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Cutting-Edge Research and Student  
Engagement: Professor Santosh Kurinec 
explains the process known as Aspect 
Ratio Trapping (ART) to Richard Roney, 
an RIT undergraduate student in micro-
electronic engineering, who is holding an 
ART wafer, which incorporates a germa-
nium layer on silicon. Kurinec and Sean 
Rommel are leading a faculty-student 
team that is partnering with AmberWave 
Systems to enable the use of ART 
technology in advanced germanium, III-V 
semiconductors on silicon development.



A Leading Innovator
“By increasing the functionality of micro and nano electronics,  
we can improve quality and performance while opening up 
new avenues for microelectronics applications,” notes Santosh 
Kurinec, head of the department of microelectronic engin
eering at Rochester Institute of Technology. “These efforts  
will ultimately have major implications for a wide range of 
disciplines including medicine, transportation, entertainment, 
and energy management.”

These innovations require new devices, novel materials,  
and innovative fabrication methods to accomplish improve-
ments in microelectronics as well as more skilled engineers 
and researchers to make it happen. There are very few academic 
institutions that have a stronger background and skill set in 
this area than RIT. The university was the first in the nation  
to create a department devoted to microelectronic engineering, 
which celebrated its 25th anniversary in 2007, and also the  
first to create a doctoral program in microsystems engineering. 
Research conducted at RIT has advanced numerous tech
nologies, including quantum devices, nanolithography,  
and nanomaterials. In addition, graduates of the program  
are now employed by nearly every major semiconductor 
company working in the field, including Intel, IBM, and 
Micron. “RIT has a long history of success in micro and  
nano electronic education and research, and has made a  
major contribution to the field’s development over the last 
quarter century,” adds Kurinec. “Our current efforts build  
on our commitment to grooming researchers for the ever-
evolving microelectronics industry.”

Professor Kurinec’s team is adding to this body of research 
through groundbreaking work in the area of silicon integra-
tion. This effort focuses on looking for new methods to 
integrate disparate materials onto traditional silicon chips, 
enhancing functionality, memory, and speed. These have 
included luminescent phosphors, high-permeability magnetic 
cores, and spin-based junctions. To pursue these initiatives 
Kurinec has partnered with Surendra Gupta, professor of 

Innovation in Microelectronics

The development of integrated circuits and semiconductor devices has revolution-
ized our society from communication to information storage to transportation and 
media. The creation and implementation of a wide variety of digital devices central 
to our daily lives would not be possible without these technologies. Given the  
continued demand for micro and now nano electronics, researchers are working to 
further enhance the speed and storage capacity of these next-generation devices.
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by William Dube

Improving Silicon Technologies:  
An engineer examines the photolithography process performed 
on a silicon wafer to ensure proper exposure and alignment 
of mask levels. A typical semiconductor device may consist of 
numerous layers, each defined by a precise mask design. 
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mechanical engineering, in establishing  
a state-of-the-art nanocharacterization 
facility that includes a Bruker D8 
Discover High-Resolution X-Ray  
Diffractometer and a Multimode Atomic 
Force Microscope. Currently, Kurinec  
and collaborator Sean Rommel, associate 
professor of microelectronic engineering, 
are working to monolithically integrate 
silicon nanoelectronics with charge-  
and spin-based tunnel devices.

Spintronics and Next-generation  
Microelectronics
Spintronics, or magnetoelectronics, 
utilizes ferromagnetic materials—
compounds with an inherent magnetic 
behavior—to capture the spin state of  
the electrons. The process is now used in  
the development of mass storage devices  
and magnetic random access memory 
(MRAM), which utilize spintronics to 
greatly enhance the amount of data that 
can be stored. Scientists are now testing 
devices that can compress data down to  
one trillion bits per square inch. Eventu-
ally, researchers hope to use the method 
to create spin-based transistors powered 
by magnetic semi-conductors that require 
little external energy and greatly improve 
memory capacity over traditional devices.

