Quy Nhon University - The Radio and Electronics Association of Vietham

IEEE Communications Soci
Quy Nhon Universily

1977 - 2017

. SCIENCE AND TECHNICS PUBLISHING HOUSE




Copyright © 2017 by The Institute of Electrical and Electronics Engineers, Inc.

All rights reserved

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries are
permitted to photocopy beyond the limit of U.S. copyright law for private use of patrons those articles
in this volume that carry a code at the bottom of the first page, provided the per-copy fee indicated
in the code is paid through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.
For other copying, reprint or republication permission, write to IEEE Copyrights Manager, IEEE
Operations Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights reserved. Copyright © 2017 by
IEEE.

The papers in this book comprise the proceedings of the meeting mentioned on the cover and title
page. '

They reflect the authors’ opinions and, in the interests of timely dissemination, are published as
presented and without change. Their inclusion in this publication does not necessarily constitute
endorsement by the editors, the Radio Electronics Association of Vietnam (REV), the IEEE
Communication Society, or Institute of Electrical and Electronics Engineers, Inc.

IEEE catalog number: CFP17ATC-PRT
ISBN: 978-1-5386-2896-6
ISSN: 2162-1020

iv



Table of Contents

Message from the ATC’17 General Chair ........ cossonsessossssnsons consossssasssnsons xi
Message from the Rector, Quy Nhon University........ cesssssscsusssasssnase cesesssessssesns xifi
Message from the REV President....... cossssssssssssssssesssse cosssssssssssssssssanese cosasessseussssasssssessessasssssnssssssssensssenss covose X1V
Executive Committee .....cccccveeceeces cosassssessessessssesssssane cosesessssssssassosss sosssssssssssssssssesssansassssssasasossssssess . oo XV
Technical Program Committee........ cossesssnsasssessassesssssssasssssssnssssssssananssss sossssscosssnasssssasssoss xvii
Additional Reviewers......... cosssssasassensse cossssssassssassssesssssases cossssssscsssnsssssasssas R ¢ 4% 111
Keynote Abstract..cc.ccecernconacacoscosnasoase cescsssassasesseseossusonsans coussscossosasssnses XXxXiv
PART A.
Networks

o  On the Performance of TCP Cubic over Fading Channels with AMC SCHEMES .............ccoveiiiiieieiiiiiiciiiiin s 1

Hoang D. Le and Chuyen T. Nguyen (Hanoi University of Science and Technology, Vietnam);
Vuong V. Mai (The University of Aizu, Japan); Ngoc T. Dang (Posts and Telecommunications Institute of
Technology, Vietnam); Anh T. Pham (The University of Aizu, Japan)

o  Data Driven Hyperparameter Optimization of One-Class Support Vector Machines for Anomaly Detection
10 Wireless SensOr NEIWOFKS. ...........ccuiueuieieieeiieie et e bbbt 6

Van Vuong Trinh and Kim Phuc Tran (Dong A University, Vietnam); Huong Thu Truong (Hanoi University of
Science and Technology, Vietnam)

e Impact of Optical Regeneration on Dynamic Elastic Optical NetWOTKS ... 11
Hai Chau Le, Ngoc T. Dang and Nhan Duc Nguyen (Posts and Telecommunications Institute of Technology,
Vietnam)

o Adaptation Method for Streaming of CBR Video over HTTP Based on Software Defined NetwOrking ............coeveeeevcunne. 16

Thinh Pham Hong, An Nguyen Duc, Thoa Nguyen, Truong Thu Huong and Nam Pham Ngoc (Hanoi -,
University of Science and Technology, Vietnam)

o AQA’: an Analytical QoS-Assessment Approach for Service Function Chaining in Cloud Environment ..., 21
Trung V. Phan (Technische Universitit Chemnitz, Germany); Linh H. Ngo, Truong Thu Huong
and Nguyen Huu Thanh (Hanoi University of Science and Technology, Vietnam)

Microwave Engineering

o  High Efficiency 10 W GaN-HEMT Power Amplifier with Optimum Input Stabilization ...................c.cceeneieininienennnnns 27

Quang Huy Le (Frankfurt University of Applied Sciences, Germany); Chi Thanh Nghe (Berlin Institute of
Technology, Germany); Gernot Zimmer (Frankfurt University of Applied Sciences, Germany)

o Study of injection locking effect in terahertz resonant tunnelling diode 0SCIlIQIOTS ...........couvvvviinnieiiiiiciniine 31
Mai Van Ta and Nguyen Huy Hoang (Le Quy Don Technical University, Vietnam); Luong Duy Manh
(Osaka University, Japan)

o “Hello-Shaped” Wideband Monopole Antennas On Paper SUDSITQLE. ...........c.cveveineeeiniiniie s 35
Hong Phuong Phan, Tan-Phu Vuong, Philippe Benech, Pascal Xavier (University Grenoble Alpes, France);
Pascal Borel (Technical Center of Paper, France )

e  High Gain Antenna with Wide A ngle Radiation for Modern Wireless Communication Applications ................c.ccouvevn. 39
Bui Thi Duyen, Le Minh Thuy, Nguyen Quoc Cuong (Hanoi University of Science and Technology, Vietnam)



