
  

 

 

 

 

 

 

I
n

d
u

s
tr

ia
l 

A
ff

il
ia

te
s
 D

a
y
  

  2011 

Far IR and Terahertz Photonics 

 

University of Central Florida 

CREOL – The College of Optics and Photonics 



 2

                             UNIVERSITY OF CENTRAL FLORIDA 

                    CREOL, THE COLLEGE OF OPTICS & PHOTONICS 
 

 
 

   Industrial Affiliates Day 
      April 29, 2011 

 
 

Content                                                                                                           page 
 
Program Guide………………………………………………………………......................................................... 3 

Symposium on Far IR and THz Photonics…………………………………………………………………………. 5 
 Quantum Cascade Lasers: widely tailorable light source from the mid-infrared to TeraHertz, Federico Capasso …. 5 
 Novel nanoarchitectural concepts for THz/IR based biosensing applications, Dwight Woolard ……………………….. 6 
 IR and Terahertz Technology – at the Turning Point of Change!, Michael Dudzik ……………………………………… 7 
 Infrared images in the military: Status and Challenges, Ron Driggers……….…………………………………………… 8 
 Next generation optical fibers: novel materials and nano-scale textures, Axel Schülzgen  ……………………………..   9 
 Infrared antennas & frequency selective surfaces, Glenn Boreman  ……………………………………………………… 10  
  
Exhibitors……………………………………………………………………………………………………………….. 11 

Student of the Year Presentation…………………………………………………………………………………….. 14 

Posters………………………………………………………………...………………………………………………... 16 

Lab Tours………………………………………………………….......................................................................... 24 
 Labs and Facilities……………………………….……….................................................................................... 24 
 Lab Tour Schedule ……………………………….……….................................................................................... 28 
 Building Map……………………………….………............................................................................................ 29 

Industrial Affiliates Program …….………………………………………………………………………………........ 31 
 Program…………………….……………………………….………..................................................................... 31 
 Industrial Affiliate Members……………………………….………..................... …………………………………… 32 
  Why Florida?……………………………….………............................................................................................ 33 

Faculty …………………….……………………………….................................................................................... 34 
 

 
  



	

Prog

              
	

 
					UCF	Alu
	

8:00  

 
8:30		

8:50		

	
     Sympos

     Far I
	

9:20		

 

9:55									
	

10:10		

10:35		

	

11:00						
 

11:15		

11:40		
	

									12:00							
	

														
 

1:00		

1:25		

	
	
	

gram	G

                

umni	Cente

Contine
Tableto

Welcoming	R

CREOL,	The	C
Photonics	–O

sium on  

R and T

Quantum	Ca
tailorable	li
mid‐infrare

								Break	&	

Novel	nano	
for	THz/IR	b
Far	IR	and	T
at	the	Turni

									Break	&	

Infrared	Im
Status	and	C

Open	Quest

				Lunch	Serv

			Tabletop	E

Next	genera
IR	applicatio
Infrared	An
Selective	Su

Guide	

er	

ental	Breakfa
op Exhibits –

Remarks		

College	of	Optic
Overview		

Terahe

ascade	Lasers
ght	source	fro
ed	to	TeraHert

Exhibit	

architectural	
based	bio‐sen
Terahertz	Tech
ing	Point	of	Ch

Exhibit		

maging	in	the	M
Challenges	

tions		

ved	–UCF	Alu

Exhibits	–	A

ation	optical	fi
ons	
tennas	and	Fr
urfaces	

st	and	Walk‐
– Alumni Cen

T
M

cs	and	 B

ertz Pho

s:	widely	
om	the	
tz		

F

concepts	
nsing	

D

hnology	–
hange!	

M

Military:	 R

umni	Center

lumni	Cente

ibers	for	 A

requency	 G

 
 
 
 
 

in	Registrati
nter Lobby 

Tony	Waldrop
MJ	Soileau		
Bahaa	Saleh	

otonics

Federico	Capa

Dwight	Woola

Michael	Dudz

Ronald	Drigge

r	

er	Lobby	

Axel	Schülzge

Glenn	Borema

ons

UCF	P
UCF	V
Dean	
Colleg

s 

asso	 Harv
Engin
Optic

ard Army

ik	 Lock

ers	 Optic
Nava

 

en CREO

an	 CREO

Provost	&		Vice	
Vice‐President	f
&	Director,	CRE
ge	of	Optics	&	P

vard	School	of	
neering	and	A
cs		

y	Research	La

kheed	Martin	C

cal	Sciences	D
al	Research	La

OL,	The	Colleg
Photonics		

OL,	The	Colleg
Photonics		

President
for	Research		
EOL,	The	
Photonics		

	
Applied	

boratory	

Corp.		

ivision		
aboratory		

ge	of	Optics	&	

ge	of	Optics	&

3

 



	4

Student
	

1:50		

					2:05				Wa
 

2:20		

4:00	–
5:30		

	
	
	
	
	
	

	

t	of	the	Year

A	low	nois
with	an	int
etalon	and
characteriz

alk	to	the	CRE

Poster	Ses
	
Lab	Tours
	
Table‐Top
	
Poster	aw
Reception
	

r	Talk	

e	chirped	puls
tra‐cavity	Fab
d	high	precisio
zation	

EOL	Building		

ssions		

s	

p	Exhibits		

ward	presenta
n		

	

se	laser	
bry‐Pérot	
on	etalon	

D
M

G

ation	 B

Dimitrios	
Mandridis		

	

Graduate	Stud

Bahaa	Saleh	

Grad
CREO
and	

dents	 CREO
	
Tour
	
CREO

CREO

duate	Student		
OL,	The	Colleg

OL	rooms	102

rs	start	from	lo

OL	Lobby		

OL	Lobby	

ge	of	Optics	

	&	103;		

obby	

	



 

 

	

	
	

     

Sy
 

 
Invited 

Quantum	C
infrared	to
		
 
Federico	Ca
Robert	L.	Wa
Harvard	Uni
School	of	En

Abstract	
Quantum	Ca
the	bandgap
that	will	 be	
physics	and	
broadly	 imp
combined	w
flexibility	an
room	 tempe
broadband	l
concepts	 ra
applications
technology.	

Federico	Ca
joined	in	20
several	man
broad	 range
science	 and	
cascade	lase
and	a	fellow
for	Science,	
Physics,	the	
	

            

ympos

 Talks 

Cascade	La
o	TeraHert

apasso		
allace	Profes
iversity		
ngineering	an

ascade	Lasers
p	for	 light	em
fully	 explor
applications
pacting	 sensi
with	 the	capa
nd	functional
erature	 CW	
lasing	prope
ging	 form	 re
s	to	chemical

apasso	 is	 th
03	after	a	27
nagement	po
e	of	 topics	 fr
technology	
er.	He	is	a	m
w	of	the	Amer
the	Berthold
APS	Arthur	S

sium o

asers:	widel
tz	

ssor	of	Applie

nd	Applied	Sc

s	(QCLs)	rep
mission.	This
red	 in	 this	 ta
s	of	these	rev
ing,	 spectros
abilities	of	el
lity	compare
operation	 i

erties.	QCLs	h
esonant	 opti
l	sensing	and

he	 Robert	W
7	years	caree
sitions	inclu
rom	applicat
including	pl

member	of	the
rican	Academ
d	Leibinger	
Schawlow	Pr

	

on Far

ly	tailorabl

ed	Physics		

ciences		

resent	a	radi
s	freedom	fro
alk.	 I	will	 tra
volutionary	
scopy,	 and	 s
lectronic	ban
d	to	other	la
in	 the	 Mid‐I
have	been	us
ical	 antenna,
d	trace	gas	an

Wallace	 Profe
er	at	Bell	Lab
ding	Vice	Pr
tions	 to	basic
lasmonics	 an
e	National	A
my	of	Arts	an
Zukunftspre
rize	and	the	I

r IR & 

le	light	sou

ical	departur
om	bandgap
ace	 the	 path
lasers	which
sub‐waveleng
nd	structure	
asers.	Topics	
R,	 room	 tem
sed	as	a	plat
,	 collimator	
nalysis	along

 
essor	 of	 App
s	where	he	d
resident	for	P
c	 science	 in	
nd	 the	Casim
Academy	of	S
nd	Sciences,	
is	 (the	 futur
IEEE	Edison	

 THz P

urce	from	th

re	from	diod
p	slavery	has
h	 from	 inven
h	cover	the	m
gth	 photonic
	engineering
to	be	discus
mperature	 Q
tform	to	dem
and	 polarize
g	with	the	on

plied	 Physics
did	research,
Physical	Res
the	areas	of
mir	 effect.	He
Sciences,	the	
His	many	aw
re	prize),	 the
Medal.	

Photo

he	mid‐

e	lasers	in	th
s	many	far	re
ntion	 to	 excit
mid‐	and	far‐
cs.	 The	 unip
g	 leads	 to	un
ses	also	inclu
QCL	 based	 T
monstrate	ne
ers.	 The	 talk
ngoing	comm

s	 at	 Harvard
,	became	Bel
search.	His	re
f	 electronics
e	 is	 a	 co‐inv
National	Ac

wards	includ
e	 Julius	Sprin

onics  

hat	they	don’
eaching	impl
ting	 advance
‐ir	spectrum	
polar	 nature	
nprecedented
ude:	high	po
Terahertz,	 Q
ew	plasmoni
k	will	 conclu
mercializatio

d	 University,	
ll	Labs	Fellow
esearch	has	
,	photonics,	
ventor	 of	 the
cademy	of	En
de	the	King	F
nger	Prize	 fo

5

t	rely	on
lications	
es	 in	 the
	and	are	
of	 QCLs	
d	design	
wer	and	

QCL	 with	
ic	device
ude	with	
n	of	this

which	 he	
w	and	held	
spanned	a	
nanoscale	
e	 quantum	
ngineering	
aisal	Prize	
or	Applied	



	6

Novel	nan
Applicatio
 

Dwight	Wo
US	Army	Re
	
Abstract	
Very	 long‐
research	 a
molecules	
frequency	
known	to	b
regime	are
science,	etc
etc.).	While
characteriz
and	 sensiti
issues	mot
allow	 for	 t
with	 specif
basic	 idea	
incorporat
highly	 pre
superstruc
switches	(O
are	depend
types	of	OM
dielectric	 t
sensors.	A	
such	 as	 DN
multiple‐co
material	sy
that	 reveal
recent	mod
BMS	as	we
spectral	se
	
