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II. (FORM 1)BASIC INFORMATION OF THIS SUB-PROJECT                                     

                                                                                                

Project Title: Next Generation Optical Communication and Optical Storage Technologies 

Serial No.:  NSC96-2752-E009-009-PAE         Affiliation 
National Chiao Tung University 

國立交通大學 

Name Yin- Chieh Lai Name 
Grace Tsui 

崔怡芬 

Tel: 03-5712121-31746 Tel: (03)5712121-56333 

Fax: 03-5716631 Fax: 03-5716631 
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E-mail yclai@cc.nctu.edu.tw Pr
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E-mail grace@faculty@nctu.edu.tw 

Expenditures1 (in NT$1,000) Manpower2:Full time/Part time(Person-Months) 
 

Projected Actual Projected Actual 

FY2004 10,224 10,224 30 30 

FY2005 11,231 11,231 30 30 

FY2006 10,352.3 10,352.3 30 30 

FY2007 10,756.5 10,756.5 30 28.5 

Overall 42,563.8 42,563.8 120 118.5 

Notes: 1,2  Please explain large differences between projected and actual figures. 

 

Principal Investigator’s Signature: 
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II. (FORM 2) LIST OF WORKS, EXPENDITURES, MANPOWER, AND MATCHING SUPPORTS FROM THE PARTICIPATING INSTITUTES  - SP-II 
Serial No.: 
NSC96-2752-E-009-009-PAE 

Program Title: Next Generation Optical Communication and Optical Storage Technologies  
下世代光通訊與儲存技術 

Expenditures (in NT$1,000) Manpower (person-month) Research 
Item 

(Include 
sub 

projects) 

Major 
tasks and 
objectives Salary  

Seminar/ 
Conferenc
e-related 
expenses 

Project- 
related 

expenses 

Cost for 
Hardwar

e & 
Software 

Total 
Principal 

Investigators 
Consultants 

Research/ 
Teaching 
Personnel 

Supporting 
Staff 

Total 

Matching Supports from the 
Participating Institutes 
(in English & Chinese) 

Optical 
Communca
-tion 

Develop 
Optical 
Communi-
cation 
Technolog
-ies 

7,600 1,655 6,628.5 10,000 25,883.5 16 0 0 52 68  

Optical 
Storage 

Develop 
Optical 
Storage 
Technolog
-ies 

7,601.5 825 6,618.5 0.0 15,045 12 0 0 38.5 50.5  

             
             
             
             

SUM (不含管理費) 15,201.5 2,480 13,247 10,000 40,928.5 28 0 0 90.5 118.5  
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IV. (FORM 3) STATISTICS ON RESEARCH OUTCOME OF THIS PROGRAM-II 

LISTING TOTAL DOMESTIC INTERNATIONAL SIGNIFICANT1 CITATIONS2 TECHNOLOGY TRANSFER 

JOURNALS 160 - 160 82   

CONFERENCES 99 - 99 -   PUBLISHED ARTICLES 

TECHNOLOGY REPORTS 0 0 0 -   

PENDING 2 1 1 -   
PATENTS 

GRANTED 36 20 16 -   

COPYRIGHTED INVENTIONS ITEM       

ITEM     
WORKSHOPS/CONFERENCES3 

PARTICIPANTS     

HOURS     TRAINING COURSES 
（WORKSHOPS/CONFERENCES） PARTICIPANTS     

HONORS/ AWARDS
4 1 1 0  

KEYNOTES GIVEN BY PIS     PERSONAL ACHIEVEMENTS  

EDITOR FOR JOURNALS     

ITEM    

LICENSING FEE    TECHNOLOGY TRANSFERS  

ROYALTY    

 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

INDUSTRY STANDARDS5 ITEM       

ITEM    - - - 
TECHNOLOGICAL SERVICES6 

SERVICE FEE    - - - 
1 Indicate the number of items that are significant. The criterion for “significant” is defined by the PIs of the program. For example, it may refer to Top journals (i.e., those with impact factors in the upper 15%) in the area of 

research, or conferences that are very selective in accepting submitted papers (i.e., at an acceptance rate no greater than 30%). Please specify the criteria in Appendix IV. 
2 Indicate the number of citations. The criterion for “citations” refers to citations by other research teams, i.e., exclude self-citations. 
3 Refers to the workshop and conferences hosted by the program. 
4 Includes Laureate of Nobel Prize, Member of Academia Sinica or equivalent, fellow of major international academic societies, etc. 
5 Refers to industry standards approved by national or international standardization parties that are proposed by PIs of the program. 
6 Refers to research outcomes used to provide technological services, including research and educational programs, to other ministries of the government or professional societies.
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V. (FORM4) EXECUTIVE SUMMARY ON RESEARCH OUTCOMES OF THIS PROGRAM 

(PLEASE STATE THE FOLLOWING CONCISELY AND CLEARLY) 

1. GENERAL DESCRIPTION OF THE PROJECT: INCLUDING OBJECTIVES OF THE 

PROJECT 

     (MAXIMUM 3 PAGES) 

Subproject 2: 
This sub-subject is focused on two important applications of photonic 

technologies: optical communication and optical storage. The project descriptions 
and research objectives are given below. 
A. Next generation optical communication technologies 

The aims of this part of researches are to develop new optical transmission and 
photonic signal processing techniques and the required device, module, and 
networking technologies which may play the key roles in next generation optical 
communication systems. The conducted researches are mainly along the following 
four directions: (1) Novel Optical Transmission & Processing; (2) Novel Optical 
Network Architectures & Technologies; (3) Novel Fiber Devices and Laser Sources; 
(4) Novel Theories & Applications. The research scopes and objectives for each 
research direction can be briefly summarized below: 
(1) Novel Optical Transmission & Processing: (Main investigators: J. Chen, S. 

Chi) 
High efficiency optical transmission through the use of new modulation 

formats is expected to become more and more important in future optical 
communication systems. In the past years we have focused on the efficient 
generation and high-performance transmission of new modulation formats 
including duo-binary, DPSK, DQPSK, and multilevel ASK signals. The 
established fiber circulating loop testbed is utilized to experimentally verify the 
developed idea and techniques. We have also developed a novel bidirectional 
fiber transmission scheme based on a four-port DWDM wavelength interleaver. 
By rerouting bidirectional transmission to unidirectional amplification, 
backscattering noises in the fiber amplifiers are blocked and high optical 
signal-to-noise-ratio is achieved. For next generation “intelligent” optical 
networks, optical layer needs to provide the much needed new functionalities 
with lower cost, smaller power consumption, or less occupied space. New 
photonic signal processing techniques are thus needed to be developed for 
implementing this ambitious vision. We have developed optical 2R schemes 
based on the self-seeded Fabry-Perot laser diodes and tunable optical delay 
modules based on VCSEL slow light devices. 

(2) Novel Optical Network Architectures & Technologies: (Main investigators: J. 
Chen, S. Chi) 

We have developed novel light sources and architectures for optical 
code-division multiple-access (OCDMA) and Radio-Over-Fiber (ROF) 
networks, and have also developed several reliable architectures for various 
optical access systems (i.e., PON). New hybrid fiber/wireless access 
transmission and networking architectures have also been proposed and 
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demonstrated. In particular, we have developed efficient methods capable of 
generating Radio-Over-Fiber (ROF) signals by frequency 
doubling/quadrupling techniques. This result is of great practical importance 
since it allows one to generate modulated ROF signals at 60GHz or higher 
with the present EO modulator technology. 

(3) Novel Fiber Devices and Laser Sources: (Main investigators: Y. Lai, S. Chi) 
We have developed advanced design and fabrication techniques for novel 

all-fiber devices including fiber gratings and side-polished/fusion-tapered fiber 
devices. These all-fiber devices have been utilized to build new types of fiber 
amplifiers and fiber lasers (CW and modelocked). In particular, we have 
achieved many excellent results on short-wavelength-pass fiber filters, S-band 
amplifiers, S-band CW lasers, and modelocked fiber soliton lasers.  

(4) Novel Theories & Applications: (Main investigators: Y. Lai, S. Chi) 
We have investigated the advanced optical soliton effects (on both the 

classical and quantum levels) for exploring new possible applications. In 
particular, we have pioneered the theoretical development of entangled 
quantum solitons, which may find applications in the researches of quantum 
optics and quantum information.  

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Devices and 
Modules

Transmission and System Theory & 
Application

Next Generation Optical Communication Technologies

Novel Fiber 
Devices and

Laser Sources

(Y. Lai, 
S. Chi)

Novel Optical
Transmission
& Processing

(J. Chen,
S. Chi)

Novel Optical 
Network

Architectures 
& Technologies

(J. Chen,
S. Chi)

Novel Theories
& Applications

(Y. Lai, S. Chi)

 
 
B. Next generation optical storage technologies:  

The recording density of current optical data storage systems has been increasing 
rapidly but will soon reach the fundamental limitation under the existing framework 
of far-field optics. Near-field optical system (NFOS) is regarded as the most 
potential candidate for achieving ultrahigh recording density by breaking through 
the far-field diffraction limit. However, the application of its super resolution is 
restricted by many characteristics such as low optical transmission efficiency, 
fragile mechanical structure, and complex servo control. Our research objectives on 
this subject are to provide a complete near-field solution by developing the required 
technologies. The emphases are on creating possibly smallest-spot-size apertures 
with adequate power throughput, on developing the accurate near-field servo 
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control, and on developing the required Micro-Electric-Mechanical-System (MEMS) 
fabrication techniques that are needed for implementing the scheme. Generally 
speaking, the studies can be divided into the following three categories: nano-optics, 
micro-fabrication and servo-control. 
(1) Nano-Optics: (Main investigators: C.-H. Tien)  

High spatial resolution beyond the diffraction limit can be realized in the 
optical near-field of a nano-sized metallic aperture, which has drawn much 
attention for developing new optical storage systems. In order to keep adequate 
throughput with a sub-wavelength spot, re-forming aperture shapes has been 
utilized to allow a higher power throughput without expanding the spot size. 
Aperture shapes like single-ridged (C-shaped), double-ridged (H-shaped), 
bow-tie shaped, or single silt have all been investigated. The proposed 
structures have one thing in common: the basic structure is a ridge, or say, a 
slit. By the waveguide theory, the ridge width of the aperture is an essential 
parameter for determining the cut-off wavelength of the fundamental 
propagating mode inside the aperture. When the size of the aperture 
continuously shrinks, the propagation mode no longer exists. When the 
dimension is much smaller than the incident wavelength, the depth of the ridge 
now plays a dominant role in the enhancement mechanism through surface 
plasmon polariton (SPP) effects. In our studies, numerical analyses based on 
3D FDTD (finite difference in time domain) method have been carried out to 
compare the power throughput and the field spot of two different 
configurations: single slit and C-aperture, respectively. Furthermore, we have 
also proposed a brand new structure of apertures which can have the 
advantages for both the slit and C-aperture. The composite structure has shown 
higher power throughput and smaller spot size when compared with the 
C-shaped and slit- aperture respectively.  

(2) Micro-fabrication: (Main investigators: W. Hsu) 
The combination of the solid immersion lens (SIL) and the nano aperture 

can provide high power throughput and ultra-high resolution. However, the 
misalignment between SIL and nano aperture is a critical issue for practically 
fabricating the near-field pickup head. To overcome these problems we have 
developed a novel self-alignment process based on the backside exposure 
technique and the surface tension self-modulation technique during thermal 
re-flow to effectively reduce the misalignment problem by the MEMS process. 
We have also continued to develop the required micro-fabrication techniques 
for practically implementing the near-field pickup head.  

