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National Nanofabrication Users Network

Research Experience for Undergraduates
Convocation

August 7-8, 1997

WEDNESDAY,  August 6
Arrive in Ithaca, New York.

On-going Pizza Party upon arrival at Clara Dickson Hall, Cornell University.

THURSDAY,  August 7
7:30 - 8:00 Registration & Coffee

Outside Phillips Hall 101

8:00 - 8:10 Welcome / NNUN Overview

Prof. Noel MacDonald / Director, NNUN

8:10 - 8:22 Brittany Mitchell - Stanford University

(Dr. Mike Deal)

"Variation of Hillocks on Passivated Aluminum Due to Grain  
Growth"

8:22 - 8:34 Craig Maloney - University of California at Santa Barbara

(Dr. Atac Imamoglu)

"0-D Polaritons"

8:34 - 8:46 Mary Heseltine - Cornell Nanofabrication Facility

(Prof. Noel MacDonald)

"Fabrication of a Mechanical Microchannel System in Silicon"

8:46 - 8:58 Ijeoma Akunyili - Howard University

(Dr. Gary Harris)

"Heteroepitaxial Growth and Characterization of Beta Silicon 
Carbide Films Using Chemical Vapor Deposition (CVD)"

8:58 - 9:10 Keith Hebert - Pennsylvania State University

(Dr. Steve Fonash, Murat Okandan, and Anand Krishnan)

"Gas Sensing Capability of Ultra-Thin MOS Cap Capacitors"

9:10 - 9:22 George Paloczi - Stanford University

(Dr. Kathryn Wilder)

"AFM Tip-Induced Oxide Formation on Silicon"
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THURSDAY,  August 7,  continued

9:22 - 9:34 Leeann Chandler - Cornell Nanofabrication Facility

(Prof. Noel MacDonald)

"Binding Organic Molecules to Inorganic Substrates"

9:34 - 9:46 Arthur Beyder - Pennsylvania State University

(Dr. Robert Davis and Dr. Robert Braun)

"Creating Chemical Libraries on Silicon"

9:46 - 9:58 Sandra Sattler - University of California at Santa Barbara

(Dr. Mark Sherwin)

"Testing Millimeter Wave Detectors in Low Background Conditions"

9:58- 10:20 Break

10:20 - 10:40 Dr. Lynn Jelinski, Director -Cornell Biotechnology Center

"Hanging by a Thread:   Fabrication of a Silicon Spinnerete for  
Producing Spider Silk"

10:40 - 10:52 Brett Sackett - University of California at Santa Barbara

(Dr. Mark Su)

"Fabrication of GaAs Terahertz Fabry-Perot Resonators"

10:52 - 11:04 Laurance Hiller - Cornell Nanofabrication Facility

(Prof. Dieter Ast)

"Fabrication of Bilayer Organic Light Emitting Diodes"

11:04- 11:16 Maria Huang - Stanford University

(Dr. James Harris, Jr.)

"The Optimization and Fabrication of Fabry-Perot Vertical Cavity Phase 
Flip Modulators"

11:16 - 11:28 Yelena Chigirinskaya - Cornell Nanofabrication Facility

(Prof. Carl Batt and Prof. Harold Craighead)

"Diffractive Cell Detection Using A Microcontact Printed  Antibody 
Grating"

11:28- 11:40 Mark Finlan - Stanford University

(Dr. Jim McVittie)

"Plasma Non-Uniformity Study"

11:40 - 11:52 Rong Fan - Stanford University

(Prof. Shahram Abdollahi-Alibeik)

"Computer Modeling of High Density Plasma Oxide Etching"
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THURSDAY,  August 7,  continued

12:00 - 1:00 Lunch / Phillips Hall Lounge, 2nd Floor / Rm 232

1:00 - 1:12 Kevin Ness - University of California at Santa Barbara

(Dr. Umesh Mishra)

"Investigation into Native Oxides as Insulators for GaAs"

1:12 - 1:24 Matthew Owings - Cornell Nanofabrication Facility

(Prof. Emmanuel Giannelis)

"Fabrication of Thin Film Capacitors"

1:24 - 1:36 Nicole Jantzi - Stanford University

(Dr. Mark Zdeblick)

"Introcular Pressure Pump System"

1:36 - 1:48 Joshua Stamp - University of California at Santa Barbara

(Dr. David Awschalom)

"Sub-Micron Magnetism"

1:48- 2:00 Adam Pyonin - Stanford University

(Dr. Nabeel Ibrahim)
"Dopant Redistribution Through Polysilicon During TiSi2 Formation"

2:00 - 3:00 Group Discussions:  Assessment & Recommendations on REU Program

3:00 PM PICNIC PARTY AT TAUGHANNOCK FALLS STATE PARK!!

FRIDAY,  August 8

7:30 - 8:00 Registration & Coffee

Outside Phillips Hall 101

8:00 - 8:10 Brendan Moran - Cornell Nanofabrication Facility

(Prof. Jack Blakely)

"An Approach  Towards the Elimination of Atomic Steps  on  GaAs"

8:10 - 8:22 Benjamin Cawood - Howard University

(Prof. Michael Spencer and Prof. Gary Harris)

"AFM GURU:  Software for the Atomic Force Microscope"

8:22 - 8:34 Jennifer Mei-An Popham - University of California at Santa Barbara

(Dr. Evelyn Hu)

"Photelectrochemical (PEC) Etching of GaN"
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FRIDAY,  August 8,  continued

8:34 - 8:46 John Cross - Stanford University

(Dr. James McVittie)

"Characterization of PECVD of SiO2 by Ion Flux Distribution and Wet 
Etch Rate"

8:46- 8:58 John Kim - Stanford University

(Dr. James Harris)

"C-V Profiling of InAs Quantum Dots in a GaAs Substrate"

8:58 - 9:10 Daniel Culkin - Cornell Nanofabrication Facility

(Prof. James Engstrom)

"The Morphological Evolution of Silicon Films Deposited by Angled 
Supersonic Molecular Beams of Silicon Containing Hydrides."