Dr.	Dwight
(ARO)	 Pro
Science	&	T
Concepts.	D
&	 Technolo
Woolard	 h
Oscillations
joining	 the
Electrical	a
and	 develo
frequencies
leadership	
with	empha

noarchitect
ons 

oolard		
esearch	Offic

‐wavelength	
area	 of	 emp
possess	 uni
(~	 3.0‐0.3	m
be	closely	lin
e	very	 impor
c.)	and	for	m
e	 these	 facts
zation	tool,	p
ivity	 to	 envi
tivate	one	 to
he	enhanced
fic	 target	mo
is	 to	 define
e	 the	 functio
edictable	 an
tures.	 The	 fi
OMSs)	that	u
dent	on	expo
MS	compone
tensor	 respo
second	exam
NA‐derivativ
oordinate	tra
ystems	and	a
l	 the	 underl
deling	and	si
ll	as	their	us
nsing	and	ch

t	L.	Woolard
gram	 on	 So
Technology,	
Dr.	Woolard	p
ogy	 and	 pio
as	 been	 acti
s	 in	 Solid‐St
	 ARL	 in	 199
and	Compute
opment	 of	
s,”	and	was	t
in	the	discov
asis	on	terah

tural	conce

ce	

spectroscop
hasis	 due	 to
ique	 spectra
millimeters)	
nked	to	the	st
rtance	 for	m
many	importa
s	 suggest	 tha
practical	prob
ironmental	 f
	 consider	 th
d	extraction	
olecules	 that
e	 DNA‐based
onality	 of	 th
nd	 controllab
irst	 example
utilize	multip
osures	to	the	
ents	it	is	poss
onse	 upon	 e
mple	 to	be	 r
ves	 that	 can	
ansition	path
associated	de
lying	 states	
imulation	stu
se	in	realizing
haracterizatio

d	manages	 t
olid‐State	 &	
(2)	Nanoele
presently	lea
oneered	 the	
ive	 in	 the	 re
tate	 Tunneli
93.	 Dr.	Wool
er	Engineerin
novel	 sens
the	recipient
very	and	dev
hertz	frequen

epts	for	TH

pic	 science	
o	 the	 fact	 t
l	 fingerprint
regimes.	 Fu
tructural	det
any	 fundam
ant	applicatio
at	 long‐wave
blems	(e.g.,	w
factors)	 ofte
he	concept	of
and	controll
t	 have	been	
d	 nano‐assem
he	 target	 org
ble	 changes
e	 to	 be	 repo
ple	molecula
3‐D	polariza
sible	to	envi
xposure	 to	
report‐ed	on	
be	 shown	 t

hs.	As	will	be	
evices	with	m
and	 vibratio
udies	will	be
g	functional	
on. 

the	U.S.	Army
High‐Frequ
ctronics	&	M
ads	one	of	th
developmen
esearch	 area
ing	 Devices	
lard	 is	 a	 gra
ng,	was	elect
ing	 method
t	of	 the	2008
velopment	o
ncies.”	

z/IR	based

and	 techno
that	 many	 b
ts	 in	 the	 ver
rthermore,	 s
tail	of	molecu
ental	 resear
on	areas	(e.g
elength	 spec
weak	sig‐nat
n	 reduce	 th
f	engineerin
lable	multipl
strategically
mblies	 (i.e.,	
ganic	 and/o
s	 into	 the	
rted	 on	 here
r‐ring	struct
ations	of	othe
sion	artificia
polar	 gases,
here	 is	 the	
to	 possess	 m
discussed,	th

measurable	m
on	 dynamics
e	used	illustr
electronic	m

y	Research	L
ency	 Electro
Molecular	Ele
he	largest	U.S
nt	 of	 THz	 Sp
as	 of	 THz‐Fr
and	 Novel	

aduate	 of	 No
ted	to	IEEE	F
dologies	 and
8	IEEE‐USA	
of	novel	elect

d	Bio‐Sensin

ology	 has	 lo
biological	 an
ry	 far‐infrar
since	 long‐w
ules,	electron
rch	 areas	 (e.g
g.,	threat	agen
ctroscopy	 sho
tures,	limited
heir	 effective
g	special	na
lication	of	 th
y	 included	 in
either	 mate
or	 biological	
electro‐optic
e	 is	 the	 use	
tures	to	achi
er	molecules
ally	engineer
,	 which	 is	 u
use	of	biolo
multiple	 met
hese	types	o
macroscopic	T
s	 of	 the	 con
rate	the	phys
materials	and

Laboratory	(
onics	 which
ectronics,	an
S.	Research	P
pectroscopy	
requency	 Bio
Nanoscale/

orth	 Carolina
Fellow	in	200
d	 advanced	
Harry	Diam
tronic	and	op

ng	

ong	 been	 a	
nd	 chemical	
red	 (far‐IR)	
wavelength	 s
nic/photonic
g.,	 chemistry
nt	detection,
ould	 be	 an	 e
d	number	of	
e‐ness	 in	 pra
noscale	arch
he	 spectral	 s
nto	 these	arc
erials	 or	 stru
molecules	 s
cal	 properti
of	 long‐cha
ieve	conduct
s.	As	will	be	
red	smart	ma
useful	 for	 de
ogical	molecu
tastable	 stat
f	properties	
THz/IR	elect
stituent	 BM
sical	propert
d	devices	in	t

(ARL)	–	U.S.	
h	 emphasizes
d	(3)	Advan
Program	in	T
for	 biologic

o‐Sensing	 Sc
Molecular	 D
a	 State	 Unive
04	“for	leade
electronic	
ond	Award	“
ptoelectroni

and	 teraher
pectral	 abso
cs	interaction
y,	biological,	
,	medical	dia
effective	 sen
discernable	
actice.	 These
hitectures	 th
signatures	as
chitectures.	H
uctural	 devi
such	 that	 th
ies	 of	 the	
in	 organic	m
tivity	proper
discussed,	w
aterials	that
efining	 THz/
ular	 switche
tes	 and	 light
can	be	used	
tro‐optical	pr
Ss.	 The	 resu
ties	of	these	
the	context	o

Army	Resea
s:	 (1)	 THz‐F
ced	Solid‐Sta
THz‐Frequen
cal	 agent	 se
cience,	 THz‐F
Device	 Conce
ersity	 –	 Rale
ership	in	the	
devices	 at	
“for	contribu
c	devices	an

rtz	 (THz)	
orption	 is	
ns	in	this	
material	
agnostics,	
nsing	 and	
features,	
e	 general	
hat	would	
ssociated	
Here,	 the	
ces)	 that	
hey	 effect	
resulting	
molecular	
‐ties	that	
with	these	
exhibit	a	
IR	 based	
s	 (BMSs)	
t‐induced	
to	define	
roperties	
ults	 from	
OMS	and	
of	THz/IR	

arch	Office	
Frequency	
ate	Device	
cy	Science	
ensing.	 Dr.	
Frequency	
epts	 since	
eigh,	 Ph.D.	
discovery	
terahertz	

utions	and	
nd	systems	



	

	
	
Far	IR	and

 
Michael	Du
VP,	Science	a
Lockheed	M
Micheal.c.du
 
 
	
 
Abstract	
The	far	IR	an
communicat
classical	elec
developmen
applications
issues	assoc
	
Michael	 Du
Corporation
relation‐ship
&	long	term
responsible	
and	 Federal
market	 env
penetrate	ne
	
	

d	Terahertz

dzik		
and	Technol
artin	Corp.		
udzik@lmco.

nd	Terahertz
tions	capabil
ctro‐optical	a
nt	and	system
s	of	far	IR	and
ciated	with	th

udzik	 is	 Vic
n.	In	this	capa
ps	within	the
	research	ini
for	identifyi
lly	 funded	 r
vironments	 o
ew	markets,	

z	Technolog

ogy		

com	

z	regions	of	t
lities.	Howev
and	radar	tec
ms	engineerin
d	Terahertz	t
his	segment	o

ce	 President
acity	he	leads
e	Federal	sci
itiatives	(i.e.	
ing	emerging
research	 and
of	 the	 emer
driving	strat

	

gy	–	at	the	T

the	electro‐m
ver,	these	reg
chnology.		En
ng,	there	is	a
technology..		
of	the	spectru

t,	 Science	 &
s	the	corpora
ence,	engine
fundamenta
g	technologie
d	 developme
ging	 techno
tegy	impleme

Turning	Po

magnetic	spec
gions	have	no
nabled	by	the
a	turning	poin
This	presen
um	from	ide

&	 Technology
ation’s	effort
eering,	and	te
al	research,	d
es	and	oppo
ent	 centers.	
logy‐based	 p
entation	and

oint	of	Chan

ctrum	offer	t
ot	been	explo
e	recent	adva
nt	of	change	
tation	will	ad
ation	to	“kill

y,	 Washingt
ts	in	building
echnology	co
discovery,	an
rtunities	wit
Further,	 he
programs,	 d
d	ensuring	clo

nge!	

the	potential	
oited	to	the	s
ances	in	mod
occurring	in
ddress	techn
ler”	applicati

ton	 Operatio
g	a	network	o
ommunities.	
nd	system	co
thin	the	univ
e	 is	 responsi
designing	 str
osure	on	dev

for	new	ima
same	degree	
deling,	device
n	the	quest	fo
nical	and	tran
ions.			

ons.	 Lockhee
of	business	&
Focusing	on
ncept	invent
versity,	smal
ible	 for	 asse
rategies	 to	
velopment	ac

7

aging	and	
as	
e	
or	new	
nslation	

ed	 Martin	
&	technical	
n	mid‐term	
tion),	he	is	
ll	business	
essing	 the	
effectively	
ctivities.			



	8

	
	
Infrared	Im
		
 

Ronald	G.	D
Superintend
Naval	Resea
 
 
 
Abstract	
A	review	of	
and	reconna
imaging	tech
 
Ronald	G.	D
He	was	appo
the	Naval	R
Division	at	t
the	Chief	of	
author	of	fo
He	was	Edit
the	2002	Ar
and	2001	NV
2001	 Naval	
Internationa
Symposium.
Engineering
	

maging	in	t

Driggers		
dent,	Optical	
arch	Laborato

the	military
aissance,	and
hnology	cont

Driggers	rece
ointed	to	the
Research	Lab
the	U.S.	Arm
the	Electro‐O
ur	books	on	
tor‐in‐Chief	o
rmy	Materiel
VESD	Techni
Engineering

al	 Society	 fo
.	 In	 January	
g.	

the	Military

Sciences	Div
ory  

y’s	primary	i
d	the	new	mo
tributions	ar

eived	a	docto
e	Senior	Exec
oratory	 in	2
y’s	Night	Vis
Optics	and	P
Infrared	and
of	the	Encycl
l	Command’s
ical	Employe
g	 Duty	 Offic
or	 Optical	 En
2010,	 he	 to

	

y:	Status	an

vision		

maging	mod
ode	of	persis
e	described	a

orate	in	elect
cutive	Servic
2008.	Previou
sion	and	Elec
Photonics	Div
d	Electro‐Op
opedia	of	Op
s	Engineer	o
ee	of	the	Year
cer	 of	 the	 Ye
ngineering,	 t
ook	 over	 du

nd	Challeng

des	including
stent	surveill
and	some	fut

trical	engine
ce	as	the	Sup
usly,	 he	was
ctronic	Sens
vision	at	the	
ptics	Systems
ptical	Engine
f	the	Year,	2
r.	He	is	a	U.S
ear	 (William
the	 Optical	 S
uties	 as	 Edit

ges	

g	target	acqu
lance	is	discu
ture	challeng

eering	from	t
perintendent	
s	 the	Directo
ors	Director
Army	Resea
s	and	has	pu
eering	(Taylo
2001	CERDE
.	Naval	Reser

m	 Kastner	 Aw
Society	 of	 A
tor‐in‐Chief	 o

uisition,	 intel
ussed.	Army
ges	are	provi

the	Universit
	of	the	Optic
or	 of	 the	Mo
rate	(NVESD)
arch	Laborato
ublished	over
or	and	Franc
C	Technical	
rve	Officer	a
ward).	 He	 is
America,	 and
of	 SPIE’s	 fla

lligence,	surv
y,	Air	Force,	a
ided.	

ty	of	Memphi
cal	Sciences	D
deling	and	S
)	and	a	brief
ory.	Dr.	Drig
r	100	resear
is).	He	was	s
Employee	of
and	was	selec
s	 also	 a	 Fell
d	 the	 Militar
agship	 journ

veillance,	
and	Navy	

is	in	1990.	
Division	at	
Simulation	
f	period	as	
gers	is	the	
ch	papers.	
selected	as	
f	the	Year,	
cted	as	the	
ow	 of	 the	
ry	 Sensing	
al,	 Optical	



	

	
	
Next	gen
nano‐sca
	

Axel	Schü
Professor	
CREOL,	Th
&	Townes
University
  
 
Abstract	
Fiber	 opti
including	
impact	of	
create	 no
including	
communic
complex	
wavelengt
optical	 fib
textures.		
	
