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Photonic Toolset and Photonic IC Design Platform
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Photonics and PIC Technologies Emerging in many Areas
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VCSELs, fiber sensors, LIDAR

Wearables, Lab on a Chip

prospective




Key Challenges In Photonic IC Design & Manufacture

For the Tool For the Designer For the Foundry

* Photonics has “RF-like” behavior + Historically the “domain of experts” » Photonics process and PDKs are

* Needs curves, not corners  Electrical models and simulators immature

» Uses waveguides, not wires are inadequate for photonic devices » Curvy data impacts layout, OPC and
* Unique physics and signal attributes * Manual layout mask-prep

* Fragmented flows

— Low Performance and Yield
— Low Productivity
— Human Error

BRIGHT
PHOTONICS
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Synopsys Photonic Design Automation Solutions
Increasing quality of results, reducing errors and improving efficiency of photonics design

RSoft Photonic Device Tools OptSim PIC Solutions

n'
i |
|
\I

Photonic Photonic
Systems ICs

Photonic

Devices
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Synopsys provides Industries first Unified E/O co-design Solution

OptoCompiler — interactive design cockpit UNIFIED ELECTRONIC & PHOTONIC PLATFORM
— Complete custom/AMS capability
— Photonic-aware layout synthesis Circuit Simulation Design Cockpit
— Exclusive Photonic Design Features OptSi _
— Seamless abutment i i i O tOCOm Iler
PrimeSim Continuum

— Photonic auto-align

— Assisted Waveguide Routing

— Photonic DRC & LVS with IC Validator Device Design Physical Verification
Photonic Device
Compiler IC Validator

OptSim — photonic circuit & system simulation Sentaurus TCAD

— E/O co-simulation with PrimeSim

Photonic Device Compiler — device design The industry's on|y unified
— E/O co-simulation with Sentaurus TCAD eleCtrOniC & phOtOniC plathrm

— Automated photonic PDK and library development
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OptoCompiler provides
PDK driven Schematic Driven Layout (SDL) Design Flow

Schematic Tape out

Concept

Schematic capture and simulation
Layout implementation
Back annotation and re-simulation

Design rule checking and layout versus schematic verification
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OptoCompiler uses
modern and easy to use design environment, familiar for IC designers

g Library Manager iy testl-think schematic " test schematic £ [dle test layout
Tools Design View Add Edit Check Options Utilities SDL Window Help

S EE-EEHESAAAY AR[RR L agdhid % 3% £ I S..ftest/schematic  Sel: 0 full

) History: @ 1 )

Property Editor 35X

[ Photonic wire _ _
Electrical pin : 2 |@

Current Design
== 7 Attributes
[ Prompt Value
= Library Name Test
Cell Name
View Name
P Symmetry none
(= 5
) Check Options x
¥| Optical Net Chec Message Warning (e Error ¥ Dynamic
Photonic pin
=
15
4 N\
Photonic

connection check

» Properties

» Connection Assignments

Components from Photonic PDK
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OptoCompiler provides
Interactive layout with productivity features for photonics

o G0 Library Manager
Tools Design View Hierarchy Create Edit

X: |139.470 Y: |-87.540 DX:

SEE-da@ @

nd, | History: [3J

1
“ B & B HHES

Display of
photonic pin
properties
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Q2R EHghd R

test layout

Query Options Verification Window OptoDesigner Help

DY: Dist: 0.000 Sel:0 3 = full $~/|W -~ @ G % & ~DRD: | off

20 B 20 Z0 | STestitest/layout [0 4| 32|24

Seamless abutment

Native support for curvilinear shapes

* | #; Rule Set: | default ~

% '&'\9 » »

Auto-generate connectors ]

| ek
D1 2 3 4 5 6 7

LPPs | Layers | Objects

Al gl vald |

-
strip int
- strip pin
E rib drawing
m rib int
rib pin
- nim drawing
- pim drawing
- np drawing
- PP drawing
- npp drawing
- ppp drawing
Bl genpp drawing
- heate drawin g
] metall drawing
[iE| metal2 drawing
. o Armasimea he
| B strip drawing
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OptoCompiler provides

back annotation to enable post layout verification

-
]

G5

Library Manager

(

-181.155

|ldentify and solve |-
mismatch of B-Eee@ Y
photonic parameter
\_ in schematic
NN

ign Navigator

aja
B s
K Name ~ Master
161 roConnector...
162 roConnector...
& 163 roConnector...
- 164 roConnector...
165 roArc
A v 166 roComposite...

