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Who we are

Lumerical Solutions

> HQ in Vancouver, Canada, since 2003 (?/”merica/

o Design software for photonic technologies
o Circuit and physical simulation tools

Mentor Graphics
o HQ in Wilsonville (Or.), USA, since 1981

o Solutions for full flow custom design methodologies

o Leader in physical verification solutions

PhoeniX Software
> HQ in Enschede, the Netherlands, since 2003

o Chip design for micro and nano technologies

PhoeniX Software

Solutions for Micro and Nano Technologies

o Physical simulation and layout generation
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Why integrated photonics?

Electronics market is mature
o Total electronic components markets is > 500BS, with IC’s ~250BS
o Electronics Design Automation (EDA) market just under 10BS

Mature (silicon) electronics industry comes with
o Fabless business model dominant
o Good array of foundries (TSMC, GF, Jazz, IBM, etc.)
o Well developed EDA industry (Synopsys, Cadence, Mentor Graphics)

Existing technologies are reaching bandwidth limitations

o Power consumption (heat) dominated by data transfer rather than
computing

o Density
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/

‘Photons will merge with electrons

- Market need drives transition to integrated photonics solutions
*  Datacenters and High Performance Computing
*  40G/100G/400G, FTTH
*  Microwave photonics (5G, nextgen wifi, LiDAR, ...)
* (Bio-)sensing

- Photonic Integrated Circuit market today relatively small (220MS)
*  Market size x4 by 2019, still only 0,4% of global IC market size
*  Today mainly InP based, performance driven

- Integrated photonics enables the transition by leveraging
IC manufacturing technologies
*  Cost effective manufacturing (in volume)

*  Functions integration
*  High density

- Photonics technology is considered to be strategically important
*  Multiple BillionS value in ‘transactions & investments’ recently
*  Photonics will become a significant part of the electronic IC market
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There are many similarities between
electronics and photonics

- Fabrication: thin film technologies, lithography

- Design flow: verified mask layout design as final step

- Photonics is where electronics was in the 80’s
* Transition from PCB to (silicon) IC

Large number of (small) fabs providing manufacturing capacity
* Many software suppliers, each covering parts of the design flow
* Emerging standardization in processes and tools

(de)multiplexers x 11 BN
PIN x 100
and routing

\ Single Photonic
) Integrated Circuit

Za Fraunhofer
Heinrich Mertz Instiute

4
@anncy_‘r =z
PHOTONICS

Source: IBM

FBG sensor unit

coeee
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With some key differences

Photonics industry today is dynamic and fragmented

- Wide variety of materials and technologies
* Si/SOl, InP/llI-V, PLC, TriPleX / SiN, LiNbO3, Polymers, ...
e Hybrids, 3D stacking, SiP

- Scalability roadmap is unknown
* Typical line-widths: 0.15 — 4 micrometer
*  Number of components: 10’s — 1000’s per chip (relates to 10k — 1M primitives)

- RF-like or analog behavior (telecom C-band is 1530 — 1565 nm ~ 193 THz)
* Design closely related with fabrication ,, RE————

* Process and temperature dependencies T AR il

Source: Kaiam

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015



There are many similarities between
electronics and photonics

Fabrication: thin film technologies, lithography
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If you need a PIC, where do you go?

- You need an application specific PIC

Fiber to the Home Medical Datacom Sensor
Wireless Bio-imaging Switching Readouts

Please note that electronic ICs have paved the road for 50 years

- You need to decide on material and foundry
* Options: InP, Silicon, or TriPleX (excluding PLC and LiNbO3)

- Also need to decide on MPW vs. a custom run

*  MPW reduces costs, but custom runs might be needed in the end
(for volume and/or for unique performance)
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Decide on material

SOA

e e —

Fabry-Perotlasers

e | | ]| O [ [ ]
Tunable DBR lasers

=

Multiwavelength lasers

[}

Picosecond pulse laser

Active materials (lasers...) | Switches & modulators
only possible in InP possible in InP & Silicon
+

Phase modulator

- .-

Amplitude modulator

WDM crossconnect
WDM add-drop

Passives possible in InP,

Silicon, and TriPlex

-

MMI-couplers
MMl reflectors

AWG-demux

[

Ring filters
e
Thermo optic
phase modulator
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Decide on foundry

Multi Project Wafer runs versus Custom runs

- MPW users all share the same generic fabrication process
* Cost sharing: multiple designs at same mask/wafer
* Imposes limits, but comes with a library of building blocks
*  “Lego” building blocks allow for virtually all PICs
*  >500 PICs developed in generic fabs via MPW runs