Axel	 Schü
Humboldt‐
fellowship	
in	Dublin,	I
and	 becam
Photonics,	
Optics.	 	 Dr
optics,	 and
materials,	a
includes	ov
He	 is	 an	 A
honors	 inc
Award	from
 
	
	
	
	
	
	
	
	
	
	

neration	op
ale	texture

ülzgen		
of	Optics		
he	College	of
s	Laser	Instit
y	of	Central	F

ics	 is	 one	 of
communica
f fiber	optics
vel	 compone
infrared	 w
cations,	 the	
structures	 c
th	 of	 light.	 T
ber	 that	 featu

lzgen	 receiv
University	B
from	the	Ger
Ireland,	in	19
me	 a	 Researc
CREOL	and	
r.	 Schülzgen’
d	 photonics.	
and	design	a
ver	70	peer	r
Associate	 Edi
clude	 the	 Ca
m	Humboldt‐

ptical	fibers
s		

f	Optics	&	Ph
tute	
Florida		

f	 the	 fastest	
tions,	 lasers
,	materials	s
ents	 and	 dev
avelengths.	
fiber	 optics
containing	 s
This	 talk	wil
ure	novel	 fib

ved	 the	 Dipl
Berlin	in	1988
rman	Resear
995,	he	joine
ch	 Professor
the	Townes	
’s	 research	
His	 current
and	fabricatio
reviewed	jou
itor	 of	 Appli
arl‐Ramsaue
‐University	B

s	for	IR	app

otonics	

developing	
s,	 sensing,	 an
science	and	o
vices	 that	 ar
Thanks	 to	
s	 tool	 box	 i
special	 glass
ll	 focus	 on	 th
ber	materials

omphysiker
8	and	1992,	
rch	Foundati
ed	the	Colleg
r	 in	 2006.	 In
Laser	Instit
area	 is	 expe
t	 research	 fo
on	of	micro‐
rnal	papers	a
ied	 Optics	 in
er‐Award	 fro
Berlin.		

plications:	

fields	 of	mo
nd	 biophoton
optical	 fiber	
re	 suitable	 f
heavy	 inves
s	 rapidly	 ex
ses	 and	 cro
he	 design,	 fa
s	and	utilize

(M.S.)	 degre
respectively
ion.	After	bei
ge	of	Optical	
n	 2009,	 Dr.	
tute	at	 the	U
erimental	 ph
ocuses	 on	 fib
and	nanostr
and	40	invite
n	 the	 area	 o
om	 AEG	 Cor

novel	mate

odern	 optics	
nics.	 To	 con
fabrication	t
for	 all	 range
stments,	 driv
xpanding	 an
oss‐sectional	
abrication,	 a
e	our	capabil

ee	 and	 the	 D
y.	In	1993	he
ing	a	visiting
Sciences	of	t
Schülzgen	 j

University	of	
hysics	 with	 a
ber	 optics	 in
ructured	opt
ed	presentat
f	 ultrafast	 la
rporation	 an

erials	and	

with	 broad	
ntinue	 this	 s
technology	h
es	 of	 the	 ele
ven	 for	 the
nd	 state‐of‐th
features	 m

and	 applicati
lity	 to	create

Dr.	 rer.	 nat.	
	was	awarde
g	researcher	
the	Universit
oined	 the	 C
Central	Flor
a	 specializat
ncluding	 fibe
tical	fiber.	Dr
tions	at	inter
asers	 and	 op
nd	 the	 Hein

impact	 on	m
uccess	 and	
have	to	be	co
ctromagneti
	 most	 part	
he‐art	 fibers
much	 smaller
ions	 of	 next‐
e	nanometer

(Ph.D.)	 deg
ed	with	a	Hab
at	the	Trinit
ty	of	Arizona
College	 of	 Op
rida	as	a	Pro
tion	 in	 spect
er	 lasers,	 no
r.	Schülzgen’
national	con
ptics.	 Dr.	 Sch
nrich‐Gustav‐

9

many	 area
expand	 th
ombined	t
c	 spectrum
by	 optica
s	 are	 often
r	 than	 th
‐generation
r	scale	 fibe

gree	 from	
bilitation	
ty	College	
a	in	1996	
ptics	 and	
ofessor	of	
troscopy,	
ovel	 fiber	
s	resume	
nferences.	
hülzgen’s	
‐Magnus‐



	10

	
Infrared	A
	 

 
Glenn	D.	Bo
Trustee	Cha
CREOL,	The	
University	o
 
Abstract	
Radiofreque
surfaces,	 re
methodolog
nanoscale	 a
lithography.
oxide‐metal	
dimensions	
demonstrate
measuremen
narrowing	a
measure	 the
antennas.	 F
subwavelen
demonstrate
configured	a
law.	One	ext
for	 which	 th
dimensions	
power.	 We	
extension	of
8‐12	microm
Unlike	 the	 u
angular	and
the	real	and	
models	and	
which	 inade
function	of	 f
wave	electro
 
Glenn	 D.	 B
received	 a	 B
Arizona.	Pro
editor	of	Op
Infrared	 De
Optical	Syst
Symposium,
infrared spe
 
	

Antennas	&	

oreman		
air	Professor	
College	of	O
of	Central	Flo

ency	 compon
eflectarrays	
gies	 apply,	 pr
antenna	 stru
.	 Antennas	 f
tunnel	 dio
and	 arrang
ed	 both	 inc
nts	of	the	an
are	noted,	in	
e	 magnitude
Frequency	 se
gth	periodic
ed	 as	 spectr
as	selective	a
tension	of	th
he	 phase	 sh
across	 the	 s
have	 demon
f	FSS	technol
meter	IR	ban
usual	 crystal
d	spectral	ba
imaginary	p
measured	re
equate	 tabul
frequency	w
omagnetic	m

oreman	 is	
BS	 in	 optics
of.	Boreman	
ptics	Express
tectors	 and	
tems,	and	Ba
,	 OSA,	 and	

ectrum using

Frequency

of	Optics		
ptics	&	Photo
orida  

nents	 such	 a
and	 meande
roviding	 tha
uctures	 reson
facilitate	 elec
odes),	 with	
gement	 of	 t
coherent	 and
ngular	recept
agreement	w
e	 of	 the	 spat
elective	 surf
city.	Dependi
ral	 reflectanc
absorbers,	to
he	IR	FSS	con
hift	 on	 reflec
surface	 of	 an
nstrated	 the
logy	is	the	m
nds,	and	allow
lline	wavepl
ndwidths.	 In
parts	of	the	p
esults.	This	i
lar	 data	 are	
with	an	IR	va
models	for	des

Trustee	 Cha
	 from	 the	 U
served	six	ye
s	and	is	the	e
Systems,	 an

asic	Electro‐O
SPIE.	 His m

g electron-be

	

y	Selective	

onics		

as	 antennas,
erline	 wavep
t	 IR	materia
nant	 at	 infra
ctromagnetic
resulting	 sp
the	 antenna
d	 coherent	
tion	patterns
with	classical
tial	 coherenc
faces	 (FSS)	
ing	upon	the
ce	 or	 transm
	control	the	
ncept	is	the	
ction	 depend
n	 array	 can	
se	 in	 the	 IR
meanderline	w
w	implement
ates,	 the	me
n	the	design	
ermittivity	is
s	particularl
available	 in
riable‐angle	
sign	and	ana

air	 Professor
University	 of	
ears	as	the	E
editor	of	the	
nd	 author	 of
Optics	 for	El

main research
am lithograp

Surfaces	

,	 transmissio
plates	 are	 d
al	 properties
ared	 (IR)	 fr
c	 coupling	 to
pectral	 and	
	 arms.	 Alon
antenna	 arr
s.	In	phased‐a
l	antenna	the
ce	 of	 the	 inc
are	 two‐dim
e	geometry	o
mittance	 filte
IR	spectral	e
reflect	array
ds	 on	 the	 lo
be	 used	 to	

R,	 at	 wavelen
waveplate.	T
tation	of	a	qu
eanderline	 d
of	these	dev
s	crucial	to	o
y	important	
n	 the	 literat
spectroscop

alysis.	

r	 of	 Optics	 a
f Rochester,	
Editor‐in‐Chi
Wiley	Serie
f	 Modulation
ectrical	Engi

h area is the 
phy. 

on	 lines,	 ph
demonstrate
s	 are	 used	 in
requencies	 u
o	 sub‐wavel
polarization

ng	 with	 sin
rays,	 with	 c
array	configu
eory.	Dual‐di
coming	 radia
mensional	 ar
of	 the	antenn
ers	 in	 the	 IR
emissivity	of	
y,	which	is	a	
ocal	 unit‐cell
produce	 a	 f
ngths	 as	 sho
These	have	b
uarter‐wave,
device	 has	 a	
vices,	accoun
obtain	accura
for	thin	(typ
ture.	 Materia
pic	ellipsome

at	 University
and	 a	 PhD	
ef	of	Applied
s	in	Pure	&	A
n	 Transfer	 F
ineers.	He	 is
extension o

hased	 arrays
d	 in	 the	 in
n	 the	 compu
using	 direct‐
length	 sized	
n	 response	
ngle‐element	
co‐phased	 r
urations,	bea
ipole	antenna
ation,	 at	 the
rrays	 of	 me
na	arrangem
R	 and	 THz.	 T
a	surface	by
quasi‐period
l	 geometry.	
flat	 surface	w
ort	 as	 1.5	 m
been	demons
,	half‐wave,	o
thin	 aspect	
nting	for	the	
ate	agreemen
pically	100	n
al	 properties
eter,	and	the

y	 of	 Central
in	 optics	 fro
d	Optics;	is	p
Applied	Opt
Function	 in	
s	a	Fellow	of
of radiofrequ

s,	 frequency‐
frared.	 Usua
tations.	We	
‐write	 electr
sensors	 (e.g
determined
antennas,	

response	 ver
am	shifting	a
as	can	also	b
e	 location	 of
etallic	 antenn
ment,	 these	h
They	 have	 a
y	means	of	Ki
dic	array	of	
Varying	 the	
with	 optical	
micrometers.	
strated	in	the
or	arbitrary	
ratio	 and	 si
	spectral	var
nt	between	n
nm)	metallic	
s	 are	 measu
en	imported	

l	 Florida,	 CR
om	 the	 Univ
presently	an	
ics.	He	is	coa
Optical	 and
f	the	Military
uency concep

‐selective	
al	 design	
fabricate	
ron‐beam	
g.,	 metal‐
d	 by	 the	
we	 have	
rified	 by	
and	beam	
be	used	to	
f	 the	 two	
nas	 with	
ave	been	
also	 been	
irchhoff’s	
antennas	
antenna	
focusing	
Another	
e	3‐5	and	
retarder.	
ignificant	
riation	of	
numerical	
films,	for	
ured	 as	 a	
into	 full‐

REOL.	 He	
versity	 of	
associate	
author	of	
d	 Electro‐
y	Sensing	
pts to the 



Alu

Ana
126
Lon
407
ww

	

 
 

Ligh
260
Orla
407
ww

	

 
HO
388
Edi
732
ww

 

 
Opt
326
Orla
ww

	

	
	
	
	
	
	
	

umni Ce
	

alog Modules
6 Baywood A
ngwood, FL  
7-339-4355 

ww.analogmo

htPath Tech
03 Challenge
ando, FL  32

7-382-4007 
ww.lightpath.

RIBA  Jobin 
80 Park Ave.
son, NJ  088

2-494-8660 
ww.horiba.co

 

tiGrate Corp
67 Progress 
ando, FL  32

ww.optigrate.
	

