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Welcome messages

o—
O

Dear participants, guests ladies and gentlemen. It is
both a great pleasure and honor to welcome you all at
the 2016 IEEE International Symposium on Electronics
and Smart Devices (ISESD), here in Mercure Bandung

Setiabudi, Bandung, Indonesia.

The Directorate General of Institutional Affairs
currently puts a lot of efforts to increase the level of
universities in Indonesia to aWorld Class University

level. In (:(}rrcsp{md to these efforts, we hold a national
center ()l‘ ‘_‘X(_‘(_‘“('TIC(.‘ P['()gl'a]n.'rhis Pl‘t)gram covers
topics that are essential to the development of

Indonesia. As a part of the National Center of

Excellence (CoE), Microelectronics Center is one
research center that is supported by us to be the leader
in microelectronics area. In the national level, besides
microelectronics center, we have other 19 CoEs. This is
a })T‘_‘Htigi(]us El]'ld \'(_']"-\_' (.'()n'lp(.‘liti\'l.‘ P]'Ugrﬂ.l]] l.("’ nl“

univesities in Indonesia.

As a national research center, we also give them a
mandate to hold an international conference. We hope
that by holding such an event, they can expose their
r(:st.‘arcl‘l I'Cf\'l.l]l, can communicate \Vi[]'l l]'lﬂn}' (.‘X]']I..']".S
from all around the world, and can contribute to the
society. We also hope that this conference will be a
P(.‘I_i[)dicﬂl C(mﬂ‘r(‘ncc t]'l(]t_ in\'[)l\'(_‘s lT]Zl.n}_' CX.PC["‘.S and

can be held in different places in Indonesia.

Finally, we would like to express our sincere gratitude
to the Insitut Teknologi Bandung (ITB) and
Microelectronics Centers ITB and all the technical
sponsors for their excellent supports in this conference.
We hope that the gathering of ISESD 2016 participants
from various countries and cultures will l1ring a better
understanding from each other and all of you will have

enjoyable time here in Bandung, Indonesia.
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Welcome messages

o

O

Dear participants, guests ladies and gentlemen. It is both a
great pleasure and honor to welcome you all at the 2016
IEEE International Symposium on Electronics and Smart

Devices (ISESD), here in Mercure Setiabudi Bandung,
Bamlung, Indonesia.

i Institut Teknologi Bandung (ITB) has been known as a

Dr. Ir. Kadarsah Suryadi, DEA leading ll[]i\'t"rsit}"—ill the fild of seience and technology in

Rector Indonesia. There are many works from the alumnee that give

3 a significant contribution to the development of Indonesia

Institut Teknologi Bandung

Indonesia through the use of technology. ITB as a university, should
always follows the philosophy of tri dharma of higher
education which are education, research, and contribution
to the sncicl_\_: We have been al\\'a_\_'s pulling all of our efforts
to implement this philosophy through our academic and
social activities.

As we all know that the pace of development and
advancement of technology, especially in electronics, is very
fast. Therefore, Microelectronics Center ITB, being as a
national research center in the topic of electronics, plays an
important role to lead and to pioneering the development of
electronics in Indonesia. Furthermore, as an effort to deepen

the knowledge, to keep up to date with the latest
development and advancement of technology, as well as to
explore and to discover a new understanding in the field of
science and technology, such a conference is held. I hope
that by holding this conference and galhm‘ing all the
academia from various countries, Microelectronics Center
can al\\'.l}-'s be the frontier in electronics tt‘chnulug}' and can

give even l)iggcl‘ contribution to the (lu\'c|u])ll‘|cl‘|l of
Indonesia now and in the future.
Finally, we would like to express our sincere gratitude to the
School of Electrical Engineering and Informatics (STEI) and
Microelectronics Centers I'TB and all the technical sponsors
for their excellent supports in this conference.

We hope that the gathering of 2016 ISESD participants and
experts from various countries can be as a media to
L‘xt‘hang{‘. ideas and cultures can cxchangc many ideas and
from each other and all of you will have a wonderful

experience here in Bandung, Indonesia.
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Welcome messages

o—
O

Dear participants, guests ladies and gentlemen. Welcome to
Indonesia, welcome to Bandung and welcome to the 2016
[EEE International Symposium on Electronics and Smart

Devices (ISESD).

: As the Dean of the School of Electrical Engineering and
Dr. Ir. Jaka Sembiring, . ics. Institut Teknologi Band G
= Informatics, Institut Teknologi Bandung (STEILITB), it is

M. h“g- my great honor to be able to welcome you to this

Dean of conference.
School of Electrical This international conference is one of several international
Enginccring and C{}]:l{l‘]'t‘]:l(_‘(_‘.‘i t)rgam.zcd b_\: thf‘ St‘h(){.}l of ]:lr:t'tr'l.ca]
Informatics Engineering and Informatics in 2016. These various
< - N i

conferences are related to our rescarch groups in the
school. The ISESD 2016 is closely related to the Electronics
Engineering research group.
The topics discussed in this conference covers some very

Institut Teknologi Bandung

=

Indonesia

important subjects such as Devices, Circuits, and Systems,
VLSI, Communication Systems, Multimedia and Systems,
Signal Processing, Internet of Things, and Smart Devices.
The research and development in these ficlds are of great
importance for now and in the future.

