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Expanding markets and new research highlight this 
edition
ORGANIZERS of the PIC International Conference have 
rescheduled the event along with sister conferences focused on 
compound semiconductor and sensor technologies composing 
AngelTech 2020 even as efforts continue to fight the COVID-19 
virus across the globe. Our thoughts are with our sisters and 
brothers everywhere. Stay well. Be Healed. Look ahead.

We have not faced a global threat like the Coronavirus 
pandemic in generations. As a child my parents whispered 
about the polio outbreak that had affected two children on our 
street – Two out of 200 homes, but we all owned it; COVID-19 
reminds us that no one is completely immune or set apart.

I live outside Orlando, Florida a city synonymous with resorts, 
conferences and family fun – Our transformation from ‘North 
American Fun Capital’ to semi-ghost town looks eerily like 
scenes from Wuhan in early February. Even if our personal 
battle is just beginning, we will get through this. Every 
generation faces unique challenges; we are all a part of this  
one – No national borders; no immunity. 

We can’t always know what the future holds, but in anticipation 
that we will get through today’s dark hours the organizers 
of AngelTech 2020 have rescheduled the event for 16-18 
November in Brussels. Every recovery starts somewhere; these 
dates are first efforts to draw a line and look ahead. 

We have also completed this edition of PIC Magazine and we 
will continue with our other work as many others are doing right 
now even while they tend to their families amidst scary times. 

This PIC Magazine focuses on opportunities, technologies 
and advanced research enabling PICs in new applications. 
Our cover feature explores InP lasers for datacom through the 
product aspirations of DenseLight. 

Researchers at imec, Ghent University and MIT report that 
silicon nitride (SiN) PICs could be a much sought-after quantum 
information carrier for communications, sensors, computing 
and many other applications. We also have a follow-up 
article from EXFO exploring new approaches to PIC spectral 
characterization. And we examine LiDAR’s growing need for 
PICs in an article by Dr. Ana Gonzalez, EPIC’s R&D Manager 
who describes how PICs can eliminate moving components, 
conserve energy and enable smaller LiDAR systems. 

Stay well. Be healed. Look ahead.
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Moving photonics from lab to chip
A NEW PAPER in APL Photonics provides 
a perspective of the field of ultra-
wideband photonic waveguide platforms 
based on wide bandgap semiconductors. 
These waveguides and integrated circuits 
can realise power-efficient, compact 
solutions, and move key portions of 
ultra-high-performance systems to the 
chip scale instead of large tabletop 
instruments in a lab, says author Daniel J. 
Blumenthal of University of California  
at Santa Barbara.

Blumenthal and his team have 
researched photonic integration 
platforms based on waveguides 
fabricated with wide bandgap 
semiconductors that have ultralow 
propagation losses.

“Now that the silicon market has been 
addressed for telecommunications and 
LIDAR applications, we are exploring new 
materials that support an exciting variety 
of new applications at wavelengths not 
accessible to silicon waveguides,” said 
Blumenthal. 

“We found the most promising 
waveguide platforms to be silicon nitride, 
tantala (tantalum pentoxide), aluminum 
nitride and alumina (aluminum oxide).” 

Each platform has the potential to 
address different applications such as 
silicon nitride for visible to near-IR atomic 
transitions, tantalum pentoxide for raman 
spectroscopy or aluminum oxide for 
UV interactions with atoms for quantum 
computing.

Applications, such as atomic clocks 
in satellites and next-generation high-
capacity data centre interconnects, 
can also benefit from putting functions 
such as ultralow linewidth lasers onto 

lightweight, low-power chips. This is an 
area of increased focus as exploding 
data centre capacity pushes traditional 
fibre interconnects to their power and 
space limitations.

Blumenthal said next-generation photonic 
integration will require ultra-wideband 
photonic circuit platforms that scale from 
the UV to the IR and also offer a rich set 
of linear and nonlinear circuit functions 
as well as ultralow loss and high-power 
handling capabilities.

Infinera demos single wavlength 800G transmission over 950km
INFINERA has announced the successful 
completion of a live network trial of 800G 
single-wavelength transmission at 96 
Gbaud over 950 km across a long-haul 
link in a major North American network 
operator’s production network. 

Powered by Infinera’s sixth-generation 
dual-800G Infinite Capacity Engine (ICE6) 
technology, this achievement signals a 
major industry milestone in driving down 
the cost per bit of telecommunications 
networks. 

The trial showcased the ability of 
Infinera’s 800G technology designed to 
enable network operators to rapidly and 
cost-effectively address the increasing 
capacity demands of new services 
such as 5G, enhanced broadband, 

and cloud-based business services. 
Conducted over a third-party optical 
line system carrying live multi-vendor 
traffic, the production network trial was 
implemented using Infinera’s industry-
leading Groove (GX) Series, equipped 
with an ICE6-based sled over industry-
standard G.652 fiber. 

The results of the trial demonstrated  
the superior performance value of 
Infinera’s vertically integrated ICE6 
optical engine, which features second-
generation Nyquist subcarriers, 64QAM 
with per-subcarrier long-codeword 
probabilistic constellation shaping, 
and per-subcarrier dynamic bandwidth 
allocation.

“The success of this trial proves our 
ability to transmit 800G high-baud-rate 
signals across significant distances, 
which will be instrumental in driving down 
network costs,” said Parthi Kandappan, 
CTO of Infinera. “This marks another 
major accomplishment for Infinera’s 
Optical Innovation Center, adding to its 
long history of pioneering innovations in 
optical networking.”
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VPIphotonics contributes to 
PlasmoniAC
PLASMONIAC–“Energy- and Size-
Efficient Ultra-Fast Plasmonic Circuits for 
Neuromorphic Computing Architectures” 
– is a new 3-year EU-funded project with 
a budget of almost 4 Million  under the 
H2020-ICT-06-2019: Unconventional 
Nanoelectronics Call, launched on 
January 1st, 2020, aiming to release  
a whole new class of energy- and  
size-efficient feed-forward and recurrent 
artificial plasmonic neurons with up to 
100 GHz clock frequencies and 1 and  
6 orders of magnitude better energy and 
footprint efficiencies, comparing to the 
current state-of-the art.

PlasmoniAC consortium is strategically 
compiled from strong industrial and 
academic organizations which will work 
synergistically and complementary along 
the PlasmoniAC value chain. 

Starting from material engineering 
and core fabrication technology 
providers through device and circuit 
manufacturers up to system testing 
suppliers and computing industry 
vendors, PlasmoniAC team includes 
four distinguished universities: Aristotle 
University of Thessaloniki (GR), University 
of Southampton (UK), Swiss Federal 
Institute of Technology in Zurich (CH), 
and University of Burgundy - Franche-
Comté (FR), two renowned international 
R&D centers: French National Center 
for Scientific Research (FR) and 
Interuniversity Microelectronics Centre 
IMEC (BE), the European research 
branch of one of the world’s largest 
computing technology developers and 
suppliers, IBM Research GmbH (CH), a 
dynamic SME with an excellent industrial 
and R&D track record, AMO GmbH 
(DE), one of the world’s largest capital 
equipment supplier and vendor in the 
area of DataCom components  
and systems, Mellanox Technologies 
Ltd (IL), and one of the leading photonic 
software design houses, VPIphotonics 
GmbH (DE)

VPIphotonics will develop an add-on 
model library of plasmonic devices for 
use in VPIphotonics Design Suite. The 
goal is for users to be able to build and 
simulate neuromorphic circuits and 

evaluate the performance of plasmonic-
based deep neural network architectures.

Following a holistic hardware/software 
co-design approach, PlasmoniAC  
targets the following objectives:
i) to elevate plasmonics into a 
computationally credible platform with 
Nx100 Gb/s bandwidth, μm2-scale size 
and >1014 MAC/s/W computational 
energy efficiency, using CMOS 
compatible electro- and thermo-optic 
computational functions,

ii) to blend them via a powerful 3D 
cointegration platform employing 
photonic for interconnection, plasmonics 
for computations and nonvolatile 
memristor-based control of the neuron 
weights,

iii) to fabricate and demonstrate a whole 
new class of plasmonic neurons for feed-
forward and recurrent neural networks, 
applying them towards IT security-
oriented applications, and

iv) to embrace them into a properly 
adapted Deep Learning training 
model suite, ultimately delivering a 
neuromorphic plasmonic software design 
library.

As a coordinator, Aristotle University of 
Thessaloniki hosted the kick-off meeting 
on January 21-22, 2020 in Thessaloniki, 
Greece, gathering representatives of all 
partners in a highly inspiring atmosphere 
and announcing intensive collaboration 
within the network. 

With all members highly motivated, 
PlasmoniAC is now looking forward to 
the first results.

Ahren invests in 
Rockley Photonics
Rockley Photonics has announced 
Ahren Innovation Capital as an 
investor. Ahren is a Cambridge-
based British investment fund 
that focuses on four broad fields 
of activity; the brain and artificial 
intelligence; genetics and platform 
technologies; space and robotics; 
and efficient energy. 

Rockley, which has offices in 
California, Oxford, and Helsinki, 
has developed an innovative silicon 
photonics platform. The platform has 
potential within sensor applications, 
where low-cost integrated optics 
solutions are sought for applications 
in areas such as in machine vision 
and environmental sensing. Its 
technology also boosts performance 
in high-density communications 
applications, such as data centres, 
5G infrastructure and AI cluster 
compute environments, where 
using photonics eliminates the 
performance constraints of 
traditional electrical connections.

“Rockley’s platform aligns closely 
with our interests and spans very 
well across the application space 
of our target markets, especially 
as an enabling technology in new 
AI and healthcare opportunities,” 
said Alice Newcombe-Ellis, Ahren’s 
founding and managing partner. 
“By starting with a clean sheet and 
designing a bespoke fabrication 
process, Rockley has created a 
highly versatile platform solution. 
Importantly, the technology can be 
manufactured cheaply and at scale 
for high-volume markets.”

“Ahren’s partners have exceptional 
credibility and their support for 
Rockley further validates our 
technology, strategy and our 
experienced team,” said Andrew 
Rickman, CEO, Rockley Photonics. 
“Silicon photonics enables novel 
solutions that unlock extraordinary 
application capabilities. Our unique 
manufacturing processes, expertise 
and solutions put us several years 
ahead of the competition.”
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EV Group establishes heterogeneous integration 
competence center
EV GROUP (EVG), a supplier of wafer 
bonding and lithography equipment 
for the MEMS, nanotechnology and 
semiconductor markets, has announced 
that it has established the Heterogeneous 
Integration Competence Center, which 
is designed to assist customers in 
leveraging EVG’s process solutions and 
expertise to enable new and enhanced 
products and applications driven by 
advances in system integration and 
packaging. These include solutions 
and applications for high-performance 
computing and data centers, the Internet 
of Things (IoT), autonomous vehicles, 
medical and wearable devices, photonics 
and advanced sensors.

 The Heterogeneous Integration (HI) 
Competence Center combines EVG’s 
world-class wafer bonding, thin-wafer 
handling, and lithography products 
and expertise, as well as pilot-line 
production facilities and services at 
its state-of-the-art cleanroom facilities 
at EVG’s headquarters in Austria, 
supported by EVG’s worldwide network 
of process technology teams. Through 
the HI Competence Center, EVG will 
help customers to accelerate technology 
development, minimize risk, and develop 
differentiating technologies and products 
through heterogeneous integration 
and advanced packaging all while 
guaranteeing the highest IP protection 
standards that are required for working 
on pre-release products.

The Heterogeneous Integration 
Competence Center™ combines EV 
Group’s world-class wafer bonding, thin-
wafer handling, and lithography products 
and expertise, as well as pilot-line 
production facilities and services at its 
state-of-the-art cleanroom facilities (such 
as the one shown here).

“Heterogeneous integration fuels new 
packaging architectures and demands 
new manufacturing technologies to 
support greater system and design 
flexibility, as well as increased 
performance and lower system design 
costs,” stated Markus Wimplinger, 
corporate technology development & 
IP director of EV Group. “EVG’s new 

HI Competence Center provides an 
open access innovation incubator for 
our customers and partners across 
the microelectronics supply chain to 
collaborate while pooling our solutions 
and process technology resources to 
shorten development cycles and time 
to market for innovative devices and 
applications enabled by heterogeneous 
integration.”

