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Spray Cooling: Enabling High Average
Power Diode Pumped Solid State Lasers

Mike Bass, Louis Chow and Dan Rini

Recent development of high ef-
ficiency, diode laser arrays to pump
solid-state lasers enables the possi-
bility of deploying high average power
(>100 kW) lasers that are small
enough to bemabilized on ground and
air vehicles. Animportant issue that
must be addressed is thermal man-
agement. Consider thefollowing ex-
ample of a hypothetical 100 kW di-
ode pumped solid-state laser.

Power Supply
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Figure 1. Power Budget

It is easily shown that alaser
of this power level generates atre-
mendous amount of heat, even if
generousdiodeand gain medium ef-
ficiency values are used. The ve-
hicle that transports this laser
weapon must be ableto dissipate 9
times the laser energy! Laser
weapon development must include
atherma management sol ution that
provides both the removal of heat
from the diode array and gain me-
dium, as well as the dissipation of
the collected energy into the sur-
rounding environment.

Tosimplify thisdiscussionand
demonstrate the complexity of the
issue, let us only focus on the 500
continued...page 3

| nfinite Photonics, Inc. Selects Orlando for
GCSEL Facility

Infinite Photonics, Inc. has se-
lected the Central Florida Research
Park, for its Grating Coupled Surface
Emitting Laser (GCSEL) develop-
ment facility. “We selected Orlando
for its quality of life, qualified
workforce, Florida's commitment to
the photonics industry, and the qual-
ity of research staff and facilities at
CREOL,” stated Jeff Bullington, In-
finite Photonics' President. “Our
CFO, Bruce Garreau, was notified
that we were certified by the
Governor’s Office as a Semiconduc-
tor Diode (Silicon) Facility and were
exempted from sales and use taxes
under the Florida’'s Semiconductor,
Defense and Space Technology Fa-
cility program, and that helped seal
thedecisionfor us. Weintend to ramp

up product development, the
GCSEL manufacturing capability in
Florida, and devel op additional sales,
marketing and administrativeinfra-
structure.”

Infinite Photonics, Inc. devel-
opsand sellslaser diodes based on
its proprietary, patented and patent
pending |PGCSEL technology plat-
form. IP GCSEL product applica-
tions include high power pump la-
sers used for EDFA and Raman
amplification, tunablelasersusedin
optical transmitters and receivers
for telecommunications, and mate-
rial processing applications. Re-
searchers at CREOL and at IP are
working on collaborative research
projects involving this diode laser
technol ogy.
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Dr. Eric Van Stryland

Our Industrial Affiliate’'sDay
was aroaring success. Everyonel
spoke to praised our assembly of
speakers — Arpad Bergh, Milton
Chang, David Honey, and Richard
Slusher. Please see the article on
the Affiliates’ Day by Martin
Stickley.

We are always looking to im-
prove our Affiliates Day aswell as
Affiliate offerings, so please con-
tact me with your suggestions.

We are continuing to inter-
view potential faculty in the
photonicsarea. Shin-Tson (ST) Wu
is one of our new hiresin this area
(seethelast issue of Highlightsfor
an article on ST). Several of the

Director's Cor ner

usesof hisliquid crystal devicesare
for optical telecommunications. In
additiontolooking for photonicsfac-
ulty, the University received an ad-
ditional $2.5 million basefunding for
nanoscience and technology. These
dollarsareto beused for hiring fac-
ulty in this area. For optics, this
means potential new faculty in the
area of “nanophotonics’.

We already have considerable
expertise in this area with faculty
members such as Glenn Boreman
who just installed a new electron-
beam lithography system for fabri-
cation of nanoantennae for elec-
tronically controlled IR detector ar-
rays, Eric Johnson who uses a step-
per for lithography donated by L u-
cent for “nano-writing” diffractive
optical elementsonto various mate-
rials, Aristide Dogariu who studies
and utilizes multiple scattering from
nanoparticles, Leon Glebov who
creates volumetric hologramsfrom
nanocrystal formation in glasses,
Martin Richardson and Craig Siders
who create ultrashort x-ray pulses
to study the dynamics of nanoscale
material interactions, and others.
For example David Hagan and | use

thenonlinearly-induced scattering of
light from nanoparticles to protect
sensors from damage caused by
high power laser pulses. Ads for
faculty inthisareashould come out
soon and will be posted on our
website.

In the area of local economic
devel opment, Optium, begun by fac-
ulty members Patrick LiKamWa
and Guifang Li just opened its new
30,000 sguare foot facility in the
Research Park next to campus. Its
grand opening attracted agreat deal
of attention from venture capital
firmsfrom around the nation. (See
the article on Optium.) In addi-
tion, Infinite Photonics of Warwick,
Rl has selected Orlando for its
Grating Coupled Surface Emitting
Laser (GCSEL) facility and will be
moving into the Research Park.
They have chosen thissitein large
part because of the potential inter-
actions with the faculty, students
and staff of the School of Opticy
CREOL - (see the article on Infi-
nite Photonics.)

We look forward to working
with both Optium and Infinite
Photonics.

School of Opticsy CREOL Hosts I nter national Soliton Wor kshop

CREOL played host tothe
3 nternationa Workshop on Soli-
tons, March 22-24. Thisworkshop
is held approximately everyl8
monthsat different locationsin the
USA and Europe, usualy inthevi-
cinity of the OSA Topical Meeting
on Nonlinear Guided Wave Phe-
nomena, heldin Clearwater Florida
thefollowing week. Theworkshop
isaforum for addressing the latest
developments in optical solitons,
both spatial and temporal, and for
stimulating i nteractions between re-
searchers. Keynote speecheswere
presented by |eading authoritieson
four specifictopics, including over-
views of Temporal Solitons and
Communications (Akira

Hasegawa), Cavity Solitons (Willie
Firth), Discrete Solitons (Yaron
Silberberg and Dick Slusher) and
Spatial and Spatio-Temporal Soli-
tons(Moti Segev). The participants
then separated into four groupsin
whichal individualsweregiventhe
opportunity to discusstheir own, and
other’s work. This led to recom-
mendations for areas that needed
future development to thefull meet-
ing.

