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Welcome to MWE 2017

Welcome to the 2017 Microwave Workshops and Exhibition (MWE 2017) which will be held in
Pacifico Yokohama for three days from Wednesday, November 29 to Friday, December 1, 2017, under
the sponsorship of the IEICE APMC Japan National Committee.

MWE is the largest comprehensive event in Japan for RF/microwave engineers and researchers in
academic and governmental institutions as well as private companies and has provided workshops
introducing state-of-the-art technologies and future visions, fundamental educational courses for novice/
young engineers, and an exhibition of the latest products since 1991.

Utilizing the 2020 Tokyo Olympics as a milestone, innovative values and services have been created
based on the factors such as progress in self-driving technologies, expectations for future motorized
society, efforts to provide new services using fifth generation (5G) mobile communications systems, and
challenges of frontier technologies for the universe. Some of them are about to become familiar this
year. In that sense, 2017 will be the opening of a new chapter and it is not too much to say that
microwave technologies are of great importance to firmly support this opening from a technical aspect.
This is why the keynote concept of MWE 2017 is “Microwave Technology, Road to the Future.”

On the basis of this concept, MWE 2017 offers two keynote addresses and thirty workshops in total
comprising five fundamental courses and four tutorial/introductory sessions for beginners as well as
twenty-one technical sessions.

In the opening ceremony, there are two keynote addresses: the first one entitled “The Latest Radio
Frequency Administration in Japan” will be presented by Mr. Masatoshi Nozaki (Ministry of Internal
Affairs and Communications). The second one entitled “VaaSI; Vehicle as a Social Infrastructure” will
be presented by Dr. Yuji Inoue (Toyota Info-Technology Co., Ltd.).

In the workshops, twenty-one technical sessions cover the latest microwave technologies from active
and passive devices to next generation applications and systems such as 5G mobile communication
systems, millimeter-wave/terahertz-wave ICs and automotive/vehicular applications. Fundamental
courses and tutorial/introductory sessions give an exposition on microwave technologies from basic
points to application examples.

In the Microwave Exhibition, almost five hundred companies from both Japan and overseas together
with about thirty universities/colleges will exhibit their new products, technologies and research
activities. Some exhibitors will give technical seminars. “MW Cafe” will be also opened to introduce
notable microwave system technologies.

We hope that the contents of the workshops and exhibition will be attractive and informative. So
please come and enjoy your microwave journey at MWE 2017.

In closing, I would like to express my sincere appreciation to everyone who has been supporting us
in organizing MWE 2017.

Shoichi Narahashi
MWE 2017 Steering Committee Chair
(Setsunan Univ.)
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General Information

Period: November 29- December 1, 2017

Venue: Pacifico Yokohama, Yokohama, Japan

* Microwave Workshops: Conference Rooms F201-F206 at the Annex Hall and Exhibition Hall D
* Microwave Exhibition: Exhibition Hall D

. The opening ceremony will start at 10:00 a.m. on Wednesday, November 29 at the Room 1 (F201 and F202 in the
Opening Ceremony and |  Annex Hall.)
Keynote Address Following the opening ceremony, keynote address will be given based on the concept for the conference,
(10:00-12:00) “Microwave Technologies, Road to the Future.” Mr. Masatoshi Nozaki (Ministry of Internal Affairs and
Communications) will give the keynote address entitled “The Latest Radio Frequency Administration in Japan” and
Dr. Yuji Inoue (Toyota Info-Technology Co., Ltd.) will give the keynote address entitled “VaaSI; Vehicle as a Social
Infrastructure.”

For novice microwave engineers 5 basic tutorial lectures and 4 introductory courses will be held, while eminent
researchers from both overseas and Japan will present their work on cutting edge technologies at the 21 scheduled
technical sessions in the Annex Hall and Exhibition Hall D. Some of the exhibitors of the exhibition will also conduct
technical seminars to highlight their products.

Microwave Workshop

Microwave Exhibition | Please refer to page 24 for detailed information.

How to participate in the| ~ Those who wish to attend the workshop should submit 2 business cards and register at the registration desk. There is

workshops no pre-registration available.
Registration Fee | No registration fee is required.
Workshop Digest | Workshop Digest is available at the registration desk. Prices are 5,000 yen for a regular participant, and 2,000 yen for a
student, respectively (. *Students need to show their ID to a staff.)
e fUrET Secretariat of MWE 2017

c/o Real Communications Corp.
3F Shin-Matsudo S Building 1-409, Shin-Matsudo, Matsudo 270-0034 Japan
TEL. 047-309-3616 FAX. 047-309-3617 E-mail: mweapmc@io.ocn.ne.jp http://www.apmc-mwe.org/

information,
please contact

7



I—=2vavrrars i
Workshops Program

WE1A

M2 Opening Ceremony
FATRARRE « B — (R
Welcome Message from the Steering Committee Chair : Shoichi Narahashi, Setsunan Univ.
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Wednesday, November 29, 10:00 to 10:10, Room 1

WE:EE Keynote Address

11H29H (k) 10:15~12:00, Room 1 (7 % v 7 A+ —)LF201+F202)
Wednesday, November 29, 10:15 to 12:00, Room 1
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Chair : Shoichi Narahashi, Setsunan Univ.
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Masatoshi Nozaki Yuji Inoue
(MIC) (Toyota Info-Technology Co., Ltd.)
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The Latest Radio Frequency Administration in Japan
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Masatoshi Nozaki, Ministry of Internal Affairs and Communications
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Abstract Radio frequency plays an important role in the daily lives and social and economic activities of the people. In anticipation of the full-
fledged loT era, while the use of radio frequency in various fields is progressing, it is necessary to achieve an advanced wireless
communication network that can provide appropriate communication speed, flexibility and reliability according to the usage situation.
For this reason, the Ministry of Internal Affairs and Communications promotes research and development of new wireless
communication systems such as 5G, 4K, 8K, 10T and others that contribute to the effective use of radio frequency, accurately grasps

the radio frequency usage situation and creates new innovation, We are implementing various efforts to secure the frequencies
necessary for the Olympic and Paralympic Games. In this presentation, we will introduce the latest radio frequency administration.

HIFEFEE2 118298 ()K) 11:10~12:00,Wednesday, November 29, 11:10~12:00

VaaSl; 2 Vv wtltEn 1> 7 FiC
VaaSI; Vehicle as a Social Infrastructure

FER (Fa #ITHSE v % — #E)
Yuji Inoue, Toyota Info-Technology Co., Ltd.
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BNIED G ho BIZIE, BEHESITHEE o TS HOICTEMZ X v ? &9 LABED 5 HOH L iTigtkizow
TRET %,

Abstract Vehicle innovation by ICT is amazing. By 2020 vehicles with Advanced Driving Assist System and/or Automated/Autonomous
Driving capability will be lunched into commercial market. These new capabilities will be achieved by powerful wireless-
communications, huge processing powers, and rich memories together with 3D digital map, big-data and artificial intelligence. Why
don’t we use these new capabilities for a social new infrastructure, for an example, vehicles in the parking where vehicle’s automated
driving capability is not needed? VaaSlI is proposed and discussed in this address.
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System Trials toward Actualization of 5" Generation Mobile
Communication System 5G

F—=HFAY e T CRBEHER)
WA FZ* (NTTR2E)
*ESIARE N A VA T + —F & 5GIRERRERHEAL 7 N —T ) — 5
Organizers : }(<ohei S)atoh, Association of Radio Industries and Businesses
ARIB
Yukihiko Okumura*, NTT DOCOMO
*5G Trial Promotion Group Leader, the Fifth Generation Mobile
Communications Promotion Forum (5GMF)

Ji o ZEEE (LK)

Chair : Fumiyuki Adachi, Tohoku Univ.

1. HARIZBIF A5G A TR O R E (IR)
(BHH)

Overview of 5G System Trials in Japan (tentative), Ministry of Internal
Affairs and Communications

2.NTTFIERV/ S FIC L B5GHRA FAEREE (1K)
(NTTR2E)
5G System Trial by NTT DOCOMO and Partners (tentative),
NTT DOCOMO

3. KDDI KUV S— b FIC X B5GH# A ISR (1))

(KDDI)
5G System Trial by KDDI and Partners (tentative), KDDI

4.V T WXV RUS— PRI X B5GRE SRR (IR)
(V7 bxv2)
5G System Trial by SoftBank and Partners (tentative), SoftBank
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The 5" generation mobile communication system 5G is a next generation
mobile communication system having features such as “ultra-high speed/
large capacity”, “large number of connections™, “ultra-low latency” etc.,
which further developed the existing system. It is expected that 5G will be
realized as an ICT base of the advanced information society at an early
stage. In recent years, in Japan, activities related to research and
development and international standardization of technologies and
functions supporting 5G, such as radio access network technologies and
others, are rapidly accelerating toward the actualization of 5G in 2020.
From this fiscal year, the Ministry of Internal Affairs and Communications
(MIC) “5G system trials” has been started, and many stakeholders in
various utilization fields participate in the trials as well as those related to
the mobile communications industry to create a new market through
actualization of 5G. In this session, following the introduction of the
overview of 5G system trials by the MIC, each domestic mobile
communication operator promoting the system trial will introduce the
content and plan of each trial.

F—U—F:5G. BEHE, REHEMRER SRR

Keywords :5G, Mobile Communication, System Trial, Various Use Cases
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Challenge to Frontier, Recent Trends of Space Exploration and
Space Business

A—IFAY B NIRFEETS (il 2 W 7E B FE A
s (NTT)

Organizers / Chairs : Shigeo Kawasaki, Japan Aerospace Exploration Agency
Takana Kaho, NTT

1 /NERIRARRIIRRE 203y ¥ a v EmEE
HEHHE— (a2 S B e B AR

Asteroid Explorer Hayabusa2 — Its Mission and Communication Technology —
Yuichi Tsuda, Japan Aerospace Exploration Agency

2. TNV EIEEEFEE LA D IVW T IV PRI SR
BT & IF AR PHTE
/NG EASC (E IR IR E R I V7 R S )
Millimeter/Submillimeter Receiver Technologies Supporting the ALMA

Telescope and the Future Development
Takafumi Kojima, National Astronomical Observatory of Japan

3 PNER OB EH LV THE VR
KE B (772N ANR=R)

Evolution of Micro Satellites and New Space Business
Takashi Eishima, Axelspace
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Aerospace research and development have become active globally in
recent years. As the latest efforts of space development in Japan, this
workshop introduces the following three. First, the mission, development
and inflight status of the JAXA’s asteroid sample return mission
“Hayabusa2” is presented. Some up-to-date interplanetary communication
technologies aboard Hayabusa2 such as the Ka-band system and the
DDOR (Delta Differential One-way Range) technique are also covered
in this talk. Nest, we will describe an overview of the ALMA (Atacama
Large Millimeter/submillimeter Array) telescope including the latest
observation results and the receiver technologies which enables the high
sensitivity observations. We also present future upgrade plans and the
current status of R&D such as a multi-beam receiver and ultra-wideband
receiver. Finally, micro satellites, which started as academic tools for
space science and engineering, are evolving rapidly and playing important
roles in recent new space business. In this presentation, progress in micro
satellites and trends in new space business will be introduced.