(3) Servo-control: (Main investigators: T.S. Liu) 
For near-field recording, the distance between the slider and optical disk 

surface, i.e. the flying height must maintain stable. As a flying height actuator, 
a piezoelectric bender is used to implement the flying height control in 
near-field optical disk drives. Firstly, in this study we design a flying pickup 
head including a piezoelectric bender to complement VCM for controlling both 
the focusing and track-seeking/track-following motion simultaneously. The 
pickup head structure differs from traditional CD-ROM and DVD-ROM 
pickup heads. Secondly, the pickup head is very close to an optical disk which 
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surface contains numerous grooves. Thus the dynamics between the optical 
disk and the pickup head must be investigated. Different from the conventional 
laser Doppler interferometers, an optical lever method using two quadrant 
photodetectors has been developed to measure the flying height variation of a 
pickup head above a rotating disk. Finally, the adaptive inverse control and 
PID control are used to implement the focusing and track-following 
respectively. Coupling between the focusing and track-following is 
incorporated in the derivation and computer simulation. 

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Optical Storage Technology

Nanoaperture
MEMS-based 

Near-Field
Device

Near-Field Servo

Photonic Science and Technology for the Tera-Era (II)

Co-PI: C.H. Tien Co-PI: W. Hsu Co-PI: T.S. Liu
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2. BREAKTHROUGHS AND MAJOR ACHIEVEMENTS 

Subproject 2:  
The breakthroughs and major achievements of this sub-project within the four 

years can be highlighted as follows. More details can be found in the research 
outcomes section. 
A. Next generation optical communication technologies 
I. Novel Optical Transmission & Processing : 

The established fiber-circulating-loop testbed is the best in Taiwan. We have 
developed several efficient schemes for generating different modulation formats 
(duobinary, DPSK, DQPSK, multi-level ASK, etc). These schemes can provide 
economic solutions for utilizing these modulation formats in practical applications. 
The developed bidirectional fiber transmission system based on the four-port DWDM 
wavelength interleaver has superior performance advantages compared to 
conventional approaches. The developed tunable slow light devices based on quantum 
dot VCSELs have achieved the largest bitrate-delay product within the similar devices. 
Such devices have the potential to be used as the building blocks for tunable optical 
buffers, even though the achievable time delay is still limited and thus practical 
system applications still call for more investigation. This is also a good example that 
demonstrates our internal cooperation between different subprojects.  
II. Novel Optical Networking Architectures & Technologies : 

The proposed and investigated optical access networking architectures should 
offer many new possibilities for designing future optical accessing networking 
architectures. In particular, the investigated hybrid wireless/fiber optical access 
transmission and networking techniques should have great potentials for practical 
applications. The developed new scheme for generating ROF signals by the 
doubling/quadrupling techniques is of particular importance, since it enables to 
generate practical ROF modulation signals at 60GHz or higher by the present EO 
modulator technology. 
III. Novel Fiber Devices and Laser Sources : 

The established advanced fiber grating fabrication platform is the best in Taiwan 
and compatible worldwide. The developed short-wavelength-pass fiber filter, S-band 
amplifiers, and S-band lasers employ unique approaches and have excellent 
performance. The developed modelocked fiber soliton lasers also employ unique 
approaches and have exhibited many interesting new soliton phenomena.    
IV. Novel Theories & Applications : 

The pioneered quantum entangled soliton theory is unique and of great academic 
importance. It is for the first time that the solitons after nonlinear interaction are 
rigorously proved to be quantum mechanically entangled. This should open new ways 
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for generating quantum entangled light states. 
 
B. Next generation optical storage technologies 

We have used a C-aperture to successfully demonstrate the existence of a 
propagation mode, which leads to the transmission enhanced by 3 orders of 
magnitude higher than a square aperture at a similar spot size in the near field. In 
addition, we have also applied the surface corrugations surrounding the C-aperture on 
both incident and exit interfaces, which can generate the surface plasmon (SP) waves 
coupling to the propagation mode. The hybrid effects of the local surface plasmon and 
waveguide resonance function as a focusing grating. Compared to a 60-nm square 
aperture, the double-corrugated C-aperture can enhance power throughput by 5 orders 
of magnitude and reduce the spot area by 30%. 

   A self-alignment process for the integration of nano aperture and SIL/SSIL is 
developed. We are the first group to propose a reliable batch process to integrate these 
two components. Two types of nano-aperture, circular and C shapes, are fabricated 
and integrated with SIL here.  Devices fabricated by the proposed process 
successfully verify the enhancement effect on the power throughput from 1.68X 
(circular nano aperture/SIL) to the order of ~103 (C-shape nano aperture/SIL), 
comparing to the throughput with circular aperture alone. These results demonstrated 
that the proposed batch process can integrate SIL not only with circular nano 
apertures, but also nano apertures with different shapes for further enhancement on 
the near-field system.   

Using the direct Monte Carlo simulation method, the pressure distribution of air 
bearings in near-field optical disks is obtained. The piezoelectric tubes have been 
proposed to be used in a pickup head for fine tuning the focusing and track-seeking 
motion. In addition to advanced control method developed in this study to maintain 
stable and constant flying height, an optical lever method is applied to the flying head 
experiments by using only photo detectors. The results are validated by comparing 
with those from laser Doppler interferometers. 

 By integrating all the above development, we have successfully demonstrated a 
novel fiber-based near-field optical head consisting of a straw-shaped writing probe 
and a flat gap sensing probe. The strawshaped probe with a C-aperture on the end face 
exhibits enhanced transmission by a factor of 3 orders of magnitude over a 
conventional fiber probe. By the self-injection technique, the high sensitivity of the 
laser output power to the change in the gap width is used as a feedback control signal 
to control the disk height. The dual-probe system has been installed on a conventional 
biaxial actuator to demonstrate the capability of flying over a disk surface with 
nanometer position precision. 
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3. CATEGORIZED SUMMARY OF RESEARCH OUTCOMES. IN EACH RESEARCH 

AREA, PLEASE GIVE A BRIEF SUMMARY OF THE RESEARCH OUTCOMES 

ASSOCIATED WITH THE AREA. NOTE THAT THE SUMMARIES SHOULD BE 

CONSISTENT WITH THE STATISTICS GIVEN IN FORM 3. PLEASE LIST AND 

NUMBER OF EACH RESEARCH OUTCOMES IN ORDER IN APPENDIX II, AND LIST 

ALL THE PUBLICATIONS IN TOP CONFERENCES AND JOURNALS IN APPENDIX 

III. 

Subproject 2: 
A. Next generation optical communication technologies 

Research highlights of our most important achievements on optical 
communication researches can be summarized below with the reference to the 
representative publication list given in the beginning of Appendix II. Our full list of 
publications can also be found in the later part of Appendix II. 
[Research Highlights] 
I. Novel Optical Transmission & Processing : 
(a) Bi-directional fiber transmission and novel interleaver applications [1-5] 
(b) Novel all-optical signal processing (slow lights, Optical 2R, PLC ROADM ….) 

[6-12] 
(c) Cost-effective/high-performance duobinary/DPSK/…. Transmission [13-19] 
II. Novel Optical Networking Architectures & Technologies : 
(a) Hybrid wireless/fiber access networking [20-24] 
(b) Optical access networking (PON, OCDMA, …) [25-28] 
III. Novel Fiber Devices and Laser Sources : 
(a) Complicated fiber Bragg grating devices: advanced design and fabrication. 

[29-32] 
(b) Novel tapered fiber devices, fiber amplifiers and fiber lasers. [33-40] 
(c) High repetition rate modelocked fiber soliton lasers [41-43] 
IV. Novel Theories & Applications : 
(a) Quantum squeezing and quantum entanglement of optical solitons [44-47] 
(The reference numbers above and below are refered to the representative publication 
list given in the beginning of Appendix II.) 
 
Some explanations of these achievements are given below: 
I. Novel Optical Transmission & Processing : 
In terms of research infrastructure, we have established the best fiber-circulating-loop 
testbed in Taiwan and have performed many researches based on this platform [see 
the lab photos below]. One good example is our study on the bidirectional fiber 
transmission [1-3]. After 500km transmission, the receiving sensitivity penalty is only 
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1.5 dB, comparable to conventional single direction transmission performance. In this 
study a novel 4-port DWDM wavelength interleaver is used to reroute bidirectional 
transmission into unidirectional amplification, so that the backscattering noises in the 
fiber amplifiers are blocked and high optical signal-to-noise-ratio (low cross-talk) is 
achieved. 
 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II) Lab Photos

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Low crosstalk bi-directional fiber transmission

Proposed amplifier

4-port DWDM interleaver

Loop experiment

JLT, PTL, …  

 
Other good examples are the studies on the DWDM interleaver applications [4-5] and 
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on the Planar-Lightwave-Circuit (PLC) Reconfigurable-Optical-Add-Drop 
Multiplexer (ROADM) [12]. We have studied the cascading transmission 
performance of a PLC reconfigurable OADM module in a fiber circulating loop. After 
1100 km transmission, the power penalty for all channels < 2.25 dB and less than 2 
dB sensitivity variations in cascaded transmission traffic is observed. The 
accumulated chromatic dispersion becomes obvious when the wavelength is detuned 
±11 GHz. This technology can accommodate 32 channels simultaneously. The work 
was cooperated with Prof. Y.J. (Ray) Chen of UMBC in USA and with ITRI in 
Taiwan. This is a good example of our external research cooperation. 
 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Fiber Circulating Loop Platform

PLC ROADM work was in cooperation with 
Prof. Y.R. Chen (UMBC) and ITRI.

 
 
For optical transmission, we have developed several efficient schemes for generating 
different modulation formats (duobinary, DPSK, DQPSK, baseband digital/radio, etc) 
by using only a single EO modulator. [16,18-19]  These schemes can provide 
economic solutions for utilizing these modulation formats in practical applications. 
We have also obtained good theoretical results on the convergence of phase noises in 
DPSK transmission systems by using novel phase noise averagers [15,17]. This new 
technique is expected to greatly improve the DPSK receiver performance.   
 
For optical signal processing, we have studied an EDFA-free all-optical 2R 
regeneration scheme based on a compact self-seeded Fabry-Pérot laser diode 
(SSFP-LD) [7-9] [See the following figure for the setup]. The proposed 2R 
regenerator achieves a straight line transmission at 10 Gb/s over 76 km without either 
the EDFA or the external probe laser, both of which are traditionally required. The 
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proposed compact 2R device has data-rate transparency up to 10 Gb/s and wavelength 
preserving operation (without wavelength conversion). In addition, we observed eye 
diagrams of the signal: (a) 2R-regenerated at 38 km; (b) 1R-regenerated at 38 km; (c) 
after 76 km propagation with 2R regeneration; and (d) after 76 km propagation with 
1R regeneration. By using the proposed method, the power penalties, compared with 
the back-to-back case, were 0.65 and 0.9 dB after transmission over 38 km and 76 km, 
respectively, at BER = 10-9. However, the 1R-only transmission has larger power 
penalties of 1.5 and 3.4 dB after transmitting over 38 km and 76 km, respectively, at 
BER = 10-9. 
 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Optics Express, PTL,…  
 
Recently we have also made important breakthrough on the tunable QD VCSEL slow 
light devices. The achieved bit-rate*delay-time product was the highest among the 
similar semiconductor devices. Although still not sufficient for optical buffer 
applications, they may find use in some signal processing applications. 
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

NCTU (Prof. H.-C. Kuo, S. Chi…) + OES/ITRI

Tunable QD VCSEL slow light device

Proposed
Application

Maximum optical delays 95 ps for 
10 GHz can be achieved by varying the 
bias current and wavelength detuning.

