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Editor’s
Column

IEEE Lasers and
Electro-Optics Society

Krishnan Parameswaran
December marks the end of another successful year
for LEOS. This month, we have a feature article by Lars
Zimmermann and colleagues at Technische Universitaet
Berlin on packaging of nanophotonics, an important
topic for future applications development.
We also have a nice summary of activities in the Taiwan chapter by Prof. Ching-Fuh Lin of National Taiwan
University, describing the variety of photonics research
activities there. We are happy to present our first book
review by Prof. José Azaña of the Institut National de
la Recherche Scientifique (INRS) in Montréal, Canada. I
am sure that readers will find this review to be informative, and I hope that you will encourage more reviews in
future.
I am also happy to announce the winner of the first
LEOS Figure Contest. Lin Zhang of the University of
Southern California has written a nice article in this issue
about the work behind his winning figure showing the
field pattern in an embedded ring resonator. His figure
is on the cover of this issue. Look for it in future LEOS
publicity.
I write this column the week following the 21st LEOS
Annual Meeting held in Newport Beach, California. I
was happy to meet many of you there, and hope to present some meeting highlights in our February issue.
I wish you all a happy conclusion to 2008 and look
forward to hearing from you in future!
Krishnan Parameswaran
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President’s
Column
John H. Marsh

A review of the year
Writing this column is a difficult balancing act from a timing perspective. In order to meet the publication schedule, I
have to write the content several weeks before the month in
which LEOS News is printed. For many members, including
me, it can then take several months before the postal system
delivers the final printed document through the door. Under
these circumstances it is difficult to be topical! The time delay
causes particular issues when the deadline is just before one of
the Society’s two major administrative meetings, which is the
case this year.
However, it is appropriate to review activity through
2008 in the December issue of LEOS News, because it is
both the end of the year and the half-way point in my twoyear term as President. The reality is I have to write the
column before our Annual Meeting takes place in the second week of November where important decisions will be
made. Moreover, the Technical Activities Board of IEEE
meets later in the same week and may make significant
decisions that affect the Society.
Despite these caveats, I can already say 2008 has been
a very exciting year for LEOS. One of my key goals was to
develop a long term strategy for the Society and use this as
a framework to detailed objectives. This may sound a very
dry goal to have as a central objective, but I believe it is vital to have alignment across the different vice-presidential
areas if the Society is to function effectively and consistently. In most organizations, the officers meet frequently
as a group and also in sub-groups. In LEOS, however, the
Board of Governors only meets twice a year with one additional strategy planning workshop attended by the VicePresidents, so a clear strategy is vital.
A major external influence on the Society is the economic environment, which could hardly be described as
good. Even before the spectacular failures of the banking
industry, the photonics sector was not financially strong.
The reasons for this are many, with over capacity still in
the system from the communications bubble and a myriad
of small and medium sized companies producing similar
products. The manifestation of the problem is profitability– with a few notable exceptions companies in the photonics sector were simply not generating reasonable profits
even before the crisis. As a result, many major photonics
companies had market capitalizations close to, or below,
their annual turnover. The current fall in share prices is
making this situation even worse, and it will be difficult
in the short term for the photonics sector to attract the financial investment which is suddenly in very short supply.
Also, given the enormous levels of support that have been
required by banks, I believe it is inevitable that government investment in technology will slow down. FurtherDecember 2008

more, there is a high risk that inflation will devalue what
government investment there is. A period of consolidation
seems inevitable.
On the positive side, photonics is ever more pervasive in
electronic products of all types, and the medium and long
term future of our industry is secure. Many market areas
are experiencing growth including:
• Communications, particularly the access market
• Displays of all kinds, including conventional flat panels based on new materials, projection displays ranging
from pico-projectors through to digital cinema, and
developments in 3-D technology
• Industrial lasers, where fiber is displacing other laser
systems and making inroads into conventional welding
and cutting technologies
• Medical and biophotonic products encompassing laser
surgery, photodynamic therapy, diagnostics ranging
from imaging to gene sequencing and consumer products for cosmetic use
(continued on page 15)
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Research Highlights

How to bring nanophotonics to application
– silicon photonics packaging
L. Zimmermann, T. Tekin, H. Schroeder, P. Dumon, and W. Bogaerts
Lars Zimmermann is with Technische Universitaet Berlin,
HFT 4, Einsteinufer 25, 10587 Berlin, GERMANY
Tolga Tekin is with Technische Universitaet Berlin,
TIB 4/2-1, Gustav-Meyer-Allee 25, 13355 Berlin, GERMANY
Henning Schroeder is with Fraunhofer Institute for Reliability
and Microintegration (IZM),
G.-Meyer-Allee 25, 13355 Berlin, GERMANY
Pieter Dumon is with Ghent University - IMEC, dept. of
Information Technology (INTEC), Photonics Research
Group. Sint-Pietersnieuwstraat 41, 9000 Gent, BELGIUM
Wim Bogaerts is with Ghent University - IMEC, dept. of
Information Technology (INTEC), Photonics Research
Group. Sint-Pietersnieuwstraat 41, 9000 Gent, BELGIUM

Abstract: Fiber pigtailing and packaging of nanowaveguide circuits
are key technologies to realize nanophotonic applications. Technical problems start with a large mode mismatch of nanowires and
standard single-mode fibers, which requires innovative coupling
structures for low coupling loss and for large alignment tolerances.
Looking further ahead, solutions are needed that allow for wafer
level optical device testing and also for reduced packaging costs.
These are essential ingredients for making nanophotonics a truly
competitive and large scale technology. In the following we shall
present work that focuses exactly on such issues, covering a general
evaluation of coupling techniques, silicon grating couplers, fiber array packaging of silicon nanophotonic circuits, and roads to reduced
costs and generic nanophotonic packaging.

1. Introduction
Silicon photonics based on silicon-on-insulator (SOI) nanophotonic waveguides is a promising technology for integrated
photonics due to unique properties of the ultra-high index contrast silicon waveguide systems, and due to the use of advanced
microelectronics manufacturing technologies. The high index
contrast of silicon nanowires allows for sharp waveguide bends
with radii of just a few microns [Bogaerts_JLT05]. The footprint of silicon nanowaveguide devices is therefore strongly
reduced compared to classical integrated optics. Still, a sufficiently large fraction of the guided light of nanowires is outside of the waveguide core in the evanescent field, making such
waveguide structures also very promising candidates for sensing applications [DensmoreA_PTL06]. Furthermore, the exploitation of nonlinear properties of silicon in nanowaveguide
structures shows strong potential for use in tele or datacom
[Q.Lin_OEx07]. Last but not least, the use of common process
tools and advanced SOI substrates make silicon nanowires a
natural choice for integration with advanced microelectronics.
Despite such positive prospects there remains a major
stumbling block on the way to nanophotonics applications the issue of coupling light in and out of nanophotonic circuits
by means of optical fibers. The major problem stems from the
large mismatch in modesize of nanowires (~ a few hundred
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Figure 1. Intensity distributions (modesize) of a standard telecom fiber (SMF28) and a silicon nanowire (TE). Note the significant difference in scale. Without modesize adaptation techniques, coupling loss would be in excess of -16 dB.
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between a 3 µm nitride box waveguide on SiO2 and a 3 µm fiber
spot. Penalty is 1 dB in both directions for a 1D-displacement of ±0.5
µm. The XY displacement tolerance for a 1 dB penalty is ±0.3 µm.

nanometers) and standard single mode fibers (SMF, ~ 10 µm),
which is illustrated in Figure 1. Various spot-size converters and
coupling schemes between the silicon circuits and fiber have
been demonstrated, with losses down to below 1dB. However,
most complex integrated circuits require a high optical ‘pinout’. Achieving high-yield, low-penalty coupling to arrays of
fibers is still a challenge today.
Many solutions to overcome low efficiency coupling have
been proposed and new work keeps appearing in literature.
They follow in general one of the following two approaches:
• Lateral coupling (in plane)
• Vertical coupling (out of plane)
Both techniques require spotsize conversion. However, they
differ in the dimension of spotsize conversion, i.e. whether they
just deploy lateral spot-widening (1D-tapering) or true extension of the mode in the second dimension (2D-tapering). Lateral coupling implies 2D-spotsize conversion. Vertical coupling
requires out of plane diffraction via gratings. Both schemes are
depicted in Figure 2. Note that in case of nanowaveguide di6
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mensions reflection is not efficient due to the diffraction limit.
Lateral and vertical coupling experiments have demonstrated low insertion loss. However, besides efficiency, other constraints can also limit the feasibility of a coupling approach.
That will be clarified in the following by a brief overview of
how lateral and grating coupler techniques are put to work.
The next section will then provide a more detailed account of
grating couplers that are certainly the most appealing interface
to silicon photonics due to their availability in the front-end of
line (FEOL) and their large modesize. We shall see later on that
grating couplers are excellent means of wafer-level probing and
pigtailing with single mode fiber (SMF) arrays.
Lateral coupling. Nanowaveguide taper-structures usually
imply the fabrication of a sub-100nm nanotip and precise down
tapering to that tip-size. Excellent control of critical dimensions
(CD) is mandatory with such tapers. Matching the modesize of
SMF is very difficult to achieve with a single taper structure.
Therefore, the nanowaveguide mode is first expanded to an intermediate spotsize of ~ 3 µm and launched into a larger waveguide by means of the nanotip. The process is also referred to as
mode conversion, because the spotsize at the nanotip matches
the fundamental mode of the larger waveguide. In a second taper stage the spotsize is then adapted to SMF. Double taper
structures are sensitive to process variations and quite elaborate
in process design and development. Most 2D-tapers are therefore single-stage and limited in their modesize to approximately 3-4 µm. Efficient coupling to such mode diameters can be
achieved by means of lensed fibers or high-numerical-aperture
fibers (high-NA), but mechanical alignment tolerances remain
substantially below 1 µm. This is illustrated for the coupling
between a 3 µm waveguide and a lensed fiber with 3 µm spotsize (Figure 3).
Furthermore, tapering in the vertical direction requires
dealing with substantial topography, so taper processing has
its place naturally at the very back-end of line (BEOL). Lateral
coupling also requires precise preparation of the edge of the die,
either by polishing (if optically flat surfaces are required) or by
precision grinding (if the distance to the edge of the die needs
December 2008
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0.1

