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Welcome to MWE 2016

The Microwave Workshops and Exhibition, or MWE, is the largest annual academic event in Japan
for RF/microwave engineers and researchers in academic and governmental institutions and private
companies. MWE has been contributing to make collaborations among industry, government, and
academia and to form a microwave community in Japan, which advance the development in the
microwave technologies for a smart and sustainable society. Furthermore, a part of the properties of the
MWE has been utilized for the Asia-Pacific Microwave Conference, held quadrennially in Japan since
1990, where not only the Japanese technologies has been emitted, but also the action plans have been
considered for development in the Japanese microwave technologies. This relationship between MWE
and APMC has been constructed by the great contributions of lecturers, exhibitors, participants and the
relevant persons of MWE.

On behalf of the MWE 2016 Steering Committee, it is my privilege and honor to welcome you to
MWE 2016 held in Pacifico Yokohama, Japan for three days from Wednesday, November 30™ to Friday,
December 2™, 2016, under the sponsorship of the IEICE APMC Japan National Committee.

The keynote concept of MWE 2016 is “New World designed by Microwave technologies and
Japanese contribution”. In MWE 2016, let's consider about the role of microwave technologies for the
future society which will be globalized furthermore and about the contributions to the society by the
Japanese microwave industries. In the Microwave Workshops, there are two keynote addresses in the
opening ceremony. The first keynote address entitled “The Latest Radio Frequency Administration in
Japan” will be presented by Mr. Yasuo Tawara (Ministry of Internal Affairs and Communications). The
second one entitled “Millimeter-Wave Wireless Access Network Project -Application to 5G
Heterogeneous Cellular Networks-" will be presented by Prof. Makoto Ando (Tokyo Institute of
Technology). Furthermore, there are fourteen workshop sessions on 5G technologies, IoT, ITS, Wireless
Power Transfer and so on for professional engineers and twelve tutorial/introductory sessions for
beginners, as shown in this program.

In the Microwave Exhibition, about 500 companies from both Japan and overseas and about 30
universities /colleges will exhibit their new products, technologies and research activities. Some of the
exhibitors will also give technical seminars. “MW Café” which is the focused event on the microwave
system technologies will be opened.

We sincerely hope that your experience in Yokohama is a memorable one and is both personally and
professionally rewarding. So please come and enjoy your microwave journey at MWE 2016. Finally, 1
would like to express my sincere appreciation to everyone who has been supporting us in organizing
MWE 2016.

Yoshinori Kogami
MWE 2016 Steering Committee Chair
(Utsunomiya Univ.)
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General Information

Period: November 30- December 2, 2016
Venue: Pacifico Yokohama, Yokohama, Japan

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

Opening Ceremony and
Keynote Address
(10:00-12:00)

Microwave Workshop

Microwave Exhibition |

How to participate in the
workshops

Registration Fee |

Workshop Digest |

For further
information,
please contact

The openiglg ceremony will start at 10:00 a.m. on Wednesday, November 30 at the Room 1 (F201 and F202 in the
Annex Hall.

Following the opening ceremony, a keynote will be given based on the concept for the conference, “New World
designed by Microwave technologies and Japanese contribution” Mr. Yasuo Tawara (Ministry of Internal Affairs and
Communications) will give the keynote address entitled “The Latest Radio Frequency Administration in Japan” and
Prof. Makoto Ando (Executive Vice-President for Research Tokyo Institute of Technology) will give the keynote
address entitled “Millimeter-Wave Wireless Access Network Project-Application to 5G Heterogeneous Cellular
Networks-."

For novice microwave engineers 6 basic tutorial lectures and 5 introductory courses will be held, while eminent
researchers from both overseas and Japan will present their work on cutting edge technologies at the 15 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.

Please refer to page 23 for detailed information.

Those who wish to attend the workshop should submit 2 business cards and register at the registration desk. There is
no pre-registration available.

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
student, respectively (*Students need to show their ID to a staff.)

Secretariat of MWE 2016

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/
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Welcome Message from the Steering Committee Chair : Yoshinori Kogami, Utsunomiya Univ.
1130H (JK) 10:00~10:10, Room 1 (7 % v 7 Ak —)JLF201+F202)
Wednesday, November 30, 10:00 to 10:10, Room 1

BEFHEE Keynote Address
11H30H (JK) 10:15~12:00, Room1 (7 % v 7 A& — )LF201+F202)

Wednesday, November 30, 10:15 to 12:00, Room 1
Y IR o) ‘ .

Chair : Yoshinori Kogami, Utsunomiya Univ.

HE BR4E (KBB4 THE E (RIX)
Yasuo Tawara (MIC) Makoto Ando
(Tokyo Institute of Technology)

EEEEET 118308 (K) 10:15~11:05Wednesday, November 30, 10:15~11:05
BT DIRPTIIFIZ D0 T

The Latest Radio Frequency Administration in Japan

HE HEd GRRBA  RaaE iR RaERBakuort J9%)

Yasuo Tawara, Ministry of Internal Affairs and Communications
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HEALDIIRE SN TS, TOX ) RIRWER T 2. BRAHOBIRRLEG, 10T% EF7z R B Y X7 2 0BT 72
Bz & EETBORFHINIIOWTRHANT 5,

Abstract Currently, wireless communication networks in Japan are one of the most important foundations of economic activities and daily life.
Furthermore, advancement of wireless communication technology and progress in 10T is expected due to the anticipated use for
Telecommunications in various fields such as medical care, education, agriculture, etc. With this in mind, the latest radio frequency

administration and regulations will be discussed, including the current state of radio use, introduction of new wireless systems, 5G, 10T
and so on.

HIFEEE2 118308 (k) 11:10~12:00,Wednesday, November 30, 11:10~12:00

SYBHTAYVLAT 2 E ARy FT—2 702 27 FOYE -FH5MCBE@G > %74 (6G) ~il}C-
Millimeter-Wave Wireless Access Network Project -Application to 5G Heterogeneous Cellular Networks-

P B CREISERY: g - ek (%))

Makoto Ando, Executive Vice-President for Research Tokyo Institute of Technology

Bl E: AR NIty s ol BEHREREOREBO>BOENEL->TWDS, &y 7= 0 [EHEREREL] OBRIEE
VHBEEANOBITZR LD DD, [WOTHEZTD ] PHEELEMITRD SN L BEMEETIE, IV RO IIHHE S
NTERDP DB, ) ‘ZBZ%%:H#H@% HetNethiiE, SE5MARELEE S A 74 (BG) IZBWT, MK 2 E Rz Pt
BENHH0L LTSN Twd, TCTIE MEICHEDHES WA I VAT 7ey =7 b ORTKREER6ME) DR
k%,

Abstract The overview of the Millimeter-Wave Project 2007-2016 (founded by Ministry of Internal affairs and Communications, Japan) will
be presented. It demonstrates 1) 6.1 Gbps mmWave access at 60 GHz band between a smartphone terminal and a small-cell BS, 2) 60
GHz compact range communication system using a 32x32 array to provide enhanced communication area up to 15m and 3) 40GHz
outdoor system with full-duplex capability 2x1Gbps to enhance the spectral efficiency. The concept of mmWave integrated 5G
heterogeneous networks (HetNet) using 40 and 60GHz bands are demonstrated. In the demonstration, pedestrian users experience off-
loading from Wifi (5GHz) to 60GHz and download a big files when passing through the series of GATES.
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S5Garrz/o—
5@G Core Technologies

F—IAFAF L BASEE (NTTRIE)
Organizer : Yukihiko Okumura, NTT DOCOMO

Ji 5t ZIRB— ORBK)

Chair : Seiichi Sampei, Osaka Univ.