Zero wavelength 
detuning results

Optics Express, …

 
 
 
II. Novel Optical Networking Architectures & Technologies : 
We have developed a frequency doubling technique for generating complicated 
Radio-over-Fiber modulation signals that are required in hybrid wireless/fiber access 
network systems[20-21]. The trends for wireless communication have been moving 
from the present few GHz frequency band to several tens GHz (i.e., 60GHz). The 
direct electronic generation of RF modulation signals at frequencies higher than 
40GHz is still expensive and inefficient. By the optical modulation frequency 
doubling technique we develop, we are able to generate the RF modulation signals 
inside the optical fiber by using only the lower frequency electronics. The technique is 
based on the interference cancellation effects of a jumbo optical modulator module 
illustrated in the following two figures.       
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Double sideband scheme 
with carrier suppression

OFDM at LSB and sinusoidal 
subcarrier at USB
Full OMI (optical 
modulation index) and no 
RF fading
Frequency doubling 
technique low frequency 
electronic components for 
millimeter-wave service
High spectral efficiency: 64 
QAM 6 bit/ (Hz s)
DSP based impairments  
equalization

Remote Heterodyne OFDM RoF System

LD

20GHz

MZ-a
MZ-b MZ-c

Phase 
shift +90°

Phase 
shift

+90°
data

Vξ

Vξ

Vξξξ

1539.8 1540.0 1540.2 1540.4
-70

-60

-50

-40

-30

-20

-10

0

In
te

ns
ity

 (d
Bm

)

Wavelength (nm)
 

 

OFDM

subcarrier

OFC 2008  

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Concept of Remote Heterodyne OFDM System 

 

 
Examples of generated QAM OFDM signals at 15 or 20GHz and their performance 
are illustrated in the following three figures. 
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15 Gb/s 64-QAM and 20 Gb/s 16-QAM OFDM Signal

(a). 15 Gb/s64-QAM before equalization          (b). 15 Gb/s64-QAM after equalization

(c). 20 Gb/s16-QAM before equalization          (d). 20 Gb/s16-QAM after equalization
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We have also further developed a frequency quadrupling technique illustrated in the 
following three figures and have successfully demonstrated the generation of 60 an 72 
GHz microwave signals. 
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To generated Millimeter-wave signal beyond 40 GHz is still very expensive today!

OFC 2008  
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Principle of Frequency Quadrupling
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The above techniques have been employed to develop new hybrid wireless/fiber 
access networking system [23-24]. One of the main advantages is that no narrowband 
optical filtering is required.  
 
 We have also developed several new techniques for other types of optical access 
networks. They include the Passive Optical Networks (PON) and the Optical Code 
Division Multiple Access Networks (OCDMA) [25-28]. The following figure 
illustrates the developed new 2D OCDMA light sources by external injection of a 
semiconductor Fabry-Perot laser. 
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2D OCDMA encoding scheme Encoded output

PTL,…  

 
III. Novel Fiber Devices and Laser Sources : 
We have developed several new types of fiber devices, fiber amplifiers, and fiber 
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lasers [33-37] One example is a novel tunable Er-doped fiber amplifiers covering S 
and C + L bands over 1490-1610 nm based on discrete fundamental-mode cutoff 
filters. [36] We demonstrate thermo-optically tunable Er3+-doped fiber amplifiers 
covering S- and C + L-bands (1490 ~ 1610 nm) using fundamental-mode cutoff filters 
discretely located in a 17.5-m-long standard Er3+-doped fiber. The maximum signal 
gains are measured to be 18.92 dB, 37.18 dB, and 15.19 dB with 980 nm pump power 
of 135 mW in S-, C-, and L-bands, respectively. The principle of the fiber filters is 
based on the fundamental mode cutoff mechanism illustrated in the following figure: 
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Optics Letters, Optics Express, …  
The achieved performance of the S-band amplifiers and lasers are illustrated below. 
We demonstrate a widely tunable fiber ring laser over 1451.9 ~ 1548.1 nm with 
tuning efficiency as high as 57.3 nm/°C using a 16-m-long standard silica-based 
erbium-doped fiber under 980-nm pump power of 208 mW. In principle, such a 
technique can be applied to other fiber laser systems to achieve shorter 
amplifying/lasing wavelengths that can not be achieved by conventional methods. In 
particular, the achieved lasing wavelength can be as short as 1451.9nm, which should 
be the shortest lasing wavelength of Er-fiber lasers reported to-date. Such a 
wavelength range is of particular interest to biomedical applications. This is why the 
paper is selected by the Virtual Journal of Biomedical Optics.[33] 
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At NCTU we have established the best advanced fiber Bragg grating (FBG) 
fabrication platform in Taiwan and have developed several advanced FBG design and 
fabrication techniques.[29-32]  
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We have also developed several new types of high-repetition-rate modelocked fiber 
soliton lasers and studied their laser dynamics.[38-40] In particular, we have observed 
new bound soliton phenomena in a high-repetition rate modelocked fiber soliton laser. 
The time separation of the bound solitons can be modulated by adjusting the RF 
driving power. This property should be useful for implementing new applications with 
this new type of bound pulse sources. 
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IV. Novel Theories & Applications : 
 We have pioneered the development of the quantum theory for soliton squeezing, 
correlation, and entanglement.[41-44] We show for the first time that the solitons after 
nonlinear interaction are indeed quantum mechanically entangled. This should open 



Final Report of the Program for Promoting Academic Excellence of Universities（Phase II） 

 

23 

new ways for generating quantum entangled light states. 
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criterion: the uncertainty product of the inferred quadrature
components is below the Heisenberg uncertainty product limit. 
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Prof. Y. Lai

CLEO2008

 
 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Quantum Correlated Soliton Pairs

SW

PBSx y x y

x

y

t t

t t

PM Fiber

Isotropic Fiber

(1) TDM soliton pair

(2) PDM soliton pair

If necessary, the Sagnac loop configuration also can be used. 

Prof. Y. Lai
PRA, Optics Letters, …

 
 
 
 
B. Next generation optical storage technologies 
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We have studied the power throughput enhancement effects of nano-aperture[45, 50]. 
We presented a ridged aperture encircled by a groove to allow the hybrid effect of 
coupling surface plasmon resonance to a propagating wave. This great improvement 
was demonstrated by its higher power throughput of 0.32 in the far field, a factor of 
1.88 to the single ridged aperture that provided a signal-to-noise ratio of 20 dB in the 
near field.  
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We demonstrated a novel fiber-based near-field optical head consisting of a 
straw-shaped writing probe and a flat gap sensing probe [46]. The strawshaped probe 
with a C-aperture on the end face exhibits enhanced transmission by a factor of 3 
orders of magnitude over a conventional fiber probe due to a hybrid effect that excites 
both propagation modes and surface plasmon waves. In the gap sensing probe, the 
spacing between the probe and the media surface functions as an external cavity. The 
high sensitivity of the output power to the change in the gap width is used as a 
feedback control signal.[48] We characterize and design the straw-shaped writing 
probe and the flat gap sensing probe. The dual-probe system is installed on a 
conventional biaxial actuator to demonstrate the capability of flying over a disk 
surface with nanometer position precision. [46] 
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For the self-alignment process, two types of nano-aperture, circular and C shapes, 

are fabricated by Focused Ion Beam (FIB) to combine with SIL/SSIL formed by 
thermal reflow.  Also, several novel micro actuators made of metal and polymer are 
developed, including a fabrication platform for three-dimensional polymer 
microstructures. Furthermore, based on extrusion and surface tension modulation 
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techniques, a novel fabrication method to fabricate SILs on suspended cantilever array 
is successfully demonstrated. From the measurements of the power throughput and 
spot size, the proposed self-alignment process is successfully verified. For example, 
the φ15μm SIL/φ329nm circular aperture component is calibrated and found to 
enhance throughput 168%, comparing with that of φ329nm circular aperture alone. 
Furthermore, the throughput of 303nm×205nm C-shaped aperture/φ 15μm SIL 
component can be enhanced 2443.8%, comparing with that of φ148nm circular 
aperture alone. These results verify the feasibility of the proposed self-aligned process 
[51].   
 

 

 
For Near-field flyability, computational results show that grooved disks generate 

smaller pressure than smooth disks since grooves can accommodate air molecules and 
tune air pressure.[62] Further, flying higher makes pressure magnitudes closer 
between grooved disks and smooth disks in negative pressure area on slider bottoms. 
The proposed computational method facilitates pickup head design and improves head 
flyability during data read/write [56-61]. Experiments are carried out to demonstrate 
that the proposed controller performs better in flying height control than an optimal 
sliding mode controller. Accordingly, the controller can achieve stable flying height 
control in the presence of certain frequency vibration of optical disks. The media in 
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near-field optical disk drives is usually made of glass or polycarbonate, which may 
generate significant deformation arisen from disk rotation. Using the advanced control 
method developed in this study can maintain stable and constant flying height, which 
is required in near-field data reading/writing. An optical lever method using only 
photo detectors for measuring flying height is applied to the flying head experiments. 
The results are validated by comparing with those from laser Doppler interferometers 
(LDV).  
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4. A SUMMARY OF THE POST-PROJECT PLAN  

Subproject 2: 
A. Next generation optical communication technologies 
I. Novel Optical Transmission & Processing : 

We will continue to investigate the new modulation format techniques for 
achieving high transmission efficiency and/or high networking efficiency. The 
established fiber circulating loop testbed will be continuingly upgraded to serve as the 
platform for experimentally verifying the newly developed idea and techniques. 
System applications of the new newly developed tunable slow light devices based on 
quantum dot VCSELs will be investigated. Possible applications of the new 
modulation format techniques to hybrid (baseband digital+radio) optical transmission 
and quantum key distribution systems will continue to be investigated. 
II. Novel Optical Networking Architectures & Technologies : 

We will intensively develop the hybrid wireless/fiber access networking systems 
based on our unique frequency multiplication schemes. In particular, the 60GHz 
wireless systems have been intensively investigated by the researchers from the 
wireless side. We are hoping that our optical schemes can contribute to real advances 
by cooperating with these electronics techniques.   
III. Novel Fiber Devices and Laser Sources : 

Advanced design and fabrication techniques of all-fiber devices will be 
continuingly investigated. Existing platforms for fiber grating exposure, fiber 
side-polishing, fiber fusion tapering, …, will be continuously upgraded for fabricating 
new fiber devices. The performance of the modelocked fiber soliton laser will be 
further studied and improved. Possible applications of modelocked fiber lasers on 
classical/quantum communication will be investigated.   
IV. Novel Theories & Applications : 

Quantum theory of soliton entanglement generation will be developed further to 
take into account the possible applications on quantum communication and quantum 
information. Different types of optical soliton phenomena will be investigated to 
explore new possibilities for classical/quantum communication applications.    
 
B. Next generation optical storage technologies 

In the next phase, we will setup an experimental bench to study the surface 
plasmon polariton (SPP) effects and to ensure the interaction between the incident 
optical waves and the nanostructure in the near-field optical region. In addition, fluid 
dynamic analyses in flying will be further carried out to investigate what geometry of 
sliders with optical fiber and waveguide is optimal when considering dust removal, 
since the dust between solid immersion lens and disks may cause friction and damage 
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to the lens. Finally, MEMS-based devices combining solid immersion lens and 
nanoapertures will continue to be investigated. 
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5. INTERNATIONAL COOPERATION ACTIVITIES (OPTIONAL) 

Subproject 2: 
Optical Communication: 

‧ Prof. J. Chen cooperated with Prof. Y.R. (Ray) Chen in the Department of 
Electrical Engineering at University of Maryland Baltimore County (UMBC) 
on the development of PLC OADM module.  

