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Multimode Optical Fibers for Datacom and Telecom
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Editor’s
Column

IEEE Photonics Society

LAWRENCE CHEN
Summer is in full bloom…at least for those of us in the
northern hemisphere. I hope that you are able to take
advantage of these months and enjoy the weather…and
perhaps even had time to drop by the Summer Topicals
which took place in Newport Beach, CA in July.
The two research highlight articles in this month’s
issue focus on optical communications and in particular, for short-reach and long-reach systems. The first article by Sillard et al. describes recent achievements in
developing multimode fibers to support multiple wavelength channels around 850 nm–950 nm for operation
in short-reach applications as well as for mode division
multiplexing at 1550 nm for long-reach telecommunications. The second article by Morsy-Osman et al. reviews
the use of multi-dimensional modulation formats with
direct detection as a means to achieve increased spectral
efficiency and capacity for intra-data center optical interconnections. This issue features the third instalment of
our series on entrpreneurship. In particular, Simon Poole
highlights important considerations with regards to intellectual property.
If you have not already done so, please do consider
submitting an image for our annual image contest!
I hope you enjoy reading the issue (perhaps somewhere in the sun and sand) and as always, I welcome your
feedback, comments, and suggestions, especially for topics of research highlight articles.
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President’s
Column
Kent Choquette
“A good decision is based on knowledge and not on numbers”
—Plato
If you are reading this column, you are likely one of the more
than 6000 members of the IEEE Photonics Society. As you
know our profession is quite diverse, which is reflected by the
fact that IEEE overall has in total 46 Societies and Councils,
where our Society’s membership number ranks in the middle
of the pack. What you may not know is that approximately
half of the more than 420,000 IEEE members are not members
of any particular society! So what is the structure of IEEE and
how are the Societies and membership melded together and
governed? That is defined by the IEEE Constitution, which
provides for an Assembly of elected Delegates that represent
geographic regions of the world, as well as Divisions which
represent groups of technical societies. The topic of my column
is to inform you of proposed changes to the IEEE Constitution
that all IEEE members will be voting on starting Aug. 15.
The IEEE Constitution defines the scope and purpose of
IEEE and prescribes the IEEE Board of Directors, Assembly,
and officer positions, subject to the New York State Not-forProfit Corporation Laws. The current IEEE structure and governance are based on principles dating from the 1960’s, so the
IEEE Governance Board and the ad hoc internal committee
named IEEEin2030 have for more than a year considered how
to define an agile organization based on contemporary ideals
to better position IEEE for the future. There are two outputs
from these efforts: the first is a proposed change to the IEEE
Constitution, which requires an affirmative vote of at least
two thirds of all ballots cast by IEEE members. The second are
proposed revisions to the IEEE by-laws, which at the time this
column was written are still being discussed and debated. The
IEEE Board has proposed and endorsed the Constitutional
changes to “improve the member’s voice in governing IEEE
and allow future changes to the organizational structures to
better respond to the demands of a complex and changing
world.” In the following, I will briefly discuss the motivation behind the proposed Constitution revisions; the specific
language changes to the Constitution and greater details are
provided at: http://bit.ly/1VZqvDV. Additional resources
regarding the pros and cons proposed IEEE Constitutional
Amendment may be found at: http://bit.ly/1Q5iNHk; http://
bit.ly/1rqnPCB.
There are several objectives for the Constitution changes.
First, the revisions provide increased role of the IEEE membership in selection the Board of Directors, allowing Directors
to be elected by the full eligible voting membership of IEEE.
Specifically the change is to no longer require the Board Directors to be Delegates of the Assembly. What this means in
practice is that Directors on the IEEE Board will presumably
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be concerned with the IEEE as a whole, rather than the representative of a particular constituency, as is the situation presently. In this manner the IEEE Board should be able to think
strategically, rather than operationally oriented. Secondly, specific language is included in the proposed revisions to encourage technical, geographic, and gender diversity. The need for
this is self-evident, for example by the already mentioned large
number and wide topical range of the Societies within IEEE.
Thirdly, the IEEE Executive Director is added as a non-voting
member of the IEEE Board. The Executive Director is the most
senior IEEE staff member, whose presence and participation in
establishing the strategic direction of IEEE is considered to be
important.
The Constitutional changes on the IEEE ballot might seem
to be irrelevant to the operation of the Photonics Society.
Moreover, sometimes it seems that the rules and policies of
IEEE hamper our efforts to create new initiatives or products
from our Society. On the other hand, the IEEE brand is recognized and valued around the world by industry, academia, and
governments. Our Society publications and conferences benefit
immensely from the internal expertise within IEEE, and the
motivation behind what might be considered limiting policies
are intended to guarantee the highest quality product. In spite
of the wide diversity within IEEE, all Societies and members
share the same commitment of development of technology for
the benefit of humanity. Therefore I believe our Society will
benefit from revisions within IEEE that lead to a stronger and
more vital organization in the future.
Secondly, it could be asked why make changes to an organization that is as successful as the IEEE, what problems
are there that need to be fixed? This is a trickier question to
consider, especially for scientists and engineers who recognize
that it only takes a single weak link to lead to failure, while
success requires everything to function correctly. But consider
the amazing and profound impact our profession has had on society and the human condition in the past century. From electrical power distribution, computing, mobile communication,
and from members of our Society development of the hardware
for the deployment of the internet has created dramatic and
rapid change in our daily lives. Changes in the future will likely come at us at an even faster pace, so proactively considering
thoughtful revisions now, rather than reacting to a future crisis
I think must be respected as prudent. Moreover, as we know
very well in our field, there are other organizations that also
sponsor photonic conferences and journals, and thus I believe
the ability to strategically act rapidly will only benefit our
membership and our Society. Thus I encourage you to visit the
website listed above, spend a little time to learn more about
the revisions proposed to the IEEE Constitution, and add your
voice to determine the future of IEEE.
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Research highlight

Next-Generation Multimode Optical Fibers
for Datacom and Telecom Networks
Pierre Sillard, Member IEEE, Marianne Bigot-Astruc,
Denis Molin, Adrian Amezcua-Correa
Abstract—Since the beginning of optical communications,
multimode fibers have appeared as efficient and flexible transmission media which keep evolving to better fit transmission
systems and capacity increase. This is all the more true today
when capacity seems to reach its limits. In this article, we discuss how next-generation multimode fibers can be optimized
to support wavelength division multiplexing operation in data
communications and mode division multiplexing operation in
telecommunications to allow migration to higher bit rates and
achieve higher capacity.
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25 Gbps parallel fibers for a maximum reach of 100 m over
OM4 grade MMFs. Parallel transmission is simple and flexible,
but following this trend could increase cabling costs and cabling
management complexity. Solutions at 100 Gbps and beyond
utilizing a single MMF are then desirable. For this, MMFs with
a broader operational wavelength range, known as WideBand
MMFs, are being considered to increase fiber capacity by means
of Wavelength Division Multiplexing (WDM) [1]. In 2014,
the Telecommunications Industry Association formed a working group to define and standardize the attributes of WideBand
MMFs. WideBand MMFs and WDM are seen as a way to migrate to higher transmission rates, while maintaining duplex
Index Terms—Optical fiber communication, Optical fiber, mulconnectivity in data center and local area networks [2–5].
timode fiber, data communication, wavelength division multiplexIn telecommunication networks, MMFs were actually the
ing, space division multiplexing, mode division multiplexing.
first fibers to be deployed. But, as single-mode lasers and
fiber alignment techniques evolved, the telecommunication
Introduction
arena rapidly moved to single-mode fibers that by nature ofMultimode optical Fiber (MMF) combined with high speed
fer higher bandwidth. Today, however, single-mode technolo850 nm Vertical Cavity Surface Emitting Lasers (VCSELs) has
gies seem to reach their limits and might not be sufficient
been the preferred transmission medium of data communicato avoid the foreseen capacity crunch [6]. As a result, the
tions because it provides a low cost and power efficient solution
concept of Mode Division Multiplexing (MDM) over MMFs,
for transporting high bit rates for the typical distances of few
introduced more than 3 decades ago [7], has recently gained
100 s meters of these environments. During the last decade, the
momentum. Its potential lies in its ability to increase capacbandwidth at 850 nm of MMFs has increased from 500 MHz.km
ity by exploiting the number of usable modes in MMFs, each
in OM2 grade to 2000 MHz.km and 4700 MHz.km in OM3
mode being considered as an independent channel. To comand OM4 grades MMFs, respectively. This impressive improvepensate for modal crosstalk that can limit capacity increase,
ment in bandwidth has been possible thanks to advancements
Multiple-Input Multiple-Output (MIMO) techniques have
in fiber fabrication and characterization techniques. A high
been successfully used [8–10]. The challenge is then to delevel of fiber fabrication process control is needed to achieve the
sign MMFs with low DMDs so that all modes can be simuloptimum index profile required for OM4 grade. Also, the Diftaneously MIMO processed at reception with as low a comferential Mode Delay (DMD) characterization technique was deplexity as possible. Recently, with the use of selective mode
veloped to measure the DMDs and calculate modal bandwidth.
(de)multiplexing devices and advanced MIMO processing,
MMF system capacity has also been multiplied by the use
MMFs have proved to be interesting media for MIMO MDM
of parallel fibers for speeds higher than 10 Gbps. Recently,
systems at 1550 nm [9, 10].
the IEEE standardized a 100 Gbps application based on four
In this paper, we will review the latest advancements in MMFs optimized
λ1
λ2
λ3
λ4
for WDM and MDM. These new generaWideBand
–10
MMF
tions of MMFs allow to keep pace with
λ1 –20
λ1
the exponential traffic growth in data and
–30
λ2 –40
telecommunication environments. Bandλ2
–50
width and system test results of a Wideλ3
λ3
–60
Band MMF [1, 2], that provides OM4
λ4 –70
λ4
performance from 850 to 950 nm allow–80
840 860 880 900 920 940 960
ing for speeds of 100 Gbps and above, will
Wavelength (nm)
be detailed. A MMF optimized for MIMO
Figure 1. Schematic representation of a WDM MMF data communication system with MDM, capable of transmitting up to 36
WideBand MMF (left). Spectrum of VCSELs, fabricated by Finisar Corp., with emmis- times higher capacity than a single-mode
fiber at 1550 nm, will be discussed [11].
ions centered at 855, 883, 915 and 945 nm [4] (rigth).
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Figure 2. EMB requirement for OM4 performance from 850 nm
to 950 nm (red). Measured EMB of typical WideBand MMFs
(blue) and measured EMB of OM4 grade MMFs failing to pass
the OM4 requirement for wavelengths longer than 900 nm
(black). Two samples of each fiber type were tested.
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Transmission through OM3 and OM4 grades MMFs with
directly-modulated VCSELs has been considered as the low
cost and power efficient solution for short-reach communication within the data centers [4, 5]. Today, OM3 and OM4
grades MMFs are the preferred media for Ethernet and Fiber
Channel applications that, up to now, utilize non-return-tozero modulation formats at 850 nm. However, as data rate
increases, MMF link bandwidth is limited by the modal dispersion of MMF and low VCSEL bandwidth. To solve this limitation, parallel fibers operating at 10 and 25 Gbps lane rates
are used to multiply link capacity. This approach requires the
use of multifiber connectivity cabling infrastructure.
Solutions at 100 Gbps and beyond utilizing a single MMF
would be preferable. In this context, WDM techniques can
be applied. OM4 grade MMFs, however, provide high modal bandwidth over a narrow wavelength range centered at
850 nm, limiting their WDM capabilities. In order to support at least four WDM channels at 25 Gbps in a cost and
power efficient manner, Wideband MMFs with high bandwidth over a wavelength range of 100 nm are required. For
backward compatibility, the 850 nm wavelength has been
retained, which leads to the operational window of 850 to
950 nm (see Fig. 1). The performance of MMFs in a system is
related to the Effective Bandwidth which is a function of the
Effective Modal Bandwidth (EMB) and Chromatic dispersion
Bandwidth (CB) [1]. As CB increases from 2,800 MHz.km
at 850 nm to 4,450 MHz.km at 950 nm, due to the reduction of the absolute value of the chromatic dispersion
from ~100 ps/nm/km to ~65 ps/nm/km, the EMB required
to maintain a constant EB of 2,000 MHz.km guaranteeing
OM4 performance decreases from 4,700 MHz.km to 2,700
MHz.km (see Fig.2).
WideBand MMFs meeting these specifications were fabricated by optimizing the core profile and tuning the Alpha parameter of the graded-index core to shift the peak EMB to 880 nm.
DMDs of WideBand MMFs were measured at different
wavelengths from 850 to 950 nm using a tunable TitaniumSapphire laser. The resulting typical EMBs are reported in
Fig. 2, as well as those of OM4 grade MMFs for sake of comparison. The plots clearly show that WideBand MMFs are optimized to have a peak EMB at 875 nm, when standard OM4
grade MMFs have narrow EMB centered at 850 nm. Also,
WideBand MMFs fulfill the EMB specifications, while standard OM4 grade MMFs fail at ~900 nm.
In order to demonstrate the WDM capability of WideBand MMFs for existing and future system applications, Bit Error Rate (BER) tests at 28 Gbps at 850 and 980 nm over 100 m
were performed [2]. 980 nm is outside the targeted operating window, but BER sensitivity indicated an acceptable power
penalty after 100 m transmission. Also, BER tests using a commercially available 40 Gbps duplex transceiver (2 WDM channels at 20 Gbps at 850 and 900 nm) showed that up to 300 m
error-free transmission (BERs <10-12) is feasible over WideBand MMFs, which is twice the specified reach of this transceiver [3]. Four WDM channels at 25.8 Gbps from 850 to 950 nm
with 30 nm spacing, yielding 100 Gps capacity, achieved

Figure 3. Top Image: measured optical eye diagrams at 100 Gbps,
four WDM channels at 25.8 Gbps. Back to back (top row),
received eyes for 200 m (middle row), and received eyes at 300 m
(bottom row) [4]. Bottom Image: Measured optical eye diagrams
at 180 Gbps, four WDM channels at 45 Gbps with PAM-4
modulation. Back to back (top row), received eyes for 100 m
(middle row), and received eyes at 200 m (bottom row) [5]. Tests
performed by Finisar Corp. using SWDM transceivers.

error-free transmission after 200 m and BERs <10-9 after 300 m
of WideBand MMF [4] (see Fig. 3(top)). To further increase the capacity, advanced modulation formats such as PAM-4 can be implemented. We successfully demonstrated 180 Gbps transmission over
WideBand MMF using four 45 Gbps PAM-4 WDM signals. BERs
within the froward error correction limit were achieved for the four
WDM grid channels over 300 m of WideBand MMFs, while 150 m
were achieved with OM4 grade MMFs [5] (see Fig. 3 (bottom)).
IEEE Photonics Society NEWSLETTER
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The schematic of MIMO MDM system using MMFs is shown in Fig. 4. At 1550 nm,
Tx
50 nm-diameter-core MMFs support
Ampl.
N
N
55 spatial modes divided into 10 mode
groups (see Fig. 5). The 2 highest-order
mode groups suffer from too high bending
loss at 1550 nm (>10 dB/turn at 10 mm
Figure 4. Schematic of a MIMO MDM system transmitting N spatial modes over M bend radius) for proper use in MDM conMMF spans. Tx: transmitters, Rx: Receivers, Ampl.: multimode amplifiers, Mode (de) figuration. This leaves 8 mode groups, for
Mux: mode (de)multiplexers (here photonic lanterns).
a total of 36 spatial modes, that all exhibit low bending loss, which allows to
multiply the capacity by a factor of 36 compared to standard
20
single-mode operation. The effective index differences beMIMO MMF
tween the different mode groups are higher than 1.4 # 10-3,
1st Mode Group (1 Spatial Mode)
which minimizes mode coupling between the last mode
2nd
group that is used for MDM and the first that is not used (see
3rd
4th
10
Fig. 5). This is essential to guarantee efficient MIMO that is
5th
6th
performed over the usable modes only. This way, MMFs can
7th
be used to transmit 3 to 36 spatial modes with selective ex8th (Total of 36 Modes)
>1.4
9th
citation and detection. The DMDs between the modes, how10th
0
ever, have to be minimized at 1550 nm for optimum MIMO
MDM operation. This is done by tuning the Alpha parameter
of the graded-index core and by adjusting the position of the
Theory
Experiment
depressed-index region in the cladding. We fabricated such
–10
a MIMO-optimized MMF [11]. The index profile, measured
0
5
10
15
20
25
30
35
on preform and set to the scale of the fiber is very close to the
Radius (µm)
target (see Fig. 5). DMDs ≤50 ps/km for 3 spatial modes and
≤160 ps/km for 36 spatial modes were obtained. The attenuFigure 5. Index profiles: theory (dashed line) and experiment
ation of the fundamental mode was measured at 0.22 dB/km
(solid line) of the MIMO MMF at 1550 nm; and effective indexes
at 1550 nm, which is acceptable in term of added loss if one
of the 10 mode groups (solid lines).
compares to the ~0.19 dB/km of standard single-mode fibers.
The effective Area (Aeff) of the fundamental mode was measured at 170 nm² at 1550 nm. The Aeff are very large, ranging
21 Spatial Modes
20
up to ~700 nm² for the modes of the 8th mode group, thus
significantly limiting nonlinear effects compared to standard
15
single-mode fibers with Aeff of ~80 nm².
36 Spatial Modes
We compared these results to those obtained with low10
10
DMD Few-Mode Fibers (FMFs) [12]. Such FMFs (see Fig. 6)
6
support a limited number of modes (up to 21 spatial modes)
3
for reduced complexity and also to contain the DMD increase
with the number of modes. Fig. 7 shows, however, that this in0
crease is much steeper for the FMFs than for the MIMO MMF,
resulting in higher values when the number of spatial modes
is ≥15. FMFs are designed so that all their spatial modes have
FMFs
MIMO MMF
low bending loss which imposes small core radii, contrary to
–10
0
5
10 15
20
25
30
35
the MIMO MMF for which the 2 highest-order modes groups
Radius (µm)
have high bending loss. In addition, when the number of spatial modes is ≥15, their core indexes become equal or higher
than that of the MIMO MMF (see Fig. 6). These 2 features
Figure 6. Index profiles: theory (dashed lines for low-DMD
make them more sensitive to process variability and eventualFMFs) and experiment (solid line for MIMO MMF) at 1550 nm.
ly give higher DMDs. Note that DMD compensation (concatenation of fibers with modes with DMDs with opposite signs)
These results prove the capabilities of WideBand MMFs to
can also be used to reduce these values. We implemented such
support 40, 100 and 200 Gbps without the need of parallel
a technique and measured DMDs ≤50 ps/km for the 36 spatial
fibers, in this way supporting the evolutions of data center netmodes of DMD-compensated MMF links, which is equivalent
works for the years to come.
to what is expected for DMD-compensated FMF links with
6
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Conclusion
Since the beginning of optical communications, MMFs
have appeared as efficient and flexible transmission media which keep evolving to better fit transmission systems
and capacity increase. We have shown how next-generation
MMFs can be optimized to support WDM operation in
data communications and MDM operation in telecommunications to allow migration to higher bit rates and achieve
higher capacity.
Speeds of 100 Gbps and above can be supported over a single WideBand MMF. Experimental system tests at 40, 100 and
180 Gbps show that WideBand MMF and WDM provide sufficient options for migration to future bit rates while offering
compatibility with current OM4 systems.
Thanks to the knowledge gained in fabrication techniques
developed to achieve high quality OM4 grades in data communications, MMF technology is now exploring new areas in
telecommunications. Precisely designed and optimized MMFs
for low DMD and low DMA at 1550 nm, are being considered
in MIMO MDM systems. Such MIMO MMFs can transmit up