- There are several key players, mainly in Europe:
* Silicon photonics: CEA-Leti, IHP, IME, IMEC, VTT
* |InP: FhG/HHI, Oclaro, SMART Photonics
* TriPleX (SiN): LioniX
* AIM Photonics won the IP-IMI award in the US
* And ... don’t forget about packaging

.. (e e [ Vagr smamroo Sweumoe Lioni ¥
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Decide on foundry

Foundry platforms - overview

Prop

Broker

Process

Modulators / Phase shifters

loss

B R B | I,
10

JePPIX Oclaro TxRx 10G YES YES |YES 1 3.5 <2 > 10 0.8 2-3
JePPIX HHI Tx- Rx 25G YES YES [YES 0.5 (25mwW) <2 (kHz2) 0.8 |40 <10 1-2
JePPIx SMART TxRx 10G YE YE 2 7 < 2 10 0.8 10 < 20 3-4
JePPIX TriPleX (DS-500-170) 1-2 (500 mW) < 0.1 (kHz) < 0.5
VTT WTT 3 pm SO1 1 < 0.1 _(kHz) 0.1-0.15
Europractice Imec ISIPP25G+ 1.5 7 6 20 0.5 > 50 <50 1.5-2.5
Looar | 2« s [s0r
CEA-LETI Si310-
Europractice PHMP2ZM 1-4 < 7.5 <25 <12 0,7 30 < 10 < 2.5

Europractice IHP

*Germanium electro absarption madulatars
TriPleX and VTT 3 pm SOI have the lowest losses. TriPleX is also suitable for visible light
For active components with gain and lasers, only InP can be used
Silicon for high integration density, reproducibility and volume scalability

6t European Photonic Integration Forum
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Typical timelines

Photonic MPW Development Cycle

TSy CE . Y

« Concept to Design Phase (1-3M) =
- Fabrication cycle (2-6M) EreTE
« Packaging (1M)

« Testing (1-2M)

o

Second Iteration (5-10M) depending upon
1. Technology complexity

2. Product development team expertise/size
3. Design experience

6t European Photonic Integration Forum
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Rules of engagement

How to get access?

. Sign user agreement: NDA

. Get access to Design Manual and PDK

. Reserve a cell in one of the MPWs

. Design using PDK: implemented in software tools

. Get design support from Design Houses
or design by yourself
(PIC training recommended)

6. Send in your design on time

uT A W N =

6th European Photonic Integration Forum

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015



There are many similarities between
electronics and photonics

Design flow: verified mask layout design as final step

PIC Trai



PIC Design Software

- Today really good design solutions are available
* Electronics Design Automation (EDA) made for Electronic ICs
* Likewise, Photonic Design Automation (PDA) being created for PICs

- But there are in between situations:
* What if your chip has optical as well as electrical components?

* What if you plan to do the photonic simulations in PDA, but then
use EDA for the mask layout?

* And, there are ongoing efforts between EDA and PDA providers to
make their S/W interoperable and support the industry to scale
from R&D to (volume) manufacturing

- Even though some functions can be done using both PDA
as well as EDA, some care is needed...
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EDA and PDA: photonics # CMOS
/ Digital IC design flow \ / RF-IC & Photonics \

design flow
Specification Specification
System Design System Design
Circuit Design = Auto-generated Circuit Design

Component Design
Circuit Simulations
Worst-Case Circuit Simulations

System Simulations System Simulations
Worst-Case System Simulations

Circuit Layout = Auto-generated Circuit Layout Design

Top-level = Auto-routed Top-Level Layout/Interconnect

Verification Verification

\Manufacturing / Q/Ianufactu ring /




EDA and PDA: photonics # CMOS

Analog design time syndrome

)

“for a 10% analog 90% digital IC, the analog design takes 90% of the design time’

Circuit Design = Auto-generated

, ons
Worst-Case Circuit Simulations
System Simulations System Simulations
Worst-Case System Simulations
Circuit Layout = Auto-generated Circuit Layout D
Top-level = Auto-routed Top-Level Layout/Interconnect )
Verification Verification

\Manufacturing / Q/Ianufactu ring /
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Integrated Photonics Design

Requires for simulations:
o Dedicated photonic circuit simulation tools
o Special physical simulation tools for integrated photonics
° Interaction between electronics and photonics

Requires for mask layout:
o Accurate and flexible definition of all angle shapes
o Advanced gridding and fracturing of polygons