In order to stimulate interac-
tionsthe participants shared meals,
including an evening dinner cruise
on the St. John's river. Seventy
seven invited scientists from
around theworld participatedinthe
meeting. Included, in addition to

Americans, were participantsfrom
Australia, Japan, Taiwan, the
United Kingdom, France, Germany,
Belgium, Spain, Italy, Russia, the
Ukraine, and Israel. Five faculty
from CREOL and the Mathemat-
ics Department at UCF also at-
tended, alongwith 8-101ocal gradu-
ate students.

The workshop was orga-
nized by Marc Haelterman of Bel-
gium, William Torruellas (Corvis
Corp. and a former CREOL em-
ployee), and George Stegeman. The
success of the workshop logistics
was largely dueto the work of Sa-
rah Pimentel whose time was do-
nated by the MURI on “Salitonic
Gateless Computing’”.



Spray Cooling.... (cont.)

kW of heat that is produced by the
diodearray of our hypothetical 100
kW laser. We will not address the
waste heat generated in the gain
medium and the overall bulk of the
chiller system required to dissipate
the heat. These problemsare sepa-
rateissuesand requiredifferent ap-
proaches as compared to handling
the thermal management issues of
the diode array.

To construct adiode laser ar-
ray of thispower level, we can con-
sider using 100-W, 1-cm-long diode
bars, at 20% duty cycle, arrayed
with a 1 mm pitch (10 bars/cm).
Thiswill result in an array with an
average power of 200 W/cm?, and
since a total power of 500 kW is
required, the size of the array will
need to be 2500 cm?. This is an
array with adimension of 50 cm x
50 cm. Thisarray could be broken
upinto several smaller arrays; how-
ever, the total heat load will not
change.

To handle this large surface
area array we will discuss two dif-
ferent thermal management tech-
niques. Thefirst approach utilizes
a mature technology, which in-
volves the use of conventional lig-
uid water heat exchangers. A typi-
cal heat exchanger cools a diode
array of 2 cm? and requires awater
flow rate of approximately 4 GPM
at 10°C to maintain diodes of this
power level within a desired tem-
perature range.

This flow rate results in a
pressure drop across the heat ex-
changer of approximately 30 psi.
The large 500 kW diode array will
require 1250 such heat exchangers.
Thiswill result in an overall water
flow condition of 5000 GPM at 30
psi. To put this flow rate in per-
spective, 5000 gallonsisthe size of
a small swimming pool and this
quantity of water must be moved
in one minute through the large
bank of heat exchangers. A com-
mercially available pump that will
deliver 5000 GPM at 30 psi weighs
2400 Ibs, is 6 ft long, 3 ft wide and
requires 94,000 W (125 hp) of
power to run the motor. Thislarge

and heavy pumpisrequired to sim-
ply circulate the cooling water
through the heat exchangers. This
simple calculation shows that this
standard cooling techniquewill not
work when large diode arrays are
scaled up from afew cm? to thou-
sands of cm?.

More recent technology in-
volves the use of micro-channels
that are etched into metal or sili-
con. These micro-channels are
small passageways (100 um by 100
pm) contained within the substrate
that the diode bars are mounted
onto. This technology is very ef-
fective in the acquisition of heat.
The coolant flow rateisthus|ower
andisonly limited by theallowable
temperature rise within the diode
array. However, since the micro-
channels are very small, a large
pressure head will be required to
move the coolant, resulting in a
large overall hydrodynamic power
requirement. Also, typical micro-
channel designswill have 20 to 50
passageways per diode bar. The
hypothetical 500 kW diode array
(inthisexample) is 2500 cm?, with
10 bars/cn?® for a total of 25,000
bars. With an average of 30 micro-
channelsper bar, atotal of 750,000
channelswill be needed. To ensure
that all the emitters are at the same
temperature, each of these 750,000
channelswill need to havethe same
flow rate of water. It is very diffi-
cult to maintain an even flow dis-
tribution across such a large num-
ber of separate channels. Both the
cold water heat exchanger and the
micro-channel cooler approaches
areused in many diodelaser arrays
in operation today. However, it is
very likely that when these arrays
are scaled to the 500 kW power
level, and the cooling systems are
scaled up to match, the supporting
devices (pumps, chillers, etc.) will
be much larger than mobile plat-
forms can handle.

It is clear that the only tech-
nigue to remove alarge amount of
waste heat with alow coolant flow
rateisthrough aphase-change pro-
cess. Thisisbecausethelatent heat
of vaporizationismuch larger than

the sensible heat over a few de-
grees temperature increase (the
temperature rise being limited by
the strict requirement of tempera-
ture uniformity over the diode ar-

ray).

Figure 2. Spray Cooling Heat
Transfer Mechanisms

Both pool boiling and spray
cooling are two-phase heat trans-
fer methods that can remove large
amounts of heat from a surface at
relatively low surface superheats.
The surface superheat isdefined as
the difference between the surface
temperature and the liquid satura-
tion temperature. Pool boiling re-
fersto aboiling process that takes
place in asubmerged environment
where bubbles grow from heated
vapor trapped in cavities on the
surface. For pool boiling with wa-
ter, the maximum heat flux, or criti-
cal heat flux (CHF), is known to
be about 100 W/cm?[1]. Thisheat
flux limit occurs when the rate of
vapor generation istoo fast for the
vapor to break through the liquid
layer and escape from the surface,
resulting in vapor blanketing at the
heated surface. An effective way
to avoid thisvapor blanketing isto
reduce the liquid barrier by main-
taining a thin liquid film. On the
other hand, it is critical to make
sure there is adequate liquid sup-
ply as phase change occurs at the
surface. The particular form of
two-phase cooling that we address
here is spray cooling in which a
dense spray of liquid dropletsisde-
posited on a surface through an at-
omizer/nozzle (see Figure 2). The

continued...page 4



Spray Cooling.... (cont.)

spray droplets not only keep the
surface wet, but also help remove
the vapor bubbles by puncturing
them. Spray cooling CHF can
reach beyond 1000 W/cm? for war
ter [2]. Spray coolingiscapable of
removing at least ten times more
heat flux than pool boiling at the
same superheat, and also exhibits
amuch higher heat transfer coeffi-
cient. A compilation of resultscom-
paring spray cooling to pool boiling
can be seen below in Figure 3.
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Figure 3. Spray Cooling vs.
Pool Boiling

The use of spray cooling al-
lowsall thediodesin an array to be
cooledin pardlel toacommontem-
perature. Thisresultsin diode la-
ser arrays in which all the diodes
emit the same wavelength. Utili-
zation of spray cooling also makes
possiblesmaller, lightweight, high-
power diode laser arrays that can
operate at lower temperaturesthan
areotherwisepossible. With lower
temperature operation one gainsthe
added benefits of higher efficiency
and longer laser life.