9:10 - 9:22 Dedra Demaree - Cornell Nanofabrication Facility

(Prof. Lester Eastman)

"Leakage Current Through Novel Materials"

9:22 - 9:34 Paul Molnar - University of California at Santa Barbara

(Dr. Jorge M. Garcia)

"Fabrication of Quantum Dot Resonant Tunneling Diodes"

9:34- 9:46 Mark Zwald - Cornell Nanofabrication Facility

(Prof. Harold Craighead)

"Fabrication of Modulated Diffraction Gratings"

9:46 - 9:58 Farouk Hadeed - Stanford University

(Prof. Shan Wang)

"Techniques in Processing Spin-Dependent Tunneling Junctions"

9:58 - 10:20 Break

10:20 - 10:40 Gregory Galvin - CEO, TMS Technologies

"Megabucks for Microstuff"

10:40 - 10:52 Rhasheda Nixon - Pennsylvania State University

(Prof. Michael Rogosky)

"Electron Beam Lithography Damage done to Silicon"

10:52 - 11:04 Brandon Earl Fleming - Stanford University

Dr. Peter Griffin

"Scanning Capacitance Microscopy for Two-Dimensional Dopant 
Profiling in CMOS Devices"
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FRIDAY,  August 8,  continued

11:04 - 11:16 Veronica Collier - Howard University

(Prof. Kimberly Jones)

"Miniaturized Dialysis Machine for Internal Use"

11:16- 11:28 Bennet Tarng - Cornell Nanofabrication Facility

(Prof. Peter Krusius)

"Anisotropic Through-Wafer Etching Using the SRL 770"

11:28 - 11:40 Charlie Hammer - University of California at Santa Barbara

"The Preparation of CdS Nanocrystals by Reaction 
Compartmentalization"

11:40 - 11:52 Andrej Sierakowski - Stanford University

(Prof. Jim Plummer)

"Statistical Characterization of Grain Size in Polycrystalline Silicon Films
for Correlation with its Electrical Attributes."

12:00 - 1:00 Lunch / Phillips Hall Lounge, 2nd Floor / Rm 232
Bag lunch will also be available for travellers.

1:00 - 1:20 Peter Hartwell

(Prof. Noel MacDonald)

"Graduate School and the Free Lunch"

1:20 - 1:32 Franklin Grigsby - Cornell Nanofabrication Facility

(Prof. Jack Blakely)

"Manufacture and Measurement of Sub-Micron Pillars"

1:32 - 1:44 Xinyi Zhou - Cornell Nanofabrication Facility

(Prof. Chris Ober)

"The Study of Next Generation Photoresists"

1:44 - 1:56 John Fuhrman - University of California at Santa Barbara

(Dr. Steve DenBaars)

"Optical Characterization of Indium Gallium Nitride Quantum Wells"

2:00 - 2:30 Break

2:30 - 3:30 Presentation of Results of Thursday's Group Session.
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Biographies for NNUN / REU Speakers

Gregory Galvin, Ph.D. - "Megabucks for Microstuff"
Gregory Galvin, president and CEO of TMS, received his doctorate from Cornell

University in Materials Science (1984).  He served for over five years as the Deputy Director
of the Cornell Nanofabrication Facility (CNF) in which the Cornell MEMS research has
taken, and continues to take, place.  In addition to his doctorate, Dr. Galvin has an M.B.A.
degree from Cornell (1993).  Until October 1993 he was employed by Cornell University in
the position of Director of Corporate Research Relations, focusing on transferring technology
from the university to industry.  Dr. Galvin's graduate research was in the areas of
thermodynamics of silicon under ultrafast melting, ion beam analysis, and thin film
technologies.  He has published over 20 technical papers and holds one patent.  He is a
member of several scientific societies and the American Management Association.  Dr.
Galvin has served as consultant to private industry and national laboratories, and on several
review panels for the National Science Foundation.

Peter Hartwell - "Graduate School and the Free Lunch."
Peter Hartwell graduated Cum Laude from the University of Michigan in 1992 with a

bachelors degree from the Department of Materials Science and Engineering, specializing in
electronic materials.  He then took a position at NASA's Jet Propulsion Laboratory in
Pasadena, California.  Peter joined the Electronic Packaging group doing extensive studies on
solder joint reliability.  In 1993, he left JPL and began graduate studies at Cornell University,
in the School of Electrical Engineering.  His current research interests ate
microelectromechanical systems (MEMS).  He has done extensive work on MEMS based
accelerometers and scaling MEMS devices to deep sub-micron features sizes.

Lynn W. Jelinski, Ph. D. - "Hanging by  a Thread:  Fabrication of a Silicon 
Spinnerete for Producing Spider Silk."

Lynn W. Jelinski has been Director of the Cornell Center for Advanced
Technology in Biotechnology since 1991 and this January was named Director of Cornell’s
new Office of Economic Development.  In addition to her administrative positions, Lynn is a
professor of engineering and an active researcher.  Her research involves the use of
microscopic magnetic resonance imaging and solid state nuclear magnetic resonance for
studies of biophysical function.  Of particular interest to her are biomaterials, including
cartilage and spider dragline silk.

Prior to joining Cornell in 1991, Lynn was head of the Biophysics Research
Department at AT&T Bell Laboratories at Murray Hill, New Jersey, where she managed
research in neural networks and neurobiology, protein structure and dynamics, bioenergetics
and biomedical engineering.  She also spent a year as head of the Polymer Chemistry
Research Department.

Lynn received her B.S. degree in chemistry from Duke University and her Ph.D.
degree in physical organic chemistry from the University of Hawaii.  She was a postdoctoral
fellow at the Johns Hopkins University and a staff fellow at the National Institutes of Health.
She is on the editorial boards of three professional journals and has published over 100
articles dealing with subjects in her research field.

