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Abstract—infrastructure elements to produce microwave en- host cities, including Bangkok, Thailand, as a new member,
gineers and to promote microwave research and development in have already been named by the APMC International Steering

the Asia—Pacific region are described by active professors and re- Committee beginning with Taipei, Taiwan, in 2001 and then
searchers in this area as a multiauthor forum. The content of each . L '
ten cities up to Sydney, Australia, in 2011.

description focuses mainly on the role of present-day universities, ) .
government, and industry. Since these conferences have been well organized by do-

: - . : mestic institute members, local IEEE Sections and IEEE MTT-S

Index Terms—APMC, Asia—Pacific, Australia, China, govern- h b ith th . f uni . dind
ment, India, industry, infrastructure, Japan, Korea, microwave, ~Chapter memboers, with the assistance of university and industry
Singapore, Taiwan, Thailand, university. organizations, each APMC organizer should be well qualified to
describe the status of microwave activities in education, govern-
ment, and industry in his or her country for thiRANSACTIONS

Approximately one page allocated for each author is hardy

NTERNATIONAL conferences are typical and very efenough to do justice to all that is going on in microwave activ-

fective forums for microwave engineers worldwide tdties. Readers who require further information or references on
present the new results of their research and to exchange tlagiarticular area of the Asia—Pacific Region are recommended
ideas. The Asia—Pacific Microwave Conference (APMC]p getin touch with the appropriate author by using their office
cooperatively sponsored by the IEEE Microwave Theom-mail addresses.
and Techniques Society (IEEE MTT-S), has been the most E. Yamashita
influential international conference on microwave engineering
in the Asia—Pacific region for the past decade. It has been held
in New Delhi, India (1986), Beijing, China (1988), Tokyo,
Japan (1990), Adelaide, Australia (1992), Hsinchu, Taiwa Background
(1993), Tokyo, Japan (1994), Seoul, Korea (1995), New Delhi, according to Organization for Economic Cooperation and
India (1996), Hong Kong (1997), Yokohama, Japan (1998)evelopment (OECD) figures (1999), as a proportion of GDP,
Singapore (1999), and Sydney, Australia (2000). Future APM&stralia is the third highest in terms of investment on ma-

chinery and equipment; however, it lags behind most countries
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sign, receiver front ends, and microwave heating. More er@urrent CRCs having a significant microwave activity are

phasis is given to the end application such as telecommunitiae Australian Photonics CRC (microwave photonics), CRC
tions, defence, and manufacturing than to technology areas. Ttie Satellite Systems (satellite transponders and microwave
bodies undertaking this work are outlined in the following se@nd millimeter-wave antennas and devices), and the CRC for
tions. Imaging and Signal Processing (ground probing radar).

B. Education D. Industry

The Australian Government funds education and researchMultinational companies dominate the industry sector and
in universities either directly or through grants schemes. Oviéie few Australian companies that supply microwave equip-
30% of universities have some microwave activity in teachingent are export oriented. Some equipment is developed in
and research and eight have significant activities and/or fadfiustralia, but most is imported and used directly or modified
ities. These include the University of Queensland (antenn#@ local conditions. Australian manufacturers include Codan
microwave circuits, electromagnetics), RMIT UniversitfAdelaide and Brisbane), a major supplier of satellite ground
(antennas, microwave photonics), University of Melbourrgfation equipment, Argus (Sydney), a supplier of mobile
(microwave photonics), Macquarie University (electromadrase-station antennas and microwave landing equipment, and
netics, device modeling), University of Technology, SydneGEA Technologies (Canberra), a supplier of microwave radar
(antennas, electromagnetics), University of Sydney (microwaf@ defence. Other Australian registered companies are part
photonics, millimeter-wave imaging), University of Adelaidedf a global company network (e.g., radio-frequency systems).
(integrated circuits, antennas), and the University of Wollots well as addressing particular markets from Australia,
gong (industrial uses of microwaves). Other groups with they provide products for the parent company. A number of
critical mass are at James Cook University of North Queergmall-to-medium-size companies service specialized needs for
land, Townsville (microwave aspects of superconductors), afflecommunications and defence self-reliance and the largest
University of New South Wales, Sydney (mobile communiAustralian defence contractor, i.e., ADI Limited, has significant
cations). Typically, the fundamentals of fields and waves afeicrowave system integration and test capabilities. Also,
covered in the first three years of the four-year undergradu@&@mpanies are developing microwave products for the mobile
electrical engineering degree course and microwave topics &#nmunications market. These include Argus, RFS, Voxson
embedded in communications electives in the fourth year. limited (Brisbane) and Radiata (recently acquired by CISCO),
response to a demand for wireless engineering expertise, somiéch is developing 5-GHz components based on the IEEE
universities are offering focused courses. For instance, tB@2.11a Standard for the wireless local-area network market.
University of Adelaide has developed a broad Masters degree T. S. Bird
in radio-frequency engineering for DSTO and local industry.

I1l. M ICROWAVE INFRASTRUCTURE INMAINLAND OF CHINA

C. Govemnment In mainland China, almost every famous university has a

The two main government bodies with significant microwav®licrowave Technique and/or Theory Division in the Electrical
expertise are CSIRO and DSTO. About 30% of CSIRO’s fund&ngineering Department. Following are the main organization:
come from external sources such as contract research and royae State Key Laboratory on Microwave and Digital Com-
ties. CSIRO has four major microwave technology activities imunications and Microwave and Antenna Division, Tsinghua
Sydney. These are antennas, MMIC circuit design, device fdbniversity; Institute of Applied Physics and Microwave Center,
rication, and radio astronomy. Several microwave facilities afniversity of Electronics Science and Technology; The State
national significance are also there, including antenna randésy Laboratory on Antenna and Microwave, Xidian University;
and a GaAs monolithic microwave integrated circuit (MMIC)'he State Key Laboratory on Millimeter Waves, Southeast
facility. CSIRO operates the national radio astronomy obserddniversity.
tories through the Australia Telescope National Facility. Most More than 20 universities include microwave groups, i.e.,
of the specialized microwave equipment for the eight radio telBeking University, University of Science and Technology of
scopes is developed by CSIRO, e.g.[aband 13-beam focal- China, Beijing Institute of Technology, Tianjin University, Nan-
plane array for the 64-m Parkes radio telescope. jing University of Science and Technology, Shanghai Univer-