Communications

o  An Experimental Acoustic SFBC-OFDM for Underwater COMMURICALION ....o...owermusssseseemssss s 43

Hai Tran and Tomohisha Wada (University of the Ryukyus, Japan); Hoan Pham
(Viettel Network Technologies Center, Vietnam); Hai Dao (Hanoi University of Industry, Vietnam);
Taisaku Suzuki, Tomohisa Wada (University of the Ryukyus, Japan)

o  Efficiency Zero-Forcing Detectors based on Group Detection for Massive MIMO SYSIEMS w..cevvivnrimsnmmsssissssensseessens: 48
Thanh-Binh Nguyen, Tien-Dong Nguyen (Le Qui Don University, Vietnam); Minh-Tuan Le, Vu-Duc Ngo
(Hanoi University of Science and Technology, Vietnam)

o  Best relay selection with joint effects of Hardware impairments and Interference CONSINAINIS .......c.cuvvimiieissssiceneisiesenens 54

Pham Ngoc Son (Ho Chi Minh City University of Technology and Education, Vietnam); Thi Anh Le,
Van Phu Tuan and Hyung Yun Kong (University of Ulsan, Korea)

Antenna & Propagation

o Single-feed, compact, GPS patch antenna using PMEHASUITACE .o 60

Son Xuat Ta, Dao Ngoc Chien (National Center for Research and Development of Open Technologies, Ha Noi,
Vietnam); Khac Kiem Nguyen, Hien Doan Thi Ngoc (Hanoi University of Science and Technology, Vietnam)

o  28/38 GHz Dual-Band MIMO Antenna with Low Mutual Coupling
using Novel Round Patch EBG Cell for 5G APPLICALIONS ..o s 64

Duong Thi Thanh Tu, Nguyen Gia Thang, Nguyen Tuan Ngoc and Nguyen Thi Bich Phuong
(Posts and Telecommunications Institute of Technology, Vietnam); Vu Van Yem
(Hanoi University Of Science and Technology, Vietnam)

o  Electric characteristics of very small Normal-Mode Helical Antenna in Human Body CONAItions ........cccveveveceiiinnininiinne 70

Dang Tien Dung, Nguyen Quoc Dinh (Le Quy Don Technical University, Vietnam); Yoshihide Yamada
(Universiti Teknologi Malaysia, Malaysia); Naobumi Michishita (National Defense Academy, Japan);
Ha Quoc Anh (Telecommunications University, Vietnam)

e  Compact Circularly Polarized Slotted SIW Cavity Antenna for 5G APPlCAtiON............cvririisssssisscnieimssssisisses s 75

Son Ho-Quang (Hanoi University of Science and Technology, Vietnam); Son Xuat Ta (National Center for
Research and Development of Open Technologies, Ha Noi, Vietnam, Ministry of Science and Technology);
Phuong Huynh-Nguyen-Bao (Quy Nhon University, Vietnam); Kiem Nguyen-Khac, Chien Dao-Ngoc
(Hanoi University of Science and Technology, Vietnam)

o 4x4 Dual-Band MIMO Antenna with Low Mutual Coupling Using a Novel Structure of Neutral Line.........cooocvcencunnnn. ... 30

Duong Thi Thanh Tu, Vu Van Yem (Hanoi University Of Science and Technology, Vietnam);
Nguyen Tuan Ngoc, Nguyen Ngoc Tu, Nguyen Hong Duc and To Thi Thao
(Posts and Telecommunications Institute of Technology, Vietnam)

Communications

o Automatic Phase Compensation in MIMO-STBC Systems with Nonlinear Distortion Incurrved by High Power Amplifiers ..... 86

Thanh Nguyen (Le Quy Don Technical University, Vietnam); Tat-Nam Nguyen (Department for Standard,
Metrology and Quality); Quoc-Binh Nguyen (Le Quy Don Technical University, Vietnam)

o  Outage probability analysis of half-duplex energy harvesting AF two-way relaying over Nakagami-m Jfading.........ouen.. 92

Phong Nguyen - Huu (Broadcast Research & Application Center (BRAC), Vietnam); Khuong Ho-Van, Ngoc
Pham-Thi-Dan and Tuan Nguyen-Thanh (HoChiMinh City University of Technology, Vietnam); Pham Ngoc
Son (Ho Chi Minh City University of Technology and Education, Vietnam); Son Vo-Que (Ho Chi Minh City
University of Technology, Vietnam)

e  Repeated Index Modulation for OFDM with Space and Frequency DIVEFSILY covereveriincnsiensieieisnsesisis st 97
Huyen Le Thi Thanh, Xuan Nam Tran (Le Quy Don Technical University, Vietnam)

o A Study on Code Synchronization for Time Diversity in Helicopter Satellite COMMURICALIONS ......uvvnvvmerirsnmscesieneinssnsinnse 103
Ryosuke Ito and Toshiharu Kojima (The University of Electro-Communications, Japan)

o Security Performance Analysis of Underlay Cognitive Radio Systems under Interference from Primary Network and
Channel THfOrmation INACCUTACY «.vevev..vvvvevvsssessssassssssssssssssss 11 e 108

