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Editor’s
Column

IEEE Photonics Society

HON TSANG
The second quarter of the year has, in recent years, been
used for the launch of new consumer products by many
of the market leaders. Driven by the fierce competition
for gaining market share, the time interval between the
introduction of new mobile phones and tablet computers have been reduced to about a year or less. For example the first generation products from the current
market leaders of android phones and tablet computers, the Samsung Galaxy S and Apple IPAD, were both
launched in 2nd quarter of 2010, and now 4 years later
we should expect to see the 4th generation of such products to be launched). It has been rumored that 2013
may see the introduction of a new technology of flexible (bendable) organic displays in consumer products.
Whether 2013 will indeed see the mainstream manufacture of flexible OLED displays is still unconfirmed,
but in this month’s issue we publish a review on the basic technologies of active matrix organic light emitting
diodes (AMOLED), and the development of flexible organic displays in Korea, which has now become one of
the global leaders in the large volume manufacture of
AMOLED displays. Also in this month’s issue is a review of recent advances on laser cooling. In contrast to
the AMOLED display technologies, the ubiquitous laser refrigerator is still a long way from becoming a commercial reality. Laser cooling has nonetheless seen remarkable advances since the concept was first proposed
over 80 years ago. Laser cooling of solid state materials,
such as optical fibers and semiconductors, have already
been demonstrated to attain cryogenic temperatures,
and the state of the art of laser cooling is pushing to
lower temperatures as the technology matures Perhaps
one day we will see laser refrigerators as ubiquitous as
today’s microwave ovens.
In the conference section we have a preview of the
annual 2013 IEEE Optical Interconnects Conference,
which will be held again in New Mexico this year.
I also wish to highlight some interesting reports in
the membership section, particularly the introduction of
Lauren Mecum, who recently joined the IEEE Photonics Society staff as a membership development specialist.
Finally I would like to ask readers to contact any of the
editors if they have comments on articles in this issue or
have suggestions for future topics to be covered in the
research highlights section.
Hon Tsang
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President’s
Column
HIDEO KUWAHARA
After weakness in 2012, with several crises, the world economy appears to be improving in 2013 (at least as of mid-February, the time of this writing). Stock market valuations and
various economic indices appear to be rising, and there is even
a forecast of inflation discussed in Japan. I am not an economic expert, but clearly our contemporary lifestyles and overall
economic activity would not be possible without our current
information and communication infrastructure. We must not
forget that such services as our daily phone calls, smartphones
with new applications, and the recent trend in “cloud” and
“big data” services are all supported by photonics networks
comprised of such photonics technologies as lasers, fibers, and
photo-detectors, which are all part of the field of interest of
our IEEE Photonics Society (IPS).
There has also been progress in display technologies with
higher light emission efficiency. With image processing technology, technologies such as 4K television and 3D moving images are being commercialized. To accommodate those high capacity images, there has been explosive growth in the demand
for huge bandwidth, and the need for 400 Gb/s or 1Tb/s optical fiber transmission is stimulating the development of new
photonic devices and components. For these high capacity systems in the telecom and datacom fields, total energy consumption is becoming a pressing issue. Signal processing nowadays
is done almost entirely by electronics means, but I still expect
there will be a role in the future for sophisticated solutions using photonics technology with low power consumption. I hope
the ROADM is simply the first step.
In recent years, advancements in mining technology have
made it possible to extract shale gas, and it is regarded as a
positive factor for the economy. Shale gas is, however, also a
fossil fuel, and we must be careful about increasing our total fossil fuel consumption. We must be more serious in addressing the impact on global warming and the resulting violent weather phenomena we have recently been experiencing
worldwide. Photovoltaic energy is one source of renewable energy, directly converting energy from sunlight to electricity.
To improve the efficiency and bring down the cost of photovoltaic energy, much work is being done exploring new materials and structures.

IEEE and Photonics Society Activities
The IEEE has, as part of its organization, a TAB (Technical
Activities Board), which gathers together all the presidents
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of the Societies and Councils. The TAB meeting is usually
held three times a year: February, June and November. An
abbreviated TAB meeting in November 2012 was held by
teleconference due to Hurricane Sandy, and many discussion
and decision items were postponed to the February 2013
TAB meeting in Austin, Texas, which I attended. Peter
Staecker, 2013 President of the IEEE, summarized recent
trends and activities. Among them I want to point out two
especially important points. First, the IEEE has developed
and approved a plan to promote digital publishing and is at
the forefront of digital publishing technology. Our Photonics Society is promoting Photonics Journal, the first online
only, the first hybrid open access, and the first full open
access journal in the IEEE. Second, the IEEE started ICX
(IEEE Conference eXchange), a new conference management system that integrates various previous conference
procedures. The important issue with conferences is protecting conference quality. On the other hand, it was reported that there has been an increased in contracts requiring legal assistance.
Recently the IEEE has been planning to hold activities on
the theme of the new IoT (Internet of Things), and IPS was
invited to join these activities. After some internal discussions,
we decided to participate but not to take a leading role in these
activities because photonics technology is one of the enabling
technologies of the IoT.
The IPS has started a membership promotion initiative, and
has added a new staff member for this initiative. For example,
in this IPS Newsletter, we invite you to report about your
chapter activity or experience. In 2013, IPS will be utilizing
social media more than ever before.
Readers of this IPS Newsletter, our IPS members, are
photonics technology specialists in academia or industry.
I would like to ask you to engage in more “marketing efforts” for photonics technology so that the general public
or potential new members become more aware of the importance of photonics technology. And please think about
market-pull technology rather than research oriented
technology.
With warm wishes,
Hideo Kuwahara
Fellow
Fujitsu Laboratories Ltd.
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Research Highlights

A Review of Recent Advances in Backplanes and
Color Patterning Technologies for AMOLED Display
Hyun Jae Kim, School of Electrical and Electronic Engineering, Yonsei University,
50 Yonsei-ro, Seodaemun-gu, Seoul 120–749, Republic of Korea, E-mail: hjk3@yonsei.ac.kr
Byung Doo Chin, Department of Polymer Science and Engineering,
Dankook University, Jukjeon-ro, Suji-gu, Yongin, Gyeonggi 448-701,
Republic of Korea, E-mail: bdchin@dankook.ac.kr
Recent advances in backplanes and color patterning technologies have led to the rapid development of display applications,
such as active-matrix liquid-crystal displays (AMLCDs) and
active-matrix organic light-emitting diode (AMOLED) displays. Companies such as Samsung Display, LG Display, Japan Display, AU Optics, BOE Technology Group, and Chimei
Innolux are fiercely competing with each other to dominate
the market. Recently, Displaysearch reported that the OLED
market was worth more than $5 billion in 2012 and would
be worth more than $40 billion by 2019, as shown in Fig. 1.
In this paper, recent progress in backplane technologies for
OLED displays is reviewed with special emphasis on Si- and
oxide-based semiconductors. State-of-the-art OLED device
architectures and pixel patterning technologies for large-area
AMOLED displays are also evaluated.

I. Thin-Film Transistor Technologies
for AMOLED Displays
Active-matrix organic light-emitting diode (AMOLED) displays use a current-driving method, while active-matrix liquid-crystal displays (AMLCDs) use a voltage-driving method
[1,2]. AMOLED displays consist of a thin-film transistor (TFT)
backplane, organic light-emitting diodes (OLEDs), and an en-
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1.1. Si-based TFT Technologies
Amorphous Si (a-Si) TFTs are used for the backplanes of conventional AMLCDs. However, a-Si TFTs have limitations for
large high-resolution AMOLED displays due to their low
field-effect mobility (< 1.0 cm2/Vs) and poor reliability in bias
illumination stress (BIS) tests. Accordingly, polycrystalline Si
(poly-Si) TFTs, which have high mobility (~100 cm2/Vs) and
better reliability, are more suitable for AMOLED displays. Although diverse methods of producing low-temperature poly-Si
(LTPS) for AMOLED displays have been studied, several problems remain, such as the electrical non-uniformity originating
from the distribution of different grain sizes. This drawback
prevents poly-Si from producing uniform electroluminescence

2009

700

capsulating fixure. The pixel circuit, which is a major part of
the backplane, provides digital switching and a stable current
supply. The role of the OLEDs is light emission from current
flowing from the pixel circuit. Typically, the characteristics of
OLEDs strongly depend on the current density through the
driving TFT. Accordingly, the electrical performance and uniformity of the transistor circuits is important for AMOLED
displays. In this section of the report, recent progress on various TFT technologies for large-area AMOLEDs is described.

(b)

Figure 1. OLED Market growth forecast for the 10-year period (a) Shipments and (b) sales (Source: Displaysearch).
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Figure 2. (a) The simple pixel structure for AMOLED displays,
(b) the typical compensation circuit.

(EL) and causes non-uniform brightness within the panel. To
overcome this problem, a pixel compensation circuit is essential for AMOLED backplanes [3,4].
Figure 2(a) shows the simple pixel structure for AMOLED
displays. This consists of a switching transistor (T1) delivering
data to a pixel and a driving transistor (T2) to drive the current
for the OLED. A typical compensation circuit for eliminating
the non-uniformity of the driving transistor threshold voltage
is shown in Fig. 2(b). It requires two additional transistors (T3,
T4) to store the threshold voltage of the driving transistor using
the method of diode connection and one capacitor (C2) to deliver
the data to the pixel using the method of capacitive coupling to
preserve the stored threshold voltage. Figure 3 shows the timing
diagram for Fig. 2(b), which consists of a reset, compensation
of the threshold voltage, the input data, and the light emission.
Several LTPS technologies have been developed, including
excimer laser annealing (ELA), sequential lateral solidification
(SLS), super grain silicon (SGS), metal-induced lateral crystallization (MILC), and green laser annealing (GLA) [5–10]. ELA is
the main technology used in LTPS liquid-crystal display (LCD)
manufacturing, although Samsung Display uses SLS. Figure 4
shows the LTPS films formed by the ELA and SLS processes.
ELA has been commercially used for mass-produced small
AMOLED backplanes with the Gen 4 (730 mm × 920 mm)
and Gen 5.5 (1300 mm × 1500 mm) substrates. For large-sized
television (TV) applications, it is inevitable that manufacturers
will use substrates larger than Gen 8 (2200 mm × 2500 mm)
to achieve high throughput and low manufacturing costs. However, it is difficult to make LTPS for large substrates using a
high-throughput process. Conventional ELA technology is limited for large-scale crystallization because it requires dual scanning, as shown in Fig. 5. Conventional ELA uses a maximum
beam length of 460 mm from a low-power laser source [11]. To
overcome this issue, high-power ELA technology has recently been developed. This technology can be used for a 55-inch
AMOLED TV with the Gen 8 substrate. For example, VYPER
Technology by Coherent Inc. uses two high-power laser oscillators to generate a 1.2-kW output, which makes it possible to
maintain a 750 mm × 0.4 mm homogeneous laser beam [12].
1.2. Oxide-based TFT Technologies
Recently, amorphous oxide semiconductors have been attracting attention as a key material for AMOLED backplanes
April 2013