DSTO investigates, advises, and develops new equipmentd$dy, Beijing University of Aeronautics and Astronautics, Harbin
Australian defence forces, and notable achievements include thgtitute of Technology, Shanghai JiaoTong University, Xi'an
Jindalee HF over-the-horizon radar. It conducts microwave réiaotong University, Nankai University, Huazhong University of
search in areas related to communications, radar, electronic waeience and Technology, East China Normal University, North-
fare, and imaging over the full microwave and millimeter-wavevestern Poly-Technical University, National University of De-
spectrum. To support these activities, DSTO has extensive fance Technology, South China University of Technology, Nan-
cilities available for its own use. Specific technologies are oftgimg University of Posts and Telecomm, etc.
procured through research contracts with Australian universitiedn the Chinese education and academy system, Microwave
and CSIRO. Technology and Theory is the second level under electronics sci-

Another arm of research in Australia is the Cooperativence and technology (first level). Every year, hundreds of Ph.D.
Research Center (CRC) Program, which commenced in 1988d Master’s students receive their degrees.
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In mainland China, there are a lot of factories and institutesiits (MICs) and MMICs, computational electromagnetics, an-
governed by the Ministry of Information Industry, Ministry oftennas and propagation
Aero- and Astro-Industry, and Chinese Academy of Science.Some of the leading institutions that are engaged in research
The famous institutes include Beijing Vacuum Electronicand offering postgraduate programs in the microwave area are
Research Institute, Nanjing Electronic Device Institute, Heib#fie Indian Institutes of Technology (IIT) at Delhi, Kanpur,
Semiconductor Institute, Institute of Electronics, Academigharagpur, Mumbai, and Chennai, the Indian Institute of
Sinica, Xi'an Institute of Space Radio Technology, Nanjin@cience (lISc), the Banaras Hindu University (BHU), and
Research Institute of Electronic Technology, The Communicseme of the regional engineering colleges and universities of
tion, Telemetry and Telecontrol Research Institute, etc. Delhi, Osmania, Roorkee, Jadavpur, Calcutta, Burdwan, and
The products cover communication systems, radar syster@sibarga. Government-funded special M.Tech programs are
measurement equipment, microwave component and soiffered inmicrowave technologgt Delhi University,naviga-
system, material, and others. In recent years, there appediedal electronicsat Osmania Universitynicrowave tubest
a lot of companies, including a joint venture with abroa8HU, and millimeter-wave technologst Calcutta University.
company, mainly in the field of wireless communications.  In addition, Burdwan University has a fully government-funded
The Chinese Microwave Society is an association of ChinestPhil degree program imicrowaves
experts in universities and industry. It was founded 40 years
ago. The Microwave Society committee has 50 director mer: Government Role
bers and consists of 15 subcommittees. Its monthly publicationThe Ministry of Human Resource Development (MHRD),
is the Journal of Microwavesn Chinese (since the 1970s);University Grants Commission (UGC), Ministry of Information
the National microwave conference is held in every two yeaTechnology (MIT), Council of Scientific and Industrial Re-
and 300-400 papers have been presented at each conferesegrch (CSIR), Department of Science and Technology (DST),
The subcommittees organize and sponsor symposiums evaryl the Defence R&D Organization (DRDO) are the major
two years on topics such as microwave integrated circuitSpvernment agencies that have been supporting manpower
electromagnetic compatibility (EMC) and wireless commuraining R&D in the area of microwaves. These agencies have
nications, measurements, microwave energy applicatiohgen sponsoring projects, at various Educational Institutions
millimeter-wave technology, electromagnetic (EM) theonand R&D laboratories. Some of the major R&D laboratories
numerical methods, etc. Every year, about 500-1000 paptsat have been receiving funding in microwaves are the Society
are presented in a number of symposiums. for Applied Microwave Electronics Engineering and Research
The International Conference on Microwave and MillimetefSAMEER), the Tata Institute for Fundamental Research
Wave Technology (ICMMT) is held every two years, organize¢TIFR), and the Central Electronics Engineering Research
by the China Institute of Electronics since 1998, the result ofiastitute (CEERI).
merger of two conferences; one is the international conferenceThe MHRD is funding aQuality Improvement Prograi@QIP)
on millimeter-wave technology (since 1984) and the other is tifier upgrading the expertise and improving the qualification of
advanced microwave conference (since 1994). There is a jdimtulty members in degree-level engineering Institutions in the
meeting between the Chinese and Japanese microwave societesitry. This QIP program is implemented and monitored by
called the China—Japan Joint Meeting on Microwaves (CIMWthe All India Council of Technical EducatioAICTE). Under
The City University of Hong Kong is also active in microwavehis program, eight institutions, namely, five lITs, lISc, Roorkee

research and served as the host of the APMC in 1997. University, and Jadavpur University, offer M.Tech and Ph.D.
Z. Feng programs in the area of communication engineering including
microwaves.
V. MICROWAVE INFRASTRUCTURE ININDIA Funding at the universities has resulted in the growth of ex-
) pert groups in several areas, namely, radar, antennas, microwave
A. Education tubes, navigational electronics, EMI/EMC, and microwave and

In India, the area oficrowavesds generally covered under millimeter-wave integrated circuits.
communicationsThe undergraduate curriculum in communica- Commercialization of technologies developed at the educa-
tions includes one basic coursedlectromagnetic theorgt the tional institutions and the R&D laboratories is supported by
second-year level. Additional courses covering broadly, topigevernment agencies. Some of the key agencies include the Na-
such astransmission lines, waveguides, antennas, microwatienal Research Development Council (NRDC), the Department
propagation, and computational electromagnetics generally of Scientific and Industrial Research (DSIR), and the Depart-
included in the final year. Some of the Institutions also have Minent of Science and Technology (DST).
crowave Laboratory courses covering experiments using wave-
guide benches. At the postgraduate level, the curriculum Ieadﬁ:lg
to the Master’s degree in communications generally includesA number of public- and private-sector industries are in-
two compulsory courses, i.enicrowave theorgnd a laboratory volved in the production of microwave components, antennas,
with advanced experiments dransmission lines, waveguides,and communication equipments. Some of the leading industries
and antennasProvision exists for specializing in microwavesare Bharat Electronics Ltd. (BEL), the Indian Telephone In-
by taking elective courses such ascrowave solid-state de- dustries (ITl), Hindustan Aeronautics Ltd. (HAL), the Central
vices, circuits including modeling, microwave integrated cirklectronics Limited and Electronics Corporation of India