Khuong Ho-Van (HoChiMinh City University of Technology, Vietnam); Thiem Do-Dac (Thu Dau Mot
University, Vietnam); Ngoc Pham-Thi-Dan and Tuan Nguyen-Thanh (HoChiMinh City University of
Technology, Vietnam); Son Pham-Ngoc (Ho Chi Minh City University of Technology and Education,
Vietnam); Son Vo-Que (Ho Chi Minh City University of Technology, Vietnam)



Electronics

o Design of a CPG-Based Close-Loop Direction Control System for Lateral Undulation Gait of Snake-Like Robots.........

Quan Minh Dao, Quan Tuong Vo (Ho Chi Minh City University of Technology, Ho Chi Minh City, Vietnam)

o Adaptable VLIW Processor: the Reconfigurable Technology APPYOGCH .............oc.coviniiiiiniiniiiiiniiiiit e

Cuong Pham-Quoc, Binh Kieu-Do-Nguyen (Ho Chi Minh City University of Technology (HCMUT), Vietnam);
Anh-Vu Dinh-Duc (Vietnam National University - Ho Chi Minh City, Vietnam)

o A Novel High-Throughput, Low-Complexity Bit-Flipping Decoder for LDPC Codes

Khoa Le, Fakhreddine Ghaffari and David Declercq (Université de Cergy-Pontoise, ENSEA, CNRS, France);
Bane Vasié (University of Arizona, USA); Chris Winstead (Utah State University, USA)

e  Reliability Analysis of Low Noise Amplifiers for Wireless Applications under high RF power siressing

Aziz Doukkali, Insaf Lahbib (Normandie Université ENSICAEN/CRISMAT/UMR 6508, France); Patrice
Gamand (Labex Sigma-Lim, University of Limoges, France); Patrick Martin, Dominique Lesenechal and
Philippe Descamps (Normandie Université ENSICAEN/CRISMAT/UMR 6508, France)

Special session on IoT Devices, Systems and Applications

o Low-profile horizontal omni-directional antenna for LoRa wearable devices

L.H. Trinh (University of Information and Technology & Vietnam National University, Vietnam); T.Q.K. Nguyen
(University Cote d’Azur, CNRS, LEAT, UMR 7248 France); H.L. Tran, P.C. Nguyen (University of Information
and Technology & Vietnam National University, Vietnam); N.V. Truong (Institute of Applied Mechanics and
Informatics, Vietnam); Fabien Ferrero (University Cote d’ Azur, CNRS, LEAT, UMR 7248 France)

o  Online Working Condition Monitoring System Integrated Power Saving And Security Using Zigbee Wireless Sensor

INCIWOFK oot e et e et et e et e e eesseeabesas e be et e eass e be e et e e ssaeassaasseaseeesseaessaeataenasesase e se e eeeae et e s saeneereennae s e s aeneennen

Huan Minh Vo (Ho Chi Minh University of Technology and Education, Vietnam)

o Design an IoT wrist-device Jor SpO2 MEASUFEINENL ..............oouvuriviiiiiiniiiitiiniiiiee et s e snan s senes

Lai Phuoc Son, Nguyen Thi Anh Thu, Nguyen Trung Kien (The University of Da Nang, Vietnam)

e Application of Home Automation System for Assisted Living Services in Home Healthcare..............eeerviiennninnnnnnn,

Truong Thi Bich Thanh, Tran Thai Anh Au (University of Science and Technology Danang, Vietnam)
Antenna & Propagation

o Measurement of Complex Permittivity of Materials Using Electromagnetic Wave Propagation in Free Space and Super

High-Resolution Algorithm
Ho Manh Cuong (Electric Power University, Vietnam); Nguyen Trong Duc (Vietnam Maritime University,
Vietram); Vu Van Yem (Hanoi University Of Science and Technology, Vietnam)
e A Low Sidelobe Fan-beam Series Fed Linear Antenna Array for IEEE 802.11ac Outdoor Applications
Tang The Toan (University of Hai Duong, Vietnam); Nguyen Minh Tran (Sungkyunkwan University, Korea);
Truong Vu Bang Giang (Vietnam National University, Hanoi, Vietnam)

o Design Array of ZOR Antenna with a Pair of Double Positive and Epsilon Negative Materials for Wireless Imaging

THANSINISSTON SYSTEM ...evvevneririreeirinieeeieieieseee et et ettt a et et ae b s bbb e b e b e bbb e b b s bRttt es