 
 

enter	

s, Inc. 
Ave. 
 32750 

odules.com 

 

nologies Inc
er Tech CT, S
2826 

com 

 Yvon, Inc. 
 

820 

om/us 

 

p. 
 Drive 

2826 
.com 

 Ex
  

 

c. 
Suite 100  

 

 

xhib

Q
1
S
8
w

T
P
B
3
w

Y
2
N
4
w

bitor

QPC Lasers 
15632 Roxfo
Sylmar, Calif
818-833-456
www.qpclas

The Internatio
P.O. Box 10 
Bellingham, 
360-676-329
www.spie.co

Yokogawa C
2 Dart Road 
Newnan, GA
478-225-285
www.yokoga

rs  

	
 

ord St 
fornia 91342

66 
sers.com 

onal Society fo
 
 WA 98227 

90 
om 

 
Corp. of Ame
 

A  30265 
59 
awa.com/us

2 

 
for Optics and

erica 

 

d  Photonics 

11



CR

Ag
35
Sa
40
ww
	

 
Co
51
Sa
40
ww

	

Go
46
Or
ww

 

 
Im
1 B
Ca
61
ww

	

L3
25
Or
40
ww

	12

REOL  B
	

gilent Techno
501 Stevens C
anta Clara, C
08-345-8886 
ww.us@agile

oherent, Inc.
00 Patrick H

anta Clara, C
08-764-4000 
ww.coherent

ooch & Hous
632 36th Stre
rlando, FL  32
ww.gooch@h

magine Optic 
Broadway, 1
ambridge, MA
7-401-2198 

ww.imagine-

3 Communica
500 N. Orang
rlando, Florid
07-295-5878 
ww.L-3com.c

uilding 

ologies 
Creek Blvd. 

CA  95051 

ent.com 

 
Henry Dr. 
CA  95054 

t.com 

sego, LLC 
eet 
2811 
housego.com

 
4th floor 
A  02142 

-optic.com 

ations 
ge Blossom T
da 32804 

com	

 

 

 

 

m 

 

	

Trail 

 

 

N
1
Ir
8
w

 
	

N
C
2
S
w
	

N
14
M
7
w
	
	

O
6
L
4
w

O
6
O
8
w

Newport Corp
791 Deere A

rvine, CA  92
77-835-9620

www.newpor

Northrop Gru
Cutting Edge 

0 Point West
t. Charles, M

www.Northro

NKT photonic
400 Campus

Morganville, N
32-972-9937

www.nktphot

Ophir-Spirico
0 West  1000
ogan, Utah 8
35-753-3729

www.ophir-sp

Optimax syste
367 Dean Pa

Ontario, New
77-396-7846

www.optimax

 

p. 
Ave. 
2606 
0 
rt.com 

umman 
 Optronics 
t Blvd. 

MO 63301 
opGrumman

cs 
s Dr. West 
New Jersey 
7 
tonics.com 

 
on 
0 North 
84321 
9 
piricon.com

	
em, Inc. 
arkway 

w York 14519
6 
xsi.com	

	

.com 

	

 07551 

9 



Ph
Ho
ww

Ph
Pit
ww

La
13
Or
40
ww

	

Pr
36
Tre
60
ww

	
	

So
14
Ca
40
ww
	

	

hotonics onli
orsham, Pen
ww.photonic

hotonics Sep
ttsfield, Mas
ww.photonic

aser Institute
3501 Ingenui
rlando, FL  32
07-380-1553 
ww.LaserIns

inceton Inst
660 Quakerb
enton, NJ  0

09-587-9797 
ww.princeto

 
ociety for Info
45 South Bas
ampbell, CA 
08-879-3901 
ww.sid.org 

	
	

	
ne 
nsylvania 

csonline.com

pctra 
sachusetts 

cs.com	

 
e of America 
ty Drive, Sui
2826 

stitute.com 

 
ruments 
ridge Rd. 
8619 

ninstrument

ormation Dis
scom Ave. St
 95008 

m	

	

 
ite 128 

ts.com 

splay 
te. 114 

	

T
14
B
8
w
	
	

 
 

T
2
W
 2
w
	
	

 
T
1
D
3
w
	
	

	
T
4
N
9
w

	

ektronix 
4200 SW Ka

Beaverton, O
00-835-9433

www.tek.com

 

he Optical S
010 Massac

Washington, 
202-223-8130

www.osa.org

eledyne ODI
026 N. Willia

Daytona Beac
86-236-0780

www.teledyn

horlabs 
35 Route 20

Newton, New
73-579-7227

www.thorlabs

 

arl Braun  Dr
OR  97077 
3 
m 

Society  
husetts Ave
DC  20036 
0 

g 

 

I, Inc. 
amson Blvd. 
ch, FL  3211
0 
e.com 

6 
w Jersey 078
7 
s.com	

. 

, NW 

 
4 

	

60 

13



A
p
	
	
 
D
C
U

 
 

 
		A
T
c
f
c
s
H
i
a
p

D
A
N
P
w
P
b
s
c
p
G

	14

	
     

St

 
 

A	low	noise
precision	e

 
Dimitrios	M
CREOL,	The	C
University	of

 

Abstract	
The	 talk	 wil
cavity	design
fiberized	 Fa
contribution	
stability	 is	 a
Hänsch‐Coui
in	the	Theta	
acousto‐optic
photonic	ADC

Dimitrios	M
Applied	Math
National	Tech
Photonics	 at	
while	 continu
Photonics	 Gr
blend	 of	 mic
semiconduct
conversion.	M
proceedings	
Graduate	Stu

	

            

tudent

e	chirped	p
etalon	char

andridis		
College	of	Op
f	Central	Flor

l	 present	 an
n	laser	with	a
abry‐Pérot	 p
of	the	super
attained	 by	 r
llaud	locking
laser	will	be	
c	modulator	
C	and	optical

Mandridis	 wa
h	and	Physics
hnical	Unive
the	 Univers
uing	 his	 stu
roup	 at	 CRE
crowave	 pho
or‐based	 la
Mr.	Mandrid
2	media	arti
dent	Fellows

t of th

pulse	laser	w
acterizatio

ptics	and	Pho
rida 

n	 extensive	 i
an	intra‐cavi
periodic	 filte
rmode	noise	t
referencing	 t
g	scheme.	Mo
presented.	A
resulting	in	
l	coherence	t

as	 born	 in	 A
s	with	specia
rsity	of	Athe
sity	 of	 Centr
dies	 toward
OL	 under	 th
otonics,	 metr
sers	 at	 low
is	 is	an	auth
icles	and	1	p
ship.	

	

he Yea

with	an	int
on	

otonics	

investigation
ity	Fabry‐Pér
er	 inserted	
to	the	pulse‐
the	 cavity	 le
oreover,	the	
A	narrow	line
10	parts	pe
tomography	

Athens,	 Gree
alization	in	O
ns	(NTUA).	I
ral	 Florida,	w
s	 the	 PhD	 in
he	 advisory	 o
rology	 and	 l
w	 repetition	
hor	and	coau
patent.	He	w

ar Pre

tra‐cavity	F

n	 of	 a	 chirpe
rot	etalon	op
within	 the

‐to‐pulse	ene
ength	 to	 the	
high	precisio
ewidth	laser
r	billion	prec
among	other

 
ce	 in	 1981.	
Optoelectron
In	July	2005,
where	 he	 rec
n	 Optics.	 Cur
of	 Peter	 J.	 D
laser	 develo
rates	 for	

uthor	of	mor
was	 the	2010

senta

Fabry‐Péro

ed‐pulse	 sem
perating	at	1
e	 Theta	 las
ergy	variance
etalon	 usin
on	character
r	source	is	us
cision.	The	T
r	application
 
He	 received

nics	and	Mate
	he	joined	CR
ceived	 the	M
rrently,	 he	 i
Delfyett.	 His	
opment	 with
high‐speed	
e	 than	14	 jo
0	recipient	o

ation 

ot	etalon	an

miconductor
00	MHz	repe
ser	 cavity	 m
e	by	>10	time
g	 a	 modified
rization	of	th
sed	in	conjun
Theta	laser	c
ns.	

d	 his	 BS	 and
erial	Science	
REOL,	the	Co
MS	 in	 Optics
s	 a	member
current	 rese

h	 a	 focus	 on
pho‐tonic	

ournal	paper
f	 the	 IEEE	P

nd	high	

r‐based	 Thet
etition	rate.	A
mitigates	 th
es.	Long‐term
d	 intra‐cavit
he	etalon	use
nction	with	a
can	be	used	i

d	MSc	 degree
(2004)	from
ollege	of	Opti
	 degree	 in	 2
r	 of	 the	 Ultra
earch	 involv
	 ultra‐low	 n
analog‐to‐di
rs,	30	confer
Photonics	Soc

ta	
A	
he	
m	
ty	
ed	
an	
in	

es	 in	
m	the	
ics	&	
2007	
afast	
ves	 a	
noise	
igital	
ence	
ciety	



		

	

     

Po

Mass spec

CheonHa	Jeon
CREOL,	The	C
	*	Dr.	Matthie
	
Abstract	
Plasma	 gener
fusion,	high	p
of	the	interac
order	to	bette
always	been	
ranges	 from	
detectors,	 ca
spectrometry
chemical	com
the	first	nano

 

Raman twe

Shima	Fardad
CREOL,	The	C
*	baudelet@c
	
Abstract	
Since	 the	 fir
development	
the	Laser	Spe
address	singl
trapped	samp
characterize	
Raman	 spect
media	have	b
[1]	A.	Ashkin,
for	dielectric	
[2]	D.	McGloin

Compact L

Yuan	Liu,	Lion
CREOL,	The	C
†Université	Bo
*	baudelet@c

            

osters

trometry of

n,	Matthieu	Ba
College	of	Opti
u	Baudelet:	ba

ration	 by	 high
photon	energy
ction	between
er	engineer	an
used	 for	 char
extreme‐ultra
an	 become	 a	
y	of	laser‐indu
mposition	and	
oseconds	of	las

eezers for s

d,	Matthieu	Ba
College	of	Opti
creol.ucf.edu,	(

rst	 observatio
for	manipula
ectroscopy	an
e	particles	an
ples,	Raman	sp
properties	 of
ra	 of	 single	 p
een	obtained.
,	J.	M.	Dziedzic
particles,"	Op
n,	“Optical	Tw