August 2016

300

225
DMD (ps/km)

15 spatial modes (45 ps/km) and better than for 21 spatial modes
(105 ps/km) [12]. This would thus allow to achieve long distances over such MMF links with MIMO with few 10 s of ns
memory. Attenuations of FMFs also increase as a function of
the number of spatial modes, mainly because of the increase
of Rayleigh scattering related to higher core indexes required
to support more spatial modes (see Fig. 6). The attenuation
becomes higher than that of the MIMO MMF when the core
index also becomes higher, i.e. when the number of spatial
modes is ≥21 (0.24 dB/km compared to 0.22 dB/km for the
MIMO MMF). What also matters is the Differential Mode
Attenuation (DMA). It is comparable for both fiber types
for 3 to 10 spatial modes and then becomes higher for FMFs
with 15 spatial modes or more (≥0.020 dB/km compared to
<0.015 dB/km for the 15 spatial modes of the MIMO MMF
and 0.020 dB/km for the 36 spatial modes). DMA is a limiting factor because it has a direct impact on mode-dependent
loss. Finally, the Aeff of FMFs decrease when the number of
spatial modes increases because higher core indexes impose
tighter mode confinements. The Aeff of the most-confined
fundamental mode decreases from ~190 nm² for the 3-spatialmode fiber to ~90 nm² for the 21-spatial-mode fiber, which
is much smaller than the 170 nm² of the fundamental mode
of the MIMO MMF.
These results show that MIMO MMFs can transmit up
to 36 spatial modes with selective excitation and detection
and offer better performance than low-DMD FMFs when
the number of spatial modes used in MDM is ≥15. It is important to mention that MIMO MDM over MMFs is still
in its early stages and if research is very active, important
challenges are still ahead before practical deployments can
take place. The results discussed in here, however, prove the
feasibility of using MMF for future high capacity telecommunication networks.

150
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0
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28
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15
21
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Figure 7. DMDs at 1550 nm vs. number of spatial modes: experiments (solid squares for the MIMO MMF) and calculations
(open circles for low-DMD FMFs). Lines are guides for the eye.

to 36 robust spatial modes with selective excitation and detection. This would allow to multiply the capacity of single-mode
systems by a factor of 36.
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Abstract—The unprecedented growth in intra-datacenter
(DC) traffic, which constitutes the major part of today’s IP traffic, is driving the quest for faster inexpensive short-reach optics
to be deployed inside these large warehouse-sized DCs.
In this research highlight, we present a review of multidimensional modulation formats for intra-datacenter interconnects covering transmission distances up to 10 km. These
formats are capable of providing the required capacity increase compared to legacy on-off keying (OOK) formats while
maintaining a self-beating direct detection (DD) scheme to
preserve a low cost transceiver solution compared to using
coherent technology. We begin by introducing a method to
represent of a lightwave in single mode fiber (SMF) as a vector, and the effect of polarization rotation in SMF on this
vector. Then, we present the evolution of the dimensionality of modulation formats and their underlying transmitter
and receiver architectures, for which we assume the use of
digital to analog converters (DAC) and analog to digital converters (ADC). Next, for a DAC/ADC-based transceiver, we
briefly describe the digital signal processing (DSP) functions
that enable signal generation and signal recovery with the
highest signal integrity, allowing recovering all modulated
dimensions via self-beating direct detection in presence of
polarization rotation. Then, the key achievements that have
been recently reported using multi-dimensional formats are
summarized. We finally conclude and point out potential
research directions.

Figure 1. Google’s large DC facility in Council Bluffs, Iowa.

Figure 2. Racks containing hundreds of thousands of servers
inside a Google DC.

I. Introduction
The role of Internet in every facet of today’s society is indisputable. Growing Internet traffic due to fast expanding
bandwidth intensive applications across all sectors (e.g. social networking, cloud computing, storage, e-commerce, etc.)
is creating a spurring capacity demand in DCs. Driven by
the persistent growth of cloud based business and consumer
services, the DC traffic is growing incessantly. Its global estimate is forecasted to reach 10 Zettabytes by 2019 representing more than two-fold increase from its 2015 value [1].
Nowadays, the majority of Internet traffic, which used to be
dominated by peer-to-peer traffic, originates or terminates at
a DC. Approximately 75% of traffic originating from a DC
stays within the DC [1]. This relentless growth of intra-DC
traffic is driving the need for fast inexpensive short reach
optics that provide the desired capacity over intra-DC reaches
(<10 km). Inside these mega-scale DCs (see Figure 1),
8
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several hundreds of thousands of servers that store and process massive amounts of cloud data reside in large racks (see
Figure 2). Typically, servers within each rack are interconnected using a top of rack (ToR) switch and several ToR switches
are connected through aggregate switches (e.g.: leaf, spine)
[2]. According to [3], current generation ToR switches have a
switching capacity of 3.2 Tbps that is usually provided across
32 ports; each port hosting an optical transceiver that can be,
for instance, a Quad Small Form-factor Pluggable (QSFP28)
attached to the switch faceplate. Each QSFP28 provides a net
throughput of 100 Gb/s using 4 × 25 Gb/s lanes. Next generation ToR switch capacities are expected to be 6.4 and 12.8 Tb/s.
In order for switches to provide the desired throughput while
maintaining a reasonable port density in a single rack unit
(1RU), the number of lanes per transceiver needs to increase
by utilizing more wavelengths or fibers via wavelength
August 2016

division multiplexing (WDM) or space division multiplexing
(SDM) of larger order. However, this is not a scalable solution due to the cost and packaging difficulties of significantly
increasing the multiplexing order. A more promising approach is to employ advanced modulation formats to increase
the bit rate per wavelength (also called a ‘carrier’) and hence
reduce the required wavelengths or fiber lanes to achieve the
target aggregate throughput. Modulating multiple dimensions of a lightwave over numerous levels allows increasing
binary throughputs per channel of short reach transceivers
while maintaining a cost effective self-beating DD scheme.
Compared to coherent detection, direct detection: 1) employs
a simpler front-end that does not have a local oscillator (LO),
2) requires simpler DSP since there is no need for laser phase
noise and frequency offset compensation, and 3) can operate
without thermo-electric coolers (TECs), all of which resulting in a receiver that is inexpensive, compact and less power
hungry.
In this article, we present a review of the recent literature of
multi-dimensional modulation with direct detection systems
that deliver large bit rates (>100 Gb/s) per wavelength over
short reaches for intra-DC interconnects. We begin by introducing a vectorial representation of a lightwave and the effect
of polarization rotation occurring in SMF on this vector. Then,
we present the evolution of the multi-dimensional modulation
formats and their underlying transmitters and receivers architectures. Next, digital signal processing functions that enable
using direct-detection receivers for such formats are presented. Then, the key results that have been recently reported are
summarized. Finally, we conclude and give potential future
research directions.

II. Lightwaves in Stokes Space:
Representation and Polarization Rotation
In this section we introduce different notations to represent
an optical field in single mode fiber. SMF are cylindrical
waveguides that can support the propagation of two orthogonal complex fields. There are two principal ways to vectorially represent the whole optical field in SMF: the Jones and
Stokes representations [4], both of which are based on a reference polarization coordinate system. The Jones space is a
two dimensional complex space where each dimension represents an orthogonal state of polarization (SOP) of the light
and where the argument of each dimension is the complex
optical field in said dimension, providing in total 4 degrees
of freedom (DOF). These complex two dimensional Jones
vectors are more concisely expressed using the ‘bra–ket’ notation, where the ‘ket’ is written as |E〉 = [Ex, Ey]T and the
‘bra’, being the conjugate transpose of the ‘ket’, is 〈E| = |E〉† =
[E*x , E*y ], where * represents complex conjugation,† the conjugate transpose, and T the transpose. The fields Ex and Ey
are the complex fields on the x̂ and ŷ polarizations, respectively. The same field can be equivalently represented in a
power-like space using a three dimensional (3D) real-valued
vector S = [S1, S2, S3]T called the Stokes vector, where S1 =
E*xEx − E*yEy, S2 = 2Re{ExE*y} and S3 = -2Im{ExE*y}. By definition,
Stokes vectors bear the property that (S12 + S22 + S32)1/2 = Ex*Ex −
E*yEy, being the total power. Stokes vectors have only 3 deAugust 2016

grees of freedom, being the power on x̂, the power on ŷ,
and the phase difference between the two polarizations Ex
and Ey. In order to have a direct access to the total power in
a Stokes vector-like representation, the latter can be added
to the Stokes vector S as S′ = [S0, S1, S2, S3]T, where S0 is the
total power. The vector S′ is called the Mueller vector [5].
For direct access to the first two degrees of freedom, it is also
common to cast the 4-component Mueller vector in the form
V = [E*x Ex, E*y Ey, S2, S3]T, where the first 2 components of S′
and V are related as E*x Ex = (S0 + S1)/2 and E*y Ey = (S0 − S1)/2.
From the representation of the first two components, we will
call this modified Mueller vector V the power vector. We will
use this vector representation in the remainder of this document as the reference field representation. It is noteworthy to
mention that the presence of complex conjugation in all four
Stokes components S0 to S3 cancels any absolute phase information in Stokes space, hence the loss of a DOF from four in
Jones to three in all variants of the Stokes representations.
Single mode fibers being non-polarization maintaining fibers, the field inside the latter undergoes polarization rotations
due to inherent random birefringence [4]. The following Eqs.
(1) and (2) present the impact of polarization rotation in SMF
on both Jones and modified Mueller representations. In complex Jones space, a rotation is a complex unitary matrix U applied to the Jones vector |EH as

a -b
E rot = U E = ;b * a *E E (1)
where unitary matrices have the property that U†U = I, the
identity matrix. In the power vector representation, the equivalent rotation on V is cast as Vrot = MV [5] where M is
R
V
-Re {ab *}
-Im {ab *} W
a2
b2
S
S
Re {ab *}
b2
a2
Im {ab *} W
S
2
2
2
2 W
S 2Re {ab} -2Re {ab} Re {a } - Re {b } Im {a } + Im {b }W
2
2
2
2
S-2Im {ab} 2Im {ab} Im {b } - Im {a } Re {a } + Re {b }W
T
X
(2)

Because power vectors V are real valued, 4-by-4 rotation matrix M is also real valued.

III. Evolution of Multi-Dimensional Modulation
Formats and Transceiver Architectures
Figure 3 summarizes the evolution of the dimensionality (Ndim)
of modulation formats and their underlying transmitter and
receiver architectures for self-beating direct detect optical communication systems for 1D, 2D, 3D, and 4D modulation, i.e.
for Ndim = {1, 2, 3, 4}. The figure is complemented with example formats and their corresponding field representation in the
optical domain.
Increasing the bit rate of single carriers employing 1D modulation formats (Ndim = 1) requires either: 1) increasing the symbol rate or 2) increasing the modulation complexity imprinted
on this dimension. Faster signaling requires electronics of larger
bandwidth, while increased modulation complexity improves
IEEE Photonics Society NEWSLETTER
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Eŷ

RFxˆ Q
ˆ I RFx-

4D

IQ
IQ

Pol.
Rot.

RFyˆ Q
ˆ I RFy-

E x̂

E ŷ
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Figure 3. Evolution of transceiver architectures for 1D, 2D, 3D, and 4D formats for self-beating direct detect systems.

the spectral efficiency at the expense of requiring a more complex electrical drive signal. The laser drive signal, and therefore
the signal obtained after direct detection, can be simple binary
signals or more complex waveforms. The most flexible way to
generate complex waveforms is to employ a DAC of large bit
resolution. Several different modulation formats have recently
been demonstrated to increase the spectral efficiency, such as
discrete multi-tone (DMT) [6] modulation, half-cycle 16-QAM
Nyquist-subcarrier-modulation [7], multiband carrier-less amplitude phase modulation (CAP) [8], and multi-level intensity
modulation, also known as pulse amplitude modulation (PAM)
[9]. All these formats are greatly leveraged by digital signal processing from a DAC, while some (e.g. DMT) inherently require
a DAC and DSP. Electrical multi-level signaling, on the other
hand, can be generated in a simpler way without a DAC by power combining NRZ 2-level tributaries of different amplitudes.
Intensity modulation of a laser can be done using direct
modulated lasers (DML), Electroabsorption-integrated modulated lasers (EML), or via a Mach-Zehnder Modulator (MZM).
The receiver for 1D formats is a simple photodiode, converting the total optical power GE|EH into photocurrent. For some
1D IM formats employing higher order modulation like DMT,
the receiver also has to comprise an ADC and a DSP block,
while any format can benefit from digital signal equalization.
The ‘1D’ row of Figure 3 depicts the transmitter and receiver
architectures for 1D formats, where dashed boxes represent a
DAC- or ADC-based transceiver with DSP.
The current technology for optical Ethernet pluggables in
datacenters relies on 1D on-off keying (OOK) intensity modu10
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lation on a single polarization (SP-OOK). Such format provides
1 bit per symbol. To increase the binary throughput of these
pluggables, multiple carriers are independently modulated
and multiplexed on either different wavelengths in a fiber or
on different fibers. The transceiver requires as many parallel
transmitters (RF signals, amplifiers, electro-optic transducers)
and parallel receivers (opto-electronic transducers, amplifiers,
detectors) as the multiplexing order. Though these multiplexing solutions are currently adopted, they are not scalable towards future larger aggregate bit rates.
Although increasing the modulation order of electrical
1D formats improves the bit rate delivered by improving the
spectral efficiency, it comes at the expense of an increase of
the BER because the average SNR remains unchanged [9].
Multi-level intensity modulation provides a good example
to express this phenomenon. The BER of such formats is
function of the SNR and the number of levels M as expressed
in Eq. (3),
-1
BER (M, SNR) = MM
log (M) erfc c