=

DX:

testl-think schematic
Xesign View Hierarchy Create Edit Query Options Verification SDL Window OptoDesigner Help

DY:

ARQAQEHHAD

4o i;‘a N QA o

Terms

Parameter
crossSection...
crossSection... g
crossSection... g
crossSection... g
crossSection...
crossSection...

d, History: 53 Q & L [} f= & [J

Groups

Mismatch

K

ik test schematic s test layout

N - s W

i symbolic Editor with Chaining
& Symbolic Editor with Matching
"2 Pick and Place

Dist:  0.000 Selo 3 3 full

‘o 2% B ab I S Testtest/layout

Manual Correspondence
Instance Mapping...

1a] Fit

i&@ Select in Design

2l Fix Mismatch

- Back Annotate Parameter
Fix Soft Macro Mismatch

@
[

&

Flatten »
Recover

/B Create Template

View Name
Cell Type
Symmetry

» Properties

Cell Name

[Shon Transact...

Back annotation

from layout to
schematic

Object/...

L -strip drawing

Pro...

-

Y synorsys

© 2021 Synopsys, Inc.

11



OptSim enables

seamless circuit and system simulation and analysis

Supports Optical,
Electrical and
Logical Signals

Session Setup Variables Outputs Simulation Results Tools Window Help

& & Testbench/State: OptSim_default History Point: 1

Electrical Simulator;

OptSim
M Value
25
15 WaveView - - OptoCompller
Scatter  Histogram = % ——
b+ aveView
- File  Waveform Tools
b(/I5/output) % Update
. _ _ bi/i6foutput#1) | open EESt "
- - Waveform g 0 poand .
Electro-Optical co-simulation bU/S/output) D &l &
d WaveForm
v Enable Filter: -
= (G) DOtran tran
. ~ [ toplevel
Netlist Format: e HSPICE Spectre =h

[z x16

Equations
» (3 DOnullnulll

PrimeSim HSPICE =
PrimeSim HSPICE

FineSim
PrimeSim SPICE

=

E/O co-simulation
with domain specific
engines

Y synorsys

Filter: =

@ X19.v(output)

= t:  default| = All

4 Test osc_Tx_Rx_PAM4 OptSim_default - PrimeWave - OptoCompiler

| r—
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# Key Bindings
% Bus Mnemonic Map o

Font. 1 Undo

Al Redo
Full Scal

(L Full Scale .| o6 petete all

L X Variable | i Select View -

e

32

© 2021 Synopsys, Inc. 12



Custom Photonic Design
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Photonic Device Compiler supports
Photonic device design, PDK and custom library development

Design, simulate, and optimize passive and Create Symbols, Layouts, Simulation Models

active photonic devices and LVS information

Industries Iargest\

set of tools and

m eth Ods ! i n CI u d i n g Device Geometry Electronic/Optical Simulation
B P M y F DT D y RSoft CAD, OptoDesigner SPT, RSoft Photonic Device Tools,

GDS, Python, S-Process S-Device (interface to

R CW A (interface to Sentaurus TCAD) Sentaurus TCAD)

Custom PDK Utility: Component Cell Creation and Automation Flows

Model Data

S-Matrix, Neff(A),
Loss, Bandwidth, »

Responsivity, etc. Automated Cell Creation

Symbol, Layout, Model,

and LVS views

Device Geometry Cell Spec File Model Data

Optionally, any view can come
from other sources, including

S-Matrix, Neff(A), an existing cell
Loss, Bandwidth, ’

General Settings, Ports,
OptoDesigner SPT, GDS Parameters, etc. o
Responsivity, etc.

== () power_W=z0e-§

= i) power_W=0

Denotes user input

Automation for PDK and
custom device creation

Interfaces with
Sentaurus TCAD,
CODE V and LightTools
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Photonic Device Compiler supports
Photonic device design, PDK and custom library development

Parameter Extraction

RSoft CAD, Sentaurus TCAD, All Passives:
OptoDesigner SPT, (S-Device), * S Matrix
Sentaurus TCAD, (S-process)  RSoft Photonic * Neff (Lambda)
GDS, and/or Python Device Tools Phasehiters
Modulators: ]
Foundry Device Electronic * Neff (Lambda) Schematic Capture,
Technology Geometry and Optical « Neff (V) Simulation, Layout,
Info Simulation « Bandwidth Verification
Detectors:
* Responsivity
* Bandwidth