to be critically defined). A considerable process overhead should
therefore be kept in mind when lateral coupling is considered.
Vertical coupling is achieved by means of second order
grating structures. A more detailed account of grating couplers
(b)
will follow in the next section. We shall limit this paragraph
to a concise review of grating coupler properties as required
Figure 4. Cross section through single etch 1D-grating structure for a first comparison with lateral couplers. The fabrication of
with non-uniform fill factor (a). Coupling characteristics of simple gratings necessitates precise control over etch depth and etch
uniform 1D-grating structure (b). Depicted curves show upwards profile. However, grating fabrication is fully compatible with
radiated power, coupling efficiency to the fiber and reflection at the FEOL processing. Gratings essentially act like a filter, exhibwaveguide grating interface.
iting strong polarization dependence and limited bandwidth.
The peak efficiency of simple grating couplers is rather low (-4.5 dB). Strategies have
been devised and experimentally verified
that overcome low efficiency and polarization dependence, though at the cost of ad10°
ditional process effort. Furthermore, grating
couplers are fabricated by planar wafer-level
processes, and do not require single die processing. They provide the capability of wafer level optical probing.
10 mm
TE
A comparison of lateral and vertical coupling from the point of view of fiber pigtailing is summarized in Table 1.
1500

1600
1550
wavelength (nm)

1650

TE

(a)
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2. Grating couplers

Coupling to silicon photonic wires through
high-index contrast gratings is attractive
Figure 5. A 2D grating couples each of the two orthogonal states of polarization of the in- because of the relaxed alignment tolerances
coming light into a separate nanowire, thus implementing polarization diversity (a). Scan- compared to facet coupling. Grating couning electron microscope (SEM) image of 2D grating coupler with access waveguides (b).
plers match standard single mode fibers.
8
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Because of the high index contrast, the grating can be short (25 periods) and achieve a
relatively large bandwidth.
Lateral
Vertical
Simple one-dimensional grating couplers
with a uniform fill factor, etched into a broad
Coupling loss to SMF
−7 dB (single stage)
−4.5 dB (standard grating)
(butt fiber)
−1.5 dB (double stage)
−1 dB (optimized grating)
waveguide, achieve a coupling efficiency of
around 35% (-4.5 dB) with a 40nm 1dB bandCoupling loss to SMF
−1.5 dB (best)
−
width (per coupler) for a single polarization.
(lensed
fiber,
incl.
excess
−3
dB
(typical)
Detuned gratings with a coupling angle of 8º
loss due to lens)
to 10º are used in order to avoid back reflecCoupling tolerances
±1.0 mm
±0.3 mm (single stage)
tions. The alignment tolerance for a 1dB loss
for
1dB
penalty
penalty exceeds ±1µm. A schematic cross section through a 1D-grating coupler structure is
3 dB bandwidth
Broadband
60 nm
shown in Figure 4(a). Figure 4(b) depicts simulated coupling characteristics of a typical 1D
Polarization
Weak
Strong (but can be solved
dependence
with 2D grating and
grating with uniform fill factor. The total uppolarization diversity
wards coupled light exceeds the light coupled
approach)
to the fiber due to mismatch of the respective
far-field characteristics. There is also an anguSuitable for multiple
No (due to small
Yes
fiber I/O
tolerances)
lar dependence of the maximum coupling. The
shift of the maximum of the reflection curve
reveals the detuning of the grating. 1D gratings are optimized for TE polarization ([Tail- Table 1. Relevant properties of the major fiber coupling techniques to silicon nanolaert06JJAP]). Experimentally measured cou- waveguides
pling efficiencies match the simulation results.
In addition, a two-dimensional grating coupler simultane- achieve similar efficiency and bandwidth as one-dimensional
ously splits the two incident polarizations ([Taillaert03PTL]) couplers, but have reduced alignment tolerances in order to
and can be used in a polarization diversity scheme, which is achieve polarization independent circuits.
schematically illustrated in Figure 5 (a). A real two-dimensionThe grating couplers can be optimized in various ways to
al grating coupler is shown in Figure 5 (b). Simple 2D couplers improve the efficiency or size. Focusing couplers achieve the

December 2008
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Fiber # 1
Mismatch in y [mm] −2.2
Mismatch in x [mm] 0.0

2
3
0.8 0.3
4.0 1.7

6
0.1
−2.5

7
8
0.0 2.0
−4.3 0.0

Table 2. Measured deviations of fiber positions within an eight fiber
array. Only six fibers are included because fibers 4&5 are not used
during the experiment. 1550nm CW light source (HP81553SM optical power (HP81532A)
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±1

±1

±1.5

1 dB loss penalty at y-axis
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Table 3. Summary of alignment penalties
H

F

C
B

Figure 7. Schematic drawing of a grating coupler array designed
and fabricated at IMEC. The grating couplers are interconnected by
nanowaveguides (red, orange, green). Coupling loss and uniformity
of the array coupling process can be determined from simple loss
measurements between fibers 1/8 (AH), 2/7 (BG), and 3/6 (CF).

same efficiency on a much smaller footprint, as with the regular
coupler one still has to taper down the broad waveguide [VanLaere07PTL]. By using non-uniform fill factors, lower coupling
losses can be obtained and the efficiency can be further boosted
by decreasing the vertical symmetry of the structure or adding
bottom mirrors [Taillaert06JJAP]. With an overlay, efficient
couplers can be obtained [Roelkens08APL]. Figure 6 (a) shows
a grating with increased efficiency due to a silicon overlay
(thickening). Such overlays have been realized by epitaxial overgrowth. The experimentally determined coupling efficiency of
an overlay grating is plotted in Figure 6 (b). Here, the coupling
loss is decreased to -2.5 dB.
The main benefit of coupling to vertically mounted fibers is
for wafer-scale testing and characterization. By hovering fibers
over the on-chip couplers, photonic integrated circuits can be
tested in much the same way as standard electrical wafer-scale
tests are done.

3. Fiber array packaging

(a)

(b)

Figure 8. Photograph of Silicon on Insulator (SOI) chip (2.5mm x
1.7mm) with shortened grating coupler array (a). To illustrate the
proportions of the coupling arrangement SMF fibers and grating
pitch have been drawn to scale in (b). Nanowaveguides are still
enhanced to increase visibility.
10
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Due to the extended usage of different multiplexing techniques,
and due to the increase of functionalities which are integrated
within a single photonic integrated circuit (PIC), the number of
optical ports increases and multiple fiber I/O becomes more and
more important. Today many different commercial fiber array
solutions are available.
Tolerances of commercial fiber arrays. Limitations in case of
commercial fiber arrays are related to their uniformity. Here extensive measures can be taken to minimize the tolerances related to the dimensions of v-shaped grooves for carriers of arrayed
fibers. However most likely the fiber tolerances especially the
variation within the fiber core and fiber cladding concentricity
define the uniformity limits. The core-cladding concentricity
tolerance is < 0.5 for SMF-28 fiber, so an alignment error below
1 per single fiber within a multiple fiber array can be manufactured. However, to understand the tolerances of presently available fiber arrays we investigated the actual alignment precision
of a purchased fiber array.
By using a precise alignment system (PI F206) and a single
mode fiber, the lateral deviations of a commercial fiber array (core
of the fiber) from the ideal position was measured by scanning
along the array with the optical probe and detecting the received
signal as a function of the lateral position. The deviations of the positions of the respective fiber cores from the ideal are listed in Table
2, which shows that the total deviation from the ideal position
December 2008

x-axis [mm]