Dang Thi Tu My (Quy Nhon University, Vietnam); Tran Thi Huong (The University of Danang, Vietnam)

o  Miniature Antenna for IoT Devices Using LoRa Technology

L.H. Trinh (Vietnam National University, Vietnam); T.Q.K. Nguyen (University Cote d’Azur, CNRS, LEAT,
UMR 7248 France); D.D. Phan, V.Q. Tran, V.X. Bui (University of Information and Technology & Vietnam
National University, Vietnam); N.V. Truong (Institute of Applied Mechanics and Informatics, Vietnam), Fabien
Ferrero (University Cote d’Azur, CNRS, LEAT, UMR 7248 France)

e A Compact Frequency Reconfigurable MIMO Antenna with Low Mutual Coupling for UMTS/LTE Applications

Hoang Thi Phuong Thao (Hanoi University of Science and Technology & Electric Power University, Vietnam);
Vu Thanh Luan (LPQM, Centrale Supelec, Ecole Normale Superieure Paris-Saclay, France); Nguyen Canh
Minh (University of Transport, Vietnam); Bernard Journet (LPQM, Centrale Supelec, Ecole Normale
Superieure Paris-Saclay, France); Vu Van Yem (Hanoi University of Science and Technology, Vietnam)



Communications

o  Performance analysis of long-distance radio-over-fiber systems for mainland-island cOMMURICATIONS ......cvvvvviiiinciinnee 180

Toan Nguyen Khanh and Tuan Nguyen Van and Hung Nguyen Tan (The University of Danang, University of
Science and Technology (DUT))

o Quadrature Multi-carrier DCSK: A High-efficiency Scheme for Radio COMMURICALIONS.........c.covevimieciciniiiiiiiiiiiiiiies 186
Nguyen Xuan Quyen (Hanoi University of Science and Technology, Vietnam); Pham Cong-Kha
(The University of Electro-Commununications (UEC), Japan)

o A Novel Hybrid Fiber-Wireless RoF/MMW System using Bidirectional Amplify-and-Forward Relaying.......................... 192

Thu A. Pham, Nga T.T. Nguyen, Lam T. Vu and Ngoc T. Dang
(Posts and Telecommunications Institute of Technology, Vietnam)

o Reducing the Bit-Mapping Search Space of a Bit-Interleaved Polar- Coded Modulation System................ccouveveinieneniees 198
Francis C.M. Lau and Tam Wai Man (The Hong Kong Polytechnic University, Hong Kong)
Biomedical Engineering
o A study on Acoustic Characterization of Medical Ultrasound Transducers using pulse-echo methods ...................cc....... 204

Khuong T. T. Pham, Nam L. Nguyen (The University of Danang, Vietnam)

o Detection and Classification of Soft Tissues using Complex Shear Modulus Estimation and Decision Tree Algorithm ..... 210
Luong Quang Hai, Nguyen Manh Cuong (Le Quy Don Technical University, Vietnam); Tran Duc-Tan
(VNU University of Engineering and Technology (VNU-UET), Vietnam)

e Estimation of spectrum parameters for Quantitative EPR in the derivative lIMiL.........c.cccceeeveniiiininininen e 214
Nghia Tran Duc, Yves-Michel Frapart (CNRS - Paris Descartes University, France);
Sébastien Li-Thiao-Té (Université Paris 13, France)

o An Implementation of Diabetic Retinopathy Grading System on Android Device Using Fully Automated Algorithm........ 220
Duc Ngoc Tran (University of Information Technology, Vietnam)

Signal Proceesing

o  An online SVM based side information creation for efficient distributed scalable video COAING...........wwvvveviieriinerinnns 225
Xiem HoangVan (Vietnam National University & University of Engineering and Technology, Vietnam);
Thao Nguyen Thi Huong (Posts and Telecommunications Institute of Technology, Vietnam)

o Estimating ROC for a multistage deteCtion SYSIEM ........c..c.coumiuimimiminiisis sttt e 229
Le Trung Thanh, Nguyen Thi Anh Dao, Nguycu Linh-Trung, Ha Vu Le
(Vietnam National University Hanoi, Vietnam)

e  Multi-source Data Analysis for Bike Sharing Systems 235
Nguyen Thi Hoai Thu, Le Trung Thanh, Chu Thi Phuong Dung, Nguyen Linh-Trung and Ha Vu Le
(Vietnam National University, Hanoi)

o Implementation of Technical Data Analysis of Skeleton Extracted from Camera Kinect in Grading Movements of Vietnamese

MMAFLIG] AFES o ooeeeeeeeeeeeeeeeeessessssessesesssases et essesessasassaseasessseseas e e esEsbe s e R e e R e e b e b e A e RS e E e R e e R e R e S e eSS a LSS SRRt 241

Nguyen Tuong Thanh (Hanoi University of Science and Technology, Vietnam); Nguyen Dang Tuyen
(Vietnam Academy Science and Technology, Vietnam); Le Dung and Pham Thanh Cong
(Hanoi University of Science and Technology, Vietnam)