‧ Prof. J. Chen and Prof. S. Chi cooperated with Prof. G.K. Chang in the 
Department of Electrical Engineering at Georgia Institute of Technology (GIT) 
on the development of bi-directional fiber transmission and other new optical 
transmission/networking techniques. 

Optical Storage: 
‧ Prof. C. H. Tien cooperated with Prof. Ed. Schlesinger in the Department of 

Electrical Engineering at Carnegie Mellon University on the demonstration of 
the proposed dual fiber-based near-field optical head in the spin stand.  

‧ Prof. W. Hsu cooperated with the Laser Micromachining group at Canada 
NRC Integrated Manufacture Technology Institute on the development of the 
micro actuators. 
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Electro-Thermally Driven Linear Microactuators,” Journal of Intelligent Material Systems and 
Structures, Vol. 17, 10, pp. 919-929, 2006.  

17. C.P. Hsu and W. Hsu, “Design and Characterization of Electrothermal Monolithic 
Long-Stretch Micro Drive with High Output Efficiency,” IEEE/ASME Journal of Micro 
Electro Mechanical Systems, Vol. 15, No.4, pp.935-944, 2006.  

18. C.T. Wu and W. Hsu, “Design and Fabrication of an Electrothermal Microactuator for 
Multi-level Conveying,” Journal of Microsystem Technologies,” Vol. 2, No. 4, pp.293-298, 
2006.  

19. H.-L. Hsu, Y.-R. Chang, Y. Chiu, Y.-H. Lin, and W. Hsu, “A self-aligned process between the 
nano-aperture and solid immersion lens,” Journal of Micromechanics and Microengineering, 
16, pp.2632-2638, 2006.  

20. L.N. Tsai, G.R. Shen, Y.T. Cheng, W. Hsu, “Performance Improvement of an Electrothermal 
Microactuator Fabricated Using Ni-Diamond Nanocomposite,” IEEE/ASME Journal of Micro 
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Electro Mechanical Systems, Vol. 15, No.1, pp. 149-159, 2006.  
21. Z.H. Liang, Y.T. Cheng, W. Hsu, Y.W. Lee, “A Wafer-Level Hermetic Encapsulation for 

MEMS Manufacture Application, IEEE Trans. on Adv. Packaging,”  Vol.29, No.3, 
pp.513-519, 2006. 

22. C.M. Chang and T.S. Liu, “A Wavelet Network Control Method for Disk Drives,” pp. 63-68, 
Vol.14, No.1, IEEE Trans. Control System Technology, 2006. 

23. C.S. Chang and T.S. Liu, “Design of Adaptive Dynamic Absorber to Reduce Optical Disk 
Drive Vibration at Multiple Rotating Speeds,” Vol. 45, No. 2B, pp.1120-1123, Japanese 
Journal of Applied Physics, 2006.  

24. C.S. Chang, T.S. Liu, and S.K. Lin, “Design a Linear Motor Absorber,” Vol. 99, Issue 8, Art. 
No. 08R323, Journal of Applied Physics, 2006.  

25. C.C. Hsiao, C.Y. Peng, and T.S. Liu, “An Optical Lever Approach to Photodetector 
Measurement of Pickup-Head Flying Height in an Optical Disk Drive,” Measurement Science 
and Technology, Vol. 17, pp.2335-2342, 2006. 

26. H.C. Wang and T.S. Liu, “Airflow Velocity Effects on Air Bearing with Grooved Disk Surface 
in Near-Field Optical Disk,” Physics of Fluids, Vol. 18, No. 5, 057103, 2006. 

27. C.C. Hsiao, T.S. Liu, and S.H. Chieng, “Adaptive Inverse Control for the Pickup Head Flying 
Height of Near-Field Optical Disk Drives,” Smart Materials and Structures, Vol. 15, pp. 
1632-1640, 2006. 

28. W.C. Wu and T.S. Liu, “Frequency-Shaped Sliding Mode Control for Flying Height of Pickup 
Head in Near-Field Optical Disk Drives,” pp. 1061-1063, Vol.41, No.2, IEEE Trans. 
Magnetics, 2005. 

29. C.W. Chen and T.S. Liu, “H∞ Repetitive Control for Pickup Head Flying Height in Near-Field 
Optical Disk Drives,” pp. 1067-1069, Vol.41, No.2, IEEE Trans. Magnetics, 2005. 

30. H.C. Wang, T.S. Liu, and C.S. Chang, “Study of Air Bearing with Grooved Disk Surface in 
Near-Field Disk Drives,” pp.1047-1049, Vol.41, No.2, IEEE Trans. Magnetics, 2005. 

31. C.H. Ho, and W. Hsu, “Experimental investigation on an embedded root method for stripping 
SU-8 photoresist in UV-LIGA process, Journal of Micromechanics and Microengineering,” 
Vol. 14, pp.356-364, 2004.  

32. C.S. Lin, S.Y. Wen, and W. Hsu, “A Variable Optical Attenuator with a Tunable Non-smoothe 
Curved Mirror,” Japanese Journal of Applied Physics, Vol.43, No. 11A, pp.7764-7768, 2004.  

33. C.M. Chang and T.S. Liu, “Study of Wavelet Repetitive Control,” Vol.151, No.3, pp.303-309, 
IEE Proceedings - Control Theory and Applications, 2004. 

34. W.C. Wu and T.S. Liu, “Sliding Mode Based Learning Control for Track-Following in Hard 
Disk Drives,”Vol.14, Issue 8, pp.861-876, International Journal of Mechatronics, 2004.  

35. J.W. Chen, and T.S. Liu, “A Gap Capacitance Method for Slider Flying Height Measurement 
in Near-Field Optical Disk Drives,” Vol. 14, Issue 10, pp. 1141-1155, International Journal of 
Mechatronics, 2004.  

 
International Conference papers: 
[Optical communication: 2004-2008] 
1. C.­T. Lin, Y.­M. Lin, J. Chen, S.­P. Dai, P.­C. Peng, P. T. Shih, S. Chi, “Generation of Direct­

Detection Optical OFDM Signal for Radio­over­Fiber Link Using Frequency Doubling Scheme 
with Carrier Suppression”, OFC 2008, paper OMM5, San Diego, U.S.A. 

2. K.­M. Feng, C.­Y. Wu, D.­H. Hsueh, C.­S. Ku, C.­P. Chang, H.­Y. Lin, J. C., J. Chen, 
“Demonstration of an Optical FIFO Multiplexer”, OFC 2008, San Diego, U.S.A. 

3. M.­F. Huang, J. Yu, H.­C. Chien, A. Chowdhury, J. Chen, S. Chi, G.­K. Chang, “A Simple 
WDM­PON Architecture to Simultaneously Provide Triple­Play Services by Using One Single 
Modulator”, OFC 2008, paper OTul4, San Diego, U.S.A. 

4. P.­C. Peng, C.­T. Lin, W.­J. Jiang, J. Chen, P. T. Shih, F.­M. Wu, S. Chi, “Transmission 
Improvement in Fiber Radio Links Using Semiconductor Laser”, OFC 2008, paper JThA68, San 
Diego, U.S.A. 

5. C.­T. Lin, P. T. Shih, J. Chen, P.­C. Peng, S.­P. Dai, W.­Q. Xue, S. Chi, “Generation of Carrier 
Suppressed Optical mm­Wave Signals Using Frequency Quadrupling and No Optical Filtering”, 
OFC 2008, paper JThA73, San Diego, U.S.A. 

6. P.­C. Peng, W.­C. Kao, C.­T. Lin, J. Chen, P. T. Shih, S. Chi, “Fast Light Improvement Using 
Periodic Bending of Erbium­Doped Fiber”, OFC 2008, paper JThA2, San Diego, U.S.A. 
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7. Y. Lai and W.-W. Hsiang, “Laser dynamics of new fiber soliton lasers”, presented at Asian 
Conference on Ultrafast Phenomena (ACUP) 2008. (invited papers). 

8. Chun Ting Lin, Cheng Feng Peng, Jyehong Chen, Peng Chun Peng, Wei Ren Peng, Bi Shiou­ ­ ­ ­ ­  
Chiou, S. Chi, “Hybrid optical access network integrating baseband and radio signals transmitted 
on a single wavelength”, CLEO/QELS 2007, paper CFP4, Baltimore, U.S.A. 

9. M. F. Huang, Ji. Yu, G. K­ . Chang, J. Chen, S. Chi,“Bi directional DPSK transmission over ­
230 km SSMF employing innovative Bi­ ­directional amplification”, CLEO/QELS 2007, paper 
CMH3, Baltimore, U.S.A. 

10. C. C. Wei and J. Chen, “Supression of phase noise induced by intrachannel four wave mixing ­
using phase noise averagers,” CLEO/QELS 2007, paper JTuA134, Baltimore, U.S.A. 

11. M. F. Huang, J. Yu, J. Chen, G. K­ . Chang, S. Chi, “A Cost Effective WDM PON Configuration ­ ­
Employing Innovative Bi directional Amplification”,­  OFC, 2007, paper OWL3, Anaheim, 
California, U.S.A. 

12. C. T­ . Lin, C. F­ . Peng, P. C­ . Peng, J. Chen, W. R­ . Peng, B. S­ . Chiou, S. Chi, “Simultaneous 
Modulation and Transmission of FTTH Baseband and Radio Signals on a Single Wavelength”, 
OFC, 2007, paper OThM73, Anaheim, California, U.S.A. 

13. P. C­ . Peng, C. C­ . Chiang, J. Chen, C. T­ . Lin, S. Chi “Tunable Ultrafast and Ultraslow Light in 
Erbium Doped Waveguide at Room Temperature”, OFC, 2007, paper JThA11, Anaheim, 
California, U.S.A. 

14. J. Chen, “Convergence of phase noise in DPSK transmission systems by novel phase noise 
averagers,” presented at Symposium on Next-Generation Lightwave Communications, held at 
CUHK, 2007. (invited paper) 

15. R.-K. Lee and Y. Lai, "Quantum theory of self-induced transparency solitons,” 10th Squeezed 
State and Uncertainty Relations, Bradford, UK, 31 Mar. - 4 Apr., 2007. 

16. Y. Lai, K.-C. Hsu, C.-L. Lee, and N.-K. Chen, “Advanced design and fabrication of fiber gratings”, 
presented at Workshop On Fiber Optics and Passive Components (WFOPC) 2007. (invited papers) 

17. C.-M. Hung, N.-K. Chen, Y. Lai, and S. Chi, “Towards the short-wavelength limit at 1450 nm in a 
widely tunable erbium-doped fiber laser,” paper CMC1, CLEO 2007. 

18. N. K. Chen and S. Chi, "Novel local liquid-core single-mode fiber for dispersion engineering using 
submicron tapered fiber," paper JThA5, OFC 2007 conference, Anaheim, USA, Mar. 25-29, 2007. 

19. Y. Lai, “Optical communication research at NCTU”, presented at Symposium on Next-Generation 
Lightwave Communications, held at CUHK, 2007. (invited paper) 

20. C.-M. Hung, N.-K. Chen, Y. Lai, and S. Chi, “High-gain low-noise tunable EDFA over S- and 
C+L-bands with double-pass configuration,” paper ThD2-4, CLEO/PR 2007. 

21. Y. Lai, Y.-K. Tu, S.-C. Jeng, “Optical Communication R&D and Broadband Access in Taiwan”, 
paper We2.1.3, ECOC 2006. (invited paper). 

