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# Compary  MNews  Mentor Graphics and Lumerical Unity Optical Design and Simusation Flow

Physical Mentor Graphics and Lumerical Unify Optical Design and
Simulation Flow

Circuit Verification

WILSONVILLE, Ore., September 19, 2014

Design for - Mentor Graphics Comporation (NASDAQ IC Nanometer Design Press
Manufacturing MENT), a e Mrrrn\ eleclro esign -:xl)!-,.'!x(a:~vA.': Releases
Calibre Interfaces today anncunced an mdegration with Lumesical's ont ohics a1
INTERC e new silicon photonics hic sin
Custom IC Design desigh me} hat jeverage the Pyxs™ '
and Calitre® pla With the
Analog/Mixed- INTERCONNECT integration. users are now able Mentor Graphics Tooks Fully Enablea or
S|gn;|| Verification 10 perform oplical circutt simudation airectly from it s 14nm Processes 1or Cusiomers
the Pyxis Schemalic rite
Digital IC Design
With this Integration. users can capture a photonic design and testbench, set up optical Mentor Graphics Suppors 2 Comime
Products A ] )
% “Over the last three years, we've adopted Mentor and Lumerical tools to develop PDK- driven
esources
Blog silicon photonics methodologies for our programs,” said Professor Lukas Chrostowski, SIERPIC

FProgram Director. “Lumerical provides excellent optical simulation tools, Mentors Calibre
provides best in class verification and Mentor's Pyxis provides the right framework for silicon
photonics design. Our next workshop scheduled for October 24-28 includes a Pyxis FDK and
fabrication with IME."
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A complete design flow for silicon photonics

SILICON PHOTONICS FLOW INTRODUCTION
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Design flow for silicon photonics

Leverage PhoeniX
OptoDesigner dedicated
photonic creation
capabilities

Electrical Leverage existing
Simulation mainstream interface to
- electrical and mixed-signal

Eldo, g

simulators
Questa ADMS

Photonics Designer
captures and implements
physical design in Pyxis

PDK Driven Methodology:
Results e (e Layout Design rules, compact models,
. gn Cap . . . ;

Viewing Implementation technology information for major

EZwave Pyxis Schematic Pyxis Layout foundries

Common simulation
results viewing
through EZwave
interface Desien RealTime DRC,

=esign Litho Correction

CVﬁ;lflcatch)l\}S Calibre nmDRC,
atiore nm RealTime, LFD

Photonics Designer
validates design
manufacturability

Photonics Designer extracts with Calibre

compact model parameters and
simulates with Lumerical

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



http://www.siepic.ubc.ca/GSiP
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Design flow for silicon photonics

PDK Driven Methodology:
Design rules, compact models,
technology information for major
foundries

Design Capture
Pyxis Schematic

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



http://www.siepic.ubc.ca/GSiP
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A complete design flow for silicon photonics

PHOTONIC IC CIRCUIT SIMULATION WITH
INTERCONNECT
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Photonic IC circuit simulation N lumerical

" Frequency domain simulation: Scattering data analysis

AV Supports bidirectional, multimode and multichannel optical circuits

05,

|Bn.n By 1 B, |.|3|

m 0,1



GBI

Photonic IC circuit simulation N lumerical

" Frequency domain simulation: Scattering data analysis

AV Supports bidirectional, multimode and multichannel optical circuits
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Photonic IC circuit simulation N lumerical

" Frequency domain simulation: Scattering data analysis

AV Supports bidirectional, multimode and multichannel optical circuits
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Photonic IC circuit simulation

" Frequency domain simulation: Scattering data analysis

AV Supports bidirectional, multimode and multichannel optical circuits
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Photonic IC circuit simulation N lumerical

= Time domain simulation: Transient analysis

AV Supports bidirectional, multimode and multichannel optical circuits

Scattering Matnx S parameter Mode S

FIR/IIR at




Photonic IC circuit simulation

= Time domain simulation: Transient analysis

AV Supports bidirectional, multimode and multichannel optical circuits
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Mixed signal
representation: digital,
electrical and optical
waveforms

Signal integrity
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A complete design flow for silicon photonics