[ appreciate the participation of attendees coming from
many countries such as Japan, Taiwan, Malaysia, Turkey,
Vietnam, India, as well as participants from other countries
including Indonesia.

In this occasion I would like to give my sim‘(‘rcl_\' graliludt'
to my colleague, Muhammad Amin Sulthoni, as the General
Chair of ISESD 2016 and his team for all their efforts in
organizing this conference.

L hope that all of you will have a fruitful conference not

only during presentation, discussion and technical sessions,

but also during social and intl:rp(.‘rstmal communication
from each other at the breaks, lunch, dinner and so on. |
hope that the gathering of ISESD 2016 participants from
various countries and cultures will bring a better
understanding from each other and all of you will have

enjoyable time here in Bandung, Indonesia.
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Welcome messages

o—
O

On behalf of steering committee we would like to
welcome all delegates travelling from various countries
to the first 2016 IEEE International Symposium on
Electronics and Smart Devices (ISESD) which is held in

Bandung, known internationally as Paris van Java.

Irio Adiono, ST., MT., ISESD is held in order to accomodate all innovations
) y o . .

Ph. D. and to anticipate the advancement of current state of
International the art of technology towards electronics and smart

devices. As you may know that smart devices now
] )

Stccring Committee

Chair become an intcgra] part of our (‘lail}-‘ life. Many
= ) consumer apliances are now become a smart home
Institut |L‘1~'.nta|(')gl Ban(lung, appli.lncc.\k In bi&gcr ccosystems, we can also find the
Indonesia implementation of smart devices such as smart city,
smart card, smart home, etc. Such smart devices are
now become a trend that many companies as well as
academia are pursuing towards it. Therefore, we hold
this conference to facilitate many experts all around the
\'\"()['l(_l to dis(_'ush' ﬂn(l 1o ])I'(_‘Sl‘]'ll Lht‘il' lalt‘ﬁl inIl(l\'ali()ll in

the area of smart devices technology.

Moreover, this conference is not limited to only certain
areas, but we also open for multidiciplinary topics
starting from devices, circuit & system, VLSI,
communication systems, multimedia and systems, Higna]
processing, and Internet of Things. It is because we
I')l'li(.‘\'l‘. t]‘lat we can not g(.’l Lh(‘ h(.’.‘i[ P]'(}(IUC‘. (){I
application without interacting with various areas of
expertise.

We hope that in the future ISESD can cope with future
chal]cngus of smart devices tvchnu]ng}', so that it can
fullfill the society needs and even pushing a new
technology that people may not think about yet. We also
plan ISESD is not held in Bandung ()n]}', but spl‘catl out

in other cities in Indonesia or even in the world.
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Welcome messages

D
O

It is both a gr{:al p]vasurc and honor to welcome you all at the
“2016 IEEE International Symposium on Electronics and Smart
Devices (ISESD)”, here in Mercure Bandung Setiabudi, Bandung,
Indonesia.

ISESD is our first international conference which is organized by
the National Center of Excellence of Broadband Wireless Access.
This is a venue for exchange of information for researchers,
academicians, and professionals through presentation of their
new rescarch ideas, innovations and development results as well
as discussion of p(lssih]c cooperation among the conference
participants. We also hopc the fruitful discussion in this
conference can fullfil the gap among academia, researchers,
pr(lfcssionnis and industries that may enhance the benefit of

technology for human life.

We are very pleased to have scholars and participants coming
across several countries over the world with different interests
and expertises. The conference is divided into 7 regular session
topics with additional 2 special sessions. A series of the state of

the art plenary sessions will be presented by 3 international
renowned experts. It has been a real honor and pri\'ikﬁgt‘ for us

to serve as the General Chairs of the Conference. It is really our
hope that you can find the conference inspiring, satisfying and
enjoyable. We would like to thank to all keynote speakers,
authors, and participants, and wish you have pleasant experience

in Bandung, Indonesia.

On behalf of the organizing committee, we would like to thank
to ISESD International Advisory/Steering Committee members,
and all the organizing committee members for their valuable
time and contribution to the excellent arrangement of this
conference. This conference will not possible without the hard
work of authors, reviewers, invited speakers, session chairs to

make excellent technical program of this conference.