22. W. -W. Hsiang, C. -Y. Lin, and Y. Lai, “Observation of Stable Bound Soliton Pairs in a 10 GHz 
Actively FM Mode-Locked Er-Fiber Laser,” paper JWB58, CLEO 2006. 

23. W.-W. Hsiang, C.-Y. Lin, N.-K. Sooi, Y. Lai, “Stabilizing a 10 GHz 0.8 ps asynchronously 
mode-locked Er-fiber soliton laser by deviation-frequency locking,” paper OThC7, OFC 2006. 

24. C. C. Wei, J. Chen, C. H. Fang and C. Tsao, “20 Gbps (2-bit/symbol) DPSK over Inverse-RZ 
Modulation Format Using a Single MZM”, ECOC, 2006, paper Tu3.2.5, Cannes, France. 

25. C. T. Lin, P. C. Peng, J. Chen, C. F. Peng, C. C. Chiang, H. C. Kuo, S. C. Huang, and B. S. Chiou, 
“10 GHz Tunable Slow Light in Multi-Quantum Well Distributed Feedback Laser”, ECOC, 2006, 
paper 57, Cannes, France. 

26. M.-F. Huang, T.-Y. Lin, C.-C. Wei, K.-M. Feng, J. Chen, S. Chi, “Novel Four-Port Interleavers 
Facilitate Unidirectional Amplification for Wavelength-Interleaving Bidirectional Transmission 
System”, CLEO/QELS, 2006, paper CFP3, Long Beach, U.S.A. 

27. M.-F. Huang, J. Chen, K.-M. Feng, T.-Y. Lin, C.-C. Wei, C.-Y. Lai, S. Chi, Z. Zhu, Y. J. Chen, 
Y.-C. Huang, S.-J. Chang, “Cascaded Reconfigurable Optical Add/Drop Multiplexer (ROADM) in 
Metro Add/Drop Network Applications”, CLEO/QELS, 2006, paper CWQ5, Long Beach, U.S.A. 

28. Y. C. Lu, C. C. Wei, J. Chen, C. Tsao, S. Chi, K. M. Feng, P. C. Yeh, T. Y. Huang, C. C. Chang, 
“2.5 dB Sensitivity Improvement by Optimizing the Driving Voltage of an MZM and Electrical 
Filter Bandwidth of Optical Duobinary Transmission Systems”, OFC 2006, paper JTHB42, 
Anaheim, U.S.A. 

29. H.-Y. Chiou, P.-C. Peng, K.-M. Feng, W.-R. Peng, J. Chen, H.-C. Kuo, S.-C. Wang, S. Chi, “A 
Star-Ring-Bus Architecture for WDM Fiber-Wireless System”, OFC 2006, paper OFM5, Anaheim, 
U.S.A.   
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30. W.-R. Peng, J. Chen, S.-Y. Tsai, C. Tsao, and S. Chi, “Evaluation of the Inherent Ripple Effects 
on the Performance of an Optical DQPSK Signal Generated by Using Only One MZM,” Paper P08, 
Photonics in Switching (PS2006).  

31. W.-R. Peng, J. Chen, S.-Y. Tsai, C. Tsao, and S. Chi, “The Impact of Inherent Ripples on the 
Performance of an Optical DQPSK Signal Generated by Single One DD-MZM,” Paper P50, 2006 
International Topical Meeting on Microwave Photonics (MWP'2006).  

32. W.-R. Peng, S.-Y. Tsai, J. Chen, and S. Chi, “Comparing the performances of optical DQPSK 
signal generated by single modulator with and without pulse carver,” Paper JWB25, Coherent 
Optical Technologies and Applications (COTA 2006).  

33. N. K. Chen, K. C. Hsu, S. Chi, and Y. Lai, "Tunable Er 3+-doped fiber amplifiers covering S- and 
C+L bands (1490 ~ 1610 nm) using discrete all-fiber ASE suppressing filters," paper TuAA5, 
IEEE/LEOS 2006 conference, Montreal, Canada, Oct. 29 - Nov. 2, 2006. 

34. N. K. Chen, K. C. Hsu, K. F. Hong, S. Chi, and Y. Lai, "High-cutoff-efficiency tunable short-pass 
filter over 400 nm (1250 ~ 1650 nm) wavelength range," paper 6D4-2, OECC 2006 conference, 
Kaohsiung, Taiwan, Jul. 3-7, 2006.  

35. W.-R. Peng, Y.-C. Lu, J. Chen, and S. Chi, “ASK/RZ-DPSK labeled signal generation using only 
one mach-zehnder modulator,” ECOC’05, paper Mo 4.4.6, Glasgow, U.K., Sept. 2005. 

36. Y.-C. Lu, J. Chen, K.-M. Feng, P.-C. Yeh, T.-Y. Huang, W.-R. Peng, M.-F. Huang, C.-C. Wei, 
and S. Chi, “A Cost-Effective Phase-Modulation-Enhanced Duobinary Modulation to Improve 
SPM Tolerance Using Only One Mach-Zehnder Modulator,” ECOC’05, Glasgow, U.K., Sept. 
2005. 

37. M.-F. Huang, C.-Y. Lai, J. Chen, K.-M. Feng, C.-C. Wei, T.-Y. Lin, and S. Chi, “Using a Novel 
Four-Port Interleaver to Enable Unidirectional Amplification in a 210-km Bidirectional 
Transmission System,” The 18th Annual Lasers and Electro Optics Society Meeting (LEOS), 
Hilton Sydney, Sydney, Australia, TuU 1, 2005. 

38. M.-F. Huang, C.-C. Wei, C.-Y. Lai, T.-Y. Lin, K.-M. Feng, J. Chen and S. Chi, “Cascadability 
Study of Dispersion-Compensated Interleaver Pairs for Metro Add/Drop Applications Using a 
Re-Circulating Loop,” Conference on Laser and Electro-Optics (CLEO) and Quantum Electronic s 
and Laser Science Conference (QELS), Baltimore, Maryland, USA, JTHE63, 2, 2005. 

39. P.-C. Peng, K.-M. Feng, W.-R. Peng, H.-Y. Chiou, C.-C. Chang, and S. Chi, “Long-Distance FBG 
Sensor System using Fiber Ring Laser with Hybrid Amplifier,” Optical Fiber Sensors Conference 
(OFS-17), Paper P2-67, Bruges, Belgium, May 2005. 

40. W.-R. Peng, W.-P. Lin, H.-C. Chien, and S. Chi, “A novel scheme for better performance in 
optical code-division multiple access,” IQEC and CLEO-PR 2005, Paper CThC3-P30, Tokyo, 
Japan. 

41. W.-R. Peng, P.-C. Peng, J. Chen, S.-Y. Tsai, and S. Chi, “Performance comparisons between 
direct NRZ and gain-switched RZ modulation on Fabry-Perot lasers,” IQEC and CLEO-PR 2005, 
Paper CWAB3-P75, Tokyo, Japan. 

42. W.-R. Peng, P.-C. Peng, Y.-T. Hsueh, and S. Chi, “Performance study of multiple radio channels 
in a hybrid analog radio and digital baseband fiber link with external modulation,” the Tenth 
Optoelectronics and Communications Conference/Third International Conference on Optical 
Internet (OECC/COIN2005), pp. 560-561, Korea, July 4-8, 2005. 

43. C.-C. Lee, T.-C. Kao, H.-C. Chien, K.-M. Feng, and S. Chi, “A Different Time Delay Technique 
for Supervising Switch Fabric in OXC,” Optical Fiber Communication Conference (OFC), U.S.A, 
March. 2005. 

44. N.-K. Chen, and S. Chi, “Evanescent Wave Photonic Crystal Fiber Tunable Filter Using 
Dispersive Optical Polymers,” Optical Fiber Communication Conference (OFC), U.S.A, March. 
2005. 

45. M. C. Yuang, P. L. Tien, J. Shih, S. S. W. Lee, Y.-M. Lin, and J. Chen, “A QoS Optical 
Packet-Switching System for Metro WDM Networks,” ECOC’05, , paper We 1.4.2, Glasgow, 
U.K., Sept. 2005.  

46. J.-Y. Chen, Y.-C. Chen and W.-P. Lin, “Generation of Optical-Based Impulse Radio Signal for 
Ultra-Wideband Wireless Systems,” Technical Digest of the 10th OptoElectronics and 
Communications Conference, Seoul, Korea, pp.502-503, July 2005. 

47. W.-P. Lin and Y.-F. Hsu, “Dynamic wavelength allocation in WDM fiber-radio access network,” 
7th Interference Conference on Transparent Optical Networks, Barcelona, Spain, We.C2.4, July 
2005.  

48. K.-C. Hsu, L.-G. Sheu, and Y. Lai, “Fabrication of Fiber Bragg Gratings by Sequential 
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UV-Writing with Real-Time Interferometric Side-Diffraction Position Monitoring,” presented on 
ECOC 2005. 

49. R.-K. Lee, Y. Lai, and B. Malomed, "Quantum fluctuations and quantum correlations of 
bound-soliton pairs and trains in fiber lasers," IQEC and CLEO-PR 2005, QWD4-7, Tokyo, Japan, 
11-15 July 2005. 

50. C.-Y. Lin, W.-W. Hsiang, M.-F. Tien and Y. Lai, “Direct generation of 10GHz 816fs pulse train 
from an asynchronous modelocked Er-fiber laser”, paper CTuCC5, CLEO 2005. 

51. R.-K. Lee, E. A. Ostrovskaya, Y. S. Kivshar, and Y. Lai, "Squeezed matter-wave gap solitons in 
optical lattices," 16th Biennial Australian Institute of Physics Congress, AOS-27, Canberra, 
Australia, 31 January - 4 February, 2005. 

52. N. K. Chen, S. Chi, and S. M. Tseng, “A Widely Tunable Side-Polished Fiber Filter Based on 
Dispersive Evanescent Wave Tunneling,” The 17th Annual Meeting of the IEEE Lasers and 
Electro-Optics Society (LEOS), pp. 302-303, Puerto Rico, November 7-11, 2004. 

53. P.-C. Peng, W.-R. Peng, W.-P. Lin, and S. Chi, “A Novel Dynamic Encoder and Decoder using 
Fiber Bragg Gratings and Optical Switches for Optical Security System,” the Ninth 
Optoelectronics and Communications Conference/Third International Conference on Optical 
Internet (OECC/COIN2004), pp. 234-235, Japan, July 12-16, 2004.  

54. P.-C. Peng, W.-P. Lin, and S. Chi, “A self-healing architecture for fiber Bragg grating sensor 
network,” IEEE Sensors 2004, pp. 60-63, Austria, Oct. 24-27, 2004. 

55. W.-P. Lin, W.-R. Peng and S. Chi, “A novel bidirectional wavelength add-drop multiplexer in the 
WDM radio-over-fiber ring network,” Proceeding of IEEE Conference on OECC/COIN’04, 
Pacifico Yokohama, Yokohama, Japan, pp. 378-379, July 2004. 

56. R.-K. Lee, Y. Lai, and B. Malomed, "Squeezing of Bi-solitons in Cubic-Quintic Schroedinger 
Equations," OSA Nonlinear Guided Waves and Their Applications, MC-5, Toronto, Canada, 
28-31 March 2004. 

57. R.-K. Lee and Y. Lai, "Interaction induced photon-number entangled temporal soliton 
pairs,"  OSA Nonlinear Optics, FA3, Waikoloa, Hawaii, USA, 2-6 August 2004. 

58. R.-K. Lee, E. A. Ostrovskaya, Y. S. Kivshar, and Y. Lai, "Squeezed matter-wave gap solitons in 
optical lattices," 16th Biennial  Australian Institute of Physics Congress, AOS-27, Canberra, 
Australia, 31 January - 4 February, 2005. 

