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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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(4)

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.

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.

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.
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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



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



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.
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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 VCSELSs 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.

11. 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.

111. 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.
V. 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



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 I, AND LIST
ALL THE PUBLICATIONS IN TOP CONFERENCES AND JOURNALS IN APPENDIX
1.

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]

1. 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/DPSKY/.... 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]

II1. 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.
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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.
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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

13



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
IR 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”°. 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”.
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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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11. 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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Examples of generated QAM OFDM signals at 15 or 20GHz and their performance
are illustrated in the following three figures.
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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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Generation of Millimeter-wave Signal using Frequency
Quadrupling Technique

To generated Millimeter-wave signal beyond 40 GHz is still very expensive today!
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Optical up-conversion using a frequency multiplication technique for WDM RoF systems.
(MZ Mach -Zehnder modulator; EDFA: Erbium doped fiber amplifier; OSA: Optical Spectrum
Analyzer; ESA: Hectrical Spectrum Analyzer)
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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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OCDMA Light Source Using Directly Modulated
Fabry—Pérot Laser Diode in an External
Injection Scheme
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111. 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:

F onpgon
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Photonic Science :\:u;echna logy for Tera Era (1)
Tunable short-pass tapered fiber filter
for S-band applications

Optics Letters, Optics Express, ... QgAg J44g pEAg
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
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new ways for generating quantum entangled light states.
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Proof of Quantum Entanglement

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.
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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.

$‘ Aft g 2 ik 2hi i)

ﬁ‘ Photonic Science and Technology for Tera Era (11)
Nano-Aperture:
Free Standing Near-Field Measurement
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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,
Ion Beam (FIB) to combine with SIL/SSIL formed by

thermal reflow. Also, several novel micro actuators made of metal and polymer are

are fabricated by Focused

developed, including a

microstructures. Furthermore, based on extrusion and surface tension modulation

@1500rpm Vg

B g

fabrication platform for three-dimensional polymer
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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 ¢ 15um SIL/¢ 329nm circular aperture component is calibrated and found to
enhance throughput 168%, comparing with that of ¢ 329nm circular aperture alone.
Furthermore, the throughput of 303nmx205nm C-shaped aperture/ ¢ 15um SIL
component can be enhanced 2443.8%, comparing with that of ¢ 148nm circular
aperture alone. These results verify the feasibility of the proposed self-aligned process
[51].
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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).

Opfical lever measurement Comparison with results from 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.

11. 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.

111. 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.

IVV. 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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for S-band applications
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Advanced FBG design and fabrication
Fabricated Dispersionless FBG
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Modelocked Fiber Soliton Laser
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Proof of Quantum Entanglement

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.
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A. Writing probe: high transmission through a nanoaperture by hybrid
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Nano-Aperture:
Free Standing Near-Field Measurement
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Self-Alignment of 15 um SIL and 100 nm aperture ’ﬁ
with supporting arm structure
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X.APPENDIXV: EINAL SELF-ASSESSMENT

PROGRAMTITLE: +3#§ - @ TR kg aBmiks

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
g
<§f Clarity and Presentation of the Report 5
o
i Viability of the Program’s Approaches & Methodologies 5
o
g e . .
o Principal Investigator’s Competence for Leading the Program  |4.5
i
g Interface & Integration between Overall & Sub-Project(s) 4
@)
)
s Interface & Integration among All Sub-Projects 4
R
O
E Manpower & Expenditures 45
.; Contribution in Enhancing the Institute’s International Academic 45
g E) Standing .
0 5
Q E’ Impact on Advancing Teaching or on Technology Development (4.5
o
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.

Program Reviewer’s Signature:____Cheng-Chung Lee 2008/05/30
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REPLY TO REVIEWER’S COMMENTS & SUGGESTION:

Cl.

Al.

C2.

A2.

C3.

A3.

C4.

A4.

Cs.
AS.

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

We thank the reviewers for appreciating our efforts and achievements.

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.

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.

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.

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.

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

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.

The potential applications of MEMS-based devices are suggested.

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.
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