Fina]l}', we would like to express our sincere gratitudc to the
School of Electrical Engineering and Informatics, Insitut
Teknologi Bandung (ITB), Microelectronics Centers I'TB, and all
technical sponsors for their excellent supports.
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SPECIAL SESSION 1

Title : Cognitive Artificial Intelligence
Session ID :D.1
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Catherine Olivia Sereati, Arwin Datumaya Wahyudi
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Karel Octavianus Bachri, Bambang Anggoro, Adang
Suwandi Ahmad
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Septafiansyah Dwi Putra, Adang Suwandi Ahmad,
Sarwono Sutikno
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M-N-Anam Mohd-Norddin, S-Syakiylla S-Daud, S-Erlyane
Rosli, Juhana Jaafar and Rubita Sudirman
Universiti Teknologi Malaysia
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Angga Putra*, Syifaul Fuada*, Yulian Aska* ,and Trio
Adiono**
Microelectronic Centre ITB*
School of Electrical Engineering and Informatics ITB*

A2-5 Uplink Power Control for LTE Femtocell Based on Overload pp. 68-72
Indicator
Hajiar Yuliana and Adit Kurniawan
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Rubita Sudirman, Muhamad Amin Abdul Wahab,
Camallil Omar and Ismail Ariffin
Universiti Teknologi Malaysia

A3-3  Wireless System for Active Seismic Method pp. 85-87
| Wayan Sudiarta, Raja Fathurrahim Akmaludin and
Dian Wijaya Kurniawidi
Universitas Mataram

A3-4 A Simple Design of Wearable Device for Fall pp. 88-91
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Mochamad Irwan Nari, Sena Sukmananda Suprapto,
llman Himawan Kusumah and Widyawardana
Adiprawita
Institut Teknologi Bandung

A3-5 Solar Panel Performance Monitoring System in pp. 92-96
Sensor Node
Retno Tri Wahyuni and Yusmar Palapa Wijaya
Politeknik Caltex Riau
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B1. Smart Devices
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Akbari Indra Basuki*, Djohar Syamsi*, and Aciek Ida
Wouryandari
LIPI*, Institut Teknologi Bandung*

B1-2 Improved Smart-Meter using Extreme Learning pp. 103-108
Machine and Transient Signal Extraction
Mat Syai'ln, Fajar Adiatmoko, Samudra Arrachman,
Noorman Rinanto, Ryan Adhitya, li Munadhif,
Syamsiar Kautsar, Sryang Sarena, Lilik Subiyanto,
Hendro Widodo and Adi Soeprijanto
Politeknik Negeri Perkapalan Surabaya (PPNS/SHIPS)

B1-3  Sibling Relationship and Block Allocation Table in pp. 109-114
File System for Smart Card Operating System
Novi Prihatiningrum, Mahendra Drajat Adhinata,
Ricky Disastra and Arif Sasongko
STEI Institut Teknologi Bandung

B1-4 A LabVIEW Based Remote Monitoring and pp. 115-120
Controlling of Wireless Sensor Node for LPG Gas
Leakage Detection
L.P Deshmukh*, T.H Mujawar*, M.S Kasbe*, S.S
Mule*, J Akhter**, and N.N Malda*
Solarpur University, Central Electronics Engineering
Research Institute, Pilani

B1-5 Proposal of a Warning Receiver System based on pp. 121-126
Open Pervasive Display Network
Moh Hasbi Assidiqi and Son Kuswadi
EEPIS

978-1-5090-3840-4/16/$31.00 ©2016 IEEE 290



2016 International Symposium on Electronics and Smart Devices (ISESD) November 29-30, 2016

B1-6  Design of Low Power Mobile Application for Smart  pp. 127-131
Home
Khilda Afifah, Syifaul Fuada, Trio Adiono, Rachmad
Vidya Wicaksana Putra and Maulana Yusuf Fathany
Microelectronic Center, Institut Teknologi Bandung
(ITB)
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B.2 Video, Multimedia Technology & Communication

B2-1 Blind Steganalysis for Digital Images using Support pp. 132-136
Vector Machine Method
Marcelinus Henry Menori and Rinaldi Munir
Bandung Institute of Technology

B2-2 Interpreting DGA key gas using fuzzy OMA3S pp. 137-142
Karel Octavianus, Bambang Anggoro and Adang
Suwandi Ahmad
Institut Teknologi Bandung

B2-3 False-Positive-Free GSVD-Based Image Watermarking Pp. 143-147
for Copyright Protection
Harjito Bambang and Heri Prasetyo
Department of Information Faculty of Mathematics and
Natural Science. Sebelas Maret University, Surakarta,
Indonesia
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B3. Intelligent Instrumentations, Neural Network and Fuzzy Logic
Processing

B3-1 Crowd Navigation Using Leader-Follower Algorithm pp. 148-152
Based Reciprocal Velocity Obstacles
Susi Juniastuti, Mochamad Fahri, Supeno Mardi Susiki
and Mochamad Hariad
Institut Teknologi Sepuluh Nopember