(c)

(d)

Figure 3. The timing diagram for the compensation circuit; (a)
reset, (b) compensation of the threshold voltage, (c) input data,
(d) emission.

because of their high transparency, high mobility, excellent
uniformity, and high reliability, as shown in Table 1 [13–
18]. Many researchers have reported multi-component-based
oxide semiconductor materials with heavy metal cations,
such as Zn, Sn, and In ((n–1)d10ns0 (n ≥ 4)). Core materials
based on ZnSnO (ZTO), InSnO (ITO), InZnO (IZO), InZnSnO (IZTO), InGaO (IGO), ZrInZnO (ZIZO), and HfInZnO (HIZO) TFTs with high mobility and reliability have
been fabricated [19–31]. In particular, the high field-effect

(a)
1 µm

3.1 µ

m

(b)

Figure 4. The surface morphology of crystallized poly-Si films
fabricated by (a) ELA and (b) SLS.
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Figure 5. Schematic view of two step ELA crystallization.

mobility of a-IGZO, a-ITZO, and poly-IGO is 24.2 cm2/Vs,
30.9 cm2/Vs, and 23.8 cm2/Vs, respectively [32]. Unlike
LTPS, which has many grain boundaries, oxide semiconductors are relatively uniform due to the amorphous phase. A
crystalline structure-based oxide semiconductor has also been
reported recently [33]. The c-axis aligned-crystal (CAAC)
IGZO film has a single-crystal structure in the direction of
the c-axis and hexagonal-based unclear grain boundary structures (mosaic patterns) in the direction of the a–b side. This
CAAC IGZO-based TFT has a very low off-current and high
reliability. Based on CAAC IGZO TFTs, Sharp has demonstrated a 13.5-inch quad full high definition (QFHD) AMOLED, as shown in Fig 6(a). Also, LG Display has announced
a 55-inch AMOLED TV using mass-produced oxide TFTs,
as shown in Fig. 6(b). The fierce competition between oxide
TFTs and LTPS has been attracting attention. The use of an
oxide semiconductor for mobile LCD manufacturing has been
confirmed, and Sharp has been manufacturing mobile LCDs
for Apple using amorphous oxide TFTs.
In terms of mass production of AMOLED backplanes, oxide
TFTs have large advantages, including low facility investment
and process simplicity compared to the LTPS process through
the utilization of existing LCD infrastructure and higher fieldeffect mobility compared to a-Si TFTs. However, several issues
have not been fully resolved for mass production. These include
both the illumination reliability and the structural optimiza-

(b)

Figure 6. (a) 13.5-inch QFHD AMOLED panel with CAACIGZO TFTs and (b) 55-inch FHD AMOLED TV with
a-IGZO TFTs.

tion of the oxide TFTs. Changes to the material compositions
and the dual-layer structure have been proposed to improve the
illumination reliability. From a manufacturing structure point
of view, the selection of a suitable device structure has been
attracting much attention. Unlike commercial manufacturing
of a-Si TFTs with a back-etch structure, the back channel surface of oxide semiconductors is very sensitive to the back etch
process of metal electrodes, and their electrical properties can
be easily changed by any defect formations. Accordingly, it is
inevitable that additional pattern masks are required to form
the etch stop layer (ESL).

1.3. AMOLED Display Products
AMOLED displays provide an optimized realization of video
due to their vivid color, high contrast, wide-view angle, and
fast motion-picture response time. They have superior portability and ultra-thin form factors due to the external elimination of the backlight unit (BLU). AMOLED displays for mobile phones have been developed with the current trend for
high resolution and large displays
due to the popularization of smart
Properties
a-Si
LTPS
Oxide
phones such as the “seeing cell
50 to 100
Field-effect mobility (cm2/Vs)
a1
a100
phone”, which include multimedia
Sub-threshold voltage swing (V/decade)
0.2a0.3
0.1a0.6
0.4a0.5
content such as the Internet and
–12
–12
–14
video (Table 2). PenTile technology
Leakage current (A)
a10
a10
a10
is being applied to mobile phone
TFT reliability
Low
High
High
AMOLED panels to provide better
RT to 350
Process temperature (°C)
a300
a500
moving pictures at limited pixel
resolutions. Due to the limitations
Table 1. Comparision between a-Si, LTPS, and oxide semiconductor based TFTs [13–18].
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of the fine metal mask (FMM), discussed in section 2.3.1, a method to
decrease the sub-pixel size and integrate only two sub-pixels (red and
green/blue and green, compared
to three sub-pixels of the “RGBstripe”) has been applied (Fig. 7).
Since the human eye is most sensiModel
Galaxy S
Galaxy S2
Galaxy S3
Galaxy Note2
tive to green, mapping the green on
Display
size
(inch)
4.0
4.3
4.8
5.5
a one-to-one basis and forming onethird fewer red/blue sub-pixels than
Resolution
480×800
480×800
720×1280
720×1280
conventional RGB shows similar or
Pixel structure
Pentile
RGB-stripe
Pentile
RGB-stripe
better apparent resolution.
PPI(the conversion
155(233)
217
204(306)
267
Flexible OLEDs with enhanced
of RGB)
portability have also been developed. These include displays that Table 2. The OLED smart phone made-in Samsung.
are bendable, lightweight, and unbreakable. In the 2013 Consumer
Electronics Show (CES), Samsung demonstrated a flexible
II. Device Architecture and Pixel Patterning
OLED known as “YOUM” (Fig. 8).
Processes for Large-area AMOLEDs
AMOLEDs for TVs are being developed with the current
As the light-emitting efficiency and integrity of OLEDs imtrend to improve the appearance and three-dimensionality of
proves [34–36], the use of a top-emitting OLED configuration
displays. AMOLEDs are being used because they are thin and
is one approach to maximize the aperture ratio, which reduces
have fast motion-picture response times compared to LCDs.
the required luminance level and provides improved external
Figure 9 shows a paper-slim OLED TV and a curved OLED
emission efficiency and color purity by micro-cavity effects
TV (released at the 2013 CES). The curved OLED TV has an
[37–39]. Recent exhibitions of commercial AMOLED TV
optimized picture quality and delivers a comfortable viewing
products suggest that the era of using AMOLEDs in ultimate
experience because the distance between the user and the TV
large-size displays is near. However, a number of technical
screen is the same from almost any angle.
hurdles must still be overcome to achieve low-cost production

(a)

Figure 8. The flexible OLED phone ‘YOUM’.

(b)

Figure 7. (a) RGB-stripe pixel (b) pentile pixel.
April 2013

(a)

(b)

Figure 9. (a) The paper slim OLED TV, (b) the curved OLED TV.
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successfully used as electron-injecting material for fabricating
high-efficiency low-voltage inverted OLEDs [41]. Cesium hydroxide (CsOH)-doped tris-(8-hydroxyquinoline) aluminum
(Alq3) on ITO also significantly enhances the electron injection, yielding improvement in the luminance and efficiency
of inverted bottom OLEDs [42]. Lithium fluorie or lithium
quinolate with an underlying aluminum surface is believed
to cause a shift of the molecular orbital of adjacent Alq3 and
thereby obtain a lower electron injection barrier [43]. The injection behavor and device performance strongly depend on
the interaction between the organic material and alkali metal
(or its carbonate) dopants. With higher powerefficiency and
lower driving voltage, a p-i-n doped injection layer provides
efficient charge carrier injection and Ohmic transport characteristics [34, 44, 45]. However, recent experimental and theoretical reports have showed that the work function of a specific
electrode is still important even when p-i-n doped injection
layers are employed [46, 47]. Therefore, careful selection and
design of transparent electrodes (bottom inverted) or reflective electrodes (top inverted) with a matching n-doped buffer/
organic electron transport layer structure is crucial. An external quantum efficiency (EQE) of 19.8% has been obtained for
an inverted bottom-emitting OLED with a doped B3PYMPM
(bis-4,6-(3,5-di-3-pyridylphenyl)-2-methylpyrimidine) electron transport layer [48]. For AMOLEDs with IGZO TFTs,
inverted OLEDs have practical advantages due to their suitable driving schemes [49].

C/F
Thin Passivation
Electrode
White OLED
Electrode
Substrate

Figure 10. Cross-section of white OLED/COEL structure.

with high yield and superior performance and resolution (e.g.,
more than 4K × 2K or 3840 × 2160 pixel resolution for TV).
Therefore, more efficient OLED material/device structures as
well as optimum color patterning technologies will play an
important role. In this part of the report, recent progress on
modern OLED device architectures and patterning processes
for large-area AMOLEDs is discussed.
2.1. Inverted OLED Devices
The distinct characteristics of inverted OLEDs compared with
conventional OLEDs result from direct electron injection
from the bottom n-type electrode, especially when it is integrated with an oxide transistor-based active-matrix display.
This provides better pixel geometry for overall integration
for AMOLEDs. However, making an inverted OLED is not
a trivial upside-down task because it is not straightforward
to obtain a good electron-injecting electrode in an inverted
geometry. Common electrodes at the TFT contact for inverted OLEDs are ITO or IZO for inverted bottom emission,
while Al or Ag alloys can be used for inverted top-emission
architectures. According to the range of the lowest unoccupied molecular orbital (LUMO) level of most organic materials normally used as electron transport layers (2.8–3.3 eV)
[40], there exists a large energy level offset between the organic layer and the pixel electrodes. N-type organic material
(e.g., Bphen; 4,7-diphenyl-1,10-phenanthroline) doped with
alkaline metal (e.g., Li or cesium carbonate (Cs2CO3)) has been
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ETL/EIL
FI. Blue
HTL
Intermediate
Intermediate
ETL
HBL
Ph. G/R
HTL
HIL
ITO
Glass

2.2. High-performance White OLEDs
The use of a white OLED with a color filter is advantageous
for large substrate processing and provides superior productivity due to the nature of patternless organic layer deposition.
However, cost issues and restricted color ranges compared with
RGB OLEDs are major disadvantages of using color filters.
The color saturation problem of a white/color filter AMOLED
can be improved by use of thicker color filters, but the brightness of the white OLEDs must be increased correspondingly.
Figure 10 shows a cross-sectional view of a top-emission white

0.8

Red CF
Green CF
Blue CF
White EL

0.6
0.4
0.2
0
380

430

480

530 580 630
Wavelength (nm)

680

730

780

(b)