Communications

o  Wideband Optical Logic Gates Based on a 3x3 Multi-Mode Interference COUPIET ..........wvwiviiiniimsiniissssiinsssininsssninns 245
Chien Van Le, Dien Van Nguyen, Ngan T.K. Nguyen, Tuyen T.T. Le and Chien Tang-Tan (Danang University
of Technology, Vietnam); Cao Dung Truong (Posts and Telecommunications Institute of Technology,
Vietnam); Hung Nguyen Tan (The University of Danang, Vietnam)

o Multi-harvesting solution for autonomous sensing node based on LoRa Technology

Fabien Ferrero (University Nice Sophia Antipolis, CNRS, LEAT & CREMANT, France);
Hoai-Nam-Son Truong and Huy Le-Quoc (The University of Danang, Vietnam)

o Doppler Compensation Method using Carrier Frequency Pilot for OFDM-Based Underwater Acoustic Communication
SYSIEIIS covvvevveseeveseemesises s s e 254

Quoc Khuong Nguyen, Dinh Hung Do and Van Duc Nguyen (Hanoi University of Science and Technology, Vietnam)

viii



Biomedical Engineering

e Automatic removal of EOG artifacts using SOBI algorithm combined with intelligent source identification technigue ... 260

Pham Van Thanh, Dang Nhu Dinh and Nguyen Duc Anh (The University of Fire Fighting and Prevention,
Vietnam); Nguyen Tien Anh (Le Quy Don Technical University, Vietnam); Chu Duc Hoang (Ministry of
Science and Technology, Vietnam); Tran Duc-Tan (VNU University of Engineering and Technology, Vietnam)

o K-Mean Clustering Based Automated Segmentation of Overlapping Cell Nuclei in Pleural Effusion Cytology Images.... 265
Khin Yadanar Win, Somsak Choomchuay (King Mongkut’s Institute of Technology Ladkrabang, BKK,
Thailand); Kazuhiko Hamamoto (School of Information and Telecommunication Engineering, Japan)

©  Research on reading muscle signals from the EMG sensor during knee flexion - extension using

the Arduino UNO CORIFOIIEE ...............cccoouiiirieiicieieieteee ettt e 270
Duc Minh Dao and Pham Dang Phuoc (Pham Van Dong University, Vietham); Tran Xuan Tuy (The University
of Danang, Vietnam); Tram Thuy Le (Quang Nam Vocational College, Vietnam)

Signal Proceesing

e Speed Limit Traffic Sign Detection and Recognition Based on Support Vector Machines ..............ooooooooooeoooeooooo 274

Hung Ngoc Do, Minh-Thanh Vo, Huy Quoc Luong, An Hoang Nguyen, Kien Trang and Ly Vu
(International University, Vietnam)

e Architecture of Integer Motion Estimation HEVC jor encoding 8K ViAo ............ooowowooeeereeeeseeeeeeoeeoeoeoeeeoeeeeoeoo 279
Nguyen Vu Thang, Vu Dac Tung and Nguyen Duc Hoan (Hanoi University of Science and Technology,

Vietnam)

o A Novel Design of Low Power Consumption GPS Positioning Solution Based on Snapshot Technique..............oooonee..... 285
Thuan Nguyen Dinh and Vinh La The (Hanoi University of Science and Technology, Vietnam)

PART B.

o Design of Cross-polarized MIMO quasi-Yagi Antenna for LTE APpliCation ..............oooveeevereeeerereeeeseoeeseoeeeeoeoeeoeooeoeoon 291
Nguyen Khac Kiem, Ta Quang Ngoc, Pham Thi Lan Huong (Hanoi University of Science and Technology);

Dao Ngoc Chien (Ministry of Science and Technology, Hanoi,Vietnam)

©  Pulse Current Generation Circuit for Functional Electrical Stimulation for Foot-drop Patients .......oooveoeveveooeovoeooo. 295
Viet Dung Nguyen, Van Thong Mai, Minh Duc Nguyen (Hanoi University of Science and Technology)

o Onthe Delay of Content-Centric Mobile Multihop Networks Using File Segmentation ............oommeeveoreoosesseoeooeoosio. 301
Trung-Anh Do, Hoai Bac Dang (Electronics Engineering, Posts and Telecommunications Institute of Technology,
Vietnam); Won-Yong Shin (Computer Science and Engineering, Dankook University, Republic of Korea)

o Mathematical model for visible light communication system using OLED with MIMO and NOMA techmques ...... _.\' ......... 306

Pham Quang Thai, Nguyen Ngoc Anh Khoa, Nghi Vinh Khanh (Ho Chi Minh city University of Technology
Ho Chi Minh, Vietnam); Jiang Liu, Shimamoto Shigeru (Waseda University Tokyo, Japan)

e Practical Wideband Radiation Characteristics of Denstty Tapered Array fed
by Modiified Log-periodic Dipole ANIEHINA ..................icoeweeuneeieeieeesiosie e e e oo 311