EVG has an extensive background in 
heterogeneous integration, providing 
solutions for this key technology trend for 
more than 20 years. Among these are: 
permanent wafer bonding --including 
direct fusion and hybrid bonding for 3D 
packaging and metal bonding -- and 
die-to-wafer bonding with and without 
collective carriers for integration of III-V 
compound semiconductors and silicon 
as well as high-density 3D packaging; 
temporary bonding and debonding, 
including mechanical, slide-off/lift-off, and 
UV laser assisted; thin-wafer handling; 
and innovative lithography technologies, 
including mask aligners, coaters and 
developers, and maskless exposure/
digital lithography.

In the field of permanent bonding, EVG 
pioneered the patented SmartView® 
wafer-to-wafer alignment system more 
than 20 years ago, and has refined this 
technology over the years to support 
breakthrough technology advances such 
as backside-illuminated CMOS image 

sensors (BSI-CIS) and more recently the 
first demonstration of sub-100-nm wafer-
to-wafer alignment overlay for hybrid 
bonding -- enabling devices such as 3D 
BSI-CIS and memory-on-logic stacking. 
EVG developed the first temporary 
bonding systems for ultra-thin wafers 
as early as 2001, which are essential 
for 3D/stacked die packaging, as well 
as revolutionized low-temperature laser 
debonding for ultra-thin and stacked fan-
out packages.

EVG’s HI Competence Center is 
designed to help enable new products 
and applications driven by advances 
in system integration and packaging. 
Shown here: chiplet integration by 
collective die-to-wafer hybrid bonding.

In lithography, EVG cemented its position 
as a recognized technology leader 
with the delivery of the first UV molding 
solutions for high-volume production of 
wafer-level optics more than a decade 
ago, and has since led the proliferation of 
nanoimprint lithography (NIL) to high-
volume manufacturing (HVM). 

EVG continues to break speed and 
accuracy barriers in mask alignment 
lithography for advanced packaging 
and, more recently, unveiled the 
world’s first highly scalable maskless 
exposure technology, which addresses 
emerging requirements in HVM back-end 
lithography.
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EU photonics project targets cardiovascular 
disease diagnosis
IMEC, the Belgian research and 
innovation hub, and Ghent University, 
together with Medtronic and their project 
partners announced the launch of the 
H2020 project InSiDe. 

The objective of InSiDe is to provide 
access for the medical community 
to a mobile diagnostic device based 
on silicon photonics to identify and 
characterise different stages of 
cardiovascular diseases (CVD). The 
device offers fast, flexible and patient-
friendly monitoring of CVD, keeping 
patients in their home environment while 
still being able to closely follow-up and 
intervene in due time.

“The InSiDe project has been triggered 
by the remarkable outcome of the H2020 
project CARDIS. Together with the 
CARDIS project partners, we developed 
a prototype mobile, affordable, point-
of-care screening device for CVD. 
The device enables fast and reliable 
measurement of CVD-related biophysical 
signals through minimal physical contact 
with the patient and minimal skills from 
the operator,” stated Roel Baets, group 
leader at Imec and professor at Ghent 
University. “The objective of the InSiDe 

project is to take this CARDIS prototype 
device a major step further towards 
proven medical relevance and towards 
commercialisation.”

The operating principle of the device is 
Laser Doppler Vibrometry (LDV): a low-
power laser is directed towards the skin 
overlying an artery. The skin’s vibration 
amplitude and frequency, resulting 
from the heartbeat, are extracted 
from the Doppler shift of the reflected 
beam. The key underlying technology 
is silicon photonics, which allows the 
implementation of advanced optical 
functionality in a chip produced in a 
CMOS fab environment.

The CARDIS prototype device underwent 
a first clinical feasibility study at the 
Georges Pompidou European Hospital 
in Paris (France) and at the Academic 
Hospital of Maastricht (The Netherlands), 
collecting a substantial clinical dataset, 
both from healthy subjects as well 
as from patients with cardiovascular 
conditions. The quality of the device 
readings was found to be very good 
and adequate biophysical signals 
could be obtained in all subjects, even 
if the algorithmic translation to relevant 

markers for medical pathologies needs 
further work.

Roel Baets added: “The very promising 
results from the CARDIS project 
stimulated the consortium to take 
the next step and aim at bringing the 
prototype to a true manufacturable 
product that is useful for GPs and 
cardiologists in their daily practice.”

To bring the CARDIS prototype to 
commercialisation, the InSiDe project 
will develop a handheld clinical, battery-
operated investigational device capable 
of measuring, quantifying and recording 
cardiovascular conditions and algorithms 
to translate the interferometer signals into 
data. It will also demonstrate in clinical 
feasibility studies the usefulness of the 
device for GPs and cardiologists and 
outline a path to industrialisation and 
manufacturability. 

InSiDe is supported by the European 
Union’s Horizon 2020 Framework 
Programme for Industrial leadership 
in Information and Communication 
Technologies (H2020) and by the 
Photonics Public Private Partnership 
Photonics21.

Over the next four years, InSiDe will 
be managed by Imec, through Imec’s 
associated laboratory located at Ghent 
University (Photonics Research Group 
in the Department of Information 
Technology). Medtronic Bakken Research 
Centre (Netherlands) will be responsible 
for the scientific and technical 
coordination of the project. Other 
industrial, academic and clinical partners 
will bring their expertise to the project: 
Ghent University (Belgium), Politecnico 
di Torino (Italy), Tyndall National Institute 
(Ireland), Microchip Technology (United 
Kingdom), Argotech (Czech Republic), 
National Institute for Health and Medical 
Research – INSERM (France), Universiteit 
Maastricht (Netherlands) and Fundico 
(Belgium).

This project has received funding from 
the European Union’s Horizon 2020 
research and innovation program under 
grant agreement No 871547.
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Ranovus launches single chip Odin photonic engine
RANOVUS INC, a Canadian provider 
of multi-terabit interconnect solutions 
for data centre and communications 
networks,has announced the launch of 
its Odin platform. Odin scales Ranovus’ 
100 Gbps per lambda silicon photonics 
engine from 800 Gbps to 3.2 Tbps in a 
single chip supporting both module and 
co-packaged optics solutions.

Ranovus’ Odin platform incorporates 
the company’s disruptive innovation 
in multi-wavelength quantum dot laser 
(QDL), 100 Gbps silicon photonics 
based micro ring resonator modulators 
and photodetectors, 100 Gbps driver, 
100Gbps TIA and control Integrated 
Circuits supported by a Tier 1 packaging 
ecosystem.

“ML/AI are the driving forces behind 
innovation in our society. They have 
created new compute, storage and 
networking paradigms inside and 
outside the data centre. The massive 
growth in data traffic fuelling the 

algorithms requires 
scalable and power 
efficient networking 
technologies. 

Odin platform delivers 
50 percent power 
consumption/Gbps 
reduction and 75 
percent cost/Gbps 
reduction over today’s 
solutions,” said Hamid 
Arabzadeh, chairman 
and CEO at Ranovus. 
“Odin 8 marks the 
beginning of the road to multi-terabit 
co-packaged optics for compute, storage 
and networking solutions.”

“Intra-Data centre traffic is growing at a 
rate that outpaces anything seen outside 
of the data centres and is expected 
to triple in the next five years. This 
growth in traffic is driving global energy 
consumption, for power and cooling, that 
is simply not sustainable at the current 

trajectory. At Ranovus, we’re dedicated 
to developing energy and space efficient 
technologies to address this critically 
important challenge - starting with our 
Odin optical engine platform,” said John 
Martinho, SVP R&D at Ranovus. 

“We’re proud to have brought together a 
Tier 1 ecosystem of partners and industry 
veterans to make these innovations 
possible.”

NeoPhotonics Announces HB-CDM for data centre interconnect
NEOPHOTONICS, a manufacturer 
of photonic integrated circuit based 
lasers, modules and subsystems, has 
announced general availability and 
volume production of its 64 GBaud High 
Bandwidth Coherent Driver Modulator 
(HB-CDM). 

This CDM joins NeoPhotonics a 64 
GBaud Intradyne Coherent Receiver 
(ICR) and ultra-narrow linewidth tunable 
laser to enable customers to implement 
single channel 600G data transmission 
over data centre interconnect (DCI) 
distances of approximately 80 km  
using 64 QAM. These components also 
support 400G over metro distances  
of 400-600 km using 64 GBaud and  
16 QAM or 200G over long-haul 
distances of greater than 1000 km  
using 64 GBaud and QPSK.

NeoPhotonics HB-CDM is implemented 
in a small form factor (25 x 12 x 5 mm) 
package which co-packages a linear, 
quad-channel, differential 64 GBaud 
driver with an InP based Mach-Zehnder 
(MZ) quadrature modulator chip. It 
provides efficient coherent multi-level 

modulation formats, such as DP-QPSK, 
DP-16QAM and DP-64QAM, to support 
coherent transmission up to 64 GBaud. 
The HB-CDM is compliant to the OIF’s 
Implementation Agreement OIF-HB-
CDM-01.0 ‘High Bandwidth Coherent 
Driver Modulator’, and assures users 
a 3dB EO bandwidth of greater than 
40GHz. The compact size fits in a  
CFP2-DCO pluggable module.

NeoPhotonics HB-CDM is also available 
in a ‘C++’ CDMTM Modulator version, 
which supports tuning across the full 
‘Super C-band’ covering 6.4 THz of 
spectrum or up to 50 percent more than 
standard systems. The C++ CDMTM 
Modulator, Ultra-Narrow Linewidth 
Tunable C++ LASERTM Micro-ITLA and 
64 GBaud C++ ICRTM Receiver are 
combined in NeoPhotonics C++ CFP2-
DCO transceiver, which is a pluggable 
transceiver module able to deliver as 
much as 34 Terabits of capacity per fibre. 

This module can support 85 channels 
of 64 GBaud data at 75 GHz channel 
spacing and effectively increases the 
capacity of an optical fibre by as much 

as 50 percent over standard systems at 
comparable distances.

“We are pleased to add the HB-CDM 
to our suite of components for 64 
GBaud coherent systems which are 
currently shipping in volume to multiple 
customers,” said Tim Jenks, chairman 
and CEO of NeoPhotonics. 

“The HB-CDM is based on our InP 
photonic integration platform and delivers 
the high performance for demanding 
applications. Combined with our 
Silicon Photonics integration platform 
we can provide customers with the 
optimized solutions to meet their network 
requirements for the highest speeds and 
at volume scale.”
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Lumerical hosts online photonic inverse design 
challenges
Lumerical, a developer of photonic 
design and simulation tools, announces 
the Lumerical Inverse Design Challenge 
and the Lumerical Best-in-Class 
Challenge hosted during Lumerical’s 
Online Tech Day on March 13.

Throughout Lumerical’s Online Tech 
Day featuring over a dozen ecosystem 
partners, Lumerical will host two unique 
design challenges online, accessible 
globally. Throughout the day photonic 
designers can participate by simply 
specifying through a web interface the 
design targets and constraints for a 3 dB 
power splitter design workflow. These 
parameters drive a photonic inverse 
design optimization using the Lumerical 
FDTD photonic simulator running on 
Amazon Elastic Compute Cloud (EC2). 
In real time, each challenger’s entry 
will be created utilizing the power of 
Lumerical’s photonic Inverse design 
simulated with the industry leading FDTD 
nanophotonic simulator powered by the 
high-performance computing capability 
of Amazon Web Services (AWS). The 
Lumerical Design Challenge Channel 
online leader board will continuously 
update the standings throughout the day, 
highlighting the top designs. By email, 
Lumerical will provide each participant 
their resultant layout file along with their 
simulation results and design files for 
their future use. The leading designer 
will be provided space on an upcoming 
LIGENTEC InP MPW to fabricate the 
design of their choosing. Results will 
be announced at the conclusion of 
Lumerical Online Tech Day at 7:30 pm 
PDT. A selection of leading designs will 
be chosen for fabrication.