FoU—FERRE2, FHEAE. ALMA, B2,
BN, = 2—AR—2

Keywords :Hayabusa2, Space Probe, ALMA, Superconducting Receiver,
Micro Satellites, New Space
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Fundamentals and Vital Points of Microwave Filter for
Students and Young Engineers

A A RG] (FE5EA)
Organizer : Koji Wada, The Univ. of Electro-Communications

JiE R AAIRRIK (REHR )

Chair : Kosei Tanii, National Institute of Technology, Kisarazu College

L P74 V5 D/NRALOD 72 0 L&
HIFSEH], NS ¥ (A
Fundamentals and Vital Points for Miniaturization of Planar Filter
Koji Wada, Satoshi Ono, The Univ. of Electro-Communications

2. P74 VY DEPALD 720 D FepE L T
ANEP A FIEDEE] (FEEK)
Fundamentals and Vital Points of Planar Filter in the Case of Higher Frequency
Satoshi Ono, Koji Wada, The Univ. of Electro-Communications
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In the era of significant change throughout society, passive circuits
including microwave filters have played main role in wireless
communication systems using radio waves. In next generation of
wireless communication systems such as 5G, it is inevitable to raise
operational frequency adding to demands for low loss characteristics
and miniaturization of passive circuits.

In this session, required fundamentals and vital points for design,
simulation and fabrication are described based on microwave planar
filter. Moreover, cautious technical points to realize compact
microwave filter in the case of higher frequency are introduced.

F—U—FEM74V5, EN YIalb—Yvar, e &
e 7)) > AR
Keywords :Planar Filter, Circuit and Pattern Design, Circuit and

Electromagnetic Simulation, Copper Foil and Materials for
PCB
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Recent Progress on Electromagnetic Metamaterials
Technologies in the Microwave Region Up to Terahertz
Frequencies

A=A AR MR T (TR M)

Organizer / Chair: Tetsuya Ueda, Kyoto Institute of Technology

1. A= 7 TV OB
BHEL (KRK)

Recent Advancement of Metamaterials
Atsushi Sanada, Osaka Univ.

NEBBRAFSL T VTF
rREF AR (RBOK)

Low-Profile Metaline Antennas
Hisamatsu Nakano, Hosei Univ.

3. AYREDT ¥ T F B L OBERBUARISH
BT (Bt R)
Metasurfaces for Antennas and Wave Absorber Applications
Naobumi Michishita, National Defense Academy

4. BRIBIM R OB E T T~V Wi 77354 ZISH
SR ORETRTOK)
Exploration and Terahertz Applications of Materials with Extremely High

Refractive Indices
Takehito Suzuki, Tokyo Univ. of Agriculture and Technology
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Metamaterials are artificial materials which are composed of small
elements compared to the wavelength, and macroscopic constitutive
parameters are manipulated and designed in order to discover new
phenomena of wave propagation and to invent state-of-the-art
functional circuits/devices. It has been more than 15 years since the
concept first appeared. The research area is not limited to
electromagnetic waves and recently metamaterials have been applied
to acoustic, sound, water waves as well as quantum waves. In this
workshop, we will review original electromagnetic metamaterials and
their applications, focusing on transformation electromagnetics,
applications to low-profile antennas, meta-surfaces, absorbers, and
terahertz devices. The recent progress with cutting edge technologies
in the microwave region up to terahertz frequencies will be shown.

FoU—F X TIVTI ARLBET VT Ay, B
Pk, 7 VINHT IS A

Keywords : Metamaterials, Low-Profile Antennas, Meta-Surfaces,
Absorbers, Terahertz Devices
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Industrial Process Revolution by Microwave Chemistry

F—=AFAY  HRAKRE (LK)

PRECHIE: (Z2276H0)

Organizers : Shuntaro Tsubaki, Tokyo Institute of Technology

Ji

Kazuhiro lyomasa, Mitsubishi Electric Corp.
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Chair : Yuji Wada, Tokyo Institute of Technology
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Panel Discussion

Yuji Wada, Tokyo Institute of Technology

Hirotsugu Takizawa, Tohoku Univ.

Kazuhiro Nagata, Tokyo Institute of Technology

Hideoki Fukushima, Toyota Central R&D Labs., Inc.

Masateru Nishioka, National Institute of Advanced Industrial Science and
Technology

Toshio Ishizaki, Ryukoku Univ.

H# ZEIn

KT =2 ay TR, <A 7 ad s RO EE O gt
IZoWT, bt HBIE, Sk EOEESER. v 4 70k
BESIEOERBEOICLDENRNANVTF A A Sy arvEiF). 7
A 7adrHVEETOLZAORBICE > THIANLDODOH
Ll iR, FEFIIBILEEAOELEEZTF—ICL
T3 ATETH S,

In this workshop, potentials of microwave application to chemical,
automobile and steel industries will be discussed in a panel
discussion format by experts from microwave chemistry and related
fields. We will discuss the new markets which will be opened up by
the development of microwave chemistry and the new demands for
microwave devices from each industry.

F—T—FiAruPdbs A7 a4 o EIeH

Keywords :Microwave Chemistry, Microwave Iron Manufacture,
Microwave Industrial Applications
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Recent Progress and Actual Design Example of Device,
Optical and Microwave Simulation Technologies

F—HFAF : MWE 2017 JEREHE
Organizer : MWE 2017 Exhibition Committee

JiE R lHERHE (NTT)
Chair : Kotarou Takeda, NTT

LRCY IR HZ RIS, MY I — a VLR Y
Iab—a oM
EBERE (T YR Yy8Y)
Co-Simulation between Circuit and Electromagnetic Simulators Enables
Deeper Understanding Physical Phenomenon
Moriaki Ueno, Ansys Japan

2. B DT 7SA RN 72015 E 7 VALT: (W B R B BF)
DBURE GBS
REFRISE (83 - Vxosy)
Current Status and Future Prospects of Circuit Modeling (Physical, Semi-
Physical and Mathematical Approaches) for Latest Devices
Takeshi Sano, Silvaco Japan

3. LW T+ =y Z DO DA I L —F
o =¥ T4 92—7)
Integrated Simulation Tool Kit for Modelling of Multi-Domain Photonic Circuits
Ippa Mori, Optiwave

4. BAEE TN OB BV THRO T S a3 k353 32—
Yarr7)
WOES GHIlD Y V=7 V7 Y AT L)
Unlimited Ways to Optimize Numerical Models Using Simulation Apps
Masanori Hashiguchi, Kesco

5. TR FUANTIC & 20605 AR FM F 2 RS or — Vs
I (NTT)

SMT Package Design for Optical Communication by Electromagnetic Simulator
Hitoshi Wakita, NTT

6. MW NI VATRICBIIAT O A FINAAT I 2L —FIn
IR (7 1752 72 Mif2ER7)
Practical Application of Process and Device Simulator for Design of
Microwave Transistors
Kazuya Uryu, Advantest Lab.
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A comprehensive prospect of the simulation technologies covering wide
range from devices to equipment is required for research and development
of the communication instruments. Especially, a progress of optical
simulation and microwave simulation as well as their integration are
extremely expected for silicon photonics and optical wireless
communication systems. In this panel session, the state of art, the issue,
and future prospect on optical and microwave simulation are presented
and discussed among key persons from maker and vendor involved in
both optical and microwave research and development.

F—J—FIEBBRRAYIZL—Var FFTAAVIIAL—Ta
EEEYI2L—vay

Keywords :Electromagnetic Simulation, Optical Simulation, Microwave
Simulation
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Mobile Radio Communications Technology and Simulation
Technique
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Organizer / Chair: Fumiyuki Adachi, Tohoku Univ.

1 BB LB S B O T & HE5 AL S 2T A
33 &0 EWN)

Evolution of Mobile Radio Communications Systems and 5G
Fumiyuki Adachi, Tohoku Univ.

2 WERNE Y AT L ORGE - BAEEFILT 5332 b—Y 3>
Tk
WO 56 (F—HA+-77/09—)
Simulation Technique to Streamline the Design and Verification of

Wireless Communication Systems
Akira Sakaguchi, Keysight Technologies
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In the first part of this session, we will overview the evolution of
mobile communications systems from the 1% generation (1G) to 4G
and then, introduce recent advances in broadband mobile radio
communication techniques to be used in 5G. In the latter half of this
session, we will introduce the simulation technique to improve design
and verification of the communication system more efficiently.

F—7— N BEIGRGETE AT A BN AT AL T
WE. MR AT LGN YIab—vaYy

Keywords :Mobile Radio Communications System, 5G, Cooperative
Transmission, Wireless System Design, Simulation Technique
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Daybreak of Practical Massive MIMO System in 5G

A AN e R (SRR
Organizer / Chair: Akihiro Okazaki, Mitsubishi Electric Corp.

1. Massive MIMO ¥ A7 L DA I & ZDWFERFE ML > I
PN v AE RPN
Overview of Massive MIMO System and Its R&D Trends
Takeo Ogane, Hokkaido Univ.

2.5GFEBUCINF 72 NTT K 2EDMassive MIMOH il
Il B (NTTRa%E)

NTT DOCOMO’s Massive MIMO Technologies for 5G Realization
Satoshi Suyama, NTT DOCOMO

3. Ericsson®Massive MIMO ¥ 27 A D FE LD HLY A4
HIERFE (ZVrvy - Ixiy)
Ericsson’s Challenge for Practical Use of Massive MIMO
Hideshi Murai, Ericsson Japan

4. BB BT B Massive MIMO ¥ A7 A AL 72
Y LA
Wtk (Z2EER)
Approach to Practical Realization of Massive MIMO system by

Mitsubishi Electric Corp.
Takayuki Nonami, Mitsubishi Electric Corp.
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The 5% generation mobile telecommunication system (5G), which will be
in service in 2020, is attracting much attention. Research and development
is being accelerated all over the world. Massive MIMO technology
enables the higher frequency bands above 6GHz for 5G, which has been
consider not suitable due to its short propagation range. Also massive
MIMO enables spatial multiplexing to enhance spectral efficiency
drastically. Meanwhile, many challenges still exist, e.g. use of channel
reciprocity, beam steering, how to implement the circuits of massive
MIMO antennas etc. In this workshop, fundamentals of massive MIMO
and its direction of research and development are introduced together with
perspectives from operators and system integrators points of view.

F—17—F:5G, Massive MIMO. F3JEHECH . JEIHEF RN,
FraAvLyTuy T4, U—Llili#l, BEEFT
T R

Keywords :5G, Massive MIMO, Above 6GHz, Spectral Efficiency,

Channel Reciprocity, Beam control, Antenna Elements
Implementation




11/H30H (&) Thursday, November 30
Room2 (7 % > 7 A —)IVF203)

TH2A
il b L A 9:00-11:00

HETAE I B 77 D 15t B % i

Recent Trend of Satellite Navigation Technology

A=A FAR R BN (28R

Organizer / Chair: Rui Hirokawa, Mitsubishi Electric Corp.