1. 5GEBUCINF 7B BE VTN K - VT T2 A% E
BIVHEIRAZ & 2 R RALEAR DA T8 5

B R (ElaE)

5G R&D Activities for High Capacity Technologies with Ultra High-Density

Multi-Band and Multi-Access Layered Cells
Hiroyuki Seki, Fujitsu

2. 5GEHUCINT 72 M By - ISR L E T 7y 7 FIck
Bk - AR BB IR T 2 & AHA ORI S
WAEE (NTT K2 %)

5G R&D Activities for High Data Rate and Low-Power-Consumption
Radio Access Technologies with Higher-Frequency-Band and Wider-
Bandwidth Massive MIMO

Yukihiko Okumura, NTT DOCOMO

3. 5GHEBU T 7B By e A5 R O foz i AU 2 FEBLS B il
AR BN B 2 BFSE R 56
AR RS (15 el 15 0F 72 Bk )

5G R&D Activities for Coordinated Management Framework Crossing
Multiple Operators
Kentaro Ishizu, NICT

g EIn

ESBEME Y A7 A T4bH5G T, ROV —E R
DR EAC R L BB > TRBIWICH KT 22 L3Pl
NDB L7414y 7 OR}IBRT— % 50 RBELERIIEZ
SBNDEHDTHELTELELR WV, Kty yaryTik, MYyAT
A QEJUSINT FIR74ERE L 0 HEE S Twa B4 [HEs
MBI ¥ A 7 2 FEHNCIT 72 0F5EB%E ] W% E. R
ZERE X VAT B,

Fifth-generation mobile communications system, 5G, is required to
accommodate a drastic traffic increment expected in future
advancement and diversity of wireless services. In this session,
representative research members will present the progress and
outcomes of “The research and development projects for realization
of the fifth-generation mobile communications system” which are
promoting by The Ministry of Internal Affairs and Communications,
Japan, from 2015.

F—U—F:56, KRERLHAN, m - EHEEDWRT 7 L2
Beabr, b Ak ) S Ak A Bty

Keywords :5G, High Capacity,
High Data Rate and Low Power Consumption Radio Access,
Coordinated Management Framework

11J30H (&%) Wednesday, November 30
Room2 (7 %> 2 A —)LF203)

WE2B

B E 14:00-16:00

T NIME G RFOIE

Introduction to Digital Modulation and Signal Analyses

FAFAY Wk TRSIESE (7 175 72 MiFERR)

Organizer / Chair: Masayuki Kimishima, Advantest Lab.

L7V WA LA 5 AT O IEE
~HURE A5 75 AT L O RIS K 2 B2 AL 15k oD B~
HREH (7 AV TR
Introduction to Digital Modulation and Signal Analyses
— Understanding Quadrature Modulation-Demodulation Using Simple Signal

Analysis Techniques and Illustrations —
Koji Asami, Advantest

Hi# ZIn

WEAEDT T 5 VRGBS CHRE LM TH 2 HREHMN L ©
DIFNTHEZE RN T %0 BERE 7 —) 28D  HiMiA
BAOATEF ML, 5252 VORRERA L, T
RC-polyphase filterR & V)V M A ZEA L, EREHEMNE O
BIfrEE5T %, WHHE LT, FRIORTBGEE CHEE 2 5
1IQ4 YN Y ADEFNER L, JHiFD AT L IEED
AT T EE 2 RIS %o

The analysis techniques of the quadrature modulation-demodulation
for digital wireless communications are presented. Based on Fourier
transform, it is modeled by simple mathematics and illustrated the
behavior. Then, by introducing the RC-polyphase filter and the
Hilbert transform, the relationship between them and the quadrature
modulation-demodulation is considered. Finally, as an example of the
application, the behavior of the modulator with 1Q imbalances which
is one of significant problem in the wide-band wireless communications
is shown, and it leads to how to decide the stimuli and analyze the
responses from the circuit under test.

F—T—F I FVINER, HREER, VXV ITANT, £ A~
IV vas, IQAVNT U

Keywords :Digital Modulation, Quadrature Modulation-Demodulation,
Hilbert Filter, Image Rejection, 1Q-Imbalance
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1o I 0 1t A U 2K B i DI
Basic Lecture of Transmission Line Design for High Speed,
High Frequency Applications.

F—HFAF: BEIER (7 NV 52 MFZERT)

Organizer : Masayuki Kimishima, Advantest Lab.

JiE o BB (R BT

Chair : Masayuki Nakajima, Murata Manufacturing

L. 26 0 i Ak B A R D ST
~FA Y MELDIBENSXEB 70X b=V T E T~
WHA=Z CTINA YT TYTA4 AV FNF V)
Basic Lecture of Transmission Line Design for High Speed, High
Frequency Applications.
— Gigabit Transmission : from Basic Theory, to Differential Crosstalk
Analysis —
Yuzo Usui, Consultant, Signal Integrity

[ [IEsAE= |

EEBENLIT T v b B2 REZ 2080 555 DML
AL L TEEMEPETLTL 5o TS OBEAMEHEMEIS
FlZ 3B e 2 mNISHBAL, 74237 =RV v 7o Til
X, JEWT A BORE L HECOWTHIT 5. E5I1C. #2
Vi 7R BRSBTS 2 TR b— 7 O IR &
1o, BEsE. FAon ez EORBIZOWTHLRT 5,

When the transfer data rate exceeds 1 Gbit/s, the signal quality is
degraded by increasing of transmission line loss. These losses are
explained as the effect on signal quality. And the techniques to get
wider eye patterns, are presented. In addition, a theoretical analysis of
the differential cross-talk is presented as functions of line length,
circuit constant and PCB layer structure.

F—— N EER%E, MEIRE. TAY = Vv s, EHS
OA~—7

Keywords :Differential Transmission, Lossy Line, Eye-Pattern, Jitter,
Differential Crosstalk
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11/J30H (k) Wednesday, November 30
Roomd (7 % v 7 AFk—)VF205)

WE4B

14:00-16:00

DAY LR 53 i & BB BE T

Wireless Power Transfer and Its Estimation Technologies of
Electromagnetic Compatibility

A=A PR IR (RHRR)
Organizer / Chair: Naoki Shinohara, Kyoto Univ.

1. 74X VABEIMESR Y AT 2 ORI B T OEMCHLH]
B B EBRERE L D B) 1R
JEARHHE (HZ)
International Standardization Regarding Frequency Ranges and Emissions

for WPT Systems
Hiroki Shoki, Toshiba

2. TAX VAR B O DI RWERIZ B3 250l - AT
122\
ST OV =y 7 YRT ARy b T — 27 ZABTERIFERT)
Measurement and Analysis of Electromagnetic Field Leakage from WPT

System
Tetsuya Kaneko, Panasonic System Networks R&D Lab.

