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Abstract
In this paper, the research projects carried out by the women undergraduate students selected
for the NSF funded undergraduate summer research sites established at the department of
Electrical Engineering at Michigan Technological University in the areas of design, modeling
and simulation of GaAs-based very high-speed integrated circuits are outlined.
I. Introduction
It is widely accepted that active research experience is one of the most effective techniques
for training and motivating undergraduate students for careers in science and engineering.
National Science Foundation (NSF) recognizes this and supports undergraduate research
under two “Research Experiences for Undergraduates” (REU) programs: a) Under their
“REU Supplements” program, NSF encourages principal investigators of NSF-funded
research grants to include one or two undergraduate students in their existing projects; b)
Under their “REU Site” program, NSF provides funds to set up undergraduate research sites
consisting of nearly ten students to work on state-of-the-art research projects under the supervision of a faculty member.
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Recent advances in the integrated circuit technology have resulted in smaller transistor
dimensions, larger chip sizes and increased complexity. There is an increasing demand for
circuits with higher speeds and higher component densities. Because of its semi-insulating
property and the fact that the mobility of electrons is an order of magnitude higher in Gallium
Arsenide (GaAs) substrate than in the widely used Silicon substrate, GaAs has emerged as a
preferred substrate for the development of very high-speed integrated circuits. In fact, during
the last few years, GaAs technology has emerged rapidly from basic research to device and
circuit development. In addition, growth of GaAs on silicon (Si) substrate has met with a
great deal of interest because of its potential applications in the new hybrid technologies.
GaAs-on-Si unites the high speed and optoelectronic capability of GaAs circuits with the low
material cost and superior mechanical properties of the Si substrate. The heat sinking of such
devices is better since the thermal conductivity of Si is three times more than that of GaAs.
This technology is expanding rapidly from material research to device and circuit development. Functional GaAs SRAMs of up to 1K in complexity have been demonstrated on Si sub-

strate. LED modulation rates up to 27 Mbit/s have been demonstrated on monolithically
integrated GaAs/AlGaAs LEDs and Si MOSFETs. Further, it may be recalled that CRAY-4
supercomputer is based primarily on the GaAs-based high-speed circuits. In this paper, an
undergraduate research site on GaAs-based high-speed circuits set up at the Michigan Technological University is described and the research projects carried out by the women undergraduate students are summarized.
II. Undergraduate Research Sites
During summers of 1997, 1998 and 1999, funded by a 3-year grant from the National Science
Foundation, undergraduate research sites were established at the department of Electrical
Engineering at Michigan Technological University (MTU) in the area of GaAs based very
high-speed integrated circuits. Each of these sites consisted of ten undergraduate students
selected from institutions all over the USA. Eligibility criteria were:
a) citizenship or permanent resident of the United States; and
b) completion of at least two years in electrical engineering, computer engineering or a related
field with a grade point average of 3.0 or over.
Major objectives of the REU site were:
a) enhancement of student experience, competence, confidence and self esteem by working on
a state-of-the-art electrical engineering research project;
b) encouragement of students to pursue graduate studies in electrical engineering and to
choose a career in microelectronics/VLSI research; and
c) improvement of student oral and written skills through written report and formal
presentations.
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NSF strongly encourages the inclusion of women students and students belonging to other
under-represented groups to their REU sites. These three sites at MTU included eight women
undergraduate students selected on a competitive basis. In addition to the host institution,
women students were selected from the University of Notre Dame, University of Texas at El
Paso, Swarthmore College, Michigan State University, Rutgers University and Calvin College. These students worked with electrical engineering graduate students and faculty members for ten weeks on projects ranging from designing GaAs-based circuits using MAGIC
and L-Edit1 to modeling the very high-frequency effects in the VLSI interconnections2 to the
study of electromigration-induced failure effects in the GaAs-based VLSI interconnections2
to computer simulations of GaAs- and SOI-based devices using the semiconductor technological computer aided design (TCAD) tools. Interaction with the faculty and graduate students working in these areas was maximum during the first few weeks and decreased
gradually as students became more and more independent in carrying out their projects. During the last week of the REU site, students submitted formal detailed written reports and presented formal seminars on their projects3.

Graduate student Terrence Tan talking to the REU students
III. Undergraduate Projects
REU students realized that, while for the past few decades, silicon-based technologies have
been used to fabricate integrated circuits, the limits of silicon are being reached as the end of
the millennium approaches and new materials must be investigated to continue the aggressive
growth demanded by consumers and modern industry. They found that GaAs is considered a
prime candidate for designing components with high speed and modest power consumption
due to its high electron mobility, high switching speed, low capacitances and high packing
density. Therefore, to illustrate and test the feasibility of GaAs-based components, they
designed several GaAs-based circuits using the CAD tool called MAGIC in conjunction with
the GaAs technology files created by Long and Butner1. These circuits included a GaAsbased digital clock, a GaAs-based calculator4, a GaAs-based floating-point adder/subtractor5
and a GaAs-based mini central processing unit. They also carried out modeling of crosstalk
among the high-density VLSI interconnections6 and experimental measurements of propagation delays (of the order of a few hundred picoseconds) in the high-speed GaAs-based integrated circuits. In addition, a student studied the emergence of the Silicon-on-Insulator (SOI)
technology7,8 in the integrated circuit arena while another student compared the GaAs logic
families with the transistor-transistor logic (TTL), emitter coupled logic (ECL) and complementary metal oxide semiconductor (CMOS) logic families by testing, analysis and benchmarking of a 74S381 ALU using MAGIC and SPICE. Brief outlines of the undergraduate
projects carried out by the women REU students are given below:
3.1 Designing GaAs-Based Integrated Circuits Using L-Edit
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IC design tool called L-Edit developed by Tanner Research is used primarily for designing Si

CMOS circuits. In this project, two REU students (SD, RM) extended its ability to designing
GaAs-based ICs. The GaAs circuits designed were simulated by using S-Edit and the waveform generator.