Nguyen Thanh Binh, Nguyen Quoc Dinh (Le Quy Don Technical University, Vietnam); Yoshihide Yamada
(Malaysia-Japan International Institute of Technology UTM, Malaysia); Naobumi Michishita (National
Defense Academy Yokosuka, Japan)

o  Experimental Assessment of the Robustness to Environment Variations of Cylindrical Dielectric Resonator Antennas .... 316

K. Allabouche, F. Ferrero, L. Lizzi, J-M. Ribero (University Co’te d’Azur, CNRS, LEAT, UMR 7248, France);
M. Jorio (Sidi Mohamed Ben Abdellah University, LERSI, Fez, Morocco); N. El Amrani El Idrissi (Sidi
Mohamed Ben Abdellah University, LSSC, Fez, Morocco)

o Perceptual Color Clustering for Rice Seed ACCESSION IMAZES .......cc.evveeveeeereeeeeeeieeeeeeeseeeeeeeeseeeesee e ees oo 321
Nga Thi-Kim Tran, Tuan Do-Hong (Ho Chi Minh City University of Technology, Viet Nam); Vladimir
Mariano (RMIT University, Viet Nam); Ruaraidh Hamilton (Genetics Resources Center, Int’l Rice Research
Institute, Philippines)

e Enhancing WiFi based Indoor Positioning by Modeling Measurement Data With GMM ... 325

Manh Kha Hoang, Thi Hang Duong, Trung Kien Vu (Hanoi University of Industry, Vietnam); Anh Vu Trinh
(VNU University of Engineering and Technology, Vietnam)

ix



TM-(de)MUXer Based on a Symmeltric Y-junction Coupler and a 2x2 MMI Coupler Using Silicon Waveguides

JOU TWDM ADPICAIIONS ... eeevvvssss s
Cao Dung Truong (Posts and Telecommunications Institute of Technology, Vietnam); Hung Nguyen Tan (The
University of Danang - University of Science and Technology, Vietnam); Tuan Anh Tran, Nguyen Huu Long
(Hanoi University of Science and Technology, Vietnam); Tran Hoang Vu (Da Nang College of Technology-
The University of Danang, Vietnam); Hung Pham~Viet (Vietnam Martime University, Viet Nam); Hoai Bac
Dang (Posts and Telecommunications Institute of Technology, Vietnam)

Design of Antennas on Paper for IoT APDIICAEIONS ..o s

Hong-Nhat Le, Minh-Thuy Le (Hanoi University of Science & Technology (HUST), Vietnam); Gael Depres
(Arjowiggins Creative Papers Company, France); Tan-Phu Vuong (IMEP-LAHC laboratory, UMR 5130
INPG-UJF-C\NRS, Grenoble INP-MINATEC, 38016 Grenoble Cedex 1, France)

Uncoded MRC-Transmission of Continuous-Amplitude Signals over Rayleigh Fading Channels........coeeecevcevcnceneecnn

Hieu T. Nguyen (University College of Southeast-Norway, Norway); Thuy V. Nguyen (Posts and
Telecommunications Institute of Technology, Vietnam)



-
(=¥

ed
ve

er
1al

e-
ol.

or
ed

2017 International Conference on Advanced Technologies for Communications

Study of Injection Locking Effect
in Terahertz Resonant Tunneling Diode Oscillators

Mai Van Ta'", Luong Duy Manh?, and Nguyen Huy Hoang!
'Le Quy Don technical university, Ha Noi, Viet Nam
?Osaka university, Osaka, Japan
*Contact: maivantal 5@gmail.com, phone +84-913. 443. 415

Abstract—TIn this article the injection locking effect in terahertz
(THz) resonant tunneling diode (RTD) oscillators is studied using
a circuit simulation method. The simulation model is implemented
in a popular simulator called Keysight ADS for ease of use and
effective investigation. The locking phenomenon is successfully
observed. Pulling range, locking range, locking conditions and
influence of antenna resistance on locking range of the effect are
carefully discussed. We found that locking range is wide, locking
effect can be occurred at a relatively low injected power and
injection locked RTD THz oscillator array is feasible.

I. INTRODUCTION

THz wave which lies within frequency band from 0,1 THz to
10 THz [1] between microwave and infrared light regions finds
a wide variety of promising applications such as spectroscopy,
sensing, high  resolution imaging, and  wireless
communications. This originates from its unique characteristics
including extremely wide available bandwidth and exhibiting
“finger print” to living tissues. For commercial purposes, THz
sources need to provide possibility of integrity, compactness,
high stability as well as low-cost but still ensuring high
performance. RTD is a very promising candidate which can
meet these requirements because it is not only a cost-effective
but compact device. In addition, it has a very low power
consumption and high oscillation frequency [2]. RTD has been
used as THz transmitter and receiver for THz wireless
communications [3]. Moreover, it is also used in sensing
applications [3]. However one of the major issues for the
present RTD is it exhibits low output power and high phase
noise [4]. In microwave technologies, a popular solution to
these issues is using the injection locking technique where a low
output power and high phase noise oscillator is locked to an
external clean source to improve both the output power and
phase noise performances [5], [6]. In addition to this, when
oscillators are mutually locked to each other based on this
method, a coherent oscillator array can be realized [7]. The
oscillator array plays a key role in various applications as it can
offer high power as well as low phase noise performance. This
approach can be also applied to the THz RTD oscillators but so
far there has not any articles reported on this effect for the THz
region. Therefore we aim to investigate this approach applied
in the RTD oscillators in the present study.