Figure 11. Example of the hybrid tandem white OLED structures (phosphorescent and fluorescent emitters) and white spectrum
with color filter [55, 56].
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OLED with a color filter on an EL (COEL) structure, which
will possibly provide higher resolution, a better aperture ratio
(higher luminance at the same driving condition), and a thin
form factor compared with a color filter on an array (COA)
with bottom-emission white AMOLEDs.
There are many types of device architectures for white emission, including a single emissive layer (EML) doped with several
phosphors [50], several stacked OLEDs [51], a combination of
a blue-emitting OLED and a down-conversion layer [52], and
multi-EML with several stacked layers, each providing a different light color [53]. Although high-efficiency performance
has been reported for an optimum phosphorescent-fluorescent
hybrid emitter [54], multi-EML white OLEDs can suffer from
poor color stability during voltage variations due to the different exciton energies and recombination zones for each emitter. A
white OLED with a tandem structure (multiple emitting units
in series, stacked) can provide more stable tuning of the emission spectra. The most important challenge in a tandem OLED
is the design of an intermediate for each vertically stacked
light-emitting unit (charge-generation layer; CGL). Figure 11
shows a typical hybrid tandem structure. Many CGL combinations have been proposed, such as p-type/n-type semiconductor junctions [ITO, tungsten oxide (WO3), or vanadium oxide
(V2O5) as p-type layers; and 2,9-dimethyl-4,7-diphenyl-1,10phenanthroline (BCP):Li or BCP:Cs as n-type layers] or an electron injecting unit [e.g., Cs2CO3-doped organic material/thin
metal (e.g., 1-nm Al)/hole injection layer (e.g., doped MoO3)],
which is one of the better candidates. Tandem white OLEDs
yield high brightness (>10,000 nits) and have long lifetimes
(L70 > 50,000 hrs at 1000 nits), with a suitable selection of red/
green and blue-emitting units. An EQE of 28.8% (56.5 cd/A
luminous efficiency) for tandem white OLEDs as an AMOLED
backlight has been reported by LG Display. RGB CIE1931
color coordinates of (0.675, 0.323), (0.228, 0.689), and (0.131,
0.076) have been obtained using a color filter [55].
Further improvements to the color range of white OLED/
color filter systems could be accomplished with a micro-cavity

B

G

structure between a highly reflective back mirror electrode and
a semi-transparent output mirror electrode. Such a pixilated
micro-cavity structure combined with the optimal thickness
of a color filter could achieve higher brightness and good color saturation in a full-color AMOLED, as shown in Fig. 12
[57,58]. Each sub-pixel may have a dielectric Brag mirror
(DBR) composed of ITO/IZO and SiNx. By using an unfiltered white subpixel (RGBW technique), higher efficiency and
stable white emission can be achieved because most images do
not require completely saturated color.
2.3. RGB Pixel Patterning
Processes for Large OLEDs
Compared with a white/color filter OLED, RGB individual
patterning is advantageous in terms of the intrinsically superior color range and highly efficient behavior. Several RGB
patterning methods and issues for commercial production are
discussed in the following section.
2.3.1. Fine Metal Mask Process
Currently, the pixel patterning for full-color AMOLEDs is
obtained by using the fine metal mask (FMM) method with a
point source; this is part of the mainstream for mass-production
of commercial devices. Small molecular materials are thermally
deposited under a vacuum of 7–10 torr. However, this process
suffers from a lot of material waste. Additionally, distortion and
bending of the FMM for large panels creates a shadow effect,
causing a dead space that results in limited aperture ratios for
the pixel design. To date, 460 × 730 mm or larger glass panels
can be used for FMM color patterning. The limiting factors of
the panel size are the weight of the mask frame, bending and
stretching, and thermal expansion. Vertical deposition with an
FMM, small mask scanning (SMS), and hybrid deposition with
laser-induced thermal imaging (LITI) are major candidates for
a suitable process for larger glass substrates or higher resolution
pixel patterning with masks. Figure 13 illustrates an FMM process with horizontal/vertical deposition.

R
Color Filter
Semi-transparent
Cathode
Organic Layers
ITO Layer
Reflective Anode

TFT Substrate
(a)

Cathode
Organic Layer
ITO
Glass
Buffer Layer
B CF
G CF
Ag

R CF
R

G
(b)

B
(c)

Figure 12. (a) The schematic diagram of white OLED/color filter display with pixilated (developed by Sony), (b) The schematic diagram
of the white OLED/color filter display by using microcavity green pixel [57]. The buffer layer could be index-matching adhesive. (c)
Commercialized 55-inch AMOLED TV produced by LG display.
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to defect limits or a non-contact area on the transferred layer.
Although LITI costs more and requires more precise process
control, the OLED performance and stability is significantly
improved so that the LITI technique is a good alternative for
fabricating high-resolution devices or hybrid patterning (in
which some of the organic/emission layers are fabricated without a mask and the remaining layers are patterned by LITI).

(a)

(b)

Figure 13. Schematic diagram of FMM processes for (a) point
source with horizontal deposition (b) vertical deposition with
linear source.

2.2.2. Laser-induced Patterning
One of the major approaches for pixel patterning without an
FMM is LITI, which was initially developed by 3M and Samsung SDI [59–61] and adopted for high-resolution AMOLED
development by Samsung Display. The material deposited on
the donor film is conveyed to a receptor surface, where the pattern resolution can be precisely controlled by a laser. Unlike
other laser-assisted patterning [62,63], the integrity of the
transferred layer (on the donor film) with the receptor substrate is maintained during the entire patterning process; the
donor and receptor are held in intimate contact by a vacuum.
The transfer process for LITI is ultra-fast; the estimated heating rate by the laser is 7 × 107 °C/s, and the approximate temperature on the organic layer is around 135°C. The donor film
is composed of a base film, a laser-to-heat conversion (LTHC)
layer, an interlayer, and an OLED color transfer layer (RGB,
which can be deposited either by thermal evaporation or solution coating). The RGB color transfer layer fabricated on top
of the donor sheets for laser transfer should be a moderate molecular weight material, because the transferred layer will not
have clear patterns when the cohesive force of the film is too
strong, which is typically the case for purely polymeric materials. Figure 14 shows a schematic diagram of the LITI process and a generated stripe pattern with edge roughness due

2.3.3. Solution Printing Process
For the fabrication of large OLED panels, solution-processed
printing gives high yields with low cycle times for evaporation or transfer processes. Inkjet printing is an attractive deposition technique for organic semiconductors [64] and provides non-contact, mask-less, and drop-on-demand printing
with lower consumption of materials (See Fig. 15(a) for the
basic scheme). Although there have been many reports about
polymeric OLEDs obtained through inkjet printing, technical
limitations, such as film/stripe instability, sensitivity to surface energy conditions, and the intrinsic low performance of
soluble OLED material still exist. Optimized ink formulation
and development of high-performance OLED ink materials are
important issues. Recently, a 4K OLED 56-inch panel produced through an inkjet printing process was demonstrated by
Panasonic (Fig. 15(b)), suggesting the cost-competitiveness of
OLEDs over LCDs. Continuous nozzle printing developed by
Du Pont is another candidate for high-speed RGB color patterning processes [65]. In nozzle printing, solutions of RGB
materials are continuously jetted through an array of nozzles
moving at high speed, providing a process that is less sensitive
to the surface energy of the solution and substrate layer.

Conclusions
Recent progress in backplanes and color patterning technologies for OLED displays has been reviewed. Because the market
for OLED displays is fast growing and the major industrial
players, such as Samsung Display, LG Display, Japan Display,
AU Optics, BOE Technology Group, Panasonic, and Chimei
Innolux, have already demonstrated AMOLED panels, the
competition between each technology used for the backplanes
and color patterning is of increasing importance today.

Laser Beam

Donor Film
Patterned Layer
Substrate
(a)

(b)

(c)

(d)

(e)

Figure 14. Schematic diagram of the LITI process (a) and micrographs indicating that the line patterns quality obtained. Polymeric
emitter (Mw > 105)/polystyrene (Mw = 2500) ratio for the fabrication of soluble green OLED transfer layer on donor film (b) of 1:1
(wt/wt) [edge roughness; ~ 13 um], (c) of 1:1.5 (wt/wt) [edge roughness; ~ 7 um], and (d) 1:2 (wt/wt) [edge roughness; ~ 3 um], (c) of
1:1.5 (wt/wt) [edge roughness; ~ 13 um] [59] (e) 40-inch prototype AMOLED by LITI.
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PEDOT/
PPS
Green Light

Polymer Barrier

Blue Polymer

Red Polymer

ITO
TFT

SiO2
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Red Light

(b)
Coating Head
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Figure 15. (a) Schematic picture of RGB multicolor polymeric
OLED by inkjet [64]. (b) 4K OLED, 56 inch panel presented by
Panasonic at CES 2013. (c) Schematic diagram of nozzle printing
for high-speed OLED production [65].
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How Cool is Laser Refrigeration?
Raman Kashyap1,2, Galina Nemova1,
Elton Soares de Lima Filho1 and Sebastien Loranger1
The Fabulas Laboratory1,2 & PolyGrames2, Department of Engineering Physics1,
Department of Electrical Engineering2, Polytechnique of Montreal,
Montreal H3C 3A7, CANADA, Email: raman.kashyap@polymtl.ca
Abstract—Microwave ovens have been ubiquitous for many
years. They are a common and useful appliance in many homes.
Microwave energy is absorbed at a wavelength in the wings of
absorption spectra of water in the food, which it heats. The
reverse process, cooling, is far more difficult to achieve; however, in recent years, lasers are beginning to making an impact.
The ubiquitous laser refrigerator, unfortunately still remains
a dream.

