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Welcome to MWE 2019

MWE 2019 (Microwave Workshops and Exhibition 2019) will be held from Wednesday, November
27 to Friday, November 29 in the Pacifico Yokohama convention center. MWE is Japan’s largest event
about science, industry and education related to microwave technology, and includes an exhibition of
cutting-edge technology in addition to workshops about the development of microwave technology and
collaborations between industry, government, and academia.

Last November, the Asia-Pacific Microwave Conference (APMC) was held in Kyoto. This international
conference is held every four years in Japan, and 2018’s conference brought participants from all over
the world. Collaboration between the MWE and APMC events has involved a wide variety of parties
since the first MWE was held in 1991. This year's MWE will commemorate the 30th anniversary of
APMCs first event in 1990.

In the coming years, the explosive spread of sensors and IoT devices is expected to continue, and
this development will enable the provision of new services to consumers. Furthermore, microwave
technologies will play key roles in the fifth-generation mobile communications system (5G) currently
under development. Microwave technologies are now used in a wide range of fields like industrial, medical,
chemical, energy generation, distribution, and security, as well as in information communication system.
Further developments in microwave technology will soon be needed to enable applications that involve
all these fields. In this social context, the keynote theme of MWE 2019 will be “Microwave Technologies
Enabling the Future of IoT Society”. Workshops and exhibitions for the conference are focused on this
theme.

The workshop will include 2 keynote addresses during the opening ceremony, 5 fundamental courses,
5 introductory courses, b special sessions, and 19 regular sessions.

The first keynote address is titled “The Latest Radio Frequency Administration in Japan” and will
be presented by Mr. Hideo Fuseda of the Ministry of Internal Affairs and Communications. The second
keynote is titled “Present and Future of Microwave Power Transfer’ and will be presented by Prof.
Naoki Shinohara of Kyoto University.

The sessions will focus on topics like 5G, wireless power transmission, wireless applications in
automotive fields, and technologies related to Society 5.0. The latest microwave technology trends and
applications related to these topics will be introduced. To make the workshop interesting to a wide
audience covering young engineers to beginners with no specialization in microwave technology, we
will also offer introductory courses that explain the basic principles and applications of microwave
technology.

Nearly five hundred companies from both Japan and overseas and around 30 universities/technical
colleges will exhibit new products, technologies, and research results. The workshop will also include
seminars with exhibitors introducing the latest technologies and products. In addition, we are planning
special exhibitions about 5G system trials in Japan and wireless power transmission. Other installations
will include the “MW Cafe”, which introduces microwave system technology, and “Ideasons,” where
students will enter a business plan competition using the technology ideas and information obtained
from the exhibition booths.

In closing, I would like to thank you for your support and I would also like to thank all those whose
patronage has made MWE 2019 possible. I sincerely hope that MWE 2019 will contribute to the further
development of microwave technology, and I look forward to your participation in the workshop.

Tadashi Kawai
MWE 2019 Steering Committee Chair
(University of Hyogo)
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General Information

Period: November 27-29, 2019

Venue: Pacifico Yokohama, Yokohama, Japan
+ Microwave Workshops: Conference Rooms F201-F207 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 27 at the Room 1+Room 2 (F201 and F202
Opening Ceremony and | i, the 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 Enabling the Future of IoT Society” Mr. Hideo Fuseda (Ministry of Internal Affairs and
Communications) will give the keynote address entitled “The Latest Radio Frequency Administration in Japan” and
Prof. Naoki Shinohara (Kyoto University) will give the keynote address entitled “Present and Future of Microwave
Power Transfer” .

For novice microwave engineers 5 basic tutorial lectures and 5 introductory courses will be held, while eminent
Microwave Workshop researchers from both overseas and Japan will present their work on cutting edge technologies at 5 special sessions
and 19 workshop 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 Exhibition Please refer to page 26 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 is available at the registration desk. Prices are 5,000 yen for a regular participant, and 2,000 yen for a

Workshop Digest > ‘
student, respectively. (*Students need to show their ID to a staff.)

Secretariat of MWE 2019

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 https://www.apmc-mwe.org/

For further
information,
please contact

7



I—2vav7rrari i
Workshops Program

WE1A

WS Opening Ceremony
FERREE Wa E (BB K)

Welcome Message from the Steering Committee Chair : Tadashi Kawai, Univ. of Hyogo
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Wednesday, November 27, 10:00 to 10:10, Room 1 + Room 2
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Hideo Fuseda, 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 IoT/Al/big data era, it is important that to note that 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, loT and others that contribute to the effective use of radio frequency, efforts to secure the
frequencies necessary for creating new innovation and examination for radio system reform.

In this presentation, we will introduce the latest radio frequency administration.

HFEFEE2 118278 ()K) 11:10~12:00Wednesday, November 27, 11:10~12:00

VA 2 QREBDIIEE AR

Present and Future of Microwave Power Transfer

AR (HEAT B2
Naoki Shinohara, Kyoto Univ.

B B oA 7ol CEBCEDZRET S [ 7 adlkE ] Band, ROMEREORER ZRoH%, FHML L L
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Abstract A microwave power transfer (MPT) technology, which is a far-field wireless power transfer (WPT) technology via microwaves, has a
long history of research and development (R&D). However, commercialization and discussion toward new radio wave regulation
have just started in recent a few years. In this talk, I introduce recent R&D and the commercialization of the MPT not only in Japan but
also in the world, and discuss the future of the MPT as novel application of radio waves.
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System Trials toward Actualization of 5th Generation Mobile Advanced Design Technology for Microwave Rectifiers

Communication System 5G -Third-

A=IFAY R AGRAE (FEK)

A—IFAY R WA EE* (NTTF2%E) . - : ) . .
S ISR S AT+ — T2 SGI AL 7V — Organizer / Chair : Kazuhiko Honjo, The Univ. of Electro-Communications
V=%
Organizer / Chair: Yukihiko Okumura, NTT DOCOMO
*5G Trial Promotion Group Leader, the Fifth Generation

Mobile Communications Promotion Forum (5GMF)

1. HARIZ B 25G R HAEABR O 2 A% ()
BB (F5E)
Overview of 5G System Trials in Japan (Tentative)
Ministry of Internal Affairs and Communications (MIC) (Tentative)

2.NTT FIERUS— M FIZ L B5GHRA TR (R)
NTTFI%E (¥&)

5G System Trial by NTT DOCOMO and Partners (Tentative)
NTT DOCOMO (Tentative)

3. KDDI KU S— MHIC X A5G R FEaERER (X)
KDDI (F5&)

5G System Trial by KDDI and Partners (Tentative)
KDDI (Tentative)

4.0 T IV ROS— I X B5GRAEIERE ()
VTNV T (FE)

5G System Trial by SoftBank and Partners (Tentative)
SoftBank (Tentative)
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V. BEEEERERE & & DI A 2RI 5% o R E
BBMLTW5E, Kby ¥va rTld, SAEETHEH & % B4
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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 fiscal year 2017, 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,
regarding 5G system trials in the third year of this fiscal year, following
the introduction of the overview of the trials by the MIC, each domestic
mobile communication operator promoting the system trial will introduce
the content and plan of each trial.

F—7—F:5G, BEHEGE., REFEARB. %Rk % R 58
Keywords :5G, Mobile Communication, System Trial, Various Use
Cases

1. 7Y 7 - R OWRREHC L 2S8R Ly 7
P (SR THER)
High Efficient Rectenna with Co-design Methodology for Antennas and

Rectifiers
Kenji Itoh, Kanazawa Institute of Technology

IR REMNH L = AL F T AN T VRS
R I
Al e (EaEK)
Gate Switching Mode Transistor Rectifier with the Switching Signal

Provided via a Feed-back Capacitor
Ryo Ishikawa, The Univ. of Electro-Communications.
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3. RFZANF—N—RRT S ¥ 7 G OIRT ¥ A b
LTk

HrE— (Il ER)

Resonance-assisted Sensitivity Enhancement Technique for RF Energy

Harvesting Rectifiers
Shnichi Tanaka, Shibaura Institute of Technology

4.3 FNT A BT X BEAR AL B 023 2 M REBSE ]
FIERE 2o P 2 (BAGERER)
Inverse-Doherty RF Rectifiers Robust against Load Resistance Deviation
Shinji Abe and Takashi Ohira, Toyohashi Univ. of Technology
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Recent advances in wireless power transmission, energy harvesting,
and RFID are rapidly increasing the need for high-efficiency
rectifiers and high-efficiency rectennas. In this session, we will focus
on device technology, circuit technology, and system technology to
realize high-efficiency microwave/RF rectifiers with diodes or
transistors operating from ultra-low power levels to high power
levels. The latest topics in this field are presented from basic theory
to practical technology, and the nature of technology is pursued and
global benchmark performance is grasped.

F—J =R ¥4 F—FEHS. NS IURSES. BaRL S
FF. TANE—N—RAFA V7, WHTEIIE%,
~fruaik

Keywords :Diode Rectifier, Transistor Rectifier, High-efficiency Rectenna,
Energy Harvesting, Wireless Power Transfer, Microwave
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ZL 2 FO= 2 XD B e PEE e fy
Measurement Technologies of Electromagnetic Characteristics
for Electronic Materials

SCHBID/=0DFIH~A 2§ - I Y Je il 1w as bl
Microwave/Millimeter-wave Power Amplifier Technologies for
Practical 5G Systems

F=AFAF ANl 56 (BEK)

Organizer - Ryo Ishikawa, The Univ. of Electro-Communications

Jé o FHFORER (Z225E4)

Chair - Shintaro Shinjo, Mitsubishi Electric Corp.

A=A AY B AL (RSB S JERT)
Organizer / Chair: Masahiro Horibe, National Institute of Advanced
Industrial Science and Technology (AIST)

1 SGUZ I 7SRRI IE A IRPA Hefhi
B HE by BT
Wideband PA Technology for 5G Mobile Handset
Jun Enomoto, Murata Manufacturing Co. Ltd.

2. 5G I 3 P GaN W I fir-He
AL (ZEER)
Millimeter-wave GaN Power Amplifier MMICs for 5G Application
Keigo Nakatani, Mitsubishi Electric Corp.

. Outphasing B4k 5 i 5t D B
W &, AW E—. I (F18)

Points of Outphasing Amplifier Design
Toru Maniwa, Shigekazu Kimura, Ken Tamanoi, Fujitsu Ltd.
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5G service has already started in the United States and Korea from April
2019. It will also start soon in Japan. 5G, which innovates communication
performances in comparison with 4G, forces high performances to
microwave and millimeter-wave amplifiers owing to the operation
frequency increase, bandwidth increase, etc. On the other hand, a
next-step research named “Beyond 5G” has already started. In this
session, developed power amplifiers for mobile handset and base-
station applications are introduced. They will be applied to practical
5G systems. In addition, a practical design technique of an outphasing
power amplifier that is expected to match a recent digital modulation
technique is also introduced based on an evaluation result.

¥ —7—F:5G. Beyond 5G. EIIHIELG. <A 70k - IUK,
IoNUO—7 hTyF 7B, BT =B
VAPAVESOMY £

Keywords :5G, Beyond 5G, Power Amplifier, Microwave/Millimeter-
wave, Envelope-tracking Amplifier, Doherty Amplifier,
Outphasing Amplifier
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.5G/6GICTNF 7z L 7 b =2 A BP0 T RGBT B A
Y FRHERL, (R SEBAMT R A L)
Material Characterization Technique for 5G and 6G
Masahiro Horibe, National Institute of Advanced Industrial Science and
Technology (AIST)

2 KIS A7 IS B A ISR AR O B
BRI
TR (FHRER)
Complex Permittivity Evaluation Techniques for Next Generation

Wireless Systems
Takashi Shimizu, Utsunomiya Univ.

3. )47 ad - IUPITBT B AR D RO LERE
SEHEA, dl Bl EIESE (i )
Measurements of Conductivity of Copper-clad Dielectric Substrates at

Microwave and Millimeter-wave Frequencies
Naoki Hirayama, Akira Nakayama, Hiromichi Yoshikawa, Kyocera Corp.

—
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FHZDEBEBROFHIBEFEN TS, T2, HEpEL K
DR LA S, I ) EHEIEL -5 —To I Y EFH
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W25 2~3GHzD 10f5 R L E O TH 572, I
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At 5G, where services have been launched all over the world, radio
waves of 28GHz and 39GHz are used, and in 6G, where research and
development are beginning, the use of frequencies above 100GHz is
being considered. In addition, millimeter wave use in millimeter
wave automotive radar has been advanced for automatic driving. The
millimeter wave band has a frequency of about 10 times or more of 2
to 3GHz used in the current 4G-LTE, so evaluation of conductivity in
the millimeter wave band can be made in addition to the permittivity
of the circuit board material. It will be necessary.

