIGHT MODULATOR
Supported by: -
Photonic Systems, MELBOURNE, FL (SBIR COLLABORATION)

AND Florida High-Tech Council

ANALYSIS OF FUNDAMENTAL PERFORMANCE ENVELOPE, AND
DEVELOPMENT OF PROOF-OF-PRINCIPLE INSTRUMENT

CHARACTERIZATION OF DETECTOR-ARRAY IMAGE QUALITY
Supported by:
Air Force Armament Lab, EGLIN AFB, FL

DEVELOPMENT OF INSTRUMENTATION FOR RESOLUTION TESTING
USING STATISTICAL PROPERTIES OF LASER SPECKLE

ANGULAR DEPENDENCE OF IR EMISSIVITY & REFLECTANCE
Supported by:

ALCOA Corporation, PITTSBURGH, PA

MEASUREMENT OF IR SIGNATURES FROM HIGH-TEMPERATURE
ALUMINUM SURFACES



THERMAL IMAGING OF CORNEA TISSUE

in collaboration with:
University of Miami Medical School

MEASUREMENT OF TIME DEPENDENCE & TEMPERATURE PROFILES
DURING LASER SURGERY

MODELS FOR MINIMUM RESOLVABLE TEMPERATURE
Supported by:
Cl Systems, HAWTHORNE, NY

- DEVELOPMENT OF NEW FIGURES OF MERIT FOR IR IMAGING SYSTEMS:



REPRESENTATIVE PAST PROJECTS

SPRITE DETECTOR ANALYSIS
Suppori‘ed by: |

McDonnell Douglas Missile Systems, TITUSVILLE, FL
THEORETICAL ANALYSIS AND MEASUREMENT OF DETECTORS USED IN

THE SENSOR OF THE DRAGON MISSILE; DEVELOPMENT OF NEW
FIGURES OF MERIT RESULTING IN DESIGN MODIFICATIONS

SINCE 1986, THIS PROJECT HAS GENERATED 6 JOURNAL ARTICLES,

2 MS GRADUATES, AND ACCEPTANCE OF OUR ANALYTICAL MODELS
FOR SPRITE PERFORMANCE IN THE US ARMY STANDARD COMPUTER
CODE (MICOM IMAGING IR SYSTEM PERFORMANCE MODEL)

LASER BEAM STABILITY MEASUREMENT
Supporte_d by:
lL.aser lonics, ORLANDO, FL

INSTRUMENTATION DESIGN AND MEASUREMENT OF ARGON LASER
| ANGULAR BEAM STABILITY



IR SYSTEMS LAB FACILITIES

Using seed support from CREOL, Florida High-Tech Council,
and loans & donations from industry, we have built a complete

infrared research facility.

IMAGERS
IR 512 x 512 PtSi CCD CAMERA: 3-5 MICRON
IR SPRITE SCANNER CAMERA: 8-12 MICRON
IR PYROELECTRIC VIDICON CAMERA: 1-12 MICRON
VISIBLE CCD ARRAYS
VARIOUS IR DETECTORS AND VACUUM DEWARS

SOURCES
BLACKBODY SOURCE TO 1300 C
3.39 MICRON HE-NE LASER (50 mW)
10.6 MICRON CO, LASER



INSTRUMENTATION | |
SCANNING SPECTRORADIOMETER: 2-14 MICRON
INTERFEROMETER - SURFACE FIGURE TESTING
IR SCENE PROJECTOR |
VIDEO-BAND SPECTRUM ANALYZER
VIDEO-TRIGGERED OSCILLOSCOPE

COMPUTER SYSTEM
SUN WORKSTATIONS: SPARC 330 AND SLCH
VIDEO DIGITIZER
IDL NUMERICAL ANALYSIS SOFTWARE
SEMPER IMAGE PROCESSING SOFTWARE
CODE-V OPTICAL DESIGN SOFTWARE
FLIR-90 INFRARED SYSTEMS DESIGN SOFTWARE