Under AFRL, BMDO and
Army sponsorship, CREOL and
Rini Technologies Inc. (RTI) are
developing and demonstrating the
spray cooling techniquefor cooling
diode laser arrays. Spray cooling
can transfer the same amount of
heat as conventiona cooling sys-
tems but with agreatly reduced in-
put of fluid and pressure. Test data
were obtained for aheat |oad of 400
W over a 2-cnv® area, a heat flux
similar to the example given above.
Figure 4 contains a comparison of
the coolant flow rates for a stan-
dard convection cooling system, a
micro-channel cooler and a spray

cooling system for a 400-W diode
array.
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Figure 4. Coolant Flow Rate

To keep the surface tempera-
ture at lower temperatures, spray
cooling can be used at lower sys-
tem pressures and with awide vari-
ety of fluids. These fluids can be
forced to boil at varying tempera-
tures by changing the system pres-
sure. Therefore, the combination of
fluid and pressurewill determinethe
temperature of thediodes. Figure5
illustrates the cooling rates and op-
erating temperatures for three dif-
ferent operating conditions. The
highest heat flux data shown here
should not be taken as the critical
heat flux dueto limitationswith the
experiments. The CHF value for
water isgenerally 1000 W/cm? (even
at lower pressures) and anmoniais
expected to be around 600 W/cm?.

Let us now turn our attention
back to the example of the hypo-
thetical 500-kW diode laser array.
If spray cooling were used as the
cooling technique, what would bethe
size and weight savings from the
large and massive pump and cool-
antthatisrequiredto circulate chilled
water through conventional heat ex-
changers?

The spray performance
shown in Figure 4 resultsin atotal
fluid flow rate of 400 GPM to cool
the 2500 cm? diode array. A com-
mercially available pump that will
produce thisflow condition weighs
310 Ibs, is 22" long, 12" wide and
draws 7000 W (about 10 hp) of
power; a considerable reduction in
size and weight. The above calcu-

lations were performed assuming
that thelaser iscooled continuously
and that it may berunfor anindefi-
nite period of time. Continuous op-
erationwill requireamassivechiller
unit to dump the heat load to the
ambient.

CREOL and RTI are devel-
oping a second method of spray
cooling that will further reducethe
coolant flow rate by at least a fac-
tor of five from the values already
outlined above. It aso hasthe po-
tential to be implemented with no
moving partsusing asimple plumb-
ing and control system. This new
technique will also not require the
operation of achiller unit, but will
alow for low temperature opera-
tion. CREOL and RTI are explor-
ing the implementation of this sec-
ond spray techniqueto moreclosaly
match the performance require-
ments of high power laser weap-
ons.

Figure 5. Cooling Performance
of Water

References

1. Carey, Van P, Liquid-Va
por Phase-Change Phenomena,
Hemisphere Publishing Corpora-
tion, New York, 1992.

2. Chow, L. C., Sehmbey M.
S.and PaisM. R,, “High Heat Flux
Spray Cooling,” Annual Review of
Heat Transfer, Vol. 8, Chapter 6, pp.
291-318, 1997.



CREOL develops 4 micron laser for U.S. Air Force

Rita Peterson

Laser sourcesinthe3-5micron
region have been of interest to the
Air Force for infrared countermea-
sures and eyesafe lidar, as well as
having commercial applications in
such areas asremote sensing and en-
vironmental agent detection. Many
of these uses require good beam

Hans Jenssen and Rita Peterson

quality, high average power, high ef-
ficiency, and acompact, reliableand
rugged package. Nonlinear fre-
quency conversion techniques and
semiconductor lasers can accessthis
spectral region, but often cannot sat-
isfy the other system congtraints. As
an aternative, we are developing a
room-temperature, all-solid-state
source lasing directly at 4 microns.
Our approach employs
BaY F, doped withHo* (Ho:BYF),
and resonantly pumped by a pulsed
Cr:LiSAF laser tuned to the Ho ab-
sorption peak at 890 nm. Figure 6
showsabouleof Ho:BY Ffresh from
the furnace. Resonant pumping of
rare-earth-doped solid state lasers,
sometimes referred to as linear
down-conversion, is an established
means of obtaining high-efficiency,

¢
F -

Figure 6 BYF boule
high energy sources[1,2,3]]. Fig-
ure 7 showstherelevant energy lev-
elsof theHo* ion. The Cr:LiSAF
laser pumpsthe®l upper laser level
directly, and lasing occursonthe®l .-
°l, trangition. The lifetime of the
upper laser level is much shorter
than that of thelower level (50 psec
vs. 5 msec), leading to two signifi-

cant laser design constraints. 1) a
continued...page 6

Research Experiences for Under graduate Sudents (REU)
by Susan Hill

——————

The School of Optics CREOL
successfully recruited students, na-
tionwide, to be a part of our sum-
mer program of research and train-
ing in optics and lasers. This sum-
mer both adomestic and an interna-
tional program were offered. Both
REU programsarefunded jointly by
the National Science Foundation and
the School of OpticCREOL. The
students that participated in the do-
mestic program at the School of
Opticsreceived a$3,900 stipend and
either a housing allowance or cam-
pusaccommodations. Thissummer,
there were 10 students from the
U.S. and five from France partici-
pating in the domestic REU pro-
gram. The program included
coursework on the basic principles
of optics, laser and optical materi-
als, and seminars presented by our
faculty. Donald Jones, a UCF phi-
losophy professor, led weekly
classes in ethics. Industria visits
wereasoincluded. Wevisited Au-
dio Visual Imagineering, CIRENT/
AGERE and Crystal Photonics, Inc.
ZY GO Corporation presented a 2-
day lecture and lab demonstration on
equipment in Dr. Jim Harvey's and

2001 REU Sudents

Dr. Kathleen Richardson’s labs.
The program concluded with aposter
session in which the students pre-
sented their research results. David
Hagan, Kathleen Richardson and
Peter Delfyett are organizersfor the
domestic program.