Over the course of Lumerical Online 
Tech Day, Lumerical will attempt to 
create a photonic design that exceeds 
the best published Figures of Merit for 
a functionally equivalent design. Similar 
world class devices can take months to 
design using traditional design methods. 
Lumerical plans to harness the power 
of photonic inverse design (PID) with 
Lumerical’s FDTD photonic solver 
distributed across an array of instances 
of Amazon EC2. This combination of 
world class software and the great 

computing power easily available 
through AWS makes it possible for 
Lumerical to attempt a world class design 
in a single day.

Lumerical will design and optimize 
an “O-band/C-band wavelength 
demultiplexer”. The device accepts input 
from a single, broadband waveguide 
and transmits the wavelengths between 
1260nm and 1360nm into the upper 
output waveguide while wavelengths 
between 1500nm and 1600nm are 
transmitted into the lower waveguide. 
Lumerical will target a footprint of 2.8um 
x 2.8um.

Lumerical CTO James Pond said, 
“Because of the strength of designs that 
we have seen from photonic inverse 
design, I am confident that we can deliver 
on this challenge. Without photonic 
inverse design and AWS’ power of 
distributed high-performance computing, 
it would be very challenging to even 
attempt a world class design in such a 
short amount of time. I think it will be 
close, but I also think that participants 
at Lumerical Online Tech Day will see an 
impressive feat of photonic design.”

The Lumerical Design Challenge Channel 
will continuously update a graphical 
scoreboard detailing design progress. 
Photonic designers are welcome to drop 
in online to monitor Lumerical’s progress 
and to discuss photonic inverse design 
at the Lumerical Ecosystem Experts 
Channel.

“The addition of inverse design methods 
to Lumerical’s products has been a game 
changer for our photonics design efforts 
– they have enabled better performance 
and much faster optimization of grating 
couplers and other complex photonic 
components, than with traditional sweeps 
and particle swarm optimizations,” said 
Michael Moebius, Senior Member of the 
Technical Staff at Draper.

Coupled with Lumerical’s industry proven 
FDTD solver, photonic inverse design 
enables designers to efficiently explore 
and optimize designs with hundreds or 
more design parameters. In contrast, 
traditional design approaches are 
limited to a small number of established 
device designs, exploring much smaller 
parameter spaces, typically fewer than 
ten parameters.

The Python based open source PID 
implementation is packaged together 
with Lumerical FDTD for ease of 
deployment. Alternatively, the original 
source code is freely available on GitHub. 
To help new users get started with PID, 
examples are included in Lumerical’s 
application gallery to speed designers’ 
time to implementation. More information 
on Lumerical’s Automation API, required 
to run PID, can be found at https://www.
lumerical.com/products/aapi.

Look for more details on the design 
challenge and Lumerical’s Online Tech 
Day at https://www.lumerical.com/learn/
event/techday-2020/
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employees and the overall 
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the coronavirus (COVID-19), and  
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decided to postpone the live event 
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period.
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NeoPhotonics unveils L-Band coherent optics solution
NEOPHOTONICS, a manufacturer of 
silicon photonics and advanced hybrid 
photonic integrated circuit based 
lasers, modules and subsystems, has 
announced an L-Band suite of coherent 
optical components, including its  
64 GBaud L-Band High Bandwidth 
Coherent Driver Modulator (HB-CDM), 
64 GBaud L-Band Intradyne Coherent 
Receiver (ICR) and ultra-narrow linewidth 
L-Band tunable laser Micro-ITLA. 
Together with NeoPhotonics standard 
C-Band coherent components, these  
new products enable customers to 
double the capacity of optical fibre  
links.

The C-Band is the primary band for 
telecommunications with wavelengths 
centred around 1550 nm. The L-Band 
uses wavelengths centred around 1590 
nm and is primarily used to complement 
the C-Band to increase data capacity, 
especially in long-haul networks. 

By adding channels in the L-Band, 
operators can double the capacity 
of an optical fibre. NeoPhotonics 64 
Gbaud coherent components and 
tunable lasers enable single channel 
600G data transmission over data 
centre interconnect (DCI) distances of 
approximately 80 km using 64 QAM. 
These components also support 400G 
over metro distances of 400-600 km 

using 64 GBaud and 16 QAM or 200G 
over long-haul distances of greater than 
1000 km using 64 GBaud and QPSK.
The NeoPhotonics L-Band External Cavity 
(ECL) micro-ITLA incorporates the same 
laser architecture as our C-Band laser for 
a pure optical signal with an ultra-narrow 
linewidth and very low phase noise. In 
coherent systems, any error in the phase 
of the signal and reference lasers, due 
to the laser’s linewidth, can cause data 
errors, thereby making narrow linewidth 
critical in systems using higher order 
modulation.

The NeoPhotonics 64 Gbaud L-Band HB-
CDM co-packages an InP based Mach-
Zehnder (MZ) quadrature modulator chip 
with a linear, quad-channel, differential 
64 GBaud driver. Both the C-Band 
and L-Band versions of the HB-CDM 
are designed to be compliant to the 
Optical Internetworking Forum (OIF) 
Implementation Agreement OIF-HB-
CDM-01.0 “High Bandwidth Coherent 
Driver Modulator” (www.oiforum.com).

NeoPhotonics 64 Gbaud L-Band Micro-
ICR incorporates an integrated comixer 
chip and four balanced photodiodes 
with four differential linear amplifiers 
to provide four output channels at 64 
GBaud. The form factor of the High 
Bandwidth Coherent Receiver is 
designed to be compliant with the OIF 

Implementation Agreement for Micro 
Integrated Intradyne Coherent Receivers; 
IA # OIF-DPC-MRX-02.0.

For applications that require more 
capacity than provided by the standard 
C-Band, but do not require the full 
L-Band, each of these components is 
available in a “C++” version, which 
supports tuning across the full “Super 
C-band” covering 6.0 THz of spectrum 
or up to 50 percent more than standard 
systems. 

These C++ components can support 
80 channels at 75 GHz channel spacing, 
which effectively increases the capacity 
of an optical fibre by as much as 50 
percent over standard C-Band only 
systems at comparable distances.

“We are pleased to add L-Band versions 
to our existing suite of coherent 
components, thus providing customers 
with a complete solution to their fibre 
capacity requirements, whether C-Band, 
C++ Band or L-Band,” said Tim Jenks, 
Chairman and CEO of NeoPhotonics. 
“Our ultra-pure tunable laser design 
and our high performance coherent 
modulator and receiver designs are very 
flexible and excel in different spectral 
regimes to provide the highest speed 
over distance performance,” concluded 
Jenks.
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IN NOVEMBER 2019, Canada-based optical engine 
developer, POET Technologies, divested DenseLight 
Semiconductors, Singapore, to a newly-formed 
consortium of investors and manufacturers from 
China, for $26 million.

The move comes three years after POET acquired the 
InP integrated photonics designer and manufacturer. 
And as DenseLight president and chief executive, 
Rajan Rajgopal, tells Compound Semiconductor, the 
timing was just right.

“When POET acquired DenseLight in May 2016, we 
were not in such a good financial position, but three 

years later we are transformed, have recorded healthy 
year-on-year revenue growth from 2017, 2018 and will 
continue that in 2019,” he says.

“POET had wanted a fab to develop components for 
transceiver modules, so in the last three years our 
primary aim has been to develop both POET’s and 
our own products,” he adds. “We’ve now been in a 
position to be sold off for good value and this fits in 
with POET’s strategy to become a fabless photonics 
business.”

Indeed, DenseLight’s shareholders, DL Shanghai, 
comprise China-based investors as well as Chinese 

DenseLight is set to take 
InP lasers to datacoms 
and sensor markets in 
China and further, reports 
Rebecca Pool.

DenseLight: 
Pursuing new InP growth
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fab, to capture anticipated growth in both datacoms 
and sensing markets in this region.

According to Rajgopal high-volume DFB laser 
manufacturing – for both sensing and datacoms 
markets - will take place here. But as he also 
highlights: “We will put in back-end capacity here as 
well... we need to increase die output from 300,000 
to 5 million to 15 million a year – that’s the kind of 
volumes we are expecting.”

So beyond 2021, what can we expect from 
DenseLight? As Rajgopal hints, a future GaAs revenue 
stream could be on the horizon.

When asked why an unnamed GaAs laser 
manufacturer is manufacturing in the company, he 
replies: “We have worked on a GaAs edge-emitting 
laser for a super-luminescent LED product and while 
we don’t have a product today, we have the capability 
for potential future development.”

But for now, all eyes are on developing the 
company’s InP presence in China, where Rajgopal 
anticipates continued growth across both datacoms 
and sensing markets. “Datacoms is big in the US and 
China as every fibre-optic cable needs an InP laser, 
but while sensing markets are stable in the US, I see 
this business picking up in China,” he says. “So many 
new industrial robots are being deployed in factories 
in China and these all need fibre-optic sensors with a 
super-luminescent LED as the light source.”

“So that’s why we are positioning ourselves with a fab 
and back-end facility in China,” he adds. “There are 
few indium phosphide-based companies that grow 
their own epi-wafers, manufacture and test the wafers 
– I think this places us in a unique position to gain 
market share all over the world.”

industry players, including compound semiconductor 
device manufacturer Dynax Semiconductor, and an 
unnamed high-power GaAs laser manufacturer.

“Today, China is the second largest photonics market 
in the world with the US leading,” points out Rajgopal. 
“But I think China will surpass the US in the next 
two-to-three years, and that’s why we want to position 
ourselves to take advantage of this growth.”

Market focus
Since joining the company in January 2017, Rajgopal 
has increased DenseLight’s Singapore workforce 
from 40 to 100 employees, and enhanced operations. 
As Rajgopal puts it: “When I joined the company, I 
focused on getting the right people into the business, 
getting the supply chain in place and developing new 
products.”

At the same time, DenseLight’s market focus has 
shifted. While the company initially developed lasers, 
laser modules, super-luminescent LEDs and diodes 
for photonic sensing markets, Rajgopal has also been 
targeting datacoms markets in the last three years in a 
bid to quickly grow company revenues.

“The sensing market offers a slow and steady 
10 to 15 percent compound annual growth in terms of 
revenue, but we also wanted the fast-paced growth of 
the datacoms space,” he says. “So we’ve developed 
lasers for datacoms markets as well, and these are 
either already in the market or being sampled by 
customers.”

So far, this strategy looks to be paying off. The 
company recorded year-on-year revenue growth of 
29 percent and 39 percent in 2017 and 2018, and 
Rajgopal expects to stretch this figure to at least 
41 percent in 2019. “We are also working with two of 
the largest networking players in the world,” he says. 
“When a small company like us engages with these 
players, I think that says a lot.”

Excitingly, the company also has ambitious expansion 
plans, starting with its Singapore facility. According to 
the DenseLight Chief Executive, the company recently 
bought a Aixtron G4 MOCVD reactor, adding to its 
existing Aixtron 200 instrument. “We can now run 
more than 400 wafers a month, whereas before the  
G4 that figure was more like 30 wafers,” says 
Rajgopal.

At the same time, the company has also been growing 
DFB laser manufacturing in Singapore, buying, for 
example, new coating tools as well as investing in 
its assembly and test facilities. The company will 
continue to invest in the assembly and test capacity 
in Singapore in 2020, and come 2021 will expand into 
China.

Here, DenseLight intends to construct an assembly 
and testing facility, followed by a high-volume wafer 

Beijing 
downtown 
district scenery 
at night
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Opportunities for LIDAR systems 
based on integrated photonics
Photonic integrated circuit (PIC) applications today cluster around 
datacom and telecom. But many developers see opportunities 
far removed from data centres. PIC flexibility and cost savings are 
capturing the attention of LiDAR experts who are incorporating PICs 
to satisfy complex requirements supporting ADAS and autonomous 
vehicle systems.

BY ANA GONZALEZ, R&D MANAGER, EPIC

WHILE PICs are nowadays extensively used in 
datacom and telecom, the latest research points to  
the fact that LIDAR is fast emerging as an attractive 
market for companies developing PIC products, 
particularly in automotive LIDAR1, which is predicted to 
grow from (USD) $442m in 2020 to $959m in 20222. 