Kurinec and Rommel are working with 
Veeco Corporation and the Naval Research 
Laboratory to integrate magnetic tunnel 
junctions, a spintronics device, with  
resonant tunnel diodes, which utilize the 
quantum effect generated by different 
compound semiconductors to create an 
electromagnetic wave that can be used in 
high-speed circuitry. The combination  
of the two technologies in a traditional 
Complementary Metal–Oxide–Semicon-
ductor (CMOS) integrated circuit could 
greatly increase the tunneling magneto
resistance ratio, which is used to measure 
how effectively the magnetic charge is 
being transferred. Kurinec and Rommel 
believe the technique can increase the 
quality and reduce the costs associated 
with the process and ultimately enhance 
the utilization of spintronics methods, 
such as MRAM, for use as storage 
methods for electronic devices.

“Currently, MRAM chip technologies 
require a relatively larger amount of 
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Spintronics Enhancing Memory and Speed: The Magnetic Tunnel Junction (MTJ) device 
shown above is being integrated with silicon electronics at RIT. The left shows a 
cross sectional schematic. The right shows a transmission electron micrograph that 
illustrates a variety of nanoscale thickness materials being integrated on a wafer. 
MTJs are spin-based devices as opposed to silicon MOS transistor devices, which 
are charged-based. 

Magnetic Tunnel Junction device on 
silicon fabricated at RIT. The micrograph 
shows the top view of a four-terminal 
Magnetic Tunnel Junction (MTJ). 
This device is utilized to study the 
resistance-area product with and with-
out the application of magnetic field—in 
other words, whether it turns on or off 
with the application of a magnetic field.
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A Bruker D8 Discover High-Resolution X-Ray Diffractometer Analysis: Advanced charac-
terization of different layers becomes a critical component of research involving inte-
gration of dissimilar materials on silicon. As an example, the X-ray diffraction analysis 
seen above (left) is aimed at understanding the crystalline integrity of the tantalum 
layer that forms the bottom electrode (right).  

Ru (7 nm)

CoFeB (2 nm)

Mg-0 (0.9 nm)

CoFeB (2 nm)

Ru (0.85 nm)
CoFe (1.1 nm)

NiFeCr (3.4 nm)

Ta (~200 nm)

Thermally Grown SiO2 (500 nm)

Silicon

2theta increase direction

Strong Ta (002)
texture

Weak Ta (202) 
peak



Focus Area | Microsystems

17Research at RIT

energy to operate, which increases the 
cost and reduces the effectiveness of  
these devices for smaller, low-power 
applications,” says Rommel. “Through  
the combination of magnetic tunnel  
junctions and resonant tunnel diodes on  
a CMOS circuit, we hope to increase the 
efficiency of the process and expand the 
uses for MRAM in a host of areas.”

Kurinec and Rommel’s work in the 
field builds on more than a decade of 
research conducted by Kurinec’s team, 
which has made major strides in the 
implementation of additional semicon-
ductor materials besides silicon, for use  
in transistors and integrated circuits.  
For example, in 2000 Kurinec partnered 
with the Ohio State University to integrate 
silicon-germanium-based semiconduc-
tors, using the technique known as MBE 
(molecular beam epitaxy), onto CMOS-
integrated circuits. This was the first time 
that MBE grown semiconductors had 
been successfully incorporated into a 

CMOS device, and the data and knowledge 
the team developed on the project led to 
their interest in integrating magnetic 
tunnel junctions with CMOS circuits.

“The previous successes we have had  
in materials integration serve as building 
blocks for our current and future research 
efforts,” states Kurinec. “The diversity of 
materials and techniques we have worked  
in allows the team to apply our knowledge  
to a wide variety of applications within  
the integration arena. This environment  
not only increases the quality of our work 
but also further promotes RIT’s micro
electronics capabilities for research with 
government, academia, and industry.”

Kurinec’s current major research effort 
grew out of a senior undergraduate 
project leading to a master of science 
thesis by Michael Latham involving fabri-
cating devices on strained silicon wafers 
donated by AmberWave Systems. Subse-
quently, Kurinec, Rommel, and fellow 
microelectronic engineering faculty 

member Karl Hirschman partnered with 
AmberWave to receive NSF funding for 
integrating III-V materials onto silicon-
based devices.