The students that participated
in the international program (in
France) received a $3,800 stipend;
$700 for travel and accommaodations
were provided by the host institution.
A two-day workshop washeld at the
Institut d’ Optiquein Orsay, France.
The three students and their advi-
sors from France attended along
with severa students from France
that participated in the domestic pro-
gram at the School of Optics/
CREOL inthesummer of 2000. The
international program is anew and

exciting program. Five students
from France are chosen to partici-
pate in the domestic REU program
at the School of Optics/CREOL and
five students are chosen from the
U.S. to participate in the interna-
tional REU program held in France.
While spending the summer in
France, the U.S. students had an op-
portunity to learn more about the
French culture and language and
work with some of the most presti-
gious professors in France. At
present, therearefiveinstitutionsin
France that are involved with the
program. Kathleen Richardson or-
ganizestheinternational program.
Our web site is
www.creol.ucf.edu or if you would
likeinformation mailed toyou please
contact us at 407-823-6800.

Dr. Kathleen Richardson teaching
Optical Materials Class.



CREOL develops4 micron
laser...(cont.)
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Figure7. HO Energy Levels

pump pulse onthe order of 50 pisec
for efficient lasing, a good match
for the Cr:LiSAF laser, and 2) an
upper limit on repetition rateto al-
low for emptying of the lower la
ser level.

Theupper laser level lifetime
can be maximized by judicious
choice of host crystal. Thelonger
the lasing wavelength, the more
easily the laser transition will be
bridged by multiphonon relaxation.
A host crystal with low phonon en-
ergies will therefore result in less
nonradiative relaxation, a longer
upper laser level lifetime, and a
greater chance of successful las-
ing. Our research has focused on
fluorides since they have lower
phonon energies than other hosts
such asoxides, andon BY Fin par-
ticular wheretheHo I, lifetimeis
50 psec as compared with 20 pisec
in the better-known host crystal
YLiF, (YLF) [4].

Thebenefitsof BY F come
at the expense of its monoclinic
structure. In amonoclinic crystal
thethree crystall ographic axes, de-
noted a, b, and ¢, are not orthogo-
nal, and differ from the principal
axes of the refractive index ten-
sor, denoted x, y, and z, although
the b and y axes coincidein BY F
because of symmetry constraints.
As a result, both absorption and
emission are strongly anisotropic,
with maximawhich may not coin-
cidewith any of the principal axes,
and moreover which differ for each
transition. Determining the direc-
tion of maximum absorption or

emission is generally impractical,
and it is better simply to choose a
convenient orthogonal set of axes
to measure spectrafor polarization
along each axis, and to orient laser
samples based on the results. A
thorough discussion of principal
axesinmonaclinic crystalsisfound
in[5].

Figure 8. Absorption in 10%
Ho:BYF.

Figure 8 shows absorption of
Ho:BYF in the 890 nm pumping
region. Absorption is strongest
aong the[001] direction, and weak-
est alongtheaaxis. Based onthese
data, laser sampleswerefabricated
for propagation along a, with pump
polarization along either b or [001].
Thisorientationis convenient since
BYF grows well along the a-axis,
simplifying the cutting of samples
with sufficient length.

In laser experiments to date,
using crystals doped with 10% and
20% Ho and cut in various orienta-
tions, amaximum output pulse en-
ergy of 30 mJwas obtained, and a
slope efficiency of 14% with rep-
etition ratesup to 5Hz. Inour ini-
tial experiments, the high reflector
was coated onto the input face of
the laser crystal. Laser threshold
was low, less than 10 mJ of pump
energy, but the HR coatings on the
crystals were prone to damage,
caused at least in part by focusing
of the pump, hot spotsin the pump,
and nonuniformity of the coatings.
Damage evaluation of uncoated
Ho:BYF crystal indicates that the
material is quite robust, surviving
power densitiesin excess of 50 KW/
cn? before cracking internally, with
the polished incident surface still
unmarred.

&n -
longpass Ho:BYF ReT5% @

filter brewster flashlamp-
sample lens \ pumped
Cr:LiSAF rod
} 1 1
Em

890 nm N R %)
um
pump BRF for 890 nm
tuning

coupler  pR @4
at4Em - 4T@ 890 nm

Figure9. Ho:BYF Brewster cavity
laser.

To avoid coating damage and
tofacilitate scaling to higher output
energies the laser resonator was
modified to use a Brewster-cut la-
ser crystal, and to position the pump
waist well away from coated sur-
faces. Thisconfigurationisshown
inFigure9. Initid experimentswith
the Brewster resonator show it to
perform as well asthe origina de-
sign, and without the problem of
damage. Lasingwas characterized
for samples doped with 10% and
20% Ho, with the 20% samples con-
sistently providing more output,
likely because of greater pump ab-
sorption. Samplescut for polariza-
tion parallel to b and parallel to the
[001] direction performed equally
well. The lasing wavelength was
seen to depend on both polarization
and outcoupler reflectivity, withmea
sured valuesfrom 3883 nm to 3942
nm, raising the attractive possibility
of tuning the output from thislaser.

A key feature of the Ho:BY F
laser isthat it operates without any
cryogenics. Infact, so far we have
operated it without any real ther-
mal management - the crystal sim-
ply sitson an aluminum mount. In
spite of the promising results ob-
tained, the effects of this neglect
have been apparent; pulse energy
falls off rapidly with each succes-
sive pulse, reaching a steady-state
valuethat can be barely half that of
thefirgt pulseeven a repetition rates
of only afew Hz. Scaling to higher
output energies and repetition rates
will clearly require effective heat
removal. Upcoming research will
address thisissue, as well as mak-
ing improvementsin the cavity de-
sign to increase output energy, and
continuing the systematic study of
concentration and sample orienta-
tion to include samples doped with
15% and 30% Ho.