The main drivers for PIC-based LiDARs are that 
compared with current versions, they are potentially 
cheaper, lighter, more compact and more reliable as 
they have no moving parts. They are also immune to 
electromagnetic interference and can easily handle 
the high volumes of data produced through LiDAR. 
As a result of these unique selling points and high 
expected demand for automotive LiDAR systems, a 
growing number of venture capitalists and companies 
are now moving into the development of PIC-based 
LiDAR systems.

In comparison with RADAR systems, which rely on 
radio-waves, LIDAR uses visible to near infrared 
light, ranging from 250 nanometres (ultraviolet) to 
10 micrometres (infrared) wavelengths, to provide 
distance measurements with higher resolution. 
A LIDAR device generally consists of two basic 
components; the transceiver and the receiver, which 
include a light source (laser, LED or VCSEL diode); 
scanner and optics (e.g. an oscillating mirror to omit 

light and/or an aspherical lens) and photodetector and 
electronics.  

Traditionally, such systems were bulky and costly 
but over the last decade, pushed by the automotive 
market and the interest in advanced driver-assistance 
systems (ADAS), the price, size and weight of LiDAR 
systems has dropped considerably. 

The advantages of PICs in solid-state 
LiDARs
Reduction in cost: light sources and detectors  
can be integrated on the PIC, with the potential of 
realizing a fully integrated, single-chip LiDAR, and 
allowing unprecedented high volumes at low cost.  
MIT researchers have claimed that their 300mm 
wafer-level chips, will bring the LiDAR production cost 
down to $10 each at production volumes of millions of 
sensors per year.

Improvement of vehicle aesthetics: e.g. compared 
to a rotating beam on the roof they are compact and 
can be discreetly fixed in a car bumper or next to the 
headlights.

Greater reliability: solid-state LiDAR devises are 
fixed in position, have greater power efficiency and 
no moving parts as compared with mechanical and 

Dr. Ana González is currently R&D Manager at EPIC (European Photonics Industry Consortium). Her role is 
to understand the technology developed by EPIC members and to identify potential collaboration between 
them. She also participates in different EC initiatives such the Pilot Lines in Photonics in which she is 
involved in business development and marketing strategy. Her expertise lies in the development of optical 
systems and the investigation of applications such as Sensing and Datacom. She received her Bachelor’s 
degree in Chemistry from the University Autonomous of Barcelona (UAB) and her PhD degree from the 
Catalan Institute of Nanoscience and Nanotechnology (ICN2).
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micro-mechanical (MEMS) scanning devices, making 
them robust and lens-free. 

Versatility: PIC based LiDAR devices can measure 
both medium and short distances- features required 
for ADAS functions such as park assist systems (PAS), 
advanced emergency braking system (AEBS), right 
turn assist, and automated parking.

Technical advantages of Si3N4 vs. 
InP PIC LiDAR
PICs can be used to replace the main LiDAR 
components, miniaturize and make a compact final 
device, e.g. the beam-steering part of the LiDAR, 
through the use of optical phased arrays, which can 
shape the laser beam and steer it fast for video-rate 
three-dimensional imaging. 

Silicon nitride PICs are compatible with operation 
in 800-1500nm range, which is widely used in 
current LiDAR devises. This provides an opportunity 
for reliable and scalable on-chip beam steering 
systems, which can be further combined with 
either conventional sources and detectors, or 
heterogeneously integrated with their on-chip 
analogues. Silicon Nitride PICs are effective for 
implementation of integrated LiDAR systems because 
they provide ultra-low losses in near IR region; have 
low nonlinearity allowing guidance of high optical 
power densities, and generally have less fabrication-
induced phase variations compared with silicon-based 
waveguides. 

LIGENTEC fabricates Si3N4 thick film to fit the light 
mode in the waveguide reducing the friction of the 
light with the walls of the waveguide achieving a low 
loss (<0.1 dB/cm), making possible smaller turns 
which allow a reduction in size of the chip and the 
capacity to work with high optical power (around 10 
Watts; see Figure 1a). Using this Si3N4 technology, it 
is possible to fabricate all the building blocks required 
for manufacturing a LiDAR chip (see Figure 1b) such 

as: i) couplers/MMIs that now can be fabricated with 
very precise and reproducible power splitting ratio; ii) 
delay lines that can be fabricated with short bend radii 
and low loss phase noise delay lines, which enable 
high resolution in FMCW LiDAR, up to 1 m of delay 
in 5x5 mm2; iii) the phase shifter that is based on a 
ring resonator that can achieve a frequency speed of 
25kHz, and a pi shift of the phase using  
100 mW electrical power; and iv) packaging of the 
device including coupling can be accomplished 
by using a vertical grating coupler and a spot 
size converter to relax tolerances and reduce the 
packaging cost. It is also possible to integrate silicon 
nitride with other material platforms such as InP lasers 
or silicon photonics (see Figure 1c).

InP PIC systems are designed for operation around 
wavelengths of 1550nm, which is a sweet spot in 
terms of eye-safety requirements; provides low 
atmospheric absorption of a beam and allows the 
range to be extended significantly, to over 200 m. 
InP PICs are able to integrate compact and efficient 
optical amplifiers, which play a comparable role in 
photonics to that of transistors in electronics and are 
at the heart of any laser or laser system. 

Without efficient integration of optical amplifiers, large 
scale integration is not feasible. InP PICs can also be 
used as the laser source: when combined with the 
on-chip components typically used in communications 
technology, pulsed lasers and frequency-modulated 
lasers can be realized. Additionally, a hybrid 
integration of InP chips with polymer-based PICs 
as in Fraunhofer HHI’s PolyBoard platform, allows 
for the efficient combination of active components 
with passive and thermo-optic devices as well as 
micro-optical elements, such as optical isolators and 
circulators.

III-V labs, an economic interest group involving NOKIA, 
Cea-Leti and THALES is developing devices for both 
coherent LiDAR and as well as pulsed LiDAR. They 

SiN building 
blocks for a 
PIC-based 
LiDAR. Image 
courtesy of 
LIGENTEC
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fabricate high power DFB lasers with large output 
for Doppler detection that can be tuned in terms of 
wavelength with low noise, crucial for a high sensitivity 
system. For devices needing a narrow bandwidth, III-V 
labs is developing hybrid lasers with a reflective SU8 
and a Si3N4 chip with a Bragg grating with an output 
power of 10 mW that will be pushed to higher powers 
in the future (see Figure 2). Regarding detectors, they 
are working on avalanche photodiodes, achieving low 
avalanche voltage and more basic p-n photodiode 
with a large area from 2 to 3 mm. 

A supply chain ready for large-scale 
production of PIC-based LIDAR systems
Application-specific design is key: The first step is 
to design a PIC-based device but if a LiDAR developer 

lacks in-house expertise, there are companies able 
to design a device, and to monitor the fabrication 
and testing. VLC photonics and Bright Photonics 
are design houses that provide help with the lay-out 
and fabrication. There are companies that develop 
software for simulating PIC-based structures that also 
offer design services. 

These software providers are VPI Photonics, Luceda 
Photonics, Synopsys, Lumerical and Mentor, a 
Siemens Business. Intengent offers great services 
from PIC design to volume manufacturing. A design 
house will choose the most suitable substrate material 
(Silicon-on-insulator, Silica/PLC, SiN/TripleX, InP/
GaAs, polymer/PolyBoard) and the most suitable 
foundry for its fabrication. 

Figure 1a: Light mode TM00 confined inside a Si3N4 waveguide Figure 1b: PIC building blocks for a FMCW LiDAR

Figure 1c: 
Example of 
packaging for 
a Si3N4 chip. 
Image courtesy 
of LIGENTEC



COPYRIGHT PIC MAGAZINE  l  ISSUE I 2020  l  WWW.PICMAGAZINE.NET  19

EPIC

Fabrication of the chips: The second step is 
choosing a foundry to fabricate the first chip for the 
first prototype. In this case, start with a Multi-Project 
Wafer Run (MPW) that is offered by many foundries 
and involves the fabrication of different chip designs 
in the same wafer which reduces the cost per chip. 
There are foundries for InP PICs such as Smart 
Photonics, Fraunhofer HHI, III-V labs and CST Global. 
Silicon photonics and silicon nitride foundries include 
imec, CNM, LIGENTEC, LioniX International and from 
outside Europe, Compoundtek. CST Global also offers 
other materials such as InGaAs and AllnGaAs, while 
Enablence and Fraunhofer HHI offer polymer planar 
lightwave circuits. Remarkably, the combination of 
Si and InP in a single chip is being industrialized by 
SCINTIL Photonics. 

When ready to ramp-up production, there are 
initiatives launched by the European Union’s 
Horizon 2020 research and innovation programme in 
Public-Private Partnership with Photonics 21 (www.
photonics21.org) such as JePPIX Pilot Line and 
PIX4Life. InPulse enable high TRL development 
in a scalable design kit driven process, driving 
open access InP PICs from proof of concept to 
industrial prototyping and pre-production. PIX4life, 
the European Pilot Line for SiN-based biophotonic 
integrated circuits with applications in OCT, cytometry 
and sensors, offers SiN-based PICs.

Packaging: Once the PIC chip is working, it needs 
to be packaged to create a first prototype. For this, 
there are different initiatives that can help such 
as ACTPHAST, which has received funding from 
the European Union’s Horizon 2020 Programme 
for research, technological development and 
demonstration. When packaging a PIC chip, there 
are some factors to take into account such as the 
coupling of the light, thermal stabilization and the 
integration of the PIC with electronics. Specifically 
for LIDAR, in respect of optical phased arrays, the 
electronics for fast beam-steering must be in the  
10s of MHz range, with many closely-integrated 
channels, which poses a challenge with side-lobe 
suppression and beam width being the design  
trade-offs. 

Fortunately, commercial packaging solutions 
are available, e.g., as offered by PHIX Photonics 
Assembly, Technobis group, Boschman, member 
companies of the Torbay Hi Tech Cluster (located in 
the Electronics & Photonics Innovation Centre, EPIC) 
and Linkra, and by the PIXAPP Photonic Packaging 
Pilot Line, an initiative founded by the European 
Union’s Horizon 2020 research and innovation 
programme in Public-Private Partnership with 
Photonics 21 (www.photonics21.org). SQS Vlaknova 
Optika specializes in fibre optics and optoelectronics. 
AEMtec offers opto-electronic packaging and AFE 

Figure 2: 
Hybrid SiN III-V 
laser cavity. 
Image courtesy 
of III-V labs

When ready to ramp-up production, there are initiatives launched 
by the European Union’s Horizon 2020 research and innovation 
programme in Public-Private Partnership with Photonics 21  
(www.photonics21.org) such as JePPIX Pilot Line and PIX4Life
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offers fibre alignment services. Nanoscribe offers two-
photon polymerization processes that can be used 
to fabricate micro lenses arrays for LiDAR devices. 
Regarding testing, unity SC offers semiconductor 
metrology and inspection solutions. 

As previously mentioned, most of the knowledge and 
expertise in PIC design has developed in relation to 
telecom and datacom applications; this has created 
a scarcity of expertise required for the design of 
LiDAR systems that require different components 
and operational parameters. However, expertise has 
accumulated in design houses and foundries. Also, 
software tools are now mature enough to design PIC 
based LiDAR chips. Moreover, the possibilities to 
ramp-up the volume of packages, including integration 
with electronics, gives companies a feasible option to 
commercialize a PIC based LiDAR product.

Scale to large volumes: The European ecosystem 

is getting ready to serve the companies that are 
interested in large-scale manufacturing. Companies 
such as Vanguard, Nanoscribe, Aerotech, Aifotec, 
AMICRA and Aixemtec are developing automation 
equipment and some of them also offer packaging 
services. 

Conclusion
Over the next few years, the increase in demand 
for LiDAR systems, particularly for ADAS and other 
automotive industry applications, presents clear 
opportunities for solid-state, PIC-based LiDAR 
technology. 