F—g—FIFHEFFHI, L7 bo=s A, IV, 566G, HER,
FEM

Keywords :Dielectric Permittivity Measurement, Electronics, Millimeter-
wave, 5G/6G, Conductivity, Substrate
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Space-Domain Signal Processing Essential for 5G

A—Idr A | (EIK)
Organizer - Satoshi Denno, Okayama Univ.
i R KM (&tm)

Chair : Tomoya Ota, Fujitsu Ltd.

1. MIMOE A D FLA LI
AN (i k)

Fundamentals of MIMO Techniques and their Applications
Yasutaka Ogawa, Hokkaido Univ.

& ZIn
REMEZEMHEEBOT v FF kB L., B5E2MmicsRi
L3252 LI Lo TlAGHEZ N LS EMIMO Hifiix, 5t
RBEBEICBVTRHOEFUHTH L, Aty arTid,
2P % FHTAMIMO Eff D FEAR I & Z DOV TH
PRI T 5,

MIMO techniques employing multiple antennas at both the
transmitter and receiver sides can increase transmission speed by
spatially multiplexing signals, and are essential for the fifth generation
mobile communication system. This workshop introduces
fundamentals of MIMO techniques using multipath signals and their
applications.

F—T—F W74V VT, EMEE, LW T RIVEE,
FrAVEH, T

Keywords - Spatial Filtering, Spatial Multiplexing, Multipath, Channel Capacity,
Channel Information, Interference
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Antenna Introductory Course Starting from Scratch

F—HFAF: MWE 2019 /R EHE
Organizer : MWE 2019 Exhibition Committee

JgE B BBIEFE (7 830 72 MFSERT)
Chair : Masayuki Kimishima, Advantest Lab.

1. 7 ¥ 7 F O IEBERGE
WAL (ZZEHR)
Basic Knowledge of Antennas
Hiroaki Sakamoto, Mitsubishi Electric Corp.

2 ‘}”‘/"}“ﬂ'%&% . YHIJ% * %i&{ﬁm
PEAE (SRR

Antenna Design, Measurement and Propagation
Kengo Nishimoto, Mitsubishi Electric Corp.

3. KRR A A

Comprehensive Discussion

&=

VAR, R AT — N7 4 YA R L, RS AR T
HDICHoTWb, —F, 7 ¥ FIREFBEICERIERV
EELRHMRERTH L0, WSHEITLL 45, ZOREMN
HVEE LTV REMBEIL L Wb bbb,
R#EWEIBTIE, SRETT V7T F b T hd o728
MEHZE LG E L. BANET V7 F O R Z O % ik
R5ELEDHIT, Ty T FikEtRMWE IOV THHAZ R Z B
b RTLIFHT 5,

Recently, wireless communication is widely used. Antenna is one of
the important components in wireless communication. However, it
seems that beginners feel antenna development is difficult. In this
WET7B session, basic type of antennas and its characteristics are
introduced. In addition, antenna design, measurement methods and
propagation are explained.

F—7—F:7 U7 BRSO By =0 Rtk Fi

Keywords :Antenna, Propagation, Radiation Pattern, Directivity, Gain
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Recent Trend of Al Technologies and their Applications Great Revolution in the Primary Industry Advancing with loT
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Organizer / Chair : Fumihiro Maruyama, Fujitsu Laboratories Ltd. Organizers - Hiroshi Oguma, NIT Toyama College, Suguru Kameda, Tohoku
Univ.

i K/ME M (ElEE)

Chair - Hiroshi Oguma, NIT Toyama College

1 AT X 20500 & > 3 > 7 Bl 1. ToT &0 L 72 B SRR ~ DI #HL A
HHIER % (NEC) S — (BRHILR)
Advanced Sensing Using Al Technology Agriculture Innovation with IoT Technologies
Akihiro Tanaka, NEC Corp. Ichiro Tida, Akita Prefectural Univ.

2. AIDBAHIZ XY FA R BHFEZ INE S BICT V) 20— 2> D 2. JGAPREGEIAHI B 21T G
Fehl &R aiE W (T4 AE—5UL)
BREHL ( Eﬁﬂ'ﬁ;ﬁﬁ) IoT Application for a JGAP Authentication

Problems and Practices in ICT Solution for Material Development Hiroshi Iwasa, ISB TOHOKU.

Acceleration with AI Technologies

Akinori Asahara, Hitachi, Ltd. 3. 0T DEAM DS —RHEZEITH 7= O3B LR R
fr o R bt BIEHE (1oT.Run)
3 AIHWIO)W%E/I#(E&/l@J%ﬁu Effect and Effectiveness to the Primary Industry Using IoT
[ FF”EYE (%ﬁti@ﬂ%)’ﬁ) Hiromi Sakurai, IoT.Run

Introduction to Al Latest Situation and Co-creation Examples
Toshihiro Sonoda, Fujitsu Laboratories Ltd.

n#EIn
T | —REFOETIIBCTEL SERH ORI Rk AR
L), ZO#BAIERENT VS, WO —KEEIBITSH
ANTHIBEOBA X, EOFLWHESRIZL Y £ L O HITHE ML T 272012, E/D4 ¥ —% v+ (1oT) DIFHARE
HINBEH T HhoTE&7e KT—27 Y ay 7 TIE, UTOX ATRALNT VWS, KRT—27 Y av STk, vy 7e7—%
I WCATHBEDOEAM 2 SIS E THA/S—F %, 1) NEC. H SIAT (AD) DMEHED S\ IGAPRRAEIAE R Ky MR 0 2 X
V. B IEIB VTR STV 5 AL O BBl % #i Ty —REEIT BT H10T DIFTERIFE R FAEE B O H %
T 50 2) NLANEDIEH & LT~ ¥ ¥ 7R ik #H B % ALSHINT T %0
DONEZDOWTHMT %0 3) Wik & O NLHRICH S 2 LAl
R VR P e In each sector of the primary industry, there are severe issues such as
a worker's aging and a successor's lack for the continuation. In order
Al technologies have been applied to many fields with their latest to solve various problems in the primary industry, utilization of the
remarkable progress. In this workshop session, we will cover from Al Internet of Things (IoT) has been actively attempted. In this
technologies to their applications as follows. 1) Overview of Al workshop, we will introduce in detail the case of IoT R&D and
technologies developed at NEC, Hitachi and Fujitsu will be presented. experiments in the primary industry field, such as an information
2) AI Applications will be discussed including advanced sensing and sharing and communication system, JGAP authentication and
material development acceleration. 3) Co-creation examples with application to wildlife damage with IoT are introduced.

customers will be introduced.
F—U—F: R, 1oT. AL JGAP
ek TN B R Ty ) e
F—7—F: N THge, iy oo sEsE,. JLAl Keywords : Agriculture, 0T, AL IGAP
Keywords :Artificial Intelligence (AI), Advanced Sensing, Material
Development, Co-creation
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Microwave, Millimeter-wave Antennas and Measurement
Technologies

F=AHHAE RN ] (V73 )
Organizer / Chair: Ryo Yamaguchi, SoftBank Corp.

L. =AW T > 7 F Ok
AR HE— EXR)
Design Technologies for Microwave Planar Antennas
Yuichi Kimura, Saitama Univ.

2. IVI/T VT FEETOERE N,
JENZER CGRICTIEKR)

Design Considerations on Millimeter-wave Antennas
Jiro Hirokawa, Tokyo Institute of Technology

3. A 7 aNET v 7 R B
W A (SEER)
Measurement Technologies for Microwave Small Antenna
Toru Fukasawa, Mitsubishi Electric Corp.

4. VT VT F DT O FIE B
i ek (R SEHA R ST 7EIT)
Near-field Antenna Measurement Technique for Millimeter-wave Antennas

Michitaka Ameya, National Institute of Advanced Industrial Science and
Technology (AIST)

H#EIN

5G &I LD LWAERE Y A T 212 B W TR E 8L ASHE
~A4zad- IVET7TVTFFIRP—ECAEBDOLDITRIER
WEEPNE o TwWh, TNHDT VT F2EHTL-OD
Hffr e LT, el B IEBMoOMETH Y &5 S5 HRIFT
BT VT FHMERIIE L, AT —2 Y3y FTE, WHO
<A zad - IVET VT Sk ToMEHEM E R 5,

As several new wireless systems use higher frequency bands, microwave
and millimeter wave antenna technologies are essential to realize these
systems. Not only design but also measurement is key technology for
these new antennas. In this workshop, microwave, millimeter wave
antenna design and measurement technologies are introduced for
microwave and millimeter wave engineers.

F—vU—Fr=Arud, IV, TrTFEEL 7T FE

Keywords :Microwave, Milimeter-wave, Antenna Design, Antenna Measurement
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Microwave Energy for Surgery Application

A=A AR BT (At K)

Organizer - Asako Suzuki, Nagoya Univ.

JiE KRF F (SRR

Chair - Takashi Ohira, Toyohashi Univ. of Technology

1% A 7 OB~ HA—A 7 DTG OMR—
& #e. A EEe, N, Tran Dan Khiem's
BRI (EEERER, 2HE A2
New horizon of Microwave in Medical Field —Invention of Surgery
Assisting Devices Using Microwave Energy—

Tohru Tani', Shigeyuki Naka'?, Atsushi Yamada', Tran Dan Khiem!,
Souichiro Tani'
!Shiga Univ. of Medical Science, 2Hino Memorial Hospital

2. %A 7 TP TAB S S AT PMRI MBS 2 78R Tl
VAT A
Pl psEs, INHEER, & e (H ﬁpﬂ,ﬁﬁﬁi VAT

HPRFER B PR HEBRET - > AT AFFERH FE A, 2k

HIEERER SR IE)
Microwave Surgical Device and Intraoperative MRI realize Ultimate
Surgical System
Shigeyuki Naka'?, Atsushi Yamada? and Tohru Tani?
"Department of Surgery, Hino Memorial Hospital, 2Department of
Research and Development for Innovative Medical Devices and Systems,

Shiga University of Medical Science, *Department of Surgery, Shiga
University of Medical Science

CEORBI ST WSRO B LESE
I (HERZE)
Development for commercializing research result proposed from
“Clinical Field”

Takuji Asano, Market Development Department, Medical Division,
Nikkiso Co., Ltd.

4.23RNVTAAH Y ay
w M GEEERER) . M ks (HEF R Smibe.
B, REFHE (HBEZE) . KF F (BB . A
52 I (BEAK)

Panel Discussion :

Tohru Tani, Shiga Univ. of Medical Science

Shigeyuki Naka, Hino Memorial Hospital and Shiga Univ. of Medical
Science

Takuji Asano, Nikkiso Co., Ltd.

Takashi Ohira, Toyohashi Univ. of Technology

Toshio Ishizaki, Ryukoku Univ.

(9%}
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<A 7 BEOTRNF =BG PIRD > TETB Y TER
MMV AR BF—7— NI A 7 adHETFIEAY
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The microwave energy application is expanding. In recent years
microwave surgical instruments have been attracting attention in
particular with the keyword “bloodless surgical instruments” . In this
session, medical doctors as developers and users, and an engineer
supporting the development talk about R&D history, trends, and
future commercialization.

R — N, w420k, EREAS. T AL
F—TNAR

Keywords :Medical, Microwave, Medical Electrical Equipment, Surgical
Energy Instruments
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V2X Cutting-Edge Techniques Using 5G and other Mobile
Networks
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Organizer - Takahiro Nakamura, Hitachi, Ltd.

Ji e R (HIBRUYE)

Chair * Shigenori Hayase, Hitachi, Ltd.

1. FIBIZBIFA5G/LTEZ V242 5 v FH— O fHA
B ERIE— (NTT R 2€)

Overview of DOCOMO's 5G/LTE Connected Car Trials
Jun-ichi Abe, NTT DOCOMO

2. 5GREROH A Y b7 — 2 & BT O B
WOREE (EKET)

Activity of In-Vehicle network and V2X cooperation in the 5G era
Yasuhiko Nishi, Sumitomo Electric Industries, Ltd.