Lynn is active in a number of professional associations and has served nationally
in such roles as past member of the Galvin Commission on the Future of the Department of
Energy Laboratories.  She currently serves on the advisory boards of MIT’s Department of
Nuclear Engineering, the National Science Foundation’s Mathematics and Physical Sciences
Division, the Cornell College of Veterinary Medicine, the Cornell Research Foundation,
Tompkins County Area Development and the Tompkins County Business Innovation Center.
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REU Abstracts:
In Alphabetical Order by Last Name.

Ijeoma Akunyili Howard University
Dr. Gary  Harris Materials Science, HU

"Heteroepitaxial Growth And Characterization Of Beta Silicon Carbide Films Using Chemical
Vapor Deposition (CVD)."

I will, in the course of this presentation, discuss the growth of beta silicon carbide films
on silicon substrates.  Firstly, I will give a brief overview on silicon carbide, its distinguishing
properties and technological importance.  Next, I will discuss epitaxial growth of silicon carbide
with particular attention to heteroepitaxy which we worked on this summer.  The various
cleaning procedures we went through in preparing the substrate will also be discussed.  The
focus of this presentation, however, will be on the actual growth of the crystals using a CVD
reactor.  I will also discuss the thickness, electrical and mobility measurement processes we used
for the characterization of the crystals.

Arthur Beyder SUNY at Buffalo
Prof. Nicholas Winograd Dept of Chemistry, PSU

"Microfabrication for Combinatorial Chemistry and Drug Discovery Research"

Since its advent in the late 1980's, combinatorial chemistry has served as a major
technique in the process of discovery of drugs.  The combinatorial synthetic methods utilize a
series of steps with multiple reagent choices for each step to create a repertoire of up to several
million different compounds.  From a drug discovery point of view, the idea is to massively
bioassay the entire library.  However, at the present time the assaying speed of these libraries is
limited.  This is the major deterrent to fully exploiting the concepts behind combinatorial
chemistry.  In this project, we fabricated an array of pyramidal vials of several dimensions in
<100> Si.  We then filled some vials with different chemicals, including organic dyes, Azure A,
Crystal Violet, and Thionin.  Using molecule-specific imaging, a feature associated with TOF-
SIMS (time of flight-secondary ion mass spectrometry), we were able to selectively map each
chemical.  Considering the relative area of the vials filled (1600-um^2/vial), each vial could be
assayed in less than 1-sec.

Benjamin Cawood James Madison University
Prof. Michael Spencer Materials Science, HU

"AFM GURU:  Software for the Atomic Force Microscope"

In this presentation, I will be discussing what an atomic force microscope (AFM) is, what
the advantages of using the AFM over the scanning electron microscope (SEM) are, and what the
practical applications of the AFM are.  The AFM GURU is a computer software program that is
designed to analyze the topographical images created by the AFM.  The user first enters into a
queue all of the AFM files he or she wishes to scan.  The AFM GURU then takes each of the
filenames within that queue, loads them into memory, and then scans them for anomalies which
would indicate defects in the material surface.  The AFM GURU scans the images according to
preferences entered by the user and then, if desired, it will output the results to a file specified by
the user.
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Leeann Chandler James Madison University
Prof. Noel MacDonald Electrical Engineering, CU

"Binding Organic Molecules to Inorganic Substrates"

The ability to analyze organic substances on a molecular level would be a useful tool in
both the medical and scientific fields.  MEMS offers a way to achieve analysis on this scale, but
typical processes are not easily applied to organic materials.  A method of applying organic
molecules to inorganic substrates and analyzing the reaction results is the goal of this project.  Si,
Ta, Au, and SiO2 substrates were coated with poly-heptafluorobutyl methacrylate and then
hydrolyzed under an O2/H2O plasma courtesy of the Cordis Corporation.  This created bound
carboxylic acids to which a photolabile protecting group could be attached.  The light sensitive
protecting group examined is t-butyl (2-bromo-2-nitrophenyl) acetate, which was derived from
2-nitrophenylacetic acid.  The protecting group was reacted with the substrate under a gentle
benzene reflux to form a photolyzable coating, which then can be patterned with
photolithography.  The exposed pattern would become the substrate for the organic molecules to
be individually attached.  Since the molecules are adhered to a solid surface, conventional
chemical analysis cannot be done, so we are attempting Auger, IR, and XPS surface analysis.

Yelena Chigirinskaya Cornell University
Prof. Carl Batt Food Science, CU

Prof. Harold Craighead Applied & Engineering Physics, CU

"Diffractive Cell Detection Using A Microcontact Printed Antibody Grating"

An optical immunoassay-based biosensor will be discussed and the effects of the size of
the grating on detection sensitivity investigated.  This optical detector has been fabricated by
stamping an antibody grating pattern onto a clean silicon substrate using a 40 µm period
elastomer stamp produced by photolithographic process.  The antibodies retain their ability to
bind antigen specifically while bound to the silicon surface, and E. coli 0157:H7 cells were
captured on the appropriate antibody-stamped lines and the intensity of the first order diffraction
beam being the result of cell attachment was measured.  We tried using a 20 µm period
elastomer stamp and evaluated the performance of the sensor again using E. coli 0157:H7
bacteria.  The intensity of the first order diffraction beam resulting from the antibody grating is
not changed significantly.  The intensity of the first order diffraction beam resulting from the
cells attachment to the antibody grating appears to be smaller by only about 0.01 mW than the
one produced by a 40 µm period grating.

