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Eulk photoconductivity produced by the absorption of
picosecond optical pulses in silicon transmission line stras-
tures has been used to switeh and gate microwave signals, The
teehnique permits the generation of microwave and millimeter
wayve pulsea a3 short &8 a single cyele, &nd requires only a
few microjoules of optical energy. The switching speed is es=
sentially limited only by the duratiom of tne optieal pulses,
The basic features of the device are illustrated with switch-
ing experiments at 1 GHz and 10 GHs, and the results &re dis-

cuzsed with reterence to the physical properties of the high
density plasma responsible for the switching.
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Microwave Switching by Picosecond Photoconductivity

A M. JOHNSON anD D. H. AUSTON

Absrracer —Bulk photo d ivity p d by the absorpoon of
picosccond optical pulses in silicon i lime structures has been
used to switch and gare microwave signals. The technigque permits the
generation of microwave and millimeter-wave pulses as short as a single
cycle, and requires only a few microjoules of optical encrgy . The basic
Ffeatures of the device are illustrated with switching experiments at
I GHz and 10 GHz, and the results are di d with ref o the
physical properties of the high-density plasma responsible for the
swidching.

I. INTRODUCTION

N MANY CASES, both for experimental purposes and for

applications, it is desirable to have a capability for generat-
ing wvery short bursts of microwave and millimeter-wave signals
of relatively high power. The current state of the art, how-
ever, is limited to switching speeds of approximately 1 ns [1].
Furthermore, at these speeds, the semiconductor p-i-n diodes
which are used for this purpose are limited to powers of a few
tens of watts. In this paper, we describe a simple optical tech-
nigue for switching microwave signals which offers a significant
improvement of both speed and power handling.

Although bulk semiconductor plasmas have received con-
siderable attention as microwave switching devices [2], the use
of high-density, optically generated plasmas has not been given
serious consideration. Aside from the obwvious speed capability,
picosecond optical pulses have the additional advantage of
enabling the generation of extremely high-density plasmas
without damaging the material. Longer optical pulses are less
efficient since they tend to produce more heating, and conse-
quently are more likely to cause damage. It has recently been
demonstrated [3] that plasma densities in excess of 107® cm™
can be readily generated by the absorption of single-picosecond
optical pulses in semiconductors. Plasmas such as these are
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He is now at the Polytechnic Institute of New York, Brooklyvn, N.Y .
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highly degenerate and hawve quasi-metallic properties. Their
high conductivities make them ideal for bulk switching appli-
cations. The research reported in this paper is an extension of
related work [4] in which switching and gating of dc signals
was achieved with solid-state plasmas produced by picosecond
pulses.

II. OPTOELECTRONIC MICROWAVE SWITCHING

An example of a microwave switch which utilizes the photo-
conductivity produced by picosecond optical pulses is illus-
trated in Fig. 1. It consists of a 50-{2 microstrip transmission-
line [5] structure fabricated on a high-resistivity silicon
substrate. The microstrip line consists of a uniform aluminum
ground plane on the bottom and a narrow strip for an upper
conduoctor in which there is a gap. Input and output micro-
wawve signals are coupled 1o the silicon chip by 3-mm coaxial-
to-microstrip launchers. In a typical application. one side of
the device would be connected to a microwawe-sipnal source
and the other to a load or test instrument. The switching ac-
tion is produced by two optical pulses; one in the green region
of the spectrum at A = 0.53 pm, which is used to turm on the
switch, and the other in the infrared at A = 1.06 pm, which
tarns it off. The absorption constant at A = 0.53 pm in silicon
is 8 10* em™, and consequently the effect of absorbing a
pgreen pulse in the microstrip gap is to produce a thin surface

B

GROUMD PLANE — SILICON SUBSTRATE

Fig. 1. An optoelectronic switch. The transmission of the switch is
turned on by a surface laver of photoconductivity produced by the
green pulse, and is turned off by volume photocondwctivity produced
by the infrared pulse, which shorts the device.
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Brandon Johnson, BS Mechanical Engineering, Dec. 2008, Meyerhoff Scholar, M16
Will attend graduate school at Stanford University on a Full Fellowship in Fall 2009
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Summer 2006 Research Experience, UC Berkeley, Nanoengineering Lab of Dr. Arun Majumdar

-

Project: “An Exploration in Nanoengineering: lon and Heat Transport in Nanostructures”



