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Welcome Message

Greetings, and welcome to the 2™ annual Workshop on THz Science and Technology (2012 THz
Workshop), to be held in Hsinchu, Taiwan on Dec. 3", 2012.

The information-intensive 21" century is sometimes referred as the Tera-era. Information needs be
generated, stored, manipulated and transmitted to the global village at terabit rate, hopefully wirelessly.
Unfortunately, such high-volume data transmission over air consumes radio bandwidth—Iots of it and a great
radio spectrum famine is happening. To meet this demand, the terahertz (1 THz = 10" Hz) wave band of the
electromagnetic radiation, which has traditionally only been the domain of astronomers and molecular
spectroscopists, must be explored.

Spurred by discovery of new physical principles and innovative technologies in photonics, advanced
materials and nanotechnology, novel applications of THz waves in basic science, security, medical diagnostics
and treatment, non-destructive inspection, and manufacturing quality-control have recently been demonstrated.
THz sensing, in particular, has attracted lots of attention due to its molecular un-ambiguity. Marketing
opportunities for security screening in airport, counterfeit prevention in drugs/pharmaceuticals, defect
detection in semiconductor manufacturing, and other high-value areas appear promising.

Information and communication technology should also benefit from advances in THz science and
technology. The synergy of research areas such as wireless communication, biomedical and environmental
sensing, as well as fiber-optic communication with THz science and technology will generate a wealth of
applications. A Wireless HD (WiHD) Interest Group (http://www.wirelesshd.org) was recently established to
establish a wireless digital interface to broadcast and receive uncompressed high-definition video by exploring
the 60 GHz band. The Wireless Gigabit Alliance (http://wirelessgigabitalliance.org/) was created in 20009.
IEEE has already set up a THz Interest Group (IGthz for short) in the IEEE 802.15 WPAN Committee
(http://www.ieee802.0rg/15/pub/IGthz.html).

In view of this trend, the 2012 THz workshop focuses on photonic approaches to gigabit wireless
communication. We are very pleased and indeed honored to have distinguished guests from Osaka University
and local scholars presenting the latest advances in this important field.

The workshop organizers are most grateful to our sponsors, the Frontier Research Center and Applied
Sciences of Matters NTHU, established through the academic top university program of the Ministry of
Education.

As Conference Chair, | cordially invite all of you to participate and enjoy the excitement and fun of the
2012 THz workshop in Hsinchu.

Juib |SRE

Ci-Ling Pan & & %

Conference Chair, 2012 THz Workshop
Professor and Chair, Dept. of Physics
National Tsing Hua University
Hsinchu, Taiwan

Republic of China
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Workshop Agenda

Dec 03, Monday

125 03p, 8-

Venue : Room 019, Physics Building, NTHU

09:00 - 09:10 | Opening remarks = ¢ & ¥ &3
Photonic Generation of Terahertz Waves for Communications and Sensing
09:10 — 10:00 | Invited talk- Prof. Tadao Nagatsuma (Osaka University)
Sl ALR R R (R KA E)
10:00 — 10:20 | Coffee break % 4z
NBUTC-PD Based Transmitter-Mixer for Photonic-Network-Compatible High Data Rate
10:20 — 11-00 Wireless Communication and High-Resolution 3-Diemensional Radar Imaging
Invited talk-  Prof. Jin-Wei Shi (Department of Electrical Engineering, NCU)
G- FFER K (P4 E TR
Characterization and Modeling of Millimeter-Wave Photonic Transmitter for
Wireless-Over-Fiber Applications
11:00 — 11:40 ) . . : .
Invited talk- Prof. Nan-Wei Chen (Department of Communications Engineering, YZU)
G- PEF KR (FHAE a1 g8 )
11:40-12:00 | Group photo session £ ¢ s % & 48 p&
12:00 - 13:30 | Lunch = %
Applications of Optical Pulse Shaping in the Millimeter-Wave and Sub-THz Regimes
13:30 — 14:10 | Invited talk- Prof. Chen-Bin Huang (Institute of Photonics Technologies, NTHU)
#itia-  F A KR (FESE LT HFF T
Photonic Generation and Characterization of Sub-THz (MMW) Signals by 1550
1410 — 14:50 nm-Based THz Time-Domain Spectroscopic Techniques
Invited talk- Dr. Jim-Wein Lin (Department of Physics, NTHU)
B A B (FEAE p)
14:50 — 15:10 | Coffee break # 4«
RF Power-Fading Mitigation using Optical mm-Wave Signal Generated by Silicon-Ring
15:10 — 15:50 Modulator in Long-reach Radio-over-Fiber (ROF) Systems
Invited talk- Prof Chi-Wai Chow (Department of Photonics, NCTU)
k- B AR (RUE<F L7188 %)
Bidirectional nghtwave Transport Systems Based on Optical Free-Space Transmission
15:50 - 16:30 Sch_eme ) _ ) ) )
Invited talk- Prof. Hai-Han Lu (Department of Electric-Optic Engineering ,NTUT)
B FA JR (SSPRAE AT ISR
16:30 — 17:00 | Panel discussion ¥ #% f 35 3%
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Photonic Generation of Terahertz Waves for Communications and