Veronica Collier/Mesha Harris Alabama A & M University
Dr. Kimberly Jones Civil Engineering, HU

"Miniaturized Dialysis Machine for Internal Use"

Most patients who suffer from renal failure must rely on artificial kidney treatment.  The
process used in most artificial kidneys is called dialysis.  Although dialysis is a treatment for
patients with end-stage renal failure, infectious complications in this process have caused many
researchers to investigate the possibilities of a miniaturized artificial kidney for internal use.  A
filtration system along with a miniaturized dialysis machine was developed to demonstrate its
functioning capacity.  We used the plate-and-frame membrane configuration in the design of the
module.  The material used was polyvinyl chloride(pvc).  The membrane is a thin,
semipermeable, silicon wafer with a two inch diameter and a pore size of 250 microns.  This
system allows blood, through inlet and outlet ports, to travel across the top of the membrane,



NNUN / REU Convocation, 1997 Page 10

Veronica Collier/Mesha Harris, continued Alabama A & M University
while the dialysate (cleansing fluid) travels below the membrane, accepting all wastes filtering
through the porous membrane.  The particles in the blood that are too large to cross the
membrane (blood cells, platelets) continue to circulate through the system until the blood is
completely cleansed or until the dialysate needs to be replenished.

John Cross Santa Clara University
Dr. James McVittie Ctr for Integrated Systems, Stanford

"Characterization of PECVD of SiO2 by Ion Flux Distribution and Wet Etch Rate"

In this research, we study and model the relationship between deposition characteristics
and physical properties in thin films used in integrated circuit technology.  I will introduce the
SPEEDIE processing simulation software developed at Stanford University, which is very good
at profile simulation, but does not offer any information about the properties of the materials as a
function of deposition conditions.  We have begun with the PECVD of SiO2 in an overhang
structure that will isolate the anisotropic ion flux from the deposition flux.  In theory, the
deposited film in the area where the ion flux is greatest will have a slower etch rate than that in
which the ion flux is at a minimum.  In this work, we are measuring the local density of
deposited SiO2 and establishing a relationship between it and the normalized ion flux at each
point within the structure as predicted by SPEEDIE.  The local density will be determined by
measuring the etch rate using a Digital Instruments AFM.  Our results show that this is a good
method to determine these characteristics, and will continue with metal interconnect materials.

Daniel Culkin Fordham University
Prof. James Engstrom Chemical Engineering, CU

"The Morphological Evolution of Silicon Films Deposited by Angled Supersonic Molecular
Beams of Silicon Containing Hydrides."

In characterizing thin films deposited through the reaction of a supersonic molecular
beam of silicon containing hydrides onto a clean Si (100) wafer, it has already been shown that
the growth rate and roughness of the films are mainly related to macroscopic deposition
parameters, particularly the incident energy of the beam, but are also affected by the deposition
temperature and the angle of incidence of the beam with respect to the substrate surface.  This
presentation will look further into the aspect of the morphological evolution of the film.  Based
on the results of previous studies and recent molecular dynamic simulations, it is expected that
films deposited at glancing angles of incidence will possess unique morphologies, primarily due
to shadowing effects.  The main source of sample analysis will be cross sectional studies of
cleaved samples using scanning electron microscopy, with the results of atomic force
microscopy and molecular dynamic simulations serving as a basis.

Dedra Demaree U of MD Baltimore County
Prof. Lester Eastman Electrical Engineering, CU

"Leakage Current Through Novel Materials"

Schottky contacts are used in many active devices (HEMTS, MESFETS, etc.) and are an
important research topic.  Leakage current through these Schottky contacts on new materials
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Dedra Demaree, continued U of MD Baltimore County
creates a major limitation.  An effort is being made to optimize Schottky barriers on novel
materials (AlGaN, InGaP, etc.) by minimizingleakage current for both forward and reverse bias
conditions.  The materials are processed to make diodes with Schottky contacts using the
technology at the Cornell Nanofabrication Facility.  These contacts are measured at varying
temperatures to determine their current versus voltage characteristics.  The theoretical leakage
current is then determined using "C-band" (self-consistent solution of Schrodinger's and
Poisson's equations) and physical equations for tunneling and thermionic emission through the
Schottky barriers.

Rong Fan Stanford University
Dr. James McVittie EE Department, Stanford University

"Computer Modeling of High Density Plasma Oxide Etching"

High density plasma-based dry etching plays an increasing role in fabricating VLSI
circuits.  Sub quarter-micron structures can be fabricated accurately by this technology.
However, there is no simple relationship between the process objectives and process variables.
SPEEDIE groupís SIMULETCHDEPO model aims at solving this problem.  It combines low
energy ion enhanced deposition with simultaneous polymer sputtering by high energy ions for
modeling oxide etching.  By providing a list of parameters and a geometric shape to it,
SIMULETCHDEPO should be able to predict the etching profile.  Right now some oxide
overhang test structures are fabricated, and will be etched using Lam TCP Etcher.  The
experimental profiles will be compared to our model, which then can be modified to better fit the
empirical data .

Mark Finlan William and Mary
Dr. James McVittie Stanford/Electrical Engineering

Mayur Joshi Stanford/Electrical Engineering

"Investigation of Plasma Processing Induced Charging Damage"

Realizing that the use of plasma for IC processing is invaluable, it is important to
understand that it is not flawless.  I will touch on the many benefits using a plasma allows, but I
will concentrate on the damage it causes.  Once I establish the types of damage caused and the
effects this damage has on our processing, I will talk about the SPORT (Stanford Plasma On-
Wafer Real Time) Probe developed by the SPEEDIE group.  This is the probe I've been
fabricating and will use to study plasma non-uniformity.  I will discuss what the Probe is and
how it works to characterize plasma damage and non-uniformity.  In the next few weeks, I will
take readings with the probes I fabricate on new gases for plasmas.  These gases are HCFC that
may be used as replacements for currently banned and harmful CFC gases.