3. TAX LA BEONEDS B $ 5 B L Bl 1) & Rl A A 10
PRHEBEZREMI
KPR (NTTRIE)

Recent Trends with Respect to Radio-Radiation Protection
Standardization and EMI with Active Implantable Medical Devices from
Wireless Power Transfer

Teruo Onishi, NTT DOCOMO

4. 74X VAR EE MEHLANOILAEF3
IAREE (GUHER)
Coexistence Schemes for Wireless Power Transfer and Wireless LAN
Koji Yamamoto, Kyoto Univ.

[ [po- |

TA XL AREOWZEHB MR TIEL T 52, 4#H0
FIMED 7= DT BTG 217, MAFETA YLV A T X T
DERGFTELZEEZRLTORRITNERS RV, 74T L
AR EITKHZ-MHz OFE AR & XN % B E L%k E & |
UHF» 5~ A4 7 a itz v 2T 4 v L 2Bk
TELN, Kty ¥ayTRMBMOBERIRBEFMBAM %2 #
N—=F 2%,

Research and development of wireless power transfer (WPT)
technologies are presently accelerated in the world. For further R&D,
commercialization, and industrialization, electromagnetic
compatibility of the WPT and impact study to conventional wireless
system is required and important. The WPT is roughly considered as
two technologies, inductive coupling/resonance coupling WPT in
kHz-MHz band and WPT in far field via UHF — microwave. In this
session, all WPT technologies are included.

FoU—F AV LARE, ERGEER T/ YLARE, <(7
T %E,. EMC

Keywords :Wireless Power Transfer, Inductive Coupling WPT,
Microwave Power Transfer, EMC
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WEGB

BAFIEE 14:00-15:30

A2 2 JEIIEEED A TN

Basis and Practice for Microwave Circuit Measurements

WE5SB

14:00-16:00

BUERCIARDIGHN T30 SRS X T A Dl & i i Bhlid

Recent Trends and Issues of Wireless Systems in the Fields of
the Manufacturing and Mining Industries

F—HFAHF  MWE 2016 lERBHE
Organizers : MWE 2016 Exhibition Committee

Vi gL (7ryy)

Chair : Takao Segawa, Anritsu

A= FAH Ik — (NEC)
AR (TR ER)

Organizers : Kenichi Maruhashi, NEC
Yoshinori Kogami, Utsunomiya Univ.

JaE FrilIE @ (HIZRAER)

Chair : Ken Takei, Hitachi

1. BB BT 2 MM AT A O 8 — Smart Resource Flow
HERRT T v DT — D DPER -
HAERE— (FEHCBENIZerHENEC)
AN (FEHGBEIZEREME ATR)
AT (HGEREITFERRE) . MRS T (IS IF TR
Barriers to Utilize Wireless Systems in the Manufacturing Field
— Proposal of Smart Resource Flow Wireless Platform —
Kenichi Maruhashi, NICT/NEC, Akio Hasegawa, NICT/ATR
Satoko Itaya, NICT, Fumihide Kojima, NICT

2. EF— 5 RO BE B O MBI O E F UL o -
WA T (IEHOEETIEEM . % (NEC) 3. 7774 7 MR D HA L IE
JHRBZR (=5 - Y2 TNy - Ix/8Y)

1. A 77 v )k ] B s DR
T AL (AARMER)

Overview of Microwave Measurements
Rei Katoh, Japan Radio

% 37 I AL O He A & 92
Ik B (F—HA L 77/mY—)

Practice of Passive Circuit Measurements
Osamu Tsujii, Keysight Technologies

N

Modeling of Wireless Environment Based on the Measurement Data in
the Manufacturing Field Practice of Active Circuit Measurements
Satoko Itaya, NICT, Taketoshi Nakajima, NEC Kanna Ibe, Rohde & Schwarz Japan

3. TN B RIS 57 Y 5V W T — %77 5% N
RIE K. EWEH (0BT ARG 3 vl

. o S Comprehensive Discussion
The Rotating-Polarization-Wave Communication in the Factory P

Environment by Using a New Digital Radio Architecture
Ken Takei, Masahiro Aono, Hitachi

4. SR OM2M BUIERGEAE A b7 — 2 i 5 H# =N

Higs K (HAZ BT AiATseis (K22 p%)
Construction of M2M Radio Communication Network in Mine Site
Ryota Yamasaki, Hitachi

Akiyoshi Kirimura, Hitachi Construction Machinery

s Zin

THRMIOBISE, MEHEEICE > TREERRETH 5, RS
R DR L 2 50 M . BRI T H A4 A, L B E R
WA SN2V Ay — R MR, BIZEIINC D 5 2 Bo B R R
RO AT AORERE, BRI REBEIIZ V. C0XH%
RS, SHEZLDEYY, RFIDYY, HlMEHBERE, A
DA FED7=D L DMWY AT LADEAN MBI L2, ThE
GREMITHAI Do KT—2 T avy 7 TIE, BITHEONZTYT
W] F—=% %I, LRI TH S MR R R MRS 27 4
PRELTLHEME, ZOEIUNT TORY MAERBNT 50

The fields of factories and mines are tough environments for wireless
communications. There are large obstacle objects for radio propagation,
legacy wireless terminals attached to old manufacturing and construction
machines, noises from machines, a large number of mobile terminals in a
closed space, and coexistence of a variety of wireless systems and so on.
These are issues to be carefully considered to deploy wireless systems in
the fields. In the future, more wireless devices such as sensors, RFID tags,
and monitoring systems are expected to be introduced to enhance
productivity in the above environment. But what is a barrier for that? In
this workshop, based on “real data” obtained from the fields, technologies
required for wireless terminals and systems and efforts to realize them in
factories and mines will be discussed.

F—U— NG, SONMER, MGRBREE, (RiE TV,
Fd—,3—_ M2M, loT. #Hill
Keywords :Factory Wireless System, Mine Wireless System, Wireless

Environment, Propagation Model, Handover, M2M, loT,
Metering
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ERZABRHNS, WP BAR AN W 2Rl - T
HH)ZEIZhHbH, RFMHEWESB TIX. BMig 72 Thli~A
ZaPECHDLETRTOANCITT, 4 7 ajuicBirs
WEHHRZOWEHBEOHARE RS L L BT, WERDHE:
BEGZEEBRNENRIZONTD, D2 R 3T 5,

The aim of these extreme introductory courses WE6B and TH6B. is
to drive “too basic to ask” questions through the radical discussion.
In this WE6B 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—F A 7aFEmMBENE, S/NTA—=F, T T4 T,
ATV | N e

Keywords :Microwave Circuit Measurements, S-parameter, Active
Circuits, Passive Circuits, Amplifier
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Fundamentals of Wide-Bandgap Devices

A=A AY R R GHIFE TRER)

Organizer / Chair: Yasushi Itoh, Shonan Institute of Technology

1. I4 BNV FX Y v 7554 2D A
LHRE iUk TaoR)

Fundamentals of Wide-Bandgap Devices
Daisuke Ueda, Kyoto Institute of Technology

& ZEIn

TARNY FEY v TFNL ZAORTE S - 5D
N72GaNMEHZ DWW T, F 3B EAR DR, A < 74
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Starting from the introduction of the basic physical properties such as
crystal structure and polarization characteristics of the Nitride-based
semiconductor materials, practical crystal growth technology, the
device physics, and process technology related to the microwave
applications will be explained.