Development of the four mi-
cron laser is conducted in collabo-
ration with, and with support from
AC Materias in Winter Park. FL,

continued...page 12




The School of Opticsy CREOL Seeks Photonics Faculty

The University of Central
Florida (UCF) in Orlando, Florida
is making a major expansion into
the burgeoning field of Photonics
and is seeking leaders and team
players to help form a faculty re-
search and education workforcefor
the photonics revolution of the 21
century. UCF, with 34,000 students,
isseeking multiple scientist/engineer
educators to help lead the School
of Optics/CREOL'’s activities in
photonics education and research.
This major new initiative will sig-
nificantly expand our five member
faculty team in photonics and opti-
cal communications and seek fac-
ulty at Asst./Assoc./Full professor
levels including PREP (Provost
Research Enhancement Program)
positions designed for senior re-
search faculty. Desired areas of
research include: semiconductor
devices, MEMS, optical network-
ing, and systems design. A combi-
nation of Industrial and/or Aca-
demic experiencewill be considered
infilling one or more of these posi-
tions.

The School of Optics/CREOL
was established in 1987 asthe State
University System’s Center of Ex-
cellence in research and education
inoptical sciencesand engineering.

The School has attained national and
international prominencefor schol-
arship in optics research and edu-
cation. Itsmissionisto providethe
highest quality education and schol-
arly fundamental and applied re-
search in optics, and support the
development of high technology
based industries. The School has24
academic faculty membersand 100
graduate students. Fifteen faculty
members are Fellows of one or
more of the leading optics, physics
and electronics societies and our
graduatesarein great demand. Cur-
rent expertise in optoelectronics,
lightwavetechnol ogy, nonlinear op-
tics, diffractive optics, IR systems,
glass science, ultrafast technology,
etc. complementsthisnew thrustin
optical telecommunications. Other
areas of researchinclude FEL tech-
nology, X-ray sources, materials
processing (AMPAC, another UCF
center, includes a major materials
characterization facility), virtual re-
ality, 2and 3-D displays, optica sys-
tem design, etc.

The School is housed in a
state-of -the-art 83,000-sg. ft. build-
ing dedicated to opticsresearch and
education and equipped with over
$35 million of state-of-the-art equip-
ment. Total annual expenditures

exceed $9 million, of which $3 mil-
lionisuniversity basefunding. The
School of Optics plays a key part-
nership rolewith government agen-
cies, and with national and Central
Florida industries, including
workforce development and eco-
nomic development in partnership
with the Florida High-Tech Corri-
dor Council and the FloridaElectro-
Optics Industry Association
(FEOIA). Additional informationis
available at http://www.creol.
ucf.edu.

Applications, with a curricu-
lum vitae, and alist of three refer-
ences should be sent to Chair of the
Photonics Search Committee,
School of Optics/CREOL, Univer-
sity of Central Florida, 4000 Cen-
tral Florida Blvd, Orlando, FL
32816-2700. E-mail inquiries can
be directed to photonics@
creol.ucf.edu. These positions are
availableimmediately.

UCF is an affirmative action
employer. Women and minorities
are encouraged to apply. As an
agency of the State of Florida, UCF
makesall application materials, in-
cluding transcripts, available for
public review upon request.

Optium Movesinto New Headquartersin
The Research Park

Optium moved into their new
headquartersinthe Central Florida
Research Park last month. The co-
founders are two of our faculty,
Guifang Li and Patrick Li Kam
Wa. Leaders of severa capital
venture firms from Boston to Sili-
con Valley came to tour Optium’s
new 30,000-square-foot facility.
M.J. Soileau, UCF's VP for Re-
search stated, “| doubt that there
has ever been so much venture
money in one room anywhere in
Florida.” Including a $35 million
deal announced last month, Optium
hasraised about $50 millionin ven-
ture cash since November. The
company expectsto grow from 40

to aimost 150 by year'send. The
company isled by Paul Suchoski, a
former executive of JDS Uniphase,
and now a member of the School
of OpticCREOL Board of Visi-
tors. Its makes next-generation
optical signal-processing compo-
nents for fiber networks for cus-
tomerssuch asNortel, Alcatel, and
Lucent Technologies. UCF has a
licensing agreement to help com-
mercializethetechnology. “I hope
this marks the beginning of many
partnershipswith the great compa-
niesand organizationsthat Optium
has brought to our region,” Soileau
said.

Schwartz
Fellowship Fund

The Schwartz Fellowship
Fund has been created in honor of
Bill Schwartz for all hedid to help
CREOL, and the laser and optics
industry in Central Florida. Income
fromitwill support student fellow-
ships. Dr. Van Stryland would be
happy to discuss a donation with
you at 407-823-6834.




An Outstanding Affiliates Day M eeting

Annually, the School of Optics
/CREOL invites its Affiliates and
other members of the laser/optics
and photonics industry to visit
CREOL and catch up with all that
isgoing on. Our recent Industrial
Affiliates Day, heldonApril 6, 2001,
was one of our best. This year, we
focused on photonics and managed
to garner a fine array of invited
speakers to give about 200 attend-
ees an excellent overview of the
past, present and future in this ex-
citing area. During our morning ple-
nary session they got to hear Rich-
ard Slusher of Lucent Technologies
on "Quantum and Nonlinear Limits
for Optical Communications:
They’re closer than you think!",
Arpad Bergh of the Optoelectron-
ics Industry and Development As-
sociation (OIDA) on "The Optics
and Photonics Industry”, Milton
Chang of New Focuson "Entrepre-
neurship in Optics and Photonics®
and David Honey of the Defense
Advanced Research Projects
Agency on "Future Directions in
Photonics." UCF Vice President for
Research, M.J. Soileau, also gave
a very interesting presentation on
"Florida’'s Push Towards a Knowl-
edge-Based Economy.”

After themorning session, we
all returned to CREOL for a deli-
ciouslunch, generoudy provided by
one of our sponsors for the day’s
activities: Digital Lightwave, Inc. of
Clearwater, Florida. Digital
Lightwave was also one of thethir-

David Hagan checking out Claudia
Mujat's poster.