Introduction
Traditionally, refrigeration has remained the domain of mechanical engines, in which fluids are made to expand suddenly after compression, cooling in the process. These are
bulky and require large amounts of energy. To reduce temperature further, techniques such as removing the mechanical energy of atoms with laser induced recoil and Doppler
cooling have to be utilised. The Peltier effect, the reverse of a
thermocouple, which produces a voltage difference between
dissimilar metals in the presence of a temperature gradient,
allows macroscopic objects to be cooled to a limiting temperature of a170 K, with the supply of electrical power.
However, the thought of simply pointing a laser at an object to cool
it, is tantalising!
Laser induced cooling was first proposed by Peter Pringsheim in 1929 [1]. He surmised that if thermal energy of phonons is added to the energy of an absorbed photon and emitted
as an anti-Stokes photon (of higher energy), it would lead to
cooling of the material. This cooling process can be realised
in rare-earth (RE) doped glasses and crystals as well as direct
bandgap semiconductors. Laser cooling with RE-doped host
is shown schematically in Figure 1. In a two-level system, an
electron is excited from the top of the valence band to the bottom of the conduction band. Phonon energy from the host material is taken up by the electron and excited further into the
conduction band, from where it decays radiatively, removing
energy in a photon of higher energy.
There are many processes that can interfere with this
simple model. The smaller the band-gap, the easier it is to
bridge by the action of a few phonons. Defects in the material can act as traps, countering the radiative emission process. Auger recombination is also detrimental. In a two-level
system, the absorption and emission bands often overlap significantly. The difference in the energy of the emitted and
the absorbed photons—the quantum defect—determines
April 2013

the cooling rate, i.e. the rate at which energy is removed
from the system.
Thus, there are several demanding properties needed for
cooling: the band gap needs to be energetically large compared
to the phonon energy for the probability for a phonon-assisted
non-radiative transition to be low enough to not be a significant problem (typically Eg 2 8Ephonon). Also, the wavelength
of the emitted photon must be below the mean fluorescence
wavelength for cooling to occur. Efficient cooling requires the
difference between the absorbed and emitted photon to be as
large as possible. The material must not trap radiating energy
as it will lead to heating. Thus, it poses challenges in materials such as semiconductors, which have an inherently high
refractive index.
If laser induced cooling were easily possible, it would
have many advantages: it would be non-mechanical, with
no electrical power delivery to the cooler, no recirculating
fluids or gases; only radiation will need to be piped away
from cooler, which may be conveniently done in transparent media.
In this article, we present recent advances in laser assisted
cooling of the condensed state, and focus our own activities
over the past years to see how this technology may be improved to allow it to become a successful technology. We will
also see how we can overcome some of the material issues by
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Figure 1. Two level system showing how anti-Stokes emission
removes energy.
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Can I Use Any Material for Laser Cooling?
Yes, only if it has the appropriate properties! However, attention has naturally focused on lasing materials, particularly
hosts doped with two-level rare-earths. Low phonon energy
glasses such as ZBLAN and crystals like YLF, have been investigated extensively to host rare-earth ions such as of ytterbium,
erbium and others. Figure 2 shows a typical absorption and
emission spectra of Yb:ZBLAN.
The ytterbium ion is an interesting one, since it has manifolds in only two levels 2F7/2 and 2F5/2, and therefore there
are no complications of energy transfer through excited state
absorption or other cross-transfer processes, and therefore remains a favourite for researchers. For cooling to occur, the AS
photon must be emitted with energy at or above the mean
fluorescence energy.
Since the phonon energy is a fraction of the bandgap, the
energy difference between the emitted and absorbed photons
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an engineering approach, showing that not only is it possible
theoretically to enhance the quantum efficiency of cooling by
at least an order of magnitude from current techniques, but
also how we can fool nature to allow pumping above the bandgap, as one does in lasers!
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Figure 3. Minimum temperature in a sample of Yb:YLF
as a function of the pump wavelength. Adapted from
Ref. [4].
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Figure 2. Absorption and emission spectra of Yb:ZBLAN.
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where mfl is the mean fluorescence wavelength and mp is the
pump wavelength. One can immediately conclude that cooling is a slow process and will have a low efficiency, since the
energy difference is usually quite small. Wx is the radiative
(x = rad) and non-radiative (x = nr) emission rate, respectively. ar is the resonant absorption and aback is the background
absorption. hext is the product of the first two terms on the
RHS of Eq. (2), and hesc is the radiation escape efficiency.
Eq. (2) shows how sensitive the cooling efficiency is to the
background absorption and the nonradiative emission rate.
Assuming that the ratio of the pump wavelength to emitted
wavelength is 1.03, the product hexthabs must remain 20.97
for net cooling, a difficult feat to achieve!
It is therefore advantageous to pump in the long wavelength edge of the absorption spectra, requiring the removal
of more than one phonon per pump photon. As we move away
from the peak absorption to longer wavelengths, the absorption cross-section decreases dramatically (Fig. 2), although the
beneficial energy difference between the emitted and absorbed
photon increases [(Eq. (1)]. Thus, these two requirements work
against each other, and there is an optimum pump wavelength
for each material used for cooling. This is a very simple picture.
There are several relaxation rates which become apparent when
a more representative, four-level model is used (to include the
phonon bands at the ground and excited levels), however, the
physics remains unchanged. We will see later how the QE for
cooling may be improved by an engineering approach.
It took until 1995 to demonstrate laser cooling, when Epstein et al. [2] achieved a temperature drop of only 0.3 K from
ambient in a sample of ZBLANP:Yb3+, proving once and for
all that laser cooling of the condensed state is possible. However, laser induced cooling has been fraught with difficulty;
acquiring materials with the correct properties, of low phonon-energy hosts and ultra-high purity, much higher than that
required for laser materials. The tremendous improvements
in our understanding of materials, their purification and the
development of lasers have made a huge impact on technology.
Hence, recently, the absolute temperature of 155±1 K accompanied by 90 mW of heat lift has been achieved by Seletskiy
et al. [3, 4] with a single-stage refrigerator in a high-purity 5%
ytterbium-doped YLF crystal showing that cryogenic temperatures can be reached. Figure 3 shows the minimum achievable
temperature in that system as a function of the pump wavelength.
Cooling efficiency may be enhanced by placing the cooler
in a resonator [3].
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Laser Cooling at Polytechnique of Montreal:
Measurement of the relative temperature drop has to be done
carefully, since it is important to distinguish temperature drop
of the sample from a temperature increase of the sensor.
We first developed a technique to measure the temperature
of a sample presenting a minimum increase in the heat-load
with a sensor resistant to direct heating from the AS emission. Figure 4 shows the drop in temperature in a 10 mm long,
1mm cross-section sample of Yb:YAG as a function of time
with increasing single-pass, pump power. These measurements
were made with a optical fiber Bragg grating (FBG) in contact
with the cooled sample, since it is transparent to the AS radiation [11]. Having considered the progress in the field of laser
cooling, it was apparent to us that unless the highly restrictive
materials limitations can be lifted, laser cooling may remain
the realms of specialist applications with very narrow market
potential. We therefore concentrated in trying to find solutions to laser cooling that would break these barriers and allow
a faster recycling of electrons. As this is limited in rare-earth
doped glasses and crystals by the long upper-state lifetime and
a very short non-radiative decay time, the cooling process is
log-jammed. Semiconductors have the advantage of very fast
upper-state lifetimes, allowing a fast recycling of electrons to
improve cooling efficiency. However, non-radiative decay and
Auger recombination are also fast and the removal of defects,
which act as recombination centres, is a serious problem.
Early on we recognised how radiation may be transported
away from a laser cooler by the use of waveguides and fibers,
and, we have proposed several engineering schemes to modify
the properties of materials to counter the negative effects of
non-radiative decay. By considering how one can shorten the
upper-state lifetime in comparison with the non-radiative lifetime, the probability of cooling can be increased [see Eq. (2)],
allowing poorer quality, higher phonon energy materials to be
April 2013
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Bowman [5] demonstrated self-cooled lasers, in which the
pump wavelength and the lasing emission are carefully chosen
to emit radiation at the mean fluorescence wavelength, leading
to no net heat generation in the laser due to the quantum defect, a cause of deterioration of the beam quality and ultimately
damage to the lasing medium, limiting high power operation.
Many other schemes have been proposed to varying degrees of
success, reviewed in recent articles [6–7].
However, while it is possible to tune lasers over large bandwidths, and fabricate them to operate at many wavelengths
at high power, the problem remains that there are still many
holes in the spectrum not covered by lasers. Materials for laser cooling require lasers with a specific wavelength which
cannot be altered. Techniques, such as harmonic generation
and other nonlinear processes have to be used to reach these
specific wavelengths.
An alternative approach is to use semiconductors as a cooling medium. Until recently, no cooling had been demonstrated
in these materials, as material purity and other requirements
are painfully challenging to achieve. However, despite this, laser induced cooling to 40 K below ambient was demonstrated
in a CdS nano ribbon [8] and technology is advancing rapidly
to improve this further using II–V semiconductors [9].

600 800 1,000 1,200
Time (s)

Figure 4. Cooling in Yb:YAG [10] .

used as hosts, increasing the pool of materials for cooling. In
addition, tuning the absorption and emission spectra of materials is essential as it provides another handle to match the
material to the laser, rather than the reverse. Thus, if one can
reduce the upper state lifetime relative to the non-radiative
decay rate, increase the absorption and emission cross-sections,
tune the absorption and emission wavelengths, one would pave
the way to greatly improved efficiencies and the use of a larger
base of materials for cooling. These are by no means easy characteristics to engineer.

Engineering Coolers with Quantum Dots
Quantum dots are engineered “artificial atoms”, since their
properties can be altered easily. Basically, a cluster of semiconductor atoms can be formed, in which the number of atoms
can be altered. When the diameter of the cluster approaches
the Bohr radius, the existing states become further quantised,
and the band gap can be tuned. Thus, in principle by changing
the size, it is possible to match the absorption to an available
laser wavelength. Figure 5 shows a schematic of the QD. According to the following Eq (3), this leads to a strong tuning
of the band-gap,
2 2
E g (R) = E g + 2' r2 ,
m eh D QD

PbSe

(3)

Pb68Se68
Quantum
dot
DQD ~1.8 nm

Bulk
Semiconductor
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Figure 5. PbSe QD showing the splitting in the band [12].
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where Eg is the band gap of the QD and DQD is the diameter,
and meh is the effective mass of the e-h pair. It is therefore possible to tune the energy gap significantly by altering the diameter of the QD.
This engineering approach has several advantages. For example, the extensively studied QD: PbSe, has an extremely
large Bohr radius, a very large permittivity in the host glass,
and a very low effective mass of the electron/hole. Lead salts
have very strong quantum confinement. The large Bohr radius
(46 nm), high dielectric constant (23), small effective mass of
the electron/hole (0.1 m), short radiative lifetime (10000×
less than rare-earth doped glasses) and large absorption crosssection are the principal properties of merit in PbSe. The faster
radiative re-cycling of electrons to the ground state, means that
competition due to non-radiative decay become insignificant,
and higher phonon-energy glass hosts may be used for cooling,
or significantly higher background losses may be tolerable.
Figure 6 shows the minimum required external QE for cooling
to occur, as a function of pump wavelength, computed from
PbSe QDs spectra we have measured in our laboratory [13] in
SNAB glass. The reduction in the QE to a0.93 is apparent
for the optimum pump wavelength of around 1510 nm for a
typical background loss of 10–4 cm–1.