Brandon Earl Fleming Case Western Reserve Univ
Dr. Peter Griffin Stanford University

"Scanning Capacitance Microscopy for Two-Dimensional Dopant Profiling in CMOS Devices"

The purpose of this project was to explore alternatives for mapping dopant contour lines
present directly underneath of polysilicon wafers.  Unlike its predecessor which relied on
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Brandon Earl Fleming, continued Case Western Reserve Univ
observing the contour lines from a profile view, we utilized Scanning Capacitance microscopy to
observe the lines from a surface perspective.  This is thought to yield data of value to industry in
manufacturing electronic devices (transistors, etc).  Sample wafers were implanted with varying
concentrations of arsenic and phosphate and a comparison will be drawn between the two.

John Fuhrman UC at Santa Barbara
Dr. Steve DenBaars

"Optical Characterization of Indium Gallium Nitride Quantum Wells"

Optical properties of indium gallium nitride wafers are characterized with low
temperature and room temperature photoluminescence techniques.  Results give insight to
development of semiconductor blue laser.

Franklin Grigsby Harvey Mudd College
Prof. Yuri Suzuki Material Science, CU

"Manufacture and Measurement of Sub-Micron Pillars of La,Ca Mn O3"

The giant magneto-resistive material La,Ca Mn O3 was developed for use in computer
read heads.  The material has a large increase in resistance at the Curie temperature.  Thin films
of the material which exhibit planar preferred magnetic spin orientation were scored into 3/10
micron pillars using electron-beam lithography.  The prefered axis is dependent on crystalline
properties, shape, and strain.  A tall pillar shape takes the preferred axis out of the film's plane.
Subsequent measurements of magnetization show promise for revealing the effects of strain on
the material.  The methods of manufacture and measurement of sub-micron pillars detailed here
are a novel process useful for studying the highly promising properties of thin films such as
La,Ca Mn O3.

Farouk Hadeed Yale University
Prof. Shan Wang Electrical Engr & MSE, Stanford

"Techniques in Processing Spin-Dependent Tunneling Junctions"

Spin-Dependent Tunneling (SDT) junctions are devices primarily made of two magnetic
layers, one soft (NiFe - permalloy), the other hard (Co or CoPt - Cobalt or Cobalt/Platinum,
respectively), with a thin (10-30A) oxidation barrier (Al2O3 - Alumina) sandwiched in between.
The reason the layers are magnetic is to provide a magneto-resistance (MR = deltaR/R) that
changes with an applied H-field.  This property is useful in magnetic-head reading and writing
storage media.  SDT junctions rely on electron tunneling as the main transport mechanism for
conduction of electron current through the insulating barrier instead of the classical free electron
model.  My presentation will focus on the processing techniques for fabricating SDT junctions.
The two different processing scenarios being studied are a) wet etch for the Junction layer,
followed by dry etch (reactive-ion etching) for the Oxide (SiO2) insulating layer, and b) dry etch
(ion-milling) for the Junction layer, followed by lift-off for the Oxide layer.  Standard optical
lithography is used with four contact masks to achieve the desired patterned devices.   We report
non-linear I(V) curves expected of tunneling devices using both processing techniques, as well as
MR characterisitics.  We also observe convincing trends in the variation of resistance vs.
junction area.
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Charlie Hammer Middlesex County College
Prof. Joe Zasadzinski Chemical Engineering, UCSB

"The Preparation of CdS Nanocrystals by Reaction Compartmentalization"

Our project proposes to study the effect of different phopholipids in inducing nucleation
and growth of CdS inside of vesicles. A likely goal is to show that anionic (negatively charged)
phospholipids induce a different crystal form or growth characteristic in CdS than previously
obtained using Egg-PC vesicles.  Such ability would lead to a better understanding of similar
biological processes, as well as broadening the versatility of reaction compartmentalization
inside of vesicles towards producing semiconductor nanocrystals for use in opto-electronic
devices.

Keith Hebert Texas A&M University
Dr. Stephen Fonash Engineering Sci & Mechanics, PSU

"Gas Sensing Capabilities of Ultra-Thin Metal Oxide Semiconductor Capacitors"

Studies have been conducted on the effect of various gas ambients on Metal Oxide
Semiconductor capacitors (MOSCaps) with 70 Angstrom oxides.  The MOSCaps are composed
of a polycrystalline silicon (poly) gate on top of 70 Angstrom thermal oxides on p-type silicon
substrate.  The two types of configurations tested were field devices, in which the poly gate
extends over the field oxide, and gate devices, in which the ultra-thin oxide is exposed at the
perimeter of the poly gate.  Cyclic current-voltage measurements  with different time delays
were used for characterization.

Mary Heseltine University of Rochester
Prof. Noel MacDonald Electrical Engineering, CU

John Chong Electrical Engineering, CU

Mary D.S. Frame, Ph.D. Anesthesiology, Univ of Rochester

"Fabrication of a Mechanical Microchannel System in Silicon"

A glass microchannel system has been developed at the University of Rochester, Medical
Center which mimics arteriolar microcirculation conditions.  However, there is a need to
integrate pressure sensors along the membranes of these microchannels for flow analysis.  The
channels originally fabricated in glass were constructed in silicon using photolithography and
reactive ion etch techniques.  A backside etch was then used to integrate optical and fluorescent
visibility within the channel. The use of silicon vs. glass will allow for greater versatility in
channel fabrication and in sensor integration.  Human umbilical vein endothelial cells were
plated on the channels, using glass channels as a control by Dr. Frame, University of Rochester.
It was found that the cells on the silicon plate have the same shape and cytoskeletal arrangement
as on the glass controls.  Thin silicon membranes were integrated within the system to determine
the deflection of channel walls due to pressure changes along the channel.  The deflection will be
monitored through optical,  electromechanical, or capacitative techniques.  This will allow for
the  determination of pressue and flow throughout a mechanical microchannel system which
mimics the changes observed in arteriolar microcirculation.
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Laurance Hiller Buffalo State College
Prof. S. B. Yoon Material Science, CU

"Fabrication of Bilayer Organic Light Emitting Diodes"

Organic light emitting diodes were first produced in 1987.  One of the possible
applications of these devices is in flat panel displays.  Bilayer organic light emitting diodes were
successfully produced through this summer's research.  The two layers of the devices were made
by dissolving the active chemicals needed for the process in two different solvents and applying
them to the substrates by spin coating methods.  Characteristics of the devices that were studied
include the intensity of the emitted light, the turn-on voltage and the duration of the active
lifetime.  Attempts at optimizing these traits in the devices included experiments with several
solvent combinations, active chemical concentrations, different substrate types and methods of
protecting the devices from their surroundings.