FoU— gAY A AREESE. HEMT
Keywords :GaN, Spontaneous Piezoelectric Polarization, HEMT

GaN
AlGaN
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TH1B

B E 14:00-16:00

BRI 2L =23 A

Introduction to Electromagnetic Simulations

F—=AFAY  SRHBEE (R TR)
PR — ORI0K)
Organizers : Tsugumichi Shibata, Tokyo City Univ.
Takuichi Hirano, Tokyo Institute of Technology
JiE $e o SRMIREE CHRRTHRIK)
Chair : Tsugumichi Shibata, Tokyo City Univ.

LEMBAY I2L— avOHBH RV FA71 THEEMS
I A KIERT~ DTG
EHTH (2= =7 1)
Electro-Magnetic Compatibility Simulation of Automotive Multimedia

Systems
Chihiro Ueda, AET

2. UL LOLEMM I —Tay

— AW B OB ER BYR S5 4 ODAT v T~
FIREEE, (V% M)

The Beginner’s Electromagnetic Simulations — Four Steps for

Understanding the Behavior of High-Frequency Circuits —
Norimasa Ishitobi, Sonnet Giken

[ [ip = |

BHEAY I 2L — 7 3EHERERFTZ2FENIED S LT
ARV =Vl oTwWh, LALEYNSL, HWICH-72Y
I2l—va rREUICETLT,. ZOREZIELLMRT S
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YaryTid, BERTHEPSEBERRA Y I 2 L—2 2 o
TVWABANOEZRE, BCERAYI2L—Ya vk
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S E W R O PR T A D D AT v T IHT TR RN ENIT 5,

Electromagnetic simulators are necessary tools for efficient design of
high-frequency circuits. However, it takes the experience to run the
simulation properly in line with the design purpose and interpret the
results correctly. This year in this session, we invite two presenters
who are working with electromagnetic field simulators in the industry
to ask lectures for beginners of electromagnetic field simulations or
high-frequency circuit designs. The first lecture introduces specific
examples of applications to show how the recent electromagnetic
field simulation helps the engineers. The second one explains the four
steps of understanding the high-frequency circuit conceptually, which
is required to create the analysis model and interpret the results.

FoU—FB@EAYIZL—Vay, YIal—Foiv), <A
sagnlgk, ERBRELE A

Keywords :Electromagnetic Simulation, How to Use EM Simulators,
Microwave Circuits, Electro-Magnetic Compatibility
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Measurement Techniques without Text Books

A=A AY R RN (PESEBAN R S JERT)
Organizer / Chair: Masahiro Horibe, National Institute of Advanced
Industrial Science and Technology

1. RF[l = 4 2 & fs i
FEsE (F—9A - 7270Y—)
Introduction of Coaxial Connectors
Yoshihiko Todaka, Keysight Technologies

2. FREEE RS 28T A— 5 EH D vy [, SEHAE,
vz llE-
JEFR AL Of SEHAN AR AL
Technical Know-how of Precision S-parameter Measurements —Coaxial,
Waveguide and On-wafer Measurements —

Masahiro Horibe, National Institute of Advanced Industrial Science and
Technology

& ZEIn

SEAE, I WATONIEE - T4 A0l — X5 E o T
Wb, ZNHDOWREIZIERZ b Vvtry bI—2TF 54 FBH
WHRTEY, ZORERMIZ. fERkEMOEDL ) IRV, —
KT WEEEBDEL b T, [iihaky ¥ ofERil
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In recent years, evaluation has been demanded for the circuit and
device properties in the millimeter-wave frequency band. In these
measurements, vector network analyzer have been used and the
measurement principle is conventional. On the other hand,
differences in the quality and the measurement setup of the coaxial
connector is affecting the measurement accuracy by increasing
measurement frequency. In this workshop, the essential knowledge
and technical information, coaxial connector types and maintenance,
measurement system configuration and measurement methods, to
improve the measurement accuracy are introduced.

F—7J—FRFEIaAZS, RZMVEAY FT—F T F A, i
W <473 TN, F Uy nillE

Keywords :RF Coaxial Connectors, Vector Network Analyzer, Waveguide,
Microwave, Millimeter-wave, Terahertz, On-wafer Measurements
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TH2B

14:00-16:00

W& > 274 2> & idbii D i B 1 il W
Dielectric Measurement Being Discussed in Measurement
Systems

A=A AY e AL (PESEBARAS S IFJERT)

Organizer / Chair: Masahiro Horibe, National Institute of Advanced

Industrial Science and Technology

LFEBEHRFTFMOIZDDNRT MV Ay NT—27 T+ 4 FE
YR AHEBA (R SEBATRE A WESERT)
Vector Network Analyzer Measurements for Permittivity Evaluations

Masahiro Horibe, National Institute of Advanced Industrial Science and
Technology

2. FBERWEISBIDAMNS (FBEE) FTM
IMEEAE N (i SEBATRE S I ZET)
Uncertainty (Accuracy) Evaluation for Dielectric Permittivity
Measurements
Yuto Kato, National Institute of Advanced Industrial Science and
Technology

& Zn
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EASELRFBERNED = — APE T > TW0b, ZRODIEIS
. AEBRERIRESH L, WESFITIERXZ MV Ry b
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LEDYR RV, LML, IETATFALELTOBRITOLRRE
. WEREOFMAINTE S, I VP TOHHM O HIE
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ZINVEAY NT—=2TFIAFOWE ) Iy b, FRENE
Hi R DA SRBT BV TRAT 5,

In recent years, interest in the reliability of the measurement results
has increased, and high-precision dielectric constant measurement
has been demanded in the millimeter-wave band. In these
measurements, the reflection and transmission method and a
resonance method is used, vector network analyzer as measurement
instrument have been generally adopted. However, there are poorly-
thought-out measurement system and no evaluation of the
measurement uncertainty (accuracy) are priority issue for dielectric
measurements in the millimeter wave band. In this workshop, and
measurement know-how of the vector network analyzer assuming a
material evaluation, introduces uncertainty analysis method of the
dielectric constant measurement results.

F—T—F FEEIH, X2 MVAY NT=2 T FIAH, HEY
ATy AEPE R BOPHMRRE, JedRp:

Keywords :Dielectric Permittivity Measurements, Vector Network
Analyzers, Measurement System, Uncertainty (Accuracy) ,
Reflection-Transmission Measurement Method, Resonator
Method
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A Wonderful World of Textbooks for Young Researchers
Suggested by MWE2016 TPC Members

F—HFA¥: MWE 2016 702 FLRHA
Organizers : MWE 2016 Technical Program Committee

Vi BB (7 8N FZ MIFET)

Chair : Masayuki Kimishima, Advantest Lab.
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In a modern society in which ICT is advancing and expanding, we
can get extensive information with search for web site. Also, when
we look for technical knowledges, it seems an ability of web site is
becoming wider and deeper. On the other hand, learning textbooks is
inherently basic and important in making progress of our technical
skill. In this special session, some remarkable phrases from
engineering textbooks recommended by MWE2016 program
committee members are introduced and discussed.