Sensing

Tadao Nagatsuma
Graduate School of Engineering Science
Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
E-mail: nagatuma@ee.es.osaka-u.ac.jp

Tadao Nagatsuma received B.S., M.S., and Ph.D. degrees in electronic
engineering from Kyushu University, Fukuoka, Japan, in 1981, 1983, and
1986, respectively. In 1986, he joined the Electrical Communications

—
- Laboratories, Nippon Telegraph and Telephone Corporation (NTT), Atsugi,
\ : Kanagawa, Japan. From 1999 to 2002, he was a Distinguished Technical
Member with NTT Telecommunications Energy Laboratories. From 2003 to
‘ 2007, he was a Group Leader with NTT Microsystem Integration Laboratories.
AR He is currently a Professor at the Division of Advanced Electronics and

Optical Science, Department of Systems Innovation, Graduate School of Engineering Science, Osaka
University, Toyonaka, Japan. His research interests include millimeter-wave and terahertz photonics
and their application to sensors and wireless communications.

Prof. Nagatsuma is a fellow of the Institute of Electronics, Information and Communication
Engineers (IEICE), Japan, a senior member of the IEEE, and a member of the Technical Committee
on Microwave Photonics of the IEEE Microwave Theory and Techniques Society, and the
Microwave Photonics Steering Committee, and serves as an associate editor of IEEE Photonics
Technology Letters. He is the recipient of numerous awards including the 1992 IEEE Andrew R. Chi
Best Paper Award, the 1997 Okochi Memorial Award, the 1998 Japan Microwave Prize, the 2000
Minister’s Award of the Science and Technology Agency, the 2002 Asia—Pacific Microwave
Conference Prize, the 2004 Yokosuka Research Park Award, the 2006 Asia—Pacific
Microwave-Photonics Conference Award, the 2006 European Microwave Conference Prize, the 2007
Achievement Award presented by the IEICE, the 2008 Maejima Award presented by the Post and
Telecom Association of Japan, the 2011 Commendation for Science and Technology by the Minister
of Education, Culture, Sports, Science and Technology, and the 2011 Asia—Pacific Microwave
Conference Prize .
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NBUTC-PD Based Transmitter-Mixer for
Photonic-Network-Compatible High Data Rate Wireless

Communication and High-Resolution 3-Diemensional Radar Imaging

Jin-Wei Shi
Department of Electrical Engineering, National Central University
No, 300, Jungda Rd., Jungli City, Taoyuan, Taiwan 320
Tel: 886-3-4227151 ext. 34466
Fax: 886-3-4255830
E-mail: jwshi@ee.ncu.edu.tw

Jin-Wei Shi was born in Kaohsiung, Taiwan on January 22, 1976. He
received the B.S. degree in Electrical Engineering from National Taiwan
University, Taipei, Taiwan in 1998 and the Ph.D. in Graduate Institute of
Electro-Optical Engineering from National Taiwan University, Taipei,
Taiwan in 2002. He was a Visiting Scholar at the University of California,
Santa Barbara (UCSB), CA, during 2000 and 2001. In 2002-2003, he
served as a post-doc researcher at Electronic Research & Service
Organization