B3-2 Neural Network Implementation for Invers Kinematic pp. 153-157
Model of Arm Drawing Robot
Rengga Yanuar Putra, Syamsiar Kautsar, Ryan Yudha
Adhitya, Mat Syai'ln, Noorman Rinanto, li Munadhif,
Sryang Tera Sarena, Joko Endrasmonoand Adi
Soeprijanto
Surabaya Shipbuilding State Polytechnic (SHIPS/PPNS)

B3-3 Method of Storing Time-Based Data Using Sector pp. 158-162
Number References
Oka Mahendra, Djohar Syamsi, Andri Fachrur Rozie and
Ade Ramdan
Indonesian Institute of Sciences

B3-4 The Fuzzy Inference System for Intelligent Water pp. 163-167
Quality Monitoring System to Optimize Eel Fish
Farming
Sri Wahjuni, Ardhi Maarik and Tatag Budiardi
Bogor Agricultural University

B3-5 Comparison Methods of Fuzzy Logic Control and Feed pp. 168-173
Forward Neural Network In Automatic Operating
Temperature and Humidity Control System (Oyster
Mushroom House) Using Microcontroller
Ryan Yudha Adhitya, Mochammad Alif Ramadhan,
Syamsiar Kautsar, Noorman Rinanto, Sryang Tera
Sarena, li Munadhif, Mat Syaiin, R. T. Soelistijono and
Adi Soeprijanto*
Shipbuilding Institute of Polytechnic Surabaya (PPNS)
Institut Teknologi Sepuluh Nopember*
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B3-6 A Wireless Electronic Nose (WEN) for the Detection and pp. 174-178
Classification of Fruits: A Case Study

L.P Deshmukh, M.S Kasbe, T.H Mujawar, S.S Mule, and
A.D Shaligram*

Solapur University
Savirtibai Phule Pune Univerity*
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B4. Analog Circuits, Filters and Data Conversion

B4-1 Implementation of Hash Function on Embedded-System pp. 179-183
Platform using Chaotic Tent Map Algorithm
Grasia Meliolla, Kurnia Adi Nugroho and Farkhad lhsan
Hariadi
Microelectronic Centre ITB

B4-2 N-path Notch Filter with a 43-dB Notch Depth Improvement pp. 184-187
for Power Line Noise Suppression
Nicodimus Retdian and Takeshi Shima
Shibaura Institute of Technology, Kanagawa University

B4-3 GAMA32 Processor Modeling Using SystemC pp. 188-192
Agus Bejo, Arief Darmawan and Addin Suwastono
Universitas Gajah Mada

B4-4 VLSI Design for 3D Ultrasonic Source Localization Using pp. 193-198
General Cross Correlation and Triangulation Algorithm
Bima Sahbani, Panji Ramadhan and Monang Kevin
Napitupulu
Institut Teknologi Bandung

B4-5 Cryptanalysis and Improvement of a Chaos Based Random pp. 199-202
Number Generator
Salih Ergun
TUBITAK BILGEM - Informatics and Information Security
Research Center
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B5. Sensor and Devices

B5-1  Warning System Design Tool Loading Cluster Based
Auto Electrical Energy Web Server Model As Saving
Electricity Group Rates Of Household
Iriansyah Bm Sangadji, Riki Ruli A. Siregar and Sely
Karmila
STT-PLN

N/A

B5-2 Design and Implementation of Water Quality pp. 208-213
Monitoring for Eel Fish Aquaculture
Taufik Ibnu Salim, Triya Haiyunnisa and Hilman Syaeful
Alam
Indonesian Institute of Sciences

B5-3 IMPLEMENTATION OF TURRET SYSTEM CONTROL WITH pp. 214-218
INDUCTION MOTOR ON CNC LATHE USING PLC SIEMENS
5$7-200
Rahmadina Alamsyah, Danny M. Gandana, Nasril*, and
Dwi Astharini
University of Al Azhar Indonesia
BADAN PENGKAJIAN DAN PENERAPAN TEKNOLOGI
(BPPT)*

B5-4 Performance of graphene-on-gold SPR biosensor using  pp. 219-224
wurtzite nitrides
Goutam Mohanty, Bijay Kumar Sahoo, and Jamil
Akhtar*
National Institute of Technology Raipur
CSIR-CEERI*
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PARALLEL SESSION C

C1. Multimedia Processing, Speech , Image, Audio/ Video Processing

Cl-1 Message Hiding in Animated GIF Using Multibit pp. 225-229
Assignment Method
Mario Tressa Juzar and Rinaldi Munir
School of Electrical Engineering and Informatics ITB

C1-2 Target Sound Enhancement Method by Two pp. 230-235
Microphones Based on DOA Estimation Results
Naoki Shinohara and Kenji Suyama
Tokyo Denki University

C1-3  Multispectral Imaging with a Modified DSLR Camera pp. 236-241
Tiper Uniplaita, Donny Danudirdjo and Andriyan
Suksmono
Institut Teknologi Bandung

Cl-4  Person Re-Ildentification with Pre-trained Deep Learning pp. 242-247
Models and Attribute Correlations
Ngoc-Bao Nguyen, Vu-Hoang Nguyen, Tien Do and Thanh
Duc Ngo
Multimedia Communications Laboratory, University of
Information Technology, VNU-HCM, Ho Chi Minh,
Vietham.

