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WHILE 2021 seeks to recover from the 
ravages of 2020, indicators point to a 
robust future for photonics, photonic 
integrated circuits (PICs) and silicon 
photonics (SiP). Even as shortages 
persist across the microelectronics 
sector, photonic industry reports and 
product releases at the recent Optical 
Fiber Communication Conference 
(OFC) saw multiple major vendors 
touting new co-packaged optics 
(CPO) solutions that included SiP and 
PIC technologies.

While new opportunities are buoying 
photonic prospects, enthusiasm has 
to be somewhat tempered by the 
silicon chip shortage since PICs and 
SiPs are just a portion of overall BOMs that typically also include 
silicon ICs. In a recent report by Susquehanna Financial Group, 
chip lead times have increased to 17 weeks even though six short 
months ago industry analysts were predicting that the demand-
supply imbalance would right itself by mid- to late-2021. 

Why? The world is still recovering from major 2020 supply 
chain disruptions and outsized demand persists across all 
major commercial and consumer electronics sectors. On the 
plus side, the May 2021 ‘Integrated Optical Devices’ report by 

LightCounting predicted that after 
many false starts and pandemic 
delays, photonic integration ‘…
is about to take off…’ For anyone 
thinking they have heard too much 
hype over photonic integration 
growth prospects, get ready for a 
photonics ascendency thanks in 
large part to the growth of CPOs. 
Silicon photonics and PICs are 
expected to be the basis of more 
than half of integrated optical devices 
shipped by 2026—almost $30 billion 
in sales according to LightCounting 
projections.

In this edition of PIC Magazine, 
we take a look at the state of the 

photonics industry through the eyes of the European Photonics 
Industry Consortium (EPIC) headed by Carlos Lee who details 
how the association has grown despite 2020’s hurricane 
headwinds and the challenges we have seen so far in 2021. 
We also look at the latest T&M solutions from EXFO and the 
multi-faceted capabilities of Palomar Technologies’ automated 
die bonders. We also explore nanowire solutions for telecom 
applications courtesy of NTT Corporation, Vector Photonics’ 
ideas for creating the ‘perfect’ laser and we take a look at turbo-
charging DSPs from Infinera.

CPOs dominate OFC 2021 along with 
sunny SiP forecasts
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Imec joins forces with Sivers Photonics and 
ASM AMICRA
IMEC, a leading research and innovation 
center in nanoelectronics and digital 
technologies, together with Sivers 
Photonics (formerly CST Global, and a 
subsidiary of Sivers Semiconductors), 
a UK-based high-volume manufacturer 
of III-V compound semiconductors for 
photonics products, and ASM AMICRA 
Microtechnologies, a worldwide leading 
supplier of ultra-high precision die attach 
equipment, announce the successful 
wafer-scale integration of indium-
phosphide (InP) distributed feedback

(DFB) lasers from Sivers’ InP100 platform 
onto imec’s silicon photonics platform 
(iSiPP). Using ASM AMICRA’s latest 
NANO flip-chip bonder tool, the InP 
DFB laser diodes were bonded onto 
a 300mm silicon photonics wafer with 
an alignment precision within 500nm, 
enabling reproducible coupling of more 
than 10mW of laser power into the 
silicon nitride waveguides on the silicon 
photonics wafer.

Supported by its partners, imec will 
offer this technology later in 2021 as a 
prototyping service, thereby accelerating 
the adoption of silicon photonics in a 
wide range of applications from optical 
interconnects, over LiDAR, to biomedical 
sensing.

Many silicon photonic systems today still 
rely on external light sources, owing to 
the lack of efficient on‐chip light sources. 
Silicon itself does not emit light efficiently 
and, therefore, light sources made of 
III-V semiconductors, such as indium-
phosphide (InP) or gallium-arsenide 
(GaAs), are typically implemented as 
separately packaged components.
However, these off‐chip lasers often suffer 
from higher coupling losses, a large 
physical footprint and a high packaging 
cost.

Together with its partners Sivers and  
ASM AMICRA, imec is extending its 
silicon photonics prototyping services 
to include high-precision flip-chip 
integration capability of InP lasers and 
amplifiers. In the recently completed 
development phase, C-band InP DFB 
lasers have been passively aligned 

and flip-chip bonded onto 300mm 
silicon photonics wafers with ultra-high 
alignment precision within 500nm (three-
sigma value), resulting in reproducible 
on-chip waveguide-coupled laser power 
beyond 10mW. Throughout the second 
half of 2021, the hybrid integration 
portfolio will be extended with reflective 
semiconductor optical amplifiers (RSOA), 
leveraging the etched-facet capability of 
Sivers’

InP100 technology, and ASM AMICRA 
NANO’s superior bonding alignment 
precision. This capability will enable 
advanced, external cavity laser source 
types, as required for emerging optical 
interconnect and sensing applications, 
and will become available in early 2022.

Joris van Campenhout, Optical I/O 
Program Director at imec: “We are 
very pleased to be working with Sivers 
Photonics and ASM AMICRA to extend 
our silicon photonics platform with hybrid 
integrated laser sources and amplifiers. 
This additional functionality will enable 

our joint customers to develop and 
prototype advanced photonic integrated 
circuits

(PICs) with capabilities well beyond what 
we can offer today, in key areas such as 
datacom, telecom and sensing.”

Billy McLaughlin, Sivers Photonics 
Managing Director: “We’re excited to 
work with imec and ASM AMICRA on 
the development of advanced integrated 
photonic components. The availability 
of InP laser sources, designed and 
fabricated on our InP100 manufacturing 
platform, will boost the adoption of silicon 
photonic circuits for a wide variety of 
commercial applications.”

Dr. Johann Weinhändler, ASM AMICRA 
Managing Director: “Our strength in 
high-precision placement seamlessly 
complements the expertise of all 
partners. With automated and ultra-
precise flip-chip bonding, the way to 
high-volume manufacturing of these 
hybrid assemblies is open.”
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Vector Photonics 
primed to fast-track 
PCSEL roll-out

VECTOR PHOTONICS is pleased 
to announce the appointment of 
Jon Orchard as principal device 
engineer. Orchard will help fast-track 
the company’s PCSEL technology 
into next-generation datacoms, 
additive manufacturing and 3D 
printing markets.

Richard Taylor, CTO of Vector 
Photonics, said: “Dr. Jon Orchard 
is a well-known and well-respected 
engineer in the photonics industry 
and a great asset to our business. 
He will play a critical part in 
expediting our PCSEL device 
development, optimising it for a 
fabless environment.

“Jon brings extensive experience 
of compound semiconductor EEL 
and VCSEL development and has 
worked on both active and passive 
photonic device fabrication. He also 
has unique expertise in MOCVD 
and MBE products, machines and 
characterisation equipment. 

This was gained whilst he was a KTP 
(Knowledge Transfer Partnership) 
candidate at the University of 
Glasgow, collaborating with CST 
Global (now Sivers Photonics) on 
their MOCVD development, where 
he later became a development 
engineer.”

Orchard has a degree in Solid State 
Devices and a PhD, ‘Development 
of Electrically Pumped VECSELs’, 
from the University of Sheffield. His 
post-doctoral research on Silicon 
based quantum dot (QD) lasers and 
light sources was an EPSRC-funded, 
collaborative project with UCL, 
Cardiff and Warwick. 

He has 18 published, peer-reviewed 
articles and many national and 
international conference credits to 
his name where he was the invited or 
guest-speaker.

Axalume does photonics license deal with 
Oracle
AXALUME, a San Diego-based designer 
of electronic and photonic integrated 
circuits, has signed an exclusive 
agreement with Oracle Corporation to 
license Oracle’s silicon photonics patent 
portfolio.

Under this license agreement, Axalume 
will have exclusive rights to manufacture, 
market, distribute, sell and support its 
silicon photonics services and products 
worldwide and to develop new products 
for data centre switching and computing 
applications.

Axalume’s CEO, Ashok Krishnamoorthy 
commented: “We are excited about 
this global opportunity. By combining 
Axalume’s technical know-how with 
Oracle’s extensive IP portfolio that 
encompasses low-power silicon 

photonics components, lasers, 
electronics circuits, integration, and 
packaging, we will be in a unique 
position to develop valuable and 
differentiated photonic interconnect 
solutions for our customers.”

Axalume has developed patented 
technologies to create energy-efficient 
photonic circuits, tunable laser sources, 
and control electronics for data centres 
and high-performance computing and 
networking systems.

NeoPhotonics pluggable module 
transmits 400Gbps over 1500km
NEOPHOTONICS, a developer of silicon 
photonics and advanced hybrid photonic 
systems, has used its Multi-Rate CFP2-
DCO coherent pluggable transceivers to 
effectively transmit at a 400 Gbps data 
rate over a distance of 1500 km in a 75 
GHz-spaced DWDM network.

This 1500 km transmission demonstration 
was carried out on NeoPhotonics 
Transmission System Testbed using 
production modules with enhanced 
firmware and used 75 GHz spaced 
channels taking the adjacent channel 
crosstalk-induced penalty into account. 
The transmission system contains 19 
in-line erbium-doped fiber amplifiers 
(EDFA).

To achieve 1500 km reach and a 400G 
data rate, the modules were operated 
at 69 Gbaud using 16 QAM modulation. 
Probabilistic constellation shaping and 
a soft-decision forward error correction 
codec were used to achieve a required 
OSNR of approximately 20 dB, which is 
comparable to coherent line card port 
performance from leading chassis-based 

coherent systems. The modules each 
consumed considerably less electrical 
power than line card solutions operating 
at comparable data rates and distances.

These 400G CFP2-DCO coherent 
pluggable transceiver modules use 
NeoPhotonics high performance InP-
based coherent components, along with 
its ultra-narrow linewidth tunable laser.

“Coupled with our recent demonstration 
of 800 km 400 Gbps transmission using 
our 400ZR+ QSFP-DD, our CFP2-DCO 
400G 1500 km transmission brings the 
use of pluggable modules in regional 
and long haul networks closer to reality,” 
said Tim Jenks, hairman and CEO of 
NeoPhotonics. 

“The ability to implement a long haul 
coherent transponder in the size and 
power envelope of a pluggable module 
is a testament to the progress that has 
been made in photonic integration and 
DSP development, and has the potential 
to be a game changer for telecom as well 
as DCI networks,” concluded Jenks.
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Macom announces new laser portfolio
MACOM TECHNOLOGY has announced the production release 
of its new high speed laser portfolio, after the successful 
completion of Telcordia GR-468 qualification testing.

All products in the portfolio incorporate a new single ridge 
design for enhanced optical performance and use Macom’s 
patented Etched Facet Technology (EFT) and wafer-scale InP 
manufacturing capabilities which can support high volume 
applications, including 5G wireless infrastructure and Cloud 
Data centre.

“We are pleased to achieve this milestone,” said Stephen G. 
Daly, president and CEO “Customer feedback on our new 25 
and 50 gigabit laser performance has been positive and our 
focus will now turn to gaining market share.”

Macom is branding the new 25Gbps and 50Gbps distributed 
feedback (DFB) single ridge laser portfolio as Clear Diamond 
Lasers. The portfolio includes over fifty laser products with 
wavelengths between 1260nm and 1380nm to support multiple 
global 5G infrastructure applications, including 1310 BiDi, 
CWDM6, MWDM12, LWDM12, DWDM16 and 50Gbps PAM4. 
The portfolio also supports 200G FR4, 100G CWDM4 and 
LR4 applications for Data centre networks. Macom’s Clear 

Diamond Lasers product portfolio offer customers world class 
performance, high reliability and supply chain security. The 
lasers’ standardized form factor supports ease of use and 
design flexibility enabling shorter optical transceiver design 
cycle time and faster time to market. The Clear Diamond Lasers 
product portfolio can be paired with Macom’s high speed 
analogue and mixed signal chipsets to achieve leading optical 
transceiver performance.

All Clear Diamond Lasers products are available as bare die 
or in TO-Can packages and are available to support G-Temp, 
I-Temp and E-Temp requirements.

II-VI unveils 100 Gbps InP directly modulated lasers
II‐VI, a maker of semiconductor 
lasers for optical 
communications, has announced 
100 Gbps InP directly modulated 
lasers (DMLs) for high-speed 
data centre transceivers.

The growing demand for 400 
and 800 gigabit Ethernet (GbE) 
transceivers is driving substantial 
investments in technology 
advancements of DMLs due 
to their lower cost and lower 
power consumption compared 
to electro-absorption modulated 
lasers (EMLs) currently used in 
these high-speed transceivers.

II-VI’s 100 Gbps DMLs are 
differentiated by their ability 
to achieve high modulation 
speed and signal quality at high 
output power and low power 
consumption. As a result, II-VI 
says DMLs are preferred over 
EMLs in 400 GbE and 800 GbE transceivers that use 100 Gbps 
optical lanes.

“The technology embedded in these directly modulated lasers is 
so advanced that our early results were published in the journal 

Nature Photonics in January of 
2021,” said Charlie Roxlo, VP, 
InP Devices Business Unit. “This 
breakthrough performance was 
achieved thanks to multiyear 
R&D investments and deep 
expertise across a broad internal 
multidisciplinary team  
of semiconductor laser 
physicists, high-speed RF 
analogue integrated circuit 
designers, and transceiver 
experts.”

II-VI’s new DMLs are built on its 
InP technology platform — one 
of the very few in the industry 
that has been proven with more 
than one hundred million lasers 
in the field deployed over the 
last decades. 

The low power consumption of 
II-VI’s DMLs and their design 
for non-hermetic packaging are 

designed for today’s pluggable form factors and tomorrow’s 
co-packaged solutions.

II-VI will show its portfolio of optical communications products 
virtually at OFC 2021, June 6-11, 2021.
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European photonics grows at double global GDP rate
A NEW STUDY by technology 
research group Tematys, shows 
European photonics is growing 
at more than double the rate 
of global GDP – outperforming 
EU GDP and EU industrial 
production by three and five 
times, respectively.

The study reveals that from 2015 
to 2019, the European photonics 
industry grew at a CAGR of 7 
percent per year and was worth 
€103 billion at the latest count in 
2019.

Present in many high-end, next-
generation products, photonics 
technologies have proved to be long-
term drivers of growth through their 
indispensable role in future markets. 
According to Tematys’ ‘Market Research 
Study – Photonics 2020’, European 
photonics have enabled many market 
segments and applications to flourish 
ranging from Space, Healthcare, 
Environment, and Defence to Security 
Telecoms.

Adding over 30,000 jobs to its workforce, 
the European photonics’ industry 
outperformed the manufacturing sector 
across the entire European continent in 
terms of employment. With more than 
390,000 employees – an annual growth 
rate of 2.1 percent - EU photonics grew 
twice as fast as European Manufacturing 
for the EU28 (around a 1 percent CAGR).

Revenue growth for this same period in 
Europe (7 percent per year) was three 
times that of the entire European GDP 
(2.3 percent/year) and almost five times 
the growth of the European industrial 
production (1.5 percent/year).

Photonics21 VP Giorgio Anania said: 
“The European photonics industry is 
thriving, and this study confirms that light 
technologies have a proven track record 
as a long-term driver of growth not only 
in Europe but also across the world.

“With a global growth rate of CAGR  
7 percent, photonics is growing faster 
than many other high-tech industries, 
for example, the IT industry (4.5 
percent), Medtech (4.9 percent), and 

Microelectronics (4 percent). Thierry 
Robin from Tematys said: “Our analysis 
shows that European photonics is 
currently seeing the transformation of its 
manufacturing processes with significant 
impact on jobs and skills.”