(ERSO) of Industrial Technology Research Institute (ITRI). In 2003, he joined the Department of
Electrical Engineering, National Central University, Taoyuan, Taiwan, where he is now professor. In
2011, he joins the ECE Dept. of UCSB again as a Visiting Scholar. His current research interests
include ultra-high speed/power optoelectronic devices, such as photodetectors, electro-absorption
modulator, sub-millimeter wave photonic transmitter, and semiconductor laser. He has authored or
co-authored more than 90 Journal papers, 150 conference papers and hold 20 patents. He was the
invited speaker of 2002 IEEE LEOS, 2005 SPIE Optics East, 2007 Asia-Pacific Microwave Photonic
conference (AP-MWP), 2008 Asia Optical Fiber Communication & Optoelectronic Exposition &
Conference (AOE), 2011 Optical Fiber Communication (OFC), and 2012 IEEE Photonic Conference
(IPC). He served as the technical program committee of OFC 2009-2011, 2012 SSDM, 2012 MWP,
and 2013 Asia-Pacific CLEO. He was the recipient of year 2007 Excellence Young Researcher
Award from Association of Chinese IEEE and 2010 Da-You Wu Memorial Award
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Characterization and Modeling of Millimeter-Wave Photonic

Transmitter for Wireless-Over-Fiber Applications

L
e e

Nan-Wei Chen
Department of Communications Engineering
Yuan Ze University
Tel: #7% % 7 3% 1 03-4638800 4 4 7331
2% F w e 1 03-4638800 4 % 7011 # 907
Fax: 03-4554264
E-mail: nwchen@saturn.yzu.edu.tw

Nan-Wei Chen received the B.S. degree in atmospheric sciences and the M.S.
degree in space sciences from National Central University, Jhongli, Taiwan,
in 1993 and 1995, respectively. He received the Ph.D. degree in electrical
engineering at the University of Illinois at Urbana-Champaign in 2004.

From 1998 to 2004, he was a Research Assistant at the Center for
Computational Electromagnetics, University of Illinois, where he worked on
time-domain integral equation methods for the solution of scattering and
radiation problems. From 2004 to 2009, he was an Assistant Professor of

electrical engineering at the National Central University, Taiwan. Since 2010, he has been working as
an Associate Professor of communications engineering at Yuan Ze University, Jhongli, Taiwan. His
research interests include computational electromagnetics with special emphasis on time-domain
integral equations, periodic structures, and millimeter-wave antennas and passive circuits.

Dr. Chen received the Raj Mittra Outstanding Research Award from the University of Illinois in 2004
and the Best Article Award from the Chinese Geoscience Union in 2010.
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Applications of Optical Pulse Shaping in the Millimeter-Wave and

Sub-THz Regimes

Chen-Bin Huang
Institute of Photonics Technologies
National Tsing Hua University
Tel:y#2> 2 & 35 - 03-5162180 (~ i 45 859 %)
1 % w3 - 03-5715131 ext. 34007 (o = 4 119 %)
¥ % F 7w 0 03-5715131 ext. 34178 (2 = 4 125 %)
Fax: 03-5751113
E-mail: robin@ee.nthu.edu.tw

Engineering at Purdue University, West Lafayette, IN, USA, in 2008.

Chen-Bin Huang received his B.S. degree in electrical engineering from
National Tsing Hua University, Taiwan, in 1997, his M.S. degree in
electro-optical engineering from National Chiao Tung University, Taiwan, in
1999, and his Ph.D. degree from the School of Electrical and Computer

He has worked at Bell Laboratories (Alcatel-Lucent) in the USA and the
Opto-Electronics & Systems (OES) Laboratories of the Industrial Technology
Research Institute (ITRI) in Taiwan. He joined the Institute of Photonics
- Technologies at National Tsing Hua University in Taiwan as assistant professor

in 2008 and was promoted to associate professor in 2012. His current research interests include

optical and millimeter-wave arbitrary waveform generations, nanoplasmonic devices,
applications of optical frequency combs.


mailto:robin@ee.nthu.edu.tw

Photonic Generation and Characterization of Sub-THz (MMW)
Signals by 1550 nm-Based THz Time-Domain Spectroscopic

Techniques

Jim-Wein Lin
Department of Physics
National Tsing Hua University
Tel:7%= % & 3% ¢ 03-5715131 ext. 33252 (4~ 12 42 409 %)
5% % %t 03-5715131 ext. 42552 (4~ 124 218 %)
E-mail: d907913@0z.nthu.edu.tw

Electrical Engineering from National Tsing Hua University, Taiwan, in 2009.

femtosecond fiber lasers.