could amount to more than what would be expected from the manufacturer’s specifications.
In this particular case the pitch deviated by
10
4 µm from the expected between fiber 1 & 8
(distance 1750µm).
8
Fiber array coupling. Recently, we car6
ried out a study concerning generic fiber
−20,00
−19,00
−18,00
array interconnections for silicon photon−17,00
4
−16,00
ics ([Tekin08_ECOC]). In course of this
−15,00
−14,00
work we investigated the pigtailing penal2
−12,00
−12,00
−11,00
ty when coupling a commercially available
−10,00
0
−9,000
fiber array to an SOI chip with an array of
−8,000
−7,000
grating couplers. The SOI chip was manu−6,000
−2
−6,000
factured for testing purposes at IMEC and
−4,000
−3,000
−2,000
−4
carried 6 spare vertical grating coupler
−1,000
0
ports, which were shortened by nanowave−6
guides (Figure 7).
The sensitivity of transmission to the
−8
alignment between fiber array and SOI chip
−10
was investigated. The position of the SOI chip
−10 −8
2
10
4
8
−6 −4
−2
0
6
was varied and the transmissions through the
y-axis [mm]
ports AH, BG, and CF were measured, respectively. A photograph of the SOI chip is shown
in Figure 8 (a). To illustrate the proportions
between nanophotonic chip and fiber array, 3 Figure 9. Experimentally determined penalty of coupling between SMF and standard
fibers have been depicted to scale over the SOI grating couplers. A penalty of <1 dB can be achieved with an XY displacement accuracy
of ± 1µm.
chip in the drawing in Figure 8(b).
The measured alignment sensitivity for
coupling between a grating coupler and a SMF
is depicted in Figure 9. The key to successful
fiber array coupling is a large alignment tolerance at each individual coupling point. The
measured alignment tolerance of a waveguide
grating coupler for a 1dB loss penalty is ±2µm.
The measured sensitivity is summarized in the
following Table 3. Hereto, 1 dB and 3 dB loss
penalties in the lateral direction are provided.
The chip alignment is optimized by active alignment using the monitoring ports
on the SOI chip. The position (x, y, z, and
rotation) of the SOI chip was varied and the
transmission through the ports AH, BG, and
CF was monitored for optimized polarization
state. After active alignment the chip is fixed
by a UV-curing epoxy. The basic assembly
configuration is depicted in Figure 10. No
significant change in transmission signal was
observed after the curing process. The generic fiber array based package without and
with glob top encapsulation are depicted in
Figure 11 and 12, respectively. The SOI chip
is mounted face down on the fiber array.
The wavelength dependence of the transmission through shortened grating couplers
was measured, where HP8168A was used as an
ECL (external cavity laser). The transmission
curves in Figure 13 have a comparable performance, and non-uniformity was ~ 1dB. We
December 2008
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observed insertion loss of up to approximately
-12 dB, with typical shape of grating coupler
filter curves. The penalty due to multiple fiber
pigtailing therefore amounts to ~ 1-2 dB.

fibers
glass

4. Generic packages & outlook
v-groove
carrier

As the optical ‘pin-out’ of silicon photonic
chips increases, costs of optical fiber alignment
increase even stronger. Therefore, for research
SOI
chip
and testing purposes, costs can be reduced to
glob
an affordable level only by standardization.
top
Such is possible with a generic fiber pigtailing
approach and a generic package for prototyping, by which the non-recurring costs can be
spread over a large number of users. In this
Figure 10. Schematic drawing of how a fiber array package is assembled. The mechani- approach, the chip design is adapted to the
cal support of the fibers stems from the v-groove base itself.
package, rather than the other way round.
In that case, when IC designers make sure
to keep to some fixed design rules for the placement and configuration of on-chip optical fiber couplers, the resulting chips
can be pigtailed and packaged at much reduced cost.
In addition, silicon photonic IC’s are going to get electrical
contacts. A generic package approach for prototyping should
therefore handle both optical and electrical pin-out.
Within the EU-funded ePIXnet Network of Excellence on
photonic integration, the authors are working on such a generic
package approach under the name of g-Pack. This work is collaboration between ePIXpack ([ePIXpack]), the packaging service platform, and ePIXfab ([ePIXfab]), the silicon photonic IC
prototyping service. Both services were set up within ePIXnet.
As a result, ePIXfab users will be able to have a number of their
chips fiber pigtailed and packaged through ePIXpack for testing
purposes. For low-frequency electrical I/O, the engineering cost
is relatively small. Therefore, we focus first on the combination
of optical fiber connections with DC or low-frequency (~1MHz)
Figure 11. Photograph of the v-groove base with the mounted SOI die. electrical contacts, such as for thermo-optic tuners or for switch-

0

path 1AH8
path 2BG7
path 3CF6

transmission [dB]

−5
−10
−15
−20
−25
1520

Figure 12. Photograph of the final fiber array package with globtop protection. The solution is very compact due to the small scale of
the nanophotonic die.
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1530
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1550

wavelength [nm]

1560

1570

Figures 13. Transmission characteristics as measured on the fiber
array package. Bandwidth is reduced due to the coupling via 2 gratings. Minimum loss of the couplers would be -9 dB, so a maximum
penalty of 2 dB is incurred by fiber array pigtailing process. Uniformity is ± 1 dB.
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es. In a later stage, an extension to RF is possible, for instance
with a co-planar 50W non-impedance matched approach.
g-Pack is designed for vertical fiber couplers, with a fiber
array up to 32 fibers. A first example with an eight fiber array is presently being elaborated ([Zimmermann08_GFP]).
The schematic sideview is shown in Figure 14. The g-Pack approach makes use only of commercially available components
such as the fiber array and the ceramic pin grid array carrier.
The design matches a standardized SOI chip as manufactured
by ePIXfab. All optical I/O is mounted along one side of the
chip (West), whereas the electrical I/O pads are on the North
and South sides, allowing for up to 65 pins. The topview of the
g-Pack configuration is shown in Figure 15.
The work presented here has resulted from cooperations
within the European Network of Excellence ePIXnet. The work
will continue in the framework of the European funded integrated project HELIOS ([HELIOS]).
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Figure 14. g-Pack, side view. The pin grid array carrier was chosen
to provide a large number of DC connects & to comply with standard
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to a commercial fiber array (up to 32 fibers), while electrical connections are established via standard wire bonding techniques.
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President’s Column
(continued from page 3)
• Military applications
• Green technologies, in particular solid state lighting
and photovoltaics.
LEOS has a vital role in supporting the community through
this period of economic uncertainty and changing technological priorities. The role of the Society is to serve its
members, by being a meeting place, a forum for exchange
of ideas and a repository for intellectual property. In order to do this, LEOS needs to adapt continuously to its
members’ needs and considerable progress has been made
throughout 2008.

Achievements in 2008
I would like to highlight a few of the Society’s achievements against this background – and I would emphasize
that this list is a personal selection.
The membership area was restructured at the start of
2008, with three geographical VPs being replaced by a
single VP responsible for Membership and Regional Activities. The Vice President is now supported by Associate
VPs with responsibility for developing activities in different geographical regions and this flexible approach is
starting to produce tangible results. One of my personal
objectives was to stabilize LEOS membership and I am
pleased to report this has been achieved. Moreover, new
chapters have been formed in India, China, North America
and South America. LEOS News and the web portal also
became the responsibility of VP Membership and redevelopment of the LEOS Portal is currently a key activity.
Membership growth in China, India and South America is being targeted by working closely with conferences.
In China, LEOS is working closely with OSA and SPIE to
align and consolidate AOE and APOC. The Summer Topicals were held in Mexico and LEOS was a co-sponsor of the
Photonics 2008 Conference in India. As part of our commitment to globalization, the first Winter Topical Series
was held in Italy.
I discussed the developments in Publications in some
detail in the August newsletter. During 2009 the IEEE
Photonics Journal will be launched – the first on-line only
journal in IEEE. With multimedia content and broad coverage of the photonics field, this will be a particularly exciting development.
In Technical Affairs, the Technical Committee structure is being reviewed, to ensure adequate coverage of
new topic areas and to support the needs of the Annual
Meeting. There have been significant activities in biophotonics and photovoltaics, with a summer topical
on Advanced Nanobiophotonics, a 2-day EMBS-LEOS
Symposium on Advanced Biophotonic Diagnostics and
Therapeutics held as part of the EMBS Annual Meeting
and a photovoltaics symposium within the LEOS Annual
Meeting.
December 2008

Financial performance throughout 2008 has been strong,
with conference budgets subjected to thorough review. The
year has also seen the formation of strategic committees:
• The Meetings Committee has been reactivated to
review all LEOS meetings, recommend new topic areas
and provide guidance to meeting organizers.
• A Publications Board has been formed to assess and
guide publications in terms of quality timeliness and
coverage, assist with selection and recruitment of editorial personnel, review the need for new and existing
publications and monitor financial performance
• A Portal Committee has been formed to develop the
web site
• A Technical Affairs Strategy Committee is being
formed to review strengths and weaknesses, to identify
areas of growth and to recommend actions that will assist growth in LEOS activities in those areas
Given that photonics is an enabling technology for most
electronic products and systems, it seems logical we should
be co-operating with other societies, and indeed LEOS has
worked closely with several IEEE Societies and OSA for
many years. New developments in 2008 include:
• Coordinated conference activities in China with OSA
and SPIE
• New outreach activities with SPIE
• Technical Co-sponsorship of the 2009 IEEE Photovoltaics Specialists Conference sponsored by the Electron
Devices Society
• LEOS membership of the newly created IEEE Biometrics Council
• The LEOS sponsored symposium, highlighted above,
within the EMBS Annual Meeting
• Technical co-sponsorship of the LEOS Photonics
Journal by a growing number of IEEE societies and
councils.

