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About Us

The Photonic Detection technical group is part of the
Photonics and Opto-Electronics Division of the Optical
Society. This group focuses on the detection of photons as
received from images, data links, and experimental
spectroscopic studies to mention a few. Within its scope,
the PD technical group is involved in the design,
fabrication, and testing of single and arrayed detectors.

This group focuses on materials, architectures, and
readout circuitry needed to transduce photons into
electrical signals and further processing. This group’s
interests include: (1) the integration of lens, cold shields,
and readout electronics into cameras, (2) research into
higher efficiency, lower noise, and/or wavelength
tunability, (3) technigues to mitigate noise and clutter
sources that degrade detector performance, and (4)
camera design, components, and circuitry.
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Find us online 9>/ Homepage

www.osa.org/PD

LinkedIn Group
www.linkedin.com/groups/Photonic-

Detection-Technical-Group-8297763/about

Photonic Detection (PD)

This group involves the detection of photons as received from images,
data links, and experimental spectroscopic studies to mention a few.
Within its scope, it is involved in the design, fabrication, testing of
single and arrayed detectors. Detector materials, structures, and
readout circuitry needed to translate photons into electrical signals
are considered by this group. Also included in this group is the
integration of components such as lens, cold shields, and readout
electronics into cameras. Research into higher efficiency, lower noise,
and/or wavelength tunability is included here. Additionally, techniques
to mitigate noise and clutter sources that degrade detector performance are within the purview of this group.

In the imaging area, camera design, componentry, and circuitry are considered.

Webinar on Computational Deep Learning Microscopy

Time: 2:00pm - 3:00pm EDT, Thursday 21 March 2019

Register today for this free webinar hosted by the Photonic Detection Technical Group.
Dr. Yair Rivenson will provide attendees with an overview of how the rapidly developing
field of deep learning is impacting biomedical imaging and simplifying diagnostic work-
flows. The presentation will be of interest to researchers interested in the cross-
disciplinary fields of deep learning, photonic detection and biomedical optics including
spectroscopy, holography, OCT, diffractive optics, tissue imaging, and bic-optics. The live
webinar will be recorded for future viewing on demand. Register Now >>

Announcements

If you are a member of the Photonic

Detection Technical Group and have ideas for
activities and initiatives to help engage this
community, please share them with the chair, Girija

Gaur.

View OSA Technical Group webinars on-demand at
any time or register for any of our upcoming
webinars online. Each webinar is an hour long and
features a technical presentation on a topic selected
by your OSA Technical Groups.

Join our Online Community
Linked [[1].

Work in Optics

r - Laser Spectroscopy | Opto-

1 > nc.
Fri, 09 Aug 2019 17:30:45 -0400

Search Jobs »


http://www.linkedin.com/groups/Photonic-Detection-Technical-Group-8297763/about
http://www.osa.org/PD
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Technical Group Activities

Special Sessions at OSA conferences such as CLEO and OFC.

~4 Webinars for this year!

Interactions with local sections and student chapters.

Interactive community for bringing together researchers across inter-
disciplinary fields for tackling advances in photonic detection
technologies.

Example: Panel discussion on Silicon Photonics for LiDAR and Other
Applications at OFC 2019 which had great turn-out and a lot of interest!
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Bending, Trapping and Slowing Down

Light Beams
for highly-efficient and ultra-fast photodetection

M. Saif Islam, Hilal Cansizoglu, Yang Gao, S. Ghandiparsi, Cesar Bartolo-Perez, A. S. Mayet, E. P. Devine
Electrical and Computer Engineering, University of California, Davis, CA, 95618 USA

Nibir K. Dhar, US Army Night Vision and Electronic Sensors Directorate, Fort Belvoir, VA 22060 USA

Aly F. Elrefaie and Shih-Yuan Wang, W&WSens Devices, Inc., 4546 El Camino, Los Altos, California, 94022 USA

W&Wsens Devices, Inc.
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Outline

®* How to make materials absorb more light than their natural limits

®* Explore device applications
® Detectors, sensors

®* Energy harvesting devices

* System level opportunities and CMOS integration

Saif Islam, University of California, Davis
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Light-Material Interaction

Reflection A%
. «—— Photon energy (eV)
Light L 2 i ey
A+B+C=100% 1x1083| Ly b 1y . Lo : .
Absorption B% \\ 1x107 35 Ing 7Gap 3As),64 Py 36
Heat : i
. 18 53§29 .7 As
1x106 5 L
Transmission C% o) 7
1x105 3
Reflected E
1104 3 I ]
3 LR 1
_ I |‘ |
1:105 —1——— |||| A \‘ .