“While it may not be immediately 
apparent, photonics is a key enabling 
technology present in every next-
generation innovation, in almost 
every industry. Not only is photonics 
dramatically improving our next 
generation health diagnostic tools 
and manufacturing industries but also 
enabling green technologies that operate 
with non-invasive, clean, harmless 
particles of light.”

From 2015 to 2019, Europe maintained 
a clear second position in the global 
photonics market against fierce 
international competition. Although 
Europe and North America had held a 
joint 16 percent global market share in 
2015, the new research showed Europe 
had nudged slightly ahead to 16 percent, 
with North America on 15 percent.  
China continued to dominate with 29 
percent of the global market share – 
Europe (16 percent), North America 
(15 percent), Japan (13 percent).

The study revealed several core market 
segments where Europe has a firm 
market share. While Europe had an 
average market share of 16 percent for 
all markets, in Industry 4.0 for example, 
Europe had a CAGR of 40 percent. In 
Optical Instrumentation, Europe had 
a CAGR of 38 percent, while in large 
instruments & space the CAGR was  
33 percent.

Industries with smaller CAGR, 
but still above the 16 percent 
EU average, included Defence 
and security 22 percent, 
Agriculture and Foods 
21 percent, Healthcare 
and Wellness 20 percent, 
components and materials 
19 percent, Mobility, 
Environment, Energy 
& Energy Lighting, and 
Telecommunications all with 
17 percent.

R&D spending was considerably 
high in the European photonics 

industry: looking at a selection of large 
and medium-sized companies from 
several different countries that operate in 
all market segments, the average R&D 
intensity was 10.4 percent investment. 
This R&D intensity was more than double 
the 4 percent standard (from 1,000 
EU and UK companies with the most 
extensive R&D). For EU photonics SMEs, 
the R&D intensity was even higher at 
around 15 percent.

Currently outperforming several high-
tech industries, photonics is growing at 
twice the rate of global GDP. Growing to 
a global market size of €654 (~$790) 
billion in 2019, the research shows 
photonics managed to grow at a CAGR 
of 7 percent. 

Following this continual CAGR at a 
conservative 6 percent projection 
forward, the Tematys study shows that 
the global photonics industry will reach 
€900 billion ($1 trillion) by 2025.
The expansion and continual growth in 
light science are partly due to its ability 
to serve many related and unrelated 
products like sensors, camera and 
imaging systems, communication, 
displays, smart lighting, photovoltaic 
systems and laser production.

The study shows that photonics is 
participating directly in future societal 
challenges across the world, such as 
digitalisation of production and society, 
Health and well-being, Sustainable 
development and Environment, 
Photonics for Consumers IT, Medicine  
& Biology, Environment, Lighting & 
Energy Industry 4.0.
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NeoPhotonics announces cumulative shipments of 
two million ultra-narrow linewidth lasers
NEOPHOTONICS CORPORATION, 
a developer of silicon photonics and 
advanced hybrid photonic integrated 
circuit-based lasers, modules and 
subsystems for bandwidth-intensive, 
high speed communications networks, 
has announced that it has shipped a 
cumulative total of more than two million 
of its industry-leading ultra-narrow 
linewidth tunable lasers since initiating 
shipments in 2011.

Narrow Linewidth tunable lasers are key 
elements of coherent data transmission 
systems used in telecommunications and 
in data center interconnects for the cloud. 
They provide both the light that carries 
the transmitted data and a reference laser 
that is used to decode the data. 

As data rates increase to 400Gbps, 
600Gbps and 800Gbps through 
the use of higher symbol rates and 
higher modulation orders, it becomes 
increasingly essential to have the purest 
possible laser light source that exhibits 
the lowest possible noise. NeoPhotonics 
ultra-pure light tunable lasers meet 
this essential requirement by having 
the narrowest linewidth in the industry, 
meaning the purest color, without noise 
or other distortion. In order to maximize 
the data carrying capacity of optical 

fibers, NeoPhotonics 
provides these ultra-
pure light tunable 
lasers with wider tuning 
ranges, which support 
more channels and 
ultimately increase 
total fiber capacity. For 
high baud rate, high 
capacity-per-wavelength 
systems, NeoPhotonics 
Ultra-Narrow Linewidth 
tunable lasers are 
also available in a 
C++ LASERTM 
configuration, which 
has a tuning range 
of 6 THz and covers the full “Super 
C-band.” This is 50 percent more 
spectrum than a standard laser and 
supports 80 channels with 75 GHz per 
channel spacing, achieving a total fiber 
capacity of 32 Terabits per second using 
400Gbps transceivers in each channel. 
NeoPhotonics Ultra-Pure Light Tunable 
Lasers are also available in versions that 
cover the L-Band, essentially doubling 
fiber capacity.

NeoPhotonics began shipping Narrow 
Linewidth tunable lasers in 2011 in 
the Optical Internetworking Forum 
(OIF) standard ITLA form factor, which 

was approximately 3 inches long 
and approximately one inch wide. 
NeoPhotonics introduced its Micro-ITLA 
in 2014, which reduced the size by half, 
and in 2019 introduced the Nano-ITLA, 
again reducing the size approximately 
by half. In addition to its best-in-class 
low phase noise, the Nano-ITLA has 
low electrical power consumption, 
making it well suited for small form factor 
pluggable coherent modules. The Nano-
ITLA is now featured in the NeoPhotonics 
400ZR QSFP-DD module, which is a 
complete coherent transceiver capable of 
sending 400Gbps of data up to 1000 km, 
in a package size that is not very different 
from the original ITLA laser alone.

Excelitas introduces new InGaAs SMD photodiodes
Photonics company Excelitas Technologies 
has announced two new high speed, large 
area C30645L-080 and C30662L-200 InGaAs 
SMD Avalanche Photodiodes (APDs).

With high quantum efficiency, high 
responsivity and low noise in the spectral 
range between 1000 nm and 1700 nm, the 
InGaAs APDs are optimised for a wavelength of 1550 nm. The 
ceramic surface mount package of only 3 x 3 mm² size allows 
for easy integration into high-volume commercial and industrial 
applications, including eye-safe laser range finding systems and 
LiDAR time of flight systems.

The C30645L-080 and C30662L-200 feature a large detection 
active area of 80 µm and 200 µm to facilitate the integration of 
optics. “As systems become more and more compact, smaller 
packages as offered by the C30645L-080 and C30662L-200 
become critical to system integration. In addition, as volumes 

increase and new applications in time of flight 
are unlocked, more economical, high-volume 
manufacturing capabilities are also required 
to meet market needs in this area,” said Denis 
Boudreau, product leader, photon detection at 
Excelitas. 

“Our new highly compact surface mount 
InGaAs APDs were designed with this in mind, providing design 
engineers with a cost-efficient package where filters can be 
integrated, for the development of a variety of high-volume 
commercial and industrial applications.”

The package design and assembly processing techniques 
for the C30645L-080 and C30662L-200 are such that the die 
positioning is well controlled to the reference surfaces. This 
aids in the alignment of optical elements to the package and 
is superior to many of the commercially available plastic lead 
frame TO packages.
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Innovative co-packaged optics chip 
for hyperscale data centres
AT THE optical networking event OFC 
2021 in San Francisco this week, 
Ranovus has revealed the next step 
in reducing power consumption and 
overall costs for hyperscale data centre 
operations with the introduction of the 
Odin Analog-Drive CPO 2.0 architecture. 

Ranovus has collaborated with 
providers of multi-terabit interconnect 
solutions IBM, TE Connectivity, and 
Senko Advanced Components to 
create this second- generation CPO 2.0 
configuration for the data centre. 

Co-packaged Optics, or CPO, is an 
innovative approach that provides 
nx100Gbps PAM4 Optical I/O for Ethernet 
switch and ML/AI silicon in a single 
packaged assembly, which reduces 
the cost and power consumption of the 
complete system.

With data centre traffic growing at 
an unprecedented pace, fuelled by 
advances in AI and Machine Learning, 
the networking infrastructure must scale 
in capacity while maintaining its total 
power consumption and footprint. The 
collaboration announced in March 2020 
between Ranovus, TE, IBM, and SENKO, 
known as CPO 1.0, has enabled an 
attractive multi-sourced solution to further 
meet this challenge.

CPO 2.0 improves on CPO 1.0 while 
maintaining optical interoperability and 
brings the following advantages: 40 
percent cost and power consumption 
savings through; eliminating the re-timer 
function in the Odin Analog-Drive optical 
engine; enabling a cost-effective single 
die solution with the Odin Analog-Drive 
optical engine; smaller footprint; and 
re-use and optimisation of existing 100G 
PAM4 and PCIe Ser/Des chips vs new 
investment in an XSR Ser/Des chip for 
data centre applications.

Customer trials with Odin Analog-Drive 
CPO 2.0 are planned in Q4 2021.
This collaboration combines a number of 
capabilities. Ranovus brings its scalable 
Odin silicon photonics engine, announced 
at OFC 2020. Odin is built around the 
company’s Multi-Wavelength Quantum 

Dot Laser (MW QDL), 100Gbps Silicon 
Photonics based Micro Ring Resonator 
modulators and photodetectors, 100Gbps 
Driver, 100Gbps TIA and control circuity 
in a power efficient and cost-effective 
single die EPIC (Electronic-Photonic 
Integrated Circuit). IBM has contributed 
its fibre V-groove interconnect packaging 
technology. This is a robust and reliable 
assembly technique to interface optical 
fibres to silicon photonics devices. This 
process makes use of passive alignment 
techniques and achieves low insertion 
loss across a wide spectral range in 
both the O-band and C-band regimes. 
The solution is scalable in physical 
channel count and the automated 
process provides a path to high-volume 
manufacturing of co-packaged optics.

TE Connectivity’s co-packaged (CP) 
fine pitch socket interposer technology 
enables integration of small chipset and 
optical engine component technologies 
into high-value co-package assemblies 
with reworkable and interoperable 
interfaces. The CP fine pitch socket 
interposer technology has signal integrity 
performance capability for 100 Gbps as 
well as future 200 Gbps applications. 
The integration of TE’s controlled 
force mechanical and thermal bridge 
hardware completes the assembly by 
providing an innovative solution for 
thermal management of the switch, 
serialiser/deserialiser (SerDes), and 
optics necessary for high reliability 
and long operating life. Senko’s fibre 
optic connectivity solutions for optical 
coupling, on-board/mid-board, and 
faceplate support 100Gbps/lane and 
beyond Co-Packaged Optics equipment 
designs. These include low profile and 
precision fibre coupler assemblies, 
micro sized on-/mid-board connectors, 
reflow compatible connector assemblies, 
space saving connector options for 
faceplate, and blindmate connector 
solutions for backplane and external 
laser source modules. These will provide 
more efficiency, scalability, and flexibility 
in designs for Co-Packaged Optics 
equipment.

“We launched Odin, our next generation 
monolithic EPIC and laser platform 

for multi terabit Co-Packaged Optics 
(CPO) applications in data centres, in 
March 2020. The Odin platform is a low 
latency, high density, protocol agnostic 
monolithic optical engine that delivers 
massive optical interconnect bandwidth 
with industry-leading cost and power 
efficiency,” said Christoph Schulien, 
EVP of R&D and Systems at Ranovus. 
“The Odin Analog-Drive configuration 
eliminates the retimers in the CPO 1.0 
configuration, which brings about a 40 
percent cost and power reduction to the 
overall system.”

“IBM is enthusiastic to bring to this 
collaboration more than 45 years history 
in microelectronics packaging and its 
deep experience in optical packaging,” 
said Paul Fortier, senior engineer, IBM 
business development. “IBM’s optical 
assembly processes leverage our 
automated high-volume semiconductor 
packaging and IBM’s Assembly and Test 
division provides the co-packaged optics 
ecosystem with a seamless end to end 
manufacturing capability.”

“TE is bringing a holistic solution set to 
the Co-Packaging effort with our electrical 
interconnect CP socket technology that 
can enable CPO miniaturisation along 
with reworkability,” said Nathan Tracy, 
Technologist, TE Connectivity, “TE’s 
thermal bridge technology can be a key 
enabler to the high density packaging 
and extreme thermal management 
necessary for co-packaging.”

“Senko is pleased to contribute our 
product designs, and IPs to enhance 
the design capability, scalability, and 
flexibility for the Co-Packaged Optics 
embedded products,” said Tiger 
Ninomiya, Senko’s technology & 
innovation manager. “Innovative optical 
connectivity solutions are key to making 
Co-Packaged Optics’ solutions a success 
in the market.”
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For packaged PICs
it’s always about the bond
Silicon photonic (SiP) devices and photonic integrated circuits (PICs) 
are revolutionizing telecom/datacom markets. The growing capabilities 
of PICs have also spawned new approaches to advanced computing 
and myriad new market opportunities that legacy technologies cannot 
address. PIC Magazine spoke with the experts at Palomar Technologies 
to learn how die bonding continues to evolve and play a central role in 
SiP and PIC manufacturing

THE UNIVERSALITY of some semiconductor 
processes points to their essential nature across 
technological platforms. Even as device form factors, 
lithographic innovations and defect management 
techniques come and go, there remain some steps 
that are always needed including the requirement to 

place finished die inside a receptacle that will protect it 
and enable its functionality.

While semiconductor manufacturing across 
technologies is considered the most complex of any 
industry, the potential for ICs to transform every major 
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aspect of the human experience drove innovation 
like little else in the last 50 years. Today’s devices 
are quite literally orders of magnitude better than 
previous generations; even as per unit costs shrank, 
performance has soared. PIC and SiP devices are 
now entering the growth ramp that microelectronic 
devices faced decades ago. Like their microelectronic 
counterparts, PICs today face growing pains to 
automate and address unique testing requirements.

Much as we have seen within silicon logic and 
memory device manufacturing, PIC producers are 
keenly aware of the need to finely tune process steps 
and material formulations to aid in defect elimination 
and quality control. The test and measurement sector 
of PIC and SiP manufacturing has also stepped up 
with ways to automate and improve product quality, 
reliability and repeatability. These advances help 
reassure end users than a PIC device can be as 
reliable as any commercial microelectronic IC.

Die bonding is a prime example of how a technology 
that has been a part of semiconductor production 
predating automation has continued to evolve 
and bring value to complex systems including PIC 
manufacturing. In a recent conversation with Palomar 
Technologies’ Kyle Schaefer, product marketing 
manager, PIC Magazine technical editor Mark Andrews 
spoke about ways that die bonding has evolved, and 
how advances in the field can contribute to balancing 
the need for high throughput with process control. 
PICs of all types are traversing the sometimes perilous 
path between R&D, low rate production and high 
volume manufacturing. 

Because PICs and SiP devices are still maturing 
technologies, many manufacturers are also relatively 
new, seeking efficient means to transition from R&D or 
proof of concept into production. Given the different 
developmental stages that PIC manufacturers find 
themselves, almost all need an economical means to 
transition from one stage to another. Having process 
tools that work in R&D as well as in production is an 
astute investment strategy, a fact that Schaefer says 
characterizes most Palomar Technologies customers.

One such customer is Bay Photonics that operates 
out of the Epic Centre, a business incubator serving 
the counties of Devon and Somerset in South West 
England, UK. The Epic Centre is part of the Torbay 
Development Agency that encourages and fosters 
new business ventures and manufacturing within the 
region. While not all companies operating out of the 
Epic Centre are developing photonic devices, many 
are, and according to Epic Centre Director Wayne 
Loschi, purchasing the Palomar Technologies 3880 
Die Bonder was a decision made after 13 months of 
various tenant companies using the bonder for many 
wide-ranging requirements. The purchase was a 
‘natural’ decision after administrators saw how many 
companies were utilizing the tool at many different 
levels of product development.