Laser-based

nel	Gigant†,	M
College	of	Opti
ordeaux,	Borde
creol.ucf.edu,	(

s 

f laser-indu

audelet*,	Mart
ics	&	Photonic
audelet@creo

h	 intensity	 las
y	radiation	sou
n	the	electrom
nd	control	app
racterization	o
aviolet	 to	 infr
challenge	 fo

uced	plasmas	
its	energy	to	
ser‐induced	p

single cells 

audelet*,	Mart
ics	&	Photonic
(407)	823‐691

on	 of	 optical	
ation	and	inter
nd	Sensing	gro
d	cells.	In	orde
pectroscopy	h
f	micron‐size	
polystyrene	be
	
c,	J.	E.	Bjorkho
t.	Lett.	11,	288

weezers:	Metho

d Spectrosc

atthieu	Baude
ics	&	Photonic
eaux,	France	
(407)	823‐691

uced plasma

tin	Richardson
cs,	University	o
l.ucf.edu,	(407

sers	 is	 now	 a
urces	to	low‐t
magnetic	field	
plications	bas
of	 the	 early	 p
rared,	 and	 as	
or	 simultaneo
will	provide	i
compare	to	fu
lasmas	of	diffe

 diagnostic

tin	Richardson
cs,	University	o
10	

trapping	 by
rrogation	of	s
oup	 in	 the	La
er	to	obtain	sp
has	been	adde
particles	 with
eads	 and	 sing

olm,	and	Steve
8‐290	(1986)
ods	and	Applic

copic	Syste

elet*,	Martin	R
cs,	University	o

10	

as  
n	
of	Central	Flor
7)	823‐6910

a	 common	 tec
temperature	s
of	the	laser	p
ed	on	the	lase
plasma	 charge
a	 consequenc

ous	 diagnostic
nformation	on
undamental	m
erent	metals	a

s 

n	
of	Central	Flor

y	 Ashkin	 et	 a
single	cells	in	
ser	and	Plasm
pectroscopic	i
ed	to	the	syste
h	 a	 single	 con
gle	 biological	 c

en	Chu,	"Obse

cations”,	Taylo

ems for Bio

Richardson	
of	Central	Flor

rida	

chnology	 that	
spectroscopic	
pulse	and	the	
er‐induced	pla
ed	 constituent
ce	 a	 large	 nu
cs	 of	 single	
n	the	plasma	
models.	This	s
as	well	as	the	

rida	

al.	 [1],	 optica
biology	and	p
ma	Laboratory
information	on
em.	This	system
ntinuous	 lase
cells	 such	 as	

ervation	of	a	s

or	and	Francis

ological Ana

rida	

sees	 applicat
excitation	so
matter	are	sti
asmas.	Spectr
ts.	 But	 the	ne
umber	 of	 diffe
events.	 As	 a
state	such	as	
study	shows	th
extension	to	li

al	 tweezers	 h
physical	scien
y,	optical	 twe
n	the	structur
m	allows	then
er	 beam	 at	 53
yeast	 and	 red

ingle‐beam	gr

s	(2009)	

alysis	

 Pos

tions	 ranging	
urces.	The	fun
ill	under	inve
roscopic	diagn
eed	 for	 differe
erent	 spectrom
n	 alternative,
its	ionization
he	mass	spect
iquid	organic	

   Pos

have	 shown	
ces	[2].	In	the
ezers	have	be
re	and	compos
n	to	trap,	man
32	nm.	With	 o
d	blood	 cells	

radient	force	o

  

       Pos

15

ster 1 

from	 laser			
ndamentals	
stigation	in	
nostics	have	
ent	 spectral	
meters	 and	
,	 the	 mass	
n	degree,	its	
trometry	of	
samples.

ster 2 

an	 intense	
e	context	of	
een	built	 to	
sition	of	the	
ipulate	and	
our	 system,	
in	 aqueous	

optical	trap	

ster 3 



	16

	
	
Abstract	
Laser‐Induced	Breakdown	Spectroscopy	(LIBS)	and	Raman	spectroscopy	can	provide	composition	information	of	the	
sample	in	the	elemental	and	molecular	aspect	respectively.	Due	to	the	similarity	of	the	LIBS	and	Raman	spectroscopy	
setups,	 a	 compact	 laser‐based	 spectroscopy	 system	 that	 is	 capable	 to	perform	 these	 two	 types	of	measurements	 is	
possible,	which	 generally	 leads	 to	 a	more	 comprehensive	 understanding	 of	 the	 sample	 itself.	 The	 compact	 system	
requires	 compact	 components	 such	 as	 lasers,	 spectrometers	 and	detectors,	 but	 laboratory	 components	 are	usually	
cumbersome.	 In	 this	 study,	 the	performance	of	 such	a	 compact	 laser	 spectroscopy	 system	was	 evaluated	based	on	
laboratory	 equipment	 by	 analyzing	 the	 quality	 of	 food	 samples	 such	 as	 cheese.	 The	 pros	 and	 cons	 are	 compared	
between	 a	 compact	 system	 and	 a	 laboratory	 system.	 The	 trends	 and	 needs	 for	 developing	 the	 compact	 laser	
spectroscopy	system	are	given.	

 

                                                                                               Poster 4 
Moiré Bragg Gratings in PTR Glass 

Daniel	Ott*,	Sergiy	Mokhov,	Vasile	Rotar,	Julien	Lumeau,	Leonid	Glebov,	Vadim	Smirnov1	
CREOL,	The	College	of	Optics	&	Photonics,	University	of	Central	Florida	
1	OptiGrate.	3267	Progress	Dr.	Orlando,	FL	32826	
*	dott@creol.ucf.edu,		407‐823‐6907	
	
Abstract	
Phase‐shifted	fiber	Bragg	gratings	are	used	as	a	common	approach	to	generating	narrow	spectral	line	widths	on	the	
order	of	a	few	picometers.	However,	due	to	unavailability	of	appropriate	bulk	photosensitive	materials,	this	class	of	
filters	has	not	been	studied	in	free	space.	We	present	our	approach	to	recording	phase‐shifted	gratings	in	bulk	photo‐
thermo‐refractive	(PTR)	glass	by	multiplexing	of	volume	Bragg	gratings	with	slightly	different	periods	to	create	a	
Moiré	interference	pattern,	i.e.	a	high	frequency	refractive	index	modulation	whose	amplitude	is	modulated	by	a	
slowly	varying	sinusoidal	envelope.	The	zeros	of	this	envelope	are	equivalent	to	π	phase	shifts	in	the	fundamental	
grating.	The	resultant	grating	is	a	bulk	Fabry‐Perot	with	mirrors	and	cavity	formed	by	the	two	recorded	Bragg	
gratings.	An	overview	of	the	relevant	theory,	including	simplified	models	based	on	Fabry‐Perot	theory,	critical	design	
parameters,	fabrication	tolerances,	and	preliminary	experimental	results	are	presented.	
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Scalable fabrication of micro- and nano-particles utilizing the Rayleigh instability in multi-
material fibers 

Joshua	J.	Kaufman,	Soroush	Shabahang,	Guangming	Tao,	Esmaeil	Banaei,	and	Ayman	F.	Abouraddy	
CREOL,	The	College	of	Optics	&	Photonics,	University	of	Central	Florida	
	
Abstract	
We	 describe	 a	 novel	 fabrication	method	 for	 producing	 polymer,	 glass,	 and	metal	micro‐	 and	 nano‐particles	whose	
diameters	range	from	200	microns	to	under	50	nanometers.	This	method	relies	on	the	Rayleigh	capillary	instability	in	
a	multi‐material	fiber.	The	fiber	core	is	made	of	the	target	material	and	has	size	close	to	the	desired	particle	diameter	
embedded	 in	 a	 sacrificial	 polymer	 matrix.	 The	 fiber	 temperature	 is	 elevated	 to	 reduce	 the	 core	 viscosity	 and	 the	
Rayleigh	instability	results	in	the	breakup	of	the	core	into	a	periodic	string	of	spherical	particles.	Particles	designed	as	
fluorescent	and	nonlinear	nano‐probes	are	described.			
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Design and Optimization of a Fiber-based Luminescent Solar Concentrator 

Esmaeil	Banaei	and	Ayman	F.	Abouraddy	
CREOL,	The	College	of	Optics	&	Photonics,	University	of	Central	Florida	
	
Abstract	
A	 design	 for	 fiber‐based	 luminescent	 solar	 concentrators	 (FLSC)	 is	 presented.	 The	 proposed	 FLSC’s	 incorporate	
luminescent	molecules	in	the	fiber	core,	and	photovoltaic	cells	are	attached	to	the	end	of	bundled	fibers	for	the	optical‐
to‐electric	conversion	of	the	concentrated	solar	energy.	We	report	on	the	optimization	of	the	FLSC	performance	over	a	
wide	range	of	parameters	including	fiber	structure,	shape	and	size	as	well	as	luminescence	materials	properties	and	
concentration.	 Preliminary	 experimental	 progress	 in	 fabrication	 of	 FLSC’s	will	 also	 be	 presented.	 Results	 show	 the	
feasibility	of	low‐cost,	efficient	solar	light	concentration	using	all‐polymer	flexible	fibers	
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Multi-material chalcogenide glass fibers for mid-infrared optics 
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CREOL,	The	College	of	Optics	&	Photonics,	University	of	Central	Florida	
	
Abstract	
We	 review	 our	 progress	 in	 the	 emerging	 area	 of	 multi‐material	 fibers.	 In	 particular,	 we	 will	 describe	 our	 efforts	
towards	the	fabrication	of	mid‐infrared	microstructured,	all‐chalcogenide	glass	fibers	and	fiber	tapers.	The	fabrication	
process	 combines	 elements	 from	 multiple	 procedures:	 glass	 processing,	 thin‐polymer‐film	 processing,	 preform	
extrusion,	and	optical	fiber	drawing.	The	flexibility	of	our	approach	allows	us	to	explore	a	wide	variety	of	applications	
for	chalcogenide	glass	fibers	in	the	mid‐infrared	including	optical	power	delivery	and	nonlinear	mid‐infrared	optics.	
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Specialty fibers - design and testing 
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Abstract	
During	 the	past	decade,	with	new	optical	 fiber	 fabrication	 techniques	 including	growing	 abilities	 to	 fabricate	high‐
performance	photonic	 crystal	 structures,	 an	 increasing	amount	of	 research	based	on	novel	 fiber	designs	has	 led	 to	
many	new	devices	and	application	areas.		
Our	 efforts	 to	 develop	 a	 fiber	 optics	 laboratory	 include	 creating	 fiber	modeling	 and	 design	 capabilities,	micro	 and	
nanostructured	fiber	fabrication	with	the	new	drawing	tower	to	be	installed	in	the	near	future,	as	well	as	advanced	
testing	and	characterization	of	drawn	fibers.	This	poster	presents	some	design	examples	of	future	fiber,	e.g.,	annular	
core	and	large	mode	area	designs.	For	fiber	testing,	an	experimental	set‐up	for	a	detailed	analysis	of	the	modal	content	
of	 few‐mode	 fibers	will	be	 shown	and	 first	 results	are	discussed.	As	a	 fiber	device	example,	 an	all‐fiber	mode	 field	
adapter	is	demonstrated	including	numerical	modeling	and	experimental	verification.		
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Abstract		
Electronically	 tunable	 optical	 true‐time	 delay	 lines	 are	 proposed.	 The	 devices	 utilize	 the	 combination	 of	 apodised	
gratings	 and	 the	 free‐carrier	plasma	effect	 to	 tune	 the	 enhanced	delay	of	 silicon	waveguides	at	 a	 fixed	wavelength.	
Three	variations	of	the	proposed	scheme	are	studied	and	compared.	The	compact	and	integrable	devices	can	achieve	
tuning	ranges	as	high	as	~660	ps	with	a	loss	of	<	2.2	dB	when	operated	in	the	reflection	mode	of	the	gratings.	A	delay	
of	~40	ps	with	a	loss	of	<	10	dB	and	an	estimated	operation	bit	rate	of	~20	Gb/s	can	be	achieved.	
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Scaling CPA and OPCPA lasers to beyond 10 TW level	