OPTICS
IR ZOOM TELESCOPE (8-12 MICRON)
12" DIAMETER OFF-AXIS PARABOLIC COLLIMATOR
IR LASER COLLIMATOR
POLYGON SCANNERS
VISIBLE AND INFRARED INTEGRATING SPHERES
IR ACOUSTO-OPTIC MODULATOR
HUGHES LCLV
21-ELEMENT DEFORMABLE MIRROR

FUTURE FACILITY
RF ISOLATION CHAMBER (NEW BLDG)
| FORLOW-NOISE
DETECTOR & SYSTEM SENSITIVITY MEASUREMENTS



Graduates of the IR Systems Lab are working at:

MARTIN MARIETTA - ORLANDO, FL (3)

LITTON LASER SYSTEMS - ORLANDO, FL

MCDONNELL DOUGLAS - TITUSVILLE, FL

AIR FORCE ARMAMENT LAB - EGLIN AFB, FL

NASA - HUNTSVILLE, AL

INTERGRAPH - HUNTSVILLE, AL

ARNOLD AFB ENGINEERING CENTER -
TULLAHOMA, TN

MEMPHIS STATE UNIVERSITY - MEMPHIS, TN

IT&T ELECTRO-OPTICS CENTER - ROANOKE, VA

NAVAL COMBAT SYSTEMS CENTER - NORFOLK, VA
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NONLINEAR WAVEGUIDES

George Stegeman

Long Range Goals:
To mvestlgate the physics and apphcatmns of nonlmear
optics in waveguides. -

Personnel:
S post-doctoral fellows, 1-3 visitors, 9 graduate students, 1

technician

Program:

1. Nonlinear Materials |
- characterization from 450 - 2000 nm
- physics of the nonlinearities
~ device figures of merit

2. Waveguide Fabrication -
- fabrication of thin film and channel waveguides
- grating couplers
- waveguiding characteristics, loss etc.
- nonlinear characterization

3. Nonlinear Waveguide Phenomena
- physics of nonlinear waveguides
- soliton phenomena
- out-of-plane second harmonic generation
- all-optical switching in fibers and channels



I

WAVEGUIDE MACH-ZEHNDER

INTERFEROMETER

Channel Waveguides

Nonlinear Interferometer -
ﬁ@NL

N2l ko Legs
| Be_am
" | WG Splitter Lens
40x 40x _ '
90% M
,4 Gated| [Gated
10% Amp Amp
Piezo ™~ {
t
Hv :
- A/D A/D
Pulse Amp
Moduiator
Sawtooth
C | h“”““”[”” Generator Computer
t

M CW-ML Nd: YAG Laser




DFB Transmission (a.u.)

NONLINEAR DISTRIBUTED
FEEDBACK GRATINGS

N=ne*n2l  Schott BGG21 glass

has = 10% Na

CsNO
Cst 3

Na*

Polymer film
VOISO INEEED,
N LY

Field profile

) 7 77 7 7777
154 | QQ:’
Wavelength (pm)

1.52

- 3pm wide, 1 cm long channels, > 20% throughput

- planar waveguide losses ~ 0.6 db/cm (channel ~ same)



NONLINEAR DIRECTIONAL COUPLER

A = 1555 nm (communications band) 500 fs pulses

n=3.305 AlGaAs x=0.24 Strip Loading

5 um S um
3 s um— " " P+ (0 P
L ¢0 1 gm 1 (>) | 1 (Z) -

n=3.337 AlGaAs x=.18 T

Guide t=1.5 pm \Q{\

n=3.305 AlGaAs x=0.24 P2 (2)
Cladding t= 4 pm
n=3.4 GaAs Substrate
1.0 4
P, (L)
0.8 3
0.6 3
P(L)/P1(O) _ .
0.4 1
0.2 3
. Py
0.0:1 ||||||||| [T I T I T T T T I T THT T T T T T T T TTT ]
0 10 20 .30 .40

Input Intensity (GW/cm?)
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MINIMUM REFLECTED POWER (%)

FILLING FACTOR, F(%) -
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High Vacuum Deposition System
(Balzers BAP 800)
for Reactive Electron Beam (EB) and Thermal Evaporation
and Reactive Low Voltage lon Plating (RLVIP)
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