3.5GEMECZFEHI§ 5 1o s
WL (RRTK)
Coordinated Operation based on 5G Network and Muti-Access Edge
Computing
Akihiro Nakao, Tokyo Univ.

g EIn

HE)E 0 B AR, EiinE OF) ~OSERRILE. 25612
B O T RSN 2 EoFEBUCINT . V2X ¥ A T A DRSE
DD SN T WD, V2XTHW SN LEEBEIZIZ. 20174512
VX B L #E L ASSE T LZ2LTEZZ T T% <, L ) KAER T
JEIEDSGDTHHBE DD SNTH Y. 2021 4E I I3 EFETA
OFEFEDFM I TVD,

AKT—2 gy TTiE. 242275y FH—ORERIIF. dist
JTENSEAE O TEHERANT . MEC % i\ 7= ST B3 0 925 72 &
VXM OB DWW T TR V72724

V2X system has been developed to realize the enhancement of
autonomous driving, advanced information sharing among vehicles,
and multi-vehicle coordinated control. In 2017, 3GPP has finalized
standardization of V2X communication using LTE. Moreover, 5G is
expected to achieve high-data-rate and low-latency communication,
and is now under discussion in 3GPP.

In this workshop, latest trends of V2X technologies, e.g. proof and
challenges of connected car, cooperation of in-vehicle network and
V2X, and demonstration of multiple-vehicle coordinated control
based on MEC, will be explained by professional researchers.

F—J—F:5G, V2X. IAZ Ty Fh—, BREE. Az,
T B A, AR E

Keywords :5G, V2X, Connected Car, In-vehicle Network, Autonomous
Driving, Coordinated Driving Control, and Low Latency
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Advanced Technical Trend and Application Examples of
Wireless Power Transfer

F—AHAY R INAR SR (FalEK)

Organizer / Chair : Masayoshi Yamamoto, Nagoya Univ.

1. A X VABHE RO BT D AHR
JEAHEIL (RO BRLR)

Basics of Wireless Power Transfer and Dynamic Charging
Takehiro Imura, Tokyo Univ. of Science

2. FHW IR TR TA Y VABIER OGS AT 2 E
Z DA FE
g4 (BILK)

Novel Control Concept and Development of Practical Inductive Coupling
Wireless Power Transfer System
Kazuhiro Umetani, Okayama Univ.

3OE/NUEE)ELE Y 74 T4 Y VAR RO IR
IZoWnWT
HBHZEH (F1~Y)
Demonstration Test of Ultra Small Electric Mobility Operation by

Wireless Charging
Yoshinori Tsuruda, DATHEN Corp.

4. BE) Y =7 HA 2 VAT TA X LA AN O FLRESF &
ZOMT A ¥ VAR EFERHNONT
SRR (V=2 2)
Practical Cases on Wireless Power Supply Technology for the Shared

Electric Bicycles and Other Cases
Kenichiro Suzuki, Bellnix Co., Ltd.

[ b3 |

100WZHBZ 574XV AKREY AT HICBITLHMHEE
a—2X7 v 7L, 5%, KIHGBIZE T EDORZRHAM R
BFMENLENITOVTHEMEIT) o S HITHEBEIZY AT AL
JASNFHHNTOWT, HIRIGH 5 5K ERERKR F TOHKIL
HAHHTOWYMAZRA L, SHOFFERKEOSE L F
Z)O

In this session, the technical hurdle and problem of 100W over
wireless power transfer system will be discussed and some application
example of wireless power transfer system such as automotive applications
and home appliances will be introduced. So this session will discussed
from basic principle of 100W over wireless power transfer system to
concrete application examples.

F—T—F:100WHBIA YL AREY AT A, BLRIGH

Keywords 1 100W over Wireless Power Transfer System, WPT System,
Automotive Applications
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TH4A
D—9v3vyJ 9:30-11:30

I BRI DI BB Y

Recent Trend of High-Accuracy Satellite Navigation

F=AFAF W B (ZZEER)
Organizer : Rui Hirokawa, Mitsubishi Electric Corp.
i Raf M (EEER)

Chair * Toru Takahashi, Mitsubishi Electric Corp.

1 MR TARR Y AT 50— ABEEE & AT H S
g (NIRRT
Introduction to Quasi-Zenith Satellite System and Applications
Akira Sato, Cabinet Office

2. PUHGNSSZAE 1 L IMU/SPEED & > & O# & A B RE
fiilzonT
ABAEW] RO R)
Performance Evaluation of Commercial GNSS Receiver with IMU/

SPEED Sensors
Nobuaki Kubo, Tokyo Univ. of Marine Science and Technology

3. A AL AT R Y — R & ERAE AL
BN R (S22
Recent Trend of High-Accuracy GNSS Correction Service and

International Standardization
Rui Hirokawa, Mitsubishi Electric Corp.

4. R PR RETT S AV R RS FE GNS SSZ B B O e J Bl )

w5 Y3I—) + AMY /7 (u-blox)

High Precision GNSS for Mass Adoption in Japan - Trends and Progress
Vladimir Stoyanov, u-blox

[ [Ipi Al |

HAMGPS T 5 HER A ¥ X 7 2 D ¥ — ¥ X H320184F
HAICHE S, GPSHIREZITMA T, ISR %2 ARERIIC
M LS50y — AR SRS T D, FENIE.
GPSIZMZ Ty WKINDOF V) LA, HEODBeidous &, #HE D ¥
AT AHMMEHWHREE o TB Y . WHBAT O FEE L, A5 R
DAL 2 MU - WRTEALIC X Y AB O KIS~ oIS H 23
ENTWD, KT—2 v ay7Tid, BKTAMRE Y AT 2D
FEIRWB X OWRLEA . 2B 77 r— a3 Y oBmE i
3 %,

Operational service of Quasi-Zenith Satellite System (QZSS) started
on November 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—7—F HERAL. GNSS. FAFEENAL., fEHE. GNSS
e

Keywords :Satellite Positioning, Global Navigation Satellite System, High-
Precision Positioning, Satellite Navigation, GNSS Receiver

TH4B
=933y J 14:00-16:00

WETDTERDAKERRT 8717 Db
Microwave Technologies Building the Future of Heating
Process

F—=AFAFEHH e (ELEE TR .. 2802 GUER)
Organizers - Mutsumi Yoshida, Fuji Electronic Industrial Co., Ltd.,
Tomohiko Mitani, Kyoto Univ.

Ji Kol e (ELER T

Chair : Mutsumi Yoshida, Fuji Electronic Industrial Co., Ltd.

1. Development, Application and Challenge of Solid-state RF/
Microwave Generator in RF Energy Field
Larry Li, Ji Hao, Wattsine

Development, Application and Challenge of Solid-state RF/Microwave
Generator in RF Energy Field
Larry Li, Ji Hao, Wattsine

A7 D BIMBA RIS 2 P8R T S A ADE)If)
PRECRIE (S22

Technical Trend of Semiconductor Devices used for Microwave Heating
Iyomasa Kazuhiro, Mitsubishi Electric Corp.

3. TEH~Z 2 har o
RERES (SFV=97)
Trends in Industrial Magnetrons
Nagisa Kuwahara, Panasonic Corp.

4ALETTEAD LY FE=A 7 0 A~ OMIRE
VAR IR (i SEBARHRE S IESERT)
Trend in Chemical Process Control and Expectations for Microwave
Technology

Masateru Nishioka, National Institute of Advanced Industrial Science and
Technology (AIST)

N

g EIn

<A 7 aPEmEE. BNOARLR ST - BT - B IR
FEDOM A BB THHENRT WS, FICEETIE, &l
B ORPUNE L W) = A 7 T INEAOR D S FEEDTBALME
HEME o EE B AVF—MBARE LTHROTHER %
HBLOTVD, KT—27 Y av 7 TiE. <4 7 ainkoKE)
<A 7 aEFE LTHREPSIRPTEL A ERTWE
A ruavo@n, fEEoRuEiR~ A4 Z7aiEiEe LTE
HENTWBPEAERF N, Z0F)H, BLObyE7rat 20w
MO MRS NG~ A 7 ko B B3 % & o Bl
ERNT 5o

Microwave heating has been applied to various fields: chemistry,
material engineering, agriculture, medicine, etc., as well as food.
Recently, microwave heating is attracting attention as an efficient and
energy-saving heating source along with promoting electrification of
industry, owing to its features of rapid and selective heating. In this
work shop session, recent microwave heating technologies will be
discussed focusing on microwave tubes, which have been used
around the world, solid-state devices, which are expected as future
microwave sources with high controllability, and microwave heating
applications from the viewpoint of chemistry.

F—U—FiwAraE, KEH~A 70, KB EAR
BEd:. A7 ulE TS 7TV —5
Keywords ‘Microwave Heating, High-power Microwaves, High-power
Solid-state Amplifier, Microwave Tubes, Applicator
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TH5A
D—9v3vyJ 9:30-11:30

FIHLBIED X 8 771 7 - X5 ZITEiT

Metamaterial and Metasurface Technologies in Practical
Applications

A=A R EREEE OBCOK)
Organizer / Chair: Atsushi Sanada, Osaka Univ.

CESBER R 72 N CRESCER L SR L TH R TE 5/
TYTF
PIATBAR, PR IPRE, S5)ITGE (e 7)
Artificial Magnetic Conductor with Electric Wall and Small Antenna
Available on Metal
Hiroshi Uchimura, Nobuki Hiramatsu and Hiromichi Yoshikawa, Kyocera
Corp.

2.5G/beyond SGOFEIEIZIANT 72 X7 < 71 7T IV OIS
IKHi (NTTR 3E)

Application of Metamaterial Technologies toward 5G/Beyond 5G
Daisuke Kitayama, NTT DOCOMO

3.7 TNV HEEISHDIDDRAY $—7 2 2
St ROt TR)
Meta-surfaces for Industrial Terahertz Applications
Takehito Suzuki, Tokyo Univ. of Agriculture and Technology

4. TECCHIB L2z A SR Y v 7 A5 RN & B 3V P 5
ERBLGDIERE
IS (R SEB AR A SERT)
Extraordinary Transmission by Hyperbolic Metasurfaces with I'-Point
Degeneration at Millimeter-wave Bands

Yuto Kato, National Institute of Advanced Industrial Science and
Technology (AIST)

—

#ZEIn

AROMEDPRE R VERREEZEB T2 AT TV
Pz A 7 0ENS T IV Y HICBT HFEMLD
HEATWD, KT—2 v ay FTIREEELENR 72, A ¥
T T NVONT VT FIREBN. SGINEEAM . T I AV

Ve ) PWEHBAIZOWTRHANT B0

With unique electromagnetic properties which natural materials do not
exhibit, the metamaterial and metasurface technologies recently become
viable solutions for practical applications in wireless communications
at the frequency range from microwave to Terahertz wave. This
workshop focuses on recently developed practical metamaterial and
metasurface technologies and their trends in small antennas, 5G
communications, and Terahertz wave and millimeter-wave applications.

FoT—FIXFIFTUTIN AFKE. NLREHE N7 T

F. SGEA., TNV, BEE R

Keywords :Metamaterials, Metasurfaces, Artificial Magnetic Walls, Small
Antennas, 5G Technologies, Terahertz-waves, Extraordinary

Transmission
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TH5B
=933y J 14:00-16:00

S YW - 7 FNI D Jeililg 7751 2 DgHiE i iy

Recent Technology Trend of Millimeter-wave and THz Bands

F=IFAY AR — LEXEY)
Organizer - Ryuichi Fujimoto, Toshiba Memory Corp.

JiE = (O

Chair : Toshiya Mitomo, Toshiba Corp.

1. 85 M ERPE VT 672 5G NR AR MIMO Xt 28 GHzAit CMOS
T —A P 7 LA RS
Pang Jian, FiHIf— (RRTEKR)

A 28GHz CMOS Phased-Array Beamformer Utilizing Neutralized
Bi-Directional Technique Supporting Dual-Polarized MIMO for 5G NR
Pang Jian, Kenichi Okada, Tokyo Institute of Technology

2.5GEEBTLIVERT V7 H 80— v 7 Hitli
JEEE (N HRAERT)

Antenna and Packaging Technology for 5G Millimeter Wave
Communication
Kaoru Sudo, Murata Manufacturing Co., Ltd.

3. 0.6 DNANKE R 2 E BT AR 2R B L OHIE i %
fif§ % 7276 ~81GHZMF < W FF ¥ ¥ RV %[5
HEMRSLHE, REESA Qi b2 br=2 %)

A 76- to 81-GHz, 0.6° rms Phase Error Multi-channel Transmitter
with a Novel Phase Detector and Compensation Technique
Takeji Fujibayashi and Yousuke Takeda, Asahi Kasei Microdevices Corp.

4.300GHz{fCMOS }7 ¥ 3 —/3
&N JUNZON)

300-GHz CMOS Transceiver
Sangyeop Lee, Hiroshima Univ.