Jim-Wein Lin received his B.S. degree in Physics from National Kaohsiung
Normal University, Taiwan, in 1994, his M.S. degree in Electrical Engineering
from National Tsing Hua University, Taiwan, in 1999, and his Ph.D. degree in

He is currently a postdoctoral research fellow in Department of Physics in
National Tsing Hua University. His research interests include terahertz
time-domain spectroscopy, electro-optic sampling techniques, and applications of


mailto:d907913@oz.nthu.edu.tw

RF Power-Fading Mitigation using Optical mm-Wave Signal
Generated by Silicon-Ring Modulator in Long-reach Radio-over-Fiber

(ROF) Systems

C. W. Chow=%, C. H. Yeh? M. G. Lo® and H. K. Tsang®
'Department of Photonics and Institute of Electro-Optical Engineering, National Chiao Tung
University, Hsinchu 30010, Taiwan
?Information and Communications Research Laboratories, Industrial Technology Research Institute
(ITRI), Hsinchu 31040, Taiwan
Department of Electronic Engineering, The Chinese University of Hong Kong, Shatin, Hong Kong
Tel: 7%= 7 735 £ 03-5712121 ext 56334 (v 7wk 7 < & 202)
P % F T e 1 03-5712121 ext 56330 (v 7dm sk T+ L 216A)
E-mail: cwchow@faculty.nctu.edu.tw

Chi-Wai Chow received the B.Eng. (First-Class Hons) and Ph.D. degrees both
from the Department of Electronic Engineering, the Chinese University of
Hong Kong in 2001 and 2004 respectively. His Ph.D. focused on photonic
packet switched networks. Then, he was a Postdoctoral Fellow at the Chinese
University of Hong Kong, working on hybrid integration of photonic devices
and silicon photonics.

Between 2005-2007, he was a Postdoctoral Research Scientist in the Tyndall
National Institute and Department of Physics, University College Cork (UCC) in Ireland, working
mainly on two European Union Projects: PIEMAN and TRIUMPH. In 2007,

He joined the Department of Photonics, National Chiao Tung University in Taiwan, as an Assistant
Professor. In 2010, he was promoted to Associate Professor. His research interests are PON, ROF,
silicon photonics and advanced modulation formats. He was also the recipient of National Science
Council, Dr. Wu Da-You Research Award 2009 and Foundation for the Advancement of Outstanding
Scholarship 2009.
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Bidirectional Lightwave Transport Systems Based on Optical

Free-Space Transmission Scheme

Chia-Yi Chen,* Po-Yi Wu," Ying-Pyng Lin,* Hai-Han Lu,*?*
! Institute of Electro-Optical Engineering, National Taipei University of Technology,
Taipei 106, Taiwan
2 Department of Electronic Engineering, Tungnan University,
New Taipei City, 222, Taiwan
Tel @ y#2 3 735 1 02-27712171 ext 4621
B F R e 1 02-27712171 ext 4675
E-mail: hhlu@ntut.edu.tw

Hai-Han Lu received the MS and Ph.D. degrees from the Institute of
Electro-Optical Engineering, National Central University, Taiwan, in 1991 and
2000, respectively. He joined the Department of Electro-Optical Engineering,
National Taipei University of Technology as an Associate Professor in 2001,
as well was promoted to Professor and Distinguish Research Professor in 2003
and 2006, respectively. He was the Chair of the Department of Electro-Optical
[ Engineering at NTUT (8/2005-7/2008). He has temporarily transferred to the
L - | Tungnan University as a Vice President from 2011 (2011-2014). His research
interests include radio-over-fiber (RoF) and fiber optics CATV transport systems.