Industry Role
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Limited. Besides having their own product line, these industriésrnational microwave collaboration of Asia—Pacific countries
undertake production based on the know-how transferred frdras clearly been recognized.
various R&D institutions and DRDO laboratories. HAL, ITI, _ N
and BEL have excellent infrastructure for the production & Universities
hybrid MIC subsystems/systems. For meeting the requirementUniversities are considered to have three roles, i.e., education
of further miniaturization in the form of MMICs, a foundry of students, producing and sending competent youth to indus-
named GAETEC has been set up at the national level. tries, and responsibility for fundamental research. Research in
For Indian Satellite Programmes, major projects in the fremiversities is based upon basic theoretical analyses. Research
guency bandS—-Ka are carried out at the Space Applicatiorsubjects in universities are determined substantially by the spe-
Centre and Indian Space Research Organization. These orgalties of professors. As a result, the subjects are of a wide va-
nizations also have excellent facilities for fabrication of spaceiety and there are many frontier theme-oriented researches in
qualified hybrid MICs. which industrial companies cannot be well involved. Such di-
Recently, several private industries have started developmeetsity is believed to be an underlying strength of university re-
and production of digital radios and MMDS, LMDS systemssearch.
In view of the shortage of technical manpower, some agenciesThere are not a few professors who had been working in in-
have come forward to set up fully funded R&D schools withiglustry, moved to a university, and now cooperate with industry.
[ITs. Even greater collaboration between academia and industry will
B. Bhat be required in the future.
There are two types of universities, i.e., public and private.
Public universities are financed by the government (or the
V. MICROWAVE INFRASTRUCTURE INJAPAN local government). The financial basis of private universities
is mainly tuition fees from students and is partly based on
A. [EICE government aid. Universities also receive funds in the form
Japanese microwave technology is conducted by the Institofegrants from the government and private companies. Such
of Electronics, Information and Communication Engineemgrants are provided mainly for specific study themes, but some
(IEICE), Japan. The IEICE is the most important nodal junctioof them are allocated directly to the professors.
for R&D work of industries, government, and academies. The
IEICE is composed of four societies and one group. Eaéh Government
society has specialized technical groups. The technical grouprhe main role of the government is to finance universities
of microwaves in the Electronics Society conducts Japang#ierough the Ministry of Education, Culture, Sports, Science,
microwave activities with the cooperation of other relatingnd Technology), to administer/regulate communications and
technical groups and societies. The IEICE holds two natiotire radio spectrum (through the Ministry of Public Manage-
wide conferences in a year and each society opens nationwident, Home Affairs, Posts and Telecommunications), and to
monthly technical meetings so that the microwave enginegmovide basic research leadership (through the Communication
have more than ten chances to publish their work in a yearResearch Laboratories (CRL) of the Ministry of Public Man-
such conferences. agement, Home Affairs, Posts and Telecommunications). The
The IEICE annually holds Microwave Workshops and Exhigovernment budget is composed of a program of grants on se-
bitions (MWE). The MWE is a joint microwave event of tu-lected topics for research.
torial lectures, invited papers, university activities exhibition, The main role of the CRL is exploiting frontier frequencies
and industrial technical exhibition. As the MWE covers a versand new microwave frequencies utilization and convening col-
tile field of microwaves, from microwave fundamentals to cutaboration of nationwide organizations for R&D works in these
rent topics, a great number of microwave engineers get togethields. As frontier frequency exploitation, commercial applica-
every year. In MWE2000, the number of attendees was 55@i@n of millimeter waves is one of the major projects. The CRL
More than 360 companies participated in the exhibition, amoegpects a wide variety of applications of millimeter waves in
which about 25% were from Japan and 75% were from the UiSdoor information distribution networks, local-area networks,
and Europe. The scale of the MWE is growing every year. Damd traffic surveillance applications. They conduct a prototype
to the themes dealt with, the MWE is also believed to play dield experiment of indoor television signal distribution by
important role for educating young engineers in universities anteans of 60 GHz, in which electronics companies get together
industries. and participate. They also find a prospective application of
The APMC is a microwave international conference helahillimeter-waves in subscriber end lines or premises lines in
every year around the Asia—Pacific countries and is coopeungtical-fiber information distribution networks.
tively sponsored by the IEEE MTT-S. The first APMC was The Intelligent Traffic System (ITS) is one of the biggest
held in February 1986, in New Delhi, India. The APMC isiationwide projects that may comprehensively change future
consecutively held every year around Asia—Pacific countrigsaffic/transportation systems and, therefore, the government
The IEICE sponsors APMC when it is held in Japan. Althougis deeply involved in this project. The CRL is responsible for
the history of the APMC is rather young compared with theealizing radio communication networks. Almost all electronics
IEEE International Microwave Symposium and the Europeamompanies and communication companies join this project.
Microwave Conference, an important role of the APMC in inField tests are now under way.
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The CRL also convenes annual international conferences ttee area of microwaves, optics, and EM waves are about 0.1 of
lating to its mission, e.g., topical meetings on millimeter waveEECS students.

microwave photonics, ITS, and photonic technology. The Brain Korea 21 Program was initiated by the Ministry of
Education to promote a few Korean universities into the world-
D. Industry class level in the graduate education in the area of engineering

Major applications of microwaves in Japan are publi nd sciencel. For the Inf_ormatior_lTechnology(IT) areacovgring
communication, broadcasting, sensing, traffic control annge conventional electrical engineering and computer science
medical treatm'ent They are’ mainly e{imed at Comm’erci%eas,theforementioned three universities joined by three other

purposes. Military and defense activities of microwaves a@?or ualver5|t|e§ (Ii(wsn?-\]ullgst}tute_of Sc:jelrlce anS '_I'ech-
not explicitly targeted or, at least, are a small percentage witR'9y: fyoung-book vationa niversity, and Korea Univer-

respect to the whole volume. In recent years, versatile needssfgy).were selected in 1999. Annual gfa’“ (.)f about US$13 mil-
é| n is awarded to IT area of these universities for seven years,

The microwave industry has become more active due to N ich supports the graduate students, the international cooper-
emergence of portable wireless technology. ation, the post doctorates, the visiting professors, and the R&D

