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Agenda

Photonic Designer

* Challenges in Photonic Design

* Introduction to Photonic Designer
 How do we address the challenges
« Demonstrations

 Achieving model accuracy using digital

twin
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Photonic Design Flow Challenges

Issues cited by industry leading photonics design teams

o Predictive SImMUlatioON
Software A

» Lack of accuracy

» Capturing the underlying physics
» Fast simulation

 Achieving yield

Software B

2.5D
Simulator Layout

3D Tape-out

Simulator

Circuit
Simulator

* Photonic Design Workflow
* Fragmented solutions

 Manual efforts — lack of automation

Simulation

* Design & Test Eco-system
* Not an easy way to correlate design and test results

« Using measurements to update models
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Key Features

Electronic Photonics Design Automation (EPDA)

» Best-in-Class Models
« Unprecedented accuracy Models & Design

Micro Ring Resonators & Modulator Unprecedented

Model
Accuracy

Simulations & Layout
Micro Ring Resonators & Modulator

Best-in-class
simulation technology
and flexible workflows

» Leverage platform

* Integrated PIC workflow in ADS (schematic, layout,

simulation) Models &

Photodetectors Design Simulations
* Integrated circuit and system (Dataflow + ADS circuit 3 Layout
simulation)
* Integrated EPDA (E-O-E) workflow PIC Design Flow
- Foundry program experience e e e

Design
& Test
Validations

 Design and test engineering lifecycle
» Modeling, characterization, model extraction from

Characterization

& Tests

Achieving Industry Leading

measurements expertise preccive Charcietzaen
« Standards compliance (400GBASE-LR8, CEI-VSR- = {Canrslon ehrean
PAM4. etc ) iﬂmeasurementi E-O-E design, simulation and measurement flow

» Keysight Requirements Verification Suite

« High frequency application expertise
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Photonics Design Cycle

Schematic Simulation Layout Generation

jJ MRR - Simulations
& {%as
e ADS
ed ‘
g - e
e oie 15—
;
o
=
=
o
w
2
E -20
w
[l
=
T ‘llllllllllll\ll\lllllll
1.50E-6  1.51E6  152E6 1.53E6 1.54E6  1.55E-6  1.56E-6

Wavelength (m)

Model refinement based on
analysis

Yield Analysis Sim. Vs Measurement Chip/wafer level characterizations‘

MRR - Simulations Vs Measurement (MC) MRR - Simulations Vs Measurement

>

e Simulations.
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Photonics Design Cycle

Schematic Simulation

MRR - Simulations

Layout Generation
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All design steps in a single platform - Advanced DeS|gn System (ADS)
‘1 a

Model refinement based on
analysis

Yield Analysis Sim. Vs Measurement Chip/wafer level characterizations‘

MRR - Simulations Vs Measurement (MC)

MRR - Simulations Vs Measurement
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Use Cases

« Component Design
* Photonics components design
» Accurate models

» Circuit Design
« Circuits using components
* Photonics subsystems

« System Design
« System using the circuits

ANV KEYSIGHT



Use Cases

« Component Design
* Photonics components design
» Accurate models

» Circuit Design
« Circuits using components
* Photonics subsystems

« System Design
« System using the circuits
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Components Design
Photo Detector (PD)
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Demo Sllde prowded for

ADS
. the storyline purposes
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Use Cases

« Component Design
* Photonics components design
» Accurate models

» Circuit Design
« Circuits using components
* Photonics subsystems

« System Design
« System using the circuits
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Circuit Design
Micro Ring Resonator (MRR)

ANV KEYSIGHT

Directional Coupler
Bend waveguide
Straight waveguide

Simulate the circuit
Modesolver




Circuit Design/Simulation

MRR Schematic
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e Simulations
* MRR on Golden

» Wavelength rang
* 1500-1560 nm
+ 1500 wavelength
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* Monte-Carlo (MC
* 1% variations on \i
(WG) width (443 r:
* To mimic variationg

WG thickness
« WG width
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o o Edit Instance Parameters

Library name: epda_lib
celname:  swg [ Swap Componser... |
View name:  symbeol

Instance name: swg2

Select Parameter

CoreWidth=Width_WG
WaveguideType="xstrip1”
WaveguideLength=20 um
TrenchWidth=4 um
WriteNeff=0
ModeSolverMesh="Coarse"

CoreWidth (Real, e.g. 1.25)

Nidth_WG MNone

Equation Editor...