Schaefer said one Bay Photonics staffer who truly put 
the bonder through its paces was John Coombes, 
senior process & development engineer. Coombes’ 
company moved into the Epic Centre to further 
develop their capabilities as a PIC assembly and 
packaging house. The company’s objective is to 
reduce their customer’s investment in the direct costs 
of packaging and assembly for proof of concept 
devices, prototypes, pre-production devices and 
production PICs.

“With Bay Photonics recent move to Epic we have 
challenged the Palomar 3880 on-site here with a range 
of devices requiring exploitation of its multiple process 
capabilities, from epoxy dispense to daubing of glass 
paste and attachment of multiple piece parts to create 
a photonic subassembly. Bay Photonics – working 
with Palomar on the Palomar 3880 Die Bonder – has 
shown that it is a great working platform with good 
flexibility for handling innovative Photonics enquiries,” 
Coombes said.

“It has allowed Bay to present bumped PICs and 
place them with good accuracy onto a tile with specific 
pad locations and attach with thermosonic and 
eutectic attachment methods using sinter materials to 
investigate potential methods and materials.”

“The die bonder consistently demonstrated its 
powerful programming, high level of tooling process 
control and intelligent pattern recognition capability 
from dispensing to picking and placing of die 
and SMD components though to accurate offset 
placement of glass blocks attached using  
the Palomar controlled eutectic nest in a specific 
position. Furthermore, the flexibility offered with  
its processing capabilities and tooling array has  
given Bay confidence in the machine’s capabilities; 
it offers a great platform for innovation,” Coombes 
concluded.
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Schaefer said that he found Coombes’ remarks 
about the Palomar 3880 Die Bonder to echo similar 
comments from other customers regardless of 
whether they worked in PICs or microelectronics. 
Features like the 8-tool bond head offer benefits that 
any production or R&D environment could appreciate.

“Flexibility is key to providing a strong ROI across 
many business models from academia, SME’s, CM’s, 
to full scale manufacturing giants like Lumentum 
& II-VI. Typically, Palomar customers keep Palomar 
bonders for many years, so longevity of support and 
the ease of reconfiguration as products and processes 
mature and change is a major consideration for 
engineers and procurement professionals when 
investing in bonding solutions.”

“Specifically, flexibility is one of the core design 
philosophies of the Palomar 3880. The flexibility of the 
system is unique in that it offers the capability to easily 
change from one process or configuration to another 
while also remaining effective in its performance for all 
potential applications.” 

“It is not just the 8-position, bi-directional tool turret, 
which only takes 250ms to change tools on the fly, 
that makes the 3880 extremely flexible. It is the extra-

large work envelope where many configurations of 
bonding hardware, material presentation options and 
automation options can be utilized. In addition, the 
changeover is rapid and effortless, which supports 
any company’s need for high mix.”

“Essentially, the robust abilities of the software and 
hardware are the core functionality that make the 
flexibility of the 3880 so impactful, in that it is not just 
great in one area and good in many others, but it is 
great in all areas. The 3880 is an R&D, NPI and volume 
production machine all in one,” Schaefer stated.

While flexibility is a key asset for any tool, some 
tools that tout flexibility are somewhat more targeted 
towards R&D or academia where dozens if not 
hundreds of individuals might use the equipment over 
its lifetime. Schaefer explained why the value of the 
Palomar 3880 Die Bonder is wide reaching.

“The 3880 is very popular with research institutes, 
but equally popular with companies that are churning 
out high volume transceivers or complex multi-chip 
modules (e.g. aerospace and defense.) Contract 
manufactures who are running high mix or medium 
volumes also love the flexibility of the 3880.”

“It is very common to sell systems to research 
institutes, but just as common to sell to those 
customers with a wide range of bonding requirements. 
However, one of the primary selling reasons relating  
to its flexibility is the idea of a long-term solution for 
the customer.”

“Specifically, the 3880 Die Bonder is attractive for  
its ability to evolve and adapt to a customer’s 
constantly changing process and/or product 
requirements. Customers heavily value the ‘future-
proofing’ concept that the 3880 brings. Even if they 
make a complete switch to a different product with 
a new process, the 3880 can and will support that 
product’s prototyping, development and eventual full-
scale manufacturing.”

“Although the majority of 3880 customers do not have 
a wide range of die bonding requirements at the time 
of purchase, many can see the possibilities of needing 
those various capabilities at some point in the next 
several years. These customers tend to fall within the 
telecom and datacom markets,” Schaefer remarked.

While flexibility is a key asset for any tool, some tools that  
tout flexibility are somewhat more targeted towards R&D  
or academia where dozens if not hundreds of individuals  

might use the equipment over its lifetime
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The PIC / SiP product development and 
manufacturing ecosystem is evolving rapidly. While 
datacom and telecom photonic applications are being 
actively explored, many other applications are just 
now being considered while others are moving into 
early prototyping. A natural question arises given this 
history: for new companies, is a Palomar Technologies 
3880 Die Bonder the right investment?

“With nearly 50 years of experience in semiconductors 
and photonics, Palomar has a history of developing 
solutions for new market applications. The company 
is active in the 5G roll out, 3D Sensing and LiDAR, 
quantum, IoT and AI, VCSEL and PD applications to 
name a few. There are definitely huge opportunities in 
quantum device assembly.”

“The 3880 is ideally suited for any development of 
future applications and opportunities presented in 
PIC or the photonics market. It is considered the most 
flexible, balanced die bonder on the market. Because 
of this and its many capabilities, it is well suited for 
aiding companies to break into new markets. The 
3880’s ability to rapidly change configurations greatly 
aids in prototyping and proof of concept, which makes 
it both ideally suited for development of new markets, 
but should the market come to fruition, it is also ideally 
suited for production.”

“The wide range of eutectic, epoxy, flip-chip, 
thermocompression, UV curing and atmospheric 
plasma cleaning capabilities make the 3880 the only 
die bonder which future proofs the investment in 
the system and gives PIC developers the tools and 
processes needed in the future to further develop 
exciting new disruptive PIC technology applications.” 

“The 3880 is a single piece of equipment that can  
be configured to handle a high-mix of applications  
and processes with minimal changeover/setup 
time, so previous production and new process 
developments or productions can be run ‘back-to-
back.’ The Palomar 3880 is the product of 30+ years 
of accumulated die attach knowledge and continual 
improvements in hardware and software to better 
meet the needs of current and future manufacturing 
challenges,” Schaefer concluded.

As PIC and SiP processes and manufacturing goals 
change along with succeeding device generations, 
some needs remain constant, like the requirement 
to pick and place die while creating a permanent, 
robust bond between the device and its package. 
The Palomar 3880 remains a centerpiece of both 
research and all manner of production environments. 
Sometimes, the best products just keep getting  
better.

BASED around a hot industry topic for your company, this 60-minute recorded, 
moderated zoom roundtable would be a platform for debate and discussion. 

MODERATED by an editor, this online event would include 3 speakers, with questions 
prepared and shared in advance. 

THIS ONLINE EVENT would be publicised for 4 weeks pre and 4 weeks post through  
all our mediums and become a valuable educational asset for your company

Contact: Jackie.cannon@angelbc.com

PIC ONLINE ROUNDTABLE
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Turbo-charging transmission with 
digital signal processing
To ease the strain on optical infrastructure, leading communication 
systems are combining high-quality InP lasers, detectors and modulators 
with advances in digital signal processing

BY GEOFF BENNETT, YUEJIAN WU, AND HAN SUN FROM INFINERA

KNOWN AS ‘Motormouth’, the New Yorker John 
Moschitta Jr., who can hit 586 words per minute in 
full flow, is generally regarded as the fastest talker in 
the world. Note that we say ‘generally’, because two 
people have gone faster – but when you watch them 
in slow-motion, you’ll see that they make mistakes or 
are incomprehensible.

Optical transmission shares this problem – that is, 
as the rate of information transfer increases, so does 
the difficulty of reliable reception. But, unlike the 
human ear, designers of optical transmission systems 
implement powerful digital signal processor (DSP) 

techniques to clean up the signal and dramatically 
improve the reliability of data reception. Here, we 
review the challenges of high-speed transmission, 
before explaining how Infinera has used DSP to 
revolutionise optical communication.

Let us begin by considering a simplified long-haul 
optical transmission link; it could operate between 
two cities or even under the ocean. For this example, 
depicted in Figure 1, a pair of IP routers are connected 
over blue transceivers. At each end, a terminal system 
multiplexes and demultiplexes optical signals from 
lasers emitting at slightly different wavelengths, and 
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directs them down a single pair of fibres. Note that 
with this well-known technique, referred to as dense 
wavelength-division multiplexing or DWDM, one fibre 
usually provides the transmit path and the other the 
receive path.

A key component within this communication system 
is the transponder. It receives data from various 
digital services, including Ethernet connections from 
1 Gbit/s to 400 Gbit/s, and maps these bits into a 
suitable digital container, before converting the digital 
electronic signal into an analogue one that is sent 
into a modulator, which in turn controls a laser. The 
optical pulses coming from this laser, and those used 
alongside it that are each emitting at a slightly different 
wavelength, are combined into a single optical fibre.

The great strength of this parallel DWDM approach 
is that it allows an increase in the total optical fibre 
capacity independent of the scaling of the individual 
wavelength data rates. Thanks to this, the DWDM 

transmission industry has increased total fibre 
capacity by a factor of 200 in the past 20 years, 
spurred on by an insatiable desire for ever-higher-
speed internet connectivity. 

During this tremendous increase over the last two 
decades, there have been two dramatic jumps 
around 2009: back then per-wavelength and per-fibre 
capacity first shot-up by a factor of four, to 40G per 
wavelength, before then climbing by a factor of 10 or 
more. Underpinning this expansion, which marked 
an inflection point in optical capacity growth, came a 
move to coherent transmission with advanced digital 
signal processing. Since then, per-wavelength data 
rates have steadily increased by another factor of 
eight, with current leading-edge products operating at 
800 Gbit/s.

Prior to 2009, long-distance transmission tended 
to involve simple on/off keying in the transmitter. 
At the other end of the fibre, a direct photodetector 

Figure 1. 
Elements of a 
typical long-haul 
or submarine 
optical network 
link.

Figure 2. Schematic of coherent transceiver showing transmit and receive DSP location.
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converted this very ‘binary-looking’ modulation 
back into an electrical signal.  We refer to this form 
of transmission as intensity modulation with direct 
detection. One of its key traits is that it features a 
direct detector, operating on a square law relationship 
to the strength of the received modulation symbols. 
By taking this approach, it is very difficult to use digital 
signal processing to compensate for linear optical 
impairments, issues that we will now outline.

Just as John Moschitta’s rivals introduced ‘noise’ 
– that is, errors – into attempts to break the words-
per-minute record, an optical fibre link can suffer from 
noise that comes from a number of different sources. 
As production methods evolve, some of these improve 
over time, such as the quality of the laser and the 
noise level of the amplifiers.

Other signal distortion effects can be compensated 
for with powerful mathematical techniques, so long 
as we can implement a linear detector. These include: 
dispersion effects, particularly chromatic dispersion 
and polarization-mode dispersion; high-order 
modulation issues, which can be addressed using a 
technique called probabilistic constellation shaping; 
and nonlinear effects, which are triggered by high 
optical power levels in the fibre. 

The first of these, dispersion, is associated with 
the spreading out of the modulation symbol on its 
journey along the fibre. If you fail to reverse that effect, 
the sequential symbols will run into one another, 
preventing the receiver from correctly interpreting the 
value of a given symbol. This is analogous to one of 
Moschitta’s rivals slurring their words, so that they run 
together, making it harder to understand where one 
word ends and another begins. Chromatic dispersion 
stems from the different frequencies of the modulation 

symbols, while polarization-mode dispersion comes 
from the vertical and horizontal polarizations of the 
modulation symbol travelling at slightly different 
speeds. 

High-order modulation involves cramming more 
bits into a single modulation symbol. It is a bit like 
Moschitta’s rivals talking more quickly, which makes it 
more difficult to understand them. One way to view the 
solution, probabilistic constellation shaping, is that it 
is like having a way to deliberately choose words that 
sound very crisp and clear when they are said one 
after the other. This is clearly preferable to words that 
mean the same thing, but are harder to distinguish in 
a given set of words.

Non-linear effects, the third form of signal distortion 
that we list, are introduced when the optical power 
level in a fibre exceeds a certain threshold. This issue 
is similar to that of Moschitta’s rivals talking into the 
microphone so loudly that the listener starts to hear 
distortion.

Coherent optical transceivers
In 2010 the optical industry began to deploy a 
radically different approach for sending and receiving 
information – phase modulation with coherent 
detection (see Figure 2 for a simplified schematic 
of the latest generation of coherent transceiver).  
While the first generation of coherent transceivers 
had processing only in the receiver, subsequent 
generations include both transmitter and receiver-
based processing.

The laser in the transmitter shines constantly – 
creating an optical carrier.  The digital electronic 
signal is sent into the transmit portion of the DSP 
for pre-processing, then the processed digital 

Figure 3. 
Evolution of 
headline data 
rate for coherent 
transmission.
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signal is sent to a high-speed digital-to-analogue 
converter (DAC), with the resulting analogue signal 
applied to a Mach-Zehnder phase modulator, which 
applies this signal to the optical carrier. Note that 
by sending separate modulation signals on the X 
and Y polarizations of the light, the capacity of the 
modulation symbol is doubled. After this, the optical 
signal, containing a stream of high-speed modulation 
symbols, is launched into the fibre for its journey of 
many kilometres.

Within the receiver, there is a local oscillator laser 
with a continuous output, tuned to the wavelength to 
be received. The local laser output is mixed with the 
incoming signal from a fiber, and the mixed signal 
is then split into X and Y polarizations. The parallel 
signals enter a phase demodulator array, formed from 
adjustable Mach-Zehnder elements. This results in the 
generation of a massively complex set of interference 
patterns that would be changing so quickly they 
would appear as a constant light to the human 
eye. A parallel set of photodetectors captures the 
interference patterns, converting the analogue optical 
signals to analogue electrical signals that are boosted 
by a transimpedance amplifier. These stronger signals 
are sampled and digitized in an analogue-to-digital 
converter (ADC), with the resulting digitalised signal 
passed to the receiver DSP and processed to produce 
a clean, reliable bit stream.

Unlike a pure electronic circuit, the optical transceiver 
makes use of a range of semiconductor materials, 
using the most appropriate one for each task (these 
materials are colour-coded in Figure 2).

Regular readers will know that InP is the ideal 
material for creating high-performance lasers and 
photodetectors at wavelengths employed for long-
distance optical transmission, typically the domain 
that spans 1530 nm to 1625 nm. InP is also the best 
choice for the modulators at these data rates. Due to 
this dual role, it is possible to use InP for all the optical 

functions for both transmit and receive, forming a 
single photonic integrated circuit (PIC). SiGe is the 
material used to produce transimpedance amplifiers 
that deliver consistent amplification over wide 
bandwidth and a low noise level, while silicon CMOS 
is employed for making application-specific integrated 
circuits (ASICs) used for the DAC, ADC, and DSP 
functions.  In Figure 2, we show that the transmit and 
receive DSP circuits are implemented on a single 
ASIC chip. Using this architecture, at least one of the 
latest 800 Gbit/s implementations is made up of more 
than 5 billion transistors.

