
Electronic devices have become increas-
ingly pervasive over the last 50 years.
Advances have been driven primarily by
microelectronics, based on the well-known
Moore’s law that describes the increasing
complexity (and therefore performance)
as feature size decreases over time. While
there are many issues to be addressed, as
described by ITRS roadmap,1 the main-
stream microelectronics industry continues
to provide ever-increasing performance
and functionality. However, other forms
of electronics have also become important,
as they address problems that conventional
microelectronics cannot. The most signifi-
cant of these is the display industry, which
now rivals the integrated-circuit (IC) in-
dustry in terms of revenue. The technical
drivers for these two major industries are
essentially opposite. While the IC industry
strives to make the smallest possible de-
vices in the smallest possible area, the dis-
play industry is interested in large devices
over the largest possible area. This drive to
distribute the devices over large areas can
be considered “macroelectronics,” because
neither the active devices nor the area they
cover needs to be “micro” in scale.

Commercially viable macroelectronics
began in 1988 with thin-film-transistor–
based liquid-crystal displays (TFT-LCDs).
Direct-view active-matrix liquid-crystal

displays (AMLCDs) based on inorganic
TFTs on glass substrates represent the first
commercial success of macroelectronics.
Sales of AMLCDs have superseded the
cathode-ray tube in both revenue (2002)
and units (2004) to become the dominant
display technology on the planet.2 Exam-
ples include the demonstration by Sam-
sung in 2005 of an 82-in.-diagonal screen
with six million TFTs controlling the
brightness of each of two million color
pixels (see Figure 1); a 100-in. AMLCD,
announced by LG.Philips LCD Co. in Jan-
uary 2006; and an IBM monitor product
introduced in 2002 with a 22.2-in.-
diagonal screen, 27 million TFTs control-
ling 9.1 million (3840 × 2400) color pixels,
and a TFT vertical/horizontal pitch of
124.5/41.5 μm. These TFT pitches are
about a thousand times larger than those
found in ICs. This difference in transistor
density may be used as one way to distin-
guish macroelectronics ICs (MEICs) from
classical metal oxide semiconductor field-
effect transistor ICs.

Beyond the dominant AMLCD technol-
ogy, several niche display technologies
also use TFT backplanes to drive pixels
over large areas and thus are considered
examples of macroelectronics. Examples
include displays based on organic light-
emitting devices, electroluminescent elec-

trophoretic ink, and field-emission mecha-
nisms. Other large-area display technolo-
gies are not macroelectronics, as they do
not have MEICs built into them. Examples
include inorganic light-emitting diodes
(LEDs), vacuum cathode-ray tubes (CRTs),
and most plasma technologies. The LEDs
now popular for jumbo-size outdoor dis-
plays in stadiums, billboards, and build-
ing facades are not macroelectronics,
because they are driven externally by per-
sonal computers, not internally by TFT
MEICs. The CRT vacuum technologies are
driven by analog electronics (e-guns and
deflection coils) and are not even digital,
let alone macroelectronic. Drive voltages
and power are also a distinguishing fac-
tor: TFT technologies typically operate at
3–5 V, drawing 1–10 W, compared with
1–20 keV and 1–10 kW, variously, for
plasma, CRT, and LED displays. The pixel
size in LEDs and plasma are also issues:
millions of LEDs are separately packaged
and hand-mounted with 10-mm pitch in
arrays meant for viewing at hundreds of
feet.

Some potential future application areas
for macroelectronics are illustrated in Fig-
ure 2. These areas include displays (top
left and top right), sensors (top right and
bottom right), energy harvesting (top right
and bottom left), electronics embedded into
gear (radios, range finders, computers) and
clothing (bottom left), and structural health
monitoring of vehicles or humans (bottom
right). Structural health monitoring in-
volves a range of sensors, processors, and
transmitters built with flexible MEICs
within vehicle composite materials to ac-
tively sense and report faults, or mounted
on/in human biomaterials (skin/tissues)
to continuously sense and transmit physi-
ological and cognitive status. The weight
and materials integration issues with ICs
make these applications impossible or un-
likely with a purely microelectronics ap-
proach and thus require macroelectronics.