Professor Lu is currently a Fellow of the IET (Institution of Engineers and Technology), a Senior
Member of the IEEE (Institute of Electrical and Electronics Engineers), a Senior and Life Member of
the OSA (Optical Society of America), and a Senior Member and Life Member of the SPIE
(International Society for Optical Engineers). He was a Membership Committee of the SPIE
(2004-2005). He was awarded the ETRI (Electronics and Telecommunications Research Institute)
Journal Paper of the Year (SCI, 2007), Outstanding Research Prize of NTUT (2004), and
Outstanding Research Prize of EECS in NTUT (2007) for his significant technical contributions to ROF and fiber
optics CATV transport systems.

11
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Photonic Generation of Terahertz Waves for Communications and

Sensing

Tadao Nagatsuma

Graduate School of Engineering Science,
Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
nagatuma@ee.es.osaka-u.ac.jp

Abstract :

This talk will review our recent progress in the use of photonic technologies for efficient
generation of broadband continuous terahertz waves, and their applications to wireless
communication, tomographic imaging and spectroscopy.

13



NBUTC-PD Based Transmitter-Mixer for
Photonic-Network-Compatible High Data Rate Wireless

Communication and High-Resolution 3-Diemensional Radar Imaging

Jin-Wei Shi
Dept. of Electrical Engineering,
National Central University, Taoyuan, Taiwan

jwshi@ee.ncu.edu.tw

Abstract :

In this talk, recent progress in high-speed/power near-ballistic uni-traveling carrier photodiode
(NBUTC-PD) with ultra-fast switching speed used for (sub-) millimeter-wave (MMW) photonic
Gigabit wireless communication and high resolution radar imaging is reviewed. The photonic
technique is attractive for such two applications due to that the (sub-) MMW signal can be easily
distributed in the whole system through the use of a low-loss optical fiber and the optical signal
processing becomes feasible for the (sub-) MMW signal generation with complex waveform, such as
the broadband chirped pulse signal, which is the key for ultra-high resolution radar imaging.
Furthermore, the photonic approach can provide an excellent isolation in the short-pulse radar system.
Where, the delivery of short-pulse with amazing high peak-power (kW) for long-range (> hundreds
of km) object detection is necessary.

A (sub-) MMW photonic transmitter (PT), comprised of high-power photodiodes (PDs) with
integrated (sub-) MMW waveguide and antennas for optical-to-electrical (O-E) signal conversion
and MMW broadcasting thus play important roles in this kind of photonic-MMW system. The high
available power of NBUTC-PD can release the burden imposed on the gain and saturation power
performance of sub-THz power amplifier. The development of several different high-power
NBUTC-PD based PTs/PDs for MMW/THz pulse generation through MMW waveguide or free
space is summarized. The performance of photonic wireless links and radar imaging system
developed based on these key components with extremely high data rate (> 25Gbit/sec) and
ultra-high range-resolution, respectively, will also be reviewed.

14
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Characterization and Modeling of Millimeter-Wave Photonic

Transmitter for Wireless-Over-Fiber Applications

Nan-Wei Chen
Department of Communications Engineering,
Yuan Ze University, Taoyuan, 320, Taiwan

nwchen@saturn.yzu.edu.tw

Abstract :

Efficient and accurate system characterization and modeling of the millimeter-wave (MMW)
photonic transmitter are presented. It is shown that the presented system modeling techniques are
crucial to the implementation of a photonic transmitter with wide optical-to-electrical (OE) and
intermediate-frequency (IF) bandwidth. Specifically, the accurate optical and electrical modeling of
the photodiode (PD) along with the microwave network representation of the entire transmitter,
including the PD, transmitting antenna, and the front-end passive circuitry, is described. The
effectiveness of the proposed modeling techniques for system characterization is experimentally
demonstrated through a high-speed (25 Gbits/sec) wireless link developed with the implemented
MMW photonic transmitter at W-band.
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Applications of Optical Pulse Shaping in the Millimeter-Wave and

Sub-THz Regimes

Chen-Bin (Robin) Huang
Institute of Photonics Technologies,
National Tsing Hua University, Hsinchu, 30013, Taiwan

robin@ee.nthu.edu.tw

Abstract :