Minimum ηext Required

1
0.98

With No Background Absorption
With Background Absorption:
αbkg = 10–4 cm–1

0.96
0.94
0.92
0.9

Mean
Fluorescence
Wavelength

0.88
1350 1400 1450 1500 1550 1600
Wavelength (nm)

Figure 6. Computed external QE required for net cooling with
PbSe QD, with and without background loss[13].
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Enhancing Cooling Efficiency
Limitations in the cooling efficiency due to the purity of a
sample leaves little space for manoeuvre. The red curve in
Fig. 6 show takes into account the typical loss expected of
well purified samples, and thus limits the QE to a few %. In
order to improve on this, a non-traditional approach must
be used. To achieve the purity in semiconductors necessary
for laser cooling is difficult. Extraction of AS radiation in
semiconductors is also a problem due to the high refractive
index, and trapped radiation slows down the cooling process. A new method to increase cooling efficiency is to use
RE doped semiconductors, in which a cluster of Yb ions is
embedded in a semiconductor such as InP. This material has
attracted attention for high efficiency LEDs. Here, the normal anti-Stokes energy level of Yb is a100 meV below an
acceptor like electron trap associated with InP. This level
is a30 meV below the conduction band of InP. The anti-Stokes mean fluorescence photon excited in the Yb ion
by a Stokes pump photon, is back-transferred to the conduction band of InP, as this is energetically more favourable than the relaxation to the groundstate from the upper
state of the Yb ion. The electron then decays radiatively to
the ground state of InP, removing ~180 meV of heat energy
per absorbed photon, a3–4x the normal AS cooling cycle.
Of course, absorption saturation remains an issue, however,
in the low power pumping regime, the external QE can be
shown to increase to a15% [14]! Unfortunately, there are
several challenges in the growth of this material, requiring
MBE facilities, restricting applications for the present, to
thin films, if high dopant concentration can be can be fabricated. Additionally, because of its high refractive index,
encapsulation techniques may have to be used to increase the
efficiency of AS radiation extraction.
Since, the radiated photons are wasted, recycling them
to either generate electricity or pump the pump-source optically, may provide additional routes to higher wall-plug
efficiencies [9].
Also being investigated in our labs is the use of passivated
QDs in liquids [15]. The quantum efficiency of these QDS is
close to 90%, and improvements to this technology are likely
to create new approaches to laser cooling in glass capillaries
and planar waveguides.

1.42

Figure 7. For PbSe QDs in glass, calculated cooling power, minimum temperature, and QE as a function of pump power [12].
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The efficiency of cooling in the ideal case of PbSe QDs in
SNAB glass (SiO2, Na2CO3, Al2O3, B2O3) is shown in Fig. 7.
Semiconductor QD assisted cooling has advantages, since the
refractive index of the host can be much lower than in pure
semiconductors, with much better radiation escape efficiency
and the possibility of making glass fibres. Currently, passivation of QDs in glass is imperative, as it has been successfully
achieved in liquids. The technology has to improve significantly to prevent trapped states from countering the advantages of
QDs in a solid host.

Challenges and Conclusion
New records in cooling are being set every year. Cryogenic temperatures have been achieved. However, several major challenges remain to make laser cooling ubiquitous.
April 2013

Material purity, low refractive index material development,
techniques for use with higher phonon energy glasses, robust materials, development of a larger pool of materials for
different applications, increasing the efficiency of cooling,
efficient removal of AS radiation, and a focus on device construction, which may demonstrate how it may be translated
into practical applications.
RK acknowledges the Killam Research Fellowship from the
Arts Council of Canada, and the Canada Research Chairs and
NSERC’s Discovery Grants Program for enabling the research
on laser cooling. The Canadian Institute for Photonics Innovation, IRPhotonics Inc. and CorActive Inc. are also acknowledged for their support.
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News
Call for Nominations
2014 John Tyndall Award
Nominations are now being accepted for the John Tyndall
Award, which will be presented at OFC/NFOEC 2014.
The deadline for nominations is 10 August, 2013.
This award, which is jointly sponsored by the IEEE
Photonics Society and the Optical Society, is presented
to a single individual who has made outstanding contributions in any area of lightwave technology, including optical fibers and cables, the optical components

employed in fiber systems, as well as the transmission
systems employing fibers. With the expansion of this
technology, many individuals have become worthy of
consideration.
The nomination form, award information and a list of
previous John Tyndall recipients are available on the Photonics Society web site:
http://www.photonicssociety.org/award-info
http://www.photonicssociety.org/award-winners

Call for Nominations
IEEE Photonics Society
2013 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 Photonics 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 the Photonics Society. The award is pre-

sented at the IEEE Photonics Conference formerly known
as the IEEE Photonics Society Annual Meeting.
Nominations for the Distinguished Service Award are
now being solicited for submission to the Photonics Society
Executive Office. The deadline for nominations is April 30.
The nomination form, award information and a list of previous recipients are available on the Photonics Society web site:
http://www.photonicssociety.org/award-info
http://www.photonicssociety.org/award-winners

Call for Nominations
IEEE PHOTONICS SOCIETY 2013
Graduate Student Fellowship Program
The IEEE PHOTONICS SOCIETY established the Graduate Student Fellowship Program to provide Graduate Fellowships to outstanding Photonics Society student members pursuing graduate education within the Photonics
Society field of interest (photonics, electro-optics, lasers,
optics, or closely related fields). Up to ten Fellowships of
$1,000 each will be awarded, based on the student membership in each of the main geographical regions:
Americas
Europe/Mid-East/Africa
Asia/Pacific
Prize: Up to ten Fellowships of $1,000 each will be
awarded this year. A complimentary conference registration will be available to each Fellowship recipient to attend the IEEE Photonics Conference formerly known as
the IEEE Photonics Society Annual Meeting for the award
presentation.
18
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Eligibility: Fellowship applicants must be an IEEE
Photonics Society student member pursuing a graduate
education within the Photonics Society field of interest.
Students should normally be in their penultimate year
of study at the time of application and be planning to
submit their thesis on a timescale of 6 to 18 months after the application is submitted (i.e. those applying in
May 2013 would normally expect to defend their thesis
during 2014).
Schedule: In a given year, application packages will be
due at the Photonics Society Executive Office, 445 Hoes
Lane, Piscataway, NJ 08854 by 30 May and the ten Fellowship recipients will be notified by 30 July of the same year.
The Fellowships will be presented at the IEEE Photonics
Conference formerly known as the Photonics Society Annual Meeting.

Fellowship Application
Package Requirements:
• Cover letter to include name, address, email, IEEE
member number, expected date of submission of the
April 2013
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(cont’d)

thesis, and a listing of any activities related to Photonics Society, along with the names and contact information of two references.
A one-page CV, including all degrees received and dates.
One copy of educational transcripts.
A 300-word statement of purpose describing the
student’s research project and interests. The statement
is to include the background to the project, what the
student has achieved so far and how the research will
be continued and developed by the student over the
rest of the project
A list of the student’s publications with the most significant paper indicated and a 100-word description of

the significance of the paper. Please include any IEEE
Photonics Society journal publications if any.
• Two reference letters from individuals familiar with the
student’s research and educational credentials.
• Note that additional information and submissions over
the specified word count will not be forwarded to the
evaluating committee.
Guidelines have been established for the 2013 application
process. Please check the Photonics Society web for more details (www.PhotonicsSociety.org). Submission information is
now available
For more information contact: PhotonicsAwards@ieee.org

Nominations for IEEE Medals and Recognitions
The IEEE Awards Program provides peer recognition to
technical professionals whose exceptional achievements and
outstanding contributions have made a lasting impact on
technology, society, and the engineering profession.
The IEEE Photonics Society members may be particularly interested in the following IEEE Medals and Recognitions, whose nomination deadlines are 1 July 2013. The
awards typically consist of a medal, certificate and honorarium and are presented at the distinguished IEEE Honors
Ceremony.
IEEE Medal of Honor, for an exceptional contribution or
an extraordinary career in the IEEE fields of interest.
IEEE Founders Medal, for outstanding contributions in
the leadership, planning, and administration of affairs of
great value to the electrical and electronics engineering
profession.
IEEE James H. Mulligan, Jr. Education Medal, for a career of outstanding contributions to education in the fields
of interest of IEEE.
IEEE Jun-ichi Nishizawa Medal, for outstanding contributions to material and device science and technology,
including practical application.
IEEE/RSE (Royal Society of Edinburgh) Wolfson
James Clerk Maxwell Award, for groundbreaking contributions that have had an exceptional impact on the
development of electronics and electrical engineering or
related fields.
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IEEE Medal for Innovations in Healthcare Technology, for outstanding contributions and/or innovations in
engineering within the fields of medicine, biology and
healthcare technology.
IEEE Edison Medal, for a career of meritorious achievement in electrical science, electrical engineering or the
electrical arts.
IEEE Jack S. Kilby Signal Processing Medal, for outstanding achievements in signal processing.
IEEE Recognitions
• IEEE Service Awards
• IEEE Corporate Recognition Awards
• IEEE Honorary Membership
• IEEE Prize Paper Awards
Awards presented by the IEEE Board of Directors
fall into several categories: The Medal of Honor, Medals,
Technical Field Awards, Corporate Recognitions, Service
Awards, and Prize Papers. The IEEE also recognizes outstanding individuals through a special membership category: IEEE Honorary Member.
Nominations are initiated by members and the public,
and then reviewed by a panel of peers. Their recommendations are submitted to the IEEE Awards Board prior to
final approval by the IEEE Board of Directors.
For nomination guidelines and forms, visit http://www.
ieee.org/awards. Questions? Contact IEEE Awards Activities, 445 Hoes Lane, Piscataway, NJ 08854 USA; tel.: +1
732 562 3844; fax: +1 732 981 9019; e-mail: awards@
ieee.org.
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(cont’d)

Complete List of IEEE Medals
and Recognitions
IEEE Medal of Honor, for an exceptional contribution or
an extraordinary career in the IEEE fields of interest.
IEEE Alexander Graham Bell Medal, for exceptional
contributions to the advancement of communications sciences and engineering.
IEEE Edison Medal, for a career of meritorious achievement in electrical science, electrical engineering or the
electrical arts.
IEEE Medal for Environmental and Safety Technologies, for outstanding accomplishments in the application
of technology in the fields of interest of IEEE that improve
the environment and/or public safety.
IEEE Founders Medal, for outstanding contributions in the
leadership, planning, and administration of affairs of great
value to the electrical and electronics engineering profession.
IEEE Richard W. Hamming Medal, for exceptional contributions to information sciences, systems and technology.

IEEE Simon Ramo Medal, for exceptional achievement in
systems engineering and systems science.
IEEE John von Neumann Medal, for outstanding
achievements in computer-related science and technology.
IEEE Honorary Membership, awarded by the IEEE Board
of Directors to individuals who have rendered meritorious
service to humanity in the technical fields of interest of the
IEEE and who are not members of IEEE.

IEEE Service Awards
IEEE Haraden Pratt Award, for outstanding service to
IEEE and presented to IEEE members.
IEEE Richard M. Emberson Award, for distinguished service
to the development, viability, advancement and pursuit of the
technical objectives of the IEEE, and given to IEEE members.