59. K.-P. Chuang and Y. Lai, “Interferometric side-diffraction position monitoring technique for 
writing long fiber Bragg gratings”, paper CThM6, CLEO/IQEC, 2004. 

60. Y. Lai, “Quantum noise squeezing and correlation”, 4th Annual meeting of Fitzpatrick Center, 
Duke University, 2004. (invited paper) 

61. Y. Lai, “Advanced design and fabrication techniques of fiber grating devices”, Wireless and 
Optical Communication Conference (WOCC) 2004. (invited paper) 

62. K.-P. Chuang, L.-G. Sheu, and Y. Lai, “Complex fiber grating structures fabricated by using 
polarization control of the UV exposure beam”, paper MF25, OFC, 2004. 

63. Z. Zhu, W. Chen, Y. J. Chen, J. Sun, D.-W. Huang, J. Chen, “Cascaded-able Cline-reconfigurable 
Optical Add-drop Mutliplexer”, Tul 5.1, ECOC, 2004. 

 
[Optical storage: 2004-2008] 
1. J. Chung, Y.C. Lee, and W. Hsu, “Fabrication of polymer-based vertical comb drive using a 

double-side multiple partial exposure method,” 2008 IEEE MEMS Conference, Jan. 13-17, Tucson, 
USA, 2008. 

2. C.-W. Chang and W. Hsu, “Characterization of microresistance welding with electro-thermal 
actuator for micro assembly, SPIE Symposium on MOEMS-MEMS,” Jan. 19-24, San Jose, USA, 
2008. 

3. T.-H. Lan, and C.-H. Tien, “Study on Focusing Mechanism of Radial Polarization in Immersion 
Lens,” ISOM07, We-J-26, Singapore , 2007. 

4. S.-W. Yin, P.-J. Cheng , C.-H. Tien, “Transmission through composite nano aperture and effects 
of surface plasmon resonance,” CLEO07, JThD56, Baltimore, USA, 2007. 

5. C.C. Yeh, J. Chung, C.W. Chang and W. Hsu, “Micro Assembly by Micro Resistance Welding 
with Electro-Thermal Actuators,” Proc. 2nd IEEE Int. Conf. on Nano/Micro Engineered and 
Molecular Systems, Bangkok, Thailand, pp333-336, 2007.  

6. J. Chung and W. Hsu, “Fabrication of 3D Photoresist Microstructures for the Polymer Vertical 
Comb Drive,” Proc. 2nd IEEE Int. Conf. on Nano/Micro Engineered and Molecular Systems, 
Bangkok, Thailand, pp634-638, 2007.  
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7. Y.S. Lin and W. Hsu, “A Novel Fabrication Method of Microlens Array by Surface Tension and 
Injection,” Process Proc. 2nd IEEE Int. Conf. on Nano/Micro Engineered and Molecular Systems, 
Bangkok, Thailand,  pp443-446, 2007. 

8. T.S. Liu, and C.C. Hsiao, “Control Experiments on Pickup Head Flying above Rotating Disk,” 
IEEE Multi-conference on Systems and Control, Singapore, October 2007. 

9. T.-H. Lan and C.-H. Tien, “Servo Study of Radially Polarized Beam in High-NA Optical Data 
Storage System,” ISOM06, Th-I-57, Takamatsu, Japan, 2006. 

10. C.-Y. Yang, Y.-T. Cheng, and W. Hsu, “Nano-Roughening for Reliable N/MEMS Manufacture,” 
IEEE-NEMS 2006, Jan. 18-21, Zhuhai, China, 2006.  

11. H.L. Hsu, Y.R. Chang, Y.H. Lin, and W. Hsu, “A novel self-aligned process between the 
nano-aperture and solid immersion lens,” the 3rd Asia-Pacific Conference of Transducers and 
Micro-Nano Technology (APCOT 2006), June 25-28, Singapore, 2006. 

12. J.W. Chung, Y.Y. Teng, and W. Hsu, “Characterization of Electroplated Nickel Films at Different 
Thickness,” the 3rd Asia-Pacific Conference of Transducers and Micro-Nano Technology 
(APCOT 2006), June 25-28, Singapore, 2006. 

13. H.C. Wang, M.S. Huang, and T.S. Liu, “Slider Dynamics with Adhesive Force in Near-Field 
Recording,”pp.84-85, Asia-Pacific Data Storage Conference, Hsinchu, Taiwan, 2006.  

14. C.C. Hsiao, and T.S. Liu, “Pickup Head Dynamics of Near-Field Optical Disk in the Presence of 
Grooved Surface,” pp.86-87, Asia-Pacific Data Storage Conference, Hsinchu, Taiwan, 2006. 

15. M.S. Huang and T.S. Liu, “Dust Removal on Rotating Disk Surface,” pp.90-91, Asia-Pacific Data 
Storage Conference, Hsinchu, Taiwan, 2006. 

16. C.S. Chang, T.S. Liu, H.C. Huang, S.K. Lin, M.T. Peng, T.R. Jeng, “LQG Controller for Active 
Vibration Absorber in Optical Disk Drive,” pp.92-93, Asia-Pacific Data Storage Conference, 
Hsinchu, Taiwan, 2006. 

17. C.H. Liu and T.S. Liu, “Vibration Energy Absorption of Disk Drive Using Particle Damper,” 
pp.100-101, Asia-Pacific Data Storage Conference, Hsinchu, Taiwan, 2006. 

18. C.C. Hsiao and T.S. Liu, “A PZT Bender Actuator for Both Focusing and Track Seeking in 
Near-Field Optical Disk Drives,” pp.232-233, Asia-Pacific Data Storage Conference, Hsinchu, 
Taiwan, 2006. 

19. P.J. Wu, and T.S. Liu, “Immune Algorithm for Tracking Control of Pickup Head Actuator,” 
pp.236-237, Asia-Pacific Data Storage Conference, Hsinchu, Taiwan, 2006. 

20. L.N. Tsai, Y.T. Cheng, and W. Hsu, “Nanocomposite Effects on The Coefficient of Thermal 
Expansion Modification for High Performance Electro-Thermal Microactuator, IEEE MEMS 2005, 
Jan. 30- Feb.3, Miami, USA, 2005. 

21. C.H. Lin, C.C. Yeh, C.P. Hsu, W. Hsu, “Design and Fabrication of a Cascaded Electro-Thermal 
Bimorph Actuator,” 2005 ASME International Mechanical Engineering Congress, Nov. 5-11, 
Orlando, USA, 2005. 

22. C.C. Hsiao, S.H. Chien,  and T.S. Liu, “Flying Height Control for Pickup Head in Near-Field 
Optical Disk Drives,” International Conference on Electrical Engineering, Kunming, China, 2005.  

23. C.S. Chang and T.S. Liu, “Application of Linear Motors to Reduce Disk Drive Vibration,” 
presented in ISAMT/SOMMA 2005, Taiwan. 

24. C.H. Liang, Y.T. Cheng, W. Hsu, and Y. Lee,  “A Low Temperature Wafer-Level Hermetic 
Package Using UV Curable Adhesive,” The 54th Electronic Components and Technology 
Conference, June 1-4, Las Vegas, USA, 2004. 

25. L.N. Tsai, G.R. Shen, Y.T. Cheng, and W. Hsu, “Power and Reliability Improvement of an 
Electro-Thermal Microactuator Using Ni-Diamond Nanocomposite,” The 54th Electronic 
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33. J.W. Chen and T.S. Liu, “H∞ Repetitive Control for Head Flying Height in Near-Field Optical 
Disk Drives,” pp. 218-219, Asia-Pacific Data Storage Conference, Taoyuan, Taiwan, 2004.  
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1. 祁甡、陳南光, “雷射微加工處理全光纖型元件之製作方法” U. S. Patent 10-0713437, 2007. 
2. 賴暎杰、陳南光、曾孝明、祁甡, “光放大器及雷射產生器” U. S. Patent 7170910B2, 2007. 
3. 陳南光、曾孝明、祁甡, “MANUFACTURING METHOD AND APPARATUS OF FIBER 

COUPLER” U. S. Patent 6994481 B2, 2006. 
4. 祁甡、陳南光, “寬頻可調式光纖濾波器” U. S. Patent 7155089, 2006. 
5. 祁甡、曾孝明、蔡馥宇、陳南光, “FIBER-OPTIC TUNABLE FILTER AND INTENSITY 

MODULATER” U. S. Patent 7024072B2, 2006. 
6. S. Chi, P.-C. Peng, and W.-P. Lin, “Self-healing fiber Bragg grating sensor system,＂ USA 

7043103B2, 2006. 
7. S. Chi, C.-C. Lee, and C.-H. Yeh, “Fast wavelength-tunable laser system using fabry-perot laser 

diode,＂ USA 7027471B2, 2006. 
8. S. Chi, C.-C. Lee, and C.-H. Yeh, “Optical monitoring apparatus for use in wavelength division 

multiplexing network,＂ USA 7010189B2, 2006. 
9. Jyehong Chen, et al. “Bi­directional cross connect,＂ U.S. Patent No. 7,058,304, B2, June 6, 

2006 
10. S. Chi, H.-Y. Tseng, P.-C. Peng, and J.-H. Lin, “Using intensity and wavelength division 

multiplexing for fiber Bragg grating sensor system,＂ US patent no. 6,879,742, 2005. 
11. S. Chi, C.-C. Lee, and P.-W. Chiang, “Method of enhancing spatial resolution for distributed 

temperature measurement,＂ US patent no. 6,817,759, 2004. 
12. S. Chi, C.-C. Lee, and P.-W. Chiang, “Method of utilizing a fiber for simultaneously measuring 

distributed strain and temperature,＂ US patent no. 6,698,919, 2004. 
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1. 祁甡、陳南光, “雷射微加工處理全光纖型元件之製作方法” ROC patent I279601, 2007. 
2. 賴暎杰、徐桂珠、許立根, “可用於窄頻濾波器之光纖光柵製作方法” ROC patent I282459, 2007. 
3. 祁甡、李健仲、高大峻, “利用光程差法來監測光交接器內的光開關” ROC patent I269088, 2006. 
4. 祁甡、陳南光, “寬頻可調式光纖濾波器” ROC patent I267668, 2006. 
5. 賴暎杰、許立根、莊凱評、徐桂珠, “利用側向繞射法偵測參考光纖光柵之相位以製造另一光
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纖光柵的方法” ROC patent I258024, 2006. 
6. N.-K. Chen, S. Chi, S.-M. Tseng, and Y. Lai, “光放大器及雷射產生器,＂ ROC patent no. 

I231076, 2005. 
7. N.-K. Chen, S. Chi, and S.-M. Tseng, “光纖耦合器的製作方法及裝置,＂ ROC patent no. 

I240096, 2005. 
8. N.-K. Chen, S. Chi, and J.-T. Shy, “太陽能光主動元件,＂ ROC patent no. I239658, 2005. 
9. S. Chi, C.-C. Lee, and C.-H. Yeh, “利用法布里-珀羅（Fabry-Perot）雷射二極體之快速波長可

調雷射系統,＂ ROC patent no. I236193, 2005. 
10. S. Chi, C.-C. Lee, C.-H. Yeh, and C.-Y. Chen, “波長可調之光纖迴路雷射模組及其雷射共振

腔裝置,＂ ROC patent no. I235534, 2005. 
11. S. Chi, P.-C. Peng, and W.-P. Lin, “具有自我修復能力之光纖布拉格光柵感測系統,＂ ROC 

patent no. I235248, 2005. 
12. S. Chi, H.-Y. Tseng, P.-C. Peng and J.-H. Lin, “一種光強度與分波多工之光纖布拉格光柵感

測系統,＂ ROC patent no. I234668, 2005. 
13. S. Chi, C.-C. Lee, and C.-H. Yeh, “分波多工網路中之光功率監測裝置,＂ ROC patent no. 