C1-5 Meat Quality Classification Based on Color Intensity pp. 248-252
Measurement Method
Titin Yulianti, Afri Yudamson, Hery Dian Septama, Sri
Ratna Sulistiyanti, Fx. Arinto Setiawan and Mareli
Telaumbanua
University of Lampung

C1-6  Robust Pupil Tracking Algorithm Based on Ellipse Fitting  pp. 253-257

Thoriq Satriya, Sunu Wibirama and Igi Ardiyanto
Universitas Gajah Mada
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C2. Signal Processing

C2-1  Multi-Constrained IIR Filter Design Using PSO pp. 258-263
Haruna Aimi and Kenji Suyama
Tokyo Denki University

C2-2 An improvement of Minutiae-based Fingerprint pp. 264-267
Matching: Two Level of Scoring System
Risanuri Hidayat, Kiewlamphone Souvanlit and Agus
Bejo
Universitas Gadjah Mada

C2-3 Silica-on-Silicon waveguides with MgF2 cladding layer  pp. 268-271
Ary Syahriar
Electrical Engineering Depatment, Faculty of Science and
Technology, University al Azhar Indonesia
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C3. Speech, image, audio/acoustics, and video processing

C3-1 Stereotypes Based Resource Allocation for Multimedia pp. 272-277
Internet Service in Limited Capacity Network
Adi Sucipto and Yoanes Bandung
Institut Teknologi Bandung

C3-2  Multi-spectral Satellite Color Image Retrieval Based on pp. 278-282
GMRFM and Back-propagation Algorithm with Artificial
Neural Network
Dr. Seetharaman Krishnamoorthy and Chembian W. T.*
Annamalai University
Gojan School of Business & Technology, Chennai — 600
052*

C3-3  Indonesian Automatic Speech Recognition System Using  pp. 283-286
CMUSphinx Toolkit and Limited Dataset
Hamdan Prakoso, Ridi Ferdiana and Rudy Hartanto
Universitas Gadjah Mada

C3-4 Two Microphone Approach for Multiple Sound Source pp. 287-292
tracking
Kenta Omiya and Kenji Suyama
Tokyo Denki University

C3-5 Sparse Coded Decomposition for Single-based Specular pp. 293-297
Removal
Habibullah Akbar and Nanna Suryana*
Bina Nusantara University
Universiti Teknikal Malaysia Melaka*

978-1-5090-3840-4/16/$31.00 ©2016 IEEE 299



2016 International Symposium on Electronics and Smart Devices (ISESD) November 29-30, 2016

C4. Analog Circuit, Sensor and Devices, communication

C4-1 Characteristic Improvement of Circular Waveguide BPF pp. 298-302
Using Artificial Dielectric Resonators
Barokatun Hasanah and Achmad Munir
Institut Teknologi Bandung

C4-2 Development of Automatic VSAT Antenna Pointing pp. 303-306
System based on AVR Microcontroller
Muhammad Ammar Wibisono, | Iskandar and Achmad
Munir
Institut Teknologi Bandung

C4-3 Sphere Based MIMO Decoder for High Throughput WLAN pp. 307-310
IEEE802.11n
Tutun Juhana
Institut Teknologi Bandung

C4-4 Web-based FM Broadcasting Monitoring System pp. 311-314

Wahyul Amien Syafei
Universitas Diponegoro
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C5. Circuit, System, Devices, and Signal Processing

C5-1 Efficient Sound-Source Localization System using Low pp. 315-319
Cost TDOA Computation
Radhian Ferel Armansyah, Fadhli Dzil Ikram, Swizya
Satira Nolika and Trio Adiono
Institut Teknologi Bandung

C5-2 A Low Cost Design of Low Field NMR Apparatus Suitable  pp. 320-325
for Research and Educational Purposes
Rizki Putra Prastio, Donny Danudirdjo and Andriyan
Bayu Suksmono
Institut Teknologi Bandung

C5-3 Performance Comparison of Various Windowing On pp. 326-330
FMCW Radar Signal Processing
Enggar Fransiska Dwi Widyatama, Annisa Maulidary
Muthiah, Oktanto Dedi Winarko, Octarina Nur
Samijayani and Suci Rahmatia
University of Al Azhar Indonesia