Robinson Kuis, Undergraduate Ronald E. McNair Scholar at NJIT —undergraduate research in
modelocked lasers and nonlinear optics

Rob joined my group to pursue a PhD in Applied Physics at NJIT

Rob moved to UMBC to help build the CASPR Ultrafast Optics & Optoelectronics Lab
Rob will complete his PhD in Applied Physics at UMBC by December 2009 the latest!!
Rob will be 1 of the 10-15 Latino-Americans in the US receiving a PhD in Physics in 2009



Bryan Bruce, Senior, CSEE
Meyerhoff Scholar, M17

Undergraduate Research at
CASPR Lab, Fall & Spring
Semesters ('07 — present) with
NSF MIRTHE support — ultrafast
optical phenomena in
semiconductors, Raman
spectroscopy and testing of
guantum cascade lasers

Bryan will graduate with a BS in
May 2009 and will attend UMCP
for graduate school

Photo === Bryan

performing measurements on
guantum cascade lasers during
the NSF MIRTHE REU Program
@ Princeton during Summer '08
in MIRTHE Director Claire
Gmachl’s lab
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Time-Resolved Reflectivity Measurements to
Characterize Novel Semiconductor Materials

/ Motivation \

sProblem:

One of the main goals of MIETHE Is to develop high
guality but lew cost trace gas sensing devices for health and
ervironmental measurements which make uwse of Quanturn
Cascade Lasers (QCLs). The performance of the sensors
depends  wpon  the characteristics  and  guality of the
semiconductor layers which make up the QCls.  Layers grown
fram new materials, different  btechniques, 2nd  varying
cormpesitions demand characterzation.

*Solution:

A rmeasure of the guality of the serndconducting material
Is the lifetime of optically generated carrlers excited by shert
pulses of light. Typically, a short lifetime corresponds to a poor
guality =ample; the photo-excited carriers become trapped
rapidly by defects in the sarmple. While 8 long carrier lifetime
usuglly correspends to @ high guality sample. These lifetimes
can be as short as several piceseconds (ps).

A tirme-resolved reflectivity measurement i2 one method
to deterrnine the lifetime of the photo-generated carriers. The
carriers contribute b0 & small change in the refractive index and
the reflectivity of the matedal. To peform & bime-resalved
reflectivity measurement, the pump-probe technigue can be
used to map out the small change in reflectivity, and thus
determinge the lfetrme of the carders and the gquality of

, semiconducting layer. ]
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laser with nominal |
pulsewidth at 7 ps and a
repetition rate of 76 MHz
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Theory Behind Pump-Probe Technigue

« The pump pulse generabes optically excited carriers
in the sampile.

« & small change in the refractive index and reflectivity
of the semiconducting layer ooours with a slgnm:ant
carrier density created by the pump putse.

=« As the electron-hole pairs recombing or become
trapped by defects in the sampde, the photo-
generabed carrier density decreases resulting in a
decrease in the change in the refractive index and
reflectivity of the sample.

= The probe pulse after traveling through a variable
time delay arrives at the sample, spatially overlapped
with pump pulse.

- Depending upon the delay, a varying amount of the
probe s reflacted.

- By mapping out the delay and the amount reflected,
it is possible to determing the lifetime of the carriers,
and the owerall guality of the semiconducting sample.
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« The infrared wavelength of the
frequency-doubled bo a
wisible wawelength of 532-nm
{green) using a nondinear optical
crystal of potassium titanyl

« Thanks bo MIRTHE for finandally supporting this research

« Thanks to the NSF who supports MIRTHE who support this research

« MANY, MANY, MANY THANKS to all those at CASPR for all their
guidance, encouragement, and help with just about everything
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/ Experimental Data \\

Pump Power: 100 m&
Probe Power: 3.5 mW

\
*Used to check valldity of sstup

*Expected to have exceeding

| lang lifetime

| *InF i & typical substrate used
[ 1. 1 b grow JOLs layers on

T Fitted In#® Lifetime: 1263 ps

Sampls A3406: Tirs-Raehed Refecs vty Haasrersen

Fhotolminsscencs (B}
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*Sample A24 30 ZnldSe

Tims D *Expected to have long lifetime
*Expected to be high guality
sample due ta narrow PL peak
*Sample grown from Maolecular
bearn epitaxy (MEE)

rLample could be used 55 & |
! GQuantum Well in a QCL |

'
\ !