1. ¥R THB Y AT L OFAZE i K O )G
HIRIAE (NEC (77 Y R))

Development Status of Quasi-Zenith Satellite System and Application
Hiroshi Soga, NEC (Axis)

2. BB % R U 7= Bom #0m ks BE AL S B i
IPRAEI ORI R)
Report on Several cm Class Precise Positioning Test Using Commercial

Receiver
Nobuaki Kubo, Tokyo Univ. of Marine Science and Technology

3. GNNSHE D e Bt
i TR (=7 av s AT %3Y)
Latest Trend of GNSS Technology
Tessu Naka, u-blox Japan KK

4. RS R LA B OIS
AL (ZEER)

Application of High-precision Positioning Technology
Takuma Kadoya, Mitsubishi Electric Corp.
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Operation service of Quasi-Zenith Satellite System (QZSS) plan to
be started on April of 2018 supports GPS compatible signals, and
highly accurate augmentation service signals. Recently, GNSS
including Galileo, Beidou is expected to be applied for automatic
driving and other systems realized by low-cost and highly accurate
GNSS receiver technology. In this workshop session, recent satellite
positioning technology will be discussed focusing on development
status of QZSS, satellite navigation and receiver technology, and

applications.

F—T— AL GNSS, ERTEEINL, BN, 3UoTi
Keywords : Satellite Positioning, Global Navigation Satellite System, High-
Precision Positioning, Satellite Navigation, 3-Dimensional

Mapping
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Flexible PA/Tx Efficiency Enhancement Techniques for 4G/5G
Mobile Communications

F—AFAF  FHEFORRE (S22

Organizer : Shintaro Shinjo, Mitsubishi Electric Corp.

Ji R e (=288

Chair : Masatoshi Nakayama, Mitsubishi Electric Corp.

1 IFR D NA NIRRT 72, BERhE - E
it 7 ¥ & IV B A5 B OB FE
3 F— (NEC)

Linear and Efficient Digital Transmitters for Future Mobile Communication
Shinichi Hori, NEC

AGHGHEMRINF IR, WREET ISVl Na—7
R WAkl
WAL (7 My Fr/uY-)
Wideband and High Efficiency Digitally-Assisted Envelope Tracking Power

Amplifiers for 4G/5G Base Station Applications
Toshifumi Nakatani, MaXentric Technologies, LLC

3.GaNAA » F > 7 WMHM 2B L7279 7 Vb e
ToRa—7 b7y F 7RG
YW s— (ZZEER)

Digital Transmitters and Envelope Tracking Amplifiers with GaN Switching
Techniques
Shuichi Sakata, Mitsubishi Electric Corp.

N

& ZN

EASTAREEEE Y A7 AT, BHAERBELEHT
% 7280 2 P B2 ST R 0 B K & A D B o R A 23
HEATEY, BHWFHTHOSNSRER. SRR RIES
. ERDERBEE MBI - BRI XO T TEIT S
ZEMWRDOEND, KT—27 Y ayvTTIiE, FYZIVEMNEHE
L7 VLFRIEY 51 OR0RERE. wl I HEes 0w
WERRANT %0

The modulated signals with higher bandwidth and more complex
scheme are used to realize higher data rate in 4G/5G systems, and the
demand of multiband multimode operation is increasing. As an
alternative solutions to current architectures, high flexible and high
efficient circuit techniques with digital elements have been proposed
and prototyped. This workshop covers the recent flexible PA/Tx
efficiency enhancement techniques.

F—U—F W ERLE. =R —7 Ty 307 B,
ALy Fr 7HESR. TUSVRGER. mRhEsLBI,
TV F T TIVEAF

Keywords :Mobile Base-Station, Envelope Tracking Amplifier, Switching
Amplifier,Digital Transmitter, High Efficiency Technique,
Flexible Technique
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SV« 7 FNDHGHZ IS BT 7751 2 Eethi DI
Recent Progress of Electronic Devices in Millimeter-Wave and
Terahertz Band

A=A FAY VR Bl (TG R IFFERRAE)

Organizer / Chair: Akifumi Kasamatsu, NICT

L HIRREL — 5 — & X 2 5 IV PECMOS R LHAM
o= OsFv=v2)
Millimeter-Wave CMOS Integration Technique for High Resolution

Radar Applications
Junji Sato, Panasonic

2. 39 - F IV WHRFINP T84 ZADWSERFE B
AL (NTT)

InP Based Transistors and MMICs for Millimeter / THz Wave Application
Hiroshi Hamada, NTT

w

LT INVYREEIEY -
BWHAIE (NECRY hT—2 - &V )

Terahertz Wave Power Modules
Norio Masuda, NEC Network and Sensor Systems, Ltd.

.100Ghit/s#E % % B3 5300GHzH; CMOSHERE S > ¥ —
HEEEASIR ORBR)

300-GHz-Band CMOS Wireless Transceiver Capable of Over 100 Gbit/s
Kyoya Takano, Hiroshima Univ.

~

H# ZEIn

100GHz % 2 % JWE O TOF 84 AFM AR L < kg
ZAHRETWVD, INPF/354 ZH3300GHzA T D MEREIAS 45 D F2 3k
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Electronic device technologies above 100 GHz have been actively
progressing in this few years. InP devices have been applied to an
experimental demonstration of 300-GHz wireless communications.
Silicon CMOS integrated circuits have been utilized for a 140-GHz
3D scanning radar and 300-GHz wireless transceivers having data
rate of 100 Gbit/s. Power modules, which are difficult to be made by
semiconductor, have been developed with tube amplifier technology.
In this workshop, recent topics of these movement will be discussed.

FoU—FIIP, FINVY, BTN G0E V-
Keywords :Millimeter Wave, Terahertz, Electronic Device, Communication,
Radar
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14:00-16:00

T F N B DIRBIONT
Recent Applications Utilizing Terahertz Technology

Ea S e NS YN)

Organizer / Chair: Minoru Fujishima, Hiroshima Univ.

1. 7T~V P 7% 728 35 0 R AR A B B 76
Ai i — (B3 mFgen)

Nondestructive Testing of Electric Equipment Using Terahertz Waves
Norikazu Fuse, Central Research Institute of Electric Power Industry

CFHECIRDSEET TNV @EOREY
AR TR (T HGE AR T 7EAEAE)
Prospects of Ultrahigh-Speed Terahertz Communication Spreading to the

Space
Akifumi Kasamatsu, NICT

3. T INNIPENE— My T I L IR BRA
IR (TE GBS I ZEREHE)
Earth and Planetary Exploration by Terahertz Remote Sensing
Yasuko Kasai, NICT

4. 39T INIVIWIZEBRLS: TV LIS
W EL oy i
SERRIESH (EABHARFFERHE E L K CR)

Astronomy in Millimeter/Terahertz Wave : ALMA’s Dark Universe
Masaaki Hiramatsu, National Astronomical Observatory of Japan
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Vo RFHANEIRR-oTWS, KT —2 a3y 7Tl £
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Terahertz, which is an intermediate wavelength between radio waves
and light, is the frontier of the last electromagnetic waves. In recent
years, terahertz has been used for various applications by improving
the performance of light sources and receivers. In addition to
nondestructive inspection and high-speed communication, the
application field extends to the universe such as radio astronomy and
planetary exploration. This workshop introduces the latest application
of a wide range of terahertz technologies.

F—g—F:3IYPk, FIALY, GEE. VYU T, KX

Keywords :Millimeter Wave, Terahertz, Communication, Sensing, Space,
Astronomy
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Recent Technology Trend of Millimeter-Wave Railway
Radiocommunication System

TH4A

LS P2 9:00-11:00

KR DI > I 2L —2 5>

~BEEIRE >3 2 L — a3 > D J5 & PEfFT 5 ~
Eigenmode Analysis of Resonant Cavity — Mastering Exact
Solution and Simulation -

A=A FAF N (RGBS DFTERRAR)

A—AFAY: j@gﬁgéxﬂ EE‘E?W%) Organizer : Hiroyo Ogawa, NICT
Organizers : Hiroshi Okabe, Murata Manufacturing i E:fal &= ORIk

Shinichiro Ohnuki, Nihon Univ.

Ji& R RE#—R (HKR)
Chair : Shinichiro Ohnuki, Nihon Univ.

Chair : Suguru Kameda, Tohoku Univ.

BT AR 2 SE IR 2 DI ~ JEREIER - £ —F - QIS 1. BB EHELE S AT A OBUIRE I BRI H O
DT ~ JUIGEFREL (AN
PR — RTR) Overview of the Radiocommunication System Used in Railway Systems

and Outlook for the Future Railway Applications of Millimeter-Wave

Exact Solution of a Cuboid Resonant Cavity — Resonant Frequency, Mode and Q — U 2 J ! :
Kunihiro Kawasaki, Railway Technical Research Institute

Takuichi Hirano, Tokyo Institute of Technology

2. BRI IRE DY I 2L — a v DTG 2.40GHz4if 3V P& 7= 8k A5
Y32l — 57/\/57—%?}_ BAR K CEEER)

Railway Communication Systems Using 40 GHz Millimeter Wave
Kaoru Tsukamoto, Mitsubishi Electric Corp.

3.90GHz4 V) =7 &V I O E5 S8 I Gh/s R r % > AT A
SeHEE (H RS

Gb/s Class Railway Radiocommunication System Using 90 GHz Linear
Cell System
Nobuhiko Shibagaki, Hitachi Kokusai Electric

Simulation Examples of a Cuboid Resonant Cavity
Simulator vendors

H# ZEIn
BRERA Y I 2 U= IR BT 2 BRI T 5 1
TR RV —=VERoT0h, RS, BRI, 74 V5T

QML VI FHMIIFR A L S VS5, QFIIREFICH T
LEAFRDIOTH D, TNETMWEICBITZEBAY I 2

L—ya vlBRoT—2 gy 7S TREAEREZIUY FIF<T
&2 AT —2 ¥ 3y FTRIEFHIRMIETH 2 IR O
(FEA AT OB DTl IR RS O BB B X
CyIalb—va YOSy 2 HEIConTHYT
b0 Y3al—yavilownwTiyIal—sRy¥y—4ic
AL TCW72&, AN TEARBLTY I 2 L—FOHE
FLFHEZOWTHEWT %0

Electromagnetic simulator had become indispensable tool for
efficient development of high frequency circuits. The Q value, which
is a kind of a figure of merit, is well known index in resonators,
oscillators and filters. MWE workshops on series of simulation topic
have been focused on excitation problems. This workshop focuses on
non-excitation problem for the analysis of resonators. Eigenvalue
analysis of a cuboid cavity will be explained. Practical use of
simulators will be presented by simulator vendors and tips will be
shared with discussions.

F——FEBRAY IV —Yal, BEW. R, FEAMWERE,
BRZE RS, Y32 —%, Qffi

Keywords :Electromagnetic Simulation, Exact Solution, Resonance,
Eigenvalue Problem, Cuboid Resonant Cavity, Simulator, Q Value
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Although VHF and UHF bands have been used for railway
radiocommunication system, the current traffic demands between
train and trackside for safety and secure operation and broadband
internet service to passengers require high-capacity transmission
systems between train and trackside. Millimeter-wave frequencies are
one of spectrum resources to support high-speed data transmission
between train and trackside. In this workshop, millimeter-wave
technologies such as sub-systems, components, devices for railway
radiocommunication system which supports high-speed data
transmission will be introduced by experts in the area of railway
radiocommunication systems.