Materials aside, those of you with a background in 
radio communication will be familiar with the approach 
that we shall now describe. At the transmitter, instead 
of sending an on/off signal, we use a phase modulator 
to encode digital signals as a set of different phase 
states. And at the receiver, rather than directly 
interpreting the on/off signal without any processing, 
we use a coherent detector – this consists of a 
reference laser, known as the local oscillator, the 
signal of which is mixed with the data signal. When 
used in radio systems, a local oscillator allows tuning 
in to a specific radio station, out of perhaps dozens of 
radio stations that have signals passing through the 
detector. 

In optical transmission, the situation is slightly 
different, as we have already separated the particular 
wavelength we wish to receive. In this case, the local 
oscillator acts as a very low-noise amplifier, and the 
resulting phase demodulator is a linear detector. 
Having a linear detector is a tremendous asset, 
allowing us to finally bring the power of digital signal 
processing to bear on the problem of compensation 
of linear channel impairments such as chromatic 
dispersion and polarization-mode dispersion. 

Advancing DSPs
While coherent detection may be familiar to anyone 
from the radio world, and DSPs to fans of DAB radios, 
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the sample rates and processing power required to 
process high-speed optical signals are on a totally 
different scale. To put this in perspective, for CD 
quality audio the accepted sample rate is 44.1 kHz, 
while a modern coherent transponder operates 
about two million times faster at well above 100 GHz 
sampling rate to correctly recover transmitted 
information from signal symbol rates close to 
100 gigabaud.

In the 1970s, the first hardware used for digital signal 
processing emerged. It employed general-purpose 
processors, with a software implementation. The 
processors were clocked at about 2 MHz, with four 
clock pulses per machine cycle. Even five decades 
on, armed with tremendous advances in processor 
performance, dedicated chips for DSPs are still 
essential. That’s partly due to performance demands, 
but also associated with the need to reduce power 
consumption, size, and hardware costs. For coherent 
processing, sample rates have to be somewhat higher 
than the symbol transmission rate – a requirement first 
explained by Bell Labs researcher, Harry Nyquist, in 
the 1940s, in the context of digital telephony.

The key to realising the processing rates needed for 
high-speed optical transmission is to use the very latest 
process node sizes for a given coherent generation. 
Progress is fast, evolving from 100 Gbit/s transponders 
with around 300 million gates in 2010 to 800 Gbit/s 
today, using over 5 billion gates (see Figure 3 for the 
impact of this evolution on wavelength data rates).

One downside of coherent processing is that it 
consumes a significant electrical power budget. 
Consequently, in order to maintain stable operation, 
heat must be pulled from the chips. Historically, 

Moore’s Law is to thank for providing a pathway 
to reducing electrical power, per unit processing 
power. While there are various forms of this law, they 
all refer to a trend of doubling certain chip metrics 
within a given time period. This advance leads to a 
faster processing at lower power. In the case of the 
ASIC technology used in coherent DSPs, as each 
generation of process node delivers roughly a 0.7 
times reduction, two generations of progress are 
needed to double the DSP bandwidth for the same 
power consumption.

Improvements are now more challenging. The recent 
move from 16 nm feature sizes in fourth-generation 
transceivers to 7 nm in the current fifth-generation 
transceivers delivered around a 51 percent saving 
in power consumption per unit processing speed. 
In comparison, there will only be a power saving of 
around 30 percent when moving from 7 nm to 5 nm.

Detailed predictions of likely developments in 
electronic devices and systems are presented in the 
IEEE International Roadmap for Devices and Systems. 
One of the goals of this roadmap, which includes the 
ASIC technology used for DSPs, is to identify key 
trends related to devices, systems, and all related 
technologies over the next 15 years. Additional aims 
are to determine generic devices’ and systems’  
needs, challenges, potential solutions, and 
opportunities for innovation; and to encourage  
related activities worldwide through collaborative 
events, such as related IEEE conferences and 
roadmap workshops.

Right now, there is no clear solution to the slowing 
down of power reduction. An imperfect option would 
be to design a MOSFET with a steep sub-threshold, 

Figure 4:
The Shannon 
equation and 
the diminishing 
returns in fiber 
capacity from 
future coherent 
transceiver 
enhancement
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but while this would result in more efficient power 
consumption, it would go hand-in-hand with a slower 
processing rate for serial operations within any 
pathway through the DSP. The general consensus 
within the semiconductor community is that a new 
DSP architecture is required to maintain the historical 
rate of progress.

Capacity challenges
Valuable contributions from Bell Labs to the 
development of DSP are not limited to the work of 
Harry Nyquist. Contemporary Claude Shannon made 
other contributions to information theory, including 
developing an equation that allows us to calculate the 
maximum capacity for a given communication channel. 
Back in the 1940s, Shannon would have been thinking 
of a copper telephone wire or wireless telegraphy 
channels, but now, in the era of optical communication, 
it is used when considering optical fibres.

The Shannon equation, in simplified form, is 
shown in Figure 4. On the left is C, representing the 
channel capacity, and on the right are two terms: 
one represents the bandwidth of the channel, and 
the other is related to the signal-to-noise ratio. For 
optical transmission, the bandwidth is the range 
of wavelengths used for amplifying the signals 
as they travel along the fibre. This is usually the 
C-band, which spans 1535 nm to 1565 nm, and may 
sometimes also include the L-band, which is the 
domain from 1565 nm to 1625 nm. Within the log 
term, there is a function based on the signal (S)-to-
noise (N) ratio, which is often summarized as ‘bits per 
channel utilization’.  

Included in Figure 4 is an illustration of how channel 
capacity, shown on the vertical axis, increases for a 
given rate of improvement in either the bandwidth 
or S/N ratio. There is a better return for increases in 
bandwidth, because S/N is within a log function, so 
improvement in capacity tails off. This implies that 
there are diminishing returns when efforts are directed 
at improving amplifier noise levels, fibre quality, and in 
particular coherent modem functionality, because they 
all address the S/N ratio.

The good news is that there are a range of options 
for increasing bandwidth. Consider, for example, 
the C-band. Bandwidth can be increased by turning 
to Super C-band amplifiers – this boosts amplified 
bandwidth by a little over 20 percent – and also by 
using the L-band (note that the L-band is almost never 
deployed on its own – it is always deployed with 
C-band). Compared to a conventional C-band system, 
one that amplifies Super C- and Super L-bands 
delivers almost three times the bandwidth.

These options are focused on terrestrial networks, 
where it is relatively easy to deliver electrical power to 
an amplifier chain. That’s not the case in submarine 
cables, which contain a thick conductive layer that 
delivers up to 15 kV to each end, to power the 
amplifier. In a submarine cable, it is often the ability 
to deliver power to an amplifier chain that limits the 
number of fibre pairs.  

An alternative submarine cable architecture, now 
being deployed in some newer cables, is space-
division multiplexing. As this reduces amplifier power 
consumption, it sacrifices capacity per fibre pair, but 
trades this for an increase in the number of fibre pairs. 
The change is beneficial, increasing the capacity 
for the cable. An additional move in this direction is 
the evolution of coherent transponders, which are 
expected to limit the additional optical performance in 
exchange for a smaller module size with lower power 
consumption. This process will be driven by 5 nm or 
smaller DSP process nodes.

Whether the networks are terrestrial, or they run along 
the sea bed, there is plenty of scope to maintain optical 
transmission capacity in the short to medium term. 
For the past decade, high-speed optical transmission 
has relied on the power of advanced digital signal 
processing to increase data rates per wavelength, and 
ultimately the total fibre capacity of long-distance and 
submarine communication systems. While there are 
challenges to both DSP scaling and fibre transmission 
limits, strategies and solutions are available for 
maintaining growth in capacity, while driving down the 
cost of moving information around the world.

An alternative submarine cable architecture, now being deployed in 
some newer cables, is space-division multiplexing. As this reduces 
amplifier power consumption, it sacrifices capacity per fibre pair, 
but trades this for an increase in the number of fibre pairs. The 

change is beneficial, increasing the capacity for the cable
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Top five market trends for  
future-proofing PIC testing
Photonic integrated circuit (PIC) test 
requirements are complex, which has led 
to the need for solutions that automate 
testing processes for greater accuracy, 
speed and repeatability. The T&M experts 
at EXFO explore ways to future-proof 
systems so as unit volumes increase, a 
company’s testing platform can scale 
right alongside. 

BY FRANÇOIS COUNY, EXFO PRODUCT 
LINE MANAGER

THE LATEST DEVELOPMENTS in light coupling 
methods have made wafer-level testing of integrated 
photonic components commercially feasible for mass 
production. But manufacturers are now faced with 
producing high volumes of photonic components  
as demand explodes from all types of applications 
across various industries. Given the specific nature  
of these applications, vendors must guarantee 
reliability from end-to-end, regardless of production 
pressure.

Currently there are bottlenecks in the production 
phase that relate to the volume of components  
being produced and assembled, and to the 
associated test requirements. For example, there 
are challenges in photonic integrated circuit 
characterization when designing transceivers  
that leverage new transmission technologies,  
requiring scalable platforms to support next-
generation testing. 
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Overall, PIC vendors need to be able to use their 
testing equipment in both R&D and production 
environments. Such instruments must deliver speed, 
repeatability, and reliability. 

Flexible, modular approaches are needed to scale 
production while tackling evolving requirements 
to maximize capital expenditure (CAPEX) over the 
coming years. 

To reach such test performance, companies are 
automating more of their component manufacturing 
processes and adopting new technologies and 
solutions to maximize production. And stakeholders 
are coming together at early development stages  
to collaborate in addressing new challenges with  
end-to-end solutions – from R&D through production – 
that are indeed flexible, scalable and future-proof. 
Ultimately, investment in equipment needs to be done 
wisely to ensure expenditures are the right choice for 
today as well as the future. 

Top five trends in PIC testing 
As photonic component testing evolves, the industry 
is seeing key trends emerge for end-to-end PIC testing 

from the design phase through deployment. 
Here are the top five trends: 
Automated: Manufacturers are automating as much 
as possible to tackle bottlenecks, to reduce the 
technicality of the test task and optimize time-critical 
tasks between different test sections
Designed for testing: Testing is top-of-mind from the 
design stage through to production to gain precious 
milliseconds per individual test and to simplify the 
testing process to maximize investment.
Customized: Every PIC is unique and tailor-made to a 
specific application. Test environments must be easily 
customizable and capable of being reconfigured 
quickly to an optimized test recipe
Integrated: To address all the testing needs, from 
basic parametric measurements to full functional 
characterization, manufacturers are combining mix-
and-match modular instrumentation from various 
vendors.
Collaborative: To deliver end-to-end solutions that are 
flexible, scalable, and future-proof – protecting CAPEX 
– industry players are innovating together. 
Adhering to these trends will bring innovative, cost-
saving solutions to the PIC ecosystem at a time of 
need.
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Automated
The forecasted volume of integrated photonics 
components included in applications such as high-
speed data centers and 5G networks imposes a key 
imperative for automated testing. This will ensure high 
quality and fast throughput, and remove the technicity 
surrounding the test operation. 

Automation is even more critical for the process of 
wafer-level testing, where identification of good die is 
essential to define the future of each chip and to avoid 
costly and time-consuming assembly of defective 
components. PIC characterization must be fast and 
reliable and fully scalable to accommodate additional 
testing capability that ties in with design generation via 
automation tools.

With comprehensive automation tools, the user 
can control the test equipment and integrate it in a 
research test setup or production test bench.
The goal is to have processes fully automated so the 
wafer discs can be loaded and tested, providing full 
pass-fail results with high fidelity.

Designed for testing
As noted earlier, the high volume of components 
that require testing combined with the need for 
efficient and accurate testing at every stage of design, 
fabrication and packaging creates challenges in 
manufacturing.

Another key trend emerging this year is a mindset shift 
from thinking of testing as a by-product of assembly 
and packaging to enhancing test capabilities at both 
wafer and die level by thinking about testing from the 
earliest design planning phases. 

It’s important to implement testing points and 
capabilities in the component design. That includes 
identifying the type of testing required along with 
access and injection points, and defining how tests 
will be simulated in advance of production and testing. 

Designing to test rather than thinking about testing 
after production also simplifies the task, making it 
accessible to trained operators instead of highly 
skilled research engineers. Additionally, cost savings 
can be realized by reducing alignment requirements 
and allowing simultaneous testing, thus dramatically 
speeding up the test process.

Such optimization is paramount not only for die-level 
tests that perform parametric qualification of individual 
components, but also for functional testing and 
quality control, ensuring compliance with industry 
specifications and standards. 

As a net result, testing needs to be comprehensive, 
providing coherent end-to-end solutions for repeatable 
and accurate results wherever testing is done. 

Customized
Vendors such as Network Equipment Manufacturers 
(NEMs) are trending in the direction of customized 
solutions to meet the specific needs of each set-up. 
EXFO’s instruments fit many PIC test configurations, 
so they can easily be automated and integrated within 
a test solution. 

At the core of EXFO’s PIC testing solution is the 
CTP10 modular passive optical component testing 
platform which provides reliable, high-quality 
insertion loss (IL), return loss (RL) or polarization 

EXFO’s CTP10 
Advanced 
Component 
Testing Platform
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dependent loss (PDL) measurement over the full 
telecom wavelength range regardless of spectral 
characteristics of the device under test. It operates 
together with EXFO’s T100S-HP series of swept 
tunable laser to perform these measurements within 
seconds.

With its modular configuration, the CTP10 is used to 
characterize large port count components that are 
becoming more common in 5G network infrastructure 
and PICs. With a choice of hot-swappable modules 
and a powerful graphical user interface, the CTP10 
allows fast reconfiguration of the setup with a new 
functionality or measurement capability; it also 
provides easy export and analysis of all spectral traces 
acquired.

This type of instrument allows manufacturers to 
concentrate on their components and spend less time 
setting up test stations. It also provides the required 
flexibility of testing from device to device and even 
from component to component.

Integrated
Manufacturers need a solution that integrates multiple 
technologies seamlessly for their customized set-
ups. Often, state-of-the-art equipment such as 
ultra-high precision alignment systems, collision 
avoidance sensors, temperature control, machine 
vision, electronic testing and photonics, all need to be 
brought together into a simple-to-use interface.

To ease this integration on the photonics front, 
EXFO’s PIC testing platform has been designed to be 
integrated into PIC-testing handling systems, including 
fast photodiode output for first-light search and fibre-
to-grating coupler alignment optimization.

Collaborative
A major trend in the industry is collaboration between 
vendors and partners to optimize solutions for specific 
manufacturing setups. As in most cases with new 
technologies, it takes several areas of expertise to 
build a comprehensive solution. 

That is why EXFO combined forces with Hewlett 
Packard Enterprise (HPE) and MPI Corporation 
to jointly address the challenges posed by optical 
component testing through advanced, interoperable 
measurement techniques. The full story of this 
collaboration was published in PIC Magazine’s Issue 
3 of 2020. 

EXFO has also demonstrated interoperability for PIC 
testing with AEPONYX, a components manufacturer, 
and Maple Leaf Photonics (MLP), an integrated 
electro-photonics probe system developer. 

The custom solution that was designed sets the stage 
for future advances in PIC design and testing. That 
collaboration was highlighted by PIC Magazine in 
Issue 4 of 2020.

European Photonics Industry 
Consortium (EPIC) supports 
multi-vendor collaborations

MANY VENDORS working to move the industry forward, including 
EXFO, have joined consortiums around the globe such as AIM 
Photonics, the European Photonics Industry Consortium (EPIC), and 
LUX Photonics to enable collaborations.