Companies engaged in microwave technology are electron?ccg'\rl]'t'es' ional funding for th I h h
companies, electronic component makers, and communicatio '€ hational funding for the R&D activities are throug

companies. Major electronic companies are involved in tﬁ/grious gove_rnment ministri_es a_nd funding ggencies such as
overall process from semiconductor material manufacturifg® Korea ISfmeg_ce z:ndllgggmeermg FotLdeaS(;n §K70bS'IFF), et((j:.
and MMIC design/fabrication to equipment design/assemblin _eannuahulrfl 'f”gh_orf i amounts aRZLLIJDt $2.7bi |o(r; z:]n
Electronic component makers are rather specialized and suppfput 0ne-half of this funding goes to activities and the

their products to electronic companies for specific commerci ﬁ er on(?r-rf]\alf 'S_ for t.h_e Rg;]D mfrzstru;t;lgyan(fj rr:atlonall tl)at()jo-
products. Dielectric resonators, for example, widely used JAtoi€s. The universities share about 22.6% of the total budget

wireless terminals are solely supplied by a few componeﬁ'?d IT, including electronlcs_a_n_d telecom_munlcatlons_, shares
companies. about 31.2% of the R&D activities excluding the funding for

Communication companies also have an all-round technid FRQgistrgpturg ind nar':lonzl Iabotratcc)jr_lles.. The tp tal amc;t:nt
strength since microwaves are major communication me unding in rorea has been steadily Increasing over the

along with metallic cables and optical fibers. In recent yea st five years.

however, the content of communications has been Changindzlectromcsmdustrlesm Korea started in the late 1960s by as-

from simple voice information to multimedia and broad-bangemPling AM radios. Until 1990, the major production of elec-
information. The main R&D objectives, therefore, are changirfgPnics industries was in the consumer goods with its produc-

from hardware-oriented technology realization to software-offon Of about US$23 billion and its exports of USS$15 billion,
ented new-services development, making the electronics industries the first ranking among the

M. Akaike €xport industries, occupying about 25% of total exports of the
year. During the 1990s, the production of memory chips, op-
tical fibers, and its communication systems, CATV, and the suc-
cessful implementation of CDMA wireless cellular phones cer-
The freshmen enrollment in the area of electrical engineeritgjnly made the electronics industries leading among Korean in-
and computer science in Korean universities has increased alstugtries in domestic production as well as in exports.
ten times during the last 25 years to about 23 000 in 1997 in 310The start of the microwave industry in Korea was the
departments, while the national per capita income (NPCI) iproduction of microwave ovens in the late 1970s. Mainte-
creased about 40 times from US$250 to about US$10 000 durimance of military radars and radio communication terminals
the same period. The yearly graduates with degrees of B.S. avab rather limited. Civilian radio communications market
B.E. in electrical engineering are about 15 000, with degreeswés suppressed until 1990 by the government because of
M.S. and M.E. about 2000 and with degrees of Ph.D. about 90& communication security against North Korea. In 1996,
in 1997. These numbers are saturated and will decrease si@E&VIA mobile cellular telephone system began its service and
the population of young people has decreased. three companies installed their networks nationwide. They
The three leading universities in engineering and sciencerrerged into two companies and, in 2000, had approximately
Korea are the Korea Advanced Institute of Science and Te@¥ million subscribers (out of a population of 45 million). As
nology (KAIST), the Pohang Institute of Technology, and ththe subscriber market exploded, the demand for nationwide
Seoul National University. The Department of Electrical Engiradio base-stations and relays and handsets grew greatly. This
neering and Computer Science (EECS), KAIST has about Bas driven the microwave industry to manufacture various com-
faculty members, 420 juniors and seniors, and 394 M.S. apdnents and subsystems such as antennas, power amplifiers,
737 Ph.D. students, where the average ratio of electrical enfgiers, etc. in the frequency bands of 820-900 MHz (cellular)
neering to computer science is about 1:0.6. The annual expand 1.75-1.87 GHz (PCS).
diture of KAIST including the external contracted research per After the successful launching of CDMA cellular services,
one student is about US$2400. These three universities are ctile- Ministry of Telecommunication is planning to launch
parable, but the average budget of other Korean universitiedNsT-2000 service and selected two companies last year. It
about one-half of this amount. The graduate students studyisgestimated to spend about US$80 million, respectively, by

VI. MICROWAVE INFRASTRUCTURE INKOREA
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Samsung and LG in the coming two years to develop systemgasurement technique); Aachen Technical University (on
of WCDMA or CDMA 2000. This will again drive the marketsactive device modeling).

of various microwave components, subsystems, and systemRelated research centers and laboratories include the fol-
in the frequency band of 1.92-2.17 GHz. This requires oviawing:

2000 well-trained engineers for this project alone by the above « Center for Wireless Communication (CWC), a national
two companies. If we include the funding of two selected  center for RF communication research:

operator companies (SK and Korea Telecom) and associateds |nstitute of Microelectronics (IME), a national center for

small companies, total funding would be up to approximately  semiconductor microelectronics research;

US$500 million. « Center for Optoelectronics (COE), a faculty-based re-
The Electronics and Telecommunications Research Institute  search laboratory equipped with a RIBER MBE machine
(ETRI) coordinates R&D activities in national telecommuni- and associated supporting equipment.

cations projects supported by the Ministry of Telecommunica-

tions. ETRI has Iabora}tories of satellite commun?cations, r:_aldg)_ Government Role

communications, semiconductors, etc. Laboratories of semicon- . .

ductors develop the power MESFET, MMIC amplifiers, and In Smgapore, the National Science and Technology Board
pHEMPTS, etc. Radio communication laboratories developQHSTB) is the lead government agency under the M|n|§try of
CDMA cellular mobile systems (i.e., switch board, personal teffade and Industry, which is providing focus and direction to
minals, and base-stations) and will develop IMT-2000 syster{€ country’s technopreneurship drive and spearheading the na-
with the development of its modems, components, and key tedign’s technological capability development. The key role of the

nologies where they may spend about US$58 million in thHSTB is to develop capability through promoting and strength-

years. This will drive the microwave industry further in pro_ening the local technological infrastructure. This involves devel-

ducing more components oping research capabilities in the research institutes and centres,
Various Korean societies play an important role organizi iversities, polytechnics, and government-funded institutions,

conferences, seminars, and workshops. The institutes with 51_|ch have economic relevance and which will lead to the com-

cieties in microwave technologies and antennas and propag}f-rc'al exploitation of technology and innovation.

