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Imec USA

Opened in 2016

500 acre technology district part

of Osceola County’s NeoCity initiative
located in Kissimmee, Florida

Partnered with Skywater for fabrication

Pursuing R&D in
*Silicon photonics

*Highspeed-RE-electronics

b A0} s e

“Healthcare in space
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Local photonics eco system

IMEC HQ, LEUVEN, BELGIUM

wm  lMec

Currently, more than 60 members
Photonics, Optics, Precision, Material, Electronics,
Measurement, Manufacturing, Publishing
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Technical content
1. imec silicon photonics platform
2. Electro-photonics

3. Programmable photonics



IMEC SILICON PHOTONICS PLATFORM



Silicon Photonics Technology Platform

INTEGRATED ON A SINGLE 200MM OR 300MM WAFER

Silicon WDM filters

Low-loss high-density passive waveguide circuits

56+Gb/s Silicon Ring Modulator

Edge Coupler (<2dB)

SMF Grating Coupler (2dB/5dB)
l;;g;' "'l 133334, Jl'i{-_

=

el

50Gb/s NRZ

Fully Integrated Silicon Photonics Platform for 1310nm/1550nm Wavelengths
« Low-loss Passive Silicon Waveguide Devices and Fiber Coupling Structures

« 56-128Gb/s (Ge)Si Modulators and Ge(Si) Photodetectors

50Gb/s NRZ
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Integration technology

» Versatile, scalable, mature platforms accessing new materials

Microfluidics
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* 55nm SiGe BICMOS technology
* Silicon Photonic modulator

Packaging

| NI o o o o
|n||| ml ”‘; o o © © ©
AT -- - —_—— 9.9 9 O

50 Gbaud TDECQ*=2.52 dB 53 Gbaud TDECQ*=3.78 dB.

SiGe driver array Silicon Photonic IC

TSV-enabled Hybrid FinFET CMOS - Silicon Photonics Technology
for High Density Optical I/0
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Electro-photonics



Electro-Photonics

Consider the best mix of electrical and optical technologies

ve,

v

v
«J4
4

N
= Mature industry

Softwa. ¢ Programmable

. ibili i | Processing
= High flexibilit Algorithms Contro -
¥ ’ —_— Field-Programmable » Large bandwidth
ectronic : ;
=  Easy access to memory [ Digital Processing

Algorithms AEENE TINE = Energy efficient

Sl i = Strong potential for innovatio

Interfaces

Prof. Arthur Lowery’s ARC Laureate Fellowship, “The Electro-Photonic Interchange:
A new green platform for communications signal processing” (2013—2018).
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The 15t photonic Al computer

* Self-contained system

* Does not rely on lab environment
* Runs MNIST image recognition

* Better than 97% accuracy

oRy
%@F\/’ ’ 94.3%
: ,..'_’/\ . '/:"\\ :
‘; - \@

Lightelligence Optical

Electronic Chip Chip Improvement
Latency 100 ns 1-10ps 10,000X to 100,000X
Energy Efficiency 1 TOPs/W > 100 TOPs/W > 100X
Through-put 30 - 100 fps > 10,000 fps > 100X
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RF Self-interference cancellation
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High-spectral-efficiency Tx/Rx

Key components of an optical transport network

Reconfigurable Optical
Line interface | Add/Drop Multiplexer
[e.g. 200 Gbit/s) (ROADM]

Client interface
[e.g. 100 Gbit/s)

IP routers

Optical transport system
[e.g. 100 x 200 Gbit/s]

IP routers
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Optical pulse shaping

K. Lee, C.T. D. Thai, and J.-K. K. Rhee, Opt. Express 16(6), 4023-4028 (2008)

Y-K. Huang, D. Qian, R. E. Saperstein, P. N. Ji, N. Cvijetic, L. Xu, and T. Wang, OFC 2009, paper, OTuM4.
A. .J. Lowery & L. B. Du, Opt. Exp., 19, 15696-15704 (2011)

J. Schroder, et al., J. Lightwave Technol., 32, (2014) pp. 752-759

Baud Rate
i

“White” Spectrum
I

. 4 .