REU students Stephanie Draeger and Rebecca Morrison presenting their project results
3.2 Modeling of Crosstalk in the VLSI Interconnections
An REU student (LH) developed a program that can be used to study the crosstalk among the
high-density interconnections on a VLSI chip. This program is based on the frequency
domain modal analysis of two, three and four line systems. Two programs, one using C++
and the other using MATLAB were developed and used to analyze crosstalk for various values of the interconnection parameters.
3.3 Modeling of Electromigration-Induced Failure of the VLSI Interconnections
An REU student (JM) calculated the mean times to failure (MTF) of copper (Cu) and aluminum (Al) interconnections on the VLSI circuits using the perturbed hexagonal grain structure
model. She realized that while Al has been a preferred material for metallic VLSI interconnects for a long time, Cu has been adopted recently by IBM and Motorola because of its
lower resistivity and higher activation energy despite its disadvantages of lower temperature
reactivity and diffusivity. This model can be used to analyze the dependence of MTF on current density, temperature and grain structural factors. It can also be used to study the electromigration-induced effects if Al-Cu alloys are employed as interconnect materials rather
than pure aluminum.
3.4 Modeling of Very High-Frequency Effects in the VLSI Interconnections
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An REU student (SW) studied the very high-frequency effects on the delays in the VLSI
interconnections. She developed a transmission line model of single-level interconnect delays
including such effects as the skin effect, conductor loss, dielectric loss and the parasitic
capacitances which was used to study the dependence of delays on the various interconnect
parameters.

3.5 Computer Simulation of GaAs and SOI Devices Using TCAD Tools
As device sizes shrink and new materials are added, it becomes more expensive, time-consuming and physically difficult to test each component and that device simulations using the
TCAD tools is an economical alternative to experimental testing. REU students investigated
the rapidly emerging Silicon-on-Insulator (SOI) technology for high-speed integrated circuits
and concluded that SOI technology results in higher circuit speeds, lower power consumption
and greater immunity to radiation-induced errors and is compatible with the existing IC fabrication processes. REU students (SB, AM) used the TCAD tools to simulate the performances
of several GaAs- and SOI-based devices as functions of device dimensions and other fabrication parameters. They found out that the Silvaco Corporation’s “Virtual Wafer Fab” (VWF)
package consisting of process simulation software called ATHENA, device layout software
called DevEdit, device simulation software called ATLAS and Tonyplot for displaying results
could be used to simulate GaAs, SOI as well as conventional silicon devices. These simulations were designed to show both the efficacy of the materials and the simulation programs
themselves. They explored the capabilities of these TCAD programs for several GaAs and
SOI devices including short- and long-channel JFETs, digital GaAs E-MESFETs, HEMTs
and SOI BJTs
.

REU student Sarah Bergstrom presenting her seminar
IV. Student Evaluations
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At the end of each summer research experience, we surveyed the students as to their satisfaction with the program. Each year, students were very positive in their assessments of the program including their research experiences, interaction with other participants and faculty, and
the effect the program had on their interest in pursuing graduate education and careers in
semiconductor research. We also surveyed the students by e-mail in the spring. Their opinions of the program continued to be high. Almost all participants felt that this undergraduate
research experience had greatly enhanced their overall education. Most of these REU students had accepted or were looking for industrial research positions or were planning to
attend graduate schools.
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Research Experiences for Undergraduates (or REUs) are competitive summer research programs in the United States for
undergraduates studying science, engineering, or mathematics. The programs are sponsored by the National Science Foundation, and
are hosted in various universities. REUs tend to be specialized in a particular field of science. There are REUs in many scientific fields
such as mathematics, physics, chemistry, geology, biology, psychology, and computer science. The Protege student will join a team of
graduate students in the Software Engineering Research Lab for the summer research, and the research results will be submitted for
peer-reviewed publications. Eco-Friendly 3D Printing. Professor Murali Sundaram Department of Mechanical and Materials Engineering
631 Rhodes Hall Cincinnati, OH 45221-0072 (513) 556-2791 murali.sundaram@uc.edu.Â As this research is multidisciplinary in nature,
it offers tremendous opportunity for undergraduate students to be exposed to interdisciplinary research. The project will also introduce
students to the various aspects of academic research starting from literature review to report preparation. Undergraduate research
experiences often engender enthusiasm in the students involved, but how useful are they in terms of enhancing student learning? Linn
et al. review studies that focus on the effectiveness of undergraduate research programs. Undergraduate research experiences in a
class were distinguished from those involving individualized participation in a research program. Mentoring emerges as both an
important component of a successful experience and a target for improvement. Science, this issue 10.1126/science.1261757. Structured
Abstract. For any undergraduate contemplating a career