tion are the Institute of Electronics Engineers (IEEK), Korea, In early April 2000, a US$1 billion technopreneurship Invest-

the Korea Institute of Communication Sciences (KICS), and tﬂéent Fund was launched to attract more venture capital activi-
Korea Electromagnetic Engineering Society (KEES). Appro}'-es to Singapore. This is in addition to the US$4 billion national
imately 1000 members from these institutes and societies mencedgncéTecholz%%)gZOOS (S&T 2005) Plan officially an-
actively participating together in IEEE MTT-S and IEEE Ap-giounced in October :

activities and in three jointly supported domestic conferenc The S&T Plan will build on the solid foundation laid over

s .
held regularly every year, where 60-70 papers are presenteﬁ’ﬁ‘\l last ten years by th_e Na“‘“?a' Technology Plan (NTP
one conference. 1999-1995) and the National Science and Technology Plan

(NSTP 1996-2000). Those two plans have putin place a robust
R&D infrastructure in Singapore. The Gross Expenditure on
R&D (GERD) as a percentage of GDP registered a compound
annual growth rate (CAGR) of 12% for the 1996—1999 period,
exceeding the 6% increase for the 1991-1995 period. By 1999,
A. Education GERD as a percentage of GDP in Singapore reached 1.84%,
the National UniveWhiCh i.s close to the band. of 2%-3% of national R&D in\./est.—
fyentsin developed countries. The number of research scientists
d engineers (RSEs) per 10000 in the labor force has also
rown steadily at 10% annually, from 48 in 1995 to 70 in 1999.
atenting activities in Singapore-based R&D organizations
Qi ve also increased, reaching a figure of 673 patents filed in

J. W. Ra

VII. M ICROWAVE INFRASTRUCTURE INSINGAPORE

Two universities in Singapore, namely,
sity of Singapore (NUS) and Nanyang Technological Universi
(NTU), have comprehensive modern facilities for teaching al
research activities in microwave system and device modeli
design, characterization, and fabrication and antennaRfd
measurement. Other tertiary institutions, which have embar
in basic training in RF and microwave engineering, includ
polytechnics such as the Temasek Polytechnic and Nanyzi?‘rrﬂé]I RF.
Polytechnic.

NUS and NTU have ongoing collaborative projects witl-
Singapore Telecoms (on the effect of local weather conditionsin microwave and RF engineering, a number of industrial
on microwave propagation); defense-related organizatioo@mpanies are currently engaged more predominantly in devel-
(on microwave scattering, large array antenna design, TéRmentaltype of work than in research. Such companies include
module design and others); Mass Rapid Transit Corporatibnmegrown small manufacturing enterprises, local companies,
(on EMI/EMC control between systems); Hewlett-Packardnd large multinational corporations. Most academic staff and
Company, Santa Rosa, CA (on error-correction strategies fesearch students from the tertiary institutions are involved in
network analyses and NNMS); Institute of Microelectronicsollaborative research and consultancy projects with them.

(on large-signal nonlinear modeling of semiconductor devicesThere are also a humber of existing collaborative postgrad-
such as GaAs FETs using a new pulsed dc and pulsed &dte teaching programmes between academia and industry, such

99. A sizable number of these patents relate to microwave

Industry Role
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as the joint M.Sc. degree in wireless communications and post-The above information is concerned with the national
graduate diploma in electromagnetics and RF. In microelegniversities. However, there is a private university, i.e., the
tronics wafer fabrication, a number of multinational companiddahanakorn University of Technology (MUT), Bangkok,
have already been in operation for many years. Companies withailand, which is also active in research on optical/microwave
activities in MMIC design, characterization, and fabrication arend antenna. At this university, there are three Ph.D., three
presently being actively encouraged to come to Singapore. TeEng. staff, five Ph.D. candidates, and about ten M.Eng.
newly corporatized DSO National Laboratories is presently tlstudents related to microwave.
lead agency to promote MMIC locally. As mentioned earlier, the main contribution is from KMITL,
M. S. Leong which has a background in telecommunication technology. It
has several research groups including the following.
VIIl. M ICROWAVE INFRASTRUCTURE INTHAILAND The Mobile Communication Laboratory, which focuses
on propagation of mobile communication particularly to the
Research activities in microwaves in Thailand were start@@érsonnel communication system (PCT). One Ph.D. and two
not very long ago since the background of the country is largely. Eng. research staffs including two Ph.D. candidates and
agricultural. In addition, human resource to conduct researchjp M.Eng. students are involved in this laboratory.
this area was quite limited. The Satellite Communication Laboratory focuses on satellite
To promote the research activity in the field of electricagignm propagation. Two associate professors and ten M. Eng.
engineering, faculty members in various universities hawg,dents are currently studying such a subject.

established the national conference on electrical engineeringr,o Signal Transmission Laboratory has produced some pa-
[called the Electrical Engineering Conference (EECON)] iBers on active antennas
1978. Since then, research in electrical engineering has been?he Wireless Communication Laboratory is the last group to

continuously conducted. In the beginning, most of the PaP&IR mentioned. It consists of one Ph.D. and one M.Eng. There

were related to electronics, power, and .computer technolo%¥e currently five Ph.D. candidates and 13 M.Eng. students. This
There were very few papers related to microwaves.

R h . has b i . roup divides its interest into three categories, i.e., steerable an-
esearch on microwaves has been more ac |\{e since gtqnas, slot antennas, and antennas for mobile communication.
years ago. The majority comes from King Mongkut’s Institute Most of the ab his limited to education. h
of Technology Ladkrabang (KMITL), which initially focused osto er? ovebresearlc_: dlst imite (:_educz;l_lon, ovr\]/eve':,h
on telecommunication technology. Besides this national conf pme research can be applied o support industries such as the
ence, there are some domestic journals such @Rrtieeedings _|d|rect|onal antenna, developed by the Wwele;s (_Zommumca—
of the Thailand Engineering Journaind journals issued by tion quoratory, Research Center for Commumcauon_s and In-
various universities. formaﬂon Technqlogy (ReCCIT), KMITL. Over 1000 pieces of
The research groups that continuously conduct researchﬂ?hs antenna are mstalleql on the express way to exte_nd the sep-
microwave can be categorized as follows. aration of PCT base-stations. This is an example of linkage be-

Chulalongkorn University (CU), Bangkok, Thailand, haéweer? Iaborator_les and industries. It is expected that it will be
IxSpI0|ted more in the near future.

established the research group on EM-wave technology. TR ides basi hin th . » lied
group pays attention to research on reconfigurable antennaées' es basic research In the universities, some applied re-

high-frequency computation techniques, near-field antenﬁﬁamh is conducted in the national laboratory and state enter-
measurement, microwave remote sensing, and numeriB4P€S: o .
computation, particularly the finite-element method. There are The Telecommunication Technology Laboratory of National
currently two active research staffs holding doctoral degredd€ctronics and Computer Technology (NECTEC), Bangkok,
two Ph.D. candidates, and about 20 M.Eng. students. Thalland, is c_ievelopmg a _PCT handset, adaptive antenna, and
Kasetsart University (KU), Bangkok, Thailand, has a groufylird-generation (3G) mobile phone system.
performing investigating on finite-difference time-domain The Research Department of Telephone Organization of
(FDTD) computation. The application of interest is to studyhailand (TOT), Bangkok, Thailand, has developed a 400-MHz
interaction of an electromagnetic wave to the human bodjireless local loop system.