Benjamin	Webb*,	Andreas	Vaupel,	Nathan	Bodnar,	Lawrence	Shah,	and	Martin	Richardson	
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Abstract			
We	present	the	development	of	two	new	multi‐TW	laser	systems	for	the	Townes	Laser	Institute	in	CREOL.	One	will	be	
a	 20	 TW	 Optical	 Parametric	 Chirped‐Pulse	 Amplification	 (OPCPA)	 system,	 and	 the	 other	 is	 a	 Ti:Sapphire	 based	
Chirped‐Pulse	Amplification	(CPA)	laser	system	that	will	be	upgraded	to	>10	TW.			
Our	new	OPCPA	laser	system,	PhaSTHEUS	(PHAse‐Stabilized,	Terawatt,	High‐Energy,	Ultrashort	System),	is	designed	
to	produce	pulse	energies	up	 to	100	mJ	with	sub‐2‐cycle	duration	 (<	5	 fs)	at	1	Hz,	with	 full	 control	of	 the	Carrier‐
Envelope‐Phase	 (CEP).	 	 Sub‐5	 fs	pulses	will	 be	 achieved	using	 two‐color	pumping	of	multiple	Non‐colinear	Optical	
Parametric	Amplifiers	(NOPA’s)	by	a	hybrid	fiber/solid‐state	pump	line.	
Currently,	our	highest	peak	power	system	operates	at	0.6	terawatts	(30	mJ	in	50	fs).	 	This	system	will	be	upgraded	
into	the	Multi‐Terawatt	Femtosecond	Laser	(MTFL),	which	is	anticipated	to	reach	>10	TW	with	up	to	400	mJ	pulses	
with	35	 fs	pulse	duration	at	10	Hz.	 	 Improvements	 include	an	aberration	 free	stretcher	design,	 the	development	of	
new	 multi‐pass	 amplifiers	 pumped	 by	 3	 J,	 and	 vacuum	 spatial	 filters	 to	 provide	 an	 excellent	 output	 beam	
profile.		 Design	 of	 a	 vacuum	 chamber	 for	 pulse	 compression	must	 be	 implemented,	 since	 peak	 powers	 exceed	 the	
critical	power	for	self‐focusing	in	air.			
A	comparison	of	these	two	laser	facilities	outlines	the	differences	between	OPCPA	and	CPA	for	obtaining	>10	TW	peak	
powers,	as	well	 as	 the	 inherent	difficulties	 involved	 in	 scaling	 these	 two	 types	of	 lasers	 to	high	energies.	 	With	 the	
advantage	of	both	OPCPA	and	CPA	operating	at	>10	TW	level	in	a	single	laboratory,	we	will	be	capable	of	performing	a	
wide	array	of	high	power	laser	experiments	in	such	areas	as	filamentation	and	high	energy	High	Harmonic	Generation	
(HHG).	
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Abstract	
Amorphous	Zn1‐xMgxO	(�‐Zn1‐xMgxO)	ternary	alloy	thin	films	across	the	full	compositional	range	were	synthesized	by	
a	 sol‐gel	 method	 on	 quartz	 substrates.	 The	 amorphous	 property	 of	 the	 �‐Zn1‐xMgxO	 films	 was	 verified	 by	 X‐ray	
diffraction,	 and	 atomic	 force	 microscopy	 revealed	 an	 extremely	 smooth	 surface	 with	 sub‐nanometer	 root‐mean	
square	roughness.	By	growing	amorphous	film,	the	phase	segregation	in	crystalline	Zn1‐xMgxO	with	38%<x<75%	was	
completely	 eliminated.	 Optical	 transmission	 measurements	 showed	 high	 transmissivity	 of	 more	 than	 90%	 in	 the	
visible	and	near	infrared	regions,	with	optical	bandgap	tunability	from	3.3	eV	to	more	than	6.5	eV	by	varying	the	Mg	
content.	Sol‐gel	synthesized	amorphous	Zn1‐xMgxO	films	are	a	promising	candidate	for	simple	and	low‐cost	fabrication	
of	amorphous‐based	optoelectronic	devices	such	as	solar‐blind	detectors.	
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Record Stress Test Results on Lithographic VCSELs for Size Scaling and High Reliability 
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Abstract		
A	 new	 lithographic	 vertical‐cavity	 surface‐emitting	 laser	 (VCSEL)	 technology	 is	 demonstrated,	 which	 produces	
simultaneous	mode‐	and	current‐confinement	only	by	lithography	and	epitaxial	crystal	growth.	The	devices	are	grown	
by	solid	source	molecular	beam	epitaxy,	and	have	 lithographically	defined	sizes	 that	vary	 from	3	μm	to	20	μm.	The	
lithographic	 process	 allows	 the	 devices	 to	 have	 high	 uniformity	 and	 scalability	 to	 very	 small	 size,	 and	 the	 thermal	
resistance	is	reduced	due	to	the	elimination	of	oxide	aperture.	The	3	μm	device	shows	a	threshold	current	of	310	μA,	
the	 slope	 efficiency	 of	 0.81	W/A,	 and	 the	maximum	 output	 power	 of	more	 than	 5	mW,	 it	 also	 shows	 single‐mode	
single‐polarization	operation	with	over	25	dB	side‐mode‐suppression‐ratio	up	to	1	mW	of	output	power.	The	devices	
are	expected	to	have	improved	reliability	due	to	removal	of	internal	strain	caused	by	the	oxide,	and	smaller	device	may	
have	 higher	 reliability	 due	 to	 less	 volume	 strain	 caused	 by	 the	 thermal	 expansion	 of	 the	 active	 region.	 Stress	 test	
shows	no	degradation	for	the	3	μm	device	operating	at	very	high	injection	current	level	of	142	kA/cm2	for	1000	hours.	
The	 lithographic	 VCSEL	 technology	 can	 lead	 to	 manufacture	 of	 reliable	 small	 size	 laser	 diode,	 which	 will	 have	
application	in	large	area	2‐D	arrays	and	low	power	sensors.	
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Development of an all-fiber thulium CPA System	
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Abstract	
In	this	presentation	we	will	discuss	our	recent	efforts	in	generation	and	amplification	of	ultrashort	pulses	in	Tm	doped	
fiber.		We	report	a	robust	all‐fiber	oscillator	using	single‐walled	carbon	nanotubes	generating	sub‐500	fs	pulses	at	70	
MHz.		Using	a	Raman	soliton	amplifier	these	pulses	were	amplified	to	~8	nJ	with	minimum	pulse	durations	of	150	fs.		
We	 have	 explored	 further	 amplification	 of	 the	 150	 fs	 pulses	 in	 LMA	 fiber	 and	 will	 discuss	 the	 management	 of	
dispersion	 prior	 to	 amplification.	 The	 near	 term	 possibilities	 of	 scaling	 to	 GW	 peak	 powers	 and	 long	 term	
improvements	for	thulium	CPA	systems	will	be	discussed.				
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Abstract	
Common	 solar	 cells	used	 in	photovoltaic	modules	 feature	metallic	 contacts	which	partially	block	 the	 sunlight	 from	
reaching	the	semiconductor	layer,	and	reduce	the	overall	efficiency	of	the	modules.	Simple	diffractive	optical	elements	
(DOE)	have	been	generated	in	the	bulk	glass	of	a	photovoltaic	by	ultrafast	laser	irradiation	to	direct	light	away	from	
the	contacts.	Calculations	of	the	planar	electromagnetic	wave	diffraction	and	propagation	have	been	performed	using	
the	 rigorous	 coupled	 wave	 analysis	 technique	 taking	 multiple	 reflections	 of	 light	 from	 metallic	 contacts,	
semiconductor	layer	and	glass	surfaces	into	an	account.	The	dependency	of	the	efficiency	enhancement	on	the	design	
parameters	of	the	DOE	has	been	studied.	
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Abstract	
Thin‐disk	and	fiber	laser	architectures	now	dominate	the	field	of	high‐power	solid‐state	lasers.		As	such,	the	Townes	
Laser	Institute	has	been	expanding	research	 into	thin‐disk	 laser	systems	and	related	materials.	 In	the	Laser	Plasma	
Laboratory	 (LPL)	we	are	working	with	 the	 leading	manufacturer	of	 thin	disk	 lasers,	Trumpf	GmbH,	 in	 a	 concerted	
effort	 towards	 further	 development	 of	 thin‐disk	 laser	 systems.	 	 Our	 specific	 interests	 require	 high	 average	 power,	
high‐energy	 nanosecond	 pulse,	 with	 near	 diffraction‐limited	 beam	 quality.	 	 While	 considerably	 better	 than	
comparable	rod‐type	systems	in	terms	of	heat	removal	and	thermal	management,	thermal	distortions	in	the	thin‐disk	
gain	 medium	 are	 still	 significant	 at	 kW‐level	 average	 powers	 and	 there	 is	 still	 a	 great	 amount	 of	 room	 for	
improvement.	Therefore	our	specific	thrust	in	thin‐disk	laser	development	is	towards	improved	thermal	handling	and	
characterization	 of	 thermal	 distortions.	 	 A	 Shack‐Hartmann	wavefront	 analysis	 facility	 has	 been	 developed	 for	 the	
characterization	of	wavefront	distortions	that	occur	under	thermal	loads.	 	Various	optical	samples	have	been	tested	
on	 transmission	 and	 a	 protocol	 for	 reflection	 testing	 is	 being	 developed	 for	 analysis	 of	 changes	 is	 disk	 curvature.		
Characterization	 of	 these	 thermally	 induced	 distortions	 in	 thin‐disk	 lasers	 systems	will	 lead	 to	 insights	 on	 how	 to	
improve	the	cooling	and	beam	quality.		As	a	further	step,	the	application	of	laser	ceramic	host	materials	will	also	allow	
for	dramatic	improvements	in	beam	quality.	
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Abstract		
Infrared	 (IR)	 phased‐array	 antenna‐coupled	 metal‐oxide‐metal	 (MOM)	 tunnel	 diodes	 provide	 a	 versatile	 detection	
mechanism	that	allows	for	determination	of	the	polarization,	wavelength,	angle	of	arrival,	and	degree	of	coherence	of	
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an	optical	 field.	The	wavelength	and	polarization	of	 received	 IR	 radiaton	are	determined	by	varying	 the	 length	and	
orientation	of	a	single	dipole	antenna.	Angle‐of‐arrival	measurements	are	made	with	a	pair	of	dipole	antennas	coupled	
to	a	MOM	diode	through	a	coplanar	strip	transmission	line.	The	direction	of	maximum	angular	response	is	altered	by	
varying	 the	 position	 of	 the	 MOM	 diode	 along	 the	 transmission	 line	 connecting	 the	 antenna	 elements.	 In	 addition,	
phased‐array	antennas	can	be	used	to	measure	the	degree	of	coherence	of	a	partially	coherent	IR	field	generated	by	a	
spatially	incoherent	source.	For	a	two‐element	array,	the	degree	of	coherence	is	a	measure	of	the	correlation	of	electric	
fields	 received	 by	 the	 antennas	 as	 a	 function	 of	 the	 element	 separation.	 Antenna‐coupled	MOM	 diode	 devices	 are	
fabricated	using	electron	beam	lithography	and	thin‐film	deposition	through	a	resist	shadow	mask.	Measurements	at	
10.6	µm	are	substantiated	by	electromagnetic	simulations	and	compared	to	analytic	results.	
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Abstract			
The	 linear	 and	 nonlinear	 optical	 properties	 of	 cascaded	 plasmon	 resonant	 metallic‐dielectric	 nanocomposites	 are	
investigated.	We	 have	 previously	 shown	 that	 the	 nonlinear	 optical	 refraction	 and	 absorption	 of	 plasmon	 resonant	
nanocomposites	 can	be	optimized	by	modifying	 the	spatial	arrangement	of	 silver	nanoparticles	 in	a	nonlinear	host	
material.	Here	we	will	discuss	the	nonlinear	optical	response	enhancement	of	similar	nanocomposites	using	cascaded	
plasmon	resonances	on	coupled	silver	nanoparticles	arrays.	The	arrays	include	chains	of	the	silver	nanoparticles	with	
alternating	sizes.	The	linear	and	nonlinear	response	of	these	structures	was	evaluated	numerically	as	a	function	of	the	
dissimilarity	in	the	nanoparticle	size.	In	successive	simulations,	the	metal	fill	fraction	was	kept	fixed	while	the	relative	
size	of	particles	was	varied.	It	is	found	that	the	new	coupled	resonances	that	develop	in	these	structures	can	produce	
further	 enhancement	 of	 the	 nonlinear	 optical	 response,	which	 could	 lead	 to	 new	 optical	 switching	 devices.	 A	 new	
micro‐z‐scan	setup	for	the	experimental	characterization	of	nanophotonic	nonlinear	optical	structures	is	presented.		
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Abstract			
We	present	 our	 two	Optical	 Parametric	 Chirped‐Pulse	 Amplification	 (OPCPA)	 laser	 facilites	 being	 developed	 at	 the	
Townes	 Laser	 Institute	 in	 CREOL.	 Our	 high‐average	 power	 system	 HERACLES	 (High‐Energy,	 Repetition	 rate‐
Adjustable,	Carrier‐Locked‐to‐Envelope	System),	currently	provides	optical	pulses	with	few‐cycle	duration	(sub‐10‐fs)	
at	the	0.1	mJ‐level.	The	OPCPA	pump	is	generated	by	a	hybrid	fiber/solid‐state	amplifier	design	currently	delivering	
2.2	mJ	 at	 1064	 nm.	 After	 implementation	 of	 a	 booster	 amplifier	 stage,	 it	will	 generate	 few‐cycle	 pulses	with	 1	mJ	
energy	at	repetition	rates	up	to	10	kHz	corresponding	to	0.1	TW.	The	system	is	designed	to	allow	full	control	of	the	
carrier‐envelope	phase	(CEP).	
Our	 new	 ultra	 high‐intensity	 facility	 PhaSTHEUS	 (PHAse‐Stabilized,	 Terawatt,	 High‐Energy,	 Ultrashort	 System)	 is	
designed	to	provide	a	pulse	energy	of	up	to	100	mJ	with	sub‐2‐cycle	duration	(<	5fs)	at	low	repetition	rates.	To	achieve	
the	 necessary	 pump	 energy	 large	 aperture,	 flashlamp‐pumped,	 solid‐state	 amplifiers	 are	 employed	 which	 are	
currently	providing	162	mJ	pulse	energy	at	1	Hz	repetition	rate.	Further	extension	with	increasing	rod	diameter	will	
permit	amplification	to	the	2	J‐level.	Thus,	the	overall	design	foresees	sub‐2‐cycle	pulses	with	an	intensity	of	20	TW.	
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Abstract	
Thulium	doped	silica	fiber	can	be	used	both	as	a	broadband	ASE	source	as	well	as	a	high	power	widely	tunable	2	m	
wavelength	 source	 owing	 to	 its	 large	 emission	 bandwidth	 (~200	 nm).	 	 We	 have	 investigated	 the	 atmospheric	
propagation	of	high‐power,	narrow	linewidth,	tunable	Tm:fiber	Master	Oscillator	Power	Amplifier	(MOPA)	system	on	a	
1	km	 laser	 range	at	Merritt	 island.	 	We	will	 also	 investigate	 the	propagation	 in	 the	2	m	wavelength	 regime	 in	 lab	
settings.	 	 In	 addition	 to	 the	 strong	 absorption	 features	 associated	 with	 water	 and	 CO2	 in	 this	 wavelength	 range,	
thermal	lensing	in	materials	such	as	silica	glasses	is	also	more	severe	than	at	1	or	1.5	m	wavelengths	due	to	higher	
absorption.	 	 We	 have	 performed	 thermal	 lensing	 measurements	 for	 silica	 based	 glasses	 and	 transmission	
characterization	of	chalcogenide	glasses	with	Tm:	doped	fiber	laser	system.		The	oscillator	for	the	above	is	a	Tm	doped	
Large	Mode	Area	(LMA)	fiber	cladding	pumped	by	200	W,	793	nm	diode	laser	which	is	capable	of	producing	more	than	
50	W	of	output	power.			