The biggest challenge for macroelec-
tronics technology is to enable applications
beyond displays that involve large areas
and volumes that cannot be cost-effectively
achieved through traditional packaged-
chip fabrication followed by pick-and-place
assembly and that nonetheless require so-
phisticated, high-performance circuits. The
large scale of macrosystems gives rise to
the requirement for properties heretofore
not associated with IC applications, such
as thinness, ductility, and elasticity of elec-
tronic components, even during operation.
Depending on specific applications, some
design rules for traditional ICs must be
maintained (e.g., length of transistor chan-
nels) and others relaxed (e.g., area of cir-
cuit layout).
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While displays have already become a
dominant force in electronics over the last
few years, other trends have emerged that
do not have the same success criteria as
conventional electronics. One such area 
is new materials and devices for radio-
frequency identification (RFID) tags. Here,
the interest is not in performance, but in
the lowest possible price, so that “dispos-
able” electronics becomes possible. There
is growing interest in other nontraditional
product drivers, including light weight for
portability, distribution over large surface
areas for measurement and control func-
tions, and flexibility to allow the electron-
ics to be conformed to a 3D surface or
folded for ease of transport. All of these
desirable qualities are characterized by at-
tributes that are significantly different
than the number of transistors/cm2 that
drives classic microelectronics.

In this issue of MRS Bulletin, we pro-
vide a snapshot of some of the major
trends in macroelectronics. Primarily, our
overview is from the perspective of active
devices, which are the key enablers of this
emerging technology. Additional technol-
ogy challenge areas for macroelectronics
include substrates, dielectrics, and sealing.
These issues are addressed to some extent
within the articles in this issue, but the
reader is also referred to the many articles
on these topics published by the Society
for Information Display, and to the U.S.
Army flexible display initiative described
by Pellegrino et al.3

Macroelectronics often involves co-
fabrication of electronics and structures.
An MEIC is typically built directly onto or
within the structure it controls, senses, or
communicates with. The ultimate MEIC is
inseparable from and synergistic with the
system in which it resides —like the nerv-
ous system within a human body. The
opposite is true for traditional microelec-
tronics, in which passive devices, pack-
aged chips, boards, and boxes are each
fabricated separately and only later are in-
tegrated into the structure to be operated
or interfaced with. This difference in sys-
tems engineering approach has profound
implications for the materials, electronic
design, and manufacturing techniques re-
quired. The TFT MEICs in active-matrix
displays must be built in during the man-
ufacturing process of the display for it to
work—you cannot just append an IC
later. The TFT MEICs used in aircraft
structural health monitoring must be built
into the composite materials. The weight,
volume, and materials compatibility (e.g.,
flexibility) of packaged ICs preclude their
use for this application.

One very desirable feature is to apply
integrated electronics to flexible substrates
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Figure 1. Samsung 82-in. 2-megapixel (Mpx) active-matrix liquid-crystal display (AMLCD)
next to a 102-in. 2-Mpx plasma display panel at the Society for Information Display
Exhibition in May 2005. The AMLCD has 6 million thin-film transistors in its subpixels and is
an example of the state of the art in macroelectronics manufacturing technology for full
high-definition (HD) digital television displays. A 100-in. 2-Mpx AMLCD was announced in
January 2006 by LG.Philips LCD Co. (Photograph courtesy of D.G. Hopper.)

Figure 2. Examples of conceptual future applications envisioned for macroelectronics.
(Photograph courtesy of D.G. Hopper.)
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in the anticipation that this achievement
would dramatically increase applications
that could be addressed. Envisioned macro-
electronics applications include covering
exposed surfaces (e.g., airframes, walls),
integration into mechanical structural
elements to conserve space and weight
(buildings, airships, unmanned aerial ve-
hicles, clothing), and control/sensor ap-
plications. Furthermore, with a flexible
substrate, the electronics package could be
folded or rolled up for storage when not in
operation.

Organic TFTs (OTFTs) may have better
compatibility, in terms of coefficients of
expansion, with composite materials in
which they may be embedded for applica-
tions such as structural health monitoring
in aircraft. In this MRS Bulletin issue, Lee
et al. from Samsung discuss OTFTs, with a
particular emphasis on display applica-
tions. The authors review OTFTs for large-
size displays and demonstrate that their
unique solution-processable gate dielectric
materials form uniform films over large
areas and exhibit excellent insulating
properties and reduced contact resistance.
A 15-in. full-color AMLCD and 192 × 64
pixel active-matrix organic LEDs driven by
pentacene-based OTFTs have been demon-
strated for the first time. Optimization of
these materials for organic semiconductor
patterning creates an opportunity to de-
velop commercially viable flexible MEICs.