In terms of price, size, weight and functionality, PICs 
have several advantages over current LiDAR systems, 
and while some challenges remain, there is the 
exciting possibility that the inherent advantages of 
PIC-based LiDAR will allow the technology to break 
into the mass and mid-segment vehicle sector.
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Spectral characterization of PIC 
devices is key to test accuracy
The challenge of testing complex photonic integrated circuits 
(PICs) remains a key requirement to speed production while 
improving device reliability and the quality of finished products. 
EXFO describes key issues and solutions for improved testing of 
passive PIC components.

BY F. COUNY, PHD, EXFO PRODUCT LINE MANAGER

AS DISCUSSED RECENTLY in the article TAP into 
the power of PIC (PIC Magazine Issue 4, 2019), one 
of the key challenges to unlocking the full potential 
of photonic integrated circuits (PICs) is the test, 
assembly and packaging (TAP) aspect. This is not 
only because the process is slow and expensive, 
but also because component characterization is 
at the heart of the PIC development chain, helping 
improve design, foundry wafer production and final 
testing after packaging. Although tried-and-tested 
optical measurement techniques exist for fiber-based 
components, the sheer volume and complexity of new 
PIC devices create a new paradigm where testing 
speed and measurement reliability requirements 
are taken to a whole new level. In this article, we will 
discuss optical spectral characterization techniques 

that can take on those new challenges.

Optical testing – Now a critical 
consideration 
Testing electronic integrated circuits has two main 
advantages over photonic testing: 
 The manufacturing process leverages 60+ years  
 of continuous improvement 
 Only a few, easily accessible, electronic test points  
 of known functionalities are needed on the chip to  
 ensure excellent chip-to-chip homogeneity  
 throughout the wafer
PIC fabrication processes have dramatically improved 
over the past 10 years, particularly thanks to 
specialized foundries (both for Silicon Photonics and 
for Indium Phosphide) and thanks to PIC component 

Spectral 
characterization 
example: 
insertion 
loss versus 
wavelength for 
a demultiplexer
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measurement databases made available 
through process design kits (PDK). Even 
though the industry has taken big leaps 
to improve manufacturability, photonic 
integrated circuit fabrication is still 
maturing. 

Homogeneity of the PIC chips, over even 
a small wafer, still requires individual 
component testing. This explains why 
many test points are required for the full 
characterization of key functionalities on 
the chip. Overall, today’s testing of the 
individual building block is critical even as 
new test results help improve design and 
fabrication.

Testing the building block – 
What to look for?
Thanks to the advent of the transceiver in 
telecom applications, testing active optical 
components such as lasers or semiconductor optical 
amplifiers (SOA) is somewhat easier than testing 
passive optical devices. For the former, an optical 
spectrum analyzer (OSA) is often sufficient for spectral 
characterization, whereas for the latter, passive 
components transform light by filtering, actively or 
passively switching, or simply guiding light through 
what seems to be endless combinations of optical 
building blocks, providing complex spectral features 
that need to be accurately measured.

The key parameter when testing passive optical 
components is the insertion loss, i.e., the amount 
of light lost when going through a device. This is 
particularly important in telecom optical devices. PIC-
based interferometric systems such as ring resonators 
or Mach-Zehnder modulators can achieve extremely 
high Q-factor leading to spectral features (peaks 
or troughs) that are only a few picometer in width. 
Hence, these devices require high resolution spectral 
characterization of the insertion loss. Spectral testing 
in different configurations (e.g. applied voltage in the 
case of modulators) then provides information about 
the usable wavelength range, their free spectral range 
or expected extinction ratio.

Reducing test time while boosting measurement 
reliability will lower operational expenses in PIC 
development. Full automation and seamless 
integration of the optical test solution into the 
characterization setup can help achieve this. Ideally, a 
single piece of optical test equipment should perform 
several tasks within a photonics test setup, including 
fiber to chip alignment (this also keeps capital 
expenditures under control). Bearing in mind that 
since PICs can operate over a large spectral range, 
photonic chip manufacturers should look for flexible 
and scalable solutions to address various wavelength 
ranges.

OSA to the rescue
The first part of any PIC spectral characterization is 
coupling light in and/or out of the optical chip. To do 
so requires a fast photodiode and alignment  
algorithm to quickly reach maximum coupling. 

Although a simple laser and photodiode would suffice 
to perform this alignment, the real payoff is in using 
a component tester, such as the CTP10 from EXFO, 
which provides real-time photodiode measurements  
in addition to high-quality spectral measurements.

Once best alignment is achieved, some further 
configurations may be required on the PIC device 
itself (e.g. set up of voltage on a modulator). 

In that case, a possible test setup would make use 
of a superluminescent LED (SLED) or an amplified 
spontaneous emission (ASE) light source in 
conjunction with a fast optical spectrum analyzer 
(OSA), like the OSA20 from EXFO. Such an OSA can 
provide real-time spectral information several times 
per second, a refresh rate that is fast enough for 
optimizing the PIC under test. However, this method 
has two key limitations: 
 OSAs typically only have a single input, meaning  
 only one optical port can be tested at a time 
 Due to the spectral bandwidth of the  
 monochromator (the optical filter inside the OSA),  
 picometer-resolution spectral measurement is not  
 possible. Nonetheless, the OSA technique can be  
 used for components with low loss and limited  
 spectra contrast, where spectral features are of  
 the nanometer order.

OSA20:
An Optical 
Spectrum 
Analyzer is ideal 
for real-time 
alignment 
and spectral 
configuration of 
PIC under test
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Leveraging the highest resolution 
To facilitate insertion loss measurements of 
components with complex, high contrast spectral 
features, the most efficient and reliable setup is 
the swept laser technique. This method uses a 
continuously tunable laser to scan the wavelength 
across the spectral range of interest. Operating 
synchronously with the laser, a component tester  
(like EXFO’s modular component test platform CTP10) 
is then used to record the optical power of each 
output port of the device under test.

The use of tunable lasers to perform such a test has 
several obvious advantages over the broadband 
source and OSA method: 
 Insertion loss measurement can be performed with  
 picometer resolution because of the intrinsic narrow  
 linewidth of the laser (significantly below 0.1 pm)
 The high power of the laser source also allows  
 testing of several hundred output ports  
 simultaneously and with good dynamic range  
 (typically over 70 dB)
 The fast-tuning speed of the laser allows  
 characterization within a few seconds
However, such high measurement specifications can 
only be achieved with a state-of-the-art component 
tester yielding short test times and excellent accuracy. 

The instrument dynamically and simultaneously 
records the test wavelength and output power  
as the laser is being swept. New test and 
measurement instruments such as the CTP10 tap 
into the latest advances in optics and detection 
technologies to measure – in a couple of seconds – 
the insertion loss of high-port count devices with  
1-pm resolution. 

A larger spectral range (important when characterizing 
components operating over extended spectral ranges) 
can also be tested using several tunable lasers,  
each covering a portion of the total spectrum under 
test and concatenating the insertion loss result into 
a single spectrum. On the CTP10, this is achieved 
simply by adding a full-band combiner (FBC) module 
to the system.

Future-proof it 
Innovative solutions are being designed to help  
PIC manufacturers overcome the testing bottleneck. 
A final word of advice is to choose solutions that can 
scale and adapt to tomorrow’s challenges as well. 

Flexibility will be key as the demand for passive optical 
components and their use become ever so critical in 
shaping the future.

CTP10: 
Component Test 
Platform with 
the FBC module 
on the left-hand 
side of the 
mainframe

To facilitate insertion loss measurements of components with 
complex, high contrast spectral features, the most efficient and 
reliable setup is the swept laser technique. This method uses 
a continuously tunable laser to scan the wavelength across the 
spectral range of interest
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Integrating 2D materials on SiN 
PICs enables scalable on-chip 
single photon sources
Researchers from Ghent University, imec and MIT have demonstrated an 
on-chip single photon source by the hybrid integration of 2D transition 
metal dichalcogenides and mature silicon nitride (SiN) PICs. This approach 
could pave the way towards scalable fabrication of integrated single 
photon sources that are ideal quantum information carriers.

BY FREDERIC PEYSKENS, IMEC AND GHENT UNIVERSITY

BY HARNESSING the full power of quantum 
mechanical systems, the second quantum 
revolution promises to deliver a variety of innovative 
technological applications (secure communication, 
enhanced sensing, quantum computing, etc.). 
However, as the complexity of the tasks increases, 
it becomes increasingly difficult to fabricate and 
control the associated physical quantum system. 
In this sense, photonic integrated circuits (PICs) 
offer a promising platform to miniaturize complex 
quantum circuits because PICs allow integration of 

several functionalities (filters, modulators, cavities, 
photodetectors, etc.) on a single chip – all this with 
optimized insertion loss and phase stability. Photons 
are moreover largely free from decoherence, which 
significantly plagues almost any other physical 
quantum system, making photons ideal quantum 
information carrier [1, 15].

To realize complex quantum photonic circuits, there 
is a particular need for scalable and integrated single 
photon sources (SPSs). Recently, it has been shown 
that nanoscale strain engineering of monolayer 
transition metal dichalcogenides (TMDCs) can be 
used to create SPSs at the spots where the material is 
strained [2, 3]. Among the different material systems 
that can be integrated with mature PIC technologies, 
2D materials offer a few significant advantages over 
other platforms. First of all, 2D materials can be easily 
interfaced with PICs using well-established transfer 
techniques [4]. Secondly, one can achieve very high 
light extraction efficiencies because the emitters are 
embedded in an atomically thin layer, avoiding total 
internal reflection. Furthermore, 2D materials can be 
easily integrated with electrical contacts to allow either 
electrical single photon generation or tuning [5, 6]. 
And finally, 2D materials can by now be grown with 
high wafer-scale uniformity, such that they can be 
matched at wafer level with underlying PICs  
[7, 8]. This truly could pave the way towards scalable 
fabrication of hybrid quantum photonic platforms.

In order to combine 2D-based SPSs with mature PICs, 
one needs to figure out whether the above-mentioned 
strain-induced emitters efficiently couple to the guided 

Figure 1: Silicon nitride waveguide (blue) on silicon dioxide bottom cladding 
(grey). A monolayer of WSe2 (orange) is transferred on top of the waveguide 
and the flake is excited using top excitation with a green laser (532 nm). The 
fluorescence (red) is either coupled to free space or to the waveguide.
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mode of a waveguide when they are transferred on a 
PIC. To this end, we investigated the platform depicted 
in Figure 1 [9]. It consists of single mode silicon nitride 
waveguides (blue) on which monolayer flakes of WSe2 
(orange) are transferred. The sample is then mounted 
in an optical cryostat and cooled down to about 4K (as 
single photon emission for these materials disappears 
at room temperature). Subsequently a green laser 
(532 nm) is used to excite fluorescence from the 2D 
material, and this fluorescence can either be coupled 
to free space or into the waveguide mode. The free 
space fluorescence was captured through the same 
objective used for excitation, while the waveguide-
coupled fluorescence was captured with a lensed 
fiber aligned with the waveguide output facet. We 
confirmed that there is a match between both spectra. 
Moreover, we performed second-order correlation and 
saturation measurements to effectively validate that 
the emitted light consists of single photons (Figure 
2 [a-b]). The time trace of a typical spectrum (Figure 
2 [c]) shows the stability of the fluorescence over 
time. To the best of our knowledge, this was the first 
experimental demonstration of 2D-material single 
photon emission into the guided mode of a single 
mode silicon nitride waveguide.

In a standard waveguide configuration (as depicted 
in Figure 1), a maximum of only 7% SPS emission 
will couple into either the forward or backward 

propagating waveguide mode. A fully deterministic 
source (one for which a single photon emerges at 
the output for each excitation pulse) requires a single 
photon generation efficiency (into the guided mode) 
of 100%. Hence, integrated cavities and/or adapted 
waveguide designs are necessary to boost the 
emission rate into the guided mode [10, 11, 12]. We 
performed a numerical analysis in order to assess the 
required cavity parameters that allow enhanced single 
photon extraction. Due to the relatively low quantum 
yields (on the order of 1%) that are typically reported 
for strain-induced quantum emitters in WSe2, near-
unity extraction can only be achieved for very high 
Purcell factors (>1000). If the quantum yield would 
approach 100%, then extraction efficiencies of 84% 
and 98% can be achieved for a Purcell factor of 10 
and 100 respectively. It is important to note that in any 
case a high intrinsic cavity quality factor is required, 
while the loaded cavity factor (due to the coupling 
with a nearby waveguide) can be much lower. We 
have therefore demonstrated that the investigated 
2D-based single photon sources can be combined 
with mature PIC platforms and can be enhanced by 
integrated dielectric cavities such that their complete 
emission is transferred to the guided mode of a bus 
waveguide [9].