F—U— N HHESGELR Y AT A, REHELERIATA, Y
Wepeahr, HIHLRE BB, T L AR, S~
T T R AL A 5 5

Keywords :High-Speed Railway Radiocommunication System, High-Speed
Safety Transportation System, Millimeter-Wave Technology,
On-Board Radio Equipment, Trackside Radio Access Equipment,
Radiocommunication System Between Train and Trackside
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Basics of High Frequency Measurement The Latest Technology Trends of Measurement Techniques for

Millimeter-Wave and Microwave Devices

AT FAN AL G HAN R A TRSET)

Organizer : Masahiro Horibe, National Institute of Advanced Industrial F—HFAY YRR AERL (P SEHATHRS A WEFEAT)
Science and Technology Organizer : Masahiro Horibe, National Institute of Advanced Industrial
o B Science and Technology
Vit B BRIESE (7R3 7 2 MIFSERT) . _
Chair : Masayuki Kimijima, Advantest Lab. i i B (F—9Ar-77/uv-)
Chair : Osamu Tsujii, Keysight Technologies
1. S/8T A= DILHE 1.3V PR RS
FIERFTE (VR — MG BRI EHS) FREEE (F—¥A - 727/09-)
Basics of Scattering Parameter Material Characterization in Millimeter Wave Frequency Range
Toshiyuki Yakabe, Multi Port Laboratory Limited Liability Partnership Yoshihiko Todaka, Keysight Technologies
2. RZ Mty MT =2 T F FAFFHIOEFEL IS 2. IV v 2GR EHA
FNRET GESEHAN R & E ) Y& st GESEBARAIIZERT)
Basics and Application Measurements by Vector Network Analyzers Wafer Level Measurement in Millimeter Wave Frequency Range
Ryoko Kishikawa, National Institute of Advanced Industrial Science and Ryo Sakamaki, National Institute of Advanced Industrial Science and
Technology Technology
3G BRI~ A 7 2 - IUP T R—A 2 bOEHIBH
BARFIE (TrY Y hi=—)
.I m % I. Measurement Technique for Microwave Broad Cast Device and Millimeter-
TN A, VAT AT TR AMBOER R T IR Wave Frequency Components
L% ST A= EHINE. WIRBERHN 720 T < R R Kazuyoshi Suzuki, Anrirsu Company
DR WME NI BV TD EE LB E o Twd, BT

by ST A= OYHMLERZHM T L L EBIT, XT |+

WAy 8T =2 TF 74 FOMERIZHAT LI Lid, IEL =N
DMEEIATL IR CRLMRCH Y, B CHL, O BRBORNE, FBIERP I L — 5 — % 51 (1
HBERIETIE, ST A= OWHY L EIRERZ PV Ay b %35 o o P YL N 1 s e .

= e e RSN g 1o 4KBKNA ¥ ¥ g V% ELZMIThIzoTwd, $72, Th
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S parameter measurement is fundamental and important techniques REERTRE 7 B CAHAYE S 3 U R OMBHEE. o+ > =
not only for qualification of devices and systems but also for high %ﬁgﬁ;}s J:NU@: CHE—R b I/\/\“ W EHING I 2 )gﬁiiéﬁh‘@?S
frequency characteristics of materials. Especially understanding the 5¥® TYE—R Y b %“?@éﬂﬂﬂﬁ;ﬂ?ﬂ’Ob\fbﬁ%%ﬁ&ﬂﬁﬁ})[ﬂ
physical meaning of the S parameter and familiarity with the %ﬁééﬁﬁ‘i‘é " -

measurement principle of the vector network analyzer is the most
important and fundamental for realizing the correct measurement. In
this basic course, we will explain the physical meaning of S
parameters, measurement principle of vector network analyzer and
basic measurement method.

Utilization of electromagnetic waves is diverse such as automobile
collision prevention radar, 5th generation mobile communication, 4K /
8K high-vision broadcasting. In order to realize these products, it is
necessary to evaluate electromagnetic characteristics of materials,
measurement at the device and circuit level, as well as measurement

F—T = FRHBEHN, S/ATA—5 X7 Mk b — at the component and system level. In this section, we will explain

ITFIAF, 6H—Tarl the latest technology trends on measurement technologies of 75 Q series
Keywords :High Frequency Measurement, S-Parameter, Vector Network components for broadcasting, as well as material characteristics of
Analyzers, 6-Port Measurements millimeter wave bands to be used in 5th generation mobile phones,

on-wafer measurement and component level measurement.
F—7—FIVBEHN AREHIL Ay =GR, LS - Bk,
NI IMAY NT—=7TFIFA4HF

Keywords :Millimeter-Wave Measurements, Material Characterization,
on-Wafer Measurements, Communication and Broad Casting,
Vector Network Analyzers
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The Dark Side of S-Parameter Simulation and Measurements

F— A FAP: BB (7 527 M)

Organizer: Masayuki Kimishima, Advantest Lab.

JE Bt SeAHIE (HIKR)

Chair : Kiyomichi Araki, Tokyo Institute of Technology

1SRG A=FFHDFEELLRQ) ( ROPT, YIalb—Yav
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KNUEF- OREK)

The Dark Side of S-Parameter Simulation and Measurements
Shuhei Amakawa, Hiroshima Univ.

s Z0n
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S-parameters are usually referenced to a real reference resistance of
50 Q. At times, S-parameters normalized to some complex reference
impedance are used out of necessary or for convenience’ sake. Since
there are incompatible definitions of complex-referenced
S-parameters, it is important to use the right one for your purpose.
This raises the following questions: How does my EM/microwave
simulator define S-parameters? Which S-parameters does my vector
network analyzer (VNA) measure? It is shown, for example, that
two EM simulators from a single vendor adopt incompatible
S-parameter definitions, which could lead to possible mishaps unless
the user is careful.

F—J—=FR:SHNFTA=F, BHERIVI2L—F, vf7afyIa
L—%, RZMVAY MT—=2TF 544 (VNA), it
AVE=F VR

Keywords :S-Parameters, Electromagnetic Simulator, Microwave

Simulator, Vector Network Analyzer (VNA), Reference
Impedance
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Tutorial Lecture on How to Use Two-Port Circuit Parameters
for Transistor Circuit Design

F—HFAF  MWE 2017 EREHE
Organizer: MWE 2017 Exhibition Committee

Ji £ BB (7 5230 72 MFgET)

Chair : Masayuki Kimishima, Advantest Lab.

1. 435 - W 85 A — & DR 3% & MR FRT ~ DIs IO WT
~HZHEE NS A= DM, /35 A —F HOM LR S
A3~
BEIESE (7’8252 M)

Definition of Two-Port Circuit Parameters and Application for Circuit
Analysis
Masayuki Kimishima, Advantest Lab.

2. 707 NT YTV AT B EHIA R 7R Avn TR ST A— 5
~hISGRX=%, ySFGA=FE T2 N5 ¥ VA F [l IRIT O
AR~
R 2 (M TRER)

Basics of h-, y-Parameters for Analog Transistor Circuit Design
Yasushi Ito, Shonan Institute of Technology

3. EEWE N T v VA MR AN A Ry eadi TS S A— 5
~SI8F X —F e 72 v I R R o B AR~
HRKH] ()

Basics of S-Parameters for Microwave Transistor Circuit Design
Futoshi Kuroki, National Institute of Technology, Kure College

4. KRGy R A

Comprehensive Discussion
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Two-port circuit parameters are very useful parameters for a simple
circuit analysis of black box, as well as for a complex analysis of the
circuits composed of multi, several types of two-port circuit
parameters. In the tutorial lecture, the actual utilization methods of
two-port circuit parameters for transistor circuit design are
demonstrated conducting the basic understanding and the application
skill.

F—7J—F AW EE ST A—F, h3FGX—=F, SINFTA—%

Keywords :Two-Port Circuit Parameters, h-Parameters, S-Parameters
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Fundamentals of Microwave Power Amplifier Design

A=AHAF Bk B (4 1K)
Organizer / Chair: Akio Wakejima, Nagoya Institute of Technology

1. %A 7 o R ET o L
ABEAE (RHEK)

Fundamentals of Microwave Power Amplifier Design
Kazuhiko Honjo, The Univ. of Electro-Communications

[ po- 3 |
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Microwave power amplifiers are fundamental components of electronics,
such as communication systems, radar systems, and power electronics
including wireless power transfer systems. In this course, the specific
structure common to such power amplifiers will be explained back to the
origin by both device and circuit viewpoints, and the challenges to be
faced and solutions to those will be presented. The operation of the
power amplifier is analyzed both as the small signal operating state based
on the theoretically established linear circuit theory, and is analyzed as
the large signal nonlinear operating state. Basically the power gain and
stability is improved with the linear circuit theory and the power
efficiency and distortion characteristics are improved by means of
controlling voltage-current nonlinear waveforms of the transistor.
Theoretical and experimental handling methods for these power
amplifiers using GaN HEMT’s will be explained for beginners. As
examples, the load circuit design method considering the fundamental
and harmonic frequencies aiming at 100% power efficiency and the
broadband and concurrent design method of high efficiency power
amplifiers will be explained. The time reversal duality between power
amplifier and rectifier will be shown so as to understand the similarity
between amplifier design and rectifier design.

F—— MRS, Bam, BifER. AR A

Keywords :Power Amplifier, Matching Circuit, Operation Class, Gain,
Efficiency

18

FR1B

14:00-16:00
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Social Infrastructure System Technologies for Future Mobility

F—Ir A i (Z2ERK)
Organizer : Koji Yamanaka, Mitsubishi Electric Corp.

Vi R ilF A (HIZ 3R

Chair : Ken Takei, Hitachi, Ltd.

1 AR R D7D DR B R T, FIv o~y T
WA (iR K)
Dynamic Map Technology for Cooperative ADAS
Yosuke Watanabe, Nagoya Univ.

2B — AR CTER B — MR R Y AT A
B R (BRI K)
Lane Keeping Support System Using Radio Markers
Yoji Isota, Akita Prefecture Univ.

ETCHI} S 4 Y A% ¥ Y MTOFL —H & ¥
IR (Z2EER)
Line Scanning Time-of-Flight Laser Sensor for Intelligent Transport

Systems
Shumpei Kameyama, Mitsubishi Electric Corp.
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Social infrastructure systems will also drastically change in future
mobility. Dynamic map technology is indispensable to mitigate traffic
jams and realize autonomous driving support systems (ADAS).
Driving in extreme weather, the final challenge for ADAS, will be
solved by radio maker. Laser sensors will enable us to recognize
running cars from roadside equipment. In this workshop, such
technologies needed for infrastructure systems for future mobility
will be introduced.

F—U— N HBBEELEIATL, A4V TI. FA4F I
<7, B~—A., L=ty

Keywords :Autonomous Driving Assistance System, Social Infrastructure,
Dynamic Map, Radio Maker, Laser Sensor
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Future Car Concepts Realized with Microwave Technologies

A=A R IR (2R

Organizer / Chair: Koji Yamanaka, Mitsubishi Electric Corp.