One Ph.D. associate professor and some graduate students dreaddition to conducting research, some facilities have been
involved in this group. established to support research such as the Electrical and Elec-
There is a group with King Mongkut's Institute of Tech-tronics Products Testing Center (PTEC), National Electronics

nology North Bangkok (KMITNB), Bangkok, Thailand, whichand Computer Technology Council (NECTEC), Bangkok, Thai-

focuses on microwave circuit, measurement techniques, dadd. This center not only provides testing service to electronics

antenna analysis. Three faculty members are involved, ogxport industries, but supports research as well.

holding a Ph.D. degree and the other two M.Eng. degrees inin order to promote research activities, the government of

addition to about ten M.Eng. students. Thailand has provided research funds through funding bodies
There has been a research group on microstrip antensash as the Thailand Research Fund (TRF), the National Science

in King Mongkut's University of Technology Thonburi and Technology Development Agency (NSTDA), the NECTEC,

(KMUTT), Thonburi, Thailand, of which many papers havehe National Research Council of Thailand (NRCT), and the

been published. Unfortunately, the group leader passed awdipnistry of University Affairs (MUA). Some foundations es-

in 2001. tablished by industries, e.g., the Thailand Toray Science Foun-
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dation (TTSF) and the Thailand Asahi Foundation (TAF), also To keep up with the expansion of the service sector, the
provide research fund. manufacturing sector is also catching up, but it is still limited
M. Krairiksh to the production of terminal equipment. The current effort
in the nation is to develop the core systems of telecommu-
nications, so that the industries will have more freedom to
move into new frequency bands such as the millimeter-wave
range. Currently, the commercial needs for more high-speed
short-range communications have stimulated considerable in-
terest in millimeter-wave technology; it is not only to alleviate

After World War I, Taiwan was under martial law for a longthe spectral congestion, but also to afford a larger bandwidth
time during domestic political turmoil, and radio communicafor high data-rate applications. Specifically, high density
tions were totally controlled by the government. Thus, excefited services (HDFS) cover new wireless point-to-point and
for some military applications, there had not been any signioint-to-multipoint technologies ranging from fixed wireless
icant activities in R&D on microwaves in the civilian sectoraccess (FWA) to high-speed broad-band wireless systems such
before 1970. With the political reform and telecommunicatioas local multipoint distribution service (LMDS). High-altitude
deregulation in recent years, it is almost a miracle that Taiwgtatform stations (HAPS) are investigated to operate like
has become a major supplier of handsets for cellular phones; $aphisticated repeaters, relaying messages between fixed and
penetration of mobile communications in Taiwan now standsobile users on the ground. Finally, intelligent transportation
70% of the population. The congestion of the radio spectruggstems (ITS) require millimeter waves for detection, tracking,
has caused service providers to cry for a more available spand communications. All these applications are attracting
trum, thus, creating pressures on the government to comeagmsiderable efforts in universities to build up the technical
with new technologies for higher spectral efficiency or to dezapability, covering the frequency range from approximately
velop new frequency bands. This presents, in turn, a pressi8e,to 77 GHz at present. In short, microwave science and
but also an opportunity for the academic community to engaggchnologies are very much alive in Taiwan and should play an
in more research on microwave-related science and technatereasingly important role in the country’s future.
gies. S. T. Peng

Though late in coming to play a significant role, the impor-
tance of the microwave area had been well recognized and EM
theory and applications have been required courses in the un-
dergraduate programs in major universities throughout recent
history. Graduate programs were first established in some uni-
versities during the period of the 1960s, offering first the M.S.
degree and then the Ph.D. degree ten years later. The stud
microwave engineering began at the National Taiwan Unive
sity, Taipei, and the National Chiao Tung University, Hsincht
and it has been flourishing ever since at other universities
well.

On the research front, while most of the theoretical work he
been carried out in universities and many contributions to tl at the Electrotechnical Laboratory, Ministry of
literature in related fields had been made, the development ot International Trade and Industry of Japanese
microwave circuits and solid-state transceiver modules begarfiprernment. While on leave (1961-1963) and from 1964 to 1966, he was with

. . the Ultra-Microwave Research Group, University of Illinois at Urbana-Cham-
the late 1970s at the Chung-San Institute of Science and Teéﬁgn. From 1966 to 1967, he was with the Antenna Laboratory, University of
nology, as part of the military establishment. The circuits wergnois at Urbana-Champaign, as Research Associate. In 1967, he joined the

maimy based on hybrid MIC technology for the frequency bari¢niversity of Electro-Communications, as an Associate Professor, and became
a Professor in 1977, the Dean of the Graduate School (199201994), and Dean

from 1 to 10 GHz. In the e_a_rly 1980s, the frequ_ency_movqg the Graduate and Undergraduate Schools (1996-1998). He retired from the
up to the low end of the millimeter-wave band, first with theuniversity in 1998 and is currently a Professor Emeritus of the University of

effort of building up the measurement and assembly Capablﬁectro-COmmunications. Since 1956, his research interests have principally

. At ab h . h . ind b concerned the device applications of EM waves such as the development
ties. At about the same time, the microwave industry eganc;pdesign principles for various microwave transmission lines (1956-1998),

take shape, with the first commercial enterprise being Micréxciuding the variational approach in the Fourier-transform domain for
electronic Technology Inc. Since then, the rapid developméi??'gn'”g microstrip lines using computers effectively (1967), the development

f the ind h b fth ful . ot pyroelectric-effect detectors for sub-millimeter waves (1963), the finding of
of the industry has proven to be one of the successtul stories, It} iation impedance approach for the design of negative-resistance diodes

the country. Today, Taiwan has built up the capability for miwith whiskers, mounted in waveguides and working as oscillators (1965),
crowave devices and components such as low-noise amplifié*f'g finding of a design principle for microwave-bandwidth laser modulators

i . filt itch f using microstrip-line structures (1974-1988), the application of microwave
power ampliners, mixers, filters, switches, frequency SourCep%opagation to the safety system of railroad crossings (1975), the application

attenuators, phase shifters, etc. Furthermore, RF modules hé&\geoup theory to the design of optical fibers having symmetrically distributed
been successfully developed and are being used in various azFWIiple cores (1985-1995), the shaping of picosecond electrical pulses using
t

. h d-b d and airb d issil e dispersion property of microstrip lines (1991-1992), and the finding of a
cations such as ground-based and airborne radar, missiles, €l€Ggn principle of array antennas on multiple dielectric-layer structures for

tronic warfare devices, communication equipment, etc. the millimeter-wave imaging system (1995).