[ b3 |

20204 DO H— ¥ A BIR & HFijCH%E 2 725G T1E28GHZ A O JH I
BAELNTBY, HILVWKRELIVENHOT T r—Ya v
W, LSIA S8y r— VEI T TheA 08 CIG R 2 Wi
PHFEASHED SN TWVWD, 5GD28GHZ D b5 ¥ ¥ =DA%
53, 60GHzAf DMEFELAN, 77GHzAF D HLIRL — 7 — R T F A
MR EMA L NS VY= N 2CMOST O A TERT L2
DOWIERRE LILRIATDbNT WD, AT—2 ¥ a v 7T,
IYPWHR T IANYHFEDOCMOS T A Z Wiz T vy —
NNy I — DRBETI T B B OFN 2 WA S WA 5o

Just before the launch of 5G in 2020, research and development of
28-GHz band LSI, package, and related technologies are actively
progressing toward the new large application of millimeter-wave
band. Not only 28-GHz transceivers for 5G are basically fabricated
using CMOS process, but also transceivers for 77-GHz automotive
radar and terahertz-band are developed using CMOS process. In this
workshop, CMOS transceivers and package technologies for
millimeter-wave and terahertz bands will be widely presented.

F—T—=F 3V TINVY, W YATA, SvF—=Y, TUTH
5G, PV Y=, L=F—, CMOSTat %

Keywords :Millimeter-wave, Terahertz, Circuit, System, Package, Antenna,
5G, Transceiver, Radar, CMOS Process
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TH6A

A2 QRN gy idal - RFFEHCE O TH BHEREL FIF

BEREE 9:30-11:30

FOTLVHGE

Microwave Amplifier Design: From Textbook Basics to
Practicing Designer’s Basics

F—Ir A RINMEF- (REKR)

Organizer : Shuhei Amakawa, Hiroshima Univ.

Wi

R wEE ORER)

Chair - Sangyeop Lee, Hiroshima Univ.

1. <A 7 iR R A D HE
Al S GRORTEER)

Introduction to Microwave Amplifier Design
Noboru Ishihara, Tokyo Institute of Technology

g EIn

CHT LT ES] Li3EhbEIEA | HLUERHELR
VORAFHOBE LWL A Y — LT, ¥4 7 o iEhiiEss
AT NV ETITRNL T3, IR mI2ERasE b JLa
WdhoTI %, RETEEWMMIC E ) 2 ¥ CMOSHER %
DFFT ORI TR L, K¥ETOHERBD BEEAD
[ENERBICENTRVWT VRS VN 2R 200, WMIES
AT ORI L T,

This introductory course in microwave amplifier design starts from
reviewing textbook basics and guides you through essentials of
amplifier design. Given by an expert having years of experience in
III-V MMIC and silicon CMOS IC design in industry as well as
teaching experience in academia, this course will also give some
good tips that are not usually covered by textbooks. The course will
be ideal for students and engineers needing to understand the basics
of amplifier design.

FoU— N7 mPES. RIS, A, R b, O
1t

Keywords :Microwave Amplifier, Gain, Matching, Wideband Design, Low-
Noise Design
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TH6B

BREE 14:00-16:00

I YR > 7z GFEE lr D i 3 By g
Recent Trend of On-wafer Measurement at Millimeter-wave
Frequency

F—AFAY Wl s JiFRAERA (R SEHA RS FET)
Organizer / Chair: Masahiro Horibe, National Institute of Advanced
Industrial Science and Technology (AIST)

1. 5G/6G VT 723 Y Petii 4 > 7 = BRI
JHRHEA O SEHAM RS DL )
On-wafer Measurement at Millimeter-wave Frequency for 5G/6G
Application
Masahiro Horibe, National Institute of Advanced Industrial Science and
Technology (AIST)

2. 5B A 2 2 NERIBAR OIS (¥ 2 A HBIRFIIE
VAT L)
HR M (7+—2772%—)
Introduction of Recent On-wafer Technologies (Autonomous RF

Measurement Assistant)
Toru Sugawara, FormFactor K.K.

H#EIn

IYPHRERIE L —F—, 5G & 512136G OWITERTE - it
BFIFEASET . ¥ AT AEEHIB O THDER RICIED L 734
ADETFYY Y IIPREREE>TWS, LaL. I VEGOF ¥
7 2 NJETIE, WEDTHBNER 7' 10 — T O THlE R
BICKERBEVWEAELTWS, SRIZED, F854 AR% - ¥
AT LIS Z E 2L TBY., TOMIRE LTHiai
WORBBPANKER>TWS, Aty TaryTiE, A rvax
NS 2 BTN 2. B 2 AT o

With the progress of research and development and commercialization
of millimeter wave automotive radar, 5G and 6G, modeling of devices
based on measurement results is mainstream in system design.
However, in the on-wafer measurement in the millimeter wave band,
the measurement results are largely different depending on the
measurement repeatability and the type of the RF probe design. This
causes problems in device development and system development, and
the development of new technologies is indispensable as a solution. In
this session, the latest technologies are introduced in addition to the
basics of on-wafer measurement.

F—T—=FFroznighiill. IV, WERRE. Ta—ToH
END

Keywords : On-wafer Measurement, Millimeter-wave Frequency, Measurement
Reproducibility, Impact of Probe Type on Measurements
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TH7A
& A FEE 10:30-12:00

Bl TiE»E3 1 S/5F X —SHAM

Introductory Course on S-parameters for Designers

F—HFAH : MWE 2019 R EH S
Organizer - MWE 2019 Exhibition Committee

Ji KN (EER)

Chair : Satoshi Ono, The Univ. of Electro-Communications

1.S/85 A—5 O JLBEH%
BRHAFA (7832721
Basic Knowledge of S-parameters
Masato Haruta, Advantest Corp.

2.S285 A — & Oif ]
FREF (28R

Practical Example of S-parameters
Hidenori Ishibashi, Mitsubishi Electric Corp.

3. KRG R

Comprehensive Discussion

H# EIn

<A 7 aERHEOFRFRWETIZ, ST 2 =7 )R flibh
TWh, FEE, MY I 2L —FREHRA Y I 2L —F2%4
RN 5 THBY, ST A—F ZHSTHET 2B
TwhtlEbhd, ZIA, GLHEDSA 7 ajkhlko iz
WFTwbEELETWADH, 2T AFFETHIATIZ, ¥4 271
PWMEIEHE L W E K E T2 EME R~ 4 7 aE Bk %
FoWsE % o, S5 XA =7 ORI OVTHERS,
F720 ST A=Y ZFH LM EZHH L. <A 7 aikhlik
WEtO—INC R B 2 T,

S-parameters are widely used in the design and measurement of microwave
circuits. Recently, circuit simulators and electromagnetic simulators
have become increasingly convenient. As a result, we have less opportunity
to calculate S-parameters. It prevents us from understanding microwave
circuits. In this TH7A session, basic knowledge of S-parameters is
explained for beginners. In addition, examples of S-parameter
calculation are introduced for the purpose of microwave circuit design.

F—T—F:ISHIRA—F FNTFTA—F, ZEHE., WIER, L—
7 VERS B B

Keywords :S-Parameter, F-Parameter, Passive Circuit, Attenuator, Loop
Coupler
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TH7B
EAFEE 14:00-15:30

JEREEHED L S BEALT

How Do Mobile Phones Work?

F—AFAF  MWE 2019 R EHE
Organizer - MWE 2019 Exhibition Committee

Ji o PhkREZ GRS TAER)

Chair - Yasushi Itoh, Shonan Institute of Technology

1. M SEAR D JETE & R E 15 26 1E D FE )
%R %8 (b HRAETT)
Fundamentals of Wireless Communication and Examples of Wireless

Communication Device
Hiroshi Okabe, Murata Manufacturing Co., Ltd

2. e S SE TR I B AT
M B2 O HELERT)
Introduction to Element Circuits for Wireless Communication
Satoshi Tanaka, Murata Manufacturing Co., Ltd

3. KRR R R

Comprehensive Discussion

& ZEIn

P EHRP AT — b7 4 Y OW I K o THHUREIZRE &k
DL olze —hT, HANHEMENREL T MHEHELEE
PEAZED X S IR SN, EDXHITHEIEL TWE R
OWTIE, HITHVASNTIEVEVDTRERWES S Dy
AFEEETHIBTIE, S S NIEREATE, 2EMIE, MEHBEZIL
ML —C 2R Y, A RECRIGEEICEDLZEE
BHBEME R TN, UTICOoWTRFTOIEM 23R 508
b)) Rd T 5o 1) MEHGHARE OILME & HEHTERTIC B
B IERIRREIR DG, 2) RS % HERE 3 % B Il & E OB
Jﬁl:ﬂ()

The spread of mobile phones and smartphones has made wireless
communication very familiar. However, it would not be widely known
how wireless communication devices such as mobile phones are
structured and how they work.

In this TH7B session, the following items are explained in an easy-to-
understand manner with the latest examples. 1) Fundamentals of
wireless communication and examples of wireless blocks in mobile
phones, 2) Element circuits that make up wireless circuits and their
operating principles.

F—U—FEEGBERE, EWERS. 7vy. WIS
PRHEE R I BRI, BN

Keywords : Wireless Communication Device, Mobile Phone, Filter, Power
Amplifier, Low Noise Amplifier, Mixer, Voltage Control Oscillator,
Modulator-demodulator
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FR1A
$eltvyay 9:30-11:30

Blockchain D £ it I8k & & DI
The State of the Art and Application of Blockchain Technology

A=A R A ER (2aY)

Organizer / Chair: Tatsuya Hayashi, Cocon Inc.

1.7y 0 Fr—V b ZNEL 255y NT—2
rRE R (AL 1))

Blockchain and its Backbone Network
Hirotaka Nakajima, Mercari, Inc.

2.7y Fr—rF— YR
RS (2a)

Blockchain and Data Authenticity
Masashi Sato, SECOM Co., Ltd.

3.7y 7 F =V EM OB 5T EHMEE 7543 2R
AN FTakan

fEHAIE (NEC)

Transparency by Blockchain with Privacy Enhanced by Cryptographic
Protocols
Kazue Sako, NEC Corp.

4. 2530V F 4 A Ay ¥ a v i Blockchain DM BLIR & Z Dl
s AR (A AY)
MOEWR (Z3Y)
fEHEREL (2 )
AR (NEC)

Panel Discussion: The State of the Art and Application of Blockchain
Technology

Hirotaka Nakajima, Mercari, Inc.

Masashi Sato, SECOM Co., Ltd.

Kazue Sako, NEC Corp.

Tatsuya Hayashi, Cocon Inc.

m#EIn

Tay rFr—yEMRE LTI, —BHON LT — Ry
DA E D, TORERIDHEB OB, & LTtz
EOBEDPHEATE TS, G E L TH, BERLOK
PITHRLZFOEDMELTETEY ., FH LRI A%
Y ENDL LI HhoTETWE, Aty ¥aryTld, Wit
PODOBMBEE 272 LT, 20194EICB ATy ¥ F 2 —
HMOERBEFHLPICTHETL, 70y 7 F -V id5FT
DHMFEIBROMAE LRI L ZRENLERTH Y. HMRD
BHEZAMROBELTHREZY YIS TH HVDD, FIT/8R L
FAAA Y Va O TiEme kb b EET b,

Blockchain technology has cooled the buzzword enthusiasm. The
movement of examination of the characteristic, the application field,
and standardization is progressing. As a research field, not only the
number of published papers but also the quality has improved. New
applications are being implemented properly. In this session, we will
give a talk on the actual state of blockchain technology in 2019,
including the viewpoint of research. Blockchain is a comprehensive
technology that combines the fields of expertise so far. Talk about the
current situation from the perspective of experts and deepen discussion
mainly in panel discussions.

F—U—F kv bT=2, Wiy, 7avrFo—r, HHEE il

Keywords :Network, Cryptography, Blockchain, Distributed Ledger
Technology, Standardization

19

FR1B
$Rltvyay 14:00-16:00

I VP L — 57— N—F Dz 7D

Latest Trend of Automotive Radar Hardware

A=AHAF B R B (7Y Y—)

Organizer / Chair - Takashi Matsumoto, DENSO Corp.

LRIV P L — 5 — R ELET AB L7 ¥ 7R
HEAZD (B TR)
Beam-scanning Systems and Antennas for Automotive Millimeter-wave

Radars
Kunio Sakakibara, Nagoya Institute of Technology

2. {3 VKL — & —HIMMICORF A @ H P O #E A
BN #GFrv-)
Introduction to an Application Example of RF Testing Technique for

Automotive Millimeter-wave Radar
Atsushi Okumura, DENSO Corp.