EPIC promotes the sustainable development of organizations 
working in the field of photonics. The organization fosters a 
vibrant photonics ecosystem by maintaining a strong network and 
acting as a catalyst and facilitator for technological and commercial 
advancement.

“Photonic Integrated Circuits enable increasing the number of 
functionalities of a given product by integrating different devices in 
a single chip, reducing the cost associated to the fabrication and 
the energy consumption while increasing its performance. Because 
of this, PICs find application in different areas such as medical, 
environmental, and optical communications, with the focus on large 
volume production,” said Dr. Ana González, R&D Manager at EPIC.

“In this context, the testing and characterization of these large 
volumes of PICs is required. However, the processes to ramp up 
production have not been developed yet and current techniques are 
time-consuming and lack automation,” González said.

“At EPIC, we see the collaboration between EXFO, AEPONYX, and 
MLP as an example for the industry, an intelligent way to solve the 
testing of a complex chip and to move forward in the development 
of a device that represents an important breakthrough for the optical 
communications market,” she said.

The technology roadmap for future PIC testing advancements is 
being invented today by forward-thinking vendors with the shared 
insights gained from industry consortiums like EPIC, enabling 
component manufacturers to make the best choices for today and 
the future.
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Self-aligned growth spawns 
hybrid photonic devices
Miniature, high-performance optical links could be formed on silicon 
substrates through self-aligned growth in oxide tubes

BY SVENJA MAUTHE, NOELIA VICO TRIVIÑO, MARILYNE SOUSA, 
HEINZ SCHMID AND KIRSTEN MOSELUND FROM IBM RESEARCH EUROPE

SILICON MICROELECTRONICS has made staggering 
progress. The latest components have a footprint of 
just a few tens of square nanometres, consume very 
little power, and are packed in their billions on a chip.  

Today’s technology, the culmination of decades of 
silicon CMOS processing development, has also 
spawned advances that benefit silicon photonics. 

Fabs can now produce low-loss silicon waveguides 
and passive structures to route optical signals through 
a chip. However, this technology is not perfect. 
Arguably its biggest weakness is the lack of optical 
gain, stemming from silicon’s indirect bandgap.

Free from this limitation are a portfolio of III-V 
compound semiconductors with direct bandgaps 
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spanning the entire spectral range from the visible, 
using III-nitrides, to the near infrared (see Figure 1). 
The latter is of interest for optical communication, 
with bands around 1350 nm and 1550 nm – they 
are known as the O-band and C-band – providing 
the preferred choices for datacom and telecom, 
respectively. These bands have been adopted 
because they correspond to minimum transmission 
losses in optical fibres, and coincide with the 
availability of effective sources and erbium-doped fibre 
amplifiers (EDFAs). These spectral domains are also 
well suited for on-chip applications, thanks to silicon’s 
transparency at wavelengths beyond 1.1 μm. Due to 
this attribute, SOI waveguides can serve as a low-loss 
transmission medium.

An additional attribute of the ternary or quaternary 
III-Vs is that by adjusting their composition, 
the bandgap is varied, enabling the growth of 
quantum wells and dots. Consider, for example, the 
combination of InP and In0.53Ga0.47As, a pairing that 
share the same crystal lattice constant, enabling 
defect-free growth. The bandgap of In0.53Ga0.47As is just 
0.74 eV, far less than the 1.35 eV for InP, so inserting 
an In0.53Ga0.47As layer between InP barriers creates a 
deep potential well that excels at confining excited 
electrons and holes and localising the recombination 
process. The opportunity to form quantum wells 
and quantum dots has been instrumental to the 
development of today’s efficient III-V lasers. 

Uniting III-Vs and silicon
One of the holy grails of research within the 
semiconductor industry is the seamless integration 
of photonics and electronics, so engineers can draw 
on the best of both worlds. Today, the state-of-the-art 
approach to accomplishing this is to directly bond a 
wafer with a III-V active stack onto a pre-processed 

silicon wafer (see Table 1, which compares this 
approach to other techniques for integrating III-Vs 
on silicon). Wafer-bonding allows light to couple 
evanescently from underlying silicon waveguides 
to the active III-V regions above. Engineers have 
demonstrated highly advanced devices with this 
approach, integrating both detectors and lasers.

Bonding can also take place at the die level. In this 
case, individual III-V dies or pre-processed III-V 
devices can be united with a silicon platform. While 
these chips may seem small from the perspective 
of the III-V community, with dimensions of several 

Figure 1. Bandgap versus lattice constant for a variety of direct (full circle) and 
indirect (circle) semiconductors. The 8 percent lattice mismatch between silicon 
and In0.53Ga0.47As is highlighted. The blue shaded area corresponds to the 
telecommunication band.

Table 1: Overview of existing technologies for integrating III-V materials on silicon. Reprinted with permission from [1] M. Seifried et al. IEEE 
JSTQE 24 8200709 (2018), doi: 10.1109/JSTQE.2018.2832654, licensed under CC BY 4.0; [2] S. Keyvaninia et al. Opt. Mater. Express 3 35 
(2013), doi: 10.1364/OME.3.000035, ©2012 Optical Society of America; [3] I. Luxmoore et al. Sci Rep 3 1239 (2013), doi: 10.1038/srep01239, 
licensed under CC BY-NC-ND 3.0; [4] T. Katsuhiro et al. J. Phys. D: Appl. Phys. 47 394001 (2014), doi: 10.1088/0022- 3727/47/39/394001, 
©2014 IOP Publishing Ltd, CC BY 3.0.
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hundred microns, they are far, far larger than 
electronic components. With transistors typically fitting 
within tens of nanometres, the size mismatch is about 
three orders of magnitude.

Gaining in popularity, monolithic growth offers another 
option for uniting III-Vs with silicon. This approach 
enhances integration densities, by depositing III-V 
material locally, only where it is needed. While 
this method has much appeal, its execution is 
challenging, partly because there is significant 
difference in atomic spacing of the respective crystal 
lattices (see Figure 1). For example, there is a lattice 
mismatch of about 8 percent between silicon and InP/
In0.53Ga0.47As. This difference can result in numerous 
dislocations and anti-phase boundaries that hamper 
the performance of optical devices. Adding to the 
challenges of monolithic growth, different materials 
can have different thermal expansion coefficients, 
causing cracks and defects to appear when cooling 
the wafer down from its growth temperature, typically 
550 °C to 700 °C, to room temperature.

A well-known approach to overcoming both these 
issues is to switch from growing a stack of layers to 
growing nanowires. The growth of III-V nanowires can 
begin with a metal catalyst (usually vapor-liquid solid 
type growth), or with an opening defined in a pre-

patterned hard-mask on the surface of a silicon wafer, 
and approach known as selective-area epitaxy.

Our team at IBM Europe has trailblazed yet another 
technique for marrying III-Vs with silicon. Our 
approach, which we refer to as template-assisted 
selective epitaxy (TASE), involves the growth of III-Vs 
within oxide tubes formed on a silicon substrate (see 
Figure 2 for an outline of the process flow).

In our case, growth of the III-V begins with nucleation 
on a small silicon surface, exposed at one extremity 
within the hollow template. Just like the formation of 
nanowires, growth is monocrystalline, with typical 
defects from heteroepitaxy suppressed. We can 
produce larger or more exotic shapes by adapting 
the size of the template – however, for the work 
we discuss here, we only fabricate simple bars or 
nanowires. Unlike conventional nanowires, our 
structures are grown along the surface of silicon, 
enabling integration with photonic silicon structures. 

It is interesting to note, however, that we did not 
develop TASE for photonics. Initially, we targeted 
electronic applications, using this technology to 
provide a complementary tunnel FET platform, 
which is described on pages 38 to 42 of the January/
February 2017 edition of Compound Semiconductor.

There are two essential attributes of our TASE 
technology that enable us to form the devices 
described in the remainder of this article. Firstly, 
because our method relies on replacing existing 
silicon features by a III-V, it is self-aligned – the shape 
and position of the compound semiconductor material 
that we add is defined in the same lithographic step 
as the silicon features. Thanks to this, we can perfectly 
tune the coupling to waveguides, and we can insert 
scaled III-V features within a silicon photonic crystal 
lattice. The upshot is that we engineer truly hybrid 
structures, integrated seamlessly. Secondly, we can 
introduce doping profiles and composition gradients 
in-situ, during growth. One of the merits of the 
geometry that results from our process is that it makes 
coupling to silicon waveguides straightforward.

Monolithic detectors
As optical signalling extends from server racks to 
on-board and finally on-chip schemes, demand for 
detectors will grow to thousands, if not millions. While 
an on-chip light source is highly desirable but not 
mandatory, densely integrated photodetectors are an 
essential ingredient in optical transceivers, required to 
process the incoming optical signal. 

To successfully replace lossy electronic interconnects, 
it is critical that power-consumption is at the very least 
similar – and ideally lower – than that of comparable 
electronic interconnects. Efforts must focus on 
limiting RC constants, a requirement that can be 
accomplished with small-footprint devices with small 
capacitances. The key to satisfying these constraints 

Figure 2. Template-assisted selective epitaxy (TASE) process flow and material 
investigation using scanning transmission electron microscopy (STEM). TASE 
is performed on an SOI wafer. The top silicon surface is patterned and covered 
with SiO2. Subsequently an opening is etched into the oxide shell on one side 
and the underlying silicon is partially etched. Using MOCVD, III-V material is 
grown from the remaining silicon into the empty SiO2 tube. Images reprinted 
with permission from S. Mauthe et al. Nat. Commun. 11 4565 (2020).
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is to transition away from today’s large, high-
performance devices – and this is where III-Vs have an 
important role to play.

Today’s state-of-the-art integrated detectors are based 
on SiGe, a common alloy in CMOS technologies. 
As this binary material has an indirect bandgap, 
absorption is lower than for a corresponding direct 
bandgap material. While the widespread adoption of 
silicon CMOS image sensors amply demonstrates 
that it is perfectly possible to make excellent detectors 
with SiGe, a detector with a direct bandgap might be 
even more efficient. Introducing III-Vs not only boosts 
efficiency – it also opens the door to miniaturisation 
of the active region and, in turn, a trimming of device 
capacitance. 

Another reason for embracing the III-Vs is that SiGe 
compounds do not span an ideal absorption range. 
They make for excellent detectors in the visible, 
and can reach the O-band at around 1350 nm by 
increasing the germanium concentration, but the 
important 1550 nm wavelength is very close to the 
detection limit.

Recently, we demonstrated the first InGaAs 
photodetector that is monolithically integrated in-plane 
on silicon, growing the device from a silicon fin. From 
a photonics perspective, this might be viewed as a 
butt-coupling approach. We focused on improving 
speed and power efficiency through scaling. To this 
end, we kept geometries small, limiting height to 
only 60 nm. As this is insufficient for sustaining a 
propagating mode in the near-infrared, we turned to 
free-space fibre coupling for device characterisation.

Our devices exhibit impressive characteristics. Dark 
current is low, while estimated responsivity hits 
0.65 A/W. As our free-space coupling prevents a 
direct measurement of responsivity, we calculated this 
value, assuming that only the photons absorbed in the 
intrinsic region contribute to the photocurrent, which is 
an ideal case scenario.

To demonstrate the potential of our technology for 
high-speed data transmission, we have recorded 
eye diagrams. They show that we can distinguish 
‘0’ from ‘1’ at data rates up to 32 Gbit/s, the limit of 
our experimental setup. These results, illustrated 
in Figure 3, shows a f3dB of about 25 GHz in the 
frequency response curve. While these results 
are encouraging, even better ones should follow. 
Opportunities for further progress include introducing 
an improved contact and layout scheme and 
optimising the resistive components of the devices.

Another attribute of our devices is that they deliver 
a promising spectral response. They show maxima 
of detection in both the O- and C-band regions, 
with the peak in the O-band being the strongest. 
According to TCAD simulations by our collaborators at 
ETH Zurich, our detector’s spectral response is linked 

to device design and geometry, factors that need 
to be considered when designing scaled photonic 
components.

Hybrid photonic crystals
Our ultimate goal is to fabricate a fully integrated 
optical link. To realise this, we need to develop an 
on-chip laser or emitter. We are pursuing a photonic 
crystal architecture. This is a promising option for 
anin-plane light source, because it has the potential 
to combine high efficiency with low power and 
miniaturisation, thanks to a high quality factor and a 
small mode volume.

Most photonic crystal structures are two-dimensional 
or one-dimensional lattices, created by etching holes 
in a dielectric material or by stacking densely placed 
rods or fins. The latter architecture can be directly 
integrated with our TASE technology, which we 
developed for the detectors. Following in the footsteps 

Figure 3. Overview of electro-optical performance of a scaled, TASE-grown 
photodetector with 200 nm width. The top part of the image depicts a 
typical diode-like current-voltage (IV) curve on the left-hand side. Under light 
illumination, a photocurrent flows, increasing with illumination power. Plotting 
the measured current under reverse bias as a function of the incident light 
illumination reveals a linear relationship, suggesting a high responsivity (see 
middle image). On the right-hand side, the S21 response measurement is 
depicted. The line at -3 dB marks the 3-dB limit. The lower part depicts the high-
speed data reception measurements. As illustrated, an optical fibre is aligned 
free-space and light modulated onto the device. The three images on the right 
depict the measured eye diagrams with open circles up to 32 Gbit/s. Images 
reprinted with permission from S. Mauthe et al. Nat. Commun. 11 4565 (2020).



32  WWW.PICMAGAZINE.NET  l  ISSUE II 2021  l  COPYRIGHT PIC MAGAZINE

TECHNOLOGY INTEGRATION

Further reading

H. Schmid et al. Appl. Phys. Lett. 106 
233101 (2015)

S. Mauthe et al. Nat. Commun. 11 4565 (2020) 

S. Mauthe et al. Nano Lett. 20 8768 (2020)

S. Matsuo et al., Nat. Photonics 4 648 (2010) 
doi:10.1038/nphoton.2010.177

of our process for making detectors, we etch back 
the silicon in a selected number of rods, prior to re-
growth of the III-V. This is a straightforward approach 
to creating a hybrid structure, where most of the 
photonic crystal cavity consists of plain silicon – III-V is 
only present in the central region of the cavity.

With this design, the InGaAs emits in the near-
infrared, above the silicon absorption edge. At this 
wavelength the silicon part of the photonic crystal 
cavity is transparent. By only using gain material 
where essential, we trim optical losses, leading 
to a substantial improvement in the final device 
performance. It is a non-trivial task to design a 
photonic crystal structure with a high quality factor. 
Helping with this endeavour, we recycle existing 
designs, replacing just an important segment of the 
cavity with III-V while retaining the remaining features 
in silicon.

Our hybrid photonic devices produce tuneable light 
emission across the telecommunication band. They 

Figure 4. Vision of a TASE platform for integrated optical links. The top image 
shows the envisioned optical link with a photonic crystal (PhC) cavity emitting 
light directly into a waveguide. The waveguide is coupled to detectors to detect 
the emitted light. In the centre, two scanning electron microscopy images depict 
a fabricated photonic crystal cavity and a photodetector, respectively. The 
bottom two images depict the spectral performance of the emitter and detector, 
respectively. The images are reprinted with permission from S. Mauthe et al. 
Nat. Commun. 11 4565 (2020) and S. Mauthe et al. Nano Lett. 20 8768 (2020).

offer many valuable characteristics: they feature 
high yield and robustness, with similar experimental 
Q-factors in excess of 1000; and controllable cavity 
emission wavelengths, despite some fabrication 
imperfections. We attribute their strengths to the 
hybrid concept, which at its heart has the placement 
of III-Vs at just the desired locations within the 
photonic crystal silicon structure.