I227797, 2005. 
14. 莊凱評，許立根，蔡孟璋，賴暎杰, “一種感光性光纖之曝照系統及方法,＂  ROC Patent no. 

I229207, 2005. 
15. 莊凱評、許立根、賴暎杰, “利用控制偏振逐段曝照方法製作複雜的光纖光柵結構＂, ROC 

Patent no. I229206, 2005.  
16. S. Chi, S.-M. Tseng, N.-K. Chen, and F.-Y. Tsai, “光纖濾波器及光調變器,＂ ROC patent no. 

00588162, 2004. 
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2. W. Hsu, Y.T. Sun and Han-Ping D. Shieh “Microelectro mechanical system for magneto-optic 
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3. W. Hsu, H.L. Chou, and C.H. Tien,“Method for manufacturing a combined solid immersion lens 
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4. T. S. Liu, “Adjusting Mechanism for Flying Pickup Head in Data Storage Devic,＂US Patent No. 

6,879,469, 2004.. 
[domestic] 
1. 呂宗熙，薄膜式電磁線圈之製作方法，專利案號 I280594, 2006.. 
2. 徐文祥、孫翊庭、謝漢萍，磁光式近場光儲存元件，R.O.C. patent No. I260583, 2006. 
3. 徐文祥、邱一、張育儒，光學元件中微透鏡與微孔自我對準的製作方法，R.O.C. patent No. 

I263816, 2006. 
4. 呂宗熙，用於資料儲存裝置的飛行讀寫頭構造，專利案號 I223804, 2005. 
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VIII. APPENDIX III: LIST OF PUBLICATIONS IN “TOP”JOURNALS AND CONFERENCES 

Sub-Project 2:  

Summary: 

[Top Journals]  

Optics Letters-- 11 

Optics Express-- 24 

IEEE Photonics Technology Letters-- 27 

IEEE Journal of Lightwave Technology—5 

IEEE Journal OF Selected Topics in Quantum Electronics—1 

IEEE Transactions--- 8 

Physical Review --- 6 

******************* 

Total: 82 

---------------------------------------- 

[Top Conferences] 

 2004 2005 2006 2007 2008 Total

OFC 1 2 3 4 6 16 

CLEO 1 3 3 4 5 16 

ECOC 1 3 3 3   10 

In particular, 

OFC 2008: 6 papers 

CLEO 2008: 5 papers including 1 postdealine 

 

International Journal papers: 
[Optical Communication: 2004-2008] 
[Accepted] 
1. C.-C. Wei, J. Chen, and Y. Chen, “Evaluation the Performance Improvement of DPSK Signals by 

Amplitude Regeneration and Phase Noise Suppression”, to be published at Optics Lett., 2008. 
2. C.-T. Lin, Y.-M. Lin, J. Chen, S.-P. Dai, P. T. Shih, P.-C. Peng, and S. Chi, “Optical 

Direct-Detection OFDM Signal Generation for Radio-Over-Fiber Link Using Frequency Doubling 
Scheme with Carrier Suppression”, to be published at Optics Express, 2008. 

3. C.-T. Lin, S.-P. Dai, J. Chen, P. T. Shih, P.-C. Peng, S. Chi, “A Novel Direct Detection 
Microwave Photonic Vector Modulation Scheme for Radio-Over-Fiber System”, to be published at 
IEEE Photon. Technol. Lett., 2008 

4. C.T. Lin, P. T. Shih, J. Chen, W.-Q Xue, P.-C. Peng, S. Chi, “Optical Millimeter-Wave Signal 
Generation Using Frequency Quadrupling Technique and No Optical Filtering”, to be published at 
IEEE Photon. Technol. Lett., 2008 

5. C.T. Lin, P. T. Shih, J. Chen, P.-C. Peng, S.-P. Dai, W.-J. Jiang, W.-Q Xue, and S. Chi, 
“Cost-Effective Multi-Services Hybrid Access Networks with no Optical Filter at Remote Nodes”, 
to be published at IEEE Photon. Technol. Lett., 2008 

 [Published] 
1. C.H. Yeh, F.Y. Shih, C.H. Wang, C.W. Chow , S. Chi, “Cost-effective wavelength-tunable fiber 

laser using self-seeding Fabry-Perot laser diode,” OPTICS EXPRESS, Vol:16, Pages: 435-439, 
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2008. 
2. N.K. Chen, C.M. Hung, S. Chi, Y. Lai, “Towards the short-wavelength limit lasing at 1450 nm 

over I-4(13/2)-> I-4(15/2) transition in silica-based erbium-doped fiber,” OPTICS EXPRESS, Vol: 
15, Pages: 16448-16456, 2007. (selected into Virtual Journal for Biomedical Optics, Vol. 3, Issue 
1, January, 2008)  

3. N.K. Chen, C.L. Lee, S. Chi, “Wideband tunable wavelength-selective coupling in asymmetric 
side-polished fiber coupler with dispersive interlayer,” OPTICS EXPRESS, Vol: 15, Pages: 
17747-17753, 2007. 

4. C.H. Yeh, F.Y. Shih, C.T. Chen, S. Chi, "Triple-wavelength erbium fiber ring laser based on 
compound-ring scheme", OPTICS EXPRESS, Vol: 15, Pages: 17980-17984, 2007. 

5. N.K. Chen, D.Y. Hsu, S. Chi,“Widely tunable asymmetric long-period fiber grating with high 
sensitivity using optical polymer on laser-ablated cladding” OPTICS LETTERS, 32 (15): 
2082-2084 AUG 1, 2007. 

6. W.R. Peng, S. Chi, “Quantum limit of optimum four-level ASK signals with direct detection 
optically preamplified receivers,” OPTICS EXPRESS, 15 (11): 6790-6797 MAY 28, 2007. 

7. C.H. Yeh, D.Z. Hsu, S. Chi, “Upstream power equalization in a gigabit passive optical network 
Source,” OPTICS EXPRESS, 15 (8): 5191-5195 APR 16, 2007. 

8. C.H. Yeh, T.T. Huang, H.C. Chien, C.H. Ko, S. Chi, “Tunable S-band erbium-doped triple-ring 
laser with single-longitudinal-mode operation,” OPTICS EXPRESS, 15 (2): 382-386 JAN 22, 
2007, 

9. M. F. Huang, J. Chen, J. Yu, S. Chi and G.­K. Chang "A Novel Dispersion­free Interleaver for 
Bi­directional DWDM Transmission Systems," IEEE J. Lightwave Technol., Vol. 25, No. 11, pp. 
3543­ 3554, 2007. 

10. C. C. Wei and J. Chen,, “Convergence of phase fluctuation induced by intrachannel four­wave 
mixing in differential phase­shift keying transmission systems via phase fluctuation averaging”, 
Optics Lett., no. 10, pp. 1217­1219, May, 2007. 

11. C. T. Lin, J. Chen,, P. Peng, C. Peng, W. Peng, B. Chiou and S. Chi, “Hybrid optical access 
network integrating fiber to the home and radio over fiber systems”,­ ­ ­ ­  IEEE Photon. Technol. 
Lett., vol. 19, pp. 610 612, Apr., 2007­ . 

12. C. T. Lin, W. R. Peng, P. C. Peng, J. Chen, C. F. Peng, B. S. Chiou, and S. Chi, “Simultaneous 
Generation of Baseband and Radio Signals Using Only One Single-Electrode Mach–Zehnder 
Modulator With Enhanced Linearity,” IEEE Photon. Technol. Lett., vol. 18, pp. 2481-2483, 2006. 

13. C.C. Wei, J. Chen, “Convergence of phase noise in DPSK transmission systems by novel phase 
noise averagers”, Optics Express, vol. 14, No. 21, pp. 9584-9593, 2006. 

14. H.C. Chien, C.C. Lee, C.T. Lin CT, et al., “EDFA-free all-optical 2R regeneration using a  
compact self-seeded Fabry-Perot laser diode”, IEEE PHOTONICS TECHNOLOGY LETTERS 18 
(9-12): 1112-1114, 2006.  

15. H.C. Chien, C.C. Lee, S. Chi, “An all-optical 2R regenerator using a compact self-seeded  
Fabry-Perot laser diode incorporated in a bidirectional EDFA”, IEEE PHOTONICS 
TECHNOLOGY LETTERS 18 (9-12): 1344-1346, 2006. 

16. H.C. Chien, C.C. Lee, Y.M. Chen, et al., “All-optical 2R regeneration based on a compact 
self-seeded Fabry-Perot laser diode with an embedded fiber Bragg grating”, IEEE PHOTONICS 
TECHNOLOGY LETTERS 18 (1-4): 559-561, 2006. 

17. M.-F. Huang, K.-M. Feng, J. Chen, T.-Y. Lin, C.-C. Wei, S. Chi, “Wavelength-Interleaving 
Bidirectional Transmission System Using Unidirectional Amplification in a 5x100 km 
Recirculating Loop”, IEEE Photonics Technol. Lett., pp. 1326-1328, 2006.  

18. M.F. Huang, J. Chen, K. M. Feng, et al., “210-km Bidirectional transmission system with a novel 
four-port interleaver to facilitate unidirectional amplification”, IEEE PHOTONICS 
TECHNOLOGY LETTERS 18 (1-4): 172-174, 2006. 

19. W.R. Peng, W.P. Lin, S. Chi, “Improved fiber Bragg grating array OFFH-CDMA system using a 
novel frequency-overlapping multigroup method”, JOURNAL OF LIGHTWAVE 
TECHNOLOGY 24 (3): 1072-1081, 2006. 

20. P.-C. Peng, W.-R. Peng; K.-M. Feng, H.-Y. Chiou, J. Chen; H.-C. Kuo, S.-C. Wang, S. Chi, 
“OCDMA light source using directly modulated Fabry-Perot laser diode in an external injection 
scheme”, IEEE Photonics Technol. Lett., pp. 1103-1105, 2006.  

21. C.H. Yeh, M.C. Lin, T.T. Huang, et al., “S-band gain-clamped grating-based erbium-doped fiber 
amplifier by forward optical feedback technique”, OPTICS EXPRESS 14 (7): 2611-2617, 2006. 

22. N. K. Chen, K. C. Hsu, S. Chi, and Y. Lai, "Tunable Er3+-doped fiber amplifiers covering S and C 
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+ L bands over 1490-1610 nm based on discrete fundamental-mode cutoff filters," Opt. Lett. 31, 
2842-2844, 2006. 

23. N. K. Chen and S. Chi, "Influence of a holey cladding structure on spectral characteristics of 
side-polished endlessly single-mode photonic crystal fibers," Opt. Lett. 31, 2251-2253, 2006. 

24. C.H. Yeh, M.C. Lin, S. Chi, “A tunable erbium-doped fiber ring laser with power-equalized 
output”, Optics Express 14 (26): 12828-12831, 2006. 

25. W. -W. Hsiang, C. -Y. Lin, and Y. Lai, "Stable new bound soliton pairs in a 10 GHz hybrid 
frequency modulation mode-locked Er-fiber laser," Opt. Lett. 31, 1627-1629, 2006. 

26. W.-W. Hsiang, C.-Y. Lin, N.-K. Sooi, Y. Lai, “Long-term stabilization of a 10 GHz 0.8 ps 
asynchronously mode-locked Er-fiber soliton laser by deviation-frequency locking,” Optics 
Express 14, 1822-1828, 2006. 