H# =N

BIAE, b mBiE Y A 7 MBI, B, CHb,
TEZ WHRIBEICAT) S8 Ty BREEITE VAT ANNY 2T 9T
LTw2, TOHRTREMOEHEZR2T VI L —F—%
AATG, L—=F—, BMEHEEVIRHY . BERHPEELE EOR
BEMICEAEINIZ WL =Y — B D M TRE LTk
H&EhTwb, KU—2 Y3y 7 TiEk, L—F—I1ZBJ A
HEREROBIHE: 2 RS 2BEE ML EON—Fy T
W9 2 S HHA 2 AT %o

Currently, in the advanced driver assistance system (ADAS), the system
backs up safe driving by performing recognition, judgment and operation
with high accuracy. There are many sensors that play a role in recognition
are lasers, cameras, radars, and ultrasonic sensors. Radars are not easily
influenced by weather conditions such as rainfall and back light, and
attracting attention as powerful detection tools. In this workshop, we will
introduce various hardware-related technologies such as radar detection
methods and inspection technologies that guarantee vehicle reliability.

F—J—FHRL—F— N—FYz7. TVFF. E—2AFx
v, MMIC. KAt

Keywords :Automotive Radar, Hardware, Antenna, Beam-scanning,
MMIC, Inspection
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Beyond 5G 2 Z7ADXITE (1K) 7> 7 IR DI DFDTD %
Direction of Beyond 5G System (Tentative) FDTD Technologies for Antenna Design
F—AFAY Wil WATEIS (NTTE 28) (F5) AR B I R (V7R3 2)
Organizer / Chair: Yukihiko Okumura, NTT DOCOMO (Tentative) Organizer / Chair: Ryo Yamaguchi, SoftBank Corp.
1R 1.7V T F ikt D72 DFDTD
(Undecided) AREE GREURITR)
S FDTD Technologies for Antenna Design
2. R5E Takuji Arima, Tokyo Univ. of Agriculture and Technology
(Undecided)
3 ARE
(Undecided) n *P& ; in
7 v rEEHCBw TR, Bk, Y Iab—va v, HEE

DIEHEDBRIPELZVWT O A TH D, ZONT, BRI

Bl E IR EMWAYyIal—ya vy LTOFDTDERMALRY — Ve
VRN . oy v s o = W o = 1 LCIRIEL A LTWbD, KilETIE, 7 v 7 F&EHIFDTD
HEN 5 7= 5 ABEIERE > 2 7 256U Y AT 2L D 2 BB DIEAIE 2 7 % 3

F—Y ARIRICIHNT T, Ay b7 — 27 3E - Z— KRR L
TITNr—3a v - = AMAENIFTIERIE L T 555
—5T, BRIERCHELZ MY B L T & -BEaE T A7
L ORI RS2 D E LT, Hi7zlCBeyond SGIZIANT 7-Hat
BRI N T 5, Beyond 5G (B5SG) ¥ A7 A Tld. 1RO BH)E
B —CADEEALR OS> CThl &k &R L2 L
BFMENE FT 74 v 7~ OB, FrA R HRE %) W)
%7 — SR ORHAL - BEEILR L OBRIIE 2 T < LE e
K. At a YTk, BSGY A7 A0 RFECIET 5 F—U—F:FDTD. 7> 7Rt

I DORHLAIIZOWTRHNTEL PETH 5, Keywords :FDTD Method, Antenna Design

Theory, simulation and experiment are essential process to design any
antennas. FDTD method as simulator is widely and commonly
employed as a strong tool to design antennas. In this basic course, the
fundamental concept of FDTD method for antenna design is introduced
for beginners.

The core parts of international standard specifications has been completed
for the start of service by the initial system of 5G system, and development
of network equipment/user device and creation of appreciations/services
are becoming very active in Japan and the world, on the other hand,
new studies for beyond 5G are also beginning to be aimed at the
continuous evolution of the mobile communication system that has
repeatedly evolved over a period of approximately 10 years. It is supposed
that the beyond 5G (B5G) system need to respond to the traffic
demands that are expected to continue to increase with the advancement
and expansion of future mobile communication services, and to meet
the demand for e.g., higher throughput/reliability/efficiency of radio
access that delivers various types of user information. In this session,
the direction of BSG system and related latest activities will be introduced.

¥ —17—F :Beyond 5G/B5G. K%, Wil - WSHUE - Mahsk
LT 7 2 A

Keywords :Beyond 5G/B5G, High Capacity, High Data Throughput/
Reliability/Efficiency Radio Access
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Recent Trend of Wireless Power Transfer/Transmission
Technology for Drones

F=HHAF AEARKE (7Y —)
Organizer : Kunihiko Sasaki, DENSO Corp.

JiE K BOMTHE (6AEK)

Chair : Yukio Yokoi, Takushoku Univ.

L FE—=2I2X 54 ¥ 7 7R & e sk Heh
HEH W GBI R =T 7 R)
Infrastructure Inspection by Drone and Wireless Power Transmission

Technology
Hiroshi Hamada, Tokyo Electric Power Company Holdings, Inc.

2. BRMEHAWPTICE S N O —V HB B AT — 5>
BANE] (BHAGHERER)
Capacitive-Coupling Wireless Power Transfer for Automatic Drone

Charging Stations
Satoshi Tsukamoto, Toyohashi Univ. of Technology

TR AT O — BRI T A v L AT Bl
M — ()

Inductive Wireless Power Transfer for UAV Battery Charging
Shuichi Obayashi, Toshiba Corp.

4. A7 B PR AT RATHO F O — o~ D MHE A%
Bt
AR (SEER)
Wireless Power Transmission Technology to In-flight Drone with Microwave
Yukihiro Honma, Mitsubishi Electric Corp.
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Recently, drones applied to various industrial fields such as monitoring,
observation, agriculture, forestry and fisheries, distribution, photography,
etc. are expanding, and establishment of a rapid and large-capacity
charging station has become a key technology of utilization expansion.
In this session, we will introduce the latest technology for wireless
power transfer for drone, which is being promoted as the Strategic
Innovation Promotion Program (SIP) of the Cabinet Office.

F—U—F:IAYVRAENEE. Fu—r, BREAT—TYar,
BHREA. BAEA. ~f7adk. 13.56MHz %
6.78MHz4ii\ 85k HzAif

Keywords :Wireless Power Transfer/Transmission, Drone, Charging
Station, Capacitive Coupling, Inductive Coupling, Microwave,
13.56 MHz Band, 6.78 MHz Band, 85 kHz Band
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Wireless Communication Technologies for Future Factories

F—HFAH IAFE— (NEC)
Organizer : Kenichi Maruhashi, NEC Corp.
Y& R WiEHE () vd =124 vay)

Chair : Akihiro Amagai, Sanritz Automation Co., Ltd.

L TH 074X LA LR HEAE S B K A DI
HE K (REBH)
Efforts for Promotion of Wireless Factory
Dai Tanabe, Ministry of Internal Affairs and Communications (MIC)

2. THZEMNC BT 5920MHZ-60GHZ IR BE S I 2L —V 3
L BIYIZLAED I LA
IR (S FV=v7)
Wireless Environment Simulation and Experimental Efforts Using

920MHz to 60GHz in a Factory
Kenshi Horihata, Panasonic Corp.

3 BB B MR Y MY — 2 ORBIELOI) fA &
T—AVSGIfICIT T
Pemti— (E )
Approaches to High Reliable Wireless Networks in Factory Sites and toward

Local 5G Utilization
Shinichi Sato, Fujitsu Ltd.

4. 34 7 O PR IHRREZ N CTZFATNT & > S O F AL~ T
7210 LA
BIRPW (Fauy)
Approach toward Practical Application of Sensors for Factory Automation

Utilizing Microwave Power Transmission
Tetsuya Nosaka, OMRON Corp.
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ENTWD, KT—2 a3y 7 Tld, SEBIYCHMAH 2 e
T H720DBURR, WL SN D MHGERE. T—AIV 56D HIfE,
HERRTE IR L DOHAM PR DWAHLAZ I T %o

In recent years, due to serious labor shortages and work style reforms,
drastic changes in the operation of manufacturing sites are required.
IoT technology is being introduced to improve productivity with
automation and labor saving. Installation of more sensor systems,
moveable objects i.e., robots and automated guided vehicles, instruction
and monitoring devices for workers, etc. is getting popular, and thus
utilization of wireless technology is expected to exchange information
and power among such devices. In this workshop, policies to promote
wireless use at manufacturing sites and activities for technological
development of required wireless communication, expectation toward
local 5G utilization, and wireless power transmission are discussed.

F—7—NF:ToT. MY AFA, T8, BEB. 518 M
WG ERENER. kv s

Keywords :IoT, Wireless System, Factory, Manufacturing Sites, Dependable
Wireless Communication, Wireless Power Transmission, Sensing
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Latest Trend of Magnetics for Needs from Electronics,
Information, and Communication Engineers

A=A FAY, BERe EILIES: (R EHFZEIT)

Organizer / Chair: Masayuki Naoe, Research Institute for Electromagnetic

Materials

1. PN 7B A X WITAR O 1238 3% 35 A AR R
FH A B GRKEK) . &=k A% GeR)
Conductive/Inductive Noise Suppression of Magnetic Film-Type Noise Suppressor
Sho Muroga, Motoshi Tanaka, Akita Univ., Yasushi Endo, Tohoku Univ.

2. BRWA 257 5 B OTD OERIEERY 32V =Y 2 v EAIL L AT Rt

HOKAEG, RN (Bm) . P B ESnare)
High Accuracy Magnetic Field Simulation for High Frequency Inductor
Design and Shape Optimization by Al

Koichi Shimizu, Atsushi Furuya, Fujitsu Ltd., Satoshi Shimokawa,
Fujitsu Laboratories Ltd.
7254 MR EIEH LI A~ =17 4 VIVNIE S UHE 7 ¥ 7 F Oits
IAREFE, FEHLE (LK)

Design of Compact Wideband UHF Antenna Using Ferrite Material for Smartphone
Setsuo Yamamoto, Hiroki Kurisu, Yamaguchi Univ.

4. RBEINIAXVABINEE Y AT LI BIT SR T
AR M. BERIERR ORE)

Magnetic Core for High-Power Wireless Power Transfer System
Tetsu Shijo, Masatoshi Suzuki, Toshiba Corp.
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The magnetics are abundantly used for the engineers who are active in
MWE (APMC) and IEICE, but are a “supporter” compared with the
electronics such as an electric field and a dielectric material. The members
of “Investigating R&D Committee on Practical Applications of High-
Frequency Magnetic Materials, IEEJ” have introduced the cutting edge of
high-frequency magnetic materials and their applications for MWE since
last year, and have focused on the microwave frequency range last year.
Here, this workshop focuses on the latest technologies having needs in
consumer use, such as electromagnetic noise suppressions for high-
frequency equipment, high-accuracy electromagnetic simulations,
compact antennas for mobile equipment, and high-power wireless power
transfers. The authors will explain on those from the viewpoint of magnetics.

F—U—F @R, A KWL BRI TV T R
YIalb—var, NLANE (AD. FEHMGETE. i
MEIRE, 5G

Keywords :Magnetic materials, Noise Suppression, Electromagnetic
Compatibility, Antenna, Magnetic Field Simulation, Artificial
Intelligence (AI), Contactless Feeding, Wireless Power Transfer,
5G
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Recent Trend of Millimeter and Terahertz Bands Application
Systems

FA AR M R (3 =9 )

Organizer / Chair: Junji Sato, Panasonic Corp.

1.60GHZIVPEDOVIX#H VWF &R
KB (3FV=92)
Progress and Perspective of 60GHz Millimeter-wave V2X
Hiroyuki Motozuka, Panasonic Corp.

2.Beyond 5G Z &M L7275 )V I R BAS IV s T
Hedbi
Pp3iF .2 (NTT)

Ultra-high-speed IC Technologies for Terahertz Wireless Communications
towards Beyond 5G
Hideyuki Nosaka, NTT Corp.

3. T TN EMIC L DN F AT Ny T
AR RO BRR)

Biomedical Sensing Using Terahertz Technology
Kyoya Takano, Tokyo Univ. of Science

| [ip =l |
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R ERE Y Y U I KB RHE - N A A I DISH AR S
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With the development of device technology in millimeter wave and
terahertz wave bands, various applications have been developed. In the
millimeter wave band, demonstration experiments of V2X (Vehicle to
Everything) communications using 60GHz band are in progress. On the
other hand, terahertz bands can use a wider bandwidth than millimeter
wave bands. So, touch download system by ultra-high speed wireless
communication of several tens Gb/s and Bio medical applications by
high resolution sensing are expected. In this workshop, recent topics of
these movement will be discussed.