And finally thanks
I would like to conclude by saying again that it is a privilege
to be LEOS President, and thanks are due to my employers Intense Ltd and the University of Glasgow for enabling
me to take this on. I would like to thank LEOS members
for their outstanding support of the Society throughout the
year, particularly all the volunteers who serve our Chapters,
Conferences, Technical Committees and Publications. My
personal thanks go to Katya Golovchenko and Steve Newton
who retire as Vice-Presidents, and Marcus Amann, Kent Choquette, Hideo Kuwahara and Carmen Menoni who retire as
elected BoG members (though Carmen continues as a VicePresident). Finally, on behalf of the entire LEOS membership,
I would like to thank our 18 staff – Rich Linke, Gail Walters,
Christine Bluhm, Linda Matarazzo and their teams – who
make it possible for LEOS volunteers to achieve so much.
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News
2009 IEEE/LEOS Award Reminders!!
The deadline for submitting nominations for the following awards is 16 February.
Quantum Electronics Award
Distinguished Lecturer Awards
In order to facilitate the nomination procedure, nomination forms are found on pages 18 and 19.

IEEE/LEOS Quantum
Electronics Award
The Quantum Electronics Award is
given for exceptional and outstanding
technical contributions that have had a
major impact in the fields of quantum
electronics and lasers and electro-optics.
This award is given for truly excellent
and time-tested work in any of the fields
of interest of LEOS. It may be given to
an individual or to a group for a single
outstanding contribution or for a long
history of significant technical work in
the field. No candidate shall have previously received a major IEEE award for

the same work. Candidates need not
be members of the IEEE or LEOS. The
award will be presented at the Conference on Lasers and Electro-Optics/
Quantum Electronics and Laser Science
Conference (CLEO/QELS 2009).

IEEE/LEOS Distinguished
Lecturer Awards
The Distinguished Lecturer Awards
are presented to honor interesting
speakers who have made recent significant contributions to the field of
lasers and electro-optics, or who have
industrial or entrepreneurial experi-

ence at a senior level in the fields of
interest to LEOS. The program is
designed to honor excellent speakers who have made technical, industrial or entrepreneurial contributions
of high quality and to enhance the
technical programs of LEOS chapters.
Consideration is given to having a
balance of speakers who can address a
wide range of topics of current interest in the fields covered by LEOS. The
term for the Lecturers is July 1 of the
year of election until June 30 for the
following year. Candidates need not
be members of the IEEE or LEOS.

Call for Nominations – IEEE/LEOS Awards
Nominations for 2009 LEOS William
Streifer Award for Scientific Achievement, the Engineering Achievement
Award, the Aron Kressel Award, and
the Distinguished Service Award are
now being solicited for submission
to the LEOS Executive Office. The
deadline for nominations is 30 April.
In order to facilitate the nomination
procedure, the nomination forms
are found on pages 19 and 20. Full
nominations are required at the time
of submission, and include, the statement of contributions, curriculum
vitae, and endorsers’ letters (which
may be sent separately).

field of lasers and electro-optics
in the past 10 years. The award is
given for a relatively recent, single
contribution, which has had a major
impact on the LEOS research community. It may be given to an individual or a group for a single contribution of significant work in the
field. No candidate shall have previously received a major IEEE award
for the same work. Candidates need
not be members of the IEEE or
LEOS. The award is administered
by the Streifer Awards Committee
and presented at the LEOS Annual
Meeting.

IEEE/LEOS
William Streifer Scientific
Achievement Award

IEEE/LEOS Engineering
Achievement Award

The IEEE/LEOS William Streifer
Scientific Achievement Award is
given to recognize an exceptional
single scientific contribution, which
has had a significant impact in the
16
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The IEEE/LEOS Engineering Achieve
ment Award is given to recognize
an exceptional engineering contribution that has had a significant
impact on the development of lasers or electro-optics technology or

the commercial application of technology within the past 10 years. It
may be given to an individual or a
group for a single contribution of
significant work in the field. The
intention is to recognize some significant engineering contribution
which has resulted in development
of a new component, a new processing technique, or a new engineering concept which has had a significant impact in either bringing
a new technology to the market,
significantly improving the manufacturability of a component or
device, or creating a new technology which will greatly accelerate or
stimulate R&D. No candidate shall
have previously received a major
IEEE award for the same work.
Candidates need not be members
of the IEEE or LEOS. The award is
administered by the Engineering
Awards Committee and presented
at the LEOS Annual Meeting.
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(cont’d)

IEEE/LEOS
Aron Kressel Award
The Aron Kressel Award is given to
recognize those individuals who have
made important contributions to opto-electronic device technology. The
device technology cited is to have had
a significant impact on their applications in major practical systems. The
intent is to recognize key contributors
to the field for developments of critical components, which lead to the development of systems enabling major
new services or capabilities. These
achievements should have been accomplished in a prior time frame sufficient to permit evaluation of their
lasting impact. The work cited could

have appeared in the form of publications, patents products, or simply
general recognition by the professional community that the individual
cited is the agreed upon originator of
the advance upon which the award
decision is based. The award may
be given to an individual or group,
up to three in number. The award
is administered by the Aron Kressel
Awards Committee and presented at
the LEOS Annual Meeting.

IEEE/LEOS
Distinguished Service Award
The Distinguished Service Award
was established to recognize an exceptional individual contribution of

service that has had significant benefit to the membership of the IEEE
Lasers and Electro-Optics Society
as a whole. This level of service will
often include serving the Society in
several capacities or in positions of
significant responsibility. Candidates
should be members of LEOS. The
award is administered by a committee consisting of the President-Elect,
Chair; two Past Presidents, and the
Vice President of Finance & Administration and is presented at the LEOS
Annual Meeting.
A list of previous winners and awards
information can be found on the LEOS
Home Page at www.i-LEOS.org.

Call for IEEE Photonics Award Nominations
The IEEE Photonics Award is presented for outstanding achievements
in photonics. The recipient of the
award receives a bronze medal, certifi-

cate, and cash honorarium. The nomination deadline is 31 January 2009.
For nomination forms, visit the IEEE
Awards Web Site, www.ieee.org/

awards, or contact IEEE Awards Activities, 445 Hoes Lane, Piscataway,
NJ, USA, 08855-1331; tel: +1 732
562 3844; email: awards@ieee.org.

Call for Fellow Nominations
On the Lookout for
a Few Good Fellows
by Rosann Marosy
It’s not too early to nominate an
IEEE senior member for the Fellow class of 2010. The deadline is 1
March 2009.

This prestigious group now numbers 6000 out of IEEE’s total of 375 000
members. While many view Fellows as
visionaries, pioneers, technology leaders,
or influential business executives, you
probably know them as your friends or
colleagues. So take the time to nominate

“Nick” Cartoon Series
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someone you know in one of four Fellow
categories: application engineer, educator, research engineer, or technical leader.
To submit a nomination or learn more
about these categories and the Fellow
Program, visit the Fellow Web site at
http://www.ieee.org/fellows

by Christopher Doerr
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Embedded Ring Resonators
Lin Zhang, Muping Song, Raymond G. Beausoleil and Alan E. Willner
L. Zhang, and A. E. Willner are with the Dept. of Electrical
Engineering, Univ. of Southern California, CA 90089, USA
(e-mail: linzhang@usc.edu).
M. Song is with Dept. of Information and Electronic
Engineering, Zhejiang Univ., 310027, China.
R. G. Beausoleil is with the HP Labs, Palo Alto, CA 94304, USA.

Introduction
The Winner of the Inaugural LEOS Figure Contest is Lin
Zhang of the University of Southern California. His figure showing the simulated field distribution in an embedded ring resonator is on this month’s cover and will
be used in LEOS publicity. He has written the article
below describing the work behind it. Look for this image
in future LEOS publications!