Maria Huang California Inst of Technology
Dr. James Harris, Jr. Stanford University

"The Optimization and Fabrication of Fabry-Perot Vertical Cavity Phase  Flip Modulators"

A new design of Fabry-Perot vertical cavity phase flip modulators has been demonstrated
both theoretically and experimentally. The use of excitons in a manner which allows them to
provide large absorption changes with zero parasitic refractive index changes and the accuracy of
Fabry-Perot cavities which switch the dominant mirror responsible for reflection, are crucial
parameters to achieving a desirable model. In the past six weeks, I have designed a new phase
flip modulator that adds an extra gain quantum well layer to the original vertical cavity phase flip
modulator design. The new model yields a 180 degree phase change and 40% reflectivity, while
decreasing the original bias volatage from 14.5 to 6 V. Some future application includes the
arrangement of such device into dense arrays for stackable optical switching and logic use, high-
efficiency spatial light modulation, and low-reflectivity-change analog phase modulators.

Nicole M. Jantzi Stanford University
Dr. Mark Zdeblick Opthalmology, Stanford University

"Implantable Intra Ocular Pressure Stabilizer for Glaucoma Therapy"

In this presentation, I will briefly discuss glaucoma and the methods that are available
now for treatment.  Then I will discuss the way we are trying to alter already developed
techniques to improve the effectiveness of an eye pump system.  The system consists of a check
valve, a pump and a pressure regulator.  I am currently processing the check valve.  This is an
integral part of the system, if it does not work the pump and regulator are useless.  The amount
of fluid entering and leaving the eye is so small that even a small drop of leakage would cause
the check valve to be ineffective.  We have devised a method of applying silicon rubber (RTV)
into deep trenches on the wafer.  These trenches serve as a mold for the RTV.  I will test the
check valve by taking pressure measurements with a manometer to see if any fluid is leaking
from the valve.  If successful I will move on to processing the pump and regulator, which may
lead to manufacturing of a new product to treat glaucoma.
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John Kim Yale University
Prof. James Harris Electrical Engineering, SNF

"C-V Profiling of InAs Quantum Dots in a GaAs Substrate"

There is a limit to the reduction in size of integrated circuits using current semiconductor
technology.  In order to further reduce the size, novel approaches, such as using quantum dots as
transistors, must be used.  Although it is difficult to make electrical measurements on single dots,
I will attempt to gather capacitance data from the dots which I can use to plot a carrier profile.
So far, I have used the Atlas device simulator to obtain C-V plots of delta doped and
heterojunction samples.  I used this data to plot carrier concentration versus depletion depth so
that I could get a doping profile.  I will use the same technique with the data gathered with a
scanning capacitance microscope from a single quantum dot.

Craig Maloney University of Toledo
Dr. Atac Imamoglu Univ of California at Santa Barbara

"0-D Polaritons"

Recently, much interest has focused on the optoelectronic properties of semiconductor
microcavities enclosed by a pair of Distributed Bragg Reflectors (DBRs) (so-called "Vertical
Cavity Surface Emitting Lasers (VCSELs)" in the context of lasing).  The evolution of these
cavities was driven, in part, by the promise of higher efficiency of semiconductor lasers through
"engineering" or "tailoring" of the optical environment in which the charge carriers reside.

One line of inquiry deals with the excitonic interaction with the local electromagnetic
field.  Namely, in the strong coupling regime, in which the excitonic recombination energy is
resonant with photonic cavity energy, it is found that the exciton - photon interaction is best
described by a set of super-modes known as "polaritons."  We explore the effects of lateral
confinement on the quasi-particle polaritons through the altering of the optical cavity
environment.  One would expect, through this 3-D confinement, a further discretization of the
density of states of the cavity photons, giving rise to a discretizaiton of the density of polariton
states in the transverse momentum space.

Our processing technique in confining the photon modes relies in combination on circular
mesa formation through Reactive Ion Etching (RIE) followed by the lateral oxidation of AlAs
layers in the top DBR of the mesa structure.  The high discontinuity in refractive index between
the oxidized and non-oxidized regions in the layer provide an effective reflective boundary. We
then characterize the confined polaritons through reflectance spectra and time resolved
photoluminescence spectra.

Brittany Mitchell Clarkson University
Dr. Mike Deal Stanford University

"Variation of Hillocks on Passivated Aluminum Due to Grain  Growth"

The process of hillock formation is important during integrated circuit fabrication because
formation of hillock can lead to cracking of dielectric layers surrounding the aluminum and can
cause shorting in the circuit.  Hillock formation occurs due to migration of Al atoms up grain
boundaries toward the aluminum/dielectic interface due to thermal stress gradients.  A recently
created model postulates that this phenomenon is enhanced by grain growth and suggests that
stagnation of grain growth  would lead to little or no hillock growth.  We are testing this by
observing hillock formation in two types of sample, one in which grains are free to grow,
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and the other in which grain boundaries are pinned in a metastable state and are not growing.
The later samples are created by passivating the aluminum with a thick dielectic layer (to
mechanically suppress the growth of hillocks while grain growth occurs) and annealing the
samples until grain growth stagnates.  Both types of samples will then be annealed without
passivation and comparisons will be made between the hillock formation that occurs during the
annealing process on each type of sample.  At this point, we are determining the time needed (at
450 degrees Celsius) for grains  to stagnate.  Sputter deposition is used to deposit the aluminum
films, Low Pressure Chemical Vapor Depostion is used for depositing the SiO2 passivation, and
measurements of grain and hillock size are made using Atomic Force Microscopy.