= 16,0 wima > wimz B IH(COC-E) - Pyats Layout HE
MGG Ze I M1 Geer Comen Comerwh Eeir dea Ik Uhdws Gwp Lac Ve 0GP [

sesae e e AP D% WOW i amer OB

|
|7 - e Tum =n e e 0 feee
L

L3 AB B e bk - [ede BEH
Wve

o P-cell like definition for primitives and compounds

o Special features for verification (DRC, LVS)
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Tools available for full flow

GM%RPS PhoeniX Software (’lumerical

Solutiens for Micre and Nane Technologies

. . Eldo/QuestaADMS
. ) Sl m LI | at | 0 ns Verilog-A, Lf’erﬁog-
Circuit ) AMS

INTERCONNECT

time, freq. domain

{

OptoDesigner FDTD Solutions
Mode-solvers, MODE Solutions
Propagation, Actives DEVICE

{

Simulations
Component J

OptoDesigner
Photonics BB, P-cell,

Pyxis
Layout implementation P-cell, custom

{

CO m pO ne nt ) full custom
v ) ) Pyxis OptoDesigner
LaVO ut & RO Utl ng EERE cr.thure_, Photonics and el.
Cl rcu |t y Routing routing
v A Calibre OptoDesigner
Desig n to M an ufa cture DRC, LVS, LFD, ... DRC, maskprep,

processflow

Verification

<

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015



Tools support circuit design

Pick, place and connect validated components
Photonic and electrical connections automatically detected

Schematic connectivity will drive layout directly

ij_,._H wﬂk- LL_M [JL_‘_JLJIW[ JLJI H_wl JM,H*,_JLJ ’JI JI’MJM_

SN
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Tools support circuit simulations

- Calibrated model libraries improve design accuracy

- Design using compact model libraries of fundamental and complex devices,
calibrated to foundry processes

«  Frequency & time domain simulation

o
B R I R AT RS :,','f“ I%IE
|7 o S

332330 13
- I
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Tools support component design

¥o/ Element E
in0 >
Contents |Search| - out0
. Mame I \\
[+ Crossing ~ /— \\
&} BaseDesign Portname Ibir LI _>| e o,
. + P Q| R: m
Modulator fipport: & none X O v O Xy
Markers last add
Curve
- Transition
¥ Port Del
Connector
Auto-Routing pathLength_um |1000|
Splitter MidLength_um |50
f"Tp::' Midshape " 5-Shape ¥ H-Shape
solator
S 5010 outputshape & arc " Straight None
i gap_um ImcsGetGapO i \\:j )
- pxCircularSpiral_ArrayTrack idthWE_um ImcsGethdth{} \’_\ _f:/
-pxOneCircularspiral_setPathLength max_internalRadius_um IE.U*mask: CSatir("wgRadiusMinimum )
-pxSquarespiral_ArrayTrack
- prOneSquarespiral_setPathLength min_internalRadius_um Imask: :CSatir("waRadiusMinimum )
™ PhokorkaCrta R s Spiral delay-line, defined by
- Resonator . . .
51 TunableFilters either geometrical or optical
[ Miscellaneous v pa rameters
Insert & Update I Insert Close Help |

Wide variety of layout primitives available to design custom components, like a parametrized sine-bend

Haight

Largth

wiix wlin wexp wpar
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Tools support component simulations

- Propagation simulations: eg. FDTD, EME, BPM

- Mode simulations: eg. mode-solvers, CMT “<BY

Model0)

P — NS S
EREEr
1 rl“‘.’ o I
o1
2 . N q 7. o8 O R
o)

0

Swilching Power vs Ridge widlh

Power (normalized to input power) vs Wavelength for Mode[0]

—0.6

y (microns)

—0.4
Te=25um

Te=d5um

Te=d5um

-24 -12 0 12
X (microns)
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Tools support circuit mask layout

e Pick, place and route or schematic driven layout

Hos &8 ¢400H%% E]
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Tools support mask layout

e Design software can translate design intent into layout

e ...and correct for process influences

/ Process Design Kit Photonic Building Block

[#2 sescrt e/ Packase | AWG Building Block
[ =

Simulating lithography
influence on design intent

Use technology information to

obtain design intent after
fabrication

) i -
g W W -, i - v;”_dT Ideal
K] .
LA il | @
= = = Design
Past-Litho Simulation