Milton Chang with Brant Gray from
Applied Photonics

teen exhibitors brightening our
lobby with colorful and informative
displays that day. (By the way, we
would liketo againthank all of Af-
filiate Day 2001’s participantsand
sponsors for helping us put on a
good show. Check out some pho-
tosandthefull list of sponsorselse-
wherein thisissue.)

After lunch, Dr. Eric Van
Stryland, our Interim Director, pre-
sented awardsto graduate students
Jeremy Ellis (Litton Fellowship),
IrinaPuscasu (Student of the Year)
and Ferenc Szipocs (Charles
Gramm Travel Award) before giv-
ing hisannual overview of our cur-
rent research activities. Five excel-
lent student presentationsfollowed
hisoverview: Christopher Depriest
on“High Quality Optical Sampling
Streamsfrom a Semiconductor Di-
ode Ring Laser”, Mohammed Al-
Mumin on"Self-Pulsating DFB La
sers for Broadband Wireless Net-
works", Gabriel Popescu on'Low-
Coherence Dynamic Light Scatter-
ing for Particulate Systems",
Laurent Vaissie on " Side-Polished
Fibersfor Integrated Micro-Optics
Applications’, and Irina Puscasu on
"Transmission and Enhanced Ab-
sorption of Frequency-Selective
Surfaces in the Infrared.”

During the rest of that after-
noon, attendeestalked with exhibi-
tors or strolled along the balcony

viewing the twenty-one Poster Pre-
sentations and chatting with their
student presenters. Many of them
also toured our research facilities
and/or saw one of the many fasci-
nating optics demonstrations pre-
sented by our principal research
groups, before returning to the
Lobby for the wine and cheese re-
ception. The day wasn't over for
some. It was a beautiful Spring
evening for astroll across campus
totheannual dinner meeting of our
School of Optic CREOL Board of
Vistors.

By all accounts, it was an
excellent day for everyone. We
were delighted to see over 90 visi-
tors from outside of UCF. They
came from as far away as Turkey
and Paris and represented over 50
companies. Please look for the
snapshots of some of our visitors,
students, and faculty on thefollow-

ing pages.

Sponsor sof
Industrial Affiliates
Day 2001

AnaogModules, Inc.
Applied Photonics, Inc.
Cubic Defense Systems, Inc.
Digitd Lightwave, Inc.

E R Precision Optical Corp.

Electro Scientific Industries, Inc (ES])

EDC of Mid-Florida

FloridaElectro-OpticsIndustry Asso.

MéllesGriot, Inc.

Noah Industries, Inc.
Optical Research Associates
OptXCon, Inc.

Orlando Venture Capital, Inc
Photonics Spectra
TutleInternationa Tech Marketing
Zygo Corporation
Zygo TeraAutomation



An Outstanding Affiliates Day M eeting

Richart Susher, Martin Sickley and M. J.
Soileau.

V.P. for Research, M. J. Soileau, and Bruce
Soileau of Analog Modules.

Roger Flannigan, Brant Gray, and Brian Hoekstra of

Faculty members Aristide Dogariu and Glenn Boreman Applied Optics.

with Kathleen Sepan, from Digital Lightwave, Inc..
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Digitial Lightwave, Inc. Exhibit Melles Griot Exhibit

Attendees chat with exhibitors.

FEOIA Exhibit

CREOL Lobby Amanda Lomanaco of LIA Marketing



The School of OpticYCREOL Seeks
Nano-Photonics Faculty

The University of Central
Florida (UCF) in Orlando is mak-
ing amajor expansioninto the bur-
geoning field of nanoscience and
technology. As part of this pro-
gram, the School of Optics/
CREOL (Center for Research and
Education in Optics and Lasers)
will be adding tenure/tenure track
faculty inthe nano-photonics area.
We are interested in looking at
quaifiedindividualsinthisbroadly
defined research field involving
nano devices/materials/structures
in optics. UCF, with 34,000 stu-
dentsin Orlando, seeks faculty at
Asst/Assoc/Full professor levels
including PREP (Provost Research
Enhancement Program) positions
designed for senior research fac-
ulty.

The School of Optics/
CREOL was established in 1987
as the State University System’s
Center of Excellence in research
and education in optical sciences
and engineering. The School has

25 academic faculty members and
100 graduate students. The School
is housed in a state-of-the-art
83,000-sq. ft. building dedicated to
optics research and education and
equipped with over $35 million of
state-of-the-art equipment. Addi-
tional information on the School is
available at www.creol.ucf.edu.

Applications, with a curricu-
lum vitae, and alist of three refer-
ences should be sent to Chair of the
Nano-Photonics Search Commit-
tee, School of Opticsy CREOL, Uni-
versity of Central Florida, 4000
Central Florida Blvd, Orlando, FL
32816-2700. E-mail inquiries can
be directed to nanophotonics@
creol.ucf.edu. These positions are
availableimmediately.

UCF is an affirmative action
employer. Women and minorities
are encouraged to apply. As an
agency of the State of Florida, UCF
makesall application materials, in-
cluding transcripts, available for
public review upon request.
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I ndustry, Sudents

and Pizza!

Recently, we had had severa
of our "Industry, Studentsand Pizza
Days' —an event in which industry
comesto CREOL and briefsstudents
during lunchtimeonthe‘who/what/
wherefhow’ of their company, and
whiledoing so, thestudents (and fac-
ulty too!) are devouring pizza pro-
vided by the company. It seemsto
bean excellent way to get the atten-
tion of the busy studentsand for the
company to get their message across
about why students should cometo
work for them. The most recent
company to do thiswasEdmond In-
dustriad Optics of Barrington, N.J.
Greg Hollows gave an overview of
the company and its products to a
hungry audience. Prior totheir visit
was PSI, Incorporated of North
Andover, Massachusetts, plustheir
newly formed spin-off, Confluent
Photonics, also of Massachusetts.
Dr. Bob Weiss gave an overview of
PSI’'s business and activities, and
David Hardwick, the new CEO of
Confluent, did so for his company.
By al accounts, it was a very suc-
cessful event —for the price of about
$200 worth of pizza, PSI and
Confluent made anumber of prom-
isng contactswith sudents, and hired
aaway one of our visiting research
scientists.  Both companies got to
know the CREOL faculty and our
activitiesbetter. WhilePSl isanAf-
filiate, your company doesnot have
to be an Affiliate to do this, we en-
courage progpectiveAffilatestovidt
aso.