Transistors for macroelectronics cannot
be made with the thick-film designs and
high-temperature processes used to make
traditional small (10 mm × 10 mm) IC chips
on small (300 mm) rigid substrates in an
expensive fabrication facility; TFT designs
must be used instead. The TFT was in-
vented by Weimer4 in 1962 at the RCA
Laboratories (now Sarnoff Corp.) for the
purpose of implementing the IC concept,
but its main application has been as a
pixel switch and driver circuitry running
at kilohertz speeds for active-matrix flat-
panel displays based on liquid-crystal light
modulation. These applications have not
forced TFT research to produce the higher
device performance in speed (megahertz,
gigahertz), scale, or cost that will often be
needed for MEICs. Thus, producing TFTs
with IC-quality performance is a technical
challenge that macroelectronics must ad-
dress. Near-IC performance at a throw-
away low cost is another.

Recent work by Brotherton et al.5 at
Philips in the United Kingdom has shown
that TFTs with channel lengths similar to
ICs are possible; the Philips goal is to move
all electronics into the display. Further-
more, these high-performance TFTs must
be compatible with all other MEIC prop-
erties (e.g., flexible substrate) or have other

novel characteristics (e.g., transparency).
The group led by Wager6 has invented
transparent TFTs (TTFTs) based on a novel
new class of semiconductors known as
amorphous multicomponent heavy-metal
cation (a-MHMC) oxides (see Figure 3).

However, it has proven very difficult to
achieve high-performance TFTs and macro-
electronics on plastic substrates. In this
issue, van der Wilt et al. from Columbia
University and Sarnoff Corp. discuss
poly-Si TFT circuit fabrication directly on
a plastic substrate, which is the most
advanced and highest-performance tech-
nology achieved to date, as measured by
unity gain frequencies ft of 250 MHz and
185 MHz for n-type and p-type metal
oxide semiconductor TFTs and by CMOS
ring oscillators above 100 MHz.8

The challenges for fabricating high-
quality, poly-Si TFTs, especially on low-
temperature substrates, are daunting. For
that reason, alternative methods such as the
OFETs are of considerable interest. But the
difficulty of obtaining organic-based TFTs
with adequate device characteristics has
led to the search for new ways to fabricate
crystalline, inorganic semiconductors on
lightweight and low-cost substrates. Exam-
ples of this approach include carbon nano-
tubes and silicon nanowires. As these
devices have novel compositions and
structures, yet are analogous to classical
transistors, theory, modeling, and circuit
simulation tools need to be adapted from
the IC and flat-panel display industries
and expanded to address the peculiarities
of macroelectronics circuits. In their ar-
ticle, Alam et al. from Purdue University
address the issue of modeling these new
device structures such that the rapidly ex-
panding experimental results can be used
to predict and develop future macroelec-
tronics materials, structures, and devices.

Manufacturing advanced MEICs re-
quires a new fabrication industry based on
techniques that are currently alien to micro-
electronics processing. Roll-to-roll substrate
handling replaces wafer batches; material
deposition via printing replaces vacuum
evaporation; material removal by stamp-
ing replaces etching, and self-assembly re-

places deterministic, submicrometer-scale
placement of components. The capital re-
quired to build a microelectronics state-of-
the-art 300-mm wafer fabrication facility is
$3 billion; macroelectronics facilities are
anticipated to cost an order of magnitude
less. Furthermore, the cost pure unit area
of product is expected to drop from the
order of $10,000 per sq ft for microelec-
tronics to $100 per sq ft for macroelec-
tronics. An initial approach to this
alternative means of manufacture is pre-
sented by Chason et al. from Motorola in
their description of adopting printing
techniques and circuit board technologies
for large-area, low-cost macroelectronics
for applications such as telecommunica-
tions products.