Tune/Opt/Stat/DOE Setup...

(] Display parameter on schematic

Component Options... Reset
CoreWidth: Core Thickness: real and positive, range: 0.05 um to inf um
oK Apply Cancel Help

WmeguideLe;g{h:é e
GratingPeriod=0.6 um
DutyCycle=0.5
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the storyline purposes

@l SPARAMETERS I OPTIONS
..... S-8-A-SE BB EEEEEEEEDR

Edit Instance Parameters
Library name: epda_lib
dircoupler_sym

symbuol
Instance name: dircoupler_syml

Call name:

Swap Companent...

View name:

Selact Parameter

CoreWidth=Width_WG
WaveguideType="xstrip1"
Gap=0.25um

Length=Lc

k0=0.1

TrenchWidth=4 um
SbendOption="0"
ModeSolverMesh="Coarse™

CoreWidth (Real, e.g. 1.25)

Nidth_WG None

Equation Editor...

Tune/Opt/Stat/DOE Setup...

(] bisplay parameter on schematic

Component Options... Reset
CoreWidth: Core Thickness: real and positive: range: 0.05 um to inf um
0K Apply Cancel Help

Waveguidelength=5 um
Grating Period=0.6 um
DutyCycle=0.5



Demo — Slide provided for

the storyline purposes

Circuit Design/Simulation

Results
MRR - Simulations Vs Measurement
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Circuit Design/Simulation

Results including Monte Carlo

 Measurements
* Golden PIC MRR structures

* 1:1500 — 1560 nm

 Monte Carlo -> WG width variations
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‘ Transmission (dB)

ADS

Demo — Slide provided for

the storyline purposes

MRR - Simulations Vs Measurement (MC)
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Use Cases

« Component Design
* Photonics components design
» Accurate models

» Circuit Design
« Circuits using components
* Photonics subsystems

« System Design
« System using the circuits
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EOE simulation
PAM4

PAM4 Signal Q
Generator
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EOE simulation

PAM4
I_DC
power_heater
o Idc=0 mA
VDamd i S
[Crama source F— w0
PAM4_Source T "™
X1 L= = L ) pan B
— parasitics_mrm Pt -
parasitics_mrm?1 Mout @ - V DC
L1=50 pH R3=1.1 orfm S fiber . se - + | SRC?2
C1=4.9fF R4=23KOhM  mrm1 Fiber1 § oraslic.pd = Vdce1.0V
C2=8.8 fF lambda_in=lambda fLength=30000 meter od barsitio pdl -]
C3=31F i0=1e-09 A N=1.45 pd1 L=12 pH-
Ca=41F Cj0=1.026e-14 F Loss=0.3 Rs=1 Ohm C1=18 fF
R1=10hm Vbi=0.8 V Cj0=1.5¢-13 F 02=1 fF
R2=3.893 kOhm Radius=8e-06 meter lambdaPd=lambda R=10 Ohm
kappa=0.1726 tau_drift=3.12e-12 sec pd
lambda_r=1.55648e-06 meter T=300
Vbi=0.67 V — Term
bfact=1.0 Term1
Num=1
Z=50 Ohm
| = | I VAR -
optical_source ﬁu:‘ ENVELOPE VAR1 =
optical_source1 tstep=1/envbw
Wavelength=lambda E;::Ieape baud=15e9
- = *
Power=1 mwW Freq[1]=flambda tstop tst_ep symbols
symbols=10000
Order(1]=1 envbw=5*baud
::opj::op flambda=c0/lambda
ep=tstep lambda=1.556542e-06 meter
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3 PAM4 Signal

dBifs(re(Vparasitics[0])))
dB(fs(re(Vpam4[0]))

Demo — Slide provided for

the storyline purposes

EOE simulation
PAM4
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High Speed Digital + Photonics Workflow

Pre-Layout
HSD Model
Creation

Sy,

Pho;onics
Circuits/com-
ponents

‘ DA (4 e Y ]
Y AL

Photonics PD
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Design & Simulation Physical Test

- s
J—— E

Post-Layout Virtual
System Compliance
Analysis Testing

iif- AN

Post-Layout
EM
Extraction

Pre-Layout
System
Analysis

Compliance
Testing

Extemal
S-parameters,
SPICE models

Enterprise Layout
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Summary

Photonic Designer
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