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Guest Editorial

T HEutilization of RF and microwave in the field ofmedicine
continues to expand, and this TRANSACTIONS’ “Special

Issue on RF and Microwave Techniques in Wireless Implants and
Biomedical Applications” is a good example. The growth in the
field is based in part on translational success—moving research
ideas to the market place, and in part on new research in under-
standing RF and microwave interaction with biological tissues.

Over the past few years, many researchers from various en-
gineering disciplines have directed their interest to applications
involving biomedical engineering and medical science. This
movement has been encouraged by funding from government
agencies, as well as from private sources. In addition, in the
U.S., the collaboration between the Federal Drug Administra-
tion (FDA) and engineers and scientists seeking assistance and
guidance has helped in accelerating the utilization of various
technologies at bedside. On the other hand, advances in RF and
microwave technology have created new opportunities for the
utilization of wireless devices and equipment for medical uses
such as implants, vital sign monitoring, imaging, and surgery.
Moreover, efficient transmission through or over the body places
great emphasis on the interaction of RF and microwave signals
with human tissue. This is particularly true when antennas,
transducers, and applicators are utilized for organ heating or
the transfer of data through lossy tissue.

This TRANSACTIONS’ Special Issue features papers from the
U.S., U.K., Korea, Japan, and France. The presented papers fall
into the following categories: two papers discuss implanted an-
tennas including an antenna for ultra-wideband (UWB) appli-
cations and the evaluation of link budget for antennas inside
digital human phantoms. Doppler radar systems for vital sign
monitoring is the subject of two of the papers. Two of the pa-
pers deal with the heating applications, where an integrated mi-
crowave heat applicator and an inductive heating method and
implants for treatment of luminal organs are discussed. The re-
maining papers cover diverse topics on RF/microwave medical
applications and the wave interaction with tissues; namely, in-
tegration of UWB in surgical navigation, long-term and low-
level microwave exposure of rats, a method for specific absorp-
tion rate (SAR) measurement for magnetic resonance imaging
(MRI) coils, and novel and improved methods for broadband fi-
nite-difference time-domain (FDTD) simulations for biological
tissues with Cole–Cole dispersion. In addition, a paper by Chow
et al. describes a way to use stents as a radiating structure for
transcutaneous power and data telemetries. A custom simulation
model to predict the radiation pattern and the power absorption
by the tissue is presented with measurements. The objective of
the paper by Liu et al. is to present the structure and circuit im-
plementation of a 400-MHz transmitter for neural recording ap-
plications. A phase MUX and inverter-based power amplifier
are employed to achieve high power efficiency. Analysis of de-
sign considerations for the reliable operation of the proposed
transmitter is presented as well. A paper by Cho et al. demon-
strates a design methodology for an antenna combined with a
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body channel communication electrode. Evaluations of body
channel characteristics are performed and a resonance trans-
mitter buffer to drive on body antenna as an electrode is sug-
gested for the required power reduction. A paper by Yuce et al.
show the feasibility of wideband telemetry for both high and
low data rate biomedical applications. Analysis on the UWB
pulse generations for biomedical applications is provided and
prototype implementations in two different applications are pre-
sented. A paper by Sodagar et al. presents an implantable mi-
crosystem that can wirelessly record 64 channels simultane-
ously. The system is powered through an inductive link, which is
also used for the configuration and synchronization. The tech-
nical challenges and considerations in designing wireless im-
plantable systems are also discussed.