C5-4  Rotor Bars Fault Detection by DFT Spectral Analysis and  pp. 331-336
Extreme Learning Machine
Noorman Rinanto, Ryan Adhitya, Sryang Tera Sarena,
Syamsiar Kautsar, li Munadhif, A. S. Setyoko, Mat Syai’in
and Adi Soeprijanto
Shipbuilding Institute of Polytechnic Surabaya (PPNS)

C5-5 Gas Concentration Analysis of Resistive Gas Sensor Array pp. 337-342
Dedy Rahman Wijaya*, Riyanarto Sarno and Enny
Zulaika
Telkom University*
Institut Teknologi Sepuluh Nopember
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PARALLEL SESSION D

D.4 Communication Theory, Antenna, Wireless System

D4-1 Design of Multiband Microstrip Antenna For Industrial, pp. 343-346
Scientific, and Medical Band Application
Moh. Amanta. K. S Lubis, Fitri Yuli Zulkifli and Eko Tjipto
Rahardjo
Department of Electrical Engineering, Universitas
Indonesia

D4-2 Decoding for Wireless Super-Dense Networks and Its pp. 347-354
Finite-Length Analysis for Practical Applications
Khoirul Anwar
Center for Advanced Wireless Technologies (AdWiTech),
Telkom University

D4-3 Pilot Based LS Channel Estimation on Downlink HAPS pp. 355-359
Channel
Nevi Faradina and Iskandar Iskandar
STEI'ITB
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D5. Analog and Mixed Signals Processing

D5-1 Development of Economical Microcontroller-based Soil pp. 360-364
Moisture Sensor Using Time Domain Reflectometry
Muhammad Amin Sulthoni, Bagas Prima Anugerah and
Ndaru Anggit Wicaksono
STEI'ITB

D5-2 3 Dimension Sound Source Localization with Cross- pp. 365-370
Correlation and CORDIC Algorithm on FPGA
Muhammad Arief Ma'Ruf Nasution, Agung Nuza
Dwiputra and Riko Hasiando Goknipasu Nainggolan
STEI'ITB

D5-3 A Low-cost Analog Front-End (AFE) Transmitter Designs pp. 371-375
for OFDM Visible Light Communications
Syifaul Fuada, Trio Adiono, Yulian Aska and Angga
Pratama Putra
Institut Teknologi Bandung

D5-4 Design of Frequency Generator and Amplifier Level pp. 376-379
Converter Using 300nm CMOS Technology for Electro
Capacitive Cancer Therapy (ECCT) Standard Operation
Mode System
Febry Ramos Sinaga, Muhamad Komarudin, Syaiful Alam
and Helmy Fitriawan
University of Lampung
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El

E1l-1 Interactive Digital Signage Architecture to Improve User  pp. 380-385
Interaction on Tourism Information Services
Zulhamdi Koto and Yoanes Bandung
School of Electrical Engineering and Informatics, Institut
Teknologi Bandung

E1l-2 Development of Single Board Computer based Machine- pp. 386-392
Vision System for PCB Assembly Automatic Optical
Inspection
Faisal Ardhy and Farkhad lhsan Hariadi
Microelectronics Centre ITB
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Silica-on-Silicon waveguides with MgF» cladding
layers

Ary Syahriar
Department of Electrical Engineering
Faculty of Science and Technology
University al Azhar Indonesia
Jakarta, Indonesia
ary@uai.ac.id

Abstract—we report on the choice of MgF: as cladding
layers on silica-on-silicon optical waveguides fabricated by
electron beam irradiation. The deposition methods need to
be chosen carefully with low temperature as not to damage
the low refractive index change during fabrication process.
The main consideration is that the refractive index of the
cladding layer should be very close to that of silica and it
have good transparency, as well as be capable of being
deposited at low temperature. The thickness profile then
examined using DEKTAK II surface profiler.

Keywords—MgF: cladding, silica-on-silicon, optical waveguide

L

An important requirement of all integrated optic systems is the
availability of low loss waveguides. Of all the technologies
described earlier, silica-on-silicon integrated optics is now the
most advanced. It’s simple fabrication also offers cheap
processing and compatibility with established silicon-based
microelectronics. It has the particular advantage that a wide
range of low-loss components can be produced on large
substrates. Furthermore, silica-on-silicon guides have similar
parameters to those of optical fibres, allowing low coupling
loss. The devices, however, are currently mainly of passive
optical function [1]. The initial point of silica waveguide
formation is a silicon wafer, typically 10 cm in diameter,
=500um thick, and of (100) orientation. It has the advantage
of a high degree of planarity, ready adhesion of the deposited
silica and excellent heat dissipation [2]. It has the potential to
allow hybridisation of optical and electronic components onto
a common substrate, and substrate crystallinity can be
exploited to fabricate V-groove structures for passive
alignment of optical fibres with the integrated waveguide [3].