To achieve both the technical and cost
goals for high-performance macroelec-
tronics, patterning techniques are needed
for MEICs that include dynamic self-
alignment to 1 μm or less over more than
300 mm of stretchable/shrinkable sub-
strate, rather than 100 nm or less over 0.3 m
of rigid substrate in ICs. While the design
rule tolerance may be relaxed 10× in many
cases for an MEIC compared with a tradi-
tional IC, the substrate scale grows by
1000×. Also, macroelectronics substrates
may not be rectilinear flat. These capabili-
ties are expected to be significant enablers
of future macroelectronics products.
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Figure 3. Schematic illustration of an
amorphous multicomponent heavy-metal
cation oxide.7
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ganic thin-film transis-
tor AMLCD and AMEL
displays; field-emission
displays; and virtual re-
ality software and hard-
ware systems.

Firester has authored
numerous scientific pa-
pers. He holds more
than 20 U.S. patents and
has over 30 years’ expe-
rience in research and
program management.

Firester can be
reached at 24 Lakeview
Dr., Skillman, NJ 08558
USA; tel. 609-466-2057
and e-mail afirester@
patmedia.net.

Daniel R. Gamota is a
distinguished member
of technical staff in the
Motorola Labs Physical
Realization Research
Center. He has a PhD
degree from the Univer-
sity of Michigan and an
MBA from Northwest-

ern University. He
joined Motorola in 1993
and is currently man-
ager of the Printed Elec-
tronics Solutions Team,
developing novel inks
and processing methods
to print integrated cir-
cuits for low-cost wire-
less products.

Gamota was named a
Motorola Dan Noble
Fellow in 2003, Motorola’s
highest technical honor.
He holds 26 U.S. patents,
has published 12 articles
on microelectronics
technology, and co-
edited Printed Organic
and Molecular Electronics.

Gamota can be
reached at Motorola
Inc., 1301 E. Algonquin
Rd., IL02, Rm. 1014,
Schaumburg, IL 60196
USA; tel. 847-576-5084,
fax 847-576-2111, and 
e-mail gamota@
motorola.com.

Lawrence Goodman re-
cently rejoined Sarnoff
Corp. as a senior mem-
ber of technical staff
after four years as an in-
dependent consultant
and vice president of en-
gineering for Sarcon
Corp., which focused on
the development of un-
cooled infrared-imaging
products based on the
integration of infrared-
sensitive, micro-
cantilever arrays. Good-
man had previously
been an employee of
Sarnoff and its predeces-
sor organization, RCA
Laboratories, for 30 years

in various technical and
managerial positions.
He received his aca-
demic degrees from the
Massachusetts Institute
of Technology.

During his years at
Sarnoff, he developed
the processing technol-
ogy for RCA’s power
MOSFETs and IGBTs
and played a leading
role in the development
of passive and active-
matrix-addressed LCDs,
including the fabrication
of the first amorphous-
silicon TFTs for this ap-
plication. Goodman
received four Sarnoff
achievement awards for
his technical contribu-
tions. He is the author
of 25 technical publica-
tions and holds 22 U.S.
patents.

Goodman can be
reached at Sarnoff
Corp., 201 Washington
Rd., CN5300, Princeton,
NJ 08543 USA; tel. 609-
720-4933 and e-mail 
lgoodman@sarnoff.com.

Jungseok Hahn is a
member of the research
staff in the Printable
TFT Strategic Technol-
ogy Unit at Samsung
Advanced Institute of
Technology (SAIT). He
received BS degrees in
mathematics and chemi-
stry at the University of
Missouri–Columbia and
an MS degree in mathe-
matics at Washington
University in St. Louis.
He also holds MS and
PhD degrees in polymer

material chemistry from
the University of Texas
at Austin for work on
ordering properties of
polymeric micelles on
surfaces. Following a
postdoctoral appoint-
ment at UT–Austin, he
accepted his current po-
sition and is working on
surface modification,
self-assembly, and parti-
cle ordering for organic
devices.

Hahn is a recipient of
the ACS Award in Ana-
lytical Division and a
winner of the Putnam
Math Competition. He
can be reached at Sam-
sung Advanced Institute
of Technology, Mt. 14-1,
Nongseo-ri, Giheung-
eup, Yongin, Gyeonggi-
do, 446-712 Korea; tel.
82-31-280-6745, fax 82-
31-280-6725, and e-mail
j.hahn@samsung.com.