Not guided
1 I N =
— Measurement H : -

5 L . |
1500 1505 1510 1515 1520 1525 1530 1535 1540 1545 1550 @

Wavelength (nm)
Guided

Xu Wang, et al., "Lithography Simulation for the Fabrication

of Silicon Photonic Devices with Deep-Ultraviolet
process width ~ designer width

‘gap* wed_teh

Lithography", IEEE GFP, 2012
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Tools support verification

e Functional verification, Design Rule Checking
(DRC) and Layout vs Schematic (LVS)

e Built-in photonics relevant design checks
(like minimum bend radius)

e Design rules targeting CMOS processes will
flag thousands of false errors in photonic
structures, Photonic specific DRC rules can
minimize false errors

e Integrated design flows enable LVS

e \ IIIII Design layer
Design layer N : v

| / K [ Witk cme @ Wi

} / \ =23 DRC width violation (<0.4 pm) s "m:l il
// \ 2 \ Spacing

b2k
/ \ vy Y ‘
— i i N
" —— 2 A

0.99 W™ ' i o
i 1
\ / %

it
\ ) /
) \ / \
\/h — — \“ "/ / p /
Des .,

ign layer /
I ORC width violation (<0.1 um) N s b =

1um
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Why are PDKs so important?

Deagner
Foundry

T

Deagner

¢ MPW runs lead to
fabrication cost-sharing
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Why are PDKs so important?

Deagner

Foundry

e Design Kits lead to
knowledge sharing and a
decreased design effort
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Why are PDKs so important?

e When working with a foundry (or your own fab), you do not want
to reinvent the wheel nor make unnecessary mistakes

e So all relevant knowledge should be available when designing a PIC
e And the PDK should be automated (rather than in the form of docs)

e Without a PDK, there are simply too many unneeded iterations

e What does a PDK include?

e Design rules and mask layer information
e Library of validated components

e Layout information

e Simulation models and settings

e Die and package templates
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PDKs enable efficient development

e Faster design cycles and first-time-right designs

e Higher accuracy by using validated compact model libraries for circuit
design

e Faster layout implementation by using predefined parametric
components

e Higheryield in manufacturing by applying design rules

Component & Model Library Design Photonic Circuit Design &
Fabrication
Disifle Circuit Fabrication

Compact Design, Layout,
Model Verification and Test

Component Simulation
Optoelectronic solvers

Measured Results

Component Designer System Designer

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015



A wide variety of PDKs is available

e Foundries:
e Silicon: IMEC, CEA-Leti, VTT, IHP and IME
e InP: FhG/HHI, Oclaro and SMART Photonics
e TriPleX (SiN): LioniX

e Packaging: Technobis ipps, Chiral Photonics, Gooch and Housego,
Linkra, XiO Photonics and Tyndall

e PDKs are available to a varying degree of maturity

e PDKs are typically made available through MPW brokers

R
= o o
X W Fraunhofer
@ Vo gy SaRToow Zfaunhofer . EEENIES] LioniX®

leti

€ Tyndall ezsmucra 4 GoochaHousego  Kz2O OECLTE —
NationkTlosstute ¥~ 7 photonics group J

Technobis
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PDKs support integration of design flows

Schematic Capture Layout and Mask Generation

INTERCONNECT

Lumerical Solutions

OptoDesigner
PhoeniX Software

PDKs

Design Rules,
Compact Models

Photonic Circuit Simulation gggﬁqoeri?: Verification
INTERCONNECT Process Data LVS, DRC
Lumerical Solutions PhoeniX Software

Compact Model Optical Parameters Define

Parameter Extraction = Layout Structures

Lumerical PhoeniX
Solutions Software

AN

Solutions for Micro and Nano Technalogies
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Scaling photonics design

As in the electronic IC ecosystem, faster and more complex
photonic ICs will require multi-user collaboration

(TREGITNTITE £ readents - Drxie Sowmetic 2 o T e O e o o e S T e B A Y R AR T

Innovators will need to Boiassoman— " lcacuan
build teams with dedicated N

expertise in multiple areas
of PIC design — from system
concept to physical layout

v

Ble gt view bormat Loels
REW S WX oo 3
“aK akHweEDBs

o SHECBY B BEYE £k

Mentor Graphics provides
the tools to do this:

o Pyxis enables multi-user collaboration in common environment

o Calibre provides sign-off assurance through physical verification

GBI
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EDA Driven Design Flow

Leverage existing mainstream
interface to electrical and Leverage OptoDesigner
mixed-signal simulators dedicated photonics
synthesis capabilities

Photonics Designer
Electrical captures and implements
Simulation physical design in Pyxis

Eldo,
Questa ADMS PDK Driven Methodology:

Design rules, compact models,
photonics building blocks and
technology information for major

Results . Layout foundries
Viewin Design Capture Implementation
. X
AHewing Pyxis Schematic ;
EZwave Pyxis Layout
Common simulation
results viewing
through EZwave
interface
Design RealTime DRC, Litho Photonics Designer
—g— Correction validates design
Verification Feline R manufacturability
Calibre nmLVS . ’ with Calibre

RealTime, LFD

GMGHI& ( lumerical PhoeniX Software

Solutions for Micro and Nano Technologies
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Driving INTERCONNECT from Pyxis

Schematic driven design and simulation

° Interactively setup sizing and DC biasing of modulators in Pyxis with
INTERCONNECT ONA simulation
o View results in EZwave results viewer

Example: frequency domain spectral response

1 ‘3 =

oamplitude =14

. X_GC_TXIN
L0

-iBx
Simulation Panel | Summai
y [“] Enable ONA Parameters Value F
] Standard
o'_‘“ r
OTRAN *& Input Port | & Output Port
L. ! input_unit frequency
OMONITOR |
Instance Pot |Type ¥ \ input_parameter center_and_range
@ x_ac1 opt INPUT ter (Hz) 193.14e12
[ x_aGc2 opt OuTPUT ge (Hz) 1000e9

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015




Driving OptoDesigner from Pyxis

Driving OptoDesigner from Pyxis Schematic and
Pyxis Layout to calculate optical parameters and provide

layout implementation

*
7 Recent -
& Pyxis_GSIP =
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RingMeod... YBranch_...
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« il »
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Driving OptoDesigner from Pyxis

- All the design elements from OptoDesigner are provided
in the Pyxis environment

MGC File Edit Report Tools Windows Setup Help M
IFEFFEFEIC Y oiuee<@@xe
4 | Object Path
EMOFAB _testing @ test_v00 fic_proj yxis_DEMOFAB/DEMOFAB_testing/test v00ftest v00
. (€] test v00 8 test_v01 /mntfo0srvihome/pcu/MGC2/ic_projects/Pyxis_DEMOFABDEMOFAB._testing/test vD0Aest v01

& DEMOFAB.

MGC File Edit Add Select Context Conneclivity Reporit View Tools Windows Setup Help Wave MR

(81 demotabAddDrop 2B 22 O E ”‘ ] o Wi | [

(& demotanAre Context: test v01(GE-E 0) Process: DEMOFAB(R) Cursor: 458.600 188,000 Layer: Layout 1 Hatkeys: on
(21 demoranDBAR Dynamie Status: D' design, 'R routng, A" named, U user, "V isbilty, ¥ il S" slection, ‘Cif X cut, CirV" paste, ‘Cifs*find layer

{8 demotabbCPad @5 | B I swserect| =]

(€ demofabEOPMaspic o Layer Palette v * X

@ ... test_vOL (i)(GE-E)

+(€) demofabElectrooptichodulator i
CeEn er | Daw
(81 demofabFiberCoupler =l — Mﬁﬁl
Layout
(€] demofabMMIi x2 % _"Mim
demofabMMI1 x2Simulat
(8] demotapMMH x2Simulation a lyorJerou]s|ur
(€ demofabMMI1x2_3dB a Layout ]
(€] demofabMMI1xN =, =
(8 demofabMMI2x2 L Lyerao
(B demofabMMI2x2_3dB O pekopt
(8 demofabMzI 0 Edit object (on mentergraphics) pokmet -
(€] demofabPINDiode i { met
B camanonsrar o O BX [ BWER |
() demotabRaceTrack " e EEEES
-{8) demofabRingResonator = MCS Speci. PINREC |
DESINT
- demotabsOA O ol DG 1)
-+ bosoundary [
+(€) demofabSOA_isolation D» o
(€1 demoiabssc i boGuies | N
(€] demofabSbend +
(€] demofabStraight @ ICEalstlea MRS
(&) demofabThermaopticModulator AU ey ElE
£ demofabTunableDER ED s/t5on_IBIDEMOF AB demOfbACKDIOpGeolabAGIDNoP (2] Eat
(€] demofabTunableDBRaspic e Expert Edit
(E) demofabWGTinp2sol_deep Fip None - ©BC Edit
(€] demofabWGTinp2501_shallow Name.
DLA Layout
(€] demofabWGTinpD2nit Origin X
(@) demolabWGTinpD2s0lS OriginY ELAETED
(8) demorabWGTinpS2nit Rotatien ECO
(@) demofabWGTinpS2s0iD Seale o C Session
(€] demofabWGTinp_d2s
ICrules
(€) demofabWGTinp_s2d X Cancel ®e Aoply ‘ | ¥ 0%
(€) demofabWGTnitzinpD Instant DRC
(€] demofabWGTnit2inpS ‘Short Checker
(€) demofabWGTnit2soiD (Cirace (D)
demofabWGThil2sois.
(@) demolabWGTnitzsot T