INTRODUCTION

To fabricate waveguides in silica-on-silicon, a number of
different glassy layers must be deposited on the Si substrate. A
uniform buffer layer of silica is first deposited to a thickness
of 10-20 um. The buffer thickness should be large enough to
prevent the light from the core layer leaking into the substrate,
which has a much higher index than silica. The required
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thickness increases as the difference in refractive index
between core and cladding is reduced.

A second layer of glass (from which the core will eventually
be formed) then is deposited on top of the buffer layer. The
refractive index of this layer must be slightly higher than that
of the buffer in order to allow light guidance. The required
index difference can be achieved by doping with suitable
compounds. Dopants that increase the refractive index of silica
include A1203, ASzO3, G602, Nz, P205, TlOz and ZI'Oz.
Amongst these GeO, has attracted considerable interest
because it can be used to create a relatively high index core
[4]. The thickness of the core is determined by two
requirements: (1) the waveguide should be single mode, and
(2) coupling loss to a single mode optical fibre should be
minimised. A final layer of silica is deposited above the core
to produce a buried channel waveguide. It is important to
ensure that the refractive index of the top cladding matches as
closely as possible to the buffer layer in order to symmetrise
the optical mode propagating in the core.

Electron beam irradiation can be used to fabricate low-loss
channel waveguide components operating at near infrared
wavelengths. Substrate absorption and OH™ contamination
have been minimized, and low (= 0.1 dB/cm) and spectrally
flat propagation losses have been obtained in material
deposited by plasma enhanced chemical vapor deposition
(PECVD) [8]. A number of device configurations has also
been demonstrated, using a simple process based on
irradiation through an electroplated Au surface mask.
However, despite its ability to produce a low loss waveguide,
the irradiation process is currently unproved. For example, the
effect of irradiation itself has been found to be highly
material-dependent. The achievable index change is also
weak, the stability of the induced change is limited, and
further processing after irradiation remains an issue to be
solved.

In this paper we report the use of MgF, as cladding layers in
electron beam irradiation fabricated silica on silicon
waveguides.
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II. CHOICES OF CLADDING LAYER ON ELECTRON BEAM

FABRICATED WAVEGUIDES.

To form a practical device from an irradiated waveguide, a
permanent cladding layer must be deposited over the core. The
main consideration is that the refractive index of the cladding
layer should be very close to that of silica. It should also have
good transparency, and be capable of being deposited at low
temperature. Good chemical stability and low water
absorption are also necessary. In a low 4n silica-on-silicon
waveguide (especially for waveguide formed by electron beam
irradiation process), a thick silicate glass is used to isolate the
core. The required thickness can be reduced by lowering the
cladding refractive index, which at the same time increases the
range of possible materials and deposition processes.
However, it increases the asymmetry of the guide, and any
polarization-dependence of modal properties.

Several deposition methods can be used to form the cladding
layer, for example sputtering, and PECVD. However,
deposition by sputtering usually is too slow. PECVD is much
faster, but would require the waveguide to be subjected to a
temperature of (350 °C for several hours). High temperature
thermal annealing might then also be required to eliminate
OH" contamination and obtain low propagation loss. An
alternative is a spin-coated, UV-cured polymer. A number of
polymers with low refractive indices is available [5]. Spin-
coated layers of one particular polymer, EPO-TEK 06125,
were investigated, but difficulties were found with the
adhesion of the layer when it had reached a thickness suitable
for a cladding (10 um). The dimensional stability of the layer
was also found to be questionable. Alternatively, a number of
inorganic materials is also available, Table 1 shows a list of
inorganic materials with low refractive indices.

Refractive Index
Material
Sodium Fluoride 1.30
Magnesium Fluoride 1.39
Potassium Chloride 1.45
Calcium Fluoride 1.45
Silica 1.46

Table 1. Refractive index of inorganic materials suitable for
use as a cladding layer, after reference [6]

All are potentially suitable for a cladding layer but have some
drawbacks. Silica is the ideal candidate; however the high
temperature deposition needed would erase the irradiation-
induced changes. Potassium fluoride is not chemically stable,
being extremely hygroscopic. Calcium fluoride is also
chemically unstable, and its high melting temperature
(1423°C) poses a major problem in any deposition process.
The only realistic possibility is therefore magnesium fluoride
(MgF>), which can be deposited relatively rapidly by thermal
evaporation. MgF» deposition is already very well-known and
the facility for the process is very mature. Although it has a
rather low refractive index, the results of the previous analysis
suggest that any polarization effects are likely to be small.
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III. MEASUREMENT OF MGF, CLADDING THICKNESS

Based on the analysis above, It was therefore decided to
investigate the use of MgF, as a cladding layer. Simulations of
slab waveguide structures with representative parameters were
first performed to evaluate its suitability. Figure 1 shows the
structure and layout of such a guide, assuming buffer, core and
cladding indices of 1.458, 1.464, and 1.39 respectively and a
core thickness of 5 um. The TE mode profile obtained by
solution of the standard eigenvalue equation for an asymmetric
guide at A=1.523 um is also shown.