James S. Im is a profes-
sor in the Department of
Applied Physics and
Applied Mathematics at
Columbia University.
He received his PhD
degree in electronic ma-

terials from the Massa-
chusetts Institute of
Technology in 1989 and
worked as a postdoc-
toral research fellow at
the California Institute
of Technology until
1991. In that same year,
he joined Columbia as
an assistant professor
and has served as the
chair of the materials
science and engineering
program since 1998.

Im has been investi-
gating various aspects of
energy- and particle-
beam-induced phase
transformations since
1984. His research inter-
ests include laser-induced
melting and solidification
of thin films and nuclea-
tion in condensed systems.

Im can be reached at
Columbia University,
Department of Applied
Physics and Applied
Mathematics, Laser
Crystallization Lab, 1106
Mudd, Mail Code 4711,
500 W. 120th St., New
York, NY 10027 USA;
tel. 212-854-8341, fax
212-854-9010, and e-mail
ji12@columbia.edu.
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Krishna Kalyanasun-
daram is a principal
staff engineer at Mo-
torola Labs. In 1995, he
received bachelor’s and
master’s degrees from
Birla Institute of Tech-
nology and Science in
Pilani, India, and in
1997, he received a mas-
ter’s degree from SUNY
Binghamton. He joined
Motorola in 1997 and is
currently working to-
ward merging micro-
electronics and graphic
arts printing to create
low-cost printed elec-
tronics products.

Kalyanasundaram
has co-organized or
chaired sessions for the
IMAPS-sponsored
“Printing an Intelligent
Future” workshops and
holds four U.S. patents.

Kalyanasundaram
can be reached at Mo-
torola Inc., 1301 E.
Algonquin Rd., IL02,
Rm. 1014, Schaumburg,
IL 60196 USA; tel. 847-
576-9596, fax 847-576-
2111, and e-mail
krishnak@motorola.
com.

Michael G. Kane is a
distinguished member
of technical staff at
Sarnoff Corp. He re-
ceived his PhD degree
in electrical engineering
from Princeton Univer-
sity. Before joining
Sarnoff in 1994, he was
leader of the Ultrafast
All-Optical Switching
Project at Siemens Cor-
porate Research and
head of the GaAs IC 
Design Group at 
Microwave Semicon-
ductor Corp. He has
also served as a visiting
faculty member in the
Department of Electrical
Engineering at Princeton,
teaching courses in solid-
state physics and solid-
state displays. At Sarnoff,
he has worked on organic
and inorganic thin-film
transistor technologies
for flexible plastic active-
matrix displays and
electronic circuits. Kane
is the author of more
than 65 technical papers
and holds 13 U.S.
patents.

Kane can be reached
at Sarnoff Corp., 201

Washington Rd., CN
5300, Princeton, NJ
08543 USA; tel. 609-734-
3186, fax 609-734-2873,
and e-mail mkane@
sarnoff.com.

Jong Min Kim is a Sam-
sung fellow and director
of the Displays Labora-
tory and Materials Center
at Samsung Advanced
Institute of Technology
(SAIT).  He received a
BS degree from Hong-Ik
University in Korea and
MS and PhD degrees
from the New Jersey In-
stitute of Technology for
work on the process de-
velopment of field-
emission displays (FEDs).
After continuing his re-
search on FEDs at the
U.S. Army Research
Laboratory and FED
Corp., he accepted a
team leader position at
SAIT, developing car-
bon nanotube FEDs.

His current research
focuses on novel devices
and materials for dis-
plays and energy appli-
cations. He is a recipient
of the Samsung Group
Outstanding Technology
Award, the SAIT Break-
through Prize, and the
Korea Science Technol-
ogy Award.

Kim can be reached at
Samsung Advanced In-
stitute of Technology,
Mt. 14-1, Nongseo-ri,
Giheung-eup, Yongin,
Gyeonggi-do, 446-712
Korea; tel. 82-31-280-
9311, fax 82-31-280-9349,
and e-mail jongkim@
samsung.com.

Bonwon Koo is a mem-
ber of research staff in
the Printable TFT Strate-
gic Technology Unit at
Samsung Advanced In-
stitute of Technology
(SAIT). He received his
BS and MS degrees in
physics from Keimyung
University and a PhD
degree in electrical engi-
neering from Dong-A
University. His research
interests include surface
and interfacial proper-
ties in OTFTs and fabri-
cation processes for
flexible and large-area
displays.