1. By F B dn bty o 2 &
KEG 27 (BIEK)
Perspective and Challenge of Automated-Driving Cars
Manabu Omae, Keio Univ.

S H By BN EAT G B
K¥ F (BARBFER)

Wireless Power Transfer to Running Electric Vehicles
Takashi Ohira, Toyohashi Univ. of Technology

3. TAXN—FR AL ALY Y VI — LD 72D DAEREIRITEAN
JeIREE— (EIRSTE GBS JERERAMATSERT)
Propagation Analysis Technology to Remove Wire Harnessless from

Engine Room
Shoichi Kitazawa, ATR

VWY [ S A Al
BH B OVRAFRALLZbo=2X)

Vehicle-to-Everything Communication Technology
Suguru Fujita, Renesas Electronics Corp.
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Style of cars are drastically changing. Autonomous driving relives
human from driving tasks. Traditional gasoline engines are replaced
with electric motors, even without batteries. Wire harness will be
extinct from engine room to make car structure simple. Inter-vehicle
communication allows exchanging information between running cars.
In this workshop, technologies which enable such future car will be
introduced.

F—7— N AHB RS RS AT A, JEEMIRTE, ST,
HiE A

Keywords :Autonomous Driving Assistance System, Non-contact Power
Transfer, Propagation Analysis, Inter-vehicle Communications
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PA Technologies for 5G and Beyond
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Organizer: Noriharu Suematsu, Tohoku Univ.

Vi

KK f5= (AIROHA Technology Corp.)

Chair : Shinji Hara AIROHA Technology Corp.

1. CMOS Power Amplifiers for Hand-Set Applications
Bumman Kim, Pohang Univ. of Science and Technology
(Postech), Korea

2. VTN Y R AR W AR NIRRT R ST A 8T —T7 T
e —ER, ek B IRAFHR, NHSHE PEBE
(R HELERT)

Broadband Doherty Power Amplifier for Multiband Handset Applications

Kiichiro Takenaka, Tsuyoshi Sato, Hidetoshi Matsumoto, Takaki Murata,
Norio Nakajima, Murata Manufacturing

SGAZIANT 72 JE b R IE 25 M OFGaN 775 4 A0 8Lk &
HEAZE ELET)

Current Status and Perspectives of Base Station Amplifiers and GaN
HEMT Devices for 5G Mobile Networks
Kazutaka Inoue, Sumitomo Electric Industries, Ltd.
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The R&D interests are shifting from the 5G wireless system / base
stations to the 5G terminals and the Beyond (5G+) base stations.
This session focuses on the recent CMOS/GaN PA technologies for
the 5G and the beyond 5G base stations / terminals including high
SHF-band.

F—o—F sl SIS, REH. CMOS. GaN,
[NEAVARE:] E < N SN

Keywords :5G, High Power Amplifiers, Transmitter, CMOS, GaN,
Doherty Amplifiers, Mobile Terminal, Base Station
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BREEE 9:00-11:00

7T AR DIERE~ M RRBIG 2 X 2 BT > T T e~
Basic Learning of Antennas and Propagation

-Antennas and Propagation Technologies for Wireless
Communication Systems —

A=IFAY R B A (HR)

Organizer / Chair: Tomohiro Seki, Nihon Univ.

1.7 77T ARWIE & 0S¥ AT A
T 7 NG N

Antennas and Propagation for Wireless Communication Systems
Toshikazu Hori, Fukui Univ.

& ZEIn
SIFTCHRLERBE AT AICESTT V7 F - Zi#3
TAN RGN TH Y. 7 ¥ FF AR B VTR
Y AT Klidneeds DU (501%) TH b, AHii T, 7
FF AR OEENSIZ LD, RO T V7 F - A5
LIRGBE AT A LOMDbY ZW S50 5, 51T, K%
BLXOA=AIZBIFET7 V7 F - AZWWIEOBYVEDY, A5
NREWMEOLEEZW S L, GHROT ¥ 7 F - AZWIIFE~DH)]
FRZOWTIHRR S,

Antennas and propagation technologies are needed for constructing
the wireless communication systems and the large numbers studies
have been developing in this studies categories. In this session, first
of all, the history of these technologies are introduced, next it is clear
that the relationship between these technologies and actual wireless
communication systems. Moreover, we are cleared the transition of
these technologies studies and actual studies in university and
antennas manufacturing company. Finally, we express the hope of
antennas and propagation studies.

F—U—F 17T AR ERGEE VAT A, BIEE.
HOlAE, BRI
Keywords :Antennas and Propagation, Wireless Communication Systems,

Mobile Communication, Satellite Communication,
Electromagnetic Field Analysis
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14:00-16:00

WL TSy 2 FR TAET > 7 F B~ DI 7= % HE

Challenges in a Small Antenna Based on Its Physical Principle
and Practice

A=A FAY VR TR — (SIK)

Organizer / Chair: Kenichi Kagoshima, Ibaraki Univ.

1./NET ¥ FF OBGREZF DI
Btz (BEREK)

Theory of Electrically Small Antennas and Its Applications
Hiroyuki Arai, Yokohama National Univ.

2. /NET ¥ T F OBAE— FIC L BRI
BIVEA (IR1K)
Bandwidth Enhancement of Small Antennas Using Multi-Mode Excitation
Keisuke Noguchi, Kanazawa Institute of Technology

ATV M) T EHWINET VT F LB DJE R
N (NEC)

A Compact Split-Ring Resonator Antenna and Its Applications
Keishi Kosaka, NEC

4. MEEAENET ¥ 7 F ORI & AR BRI DFi 72208
o BBk
BT (Larfik)
Advanced Technologies in Body-Mounted Small Antenna Systems and Related

Topics Including a Novel Fake Finger Detection Using Electromagnetic Sensors
Tadahiko Maeda, Ritsumeikan Univ.

[ (o3 |

INET T FiE. VT =S R R R LANH L LTE LD
PR ENMERLCTE s LA LIOTZX 2 5/NET ¥ 7 Fi2id,
HER DL LI L F Pk SR D SN B, KLy ayTiE, /b
T v 5 FHAOBEEB BT 2 oM s N LB
DFEIJBIE LTBEGE—FEEET ¥ FF. AF <5 TIViEE IS
T YT FERN TS, EHITRONET VT F O T—< L L
T MREERSRF OB LRIk % a3 %0

Various useful small antennas for multi-function cellular terminals
and wireless LAN have been researched and developed. However,
more advanced ideas and technical challenges in small antennas will
be required to realize comfortable 10T world. This session provides
the fundamental knowledge of small antenna theory such as Q limit
and presents successful results which applied multi-mode excitation
or split-ring resonator elements. Moreover, in body-mounted small
antenna is discussed as one of the future challenges in this subjected.

F—U—F UNET 7 F M. QEMR. BIEE— kT v 7
F. SRRETT Y7+ NMEESLTYTF

Keywords :Small Antenna Theory, Q Limit, Multi-Mode Excitation
Antenna, Split-Ring Resonator Antenna , in Body —Mounted
Antenna
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Recent Progress on RF Energy Harvesting and Wireless Power
Transfer Technologies

A=A HER P R (R EK)

Organizer / Chair: Kenjiro Nishikawa, Kagoshima Univ.

LIoTHE O FEBUT NG 72 F V= — R T 1 7 R OB
Heali OWFFE B 7 B i
Privtiis (NTT 7 — & B 0F5ERT)
R & D Trend of Energy Harvesting and Related Technologies Toward

Realization of 10T Society
Keiji Takeuchi, NTT Data Institute of Management Consulting, Inc.

LA VE—F VAT VTR ERIEREL 7 7
PR (SRKR)
High Efficient Rectennas with High Impedance Antennas
Kenji Itoh, Kanazawa Institute of Technology

3.y - WEN—AAD WA CIT TN 735 P 5 HRr el
ABRERER ()

Novel Waveguide Technologies for Wireless Power Transfer and
Communication
Shotaro Ishino, Furuno Electric Co., Ltd.

4, BTN TLA ST B EKQ
Kf F (BAEBRLR)

Zero Hertz Offers a Comfortable Gateway to the Realm of kQ Theory
Takashi Ohira, Toyohashi Univ. of Technology

i # ZEIn

Kty varyTRIANE=N—RZT 4 ¥ 7 Hili o O
BB BB OB A B OB I oW TR L Tz
7. &y va VEiETRIoTHAEBICIF 2 AV F—
IN=RAT 4 v 7 HEMONIER - EREBINL S v =5
VAT YT F RO EEIANVF —N—RAT 4 VT
AFHZOWTIRET B, £y ¥ a yEETIEZ. BEEISHAS
Wi s haEN - EBEN—F 2 DB 0T 72 W52 58 B
J. EHKQILRIZ O WTHHT 5o

This session focuses on the latest RF energy harvesting technology
and wireless power transfer technologies and theory. In the first part,
the R&D trend of the RF energy harvesting technologies for 10T
devices and the high efficiency energy harvesting system by using
high impedance antennas. In the second part, the wireless power
transfer technology with waveguide and zero herts kQ theory.

F—7—F BB LR ZANVTF—N—RZT 1 7, il
B LT Rk

Keywords :Wireless Power Transfer, RF Energy Harvesting, Rectifier,
Rectenna, Microwave Circuit
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14:00-16:00

TPRD > 1 2 O jji% i 2 1 5 Frbe iy
Novel Techniques for Future Microwave Power Transfer
Systems

F=IFAY PR IR (RURRR)
Organizer / Chair: Naoki Shinohara, Kyoto Univ.

LxA27aRIZE B GBS ~ A 5V FA0#EH
LI E) ~
A aCab N ES )|
Microwave Power Transfer Technology for Sensor —Appllication to Vital

Sensor and Verification—
Hiroyuki Tani, Panasonic

2. %4 7 0 RIS 72 GaN B i #F O w RS A LB
Wbt (SHEHR)
High Efficiency GaN Power Amplifiers for Microwave Power Transfer
Koji Yamanaka, Mitsubishi Electric Corp.

3.94GHz IV L7 7 FIC X B MM )5 3%
WA BET- (LK)
A 94 GHz Millimeter Wave Rectenna Development for Wireless Power

Transfer
Kohei Shimamura, Univ. of Tsukuba

A, 5 Pl 22 YA N BN D<A &7 1 i R R IR 3% O Bl
ES MG ypady )
BB i (T 22AF S H T bR
Technology Demonstration Planning Study for Microwave Power

Transfer toward Stratospheric Platform
Katsumi Makino, Japan Aerospace Exploration Agency

mE Zin

KA TA Y VAR BHEMBEAL SN AES, <4 70z v
T2TAX VAR BHAM (w470 %EE) \GEHPEF-TW S,
<A 7O PR EIE R ZEMOE N R A, R IICT4Y
VAR BT RER M Th %o A7 R BOEMLD DI
X7 v FFHM. TN AT DOEN FI=T TIPLETH
bo KT—23 3y 7 TlE~A 27 0 RBOELICNT 228 L
WIEBAFE DY RLARTH L WT TV r—Y a v /L., Fko<
A 7 v i 2 H % ) B & 5% .

Recently, various wireless power transfer (WPT) technologies are
commercialized. In the various WPT, a microwave power transfer
(MPT) technology is getting a lot of attention as a new WPT
technology. The MPT is a long distance WPT and an unconscious
wireless charger. Toward the commercialization of the MPT, not only
novel antenna technologies and novel devise technologies but also killer
applications are required. In this work shop session, novel researches and
developments of the MPT and novel MPT applications will be
introduced and novel future MPT technologies will be overlooked.