III-V materials, so named because  
of their location on the Periodic Table, 
have been used for years in niche markets 
that require extreme high-speed perfor-
mance, optical properties, and/or radio 
frequency properties. However, they have 
seen little market penetration for more 
mainstream applications due to high costs 
and difficulty in integration with conven-
tional, inexpensive silicon electronics.

This new research partnership will seek 

Loading a Wafer for Ion Implantion for Doping 
Silicon: Silicon is implanted with impurities 
such as boron and phosphorus to change  
its conductivity and type. Combined with  
photolithography this process selectively 
places impurities to create layers of varying 
conductivity in order to build integrated 
circuits for microelectronics production. 



to develop the use of Aspect Ratio Trap-
ping, or ART, an innovation created by 
AmberWave Systems to enhance the use 
of III-V materials in a number of applica-
tions. The team will test the quality of the 
process and work to develop a prototype 
manufacturable system incorporating 
III-V and silicon devices together.

“The joint venture between RIT and 
AmberWave is an example of our interest  
in cultivating technology from the ground 
level up,” notes Richard Faubert, president 
and CEO of AmberWave. “We are 
extremely enthusiastic about what the 
partnership will bring to the advancement 
of semiconductor devices.”

Two Goals:  
Innovation and Educational Excellence
The partnership with AmberWave 
Systems, like all of Kurinec’s projects,  
will also include significant student 
involvement, including undergraduate 
and graduate researchers. This training 
component exemplifies the hands-on, 
educational approach that complements 
the microelectronic engineering depart-
ment’s research efforts. Kurinec believes 
this process not only benefits RIT’s 
students but also provides future 
employers with engineers who already 

have significant real-world experience 
prior to joining the workforce. A doctoral 
student who assisted with the Ohio State 
project in 2000 was ultimately hired by 
Intel to carry out Intel’s semiconductor 
research and development.

“Throughout my time at RIT I have 
focused on the dual goals of advancing 
technology in the microelectronics field, 
while also promoting the skills and capa-
bilities of our students,” says Kurinec.  
“We believe strongly in experiential 
learning and feel our extensive inclusion 
of undergraduate, master’s degree, and 
Ph.D. students in our research efforts 
enhances our education initiatives while 
ultimately creating better engineers.”  
This innovative educational approach in 
microelectronics has earned Kurinec’s 
team a major National Science Founda-
tion award for Leading Microelectronic 
Education to New Horizons.

“The ability to take my classroom 
training and apply it to real-world prob-
lems while I am still in school will be 
invaluable in enhancing my skill set and 
increasing my future employability,” adds 
Raymond Krom, an RIT microelectronics 
student who will be working on the 
AmberWave project. “It also is incredibly 
gratifying to be working on cutting-edge 
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technology that will ultimately lead to 
new innovations in the field.”

Krom also was recently selected for  
an International Research and Education  
Experience (IREE) award from the 
National Science Foundation, which is 
allowing him to spend six months as a 
student researcher with IMEC, a univer-
sity-industry research consortium based 
in Brussels, Belgium.

It is a testament to RIT’s ability to meet 
the dual goals of innovation and education 
that many past graduates have returned to 
the school as professors and researchers. 
Karl Hirschman, who received a bachelor’s 
degree in microelectronic engineering 
from RIT and subsequently received his 
Ph.D. in electrical and computer engi-
neering from the University of Rochester, 
now serves as an associate professor in the 
departmentas well as director of the Semi-
conductor and Microsystems Fabrication 
Laboratory (SMFL)—RIT’s 
13,000-square-foot clean room.

“RIT’s focus on ‘education by doing’  
is a major asset not only for students  
but also for professors and researchers,” 
Hirschman notes. “Students bring new 
ideas and a fresh perspective to problems 
that assist in making our research better.”

Students Designing Advanced Microelectronics
Students such as microsystems engineering Ph.D. student Ivan Puchades 
and undergraduate microelectronic engineering student Yusuke Takahashi 
design and model novel devices as part of their academic programs.

Electrical Testing of Fabricated Tunneling Devices
Professor Santosh Kurinec and Ph.D. microsystems engineering  
students David Pawlik and Archana Devasia performing electrical  
tests as part of their doctoral research in microsystems engineering.
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