The individual III-V photodetectors and optically 
pumped photonic crystal light sources that we have 
demonstrated provide great stepping stones towards 
our long-term goal of a fully integrated optical link. 
Our efforts are now being directed at developing a 
larger waveguide-coupled version of our detector that 
will allow direct on-chip coupling to integrated lasers. 
If our optical link is to make an impact, it must also 
feature light sources that are electrically actuated, 
rather than optically pumped. That is an extremely 
challenging requirement for miniature devices – so-
called nanolasers or nanoLEDs – as the presence of 
metals in the vicinity of the optical mode invariably 
leads to losses, and this inevitably increases the 
threshold.

We believe that our in-situ, in-plane doping process 
holds the key to producing tiny, electrically pumped 
emitters.  We have already embedded the appropriate 
composition and doping profile in the III-V rods, and 
our next step is to add contacts to the ends of these 
rods, to enable electrical actuation. However, while 
the next step is clear, implementation is going to be 
challenging. We can expect a fair bit of engineering 
to optimise design and accurately integrate low-
resistance electrical contacts without destroying the 
optical mode. 

In some ways, the use of TASE is a paradigm shift in 
the design of nanophotonic devices. Like any new 
technology, there are challenges – but there are 
also completely new opportunities, just waiting to be 
explored. 

 This work received financial support from 
European Research Council ERC StG PLASMIC 
under grant agreement no. 678567 and from Swiss 
National Science Foundation SNF Spark under grant 
agreement CRSK-2_190806.
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Targeting telecoms with nanowires
Nanowire lasers could provide the telecom industry with a widely 
tuneable source that is easy to integrate with silicon photonics 

BY GUOQIANG ZHANG FROM NTT CORPORATION

ALMOST ALL DEVICES produced by our industry 
are formed from compound semiconductor 
heterostructures. By controlling the composition, 
doping and thickness of every layer within an epitaxial 
structure, we are able to produce a wide range of 
devices with excellent characteristics.

One such device is the edge-emitting InP-based laser. 
Generating sales of billions of dollars, this class of 
laser, which operates in the spectral domain spanning 

1.2 μm to 1.6 μm, is a key ingredient in optical 
communication networks. 

To produce these telecom lasers, engineers load 
InP substrates into MOCVD reactors and deposit an 
epitaxial stack containing layers of InP and InGaAs(P). 
It is a material combination that has its pros and 
cons – by adjusting the composition, the designer 
can adjust the wavelength of the laser’s emission, 
targeting absorption minima in optical fibres; but 
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there are mismatches in lattice and thermal expansion 
coefficient between InP and its related alloys, and this 
hampers further integration into functional systems 
and platforms.

At NTT, Japan, we are developing a technology that is 
not held back by these issues. To break the shackles 
we are heading in a new dimension – rather than 
working with planar material, we adopt a nanowire 
structure that is far better at accommodating strain. 
This opens up new opportunities for heterostructures 
and functional devices.

By targeting the 1.2 μm to 1.6 μm domain with 
our nanowire lasers, as well as providing potential 
sources for data transmission through fibre, we have 
the opportunity to turn to mature silicon photonics 
platforms for integration – that’s because silicon is 
transparent at telecom wavelengths.

We form our telecom-band single-nanowire lasers 
from InP/InAs quantum heterostructure nanowires. 
The pairing of InP and InAs can create quantum 
heterostructures with a wide spectral range that 
includes the telecom band, thanks to a substantial 

quantum confinement in an InAs quantum disc along 
the axial direction (see Figure 1).

Mastering mismatch
In planar structures, growing InAs layers on InP tends 
to result in a high density of dislocations in the InAs 
active layers, due to significant lattice mismatch – it 
is 3.1 percent (see Figures 2 (a)-(c)). This mismatch 
makes it extremely challenging to form dislocation-free 
InAs active layers with excellent optical properties. 

It’s a very different state of affairs with the nanowire 
structure. Due to its nanoscale diameter, its crystalline 
lattice can be deformed laterally, relaxing the strain 
induced by lattice mismatch (see Figure 2 (d)). 
A dislocation-free active region results, with the 
nanowire heterostructure enduring strain caused 
by the large lattice mismatch. The most common 
approach for nanowire synthesis is bottom-up, 
vapour-liquid-solid growth. It offers high controllability 
regarding composition, doping, the heterostructure 
architecture and diameter (see Figure 3).

Researchers have used gold-particle-catalysed 
vapour-liquid-solid growth to fabricate various 

Figure 1. (a) Bandgap and lattice constant of III-V compound semiconductors. InP/InAs can cover a wide spectral range, including the telecom 
band. (b) Lattice-matching constraints are far less severe in InP/InAs heterostructure nanowires connected by a single indium particle, than in 
conventional heterostructures. In these nanowires, the quantum confinement effect along the axial direction allows the real bandgap of the InAs 
layer to be modulated by the thickness. 

Figure 2. Strain relaxation for crystal materials with lattice mismatch varies between conventional heterostructures and nanowires. (a) Lattices of 
crystalline materials before epitaxy. (b) Coherent growth by elastic deformation of the epi-layer lattice. (c) Incoherent growth (strain relaxation by 
mismatch dislocations). (d) Coherent growth by elastic deformation of both lattices. In contrast to the film structure, the lattice in the nanowire 
structure can deform much more along the radial direction because of its microscale or nanoscale diameter. Thanks to this, nanowires can 
endure higher strain induced by lattice mismatch.
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nanowires, including those based on GaAs and InP. 
Using gold is not ideal, because it is incompatible with 
the mainstream CMOS process and consequently 
hinders integration of optically active III-V nanowires 
with silicon technology. Far better alternatives for 
producing compound semiconductor nanowires by 
the vapour-liquid-solid growth approach are particle 
catalysts based on either group III or V elements – and 
out of these two the former is more suitable.

We have established a growth technology for 
making InP/InAs heterostructure nanowires by 
the self-catalysed vapour-liquid-solid mode. This 

approach provides high controllability, allowing us 
to insert multiple InAs quantum discs that emit in the 
telecommunication domain into our InP nanowires 
(see Figure 4). 

The high quality of our structures is evident in 
high-angle annular dark-field scanning transmission 
electron microscopy, which reveals the multiple 
quantum disc layers along the [011] direction (see 
Figure 4 (c)). Our structures result from a vapour-
liquid-solid growth mode that is dominant along the 
axial direction. Thanks to the low growth temperature, 
negligible growth occurs in the radial direction via 

Figure 3. Schematic diagram of the vapour-liquid-solid growth mode. InAs and InP nanowires can be grown by the self-catalysed vapour-liquid-
solid mode using indium particles.

Figure 4. InP/InAs multi-quantum-disc (MQD) nanowires. (a) Schematic diagram of a MQD heterostructure nanowire and a magnified view 
of the heterostructure highlighting the InP/InAs MQD structure. The InAs layer is indicated in red. (b) Scanning electron microscopy images 
(tilt: 38º) of InP/InAs MQD nanowires grown on an InP (111)B substrate. (c) High-angle annular dark-field scanning transmission electron 
microscopy (HAADF-STEM) images of an InP/InAs MQD nanowire taken along the [011] zone axis. The nanowire contains 400 units of InP/
InAs heterostructure. ((d) and (e)) Aberration-corrected HAADF-STEM images of InP/InAs heterostructures taken along the [011] zone axis. The 
horizontal white arrow indicates the growth direction. The thicknesses of the InAs layer and the InP barrier layer are 9.0±1 nm and 
25.6±1 nm, respectively. 
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the conventional film growth mode – this is the 
uncatalyzed mode. With all these factors at play, there 
is high growth controllability, ensuring homogeneity 
of the gain medium throughout the entire multiple 
quantum disc region.

Imaging our nanowires with a high-resolution 
scanning tunnelling electron microscope allows 
us to directly visualize the stacking of the InP/InAs 
heterostructure and the interface traits (see Figures 
4 (d) and (e)). These images highlight a dislocation-
free InAs/InP interface, despite the 3.1 percent lattice 
mismatch between InP and InAs. When InAs is grown 
on InP, the interface is atomically abrupt (see Figure 
4(c)); and when InP is added on InAs, a gradient layer 
results, due to the strong reservoir effect of arsenic in 
indium catalyst particles. Due to coherent interfaces 
within the InP/InAs multiple quantum disc structure, 
there is relatively high strain, stemming from the lattice 
mismatch. As the InP layers are much thicker than the 
InAs discs, there is compressive strain in the latter. 

Creating cavities
We turned to micro-photoluminescence to 
characterise the optical properties of our nanowires. 
When they are mechanically dispersed onto foreign 
substrates, we can remove the indium particles at their 
tips to create a (111)-facet mirror – and thus a Fabry-
Pérot cavity. This structure has intrinsic Fabry-Pérot 
resonance modes with a sufficiently large mode index 
in a wide diameter range.

Optically pumping our nanowires leads to lasing 
behaviour. Measuring the photoluminescence of 
numerous individual nanowires reveals a broad 
spontaneous emission spectrum, with a peak 
wavelength around 1.57 μm to 1.59 μm. When 
pumped with an excitation power of 2.15 mJ cm-2, a 
spike centred at 1573 nm appears. Plotting the light 
input-output curve by varying the excitation power 
uncovers a strong transition from spontaneous to 
stimulated emission.

One of the merits of our nanowire lasers is that their 
wavelength can be tuned over a wide range, such as 
the entire telecom band. By tuning the thickness of 
single InAs quantum discs over a wide range, we are 
able to modulate the photon emission energy. To adjust 
the thickness of our discs, we vary the flow rate of the 
source materials (see Figure 6). Based on the results 
realised by this approach, our nanowires promise to 
provide modulation of the lasing wavelength over a 
broad range. We can stretch as far as 2.6 μm into the 
infrared by forming pure InAs nanowires with a wurtzite 
crystalline structure (note that there are no quantum 
confinement effects in these structures). 

So far, we have described optically pumped devices. 
However, many applications, including photonic 
integration, demand current-injection light emitters. 
It is incredibly challenging to realise current-injection 
lasing from single nanowires, because making a 

direct electrical contact to them deteriorates light 
confinement. However, we have taken important steps 
towards this goal, demonstrating LEDs with p-i-n-
structured nanowires that emit in the telecom range. 
Fabrication of these current-injection emitters began 
with the growth of an InP/InAs p-i-n structure, using 
the self-catalysed vapour-liquid-solid mode. Growth 
on InP (111)B substrates enabled vertically aligned 
nanowires (see Figure 7). They feature an InAs active 
layer as thin as around 9 nm. As that’s significantly 
below the Bohr radius of bulk crystalline InAs, which 
is around 34 nm, this ensures quantum confinement 
along the axial direction.

To form our novel LEDs, we began by embedding 
these nanowires in transparent insulating 
benzocyclobutene. Subsequent reactive-ion etching 
then removed this organic from the surface, exposed 
the nanowire tips, and ultimately paved the way to 
adding electrical contacts. Depositing AuZn metal 

Figure 5. (a) Scanning electron microscopy image of a nanowire mechanically 
dispersed onto a gold-film-covered SiO2-on-silicon substrate. The white 
arrow indicates a removed indium particle. (b) Photoluminescence spectrum 
of a single nanowire under a pump laser power of 0.83 mJ cm-2. (c) 
Photoluminescence spectra of the nanowire with increasing pump power, 
revealing spectral narrowing.

Figure 6. Nanowires allow a tuning of the laser wavelength range in the telecom 
band. Spectra are offset for clarity. The laser wavelength is modulated by the 
growth parameters, such as flow rates of the metal-organic sources. Thus a 
broad wavelength range is covered in the whole telecom band, including the 
two technologically important telecom-band windows centred around 1.3 μm 
and 1.55 μm. 
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Figure 8. Electrical performance of a nanowire LED at room temperature. 
(a) The nanowire sample is fixed to a white ceramic substrate with metallic 
electrodes. The black-colour area is the nanowire LED device (10 μm 
×10 μm). (b) A typical current-voltage curve for a nanowire LED. (c) An 
electroluminescence image taken by an infrared camera under an LED bias of 
2.5 V. (d) Electroluminescence images of a single luminescent nanowire with 
increasing bias (step: 0.1 V). The area of each image is 24 μm × 36 μm. (e) 
The electroluminescence spectra of the nanowire shown in (d) with increasing 
bias (step: 0.1 V). The spectra show a constant peak at 
1300 ± 5 nm, corresponding to the O-band of telecom-band range. (Figure 
reprinted with permission from IOP publishing). 

onto the p-InP substrate and indium-tin-oxide onto the 
n-InP nanowire segment created electrical contacts for 
this device. 

We have investigated the optoelectronic characteristics 
of our nanowire LEDs. The current-voltage (I-V) 
behaviour mirrors that of conventional LEDs (see 
Figure 8). To observe the electroluminescence of single 

Figure 7. Morphological and structural analysis of InP/InAs heterostructure nanowires. (a) and (b) Cross-sectional scanning electron 
microscopy images of InP/InAs nanowires. The inset shows the p-i-n structure of these nanowires. (c) and (d), high-angle annular dark-field 
scanning transmission electron microscopy images of the multi-quantum-disc (MQD) active region between zinc-doped and sulphur-doped 
InP segments. The MQD active region consisting of 10 InAs quantum discs. (e) A diagram of the nanowire LED device. (Figure reprinted with 
permission from IOP publishing).

nanowires, we carried out micro-electroluminescence 
measurements at room temperature. One can see 
the luminescence from nanowires within an area 
of just 380 μm by 475 μm (see Figure 8 (c)). In 
general, a single bright spot corresponds to a single 
nanowire LED. As we increased the bias, more and 
more nanowires exhibited a continuously increasing 
electroluminescence intensity.

Critical to the development of high-performance 
optoelectronic devices is tunability of the 
electroluminescence wavelength. Our multiple quantum 
disc active region allows us to modulate the photon 
emission energy by adjusting the thickness of single InAs 
quantum discs – this alters the quantum confinement 
along the axial direction. Thanks to the high degree of 
control provided by vapour-liquid-solid synthesis, we 
are able to precisely define the thickness of each InAs 
quantum disc, and thus tune the electroluminescence in 
the O and E bands of the telecom range.

Our progress to date has hinged on overcoming 
the lattice-match limitation of conventional 
heterostructures. By turning to bottom-up growth 
via vapour-liquid-solid synthesis, we have produced 
optically pumped nanowire lasers and LED-based 
variants emitting in the telecom band. Our progress 
will open up new opportunities for novel functional 
devices and different forms of integration.
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EPIC grows membership, delivers 
new services amidst pandemic 
headwinds
Businesses around the world have been challenged during the global 
pandemic that is still disrupting supply chains even as the human toll 
of COVID-19 continues to rise. PIC Magazine spoke recently with Carlos 
Lee, the director general of the European Photonics Industry Consortium 
(EPIC), about ways the organization has promoted EU photonics interests, 
adding services and growing its membership while other associations have 
struggled to survive.

THE LAST 18 months of a global pandemic has 
tested companies of all sizes and people everywhere 
like nothing else in recent history. Yet despite the 
challenges of working during a pandemic to serve its 
majority European membership, EPIC also successfully 
engaged with members in the U.S. and Asia. The 
photonics association has grown and added services at 
a time when other organizations considered themselves 
fortunate to ‘hold on.’ PIC Magazine technical editor 

Mark Andrews spoke with the director general of EPIC, 
Carlos Lee, to explore how the photonics association 
has grown and served member companies throughout 
the COVID-19 pandemic. 