(a)

(b)

December 2008

Phase (rad)

Intensity (dB)

Microscale optical resonators have become quite popular
(c)
(d)
structures for achieving versatile functional devices in a
small surface area. Resonators can enable lasers, modulaFig. 1. (a,b) Conventional single-ring and coupled-ring resonators; (c,d) Embedded ring resonators with distributed and
tors, filters, delay elements, and sensors, where resonancepoint-to-point coupling, respectively.
enhanced operation efficiently achieves compact chip
size, low power consumption, reduced group velocity and
high sensitivity. In recent years, the family of the microm, satisfying nLi=milRi, where Li is the perimeter of the ith
resonators has grown to include micro-disk, micro-ring,
ring, and n is the effective refractive index of a traveling
micro-sphere, micro-toroid, micro-coil, and micro-spiral
optical wave at wavelength lRi, and the mode number mi
resonators. More advanced functionality can be enabled
is the number of optical cycles that exist in the ring. For a
by cascading these resonators in serial, parallel, or coiled configurations.
An intriguing modification has been
l1
l2
l3
l1
l2
l3
0
5
to explore the performance of resonators in an “embedded” structure.
−60
3
These embedded ring resonators
(ERRs) could potentially enable new
−120
1
types of on-chip photonic elements
Wavelength
Wavelength
[1]. The figure that we submitted to
the LEOS Figure Contest is a simudrop
drop
drop
lated optical mode distribution in
an ERR, and the plot of the mode
distribution was helpful in our understanding of the operation of such
structures.
in
through in
through in
through
Figure 1 shows various ring-resonator structures that are coupled to
at wavelength l2
at wavelength l2
at wavelength l1
two waveguides. The coupling between the embedded ring resonators
can be in a distributed or a point-to- Fig. 2. Intensity and phase responses of an embedded ring resonator with an even mode
point manner (Fig. 1(c,d)). Each reso- number difference. It exhibits a doublet at the ‘drop’ port, corresponding to symmetric
nator can have its own mode number and anti-symmetric modes in the steady-state mode distributions.
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The authors thank Ling Lu and Prof.
M.-J. Chu for helpful discussions.
This work is generously supported by
HP Labs.
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Fig. 3. Intensity and phase responses of an embedded ring resonator with an odd mode
number difference. It exhibits an EIT-like profile at the ‘through’ port, with half of the
outer ring is lightened.

double-ring ERR with point-to-point coupling (Fig. 1(d)),
the two rings interact via 2-by-2 couplers at two locations.
When the two rings have aligned resonance wavelengths,
the phase difference that optical waves experience when
traveling from one coupler to the other depends on the relationship of the outer and inner mode numbers (m1 and m2).
There are two operating conditions: one features a spectral
transmission doublet when m1_m2 is even, while the other
exhibits an electromagnetically induced transparency (EIT)like profile when m1_m2 is odd.
In the even-mode-number case, the two rings have a
common resonance wavelength l2. When they are embedded together, two resonance peaks are equally shifted from
l2 to l1 and l3 in the spectral response at the ‘drop’ port
(Fig. 2). These peaks correspond to symmetric and antisymmetric modes formed in the two couplers, as illustrated
by the steady-state mode distributions. There is also a deep
notch at wavelength l2. In this case, a relatively weak field
is built in the inner ring, which destructively interferes with
the optical wave traveling over the outer ring, resulting in an
effective cancellation of the optical wave at the ‘drop’ port.
In the odd-mode-number case (Fig. 3), an EIT-like
resonance profile results from a strong interaction of the
optical waves traveling over the two rings. As illustrated
by the steady-state mode distribution at wavelength l4,
the inner ring depletes almost all of the photons coming from the outer ring. A small fraction of input light
escapes from the ‘drop’ port, and thus a ‘transparent’
window is induced at the ‘through’ port. A higher photon density is seen in the inner ring, as compared to the
doublet case. The optical mode distribution reveals some
very interesting phenomena that remain to be explored.
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[1] L. Zhang, M. Song, T. Wu, L.
Zou, R. G. Beausoleil and A. E.
Willner, “Embedded ring resonators for micro-photonic applications,” Optics Letters, vol. 33, no.
17, pp. 1978-1980, Sep. 2008.
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Career Section
2009 John Tyndall Award Recipient:
Joe C. Campbell
The John Tyndall Award is jointly
sponsored by the IEEE Lasers and
Electro-Optics Society and the Optical Society of America. The award
is presented annually to a single individual who has made outstanding
contributions in any area of optical-fiber technology, including optical fibers themselves, the optical
components used in fiber systems,
as well as transmission systems and
networks using fibers. The contributions which the award recognizes should meet the test of time
and should be of proven benefit to
science, technology, or society. The
contributions may be experimental
or theoretical. This award Nominees need not be members of the
sponsoring societies. Corning Inc.
endorses the award which consists
of a glass sculpture, a scroll, and an
honorarium. The deadline for nominations is 10 August.
Joe C. Campbell received the
B.S. degree in Physics for the University of Texas at Austin in 1969,
and the M.S. and Ph.D. degrees in
Physics from the University of Illinois at Urbana-Champaign in 1971
and 1973, respectively. From 1974
to 1976 he was employed by Texas Instruments where he worked
on integrated optics. In 1976 he
joined the staff of AT&T Bell Laboratories in Holmdel, New Jersey.
In the Crawford Hill Laboratory
he worked on a variety of optoelectronic devices including semiconductor lasers, optical modulators,
waveguide switches, photonic integrated circuits, and photodetectors
with emphasis on high-speed avalanche photodiodes for high-bitrate lightwave systems. In January
of 1989 he joined the faculty of
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the University of Texas at Austin
as Professor of Electrical and Computer Engineering and Cockrell
Family Regents Chair in Engineering. In January of 2006, Professor
Campbell moved to the University
of Virginia in Charlottesville as the
Lucian Carr Professor of Electrical
and Computer Engineering.

Professional Experience
University of Virginia, Professor,
January 2006 – present
University of Texas, Professor,
January 1989 – December 2005
AT&T Bell Laboratories,
Supervisor, 1985 – 1989
AT&T Bell Laboratories, Member
of Technical Staff, 1976 – 1985
Texas Instruments, Member
of Technical Staff, 1974 – 1976
University of Illinois,
Post-Doctoral Fellow, 1973 – 1974

Honors
AT&T Bell Laboratories
Distinguished Member
of Technical Staff (1985)
Joe C. Campbell

Professor Campbell’s technical
area is photodetectors. At present
he is actively involved in singlephoton-counting APDs, Si-based
optoelectronics, high-speed lownoise avalanche photodiodes, highpower high-linearity photodiodes,
SiC ultraviolet photodetectors,
and quantum-dot infrared imaging. He has coauthored eight book
chapters, 340 articles for refereed
technical journals, and more than
300 conference presentations. Professor Campbell teaches graduate
and undergraduate courses on lasers
and optoelectronic components. In
2002 Professor Campbell was inducted into the National Academy
of Engineering.

Fellow Member of IEEE (1990)
Fellow of Optical Society
of America (1998)
IEEE Millennium Medal (2000)
IEEE/LEOS William Streifer
Scientific Achievement Award (2001)
National Academy of Engineering
(2002)
OSA Nicholas Holonyak Award
(2003)
Fellow of American Physical
Society (2003)
IEEE Photonics Award (2008)
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Benefits of IEEE Senior Membership
There are many benefits to becoming an IEEE Senior Member:
• The professional recognition of your peers for technical and professional excellence
• An attractive fine wood and bronze engraved Senior Member plaque to proudly display.
• Up to $25 gift certificate toward one new Society membership.
• A letter of commendation to your employer on the achievement of Senior member grade (upon the request of the newly
elected Senior Member.)
• Announcement of elevation in Section/Society and/or local newsletters, newspapers and notices.
• Eligibility to hold executive IEEE volunteer positions.
• Can serve as Reference for Senior Member applicants.
• Invited to be on the panel to review Senior Member applications.
The requirements to qualify for Senior Member elevation are a candidate shall be an engineer, scientist, educator, technical
executive or originator in IEEE-designated fields. The candidate shall have been in professional practice for at least ten years
and shall have shown significant performance over a period of at least five of those years.”
To apply, the Senior Member application form is available in 3 formats: Online, downloadable, and electronic version. For
more information or to apply for Senior Membership, please see the IEEE Senior Member Program website:
http://www.ieee.org/organizations/rab/md/smprogram.html

New Senior Members
The following individuals were elevated to Senior Membership Grade thru Sept:
Kurt R. Lehman
Shayan Mookherjea