DRIVING INTERCONNECT FROM PYXIS



GIIBRIS

Driving INTERCONNECT from Pyxis N lumerical

* Frequency domain spectral response

A Interactively setup sizing and DC biasing of modulators in Pyxis with Lumerical
INTERCONNECT ONA simulation

/1 View results in Mentor’s EZwave results viewer

XRM1

Setup Simulatig

Simulation Panel | Summary (7] Enable ONA
ONA k

Parameters

i Standard
OTRAN

* Input Port & O out Port

OMONITOR

Instance Port Type v
) x_cc1 opt INPUT

 x_aGc2 opt OUTPUT




GBI

Driving INTERCONNECT from Pyxis N lumerical

= System level time domain simulation

71 User remains in Pyxis Schematic / EZwave cockpit for electrical and
optical simulation
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A complete design flow for silicon photonics

PDK DRIVEN FLOW WITH PYXIS AND CALIBRE



Design Creation/Capture

A complete environment to capture and simulate IC design concepts

Supports Mixed Signal Language Modeling Formats

/1 VHDL, Verilog,
VHDL-AMS, Verilog-AMS

A SPICE, VerilogA

Integrated simulation
flow supports fast
iterations and analysis

PDK driven to enable
full design flow from
schematic capture to
post-layout simulation

* Hierarchal Design Capture
* Simulation Setup

* Netlisting

* Cross-probing

* Diagnostics

* Parameterization

* Parasitics: post-layout

annotation / pre-layout
modeling

Project Design Data

PDK:
Symbols +
Models, Callbacks, PERC

IP Design Data

Logic Symbols

MGC libs, OA converted

analoglib, basic lib
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Design Intent Based Property Editing N lmenea!

® Pyxis enables PDKs to be developed to assist to enter design
parameters by system properties, not geometries

m Prototype Preview:

ematic#1 test @

® « « 8 v o EEETT—E
A Qe B X s S

L T
SN < i
— essssss -..o"‘ a1 I""'““' i VL! : a
001 _sl dc_3um s 2 “«®
directional_coupler

coupling_ratio: 0.6



Silicon Photonics Schematic G
(with Actives) W lumerical

Photonic and electrical connections automatically detected
PDK supplied schematic checks for photonic connections

Schematic connectivity drives layout directly

L?LJ L_l’ ‘_._IL.J iL.IL_‘_L__JLJJ Al L*LJLQ‘ "IJJLJ_,M;_,JLJI iLJL_LMJLJ
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Pyxis Framework Supports GrIBRIE

All Angle Editing W lumerical

= Pyxis Layout has been designed to support non-orthogonal layout

= Can add and rotate objects (paths, shapes, instances, devices)
at any angle

= Current uses:
71 MEMs
A TFT
71 Custom Power Devices
A Silicon Photonics

Edit Object

Qe DX BRD

Pogeny




MEMS Design Implementation

Pyxis Layout

MEMS & Sensors

= Pyxis Layout used by five of the Top 30 MEMS Players - 2012 Sales
top ten suppliers (Soree: Seatus o the MENS Indutry eport, Yoie Développement o be rleased G2; 2013
= Design types
A Inkjets
1 Microphones

Uss ™M

/1 Accelerometers

e
) || P
7 Pressure sensor IIII
= |Leverages Pyxis Layout’s unique

"
o A
- ”’ ’: ~ N
e -
~ - ’$
Lo o ~ =1 i
I S A A N NI N
DU EOE S@6Em
9 v & T T 5 L & K 8 3 P r 5 Y oz L 0y
s & = g 5 .,;355_3,;5; s T £ § ¢
F P A & i 2 @ 3 = 5 5
ilitiec i ili 4 ‘ sEFEF 8 "o & d
8 & F) g < s BF
K & . o 3 £ @ o & oF
g § £ & & @ o P 2
§ % ¢ & a 8
= g T £,
& ~ =
3

applications




GMenior
N lumerical

Schematic/Connectivity Driven layout

“ | wdm2ix - Pyxis Layout -0 X

MGC File Report View Windows Setup Help cMspier

* Connectivity-driven layout ||jgeceg 2= a8 @  @s #k o -
e e o

from both schematic (SDL) L
and netlist ’

IC 1: wdm2tx > wdm2tx (i)(CBC-E)