MA: I understand that the membership has grown 
during the pandemic and that EPIC is now the largest 
EU focused photonic association in the world. Is this 
correct, and if ‘yes’ could you please elaborate?
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CL: EPIC has indeed become the largest photonics 
industry association in the world. We have the most 
corporate members – more than any other photonics 
association in the world. EPIC is a European 
organisation; we are not a global organisation, 
90 percent of our members are European, five 
percent are global players and five percent are 
non-Europeans. Our mission is clear. It is European 
competitiveness, but we are not a political association 
and we are not a government funded association.

Somebody has to care for Europe. America is very 
innovative and doing very well; the Chinese have their 
own ways of doing things. So somebody should be 
caring for Europe and the association was created 
with that purpose: European competitiveness. At the 
same time, we are industrial and pragmatic, which 
means that we know that technology has no borders; 
investment has no borders; clients are worldwide. 
Therefore EPIC, while remaining a European oriented 
organisation, operates in the world while remaining 
focused on European interests.

We have ties worldwide. Despite the pandemic we  
are indeed constantly growing, adding about  
100 members or more per year. It has grown a lot.  
I remember when I joined nine years ago, we had  
80 members and two employees. Today we have more  
than 700 members and we are constantly growing.  
We add about two members a week, on average,  
and have 15 full time employees, of which six have a 
Ph.D. and the others have master’s degrees.

We have a highly skilled staff to serve all of the 
members. And yes, because we grew during 
the pandemic, EPIC – as a membership funded 
organisation, we have to constantly bring value to the 
members. We are not an event organiser. We engage 
our members all along the value chain. So we have a 
wide range of activities and services to bring value to 
the members, which also can take place during the 
pandemic.

Therefore, the only thing that we could not do during 
the COVID-19 pandemic was physical events, but 
that is only a part of our services and therefore it did 
not prevent any further growth or lead to membership 
cancellations.

MA: Recovery from a pandemic and the 
consequences of COVID across Europe has 
challenged every aspect of business and society.  
Have there been things that EPIC or its membership 
has learnt from the experiences of 2020 or perhaps is 
still learning this year that you can share?

CL: Well, there has been a confirmation of some 
things we believed we already knew and learning 
from the past year and a half. The confirmation is 
that people need to meet face to face—we need to 
have human contact, but also for two other practical 
reasons: One is that you cannot have long two, three, 

or four hours of discussions on Zoom – yet at the 
same time, long discussions are needed to solve 
complex problems, to get to know each other better, 
to build trust.

And maybe you have also experienced something 
similar yourself. You know, it’s only after several hours 
that you come with the idea; it didn’t come at the 
beginning of a meeting. It needed two, three or four 
hours to come to a final decision. I have had meetings 
of two hours, up to eight hours. Seriously? Yes; but 
it is not like sitting in one place talking non-stop … 
So instead, we met for a drink at six o’clock. Then 
we went for dinner and we did not end until 1:30 AM. 

At EPIC we are organising PHOTONICS+ https://
photonicsplus.com/, which is a virtual exhibition and 
conference, and that is the result of that thing. So we 
brainstorm for eight hours. Regular short meetings 
do not have enough time to talk and to build a trust 
relationship. That you cannot do in another way than 
physical. But the learning is what? Why did we not do 
online meetings before? They are efficient.

Since the beginning of the pandemic EPIC has 
organised 100 online technology meetings. These are 
meetings which are usually two hours long. We have 
six speakers on a very narrow, specific topic and we 
have participants worldwide. It is live streamed. Each 
video gets four or five thousand views on average on 
YouTube. That’s the outreach we have online. Our 
reach is wider and because it’s online, we can engage 
more people. Why did we not do this before? Even 
if we had had the idea, which I blame myself for not 
having had the idea, but would the world have been 
ready for it? Probably not. But because the pandemic 

We have highly skilled staff to serve all 
of the members. And yes, because we 
grew during the pandemic, EPIC – as a 
membership funded organisation, we 
have to constantly bring value to the 
members. We are not an event organiser. 
We engage our members all along the 
value chain. So we have a wide range of 
activities and services to bring value to 
the members, which also can take place 
during the pandemic
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has lasted long enough, many people are getting 
used to these issues. They don’t feel it’s awkward any 
longer. 

EPIC will continue to do online meetings as well. I 
think that despite all the bad that happened during the 
pandemic it has also been an opportunity for realising 
how valuable our networking events are, because 
EPIC is very, very much focused on bringing people 
together and building trustful relationships and get 
to know each other better. And at the same time, we 
have been able to build on this opportunity to have 
virtual events, which are complementary. They do not 
replace live events, they are complementary.

MA: I noticed that throughout 2020 and into 2021 that 
there were a number of EPIC member companies 
that have developed or are developing products that 
tie to early disease identification and characterization 
of diseases. Are there promising developments that 
EPIC members are working on now that might be 
commercialised?

CL: Yes; there have been several connections 
between photonics and the battle against COVID-19 
and work on future disease detection. There have 
been special calls aimed at engaging the photonics 
community in solving, in detecting threats by viruses, 
and in general addressing the COVID pandemic. 
There have been numerous projects awarded to 
photonics companies. Our members, I think, have 
been very creative on applying all of their knowledge, 
because photonics is an enabling technology in many 
applications.

Many companies, which were in the medical field, 
have actually done quite well during the pandemic, 
which sometimes they do not care to promote that 
they did well during this time period when others have 
been hurt. But there have been a lot of projects. If 
PIC Magazine readers are interested in this, they can 

contact the EPIC technical team. One webinar we 
hosted involved the development of an anti-virus UVC-
LED based respiratory mask. Find out more at this 
link: https://www.electrooptics.com/webcast/webcast-
h2020-progresstowards-uvc-led-basedrespiratory-
mask – This was part of the EU-funded MedPhab 
programme. In another case, we explored the 
development of PIC-based biosensors for virus 
detection. Both these webinars have been archived, 
and I invite people to visit our website for more details 
and upcoming events: https://www.epic-assoc.com/ 

MA: We’ve often heard about the impacts of the 
global pandemic on the supply chain and how these 
disruptions affected different companies in different 
ways. Have there been disruptions affecting European 
photonics manufacturers?

CL: I have heard this as well. I am not necessarily 
aware of shortages in the photonics industry due to 
COVID, but I am aware of several examples where 
the supply cycle has been disturbed. What I mean is 
that some people saw it coming. They piled up lots 
of orders, while some people said, ‘Well, I’m not sure 
what’s going to happen during the pandemic…’ so 
they pushed back orders. There were not shortages, 
really, until some companies did not judge demand 
correctly, so they either failed to order material when 
they could, or they ordered more than they would 
under ordinary circumstances.

What we did hear, what we did have many, many 
companies tell us is that while many in photonics can 
work remotely—there are a lot of the things that can 
be done at home – but at some point you’ve got to 
go to the lab and test and measure. So they could 
design and do all the theoretical concepts remotely, 
but at some point they needed to go into the lab. 
And in some countries it was just not possible. So 
that was hard.  A lot of photonics is about emerging 
technology – as high tech, being at the leading edge 

Figure 1: 
A survey by 
EPIC of its 
members found 
that a substantial 
majority 
considered the 
association’s 
Online 
Technology 
Meetings 
have been of 
high quality, 
useful and well 
organized. 
(630 voters 
completed the 
survey.)
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needs a lot of international collaborations. So that is 
also a challenge if – for example – the Spanish could 
no longer meet. So the mobility aspect has had an 
impact. And I think the mobility aspect is the issue 
also in terms of hiring; you cannot hire from outside of 
your country.

I had a talk this morning with somebody from Norway. 
You cannot enter Norway right now. And this is the 
case in many countries as well, so I think that is more 
than a disruption of the value chain. I think the mobility 
of people to be able to continue their collaboration 
or development within their company and accessing 
labs has been impacted more than the shipment of 
materials.

MA: Consider how EPIC is supporting its members 
now and how this may change. How might your 
programmes and activities change, say, for the  
balance of this year and then looking ahead into  
2022?

CL: Firstly, we decided to not have any physical 
events in 2021, because there is still, in my view, 
too much uncertainty and because we find that the 
online meetings are a decent way to continue. We find 
that planning a physical event and then maybe then 
have to cancel it has been a waste or distraction of 
resources for the team. So we will not plan physical 
events for this year. We continue online because we 
see a lot of value there; we get enormous positive 
feedback. We have a nice chart with the statistics from 
the online events we have already had. (See Figure 1) 
It’s like a 95 percent satisfaction. So we will continue 
with that. But as I said, physical events are extremely 
important for building trust and having lengthy 
discussions. So we just kind of wait to meet in person 
again as all of our members are just waiting for the 
world to start travelling again.

I think that the pandemic has been a sort of test, to 
see if EPIC is the type of association that the  
members want it to be, which most importantly is 
to bring real value to its members. If we are able to 
deliver on the promise and the fact that EPIC has 
continued to grow during the pandemic and hardly 
lose any members, I think it is a nice proof that we 
bring true value to the members. It would have been 
very easy for the members to say, ‘Carlos, you know, 
there is uncertainty with the budget, so we just cannot 
afford the membership fee this year.’ But on the 
contrary, we have continued to grow. Companies  
have sponsored our events, have strongly engaged 
with us. And I think that we have proven that just 
as companies do, EPIC as an association needs to 
innovate and deal with situations. I like to remind 
people of the book ‘Who Moved My Cheese?’ I think 
you’re familiar with that. But this is for me, exactly the 
same situation.

Some people when the pandemic started said, ‘OK, 
well, what do we do now?’ And just like them, at 

first we didn’t don’t know how long the pandemic 
would last. I can remember in the early days when 
everyone realized this was a global problem, we 
met and thought of many alternatives about ways to 
accomplish the mission of EPIC, and we realized that 
doing things the way we always had would not work, 
so we decided to try something different and said, 
‘OK, let’s go and do something online.’

I think the pandemic has been a test of the agility and 
flexibility of the organisation and the team to adapt 
to a new situation. And as I said, I think we passed 
the test successfully…Our first event was on the 23th 
of March 2020 (EPIC Members Online Meeting on 
Coronavirus Impact & Possible Concerted Actions). 
The 13th of March 2020 was my last business trip. It 
took less than two weeks to adjust to the new reality 
of not being able to travel and to move everything to 
online. And so it was a nice test and exercise for the 
team.

I would say that I think that the pandemic has been an 
opportunity to take the best out of every situation at an 
individual level as well as organizationally. Although 
I used to travel 130 days a year, this last year and a 
half has been in a way a fantastic opportunity. It has 
allowed us to install a new IT infrastructure, our CRM 
system, which gives us more time for training, for the 
development of processes within the organization. 

So I think we got the best out of it. And I don’t believe 
in wishful thinking or management by wishful thinking. 
It is OK to wish, but you have to hope for the best, and 
plan for the worst. And at EPIC we managed to do that. 
It was also a stress test on our finances. But also we 
readjusted our budgets as well so that it did not affect 
our bottom line. So on the positive, I think that if I had to 
make the closing remark, it would be that I am grateful 
for our members that they have continued trusting and 
engaging with the organisation. And I am grateful and 
thankful for all of the support that they provided.

I think that the pandemic has been a 
sort of test, to see if EPIC is the type of 
association that the members want it to 
be, which most importantly is to bring 
real value to its members. If we are able 
to deliver on the promise and the fact that 
EPIC has continued to grow during the 
pandemic and hardly lose any members, 
I think it is a nice proof that we bring true 
value to the members.
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The perfect laser
The photonic crystal, surface-emitting laser combines a low cost with 
high speed and plenty of power

BY RICHARD TAYLOR FROM VECTOR PHOTONICS

SEMICONDUCTOR LASERS are revolutionising our 
lives. These tiny emitters are now critical components 
in data communications; additive manufacturing, 
including metal and plastic printing; LiDAR; and 
optical sensing – these are the world’s fastest growing 
technology markets right now.

Helping to drive deployment in all these sectors is 
our team at Vector Photonics. Formed last year as 
a spin-out from one of the world’s leading photonic 

groups based at the University of Glasgow, we have 
invented the PCSEL, short for the Photonic Crystal 
Surface-Emitting Laser. This novel device, employing 
proprietary technology, is the first major breakthrough 
in semiconductor lasers since the commercialisation 
of the VCSEL in the 1990s. 

The PCSEL’s greatest asset is that it combines a low 
cost with high speed and plenty of power. All other 
laser technologies fall short in this regard, offering no 
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more than two of these three key characteristics. 

As well as excelling on all those fronts, the PCSEL 
provides additional advantages. Like a VCSEL, it 
emits light from its top surface, making this laser easy 
to package and incorporate into a PCB or electronic 
assembly. However, its manufacture is similar to that 
of an edge-emitting laser, allowing production to draw 
on existing supply chain capability and capacity. 
And last but by no means least, the PCSEL spans a 
vast spectral range, equipping it with the potential to 
address a wide range of applications.

To drive the adoption of the PCSEL, we are continuing 
to develop and improve manufacturing techniques  
for this class of laser. These efforts will help to broaden 
the PCSEL’s range of applications. Our initial focus  
is on the datacom market, where this new class of 
laser appears to be the only technology capable  
of meeting the requirements for next-generation,  
high data rates. However, we are also starting to 
investigate plastic and metal printing applications, 
and it will not be long before we will also consider 
opportunities associated with mobile consumer and 
sensing applications.

To fully appreciate the merits of our invention, it is 
crucial to understand the production process of the 
established rivals, and how they operate. 

The edge-emitting laser is capable of high-speeds 
and plenty of power, but it is expensive to make. 
In its simplest form – that is, the Fabry-Pérot laser, 
the original semiconductor laser technology – laser 
feedback and emission are both in-plane, causing 
light to exit the end of the laser, with gain reflection 
coming from facet mirrors. A variant of this design is 
the distributed feedback laser; it also features in-plane 
feedback and emission, but this time gain reflection 
comes from a grating structure.

The VCSEL has a radically different architecture, with 
mirrors above and below the active region providing 
out-of-plane gain and emission. Thanks to this, it is 
much cheaper to test and package this class of laser 
than an edge emitter. 

The mirrors of the VCSEL are formed from Bragg 
reflectors, created by growing alternating layers with 
different refractive indices. Increasing the number of 
layers, each having a thickness equating to a quarter 
of the emission wavelength, bolsters reflectivity. To 
ensure optimal VCSEL performance, reflectivity of the 
Bragg stack needs to be in excess of 99 percent.

Increasing the emission wavelength of the VCSEL is 
not easy. There is more to it than simply increasing 
the thickness of every layer within the Bragg stack. 
At longer wavelengths, the two materials used to 
form this structure tend to have a smaller difference 
in refractive index, so more periods are needed to 
ensure sufficient reflectivity. As well as increasing 

epitaxial growth times and cost, thicker stacks 
increase the resistance of the laser, and ultimately limit 
its output power. With these manufacturing challenges 
at play, it is not surprising that the VCSEL has a limited 
range of operational wavelengths. Note that for InP, 
the material associated with datacoms and telecoms 
wavelengths, there are no suitable pairs of lattice-
matched compounds with a high index contrast.

The PCSEL does not suffer the same fate as it can 
be made from any direct bandgap semiconductor 
material system. What’s more, it enjoys the best of 
both worlds, combining in-plane feedback with out-of-
plane surface emission, while benefiting from cheap 
test and packaging, just like a VCSEL.