Transmitted

Saif Islam, University of California, Davis
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Surface Texturing for Light Trapping & AR
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Saif Islam, University of California, Davis
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Saif Islam, University of California, Davis
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Enhancement in 2
absorption coefficient: n

Saif Islam, University of California, Davis



'Fundamental limit of nanophotonic
light trapping in solar cells

Zongfu Yu', Aaswath Raman, and Shanhui Fan'

Ginzton Laboratory, Stanford University, Stanford, CA 94305
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PNAS | 2010 | vol107 | no. 41 | p17491

Saif Islam, University of California, Davis
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Enhancing Light-Material Interaction

Single pass
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Experimental broadband absorption
enhancement in silicon nanohole structures w
optimized complex unit cells

Chenxi Lin,” Luis Javier Martinez, and Michelle L. Povinelli

Ming Hsieh Depa of Electrical Ei ng and Center for Energy Nanoscience University of Sout
California, Los Angeles, CA 90089, USA
*chenl@usc.edu

Power conversion efficiency (%)

Saif Islam, University of California, Davis
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Saif Islam, University of California, Davis
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Bandgaps
and less
slow modes

Slow Light and Guided Modes

Band diagram

3

Saif Islam, University of California, Davis

CMOS compatible
manufacturing

0.8 um<p<1.35 um for
800 nm<A<900 hm

p<450 nm for
800 nm<A<900 nm

A I

11
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Wave Optics Light Trapping Theory:
Mathematical Justification and Ultimate Limit on
Enhancement

KEN XINGZE WANG' ,YU GUuo?,SHANHUI FAN?'

ISchool of Physics, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China
2Ginzton Laboratory, Stanford University, Stanford, CA 94305, USA

“wxz@hust.edu.cn
Tshanhui@ stanford.edu

June 2019

Saif Islam, University of California, Davis
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Why Photons Need to be Trapped?

® Reduce cost for less abundant materials
® Improve cell efficiency with thin film (inhibit recombination)

® Using thinner absorbers in organic solar cells given their short
exciton diffusion lengths of about 3 — 10 nm

® Higher open circuit voltage

® 2D materials for photonics

Saif Islam, University of California, Davis

13
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Opportunity: 2D Materials Photonics

® Broad spectrum from the far IR

all the way to the UV
® Photo carrier lifetime is ~ps

®* Graphene absorbs ~2% of the

incident light over a

nature

photonics FOCUS | REVIEW ARTICLE

PUBLISHED ONLINE: 27 NOVEMBER 2014 | DOI: 10.1038/NPHOTON.2010.271

Two-dimensional material nanophotonics

Fengnian Xia', Han Wang?, Di Xiao®, Madan Dubey* and Ashwin R b ¥

Saif Islam, University of California, Davis
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Challenge: Enhancing Absorption in 2D Materials

® Strongly localized incident light to graphene through

plasmon excitation (energy loss in metals)

® Placing materials on waveguides

® Fabry-Pérot microcavity
® 2D PC defect cavities

® Dielectric gratings

Saif Islam, University of California, Davis
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4L L
- Micro/nano Wall (1D) and Pillars (2D)

Enabled Diffraction for Light Trapping

Phys. Status Solidi A 214, No. 3, 1600724 (2017)

Saif Islam, University of California, Davis 16
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1D Periodic Diffraction:
Micro/nano Wall Based PVs

1Y
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El am1.56 1-sun

Phys. Status Solidi A 214, No. 3, 1600724, 2017

Saif Islam, University of California, Davis
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Saif Islam, University of California, Davis

ZnO Nanowire Based PVs

ZnO Nanowires coated with

ZnO Nanowires AgGa0.5In0.5Se2 (AGIS)

*  Grow n-ZnO on anything
* Coat it with p-Chalcopyrite to form a junction
(AgGagslng sSe, - AIGS/CIGS)

Islam, Materials Chemistry and Physics, 2013

18



Highly-efficient and
ultra-fast
photodetection

19
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* 1 channel/cable

* Short distance and
signhal needs to be

amplified

SLEA -
FUNsubstance.com

20

Saif Islam, University of California, Davis
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Optical Network Paradise

® Many channels per cable
® Higher speed 100+ Gbps

® Few meters to 10s of Km

%

=L EL t_7/

Saif Islam, University of California, Davis

e R0\

21
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Fiber Optic Transceivers
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Saif Islam, University of California, Davis
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| Digi-Key Part
Number

AFBR-89CEDZ-ND

4
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4
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4

Saif Islam, University of California, Davis

Technologies.
Inc.