Richard V. Penty
Slawomir Sujecki

Mauro Varasi

Chapter Highlights – Taipei Chapter
Ching-Fuh Lin, Professor, email: cflin@cc.ee.ntu.edu.tw
Despite the political controversy of whether Taiwan is an independent country or a part of China, Taiwan has invested
heavily in the high technology industry. In 2007, Taiwan
generated revenues of US$65 billion in optoelectronics and
photonics, representing over 15% of the global photonics
market. In contrast, Taiwan’s population is only 0.35% of the
global population.
There is good research and development support from
Taiwan’s National Sciences Council, Ministry of Education,
Ministry of Economic Affairs, and cooperation between the
universities and industry. With long-term government support, Institutes and Departments of Photonics or Optoelectronics in several universities and the Industrial Technology
Research Institute (ITRI) have trained many excellent engineers and researchers. Currently about 230 professors and
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2000 graduate students are involved in 274 projects in the
photonics area supported by the National Sciences Council of
Taiwan. Those graduate students will eventually mostly work
in the photonics industry.
Optical societies (IEEE LEOS, OSA, SPIE, Photonics
Industry and Technology Development Association, and
Optical Engineering Society of the Republic of China) also
play important roles in organizing conferences, workshops,
and exhibitions in Taiwan. Each year Taiwan hosts the Optoelectronics and Photonics in Taiwan (OPT) conference for
academic societies and the OPTO Taiwan exhibition for industry. OPT 2007 attracted about 1000 attendees, mostly
professors and students. OPTO Taiwan 2008 had 264 Exhibitors, 660 Booths, and over 32,600 visitors, including
3600 people from other countries.
December 2008
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The momentum of photonics and optoelectronics in Taiwan is certainly not motivated by the IEEE LEOS Taipei
Chapter alone. However, the Chapter here has set its goals
to continue supporting photonics R&D and industry particularly via the facilitation of professional networking in
the LEOS technical areas. We will continue to invite distinguished international experts to give lectures, encourage local researchers to communicate and cooperate with experts
in various countries, and organize or co-sponsor conferences
in photonics. In particular, because LEOS members here are
mainly from universities, our focus is on the research activities of universities which are usually several years ahead of
the industry. Here we would like to highlight the research
activities of photonics and optoelectronics in National Taiwan University.
The Graduate Institute of Photonics and Optoelectronics (GIPO) at National Taiwan University was established
in 1992. It has thirty-four full-time professors, one adjunct
professor, and two distinguished chair professors, Chen-Shui
Tsai and Tingye Li. GIPO annually admits about 100 master
students and 30 Ph.D. students, and offers more than fifty
graduate-level elective courses relevant to photonics. The goal
of GIPO is to educate the next generation of leaders in the
field of photonics and optoelectronics. More than 100 highquality journal papers are published each year from GIPO.
With applications in energy saving/harvesting, new internet infrastructures, high quality displays, multimedia entertainment, and improved medical care, the development and
application of photonics and optoelectronics technology have
become increasingly important to society. Therefore, GIPO
covers a broad research spectrum of the key photonic and optoelectronic technologies including: (1) Display technologies:
liquid crystal displays (LCD), organic light-emitting diode
(OLED) displays, poly-Si and amorphous thin film transistors, projector techniques, and optical MEMS for display
applications; (2) Energy harvesting technologies: solid-state
lighting, solar cells, wide-band-gap semiconductors, novel
materials and nanostructures for light-emission; (3) Nanotechnologies: semiconductor quantum dots, photonic crystals,
surface plasmonics, silicon-photonics and nm-scale diagnosis;
(4) Nonlinear optics: nonlinear photonic crystals, wavelength
conversion, and micro-structure optics; (5) Optical communication: active and passive fiber-based devices, modules
and subsystems; (6) Bio-photonic technologies: bio-photonic
sensing and instrumentation, optical coherence tomography,
optical harmonic and THz imaging. Some highlights from
these areas are summarized below

(1) Solid-state lighting devices
Prof. JianJang Huang is working on InGaN/GaN MQW
nanorod LED structures. The relaxed strain in InGaN layers
of these structures suppress the piezoelectric field resulting
in lower blue shift of the EL at high current compared to
December 2008

Si nanowires

Glass
(a)

(b)

Figure 1 Scanning electron microscope (SEM) images of highdensity Si nanowires transferred onto glass substrate: (a) topview SEM image; (b) side-view SEM image. The SEM images show that the transferred Si nanowires are still vertically
aligned. The X-ray diffraction investigation also confirms that
the crystal orientation of Si nanowires is the same as the Si
wafer. Scale bar: 5 mm.

(a)

(b)

(c)

(d)

Figure 2 Backward-collected HGM images of (a) teeth enamel (b) corneal stroma (c) mice skin and (d) mice lymph node
with staining. THG, SHG, and TPF are represented by
yellow, green, and red pseudo-color, respectively. In (a) the
enamel rod structures are revealed by THG. In (b) corneal
stroma, the collagen fibers are revealed by SHG. In (c) THG
and SHG show the cellular morphology in the epidermis and
collage fibers in the dermis, respectively. In (d) addition to
the cellular morphology revealed by THG, the staining cells
are seen. Scale bar: 20mm.
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conventional planar structures. Prof. Yun-Li Li is working
on the well-known fundamental problem for InGaN/GaN
multiple-quantum-well (MQW) LEDs, namely the efficiency
“droop”, which is the reduction in efficiency when electrical
current is increased. InGaN/GaN-based MQW LEDs have
been optimized with drastically reduced droop effect, to less
than 5% at a current density of 200 A/cm2.

(2) Solar cells
The foreseeable depletion of fossil fuel and the global warming
caused by carbon dioxide emissions has led to increasing attention on alternative renewable energies, especially photovoltaics
(PV). Therefore, crystalline Si-PV devices are quickly spreading. Unfortunately, the large consumption of Si materials hinders growth. Attention has turned to developing thin-film PV
devices. Here Prof. Ching-Fuh Lin’s group focuses on the use
of nano-structured and micro-structured semiconductors for
efficient and cheap thin-film solar cells. A technique of nanowire/micro-structure transfer has been developed for solar cells.
In this approach, the nanowires and microstructures are made
from bulk semiconductors or epitaxial semiconductors, so they
will have much better crystal quality than the usual thin-film
materials. They are then transferred onto glass or plastic substrates. After nanowires and microstructures are transferred, the
original wafer can be reused, so the material cost can be lowered
considerably. Several types of such thin-film solar cells are under
investigation, including the organic-semiconductor-nanowire
composite film, organic-semiconductor micro-structure composite film, nano-wire semiconductor thin film, and microstructured semiconductor thin film. Such new-type thin-film
solar cells are expected to be both efficient and low cost.

(3) Biophotonic sensing
Higher harmonic generation microscopy (HGM), including
second harmonic generation (SHG) and third harmonic generation (THG), leaves no energy deposition and thus provides
the “noninvasiveness” nature desired for clinical diagnosis.
Higher harmonic generation microscopy provides excellent
three-dimensional (3D) sectioning capability. By choosing an
infrared laser working within the biological penetration window, HGM imaging with sub-micron 3D resolution and millimeter penetrability can be achieved in live specimens. THG,
which is sensitive to the interface, can be used as a generalpurposed tool to examine morphology of tissues. SHG can reveal the organized nanostructures such as collagen and neural
fibers. For in vivo imaging of human and clinical diagnosis,
the backward-collection type HGM has been developed and
the imaging of fixed, fresh samples, in vivo animal models,
and in vivo human skin based on a backward-collection geometry have been demonstrated with about 300 mm penetration
depth. The backward-collection type HGM has been applied
to various fixed tissues like liver, lung, eye, and cartilage, as
well as the in vivo imaging of the animal models. For clinical
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applications, a bedside imaging system including an endoscope
imaging system and a miniaturized laser source are now being
developed. HGM endoscope can be used to perform painless
optical virtual biopsy and for clinical usage, HGM endoscope
can provide a good tool for clinical diagnosis. Prof. Chi-Kuang
Sun’s group recently constructed a miniaturized two-photon/
second harmonic generation microscope system using a microelectro-mechanical system (MEMS) mirror. By asynchronous
scanning of the MEMS mirror, he achieved 24 Hz frame-rate
with sub-micron spatial resolution. This system can be used
for the study of fast biological phenomenon such as blood flow
and neuronal activity. The polarization anisotropy of second
harmonic generation (SHG) in polyhedral inclusion bodies
(PIBs) of nuclear polyhedrosis viruses (NPV) can be used to
image the 3D distribution of PIB crystal. This newly developed technique can be used for the study of viral pathology.