F—7—=F:13IVWE. TINVY, V2Xil#fE. Beyond 5G. ATA
2 T

Keywords :Millimeter-wave, Terahertz, Vehicle to Everything Communication,
Beyond 5G, Biomedical Sensing
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State-of-the-Art of EMC Technology ~ GHz-Range
Unnecessary Radio Wave Radiation by Fast-Switching Inverter
Equipment and Its Impact on Mobile Receiver Sensitivity ~

F—= A INEERE GRAEK)
Organizer - Masahiro Yamaguchi, Tohoku Univ.
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Chairs - Masahiro Yamaguchi, Tohoku Univ., Makoto Nagata, Kobe Univ.

LICF v 774 X PP s Ak & AIAR B B A S
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Magnetic Powder Composite Noise Suppressor for IC Chip and Invasive
Near Field Measuring System
Masahiro Yamaguchi, Tohoku Univ.

.GaNFHZFZ V7oK B IR H AR RS 27 4
IR HASZ (RRRATRE 1-3%)

High power Wireless Power Transfer System Using GaN Devices
Yasuyuki Okiyoneda, Showa Aircraft Industry Co., Ltd.

3. I =S B L O TR £ 28 A VRO T35l
AR E(RER)
Interference of Unnecessary Radio Waves Near Inverter Power Devices

on Mobile Communications
Makoto Nagata, Kobe Univ.

4. GHZTHIET % /4 A — M lotaA V3 =5 B b OREE B O W)
HEREE— (b—F>)
Suppression of Unnecessary Radio Wave Radiated from Inverter Equipment

Using Noise Suppression Sheet for GHz Band
Koichi Kondo, Tokin Co.
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The coming 5G mobile communication system will employ higher
frequency carrier up to the SHF band to accommodate the ever expanding
communication traffic. There is a big concern on ‘desensitization’ of
receiver circuit that hinders the stable operation of the mobile communication
system. This would occur when a fast switching SiC and GaN inverter
equipment will be used in the vicinity of telecommunication equipment.
This workshop will systematically discuss; (1) overview and technology
to suppress the influence of unnecessary radio waves in the mobile terminal
receiver, and noise source analysis technology using a portable magneto-
optical probe, (2) Development of WPT and inverter equipment using SiC
and GaN devices, (3) Unnecessary radio wave measurement system for the
vicinity of WPT and inverter equipment & diagnosis system of LTE class
receiver sensitivity, and (4) New noise suppression sheet technology to suppress
the generation and propagation of harmonic noise at the noise sources

sics simulation techniques for high frequency electromagnetic and circuit
analysis will be discussed focusing on interaction between electromagnetic and
heat transfer, and thermal effect of active elements on RF circuit performance.

F¥—7—F:GaN., WPT, YR 7u—7, ZfEMiE. 7254
IVRI Y b 24 XP =1

Keywords :GaN, WPT, Magneto-optical Probe, Receiver Sensitivity,
Ferrite Composite, Noise Suppression Sheet
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Substrate as Thermal Path in High Power Devices

A=A FAY VR EAREE (RRUTEER)

Organizer / Chair: Yasuyuki Miyamoto, Tokyo Institute of Technology

1. MR GaN HEMT O 2k it
FEMZ (ELETL)
Thermal Design of GaN HEMT for Base Station
Kazutaka Inoue, Sumitomo Electric Industries, Ltd.

2. FEMUIEEHANIZ & BInP-HBT DR ME S & 45 Pk 1f) |
FE&K (NTT)

Improvement of Heat Spreading and Electrical Performance on InP-HBTs
by Transferred-substrate Technology
Yuta Shiratori, NTT Corp.

CRAE MO Y b & R EAIT
BB ZUEMER (WIEK)
Bonding of Different Substrates and the Thermal Resistance Generated at

the Interface
Mu Fengwen and Tadatomo Suga, Meisei Univ.
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To obtain high output in the power amplifier, it is major problem to
design the thermal path from the substrate side. As the efficiency
generally decreases as the frequency increases, it is expected that the
problem will increase in the future. Here, we will explain substrate
selection in GaN HEMTs, replacement of sub-collector layers in InP
HBT and bonding of different substrates and the thermal resistance
generated at the interface.

FoU—F:iF—T—=F G A, EBGRIR, EHED G
b JH DT

Keywords :Gallium Nitride (GaN), Substrate Selection, Bonding of Different
Substrates, Thermal Resistance at the Interface
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Design Theory of Microwave & Millimeter Wave Filters : From

Fundamental Theory to Advance Theory

F=AFAF MR AR (FHRER)

Organizer / Chair: Takashi Shimizu, Utsunomiya Univ.

1. 74V 5 OILBER T “IRBFEAE R 7 4V & DR
T (PR ER)

Fundamental Design of a Bandpass Filter “Design Method of a Direct-
coupled Filter”
Yoshinori Kogami, Utsunomiya Univ.

2. 74 NI DISHEGET “BREEEZ R o727 4V 7 3EE
T
Advance Design of a Bandpass Filter “Design Method of a Functional

Filter”
Hiroyuki Kayano
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Microwave and millimeter wave filters are one of the basic components
for wireless communication systems. Various design methods and
realization methods have been proposed for a long time. As a tutorial
for beginners, this session introduces design method of a microwave
filter from classical design theories to recent advance theories with
several design and fabrication examples.

FoU—FoBGEME 7 vy, REFEER, AT HhETE.
~Azaik. IV

Keywords :Band Pass Filter, Design Theory, Design Method, Functional,
Microwave, Millimeter-wave
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Trends of High Efficiency, loT and Resource Sharing
Techniques of Wireless LANs
~ Standardizations Activities in the IEEE 802 Committee ~

F=HFAY W B (NTT)

Organizer / Chair: Yasuhiko Inoue, NTT Corp.

1.1EEE 802.1 1R LAN D REHEAL B i) & 802.11ax
FELRE (NTT)

Standardization of the IEEE 802.11 Wireless LANs and the IEEE 802.11ax
Yasuhiko Inoue, NTT Corp.

2. FENMLDSHETALTE ). BHBEEHLAN IEEE 802.11ah®
By
Bk (B Erg)

Trends on the IEEE 802.11ah — the Low Power, Long Range WLAN
Toshi Hasegawa, Yokogawa Electric Corp.

3. 7 VI Y AR BT BRI B I D70 O R BEH A
JLIRFE— (B TR

Basics of Resource Sharing Technique in the Unlicensed Spectrum
Shoichi Kitazawa, Muroran Institute of Technology
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The IEEE 802.11ac devices have enabled a gigabit class data transfer
using the wireless LAN. In the meantime, the IEEE 802 LAN (Local
Area Network)/MAN (Metropolitan Area Network) Standards
Committee is working on the standardizations of next generation
LAN/MAN systems. The IEEE 802.11 working group is working on
the next generation wireless LAN standards. In this session, overview
of wireless LAN standardization in the IEEE 802.11 working group is
briefly introduced. Following the first presentation, the low power-
long range wireless LAN, the IEEE 802.11ah system is introduced
highlighting the recent activities of an industry alliance. Finally, the
standardization activities related to the resource sharing technique in
the unlicensed spectrum which is an emerging issue for the wireless
systems operating in the unlicensed spectrum.

F—7— F R IARIGRLAN, BEEAL, 0E))- REEIEHLAN,
ki eidiil

Keywords :Next Generation Wireless LAN, Standardization, Low Power-
Long Range WLAN, Resource Sharing in the Unlicensed
Spectrum
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Basis and Practice for Microwave Radar

F—HFAH : MWE 2019 R EH S
Organizer : MWE 2019 Exhibition Committee
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Chair : Hidehisa Shiomi, Osaka Univ.

L.wA 7l —F—DILPEM G
B A i GRARR)

Fundamentals of Microwave Radar
Takuya Sakamoto, Kyoto Univ.

2. %A 7 0L —F—OXR LB~ DI
M ER GHIFER)
Meteorological Observation Radar
Takuo Kashiwa, Furuno Electric Co., Ltd.

3. MR
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The microwave radar has the ability to remotely measure the various
information such as distance, velocity, position and shape of a target
object. In recent years, with the spread of application fields, there is an
increasing opportunity for engineers in various fields to use the radar.
In this FR7A session, the fundamental theory, hardware, and signal
processing of microwave radar will be explained to non-experts in an
easy-to-understand manner, and the application of a pulse Doppler radar
to meteorological observation is further explained.

F—U—F:L—=F—hfN. L=y —ReWnER., L—y—3%
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Keywords :Radar Range Equation, Radar Cross Section, Radar Equipment,
Radar Signal Processing, Unexpected Strong Rain
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Tutorial Lecture Regarding Maxwell’s Equations for EM
Simulator Users

F—=HFAFIEICE L2 b2 A¥ 32— a VIfEs
MWE 2019/ " EH &
Organizer - The Technical Committee on Electronics Simulation Technology, IEICE
MWE 2019 Exhibition Committee

Ji K AfEHN (Z2ER)

Chair - Hidenori Ishibashi, Mitsubishi Electric Corp.

LAEBRY IV —F2—F—lloTOR v 7 ATz VTR
DFFLARNE
AFFE] (1K)
Benefits of Understanding Maxwell's Equations for EM Simulator Users
Hideaki Kimura, Chubu Univ.

2. %7 AT 2 VHBRAD S LEHA Y I 2L —Ya v 0
LA A DB &
FIH (i)
Structure of EM Simulation Starting with Maxwell’s Equations
Jun Sonoda, National Inst. of Tech. Sendai College

3.9 7 AT 2 VITRERP HESEHAY I 2L —T a VR
L 2O H
BRHEAT (R ST E 22T
BEIES (7 850 72 M)
Learning from Maxwell’s Equations: A Failure and Countermeasure
Study of EM Simulations

Masayuki Asanuma, Kozo Keikaku Engineering Inc.
Masayuki Kimishima, Advantest Lab.
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EM simulators are a very common tool for various technical areas of
electronics, including wireless communication systems and circuit
design. The user can carry out EM analysis by using a commercial
EM simulator without being detailed knowledge of electromagnetic
field theory. In this tutorial session, FR7B argues about the benefits
of understanding Maxwell’s equations for EM simulator users.

FoU—FBERAYI2L—Var, vy rAvo VR, BIR
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Keywords :EM Simulation, Maxwell’s Equations, Boundary Conditions
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Microwave Exhibition 2019 will be held at Exhibition Hall D in Pacifico Yokohama as a part of MWE 2019 from Wednesday Nov. 27 to Friday Nov.29. More than
400 microwave-related companies from all over the world will exhibit their latest products. Some sessions of the Microwave Workshops 2019 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 (https://www.apmc-mwe.org/).
We are looking forward to seeing you at Microwave Exhibition 2019 in Yokohama Japan.

HREEEI—

Technical Seminars presented by Exhibitors of Microwave Exhibition 2019

11H27H (k) 14:00,15:00, 16 :00% V), %45%
Wednesday, November 28 From 14:00, 15:00, 16:00, 45 minutes for each session.

11H28H (A) 13:00,14:00, 15 :00, 16 :00& V), $45%"
Thursday, November 29 From 13:00, 14:00, 15:00, 16:00, 45 minutes for each session.

11H29H (&) 13:00, 14 :00,15:00& Y, %45%
Friday, November 30 From 13:00, 14:00, 15:00, 45 minutes for each session.

BRA—IVHER¥EEIF—4Y In Exhibition Hall D

BORZOMERALDS PP - BT BIT 25K 4 & ONTHANIIZE - IO BRICB 3 2 i 2 TV E 95

V7 b 7 REHNEAN & S SRR R FEL TV E S,

BB, 77T AONFEIZDOVTIE, F—A2X— (https://www.apme-mwe.org/) & TZH L 7ZE 0,

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 ggll be scheduled for three days to cover various technical topics. Detailed program has been released in our website (https://www.
apmc-mwe.org/) .
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T4 x—"J# |I-WAVE CORP. (R B L - BB - MBHEATRTRRT EF AR

WF7A - ITL->— |-M-C,LTD. ELECTRONIC NAVIGATION RESEARCH INSTITUTE

71 EFH Al ELECTRONICS, LTD. HhRr—K-v47875y 76 CASCADE MICROTECH

723y ki ASCOT CO., LTD. HyIX—=% 927277 /OY—Z COPPER MOUNTAIN TECHNOLOGIES

74> KR ADAMANT CO., LTD. REIREFICAHRRE

747 RUAEHBEERK ADAMANT NAMIKI PRECISION JEWEL CO., LTD. KANTO ELECTRONICS APPLICATION AND DEVELOPMENT CO., LTD.

7 K7+ L X M ADFOREST INC. RIFEE T T4M).TSSH) KANSAI DENSHI INDUSTRY CO., LTD. / TSS CO., LTD.

7F+A7YJ - FINA X ANALOG DEVICES, INC. BIFE~ A > R KANSAI PAINT CO., LTD.