PAM -M

2

3
SNR m
2 (M 2 - 1)

(3)
where erfc is the complementary error function.
If a 2-level intensity modulated signal providing 1 bit/symbol has a SNR of 16.94 dB, increasing the number of levels to
4 or 8 to double or triple the bit rate worsens the BER from
1 × 10−12 to 6.2 × 10−4 or 3.6 × 10−2, respectively. Conversely,
to maintain the BER at 4- and 8-level intensity signaling, the
SNR has to increase to 23.88 and 30.07 dB, respectively. In
August 2016

the ‘1D’ row of Figure 3 we depict the symbols in the optical
field of both 2- and 4-level 1D intensity modulation, where
both formats have the same mean ‘DC’ and ‘AC’ signal power.
By visual inspection, one can observe that the symbol spacings
are much closer at 4 levels, explaining the increase of the BER.
Symbols in the optical field are spaced in a square-root fashion
such to generate equally spaced levels after square-law direct
detection.
Binary throughputs from a single carrier direct detect system can be further increased by modulating more dimensions
of a lightwave, i.e. Ndim > 1. In the following, with visual inspections from Figure 3, we present transceiver architectures
and corresponding optical fields of 2D, 3D and 4D format
compliant to self-beating direct detection.
One variant of 2D formats is to modulate independently the
intensity on each orthogonal polarization. Such format is called
Dual-Polarization Intensity Modulation (DP-IM) and allows
to double the bitrate of 1D IM format while maintaining the
signaling rate and without affecting the SNR per orthogonal
polarization [10]. The transmitter architecture for such 2D
format requires two driving signals and intensity modulators,
branched off of the same laser source and combined on orthogonal polarizations thanks to an inline polarization rotator (Pol.
Rot.), as depicted in the ‘2D’ row of Figure 3. Two different
types of receiver can recover the two intensities which are differentiated by the method employed to cancel polarization rotation: optically, or digitally.
The first receiver performs polarization derotation in the
optical domain and consists of an active polarization controller
followed by a polarization beam splitter (PBS) serving as a polarization demultiplexer, where the two outputs are subsequently
detected by a photodiode. The two resulting RF photocurrents
can be input to ADCs for subsequent DSP for IM formats having
complex modulation schemes, like DMT for instance, or where
digital post-filtering is applied to enhance BER performance,
like was the case for 1D formats. Other simpler IM formats relying on multilevel intensity modulation can be detected without DSP, although digital filtering tends to improve the BER
performance. As polarization slowly wanders inside single-mode
fiber (see Eqs. 1 and 2), it needs to be tracked such to maintain
the two optical outputs of the PBS using a control signal from
one of the two photocurrents. The control signal minimizes the
inter-polarization cross-talk on said RF output. Such receiver
architecture is depicted at the end of the ‘2D’ row of Figure 3.
The other type of receiver for 2D formats is called a Stokesvector receiver (SVR) and uses digital signal processing to perform polarization derotation [10]. The receiver architecture,
also depicted at the end of the ‘2D’ row of Figure 3, is comprised of a PBS where each output is further split in two using
couplers. One of the two couplers’ outputs from orthogonal
polarizations are combined together on the same polarization
through a 90° optical hybrid and the four hybrid outputs are
detected in pairs using balanced photodetectors. The other
output of both couplers is directed to a photodetector. The four
photocurrents generated are real-time sampled using four ADCs
and are input to subsequent DSP. The four waveforms w1 to w4
are |Ex̂,Rx|2, 2Re{Ex̂ ,RxE*ŷ,Rx}, −2Im{Ex̂,RxE*ŷ,Rx} and |E*ŷ,Rx|2, respectively, and represent the 4-components of the rotated modified
August 2016

Mueller power vector V introduced in Section II. The DSP
algorithm employed to recover the two intensity tributaries
will be presented in Section IV and performs both polarization
derotation and mitigation of inter-symbol interference (ISI).
It is noteworthy to mention that the active optical polarization tracking of the first 2D receiver is now replaced by active
digital polarization tracking, and the optical receiver front-end
of SVR is a passive structure serving as a means to beat the
incoming signal with itself.
The ‘3D’ row of Figure 3 presents the transmitter architecture allowing to modulate a third orthogonal degree of freedom while maintaining a direct detection scheme, therefore
permitting to triple the bit rate of 1D formats whilst the signaling rate stays the same [11]. The transmitter architecture is
similar to that of 2D formats, with an additional phase modulator in one of the two IM branches. This phase modulator allows modulating the inter-polarizarion phase: the phase of one
polarization with respect to the other orthogonal polarization.
When all three driving signals are of 4-level modulation, the
optical signal carries 6 bits per symbol. The optical field of
such format, called Dual-Polarization PAM4 with 4 interpolarizarion phases (DP-PAM4 + 4PM), is also depicted in Figure 3.
The same SVR receiver for 2D formats can be used to recover
all three degrees of freedom via the received modified Mueller
power vector, where now all 4 components of V need to be
derotated and recovered digitally.
Finally, it is a possible to modulate a fourth dimension of
the optical field and recover the latter in a direct detect fashion [12]. Similar to differential phase shift keying (DPSK)
modulation, the phase jumps from one Jones vector symbol
to the next can be modulated and demodulated using selfbeating. Unlike DPSK, there are three possible inter-symbol
phase jumps that can be modulated: phase jumps from Ex̂[n]
to Ex̂[n+1], from Eŷ [n] to Eŷ [n+1], or from Ex̂[n] to Eŷ [n+1],
where n is the discrete time index at time t = nT, and where T
is the symbol duration. The transmitter architecture to generate the format differs from that of the previous 2D and 3D
formats. Instead of employing intensity and phase modulators,
the transmitter uses In-phase–Quad-phase modulators (IQ),
also known as dual-parallel Mach-Zehnder modulator (MZM),
where each MZM is biased at null. The transmitter comprises
two IQ’s modulating independently, in a complex fashion, the
same laser source where the polarization of one IQ output is
rotated such to combine the two tributaries on orthogonal polarizations. This transmitter architecture is the same as that for
polarization multiplexed coherent transmission, modulating
all four dimensions, as depicted in ‘4D’ row of Figure 3. Only
specific complex modulation formats relying on multi-ring/
multi-phase can be employed in order to be recoverable by a
self-beating receiver [12]. To demodulate the inter-symbol, inter-polarization phase jumps in a self-beating fashion, the SVR
used for 2D and 3D formats has to be modified as depicted in
in the receiver architecture column of the ‘4D’ row of Figure 3,
where the received field Ex̂,Rx beats with a 1 symbol delayed version of Eŷ,Rx through a second 90º optical hybrid. Waveforms w1
to w4 are the same as that of the SVR for 2D and 3D formats,
and w5 and w6 are 2Re{Ex̂,Rx [n]E*ŷ,Rx[n−1]} and −2Im{Ex̂,Rx [n]
E*ŷ,Rx[n−1]}, respectively.
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Figure 4. High level block diagrams of possible DSP functions at: (a) transmitter and (b) receiver, for a Ndim-D modulation format.
The transmitter DSP stack generates Ndim signal streams that drive Ndim DAC channels each running at RDAC samples/s. The receiver DSP chain accepts Nch waveforms from Nch ADC channels each running at RADC samples/s from the Stokes receiver front-end
depicted in Figure 3.

IV. Enabling DSP for multi-dimensional
formats
All modulation formats outlined in the previous section benefit from applying DSP at the transmitter and receiver sides;
some of these DSP tasks are mandatory since they, for example, enable polarization demultiplexing of multi-dimensional
format (Ndim > 1), or compensate for a significant amount of
ISI due to the limited bandwidth of electronics. Figure 4(a)
shows a high level block diagram of the DSP to apply per
dimension at the transmitter for a Ndim-D format. We assume
each dimension of the lightwave carries one symbol that is
drawn from a symbol alphabet of size K. This leads to having
Ndimlog2K bits that get modulated per symbol across all dimensions of the lightwave. The DSP blocks at the transmitter
include: 1) resampling of the symbol stream from 1 symbol
per symbol to the sampling rate of the DAC, 2) pulse shaping
using a band-limiting spectral shaping filter, 3) compensation of the nonlinear (NL) transfer characteristics of a MachZhender modulator (MZM) if used, 4) pre-compensation of
ISI using a finite-impulse response (FIR) filter and 5) clipping and quantizing the resulting samples in preparation of
sending the quantized waveform to a DAC having a finite
number of bits to represent each quantized level. The chain
of the abovementioned DSP functions is applied to all Ndim
signals that will modulate each of the Ndim dimensions of the
lightwave. However, some of the above functions may not be
used for all dimensions. For example, the driving signal that
gets imprinted onto the inter-polarization phase does not require any compensation of the NL characteristics of a MZM
since it drives a linear phase modulator (PM), instead of a MZM
(refer to the 3D transmitter architecture in Figure 3). Next,
Figure 4(b) shows a high level block diagram of the DSP stack
of possible functions carried out at the receiver for a Ndim-D
format. Depending on Ndim, we assume the input signal to
12
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the receiver DSP chain comprises Nch waveforms provided by
the ADCs that sample each of the output photocurrents from
one of the corresponding receiver front-end in Figure 3. After
resampling from the sampling rate of the ADC to twice the
symbol rate, the key DSP block at the receiver is a multipleinput, multiple-output (MIMO) bank of FIR filters each having a temporal length Ntaps. The task of the bank of FIR filters is two-fold: 1) it achieves polarization demultiplexing by
inverting the polarization rotation that occurs along the fiber
(refer to Eqs. 1 and 2 in section II) which results in a misalignment between the transmitter’s and receiver’s principle axes,
denoted by (x̂ , ŷ )Tx and (x̂ , ŷ )Rx, 2) it post-compensates any
residual ISI that may have resulted from bandwidth limited
electronic components in the system (e.g. electric amplifiers,
ADCs, DACs, etc.). The final two blocks in the receiver DSP
chain include clock recovery and hard decision of the received
symbols on each of the Ndim dimensions. Clearly, the key enabling DSP block in the chain of Figure 4(b) is the MIMO
filtering. This block accepts Nch incoming signals from the
receiver front-end and provides Ndim signals ready for the retiming and final decision. Henceforth, we explain in detail the
contents of the MIMO filtering block for each of the multidimensional formats, i.e. for Ndim = {2, 3, 4}.
Since 1D formats are detected via a single photodetector
which is agnostic to the received state of polarization, the DSP
at the receiver side (if used at all) is useful to post-compensate
any residual ISI. Hence the MIMO block in Figure 4(b) reduces to a single-input, single-output (SISO) FIR filter that postcompensates ISI [13]. On the other hand, 2D, 3D and 4D
formats are severely impacted by the crosstalk resulting from
the misalignment of the transmitter’s and receiver’s principle
axes due to random polarization rotations. Hence, MIMO DSP
is mandatory to undo the polarization rotation and recover the
transmitted data. Figure 5(a) shows a block diagram of the
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Figure 5. Structural block diagrams of MIMO DSP that follows
the Stokes receiver front-end for: (a) 2D DP-IM, (b) 3D DP-IMPM, (c) 4D DP-IM-PM-DPM modulation formats.

MIMO DSP required for the 2D DP-IM format as was detailed
in [14]. The block comprises a combination of one SISO FIR
filter and a 3 × 1 multiple-input, single-output (MISO) bank
of FIR filters that accepts four waveforms w1 to w4 from the
front-end in the 2D row of Figure 3 giving the transmitted intensities |Ex̂,Tx|2, and |Eŷ,Tx|2. In such case, the 3 × 1 MISO block
provides the inversion of the polarization rotation and the
temporal length of all the filters allows for mitigation of the
ISI. In case of 3D DP-IM-PM format, the MIMO block required becomes the one in Figure 5(b) which accepts the same
four waveforms w1 to w4 from the respective front-end in Figure 3 and recovers the intensities |Ex̂,Tx|2, and |Eŷ,Tx|2 as well as
the inter-polarization phase arg{Ex̂,Tx E*ŷ,Tx} [5]. In such case,
the 4 × 4 MIMO is adapted so that it inverts the polarization
rotation and the MIMO’s temporal length allows for mitigating residual ISI. Finally, the 4D DP-IM-PM-DPM format in
[12] requires processing the two additional waveforms w5 and
w6 from the front-end in the last row of Figure 3. For such 4D
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format, the MIMO block becomes the one depicted in Figure
5(c) where the first four waveforms w1 to w4 are processed in
exactly the same manner as in Figure 5(b) for the 3D format.
As explained in [15], recovering the fourth dimension from
w5 and w6 is only possible if the axes (x̂ , ŷ )Tx and (x̂, ŷ)Rx are
aligned. In order to align the transmitter’s and receiver’s axes,
we make use of the knowledge of the derotation matrix that
is obtained from 4 × 4 MIMO operating on the first three
dimensions. This matrix has to be sent back to the transmitter
where the DP-IQ modulator can pre-rotate the transmitted
waveforms, ensuring aligned axes at the receiver. In such case,
w5 and w6 can be processed separately by a 2 × 2 MIMO block
that recovers the fourth dimension: the inter-polarization differential phase arg{Ex̂,Tx [n]E*ŷ,Tx[n-1]}.

V. Recent Achievements
This section summarizes the key results achieved using the
modulation formats whose details and transceiver architectures were presented in section III and are enabled using the
DSP algorithms presented in section IV. Table 1 presents the
summary of the key results achieved using 1D, 2D, 3D and
4D formats; each is listed in a separate row. Specifics of the
experimental testbeds used for each experiment can be found
in the publications cited in the table. All these record breaking results were generated in the laboratories of the Photonics
Systems Group (PSG) at McGill University, Montreal, Canada.
Figure 6 shows photos of the testbed used to demonstrate the
2D DP-PAM4 format that generated the results in [14]. Key
modulation parameters for each experiment are listed including the symbol rate, the resulting number of bits per symbol,
the maximum transmission distance and the operating wavelength. Also, Table 1 lists the maximum bit rate we were able
to achieve using each format while maintaining the bit error
IEEE Photonics Society NEWSLETTER
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Table 1. Summary of key achievements using multi-dimensional formats relying on direct-detection receivers with
polarization demultiplexing using DSP. (HD-FEC: Hard Decision Forward Error Correction)
Number of
dimensions

Modulation format
employed

Number of bits
per symbol

Symbol rate
(Gsym/s)

Maximum Bit rate
(Gb/s) achieved
at HD-FEC

Transmission
Distance (km)

Operating
wavelength
(nm)

1D [13]

PAM4 or PAM8

2 or 3

56 or 37.4

112

10

1310

2D [14]

DP-PAM4

4

56

224

10

1310

3D [15]

DP-PAM4-4PM

6

50

300

b2b

1550

4D [15]

DP-PAM2-8PM-8DPM

8

40

320

10

1550

rate (BER) below the hard decision forward error correction
(HD-FEC) threshold of 3.8 × 10−3. If the BER stays below the
HD-FEC threshold, the FEC decoder will correct errors such to
bring the post-FEC BER below 10−15.
Examining Table 1 carefully, we notice that going from
one row to the next, the number of modulated dimensions increases meaning more bits per symbol are modulated, hence
the resulting capacity (bit rate) per carrier goes up. All short
reach formats and transceivers should be operated in the in the
O-band (1310 nm), where chromatic dispersion (CD) in standard single mode fiber is minimum. The first two experiments
in [13, 14] for 1D and 2D formats were performed around
1310 nm, in which case the only factor limiting the maximum
transmission distance was attenuation in SMF which reduces
the received signal power. The experiment in [5] for the 3D
format was demonstrated in the C-band (1550 nm), and therefore chromatic dispersion prevented propagation of the signal.
The detrimental effect of CD on the intensity and phase modulation is exacerbated when the phase of the optical signal is
modulated at the transmitter. The last experiment in [15] for
the 4D format was also performed in the C band but dispersion pre-compensation using DSP was used at the transmitter
prior to driving the DP-IQ modulator in the last row of
Figure 3. For such 4D formats, digital chromatic dispersion
pre-compensation is feasible because all Mach-Zehders are
biased at null. It is noteworthy to mention that the increase
in bit rate from 300 to 320 Gb/s by going from 3D to 4D
modulation format seems marginal however, this increase was
realized at a reduced symbol rate (40 instead of 50 Gsym/s)
due to the more spectrally efficient 4D format. This means all
the electronic, the electro-optic, and the opto-electronic components required can have smaller bandwidths since they will
run at a slower signaling rate.

VI. Conclusion and Future Research Avenues
We presented an overview of the means to modulate more dimensions of a lightwave while maintaining a direct detection
scheme. These formats produce a larger spectral efficiency compared to legacy on-off keying and hence are strong candidates
for capacity demanding short-reach intra-datacenter optical
interconnects. Transceiver architectures as well as enabling
digital signal processing for these formats were reviewed. Also,
significant results that have been achieved were summarized.
Although the key results presented were obtained using
transceivers realized by discrete components (drivers, modulators, polarizing optics, photodetectors, etc.), one important
14
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future step is to realize the transceivers of any of these multidimensional formats on a single photonic integrated circuit
(PIC) using either Silicon (Si), Indium Phosphide (InP) or a
hybrid platform. This will reduce the insertion losses compared to using discrete components, and will make the solution more viable for practical applications by lowering the cost,
size and power consumption. In addition, one more interesting
research avenue is to study the prospect of using one of these
multi-dimensional formats with “lighter” DSP. This would
lower the power consumption at the expense of a decrease of
the performance, which forms a rich trade-off space to further
investigate.
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Photonic Start-ups 101: Intellectual Property
“We think we have solved the mystery of creation. Maybe we should
patent the universe and charge everyone royalties for their existence.”
—Stephen Hawkins
Whilst it would be nice to think that all you needed to do to
be successful was to have a single brilliant idea, patent it, and
then wait for the royalties to start rolling in, I’d be willing
to place good money on the fact that, in photonics this just
ain’t going to happen. For a photonics company, patents, or
to be more correct, Intellectual Property (IP) are unlikely to
be something that ever becomes a major source of income, but
are, rather, a critical part of an overall company strategy that,
ultimately, makes money from selling things (usually hardware
but, in a few cases, software) based on the company’s IP.
This brief article is not going to even attempt to be a ‘how
to’ manual about IP management—there are whole postgrad
degrees specializing in that alone—but instead I’ll be focusing on the areas of IP I think are of particular importance to
start-ups in the area of patents and patenting. This includes
the trade-off between patents and trade secrets, and the importance of ‘freedom to operate’.