Koo can be reached at
Samsung Advanced In-
stitute of Technology,
Mt. 14-1, Nongseo-ri,
Giheung-eup, Yongin,
Gyeonggi-do, 446-712
Korea; tel. 82-31-280-
6741, fax 82-31-280-6725,
and e-mail bwkoo@
samsung.com.

Satish Kumar is pursu-
ing his PhD degree in
mechanical engineering
at Purdue University.
He received a BTech de-
gree in mechanical engi-
neering from the Indian
Institute of Technology,
Guwahati, in 2001, and
an MS degree from
Louisiana State Univer-
sity, Baton Rouge, in
2003. His research inter-
ests are biofluids, com-
putational fluid
dynamics, and elec-
trothermal transport in
nanoscale devices. He is
the recipient of the
Purdue Research Fel-
lowship for 2005–2006.

Jaeseob Lee was most
recently a postdoctoral
research associate in the
Materials Science and
Engineering Depart-
ment at the University
of Illinois at Urbana-
Champaign.

Lee can be reached at
the University of Illi-
nois, Department of
Materials Science and
Engineering, Materials
Science and Engineering
Building, 1304 W. Green
St., Urbana, IL 61801
USA; e-mail jaeseob@
uiuc.edu.

Sangyun Lee is leader
of the Printable TFT
Strategic Technology
Unit at Samsung Ad-
vanced Institute of Tech-
nology (SAIT) and the
SAIT master. He re-
ceived BS and MS de-
grees in inorganic
materials engineering
from Seoul National
University and a PhD
degree from Stanford
University. He is a recip-
ient of the Korean Gov-
ernment Overseas
Scholarship. He was a
visiting researcher in the
Advanced Materials Lab
at Stanford, studying
high-κ oxides and ferro-
electric domain struc-
tures. He also worked at
Orioles Inc. on white
LEDs and chemical–
mechanical polishing,
and led the organic TFT
group for the flexible
and large-area display
project at SAIT, receiv-
ing the Best Practice
Award as project man-
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ager. He is currently in
charge of printable TFT
and low-temperature
poly-Si projects at SAIT.

Lee can be reached 
at Samsung Advanced
Institute of Technology,
Mt. 14-1, Nongseo-ri,
Giheung-eup, Yongin,
Gyeonggi-do, 446-712
Korea; tel. 82-31-280-
6756, fax 82-31-280-
6725, and e-mail 
sangyoon.lee@
samsung.com.

Keryn K. Lian is a dis-
tinguished member of
technical staff at Mo-
torola Labs. She re-
ceived her PhD degree
from the University of
Toronto. For the last
four years, she has been
working on PWB-based
MEMS-related research,
primarily for RF
switches and microflu-
idic systems. Previously,
she performed research
in electrochemical en-
ergy storage systems
and was involved in au-
tomotive electronics.
Lian has more than 20
publications and holds
33 U.S. patents.

Lian can be reached at
Motorola Inc., 1301 E.
Algonquin Rd., IL02,
Rm. 1014, Schaumburg,
IL 60196 USA; tel. 847-
538-9532, fax 847-576-
2111, and e-mail
keryn.k.lian@
motorola.com.

Alexander B. Limanov
is a research scientist in
the Department of Ap-
plied Physics and Ap-
plied Mathematics at
Columbia University
and is in charge of

Columbia’s Laser Crys-
tallization Laboratory. In
1988, he received his
PhD degree in crystal
physics from the Insti-
tute of Crystallography
of the USSR Academy of
Sciences in Moscow and
continued his work at
the Institute as a senior
scientist. Since 1998, he
has been working in the
Laser Crystallization
Laboratory. He has been
investigating laser-
induced crystallization
of Si films since 1981,
and his present laser
crystallization research
activities involve both
fundamental as well as
technology-oriented
studies. He has pub-
lished numerous papers
on zone-melting recrys-
tallization and line-scan
sequential lateral solidi-
fication methods.

Limanov can be
reached at Columbia
University, Department
of Applied Physics and
Applied Mathematics,
Laser Crystallization
Laboratory, 1106 Mudd,
Mail Code 4711, 500 W.
120th St., New York, NY
10027 USA; e-mail
ab124@columbia.edu.