	
                 Poster 20 

Linear and nonlinear optical properties of gold and silver nanoparticles 

Oliver	Kahl*,	Dmitry	Fishman,	Scott	Webster,	David	Hagan,	Eric	Van	Stryland	
*	okahl@creol.ucf.edu	
	
Abstract	
Metallic	nanoparticles	have	attracted	considerable	attention	 in	nonlinear	optical	applications	due	to	 their	proposed	
field	enhancing	properties.	We	are	 investigating	the	 linear	and	nonlinear	optical	properties	of	gold	nanorods	(NRs)	
and	of	silver	nanospheres	(NSs)	immersed	in	various	host	materials.	Different	NR	alignment	techniques	are	examined	
by	linear	spectroscopic	analyses	which	show	changes	in	the	transverse	and	longitudinal	plasmonic	resonances.	Z‐scan	
measurements	around	the	resonances	reveal	an	optical	bleaching	behavior	of	the	nanoparticles	when	irradiated	with	
light	 of	 strong	 intensity.	 The	 bleaching	 is	 found	 to	 increase	 with	 linear	 absorption.	 A	 deeper	 analysis	 of	 the	
nanostructure	electron	dynamics	by	pump‐probe	experiments	 reveal	an	oscillatory	modulation	of	 the	 transmission	
signal	 which	 decays	 with	 the	 relaxation	 to	 the	 initial	 state.	 These	 results	 can	 be	 explained	 by	 an	 increase	 in	 the	
electron	scattering	rate	by	heat	acceptance	upon	irradiation	and	an	oscillatory	change	in	the	electron	gas	density	due	
to	rapid	 thermal	expansion	and	contraction.	Furthermore,	 the	nanoparticles	suggest	potential	 for	enhancing	optical	
nonlinearities	when	 suspended	 in	 a	nonlinear	host	material.	 Silver	NSs	 immersed	 in	 carbon	disulfide	 (CS2)	 show	a	
combined	signal	of	optical	bleaching	and	increased	two‐photon	absorption	(2PA)	relative	to	its	magnitude	in	pure	CS2.	

	
              Poster 21 

Spectral changes in single erythrocytes during the malaria parasite multiplication cycle 
probed by confocal absorption microscopy 

Silki	Arora	1,*,	Jennifer	Mauser2	,	Debopam	Chakrabarty2,	Alfons	Schulte1	
1Department	of	Physics	and	College	of	Optics	and	Photonics,	University	of	Central	Florida	
2Burnett	School	of	Biomedical	Sciences,	UCF	*	sarora@knights.ucf.edu,		
*	sarora@knights.ucf.edu,	321‐987‐9349	
	
Abstract	
We	have	developed	a	novel	approach	to	measure	optical	absorption	spectra	with	spatial	resolution	at	the	micron	scale.	
The	 setup	employs	a	 confocal	microscope	with	a	broadband	white	 light	 excitation	beam	 in	 transmission	geometry.	
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The	 spatial	 resolution	 is	 found	 to	 be	 better	 than	 1.5	 microns	 in	 the	 lateral	 direction	 and	 4	 microns	 in	 the	 axial	
direction.	 Through	measurements	 of	 the	 transmitted	 intensity	 in	 protein	 and	 dye	 nanoliter	 solutions	 at	 fixed	 path	
lengths,	we	 establish	 that	 the	 absorbance	 varies	 linearly	with	 concentration	over	 the	 range	 from	0.1	 to	 7	mM.	We	
present	measurements	of	 the	absorption	spectrum	of	single	red	blood	cells	 (~	7	microns	diameter)	under	solution	
conditions.	 The	 spectra	 of	 cells	 infected	 with	 the	 malaria	 parasite	 show	 changes	 in	 peak	 positions	 and	 relative	
intensities	in	the	Soret	and	�‐	and	�‐	bands.	These	indicate	hemoglobin	degradation	that	can	be	correlated	with	the	
stages	 of	 the	parasite	multiplication	 cycle.	 Our	 approach	 enables	measurements	 of	 spatial	 variations	 in	 the	 optical	
density	of	small	samples	and	may	find	application	in	monitoring	biological	assemblies	at	the	single	cell	level.	

 
Poster 22 

A single-photon CNOT gate using spatial-parity and polarization qubits 

Kumel	Kagalwala,1		Giovanni	Di	Giuseppe,1,2	Ayman	F.	Abouraddy,1	and	Bahaa	Saleh1,*	
1CREOL,	The	College	of	Optics	&	Photonics,	University	of	Central	Florida	
2School	of	Science	and	Technology,	Physics	Division,	University	of	Camerino,	62032	Camerino	(MC),	Italy	
*	besaleh@creol.ucf.edu		
	
Abstract	
We	demonstrate	 a	 new	 and	 simple	 implementation	 of	 a	 quantum	 optical	 CNOT	 gate	 that	 relies	 on	 two	 degrees	 of	
freedom	of	a	single	photon:	its	polarization	and	its	spatial	parity.	The	control	qubit	is	the	photon	polarization	and	the	
target	 qubit	 is	 the	 one‐dimensional	 spatial	 parity.	 The	 CNOT	 operation	 is	 	 achieved	 using	 a	 polarization‐sensitive	
spatial	 light	modulator.	The	 single‐photon	 two‐qubit	 state	 is	 then	analyzed	after	 the	CNOT	gate	 in	 the	 joint	Hilbert	
space	 of	 polarization	 and	 spatial	 parity	 using	 a	 modified	 Mach‐Zehnder	 interferometer,	 which	 projects	 onto	 the	
spatial‐parity	 basis,	 followed	 by	 a	 polarization	 measurement.	 The	 truth‐table	 for	 this	 two‐qubit	 gate	 is	 validated.	
Furthermore,	we	test	a	Bell‐like	inequality	using	the	two	qubits	corresponding	to	these	two	degrees	of	freedom.	

	
                Poster 23 

Ultra High Density, High Radiance Spectral Beam Combining by Volume Bragg Gratings 
1Derrek	Drachenberg*,	1Ivan	Divliansky,	2Vadim	Smirnov,	1George	Venus,	1Leon	Glebov	
1CREOL,	College	of	Optics	and	Photonics,	University	of	Central	Florida	
2OptiGrate	Corporation	
	
Abstract	
Toward	 the	 goal	 of	 100	kW	 level	 diffraction	 limited	 beams,	 we	 present	 high	 power,	 high	 spectral	 density	 beam	
combining	by	volume	Bragg	gratings	of	five	150	W	beams	with	a	spectral	separation	of	0.25	nm	between	beams,	the	
narrowest	to	date	 for	high	power.	 	Within	1	nm	bandwidth,	750	W	total	power	 is	combined	with	greater	 than	90	%	
efficiency.	 	Each	grating	experiences	a	different	thermal	 load	resulting	from	different	powers	of	 the	transmitted	and	
reflected	beams.	The	effect	of	 thermal	 loading	on	 the	quality	of	 the	diffracted	and	 transmitted	beams	 is	 studied.	 	A	
demultiplexing	setup	 is	demonstrated	to	measure	and	correct	 the	 lensing	 induced	by	 laser	heating	of	 the	VBGs	and	
improvement	in	beam	quality	is	observed	resulting	in	the	demonstration	of	an	SBC	system	with	the	highest	spectral	
radiance	reported	to	date	of	224	TW/ሺsr ∗ mଶሻ.	
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Glenn	Boreman	
 Infrared	Systems	–		Measurements	&	Characterization			 	 	 	 	 			130	
 Infrared	Systems	–	E‐Beam	Lithography		 	 	 	 	 	 	 			130a	
 THz	Laser	Facility	 	 	 	 	 	 	 	 			125	
	