Types of IP
There are four main types of IP you’ll need to consider in a
start-up:
Trademarks 	which include such things as brand and product names, graphic logos, slogans, taglines, etc.
Copyright 	which is the right to control reproduction
and distribution of original works of authorship. This can include software as well as
more traditional written or artistic material.
Patents 	are property rights granted by the government to exclude all others from making, using, selling or importing anything that uses
or incorporates the patented invention.
Trade secrets	are everything else that could be considered
confidential or proprietary. Examples include
clever ways of solving technical problems,
algorithms, etc, provided that the company
takes care to treat it as confidential.

Patents
Patents have been around since the late 1400s—originating
in Venice in 1474 (Figure 1) and spreading from there as glass
workers from Venice and Murano spread throughout Europe
over the following centuries. Patents as we know them now
developed through the 18th and 19th centuries–indeed the US
16
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Figure 1. The Venetian Patent Statute of 1474.

patenting process was enshrined in the first article of the US
constitution, alongside the right to levy taxes and wage war!
Since then, the principal ideas behind the granting of a patentthat, in return for explaining how an idea works, the government
will grant an exclusive right to an inventor to manufacture, use, or
sell an invention for a certain number of years (typically 15–20)has spread throughout the world. The perceived importance of
patents and patenting is reflected in the exponential growth of the
number patent filings over the past hundred or so years as shown
in Figure 2. However, whilst there is now a trend towards a common approach to patents and patenting, patent law varies from
country to country and there is no such thing as a ‘world-wide’
patent–only a whole lot of individual, country-based patents.
For university students and researchers, the pressure is generally to “publish or perish”, with career progress being based
on the number and quality of publications (the dreaded h-factor
being just one metric that is commonly used). Patenting usually takes a back seat to this need to be first to publish and a
patent is then filed as an afterthought, rather than as the first
stage in the process of investigating an idea. However, from a
start-up perspective, and indeed from most industry perspectives, the publications will always come much later than any
patent filing—if at all. For example, in Engana (which we
started up in 2001 to develop subsystems for reconfigurable
optical networks) we filed our first patent in 2002, and had
filed half a dozen more before we published the first paper on
our LCoS technology at OFC in 2005.

Freedom to Operate
Whilst researchers (quite rightly) place great store in coming
up with something new and which hasn’t been done before,
from a company perspective, it’s not only your ability to exploit your own IP that’s important, but it’s also important not
August 2016
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Figure 2. Patents granted worldwide since 1883. (Source; Eric
Gastfriend “90% of All the Scientists That Ever Lived Are Alive
Today”, Future of Life Institute, Nov 2015.)

to be infringing anyone else’s patent. This is termed having
‘freedom to operate’ and is generally used to mean determining
whether a particular action, such as manufacturing or selling a
product, can be done without infringing the valid intellectual
property rights of someone else. Whilst this may sound like
it’s of secondary importance compared to having your own IP,
it’s one of the most important things you need consider when
starting a company. It’s not good to find out, just before you’re
successful start-up is going to be acquired for an outrageous
amount, that you’re about to be sued because your entire product line is infringing on someone else’s IP. The cost of defending a patent suit like this can, from my experience, easily run
into millions of dollars.

Trade Secrets
As discussed above, universities place a high importance on publishing, and to a lesser extent patenting, both of which put the
knowledge you have in the public domain. However, in a company environment, maintaining IP as a Trade Secret, or commercialin-confidence ‘know-how’, is often as important as filing a patent,
if not more so. For example, the design approaches used for developing a photonics-based product may be critical to the ability of a
company to compete, but the details of the models, and even the
algorithms used, are almost never published or patented.
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A quick word now about what IP to Patent and what to keep
as a commercial-in-confidence Trade Secret. One area where
this idea of keeping IP as commercial-in-confidence becomes
important is in the area of processes, such as the design process outlined above or a manufacturing process with novel and
unique steps in it. Whilst there have been some important
patents in the photonics space based around processes (such as
the original patents for the MCVD and VAD processes for the
manufacture of optical fiber preforms) it is usually the application of a technology that provides the highest return to a company and hence should be the area of focus when considering
what to patent. Again, an example from my own experience
is in the area of rare-earth doped fibers, where the techniques
we developed to manufacture the fibers back in the mid 1980s
(process) were nowhere near as important (or contested!) as
the patents covering the application of these fibers in erbiumdoped fiber amplifiers.
It’s also worth noting that if you’re planning to raise external funding for your company (eg through VCs or other external investors), these investors will see a clearly defined IP
strategy, including early filing of key patents, as a strong indicator of a company’s investability. It’s therefore worth spending
some time (and, unfortunately, usually some dollars) in sorting
out and protecting your key IP before you go out and start
chasing down the investor $$$s.
There is a wealth of information on the net about patents
and IP management in general. The USPTO has a whole raft
of resources covering the US processes and aimed specifically
at start-ups at http://www.uspto.gov/learning-and-resources/
startup-resources. There’s also a very readable article, along
with some good number crunching on why start-ups looking to raise external finance (eg from VCs or other investors)
should protect their IP at http://techcrunch.com/2012/06/21/
do-patents-really-matter-to-startups-new-data-reveals-shifting-habits.
That’s it for this column. Next time I’ll start to talk about
some of the financial aspects of starting a company and why,
for a start-up, the only thing that matters is cash. Until then, if
you have any questions about anything in these first three columns, please feel free to email me at Simon.B.Poole@ieee.org.
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News
CLEO 2016 Closes with Strong Attendance, Focus
on Breakthrough Research and Applied Innovations
in Ultrafast Lasers, Energy-Efficient Optics, Quantum
Electronics and Biophotonics
The 2016 CLEO Conference and Exposition (CLEO 2016) concluded with 4,600 attendees, 210 exhibitors and more than
2,100 presentations from around the world. Comprehensive,
peer-reviewed technical sessions, a cutting-edge exhibition,
and market focused exhibit-floor programming, provided attendees an unparalleled opportunity to immerse themselves
in a broad range of research, technologies and innovative new
products. Hot topics included quantum cascade lasers on silicon; multi-channel quantum communication and higher capacity quantum computers; photonic crystals to improve solar
cell efficiency; a photoacoustic catheter probe to help better
identify heart disease; and optical microscopy for brain imaging, three dimensional printing and single-photon nonlinear optics. CLEO 2016 took place 5–10 June at the San Jose
McEnery Convention Center in San Jose, California, USA.

Comprehensive High-Quality Programming
“Each year CLEO is the industry platform for the leading minds
in the science of laser and electro-optics to reveal their latest
discoveries and in-depth research,” said Valdas Pasiskevicius,
Royal Institute of Technology (KTH), Sweden, general co-chair
of CLEO. “Six days of technical sessions, five plenary speakers, special symposia, tutorials, business programming, exhibits
and special events provided attendees with a level of insight and
access not available at any other industry conference.”
Roberto Morandotti, INRS—Centre Énergie Matériaux Télécommunications, Canada, general co-chair of CLEO, added,
“By uniting the fields of lasers and opto-electronics, CLEO
provides attendees with a unique view into this technology
lifecycle—from early research to industry applications. Technology applications will continue to drive the need for peerreviewed conferences like CLEO, and we look forward to what
will undoubtedly be another dynamic conference in 2017.

Keynote Programming
The following global leaders in lasers and electro-optics shared
their insights on attosecond metrology, “multi” technologies,
gravitational waves, quantum nano-photonics and solar energy
conversion efficiency:
• Ferenc Krausz, Max Planck Institute of Quantum Optics;
Ludwig-Maximilians-University, Munich, Germany—
“Electrons in Real Time: Tracking and Controlling
Motions at the Picometer-attosecond Scale”
• Masataka Nakazawa, Research Institute of Electrical Communication, Tohoku University, Japan—‘“Multi” is Everywhere”
• David Reitze, Executive Director of the LIGO (Laser
Interferometer Gravitational-wave Observatory) Laboratory
20
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at the California Institute of Technology and Professor of
Physics at the University of Florida—“Colliding Black
Holes & Convulsions in Space-time: The First Observation of Gravitational Waves by LIGO”
• Jelena Vuckovic, Stanford University, United States—
Quantum Nanophotonics
• Eicke R. Weber, Fraunhofer Institute for Solar Energy
Systems, and Albert-Ludwigs University, Freiburg,
Germany—“Harvesting Solar Energy with Highest
Conversion Efficiencies: Materials Challenges of Record Multijunction Solar Cells”

Industry Leading Companies in Lasers
and Electro-Optics
More than 200 companies exhibited at CLEO:2016, taking
advantage of the annual industry-leading gathering to introduce new products and demonstrate cutting-edge innovations.
Companies such as Coherent, Edmund Optics, Menlo Systems,
Thorlabs, Toptica Photonics and many others showcased stateof-the-art technology from a wide-variety of topical areas including ultrafast lasers, spectroscopy, optical pulse technology
and nanophotonics. The CLEO exhibit hall featured presentations on the state of the optics and photonics industry, precision manufacturing using ultrafast lasers and a special Enabled
by Optics Session: Building the World’s First Database of Matter: Spectroscopy in the Consumer’s Hand.
The CLEO: 2016 “The Technology Transfer Program” was
kicked off by keynote speaker Henry Kapteyn, CEO, KMLabs,
USA. Dr. Kapteyn is founder and CEO of Kapteyn-Murnane
Laboratories Inc., and has been a Professor at the Department
of Physics, and a Fellow of JILA, at the University of Colorado since 1999. His current work opens up a new region of
the electromagnetic spectrum to fundamental studies, and his
group is applying these sources to studies of dynamic processes
in atomic, molecular, and materials systems, as well as for technological applications such as nanoscale imaging. This interactive session offered startups the opportunity to hear best practices for taking innovations from the lab into the marketplace,
including: the licensing process; funding, entrepreneurship,
technology transfer and intellectual property.
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Exhibitor News from CLEO 2016
CNI Released Narrow Linewidth and Low Noise
U series DPSS Laser for Speckle Interference
and Raman Spectroscopy Analysis
Changchun New Industries Optoelectronics Tech. Co., Ltd.
(CNI) released U series DPSS laser products on at the CLEO
2016 Conference in San Jose.
The new U series laser system
has the features of narrow linewidth (<0.003 nm), nice beam
profile (M² < 1.2) and super
low noise, which are ideal for
use in holographic anti fake, holographic photography, Raman
spectrum analysis, speckle interference, fine measurement and
many other applications.
Compared with the conventional DPSS laser products,
the new series linewidth narrowed from 100 GHz to 3 GHz
and the problems of short coherence length and unstable
output power were solved by adding certain mode selection optical components to compress spectral linewidth and
output stable longitudinal mode laser. It makes our new
series laser products become a better choice for use in OEM
instrument, system design and integration and some scientific researches.
CNI founded in 1996, is the leading supplier of lasers, optical spectrum analyzer, teaching and laboratory equipment,
optical measuring equipment, laser processing equipment,
machine vision and the photoelectric detection in China. Every
year, about 25000 units CNI products are delivered to more
than 8000 customers about the world. CNI possess accountable
and dependable service as well as quality products with compact design, high reliable, excellent performance. The products
are widely used for scientific research, equipment manufacturing, biomedical experiment, precision measurement, entertainment, radar communication, material processing, process
control, online detection, investigation equipment, national
defense, military and other fields. For detail laser products information please reference www.cnilaser.net

Coherent Solutions Released IQFROG,
the New Optical Pulse Analyzer
Coherent Solutions of Auckland, New
Zealand announced the release of their
IQFROG, the newly updated optical
pulse analyzer. IQFROG featured
newly improved software and new hardware architecture for
increased robustness and stability.
Ultra-short pulses in the order of femtoseconds and picoseconds are finding its way into various industrial applications from micromachining to optical sensing and imaging.
Due to their extremely short time duration, they cannot be
characterized using electrical test and measurement tools.
Frequency-Resolved Optical Gating (FROG) technique uses
autocorrelation of the pulses itself to characterize its intensity
August 2016

and phase profile, giving you a complete characterization of
the optical pulse. Coherent Solutions have been providing
FROG optical pulse analyzer solutions since 2001.
The new software is optimized to measure a wider range
of pulse characteristics, including broad chirped pulses used
for Chirped Pulse Amplification (CPA). The multi-functional
software controls the hardware, monitors the Second Harmonic Spectrum and performs the FROG algorithm intensity and
phase recovery to make it the most user-friendly optical pulse
analyzer on the market.
The IQFROG hardware comes in two varieties: IQFROG
1.5 micron and IQFROG 1.0 micron, each optimized for the
specific wavelength ranges. Both versions come with 200 ps
of temporal scan range, making it the only optical pulse analyzer on the market that can measure pulses as broad as 50 ps.
It is also the only FROG on the market that comes with a
connectorized optical input as a standard feature, eliminating
the need to perform input beam alignment—the most time consuming process in the operation of many optical pulse analyzers.
“IQFROG is the answer to situations where an autocorrelation trace is just not enough. Knowing the exact intensity
and phase profiles of your pulse opens the door to a whole
new level of insight into your research or product development. Now with IQFROG, harnessing this power is easier
than ever.” said Dr Sung-Hoon Im, Director of Technical
Sales of Coherent Solutions. More information and specifications about the IQFROG can be found here: www.coherentsolutions.com/iqfrog

Resolution Spectra Systems
introduced LW-10
New Compact High-Resolution Laser Wavelength Meter
At CLEO 2016, RESOLUTION Spectra Systems
announced the worldwide
release of LW-10: an innovative, very compact, high-resolution Laser Wavelength
Meter for CW and pulsed lasers. LW-10 offers a very robust
calibration over time with 20 MHz resolution and 200 MHz
absolute accuracy, multiple software interface capabilities,
within a very compact package. It benefits from the advantages of SWIFTSTM Technology. An optional calibration as
laser spectrum analyzer is also available with a spectral resolution up to 3 GHz.
This instrument is the perfect tool for applications in the
visible and near infrared range (700-1000 nm) such as tunable
laser monitoring: CW Ti:Sa laser, External Cavity Diode Laser
(ECDL), OPO and laser stability control; frequency locking:
atom cooling, atom trapping, spectroscopy applications. For
more information on LW-10, please visit: www.resolutionspectra.com/products/lw-10-wavelength-meter
Excerpts from CLEO® 2016
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New Imaging Technology Allows Scientists to Peer
Even Deeper into Fatty Arteries
Researchers demonstrate how a highly-sensitive photoacoustic catheter probe has the
potential to help better identify heart disease
As plaque accumulates on the inside of arteries, it can cause
the arteries to thicken and harden. When that plaque ruptures,
it can ultimately block blood flow and lead to a heart attack,
stroke or other problem throughout the body.
The condition, known as atherosclerosis, is a major form of
cardiovascular disease, which over the past century has become
the leading cause of death worldwide. Currently, no imaging
tools are available to consistently and accurately diagnose plaque
at risk of rupturing in living patients.
A new imaging system known as intravascular photoacoustic (IVPA) imaging that produces three-dimensional
images of the insides of arteries, however, has the potential
to help doctors diagnose plaques on the brink of rupturing.
But scientists have struggled to develop imaging instruments that meet clinical requirements while illuminating
arteries to a useful depth and at quick enough speeds.
Now, a team of researchers from Purdue University, Indiana
University School of Medicine, Indiana, USA and the Shanghai Institute of Optics and Fine Mechanics, Shanghai, China,
have improved upon previous instruments, developing a new
IVPA catheter design with collinear overlap between optical
and acoustic waves with a tiny probe. The design can greatly
improve the sensitivity and imaging depth of IVPA imaging,
revealing fatty arteries in all of their unctuous detail.
“The most exciting part of this work, which will be reported at
the CLEO 2016 conference, is the collinear design of the catheter
that enables the intravascular photoacoustic imaging system to see
much deeper and much more lipid information in the arteries,”
said the first author Yingchun Cao, a postdoctoral fellow in Professor Ji-Xin Cheng’s group at Purdue University in West Lafayette,
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Indiana, USA. “That could provide valuable help for the doctor to
better identify and diagnose the plaque vulnerability in patients.”
IVPA imaging works by measuring ultrasound signals from
molecules exposed to a light beam from a fast-pulsing laser. The
new probe allows the optical beam and sound wave to share the
same path all the way during imaging—that’s the “collinear”
overlap part—rather than cross overlap as in previous designs.
This increases the sensitivity and the imaging depth of the
instrument, allowing for high-quality IVPA imaging of a human coronary artery over 6 mm in depth—from the lumen,
the normally open channel within arteries, to perivascular fat,
which surrounds the outside of most arteries and veins.
The Cheng laboratory had previously tried a design based
on a ring-shaped transducer to accomplish the same collinear
overlap idea. But the size of the transducer prevented its further application in clinic. The team came up with the current
design by transmitting the optical wave while reflecting the
sound wave on an angled surface. “It wasn’t easy,” said Cheng.
“We tried different fibers, micro mirrors, and various assembly
methods. Fortunately, we finally got this idea to work.”
The presentation, “Highly Sensitive Intravascular Photoacoustic Imaging with a Collinear Catheter Probe,” by Y. Cao,
A. Kole, P. Wang, M. Sturek and J. Cheng took place Thursday,
9 June 2016 in the Marriott San Jose, San Jose, California, USA.
Paper: Y. Cao, J. Hui, A. Kole, P. Wang, Q. Yu, W. Chen, M.
Sturek, J. Cheng, “High-sensitivity intravascular photoacoustic
imaging of lipid–laden plaque with a collinear catheter design,”
Scientific Reports 6, 25236 (2016). DOI:10.1038/srep25236.
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IEEE Acquires GlobalSpec and the Engineering360
The IEEE acquired GlobalSpec, a
leading source of news, data and
analytics for the global engineering
and technical community, including the widely known brand name
Engineering360.
The new for-profit subsidiary
of the IEEE has been renamed
IEEE GlobalSpec, Inc. and will
significantly complement IEEE’s
already broad offerings for engineers as well as its emerging position in research analytics, further
fueling the organization’s value
to industry through its business-oriented, content rich
marketing platforms.
IEEE GlobalSpec is a prominent multi-media destination for the
engineering community providing proprietary editorial and technical content, classified in a relevant engineering-focused system.
This dynamic destination is targeted to a decision-making audience
of industry-based engineers, technical professionals, manufacturers,
distributors, and service providers involved in technical research, product design, and purchasing. The business also provides webinars and online forums for technical professionals
to share and collaborate, and a full suite of content marketing
tools and products.
IEEE GlobalSpec and its 145 employees will be headquartered in the Albany suburb of East Greenbush, New
York.
“IEEE GlobalSpec solidifies our leadership position by
broadening our product offerings and expertly diversifying
our appeal to the global technology community,” said IEEE
President Barry L. Shoop. “We are committed to our mission of
advancing technology for humanity, and we believe the synergistic benefits created through this acquisition–across content,
standards, and communities–will better serve the needs of our
members, professions, and customers.”
The site delivers a unique information experience, comprised of:

News & Analysis – authoritative content, including industry/
market news and perspectives,
analysis, insights and critical information, driven by a seasoned
editorial staff
Products & Suppliers – more
than 122 million parts from suppliers across numerous industrial sectors, searchable by specification
Standards Directory – access
to metadata and abstracts for 1.6
million standards documents
Reference Library – a gateway
to more than 95 million engineering documents, including
technical articles, reports, publications, patents, and e-books
Engineering Community – an established online community in the engineering/industrial space, offering forums, blogs
and related resources
“IEEE GlobalSpec delivers an unparalleled depth and quality of highly relevant content critical to the worldwide technical community. Professionals can utilize IEEE GlobalSpec to
research, compare and price components, download reference
material, research industry standards and patent information,
review product datasheets, and interact with the global engineering community,” said IEEE Executive Director E. James
Prendergast. “IEEE GlobalSpec is destined to drive new research efficiencies and productivity opportunities for academic
and corporate users by harnessing powerful insights and expert
analysis, from specifications to expert marketplace analysis.”
The combination of these two leading engineering brands
plan to diversify and broaden IEEE’s offerings to industry. IEEE
GlobalSpec currently has more than 8 million registered users;
95 million technical documents; 200+ million datasheets; 220
million indexed technical webpages; 1,100+ annual newsletter
editions; 200,000+ suppliers; 82,000 product announcements;
63,000 digitized catalogs; and 835 specification guides.
For further information, contact: Monika M. Stickel, IEEE
Marketing, at m.stickel@ieee.org.

IEEE Milestones Honor Two Historical Breakthroughs
at AT&T Laboratories
ASCII and the TAT-8 fiber-optic cable were recognized
A wall in the lobby of AT&T Laboratories in Middletown,
N.J., now displays two IEEE Milestone plaques. The plaques
honor two historical breakthroughs conceived by AT&T researchers. One is the American Standard Code for Information Interchange (ASCII), which was invented in 1967 and
became the most common character-encoding scheme for the
World Wide Web, used until December 2007. The other is
August 2016

TAT-8, the eighth transatlantic telecommunications cable.
Completed in 1988, TAT-8 was the first fiber-optic cable to
be laid across an ocean.
“Both of these monumental achievements made a lasting
impact on electronic communication and are worthy of our
recognition and perpetuation,” IEEE President Barry L. Shoop
said in his opening remarks.
IEEE Photonics Society NEWSLETTER
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ASCII is a character-encoding scheme, originally based on the
Latin alphabet that encodes 128 characters: the numbers 0
through 9, the lowercase and uppercase versions of the letters a through z, basic punctuation symbols, control codes
that originated with Teletype machines, and a blank space.
ASCII codes represent text used in computers, communications equipment, and other devices. Most modern characterencoding systems are based on ASCII, though they support
many additional characters.
ASCII was developed from telegraphic codes. Its first commercial use was as a 7-bit teleprinter code developed by Bell
Data Systems. Compared with earlier telegraph codes, the proposed Bell code and ASCII were both ordered for more convenient alphabetizing of lists and added features for devices other
than teleprinters.
Work on standardizing ASCII as a standard language began in October 1960, with the first meeting of the American
Standards Association (now the American National Standards
Institute) X3.2 subcommittee. Members of the subcommittee
included representatives from AT&T, the Association for Computing Machinery, the Business Equipment Manufacturers Association, Honeywell, and IBM. The standard, first published
in 1963, was revised in 1967 and again in 1986.
The Milestone plaque reads:
“ASCII, a character-encoding scheme originally based on the Latin
alphabet, became the most common character encoding on the World
Wide Web through 2007. ASCII is the basis of most modern character-encoding schemes. The American Standards Association X3.2 subcommittee published the first edition of the ASCII standard in 1963.
Its first widespread commercial implementation was in the American
Telephone & Telegraph (AT&T) Teletypewriter eXchange network
and Teletype Model 33 teleprinters.”

IEEE President Barry Shoop [left of center] and other attendees
from IEEE and AT&T helped unveil the two Milestone plaques
in the lobby of AT&T Labs, in Middletown, N.J.

Photo: Amanda Davis

From Telegraphs to the World Wide Web

Photo: Amanda Davis

AT&T Vice President Irene Shannon praised the company’s
current endeavors as well as its commitment to honoring past
giants. “We still have plenty of room on that wall for more
Milestones,” she noted.
About 100 people attended the ceremony, including
IEEE-USA President Peter Eckstein, Region 1 Director
Ronald Tabroff, and Newman Wilson, chair of the IEEE
New Jersey Coast Section. Michael Geselowitz, senior director of the IEEE History Center, spoke about the Milestone
program and praised the team of IEEE volunteers that proposed the two Milestones.
Administered by the IEEE History Center and funded by donations to the IEEE Foundation, the Milestone program recognizes outstanding technical developments from around the world.

The TAT-8 cable [left] was significantly thinner and lighter than
its predecessor, the TAT-7 [right], and had 10 times more capacity.

A Vital Communications Link
The TAT-8 was the first transatlantic cable to use optical fibers,
a revolution in telecommunications. (The first transatlantic cable, a telegraph wire, was completed in 1866.) TAT-8’s capacity was equivalent to 40,000 telephone circuits—10 times the
capacity of the previous copper transatlantic cable.
TAT-8 was constructed in 1988 by a consortium of companies led by AT&T, France Télécom, and British Telecom. The
cable, which cost US $335 million to make, served the three
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countries thanks in part to the use of an innovative branching
unit located on the continental shelf off the coast of England.
A branching unit is used in submarine telecommunications
systems to allow a cable to serve more than one station.
The cable lands in Tuckerton, N.J.; Widemouth Bay, England;
and Penmarch, France.
The team working on the cable needed to develop optical fiber
strong enough to withstand harsh submarine conditions. Undersea
August 2016

cable required 10 times the strength of optical fibers at that time.
The TAT-8 consisted of 1.3-micrometer-wide single-mode fibers
as well as silicon for repeaters running at 280 megabits per second—with low failure rates. The technologies resulted in fewer
repeaters and thinner cable compared with earlier efforts.
TAT-8 was carried across the ocean by CS Long Lines, a ship
that held more than 4,000 kilometers of cable. Built in 1963 by
AT&T, the ship was responsible for laying more than 64,000 km
of cable over the course of 23 missions before the company sold it
in 1997.

The Milestone plaque reads:
“TAT-8, the first fiber-optic cable to cross an ocean, entered service 14
December 1988. AT&T, British Telecom, and France Télécom led the
consortium that built TAT-8, which spanned a seabed distance of 5,846
km between North America and Europe. AT&T Bell Laboratories
developed the foundational technologies: 1.3-micron fiber, cable, splicing, laser detector, and 280 Mbps repeater for 40,000-telephone-call
capacity. Bell Labs led the integration at Freehold, N.J.”
© Copyright May 2016 The Institute

Leading US Defense Contractors, Laser Companies
Call for a Coordinated Strategy to Manufacture
High Power Lasers
Members of the National Photonics Initiative (NPI) High Power Lasers (HPL) Task Force, comprised
of leading defense contractors, commercial laser companies and academia,
today announced recommendations to
improve US defense operations and
regain our nation’s manufacturing
stronghold. The recommendations, unveiled in conjunction
with today’s Directed Energy Summit in Washington, DC,
call for the establishment of a directed energy program office that will serve to coordinate US manufacturing of high
power lasers.
“US funding for high power laser programs has declined over
the last decade, just as technology is on the cusp of practical implementation for the warfighter,” said Eugene Arthurs, co-chair
of the NPI HPL Task Force and CEO of SPIE, the International
Society for Optics and Photonics (SPIE). “High volume manufacturing of high power lasers is key to drive both technology
improvements and further reduce costs for the growing use in
advanced manufacturing.”
Currently, volume manufacturing of high power lasers is moving offshore, where technology transfer enables foreign defense
threats that erode the US industrial base. At the same time, foreign competition has expanded rapidly – particularly in China and
Russia. A directed energy program office will also serve to enhance
policies that intelligently protect critical technologies while not
inhibiting the success of US exporting companies.
“The United States is a global leader in manufacturing high
power lasers, but the US industrial base is losing its competitive
advantage,” said Scott Keeney, co-chair of the NPI HPL Task
Force and CEO of nLight. “Investing in a directed energy program
office will support a coordinated strategy that not only ensures the
domestic supply of critical components required for high power
lasers for defense but also supports commercial applications such
as cutting, welding and additive manufacturing.”
Optics and photonics, the science and application of light,
is a major part of many high performance systems used by the
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military, including high power laser
weapons. Directed energy weapons using high power solid state lasers offer
ultra-precise targeting, low cost per
use and a nearly unlimited magazine.
In some situations, laser weapons are
the only practical method of countering new threats.
“Optics and photonics enabled technologies presently
equip our troops with the tools they need to achieve their missions more safely and efficiently,” said Alan Willner, chair of
the NPI Steering Committee and an IEEE Photonics Society
Past-President. “Unlike previous laser applications that required significant advances in fundamental science and technology, the high power laser technology required for many
directed energy applications is now ready to make a major
impact. The NPI HPL Task Force looks forward to working
with government and industry partners to develop a directed
energy program office to coordinate and deploy this cuttingedge technology.”
The NPI partnered with the Directed Energy Professional
Society (DEPS) to establish the HPL Task Force and produce
recommendations.

About the Npi
The National Photonics Initiative (NPI) is a collaborative alliance among industry, academia and government to raise awareness of photonics and the impact of photonics on our everyday
lives; increase cooperation and coordination among US industry, government and academia to advance photonics-driven
fields; and drive US funding and investment in areas of photonics critical to maintaining US economic competitiveness
and national security. The initiative is being led by top scientific societies including the IEEE Photonics Society, American
Physical Society (APS), the Laser Institute of America (LIA),
The Optical Society (OSA) and SPIE, the International Society
for Optics and Photonics.
For more information visit www.lightourfuture.org.
IEEE Photonics Society NEWSLETTER
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Important Information about IEEE Journal of
Display Technology
The IEEE Photonics Society recognizes
the photonics community’s contributions
to the IEEE Journal of Display Technology
(J-DT) and thanks those who have chosen
it for their past publishing needs. However,
the IEEE has determined the best way to
serve those in the display technology area is
to cease publication of J-DT and allow display technology content to be submitted
to other journals or letters publications in
the IEEE publication family. Submissions
to J-DT are no longer being accepted as of
1 July 2016 in preparation for a final December 2016 issue.
The publication will continue to be accessible to readers on
the IEEE Xplore platform through subscriptions to thousands
of institutions and companies. IEEE Xplore provides web access to more than three million full-text documents from some
of the world’s most highly-cited publications in electrical engineering, computer science and electronics. More than two
million documents are in robust, dynamic HTML format.
This J-DT publication currently has a 1.925 Impact Factor, as reported in the 2015 Thomson Reuters Journal Citation

Report; published papers will continue
to accumulate citations and impact the
display science area.
For your future display technology
needs, the IEEE has a number of highlycited journals that are accepting papers,
which cover appropriate segments of
J-DT’s focus area. The publications include, but are not limited to:
IEEE Photonics Journal (a fully open
access publication); IEEE Transactions on
Broadcasting; IEEE Transactions on Components, Packaging, and Manufacturing
Technology; IEEE Transactions on Consumer Electronics; IEEE
Transactions on Electron Devices; IEEE Electron Device Letters;
IEEE Journal of the Electron Devices Society (a fully open access
publication); IEEE Transactions on Industry Applications; and IEEE
Journal of Solid-State Circuits.
All the publications listed above can be found at www.ieeexplore.ieee.org and more details on the open access IEEE Photonics Journal can be found at www.photonicsjournal.org.
Thank you for your continued support of the IEEE’s global
technical community and its publications.

Light and Photonics in the Classroom:
New Educational Activities E-book Released
The International Year of Light in
Europe 2015 Project (LIGHT2015),
together with Universe Awareness,
releases the e-book 100 educational
activities about Light and Photonics.
This e-book is comprised of a list of
100 educational activities about the
wonders of light and photonics, curated for the International Year of Light
and Light-based Technologies 2015
(IYL 2015).
An important aspect of the IYL
2015 is the educational added value of Light and Photonics to empower teachers and students
around the world. Optics and photonics activities get students excited about science, and for teachers these activities
are a great way to explain physical concepts through engaging
hands-on activities.
The e-book 100 educational activities about Light and
Photonics is a freely available resource for teachers to be
used all around the world. The e-book is available as an
Open Educational Resource and the source file is available
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for translations and adaptations. All
activities have been curated by Silvia Simionato and Pedro Russo from
the Universe Awareness Programme
(UNAWE) based at Leiden University (the Netherlands) within the
framework of The International
Year of Light in Europe 2015 Project (LIGHT2015).
To learn more, visit the
LIGHT2015 website: http://ow.ly/
srcf301YJl7

About LIGHT2015
LIGHT2015 is a European project, funded through the European Union’s Horizon 2020 research and innovation program of
the European Commission. It aims to promote the importance
of photonics to young people, entrepreneurs and the general
public in all Member States of the EU during the International
Year of Light and Light-based Technologies 2015 (IYL 2015).
*Press Release from © IYL2015
August 2016

IEEE Photonics Society is looking for new images for use in publicity and social media.
Deadline extended un�l August 31, 2016
We know that many of you create beau�ful mages in your labs and calcula�ons everyday. Send us the most eye‐catching
gures from your work for a chance to gain worldwide visibility. Submi�ed gures may be used in IPS promo�onal materials.
One winning entrant will receive a choice of complimentary registra�on to the 29th IEEE Photonics Conference is Waikoloa,
Hawaii , October 2‐6, 2016 or $500 USD. Winners may also be invited to write a Newsle�er ar�cle about the work behind the
gure.

“Blossom in Photosynthesis” 2015 Image Winners
Dr. Jiayong Gan and Dr. Yuebing Zheng

Contest Rules:


Entries to be submi�ed electronically in TIFF, JPEG, or
PDF format (300dpi High resolu�on)



Figures must be related to photonics



Can be submi�ed from any IEEE Journal if previously
published.