™

i,
28
3.
4.

Comb Source

N-WDM OFDM Single-Carrier

4

. .« N-WDM OFDM Single-Carrier
Electrical shaping (e.g. 25 Gbd/s) Optical shaping
« Fast DSP * Wide spectral range
.«  Fast DAC (50GSa/s) + Slower modulator
«  Fast Modulator * Passive optical processor
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All-optical OFDM

Super-channel spectrum H™od H
bzl

O
|| l * Mod: modulator

Grating Waveguides
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- Arthur. J. Lowery and Liang B. Du, Opt. Exp. 19(17),

15696 (2011).
Arthur. J. Lowery, Opt. Exp. 18(13), 14129 (2010).

Waveguide
-_/—' modulator

taper taper : Time
Input A4 Al

% [ modulator '—"k‘r’—.
L F

Time Delays —+3AT m=4
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optical OFDM transmitter

(a) Photograph of OFDM Tx Silicon - unec (b) Photograph of packaged OFDM Tx

\\@R!
W W

RF conne tors

1T

I/O coupler

eguERRORNa0N0AEARRE FO 00 rraye.
Modulator array JVERUl
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- ; @ 00 b hgnGan® > U onim terminatorsi T S LRI
" FFslabl.
PP Tost structures
. 4.8 mm g
Modulator characterization AWGR characterization
10 5 ' ‘ T 1
0 L _ éa)7 654321 08"
o 13dB = g 0 e Ideal
S 10 7] g Eo0s impulse response
— = = -5 5 for an FFT
@ 20 s ] H £0.4 1
~ Su 7] a-10 o
9 .30 Bk J 0.2
-40 Bl - - -15 , , o
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Y. Xie et al., OFC2017, W2A.9
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Nyquist-WDM-superchannel ROADM

Key components of an optical transport network

Reconfigurable Optical
Line interface Add/Drop Multiplexer

[e.g. 200 Gbit/s] (ROADM)
Client interface \\ / \ l

[e.g. 100 Gbit/s)

IP routers

Optlcal ne\twork

Optical transport system
[e.g. 100 x 200 Gbit/s]

IP routers
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Nyquist WDM superchannel

Silicon Nitride
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Nyquist WDM superchannel
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Tuning element M MZI >< 2 x 2 coupler m Delay line spiral Q Ring resonator

Y. Xie etal., JLT 36(13), 2619,
Proof-of-concept demonstration (4 delay arms) 2018
0 S
rpr=o|FPR=a] )
sl |
)
o
%20
" lah
d

-05 -025 O 025 0.5
Frequency (x FSR)
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Picosecond pulse processing using a
THz-BW reconfigurable chip

binary-tree-structured 16-arm array 16 X 8
8 X 16 coupler circuit (tunable) 16 €7 coupler circuit
15 (-7 1 @
14 C 7 2
13 C7 3
12 (=7
11 (==
10 (/7 )

(@ 1

Inputs

AN w s e N oo
Q
B

15
Tuning element MZI 2 x 2 coupler Delay line spiral
g

Nyquist pulse generation;
* 40 GHz bandwidth near rectangular spectrum, and sinc pulse with width of 25 ps

Clock rate multiplication;
10 Gpulse/s to 20 Gpulse/s or 40 Gpulse/s
Arbitrary waveform generation;
 Ramps, steps, sinc, square, random binary bit pattern
Tunable delays;
 0-100 ps delays
Multi-path combining;
10 Gpulse/s to 40 Gpulse/s

Nanophotonics -2017-0113

23
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Programmable photonics



General-purpose signhal processor

Telecommunication

Visible light Bio-photonics
differentiator combmer Spectral shaper 1 g
OFDM decoder

g -; = ) - 0 =, J @ -t - STE il ““ i »
' Spectral e ; A . ;
/  slicer - = - &= manipulator
‘.-IT@B R ) . ¢