/ School of Optics/CREOL \

Highlights

School of Opticsy CREOL Highlightsis published
by the Center for Research and Education in Op-
ticsand Lasers, at the University of Central Florida

School of Optic CREOL
P. O. Box 162700
Orlando, FI 32816-2700
(407) 823-6800
FAX (407) 823-6880
http://www.creol .ucf.edu
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Dr. Peter Delfyett served as
the Guest Editor for the March 2001
issue of Optics & Photonics News
(OPN) that focused on fiber-optic
communications. Included were ar-
ticleson the early days of lightwave
systems, undersea cable networks,
theroleof semiconductor optical am-
plifiers, optical metrology for WDM,
optical code-division multiplexing,
WDM terabit technologies, and
lightwave machines for optical net-
works. Peter was also the Guest
Editor for the first issue of OPN
Trends, asupplement to OPN News.
Featured was - you guessed it! —
Fiber Optics. Peter wasalsoinvited
to address Florida's Economic De-
velopment Corporation in Boca
Raton in May. The EDC, a public/
private partnership specializing in
providing strategic business develop-
ment services to emerging technol-
0ogy companies, sponsors a ‘ Show-
case’ —aseries of seminars on tech-
nology and science. Peter spoke on
the recent revolution in communica-
tionsusing fiber optics.

Brian Thompson of the Univer-
sity of Rochester wroteafinereview
for OPN (March 2001) of the Hand-
book of Optics, 2™ Edition, volumes
Il and IV, edited by Drs. Michael
Bass and Eric Van Stryland of
CREOL and Jay M. Enoch and Wil-
liamWolfe. He commented that “the
OSA and the editors are to be com-
mended for producing thisfour-vol-
ume set. It is an extremely impor-
tant additionto our literature.....This
one linear foot of shelf space goesa
long way toward defining our field
of optical science and engineering
and hel ping to counter the fragmen-
tation of our discipline”.

Drs. Eric Van Stryland and
David Hagan were co-recipients of
a2001 R&D 100 Award for a“ Tan-
dem-Configured Solid-State Optical
Limiter”. The other co-recipients
were from Los Alamos National
Laboratory. The R&D 100 awards
are given annually by Photonics
Spectramagazine. Thisaward helps
to recognize the years of work by
Eric and Dave (and many others at
CREOL) on developing a widely
applicableoptical devicefor limiting
to safe levels the peak laser irradi-
ance that can enter the pupil of the
eye.

Faculty News

Dr. George Segeman, in con-
junction with Lluis Torner of the
Universitat Politecnicade Catalunya
in Barcelona, Spain, has written an
articlein the June 2001 OPN for the
non-specialist laser physicist on
‘Multicolor Solitons' in the hopes of
convincing othersthat these arereal
and that commercial applications
might not be far off. Georgeisaso
the Pl onaMultidisciplinary Univer-
sity Research Initiative on solitons,
a review of which was held at
CREOL in March 2001. A report
on thismeeting isfound on page 2 of
thisissueof Highlights.

The Breault Research Organi-
zation in Arizona has created a new
product, the OpticsReport. It isis
sued quarterly. Issue 3 of volume 1
addresses the future for Augmented
Reality Displays (ARDs) — devices
that combine what the user seesin
the real world with computer-gen-
erated images. This issue features
the work of Dr. Jannick Rolland
and her group at CREOL. They are
miniaturizing the opticsand devel op-
ing ARDs with fully integrated eye
tracking, that creates high-fidelity,
augmented realitiesasanew tool for
physicians.

Two students, Ed and Charlene
Sarver, inthegeometrical opticsclass
last fall and thelensdesign classthis
spring taught by Dr. Jannick
Rolland, applied for and won the
Optical Research Associates annual
competition for lens design. Their
submission, “New CODE V Macro:
Pentaprism with Roof”, won them a
$4000 prize. Thiswill beannounced
at the SPIE Annual Meeting in Au-
gust. Congratulationsto the students
and to Jannick for her rolein encour-
aging and guiding their submission.

Dr. Jannick Rolland won the
UCF Centers and Institutes Re-
searcher of theYear Award for 2001.
Congratul ations again to Janni ck!

Dr. Nabeel Riza, Professor of
Optics and Electrical Engineering
Chaired the SPIE Opticsin Comput-
ing & Processing Working Group’s
recently concluded Special Panel on
“Optical Technologies for Wireless
Communications’ at the SPIE An-
nual Meeting, San Diego, August 1,
2001. The distinguished panelists
included Prof. S. Fainman (UC-San
Diego), P MacManamon (Scientist,

Wright Labs-US Air Force), S.
Mecherle (CTO, fSona), E.
Korevaar (CTO, Optical Access),
and H. Willebrand (CTO,
LightPointe).

Dr. Guifang Li has received
notification from the National Sci-
ence Foundation that the major pro-
posal for Integrative Graduate Edu-
cation and Research Training
(IGERT) submitted by UCF in Janu-
ary will be funded. Co-Plsinclude
Dr. Mostaga Bassiouni of Computer
Science, and Drs. Peter Delfyett,
Patrick LiKamWa, and Jim
Moharam of CREOL. The program
will support graduate students in
Optical Communications and Net-
working andwill involve studentsand
faculty from the Departments/
Schools of Mathematics, Statistics,
Optics, Physics, Materials Science,
Electrical Engineering & Computer
Science, and Education. Congratu-
lations to the IGERT team!!

CREOL develops4 micron
laser...(cont.)

under Air Force Research Labora-
tory SBIR Phase | contract F29601-
00-C-0083 and Phase Il contract
F29601-01-C-0013. References
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OSA Proc. Advanced Solid StateLa
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CREOL Sudent News

Recently the CREOL IEEE/
LEOS Student Chapter sent a let-
ter to Dr. Philip J. Anthony, Presi-
dent of IEEE/LEQS, with a sug-
gestion concerning how member-
ship in LEOS might be increased:
if apersonisalready amember of
another technical society, that per-
son can bemade an Affilliste Mem-
ber of LEOS without paying |EEE
and LEOS duesfor up to one year.
The suggestion was adopted by
LEOS and will certainly attract
many CREOL students from dis-
ciplines other than electrical engi-
neering as new ‘Affiliate Mem-
bers' of LEOS. Thisappliesto any
member of another society — not
just student members. The
CREOL Student Chapter was rec-

ognized and praised by Dr. Anthony
inarecent issue of the|[EEE/LEOS
Newdetter for putting forth thissug-
gestion.