F—U—FA7aiRE,. GaN. MRS, L2 7. IV
Y—2 74— 307, e Rk

Keywords :Microwave Power Transfer, GaN, Amplifier, Rectenna,
Millimeter Wave, Beam Forming, Stratosphere Radio Relay
System
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Expectation and Challenge of Wireless Communication
Technology in the Manufacturing Field

A=FAF B 5 LK)

Organizer : Suguru Kameda, Tohoku Univ.

JiE R OAUERE— (NEC)
Chair : Kenichi Maruhashi, NEC

L LD TAX LA LD FEBUT I 72304
FEE] (BBH)
Efforts for Realization of Wireless Factory
Shinji 1de, Ministry of Internal Affairs and Communications

2. PRZEIC B B M@ = W i T
WIS SRS (HLmIE I JE R FERAE)
Toward fully Utilization Wireless Communication Technology in the

Manufacturing Field
Satoko Itaya, Fumihide Kojima, NICT

3. BLEBYNC B2 MRS ¥ A7 2 ] 1
FATN S (B PR A AE 2L BB Ak E ZE )

Wireless Communication Systems Cooperation in the Manufacturing
Field
Akio Hasegawa, ATR

4, BEBIBIC By v v T — IR OB & FE
WA (Yot —bxfvay)
Current Status and Issues of the Sensor Data Collection in the Manufacturing

Field
Akihiro Amagai, Sanritz Automation

miE Zin

WAE, BB CEXIoT BN OB A X 2 AN LA S
TWh, SHBEX5HICELDE YTV AT A, REFIDY 7, B#H
WESEOREPRATNTEY, 295 LB EHEHZ R I E
03 % =D IREM OWEHAHES N TVwD, —J7 T, M
W&o THMEE BB THL THTIR, 77V r—>a Vs
LD IA4IVTT, BBERTF—=F2RITAHZ LY AT DD
L EOMERHST2e KT—2 33y 7 TE, 29 LzWE
YL, BLEBY CIRAE 2 RHET 2 720 OBORR, BE
EENLHAM 2 RBT 5D ORH A AT 5o

Recently, utilization of 10T technology has been improving
productivity in the manufacturing field. From now on, wireless
technology is promising for collecting/delivering information from/to
systems for sensors, RF-ID tags, monitoring equipment and so on.
However, there is a risk that data arriving in necessary time is not
guaranteed where various wireless systems coexist in severe wireless
environment of a factory. In this workshop, political and technical
efforts to address the issues and to promote wireless technology
utilization in the manufacturing field are discussed.

F—T—F:loT, MRS ATA T BLUEB, MRS,
VAT LR, kT

Keywords : 10T, Wireless System, Factory, Manufacturing Field, Radio
Propagation, Coordination among Systems, Sensing
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14:00-16:00

1 AL 1 SR EE 1y 5 Ko OV E DIFIBEEEFEALFREREIC DV T

High Rate Close Proximity Communication Technologies and
Standardization at IEEE

A=A A PR ASIRSE (gl B BB AN I JE L &)
Organizer / Chair: Hiroyuki Matsumura, HRCP Research and
Development Partnership

1. IEEE802.15.3e B i (L & Z DM 3
JESE (R

Standardization of IEEE802.15.3e and its Overview
Tomoko Adachi, Toshiba Corp.

2.|IEEE802.15.3el2 8175 — 2Dl S L SN7zPHY & 7z
Haiizowt
Lee, Jae Seung (Electronics and Telecommunications Research
Institute)

Low Complexity PHY for IEEE802.15.3e Close Proximity Point-to-Point
Communication
Lee, Jae Seung, Electronics and Telecommunications Research Institute

3.60GHZHF IV IMEMDOF ¥ L v VL AV x =X ¥ MIOWT
FIfEE F—HA - 77uY—)
Challenge and Measurement of 60GHz Millimeter-Wave Wireless

Communication
Yumi Kuriyama, Keysight Technologies

mi# ZIn

IVWEH IR A B EHMN BT o, IVBEORETH
B HEYEE R % 2 A L 7z Point to Point 22 &8585 (link
setup time 2ms, MIMO % J\372100Gbps % &) ZHEIT 2 Hifli %
TR SN 7 BRI EEE802.15.3e TdH %, IEEES02.15.3¢”
High-Rate Close Proximity Point-to-Point Communications” g
ALK, ZORREPHY HRO—BI, HSITIVPEOWES
MAZDWTHIN T 5,

Recently some communication technology by using 60 GHz millimeter-
wave has been emerged. IEEE802.15.3e “High-Rate Close Proximity
Point-to-Point Communications” is based on new features which are link
setup time 2ms, 100 Gbps by MIMO and etc. This standardization work
had been finalized.

The process of IEEE802.15.3¢’s standardization, the standard’s
specification, one of PHY methods, measurement technology and
system for 60 GHz will be presented.

F—U—F:IVH, mE, ZE. —X—. IEEE802.15.3.

Keywords :Millimeter Wave, High Rate, Close Proximity, Point to Point,
IEEE802.15.3.e
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Basis of Microwave Circuit Assembly

F—HFAHF : MWE 2017 JE/RBH S
Organizer : MWE 2017 Exhibition Committee

Jé £ FEG— GRTR)

Chair : Takuichi Hirano, Tokyo Institute of Technology

1. dDOLY [HE]
g AL (HARMERR)

Overview of Microwave Circuit Assembly
Rei Katoh, Japan Radio Co., Ltd.

GREHE TR DY
ARGEFER (ZEER)

Design Viewpoint
Hidenori Ishibashi, Mitsubishi Electric Corp.

B TOBDOKY
ke AL (HA M)

Production Viewpoint
Rei Katoh, Japan Radio Co., Ltd.
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i # ZEIn
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T 5o

The aim of these extreme introductory courses is to drive “too basic
to ask” questions through the radical discussion. When designing and
assembling circuits, we should give various attention to which is not
listed in circuit diagrams. Therefore, it is necessary that an engineer
understand assembly.

In this session, basic skills and methods on microwave circuit
measurements are introduced. A few points to be noted on of the
measurements are also discussed from a viewpoint of theoretical and
practical cases.

F—U—FiA7aiEmEE, 00K, #AVT, Bl
Keywords :Microwave Circuit, Assembly, Manufacturing
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BAFIEE 14:00-15:30

A2 RIS IED A 122

Basis and Practice for Microwave Circuit Measurements

F—AFAH  MWE 2017 JERBHS
Organizer : MWE 2017 Exhibition Committee

Vi gL (7))

Chair : Takao Segawa, Anritsu Corp.

1. A 77 v )k o B s DR
T AL (HARERR)

Overview of Microwave Measurements
Rei Katoh, Japan Radio Co., Ltd.
2. TN ZPED AR & FE B
LI B (F—¥Ar-720Y—)
Practice of Device Measurements
Osamu Tsujii, Keysight Technologies
3 RRIERY T A

Comprehensive Discussion

i # ZEn
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DEHIZ X BMHDBITI o

The aim of these extreme introductory courses is to drive “too basic
to ask” questions through the radical discussion. In this session, basic
skills and methods on microwave circuit measurements are
introduced. A few points to be noted on of the measurements are also
discussed from a viewpoint of theoretical and practical cases.

F—7 =N A7 aERBENE, ST A=5, 7774 Tl 75
7, HER

Keywords :Microwave Circuit Measurements, S-parameter, Active
Circuits, Passive Circuits, Amplifier
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2017 IEEE MTT-S Japan Young Engineer Award ¥&5- 30

IEEE MTT-S Japan Chapter. MTT-S Kansai Chapter. MTT-S Nagoya Chapter Tl&~ 4 7 0 O#inE X OCHM O 5T HMT 2 m X %
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B, REOFHIZIEEE MTT-S Japan Chapter. MTT-S Kansai Chapter. MTT-S Nagoya Chapter ® 44 Web X — V2R E T 3,
http://www.ieee-jp.org/section/tokyo/chapter/MTT-17/index-j.html
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247y -7 2017
Microwave Exhibition 2017

11H29H (k) ~12H1H (4) OMWE 20172, 7374 IRHRE/RAR—IIDIZBWT [wA47urx—7 R 2017] ZffEV7zLET,
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RARERNT D [RERER ] BFSEEYERCZLET . BEOIHE TS MR T AIEICID, B OHAMIH 3 227D T
THQEEBIT, B OYDBUHR VOl 2T A PR T T 3. RN T 256/, BiReA—2A_— (http://www.apmcmwe.
org/) IZBRL T PETTOTIZH FEV, BHOTSMELIVBELHL LIFTBIFET,

Microwave Exhibition 2017 will be held at Exhibition Hall D in Pacifico Yokohama as a part of MWE 2017 from Wednesday Nov. 29 to Friday Dec.1. More than
400 microwave-related companies from all over the world will exhibit their latest products. Some sessions of the Microwave Workshops 2017 and the Technical
Seminars by Exhibitors will be held at the Exhibition hall. Furthermore, theme seminars and poster sessions related to new field of applications will be also
available in the “MW cafe”. In the “University Exhibition”, many universities and colleges will demonstrate their research activities. These comprehensive events
will help your thorough understanding of the cutting-edge technologies and help you find some useful hints for your design and development practices.

* For further information such as the contents of the whole exhibition or the exhibitors’ technical seminars, please see our website (http://www.apmc-mwe.org/).
We are looking forward to seeing you at Microwave Exhibition 2017 in Yokohama Japan.

HREXEIF—
Technical Seminars presented by Exhibitors of Microwave Exhibition 2017

11H29H (A&K) 13:15,14:15,15:15,16 115X V), %45%
Wednesday, November 29 From 13:15, 14:15, 15:15, 16:15, 45 minutes for each session.

11H30H (K) 13:15,14:15,15:15,16 :15% V), %45%
Thursday, November 30 From 13:15, 14:15, 15:15, 45 minutes for each session.

12H1H (&) 13:15,14:15,15:15X 0, %45%
Friday, December 1 From 13:15, 14:15, 15:15, 45 minutes for each session.

BoRF—IVHERF¥EELIF—4Y In Exhibition Hall D

SR O MR LA, HHA - B IS 5582 b ONSHARIIZE - BIZEOBCRICE T 2 H 21TV E 5,

V7 by T REHIEAN & &G R ROERE FELTVE T,

BB, 7RI AONEIZDOVTIE, d—2X—=Y (http//www.apme-mwe.org) % TS 72 & 0y,

MWE Exhibitors will present new technologies and products as well as research and development activities.

The seminars will contain the latest microwave information including software and measurement technologies.

The seminars W;II be scheduled for three days to cover various technical topics. Detailed program has been released in our website  ( http://www.
apmc-mwe.org ) .
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AHAT—7Z -y U1—23 XM SKYWORKS SOLUTIONS CO., LTD.
2%y JBFH STACK ELECTRONICS CO., LTD.
TRESTEM SUMITOMO ELECTRIC INDUSTRIER, LTD.
#2754 MINISTRY OF INTERNAL AFFAIRS AND COMMUNICATIONS
RIHMEST%6) DAIKEN CHEMICAL CO., LTD.