F—7—FICT. HEFH., Y=THA b WK
Keywords :ICT, Textbook, Web Site, Search
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14:00-16:00
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Recent Advances on Microwaves for Intelligent Mobility

F—AHAY R EHEE ORPOK)

Organizer / Chair: Atsushi Sanada, Osaka Univ.

LHABMEA v 7V Vv NEEY T4 34 7 1 EHH
FBR & (CMIM2017) & Z DBEE:
JEHEEE] (EHF Consulting)
Introduction to International Conference on Microwaves for
Intelligent Mobility (ICMIM2017) in Japan
Hiroshi Kondoh, EHF Consulting
2. ¥4« RENCBTEAL VT VY FEEY T4
<A 7 a B ER & (ICMIM2015/2016) #it
FLHEER (KBK)

Reports on the past ICMIMs in Germany and the United States of America
Atsushi Sanada, Osaka Univ.

EMEIEE VY Y ZISHIE T S 3 ) FIEMIMO L — ¥
VAT A
= (R Fv=v )
Millimeter-Wave MIMO Radar-Systems for High Resolution Sensing

Applications
Junji Satou, Panasonic
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Microwave/millimeter-wave/THz wave technologies are gaining great attention
to accelerate realization of autonomous and cognitive mobility systems
including automobiles, trains, airplanes, industrial machines, drones, and
robots. The 3rd International Conference on Microwaves on Intelligent
Mobility (ICMIM2017) will be held in Nagoya, Japan, on March 19-21, 2017,
after the first successful conference in Heidelberg, Germany and the second one
in San Diego, USA.

This session proudly introduces ICMIM2017 providing two keynote talks on
the Autonomous Driving SIP Program by the Cabinet Office of the Japanese
Government and on Japanese Strategy on ITS-related Frequency Regulations
by the Ministry of Internal Affairs and Communications, Japan. In addition,
recent wireless technologies and applications in this topical area will be
discussed including microwave autonomous driving technologies, ITS systems,
automotive radar and imaging, automotive to X communication (V2X),
wireless technologies for electric vehicles, location and monitoring, space and
aeronautical navigation, and high speed electronics and processing.

F—U—F AV FYIYPEEY T4, HRL—F, A A=YV
L—%. RFID. U 7NV¥A LAY AT 4

Keywords :Intelligent Mobility, Automotive Radars, Imaging Radars,
Wireless Local Positioning, RFID, Real-Time Locating Systems
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Emerging 11ad Applications and the Background Enabling
Technologies

F—I A R FG s O BT

Organizer / Chair: Masayuki Nakajima, Murata Manufacturing

1L BBWZICB I 21lad 77— a v B I OELEHAN BN
Jorge Myszne, Qualcomm Atheros

Current Status of 11ad Applications to Mobile Wireless Communication
and the Key Enabling Technologies
Jorge Myszne, Qualcomm Atheros

2.60GHz DNy 77—V~ DB B 0] & Z O BB AT B I
FHEATE (N HELERT)

60GHz Backhaul Business Activities and Component Technology
Hisao Hayafuji, Murata Manufacturing

3. Measurement Challenges and Considerations for 802.11ad
Zhang Qin, Li Jin and Ingram Donald, Keysight
Technologies
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IEEE802.11ad/WiGig has been discussed over the recent years and is
being commercialized gradually. However, the latest technology
status and its attractive applications are not known widely in the
public domain. The session targets to accelerate the 11ad/WiGig
market ramp-up and the related technology expansion by introducing
the top 802.11ad/WiGig drivers in the world. The session starts with
the 802.11ad applications and the key technologies promising high
speed wireless communications, and moves to the latest development
status of the technology in backhaul/5G. In the third presentation,
60GHz testing technologies based on over-the-air measurement is
introduced as a key enabler for 11ad/WiGig productization and mass
scale deployment.

F—7—F:Wi-Fi. WiGig. IEEE802.11ad. IV k. 60GHz.
5G

Keywords *Wi-Fi, WiGig, IEEE802.11ad, Millimeter Wave, 60GHz, 5G
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Organizer / Chair: Masaru Sato, Fujitsu Lab.
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Packaging Technology Innovation and Trend toward 5G Era
Toshihiko Nishio, SBR Technology

2.5G,/ IV DRI S or— T FEREH AN
MARLFIE Gt T)

Assembling and Packaging Technologies for 5G and Millimeter-Wave Band
Yoshimasa Sugimoto, KYOCERA
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In an effort to realize 5G mobile radio performance, various
researches used for millimeter-wave technology are actively
developed. Packaging technology that connects functional ICs to
boards is one of the most important technologies for enhancing
performance of wireless equipment. Moreover, the packaging
technology itself is also progressed these days so that fine pitch
interconnection, high frequency transmission and high thermal
durability can be achieved. This session will overview and discuss
packaging technologies that applicable to 5G cellular networks

F—7—F 56, SRR, KL IV Sy r—Y
Keywords :5G, Assembly, Interconnect, Loss, Millimeter-wave, Packaging
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Exploring New Markets and Their Deployment Based on loT
Platform

F=AFAF MR ()

a5 EK)
Organizers : Hiroshi Oguma, National Institute of Technology, Toyama
College

Suguru Kameda, Tohoku Univ.
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Chair : Hiroshi Oguma, National Institute of Technology, Toyama College

1.10T 77 v b7+ =AY Mk BloTV ) 2—2 3>
it B (FIARY FT—22)
10T Solutions are Accelerated by loT Platform
Tsutomu Kikuchi, Tripodworks

2. Wi-SUNIZ & % Z2 [ 15t DI & AF B i A~ O HI 491
w3 (PATAE—HL)

The Spatial Information Gathering and the Application Examples of
Precision Farming Using by Wi-SUN
Hiroshi Iwasa, ISB TOHOKU
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For the spread of Internet of Things (IoT) technology and its
applications, not only is the upper layer platform (application layer)
necessary, but also the lower layer platform, which can be used
commercially, is necessary. This workshop provides the latest
domestic and international movements of lower layer loT platform.
Moreover, some applications and field trials of the lower layer loT
platform are introduced; for example, a telematic system for tourist
buses, an elderly person watching system, and a precision agriculture
management system.

F—7—FloTFEEE. FLITAv 2 AVATL, HivEHR
FOIAT A, HEREEAY AT A

Keywords :Lower Layer IoT Platform, Telematic System, Elderly Person
Watching System, Precision Agriculture Management System
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The Latest Trends of Wi-SUN Systems as a Standard in loT Era
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Organizers : Keiichi Mizutani, Kyoto Univ.
Suguru Kameda, Tohoku Univ.
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Chair : Keiichi Mizutani, Kyoto Univ.
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FUHEEINGE YN

Wi-SUN Systems in the Internet of Things
Hiroshi Harada, Kyoto Univ.