CREOL hasingtituted a‘ Stu-
dent of the Year’ award. Thiswas
based on their total performance,
that isin the classroom and al'so on
their research. This year there
were three finalists: Irina Puscasu
in Dr. Boreman's group, Gabriel
Popescuin Dr. Dogariu’sgroup, and
Sergey Polyakov in Dr. Stegeman’s
group. They each gavean ora pre-
sentation on their work. The final
decision by thefaculty wasatough
one, but ultimately the winner was
Irina Puscasu. Congratulations to
Irinaand alsoto Gabriel and Sergey
for their fine work!

CREOL Graduates

The following CREOL Graduate Research Assistants have recently

achieved educationa milestones:

First Name Last Name Advisor Program Degree
Spring 2001

Jennifer Evans Ddfyett Optics MS
Camilo Lopez Silfvast Optics MS
Kevin Zollinger Bass Optics MS
Erdem Ultanir Stegeman Optics MS
Zahid Yaqoob Riza Optics MS
Steve Dunn Moharam B PhD
Summer 2001

Raluca Negres Hagan/

Van Stryland PHY PHD
lulian Codreanu Boreman Optics MS
Arnaud Zoubir M. Richardson  Optics MS
Laurent Vaissie Johnson Optics MS
Ferenc Szipocs Bass Optics MS
Adela Apostol Dogariu Optics MS
Bojan Resan Ddfyett Optics MS
Te-Yuan Chung Bass/Chow Optics MS
Robert Iwanow Stegeman Optics MS
Waleed Mohammed Johnson Optics MS
Donald Jacob Moharam Optics PHD
Mohammed Al-Mumin Li OsE PHD
Ma'an AL-Ani M. Richardson PHY PHD
Susan Machinski K.Richardson MMAE MS
Roman Malendevich Stegeman PHY PHD

Books, Book Chapters,
Patents

Book Chapter:
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D Hagan, “Two-Photon t roscopy;’
- idefa Lasx R%ECWUIdOEXJ-

in chal cogenide As,S, glass slab
waveguides," J. Optical“Soc. B, 17 8
1343-1348 iZOOO).

J. Fick, A. Villeneuve, E. Knystautas, S.
Roorda and K. Richardson, "High pho-
toluminescencein erbium-doped chal co-

enide thin films," J. Non-Crystalline
lids, 272 2-3 200-208 (2000).

P. Delfyett, "Light emitting diodesand laser
diodes: Implications for hazard assess-
ment,” International Commission on
Non-ionizing Radiation Protection
(ICNIRP), in Health Physics, Vol. 78,
No. 6, 744-752, (2000).

C. DePriest, A. Braun, J. Abeles, P. J.
Delfyett, "10 GHz ultralow noise opti-
cal sampling stream from asemiconduc-
tor diodering laser," |EEE Photon. Tech.
Lett, Vol. 13, No. 10, 2001. o

T. Kasparis, D. Charalampidis,
M.Georgiopoulos, and J.P. Rolland, " Seg-
mentation of textured images based on
fractalsand imagefiltering,” Pettern Rec-
ognition, 34 (10), 1963-1973, (2001).

F. J. Kahlen, and A. Kar, "Tensile Strengths
for Laser-Fabricated Parts and Similar-
ity Parameters for Rapid Manufactur-
ing," ASME J. Manufacturing Scienceand
Engineering, 2001, Vol. 123, pp. 38-44.

F. J. Kahlen, and A. Kar, Residual Stresses
in Laser-Deposited Metal Parts, J. Laser
Applications, Vol. 13, 2001, pp. 60-69.

D. K. Sengupta, N, R. Quick, and A. Kar,
"Laser Conversion of Electrical Proper-
tiesfor Silicon Carbide Device Applica-
tions," J. Laser Applications., 2001, Vol.
13, \ﬁp 26-31.

Y. Li, W. P. Latham, and Kar, A., Lumped
Parameter Model for Multimode L aser
Cutting, Ogtlcs and Lasersin Engineer-
ng, Vol. 35, 2001, pp. 371-386.

E.G. Johnson, J. Stack, and C. Koehler,
"Light Coupling by a Vortex Lens into
Graded Index Fiber," J. Lightwave Tech-
nology, Vol. 19, No. 5, May 2001..

I. Shubin, P. LiKamWa, "Electrostatically
actuated 1x2 micro-mechanical (y)tlc
switch," Electronics Letters, Vol. 37(7),

451-452, 2001. )

N. Madamopoulos and N. A. Riza, “Dem-
onstration of an all-digital 7-bit 33-chan-
nel photonic delay line for phased-arr
radars,” Applied Optics, Vol. 39, No. 23,

. 4168 - 4181, August 10, 2000.

N. Madamopoulos and N. A. Riza, “All-
fiber connectorized compact fiber optic
delay-line modules using three-dimen-
sional polarization optics,” Optical En-

ineering, Vol. 39, No. 9, pp. 2338-2344,
tember 2000. )

N.A.Rizaand S. Sumriddetchkgjorn, “ Fault-
tolerant variable fiber-optic attenuator
using three dimensional beam spailing,”
O(E)tICS Communications, Vol. 185, pp.
103-108, November 1, 2000.

N. A. Rizaand Z. Yagoob, “ Sub-microsec-
ond speed variable optical attenuator
using acousto-optics,” Photonic Technol-
ogg etters, Vol. 13, Issue 7, pp. 693-
695, July 2001.

S. Sumriddetchkajorn, D. K. Sengupta, and
N. A. Riza, Liquid crystal-based self-
aligning 2'2 wavelengthrouti n%lmodul e’
Optical Engineering, Vol. 40, No. 8, Au-
gust 2001.
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