= PCell support for fast
foundry-correct layout

" |nteractive

Eile Edit Select View Tools Options Help

Con neCtIVIty inces YlComponem:I Logic IFiItered | Lavzut |
d . . f X_... GC_TMI155 — Logic Instance Info
B X_... GC_TMI155 —
riven ro utlng or e e, |H N:s:.:I;’XRMZ
. XRM1 RingM- itz ‘| Com}|$GSIP/GSiP/RingModulator
fast interconnect s iy e .
. . XYJ... YB h_R~
with waveguides 5 P e otser o
|Ports TlTlNet = _:,ubtype zgS e
or metal o chia o fenta |||o " |

= chlb Jchlkd Pin |T|Net
= ch2a /ch2a

anodel /N$28
® ch2b Jch2t_ [ anode2 IN$28
‘ _>I_I o I

Design I

Note: Device instance (/XRM2) is placed ($GSIP{GSiP{RingModuIatorfRingl|

£ LDl
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Schematic/Connectivity Driven layout

= Connectivity waveguide
routing implemented using
IRoute interactive router

= Supports overlap layers

= Keeps track of waveguide
length and other key
parameters for simulation

o —

< ll __f«f”ﬁ—_
=

Path length(Si)=196.65

| 1ro i Route [ |




Physical Verification for Silicon Photonics  GNsRi&
Calibre Verification Platform N lumerical

Reducing “False” DRC Errors
RealTime design integration
Recognize & extract photonic devices

Open detection & short isolation e 1 R ==

P B0 wow = - -vd =0

S S - [ —

Wave guide curvature verification | Sias o ima- s -« +0 - eoe s
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W lumerical

Lithography Simulation

= |deal sharp edges of grating will smooth due to lithography
resolution
= This change in geometry will affect component attributes

= Run a Calibre LFD lithography simulation directly in Pyxis Layout
window with Calibre RealTime or on exported GDS/Oasis data
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Simulation of Lithography Effects W lumerical

= Comparison of device ;
designed with 40 nm
square corrugations T s
= Litho Correctionand FDTD |
Solutions simulations "
match experimental Bragg = *|——.
bandwidth | =ty

—45 - - - : : - -
1500 1805 1510 1516 1520 1525 1530 1835 1540 1545 1550
Wavelength (nm)

Xu Wang, et al., "Lithography Simulation for the Fabrication of Silicon
Photonic Devices with Deep-Ultraviolet Lithography", IEEE GFP, 2012

Litho simulated



http://www.mina.ubc.ca/biblio/author/Wang
http://www.mina.ubc.ca/ref_gfp

Go

W lumerical

Calibre RealTime Interface

= §j gn- Off qua I Ity DRC ¢ IC 0; wamZ,tx > wam2_tx ()(CBC-E) -PyxisLlayowt  [SSEIEl

MOC (e Edi Add Select Cogiext Connectivity Bepon  iew Jools Jndows Setyp Help Wave GSiP m

as you edit, USing s V' 4 BO wmo D 1ot $i.Space1 - /4 - d wl

standard Calibre l"c;l@ e IR T E PR :
® x> wim2_tx (NCBC-E) Bvo
decks S——

-8 U
Laysr Purpose Prev S V P |®
e, orawng  IEIEIE]
MK oy IR

= Setup and Manage
DRC Checking
Recipes

Ko oy IIREIEE
MLKO  craweg TR EZIET
SKO aarg TS50

e ot o srawng [ (2
- terg oawng [EEE

Text arawng -_]l il
FEE]oww: HEC Juu
gt arawng ‘ [

= Navigate and fix
errors in the design
tool

B &S0 00H 00 ¢Ees X

: TR =
= Supports Calibre L T T
Inte ra Ctive LVS’ DRC’ Q :::E'e;.:moecomzzve TOTAL CHEGK DQOUNT = 3 TOTAL RESULT OOUNT = | TOTAL ORIGINAL GEOMETRY COUNT « 10 L
XRC/ xACT and PERC | =" ;

Real-time signoff DRC means better layout in less time




The Pyxis Framework

Data Management with Revision Control

MGC File Edit Report Revision Control Tools Windows Setup Help

B-claaa=m &zl o1 opax<@ EX

o -.imulation WDM_8_Chan &3 |

Object History

G
W lumerical

Revision Control

Object 4 | Object

Type

‘®; RM_WDM8_RR INTERCONNECT project (' Current

- (L] Simulation New » ‘

e | oot

=) g% WDM_SP

- (@) WDM_2_Chan

- (@) WDM_4_Chan

@ g opy

File Simulation
= [p3) OpSIS)

Edit View

Help

@ g cell ’i;’ /::Root Element 3 \ .