(4) Si nanophotonics
Porous Si, Si nanocrystals in Si-rich SiOx, and Si/insulator
superlattices have previously been studied to improve the
light-emitting efficiency from Si. However, their electroluminescence (EL) efficiency is poor. Unless the Si-rich SiOx
film is thin enough to allow carrier transport, the fabrication of light-emitting devices is impractical since the SiOx
between Si nanocrystals may lead to high barrier for injecting
carriers. To overcome this bottleneck, Prof. Gong-Ru Lin reported a new localized synthesis and desorption method for
generating pure Si pyramids on the Si substrate. Prof. Lin
has developed a CO2 laser based in-situ and localized rapidthermal-annealing (RTA) process for the SiOx film and studied the structural aspects, optical properties and the size/density of localized precipitated Si or metal nanodots embedded
in the SiOx film after CO2-laser RTA. To study the carrier
tunning/injecting/charging and surface-state characteristics
of the Si nano p-n junction Prof. Gong-Ru Lin developed a
self-aggregated metal encapsulated dry-etching process for
the fabrication of Si nano-rod based MOSLEDs. Noble-metal
based nano particles were deposited and self-aggregated on
the Si wafer as nano masks. A buffered dielectric layer between the metal and Si surface was proposed to speed the
self-aggregation procedure. The growth of Si-rich SiOx film
with Si nanocrystal leads to a nano-roughened surface that
increases light extraction efficiency, and the carrier transport/
tunneling mechanism between Si nanocrystals and Si nanopillar was enhanced. With this structure, colorful MOSLEDs
with highest power up to 1 mW, external quantum efficiency
>0.2%, optical intensity of 140 mW/cm2, and power-current
slope: 2±0.8 mW/A were achieved.
Because of the page limitation, the excellent research from
other universities in Taiwan cannot be included here. In brief,
the LEOS Taipei Chapter and the universities in Taiwan are
devoted to educating pioneer experts in advancing photonics
and optoelectronics.
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“Photonic Signal Processing:
Techniques and Applications”
Author: Le Nguyen Binh
Publisher: CRC Press, Taylor and Francis
Review by José Azaña, Institut National de la Recherche Scientifique (INRS),
Montréal (Québec), Canada)*
This book deals with photonics technologies for processing time-domain optical signals and essentially
discusses previous research contributions on this topic
by the author and colleagues. The intended audience
is people with undergraduate-level knowledge of basic
photonic technologies and signal analysis theory.
The described signal processors are mainly based
on linear discrete-time (digital) filters implemented
in the all-optical domain. An interesting aspect of the
book is that both incoherent and coherent discretetime optical filters are studied under the same general
theoretical framework. Practical aspects of the implementation of these filtering devices using optical fiber
delay lines (incoherent filters) or integrated waveguide
platforms (coherent filters) are also discussed. The text
focuses on a few relevant signal processing applications of particular interest for future ultrafast information processing and computing systems and for optical
telecommunications (e.g. ultrashort pulse generation,
dispersion compensation). Specific optical signal processors discussed by the author include real-valued
matrix/vector algebra computation systems based on
incoherent digital filters; photonic temporal integrators and photonic temporal differentiators; repetition
rate multipliers based on dispersive filters (temporal
Talbot effect); and tunable amplitude and phase-only
(dispersive) digital optical filters.
While the book is mainly focused on theoretical
aspects, experimental evaluations of some of the described signal processing functionalities are also given
and discussed. The theoretical treatment of some of
the covered topics is very original since the author has
made use of some advanced signal analysis tools that
are typically employed in the study of equivalent electrical engineering problems but that have been rarely
used in the photonics area. This is for instance the case
of the “phase plane analysis” from control engineering,
which is demonstrated here to be very useful for evalu-
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ating the performance of ultrashort pulse generators,
or the use of “signal-flow graph theory” for designing
optical circuits.
The book has some minor flaws, including a few
errors in the reference numbers, repetition of some
material, and the lack of a more extensive, fully updated review of the state-of-the-art for some of the
studied topics.
Overall, this text provides a good overview of the
capabilities and limitations of present all-optical digital signal processing circuits. The book is particularly
recommendable for scientists and engineers working in
this research field and should also serve as a valuable
reference for graduate students.

Biography:
Dr. José Azaña received the Telecommunication Engineer degree and Ph.D. degree from the Universidad
Politécnica de Madrid (UPM), Spain, in 1997 and 2001,
respectively. Presently he works as an Associate Professor at the Institut National de la Recherche Scientifique
(INRS) in Montréal, Québec, Canada. His research activities span a variety of topics related with all-optical
signal processing based on fiber optics technologies for
a range of applications, including photonic telecommunications, ultrafast pulse processing and metrology, and
optical computing. Azaña has to his credit more than
180 publications in top scientific journals and leading
international conferences - including more than 90 publications in high-impact ISI journals and various invited
and co-invited conference presentations. He is the Guest
Editor of the only two monographs devoted to the field
of “All-Optical Signal Processing”, respectively published by EURASIP J. Appl. Signal Proc. (2005) and
IEEE/OSA J. Lightwave Technol. (2006). His research
work has been recognized with several awards and distinctions in Spain and in Canada and he is the recipient
of the 2008 IEEE/LEOS Young Investigator Award.
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Call for Papers
Announcing an Issue of the IEEE Journal of
Selected Topics in Quantum Electronics on
Nanophotonics and Optical MEMS
Submission Deadline: January 5, 2009
IEEE Journal of Selected Topics in Quantum Electronics
invites manuscript submissions in the area of nanophotonics and
optical MEMS. The purpose of this issue of JSTQE is to document, through a collection of original papers, recent advances
in nanoscale photonics and opto-electromechanical devices and
systems. Broad technical areas include (but are not limited to):
Nanophotonics:
Quantum Dots
Plasmonics
Photonic Crystals
Metamaterials
Si Photonics
Waveguide Devices
Nanowires and Naoparticles
Nano-biophotonics
Nanoscale Sources and Emission
Nanofabrication and Characterization
Modeling and Simulation
Other Micro-/Nano-Materials and Devices
Optical MEMS:
Adaptive and Tunable Optics
Biomedical Devices
Biochemical Sensors
Device Fabrication Technologies
Microscopies
Micro Tuning of Optical Nanostructures
Modeling and Characterization
Multiscale Integration
Opto Fluidic Devices
Optical Microcavities
Optical Sensors
Optical Scanners and Micromirrors
Packaging
Telecommunications
Tunable Spectral Filters
The Primary Guest Editor is Professor Yves-Alain Peter, Ecole
Polytechnique de Montréal (Montréal, Québec, Canada); Professor
Olivier J. F. Martin, Swiss Federal Institute of Technology Lausanne
(Lausanne, Switzerland); Professor Sailing He, KTH-ZJU Joint
Research Center of Photonics (Sweden); Professor Olav Solgaard,
Stanford University (Stanford, California, USA), Professor Minoru
Sasaki, Toyota Technological Institute (Nagoya, Aichi, Japan.)
The deadline for submission of manuscripts is January 5, 2009;
publication is scheduled for September/October of 2009.
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Online Submission is Mandatory at: http://mc.manuscriptcentral.
com/leos-ieee Please select the Journal of Selected Topics Of
Quantum Electronics Journal from the drop down menu. All
submissions will be reviewed in accordance with the normal
procedures of the Journal.
For questions about this issue, contact: Chin Tan-yan, the
JSTQE Publications Coordinator at c.tan-yan@ieee.org
Phone: 732-465-5813
For all papers published in JSTQE, there are voluntary page
charges of $110.00 per page for each page up to eight pages. Invited papers can be twelve pages and Contributed papers should
be 8 pages in length before overlength page charges of $220.00
per page are levied. The length of each paper is estimated when
it is received. Authors of papers that appear to be overlength are
notified and given the option to shorten the paper. Additional
charges will apply if color figures are required.
The following supporting documents are required during manuscript submission:
1)

2)
3)
4)

Manuscript should be submitted in MS-Word format
(.doc format) with double columned. The page limit
for Invited Paper is 12 pages, and the contributed paper
should be limited to 8 pages in length. The biographies
of ALL authors are mandatory, while the photographs
are optional. You may find the Tools for Authors link
useful: http://www.ieee.org/web/publications/authors/
transjnl/index.html
Completed the IEEE Copyright Form. http://www.ieee.
org/web/publications/rights/copyrightmain.html
Completed Color Agreement/decline form. (Please
email c.tan-yan@ieee.org to request for this form.)
A .doc list of ALL contact information for ALL authors
should also be included, with the following format:
– Full name, including the salutation
– Affiliation/Institution
– Department
– Mailing Address
– Email address
– Telephone & Fax.

Announcement of an IEEE/OSA Journal of
Lightwave Technology Special Issue on
Trends in signal processing for high capacity
lightwave systems
Submission Deadline: 15th January 2009
The IEEE Journal of Lightwave Technology invites manuscript submissions in the area of Signal Processing for high-capacity lightwave systems.
This special issue on signal processing will focus on techniques and algorithms for distortion compensation and performance monitoring in high capacity lightwave systems.
IEEE LEOS NEWSLETTER
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Optical processing, electronic processing, and hybrid approaches are of interest. The processing can be established
at the transmitter (pre-distortion) or at the receiver (equalization) or both ends (e.g. OFDM). Also in-line processing
by tunable optical equalization techniques shall be considered. Particular topics are
1)
2)
3)
4)
5)
6)
7)
8)
9)

Optical signal processing at the receiver including
feedback signal generation
Electronic signal processing, equalization
Electronic pre distortion
Optical OFDM
Hybrid approaches and comparison of complexity and
power consumption
Non-linear tolerance of different signal processing
schemes
Forward error correction and iterative decoding
Achievable information rate of different concepts
Performance Monitoring – in-line as well as receiver based

