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Abstract
l?ecent advunccs in microfabricathwt techniques in corijanction with the

precise growth of layers of single crystalline materials by epituxiul growth
techfiicjues allow the creation @ rww electro-optic mitt-ostr-uctures. We huve
sekctivdy etched cornpositiorudiy modtilated 111-V hetet-cwtructures to produce
quantum wells (QW’.S)which are confined on both sides by air or vacuum. The
material is patterned so as to have the QW’S suspended horizonmiiy between
vertical support posts. This structure is ideal for probing the 10CU1properties of
wdiak, e. g., the interaction ofquantumconfined states with su@ace or interface
s[ates.

Objectives
The research god is m achieve a fundamental understanding of the physicid

processes occurring at the surftaces i-red interfaces of cpitaxialIy grown
semiconductors, This will facilitate the dcvclopmcnt of cprrtum well devices for
optoelectronic and pholonic integrated circuil applications and provide
quantitative descriptions of key phenomena which impact their performance.
Quantum well devices such as laser diodes, optical amplifiers and optical
modulators are key components for data transmission and remote sensing. Such
optical systems wc of interest for applications in high speed plasma physics
experiments, advanced computational systems, metrology, and communications
netwoiks. The woik proposed here is intcndccl co develop a strong research
program at Clark Adarrta University in the fundamental mpects of the material
sys~ems utilized in these “areas. The training of graduate and undergraduate
students is an integral part of this progrm.

We are developing the infrastructure to study the interaction kinetics of the
qm.uwum confined exciton states in the free standing GaAs QW’S by low
temperature photolumincscence (PL). The immediate goals of [his p’rojecl were to
construct a solid source molecular beam cpitaxy (M13E)system for 111-Varsenide
growth and to identify suitable m ions for PL ardysis tit Lawrence Livermore on

fthe currcncly availttblc free scan ing AIGaA/GaAs quantum well sarnplcs with
scanning electron microscopy.



Progress
The presently existing QW skuclures have been prepared from both

GaAs/AIGaAs and InGaAs/[nP superlatlices. The GaAs/AIGaAs superhMices
were grown by both solid source molecular beam epi~dxy (“MBE)id metal-
organic vapor phase epitaxy (MOV”PE) on (h% {100) substrates. The
TnGaAs/InP superlwtices were grown by MOVPE on InP (100) substrates. Wc
hitv~been able to achieve TeprOducib]ewell widths from 80-200A with variable
spacings from 100 to 2000 ~ without difficulty.

Spectroscopy of the free standing GiA (100) QW’Shus been done with near-
ficld optical microscopy (with J. Trautman of AT&T Bell Lubs); Preliminary
resk show little luminescence at room tcmpcramrc from the 200 A chick WCIIS
with 2000 angs worn gaps. The luminescence signals from the .$upporling
AK3aAs/GaAs posts and the surrounding Gw4s substrate, however, tire strong.
This suggests either excess reamtbimtkm due to surface states in the quantum
well region or insufficient absorption length for photolumincsccncc. Room
temperature catiodoluminescence (with C. A. Warwick of AT&T Bell Labs)
showed that the luminescence efficiency of the mesa etched structure exceeded
that of the GaAs substrate but was not able co differentiate the signal from the
support pos~ and the suspended wells.

State-of-the art facilities exist within LLNL to conduct a broad based
investigation of quantum well materials. On .@3 at LLNL in the Condensed
Matter Science Division we have the ctipabilities to perform a variety of optical
probes, such as Ramart spectroscopy, photuluminescence and femtosecond optical
spectroscopy. In addition we have the capability to do ihcsc optical experiments
a~high pressure and low Lemperw-ire. The initial analysis of the existing sample
set by the scam ing electron microscope tit Clark Atlanta reveals that tic samples
are in various stages of the fabrication process ranging from raw substram to fully
exposed free st,anding QW’S, Suitable regions on the appropriate samples were
mapped out for probing by photokuninescence at LLNL.

.An undergraduate stmient, Mr. Jason Collins, has participated in the room
temperature photolumincscence measurements with H. W. H. Lee at LLNL. The
resuks were inconclusive. Low temperiiture measurements we currently being
p!anned with collaboriitors at the ‘NewJersey lnstitwe of Technology. Mr. Collins
prcscntcd a poster cntitkd “Free Standing Quantum WeUs” on this project at the
Annual Student Scientific Rese&ch Symposium held at (3A Atkmta University,
Atlanta, Ga, on April 30, 1998. “Mr.Collins completed his degree rcquircmcnts
for the B. S. degree in Physics here at Clark Atlanta in December 1998.

The solid source III-V MBE reactor and its associated cryogenic system have
been installed at Clark Atlanta. The system is now operational. A faculty
member in the department of Physics, Mr. Terry Barrington, was sent to TLC
Precision Wafer Mamfacmring in Minneapolis, Minn. for training in the
operation of the MBE apparatus,
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.
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