- :E@DOC = == = - o -dp
- fg) cali . . =t -;-_t', P e

e @@]con
- @) pro

L
X

Q

Object path: ‘scratch1/aedemo/SiP/OpSIS/WDM_SP/Simulation™WDM_&_Chan/RM_
Object type: INTERCOMNECT _project
Rev..| Author Timestamp Comment L
3 aedemo 2013/02/28 13:38:30 HRevertback to workshop paramters
4 asdemo 2013/02/28 134051 Mo comment
5 aedemo 2013/02/281341:14 Holled back to revision 1 =
& aedemo 2013/02/28 134331 HReorganized analyzers |
7 asdemo 2013/02/28 134552 Modified split ratio from detector array ﬂ
4 I | |
o Close
A
_;;2:._'_ o .._.:‘,;.'.... -~ __,.,,,,....
L5 -—;— 2.
L f' -

= Pyxis Project Manager can easily manage 3rd party data
and tool invocation with ClioSoft SOS EDA style revision

control



Enhancing Methodology GBI

PhoeniX Collaboration W lumerical

= Using CMS Call backs for D.I.B. property editing
A Designer enters time delay, width and desired wavelength
/1 PhoeniX returns implementation parameters to schematic and layout
/1 PhoeniX creates PCell enabling full Schematic Driven Layout

pHXSPTRALL

: Qe B X | a5 >
o s e ...-d.—.!-_l_p == *
il Property ‘Value
wavelength= 1550n
width= 0 Ju tdelay [ 1000 IE

wavelength 1550n

"\
length=456¢-6
Spiral path ... ' 0.5u

mode_field= sx

i COMP phx_spiral

Attribute ‘ Value

Instance N... PHX_SPIRAL1

Path $GSIP/GSiP/phx_spiraliphx_spiral

Color Cyan

Orientation RO

Origin X 3.75 i
Origin Y 275 v

XK Cancel e Aon ‘ | ¥ Noi l
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A complete design flow for silicon photonics

PHOTONICS + CMOS



Photonics + CMOS SR

Common data management environment W lumerical

3l Project Navigator - /scratchl/aedemo/Pyxis GSIP Sept2014/Pyxis GSIP/ic projects/PyX
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[y : : # (€] ring_modulator OTRAN  Cell :
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. =
= Silicon Photonics design  — | &1 enl™ I |
| Tutorials Library I
p ro . e Ct @ I [+ @ Lumerical Logic Library I
J | 53] @ pyxis_asim_lib Logic Library :
. = I GSIF’ Technology ... I f
z GSI P P D K @ | & Pyxis_g13 Project CMOS Demo Project “
I- = .WDM Interface Library I
@ | = @ Driver Category :
o] ! -~ (€) CML_Driver Cell |
I # (§) sim_CML_Driver cell I
. C |VI O S d . . | -# @ device_lib Logic Library "
e S Ig n p rOJ e Ct i ‘a: # (@) generic_lib Logic Library :
. I 53] @ mgc_ic_macrolib Logic Library I
z ge n e r I C 1 3 P D K | 53] @ mgc_ic_verilog Logic Library :
:- # f@) pyxis_asim_lib Logic Library |
I- {# @ sources_lib Logic Library I
L‘i@lgieicli ------ Tichnology :
—————————— - |




Photonics + CMOS
Pyxis integration to AMS products

Schematic Capture
Environment

Waveform Viewer
and Analyzer

ASCII Results Viewing

Mixed Signal Simulator for
Full-chip Verification

Accurate SPICE Simulator for Cell-
Characterization and Small IP Verification

Accurate Faster-SPICE Simulator
for Large IP Verification

Fast-SPICE Simulator for
Full-Chip Verification

GBI

W lumerical

uminating




Photonics + CMOS

GBI

W lumerical

Comprehensive simulation setup

= Setup and configure simulation analyses available with

the simulator

t Analysa '
Libsnne: Typicas |
nciug
Qoo
Forcws
Cs
Outouln
Measues
ParamsSwee:

Safe Op. Are
Corners
Run Cony
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Ao

v Setup Simulation NI

Panel ' S

Atialysis Setecior ‘ [Z]Enatsie TRAN
o

[ o¢ Start Time | ( Stop Time 200
=[JAC
< Print Time intorvid 0
[CInexsE
[prz Max Tirwe Slup | 10
= [F] TRAN

Ereseral [ nitiat Concitans (-LNC)
‘;‘] 1
=[FlssT
[Flosc
FImoossT
[[Isstac
[F] 8STNOISE

i[“] Enanie NOISETRAN

Lower Freq | 100Meg

Number of Simulationa: 10

Rancom & Qunetlor Seed

'J‘ Melp... XK Cancel

Lppar Frea | 275G

k..‘

R

MIOS Nose Moael: | Ag

|| Suppross Namini o Therma
No Flioxes

op Reset &+ Acoly JO’(IM




Photonics + CMOS GIIBRIS

Post-simulation results analysis N lumerical

= Cross-probe to EZwave
with matching color

= Annotate simulation values
directly to schematic

| RUCCRITE

Sy -
SIS r\__\
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Photonics + CMOS GIIBRIS

Hierarchy based model configuration N lumerical

[l [ e G S e o T Wi 2o ) e = Navigate by desi gn
|B-cvB8 « 3 D8 oS | B

;}%* = hierarchy or by
bt , . .-
o component listing
42 ~| = FREQSYNTH1 (FregSynth) (Z) SCHEMATIC
| ‘@ CHARGE_PUMP_UB1 (char... (&) SCHEMATIC
_*ﬂ, DIV_BY_M1 (div_by_m) Jth VERILOG
yus = DIV_BY_NT1 (div_by_n) (Z) SCHEMATIC . . .
/y; [# 4-BIT_COMPARE1 (4_bit... (£) SCHEMATIC [ | B I d I r‘e Ct I O n a I C ross
[# 4-BIT_COMPARE2 (4_bit... () SCHEMATIC
[#4-BIT_COUNTERT (4_bit.. () SCHEMATIC I t' b t
B # 4-BIT_COUNTER2 (4_bit.. (3] SCHEMATIC selection etween
> # ANDO21 (and02) (Z) SCHEMATIC h . h . t d
. ~-# BUF021 (buf02) (2) SCHEMATIC Ie ra rC y n aVlga O r a n

i+ BUF022 (buf02) @ SCHEMATIC

Eﬂ ' ............... S faE) (2] SCHEMATIC i — S C h e m a t I C
" [ 1 NULLBLOCK y JFREQSYNTF

g- #F Clear Model (2) 2 SCHEMATIC (schematic) NUTERSIEE T T m—"—"
P
33 . Onen Bow
ocop P M 4 BLACKBOX .
O R CER [ERILOGA u CO N fl g ure mo d e I S fO r
FRE Expant TERILOG
n o multiple selected
12 (d Refresh {;PICE
I3 (dc_i_source) X éPICE i n Sta n Ce S

Components | Hierarchy [




Photonics + CMOS GNsAIY

Diagnostic Simulation W /lumerical

[>] 181 comparatoe i ywisSenema) M ANE Roins Srowses - o0x
MOC Fle B Semd Speawbes lecorl Yiew Zosls  Pikdiss | F'® B0 Tooe Winaow tielp AR
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L I L R e e it e ————
5~ R _ e Simulation
= & Schematic cross-probe 14 i Thermal Results
= B and highlight Netlist e
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"' collapse/expand — Eldo Ve
<% . (time)
Electrical
% L p m'»" Expmssmn Limh Mas Viol Netllst |(t|me)
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Photonics + CMOS
Genericl3 CML Driver Example

u /CML_DRIVER]1 CML_Driver - Pyxis Schematic

MGC F9e¢ Edil Select Simulabon Repot View Tools Windows Selgp Help Ganenc TDE

'73/‘")3 '-‘:'J,_Jq v 5

. t. $PYXIE_O13WOM_imetace Dovernim_CML_Deventras
- -+- YL

{sim_CMWL_Driver

44 .
PSS
" .