IEEE Corporate Recognitions

IEEE Medal for Innovations in Healthcare Technology, for outstanding contributions and/or innovations in
engineering within the fields of medicine, biology and
healthcare technology.

IEEE Corporate Innovation Award, for an outstanding
and exemplary innovation by an industrial entity, governmental or academic organization, or other corporate body,
within the fields of interest to the IEEE.

IEEE Jack S. Kilby Signal Processing Medal, for outstanding achievements in signal processing.

IEEE Ernst Weber Managerial Leadership Award, for
exceptional managerial leadership in the fields of interest
of the IEEE.

IEEE/RSE (Royal Society of Edinburgh) Wolfson James
Clerk Maxwell Award, for groundbreaking contributions
that have had an exceptional impact on the development of
electronics and electrical engineering or related fields.
IEEE James H. Mulligan, Jr. Education Medal, for a career of outstanding contributions to education in the fields
of interest of IEEE.
IEEE Jun-ichi Nishizawa Medal, for outstanding contributions to material and device science and technology,
including practical application.
IEEE Robert N. Noyce Medal, for exceptional contributions to the microelectronics industry.
IEEE Dennis J. Picard Medal for Radar Technologies
and Applications, for outstanding accomplishments in advancing the fields of radar technologies and their applications.

20

IEEE Medal in Power Engineering, for outstanding contributions to the technology associated with the generation, transmission, distribution, application and utilization
of electric power for the betterment of society.
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IEEE Prize Paper/Scholarship Awards
IEEE W.R.G. Baker Award, for the most outstanding paper reporting original work published in an IEEE archival
publications.
IEEE Donald G. Fink Award, for the outstanding survey,
review, or tutorial paper in any of the IEEE transactions,
journals, magazines or proceedings.
IEEE Life Members Graduate Study Fellowship, awarded to a first year, full-time graduate student for work in the
area of electrical engineering, at an engineering school/program of recognized standing worldwide.
The Charles LeGeyt Fortescue Graduate Scholarship, awarded to a beginning graduate student every
year for one year of full time graduate work in electrical
engineering.
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Careers and Awards

Nomination deadlines for the IEEE Photonics Society Awards are listed as follows:

Award

Nomination deadline

Distinguished Lecturer Awards
Aron Kressel Award
Engineering Achievement Award
Quantum Electronics Award
William Streifer Scientific Achievement Award
Distinguished Service Award
Graduate Student Fellowship
John Tyndall Award
Young Investigator Award
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Membership Section
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

Introduction Letter from IEEE Photonics Society
Membership Development Specialist
Dear Dedicated IPS Members
and Volunteers,
It gives me immense joy to introduce myself as
the new Membership Development Specialist
of the IEEE Photonics Society (IPS). I look forward to learning more about how I can assist
our members and chapters as well as enhance
the IEEE Photonics Society’s mission of representing the laser, optoelectronics and photonics community. You are IEEE’s eyes and ears
out in the community; advocates representing our organization
and society across the world. I welcome your ideas and encourage project suggestions on how we can continue to make our
IPS membership program a rewarding experience for all.

Here are a Few of the Current
Projects I am Developing
and you Should See in 2013:
• Development and implementation of an IPS social
networking structure for the society and Chapters,
i.e. Facebook & Twitter
• Improvement of the membership application and communication process as well as the increase of IPS brand
awareness in the photonics community
• New Chapter Kit, Quick Guide Resources and other helpful tools/templates for volunteers and Chapters to use freely
• A monthly society-based membership e-newsletter on
“Tools You Can Use” to help enhance your membership development
April 2013

• Enhancement of IPS web presence, through updating
chapter and society web pages to e-market promotional campaigns
In my past career at a national non-profit, I worked in a
similar volunteer and member engagement role. There I managed a volunteer base of 1,000+ in New Jersey and a recruitment base of 1.3 million+ members/e-members. I have extensive experience building brand visibility and membership
through social media, market promotion, chapter & grassroots
mobilization, event planning and outreach education. I also
quickly learned that having a strong core team of members
and open communication keeps an organization motivated. I
hope to bring many of these tactics to IEEE, but look forward
to working and learning from professional volunteers like you.
I recognize that our members bring fresh perspectives
and enrich our organization with new ideas. I look forward to meeting many of you at OFC, the IEEE Photonics
Conference and various conferences throughout the year. It
is my hope to promote the advancement of our member
resources and foster the positive social change our membership needs in order to continually excel.

Please share your ideas and suggestions directly via
email at l.mecum@ieee.org.
Thank you and anticipate a wonderful year ahead!
All the best,
Lauren A. Mecum
Membership Development Specialist
IEEE Photonics Society
IEEE PHOTONICS SOCIETY NEWSLETTER

23

Join the IEEE Photonics Society:
The IEEE
Photonics
Society
is theadipiscing
professional
home
for a global
Lorem
ipsum dolor
sit amet,(IPS)
consectetuer
elit, sed
diam nonummy
nibh euismod
networktincidunt
of more
than 100,000 scientists and engineers who represent the
ut laoreet dolore magna aliquam erat volutpat. Ut wisi enim ad minim veniam, quis
laser, optoelectronics and photonics community. IPS provides its members with
nostrud exerci tation ullamcorper. Et iusto odio dignissim qui blandit praesent luptatum zzril
professional growth opportunities, publishes journals, sponsors conferences and
supports local chapter and student activities around the world.

Benefits of IEEE Photonics Society Membership
STAY ON THE CUTTING EDGE OF
PHOTONICS

ENHANCE YOUR EDUCATIONAL
DEVELOPMENT

 Discounted conference registration at

 Receive special student rates for

 Free online access to Photonics Society

 Become eligible for the Photonics

 Free print subscription to the Photonics

 Participate in IEEE’s GOLD program

leading international Photonics technical
conferences
Journals

Society’s bi-monthly newsletter

 Free print subscriptions to IEEE

Spectrum magazine and The Institute
newsletter

NETWORK WITH PHOTONICS
PROFESSIONALS

 Engage with more than 100,000

photonics professionals and 400,000
IEEE members in 160 countries

 Join one of more than 75 local chapters

membership, conferences and
journals

Get Connected & Stay Informed at:
PhotonicsSociety.org
@IEEEPhotonics

Graduate Student Fellowship

(Graduates Of the Last Decade)

ADVANCE YOUR PROFESSIONAL
CAREER WITH AN IEEE MEMBERSHIP

 Become eligible for prestigious

industry awards/recognition programs

Facebook.com/
PhotonicsSociety
PhotonicsConferences.org

 Explore opportunities for participation
on program committees, editorial
boards and other volunteer positions

PhotonicsJournal.org

 Receive superior financial benefits and
services with IEEE membership*

and student branches worldwide

445 HOES LANE, PISCATAWAY, NJ 08855 | +1-732-562-6083 |
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Apply Online Today:
www.IEEE.org/Membership
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IPS Newsletter Story Submissions
Does your chapter have
an interesting story to
share?
Over the years the IEEE Photonics Society
(IPS) has come across so many wonderful
stories about our chapters' experiences all
over the world. Moving forward, we'd like
to feature these stories in the print &
electronic IEEE Photonics Newsletter.
The members and chapters of IPS help
advance our mission of representing the
laser, optoelectronics and photonics
community. You are the advocates and
driving force of our society around the
world. We want to hear from you!
Did your chapter hold a recent,
innovative event you are proud to
share?
Is your chapter actively involved in the
community, promoting the photonics
profession or breakthroughs in the field?
How does your chapter educate students
and foster professional growth?
We want to hear your voice! Stories about
your chapter’s activities can help spark new
ideas for other chapters!

How to submit an article to
the IPS Newsletter:
IPS will feature 1-2 stories in the
bi-monthly newsletter and share
chapters' best practices via
e-blast monthly. If you have a
story to tell, submit an article with
pictures, video, etc.
to ipsnewsletter@ieee.org
Attention: Lisa Manteria.
April 2013

Please note: That by submitting a
story you agree to have it featured
in IPS material, such as membership and recruitment publications.
For more information, please review the newsletter Submission
Guidelines.
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Get Connected,
Stay Informed:
Social Network
with IEEE Photonics
The IEEE Photonics Society (IPS) invites you to join IPS on Facebook and Twitter. In 2013, the
society will be utilizing social media more than ever. Social media is a way for us to engage in
conversation while providing our followers and members with useful optics and photonics resources,
top news stories and conference updates.
You can share, learn and connect with society staff, IPS members and others interested in
photonics all over the world. Join the conversation and like or follow us today!

Please help spread the
word about our new
Social Network pages!
If you spot the
IPS Starburst on the web,
tweet us about it!

Like Us
on Facebook

Follow Us
on Twitter

Facebook.com/
PhotonicsSociety

@IEEEPhotonics

“Like” the IPS Facebook Fan
Page and connect with a
community of others interested
in photonics! Read posts and
share ideas! We post daily
optics, photonics and laser
technology articles, updates,
videos, podcasts, photos and
more. When you see an
interesting post, click the “share”
button! Our goal is to make
photonics news informative and
fun for everyone!

Follow us on Twitter and
you will get quick updates
and micro-blogs on IPS
programs, photonics
research and innovation,
publications, membership
news and upcoming
conference information without cluttering your
inbox.
You choose whether you
want to see the latest news
- in real time. We tweet all
day long about all things
Photonics.