978-1-5386-2896-6/17/$31.00 ©2017 IEEE

The paper is organized as follow, in Sec. II a circuit model is
constructed in a Keysight ADS simulator to observe the
injection locking effect of the THz RTD oscillator. In Sec. III
we carefully investigate the effect based on the constructed
model. From the investigated results various important
discussions are presented in Sec. IV. Finally, Sec. V will
conclude the paper.

II. CONSTRUCTION OF THE MODEL

Fig. 1. Equivalent circuit of the RTD

Fig. 1 shows the equivalent circuit of the RTD. It consists of
anonlinear current which in turn is in a parallel connection with
two capacitors. RTD current Ip is a function of bias voltage Vy
as described by the following formula [8]

Ip(Vp) = —a(Vy, — Vo) + b(V, = Vp)3 + 1, (1)
where g, b, I, V, are constants.

From (1) it is clear that I-V characteristic of RTD is
approximated by a third order symmetric polynomial.

RTD capacitance contains a constant capacitor Cpg, which is
proportional to the RTD geometry, and a voltage dependant
capacitor Cpy, which accounts for the voltage dependent
characteristic. Cpy, used in the RTD model is described as

below [5]
Cov(Vh) = {t(ma +3b(V, = Vp)?),—a+3b(V, = V)% < 0
DVATR) = 1o ,—a+3b(V,—Vy)?2=0
@ |
Here t is the fitting parameter, which is used for model fitting
with measurements data.
Based on this equivalent circuit and from (1) and (2), a simple
RTD model is constructed in the Keysight ADS simulator.
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Fig. 2. Static I-V characteristic of the RTD

Fig. 2 shows the measured and simulated static -V
characteristics of the RTD. Here the extracted parameters of the
RTD model are a = 0.026 S, b=10.16 S/V2, Ip=0.0095 A, Vo =
0.65 V, T = 3.2-10""% 5. These parameters are extracted from a
fabricated RTD with the mesa size of 1.6 um?, It can be clearly
seen that although the RTD is described with a simple model,
there is a good agreement between the model and measurement.
Here the IV measurement was done using a GSG probe which
is connected to the RTD pads. There is no measurement data in
negative differential region due to oscillation.

——c, RTD p
WE%ZF

Fig. 3. RTD oscillator schematic

Based on this model, an RTD oscillator is constructed and its
schematic is given in Fig. 3. The oscillator comprises 2 RTD, a
load impedance Z; which is the antenna impedance at the
oscillation frequency and an ideal transmission line whose
characteristic impedance and electrical length are Z E
respectively. It is terminated by a large capacitor Cy . Here the
antenna can be a dipole, bowtie or slot line. Since the
transmission line is shorted by Cus capacitor, it acts as an
inductor whose value is determined by the electrical length of
the transmission line. The oscillation takes place if the absolute
value of the RTD conductance is greater than the antenna
conductance.

The oscillation frequency of the circuit is determined by the
inductor value, RTD capacitance and antenna capacitance. At
resonance, the imaginary part of the antenna impedance is zero.
This circuit exhibits an output power of -3.83 dBm at an
oscillation frequency of 300 GHz with following simulated
parameters: bias voltage V = 0.65 V, shorted capacitor Cy =
200 fF, transmission line impedance Z = 50 Ohm, electrical
length E = 16.6°, antenna resistance R4 = 200 Ohm. These are
typical parameters for the RTD oscillator.

To investigate injection locking effect, antenna is replaced
with an external source. Fig. 4 describes circuit model for
simulation of the injection locking effect.

Injected
Source

1
| I
1.
C RTD
—
E
| IS )

Fig. 4. Circuit model used for cffect investigation

The RTD oscillator is coupled to an external source through
free space whose parameters in this model are characteristic
impedance Zr = R4 and physical length Iy = 30 mm. Here, the
free space characteristic impedance is chosen to be equal to
antenna resistance so that when the injected source does not
exist this circuit model becomes the circuit shown in the fig.3.
The detailed investigations of this circuit will be presented in
the next section.