2. HART— b A—F— D MERAH AT & Bk
NI R R)

Wireless Technology and Its Future Prospects of Gas Smart Meter
Takuya Kawata, Tokyo Gas

3. HNAR—IA—F —iBE VAT AITONT
fhm A ORGE)

AMI Communication System for Electric Smart Meters
Mitsuru Kanda, Toshiba
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In this session, the three professional researchers and technical
experts will introduce the latest trends of Wireless Smart Utility
Network (Wi-SUN) systems as the standard in the Internet of
Things (1oT) era from the viewpoint of research, technology, and
actual applications, e.g. smart metering systems for power and gas
infrastructures.

% —7—F:Wi-SUN. IEEE 802154g. loT, A¥—hA—%, T
INF =3 =TV RV}

Keywords :Wi-SUN, IEEE 802.15.4g, loT, Smart Meter,
Energy Management
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EM Simulation for IC Design A Tutorial Lecture on How to Use the Smith Chart
F—I AR PR RIMEF OREK) F—HFAF  MWE 2016 JEREH &
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GSG Pad Feed Modeling for Electromagnetic Simulation Principal of Smith Chart and Applications for Impedance Matching
Takuichi Hirano, Tokyo Institute of Technology Yasushi Itoh, Shonan Institute of Technology
2. IVWICOEBIFNT M B ST A—5 13 ? 2. FRWET S A ZAORFVERF, QA & A A Il
AR OREKR) BBIESE (7 82805 Z MF4ET)
Effective Material Parameters for Electromagnetic Analysis of Characterization of High Frequency Devices and Matching Bandwidth
Millimeter-Wave ICs Masayuki Kimishima, Advantest Lab.
Kyoya Takano, Hiroshima Univ. B o . .
3. BRER. FEIREGREHIBUI D AI AT ¥ — T+ DI
HRIEN (KIRK)
Utilization of Smith Chart for Amplifier and Oscillator Design
W # %ll Hidehisa Shiomi, Osaka Univ.
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B b LB E ToThwve L LAa2S. BMRAY Comprehensive Discussion
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Silicon integrated circuits (ICs) operating at several GHz are
commonplace today. Measurements using RF probes at those
frequencies are also well established. However, there still is room for
improvement in predictive ability for EM simulation of antennas,
inductors, and transmission lines on Si substrate. At millimeter-wave
frequencies, the need for predictive EM simulation is even more
acute. This workshop will offer some recent insights into EM
simulation for IC design.

The Smith chart is a powerful tool for designing a variety of
microwave circuits. In the tutorial lecture, basic theories of the Smith
chart are presented first and then the actual utilization methods for
amplifier and oscillator designs are demonstrated.

F—U—FIAIAF Y —b, A vE=F U REE, Qff, JLftik

A ArEH
F—TJ—F:RFIC, BRIV —Yary, F—PFEE. EH Keywords :Smith Chart, Impedance Matching, Q Factor, Conjugate
FER Matching, Negative Resistance

Keywords :RFIC, EM Simulation, Port Setup,
Effective Material Parameters
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Massive MIMO Transmission Technologies
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1. fESHF#7Massive MIMO L 15 D B %S
Ak A (NEC)

Research and Development of Massive MIMO Base Station in Low SHF
Band
Naoto Ishii, NEC

2. 5GMEHME R RER L X B Massive MIMO DY BEEAT
HHEE (7Y - I338Y)
Massive MIMO Performance Evaluation by 5G Radio Field Trial
Hideshi Murai, Ericsson Japan

3. Massive MIMOHEANIC & 2 28GHZ W B Bl S ¥ A7 2
ARHIEHE (FAAVEFI¥8Y)

28GHz Mobile Communications System Using Massive MIMO Technologies
Masao Akata, Samsung Electronics Japan
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The Massive MIMO is one of key technologies to realize the radio
access in the fifth-generation mobile communications system, which
will provide Gbps-class ultra high speed data transmission in high
frequency bands. In this session, the world leading vendors from
Japan, Asia, and Europe present their research and development
activities with regard to the technical and practical investigations of
Massive MIMO for the mobile communications system, which
include results of the experimental trials.

F —17—F :Massive MIMO. 5G. SHF/EHF4i7, i i 7 — 7 {5 3%

Keywords :Massive MIMO, 5G, SHF/EHF Bands, Ultra High Speed Data
Transmission
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Basic Learning for Microwave Power Amplifier Design
—for High-Efficiency Operation-
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Organizer / Chair: Masayuki Kimishima, Advantest Lab.
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Basic Learning for Microwave Power Amplifier Design
—for High-Efficiency Operation—
Ryo Ishikawa, The Univ. of Electro-Communications
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A microwave power amplifier is a key component for microwave
applications, such as wireless communications, wireless power
transfer, etc. In this lecture, basic and practical design processes are
explained for a basic circuit configuration, matching circuit, biasing
circuit, loss estimation, etc. Then, a basic design plan for a high-
efficiency operation is explained. In addition, recent research results
based on practical high-efficiency amplifier design methods are
introduced.

F—7— N RBIRS AT N T AR, R SRR

Keywords :Power Amplifier, Matching Circuit, Bias Circuit,
Loss Estimation, High Efficiency
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Millimeter-Wave Automotive Radar for Advanced Driver
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Organizer / Chair : Yoichi Kawano, Fujitsu Lab.
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Sensing and Information & Communication Technology for Advanced

Driver Assistance Systems (ADAS)
Manabu Sawada, DENSO
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Signal Modulation/De-modulation and Processing Techniques for Next
Generation Automotive Radar System
Takayuki Inaba, The Univ. of Electro-Communications

3. 7z —=A R T LA Y AT AIZINT 723V PECMOSHAR
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Millimeter-Wave CMOS for Phased Array Systems
Toshihiro Shimura, Fujitsu Lab
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Recently, Advanced Driver assistance System (ADAS) with the
keyword of “Safety” has attracted attention in the world. In this
workshop, we overview the sensing and communication techniques
for ADAS, then focus on millimeter wave automotive radar system.
The novel modulation/De-modulation techniques and CMOS
technology for the implementation of those systems are also
discussed.

FoU—FHRV ==, IVW. 7T7GHz. St ISR X
724, CMOS

Keywords :Automotive Radar, Millimeter Wave, 77GHz, Advanced
Driver Assistance System, ADAS, CMOS
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Wireless Technology for Automotive Applications
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Organizer: Masahiro Hanazawa, UL Japan
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Chair : Kunihiko Sasaki, DENSO
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PE— O3y =y )
79GHz Infrastructure Radar Applied to Cooperative Automated Driving
Yoichi Nakagawa, Panasonic

PR 13U NAVAS vei S 10T a7 = e S
PEDRM (B JESE )
Advanced Automotive Electronics Using Electromagnetic Wave
Toshiaki Watanabe, Toyota Central R&D Lab.
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World’s First Battery-Less Electric Roadway Vehicle
Takashi Ohira, Toyohashi Univ. of Technology
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Nowadays, a lot of wireless technologies are widely used around
automotive, and a further increase will be expected in the future. In
this session, 79GHz infrastructure radar, advanced automotive
electronics and battery-less electric roadway vehicle are presented.