(€] demofabWGTsoi2inp_deep

(€] demofabWGTsoi2inp_shallow Message Area

(8] demofabWGTsoiD2inpS. Note: This is the Pyxis Wave layout $pw_user_init funcion END.
Note: Starting to load the $pw_window_init function

@ demoabWaTeo020t e e e e

PIC Training NYC 2015 - Columbia University, New York, USA, October 19-23 2015




Why Pyxis?

Provides a collaborative multi-
user environment

Simulate schematics using
Lumerical INTERCONNECT, Eldo
with Verilog-A, or Questa ADMS

Flexible infrastructure allows
quick integration to any tool
accessible within

Linux

\ |
\ ]
N

= b J
] N N\

Complete PDK driven design flow
leveraging Calibre, Lumerical and
PhoeniX Software
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Why Calibre? G

Market and industry standard Do

Fast and accurate DRC:
o EqDRC handles complex curves
o RealTime results in Pyxis

Photonic LVS: =i

o Shorts & opens detection

= |
* Device validation E—*@T
m_l_ i

> Waveguide interconnect parameter { -
extraction ]

Lithographic Modeling:
o Reduces manufacture iterations
> Drive accurate photonic simulation
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Why Lumerical? " lumerical

Three Distinct Design Activities for PIC Development

1. Component-level design and optimization

0 Design and optimize a component for desired performance

2. Compact model library generation for PDKs

User /
° Build compact model for component D:Sig"ef
ccess
° Calibrate against experimental results Partners
. . . Fabrication
o Inform with simulation results Packaging

3.  Photonic Integrated Circuit design and optimization

° Build complex circuits based on known User /
ser

components with validated compact models Designer

Access
Partners

Fabrication
Packaging
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Why Lumerical? " lumerical

PDKs

Design Rules,
Compact Models

Component Layout Information
Parameters Process Information
Process Data Design Rules

INTERCONNECT [
Q Photonic Integrated Circuit

Photonic Component Design Simulator

Optoelectronic Solvers,

Compact Model Library for

Experimental Data Circuit Design &
Optimization
Compact Model
Parameter Extraction
+ FDTD Solutions
m Nanophotonic Solver E’ * Parameter Extraction for
C Model
(2D/3D) DEVICE ompact Models
Charge Transport * Component Design &
~ MODE Solutions Solver (2D/3D) Optimization

Waveguide Design
Environment
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PhoeniX Software

- Focus on Design for Manufacturability

- We have been supporting 100’s of designers (MPW-users and at
vertically integrated organizations) getting started with PIC design

- More than 25 years photonics design and tools expertise,
available trough excellent customer support

Our support is valued by our customers with a 9.1 out of 10

‘Ease of design’ through Photonic Synthesis Photonic Building Blocks & 2
Photonic Building Block platform: i « Match photonic specifications with foundry capabilities i
* Translates design intent into DRC clean layout Mcetk (iesonerce 0 5

= Ability to handle wide parameter range

= Design intent can be either optically or geometrically defined — = = -
[ Photonkc Building Block platform } B omemt il
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PhoeniX Software

- Native all-angle and all-shape design

- Complete parametrized library for photonics

- Includes photonics verification and design rule checking
- Interfaces with world-class 3 party circuit simulators

- Enables EDA centric design flows

- Easy to use GUIl including powerful scripting

- PDKs available for 8 photonics foundry services

More than 300 designs created and fabricated in MPW’s in the last 3 years!
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Further Information

www.lumerical.com

More material including demo movies for the EDA-style design flow:
www.lumerical.com/tcad-products/interconnect/pyxis eda/

And for the INTERCONNECT — OptoDesigner interface: www.lumerical.com/phoenix/

www.mentor.com

A generic, non-proprietary silicon photonics design kit is available for download at
www.siepic.ubc.ca/GSiP

www.phoenixbv.com/optodesigner

Overview of available PDKs: www.phoenixbv.com/designkits

Grq SR & * lumerical ? PhoeniX Software

Solutions for Micro and Nano Technologies
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