100 Gbps Fiber

Quantity
Manufacturer | Description | Available
®

Unit Price | Minimum

Quantity
»

TXRX
QSFP28 -
100GBPS [ $656.25000
850NM
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QSFP28
100GBPS $775.00000 tock
850NM
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it $1,625.00000 Non-tock
w
100G CFP2
SR10
TRANCEIVER © $1,875.00000 -
MODULE
2 1
CFP2 GEN2  Standdd
ESR10 TXCR Lead $2,031.25000 NO -Stock
10 Weeks
0
TXRXCFP  Standard
100GBPS Lead Time \3>:160-00000/Mon-Stock
10 Weeks -

Cables

= Part

T 2 5 20 0 S

Active 100Gbps 850nm
Active 100Gbps 850nm
Active 100Gbps 150nm
B Fox

New 10.3125Gbps 850nm
Designs

Active 100Gbps 550nm
Active 100Gbps -

FOXCONN

Advancing Through Innovation 23
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Current and Target Cost: Gbps Data

1000 4
inter-data center
100
“ 40 S—
7 ] i module-to-| -
o module
&) 1 4 _
S 0.1 a
l‘_“ 0.1 3 "~ Need: Integrated low-cost high efficiency and high bandwidth optical
interconnects on Si platform
0.01 4
] T L L AL A T T T T ——r
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Distance

Current market is dominated by GaAs/InGaAs photodetectors
Target: To reduce cost from10s of dollars/Gbps to 1 dollar/Gbps and even to $0.5/Gbps

Refs:
Kachris, K. Kanonakis, and 1. Tomkos, "Optical interconnection networks in data centers: Recent trends and future chall es," IEEE C ications M ine, vol. 51, pp. 39-45, 2013
E. Agrell, M. Karlsson, A. Chraplyvy, D. J. Richardson, P. M. Krummrich, P. Winzer, et al., "Roadmap of optical communications," Journal of Optics, vol. 18, p. 063002, 2016

Saif Islam, University of California, Davis

24
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Global traffic in datacenters

= 2 folds growth in 3 years

" 3 folds growthiin 5 years (forecast) Global data traffic by destination

2 5 Data Center \Within Data Center
to user 71.5%
14.9%

20

Data Center
to

Zettabytes 15 Da:a3 F);,Zter \

per Year

2016 2017 2017 2019 2020 2021

Global datacenters’ traffic growth (CISCO 2018)

Saif Islam, University of California, Davis 25
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memorcuons | Jnprecedented pace of big data growth

* 90% of the world’s data has been created in the last 2 years alone.
®* Most companies only analyze 12% of the data they have.

®* By 2020, there will be more than 50 billion smart connected devices in

the world, collecting, analyzing and sharing data.

* Bad data costs the US $3.1 Trillion annually.

* Al's impact on marketing is growing, predicted to reach nearly $40
billion by 2025.

® |oT will save consumers and businesses $1 trillion a year by 2022.

Saif Islam, University of California, Davis 8/18/19 M. Saif Islam 26


http://bigdata-madesimple.com/exciting-facts-and-findings-about-big-data/
http://bigdata-madesimple.com/exciting-facts-and-findings-about-big-data/
https://www.cisco.com/c/en/us/solutions/internet-of-things/overview.html
https://hbr.org/2016/09/bad-data-costs-the-u-s-3-trillion-per-year
https://hbr.org/2016/09/bad-data-costs-the-u-s-3-trillion-per-year
https://hbr.org/2016/09/bad-data-costs-the-u-s-3-trillion-per-year
https://www.tractica.com/wp-content/uploads/2016/08/MD-AIMF-3Q16-Executive-Summary.pdf
https://www.grazitti.com/blog/top-10-big-data-facts-infographic/
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Evolution of Broadband High Power Photodetectors

Saif Islam, University of California, Davis

Surface-illuminated
Photodetector (SIPD)

!

Waveguide
Photodetector (WGPD)

!