F——F:HBE, [ 795 —F—, TV RS, Ny T
DRSS ELI LT

Keywords :Automotive, Infrastructure Radar, Electronics, Battery-Less
Electric Roadway Vehicle
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Organizer / Chair: Suguru Kameda, Tohoku Univ.

1. R B D PRI ~BUR &k~
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Medical Applications of Electromagnetic Technologies
— Today and Tomorrow —
Koichi Ito, Chiba Univ.

2. COI ML S DO FE B TR & iR GA At > - D FE ARG G
hAS . R, I # GRIER)

R&D Outline of COI Tohoku Site and Preliminary Study of Ingestible
Sensor
Tsutomu Nakamura, Shinya Yoshida, Hiroshi Miyaguchi, Tohoku Univ.

1L ) —FD0DT Yy v ¥
VB A (EER)
An Ambient Sensor for Wireless Sensor Nodes
Kajiro Watanabe, Hosei Univ.

2.RFIDHEMZFM L72T A3y — 1B LV B A
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RFID-based Privacy Friendly Watching System for Elderly Person
Masayuki Numao, The Univ. of Electro-Communications

3. MBI BI0T S 2 LN 7 b v 42X
2 BRISEHESE & WL
RIS = (74X VL ATI 2= — 3 VRFSERT)
Constructing a Network Environment Based on 10T Devices and

Microwave Sensor Devices and Evaluation in the Field
Kenzo Ozaki, Wireless Communication Lab
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The high intelligent vital information acquisition sensor networks are
needed, though the toilet help and independence support in the
medical treatment and nursing field for elderly persons are the most
important elements. Accordingly, the technique to acquire highly
developed vital information with the 10T sensor network will be
lectured in this session. Concretely, the system that acquires elderly
person's vital information on the getting up, the arrival floor, the
heartbeat and breath from remoteness with the microwave Doppler
rada and RFID system will be shown. By computing the received
signal strength indication of the multiple RF-tags, it can recognize the
location and posture of the patients. Combining the posture, location
and vital information, it can finally recognize the behavior by using
machine learning technology. In addition, results of the field test with
a care facility for elderly people will also be introduced.

F—7— BRI, 10T, SRR —F T —2,
fIm, Beb

Keywords :Toilet Help, 10T, Wireless Vital Information Acquisition
Sensor Networks, Activity Recognition, Machine Learning
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or treatment in the medical field. This workshop focuses on the
cutting-edge electromagnetic wave technologies for medical care,
such as, low invasive treatment equipment, surgical devices, and
ingestible sensors. Moreover, an overview of the future of medical
care with electromagnetic waves and Internet of Things (loT)
technologies is given.

F—U— N RFPFEREBEHAML AR BRSSP TN R
HoA AR W

Keywords :Medical Electromagnetic Wave Technology, Low Invasive
Treatment Equipment, Surgical Device, Ingestible Sensor
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A Prelude to the Nuts and Bolts of VNA Calibration
Shuhei Amakawa, Hiroshima Univ.
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The role VNA (vector network analyzer) calibration is to define the
measurement reference planes for subsequent S-parameter
measurements. Specifically, VNA calibration defines where the
reference planes are and what the values of reference impedances
associated with those planes are. When, if ever, do the reference
impedances assume a value other than 50 Q and how? In this
seminar, we will have a close look at the mechanics by which
reference impedances assume a certain, possibly complex value.

F—J—F:SHFTA=F VNAF YT L= ar, FAZUNRTS
VI, ML V- VR

Keywords :S-Parameters, VNA Calibration, De-Embedding, Reference
Impedance

21

FR6B

A P55 E 14:00-15:30

TNkl AP

Introduction of Microwave Filter Design
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Introduction of Microwave Filter Design
Tamio Kawaguchi, Toshiba
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Microwave filters are indispensable components for wireless
communication systems. In this introductory course, the basic theory
and design of microwave filters are presented. The characteristics of
various filters are discussed first. Then the circuit synthesis of
bandpass filters based on equivalent circuit model are discussed.
Finally, the physical modeling of filters is designed using
electromagnetic simulators.

F—U—F:=fruil74 Vs, WHEE 7V, AKGEE T 4V
Z. G T AV S, AL T4V F, il n]

Keywords :Microwave Filters, Bandpass Filters, Lowpass Filters,
Highpass Filters, Bandstop Filters, Equivalent Circuits
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Microwave Exhibition 2016
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mwe.org/) IZHERL T FRETTOTISH TSV, HEOTSN 20X BIELHL EFTBIET,

Microwave Exhibition 2016 will be held at Exhibition Hall D in Pacifico Yokohama as a part of MWE 2016 from Wednesday Nov. 30 to Friday
Dec.2. More than 400 microwave-related companies from all over the world will exhibit their latest products. Some sessions of the Microwave
Workshops 2016 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 2016 in Yokohama Japan.

HEREXREZF—

Technical Seminars presented by Exhibitors of Microwave Exhibition 2016

O 11730H (K) 13:15,14:15,15:15,16 115X V), %45%
Wednesday, November 30 From 13:15, 14:15, 15:15, 16:15, 45 minutes for each session.

12H1H (K) 12:45,13 :45,14 :45, 15 :45X V), %45%"
Thursday, December 1 From 12:45, 13:45, 14:45, 15:45, 45 minutes for each session.

? 12H 2 H (&) 12:45,13 :45, 14 :45, 15 :45X V), %45%"

Friday, December 2 From 12:45, 13:45, 14:45, 15:45, 45 minutes for each session.

JERA—IVIERSEE I F—RY  In Exhibition Hall D

BRZOMESALDS, Hrdir - FRNICH T 538240 5 CNTHANIIZE - B ORI T 2 #lH 2 ITVWE T,

V7 by 7RG & S O RO R FEL TV E T,

BB, TuTTEAONEICOVWTIE, F—2X—= (http/lwww.apme-mwe.org) % T 2280,

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 will be scheduled for three days to cover various technical topics. Detailed program has been released in our website  ( http:/Awww.
apmc-mwe.org ) .
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CORNING GILBERT INC.
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DIAMOND ENGINEERING INC.
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DIVERSIFIED TECHNOLOGIES, INC.

DONGIN TECHNOLOGY INNOVATION CO., LTD.
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DOW-KEY MICROWAVE CORP.
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DYNAWAVE, INC.

E2V

E2V TECHNOLOGIES (UK) LTD.
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ECHO MICROWAVE CO., LTD.

ECLIPSE MICROWAVE, INC.

EGIDE

ELECTROMAGNETIC TECHNOLOGIES INDUSTRIES, INC.
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ELECTRONIC DEVICES INC.

ELECTRO-PHOTONICS LLC
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ELVA-1 LTD.
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EMC TECHNOLOGY/FLORIDA RF LABS
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EMERSON NETWORK POWER CONNECTIVITY SOLUTIONS, INC.
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EMPOWER RF SYSTEMS, INC.