I11. INJECTION LOCKING EFFECT OBSERVATION
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Fig. 5. Oscillation spectra, (a) free - running, (b) under pulling and (c)
under locking
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Fig. 5 illustrates the simulated results of the circuit shown in

the Fig. 4. These results are derived from the transient analysis -

in the Keysight ADS simulator. Here the oscillation frequency
of the free-running oscillator and the injected source are 300
GHz and 295 GHz, respectively. When the RTD oscillator is in
the free running operation as shown in Fig. 5-a, the line width
of oscillation spectra is relatively wide. On the other hand, in
Fig. 5-b the oscillation spectra of the RTD THz oscillator under
pulling by the injected source becomes narrower. Finally, Fig.
5.c indicates the most important situation when the RTD
oscillator is fully locked to the injected source with a locked
frequency of 295 GHz. This occurs if the power of the injected
source is large enough compared to the RTD oscillation power.
In fig. 5-b it can be seen that when the RTD oscillator is under
pulling, output spectra comprises high level spurs along with
the main frequency. In this case the injected source has a

.negative effect on the RTD oscillator. Whereas in figure 5-c,

when the injection locking is fully satisfied, the output spectra
is absolutely clean as the line width of oscillation spectra is very
narrow and the spur levels are very small.

IV. RESULT DISCUSSIONS
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Fig. 6. Frequency (a) and power (b) characteristics

it is important to define locking and pulling ranges. Fig. 6-a
describes the oscillation frequency of the RTD oscillator as a
function of the injected frequency when the injected power is
fixed at -10 dBm. The figure clearly shows the pulling range
and locking range of the injection locking effect. In locking
range oscillation frequency is exactly equal to imjected
frequency, whereas in pulling range the oscillation frequency
varies between free-running and injected frequencies. In this
case the pulling range is determined from 280 GHz to 293 GHz

33

(13 GHz) and 306 GHz to 320 GHz (14 GHz). The locking
range occurs from 294 GHz to 306 GHz (12 GHz). It can be
clearly seen that when the injection locking occurs, the natural
frequency of the RTD oscillator exactly equals the perturbing
frequency of the injected source, demonstrating a good
agreement with the general theory. Fig. 6-b shows power
characteristic when the injected frequency is fixed at 310 GHz.
In this figure, the pulling range is defined from -30 dBm to -6
dBm (24 dB) and locking range is defined from -6 dBm. It is
obvious that the locking effect only occurs at the higher injected
power.

To compare locking ranges at various frequencies of injected
source, the frequency of the injected source is fixed at 310 GHz,
304 GHz and 296 GHz, respectively. Here the free-running
oscillation frequency of the RTD oscillator is 300 GHz. The
result is shown in the fig. 7.
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Fig. 7. Power characteristics at various injected frequencies

It is seen that the closer the injected frequency to the free-
running frequency, the wider the locking range is. From this, it
is possible for two or many RTD oscillators to be mutually
coupled to each other in order to realize an oscillator array as
the output power of the present RTD oscillator is on the order
of -10 dBm. '
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Fig. 8. Frequency characteristics at various injected powers

Fig. 8 shows frequency characteristics when the injected
power is fixed at -15 dBm, -10 dBm and -7 dBm, respectively.
It is clear that the higher the injected power, the wider the
locking range is. It makes sense as the oscillator is easier to be
locked to a strong injected source than to a weak one. In practice,
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wide locking range is always desirable. Although it is difficult
to use high power injected sources in practical applications, a
relatively high power soutce is sufficient for the locking to be
occurred.
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Fig. 9. Frequency characteristic at various antenna resistance

Fig. 9 shows the frequency characteristics of the injection
locking effect at antenna resistance of 120 Ohm, 200 Ohm and
300 Ohm, respectively. It is obvious that locking range becomes
narrower as the antenna resistance increases. This is because the
antenna resistance affects the output power of the RTD
oscillator. This conclusion plays a key role for the design of
RTD injection locking' oscillators, especially of the RTD
oscillator array.

Proposed possible applications: From the above important
discussions, promising THz applications based on the injection
locking effect can be proposed as below:

o  Coherent array oscillator.

RTD

RTD Antenna

RTD

)
®
)

In this proposed structure a number of RTD oscilators,
which are placed closely to each others on the same substrate,
are directly connected to the shared antenna, forming a
coherent array oscillator,
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e Improvement of stability by injection locking
operation of RTD and photodiodes.

RTD Photodiode Antenna

Here RTD oscillator and photodiode based optical source
are mutually coupled, yielding improvement of stability of the
RTD oscillator.

V. CONCLUSIONS

In this paper, injection locking effect in the THz RTD
oscillators was investigated and simulated in the Keysight ADS
simulator. The locking effect has been successfully observed,
the locking range and pulling range were defined and discussed.
It is found that the absolute locking range is wide, which is very
important for many practical applications. Antenna resistance
also has influence on locking range, which becomes narrower
as antenna resistance increases. This result is especially
meaningful for design of oscillators with specific desired
locking range. Locking effect still occurs at relatively smail

- injected power of -15 dBm, making it is possible to use RTD

oscillators for array oscillators application. Various promising
applications based on this effect have been proposed. The
authors do believe the simulation approach used in this study
implemented in Keysight ADS simulator can be a useful
guideline for designs of THz injection locking based structures
using RTDs.
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