Traveling Wave
Photodetector (TWPD)

Paradigm shift:
High-speed photodetectors with large absorption volume are desired

Limited frequency-
efficiency product

Limited by RC

Limited by velocity
mismatch

S S S aroama

Optical
signal
Transmitter RF circuit design

Digital controd design

- Mechanical design

Electrical signal

27
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Photodiodes: Speed & Efficiency
EQE 1 Speed'

Fast

1 InAs lInAs
- = <« Photon energy (eV)
Fast Detector 2> 10,000 InGaAs 5403 2 I 45 08 07
'y 3 GaAs oLyl i1 . L7 ;
S :
N — -
= i 14107 3
" 3
ks y 1
= 1106 <
3 = Sb e@) ]
N-Si 0 - |
© 1:105_=
= o= 3
o = I
% e ]
i-silicon 2 . % RUE
QO |
() GaAs ]
: Slow y
T T T 02
Si Ge P n STA Sb InSb
GaAs
GaSb S. G
Relaxed lattice constant I €

T T T T T T
054 0.56 0.58 0.60 0.62 0.64 0.66

P-Si Lattice constant (nm)

Slow Detector

28

Saif Islam, University of California, Davis
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Silicon is a weak absorber close to band edge
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Saif Islam, University of California, Davis 29



UCDAVIS High-speed and High-efficiency trade-off
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Saif Islam, University of California, Davis
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L Fiber Optic Transceiver: Integration Challenge

nsmitter RF circuit design

g 3998898 T\ s

Digital control design

Mechanigal design

Single

4x1 Array

Saif Islam, University of California, Davis
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Hybrid Integration on Silicon

Silicon photonics chip

/

Photonic IC chip

Whirlwind, MIT, 1952

InP/GaAs PD

1mm? of processes Intel chip: $0.03
= each PD/LD will be $0.0003

Saif Islam, University of California, Davis

32
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What is the solution?
EQEI Speedl
Increase absorption in Si a

i-silicon

Commercial Make silicon faster u

Detector

EQE 1 Speedt
Fqsf Detector

Saif Islam, University of California, Davis 33
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Bandgaps
and less
slow modes

Slow Light and Guided Modes

Band diagram

3

Saif Islam, University of California, Davis

CMOS compatible
manufacturing

0.8 um<p<1.35 um for
800 nm<A<900 hm

p<450 nm for
800 nm<A<900 nm

A I

34
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Innovative Approach: Parallel-to-interface Refractive Modes

Photonic crystals (PC) enable flat absorption by exciting parallel-to-interface refractive (PIR) modes

Light incident at nearly normal incidence is refracted into PC modes propagating nearly parallel to the
air-PC interface

PIR modes enables light trapping and harvesting

PIR modes have a long lifetime and slow group velocity inside the PC. This increases the interaction

time between light and materials.

|
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=@ Planar 10 um Si
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o

Gao, Cansizoglu, et. al; Nature
Photonics, 11(5), p30, 2017

Sajeev John & Shawn-Yu Lin, 2016 a5

Saif Islam, University of California, Davis


http://www.nature.com/nphoton/journal/v11/n5/full/nphoton.2017.37.html
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Funnel nanohole, top view

Light Bending & Trapping
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Funnel nanohole, side view

Y. Gao, H. Cansizoglu, K. G. Polat, S. Ghandiparsi, A. Kaya, H. H. Mamtaz, et al., "Photon-trapping microstructures enable high-speed high-efficiency
silicon photodiodes," Nat Photon, vol. 11, pp. 301-308, 05//print 2017.

Saif Islam, University of California, Davis

36



UCDAVIS

UNIVERSITY OF CALIFORNIA

Light bending at 90 degrees
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p**-Si (0.2um) [contact] <

n**-Si (0.2um) [contact]

Parallel-to-interface Refractive Modes in a PIN photodiode

Cylindrical etching

Funnel-shaped etching

Sii-layer (2um) [Active]

SiO; (2um) [BOX layer]

Inverted pyramid etching

Saif Islam, University of California, Davis

Planar device (control)
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Parallel-to-interface Refractive Modes in a PIN photodiode
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Y. Gao, et al., “Photon-trapping microstructures enable high-speed high-efficiency silicon photodiodes,

” Nature Photonics, 11(5), 301-308 (2017). 39
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Absorption in 2um Silicon
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Photon Trappin

Structures

KOH wet etch followed
KOH wet etch by deep reactive ion
etch (DRIE)

Reactive lon Etch (RIE)

Y. Gao, H. Cansizoglu, S. Ghandiparsi, C. Bartolo-Perez, E. P. Devine, T. Yamada, et al., "High Speed Surface llluminated Si Photodiode Using Microstructured Holes for Absorption Enhancements at 900-1000
nm Wavelength," ACS Photonics, vol. 4, pp. 2053-2060, 2017.