EM RESEARCH, 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.

EW SIMULATION TECHNOLOGY LTD.
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EXODUS DYNAMICS

FARRAN TECHNOLOGY

FCT ELECTRONIC GMBH

FEI-ELCOM TECH INC.

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.

HEROTEK, 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.

IMS CONNECTER SYSTEMS (SUZHOU) CO., LTD.
IMST GMBH

INNOSENT GMBH

INNOVATIVE POWER PRODUCTS, INC.
INSULATED WIRE, INC.

INTEGRAND SOFTWARE, INC.

INTELLIGENT EPITAXY TECHNOLOGY, INC.

IPP (INNOVATIVE POWER PRODUCTS, INC.)
ISOLATION PRODUCTS, INC.

IW (INSULATED WIRE, INC.)

JERSEY MICROWAVE

JFW INDUSTRIES, INC.

JIAXING GLEAD ELECTRONICS CO.,LTD.

J MICRO TECHNOLOGY

JOHANSON MANUFACTURING CORP.

JQL ELECTRONICS INC

JYEBAO CO., LTD.

K&L MICROWAVE, INC.

KAELUS INC.

KEMET

KMIC TECHNOLOGY, INC.

KRATOS-CTI

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 MICROWAVE-EAST
L-3 COMMUNICATIONS, NARDA MICROWAVE-WEST
L-3 NARDA-MITEQ

LADYBUG TECHNOLOGIES LLC

LIEDER DEVELOPMENT INC.

LINK MICROTEK LTD.

LINWAVE TECHNOLOGY LTD.

LINX TECHNOLOGIES, INC.



LOGUS MICROWAVE CORP.
LUN'TECH

M/A-COM TECHNOLOGY SOLUTIONS
M/A-COM TECHNOLOGY SOLUTIONS (MACOM)
MAGUS (PTY) LTD.

MARKI MICROWAVE, INC.

MASSACHUSETTS BAY TECHNOLOGIES, INC.
MAURY MICROWAVE CORP.

MEGA INDUSTRIES, LLC

MEGAPHASE LLC

MEGGIT SAFETY SYSTEMS INC.

MERCURY SYSTEMS, INC.

MESL MICROWAVE LTD.

MESURO LTD.

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.
MICRO WAVE FACTORY CO., LTD.
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.

MITEQ, INC.

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

MODELITHICS INC.

MPDEVICE CO., LTD.

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.

NEW ENGLAND WIRE TECHNOLOGIES
NEWFASANT

NEXTEK, INC.

NOISEWAVE CORP.

NORDEN MILLIMETER, INC.
NOVACAP (KNOWLES CAPACITORS)
NOVA MICROWAVE INC.

NUHERTZ TECHNOLOGIES, LLC
NUWAVES ENGINEERING

OHMITE

OML, INC.

OMMIC

OMMIC SAS

OMNIYIG, INC.

ORBITAL ATK, INC.

ORBIT/FR

ORMELABS
PARTRON CO., LTD.

PASSIVE PLUS, INC.

PASTERNACK ENTERPRISES, INC.

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

PILKOR ELECTRONICS CO., LTD.
PIVOTONE COMMUNICATION TECHNOLOGIES, INC.
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.

QORVO/TRIQUINT SEMICONDUCTOR
Q-PAR ANGUS LTD.

QUEST MICROWAVE INC.

QUOVO, INC. (RF MICRO DEVICES, INC.)
QWED SP. Z 0.0.

RADANT MEMS

RADAR TECHNOLOGY, INC.

RADIALL INC.

RADITEK, INC.

RAKON

RAKON FRANCE SAS

REACTEL, INC.

RELCOMM TECHNOLOGIES, INC.

RESIN DESIGNS, LLC

RES-NET MICROWAVE, INC.
RESOTECH, INC.

RFHIC CORP.

RFIC SOLUTIONS INC.

RF LAMBDA, INC.

RF MORECOM COREA CO., LTD.

RH LABORATORIES, INC.
ROSENBERGER

ROSENBERGER HOCHFREQUENZTECHNIK GMBH & CO. KG
RS MICROWAVE COMPANY, INC.

$2D MICROWAVE, 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

SONNET SOFTWARE, INC.

SONOMA INSTRUMENT

SONOMA INSTRUMENT CO.

SONOMA SCIENTIFIC, INC.

SPACEK LABS INC.

SPECTRUM ELEKTROTECHNIK GMBH
SPINNER

STANFORD RESEARCH SYSTEMS, INC.
STANGENES INDUSTRIES, INC.

STAR MICROWAVE, INC.

STATE OF THE ART, INC.

STRATEDGE CORP.

SUNNY ELECTORONICS
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SV MICROWAVE INC.

SWISSTO12

SYFER TECHNOLOGY, LTD.

SYFER TECHNOLOGY LTD. (KNOWLES CAPACITORS)

SYNERGY MICROWAVE CORP.

SYNQOR, INC.

TACONIC CO., LTD.

TAI-SAW TECHNOLOGY CO., LTD.

TECHTROL CYCLONETICS, INC.

TECH-X CORP.

TELEDYNE COAX SWITCHES

TELEDYNE LABTECH LTD.

TELEDYNE MICROWAVE SOLUTIONS

TELEDYNE PARADISE DATACOM

TELEDYNE RELAYS

TELEDYNE STORM MICROWAVE

TELWAVE, INC.

TEMEX - CERAMICS

TERASENSE GROUP INC.

TERATECH COMPONENTS LTD.

THIN FILM TECHNOLOGY CORP.

TIME DOMAIN

TIMES MICROWAVE SYSTEMS

TLC PRECISION WAFER TECHNOLOGY, INC.

TRAK MICROWAVE CORP.

TRAK MICROWAVE LTD.

TRANSCOM, INC.

TRU CORP.

TT ELECTRONICS SEMELAB, LTD.

TYDEX

UNITED MONOLITHIC SEMICONDUCTORS S.A.S.

UNIVERSAL MICROWAVE COMPONENTS CORP.

UNIVERSAL MICROWAVE TECHNOLOGY, INC.

VAUNIX TECHNOLOGY, CORP.

VECTOR TELECOM PTY LTD.

VECTRAWAVE

VECTRON INTERNATIONAL

VENTURETEC MECHATRONICS

VICTORY MICROWAVE CORP.

VIDA PRODUCTS, INC.

VIRGINIA DIODES, INC.

VIVA TECH LTD.

VUBIQ NETWORKS, INC.

WAINWRIGHT INSTRUMENTS GMBH

WASA MILLIMETER WAVE AB.

WAVE COMPUTATION TECHNOLOGIES, INC.

WEINSCHEL ASSOCIATES

WEINSCHEL ASSOCIATES, INC.

WERLATONE, INC.

WIDE BAND SYSTEMS, INC.

WIN SEMICONDUCTORS CORP.

WIRELESS TELECOM GROUP INC.

W.L. GORE & ASSOCIATES, INC.

XI'AN HENGDA MICROWAVE TECHNOLOGY DEVELOPMENT
COMPANY

XSIS ELECTRONICS INC.

YANTEL CORP.
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