Optical pulse shaping techniques, in which user-specified ultrashort pulse fields are synthesized
via parallel manipulation of optical Fourier components, are now widely adopted. Furthermore,
mode-locked lasers producing combs of frequency stabilized spectral lines have resulted in
revolutionary advances in frequency metrology. However, until recently pulse shapers addressed
spectral lines in groups at low spectral resolution. Line-by-line pulse shaping, in which spectral lines
are resolved and manipulated individually, leads to a fundamentally new regime for optical arbitrary
waveform generation (OAWG), in which the advantages of pulse shaping and of frequency combs
are exploited simultaneously.

In this talk, results on programmable line-by-line shaping of various types will be presented.
OAWG promises broad impact both in optical science, allowing for example coherent control
generalizations of comb-based time-frequency spectroscopy, and in technology, enabling new truly
coherent multi-wavelength processing concepts for spread spectrum lightwave communications and
photonically-assisted millimeter-wave (MMW) generations. We will present our recent results on
remote generation of high-modulation-depth photonic millimeter-wave (MMW) waveforms by
applying line-by-line pulse shaping on a phase-modulated continuous-wave laser frequency comb.
Potential applications of such flexible photonic transmitter in sub-THz and even THz regimes will
also be discussed.

16
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Photonic Generation and Characterization of Sub-THz (MMW)
Signals by 1550 nm-Based THz Time-Domain Spectroscopic

Techniques

Jim-Wein Lin
Department of Physics,
National Tsing Hua University, Hsinchu, 30013, Taiwan
d907913@oz.nthu.edu.tw

Abstract:
Technologies for generating and detecting THz electromagnetic pulse have attracted a lot of

interest during the past decades due to the considerable applications such as material inspection,
spectroscopy sensing and communications. Among these techniques, the use of THz time domain
spectroscopy (THz-TDS) based on a Ti:sapphire laser system has been proven successful and being
employed in research nowadays. However, recent trend has suggested using ultrafast fiber laser
instead of Ti:sapphire laser due to its compact design. The Er-doped fiber laser (EDFL), in particular,
is suitable for the fiber-coupled THz-TDS system in conjunction with the abundant fiber components
in optical communication systems.

In this talk, results on a home-made 1550 nm THz-TDS system will be presented. This
technique allows both photonically-assisted millimeter-wave (MMW) generations and ultra-fast
coherent detections when applying a high-power sub-THz photonic transmitter (PT). We will present
our recent results on characterizations of frequency response of the PTs. Besides, potential
applications such as the photonic generations of narrow-band MMW pulses and
frequency-modulated MMW waveforms by femtosecond pulse shaping on the EDFL will also be
discussed.

17


mailto:d907913@oz.nthu.edu.tw

RF Power-Fading Mitigation using Optical mm-Wave Signal
Generated by Silicon-Ring Modulator in Long-reach Radio-over-Fiber

(ROF) Systems

Chi-Wai Chow
Department of Photonics and Institute of Electro-Optical Engineering,

National Chiao Tung University, Hsinchu, 30010, Taiwan
cwchow@faculty.nctu.edu.tw

Abstract :

Recently, the merging of passive optical network (PON) and radio-over-fiber (ROF) access
network has received more attention, since it is expected to provide broadband and flexible Internet
services for both mobile and fixed users in a single platform. Besides, long-reach PON (LR-PON)
has been proposed for combining the separate metro and access networks into a single system to
reduce network cost and power consumption. It is believed that the integration of the LR-PON and
the LR-ROF can further reduce the cost by sharing the same optical components and extending the
ROF network coverage. However, the transmission of optical millimeter-wave (mm-wave) signal in
the LR-PON is challenging. When the optical mm-wave signal is transmitting in an optical fiber,
chromatic dispersion causes a differential delay to be added to the sidebands and the carrier, causing
length dependent power fading effect and code time-shifting.