IX. MICROWAVE INFRASTRUCTURE INTAIWAN

Eikichi Yamashita (Editor) (M'66-SM'79-F'84—
LF'00) was born in Tokyo, Japan, in 1933. He
received the B.S. degree from the University of
Electro-Communications, Tokyo, Japan, in 1956,
and the M.S. and Ph.D. degrees from the University
F of lllinois at Urbana-Champaign, in 1963 and 1966,
F respectively, all in electrical engineering.

\ From 1956 to 1964, he was a member of the

f‘ jJ research staff on millimeter-wave engineering
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Dr. Yamashita was an associate editor of the IEBRANSACTIONS ON
MICROWAVE THEORY AND TECHNIQUES (1980-1984, 1996-1997). He was
chairman of the |IEEE Microwave Theory and Techniques Society (IEH
MTT-S) Tokyo Chapter (1985-1986) and a member of the IEEE MTT-
AdCom (1992-1997). He was chairman of Chapter Operations Commi
of the IEEE Tokyo Section (1995-1996). Since 1988, he has been activj
involved with the APMC, which is cooperatively sponsored by the IEE
MTT-S, in many countries in Asia, and for holding various IEEE MTT-S
meetings and workshops in the Region 10 area. In 1998, he served as chai
of the Organizing Committee of the APMC’ 98, Yokohama, Japan. He was {
recipient of the 2000 IEEE MTT-S Distinguished Service Award and the 2000
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Bharathi Bhat (SM'82) received the B.E. and M.E.
degrees in electrical communication engineering
from the Indian Institute of Science, Bangalore,
India, in 1963 and 1965, respectively, and the
M.S. and Ph.D. degrees from Harvard University,
Cambridge, MA, in 1967 and 1971, respectively.
From 1971 to December 1972, she was a
Post-Doctoral Research Fellow with the Division
of Engineering and Applied Physics, Harvard
University. In January 1973, she joined the Indian
Institute of Technology (IIT), Delhi, India, as an

Electrical and Computer Engineering Distinguished Alumnus Award presentadsistant Professor, and became a Professor in 1977. She is currently the Head

by the University of lllinois at Urbana-Champaign. of the Centre for Applied Research in Electronics, IIT. She has authored or
co-authored 85 research papekaalysis, Design and Applications of Finlines
(Norwood, MA: Artech House, 1987%tripline-like Transmission Lines for
Microwave Integrated Circuit{New York: Wiley, 1989), Microwave and
Millimeter Wave Phase Shifters, Vol. |—Dielectric and Ferrite Phase Shifters;
Vol. Il—Semiconductor and Delay Line Phase Shiftéikorwood, MA:
Artech House, 1991), a chapter on “Materials and Technology for Microwave

Trevor S. Bird (S'71-M'76-SM'85-F'97) received Integrated Circuits” irMicrowave Material{New Delhi, India: Narosa, 1993),

the B.App.Sc., M.App.Sc., and Ph.D. degrees fronfinline CAD for DOS-Analysis and Design Software for Millimeter Wave

the University of Melbourne, Melbourne, Australia, Integrated Circuits(New Delhi, India: New Age Int. Publishers, 1997) and

in 1971, 1973 and 1977, respectively. CAD of Millimeter Wave Finlines-Analysis and Design Software for Windows

From 1976 to 1978, he was a Post-Doctoral Re(New Delhi, India: New Age Int. Publishers, 1997). She was a member of the

search Fellow with Queen Mary College, UniversityEditorial Board of theJournal of IETE(1986-93) and théournal of Pure and

of London. He then spent five years as a LectureApplied Physic§1989-92).

in the Department of Electrical Engineering, James Dr. Bhat is a Distinguished Fellow of the Institution of Electronics and

Cook University, North Queensland. In 1982Communication Engineers (IETE), a Fellow of the Indian National Academy

and 1983, he was a consultant for Plessey Rad&f Engineering (INAE), and Life Member of the Indian Society for Technical

plc, Chessington, U.K. In 1984, he joined theEducation (ISTE). She was an honorary editor of foarnal of the Indian

Commonwealth Scientific and Industrial Research Organization (CSIRQYational Academy of Engineerin(@981-83), a member of the IETE Council

Epping, N.S.W., Australia. He has held several positions with CSIRO and(t982-85, 1988-90), the INAE Council (1987-89), the National Committee

currently a Chief Research Scientist and General Manager—Information &ad the International Union of Radio Science (URSI) (1985-90), and the

Communications Technologies. He has authored or co-authored numerg@irman of the IEEE Electron Devices Society (ED-S)/Microwave Theory

papers in the area of antennas, waveguides, electromagnetics, and satéllige Techniques Society (IEEE MTT-S) Chapter of the IEEE India Council

communication antennas. He holds several patents. (1983-85). She was the recipient of several national awards for her contribu-

Dr. Bird is a Fellow of the Australian Academy of Technological andions in the area of microwave and millimeter wave engineering, including the

Engineering Sciences, the Institution of Engineers, Australia, the Institutid®83 Ram Lal Wadhwa Gold Medal, the 1986 S. K. Mitra Research Award,

of Electrical Engineers (IEE), U.K., and is an Honorary Professorial Felloand the 1994 First Prof. K. Sreenivasan Award, all presented by the IETE, the

in Electronics at Macquarie University, Sydney, Australia. He was a Did-985 Vikram Sarabhai Research Award, the 1991 Top Invention Award of the

tinguished Lecturer for the IEEE Antennas and Propagation Society (IEB¥ational Research Development Council (NRDC), the 1994 VASVIK Award

AP-S) (1997-1999), chairman of the IEEE AP-S/IEEE Microwave Theorgresented by the Vividhlaxi Audyogik Samshodan Vikas Kendra, the 1998

and Techniques (IEEE MTT-S) chapter of N.S.W., Australia (1995-1998), aA¢ademy Excellence Award presented by the Defence Research Development

chairman of the 2000 APMC. He is currently chairman of the IEEE N.S.WDrganization, and the 1998 Suman Sharma Award from the Institution of

Section. He is currently an associate editor for the IEBENSACTIONS Engineers.