#7 L5 v 7 X AMTECHS CORP. %—1L# KEYCOM CORP.

@7 —I7> Ko — RE&KCO., LTD. *—H1b-77/0Y—# KEYSIGHT TECHNOLOGIES

RFtestLab) RFTESTLAB CO., LTD. WFv> Ky 77X XFLX CANDOXSYSTEMS INC.

RF Morecom Corea Co., Ltd. RF MORECOM COREA CO., LTD. HEIAI2=—2 3> (BN Ty 70—V LY bAZ T XEK)

FIET Y 7#) ARUMOTECH CORP. KYOSHIN COMMUNICATIONS CO., LTD.

7> 1) J#) ANRITSU CORP. WREZSH KYOKUTO BOEKI KAISHA, LTD.

E&GCI> Y =71 > 7@ E&C ENGINEERING K.K. #2472 QUALTEC CO., LTD.

@< +—hO> INNERTRON CO., LTD. 75 E k> GRAVITON INC.

1 /5 7# INNOTECH CORP. SHAIT> Y =7 ULV RF LM KEISOKU ENGINEERING SYSTEM CO., LTD.

1 —70O=% X EPRONICS CO., LTD. KOA#) KOA CORP.

#~v1+Z WICERA CO., LTD. A EETERZRAT  KOZO KEIKAKU ENGINEERING INC.

WIPL-D(APAN), INC. WIPL-D (JAPAN), INC. ¥ ESEFF KODEN ELECTRONICS CO., LTD.

WIN Semiconductors Corp. WIN SEMICONDUCTORS CORP. MEAZ KOBE UNIV,

Y T4~y 72X WAVE+X INC. JZEYH—F# COSMO RESEARCH CORP.

AEC 2% 7% AEC CONNECTORS CO., LTD. Komax Japan#) KOMAX JAPAN K.K.

#MI—1—7+1— AETINC. #3425 7~ COMCRAFT CORP.

T FI% EIGHT KOUGYOU CO., LTD. 1—->X77/0Y—@ CORNES TECHNOLOGIES LTD.

#HAMT  AMT, INC. WHBR L SU1ERT  SAKAGAMI SEISAKUSHO LTD.

#WIX-1—-7—J S.ER CORP =544 SANEI-KIKAI CO., LTD.

AWR Japan®) (>3 F I > XYL A LY) =HETTHEM SANEIDENKI KOGYO LTD.
AWR JAPAN K.K. (NATIONAL INSTRUMENTS) @4 > 4> SANKEN CORP.

NEL Frequency Controls, Inc. NEL FREQUENCY CONTROLS, INC. W X7y 7Y —F4>%2 SYSTEC RESEARCH INC.

NECX v h7—% + £ ## NEC NETWORK AND SENSOR SYSTEMS, LTD. BT MITSUBISHI ELECTRIC CORP.

NSI-MI< v /824  NSI-MI JAPAN CO., LTD. EEREABATIIRA

NXPS /N, U Fv— RV« P—ILITE—FT 4 — - Y v/ SHANGHAI HUAXIANG COMPUTER COMMUNICATION ENGINEERING CO., LTD.
NXP JAPAN LTD. / RICHARDSON RFPD JAPAN @I JUNKOSHA INC.

IXEASIZEH NPS,INC. #HE%F SHOSHIN CORP.

IL-T7—IITE M-RF CO., LTD. BRIFRATHET 20 SHOWA AIRCRAFT INDUSTRY CO., LTD.

I L -1 —- I MELINC. BXEEHY —E M SHINKO PHOTO SERVICE, INC.

IL-I—-Yz—@ MAJCO, LTD. T M) SUSUMU CO., LTD.

LPKF Laser & Electronics#) LPKF LASER & ELECTRONICS K.K. FRESITEK SUMITOMO ELECTRIC INDUSTRIES, LTD.

i BEEMZA  OSHIMA PROTOTYPE ENGINEERING CO., LTD. 3D Glass Solutions Inc. 3D GLASS SOLUTIONS INC.

WFUI> hvs20%1—7 ORIENT MICROWAVE CORP. RIMEST%6) DAIKEN CHEMICAL CO., LTD.

2% 7 v 78 TAKITEK KK.
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#ZEE)IIEF TAMAGAWA ELECTRONICS CO., LTD.
#ZEET /N4 X TAMADEVICE CO., LTD.
hREFH CHUO ELECTRONICS CO., LTD.
hREFTEMB CHUO DENSHI KOGYO CO., LTD.
71 TXIT XY /¥ TSSJAPAN CORP.
M7« IZX7~/0Y— DIGITAL SIGNAL TECHNOLOGY, INC.
dSPACE Japan(#) dSPACE JAPAN K.K.
7% hAZ% X TEKTRONIX JAPAN
#7542/ 70—7 TECHNOPROBE CO., LTD.
{#7 /N1 X DEVICE CO., LTD.
REFEBRT7EI - 3 M) REEEM

TOKYO KEIKI AVIATION INC. / TOKYO KEIKI INC.
RRAEHERE TOTOKU ELECTRIC CO., LTD.
RZ 7w 789 TOSHIBA TEC CORP.
HRALKF  TOHOKU UNIV.
5T 7 =75 TOYO CORP.
R#AT ¢ v 78 TOYO MEDIC CO., LTD.
# ~h—%> TOKIN CORP.

EH#EZEM NAGASE & CO., LTD.

BAIV—257 75140 NIPPON AIRCRAFT SUPPLY CO., LTD.

AL NGK SPARK PLUG CO., LTD.
HAES—T%# NIPPON PILLAR PACKING CO., LTD.
HADI7# W. L. GORE & ASSOCIATES, CO., LTD.
HASEKEH NIHON KOSHUHA CO., LTD.

BAEEIZEH NHON DEMPA KOGYO CO., LTD.

AARF 2 3FIb1 XY ILA YR NATIONAL INSTRUMENTS JAPAN CORP.

HAZ 7 1 7V NIHON RADIALL K.K.

=2 —A2WAIRTrIANZXa-KL—-3>
NEW METALS AND CHEMICALS CO., LTD.

7 X7 L NEXTEM CORP.

/7 77 /02— NOAH TECHNOLOGY CORP.

#EFET 7/ NODA TECHNO CO., LTD.

BIAS CIRCUIT BIAS CIRCUIT

INA LR HISOL, INC.

/N1 72 /82— H-TECHNOLOGY TRADING, INC.

Park Electrochemical Corp. PARK ELECTROCHEMICAL CORP.

WINFYZw I RT LRy bT— T ARREMERR
PANASONIC SYSTEM NETWORKS R &D LAB. CO., LTD.

NYILEY 78 HAYASHI-REPIC CO., LTD.

E—7+«—IL# PTMCORP.

777 v K#® FARAD CORP.

T4 —LT77%2—# FORMFACTOR, INC.

#7 JER FUJI DENKA INC.

HRFEEH FUSOH SHOJI CO., LTD.

#FC&BHE) FURUKAWA C8&B CO., LTD.

Frontlynk Technologies, Inc. FRONTLYNK TECHNOLOGIES, INC.
NAF /89— VEGA TECHNOLOGY INC.

X742 —+t33 ) VECTOR SEMICONDUCTOR CO., LTD.
A1) x> w8 HUANG LIANG JAPAN CO., LTD.
MICROWAVE VISION MICROWAVE VISION
v{4sa9t—777% hJ—# MICROWAVE FACTORY CO., LTD.
AXH) MARUBUN CORP.

3y VM MITS ELECTRONICS

=%EH SPC ELECTRONICS CORP.

="V MITSUNAMI CO., LTD.

=EEFERI LI =-71U 7 SPCELECTRONICS CORP.
REBESH MIDORIYA ELECTRIC CO., LTD.

®3I=#—%v h33/A\7Y MINI-CIRCUITS YOKOHAMA, LTD.
ZEEHH MEIHO ELECTRONICS CO., LTD.

METALLIFE, Inc. METALLIFE, INC.

#E—7v % MODECH INC.

#ZFHE7 v 7@ MORITA TECH CO., LTD.

IUTF~7 17U YAMASHITA MATERIALS CORP.

17 T U¥EHER  YUETSU SEIKI CO., LTD.

=34+ YOKOWO CO., LTD.

LANJIAN ELECTRONICS LANJIAN ELECTRONICS

#REE4E  RIKEI CORP.

EES5EM RIKEN DENGU SEIZO CO., LTD.

HSRHEZRGH  REPIC CORP.

AY+—ZXY v/ 4 >0—KL—7Fv K ROGERS JAPAN INC.
A—=F 227y - Yv /¥ ROHDE & SCHWARZ JAPAN
7 HEPEFR - WAKA MANUFACTURING CO., LTD.

FINEIETHEH WAKOH COMMUNICATION INDUSTRIAL CO., LTD.

[#4 - HiRa—F—]
ATIEMC /BBTE HFEHRERAR

ELECTROMAGNETIC ENVIRONMENT TECHNOLOGICAL INFORMATION MAGAZINE

TRIVY A — h X =23 C$iE#  APERZA INC. / AUTOMATION NEWS

W1 >aL EWETOXY MFE INCOM CO., LTD.
CQHifR#E RF7—JL K CQ PUBLISHING CORP.
(=) ETHFMAREFS IEICE

IEEE MTT-S |EEE MTT-S
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A1 MICROWAVE LTD.

AARONIA AG

ACCEL-RF CORP.

ACCUBEAT LTD.

ACEWAVETECH CO., LTD.

ACST GMBH

ADMOTECH INC.

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

ADVANCED MICROWAVE, INC.

AEMI

AEROCOMM

AEROTEK CO., LTD.

AET ASSOCIATES, INC.

AFT MICROWAVE GMBH

AGILE MICROWAVE TECHNOLOGY INC.

Al TECHNOLOGY, INC.

A-INFO INC.

AKON INC.

ALDETEC, INC.

ALTAIR ENGINEERING, INC.

ALTAIR TECHNOLOGIES, INC.

ALTRONIC RESEARCH, INC.

AMERICAN MICROWAVE CORP.

AMERICAN TECHNICAL CERAMICS

AMPERE INC.

AMPLEON

AMPLITECH, INC.

ANADYNE, INC.

ANAPICO, LTD.

ANAREN COMMUNICATIONS CO., LTD.

ANOKIWAVE INC.

ANTENNA RESEARCH ASSOCIATES INC. (ARA INC.)

ANTERAL

API TECHNOLOGIES CORP. (INMET & WEINSCHEL)

API TECHNOLOGIES CORP. (MARLBOROUGH)

APOLLO MICROWAVES LTD.

APPLIED SYSTEMS ENGINEERING, INC.

AR MODULAR RF

ARRA, INC.

ART-FI SAS

ARTWORK CONVERSION SOFTWARE, INC

ASTRONICS TEST SYSTEMS

ATLANTA MICRO, INC.

ATLANTIC MICROWAVE LTD.

AVX CORP.

B&Z TECHNOLOGIES

BARRY INDUSTRIES INC.

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.

CANQIN TECHNOLOGY

CARLISLE INTERCONNECT TECHNOLOGIES

CARLISLE INTERCONNECT TECHNOLOGIES - TENSOLITE /
CONNECTING DEVICES INC.

CARLISLE INTERCONNECT TECHNOLOGIES - THERMAX,
JERRIK, TRI-STAR

CEYEAR (CHINA ELECTRONICS TECHNOLOGY
INSTRUMENTS CO., LTD.)

CHARTER ENGINEERING, INC.

CICOR

CINCH CONNECTIVITY SOLUTIONS

CIROCOMM TECHNOLOGY

C-LEC PLASTICS, INC.

CML ENGINEERING SALES, INC.

COBHAM ADVANCED ELECTRONIC SOLUTIONS

COBHAM EXETER

COBHAM MICROWAVE

COBHAM MICROWAVE(CHELTON TELECOM AND
MICROWAVE)

COBHAM SIGNAL & CONTROL SOLUTIONS, EATONTOWN

COBHAM SIGNAL & CONTROL SOLUTIONS, PLAINVIEW

COBHAM-CONTINENTAL MICROWAVE & TOOL CO., INC.