Paul Molnar Cornell University
Dr. Jorge M. Garcia Materials Science, UCSB

"Fabrication of Quantum Dot Resonant Tunneling Diodes"

I have designed a photolithography mask to build resonant tunneling diodes.  My mask
improves on the previous design by making smaller diodes with larger ohmic contacts.  It is
expected that the new diodes will display current-voltage characteristic curves with a more
pronounced tunneling region.

Brendan Moran The Johns Hopkins Univ
Prof. Jack Blakely Materials Sci & Engineering, CU

"An Approach towards the Elimination of Atomic Steps on GaAs"

As a continuation of a previous work which attempted to create step-free regions on
patterned GaAs, this report primarily discusses the novel approaches taken to successfully
fabricate such arrays.  Due to problems discovered concerning surface cleanliness in this
previous work, a protective masking layer of SiO2 was initially deposited directly onto the
substrate.  "Mesa" patterns of varying sizes were written with e-beam lithography and etched
using a ion-beam system; in order to eliminate the surface contamination problems, the resulting
patterned substrate was exposed with minimal wet chemistry.  It has proven to be promising to,
on a clean  substrate, employ vapor phase epitaxy to deposit a new layer of GaAs onto the
"mesa" patterns; it is our belief that this deposition will cause the atomic steps, in vertical
succession, to migrate toward the "mesa" edges and terminate, thus ultimately creating a step-
free surface.

Kevin Ness UCSB
Dr. Umesh Mishra UCSB

"Investigation into Native Oxides as Insulators for GaAs"

Measured C-V and I-V characteristics for  different GaAa annealed devices  The higher
annealed GaAs the better the characteristics.
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Rhasheda Nixon Tuskegee University
Research Associate Michael Rogosky Materials Sci & Engineering, PSU

"Electron Beam Lithography and the Damage it Causes to Silicon"

In this presentation, electron beam lithography and the damage it causes to silicon wafers
will be discussed.  This experiment involved the use of n-type silicon wafers that underwent E-
beam lithography and optical lithography.  The optical lithography wafer was used as the control
wafer to be compared with the direct write E-beam lithography wafers.  The damage was then
analyzed using Deep level transient spectroscopy (DLTS) to find defects in the lattice structure
or impurities.

Matthew Owings Harvey Mudd College
Prof. Emmanuel Giannelis Materials Science, CU

"Fabrication of Thin Film Capacitors"

As computer chips continue to decrease in size, there grows a demand for smaller and
better thin film capacitors for memory and signal conditioning applications.  We are examining
the use of sol-gel techniques to create tantalum oxide thin film capacitors with copper electrodes.
We seek to determine the inherent and process-dependent electrical properties of these films.
Furthermore, as initial investigations show copper diffusing into the tantalum oxide dielectric,
we hope to find methods of preventing this diffusion while retaining the desirable electrical
properties of the capacitor.

George Paloczi UCSB
Dr. Kathryn Wilder Stanford University

"AFM Tip-Induced Oxide Formation on Silicon"

Invented in 1986, the AFM has been used to image a variety of nanometer-scale objects.
In addition to characterizing surfaces, the AFM can also be used for modification by means of
mechanical pushing or by applying a tip/sample bias.  The tip/sample bias method can be used to
grow a thin layer of silicon oxide on hydrogen-passivated silicon or poly-crystalline silicon.
Although models of the oxide formation exist, little practical knowledge exists of the speed and
bias voltage limitations.  We have formed continuous lines of oxide at voltages as low as 7 volts
and at speeds as high as 188 µm/sec.  We investigate these speed and voltage limitations to
deter-mine whether AFM tip-induced oxidation can be a suitable method for device fabrication.
Upon my return to Stanford, we will examine the possibility of foregoing field enhanced
oxidation and only selectively depassivate the silicon with the AFM tip, allowing native oxide to
form.

Jennifer Mei-An Popham Alabama A & M University
Dr. Evelyn Hu Univ of California at Santa Barbara

"Photelectrochemical (PEC) Etching of GaN"

We have been studying the effects of photoelectrochemical etching on different types of
GaN trying to remove GaN from the sapphire substrate.  The reason why we need to get GaN off
of the heat insulating sapphire substrate is because GaN is heat tolerant which is good for
different applications; however, sapphire holds heat and would fry whatever it would be used for.
We have seen major undercutting of GaN near the sapphire and have seen selective etching, but
there have been no results of complete liftoff of GaN from the sapphire.
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Adam Pyonin Washington University
Dr. Nabeel Ibrahim Electrical Engineering, Stanford

"Dopant Redistribution Through Polysilicon During TiSi2 Formation"

The formation of TiSi2 by the solid state reaction between Ti and Si has been shown to
influence the equilibrium defect (interstitial and vacancy) concentration in silicon.  Changes in
defect concentration may adversely affect the electrical characteristics of the silicon, which may
produce unpredictable transistor properties, including a shift in threshold voltage.  Complete
understanding of this phenomenon is necessary for an accurate computer simulation of back-end
processes.  The data acquired from my experiments will be used in creating such a program,
called the Back End Simulation Tool (BEST).  Therefore, my research will consist of building
polycide gate structures and then using Secondary Ion Mass Spectrometry to measure the
Arsenic dopant concentration within the structure.  From this, I hope to gain an accurate picture
of Arsenic redistribution during TiSi2 formation.