Scalability moreover requires that the suggested 
approach is applicable at the wafer-level. In this 

Figure 2: 
(a) Laser scan 
image of the 
waveguide 
with the flake 
(triangle) on top. 
The red dots 
depict positions 
with single 
photon emitters. 
(b) Second-
order correlation 
and saturation 
measurement, 
confirming the 
single photon 
nature of the 
light. (c) Time 
trace of a typical 
fluorescence 
spectrum.
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respect, we are currently investigating the integration 
of wafer-scale 2D materials on top of silicon nitride 
photonic circuits. Large areas of WSe2 were 
successfully transferred on the patterned silicon nitride 
target substrate. Subsequently, the 2D material was 
etched to define small patches on top of the already 
patterned waveguide structures. After processing, 
no significant detachment of the 2D material was 
observed and the remaining patches still exhibited 
fluorescence at both low and room temperatures. 
This implies that the suggested technique can be 
readily used for the hybrid integration of wafer-
scale 2D materials with CMOS-compatible photonic 
circuits. No single photon emission was observed; 
however, for large-area 2D materials, we expect that 
improvements during the growth of the material could 
potentially resolve this issue. Alternatively, the required 
2D-patches could first be etched on the source 
substrate and subsequently transferred to the target 

substrate using transfer printing [13, 14]. This offers 
the advantage that less processing has to be done on 
the target substrate, potentially minimizing unwanted 
debris that may increase the overall insertion losses. 
At this point, it is still unclear which of the two 
approaches will provide best overall performance.

Conclusion
We demonstrated that single photon emission from 
2D transition metal dichalcogenides can be coupled 
efficiently with an underlying photonic integrated 
circuit (PIC). Preliminary experimental results on the 
patterning of large-area 2D materials on PICs have 
been obtained as well. In terms of market value the 
suggested approach offers the advantage that large-
area 2D materials, grown on the wafer-scale, can 
easily be integrated with an underlying photonic circuit 
and hence this paves the way to complete upscaling 
of quantum photonic circuits.

After processing, no significant detachment of the 2D material was 
observed and the remaining patches still exhibited fluorescence at 
both low and room temperatures. This implies that the suggested 
technique can be readily used for the hybrid integration of wafer-
scale 2D materials with CMOS-compatible photonic circuits
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Plug and play  
characterization
An integrated electrical test platform builds on the advantages of 
foundry services by offering chip-level test and characterization

BY AXEL SCHOENAU, MORITZ BAIER, FRANCISCO SOARES, GUILLAUME 
BINET, NORBERT GROTE, JONAS HILT, PETER HELLWIG, RONALD FREUND 
AND MARTIN SCHELL FROM THE FRAUNHOFER HEINRICH HERTZ INSTITUTE

THERE ARE MANY APPLICATIONS for the InP PIC. It 
is already deployed in sensing, telecommunication, 
biophotonics and signal-processing – and it may not 
be long before it is used in quantum optics, LiDAR 
and AI. This technology has much appeal in all these 
applications, due to its low cost and the opportunity to 
slash the size compared with classical optics. 

Manufacturing InP PICs involves several complex, 
costly processing steps. But this does not have to 
prohibit researchers at companies and universities 
from investigating this technology, thanks to the 
availability of photonic InP foundry services. By 
sharing wafer space with other customers, fabrication 
costs for a whole wafer can be distributed between the 
various parties (see Figure 1). Using a process design 
kit, each customer can place pre-defined building 
blocks of active and passive integrated components 
on the InP wafer according to the foundry’s design 
rules.

Many of these building blocks have to be actively 
controlled. Current sources are needed to control 
light sources, such as distributed feedback lasers 
and distributed Bragg reflector lasers, and also gain 
sections, thermal optical phase shifters and heaters.

In addition, there is a need for voltage sources, 
used to control electro-absorption modulators and 
photodiodes. PICs also feature appropriate metal 
routing, to facilitate probing and simplify wire bonding 
to either electronics or an interposer board.

If a customer does not require packaging, bare InP 
PICs are shipped to the customer in a gel pack (see 
Figure 1). On arrival, the customer has to undertake 
experimental verification of the prototype. That’s not 
easy, as it requires measurement equipment with a 
total price tag of several hundred thousand euros or 
more, and experience in handling PICs, to prevent 
them from damage. 
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To overcome these daunting obstacles, our team at 
the Fraunhofer Heinrich Hertz Institute has developed 
an integrated test platform for generic PICs. Our 
work builds on the InP PIC foundry services that we 
offer. Those working in this industry now have the 
opportunity to access foundry services that are no 
longer restricted to epiwafer growth and processing, 
but extend to test and characterization. 

Conventional PIC measurements
One of the expenses for engineers carrying out their 
own PIC testing is the purchase of a temperature-
controlled chuck. It is needed to house the PIC 
and provide mechanical stabilisation, which can be 
realised with a vacuum. Further expense may be 
incurred to couple a fibre to the PIC. If that’s required, 
equipment is needed for coarse and fine alignment. 
A translation stage for each fibre ensures coarse 

alignment to the waveguides or on-chip spot size 
converters, while fine alignment can be realised  
with piezo motors with sub-micron step sizes.  
An example of a PIC measurement set-up is illustrated 
in Figure 2.

A popular choice for the input light source for 
the PIC is an external cavity laser. It provides well 
controlled wavelengths and powers. Experimental 
set-ups also tend to include optical switches, used 
to direct out-coupled light to detection and analysis 
instruments, such as optical spectrum analysers and 
photodetectors. As testing may also involve electrical 
biasing and sweeps, there is the need for current and 
voltage sources, in combination with corresponding 
meters. To apply these currents and voltages to PIC 
building blocks, researchers often use probe needles 
(see Figure 3). 

Figure 1. A 3-inch InP based multi-project wafer containing customers’ PIC designs and test structures (left). Single PIC with metal routing 
for on-chip DC characterization of balanced photodiodes (BPDs) (top right). This chip contains distributed feedback lasers (DFBs), electro-
absorption modulators (EAMs) and photodiodes (PDs). Bare chips in a gel pack before shipping to the customer (bottom right). 

Figure 2. 
Schematic of a 
conventional PIC 
measurement 
set-up 
(left). Listed 
mechanical, 
optical and 
electrical 
systems (right).
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Measurements of data transmission require additional 
equipment, such as arbitrary waveform generators, 
pseudo-random bit stream sources and real-time 
oscilloscopes. If high-frequency measurements are 
to be made, RF-probes have to be placed on the PIC 
besides biasing needles. That’s tricky, requiring many 
probes to be positioned on a chip that is smaller than 
a finger nail. 

Simplifying evaluation 
Given all these challenges associated with evaluating 
a PIC, affordable plug-and-play characterization is 
highly desirable. We are giving this to our customers 
with our new PIC evaluation set-up, which we have 
named PIConnect. By featuring integrated laser drivers 
and general purpose current and voltage sources, 
it enables parallel operation of PIC building blocks. 
Researchers investing in a PIConnect receive a 
mainboard, which contains all sources plus a plugged-
in micro-controller board, as well as a PIC Board on a 
cooling stack to assemble the PIC (see Figure 4). 

The mainboard contains eight current sources, 
eight voltage sources, four laser drivers, and one 
temperature controller that supports a 10 kΩ 
thermistor temperature sensor. The temperature 

controller drives currents up to ±1.5 A.

Each of the current sources provides an output 
current of up to 200 mA at up to 5 V. Voltage monitoring 
is integrated. For the voltage sources, the output can 
be adjusted between -10 ... +10 V. The current, which 
has integrated monitoring, cannot exceed 20 mA. Laser 
drivers can deliver currents up to 200 mA at a maximum 
voltage of 3 V. For this first-generation product, all 
measurements are made with 12-bit resolution. 

To evaluate the PIC, it has to be mounted on the PIC 
Board and bonded to equally spaced pads. Connecting 
the PIC Board to the mainboard is done by a flexible flat 
cable containing 50 wires. The PIC Board is positioned 
on a cooling stack with a 20 mm by 20 mm Peltier 
element that enables precise temperature controlling 
through a 10 kΩ thermistor. Within this set up, the 
Peltier element is directly connected to the thermo-
electric controller on the mainboard (see Table 1 for 
details of the hardware specifications). 

To access the information generated by PIConnect, 
it is connected to a PC via Ethernet using a web 
interface. A Python-based graphical interface enables 
the setting of constant currents and voltages, and 

Figure 3. 
Electrical 
probing of a 
PIC with a 26 
needle DC 
multiprobe (left), 
RF probes and 
single needles 
contacting a PIC 
(right, image 
courtesy of 
Weiming Yao, 
Department 
of Electrical 
Engineering, 
Photonic 
Integration, TU 
Eindhoven).

Figure 4. PIConnect comprised of mainboard (that has 8 current sources, 8 voltage sources, 4 laser drivers (Thorlabs MLD203P1) and one 
temperature controller (Thorlabs MTD415T)) with a microcontroller board (SAME70 XPLAINED) and PIC Board integrated in an existing 
measurement set-up (left). Photograph of the PIC assembled on the PIC Board with a Peltier element and mechanical mounting plate (centre). 
Fibre coupling is undertaken using tapered fibres and piezo actuators. Glued and wire-bonded PIC on a PIC Board (top right) and pinout of the 
PIC Board bond pads (bottom right; shows only exemplary wire bonding). The pitch between two adjacent pads is 200 µm.
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applying sweeps within defined ranges (see Figure 5).
We recommend using predefined Python written 
functions when embedding PIConnect into an existing 
measurement set-up. Adopting Python’s Application 
Programmable Interfaces equips the user with complete 
control of automated measurements in the kilohertz-
regime – the only limit is the web interface speed.

Demonstrating capability
To demonstrate the capability of our PIConnect, 
PIC Board and mainboard are introduced to our 
existing PIC measurement set-up, which is shown in 
Figure 4. We use a polarimeter PIC as our showcase 
device under test. This chip has a Mach-Zehnder 
based structure, which uniquely maps measured 
photocurrents to the corresponding input polarization 
of the light. The polarimeter PIC works for wavelengths 
across the entire C-band and beyond, but here it is 
demonstrated at just 1530 nm. We presented the 
details of this PIC at OFC 2019.

During this test we launched 595 distinct polarizations 
across the Poincaré sphere into the polarimeter. The 

polarization states of the light are recorded using 
blue circles (see Figure 7). For this measurement, five 
integrated photodetectors are biased at -2 V, and at 
each polarization the photocurrents are recorded by 
PIConnect.

This test platform produces a mean mapping 
accuracy of around 1.8°. This low value highlights the 
competitive performance of PIConnect. We will offer 
PIConnect as an additional service to our customers. 
We know that they will welcome its introduction, as 
it is more than ten times more cost effective than 
the laboratory equipment normally used for PIC 
characterization, such as the combination of multiple 
dual-channel source meters, a Peltier controller and 
probing mechanics. 

Note that it is possible to use two or more mainboards 
in parallel. This offers a straightforward approach to 
scaling the number of laser drivers, and current and 
voltage sources. To adopt this approach, the PIC 
Board must be re-designed so that it can connect 
several flat cables.

Figure 5. Python-based graphical user interface for setting and getting measurement parameters. Single sweeps, saving and loading are 
also possible.

Table 1. 
Components 
of the 
mainboard with 
specifications 
and pinout.