Demetri	Christodoulides	
 Nonlinear	Guided	Wave	Lab		 	 	 	 	 	 	 	 			203	
	
Peter	Delfyett	
 Femtosecond	Semiconductor	Lasers	&	Dynamics		 	 	 	 	 	 			252	
 Frequency	Comb	technology			 	 	 	 	 	 	 	 			254	
 Photonic	Analog	to	Digital	Converter	Technology		 	 	 	 	 	 			255	
 Microwave	Photonics		 	 	 	 	 	 	 	 	 			256	
 Laser	Radar	Technology	and	Systems			 	 	 	 	 	 	 			245A	
 Advanced	Optical	Signal	Processing	Technology		 	 	 	 	 	 			244A	
 Quantum	Dot	Semiconductor	Laser	Laboratory	 	 	 	 	 	 			243A	
	
Dennis	Deppe	
 MBE	Lab		 	 	 	 	 	 	 	 			180C	
 PL	Lab			 	 	 	 	 	 	 	 	 	 	 			177	
 Nanophotonics	Fabrication	Facility	 	 	 	 	 	 	 	 			180	

	
Aristide	Dogariu	
 Photonic	Diagnostics	in	Random	Media		 	 	 	 	 	 	 			142,	144	
	
Sasan	Fathpour	
 Integrated	Semiconductor	Photonic	Device	Characterization	Laboratory		 	 	 			202	
	
Leon	Glebov	
 Volume	Holographic	Elements:	recording		 	 	 	 	 	 	 			153	
 Photo‐thermo‐refractive	glass:	X‐ray	analysis		 	 	 	 	 	 				 			156	
 Photo‐Thermo‐Refractive	Glass:	metrology,	photoinduced	processing		 	 	 				 			151	
 Photo‐Thermo‐Refractive	Glass:	Melting		 	 	 	 	 	 	 			152	
 Volume	Bragg	semiconductor	lasers,	spectral	beam	combining			 	 	 				 			154	
 Volume	holographic	elements:	high	power	applications	(with	Boris	Zeldovich)		 	 				 			249		
 Photo‐Thermo‐Refractive	Glass:	Grinding,	polishing			 	 	 	 	 			 			150	
	
David	Hagan	and	Eric	Van	Stryland	
 Femtosecond	Laser/OPA	lab	(300‐11,000	nm)		 	 	 	 	 	 			227	
 Nanosecond	Tunable	OPO	(400‐1,500	nm)		 	 	 	 	 	 			 			236	
 Picosecond	tunable	OPA	lab	(400nm–16microns)		 	 	 	 	 	 			230	
 Femtosecond	Laser/OPA	and	Single	Mode	Nanosecond	CO

2
		 	 	 	 				 			233	

 Two‐Photon	Confocal	Microscope	with	Femtosecond	OPO		 	 	 	 				 			246	
	
James	Harvey	
 Optical	Design	&	Image	Analysis;	Generalized	Scalar	Diffraction;	Optical	Surface	Scattering		 			155	
 X‐Ray	Telescopes;	Launch	Vehicle	Imaging	Telescopes	 	 	 	 	 	 			A113	
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Aravinda	Kar	
 Laser	Advanced	Manufacturing;	Laser	Synthesis	of	Materials;			

Laser	Processing	of	Wide	Bandgap	semiconductors;	Modeling	and	Simulation		
for	materials	processing	and	materials	synthesis	 	 	 	 	 	 			263,	264	

	
Pieter	Kik	
 Nanophotonics	Characterization	Lab		 	 	 	 	 	 	 				 			247	
 Near‐infrared	picosecond		laser	Lab		 	 	 	 	 	 	 				 			242	

	
Stephen	M.	Kuebler	
 Fabrication	of	3D	micro‐	and	nano‐scale	structures		 	 	 	 	 			 			CHM		324	
	
Guifang	Li	
 Optical	Fiber	Communications		 	 	 	 	 	 	 	 			246A,	248		
	
Patrick	LiKamWa	
 Quantum	Well	Optoelectronics		 	 	 	 	 	 	 	 			220,	223	
	
Jim	Moharam	
 Diffractive	Optics		 	 	 	 	 	 	 	 			258	
	
Martin	Richardson	
 Northrop	Grumman	Extreme	Ultraviolet	Photonics	Lab		 	 	 	 	 			140,	143	
 Multi‐TW	Femtosecond	Laser	Interaction	Facility;		New	Solid	State	Laser	Development;	

Secure	Laser	Test	Range	SLTR	 	 	 	 	 				 	 	 			140	
 High	Intensity	femtosecond	laser	interactions			 	 	 	 	 	 			140,	112–117	
 Laser	Spectroscopy	&	Sensing	Lab	 	 	 	 																																												140,	123	&	123A,	112‐	117	
 Fiber	Laser	Development	Lab			 	 	 	 	 	 	 			 			143	
 X‐ray	microscopy		 	 	 	 	 	 	 	 	 		 			123	
 Laser	Materials	Processing	 	 	 	 	 	 	 	 			 			141	
 High	Intensity	CEP	Laser	 	 	 	 	 	 	 	 			 			117		
 Laser	Tissue	Interaction	Lab	 	 	 	 	 	 	 	 		 			262	
	
Nabeel	Riza	
 Photonic	Information	Processing	Systems		 	 	 	 	 	 	 			251,	253	
	
Bahaa	Saleh	
 Quantum	Optics	Lab		 	 	 	 	 	 	 	 			204	
	
Axel	Schülzgen	
 Fiber	Optics	Lab	 	 	 	 	 	 	 	 	 	 			201	
	
Winston	Schoenfeld	
 Nanophotonics	Devices	Lab		 	 	 	 	 	 	 	 			156	
 Nanophotonics	Fabrication	Facility		 	 	 	 	 	 	 			180	
 Wide	Band	Gap	Characterization	Lab		 	 	 	 	 	 	 																			A112	
 Oxide	MBE	Lab		 	 	 	 	 	 	 	 	 	 			180C	
	
Eric	Van	Stryland		(See	Drs.	Hagan	and	Van	Stryland)	
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Lab	Tour	Schedule	

	
Guided	tours	start	at	2:30	pm	and	at	3.15pm	in	the	CREOL	lobby	and	last	about	40	minutes.		
Be	sure	to	look	at	the	live	video	feed	of	the	CREOL	cleanroom	showing	the	ebeam	writer	(screen		
located	in	the	lobby),	and	at	the	monitors	near	several	laboratories	on	the	ground	floor.	
	
	TOUR	A			 Start	times:		2.30pm	and	3.15pm	

A105	 Fiber	Draw	Tower	
	 Dr.	Ayman	Abouraddy		

201	 Fiber	Optics	Lab							Featured	in	talk	
	 Dr.	Axel	Schulzgen	

244A	 Optical	Signal	Processing	using	Frequency	Combs	
	 Dr.	Peter	Delfyett		—		http://up.creol.ucf.edu	
	

	TOUR	B		 Start	times:		2.30pm	and	3.15pm	

125	 Infrared	Antennas	&	Frequency	Selective	Surfaces							Featured	in	talk	
	 Dr.	Glenn	Boreman		—		http://ir.creol.ucf.edu	

130	 Nanoscale	E‐Field	Mapper	
	 Dr.	Glenn	Boreman		—		http://ir.creol.ucf.edu	

256	 Stabilized	Optical	Frequency	Combs	
	 Dr.	Peter	Delfyett		—		http://up.creol.ucf.edu	

115	 Laser	Spectroscopy	and	Sensing	
	 Dr.	Martin	C.		Richardson		—		http://lpl.creol.ucf.edu	
	

	TOUR	C		 Start	times:		2.30pm	and	3.15pm	

259	 Liquid	crystal	displays	and	Voltage‐stretchable	liquid	crystal	surface	
	 Dr.	Shin	Tson	Wu		—	http://lcd.creol.ucf.edu	

227	 Seeded	Femtosecond	White	Light	Continuum	
	 Dr.	David	Hagan	and	Dr.	Eric	Van	Stryland		—		http://nlo.creol.ucf.edu	

140/143				 Laser	Development	and	Materials	Processing	
	 Dr.	Martin	C.		Richardson		—		http://lpl.creol.ucf.edu	
	

	TOUR	D			 Start	times:		2.30pm	and	3.15pm	

255	 Low	noise	chirped	pulse	laser	with	an	intra‐cavity	Fabry‐Pérot	etalon					Featured	in	
talk	
	 Dr.	Peter	Delfyett		—		http://up.creol.ucf.edu	

180	 Molecular	Beam	Epitaxy	Lab		
	 Dr.	Winston	Schoenfeld		—		http://npdg.creol.ucf.edu	

180	 Semiconductor	Laser	Lab	
	 Dr.	Dennis	Deppe	
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The	College’s	faculty	and	students	play	leading	roles	in	both	local	and	international	professional	associations	and	can	
provide	 effective	 introductions	 to	 the	 extensive	network	of	 industry	 and	expertise	 to	which	CREOL,	The	College	of	
Optics	&	Photonics,	connects.	Through	the	IA	program,	members	can	also	readily	connect	with	other	optics,	photonics,	
and	industrial	organizations	through	local	Florida	organizations	in	which	the	College	maintains	an	active	participation,	
including	the	Florida	Photonics	Cluster	(FPC),	the	Laser	Institute	of	America	(LIA),	Florida	High	Technology	Corridor	
Council	 (FHTCC),	 the	UCF	Technology	 Incubator	—	ranked	#1	 in	 the	US	 in	2004	—	and	a	 large	 family	of	 laser	and	
optics	companies	in	the	Central	Florida	region.	
	
	

Industrial Affiliates Members 
 

Life Members 

Cobb	Family	Foundation	
Northrop	Grumman	Corporation	

Nufern	
Memoriam	Members:	Dr.	Arthur	H.	Guenther	and	Dr.	William	C.	Schwartz	

 

Medallion Members 
 

Breault	Research	
Northrop	Grumman	Laser	

Newport	Corporation
Optical	Research	Associates	

Paul	G.	Suchoski,	Jr	

Tektronix	
Zemax	Development	Corp.	

 

Senior Members 
 

Agilent	Technologies	
Coherent,	Inc.	
CST	of	America	

Cubic	Defense	Applications	
Edmund	Optics	

ER	Precision	Optical	
	

Lambda	Research	Corporation
LAS‐CAD	GmbH		

LightPath	Technologies		
Lockheed	Martin	
Ocean	Optics	
Ophir‐Spiricon 

Optimax	Systems
Thorlabs	

TRUMPF,	Inc.	
Vectronix	Inc.	

Veeco	Instruments‐Metrology	
Zygo	Corporation	

 

Affiliate Members 
 

Aerotech,	Inc.	
Analog	Modules	

Applicote	Associates,	LLC	
DILAS	Diode	Laser,	Inc.	

eVision,	LLC	
Gooch	&	Housego,	LLC.	
Harris	Corporation	
HORIBA	Jobin	Yvon	
Imagine	Optics,	Inc.	
Insight	Technology	

JENOPTIK	Optical	Systems	Inc.	
Kaufman	&	Robinson,	LLC	
L‐3	Communications	

Laser	Institute	of	America	
Laser	Path	Technologies	

Lee	Laser	
Luna	Innovations,	Inc.	

NKT	Photonics	

Northrop	Grumman	Aerospace	Systems	
Optigrate	Corp.	
Photonics	Spectra	
Photonics	Online	

Princeton	Instruments	
Quioptic	

QPC	Lasers/Laser	Operations	LLC	
R‐Soft	Design	Group	

Ray	Williamson	Consulting	
Sciperio,	Inc.	

SPIE‐	The	Int’l	Society	for	Optics	&	Photonics	
Teledyne		ODI	

OSA,	The	Optical	Society	
Tower	Optical	Corporation	

TwinStar	Optics,	Coatings	&	Crystals	
Vytran	LLC	

Yokogawa	Corporation	of	America	
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