ON ANTENNAS AND PROPAGATION. He was a recipient of an IEEE Third

Millennium Medal for outstanding contributions to the IEEE N.S.W. Section.

In 1988, 1992, 1995, and 1996, he was the recipient of the John Madsen Medal

of the Institution of Engineers, Australia, for the best paper published annually

in the Journal of Electrical and Electronic Engineering, Australile was

also the recipient of a 1990 CSIRO Medal for the development of an Optus-B

satellite spot beam antenna and a 1998 CSIRO Medal for the Parkes multibeam

antenna feed system.

Masami Akaike (S'65-M'84-SM’'91-F'98) was

born in Kamakura-shi, Kanagawa-ken, Japan, on
October 15, 1940. He received the B.Eng., M.Eng.,
and Dr.Eng. Degrees in electronics engineering from

Zhenghe FengM’95) was born in Shanghai, China,
1945. He graduated from Tsinghua University, Bei-
jing, China, in 1970.

Since 1970, he has been with the Departmer
of Electronics Engineering, Tsinghua University.
He was a Visitin Scholar with from 1979 to 1981.
He is currently the Chairman and Professor of the

the University of Tokyo, Tokyo, Japan, in 1964,
1966 and 1969, respectively.

In 1969, he joined the Musashino Electrical Com-
munication Laboratories, NTT, Tokyo, Japan. From
1969 to 1981, he was engaged in the R&D of guided
millimeter-wave transmission systems and terrestrial
digital microwave systems. He was especially re-

Department of Electronics Engineering, Tsinghuasponsible for solid-state devices in microwave and millimeter-wave frequencies
University, and Deputy Director of the State Keyfor these systems. From 1982 to 1983, he was involved with the planning and
Laboratory on Microwave and Digital Commu- field evaluation test of ISDN systems. From 1983 to 1984, he was responsible
nications. His main research fields are wirelessor R&D on radio propagation characterization. From 1989 to 1992, he joined
communication, smart antennas, antennas and antenna arrays, RF, microwtavéATR Optical and Radio Communications Research Laboratories, Kyoto,
integrated circuits (ICs) and microelectromechanical systems (MEMS), Eb&pan, during which time he was Head of the Radio Systems Department
theory, and numeric method. responsible for R&D of future personal mobile communications. In April 1992,
Prof. Feng is a member of the IEEE Beijing section, deputy chair of the IEBte became a Professor in the Department of Electrical Engineering, Science
Microwave Theory and Techniques Society (IEEE MTT-S) Beijing Chaptet)niversity of Tokyo.
and vice chair of the Microwave Society of China (in charge of international Dr. Akaike has served as the vice-chair of Commission C of the International
academic exchange). Union of Radio Science (URSI) since 1999.
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Jung-Woong Ra (S'68-M'70) was born in
Kwang-Ju, Korea, on February 12, 1941. He
received the B.E. degree in electronics engineerin
from the Seoul National University, Seoul, Korea, in
1963, with the first honor graduated in the College
of Engineering, and the M.S. and Ph.D. degree
in electrophysics from the Polytechnic Institute
of Brooklyn, Brooklyn, NY, in 1968 and 1971,
respectively.

He then joined the Korea Advanced Institute o
Science and Technology, Taejon, Korea, As a Char-

&
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Monai Krairiksh (M’94) was born in Bangkok. He
received the B.Eng., M.Eng., and D.Eng. degrees
from the King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Bangkok, Thailand, in 1981,
1984 and 1994, respectively.

In 1981, he joined the KMITL, where he is
currently an Associate Professor in the Department
of Telecommunication Engineering. He is currently
the Director of the Research Center for Commu-
nications and Information Technology (ReCCIT),
KMITL. His main research interests are in antennas

tered Faculty Member of Electrical Engineering and is currently the Profesdor mobile communications and steerable beam antennas and microwaves for
and Chairman of the Electrical Engineering and Computer Science Departméidlogical and industrial applications.

He developed the underground continuous wave (CW) EM wave radar to detect
the fourth demilitarized zone (DMZ) tunnel in Korea, which led to the studies

that obtained the quantitative cross-borehole tomogram through the use of iter-
ative inverse scattering. He is also interested in the scattering of EM waves by

a dielectric wedge. Song Tsueng Pen¢M'74-SM’'82—-F’88), photograph and biography not avail-
Dr. Ra is the past president of the Institute of Electronics Engineers (IEEI@ple at time of publication.

Korea, the past president of the Korean Society of Broadcast Engineers, and a
past AdCom member of the IEEE Microwave Theory and Techniques Society
(IEEE MTT-S). He is the president of the Korean National Committee of the
International Union of Radio Science (URSI).

Mook Seng Leong (M'75-SM'98) received the
B.Sc. in engineering (with first-class honors) and
Ph.D. degree in microwave engineering from the
University of London, London, U.K., in 1968 and
1971, respectively.

From 1971 to 1973, he was a Post-Doctoral
Research Fellow at Queen Mary College, London
University, where he investigated high-efficiency
microwave antennas in collaboration with Andrew

* Antennas, Lochgelly, Scotland, and Microwave

Associates, Luton, U.K. In 1973, he joined the

National University of Singapore, Singapore, and is currently a Professor and
Head of the Microwave and RF Group, Electrical and Computer Engineering
Department. He has authored or co-authored over 150 technical papers in
international journals and has consulted extensively by statutory boards and
public and private companies. He also co-authored the textiSmbleroidal
Wave Functions in Electromagnetic Thediiyew York: Wiley, 2002). His
current research interests are EM wave propagation and scattering, antenna
design and analysis, and EMC. He is an Editorial Board membei@bwave
and Optical Technology LetteendWireless Personal Communications

Dr. Leong is a member of the MIT-based Electromagnetics Academy and is
a Fellow of the Institute of Electrical Engineers (IEE), U.K. He is the founding
chairman of the Singapore IEEE Microwave Theory and Techniques Society
(IEEE MTT-S)/IEEE Antennas and Propagation Society (IEEE AP-S) chapter.
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