34  WWW.PICMAGAZINE.NET  l  ISSUE I 2020  l  COPYRIGHT PIC MAGAZINE

FRAUNHOFER HHI

Further reading
M. Smit et al. APL Photonics 4 050901 (2019)

https://www.hhi.fraunhofer.de/en/departments/pc/
research-groups/photonic-inp-foundry.html

M. Baier et al. Appl. Sci. 9 2987 (2019)

M. Baier et al. “Fully Integrated Stokes Vector 
Receiver for 400 Gbit/s,” in Optical Fiber 
Communication Conference (OFC) 2019, OSA 
Technical Digest (Optical Society of America, 
2019), paper Tu3E.2. 

https://cordis.europa.eu/project/id/824980

Figure 7. Experimental results at a wavelength of 1530 nm using PIConnect. On the left is a Poincaré sphere, 595 target (blue circles) and 
retrieved (red dots) polarizations are visualised. The corresponding heatmap on the right shows the measurement accuracy Δξ of the PIC. Δξ 
gives the angular measurement error on the Poincaré sphere. For this measurement the average is 1.83°.

Figure 6. Integrated polarimeter PIC. Light is coupled from a fibre into one of the input ports on the left side. Five on-chip photodetectors (PDs) 
measure the photocurrents, and five thermal-optic phase shifters (TOPS) tune the configuration. The PIC further consists of polarization rotators 
(PR) and multimode interferometers (MMI).

We are continuing to work on simplifying PIC 
characterization. Through our involvement in the 
EU Horizon 2020 project InPulse – short for Indium-
Phosphide Pilot Line for up-scaled, low-barrier, 
self-sustained, PIC ecosystem – we are working on 
automated, standardised routines to characterise 
PICs. The test platform will be exploited to offer a rigid, 
predictable and reproducible verification mechanism 
for process design kit contents and customer designs. 

Together with the joint European platform for photonic 
integrated components and circuits (JePPIX), we 
will be offering PIConnect as an additional option 
to the customers of multi-project wafer runs. Our 
next step, enabled by general PIC design rules, is to 
make PIConnect available to customers using other 
foundries. A longer term goal is to integrate optical 
coupling and RF feeds, to improve the functionality of 
PIConnect. Through our efforts, lower-cost, simpler 
options for testing InP PICs are going to be available 
to more players within this industry – and that will help 
to grow the market for this technology.
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The benefits of 
multi-micron waveguides
Increasing the size of the waveguide on a photonic integrated circuit 
significantly reduces optical loss, boosts power handling and enables 
efficient coupling to the laser

BY AARON ZILKIE AND GREG FINN FROM ROCKLEY PHOTONICS

SILICON PHOTONICS holds the key to bringing 
photonic integrated circuits (PICs) to many more 
applications. PICs that sport silicon photonics promise 
to: increase the bandwidth and the power efficiency in 
data centres; provide low-cost, solid-state technologies 
for LiDAR operating at eye-safe wavelengths; deliver 
advanced computing solutions; and transform network 
communications, sensing and 3D imaging. 

Today, the majority of silicon photonics players 
are focusing their efforts on developing monolithic 
products, which integrate photonics structures 
with CMOS on a single semiconductor chip. At first 

glance this is an attractive approach. However, if you 
delve more deeply drawbacks appear. One of the 
biggest of these is that due to physical and economic 
considerations, CMOS silicon photonics is not going 
to fulfil its full potential and scale. Why? While the 
scaling of CMOS technologies delivers benefits to 
the performance of electrical circuits, success is not 
replicated with photonics. Instead, multiple issues 
arise, because key photonics structures struggle at 
sub-micron dimensions. There is also another major 
issue – the materials available within a traditional 
CMOS semiconductor process cannot support the 
implementation of every electro-optic structure. Take, 
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for example, the laser, which requires the processing 
of III-V materials. 

The technology that we have developed at Rockley 
Photonics takes into account all these issues. Our 
approach is to begin with a clean sheet – a completely 
different process flow, unconstrained by the limitations 
of legacy CMOS processes that have been optimised 
for VLSI electronic devices.

From this starting point, we have been developing 
and optimising a proprietary photonics manufacturing 
technology since our foundation in 2013. We are 
able to draw on a depth of expertise that goes back 
some thirty years, and is aided by our close working 
relationship with our foundry partners. The platform 
that we are pioneering has great versatility, offers 
broad applicability across many product applications 
and markets, and enables high-volume production.

Bigger is better
At the heart of our technology is the use of larger, 
multi-micron waveguides, which hold the key to 
optimising PIC performance, power efficiency, 
manufacturability and versatility. Compared to a 
conventional architecture, our platform has: up to ten 
times lower waveguide loss; a 25-fold reduction in 
performance variability, due to changes in waveguide 
dimensions; polarization independence; and a 
low-loss, monolithic, ultra-broadband fibre attach 
technology. 

By reducing propagation loss, our multi-micron 
waveguides enable PICs to serve the widest 
possible range of applications. We tackle the leading 
contributor to propagation losses, electromagnetic 
field scattering, which is caused by roughness 
in the sidewalls of the waveguide. Reducing this 
roughness is far from easy – a simpler approach is to 
minimise the transmitted light’s modal overlap with 
the side walls. This is what we do with our multi-
micron waveguides, to make them outperform their 
conventional sub-micron equivalents. Our waveguides 
combine improved confinement with a reduction in 
modal overlap with waveguide side walls – factors that 
also enable high integration capabilities.

In many applications, it is important for a PIC to have 
a high power-handling capacity. For example, with 
LiDAR, high output powers enable the generation 
of images at extended ranges and high frame rates 
– leading to the delivery of more photons on target 
down range. With silicon photonic chips, power-
handling capacity is limited by a saturation effect 
associated with the simultaneous absorption of two 
photons. This absorption loss is governed by the 
spatial intensity of the light in the waveguide, so is 
substantially different in sub-micron and multi-micron 
waveguides. In 3 μm waveguides, power can be 
30 times higher than it is in 220 nm waveguides 
before there is a 1 dB power loss due to two-photon 
absorption.

Another valuable attribute for 3 μm waveguides is that 
they support single-mode operation, which minimises 
dispersion and signal degradation. It may come as a 
surprise to some that our multi-micron waveguides 
are capable of this – and they do so while offering 
several advantages over a conventional sub-micron 
variant, including simultaneous realisation of low-loss 
coupling to standard single-mode fibre and III-V active 
devices, very low propagation losses, high tolerance to 
fabrication variations and polarization independence. 
The latter is realised by setting the waveguide rib 
width-to-height ratio close to unity, and ensuring that 
the transverse electric and transverse magnetic modes 
have similar values for the effective index. We produce 
PICs that have all these attributes and a range of 
waveguide sizes with cross-sectional dimensions from 
1 μm to 13 μm.

An additional merit of multi-micron waveguides is 
that they can realise tight bends. This is highly valued 
– designers want to produce high-density photonic 
circuits, so they are keen to avoid large bends that 

Simulation shows excellent confinement for single-mode light propagation in 
Rockley Photonics’ 3 μm-high waveguides. This single-mode propagation is 
maintained even if the waveguide is excited off-centre.

Bends in 
Rockley’s 3 μm 
waveguides.
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hinder compact PIC designs, waste valuable silicon 
space and result in larger chip and package sizes. 
Our multi-micron waveguides are ideal, as they can 
have tight bends while avoiding losses and mode 
leakage, because they provide strong confinement of 
the electromagnetic wave. To do this, we convert the 
rib waveguides into strip or wire waveguides in the 
parts of the circuit where tight bends are needed, and 
employ a special design known as an Euler bend in 
the high-confining strip waveguide.

It is essential to have precise phase control in circuits, 
to ensure excellence in filtering, switching and beam 
steering, and to fix the laser wavelength. Phase is 
influenced by the properties of the waveguide, such 
as its refractive index and its dimensions, including 
its length. If the waveguide has a non-uniform profile 
across a wafer, its characteristics will vary, leading 
to errors in phase and variations in the filter centre 
wavelengths.

We have shown through simulation and measurement 
that our multi-micron waveguides produce a far lower 
phase error and wavelength variation than sub-micron 
counterparts. For a 3 μm waveguide, the variation in 
effective refractive index is 20 to 40 times lower than it 
is in 220 nm waveguides.

Building blocks
In addition to developing multi-micron waveguides,  

we have created a portfolio of key building blocks. 
They include lasers, modulators, photodetectors  
and filters, all of which utilise the attributes of the 
platform.

To add a laser to our PIC, we have to integrate a III-V 
semiconductor device, because silicon is a poor light 
emitter. This addition is relatively easy for us, because 
laser diodes naturally also have a multi-micron mode 
size.

We attach the fully processed lasers directly, in 
a recess that we etch into the silicon waveguide. 
This facilitates edge coupling, which enables low-
loss and dense laser integration to produce PICs 
with a compact form factor, while still realising high 
manufacturing tolerances. This approach is also 
highly versatile, enabling us to integrate a wide range 
of lasers – different materials and designs – using a 
flip-chip die bonding approach.

The lasers that we add have excellent characteristics. 
They have very narrow linewidths and output powers 
that can exceed 50 mW at room temperature. Those 
with a hybrid distributed feedback design are tolerant 
to back-reflections, having up to -20 dB return loss 
at the laser facet. This is a very valuable attribute, 
as commercial lasers used in silicon photonics have 
to operate in the presence of multiple sources of 
scattering and back reflection.

Rockley 
Photonics 
manufacturing 
flow.

To add a laser to our PIC, we have to integrate a 
III-V semiconductor device, because silicon is a poor light emitter. 

This addition is relatively easy for us, because laser diodes naturally 
also have a multi-micron mode size.
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Our platform is also ideal for ultra-broadband 
applications. It can produce many-channel laser PICs, 
built by harnessing multi-cavity and multi-material 
wafer-scale integration techniques. We have also 
developed processes for adding electro-absorption 
modulators and photodetectors to our chips. These 
devices are critical components in products across 
multiple markets including optical fibre and datacentre 
communication transceivers. 

Through variations in voltage, modulators adjust the 
intensity of the output of the laser, encoding it with a 
high-speed signal. Combining these devices with 
sub-micron silicon waveguides requires costly, 
specialised processing techniques, and wastes large 
volumes of expensive III-V material. In sharp contrast, 
thanks to our multi-micron platform, we can employ 
standard, efficient III-V foundry processes. The 
modulators that result deliver excellent performance 
with state-of-the-art 50 Gbit/s NRZ and 100 Gbit/s 
PAM-4 signals.

Germanium photodetectors, which convert light 
signals back to electric signals, are also made in 
this platform with excellent performance. These 
polarization-independent, broadband devices have 
electro-optic detection bandwidths of over 40 GHz, 
sufficient for detection of 50 Gbit/s NRZ and 100 Gbit/s 
PAM-4 signals. 

Filters are an essential ingredient in PICs, performing 
functions that include wavelength-division 
multiplexing, a technology that enables high-
bandwidth data transfer. The most common way to 
realise this is to use arrayed waveguide gratings. This 
form of filter is far better with multi-micron waveguides 
than sub-micron variants, because the larger 
dimensions lead to a lower birefringence, polarization 
independence, and a reduction in phase errors 
and propagation losses. Thanks to these attributes, 

arrayed waveguide gratings, produced in our 
platform, provide high performance and repeatability. 
By incorporating Euler bends into these arrayed 
waveguide gratings, they are far more compact, 
opening the door to their integration into high-density 
PICs.

One of the downsides of forming PICs with silicon is 
that this material has a high thermo-optic coefficient, 
which hampers heat management. To address this, we 
deploy heaters that deliver around a 1 mW/π phase 
change – they can be positioned within waveguides 
to manage thermal energy.  In addition, with just a few 
additional processing steps, our arrayed waveguide 
gratings made with only silicon can be made 
temperature independent. These gratings produce 
almost no drift in wavelength due to temperature 
variation.

For many applications, optical signals need to be 
transferred from the chip to the fibre. This requires an 
interface between PIC waveguides and single-mode 
optical fibre. If the PICs are to be competitive in high-
volume products, this attachment should be low-cost, 
low-loss and simple to align.