* Generates: Symbols, Layouts, and Simulation Models
Generation of: Symbols (icons), Y y

. * Enables: Custom design within the Foundry Design Rules
Ports, Scripts, Layout (SPT, GDSII) - Improves: Flexibility, Quality, and Efficiency

Y synorsys ©2021 Synopsys, Inc. 15



Example: Tunable Lattice Filters for Detector Array

« Cascaded MZI coupler

elements can be tuned to
different wavelengths via
adjustable delay length d

* Different cascade
designs can be used as
optical filters before
detectors to create a
multi-channel detector
array

Y synorsys

n couplers

A, A2 -

port 1

-30
1360

- : port 3
!\dl N R\ 7:(\ 7\ 9 (through)
por‘[ 2 J_ ,W r V V onrt4

A2

A (drop)

Koji Yamada, at el, “Silicon-wire-based ultrasmall lattice filters with wide free
spectra ranges,” Optics Lett., vol. 28, No. 18, pp. 1663-1664, Sept. 2003.

*_18th

' 17 th

d=0 50 100150 200 O 50 100 150

1400 1440 1480
Wavelength [ nm ]

1520

Power (a.u.)

10

-10 -

-20 | "

Simulated Filter Transfer Function vs Delay (d)

1 d (nm):
0 -

-30 -,

0 50

100 150 200

T
1360

L L
1400

‘ T | T | T | T ‘ II ‘ T | T | T | T T
1440 1480 1520
Wavelength (nm)
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Example :

Device Overview

* The Building Block (BB) to construct the device is a
single MZI coupler shown on the right.

* Synopsys Photonic Device Compiler used to generate
transfer function for BB.

* Filter formed by cascading several coupler BBs

* 6-stage cascaded MZI couplers are used to balance
ER and bandwidth requirements

* Resulting device:

— Is tunable: Adjusting delay line length (d) changes

— Is small: A 2.5um bend radius — overall length less

— Has a large free spectral range (FSR)

Y synorsys

dropped wavelength

than 100pm

unable Lattice Filters for Detector Array

Component Model of
Single Coupler (BB)

Ge'n'e'rated SQI\/Iatrix for the BB .

[#] S-Matrix Viewer - [LatticeFilterBB_optsim_data_master.txt] l l‘:' =l ﬂh‘
File Edit View Help
¥R P @
wout o [1 =] [a =] Plot vs: | Wavelength =l Fomat Nom  ~| _ OpenPlat
Transfer from In Port 1
10
0.9 - .
0.8
0.7 —
0.6
0.5
0.4
0.3
0.2
0.1 I
Database Info L T’_—J'_'_'_' 1
E‘:Lms :ﬁ \gnat\rng: oot Wavelength {um)
|X: 0.8069 Y: 0.91154
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Example : Tunable Lattice Filters for Detector Array
Circuit Schematic and Layout: OptoCompiler

 Schematic

Input1 Outputi

Input2

LEEIJBH:I%
zagieyI43ymeT
cagIeNI4PmE]
FEEJBlI:I%HJ
SEHJmH%u'J
gaweuﬂ&uj
L)

Output2

* Layout

Y synorsys

© 2021 Synopsys, Inc.

18



Example : Tunable Lattice Filters for Detector Array

OptSim Simulation Results (Using S-Matrix data from FullWAVE)
e Left: Through and Drop port Spectrum with FSR ~100nm+ (at delay length d=0)
* Right: Drop port Spectra for various delay line lengths

30 Drop port Spectra for different delay line lengths (nm)
] 1.0

E ' 0-9 7 ¢=0 ¢=200
] 0.8

T 0.7 4
i -
T ] < 06
O ] @ 0.5
8 10° S 04

a 04 -

N 0.3

] 0.2

0 - 0.1 _
] 1, \ N
T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T I T 0-0 — £ Vi Rkl
147 150 153 156 159 162 165 146 148 150 152 154 156
X10-8 x10-8

Wavelength (m) Wavelength (m)
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Example: Tunable Lattice Filters for Detector Array
4-channel Detector Array using both Foundry and Custom PDK Elements