Only IPS members allowed to par�cipate



May submit more than one gure

Read about last years winners here: h�p://bit.ly/1M1B1Ba
Send your entries to IPSNEWSLETTER@ieee.org
Subject: IPS Figure Contest
All submissions must be received by August 31, 2016.
Results will be published in the October Issue of the IPS
Newsle�er and announced via FB and e‐blast.
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Special SympoSium
on

Compensation
of nonlinear
impairments
in transmission
at the
29th Annual Conference of the IEEE Photonics Society

2-6 October
Hilton Waikoloa Village, Waikoloa, Hawaii USA

Co-Chairs:
Nikola Alic, University of California San Diego, USA

Invited Speakers:
Peter Andrekson, Chalmers University of Technology, Sweden
Stojan Radic, UCSD, USA
Andrew Ellis, Aston University, UK
Tokishiko Inoue, AIST, Japan
Richard Blahut, University of Illinois at Urbana-Champaign, USA
Vahid Aref, Nokia Bell Labs, USA

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org
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Careers and Awards
2017 IEEE Technical Field Award Recipients
Announced
The IEEE Board of Directors has approved the 2017 IEEE
Technical Field Award and 2016 IEEE Eric Herz Outstanding Staff Member Award recipients. The complete list of recipients and their citations is online at www.ieee.org/awards.
Please feel free to send your notes of congratulations and to
publicize the recipients within your other IEEE and professional affiliations.

The 2016 IEEE Honors Ceremony was a
Memorable Event!
Visit the IEEE Awards Channel on IEEE.tv to hear about
the remarkable achievements of award recipients across
all of IEEE’s fields of interest who received gold medals at
the 2016 IEEE Honors Ceremony on 18 June at Gotham Hall,
New York, NY. G. David Forney, Jr. received the IEEE Medal
of Honor--IEEE’s highest award!

Download the 2016 IEEE Awards Booklet, which features
the ceremony program, and bios of our prestigious IEEE
Medals and Recognitions as well as Technical Field Award
recipients.
Check out the IEEE Awards Facebook page and IEEE Awards
Twitter for new postings and various photos and videos!

A group photo of the 2016 IEEE Medal and Recognition recipients who received their medals at the Honors Ceremony. And a photo of
G. David Forney, Jr. accepting the 2016 IEEE Medal of Honor.
August 2016
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Ieee Photonics Society—Call for Nominations
2017 John Tyndall Award
This award, which is jointly sponsored by the IEEE Photonics Society, the Optical Society,
and is endowed by Corning, Inc., 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. Nomination deadline is
10 August, 2016.

2017 Young Investigator Award
The Young Investigator Award was established to honor an individual
who has made outstanding technical contributions to photonics (broadly
defined) prior to his or her 35th birthday. Nominees must be under
35 years of age on Sept. 30th of the year in which the nomination is made.
Nomination deadline is 30 September, 2016.

Please visit the new on-line awards platform to submit your nomination.
https://ieee.secure-platform.com/a/page/society_awards/ieeephotonicssocietyawards
Additional award information and a listing of previous recipients are available here:
http://www.photonicssociety.org/award-info
http://www.photonicssociety.org/award-winners

IEEE Photonics Society: Board of Governors Election
Ballots for the election of candidates to the Board of Governors
have been distributed to all voting members. We hope you will
take the time to exercise your vote and help choose the future
direction of the society. You will need your IEEE Account username/password to access the ballot. If you do not remember
your password, you may retrieve it on the voter login page.
The candidates are:
Seth R. Bank, University of Texas at Austin
Gabriella Cincotti, Università Degli Studi Roma Tre
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Amr Helmy, University of Toronto
Tetsuya Kawanishi, aseda University
Benjamin G. Lee, IBM T.J. Watson Research Center
Dan Marom, Hebrew University of Jerusalem
Seb Savory, University of Cambridge
Valery Tolstikhin, Intengent, Inc.
Please vote for up to FOUR candidates. VOTE NOW using the following URL: https://eballot4.votenet.com/
IEEE
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IEEE Photonics Society Recognition at CLEO
honor outstanding achievements in photonics. The 2016 recipient, Mark E. Thompson, University of Southern California,
Los Angeles, was honored “For scientific and technical leadership
in the conception, demonstration and development of phosphorescent
materials in organic light-emitting diode (OLED) displays.”

IPS President Kent Choquette with 2016 Young Investigator
Recipient, Igor Aharonovich.

(l-r) IEEE President Barry Shoop, Mark E. Thompson, and Photonics Society President Kent Choquette

Photo credit: Eric Slomanson

The Conference on Lasers and Electro-Optics (CLEO) was held
from 5–9 June, 2016 at the San Jose Convention Center, San
Jose, California, USA.
The Plenary session on Wednesday, 8 June, featured Ferenc
Krausz, Max Planck Institute of Quantum Optics, Germany and
Masataka Nakazawa, Research Institute of Electrical Communication, Japan.
Also present was Photonics Society President, Kent Choquette, who took to the stage to present the 2016 IEEE Photonics Society Young Investigator Award. The Young Investigator
Award was established to honor an individual who has made
outstanding technical contributions to the photonics industry
prior to their 35th birthday. This years’ recipient, Igor Aharonovich, University of Technology, Sydney was honored, “for
contribution to the development of single photon emitters in wide bandgap materials.”
Of the thirteen society members elevated in 2016, two selected CLEO for their recognition. They are: Aaron Hawkins,
Brigham Young University, “for contributions to optofluidics.” and
William Krupke, Lawrence Livermore National Laboratory,
“for leadership in laser science and technology.”
Kent then introduced the 2016 IEEE President Barry
Shoop, who was in attendance to present the 2016 IEEE Photonics Award. Sponsored by the Photonics Society, this IEEE
Technical Field Award, established in 2002, is presented to

Eric Slomanson

Eric Slomanson

(l-r) Kent Choquette with 2016 IEEE Fellows, Aaron Hawkins and
William (Bill) Krupke
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IEEE Photonics Society Selects the 2016
Distinguished Service Recipient
The Photonics Society Distinguished Service
Award was established to recognize an exceptional individual contrbution of service which
has had significant benefit to the membership on
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.
The 2016 Distinguished Service Award will be
presented to A. Catrina Coleman, “for sustained
leadership in society governance, with special
contributions to Conferences and Publications.”
The presentation will take place during the Awards Banquet being held at the 2016 IEEE Photonics Conference at the Hilton
Waikoloa Village, Waikoloa, Hawaii, USA, October 3, 2016.
Catrina Coleman (M’91–SM’99–F’08) received her PhD in
Physics from the University of Glasgow, UK. In 1985 she joined
the Department of Electronics and Electrical Engineering at the
University of Glasgow to work on MBE growth of InP. In 1987
she became a member of the Optoelectronics Research Group
and began working on III–V semiconductor devices and photonic integration. She and her colleagues developed techniques
for fabricating photonic integrated circuits on III–V semiconductor chips based on quantum well intermixing. In 2006 she

was a co-recipient of the IEEE Photonics Engineering Achievement Award.
In January 2012 she joined the Electrical and
Computer Engineering Department at the University of Illinois and in August 2013 moved
to the Department of Electrical Engineering
at the University of Texas at Dallas. Currently
her work is concentrated on developing modelocked laser diodes and photonic integration.
She is a Fellow of the IEEE and OSA.
Professor Coleman has been involved in Society leadership for more than eighteen consecutive years. Her involvement with society publications ranges
from associate editor, to serving on the publications council.
She has been equally visible in conferences, especially CLEO,
where she has served as a technical committee member and
chair, through to Program Co-Chair and General Co-Chair.
She is currently the society representative to CLEO Steering
and will serve as Steering Committee Chair beginning 2017.
Her governance activities began as treasurer of the Scottish
Chapter, followed by being selected as Chapter Chair. She has
served as an elected member to the Board of Governors, and as
the AVP Member Advancement. Catrina is currently the VicePresident of Publications for the Society.

“Nick” Cartoon Series by Christopher Doerr
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Co-Chairs:
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Membership
An IEEE Photonics Focus on Outreach in Developing
Nations: Africa Initiative
In the fall of 2015, the IEEE Photonics Society formed its
first chapter in Africa in connection with the IEEE Cameroon
Physical Society Branch and under the leadership of Dr. Yanne
Chembo, who serves on the Society’s Membership Council and
leads a research group hosted in Besançon by the FEMTO-ST
Institute. Currently, the IEEE Photonics CPS Chapter, consists
of 20+ students from surrounding Cameroonian universities
and Professor Paul Woafo, local chapter advisor, whom meet
and organize events, on a monthly basis, to network and provide approaches to photonics research and application.
The first activities the IEEE Photonics CPS Chapter organized were in conjunction with the International Year of Light
late last year. The students and University of Yaounde held
various workshops to encourage young minds to be attracted to
careers in photonics. One workshop raised awareness about the
technologies of light through programing microcontrollers to
light LEDs. The students investigated the theoretical aspects
of the technology by researching the architecture, programming and implementation of the microcontrollers. By using
software like Code Block, Micro C, MPlab and Proteus 8, the
chapter made interesting implementations and realizations,
such as electronically lighting IEEE’s letters, lightning water
play, an infinite mirror project, a colored water effects with
light activity and a Cameroon Flag LED sign.
As a part of the microcontroller activity the students were
tasked with producing a light game, designed for both decoration and animation, which could operate in four modes
(different frequencies) as a function of an actuated switch.
When the switch was pressed, the 16F84A microcontroller
delivered a DC voltage of + 5V that powered the LEDs. The
students had to program the switches as follows: first switch
ignited all LEDs at once; the second switch enabled the students to observe an ignition of two LEDs at a time and then
gradually; the third switch displayed three LEDs at a time;
and the fourth switch allowed the students to observe a case,
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i.e. the LEDs lit up gradually one after the other in a continuous manner.
Another monthly workshop organized by the chapter provided undergraduate students the opportunity to tinker while
problem solve. They assembled an infinity mirror, i.e. a device
designed with an optical illusion to simulate a tunnel light.
The basic principle was: a normal mirror was installed at the
bottom of a box and a one-way mirror was installed on the
top side of the device (the visible side). A light strip was then
installed between the two mirrors. One half of the reflection of
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the light strip was trapped between the two mirrors, while the
other half passed through the two-way mirror. In turn, a visible
bright tunnel appeared, which seemed deeper than the device
itself. The students had to report on the basic principles and
record their findings. The IEEE Photonics funded such activities through refurbished products and seed grant funding.
The IEEE Photonics CPS Chapter also assisted the Society
in expanding its outreach on the conference front by organizing and sponsoring the fourth edition of the Cameroon Physical Society’s International Conference on “High Level Physics and Solutions”. The aim of the conference was to connect
researchers, students and young professionals from Cameroon
and Africa. The organizers put a strong focus on training in
photonics, sensors, opto-electronics and transducers, and prepared several graduate level sessions for the attendees to conduct oral and poster presentations.
An additional conference the chapter helped support was
IEEE AFRICON, in which the students provided exhibitions to
explain the growing need of solar energy solutions. The Society

contributed financially by issuing several student travel grants
to Ethiopian members. Due to the success of such collaborations,
the IEEE Photonics Society decided to support like activities in
Africa, such as an “African Optics and Photonics” initiative and
“International Cooperation and Academic Exchange”. The Society worked directly with the African Physical Society, based in
the Republic of Ghana, and African Laser, Atomic, Molecular,
and Optical Sciences (LAM) Network by providing educational grants and support. The Society also started a similar partnership between its South Africa Chapter, China Chapter and
France Chapter.
After the IEEE Photonics Society’s first year devoting funds
and outreach to Africa, the Society along with the chapter, has performed over 28+ activities at the local and international levels. And
through the hard work of resident leaders on the ground, the Society hopes to install two additional chapters by 2016 year end, in
Ghana and Kenya. Each will perform similar activities and the goal
is to eventually form a chapter council within the region to further
encourage local chapter collaborations and academic exchange.

A New Challenge for Makers, Inventors, and
Tinkerers: IEEE Announced Start of Annual Maker
Project Competition
The IEEE announced a new opportunity for the innovative, creative and
curious makers to transform problems
into technology solutions. IEEE, the
world’s largest technical professional
organization dedicated to advancing
technology for humanity, announced
the annual IEEE Maker Project Competition, welcoming innovators and
tech enthusiasts to battle it out for great prizes and the chance
to work with an IEEE member. The IEEE Maker Project will
36
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be global, open and inclusive, welcoming those ready to showcase their
technological prowess and gain wide
recognition.
The contest began accepting submissions today, May 17, 2016 and
the deadline to submit is September
17, 2016 at the IEEE Transmitter.
Entrants must be 18 years or older to
enter and submissions must be an engineering project that was
built or created using hardware or software. Submissions must
August 2016

also include an image or video of the tech project, as well as a
description. Visitors to the site will be able to share, link, comment and even vote for their favorite submissions.
Tom Coughlin, Chair of the IEEE Public Visibility Committee, IEEE Senior member, and lifelong advocate of the
maker movement, will serve as the host of this competition.
He will be featured in an ongoing video series that will highlight cool projects and events to inspire contestants on the contest website.
“This contest is about the developer and tinkerer in all of
us, ready to step on the world stage to show off their engineering talents and hands-on creativity,” says Coughlin. “This
competition embodies the very spirit of making, and lays the
foundation for the next generation of maker talent.”
Prize winners at all levels will be chosen based on a content
review process. A panel of judges selected by the Sponsor (‘Judges’) will review all entries. Entries will be ranked based on three
(3) criteria: originality, innovation and benefit to humanity.
Finalists in each submission category will receive a $50 Amazon gift card (or equivalent value in local currency) and have their
project spotlighted on IEEE Transmitter and IEEE Potentials

Magazine. One second prize winner will receive $150 (or equivalent value in local currency). The grand prize winner’s project
will be spotlighted on IEEE Transmitter, will also receive a $500
Amazon gift card (or equivalent value in local currency) and a
one-hour video mentoring session with Tom Coughlin, who will
help the winner take their project to the next level.
Contest Submission Categories: Accessibility; Education; Entertainment; Health and Safety; Sustainability; and Transportation.
All are invited to participate in voting for their favorite
project online at IEEE Transmitter and share links to their
projects on social media with the hashtag #IEEEMakerProject. Community members may vote once a day until September 17, 2016.
The IEEE Maker Project video series also highlighted innovations featured at the 2016 Maker Faire—a family-friendly
festival of invention, creativity and resourcefulness, and a celebration of the maker movement.
For a list the full terms and conditions of the IEEE Maker
Project contest, visit: www.transmitter.ieee.org/makerproject
Press release from IEEE Newsroom © Copyright 2016 IEEE.

IEEE Standards in Interactive HTML Now Available
in IEEE Xplore®
IEEE Xplore Digital Library subscribers and IEEE members
now have access to over 1,000 IEEE standards in HTML format, for a more engaging and interactive reading experience.
IEEE, the world’s largest technical professional organization
advancing technology for the benefit of humanity, is one of
the first publishers to make its extensive collection of technical
standards documents available in interactive HTML, the latest
in a series of updates to continually enhance and improve the
IEEE Xplore user experience.
“With the new interactive HTML standards, users will find
it much easier to navigate standards documents for the information they need, said Prakash Bellur, IEEE Senior Director
of Platform Design. “This latest update further enhances the
value of IEEE Xplore by making it easier to find and use IEEE
technical information, saving users and their organizations
valuable time and effort.”
The new interactive HTML standards documents allow users to: quickly scan the pertinent components of a standards
document; view a mini gallery of the figures, tables and any
multimedia in a standard; explore the evolution and history of
a standard in an intuitive and visual way; navigate long documents via a mini table of contents and floating navigation panel; search within a standard to quickly get to a specific page,
section, or sentence; and more easily read standards documents
on tablets and smartphones.
August 2016

With nearly 1,300 active standards and a pipeline of new
standards under development, IEEE is a leading standards development organization (SDO) in a broad range of technologies.
The new HTML standards will bring added value to IEEE Xplore
subscribers by enabling a more convenient and engaging reading
experience. It is proposed to save time and help drive innovations.
All IEEE standar ds documents will also continue to be
available as traditional, downloadable PDFs. To learn more,
visit www.innovate.ieee.org.
IEEE Photonics Society NEWSLETTER
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Women in Photonics and Optics Networking
Luncheon at CLEO 2016
At CLEO 2016, the Women in Photonics—Silicon Valley
Chapter (WIP-SV) hosted a “Climbing the Ladder: Insights
from Leaders in Photonics” session on June 8, 2016, which
included a panel of leaders, varying in career stages and expertise. The panel, Dr. Meredith Hutchinson of the U.S. Naval
Research Laboratory, Dr. Gloria Hoefler of Infinera, Dr. Ruth
Houbertz of Multiphoton Optics and Dr. Wan Kuang of Boise
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State University, discussed their career paths, career challenges and experiences as photonics and optics professionals.