Visit our Websites for more IPS Information: PhotonicsSociety.org
PhotonicsConferences.org
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IEEE PHOTONICS SOCIETY
CONFERENCE CALENDAR
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(cont’d)

Preview of the Optical Interconnects Conference,
May 5–8, 2013, Eldorado Hotel, Santa Fe, NM
Anthony L. Lentine, Rich Grzybowski, Krste Asanovic,
John Shalf, and Ashok Krishnamoorthy
The demand for increased performance and lower power interconnects is being driven by two technologically similar,
but unique, applications of technology for digital communications and computing machines. On one hand, the seemingly insatiable demand for worldwide data such as video
streaming, gaming, and web-based commerce is driving the
increase in global communications bandwidth. A key component of that communications network is the data center,
where the data is stored and retrieved for transmission to the
end-users. Concurrently, there is a demand for larger and
larger digital (super) computers to solve important problems
in national security, climate prediction, economics, biology,
and other application areas of great importance. While large
data centers and supercomputers have subtle differences, the
performance of both of these systems is becoming increasingly limited by the energy required to run and cool these
large systems. Also, because of their sheer size and vast number of interconnects, the energy and increasing bandwidth of
these interconnections has become a concern as well. Optical
interconnects have proven themselves as cost effective enablers of high bandwidth connections over long distances,
but as these large systems cover geographic areas up to several hundred meters, optical interconnects have begun to
gain traction to help improve the performance and reduce
the power of shorter reach interconnects as well.
The annual IEEE Optical Interconnects Conference
2013 covers the full spectrum of high performance interconnect challenges in large system architectures as well as
in commercial and military applications and devices—with
a particular emphasis on future petascale and exascale platforms in datacenters and supercomputers. It is comprised of
invited talks of the highest caliber in addition to refereed
oral and poster contributions. The IEEE Photonics Society
Optical Interconnects Conference fosters this collaboration
and helps identify gaps, wherein innovation is required,
and drives new interconnect architectures and technologies.
This year, it will be held at the Eldorado Hotel in enchanting Santa Fe, New Mexico, from May 5 through May 8.
Three keynote speakers will be featured to kick off the
conference each day. Horst Simon, deputy director of Lawrence Berkeley Laboratories, will discuss the challenges that
may keep us from being able to ride the ‘curve as usual’ into
the exascale regime. Alan Willner, Steven and Kathryn
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Sample Chair in Engineering at the University of Southern
California will present the latest information on the gaps in
optical technologies that need to be solved to enable optics
to play a role in ultimately achieving the scaling required
to enable these large digital systems to continue to scale
in performance at power levels that will be manageable.
Shekhar Borkar, leading circuit designer and Intel Fellow, will present an Industry perspective on how we can
best architect computing systems so that interconnects will
not hinder the future of computing.
The plenary speakers will be joined by several invited
speakers that will present information on key subjects of interest to the optical interconnect community in technology,
systems, roadmaps, and applications. Roger Dangel from
IBM Research will present on the latest in optical backplanes and electro-optical assembly for computing applications. Roy Meade from Micron Technology will describe

April 2013
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(cont’d)

work on the integration of silicon photonics in CMOS
memories. Mark Nowell from Cisco will describe the impact of networking trends and architecture on optical technology requirements. Yves Painchaud of TeraXion will
describe integrated coherent receivers for high-performance
interconnects. Ron Ho from Oracle Labs will give the electronics side of the story, describing many of the circuits
required to make silicon photonics interconnects are reality. Chris Mineo from the Laboratory for Physical Sciences
will describe a recent study comparing optical and electrical interconnect technology for extreme scale computing.
Dick Otte will present information on interconnect needs
extracted from industry roadmaps. Darwin Serkland will
describe exciting work in high-density, low power vertical
cavity laser based interconnects. Nathan Farrington, Data
Center Network Engineer at Facebook, will put interconnect technology in perspective from the point of view of
warehouse scale computing.
It is expected that the contributed papers will address
a variety of topics related to innovative developments in
interconnect technologies. Among these shall be papers on

silicon photonics, VCSELs, passive optical circuits, modulators, detectors, electronic circuits for optical communications, passive high density waveguides and fibers, optical
switches, and architectures for moving these components
into systems. The conference format will have a single session (no parallel sessions), so that each attendee will not
miss out on talks that they want to attend. In addition, we
anticipate a not to miss nighttime poster session that gives
attendees a chance to interact directly with the authors in
a relaxed setting.
The Working Group Problem Session has been a highlight of the
previous conferences and workshops! This year’s optical interconnects conference Problem Session will be held on Sunday,
May 5 from 1:00 PM–5:00 PM. Session participants are invited to work on a challenging application problem targeted
for a time frame approximately a decade from today. The
problem this year challenges that by the year 2023, advanced
technologies shall allow efficient evacuation of large crowds
of people during an emergent event/disaster, e.g., tsunami,
earth quake, hurricane, riot, etc., based on real-time local
and global data. The goal is to find optimized evacuation
route for each individual during an outbreak. Attendees will
be armed with introductory tutorials presented early Sunday afternoon to introduce the issues associated with disaster relief and infrastructure evolution. Then, attendees will
break out into small brainstorming groups covering diverse
skill sets to produce viable problem solutions. These group
discussions give attendees a chance to meet one another in
a context that stimulates interdisciplinary interactions, and
fosters post-conference collaborations. The groups will present their results in a Monday evening session.
This year’s optical interconnects meeting offers an exciting array of topics and presentations. Please mark your
calendars and plan to attend!

A Shot of the Conference hotel El Dorado.

A Shot of Richard Grzybowski and Antonio Mendez meeting
at the conference.

A Shot from the back of the room at the 2012 IEEE OIC.
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JOIN US!

Eldorado Hotel & Spa
Santa Fe New Mexico
5-8 May 2013

Registration Deadline
5 April 2013

For more information visit
www.OI-IEEE.org
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JOIN US!
IEEE Photonics Society

2013 SUMMER TOPICALS
Meeting Series
8-10 JULY 2013 HILTON WAIKOLOA VILLAGE
WAIKOLOA HAWAII

REGISTER NOW!

WWW.SUM-IEEE.ORG
FEATURED TOPICS
Micro and Nano-Cavity Integrated Photonics
Space-Division Multiplexing for Optical Communication
Quantum Photonics & Communication
Non-Reciprocal Photonic Devices
Data Center Photonics

WWW.PHOTONICSCONFERENCES.ORG

April 2013
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JOIN US!
10th International Conference
on
Group IV Photonics 2013
Register Now
at
www.gfp-ieee.org

28-30 August 2013
Grand Hilton Seoul

WWW.PHOTONICSCONFERENCES.ORG
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CALL FOR PAPERS!
Submission Deadline
10 MAY 2013

10th Avionics, Fiber-Optics
&

Photonics Conference 2013
1-3 October 2013
Holiday Inn on the Bay
San Diego CA, USA

Submit your paper now!
WWW.AVFOP-IEEE.ORG

WWW.PHOTONICSCONFERENCES.ORG

April 2013
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CA
ALL
LL F
FOR
OR PAPERS
PAPERS
Submission Deadline
19 April 2013

88-12
-12 SSEPTEMBER
EPTEMBER 22013
013
Hyatt
H
yatt R
Regencey
egencey Bellevue,
Bellevue, Bellevue
Bellevue Washin
Washin
ngton
gton
gton
ton USA
USA

FEATURED TOPICS
Biophotonics
Displays & Lighting
High Power/Intensity Sources
Microwave Photonics
Nanophotonics
Optical Communications
Optical Fiber Technology
Optical Interconnects
Optical Networks & Systems
Photodetectors, Sensors, Systems and Imaging
Photonic Integration and Packaging
Photonic Materials and Metamaterials
Semiconductor Lasers
Optical Micro/Nano Resonators & Devices
Non-Linear and Ultrafast Optics
General Chair
David Plant , McGill University, Canada
Member-At- Large
Susumu Noda, Kyoto University, Japan

SUBMIT NOW!
www. IPC-IEEE.org

Program Chair
Martin Dawson, University of Strathclyde, Scotland

For more information visit
www.PhotonicsConferences.org
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PLANNING A CONFERENCE?
WE CAN HELP!
IEEE PHOTONICS SOCIETY CONFERENCES CAN
PROVIDE THE SERVICES YOU NEED!

•Conference Attendee Registration Management & Reporting
•Paper Process Management

•Conference Website development and maintenance
•Design and production of Call For Papers
•Production of Conference CD Proceedings to include IEEE Xplore
•Full conference Management

TALK
T
ALK T
TO
O US
US TODAY!
TODAY!

CONTACT
Hendrickx
more
C
ONTACT Mary
Mary H
endrickx ffor
or m
ore iinformation
nformation
TEL:(732-562-3897)
m.hendrickx@ieee.org
T
EL:(732-562-3897) m
.hendrickx@ieee.org
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Forthcoming Meetings with ICO Participation
ICO, THE PLACE WHERE THE WORLD OF OPTICS MEET
Responsibility for the correctness of the information on this page rests with ICO, the International
Commission for Optics; http://www.ico-optics.org/.
President: Prof. Duncan T. Moore, Biomedical Engineering and Business Administration, University of Rochester, USA; moore@optics.rochester.edu.
Associate Secretary: Prof. Gert von Bally, Centrum für Biomedizinische Optik und Photonik, Universitätsklinikum Münster, Robert-Koch-Straße 45, 48149 Münster, Germany; Ce.BOP@uni-muenster.de

Beginning of 2013
1st EOS Topical Meeting on
Photonics for Sustainable Development - Focus on the Mediterranean
(PSDM 2011)
Tunis, Tunisia
Contact: Julia Dalichow,
phone: +49 511 2788 155,
fax: +49 511 2788 117
dalichow@myeos.org
www.myeos.org/events/psdm2011

36

anand.asundi@pmail.ntu.edu.sg
http://www.icopen.com.sg/

mfcosta@fisica.uminho.pt
http://www.optica.pt/etop2013/

15–18 April 2013
SPIE Optics + Optoelectronics 2013
Prague, Czech Republic
Contact: Karin Burger,
phone: +442920894749,
fax: +442920894750,
karin@spieeurope.org
http://spie.org/optics-optoelectronics.
xml

16–19 September 2013
Information Photonics 2013,
Warsaw, Poland
Contact: Marian Marciniak,
phone: +48 22 5128715,
fax: +48 22 5128715,
marian.marciniak@ieee.org

4–15 February 2013
ICTP Winter College on Optics:
Trends in Laser Development and
Multidisciplinary Applications to
Science and Industry
Trieste, Italy
Contact: ICTP Secretariat,
phone: +39-040-2240-9932;
fax: +39-040-2240-7932;
smr2132@ictp.it
http://cdsagenda5.ictp.it/full_display.
php?email=0&ida=a12164

22–26 July, 2013
8th Iberoamerican Optics Meeting/
11th Latinamerican Meeting on
Optics, Lasers and Applications
(RIAO/OPTILAS 2013)
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,
phone: 00351967642732,
mfcosta@fisica.uminho.pt
http://riaooptilas2013.inescporto.pt

9–11 April 2013
icOPEN2013 (International
Conference on Optics in Precision
Engineering and Nanotechnology)
Singapore
Contact: Anand Asundi,
phone: 67905936, fax: 67924062,

23–26 July, 2013
Education in Optics and Photonics
“ETOP 2013”
Porto, Portugal
Contact: Manuel Filipe P. C.
Martins Costa,
phone: 00351967642732,
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18–21 September 2013
The Eleventh International
Conference on Correlation Optics
“Correlation Optics’13”
Chernivtsi, Ukraine
Contact: Oleg V. Angelsky,
phone: (380-3722)44730,
fax: (380-3722)44730,
angelsky@itf.cv.ua
www.itf.cv.ua/corropt13/
27–30 October 2013
ICO Topical Meeting: 18th
Microoptics Conference (MOC’13)
Tokyo, Japan
Contact: Tomoyuki Miyamoto;
phone: +81-45-924-5059;
fax: +81-45-924-5059;
tmiyamot@pi.titech.ac.jp
http://www.comemoc.com/moc13/

April 2013

2013 IEEE International Topical Meeting on

Microwave Photonics (MWP)
October 28 - 31, 2013
Alexandria, Virginia, USA

First Call For Papers
Microwave Photonics (MWP) is an inter-disciplinary field of study
that concerns the interactions between microwave and optical
waves for the generation, processing, control and distribution of
microwave, millimeter-wave and THz-frequency signals. Microwave
photonics serves as an enabling technology in a wide variety of
applications such as signal generation and distribution, high-speed
wireless communication networks, radar systems, sensors, and
modern instrumentation. The 2013 International Topical Meeting on
Microwave Photonics (MWP 2013) will provide a forum for the
presentation of new advances in this multi-disciplinary research
area, ranging from novel devices to system field trials. MWP 2013
is now soliciting papers for the conference.