Saif Islam, University of California, Davis

Saif Islam, University of California, Davis
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Pillars

Funnels
Holes

(Hexagonal lattice)

Funnels
(Square lattice)

Saif Islam, University of California, Davis
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Photon Trapping in Different Number of Holes
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Measured Quantum Efficiency in Silicon Photodiodes
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Enhancing a:

Improved Photon Materials Interactions

10" 5

== Si

Absorption Coefficient (1/cm)

1] =——Gahs -
] == Siwith holes .-
10" 200 400 600 800 1000
R I 1‘ . I ’,a”/
/ egular materia \ o Wavelength (nm)
€
S
N
&

Image: J Harris, Stcmfordj

Gao, Y, et al. ACS Photonics, 4 (8), p2053 2017.
Gao, Y., Nature Photonics, 11(5), p301, 2017

Saif Islam, University of California, Davis
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Absorption Coefficient (1/cm)

Saif Islam, University of California, Davis
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Saif Islam, University of California, Davis
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Enhanced Optical Absorption coefficient
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S. Ghandiparsi, et al., “High-Speed High-Efficiency Photon-Trapping Broadband Silicon PIN Photodiodes for
ShortReach Optical Interconnects in Data Centers ”, Journal of Lightwave Technology, 2019 (Under review).
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Capacitance Reduction by Holes
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Saif Islam, University of California, Davis
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Photon-trapping microstructures enable
high-speed high-efficiency silicon photodiodes
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SCIENTIFIC REPS}RTS

OPEN . Effectively infinite optical path-
length created using a simple cubic
_photonic crystal for extreme light

e trapping
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Same Material, but Faster and Higher Efficiency

Saif Islam, University of California, Davis
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Ge on Si
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Photon-Trapping in Even Thinner Si;
With MSM PDs

Saif Islam, University of California, Davis
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Si MSM: Integrated Holes Enhance Absorption
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Photon-Trapping in Even Thinner Si : MSM PDs

Saif Islam, University of California, Davis
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MSM Lateral Structure Experimental Results
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MSM Lateral Photodiode: Experimental Results
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Fundamental limit of nanophotonic

light trapping in solar cells ;

Zongfu Yu', Aaswath Raman, and Shanhui Fan'

Ginzton Laboratory, Stanford University, Stanford, CA 94305
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Toward Integrated Receiver
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Saif Islam, University of California, Davis
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Performance [Gb/s]

Saif Islam, University of California, Davis

Ultrafast Si Transceivers for Data Centers

-Monolithic integration
-Compact
-Low-cost

Monolithic

Existing 100G

Existing 25G

Proposed 400G
Using existing tech

-Hybrid integration
-Costly

-Limited
performance
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Gain in PD devices at 8 50nm
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For silicon, we expect to have lower excess noise with electron injection

Future work: Optical and electrical simulation must be coupled

Saif Islam, University of California, Davis
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Solar Cells with Holey Silicon
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Table 1. The performance of 3Cs by designing with
different lattice design size/period

Hole Size Vs l2z FF Eff.
diameter/period (V) | (m&) (%) 2
Top-Flat 0.42]0.029 EE.U( 4.18
1300/2000 D
(Hexagonal) 040 )0.042 | 6798 | 597
700/1000 =N
(Hexagonal) 0.38 | 0059 EE_U( 769 »
13002000 (Square) | 0.39 | 0.039 EU.‘LEQT'EE—
700/1000 (Square) | 0.39 | 0.060 | 62.74 | 6.88
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U Design photodiode integrated with TIA circuit:
® Find a convenient CMOS technology with required features.

= Adopt the device structure with CMOS available features.
Deep trench isolation

to create nanohole array

L Simulation:

= Evaluate device performance integrated with TIA circuit.

= Optimize the design based on simulation results.

=T

1000 ohm-cm Handle Wafer

Saif Islam, University of California, Davis 72
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