.
u
;z
»-
or
£9 -
G0 -
33.
o

GBI

‘ lu :yencal

Ring Modulator in reverse bias equivalent capacitance
~300fF
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Driving INTERCONNECT from Pyxis N lumerical

= System level time domain simulation

/1 User remains in PyX|s Schematic / EZwave cockplt for electrical and

AMg
. R B RO RS B W W W W
S o e




Photonics + CMOS

GBI

Unified Post-Simulation Analysis in EZwave

Pyxis Schematic / EZwave Cockpit

Photonic Circuit

Simulation Zweve 13,28 Production
Lumerical
INTERCONNECT

v 10 Waye 15 | .vuwz.‘l

N lumerical
.
)
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A complete design flow for silicon photonics

AVAILABLE PROCESS DESIGN KITS



PDKs for Silicon Photonics

GBI

W lumerical

= [ME and IMEC Foundry PDKs
(Available through CMC/Si-EPIC)

A “designed to train undergraduate
and graduate students and
nggzgpostdoctoral fellows across Canada
siepic  iN the new discipline of ... (ICT)

systems that involves
€mc miniaturization of optical
components onto silicon chips”

http://siepic.ubc.ca

» Working directly with A*STAR

ﬂ IME to replace OpSIS offering
2 IME

= [MEC (PDK in development)

IME

*Passives
*Modulators
*Detectors
°*Edge / grating
coupling

Grating couplar

&Dec /1 Basic PDK available — working on full flow functionality


http://siepic.ubc.ca/

PDKs for Silicon Photonics

a
W lumerical

IME’s Silicon Photonics Process Platform

Process overview
o 220nm Si/3 pm buried oxide (BOX) SOI
o Front-end process
= 2 Si partial etches, 1 full etch to BOX
= 6 implants for active devices
= Ge epitaxial growth
o Backend process

Photonic devices includes but not limited to Si
passives (couplers, waveguides, crossings,
splitters, bends, etc..), Si MZI MOD, Ge pin PD,

and TiN heater

= 2 Al metal layers with W via plugs, TiN heater |

layer between the 2 metal layers
= 120 pm deep Si trench

Sisubstrate

-
=
-
-
=
-
o
-~

Buried oxide (BOX)

ITEM cross-section of active devices |

Silicon MZ! modulator

Siwaveguide
Y
=
Buried oxide (BOX)




GBI
|

lumerical

illuminating

PDKs for Silicon Photonics

IME’s Silicon Photonics Technology Overview

Component Description
SOl substrate 220 nm Si/ 3000 nm buried oxide, 200 mm

Wavelength 1310 nm (datacom), 1550 nm (telecom)

Passive devices Routing, splitting, filtering, multiplexing, etc
e.g. WGs, splitters, directional couplers, MUX

Splitters Add/Drop Filters AWGs Crossings

Couplers Fiber-to-chip coupling & vice versa, mprehensive set of Si passive device library
e.g. vertical & edge

Heater Thermal tuning, thermal modulation SRRPPEY = - Cantilevered
mode-size
™ . convertor, Si
Active devices Modulating and detecting 4 | nanotaper, Si
e.g. Ge Photodetector and Si MZI Modulator 9 4 A7\ . 1-D, 2-D
gl \ s gratings

Electronics Hybrid (Through wire bonding or flip-chip) _/ : ; | - Low loss, high
: . alignment
tolerance

Wire-Bond Flip-Chip

ll‘—‘ll _EIC

|EIC|| PIC | PIC

- High-Efficiency
Integrated TO

f \ \ S device for tuning,

N : = modulation of
0 - - Vertical pin Ge ; 7
m - :7” : detGCtors With swncnes, rlng
=i | E = i - resonators;

low dark current 2
LightInput 2 - Thermal Isolation

D high responsivity -
. ! | S andhigh Ly | e
IS Y- | bandwidth

- Low loss, high efficiency, high data rate Si MZI

modulator / ' /




NDA neutral GSiP PDK with tutorials GMIBAIE

Available now! N lumerical

= The Pyxis Wave reference packages provides extended features

= Supports
tiered
custom
PCell
loading

= Waveguide
routing
enables
full SDL
flow

= Contains NDA heUtraI Silicon Photonics PDK created by
University of British Columbia
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