The Guest Editors of this TRANSACTIONS’ Special Issue wish
to thank the following reviewers who made the publication of
this Special Issue possible: Francesca Apollonio, Fariba Ariaei,
Rajeev Bansal, Rizwan Bashirullan, Olga Boric-Lubecke, Joao
Paulo Carmo, Kenneth L. Carr, Marta Cavagnaro, Moo Sung
Chae, Hong Chen, Chien-Ching Chiu, Eric Y. Chow, Christo-
pher Collins, Simon L. Cotton, Gerald Dejean, Aly Fathy,
Alberto Fazzi, Elise Fear, Richard Fletcher, Keneth Foster,
Om Gandhi, Roman Genov, Manouchehr Ghanevati, Maysam
Ghovanloo, Anand Gopinath, Keyoor Gosalia, Riadh Habash,
Dieter Haemmerich, Yang Hao, Volker Hombach, Svein Ja-
cobsen, Dirk Jansen, William D Jemison, Irene S. Karanasiou,
Roger Kaul, Hunchul Kim, Jungsuk Kim, Sung June Kim, Youji
Kotsuka, Youngwoo Kwon, Chen-Yi Lee, Shuenn-Yuh Lee,
Yifei Lee, James C. Lin, Yao-Hong Liu, Zhen Ning Low, Victor
Lubecke, Paolo F. Maccarini, Asher Madjar, Dejan Markovic,
Pedram Mohseni, Mohsen Mollazadeh, Edward C. Niehenke,
Konstantina S. Nikita, Natalia K. Nikolova, Iyad Obeid, Abbas
Omar, Mikael Persson, Stefano Pisa, Ada Poon, Mohamad
Sawan, William G. Scanlon, Stefan Schmidt, Sang-Ho Shin,
Amir M. Sodagar, Yoon-Kyu Song, Daniela Staiculescu, Paul
Stauffer, Masaharu Takahashi, Nitish V. Thakor, Erdem Top-
sakal, Philip R. Troyk, Woradorn Wattanapanitch, Claud Weil,
Lihsien Wu, Chin-Lung Yang, Zhi Yang, Darrin J. Young,
David Yoo, Hoi-Jun Yoo, and Mehmet R. Yuce.

ARYE ROSEN, Guest Editor
Drexel University
School of Biomedical Engineering, Science, and

Health Systems
Philadelphia, PA 19104 USA

WENTAI L. G. LIU, Guest Editor
University of California
Baskin School of Engineering
Santa Cruz, CA 95064 USA

MOHAMMAD-REZA TOFIGHI, Guest Editor
Pennsylvania State University
School of Science, Engineering, and Technology
Middletown, PA 17057 USA

0018-9480/$26.00 © 2009 IEEE



2478 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 57, NO. 10, OCTOBER 2009

Arye Rosen (M’77–SM’80–F’92) received the Masters degree in engineering from The Johns Hop-
kins University, Baltimore, MD, the M.Sc. degree in physiology from Jefferson Medical College,
Philadelphia, PA, and the Ph.D. degree in electrical engineering from Drexel University, Philadel-
phia, PA.

He has been involved in research and development of microwave/millimeter-wave devices and
circuits, microwave optical interaction, high-power semiconductor lasers, and the utilization of
energies for application in therapeutic medicine for the past 40 years. He currently holds an ap-
pointment as Academy Professor of Biomedical and Electrical Engineering with the School of
Biomedical Engineering, Science, and Health Systems, Drexel University, Philadelphia, PA. He
also holds the title of Associate in Medicine with Jefferson Medical College, where since 1970 he
has been engaged in research with the Division of Cardiology. He has authored over 200 technical
papers. He coedited High-Power Optically Activated Solid-State Switches (Artech House, 1993)
and New Frontiers in Medical Device Technology (Wiley, 1995). He coauthored RF/Microwave

Interaction with Biological Tissues (Wiley 2006) and six book chapters in the field of engineering and medicine. He holds over 60
U.S. patents in the fields of engineering and medicine.

Dr. Rosen is a member of the National Academy of Engineering since 2002. He is a member of The Franklin Institute’s Com-
mittee on Science and the Arts since 2003 and the John Scott Award Advisory Committee, City of Philadelphia Board of Directors
of City Trusts since 2004. He was an IEEE Distinguished Microwave Lecturer (1997–2000) during which time he has presented
his and the work of others in the U.S., Japan, Europe, and the Middle East. He was the recipient of numerous awards including the
2000 IEEE Third Millennium Medal and a 2000 IEEE Microwave Application Award. He was also the recipient of a 1989 IEEE
Region One Award and a 1997 Drexel University College of Engineering, Electrical and Computer Engineering Department, Dis-
tinguished Alumni Award.

Wentai L. G. Liu received the B.S. degree from National Chiao-Tung University, Hsinchu, Taiwan,
the M.S. degree from National Taiwan University, Taipei, Taiwan, and the Ph.D. degree from The
University of Michigan at Ann Arbor.

In 1983, he joined North Carolina State University, where he held the Alcoa Chair Professor-
ship with the Department of Electrical and Computer Engineering. Since 2003, he has been a Pro-
fessor with the Electrical Engineering Department, University of California at Santa Cruz, where
he is Campus Director of the National Science Foundation (NSF) Engineering Research Center
on Biomimetic Microelectronic Systems. He is a University System of Taiwan Master Lecturer
and Chair Professor with National Chiao-Tung University. His research interests include visual
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