COBHAM-LANSDALE

COILCRAFT, 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, ANTENNA SYSTEM DIVISION

CPI LLC, BEVERLY MICROWAVE DIVISION

CPI LLC, COMMUNICATIONS & MEDICAL PRODUCTS
DIVISION

CPI LLC, MICROWAVE POWER PRODUCTS DIVISION

CPI LLC, SATCOM DIVISION

CRANE ELECTRONICS, INC. MICROWAVE SOLUTIONS

CROVEN CRYSTALS, WENZEL INTERNATIONAL, INC.

CST-COMPUTER SIMULATION TECHNOLOGY AG

CST-COMPUTER SIMULATION TECHNOLOGY GMBH

C-TECH CO., LTD.

CTTINC.

CUMING MICROWAVE CORP.

CUSTOM MICROWAVE COMPONENTS, INC.

CUSTOM MICROWAVE, INC.

CUSTOM MMIC DESIGN SERVICES, INC.

DAICO INDUSTRIES, INC.

DELPHI CORP.

DIAMOND ANTENNA & MICROWAVE CORP.

DICONEX

DITOM MICROWAVE, INC.

DIVERSIFIED TECHNOLOGIES, INC.

DONGIN TECHNOLOGY INNOVATION CO.,LTD

DORADO INTERNATIONAL CORP.

DOW-KEY MICROWAVE CORP.

DRONESHIELD LLC

DRONESHIELD LTD.

DS INSTRUMENTS

DYNAWAVE, INC.

ECLIPSE MICROWAVE, INC.

ELBIT SYSTEMS EW AND SIGINT

ELECTROMAGNETIC TECHNOLOGIES INDUSTRIES, INC.
(ET INDUSTRIES)

ELECTRONICS RESEARCH, INC.

ELMIKA UAB.

ELTASA.

ELVA-1 MICROWAVE HANDELSBOLAG

EM RESEARCH INC.

EMCORE CORP.

EMHISER MICRO-TECH / EMHISER RESEARCH, INC.

EMPOWER RF SYSTEMS, INC.

ENDRUN TECHNOLOGIES

ENSIGN POWER SYSTEMS, INC.

29

EOSPACE INC.

EPX MICROWAVE, INC.

ERNI ELECTRONICS K .K.

ERZIA HQ.

ERZIA TECHNOLOGIES

ESSEX X-RAY & MEDICAL EQUIPMENT LTD.
ETG CANTEQ

ETL SYSTEMS LTD.

ETM ELECTROMATIC INC.

EUVIS, INC.

EXODUS ADVANCED COMMUNICATIONS
EXODUS DYNAMICS

FARRAN TECHNOLOGY

FCT ELECTRONIC GMBH

FERRITE MICROWAVE TECHNOLOGIES
FERRITE MICROWAVE TECHNOLOGIES, LLC
FLANN MICROWAVE LTD.

FOCUS MICROWAVES INC.

GAPWAVES AB

GENERAL DYNAMICS SATCOM TECHNOLOGIES
GENERAL TEST SYSTEMS INC.

GEOSYNC MICROWAVE, INC.

GERLING APPLIED ENGINEERING, INC.
GIGALANE CO., LTD.

GIGA-TRONICS, INC.

GOWANDA ELECTRONICS CORP.

GT CONTACT CO., LTD.

HEATWAVE LABS, INC.

HJ TECHNOLOGIES

HRL LABORATORIES, LLC.

HUAG LIANG TECHNOLOGIES CO., LTD.
HUBER+SUHNER AG

HUBER+SUHNER ASTROLAB

HXI, LLC

IDS INGEGNERIA DEI SISTEMI S.PA

IMST GMBH

INNOGRATION CO., LTD.

INNOGRATION TECHNOLOGIES

INNOSENT GMBH

INNOVATIVE POWER PRODUCTS, INC.
INSTRUMENTS FOR INDUSTRY

INSULATED WIRE, INC.

INTEGRA TECHNOLOGIES, INC.
INTEGRAND SOFTWARE, INC.

IPP (INNOVATIVE POWER PRODUCTS, INC.)
IROM TECH. INC.

IRT TECHNOLOGIES

ISOLATION PRODUCTS, INC.

IXBLUE S.A.S. (PHOTONIC SOLUTIONS BUSINESS UNIT)
J MICROTECHNOLOGY, INC.

JACKSON LABS TECHNOLOGIES, INC.
JFW INDUSTRIES, INC.

JOHANSON DIELECTRIC

JOHANSON TECHNOLOGY

JOYMAX ELECTRONICS CO., LTD.

JYEBAO CO., LTD.

K&L MICROWAVE, INC.

KMIC TECHNOLOGY, INC.

KNOWLES CAPACITORS

KRATOS GENERAL MICROWAVE ISRAEL CORP.
KUHNE ELECTRONIC GMBH

KVG QUARTZ CRYSTAL TECHNOLOGY GMBH
L3 Electron DEVICES

L3 NARDA-ATM

L3 NARDA-MITEQ



LADYBUG TECHNOLOGIES LLC

L-COM

LIBERTY TEST EQUIPMENT

LIEDER DEVELOPMENT INC.

LINEARIZER TECHNOLOGY INC.

LINK MICROTEK LTD.

LINWAVE TECHNOLOGY LTD.

LINX TECHNOLOGIES, INC.

LOCOSYS TECHNOLOGY INC.

LOGUS MICROWAVE

LOGUS MICROWAVE CORP.

LUN'TECH

MACOM TECHNOLOGY SOLUTIONS HOLDINGS INC.
(MACOM)

MAGUS (PTY) LTD.

MARKI MICROWAVE, INC.

MASSACHUSETTS BAY TECHNOLOGIES

MAURY MICROWAVE CORP.

MEGA INDUSTRIES, LLC

MEGAPHASE LLC

MEGGITT SAFETY SYSTEMS INC.

MEGIQ

MERCURY SYSTEMS, INC.

MICIAN

MICIAN GMBH

MICRO HARMONICS

MICRO LAMBDA WIRELESS, INC.

MICRO-COAX INC.

MICROCRYSTAL AG

MICROLAB/FXR

MICROPHASE CORPORATION

MICRORAD

MICROSEMI ([HAML COMMUNICATIONS INC.)

MICROTECH, INC.

MICRO-TRONICS

MICROWAVE AMPLIFIERS LTD.

MICROWAVE CIRCUITS, a division of Gowanda-BTI, LLC.

MICROWAVE COMMUNICATIONS LABORATORIES, INC.
MICROWAVE DEVELOPMENT LABORATORIES, INC.
MICROWAVE DYNAMICS

MICROWAVE ENGINEERING CORP.

MICROWAVE FARM

MICROWAVE PHOTONICS SYSTEMS, INC
MICROWAVE SOLUTIONS, INC.

MICROWAVE TECHNOLOGY

MICROWAVE TECHNOLOGY INC.

MICROWAVE VISION

MILLIMETER WAVE PRODUCT INC.

MILLIMETER WAVE PRODUCTS, INC.

MILLITECH CORP.

MINI-CIRCUITS

MINI-CIRCUITS LABORATORY, INC.

MI-WAVE ~ MILLIMETER WAVE PRODUCTS INC.
MODELITHICS INC.

MODULAR DEVICES, INC.

MTI WIRELESS EDGE LTD.

MTI-MILLIREN TECHNOLOGIES. INC.

MVG INDUSTRIES

NARDA SAFETY TEST SOLUTIONS GMBH

NEWTEC

NEXTEK, INC.

NOISEWAVE CORP.

NORSAT INTERNATIONAL INC.

NORTHROP GRUMMAN - ORBITAL SCIENCES CORP.
NSI-MI TECHNOLOGIES, LLC.

OKTAL SE

OML, INC.

OMMIC

OMMIC SAS

OMNIYIG, INC.

ORBIT/FR

ORBITAL ATK, INC.

OSCILLOQUARTZ SA

PANDECT PRECISION COMPONENTS LTD.

PARTRON CO., LTD.

PASSIVE PLUS, INC.

PENN ENGINEERING COMPONENTS, INC.

PICO TECHNOLOGY

PIVOTONE COMMUNICATION TECHNOLOGIES, INC.

PMI (PLANAR MONOLITHICS INDUSTRIES, INC.)

POLE ZERO CORP. (MPG)

POLYFET RF DEVICES

POLYPHASER CORP.

PREMIX OY

PRESIDIO COMPONENTS, INC.

PRISM COMPUTATIONAL SCIENCES, INC.

PULSAR MICROWAVE CORP.

PULSAR PHYSICS

QORVO INC.

QUEST MICROWAVE INC.

QWED SP. ZO. O.

RADAR TECHNOLOGY, INC.

RADITEK, INC.

RAKON

RAKON FRANCE SAS

RAKON LTD.

REACTEL, INC.

RELCOMM TECHNOLOGIES, INC.

RESOTECH, INC.

RF CIRCULATOR ISOLATOR, INC. (RFCI)

RF LAMBDA, INC.

RF MORECOM COREA CO., LTD.

RFHIC CORP.

RFMPT

RFUW ENGINEERING, LTD.

RH LABORATORIES, INC.

RLC ELECTRONICS, INC.

ROGERS CORPORATION.ADVANCED CONNECTIVITY
SOLUTIONS

ROSENBERGER HOCHFREQUENZTECHNIK GMBH & CO.

KG
RS MICROWAVE COMPANY, INC.
SAF TEHNIKA AS
SAGE MILLIMETER, INC.
SAIREM
SANGSHIN ELECOM CO., LTD.
SAWNICS INC.
SCHMID & PARTNER ENGINEERING AG
SCIENTIFIC MICROWAVE CORP.
SECTOR MICROWAVE INDUSTRIES, INC.
SHANGHAI HEXU MICROWAVE TECHNOLOGY CO., LTD.
SIERRA MICROWAVE TECHNOLOGY, L.L.C.
SIGNAL MICROWAVE, LLC.
SIGNALCORE, INC.
SILICON RADAR GMBH
SMITHS INTERCONNECT ASIA
SONOMA INSTRUMENT CO.
SONOMA SCIENTIFIC, INC.
SPACEK LABS, INC.
SPECTRUM ELEKTROTECHNIK GMBH
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SPINNER
SPIRENT COMMUNICATIONS
STANGENES INDUSTRIES, INC.
STEATITE Q—PAR ANTENNAS
STRATEDGE CORP.

SUNG WON FORMING

SUNNY ELECTORONICS

SV MICROWAVE INC.

SWISSTO12

SYLATECH LIMITED

SYLATECH LTD.

SYNERGY MICROWAVE CORP.
SYNQOR, INC.

TACONIC CO., LTD.

TECH-X CORP.

TELEDYNE COAX SWITCHES
TELEDYNE DEFENCE

TELEDYNE E2V

TELEDYNE LABTECH

TELEDYNE LECROY JAPAN CORP.
TELEDYNE MICROWAVE SOLUTIONS
TELEDYNE RELAYS

TELEDYNE STORM MICROWAVE
TELWAVE, INC.

TEMEX - CERAMICS

TENNVAC INC.

TERASENSE GROUP INC.
TERAXION INC.

THIN FILM TECHNOLOGY CORP.
TIMES MICROWAVE SYSTEMS
TLC PRECISION WAFER TECHNOLOGY, INC.
TMD TECHNOLOGIES LTD.

TMY TECHNOLOGY INC.

TRAK MICROWAVE CORP.

TRAK MICROWAVE LTD.
TRANSCOM, INC.

TRU CORP.

TYDEX

UNIVERSAL MICROWAVE COMPONENTS CORP.
UNIVERSAL MICROWAVE TECHNOLOGY, INC.
US DYNAMICS CORP.

VAUNIX TECHNOLOGY, CORP.
VECTRON INTERNATIONAL
VENTURETEC MECHATRONICS
VIDA PRODUCTS, INC.

VIPER RF

VIRGINIA DIODES, INC.

VIVA TECH LTD.

WAINWRIGHT INSTRUMENTS GMBH
WASA MILLIMETER WAVE AB.
WEINSCHEL ASSOCIATES
WEINSCHEL ASSOCIATES, INC.
WENZEL ASSOCIATES, INC.
WERLATONE, INC.

WIDE BAND SYSTEMS, INC.

WIN SEMICONDUCTORS CORP.
WOLFSPEED (A CREE COMPANY)
WORK MICROWAVE GMBH

X MICROWAVE LLC.

XSIS ELECTRONICS, INC.
YANTEL CORP.

ZTS TECHNOLOGY CO., LTD.

7 —IVT7 > K—

1 > 7 X (IMCTH CO., LTD.)
774 -4 70797
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