10

0.6 um
MgF2
cladding

X (um)

Buffer

-20 t t t t
0.4 0.6 0.8 1
E(x) (arb. units)

Figure 1. Geometry and mode profile of a planar silica
waveguide with an MgF, cladding layer.

Because of the relatively large index step at the core-cladding
interface, the mode profile is highly asymmetric, and the rapid
decay of the evanescent field in the cladding suggest that any
sensitivity to further over layers such as metal electrodes
should reduce rapidly with MgF, thicknesses above (1 pm).
This thickness can be deposited by thermal evaporation,
although the sample must be heated to eliminate water of
crystallization and obtain a consolidated film.

After several initial experiments, it was found to be relatively
simple to deposit a 0.6 um thick crack-free MgF, cladding
layer on top of PECVD silica-on-silicon. The deposition
temperature used was about 140-145 °C, and the evaporation
time about 19 minutes. Figure 2 shows the profile of a
deposited MgF, step, as measured by a DEKTAK 1I surface
profiler. The average thickness is about 0.66 pum.

Height (um)

500 600 800

Lateral position (um)

Figure 2. Thickness profile of the MgF> cladding, scanned
from the edge of the silica layer.
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Application of MgF, cladding layers was then investigated in
Mach-Zehnder interferometric switch geometries. The Mach-
Zehnder interferometer provides an elegant means of taking
advantage of the thermo-optic effect. It consists of two back-
to-back Y-junctions connected by two straight guide arms.
The first Y-junction splits the input light into two components
which travel along the straight guide and are recombined at
the second Y-junction. Either or both the straight arms may
have a heater to allow the relative phase of the recombining
components to be altered. If the two are in phase, the guided
output is high, and if they are out-of-phase, it is low.

In Mach-Zehnder interferometric switch geometries, the heater
was deposited above MgF, by patterning a 0.1 um thick layer
of sputtered Ti metal into 50 um wide strips fed by 4 mm wide
bus bars, and a dummy electrode was placed above the
unheated arm to avoid any phase or amplitude imbalance [7].
Figure 3 shows a surface profile over one arm of the
waveguides, including the cladding and the Ti layer, as
measured by a DEKTAK II surface profiler.

0.25
e —

MgF2

Heater

02+

Guide core

0.15 +

0.1 -

Height (um) .

0.05 +

0 20 40 60 80 100

Lateral position (um)

Figure 3. Surface profile scanned over one arm of an
interferometer

The cladding and heater shape follow the surface profile of the
guide. This shows a considerable depression at the guide
center after irradiation, which falls off gradually on either side
[7]. The measured heater resistance was R = 530 Q for 4
devices in parallel. Metal strips were also placed over straight
sections of waveguide for comparison purposes.

The layout of the Mach-Zehnder 1x1 single mode optical
switches used to investigate thermo-optic switching in
irradiated waveguides is shown in Figure 4. The device has
two straight arms of 10 mm length and an additional thin film
of Ti metal, to act as a heater electrode..
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Figure 4. Layout of thermo-optic Mach-Zehnder
interferometric switches

Figure 5 shows a photograph of the electrodes in the vicinity
of the bus-bars. The irradiated waveguides may clearly be
seen running beneath the upper heater electrode and the lower
dummy.

Figure 5. A photograph of the devices as shown in Figure 4.

Without a cladding layer, very large (> 25 dB) TM mode
interferometer insertion losses were obtained. Losses decreased
dramatically as the cladding thickness was increased, and the
majority of the TE/TM loss differential was eliminated with 1
um of MgF, as shown in Table 2. Any additional TE/TM
differential in straight guide propagation loss or in waveguide
insertion loss was then assumed to be due to polarization-
dependent absorption by a metal overlay.

MgF: thickness TE/TM loss
(um) differential (dB/cm)
0.6 1.5
1.0 0.5

Table 2. Loss parameters of waveguides and devices with
different MgF, buffer thicknesses.

IV. CONCLUSION

We have reported the use of MgF, as cladding layer for silica-
on-silicon waveguide fabricated by electron beam irradiation.
Loss parameters can be reduced considerably by increasing
the MgF» thickness layers. We have also managed to deposit
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thin Ti layer on top of MgF, as heater for further used in
switching devices. Because process times and temperatures
are low, this coating method avoids degradation of device
performance by annealing of the irradiation induced index
changes.
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