Novel implementations may include polarization multiplexing and coherent detection. Technical approaches for highdensity chip-scale integration of optical processing functions
are also of interest.
The Guest Editors for this issue are: Herbert Haunstein, AlcatelLucent, Germany, Peter Magill, AT&T Labs, USA, Yutaka Miyamoto, NTT, Japan, Andrew M. Weiner, Purdue University, USA.
The deadline for submission of manuscripts is January 15th
, 2009 and publication is scheduled for the August 2009 issue.
Please upload your paper to Manuscript Central and choose the
*2009 Signal Processing* special issue. All submissions will be
reviewed in accordance with the normal procedures of the Journal.
All copyrights should be mailed to:
JLT Editorial Office
Optical Signal Processing Special Issue
IEEE/LEOS, Doug Hargis
445 Hoes Lane
Piscataway, NJ 08854 USA
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Announcing a Special Issue of
the IEEE/OSA Journal of Display Technology
for Transparent Electronics
Submission Deadline: 15 January 2009
The IEEE/OSA Journal of Display Technology (JDT) invites
manuscript submissions for a special issue covering the field of
Transparent Electronics. The purpose of this special issue is to
document the latest frontiers in fundamental research and technological development of transparent electronics. The scope of
this special issue covers but is not limited to: transparent (wide
bandgap) electronic materials (oxide, organic, GaN, other) including conductors and semiconductors, devices that utilize
such materials (transistors, LEDs, sensors, solar cells, other), and
device fabrication methods and applications enabled by these
materials. All submissions will be reviewed in accordance with
the normal procedures of the Journal.
The Primary Guest Editors for this issue are Dr. Sean Garner, Corning Incorporated, Professor Yongtaek Hong, Seoul
National University, Korea, Professor Xin Jiang, University
Siegen, Germany, Professor Arokia Nathan, University College London, UK, Professor Franky So, University of Florida,
and Professor Chung-Chih Wu, National Taiwan University,
Taiwan.
The deadline for submission of manuscripts is 15 January 2009,
and publication is tentatively scheduled for the June 2009 issue.
Manuscripts should conform to requirements for regular papers
(up to 8 double-column, single-spaced journal pages in length,
keywords, biographies, etc.). The IEEE Copyright Form should
be submitted after acceptance. The form will appear online in
the Author Center in Manuscript Central after an acceptance decision has been rendered.
For all papers published in JDT, there are voluntary page charges
of $110.00 per page for each page up to eight pages. Invited
papers can be twelve pages in length before overlength page
charges of $220.00 per page are levied. The length of each paper
is estimated when it is received. Authors of papers that appear
to be overlength are notified and given the option to shorten
the paper.

For all papers published in JLT, there are voluntary page charges
of $110.00 per page for each page up to eight pages. Invited
papers can be twelve pages in length before overlength page
charges of $220.00 per page are levied. The length of each paper
is estimated when it is received in the Editorial Office. Authors
of papers that appear to be overlength are notified and given the
option to shorten the paper; otherwise, mandatory overlength
charges will be assessed. Additional charges will apply if color
figures are required.

Authors may opt to have figures displayed in color on IEEE
Xplore at no extra cost, even if they are printed in black and
white in the hardcopy edition. Additional charges will apply if
figures appear in color in the hardcopy edition of the Journal.
Manuscripts should be submitted electronically through IEEE’s
Manuscript Central: http://mc.manuscriptcentral.com/leosieee. Be sure to select “Special Issue” as the Manuscript Type,
rather than “Original Paper.” This will ensure that your paper
is directed to the special issue editors. IEEE Tools for Authors
are available online at: http://www.ieee.org/organizations/pubs/
transactions/information.htm

The IEEE Copyright Form can be found online at:
http://www.ieee.org/about/documentation/copyright/
cfrmlink.htm

Inquiries can be directed to Lisa Jess, Publications Administrative Assistant, IEEE LEOS Editorial Office, l.jess@ieee.
org (phone +1-732-465-6617; fax +1 732 981 1138).
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Announcing an Issue of the IEEE Journal
of Selected Topics in Quantum Electronics
on Quantum Communications and
Information Science
Submission Deadline: February 5, 2009
IEEE Journal of Selected Topics in Quantum Electronics
invites manuscript submissions in the area of quantum communications and information science. The purpose of this issue
of JSTQE is to document recent advances in quantum information pertaining to photonic systems, in particular the theory,
experimental realization, and practical applications of quantum
communications and related technologies. Broad technical areas
include (but are not limited to):
• Fundamentals of quantum communications and quantum
information technologies in photonic systems
–– Fundamental theories of quantum communications channels
–– Novel protocols for quantum communications for applications in quantum cryptography, games/auctions,
database queries, etc.
–– Security analysis of quantum cryptography systems
–– Methods for long-distance quantum communications:
quantum memories and repeaters
–– Architectures of quantum communications networks
–– Methods of characterizing and visualizing quantum systems; new developments in quantum state and process
tomographies
–– Latest developments in linear and nonlinear optics based
approaches to quantum computation and information
processing
• Novel device concepts
–– Robust methods of entanglement generation and distribution in various portions of the optical spectrum
–– Novel device concepts for on-demand single-photon
generation and single-photon and photon-numberresolved detection
–– New approaches for high efficiency quantum logic using
optical technologies
–– Integrated and chipscale quantum sources and gates for
manipulating photonic qubits
–– Novel device concepts in quantum memories and their
experimental realization
–– On-demand transfer of quantum states between different device types and qubit modalities
• Applications of quantum communications and quantum
information technologies
–– Latest developments in quantum cryptography and related physics based techniques for secure communications
–– Quantum cryptography field trials in free-space links
and networked fiber systems; co-existence with classical
communications
–– Quantum metrology and its novel applications in quantum communications networks
–– Quantum imaging and sensing
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The Guest Editors for this issue are Prof. Prem Kumar, Northwestern University (Evanston, IL, USA); Prof. Paul G. Kwiat,
University of Illinois at Urbana-Champaign (Urbana, IL, USA);
Prof. Tim Ralph, The University of Queensland (Brisbane,
Australia); Dr. Masahide Sasaki, National Institute of Information and Communications Technology (Tokyo, Japan).
The deadline for submission of manuscripts is February 5, 2009;
publication is scheduled for November/December of 2009.
Online Submission is Mandatory at: http://mc. manuscriptcentral.com/leos-ieee. Please select the Journal of
Selected Topics in Quantum Electronics Journal from the
drop down menu. All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries please contact:
JSTQE Editorial Office - Chin Tan-yan
IEEE/LEOS, 445 Hoes Lane, Piscataway, NJ 08854 USA
Phone: 732-465-5813. Email: c.tan-yan@ieee.org
Contact c.tan-yan@ieee.org for any questions about this issue. For all papers published in JSTQE, there are voluntary
page charges of $110.00 per page for each page up to eight
pages. Invited papers can be twelve pages and Contributed
papers should be 8 pages in length before overlength page
charges of $220.00 per page are levied. The length of each
paper is estimated when it is received. Authors of papers that
appear to be overlength are notified and given the option
to shorten the paper. Additional charges will apply if color
figures are required.
The following supporting documents are required during
manuscript submission:
1)

2)
3)

4)

Manuscript should be submitted in MS-Word format
(.doc format) with double columned. The page limit
for Invited Paper is 12 pages, and the contributed paper
should be limited to 8 pages in length. The biographies
of ALL authors are mandatory, while the photographs
are optional. You may find the Tools for Authors link
useful: http://www.ieee.org/web/publications/authors/
transjnl/index.html
Completed the IEEE Copyright Form. Copy and paste
the link below: http://www.ieee.org/web/publications/
rights/copyrightmain.html
Completed Color Agreement/decline form.
If your paper is accepted, you may have it in color,
online in our IEEE Explore site for free. However, if you
wish for color in print, please check of the appropriate
Agree/decline box. (Please email c.tan-yan@ieee.org to
request for this form.)
The contact information for ALL authors should
also be included, with the following format: Full
name, including the salutation, Affiliation/Institution, Department, Mailing Address, Email address,
Telephone & Fax.
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LEOS Mission Statement
LEOS shall advance the interests of its members and the laser, optoelectronics, and photonics professional community by:
• providing opportunities for information
exchange, continuing education, and
professional growth;
• publishing journals, sponsoring conferences, and supporting local chapter and
student activities;
• formally recognizing the professional
contributions of members;
• representing the laser, optoelectronics,
and photonics community and serving as
its advocate within the IEEE, the broader
scientific and technical community, and
society at large.

LEOS Field of Interest
The Field of Interest of the Society shall be
lasers, optical devices, optical fibers, and associated lightwave technology and their applications in systems and subsystems in which
quantum electronic devices are key elements.
The Society is concerned with the research,
development, design, manufacture, and applications of materials, devices and systems,
and with the various scientific and technological activities which contribute to the useful
expansion of the field of quantum electronics
and applications.
The Society shall aid in promoting close
cooperation with other IEEE groups and
societies in the form of joint publications,
sponsorship of meetings, and other forms of
information exchange. Appropriate cooperative efforts will also be undertaken with nonIEEE societies.
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