2% 7y J# TAKITEKK. K.
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#ZEEIIEF TAMAGAWA ELECTRONICS CO., LTD.
FRREFH) CHUO ELECTRONICS CO., LTD.
hREFTEME CHUO DENSHI KOGYO CO., LTD.
TPlus# T PLUS CO., LTD.
TSS@# TSS CO., LTD.
@7« IZX7~/AY— DIGITAL SIGNAL TECHNOLOGY, INC.
77 kA= X TEKTRONIX JAPAN
@7~ 7a—7 TECHNOPROBE CO., LTD.
#7 /34 X DEVICE CO., LTD.
(B #BL - BB - MR B FMEMZA

ELECTRONIC NAVIGATION RESEARCH INSTITUTE
RREEN, ERESE7EI -3 W

TOKYO KEIKI INC./TOKYO KEIKI AVIATION INC.
RRIEHERE TOTOKU ELECTRIC CO., LTD.
R¥AT 178 TOYO MEDIC CO., LTD.
BI%# TOMOE ENGINEERING CO., LTD.
HAA—IX7A# ESIJAPAN, LTD.
BAILT7C# M TECHNOLOGIES-JAPAN CO., LTD.
BAIV—257 47518 NIPPON AIRCRAFT SUPPLY CO., LTD.
BADI7# W. L. GORE & ASSOCIATES, CO., LTD.
BASREKEH NIHON KOSHUHA CO., LTD.
BAEKEITEM NHON DEMPA KOGYO CO., LTD.
BAF Y aFIA 22 VI V) NATIONAL INSTRUMENTS JAPAN CORP.
BASF 1 7)U# NIHON RADIALL K.K.
(e T - 1 S i N S DI G B N e

NEW METALS AND CHEMICALS CO., LTD.
#+% v 7T NETWELL CORP.
/7 7 /R0Y— NOAH TECHNOLOGY CORP.
BIAS CIRCUIT BIAS CIRCUIT
NA VIR HISOL, INC.

/N1 -7 /B~ HI-TECHNOLOGY TRADING, INC.

N Ty 770-/NVILY MAZJX#) VITEC GLOBAL ELECTRONICS CO., LTD.

Park Electrochemical Corp. PARK ELECTROCHEMICAL CORP.

BINFVZy T RT LRy T — 7 ZRFEMRER
PANASONIC SYSTEM NETWORKS R&D LAB. CO., LTD.

E—71—IL# PTMCORP

777y R# FARAD CORP.

7 2 ER FUJI DENKA, INC.

HEMEER FUSOH SHOJI CO., LTD.

HAC&B#Y FURUKAWA C&B CO., LTD.

Frontlynk Technologies Inc. FRONTLYNK TECHNOROGIES INC.

NAF7/8Y - VEGA TECHNOLOGY INC.

N7 &—+t33 #) VECTOR SEMICONDUCTOR CO., LTD.
24707 x—=T 777 ~MJ)—# MICROWAVE FACTORY CO., LTD.
FXHE MARUBUN CORP.

2y Y MITS ELECTRONICS

=% THM MITSUBISHI ELECTRIC CORP.

ZEBESH MIDORIYA ELECTRIC CO., LTD.

=

%

11

+37v % MINAMITEC CO., LTD.

mI=#—%v b33\  MINI-CIRCUITS YOKOHAMA, LTD.
ZEEHH MEIHO ELECTRONICS CO., LTD.
#FET v 7 MORITA TECH CO., LTD.

#E—Fv 2 MODECH CO.

T~ U 7L YAMASHITA MATERIALS CORP.
17 T U#EHEE  YUETSU SEIKI CO., LTD.
HREFHEIM YOKOHAMA DENSHI SEIKO CO., LTD.

LANJIAN ELECTRONICS (CHINA) LANJIAN ELECTRONICS

HIEFE  RIKEI CORP.
IBEE85EHR RIKEN DENGU SEIZO CO., LTD.
JFv—RKYL - 7—IVITE—F 14—+ I/ RICHARDSON RFPD JAPAN

#Y 1—7v % RYUTECH CORP.

HARFEERI REPIC CORP

AYv—XYw/¥> 4 >a—HKL—Fv K ROGERS JAPAN INC.
A—F 227y - Y4 /8 ) ROHDE & SCHWARZ JAPAN K.K.
#07 HEEFR  WAKA MANUFACTURING CO., LTD.

FMIN@IETHH WAKOH COMMUNICATION INDUSTRIAL CO., LTD.

(N F o —F - IREHED—F -]
77— +7—7# ARTWORK CO., LTD.
7>y 7R SEVENSIX, INC.

{#Piezo Studio PIEZO STUDIO INC.

(2% - Bk —7-]

CQHRRI RF7 —JL K CQ PUBLISHING CORP.

TN F— hA— 3 VBt APERZA INC./ AUTOMATION NEWS
BTIEMC #I&E #=EHERK ELECTROMAGNETIC ENVIRONMENT
TECHNOLOGICAL INFORMATION MAGAZINE

(—#) EFIEMEEFS IEICE

IEEE MTT-S I[EEE MTT-S
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%2015, 2016FDEHEETICER L TH) £,

3J MICROWAVE

A1 MICROWAVE LTD.

AARONIA AG

ABCO ELECTRONICS CO., LTD.

ABRACON CORP.

ACCEL-RF CORP.

ADANT TECHNOLOGIES INC.

ADMOTECH INC.

ADSANTEC (ADVANCED SCIENCE AND NOVEL TECHNOLOGY,
CO.,INC.)

ADVANCED MICROWAVE, INC.

ADVANCED TECHNICAL MATERIALS, INC.

AELIUS SEMICONDUCTOR PTE. LTD.

AEMI

AEROCOMM

AEROFLEX CONTROL COMPONENTS, INC.

AEROFLEX/ INMET INC.

AEROFLEX / INMET / KDI

AEROFLEX PLAINVIEW, INC.

AEROTEK CO., LTD.

AET ASSOCIATES, INC.

AFT MICROWAVE GMBH

AGILE MICROWAVE TECHNOLOGY INC.

Al TECHNOLOGY, INC.

AKON INC.

ALDETEC, INC.

ALLIANT TECHSYSTEMS INC.

ALLWIN TECHNOLOGY INC.

ALTAIR ENGINEERING, INC.

ALTAIR TECHNOLOGIES, INC.

ALTRONIC RESEARCH, INC.

AMERICAN TECHNICAL CERAMICS

AMERICAN TECHNICAL CERAMICS CORP.

AMPHENOL ANTENNA SOLUTIONS

AMPLEON

AMPLITECH

AMPLITECH INC.

ANADIGICS, INC.

ANADYNE, INC.

ANAPICO

ANAPICO, LTD.

ANAREN MICROWAVE, INC.

ANTENNA RESEARCH ASSOCIATES INC. (ARA INC.)

AOS THERMAL COMPOUNDS, LLC

APIINMET INC.

API TECHNOLOGIES CORP.

API TECHNOLOGIES CORP. (INMET & WEINSCHEL)

API TECHNOLOGIES CORP. (MARLBOROUGH)

API WEINSCHEL INC.

APOLLO MICROWAVES LTD.

APPLIED SYSTEMS ENGINEERING, INC.

APPLIED WIRELESS ID (AWID)

ARRA, INC.

ART-FI SAS

ARTWORK CONVERSION SOFTWARE, INC.

ASB (ADVANCED SEMICONDUCTOR BUSINESS, INC.)

ASTRA MICROWAVE PRODUCTS LTD.

ASTRONICS TEST SYSTEMS

ATAITEC CORP.

ATE SYSTEMS INC.

ATLANTA MICRO, INC.

ATLANTIC MICROWAVE LTD.

AVERNA HARDWARE SYSTEMS INC.

AWE COMMUNICATIONS GMBH

B&Z TECHNOLOGIES

BABCOCK, INC. (MICROSEMI)

BEREX CORP.

BIRD ELECTRONIC BRAND PRODUCTS

BIRD TX RX SYSTEMS BRAND PRODUCTS

BIRD X-COM SYSTEMS BRAND PRODUCTS

BOWEI INTEGRATED CIRCUITS CO., LTD.

BROADWAVE TECHNOLOGIES, INC.

BSC FILTERS LTD.

CAIQIN TECHNOLOGY

CARLISLE INTERCONNECT TECHNOLOGIES - TENSOLITE /
CONNECTING DEVICES INC.

CARLISLE INTERCONNECT TECHNOLOGIES - THERMAX,
JERRIK, TRI-STAR

CERNEX, INC.

CHARTER ENGINEERING, INC.

CIAO WIRELESS INC.

CINCH CONNECTIVITY SOLUTIONS

C-LEC PLASTICS, INC.

CML ENGINEERING SALES, INC.

COBHAM ANTENNA SYSTEMS, MICROWAVE ANTENNAS

COBHAM-CONTINENTAL MICROWAVE & TOOL CO., INC.

COBHAM-CMT

COBHAM-LANSDALE

COBHAM MICROWAVE

COBHAM-SASL

COBHAM SIGNAL & CONTROL SOLUTIONS, EATONTOWN

COBHAM SIGNAL & CONTROL SOLUTIONS, PLAINVIEW

COILCRAFT, INC.

COLBY INSTRUMENTS, INC.

COLEMAN MICROWAVE COMPANY

COM DEV INTERNATIONAL LTD.

COMMUNICATIONS & POWER INDUSTRIES LLC

COMOTECH CORP.

COMTECH PST CORP.

COMTECH XICOM TECHNOLOGY, INC.

COPPER MOUNTAIN TECHNOLOGIES

CORNING GILBERT INC.

CORRY MICRONICS, INC.

CPI LLC, BEVERLY MICROWAVE DIVISION

CPI LLC, COMMUNICATIONS & MEDICAL PRODUCTS DIVISION

CPI LLC, MALIBU DIVISION

CPI LLC, MICROWAVE POWER PRODUCTS DIVISION

CPI LLC, SATCOM DIVISION

CRANE ELECTRONICS, INC. MICROWAVE SOLUTIONS

CREE INC.

CRYSTEK CORP.

CST-COMPUTER SIMULATION TECHNOLOGY AG

C-TECH CO., LTD.

CTS CORP.

CUMING MICROWAVE CORP.

CUSTOM MICROWAVE COMPONENTS, INC.

CUSTOM MICROWAVE, INC.

DAICO INDUSTRIES, INC.

DB CONTROL

DELPHI CORP.

DIAMOND ANTENNA & MICROWAVE CORP.

DIELECTRIC LABORATORIES INC. (KNOWLES CAPACITORS)

DITOM MICROWAVE, INC.

DIVERSIFIED TECHNOLOGIES, INC.

DONGIN TECHNOLOGY INNOVATION CO., LTD.

DORADO INTERNATIONAL CORP.

DOW-KEY MICROWAVE CORP.

DREAM CATCHER

DRONESHIELD LLC

DS INSTRUMENTS.

DYNAWAVE, INC.

E2V

E2V RF POWER

E2V SEMICONDUCTORS

E2V TECHNOLOGIES (UK) LTD.

EAGLE

ECHO MICROWAVE CO., LTD.