Healthcare Freq“ency , B Sensor
interleaver &=

Radio-over-fibre Cross
receiver connect

Quantum
technology

Time-bin
pe— entangler
Lasercawty

Frquepcy SOA-MZI Unlock new
discriminator ~ Beamformer array switch  (de)multiplexer capabilities
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Programmable waveguide 2D mesh network

KF’GA Structure
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/ Basic circuit
components

. FIRfilter

-~ \f\
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N _“IR fiItey
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In1 ¢U Out1
In2 == = Qut2
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C11 = -C22 = -jexp(2-2) sin(2=2h)exp(j2nfAq)

C12 = Ca1 = -jexp(P=2%) cos(2=2H)exp(j2nfAq)
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Mesh lattice

@ 120°
Ra Ra =l

@ =60° o=60°

o a=90° -y

D. Pérez et al., Opt. Express
24(11), 12093, 2016

a=120"

Figure of Merit

Triangular

Hexagonal

ORR cavity spatial tuning resolution step
in BUL units
(the lower the better)

3

2*
The first step has a
resolution of 6

MZI arm imbalance spatial tuning
resolution step in BUL units
(the lower the better)

2

ORR reconfiguration performance (the
higher the better)
(for X=25BUL)

MZI reconfiguration performance
(for X=25BUL)

Switching elements per unit area
(the lower the better for a fixed value of
reconfiguration performance)

Replication Ratio for ORR structures up to
16 BUL cavity length
(the higher the better).

Replication Ratio for MZI structures up to
12 BUL cavity length
(the higher the better).

Laccess/Laccess square %
for a fixed Ra
(the lower the better)

+33.33%

+0.00%

Ra/Rasquare %
for a fixed BUL
(the higher the better)

+0.00% +50.00%
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Field programmable photonic array: reconfigurable core

0.5

N ;
Field-Programmable Photonic Array v Q‘ SN :
I| |1 (x| IZ| (= | - \"
P 7\ ~ % -
Photonic Units ’ Sk W I
/0 BUL= 1315 um - n=192

g
_|_____ dl
\ ‘ “

High-Performance Building block
Input/output ports

-

s DG
Programmable

Pk, B UNIVERSITAT
ERlIS?) PoLITECNICA
&5/ DE VALENCIA

:.;;E:;";:E Photonics
Research
% Labs

D. Pérez, et al., "Multipurpose
silicon

photonics signal processor core,"
Nat. Comms, 8, 636, (2017).
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Future perspective

; ; D. Pérez, |I. Gasulla, J. Capmany, “Field-
photonic arrays ” Optics Express, Vol. 26, no. 21,
p.27265, (2017)

Tier4: Software
& Control

Tier3: RF-mmW

Tier2: Electronics

Tierl: Photonics

Optical
Source(s)

HPB
High-Performance Building Blocks:
» Delay line array
»  Narrowband High-Q filters
*  Amplification
*  MUX/DEMUX
»  Electro-optic Modulators

OPTICAL PORTS m=  Electrical signals *  Photodetectors

Control Electronics & Software == Optical signals *  Optical sources
Control signals

(11) souoa309|3
paads ybiH pue 44
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Future hardward platform

LETTER

40nm CMOS 4x20Gb/s
Transceiver

imec Silicon Photonics Chip

Single-chip microprocessor that communicates
directly using light

40nm Foundr
v

3 a
Co-packaged ASIC -
& Photonics

ASIC w/ photonics 28nm CMOS 50Gb/s Transmitter
iy} ~

Towrne 3

1o UNIVERSITY OF CALIFORNIA
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Conclusion

« Combining signal processing in both electrical and optical domain brings
clear benefit for transmission capacity and power efficiency

 Field programmability increases the potential for applications of optical signal
processors

« Advancing in hybrid electronics-photonics integration technologies promise
a robust hardware platform
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Thank you for your attention

leimeng.zhuang@ieee.org
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