.\Sum ple Grown by Marla C. Tamargs's Greup at City College of New York /
. -

Fitted Sample AZ430 Lifetime: T1 = 29 ps
T2 = 287 p=

Conclusions

The time-resolved reflectivity measurements produced good data.
Measurements on Sample 42430 confirm that the sample is indeed of high quality
and that it could make a very good II-VI semiconducting layer ina Quanium
Cascade Laser

Pt s msianaes (PL}

=*Future time-resohved reflsctivity messurements will be =1 "

ed on sample A2360 which |2 expected to be & .| B
poor quality sample because of a broad PL peak. It F
should produce carriers with an excesding short lifetime.
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Benjamin Ecker, Sophomore,
Physics

Meyerhoff Scholar, M19

at CASPR in the NSF MIRTHE REU
Program @ UMBC -- “Time-Resolved
Reflectivity Measurements to
Characterize Novel Semiconductor
Materials”

Ben will participate in the Summer
Undergraduate Research Fellowship
(SURF) Program at NIST in
Gaithersburg, MD during Summer ‘09
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MD middle school
students visit the CASPR
Ultrafast Optics &
Optoelectronics Lab as
part of the UMBC
ESTEEM (Enhancing
Science & Technology
Education & Exploration
Mentoring) summer camp
program during the
Summer '05 — the OSA
(Optical Society of
America) sent a staffer to
record the event and
prepare an article for
Optics & Photonics News
(OPN)

OSA Past
President
Brings Lasers
to Summer
Camp

Fairicia Doubonbos

he middle sdwolers, who Ive in Anne

Anardd and Baltimors counties in
Bfarpland. spent four weeks in a TNBC
summer camp that is pan ofa program
alled ESTEEM {Enhancing Sdmee and
Tedhnclogy Educarian and Exploration
I{enroring). The camp, under che amspices
of LTMBCs Cenrer for Women and Infor-

OPN October 2005
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2none of the hotiast afternoonz of July, 25 midde zchodl studsnts wit-
ness=d some cool applications of lessr technology, 084 2002 president
Arithiziry M. Johreon hosted the studsnt=s fora coupls of hours at his

lz=ar laboratory &t the University of Mardand, Baltirmeors County (UWVBIC).

mation Tednolopy and Shriver Center,

1ims o stimulae gids inees in wdinol-

opy careers. however, boys are wdcome
o actend as well, and meveral of this peark
camperswens boys,

The campers began their day learning
1bout 2 iandamennl aspscr of the sdence
of light: malar energr In thar moming

#rthorg M. Johnson
Eapiains s sahely tn
middie achod studamsin
tha EBTEEM program.

SO ICT AT

sexion, they built small plase voy cancs
powered by solar pands.

In the aftzmoon, Johmmon, who servesas
dirszror of LIMBC's Cenver fior Advanced
Swudies in Phooonies Blessarch (CASPR).
pold the poungsers that he became inter-
estd in las=rs many years ago, thankstoa
summer inrerrehip he did ar B4l Labarano-
ries—ihe site of many sady innovations in
thie fidd.

He played for the aampers aninerodoe-
pory OGB4 viden, “Lasers as a Tool,” whivch
explains how the devices wars and show.
cames numersus applicarson s in the hame,
laboraory, fcory and bespinl. Apan from
1 Few “ewrwrwrwes” when the camera zoomesd
in on axgica procedures, thesndenis
wiarched the vileo without squirming.

Johnson discusssd how lazers are umed
in denretry and ophihal molopy aswdl as
COCFOM drwes. He also explained that
his ceam inceresis he inthe fiekd of Wera-
high-gread photonics, a wpie thar fies ino
URBCs physics and dearial enpinsering:
deparmmenrs, where he holds joine appoine-
M

Thelasers in his lab, he mid, give off
pulses thar are a million times shorter than
1 billionth of 1 sacond, and some char are
even a thoumnd vimes shomer than char
“You can only do mesirements thar s
with I'ght. bemuse po detronics can do
that,” be tol the sndens Heexplanation
of the lazers’ incenss spesd inoreamesd the
impact ofhie exhibiceon of his precee cond
and Femeosecond lasers,

Thos: lasers are inchded inalabora-
vory that Johnson calks the “million dollar

. SO 6
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