We tick all those boxes, thanks to the use of a mode 
size that is in the same ballpark as that of single-mode 
fibre. A single-stage spot size converter enables us to 
mode-match between 3 μm waveguides and 13 μm 
waveguides, and then directly couple to single-mode 
fibre. Etching V-grooves into the silicon allows us 
to accurately align the single-mode fibre to 13 μm 
waveguides and also hold the fibre in place, creating 
the most simple and elegant fibre attach solution for 
photonic integrated circuits. 

Manufacturing merits
The strengths of our platform are not limited to its 
performance, but extend to its suitability for broad 

A well-diversified 
toolbox enables 
platform 
versatility.
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applicability, high-volume manufacturing and large-
scale deployment. These advantages are partly due 
to a production process that realises high yields, 
thanks to low device sensitivity to process variations. 
However, there are additional merits of our technology. 
It is capable of integrating a large number of 
components at a high density; it produces low optical 
loss interfaces; and III-V materials are integrated in 
an efficient manner. What’s more, data throughput 
densities can exceed 200 Gbit/s/mm, due to our high-
speed, compact, low-power modulator and detector 
technologies and interface electronics; and fibre 
coupling losses can be less than 1 dB with our simple, 
high-yield, high-throughput fibre attach assembly.

Using a complex manufacturing flow that involves 
many partners, we have also developed and 
implemented analogue, digital and mixed-signal 
electronics design and integration. This has enabled 
us to ship complete photonic chips and chipsets to 
serve different market sectors. 

Ideally, silicon photonic chips form part of a set of 
wider technologies, together with CMOS, BiCMOS 
and packaging. We are able to incorporate all of these 
in a complete chipset, making our multi-micron silicon 
PIC platform a strong candidate in many markets. 

One of these markets is data communications, 
where there is a rising global appetite for data-centre 
bandwidth. This is driving demand for in-package 
optics which involves integrating fibre-optic links with 
ICs. To enable edge integration, these ICs require 
high-bandwidth, compact PICs operating at more than 
200 Gb/s/mm, a specification we can satisfy. 

In addition, there is a need to keep pace with 
increasing bandwidth capabilities of switch ASICs, by 
scaling PIC modulators and detectors to higher data 
rates, while increasing their integration density. Our 

modulators and detectors are ideal for this task. Using 
our platform, transceiver PICs are smaller than 30 mm2 
– that is comparable to, or smaller than, those made 
using sub-micron photonic platforms.

With an optical power handling capability of over 2 W, 
our multi-micron platform is also well suited to sensing 
applications, such as 3D imaging and LiDAR. These 
applications can involve the transmission of large 
optical powers, and require fast, steerable, narrow 
beams for high resolutions at high frame rates. One 
strength of our platform is its demonstrated capability 
to implement coherent receivers, an essential 
ingredient for frequency-modulated continuous wave 
LiDAR. This advanced form of LiDAR collects 3D 
imaging and velocity measurements – data that is 
much sought after by those developing advanced 
driver-assistance systems and related autonomous 
technologies for the automotive and transport 
markets.

Another strength of our platform is its high light 
confinement. This allows many emitters to fit on a 
tight pitch, aiding design of optical phased arrays, 
which can provide fast steering when equipped with 
waveguide diodes with response times of 10 ns or 
less.

Using our technology, we have demonstrated a 
high level of integration with many photonic devices 
including: compact arrayed waveguide grating 
filters, hybrid lasers, and high-speed modulators and 
detectors. Our platform’s versatility, combined with the 
physical benefits it brings, enables our technology to 
target many applications, from data communications to 
sensing. Competitiveness in these sectors is assured, 
because we are able to leverage a key success factor 
that microelectronics also enjoyed: the ability to deliver 
economies of scale with high-volume manufacturing 
made possible by multi-market technology applicability.

Rockley’s 
platform 
serves multiple 
sectors from 
communications 
to sensing
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Toward high resolution 
multi-colour imaging
Wafer bonding opens the door to the fabrication of multi-colour, 
high-resolution imagers

BY SANGHYEON KIM, DAE-MYEONG GEUM FROM KOREA ADVANCED 
INSTITUTE OF SCIENCE AND TECHNOLOGY, WON JUN CHOI FROM 
KOREA INSTITUTE OF SCIENCE AND TECHNOLOGY AND EUIJOON 
YOON FROM SEOUL NATIONAL UNIVERSITY

DEPLOYMENT OF PHOTODETECTORS is on the 
rise. Those operating in the visible spectrum are now 
a key feature in smartphones, and variants detecting 
in the infrared are being used in surveillance and the 
development of autonomous cars.   

Product designers are selecting photodetectors that 
operate within a particular spectral domain to retrieve 
specific information. Detectors of visible light provide 
visual information our eye can see. Meanwhile, 
those operating in the infrared, where our eyes 
cannot see, offer details of the height of an object, or 
some chemical information – this is crucial in many 
applications. 
 
Recently, there has been great interest in 
simultaneous detection across different spectral 
regions. The development of multi-wavelength 
photodetectors promises to revolutionise sensing 
and imaging applications, such as gas detection, 
medical diagnostics, industrial surveillance and time-
of-flight sensors. By constructing overlapping images 
at different wavelengths, it is possible to generate 
more informative, more accurate, and more creative 
information. 

Downsides of multi-colour photodetectors, including 
those that have been recently reported and those that 

have been commercialised, are bulkiness and use  
that is restricted to the lab. The only approach 
to making them that has been commercialised 
is packaging-based integration. This involves 
the positioning, in a vertical plane, of a silicon 
photodetector for the visible and an InGaAs variant 
for the infrared. With this geometry, when light is 
separated by a diffraction grating, the differing 
spectral domains are directed at appropriate detectors 
(see Figure 1). However, adopting this approach 
hampers the production of compact, high-resolution 
imaging devices – the detectors are relatively 
large, and alignment accuracy is limited by the 
mechanical alignment between the silicon and InGaAs 
photodetectors. 

One alternative is epitaxy-based integration. With this 
approach, multi-colour photodetectors are formed 
by growing multiple active regions. This addresses 
the issue of bulkiness, but due to lattice mismatches 
between the different sections, the photodetector is 
impaired by high power consumption and degraded 
material quality. 

Additional alternatives involve transfer printing and 
adhesive bonding. But they are compromised by 
limited vertical and horizontal alignment, as well as a 
low pixel density. 
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A far better way forward, pursued by our partnership 
between researchers at Korea Advanced Institute of 
Science and Technology (KAIST), the Korea Institute 
of Science and Technology (KIST), and Seoul National 
University (SNU), is the monolithic integration of 
visible and infrared photodetectors. Employing wafer 
bonding and epitaxial lift-off techniques, this enables 
high-resolution, multi-colour imaging. 

Multi-colour capabilities
At the heart of our fabrication process is the wafer 
bonding technique. This low-temperature, low 
defective process allows us to unite different materials 
without having to address concerns relating to lattice 
mismatch (see Figure 2).    

We select GaAs as the light-absorbing material for 

visible wavelengths, and use InGaAs for infrared 
detection. Both detectors are formed by epitaxy: 
GaAs substrates are used for the growth of visible 
detectors, and those made from InP are used to make 
detectors operating in the infrared. To separate the 
GaAs photodetector from its native substrate after the 
wafer bonding step, we insert a sacrificial AlAs layer 
between the device and its substrate.

After growing both types of epiwafer, we deposit a 
layer of Y2O3 on both of them. This oxide is inserted 
because it is a suitable bonding material, and it has 
good material stability in the presence of HF, an acid 
used in the epitaxial lift-off process. After this, we 
undertake mesa isolation to enhance the speed of the 
epitaxial lift-off process (this process is detailed in our 
previous article, published in the June 2017 edition 

Figure 1. 
There are 
many different 
methods 
to fabricate 
multi-colour 
photodetectors.

Figure 2. Process flow for multi-colour photodetectors made from GaAs and InGaAs using wafer bonding and an epitaxial lift-off process.
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of Compound Semiconductor magazine). The two 
samples are then bonded together, and the resultant 
entity dipped in HF acid to separate the GaAs donor 
substrate from the stack of materials that contains the 
GaAs photodector, the InGaAs photodetector and the 
InP substrate. Finally, using standard semiconductor 
process technology, we undertake metal formation 
and mesa isolation.

Note that with our approach we form pixels after wafer 
bonding, using photolithography and etching. This 
allows us to use a small pitch, and create a high-
resolution photodetector (see Figure 3 for microscopic 
top-view images of fabricated pixels). One of the 

merits of the multiple pixel array, formed by vertically 
stacking two photodetectors, is that it delivers twice 
the resolution of a conventional approach. 

Scrutinising our structures with cross-sectional 
transmission electron microscopy highlights the 
good bonding quality and material quality between 
the layers made from GaAs, and those made from 
InGaAs. The quality of our stacked material is very 
high – it is nearly as good as the as-grown sample – 
and it leads to good electrical and optical performance 
for the fabricated photodetectors.   

Optical performance
We have broken new ground by demonstrating 
vertically well-aligned, multi-colour photodetectors 
formed from typical semiconductor processes. 
They detect from 400 nm to 1650 nm, a range 
so broad that it cannot be realised with a single 
absorbing material (see Figure 4). Measurements of 
photoresponsivity show similar levels for GaAs and 
InGaAs photodetectors, highlighting the excellent 
match between this pair of materials.   

The insulating Y2O3 film between the two 
photodetectors enables independent operation. 
Visible light is absorbed in the top GaAs 
photodetector, while infrared light passes through it 
and is absorbed in the bottom InGaAs photodetector. 
Simultaneous measurements from a single device, 
shown in Figure 5, demonstrate that we have made 
a promising step towards the fabrication of a high-
resolution, multi-colour imager, formed from high-
quality III-V light absorbing layers. 

Our next goal, the fabrication of imagers, requires 

Figure 3. Photographic top-view image and cross-sectional transmission 
electron microscopy images of the fabricated stacked GaAs visible 
photodetector and infrared InGaAs photodetectors. These images reveal the 
good bonding, and also the high material quality after the bonding.

Figure 4. The external quantum efficiency of the fabricated 
multi-colour photodetectors, highlighting very broad band 
absorption from 400 nm to 1650 nm.

We have broken new ground by 
demonstrating vertically well-
aligned, multi-colour photodetectors 
formed from typical semiconductor 
processes. They detect from 400 nm 
to 1650 nm, a range so broad that 
it cannot be realised with a single 
absorbing material
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the hybrid integration of photodetectors with readout 
integrated circuits (ROICs).

Often the integration is accomplished with indium 
bump bonding. This is quite a complicated process 
that includes thick indium deposition, reflow, flip chip 
bonding, and epoxy underfill. What’s more, it involves 
mechanical alignment between III-V imagers and 
ROICs, limiting pixel resolution.

We are pursuing a slightly different approach to 
integrating multi-colour imagers on ROICs. After forming 
the ROICs, our intention is to bond the first absorbing 
materials and then the second absorbing materials, 
processing them using mesa formation, metallization 
and so on. With this approach, we can draw on the 
benefits of lithography, which delivers the very precise 
alignment needed to form high resolution pixels. 
Our efforts have enabled us to make great progress 
towards the fabrication of multi-colour photodetectors. 
Combining light absorbing layers of GaAs and InGaAs 
by wafer bonding offers many advantages over 
conventional integration methods, including good 
material quality, CMOS process compatibility, precise 
alignment accuracy between pixels, and simultaneous 
broad band detection. 

When we realise our next milestone, the fabrication 
of high resolution, multi-colour imagers, our success 
will open up many new markets. That’s because 
there is a tremendous opportunity to develop many 
promising applications enabled by our technology, 
such as artificial vision sensors with coloured image 
recognition functions.

Further reading
D. -M. Geum et al., “Monolithic integration of GaAs//InGaAs 
photodetectors for multicolor detection”, VLSI symposia, p. T248 
(2019)

S. Kim et al. Appl. Phys. Lett. 110 153505 (2017)

Figure 6. A potential integration method for making multi-colour photodetectors 
on ROICs.

Figure 5. An illustration of the stacked multi-colour photodetectors, and plots of the photoresponse of photodetectors to visible and infrared 
excitation
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