ECLIPSE MICROWAVE, INC.
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ELECTROMAGNETIC TECHNOLOGIES INDUSTRIES, INC.
(ET INDUSTRIES)

ELECTRONICS RESEARCH, INC.

ELMIKA UAB.

ELVA-1 LTD.

ELVA-1 MICROWAVE HANDELSBOLAG

EMCORE CORP.

EMC TECHNOLOGY/FLORIDA RF LABS

EMERSON (JOHNSON COMPONENTS, INC.)

EMHISER MICRO-TECH / EMHISER RESEARCH, INC.

EMITE ING.

EMPOWER RF SYSTEMS, INC.

EMSCAN

ENDRUN TECHNOLOGIES

ENSIGN POWER SYSTEMS, INC.

EOSPACE, INC.

EPOXY TECHNOLOGY, INC.

ERZIA HQ.

ERZIA TECHNOLOGIES

ESSEX X-RAY & MEDICAL EQUIPMENT LTD.

ETG CANTEQ

EUVIS, INC.

EXODUS ADVANCED COMMUNICATIONS

EXODUS DYNAMICS

FARRAN TECHNOLOGY

FERRITE MICROWAVE TECHNOLOGIES, LLC

FOCUS MICROWAVE INC.

FRACTUS S.A.

FREESCALE SEMICONDUCTOR JAPAN, LTD.

GENERAL DYNAMICS SATCOM TECHNOLOGIES

GERLING APPLIED ENGINEERING, INC.

GIGALANE CO., LTD.

GIGA-TRONICS, INC.

GIGOPTIX, INC.

GOWANDA ELECTRONICS CORP.

HEATWAVE LABS, INC.

HITTITE MICROWAVE PRODUCTS FROM ANALOG DEVICES

HONGKE MICROWAVE COMMUNICATION CO., LTD.

HUBER+SUHNER AG

HXI, LLC

IDS INGEGNERIA DEI SISTEMI S.PA.

IF ENGINEERING CORP.

IMST GMBH

INNOSENT GMBH

INNOVATIVE POWER PRODUCTS, INC.

INSULATED WIRE, INC.

INTEGRAND SOFTWARE, INC.

INTEGRA TECHNOLOGIES INC.

INTELLIGENT EPITAXY TECHNOLOGY, INC.

IPP  (INNOVATIVE POWER PRODUCTS, INC.)

ISOLATION PRODUCTS, INC.

IW (INSULATED WIRE, INC.)

JERSEY MICROWAVE

JFW INDUSTRIES, INC.

J MICROTECHNOLOGY, INC.

JOHANSON MANUFACTURING CORP.

JYEBAO CO., LTD.

K&L MICROWAVE, INC.

KMIC TECHNOLOGY, INC.

KNOWLES CAPACITORS

KRATOS GENERAL MICROWAVE ISRAEL CORP.

KUHNE ELECTRONIC GMBH

L3 COMMUNICATIONS, ELECTRON DEVICES

L-3 COMMUNICATIONS, ELECTRON DEVICES

L-3 COMMUNICATIONS, ELECTRON TECHNOLOGIES, INC.

L-3 COMMUNICATIONS, NARDA-MITEQ

L-3 NARDA-MITEQ

LADYBUG TECHNOLOGIES LLC

LIBERTY TEST EQUIPMENT



LIEDER DEVELOPMENT INC.

LINK MICROTEK LTD.

LINWAVE TECHNOLOGY LTD.

LINX TECHNOLOGIES, INC.

LOGUS MICROWAVE

LOGUS MICROWAVE CORP.

LUN'TECH

M/A-COM TECHNOLOGY SOLUTIONS

M/A-COM TECHNOLOGY SOLUTIONS (MACOM)

MACOM TECHNOLOGY SOLUTIONS HOLDINGS, INC
(MACOM)

MAGUS (PTY) LTD.

MARKI MICROWAVE, INC.

MASSACHUSETTS BAY TECHNOLOGIES, INC.

MAURY MICROWAVE CORP.

MEGA INDUSTRIES, LLC

MEGAPHASE LLC

MERCURY SYSTEMS, INC.

METAMAGNETICS INC.

MEURO MICROWAVE CORP.

MICIAN GMBH

MICRO-COAX INC.

MICROLAB/FXR

MICRO LAMBDA WIRELESS, INC.

MICROSANJ, LLC

MICROSEMI CORP.

MICROSEMI (IH AML COMMUNICATIONS INC.)

MICRO-TRONICS

MICRO-TRONICS, INC.

MICROWAVE AMPLIFIERS LTD.

MICROWAVE CIRCUITS A DIVISION OF AMTI

MICROWAVE COMMUNICATIONS LABORATORIES, INC.

MICROWAVE DEVELOPMENT LABORATORIES, INC.
MICROWAVE DYNAMICS
MICROWAVE ENGINEERING CORP.
MICROWAVE INNOVATIONS
MICROWAVE SOLUTIONS, INC.
MICROWAVE TECHNOLOGY, INC.
MICROWAVE VISION

MILLIMETER WAVE PRODUCT INC.
MILLIMETER WAVE PRODUCTS, INC.
MILLITECH CORP.

MINI-CIRCUITS

MINI-CIRCUITS LABORATORY, INC.
MINI-SYSTEMS, INC.

MI TECHNOLOGIES, LLC.

MI-WAVE ~MILLIMETER WAVE PRODUCTS INC.
MODCO, INC.

MODELITHICS INC.

M-PULSE MICROWAVE, INC.

MTC, INC.

MTI-MILLIREN TECHNOLOGIES, INC.
MTI WIRELESS EDGE LTD.

MUEGGE GMBH

MVG INDUSTRIES

NARDA SAFETY TEST SOLUTIONS GMBH
NEARFIELD SYSTEMS, INC.
NEWFASANT

NEXTEK, INC.

NOISEWAVE CORP.

NORDEN MILLIMETER, INC.
NOVACAP (KNOWLES CAPACITORS)
NSI-MI TECHNOLOGIES, LLC.
NUHERTZ TECHNOLOGIES, LLC
OML, INC.

OMMIC

OMMIC SAS

OMNIYIG, INC.

ORBITAL ATK, INC.

ORBIT/FR
PARK ELECTROCHEMICAL CORP.
PARTRON CO., LTD.

PASSIVE PLUS, INC.

PASTERNACK ENTERPRISES, INC.

PENN ENGINEERING COMPONENTS
PEREGRINE SEMICONDUCTOR CORP.
PEREGRINE SEMICONDUCTOR, INC.
PHYCHIPS INC.

PILKOR ELECTRONICS CO., LTD.
PIVOTONE COMMUNICATION TECHNOLOGIES, INC.
PLANAR MONOLITHICS INDUSTRIES, INC.
PMI (PLANAR MONOLITHICS INDUSTRIES, INC.)
POLE ZERO CORP. (MPG)

POLYFET RF DEVICES

POLYPHASER CORP.

PRECISION CONNECTOR, INC.

PRESIDIO COMPONENTS, INC.

PRISM COMPUTATIONAL SCIENCES, INC.
PULSAR MICROWAVE CORP.

PULSAR PHYSICS

QORVO

QORVO INC.

QUEST MICROWAVE INC.

QWED SP.Z 0.0.

RADANT MEMS

RADAR TECHNOLOGY, INC.

RADIALL INC.

RADITEK, INC.

RAKON

RAKON FRANCE SAS

REACTEL, INC.

RELCOMM TECHNOLOGIES, INC.
RESOTECH, INC.

RFHIC CORP.

RFIC SOLUTIONS INC.

RF LAMBDA, INC.

RF MORECOM COREA CO., LTD.

RH LABORATORIES, INC.

RLC ELECTRONICS, INC.

ROGERS CORP. ADVANCED CONNECTIVITY SOLUTIONS
ROSENBERGER HOCHFREQUENZTECHNIK GMBH & CO. KG
RS MICROWAVE COMPANY, INC.

SAGE MILLIMETER, INC.

SAIREM

SANGSHIN ELECOM CO., LTD.

SATIMO

SAWNICS INC.

SCHMID & PARTNER ENGINEERING AG
SCIENTIFIC MICROWAVE CORP.

SECTOR MICROWAVE INDUSTRIES, INC.
SIERRA MICROWAVE TECHNOLOGY, L.L.C.
SILICON RADAR GMBH

SILVUS TECHNOLOGIES, INC.

SIVERS IMA

SIVERS IMA AB

SONOMA INSTRUMENT CO.

SONOMA SCIENTIFIC, INC.

SPACEK LABS, INC.

SPECTRUM ELEKTROTECHNIK GMBH
SPINNER

SPIRENT COMMUNICATIONS
STANGENES INDUSTRIES, INC.
STRATEDGE CORP.

SUNG WON FORMING

SUNNY ELECTORONICS

SV MICROWAVE INC.

SWISSTO12

SYFER TECHNOLOGY, LTD.

28

SYFER TECHNOLOGY LTD. (KNOWLES CAPACITORS)

SYNERGY MICROWAVE CORP.

SYNQOR, INC.

TACONIC CO., LTD.

TECHTROL CYCLONETICS, INC.

TECH-X CORP.

TELEDYNE COAX SWITCHES

TELEDYNE DEFENCE

TELEDYNE LABTECH LTD.

TELEDYNE MICROWAVE SOLUTIONS

TELEDYNE PARADISE DATACOM

TELEDYNE RELAYS

TELEDYNE STORM MICROWAVE

TELWAVE, INC.

TEMEX - CERAMICS

TENSORCOM INC.

TERASENSE GROUP INC.

THIN FILM TECHNOLOGY CORP.

TIME DOMAIN

TIMES MICROWAVE SYSTEMS

TLC PRECISION WAFER TECHNOLOGY, INC.

TRAK MICROWAVE CORP.

TRAK MICROWAVE LTD.

TRANSCOM, INC.

TRU CORP.

TYDEX

UNITED MONOLITHIC SEMICONDUCTORS S.A.S.

UNIVERSAL MICROWAVE COMPONENTS CORP.

UNIVERSAL MICROWAVE TECHNOLOGY, INC.

VAUNIX TECHNOLOGY, CORP.

VECTOR TELECOM PTY LTD.

VECTRAWAVE

VECTRAWAVE SA

VECTRON INTERNATIONAL

VENTURETEC MECHATRONICS

VIDA PRODUCTS, INC.

VIPER RF

VIRGINIA DIODES, INC.

VIVA TECH LTD.

VUBIQ NETWORKS, INC.

WAINWRIGHT INSTRUMENTS GMBH

WASA MILLIMETER WAVE AB.

WAVE COMPUTATION TECHNOLOGIES, INC.

WEINSCHEL ASSOCIATES, INC.

WENZEL ASSOCIATES, INC.

WERLATONE, INC.

WIDE BAND SYSTEMS, INC.

WIN SEMICONDUCTORS CORP.

WIRELESS TELECOM GROUP INC.

WOLFSPEED (A CREE COMPANY)

W.L. GORE & ASSOCIATES, INC.

XI'AN HENGDA MICROWAVE TECHNOLOGY
DEVELOPMENT COMPANY

XSIS ELECTRONICS INC.

YANTEL CORP.

7= IT—F1—
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