27. P.C. Peng, C.T. Lin, H.C. Kuo, W.K. Tsai, J.N. Liu, S. Chi, S.C. Wang, G. Lin, H.P. Yang, K.F. 
Lin, J.Y. Chi, “Tunable slow light device using quantum dot semiconductor laser”, Optics Express 
14 (26): 12880-12886, 2006. 

28. P.C. Peng, H.C. Kuo, W.K. Tsai, et al., “Dynamic characteristics of long-wavelength quantum dot 
vertical-cavity surface-emitting lasers with light injection”, OPTICS EXPRESS 14 (7): 2944-2949, 
2006. 

29. C.T. Lin, B.S. Chiou, S. Chi, “Cost-effective optoelectronic packages using powder metallurgy”, 
IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS 12 (5): 970-982, 
2006. 

30. Y.-C. Lu, J. Chen, K.-M. Feng, P.-C. Yeh, T.-Y. Huang, W.-R. Peng, M.-F. Huang, and C.-C. Wei, 
“Improved SPM Tolerance and Cost-Effective Phase-Modulation Duobinary Transmission over 
230 km Standard Single-Mode Fiber Using a Single Mach-Zehnder Modulator”, IEEE Photonics 
Technol. Lett., vol.17, 2754-2756, Dec. 2005. 

31. C.-C. Wei and J. Chen, “Study of Differential Cross-Polarization Modulation in Semiconductor 
Optical Amplifier”, Optics Express, vol. 13, No. 21, pp. 8442-8451, Oct. 2005. 

32. W.-R. Peng, Y.-C. Lu, J. Chen, S. Chi, “Encoding ASK labeled CSRZ-DPSK payload by using 
only one dual-drive Mach-Zehnder Modulator with enhanced label performance”, IEEE Photonics 
Technol. Lett., vol.17, p. 2227-2229, Oct. 2005. 

33. C.C Wei, M. F. Huang, J.H. Chen, “Enhancing the Frequency Response of Cross Polarization 
Wavelength Conversion”, IEEE Photonics Technol. Lett., vol.17, pp. 1683-1685, Aug. 2005. 

34. K. M Feng, M. F Huang, C. C. Wei, C. Y Lai, T. Y. Lin, J. H. Chen and S. Chi, “Metro Add/Drop 
Network Applications of Cascaded Dispersion-Compensated Interleaver Pairs Using a 
Re-circulating loop”, IEEE Photonics Technol. Lett., vol.17, pp.1349-1351, June 2005. 

35. G. R. Lin, Y. C. Chang, Y. H. Lin, and J. H. Chen, “All Optical Data Format Conversion in 
Synchronously Modulated Single-Mode Fabry-Perot Laser Diode Using External 
Injection-Locking Induced Nonlinear Threshold Reduction Effect”, IEEE Photonics Technol. Lett., 
vol.17, pp. 1307-1309, March 2005. 

36. C.-C. Lee, T.-C. Kao, H.-C. Chien, and S. Chi, “A novel supervisory scheme for OXC based on 
different time-delay recognition,” IEEE Photon. Technol. Lett., vol. 17, no. 12, p. 2745, 2005. 

37. W.-P. Lin, “A robust fiber-radio architecture for bidirectional WDM ring access network,” 
IEEE/OSA Journal of Lightwave Technology, vol. 23, no. 9, pp. 2610-2620, Sept. 2005.  

38. W.-P. Lin and J.-Y. Chen, “Implementation of a new ultrawide-band impulse system,” IEEE 
Photonics Technology Letters, vol. 17, no. 11, pp. 2418-2420, Nov. 2005. 

39. W.-R. Peng, P.-C. Peng, Y.-T. Hsueh, and S. Chi, “Performance comparisons of external 
modulated hybrid analog-digital signals in electrical and optical domains,” IEEE Photon. Technol. 
Lett., vol. 17, no. 11, p. 2496, 2005. 

40. C.-H. Yeh, and S. Chi, “Optical fiber-fault surveillance for passive optical networks in S-band 
operation window,” Optics Express, vol. 13, no. 14, p. 5494-5498, 2005. 

41. C.-H. Yeh, M.-C. Lin, and S. Chi, “Stabilized and wavelength-tunable S-Band erbium-doped fiber 
ring laser with single-longitudinal-mode operation,” Optics Express, vol. 13, no. 18, p. 6828, 2005. 

42. N.-K. Chen, S. Chi, and S.-M. Tseng, “An efficient local fundamental-mode cutoff for 
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43. C.-H. Yeh, and S. Chi, “A broadband fiber ring laser technique with stable and tunable 
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44. W.-W. Hsiang, C.-Y. Lin, M.-F. Tien, and Y. Lai, “Direct generation of 10 GHz 816 fs pulse train 
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soliton pairs in mode-locked fiber lasers,” Opt. Lett. 30, 3084-3086, 2005. 

46. K.-C. Hsu, L.-G. Sheu, K.-P. Chuang, S.-H. Chang and Y. Lai, “Fiber Bragg grating sequential 
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Vol.13, No.1, 225-235, 2005. 
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53. J. Chen, “Dispersion-Compensating Optical Digital Filters for 40-Gb/s Metro Add–Drop 
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IX. APPENDIX IV: SLIDES ON SCIENCE AND TECHNOLOGY BREAKTHROUGHS 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Low crosstalk bi-directional fiber transmission

Proposed amplifier

4-port DWDM interleaver

Loop experiment

JLT, PTL, …  

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Fiber Circulating Loop Platform

PLC ROADM work was in cooperation with 
Prof. Y.R. Chen (UMBC) and ITRI.
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Generation of Millimeter-wave Signal using Frequency 
Quadrupling Technique
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Optical up-conversion using a frequency multiplication technique for WDM RoFsystems. 
(MZ: Mach -Zehnder modulator; EDFA: Erbium doped fiber amplifier; OSA: Optical Spectrum 
Analyzer; ESA: Electrical Spectrum Analyzer)

To generated Millimeter-wave signal beyond 40 GHz is still very expensive today!

OFC 2008  

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

NCTU (Prof. H.-C. Kuo, S. Chi…) + OES/ITRI

Tunable QD VCSEL slow light device

Proposed
Application

Maximum optical delays 95 ps for 
10 GHz can be achieved by varying the 
bias current and wavelength detuning.

Zero wavelength 
detuning results

Optics Express, …

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Optics Express, PTL,…  
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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Optics Letters, Optics Express, PTL …  

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Modelocked Fiber Soliton Laser

1. 10-40GHz, 
500-800fs 

directly from the 
laser.
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+Passive P-APM.
3.    Asynchronous

and
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Setup Features:

Prof. Y. Lai  
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

We rigorously prove that the time-multiplexed optical solitons
become quantum entangled in the sense that their “quadrature
components of internal modes” satisfy the EPR non-local 
criterion: the uncertainty product of the inferred quadrature
components is below the Heisenberg uncertainty product limit. 

Proof of Quantum Entanglement

Prof. Y. Lai

CLEO2008

 

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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A. Writing probe: high transmission through a nanoaperture by hybrid 
resonant effect. 
B. Servo probe: air gap as an external cavity modulation to obtain positioning 
signal.

Optics Express, …  
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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Optics Letters, …  

交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)
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交通大學 中央大學 陽明大學

國科會 建構兆位元紀元的光電科技(II)
Photonic Science and Technology for Tera Era (II)

Near-Field Servo Control for 
Nanoscaled Position

LD d

rtrD2rD1

LE LF

rF1 rF2

Laser Diode Fiber Target
F2D1 D2 F1 t

interferometer

Fiber-based 
head module

hard disk
 

±9nm 
Error signal 

Feedback signal 

Pickup drive signal 

Vo
lta

ge
 

Time residual position error: Δh ± 9nm
@1500rpm

 

 

 
 



Final Report of the Program for Promoting Academic Excellence of Universities（Phase II） 

 

63 

X. APPENDIX V:  FINAL SELF-ASSESSMENT 
 
PROGRAM TITLE: 子計畫二：下世代光通訊與儲存 

Subproject 2 : Next Generation Optical Communication and Optical Storage 

Technologies                                                                            

 ASSESSMENT SUBJECT 
SCORE 
（1~5, LOW TO HIGH） 

Importance & Innovation of the Program’s Major Tasks 5 

Clarity and Presentation of the Report 5 

Viability of the Program’s Approaches & Methodologies 5 

Principal Investigator’s Competence for Leading the Program 4.5 

Interface & Integration between Overall & Sub-Project(s) 4 

Interface & Integration among All Sub-Projects 4 
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Manpower & Expenditures 4.5 

Contribution in Enhancing the Institute’s International Academic 
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4.5 
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Impact on Advancing Teaching or on Technology Development 4.5 

     Total Score 41 
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REVIEWER’S COMMENTS & SUGGESTION: 

This is the summary of six viewers’ comments and suggestions. 

1. Overall the research direction and technical capabilities resulting from this project on optical 

communications and optical storage are excellent. Publication activity is high. 

2. The research on the hybrid wireless/fiber access network might look at the pioneer worker, Prof. GK 

Chang of Georgia Tech, and made a comparison. 

3. Based on the well established infrastructure and capability for research, to develop closer 

interactions with some internationally leading groups in the same research areas to gain more 

international reputation are suggested.  

4. Further close interactions with key industrial partners in Taiwan to enhance the technical impact is 

also expected.  

5. The potential applications of MEMS-based devices are suggested. 
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REPLY TO REVIEWER’S COMMENTS & SUGGESTION: 

C1. Overall the research direction and technical capabilities resulting from this project on 
optical communications and optical storage are excellent. Publication activity is high. 

A1. We thank the reviewers for appreciating our efforts and achievements. 
 
C2. The research on the hybrid wireless/fiber access network might look at the pioneer 

worker, Prof. GK Chang of Georgia Tech, and made a comparison. 
A2. Actually Prof. G.K. Chang of Georgia Tech in USA has been one of our international 

cooperators already. One of our Ph.D graduates is now working as a postdoc with Prof. 
G.K. Chang on advanced optical transmission studies like the bidirectional fiber 
transmission systems. The frequency doubling/quadrupling techniques for generating 
Radio-Over-Fiber (ROF) signals is our unique approach which makes us presently in the 
leading position among all the research groups in the world.  

 
C3. Based on the well established infrastructure and capability for research, to develop closer 

interactions with some internationally leading groups in the same research areas to gain 
more international reputation are suggested.  

A3. The suggestion is definitely the direction we need to pursue more. Presently we have had 
successful cooperation with famous international groups like Prof. G.K. Chang of 
Georgia Tech in USA, Prof. Y.J. (Ray) Chen of UMBC in USA, and Prof. Ed. 
Schlesinger of Carnegie Mellon University in USA. We shall try to explore more 
possibilities along this direction in the future. 

 
C4. Further close interactions with key industrial partners in Taiwan to enhance the technical 

impact is also expected.  
A4. The suggestion is also one of the directions we need to pursue more. Currently Corning in 

Taiwan has been very interested in our ROF techniques. Local industrial companies on 
60GHz wireless systems may also be of interest. Local industrial companies on optical 
storage may also be of interest to our near-field optical storage techniques. 

 
C5. The potential applications of MEMS-based devices are suggested. 
A5. In terms of the high resolution and speed of the future optical storage system, 

miniaturization is certainly a concerned drive for further realization. We think some
important potential applications of MEMS-based devices for storage will be: (1) 
SIL/nanoaperture integration for near-field optical systems; (2) MEMS-based integration 
of optical elements with the magnetic head used in heat-assisted magnetic recording. We 
shall try to explore more along these directions in the future. 

 