Brett Sackett Univ of California, Davis
Dr. Mark Su Univ of California at Santa Barbara

"Fabrication of GaAs Terahertz Fabry-Perot Resonators"

White light and Ar laser reflectivity test on AlGaAs/GaAs/AlGaAs Semiconductor
Quantum Heterostructure.  Varied temperature (60-120K) and magnetic field (0-10T).
Fabrication and Characterization of GaAs optical cavity.  Increase in magnetic field showed an
increase in reflectivity.  Temperature variations not analyzed yet

Sandra Sattler Columbia University
Dr. Mark Sherwin Univ of California at Santa Barbara

"Testing Millimeter Wave Detectors in Low Background Conditions"

There is a continual search for new and improved millimeter and submillimeter wave
detectors which would be used for astronomical purposes.  I have designed a blackbody load
which will model astronomical conditions in a laboratory invironment.  This load will be used to
optimize and evaluate existing millimeter and submillimeter wave detector technology.  I have
designed and built a blackbody load which would minimize thermal conduction in the low-
temperature system and would maximize the blackbody's ablity to absorb radiation.  I am
currently installing the load system.  Testing of detector devices will occur shortly.

Andrej Sierakowski Stanford University
Prof. Jim Plummer Electrical Engineering, SNF

"Statistical Characterization of Grain Size in Polycrystalline Silicon Films for Correlation with
its Electrical Attributes."

I will discuss the use of an AFM (atomic force microscope) to gather image data of
polysilicon surfaces, NIH software to analyze these images, comparison of ASTM standards with
results from NIH for calculation of grain size, and finally, four point probe experiments to be
conducted on  ensembles of test structures fabricated in CIS (Center for Integrated Systems).  In
my presentation, I will introduce polysilicon (polycrystalline silicon) and state properties that
make it attractive for use in integrated circuit applications.  The focus of my work; I will give
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motivation for an ensemble study of polysilicon.  This study provides recipes for growing this
material to not only carry information about the grain size distribution but, in addition (partly as
a result of my research), the corresponding electrical attributes.  I have used the lab to make
samples of polysilicon of varying thicknesses.  With the AFM, I have gathered images of
samples.  Then I use NIH software to analyze images gathered with the AFM to output
histograms of  grain number as a function of grain size for a given thickness.  Finally, four point
probe tests will be applied to test structures with the same variation in polysilicon thickness as
the samples I have fabricated, imaged and analyzed.  To summarize, the motivation for my study
this summer is to correlate a distribution of grain size, for a given polysilicon thickness and
deposition temperature, with its electrical attributes.

Joshua Stamp Hanover College, IN
Dr. David Awschalom Univ of California at Santa Barbara

"Sub-Micron Magnetism"

We have built complimentary equipment for use with the Magnetic Force Microscope.
We have also looked at a variey of samples for the best combination of particle order and strong
magnetic properties.  We will then image examine the sample in various magnetic fields to
determine magnetic behavior.

Bennet Tarng Stanford University
Prof. Peter Krusius Electrical Engineering, CU

"Anisotropic Through-Wafer Etching Using the SRL 770"

Current wafer processing technology limits itself to creating devices on the front sides of
wafers, leaving the remaining bulk silicon to serve as structural support.  If conducting paths
were provided through the substrate, it would become possible to fabricate devices utilizing both
sides of wafers.  Issues involved in creating such channels, which must be of size on the same
order as the devices (microns, in the case of CMOS), include increasing the speed of hole etching
and controlling the profiles of the holes.  High etch rates are achieved by using the PlasmaTherm
SRL 770 etcher, which can etch up to 3 microns of silicon per minute (typical wafer thickness
~350 um).  In my presentation, I will show the ability of the 770 not only to etch quickly, but
also anisotropically, creating channels with the desired high aspect ratios.  I will present results
on my efforts to balance the effects of channel widening, caused by inherent isotropy in all
etching processes and channel narrowing, caused by the creation of passivating sidewalls
specific to the 770's etch process, in order to create vertical profiles suitable to serve as
communication channels between structures on opposite sides of wafers.

Xinyi Zhou Cornell University
Prof. Christopher Ober Material Sci & Engineering, CU

"The Study of Next Generation Photoresists"

In this presentation, I will discuss the study of several polymers for positive tone 193 nm
photoresist systems.  The distribution property of the Photo-Acid Generators (PAGs) in the
photoresist film is studied closely because of its important affect on the sensitivity of the
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photoresist.  It is essential to find a compatible PAG-polymer mixture to optimize a photoresist
system.  Some of the polymers studied are known to have good etch resistance and transparency
at 193 nm, while others are used as comparisons for the PAG distribution differences between
the homo-polymer, and the block, random copolymers.  Several polymers, such as poly (IBMA-
b-tBMA), are found to have even distributions throughout the photoresist film with most of the
PAGs studied, which is essential for a practical photoresist system.  For some polymers, phase
separation occurs between the photoresist and the PAG, with the PAG usually segregating
towards the bottom.  This decreases the photoresistís sensitivity dramatically.  Also, we are
looking to set up a Supercritical Fluid (SCF) extraction system that will allow us to use
supercritical carbon dioxide as a developer solvent for certain fluoropolymer-containing
photoresist systems.  It can possibly replace the expensive and environmentally unsafe organic
solvents thatís currently used.

Mark Zwald Cornell University
Prof. Harold Craighead Applied & Engineering Physics, CU

"Fabrication of Modulated Diffraction Gratings"

We have successfully fabricated a new type of optical modulator using silicon
micromachining technology.  The devices are fabricated from nitride / oxide / silicon substrates
using photolithography, reactive ion etching, and wet etching processes.  Two MEMS processing
techniquies were implemented: critical point drying with carbon dioxide to avoid stiction
problems with suspended structures, and the utilization of photoresist to create a passivation
layer during a buffered oxide etch.  The completed structure is an array of suspended nitride
beams whose pitch can be modulated with an applied voltage signal.  Measurements of 80
micron long beams have yielded a resonance frequency of 550 KHz with 75% modulation of the
zero-order reflected intensity using a driving voltage amplitude of 2.7 volts.  Similar devices
have previously been fabricated. [1]

[1]  O. Solgaard, F.S.A. Sandejas, and D.M. Bloom, Optics Letters, vol 17, pg 688, 1992.