For instance, Dr. Meredith Hutchinson, Associate Vice
President of the IEEE Photonics Young Professionals program, shared while on the panel that her career she has profited from the ability to work a scientific problem from the
seed of an idea all the way to the system implementation. She
also urged attendees that, “If you don’t have someone who supports your academic or professional
dreams, make a change and branch out.” Hutchinson explained that we all benefit from surrounding
ourselves around positive, diverse groups of people.
Dr. Wan Kuang shared tips on “How to Succeed in Professional Life”. Similar to Hutchinson,
he stressed the importance in expanding your professional network as well as considering the growth
of individual research interests. It “pays” to diversify your skill set. He explained that the best candidates are those that have the ability to think innovatively and apply their range of skills to different
fields of technology, as photonics is one of the most
cross-disciplinary sciences.
Dr. Arti Agrawal, IEEE Photonics Associate
Vice President of Diversity and OSA MES Council Member-at-Large, and Dr. Apra Pandey, organizer of the Women in Photonics-SV Chapter
and Senior Engineer CST of America, directed
the panel and facilitated the event’s networking
discussions. Separately to over 100+ attendees,
the volunteer leaders explained the need for diversity in the field and the local Women in Photonics activities available to members and volunteers around the world. Chris Jannuzzi, IEEE
Photonics Executive Director, and Elizabeth
Rogan, CEO of The Optical Society, also gave
short presentations on each associations’ women
initiatives.
The event’s activities following the panel
specifically focused on the importance of mentorship, i.e. seeking advocates to help with career
development and soft skill teaching. Both men
and women were encouraged to participate as
mentors and mentees. Each attendee selected prior to attending the event what their sector interest was, i.e. academia, industry, government,
and whether they’d prefer to be a mentor or mentee. When arriving at the event the mentors and
mentees were asked to take a seat at a designated
table. Every other seat at the tables alternated
mentor and mentee, which forced individuals to
connect with one another. The place settings included various questions to the facilitate mentor/
mentee connections, such as “what do you do to
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live a balanced life”; “who or what has influenced your work
the most”; “how can I work smarter”; and “if you wanted to
create an environment where motivation can thrive, what’s
the first thing you would do”.
This inclusive event was sponsored by the OSA Women in Optics and IEEE Women in Photonics programs.
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Both associations have worked together at CLEO over
the last two years to bring joint programming, designed
to encourage gender inclusion within photonics/optics
community and support the next generation of women in
photonics. Industry sponsors of this event included CST
and Infinera.
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Member Spotlights
Dr. Verlinden from
Trina Solar Received
William R. Cherry
Award at IEEE PVSC
The Dr. William R. Cherry
Award was formed in honor of
a founder in the photovoltaic
community. In the 1950’s William Cherry was instrumental
in establishing solar cells as
the ideal power source for space
satellites and for recognizing,
advocating, and nurturing the use of photovoltaic systems for
terrestrial applications. The William R. Cherry award was instituted in 1980, shortly after his death. The purpose of the
award is to recognize an individual engineer or scientist who
devoted a part of their professional life to the advancement of
the science and technology of photovoltaic energy conversion.
It is presented each year that the IEEE Photovoltaics Specialists Conference (PVSC).
Dr. Pierre Verlinden, Chief Scientist and Vice-President of
Trina Solar, received the William Cherry Award this year at
PVSC in recognition of his long and distinguished career at the
forefront of PV technology and commercialization, for leading
technology advances including the interdigitated back contact
(IBC) cell, mono- and multicrystalline PERC silicon solar cells
and multijunction III-V dense array technology for CPV application, and for his overall leadership of key R&D organizations
throughout his career. Dr. Verlinden is currently Vice-Chair
of the State Key Laboratory of PV Science and Technology,
Changzhou, China, as well as adjunct Professor at Sun Yat-sen
University, Guangzhou, China.
He has been involved with high-efficiency PV technologies
for more than 35 years, first as an early developer of IBC silicon
solar cells from 1979, at the University of Louvain, Belgium,
and Stanford University, California. He continued his pioneer
work on IBC solar cell development for CPV and one-sun applications as Director of R&D at SunPower until 2001. After
a short stay at Origin Energy Solar, Australia, to build a pilot
line for the Sliver cell, he founded AMROCK and helped many
other companies and research centers to develop advanced PV
technologies, including multijunction III-V dense arrays for
reflective CPV systems at Solar Systems, Australia. In early
2012, Dr. Verlinden joined Trina Solar in Changzhou, China,
where, marrying western-style and Chinese-style R&D, he
transformed the State Key Laboratory of PV Science and Technology into one of the most advanced research centers in photovoltaics. He has been associated with several efficiency world
records during his long career dedicated to photovoltaics.
Dr. Verlinden delivered his Cherry Award acceptance speech
June 6 during the PVSC Conference Opening Keynote in Portland, Oregon. The IEEE Photonics Society is a proud technical
co-sponsor of the PVSC Conference.
Nominees of the William Cherry award must have made
significant contributions to the science and/or technology
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of PV energy conversion, with dissemination by substantial
publications and presentations. Professional society activities, promotional and/or organizational efforts and achievements are not considerations in the election for the award.
The award consists of a plaque, monetary award, recognition at the PVSC Opening Ceremony and a dedicated Cherry
Award Talk during the Opening Ceremony. In addition, a
reception is held in honor of the Cherry Award winner during the PVSC.

Women in Photonics
Member of the Month
Dr. Pandey served as a chair
of the CLEO 2016 Women in
Photonics & Optics Networking event, titled “Climbing the
Ladder: Solutions from Leaders
in Photonics”, this past June.
Pandey is an engineer at CST of
America and team member of
the Women in Photonics Silicon
Valley Chapter. The Women in
Photonics, Silicon Valley Chapter was inspired by the namesake initiative launched by IEEE Photonics Past-President, Dr.
Dalma Novak. It is a group composed of women engineers and
scientists representing the vibrant and diverse work force of
Silicon Valley from both industry and academia, specifically in
the field of optics and photonics.
As a team member, Pandey is responsible for providing volunteers and members a platform for networking, career growth
and development in the field of photonics. She did so at CLEO
by putting together a featured panel of distinguished experts
from the field of photonics and a mentor/mentee connection
event. She organized the event from start to finish: ascertaining a volunteer committee; individually selecting the panelists
to ensure a well-balanced, high-quality program; coordinating
the on-site logistics; identifying sponsorship funds; and assisting in preparing promotional collateral in hopes of recruiting
attendees. Dr. Pandey’s intuitive problem solving skills, diligence and reputation were instrumental in bringing together
this well received event.
Dr. Pandey has inspired students and professionals alike and
continues to contribute to the expansion of diversifying the IEEE
Photonics membership and community at large.
Dr. Pandey graduated from the University at Buffalo with
a Masters and Ph.D. in Electrical Engineering. She received
a Bachelor of Technology in Electronics and Instrumentation
Engineering from the Institute of Engineering and Technology
(I.E.T) Bhaddal. From June 2012 to July 2013 Pandey was an
intern with Intel and while at the University at Buffalo she was
a Research Assistant. She gained extensive knowledge of finite
element analysis software and investigated wave propagation
in transition metamaterial using FEA analysis. Her research
contributed to vertically emitting photonic bandgap cavity arrays for sensing applications.
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Pandey was also a R&D Engineer and Technician at Trek
Inc. where she designed a pulsed plasma power supply for the
Dielectric Barrier Discharge (DBD) plasma generation (Rating 2kV,
1A) using a PWM chip and a DC-DC converter in boost mode.
Pandey is quoted as, “demonstrating a keen knack for methodical research and problem-solving, as well as great interpersonal skills that will continue to expand her industry contributions”. The IEEE Photonics Society is grateful to have
her as a member and leader within its outreach and education
structure.

UTA Professor Earns
NSF grant to Advance
Lasers, Amplifiers for
Silicon Photonics
Technology
A University of Texas at Arlington researcher, Dr. Robert Magnusson, will explore the possibility of using a novel optical
resonance effect in nanostructured silicon films to generate
light, which could lead to more
efficient and compact integrated photonic-electric circuits.
The new technology will greatly enhance transmission speeds
by easing the limitations inherent in current electrical technology, make cameras and infrared technology less expensive. The
technology also could improve sensing instruments.

Magnusson, UTA’s Texas Instruments Distinguished
University Chair in Nanoelectronics and professor of electrical engineering, has received a three-year, $370,000 National Science Foundation grant to create the engineered
nanoscale amplifiers and lasers. The optical resonance effect induces interaction of light with an optical structure.
Magnusson designs the structure in a way that forces this
interaction to occur. Silicon photonics is compatible with
modern electronics technology on which everyday integrated circuit chips for computers and communications
are based. It is important to be able to generate light in
silicon because the next generation of electrical systems
will be integrated with silicon photonics, and light sources are necessary for that technology to work, Magnusson
explained.
“Modern electronics and photonics technologies are
merging, enabling more efficient, compact chips where the
advantages of each technology are in play,” Magnusson said.
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“Thus, signals may be transmitted by light inside and between chips rather than through wires.” He added: “This
is the type of high-risk, high-reward project that the NSF
likes to support. They want innovative research that has the
potential to be truly transformative.”
Duane Dimos, UTA vice president for research, said,
“This transformative silicon photonics technology has the
potential to greatly enhance the way we transmit electronic
information and is the kind of research that can have a huge
economic impact. Dr. Magnusson’s latest invention shows
the kind of innovation that flows from a premier public
research university like UTA, and we all benefit from his
advancements in the photonics industry.”
Magnusson’s findings will allow the development of new
types of lasers and amplifiers that can be applied to integrated
photonics systems that could better detect incoming signals
carried by light, such as those in Internet data transmission,
and that could increase transmission and processing rates in
optical communications. He will use a fundamental phenomenon in silicon called the Raman effect, which causes the reemission of photons from the silicon when light is shined on
it. Those photons are emitted at shorter wavelengths and longer wavelengths, the latter of which is more effective.
Magnusson has worked in photonics throughout his career
and pioneered a host of device technologies, many of which
are patented. He leads UT Arlington’s Nanophotonics Device
Group, which pursues theoretical and experimental research
in periodic nanostructures, nanolithography, nanophotonics, nanoelectronics, nanoplasmonics, and optical bio- and
chemical sensors. His research established new transformative
biosensor platform technology that is in commercial use by
Resonant Sensors Inc., a company he co-founded. Magnusson
has garnered more than $10 million in research funding and
endowments for UTA since becoming the Texas Instruments
Distinguished University Chair in Nanoelectronics in 2008,
published nearly 450 journal and conference papers and secured 30 issued patents and pending patents.
He is a charter fellow of the National Academy of Inventors and a Life Fellow the IEEE. The IEEE has singled
out Magnusson for his contributions to the invention of a
new class of nanophotonic devices that employ light at a
nanometer scale. His devices are used as biosensors, lasers,
tunable filters and optical components.
Excerpts from press release provided by The University of Texas at
Arlington.
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UCSB Student Chapter Held “Annual Banquet”
in Partnership with AIM Photonics
The University of California Santa Barbara (USB) IEEE Photonics Student Chapter, ie IEEE Photonics Society Chapter of
the Year, held an “Annual Photonics Society Banquet” this
past spring at the Mosher Alumni House at UCSB, in partnership with the American Institute of Manufacturing Photonics
(AIM Photonics). The Dean of the College of Engineering,
Rod Alferness, talked about UCSB being the west coast hub
for AIM Photonics and the chapters’ pivotal role in extending
its outreach.
The banquet included a keynote lecture by Dr. Joshua
Smith, from Cal State Fullerton’s Gravitation-Wave Physics & Astronomy Center. Smith gave a lecture titled, “Using
Optics and Precision Metrology in LIGO to Measure Black
Hole Mergers from Across the Universe.” He explained that
on September 14, 2015 the two detectors of the Laser Interferometer Gravitational Wave Observatory (LIGO) detected
gravitational waves from the coalescence of a binary system of
black holes. This discovery could not have been made without a century of advances in optical technology and precision
metrology.
Smith gave an overview of gravitational waves and LIGO,
describing the optics involved and current optical challenges.
He also discussed the discovery of gravitational waves from a
merging binary black hole system, and end with prospects for
future gravitational- wave observations. 
Smith earned his doctorate in 2006 from
the University of Hannover’s Max Planck Institute for Gravitational Physics / Albert Einstein Institute for his work on the GEO600
gravitational-wave detector. Currently, Smith
is active in gravitational research, astronomy
education research, and teaching physics and
astronomy. His research is focused on detecting gravitational waves from astronomical
sources using LIGO in collaboration with colleagues in GWPAC and in the international
LIGO Scientific Collaboration.
The banquet’s agenda included a social
hour and dinner due to sponsorship from
industry sponsors and the IEEE Photonics
Society. Sponsors Hewlett Packard Labs and
Freedom Photonics gave informative talks
and the event ended with a networking hour
on the library balcony.
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Solar Outreach & Networking Activities
at PVSC 43 in Portland
The IEEE Photonics Society is a proud technical co-sponsor of
the IEEE Photovoltaic Specialists Conference (PVSC) due to its
respected technical program as well as its active outreach and
networking portfolio. This year the 43rd PVSC took place in
Portland, Oregon June 5th through 10th with an attendance
of over 1,240 people. Over 1,000 papers were presented and
the Sunday program included a day of tutorial lectures. There
was a reception sponsored by the conference vendors Monday
and Tuesday the Cherry Award Reception celebrated winner
Dr. Pierre Verlinden. However, the week was also full of creative activities for all demos, ages and technical groups.
A “Solar Day” Expo was incorporated into PVSC this year
and took place at the Oregon Museum of Science and Industry.
This event was open to conference attendees as well as the general public. Guests learned about solar energy basics from local
energy authorities, PV installers, PV buyers, utility companies
and national solar non-profit groups. Solar Day also included
a student competition, which allowed students and local high
schools to interact directly with world-famous photovoltaic
technologists and businesses. Students competed by creating
and displaying various DIY solar powered projects.
During the Sunday program, a PVSC Student Mixer, sponsored by the IEEE Electron Devices Society, took place. It was
a fun-filled evening at the Punch Bowl Social, located in Portland. Punch Bowl Social provided a fun environment for over
200 undergrads, graduate students and Young Professionals to
participate in games and socialize. Activities included bowling,
darts, karaoke, arcade games and an IEEE Prize Wheel, sponsored by the IEEE Photonics Society. Attendees that took a spin
at the IEEE Prize Wheel had to answer Fun Facts about PVSC
or the IEEE, and “like” the conference on its Facebook fan page.
In addition, each year PVSC holds a 5-k “Sun Run”. Wednesday
morning during the conference a group of attendees ran near Salmon
Street in Portland, then along the riverfront and the river bank on
the Waterfront Park Trail - 7 blocks from the Hilton Portland. The
fastest attendee runners at the Sun Run raced at average velocities
of more than 1.32*10-8 c and were presented with victory ribbons!
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Finally, for the second year the IEEE Photonics Society
sponsored the IEEE-PVSC Women in Photovoltaics (WiPV)
Luncheon, along with the IEEE Electron Devices Society. This
year a professional development presentation was given by invited speaker, Professor Kylie Catchpole from Australian National University. Catchpole is an Associate Professor at the
Centre for Sustainable Energy Systems in the Research School
of Engineering and her research is focused on using new materials and nanotechnology to improve solar cells. Her work on
plasmonic solar cells was named as one of the top 10 emerging technologies in 2010 by MIT Technology Review, and in
2013 she was awarded a Future Fellowship from the Australian
Research Council. Catchpole shared her photovoltaics research
and experience with an inclusive group of 100+ attendees. The
presentation was followed by a Q&A session.
The 44th IEEE Photovoltaic Specialists Conference will
take place next year in Washington, DC from June 25–30 if
members and volunteers are interested in attending.
To learn more about PVSC, visit www.ieee-pvsc.org.
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Photonics Society Members Attend IEEE Young
Entrepreneurs Open Day 2016

NICHOLAS WONG/UNIVERSITY OF SOUTHAMPTON

On June 11, 2016, the IEEE UK and Ireland Section (UK&I)
held the “IEEE Young Entrepreneurs Open Day” at the University of Greenwich in London, UK. Organized by UK&I’s
Student Activities Committee and Young Professionals Affinity Group, the public event focused on how the IEEE and
UK&I play a role in providing support for students and Young
Professionals facing the challenges in work and employment
opportunities. It also sought to educate people who were
starting a business or were just generally interested to learn
about entrepreneurship. There was a host of talks given by invited business and careers professionals as well as a collection
of interactive workshops by IBM, Google, and Entrepreneur
First, that encompassed elements on starting and running a
tech company.
With the goal of giving members of the photonics community the opportunity to enhance their professional development
through this event, the Optics and Photonics Society (OPSoc),
a student led campus society at the University of Southampton
(UoS), and of which I am currently Vice President, arranged
an all-expenses paid day trip from Southampton to London for
university students and staff.
As a background, OPSoc, which started back in 1994
and comprises student chapters of The Optical Society
(OSA) and SPIE, recently applied to create an IEEE Photonics Society (IPS) Student Branch Chapter at UoS. This
move was partly motivated to encourage more participation
and membership in IPS among photonics staff and students,
mostly from the university’s Optoelectronics Research Centre and many of whom have backgrounds in electrical and
electronics engineering. It was also to create more professional development opportunities for members by fostering
a close relationship with the existing but hitherto separate
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MATTHEW POSNER/UNIVERSITY OF SOUTHAMPTON