Edward Ackerman
Photonic Systems, Inc.

TPC Chair
Paul Matthews
Northrop Grumman Corp.

Finance
Robert Alongi
IEEE Boston Section

Publicity
Yifei Li
UMass Dartmouth

Sponsorship

Conference Scope:
• Radio-over-fiber systems
• Photonic techniques for microwave backhaul
• Photonic systems for antennas and beamforming
• Optical technologies for high-frequency wireless systems and
UWB systems
• Microwave photonic technologies for biomedical applications
• High-speed and/or broadband photonic devices
• Integration technologies for microwave photonic devices
• Optical analog-to-digital converters
• Optical probing and sensing of microwave properties
• Optical generation of RF, microwave, millimeter-wave and THz
waves and optoelectronic oscillators
• Optical processing and control of analog and digital signals
• Optical distribution of subcarrier multiplexed voice, data, and video
• Innovative applications of microwave photonics

Important Dates:

Adil Karim
Johns Hopkins University

Exhibit Coordinator
Vincent Urick
Naval Research Laboratory

Student Paper Contest
Tom Clark
Johns Hopkins University

Website
Kathleen Ballos
Ballos Associates

Local Arrangements:
Dalma Novak
Rod Waterhouse
Pharad USA

Conference Venue

Paper Submission Deadline:

May 13, 2013

Notification of Acceptance:
Final Paper Submission:

June 17, 2013
Aug. 12, 2013

http://www.mwp2013.org
Email: info@mwp2013.org

General Chair

Hotel Monaco - Alexandria
480 King Street
Alexandria, VA 22314 USA

Conference Section
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5IJTQVCMJDBUJPOPčFSTPQFOBDDFTTPQUJPOTGPSBVUIPST

*&&&0QFO"DDFTT1VCMJTIJOH
What does IEEE Open Access mean to an author?
t5PQRVBMJUZQVCMJTIJOHXJUIFTUBCMJTIFEJNQBDUGBDUPST
t*ODSFBTFEFYQPTVSFBOESFDPHOJUJPOBTBUIPVHIUMFBEFS
t"DPOTJTUFOU*&&&QFFSSFWJFXTUBOEBSEPGFYDFMMFODF
t6OSFTUSJDUFEBDDFTTGPSSFBEFSTUPEJTDPWFSZPVSQVCMJDBUJPOT
t(SFBUXBZUPGVMmMMBSFRVJSFNFOUUPQVCMJTIPQFOBDDFTT

Learn more about IEEE Open Access Publishing:

www.ieee.org/open-access
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Preliminary Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Biophotonics
Submission Deadline: June 1, 2013
The emerging field of Biophotonics is one of the most extensively growing areas in biomedical technology. It has opened up new
horizons for the extensive transfer of applicable state-of-the-art techniques in the areas of quantum electronics, lasers and electrooptics to the life sciences and medicine. Recently developed innovative biophotonic technologies impose significant impact on
biomedical research and public health, since they provide advanced minimally invasive, cost-effective and rapid techniques for
diagnostics, monitoring and treatment of a variety of diseases. The IEEE Journal of Selected Topics in Quantum Electronics
(JSTQE) invites manuscript submissions in the area of Biophotonics. The purpose of this issue of JSTQE is to highlight the recent
progress and trends in the development of leading-edge biophotonics technologies through a collection of original and invited papers
ranging from fundamental research to advanced applications.
The Primary Guest Editor for this issue is Ilko K. Ilev, U.S. Food and Drug Administration, USA.
The deadline for submission of manuscripts is June 1, 2013. Unedited preprints of accepted manuscripts are normally posted online
on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for March/April 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz
IEEE/Photonics Society
445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813,
Email: c.tanlutz@ieee.org
The following supporting documents are required during the mandatory online submission at:
http://mc.manuscriptcentral.com/jstqe-pho
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. You may find the Tools for Authors link useful:
http://www.ieee.org/web/publications/authors/transjnl/index.html
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
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Announcement of an Issue of the IEEE/OSA
Journal off Lightwave Technology on:

OPTICAL INTERCONNECTS
** Submission Deadline: July 1st, 2013 **
The IEEE/OSA Journal of Lightwave Technology invites manuscript
submissions in the area of Optical Interconnects. The purpose of this
issue of JLT is to document the current status in this field through a
collection of original and invited papers in conjunction with The IEEE
Photonics Society 2ndd OPTICAL INTERCONNECTS CONFERENCE
2013 (www.OI-IEEE.org). The scope of the issue covers all aspects of
novel passive and active materials, devices, sub-assemblies, modules,
architectures, and systems related to short distance “in-the-box” and “box
-to-box” data communications applications that use free-space or guidedwave optical interconnection media. Areas of interest include, but are
not limited to: device integration, planar embedded waveguide concepts,
flexible wave-guides, 3-D free-space interconnections,
photonic band gap-based interconnection concepts, optical-switch-based
re-configurable optical interconnection concepts, hybrid integration, lowcost packaging technologies, and VCSEL-based system experiments.
The emphasis is on experimental demonstrations of new technologies and
prototypes.
The Guest Editors for this issue are: John Shalf,
f Lawrence Berkeley
National Lab, USA ; Anthony Lentine, Sandia National Laboratories,
USA, Rich Grzybowski, Photonic Controls, USA
The deadline for submission of manuscripts is July 1st 2013. Please submit your paper to:
http://mc.manuscriptcentral.com/jlt-ieee and under Manuscript Type select “Optical Interconnects”. Unedited
preprints of accepted manuscripts are normally posted online on IEEE Xplore within 1 week of authors uploading
their final files in the ScholarOne Manuscripts submission system. The final copy-edited and XML-tagged version
of a manuscript is posted on IEEE Xplore as soon as proofs are sent in by authors. This version replaces the
preprint and is usually posted well before the hardcopy of the issue is published.
Hardcopy Publication is scheduled forr November/December 2013.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
All questions should be sent to:

IEEE Photonics Society
Doug Hargis
445 Hoes Lane
Piscataway, NJ 08854 USA
d.hargis@ieee.org

The following documents are required using online submission at: http://mc.manuscriptcentral.com/jlt-ieee
1.

2.
April 2013

PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 7 pages
for a contributed paper). Manuscripts over the page limits will have an overlength charge of $220.00
USD per page imposed. Biographies of all authors are optional, author photographs are prohibited. See
Tools for Authors at http://www.ieee.org/web/publications/authors/transjnl/index.html
MS Word document with full contact information for all authors.
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Preliminary Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Nanobiophotonics
Submission Deadline: August 1, 2013
Nanobiophotonics is an advanced field of modern science and biomedical nanotechnology. Recently, it has been leading to the
development of innovative nanotechnologies that provide noninvasive optical imaging, sensing, precise diagnostics and therapeutics
at cellular, intracellular and molecular levels with an unprecedented ultrahigh resolution beyond the diffraction barrier in the subwavelength nanoscale range (below 100 nm). The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites
manuscript submissions in the area of Nanobiophotonics. The purpose of this issue of JSTQE is to highlight the recent progress and
trends in developing of leading-edge nanobiophotonics technologies through a collection of original and invited papers ranging from
fundamental research to advanced applications.
The Primary Guest Editor for this issue is Ilko K. Ilev, U.S. Food and Drug Administration, USA.
The deadline for submission of manuscripts is August 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for May/June 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz
IEEE/Photonics Society
445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813,
Email: c.tanlutz@ieee.org
The following supporting documents are required during the mandatory online submission at:
http://mc.manuscriptcentral.com/jstqe-pho
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. You may find the Tools for Authors link useful:
http://www.ieee.org/web/publications/authors/transjnl/index.html
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
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(cont’d)

Preliminary Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Silicon Photonics
Submission Deadline: October 1, 2013
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of Silicon
Photonics. The purpose of this issue of JSTQE is to document leading-edge work in this field through a collection of original and
invited papers ranging from fundamental physics to applications.
The Primary Guest Editor for this issue is Laurent Vivien, University of Paris Sud, France.
The deadline for submission of manuscripts is October 1, 2013. Unedited preprints of accepted manuscripts are normally posted
online on IEEE Xplore within 1 week of the final files being uploaded by the author(s) on the ScholarOne Manuscripts submission
system. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once available, final copyedited and XML-tagged versions of manuscripts replace the preprints on IEEE Xplore. This usually occurs well before the hardcopy
publication date. These final versions have article numbers assigned to them to accelerate the online publication; the same article
numbers are used for the print versions of JSTQE. Hardcopy publication of the issue is scheduled for July/August 2014.
All submissions will be reviewed in accordance with the normal procedures of the Journal.
For inquiries regarding this Special Issue, please contact:
JSTQE Editorial Office - Chin Tan Lutz
IEEE/Photonics Society
445 Hoes Lane,
Piscataway, NJ 08854, U.S.A.
Phone: 732-465-5813,
Email: c.tanlutz@ieee.org
The following supporting documents are required during the mandatory online submission at:
http://mc.manuscriptcentral.com/jstqe-pho
1) PDF or MS Word manuscript (double column format, up to 12 pages for an invited paper, up to 8 pages for a contributed paper).
Manuscripts over the standard page limit will have an overlength charge of $220.00 per page imposed. Biographies of all authors are
mandatory, photographs are optional. You may find the Tools for Authors link useful:
http://www.ieee.org/web/publications/authors/transjnl/index.html
2) MS Word document with full contact information for all authors as indicated below:
Last name (Family name), First name, Suffix (Dr./Prof./Ms./Mr.), Affiliation, Department, Address, Telephone, Facsimile, Email.
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compiled as a service to our readers and advertisers. The publisher is not liable for errors or omissions although every effort is made to ensure its
accuracy. Be sure to let our advertisers know you
found them through the IEEE Photonics Society
Newsletter.
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Photonics Society
Mission Statement
Photonics Society 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.

Photonics Society
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 non-IEEE societies.
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