1540.2 nm
waveguida il waveguida si5 photadatectordigital1
_ 1 1 ; Cutput!
apsunyBendSine_SE1 spluther' 7 g 5 = =g E'_J " ‘—m
I = 3 3 2 . 2 2 1526.0 nm
= ; 1 waveglida_si2 = R B S th @ waveglide_sié pholodatectar_digital2
L h L P - Qutput2
— edge_coupler_sil  spliter_3port |si : = 2 = = =4 E'_J :I '—m
P I:I — e | 2 2 | E 1511.8 nm
1 — waveguida_si3 =i = i % 3 % waveguida_siT pholodatector_digital3
T { ' { ' . . Output3
apsunyBendSine_SE2 splltter' Ig' = Ig' Ig' = E—J " ‘_m
= ﬂ Z g ] : : 3 1497.6 nm
= - 1l waveguida_sid :_5 = :—‘n % = % waveguida_si@ pholodetector_digitald
_ -. Qutputd
= Ria = =ia =ia =iay =ig WU —H
k o oL@ : = R B L J
Y Y Y Y
input coupling 1:4 splitter 4-channel filtering photodetection
AIM PDK AIM PDK Custom PDK AIM PDK

 6-stage cascaded MZI couplers are used to balance ER and bandwidth requirements

« Adjustable delay lengths d = 50, 100, 150, and 200 nm accommodate center channels of 1497.6,
1511.8, 1526.0, and 1540.2 nm, respectively

« Standard AIM Photonics PDK elements provide input coupling, signal splitting, and photodetection
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Example: Tunable Lattice Filters for Detector Array
4-channel Detector Array Eye Diagrams

. . x108 x10%
Test Circuit: 1497.6 nm 1511.8 nm 0
I n | _ Esigpu_e“_ m § _.
CWLaerj ExtMod_3 | SigPIt i\”iiﬁ’@ i
B _
.m Extod 4| SigPit 4 4-Channe| Time (s) Time (s) o
’ S 7 ) ime (s
n . detector-array PIC x10° 1526.0 nm x10® 1540.2 nm
(I} ] ji
« 25 Gbps NRZ operation
* Approximately -8 dBm launch I
power per channel
- Open eye at all four wavelengths prepesasess R
x107" %1011 00
Time (s) Time (s)
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Example: Tunable Lattice Filters for Detector Array
4-channel Detector Array Layout

input coupling i T ——— s @:E;'
AIM PDK J / """"""""""""""""""""""
_______ ‘—d:c<l — i_—] _| —‘ —‘ "‘ '—‘ .._‘ E_ _"
| - jr | T AR [ T—
- .
D 1 NSV VS e R m _
| ' SR I I _ -
Y L

1:4 splitter 4-channel filtering photodetection
AIM PDK Custom PDK AIM PDK

» Custom photonic components behave like foundry PDK components and follow the same schematic-
driven layout (SDL) flow
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E-O Co-Design
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Electronics-Photonics Cosimulation

 Motivation:

— Many applications require electronics to drive photonics (e.g., transceivers)
— The transition from pluggables to co-packaged optics is inevitable

...............................................................................................................

Electrical Component on Optical Components on
: Electrical die a Silicon Photonics die
Electrical : i
Interface E i :
R -IlllllllllIllllllllllllllllllllllllllllll-

____.__...-__’. .....................................................................................................

Optical Interface

— Modeling bidirectional photonic circuits as electronic circuits (Verilog-A,...) is

too much pain with too little gain

— Commercial electrical circuit simulators and photonic circuit simulators are
mature today (i.e., no need to model photonics as electronics unlike in past)

Y synorsys
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OptSim: Electronics-Photonics Cosimulation

* Philosophy:
- Provide intuitive and seamless E-O schematic creation (Electrical + Photonic devices in the same
Schematic)

- Free designers from manual, error-prone cross-domain interventions

" ——mriitElectrical Hierarchy
(analogLib)

Modulator Driver (analogLib)
- S‘/HUPS\/S ] © 2021 Synopsys, Inc. 25




Testbench: Setting up E-O Co-Simulation

« Atestbench is a simulation setup for the schematic under test
* PrimeWave Design Environment enables management of testbenches