By Nicholas Wong, Graduate Student Member, IEEE Photonics Society

IEEE Student Branch (SB) at the university. As several SB
officers were involved in the organization of the Open Day,
this relationship thus resulted in the event to be the first
collaboration between the SB and OPSoc, and more meaningfully, between electronics and photonics personnel.
Funding for transport was generously sponsored by
IPS via an Educational Seed Grant. Our UoS delegation
included fourteen optoelectronics, electronics, physics,
and telecommunications staff and
students, and the two-and-a-halfhour journey did not sway us from
learning all about entrepreneurship
and interleaving some picturesque
Greenwich sights.
Personally, one of the most interesting sessions was on The Digital
Garage from Google, which covered
a suite of web tools such as Analytics, Trends, and search engine optimization (SEO) to help budding
entrepreneurs. It is encouraging to
know that there are so many helpful tools and platforms available for
young companies.
We thank the IEEE UK&I and IPS
for making this learning experience
possible, and we look forward to future
events and collaborations.
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Kerry Vahala, California Institute of Technology, USA
Lute Maleki, OEwaves Inc., USA
Huilia Ma, Zhejiang University, China
Thad Walker, University of Wisconsin, USA
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Conferences

IEEE Photonics Society
2016 Conferences
29th Annual Conference of the IEEE Photonics Society
2-6 October 2016
Hilton Waikoloa Village
Waikoloa, Hawaii USA
www.IPC-IEEE.org

13th International Conference on Group IV Photonics
24-26 August 2016
Grand Kempinski Hotel Shanghai
Shanghai, China
www.GFP-IEEE.org

25th International Semiconductor Laser Conference
12-15 September 2016
Kobe Meriken Park Oriental Hotel
Kobe, Japan
www.ISLC2016.org

13th Avionics and Vehicle Fiber-Optics and Photonics Conference
and
International Topical Meeting on Microwave Photonics
(Co-Location)
31 October—3 November 2016
Hilton Long Beach
Long Beach, California USA
www.AVFOPandMWP.org
www.MWPconference.org

For more information, visit: www.PhotonicsConferences.org
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2016

24-26 AUGUST
Grand Kempinski hotel Shanghai
Shanghai, China
ProGraM ChaIr:
lIn YanG

Institute of Semiconductors
Chinese Academy of Sciences
Beijing, China

www.GFP-IEEE.org
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Photo image credit: 2015 Image Contest Winner: Yuebing Zheng, The University of Texas at Austin

29th Annual Conference
of the IEEE Photonics Society
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2-6 October
Hilton Waikoloa Village
Waikoloa, Hawaii USA
General Chair

Thomas Clark
JHU Applied Laboratory, USA

Member-at-Large

Hilmi Volkan Demir
NTU Singapore, Singapore and
Bilkent University, Turkey

Program Chair

Amr Helmy
University of Toronto, Canada

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org
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International Topical Meeting on Microwave Photonics

31 October - 3 november
Co-loCation with

AVFOP

Avionics and Vehicle Fiber-Optics and Photonics Conference

HIlTOn lOng BeACH
long Beach, California USA
general Chair: Milan Mashanovitch, Freedom Photonics, USA
TPC Chair: leif Johansson, Freedom Photonics, USA
MWP TPC Co-Chair-Americas: Paul Matthews, northrop grumman Corporation, USA
MWP TPC Co-Chair-europe: Idelfonso Tafur Monroy, Technical University of Denmark, Denmark
MWP TPC Co-Chair-Asia-Pacific: Tetsuya Kawanishi, Waseda University, Japan
Sponsored by

www.AVFOPandMWP.org
www.PhotonicsSociety.org
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AVFOP
2016
AViOniCs And VEhiClE
FiBEr-OPtiCs And PhOtOniCs COnFErEnCE

31 October - 3 november
CO-lOCAtiOn with

MwP
intErnAtiOnAl tOPiCAl MEEting On
MiCrOwAVE PhOtOniCs
hilton long Beach, long Beach, California UsA
gEnErAl ChAir: Michael hayduk, UsA
PrOgrAM ChAir: Jason McKinney, UsA
www.AVFOPandMwP.org
www.Photonicssociety.org
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IEEE Photonics Society Co-Sponsored Events

Information Technology Solutions

2016

OMN

OGC

2016 International Conference on
Opt ical MEMS and Nanophotonics
31 July—4 August
Singapore, Singapore
OMN2016.org

2016 Optoelectronics Global Conference
5-7 September
Shenzhen Convention & Exhibition Center
Shenzhen, China
ieeeogc.org

ISLC

12-15 September
25th International Semiconductor Laser Conference
Kobe, Japan
ISLC2016.org

SARNOFF

CAOL/LFNM

2016 IEEE 7th Internat i onal Conference on Advanced
Optoelectronics and Lasers & 2016 IEEE 13th Internat i onal
Conference on Laser and Fiber-Opt i cal Networks Modeling
12-15 September
Odessa, Ukraine
CAOLConference.org

FOAN

19-21 September
2016 37th IEEE Sarnoﬀ Symposium
NJIT, Newark, NJ, USA
sites.ieee.org/sarnoﬀ2016

18-20 October
6th International Workshop on Fiber Opt i cs in Access
Networks
Lisbon, Portugal
www.foan2016.com.ba/

ACP

2-5 November
2016 Asia Communicat ions and Photonics Conference
Wuhan, China
ofs-25.org/

2017
PHOTOPTICS

Feb 27—March 1
2017 5th International Conference on Photonics, Optics,
and Laser Technology
Porto, Portugal
photoptics.org

August 2016

OFS

2017 25th International Conference on Optical Fiber Sensors
24 –28 April
Jeju, Korea
ofs-25.org
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Publications

Announcing a Special Issue of the IEEE/OSA Journal of Lightwave Technology on:
OPTICAL INTERCONNECTS
Submission Deadline: 15 September 2016
This special issue will be coupled to the 2016 IEEE OI conference, but not limited to
presentations/posters at OI conference. The submission date is September 15, 2016 and publication in
May/June 2017. The topics of this special issue represent a broad spectrum of high performance
interconnect advancement in network systems, architectures, packaging, subsystems and devices to
address short-reach optical interconnects and next generation systems. Submit to:
https://mc.manuscriptcentral.com/jlt-ieee and select “Optical Interconnects 2017”. Page limits for
regular papers are 7 pages and for invited, 10 pages. Over length page charges are applied according to
IEEE JLT policy. Key attributes are the following:
A) bandwidth density; energy per bit; power and bandwidth adaptive technologies
B) modulation formats that provide needed support for electronics
C) embedded as well as board edge optics.
D) all waveguide types including multidirectional, hollow, plastic, PMF etc.
E) low cost high volume integration, assembly, package and test
F) low latency, FEC
G) effective modulation formats and supporting technology (PAM4, 16QAM, PPM, etc)
H) integration platforms including chip stack, flip chip, wafer and chip bond, hybrids.
I) comb generated pulse and CW lasers
J) optical switching, cut through and router bypass
K) software defined optical networking
L) signal quality, BW and power trade-offs

Guest Editors for this special issue are:
Z. Rena Huang, Rensselaer Polytechnic Institute - Troy, NY, USA 12180; Sudip Shekhar, University of
British Colombia - Canada V6T 1Z4; Po Dong, Nokia Bell Labs – Homedel, NJ, USA 07733; David Plant,
McGill University –Quebec - Canada H3A 2A7 Staff Contact is Doug Hargis, d.hargis@ieee.org
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Terahertz Photonics

Submission Deadline: October 1, 2016
Hard Copy Publication: July/August 2017
The IEEE Journal of Selected Topics in Quantum Electronics invites manuscripts that document the current state-of-the-art in Terahertz
Photonics. Terahertz radiation, as generally defined in the frequency range of 0.3–10 THz, has attracted tremendous interest owing to
potential applications in imaging and spectroscopy for medical diagnostics and biology, broadband communications, security, defense, and nondestructive testing. Terahertz radiation falls between microwaves and light and shares some characteristics of both regimes. This intermediate
nature of terahertz radiation that bridges electronics and photonics has made it an important area of research with a broad range of applications
giving it an advantage over electromagnetic radiation in other frequency regimes. Terahertz radiation is sensitive to charged quasiparticles and
has distinct spectral signatures that have enabled an accurate study of phonon resonances and intraband transitions in two-dimensional
materials such as graphene. The properties of graphene in the terahertz domain have facilitated active terahertz photonic devices including
metamaterial and plasmonic resonators. Recent developments have also demonstrated terahertz radiation-based spin manipulation and
superconductivity in materials. Better performing terahertz sources have enabled either higher output powers, narrower pulses, or broader
frequency ranges. Several measurement techniques based on terahertz spectroscopy are now employed for fundamental materials research
giving rise to many interesting findings.
Our special issue aims at highlighting all developments in the broad area of THz photonics. We will consider theoretical, numerical, and
experimental papers that cover but are not limited to these topics:
(A1)
(A2)
(A3)
(A4)
(A5)
(A6)
(A7)
(A8)

Advances in THz sources and detectors
Unique spectroscopic techniques and systems
Progress in THz imaging, sensing, and communications
New phenomena in THz metamaterials, plasmonics, waveguides, photonic crystals, phonons, and nonlinearities
Novel THz materials, such as ferroelectrics, superconductors, nanostructures, and low- and two-dimensional materials
THz interactions with matter
Development of THz devices, components, and systems
Applications of THz radiation in physical and life sciences and industries

The Primary Guest Editor for this issue is Weili Zhang, Oklahoma State University, USA and the Guest Editors are Seongsin M. Kim,
University of Alabama, USA; Ranjan Singh, Nanyang Technological University, Singapore; Masayoshi Tonouchi, Osaka University, Japan;
Chao Zhang, University of Wollongong, Australia.
The deadline for submission of manuscripts is October 1, 2016. Hardcopy publication of the issue is scheduled for July/August 2017.
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 ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once
available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts 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.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following document 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. Figures and tables should be embedded in print ready format. See the Tools for Authors link:
www.ieee.org/web/publications/authors/transjnl/index.html.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously published
papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified by clearly stating
the distinction between a submitted paper and previous publications.
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Call for Papers
Announcing an Issue of the IEEE
JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS on

Semiconductor Nanocrystal Optoelectronics
Submission Deadline: December 1, 2016
Hard Copy Publication: September/October 2017
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area of

Semiconductor Nanocrystal Optoelectronics. The purpose of this issue of JSTQE is to highlight recent progress and trends in the
optoelectronic characteristics and applications of crystalline semiconductor nanoparticles. These nanomaterials, of
dimensions below 100nm and more typically in the 1-10nm range, are based primarily on II-VI, III-V or Group IV
semiconductors and exhibit attractive size-dependent optical and electronic properties. They can be variously functionalized for
solution processing and/or heterogeneous integration, facilitating a diverse range of thin films and other structures with
customized absorption, emission and energy transfer properties. Moreover, they can be readily incorporated into a range of
photonic crystal and microcavity structures to control light-matter interactions. Optoelectronic applications for these nanocrystals
include use as fluorescent labels for biosensing, in new forms of light-emitting diode and display technology, in novel lasers
including those in mechanically flexible formats, and in solar cells. Specific areas of interest include (but are not limited to):
•
•
•
•
•
•
•
•

Emerging semiconductor nanocrystal structures, shapes, surface functionalization and materials combinations
Development of nanocomposites, hybrid integration and artificial heterostructures incorporating semiconductor nanocrystals
Linear and nonlinear optical properties of semiconductor nanocrystals
Tailoring excitonic properties in semiconductor nanocrystals for efficient light-generation and harvesting
Self-assembly of semiconductor nanocrystals and their electronic and photonic properties
Semiconductor nanocrystal light emitting diodes and lasers
Sensors incorporating semiconductor nanocrystals
Applications of semiconductor nanocrystals in solar cells and energy harvesting

The Primary Guest Editor for this issue is Martin Dawson, University of Strathclyde, Glasgow, UK and Fraunhofer UK. The Guest
Editors are: Hilmi Volkan Demir, Bilkent University, Turkey and Nanyang Technological University, Singapore; Yajie Dong,
University of Central Florida, USA; Andrey Rogach, City University of Hong Kong; Pavlos Lagoudakis, University of Southampton,
UK
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 ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them and are fully citable. Once
available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts 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.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following 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. See the Tools for Authors link:
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.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and previously published
papers. Authors should ensure that relevant previously published papers are cited and that instances of similarity are justified by clearly stating
the distinction between a submitted paper and previous publications.

54

IEEE PhotonIcs socIEty nEWsLEttER

August 2016

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

Semiconductor Lasers
Submission Deadline: February 1, 2017
Hard Copy Publication: November/December 2017
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE) invites manuscript submissions in the area
of Semiconductor Lasers.

•
•
•
•
•
•
•
•
•
•
•

Grating controlled lasers
Multi-segment and ring lasers
Photonic crystal lasers
Plasmonic lasers
Polariton lasers
Quantum cascade and interband Mid-IR lasers
Quantum dot/wire lasers
Silicon compatible/hybrid lasers
Coupled semiconductor lasers
Nanoscale lasers
THz lasers

•
•
•
•
•
•
•
•
•
•
•

UV to visible lasers
VCSELs, VECSELs and disk lasers
High power and high-brightness lasers
Communications lasers
Tunable lasers
Short pulse lasers
High speed lasers
Laser dynamics
Lasers based on new materials
Laser modeling and simulation
Semiconductor integrated optoelectronics

The Primary Guest Editor for this issue is Sven Höfling, Universität Würzburg, Germany. The Guest Editors of the issue
are Maria Ana Cataluna, University of Dundee, UK; Satoshi Iwamoto, the University of Tokyo, Japan; Johann
Peter Reithmaier, Universität Kassel, Germany; Luke J. Mawst, University of Wisconsin-Madison, USA and Igor
Vurgaftman, Naval Research Laboratory, USA.
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 ScholarOne Manuscripts. Posted preprints have digital object identifiers (DOIs) assigned to them
and are fully citable. Once available, the preprints are replaced by final copy-edited and XML-tagged versions of manuscripts 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.
For inquiries, please contact:
IEEE Photonics Society JSTQE Editorial Office - Chin Tan Lutz (Phone: 732-465-5813, Email: c.tanlutz@ieee.org)
The following 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. See the Tools for Authors link:
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.
JSTQE uses the iThenticate software to detect instances of overlapping and similar text in submitted manuscripts and
previously published papers. Authors should ensure that relevant previously published papers are cited and that instances of
similarity are justified by clearly stating the distinction between a submitted paper and previous publications.
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The present and past Editors-in-Chief of the IEEE/OSA
Journal of Lightwave Technology are proud to present
the special paper collection
A THIRD OF A CENTURY OF LIGHTWAVE TECHNOLOGY
This special collection contains the most impactful papers
from JLT's third of a century long history, reflecting on the
progress and impact that lightwave technologies have had
on society.
 Click here for the Editorial
 Click here for the Table of Contents
 Click here for the Author Index
Click here to order this unique
collection

The Journal of Lightwave Technology
Visit www.ieee-jlt.org
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Special SympoSium
on

at the
29th Annual Conference of the IEEE Photonics Society
Chairs:
Jeremy Robinson, Naval Research Laboratory, USA
Tony Low, University of Minnesota, USA

Invited Speakers:
Chee Wei Wong, UCLA, USA
Joshua Robinson, Penn State University, USA
Nathaniel Gabor, University of California, Riverside, USA
Zhe Fei, Iowa State University, USA
Yu Ting, Nanyang Technological University, Singapore

www.IPC-IEEE.org
www.PhotonicsConferences.org
www.PhotonicsSociety.org
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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
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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 Society’s Field of Interest is lasers, optical
and photonic devices, optical fibers, and associated lightwave technology and their systems
and applications. The society is concerned
with transforming the science of materials, optical phenomena, and quantum electronic devices into the design, development, and manufacture of photonic technologies. The Society
promotes and cooperates in the educational
and technical activities which contribute to
the useful expansion of the field of quantum
opto-electronics and applications.
The Society shall aid in promoting close cooperation with other IEEE societies and councils
in the form of joint publications, sponsorships
of meetings, and other forms of information
exchange. Appropriate cooperative efforts will
also be undertaken with non-IEEE societies.
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The next revolution in optomechanical
product development
Save time, save money, and improve efficiency with
LensMechanix, a powerful new SOLIDWORKS add-in.
• Package: Load lenses, sources, and detectors;
then build mechanical geometry with actual lens
dimensions — directly in SOLIDWORKS.
• Analyze: Run ray traces using Zemax’s industry-leading
multi-threaded ray tracing engine.
• Validate: Ensure the mechanical geometry does not
impact optical performance.
“LensMechanix is the tool the industry has needed for 20
years. LensMechanix is a game changer for companies
across the optics industry. It’s going to change the way
people design their products, and get products to market
faster at a lower cost.”
Ken Moore, Founder, Zemax, LLC
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