In this work, we propose and demonstrate a LR-ROF signal transmission using single sideband
(SSB) optical mm-wave signal generated by a silicon microring modulator. The silicon modulator
provides the advantages of low power consumption and compact size. Besides, a unique feature of
the silicon microring modulator is that it only modulates the signal wavelength in the resonant null,
thus allowing it to encode data on only one of the sidebands of the optical signal in the generation of
optical SSB mm-wave signal. Analysis is performed showing the SSB optical mm-wave outperforms
the double-sideband (DSB) and optical carrier suppression (OCS) optical mm-wave signals. Error
free 100 km single mode fiber (SMF) transmission is achieved experimentally.
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Bidirectional Lightwave Transport Systems Based on Optical

Free-Space Transmission Scheme

Hai-Han Lu
Institute of Electro-Optical Engineering,

National Taipei University of Technology, Taipei, 106, Taiwan
hhlu@ntut.edu.tw

Abstract :

Wireless communication network is a promising technology to provide broadband service to the
end-user. However, due to high attenuation in the wireless band, using wireless communication to
connect the head-end and the access point (AP) will place serious limitations on the allowed
repeaterless distance. It is expected that fiber transmission link may be a solution to the issue. In
optical fiber integration with optical free-space transmission systems, the transmitted signal is
converted into the optical one and distributed to the remote APs by fiber link, by which providing
broad bandwidth and low attenuation characteristics. Optical free-space transmission scheme is
presently developed by researchers and engineers to create high-speed and high security
communication networks, in which using optical light to replace modulated and un-modulated
signals. It can provide many benefits, like providing communication link in specific areas in which
RF communication is prohibited, such as in the hospital or airplane. Optical free-space transmission
scheme can be divided into two categories: the divergence scheme and the convergence one. The
former uses the divergence beam to provide the mobile service to the end-user. However, it is
difficult to obtain good free-space transmission performance due to large service area and low optical
power per unit area. On the other hand, the latter uses the convergence beam to provide the mobile
service to the end-user. Nevertheless, it is also difficult to obtain good free-space transmission
performance due to narrow light beam and laser light misalignment between the transmitter and the
receiver.

A novel bidirectional lightwave transport system employing wavelength-division-multiplexing
(WDM) and optical add-drop multiplexing techniques, as well as optical free-space transmission
scheme is proposed and experimentally demonstrated. Over an 80-km single-mode fiber (SMF)
transport and about 2.4 m free-space transmission, impressive and brilliant bit error rate (BER)
operation is obtained for long-haul fiber link and finite free-space transmission distance. Such
bidirectional lightwave transport system based on optical free-space transmission scheme has been
successfully demonstrated, which can not only present its advancement in lightwave application, but
also reveal its simplicity and convenience for the real implementation. Our proposed systems are
suitably applicable to the lightwave communication systems in wire and wireless transmissions.
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T B/ 48 Famous tourist spots in Hsinchu
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&R ESE Important Numbers

Office of Department of Physics, NTHU

(03) 574-2306

Prof. C. L. Pan’s Lab

(03) 516-2576
(03) 574-2552
(03) 574-2275

Fire & Emergency /K E& « BX&ET 119

Police & Traffic Accident /222822 ~ X iE iy 110
Local Call Directory /T & &L 20 104

Long Distance Call Directory /iR EEE 22 105
International Information Directory /& 88 57 s ¢ 100

Taiwan Taoyuan International Airport / = &Rk [E &5
The Service Counter of the Departure Hall for 24- hour /Terminal 1
The Service Counter of the Departure Hall for 24- hour /Terminal 2

Website: http://www.taoyuan-airport.com/chinese/index.jsp

(03)398-2143
(03)398-3274

Taiwan High Speed Rail /
LB

Website: http://www.tTHSR c.com.tw/en/?lc=en

4066-3000

Kuo-Kuang motor transport /
B % A
Website: http://www.kingbus.com.tw/index.php

0800-010-138

HsinChu Transportation Co., Ltd. /
T
Website: http://www.hcbus.com.tw/

(03)522-5151

Inquiry for International Telecommunication Service (free) /
IR EEE R (RE)

0800-731-123

Department of Tourism Hsinchu City Government /
H T BUFED s
Website: http://dep-tourism.hccg.gov.tw/

(03)521-6121
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