Hyunsik Moon is a
member of research staff
in the Printable TFT
Strategic Technology
Unit at Samsung Ad-
vanced Institute of Tech-
nology (SAIT). He holds
BS and MS degrees in
fiber and polymer sci-
ence from Seoul Na-
tional University in
Korea and an MS degree
in electrical engineering
from the University of

Michigan, Ann Arbor.
He received a PhD de-
gree in macromolecular
science and engineering
from UM for his work
on transport in organic
field-effect transistors
based on π-stacking
oligomers and polymers.
Following his postdoc-
toral work in chemistry
at UM, he joined SAIT.
His research focuses on
printing processes and
cross-linkable polymeric
dielectrics for large-area
displays. Moon received
a Best Poster Award at
the 2004 MRS Spring
Meeting.

Moon can be reached
at Samsung Advanced
Institute of Technology,
Mt. 14-1, Nongseo-ri,
Giheung-eup, Yongin,
Gyeonggi-do, 446-712
Korea; tel. 82-31-280-
6745, fax 82-31-280-6725,
and e-mail hyunsik.
moon@samsung.com.

Jayathi Murthy is a pro-
fessor of mechanical en-
gineering at Purdue
University. She received
her PhD degree from
the University of Min-
nesota and has worked
in various areas of in-
dustry and academia.
Her research interests
include the develop-
ment of unstructured
finite volume methods
for computational fluid
dynamics and their ap-
plication to a variety of
physical and industrial
problems, most recently
in microscale heat trans-
fer and thermal radia-
tion. She serves on the
editorial board of
Numerical Heat Transfer

and is an editor of the
Handbook of Numerical
Heat Transfer.

Murthy can be
reached at Purdue Uni-
versity, School of Me-
chanical Engineering,
West Lafayette, IN 47907
USA; tel. 765-494-5701,
fax 765-494-0539, and e-
mail jmurthy@
ecn.purdue.edu.

Ninad Pimparkar is
working on his PhD de-
gree at Purdue Univer-
sity. He received his
BTech and MTech de-
grees from the Indian
Institute of Technology
in Bombay in 2003. His
research interests in-
clude simulation, theory,
and compact modeling
of nanocomposite thin-
film devices.

Pimparker can be
reached by e-mail at
ninad@purdue.edu.

Paul C. van der Wilt is
an associate research sci-
entist in the Department
of Applied Physics and
Applied Mathematics at
Columbia University.
He received his doctor-
ate degree in electrical
engineering from Delft
University of Technol-
ogy in the Netherlands
in 2003 and has since
worked in Columbia’s
Laser Crystallization
Laboratory. His research
involves low-tempera-
ture polycrystalline Si
TFT devices and, in par-
ticular, laser crystalliza-
tion of Si films for
large-area electronics
and other advanced ap-
plications. Currently, 

his research focuses on
developing crystal-
orientation-controlled
single-crystal Si for
ultrahigh-performance
TFTs.

Van der Wilt can be
reached at Columbia
University, Department
of Applied Physics and
Applied Mathematics,
Laser Crystallization
Lab, 1106 Mudd, Mail
Code 4711, 500 W. 120th
St., New York, NY 10027
USA; tel. 212-854-9749,
fax 212-854-9010, and e-
mail pv2001@
columbia.edu.

Jie Zhang joined
Motorola Labs in 1996
and is currently a princi-
pal staff engineer, lead-
ing the materials
characterization, print-
ing technology assess-
ment, printing processing
development, and de-
vice fabrication efforts
for printed electronics.
She has authored or co-
authored more than 30
journal and conference
papers and one book
chapter; co-edited
Printed Organic and
Molecular Electronics;
and co-organized the
IMAPS-sponsored
“Printing an Intelligent
Future” workshops in
2002, 2003, and 2004.
She is also a co-inventor
on eight U.S. patents.

Zhang can be reached
at Motorola Inc., 1301 E.
Algonquin Rd., IL02,
Rm. 1014, Schaumburg,
IL 60196 USA; tel. 847-
538-6847, fax 847-576-
2111, and e-mail jie.
zhang@motorola.com.
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Indocel Technologies, Inc.
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Louis J. Terminello

LLNL
Tel 925-423-7956
Fax 925-422-0029
terminello1@llnl.gov

Helena Van Swygenhoven

Paul Scherrer Institute
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