Ay |l [ ] - N%  DFM Mzl optsimib D R B ]
I Variables Outputs Simulation Results
— o4O w ariables Outputs Simulation Results Tools Window Help
- Design... ) . . .
@ show Design e | & & TestbenchyState: OptSim_default History Point: 1 PrimeWave Design Environment
Shift+5S
72 Envirgnment Options E Status: Simulation Completed OptSim Jobs: 40 (Data Points: 40) History
4 Analysds... A Variable v Value Analysis Type  En Value
& Model Fikes... M temp 25 corners v Total:2, enabled: 2
Include Fikes... L1 um 100.0 » Monte Carlo Monte Carlo v Iterations: 20 Start Iteration: 1
= : b tran tran ¥ Bit Rate: 1E10 Points per Bit: 5 Pattern Length: 7 Bandwidth: bitRate * 2~ paintsPerBit Ti...
L2 um 120.0
@ External Imajes... filter_center_nm ] Anal ys is
& Convergence Aids. .. o Click to add . .
4 stimulus Generytor... Desi gn Variables

£ Simulator\- TestMC/DFM MZ| OptSi I EIEENIR:

ts  Specifications =~ Scatter = Histogram = Q-Q  Parametric Reduction

Simulators

_ . Output v Expression Value d % Plot Type Plot Color Bl
Simulator: OptSim v b(AL/input#1) s v ¥ auto | v
Netlist Format: Eirrlwrggii;m oc_opt_pow{attenOut, /19/output#2) o] v/ V| scatter m v
Results Directory: LiNeSim VCS oc_opt_powifilterOut, /I7/output) s v ¥ histogram v
¥ oc_opt_pow(ml, /I7/output) Probes at nodes and nets e v v scatter v
. Spectre add Plots
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Results Analyzer and Waveform Viewer: E-O Waveforms

- Wavevtew o+

File ~ Waveform  Tools  Configuration 2mO0
% Upd . - ®_ Radi & Und
N _Fu _é;ﬁta.te . 3 %)E(y\g Diagram —|.'_Cur.sor' —HRédlx‘ fou = m:zdz |E
] = E i "'I.r'rl J e i T Wave Table Tabular T L@Acnon' 4= Sighame - XDeIeteAII o
I Xprassion - alue haal ;rffrr:\? View View %Ellimg;ir:” ¥ |# Display . [T Height_ | Utilities | Axis _ [l Select View . Settings _
i b(/I0/output#1) PV AREC AN
. b{Nl/output#1) o v v &8> BEtextrical and Optical Waveforms at Probes in PrimeWave WaveView
I b(/13/output) o "IRAI I ® geaeaee tmMAEnLiEN ah ExE B xp
- e . .
| b(/I5/output) A ARRCARC _400n _500n J
- b(/110/output) o v vl
S S b "
al XI10

Filter:~| = All

b(/10/output#1)
& b(/Iljoutput#1)
(&) b(/110/output)
& b(/13/output)
& bl/5/output) N 0onTn)
3008
200R8
1001

03

) T
sec (lin) 0 100n 200n
4
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Summary
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Synopsys’ Differentiators Enable Fast & Accurate Results

Photonic TCAD

Photonic Layout

Photonic Synthesis Photonic Expertise

+ Industry’s largest

- - = photonics development

— ﬂfﬂ \% and support team with

100s of person-years’
S

r‘?& o ST experience

+ 1500+ photonic tape-outs
supported

Photonic Device
‘Compiler
Sentaurus TCAD

@ Unified Workflow

1 ox UNIFIED ELECTRONIC & PHOTONIC PLATFORM

@ Integrated DRC & LVS

ZOX =

@ E/O Circuit Simulation

On target results for multi-

Up to 10 times faster from
schematic to layout

Up to 20 times faster from
layout to verified design

wavelength and
bidirectional signals

"With the Synopsys platform, we were able to SR LR InERfelulr I nE (ol (R ORI EIR G Reylld]

"Rockley's unique photonic chipset technology with silicon photonics at its core is driving the growth of

EVINA I CETEY QS ML ERTRGLIE " said Dr. Radha Nagarajan, CTO and SVP, Platforms at Inphi

Corporation. "Due to its productivity features and ease of use, we have successfully used OptoCompiler

for tape-outs."

Y synorsys

integrated optical components in healthcare, machine vision and data communications," said Andrew
Rickman, chief executive at Rockley. "The PDA platform Rockley has created by utilizing [@]sits®slyls]|[=]g
allows our engineers to define, simulate, lay out and verify Photonic ICs quickly and efficiently to meet our
s[TETNWEL R L NS TR Synopsys' technical support has been instrumental in ensuring Rockley met
its tape-out goals. We look forward to additional efficiency gains by expanding our use of Synopsys'
Photonic Solutions tools."

© 2021 Synopsys, Inc. 29



S\/I'I[IPS‘/S

n to Softwa

Thank You