An additional strength of the PCSEL over the VCSEL 
– and also any edge-emitter with a facet coating, such 
as that employed in a distributed feedback laser – is 
that it has a two-dimensional grating that is easy to 
scale. Compared to the VCSEL, the PCSEL also has 
other virtues: it has low contact resistance, ensuring 
the highest power output of any laser, size for size; 
and unlike a VCSEL, it does not contain an oxide 
aperture, so its production does not require specialist 
oxidation furnaces. And yet another merit is that its 
output is single mode, so scales up proportionally with 
area, due to the two-dimensional design and in-plane 
feedback.

Targeting datacom and telecom
Due to the absence of the InP VCSEL, the edge-

The PCSEL marries the best features of the edge-emitting laser, whether that  
be a Fabry-Pérot design (top left) or one that features a grating (top right),  
with the VCSEL (bottom left). Merits of the PCSEL include high powers, high 
speed and low costs.
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emitting cousin serves this market. It can provide 
emission at 1310 nm and 1550 nm, the wavelengths 
offering optimal transmission for datacom and 
telecom, respectively. 

Datacom networks use sources at 1310 nm, a 
wavelength that provides minimal dispersion in a 
single-mode fibre-optic cable. Minimising dispersion 
ensures that when transmitting a pulse of light through 
a fibre, it arrives at its destination at mostly the same 
time and relatively intact. This state of affairs is highly 
valued, because an intrinsically low dispersion during 
transmission diminishes demand for the coherence 
of the semiconductor laser. Incidentally, there’s no 
free lunch – the price to pay is greater attenuation 
in the cable, restricting the use of 1310 nm lasers 
to the relatively short distances used on datacoms 
applications. With the PCSEL, thanks to its high output 
powers, the transmission distances are not as short as 
they are for edge-emitting lasers. 

Due to the far longer transmission distances for 
telecom – light might propagate 200 km before 
reamplification – the lasers that are employed emit 
at 1550 nm, where loss in the fibre optic cable is at 
its minimum. The trade-off is greater dispersion, so 
a laser needs to have a high degree of coherence to 
ensure good system receiver performance. The good 
news is that the PCSEL excels in this regard.

Another critical yardstick for any laser used to  
transmit information is its data rate. Regardless of the 
emission wavelength, the data rate is governed by  
the mode volume of the laser. Decrease the size of  
this volume and data rates rise. Edge-emitting lasers  
have a small mode height, but this is compromised 
by the large mode length. VCSELs are the opposite, 
having a small mode length, but a comparatively 
large mode height, because the mode penetrates 
into the Bragg stack. Due to this, although the 
VCSEL can realise high speeds, its limited single-
mode performance makes it unsuitable for high-
speed datacoms and long-distance telecoms. The 
VCSEL’s characteristics are also a concern in sensing 
applications, restricting the use of this technique to 
relatively short distances.

Breaking the shackles is the PCSEL, which combines 
the mode width and length of the VCSEL with the 

mode height of an edge-emitting laser. Thanks to 
good mode confinement in all three directions, a 
PCSEL can be up to two-and-a-half times faster than 
a VCSEL with an equivalent emission area, and more 
than three times faster than a high-speed, edge-
emitting laser (see Table 1).

Multiple opportunities
Another attribute of the PCSEL architecture is that it 
allows the fabrication of coherently coupled arrays, 
opening the door to several other opportunities. To 
produce this form of light source, laser elements of 
the array are joined by a coupler region. This links 
the in-plane light between laser elements, creating 
coherence. Using lenses, this coherent emission 
can be focused down to a small spot with a greater 
power density, an asset for cutting, welding, melting, 
engraving and drying applications.

As the laser elements of the array are coupled 
in plane, in an ‘n x n’ array, there is an obvious 
path to power scaling. The PCSEL realises high 
brightness, and thanks to its unique geometry, it 
can deliver kilowatts of coherent power. This is an 
accomplishment that cannot be replicated with other 
laser technologies.

Arrays also provide other valuable characteristics.  
By electronically tuning the phase of the coupler 
region to create an optical phased array, the beam 
produced by the laser can be steered, in real time, 
without moving parts. This attribute makes the PCSEL 
applicable to rapidly evolving LiDAR applications, 
which require steering of the beam for imaging.  
Other applications that could be revolutionised by  
the PCSEL include 3D printing in metal and plastic. 
Today these applications are served by systems 
involving a high degree of mechanisation. Switch to 
a solid-state solution based on a PSCEL and system 
size could shrink by a factor of ten while increasing 
reliability. 

With the attributes that will allow it to serve in 
numerous applications, there is no doubt that the 
PCSEL is going to revolutionise semiconductor laser 
technology. Offering a great set of cherished attributes 
– it has a lower cost, greater speed and a higher, 
coherent power than all other current semiconductor 
laser platforms – its future is for the taking.

Table 1. The small mode volume for the PCSEL allow this class of laser to operate at high data rates than edge-emitting lasers and VCSELs.
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Integrated Photonics: 
Key enabler of bio-sensing for the fight 
against diseases
Point of care (PoC) testing diagnoses patients at the point of need rather 
than in a medical facility reducing time to diagnosis and increasing 
patient care.

GLOBAL HEALTHCARE has never been under so 
much pressure to deliver and innovate. Providing 
effective patient care at affordable cost to an 
ever increasing and ageing population. Photonic 
Integrated Circuits are one of the key technological 
breakthroughs that can contribute to this rapidly 
growing and fast changing demand. Integrated 
photonics enables the creation of miniaturized 
biosensors that are accurate and cheap to produce.
PhotonDelta has therefore, as industry accelerator for 
the integrated photonics industry, created a roadmap 

for integrated photonic biosensors, providing the 
guidance to accelerate the present activities towards 
successful commercial application. 

The roadmap was created in collaboration with 
integrated photonics companies and institutes, as well 
as with other relevant stakeholders such as diagnostic 
companies, doctors, medtech firms, and will be 
presented through a virtual event on July 8th. You can 
register for free through https://www.photondelta.com/
events/the-photondelta-roadmap/

Photonic IC module based on 
Silicon-Nitride from 
LioiniX International
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Faster, cheaper disease diagnosis
Biosensing refers to the detection of biomolecules 
using an analytical device that combines a biological 
component with a physicochemical detector. Silicon 
photonic biosensors based on evanescent wave 
detection are among the leading types of technology 
that can deliver genuine point-of-care (PoC) devices. 
PoC devices will play a huge role in the global 
prevention of and fight against disease.

Most medical diagnostics techniques use time-
consuming, expensive, and specialized techniques 
performed by trained technicians at the laboratory 
level. The distance between the patient, the diagnostic 
centre, and the return of results can lead to long wait 
times for diagnosis and expensive testing. There is a 
need for a portable, easy to-use, and highly sensitive 
lab-on-a-chip (LOC) platform for real-time diagnosis. 

The advantages over current methods include 
reduced time, costs, and a reduction in the need for 
highly trained staff making fast cheap testing more 
widely available; a scenario that has come starkly into 
focus during the 2020 global coronavirus pandemic.

Towards an Integrated Photonics Point 
of Care Future
The emerging field of Integrated Photonic (PIC) 
based biosensors offers advantages to the PoC 
industry such as miniaturization, extreme sensitivity, 
robustness, reliability, potential for multiplexing 

(multiple simultaneous tests) and mass production 
at low cost. This cutting-edge technology requires 
support and a collaborative approach to ensure its 
potential is maximized.The Netherlands is a global 
leader in PIC research, development, and production. 
Various research institutes and private companies 
have led IP breakthroughs for more than a decade. 
This innovation is assisted and supported by 
PhotonDelta, a growth accelerator for the integrated 
photonics industry.  To further innovation around IP 
biosensing, PhotonDelta has created a roadmap 
for the technology that supports the mission of 
PhotonDelta to grow the business based on integrated 
photonics. The roadmap illustrates the path towards 
medical devices based on integrated photonics.

This article will outline the role of integrated photonics 
in enabling the development of biosensors that will 
be a key part of our future health care systems while 
highlighting the core points from the PhotonDelta 
roadmap, including:
 Describing the current trends and drivers.
 Outlining the technological solutions based on  
 integrated photonics.
 Providing an overview of the challenges and  
 opportunities.
 Outlining the industry ecosystem.

Point of Care testing
The Point-of-Care testing market is significant and 
growing quickly, even in pre-Covid times. The need 

Point of Care testing exists in a wide range of segments. Each has its own set of priorities and required technologies
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for advanced point of care testing has become 
increasingly clear during the coronavirus pandemic. 
The value growth of the PoC market is expected to 
grow from $4.8B in 2019 to $10.1B in 2025, at a CAGR 
of 13.0%. The associated biosensor device market 
(microfluidic chips) was valued at $500M in 2019 with 
an estimated growth to $777M by 2025 at CAGR of 
7.7%.

The drivers for an increase in PoC testing include the 
severe cost pressure on global health care systems as 
a result of the aging population and a focus to reduce 
the impact of the world’s deadliest diseases.
Point of Care testing exists in a wide range of 
segments. Each has its own set of priorities and 
required technologies.

Timeline and trends
PoC testing has undergone a significant 
transformation over the last two decades. In the early 
2000s, PoC testing enjoyed a huge breakthrough with 
the wide availability of simple tests such as blood 
glucose levels. These handheld devices offered 
fast results, although their cost was still relatively 

inhibitive for mass availability. In the resulting years, 
increasingly complex tests required increasingly 
complex instrumentation. Large, expensive, and lab-
bound testing instruments were common. 

These instruments decreased in size as breakthroughs 
in Integrated Circuits (IC) and other technologies 
allowed, PoC testing demands a further reduction 
in the size of instruments, with the long-term goal to 
deliver instrument-free consumables.

Integrated photonics biosensor 
technology
Integrated photonics biosensor technology has 
the potential to deliver fast, affordable, and highly 
accurate biosensor testing applications useful for PoC. 
Integrated biosensors are miniaturized in Integrated 
Circuit-like processes and can be produced in large 
quantities which leads to very low cost and thus 
disposability. Because of their very small size and 
the integration processes, a limited sample volume 
is needed, the time to result is fast, and the sensor 
area can be filled with many sensing structures for 
multiplexing.

Point-of-Care testing is moving towards instrument-free consumables
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The integrated biosensor concept hinges on the 
biomarker/bioreceptor interaction. The integrated 
biosensor device combines a biological or biomimetic 
recognition element with a transducer which 
converts a specific (bio)chemical interaction into a 
measurable signal. The selective biological receptor 
determines the specificity and response time of the 
test in combination with the layer of the sensor which 
determines where the receptors are attached while 
being antifouling elsewhere. The main bioreceptors 
are antibodies, DNA strands, aptamers or enzymes, 
and biomimetic materials. The method of inclusion 
or immobilization of the receptor on the transducer 
surface is critical for performance. The more different 
types of bioreceptors that can be defined on the active 
surface, the more powerful the biosensor is.

SiN offers advantages
PIC biosensors using Silicon Nitride (SiN) waveguides 
offer several intrinsic advantageous properties. They 
work in a very wide wavelength range from visible to 
near-infrared, avoiding the water absorption window 
of water and allowing fluorescence detection. This 
wavelength range makes it easy to combine them 
with a cheap laser source, reducing their cost and 
size.  Biosensors based on SiN PICs are highly 
sensitive. A very low detection limit can be achieved 
by using self-referencing optical structures that 
eliminate sources of noise like temperature variations. 
For more technical detail on PIC-based biosensors, 
read our other article 

Cost and size
PIC biosensor technology can deliver the low cost, 
portable tests that the healthcare industry demands. 
In general, cost per test must be lower than clinical 
lab testing, unless the value provided by the short 
time to result is very high, then higher cost per test is 
worthwhile.  The main route to driving down the cost 

is mass manufacturing the same way the IC industry 
has done for ICs: the production of many million PICs 
per year based coming from large substrate wafers 
which are processed in highly automated lines.The 
drive is now towards instrument-free consumables. 
This means shrinking the analyzer and test chip to 
a disposable which can easily be held in hand. The 
coronavirus ‘fast tests’ are a good example of this.

Multiplexing and time to result
One of the key advantages PIC based PoC testing 
offers is the ability for significant multiplexing. These 
tests are able to interrogate several targets at one  
time resulting in more accurate and streamlined 
testing procedures. 

The trend for tests with only 2 or 3 bioreceptor 
types are ‘fast tests’ with results delivered in under 
15 minutes. Tests with significant multiplexing, for 
so-called syndromic testing, such as microbiological 
screening or cancer profiling that may have more than 
200-plex should aim to be returned in under an hour 
or at least significantly faster than conventional tests.

Challenges and opportunities
An important long-term goal for PIC biosensor PoC 
testing is to remove the need for any instrument 
(benchtop or handheld) instead have disposable 
testing instruments using smartphones for display 
purposes. 

The key targets of reducing cost, addressing appropriate 
sensitivity, managing time to results, and increasing 
multiplexing drives the field forward, however, each of 
these targets will be hit at different times depending on 
their own set of technological challenges. Given the 
complexity of the market, profitable applications can be 
envisioned to arise already when only one or a few of 
these targets are met.
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Opportunities
Outside of efficient and low-cost PoC testing, there are 
several drivers in life sciences and health care that can 
be addressed by integrated photonics. These include 
the continuous monitoring of biomarkers (wearable, 
minimally invasive, ingestible, or implantable). There 
is also the possibility of a combination of monitoring 
of biomarkers with simultaneous therapy, within the 
framework of personalized medicine, such as in-situ 
diagnostics of organ-on-a-chip systems.

Challenges
Challenges for the development of PIC-based 
PoC tests centers on a trade-off between cost and 
robustness/reliability. There are several directions 
the technology could take depending on the timing 
of the maturation of some of the technology and the 
focus that leading developers take. A multi-disciplinary 
approach towards assay development, biochemistry, 
surface functionalization, microfluidics, and an 
integrated approach to industrialization is necessary 
for high cadence innovation.

Industry ecosystem
The biosensing ecosystem is complex and requires 
significant collaboration between diverse groups 
to ensure continued increased innovation. A high-
level overview of the industry’s leading players 
and influencers demonstrates how a collaborative 
approach to PIC biosensors for PoC is essential.
 Platform provider: Offers a hardware platform  
 (instrument & disposable) that enables the  
 integration of standardized assays, with sample  
 preparation and detection.
 Assay provider: Comes with its own assay  
 (reagents) and collaborates with the platform  
 provider to integrate the assay on the hardware.
 Disposable manufacturer: Combines the elements  
 from the platform provider and the assay provider.  
 May also obtain optical biosensors from the foundry.
 Distributor: Is the conduit to the end-user. May  
 also be the platform provider and even the assay  
 provider.
 End-user: Any customer having purchased the  
 instrument from the platform provider
 Others: providing packaging, assembly, and  
 testing equipment; R&D services.

Next steps
The biosensing roadmap will be launched through an 
online event on Thursday July the 8th at 14:00 – 15:30 
(CEST) and is free for everyone to attend. Expect to 
hear from different experts in the field that contributed 
to the roadmap, each providing their view on the 
subject. Register here https://www.photondelta.com/
events/the-photondelta-roadmap/ to reserve your seat 
for a carefully curated show that will be broadcasted 
live from the High Tech Campus in Eindhoven, the 
Netherlands.

Source of the article is Wevolver

PhotonDelta has created a roadmap 
for integrated photonic biosensors 
in collaboration with integrated 
photonics companies and institutes, 
diagnostic companies, doctors and 
medtech firms.
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