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“VPIp!:lsqtqmlcs Outline

* Motivation
Need of flexible electronic-photonics automation tools (EPDA)
Already existing electronic (EDA) and photonic (PDA) tools
Mature
Built upon established approaches & user expectations
« Layout-aware schematic-driven design
« Layout-aware macro scripting

EDA-PDA integration
Mentor Graphics (Pyxis Schematic) S VPI Design Suite
Cross-platform cosimulation example
Workflow integration
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NVPIphofonics Circuit or Layout first?

DESIGN AUTOMATION

Circuit Simulation Layout Design

What to start with?

Schematic-driven design Layout-driven design
methodology? methodology?

Design Characteristics
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: Schematic-driven Design Example:
“VPIDDQI DINER Integrated THz Transceiver

Automated export of intermediate A —— ol o
or final circuit designs to PhoeniX’ meguesecsee | 8|77 ) -
OptoDesigner for layout design and w1 = S =2 ==
GDSlI-file generation o i | :
Li, ‘ b . - \li
S oy o DD bbb be T Y
3] E i

Gl doot? ot oM &old oW ool

‘&‘H "Qub ’m 'ml ‘@ll ‘m ‘m ‘b’l// %.l

v Export of final circuit design

§ 11 v Adding packaging and
. o -
— GDSII mask generation

Based on idea from:
F.M. Soares et al., Transmitter PIC for THz

¥ - ' i -~ ]I_'\ M) lA —
‘ ! 4} \. L Applications Based on Generic Integration
LB B B (o e (e (e (B e ( oo [ .&,, o s (e (s (G s (e g e | 1€CHNOLOGY, IPRM2013, Kobe, Japan.

OPTICS’2017 - Copyright VPIphotonics




: Schematic-driven design: why not
“Vplp!qu onics sufficient?

Standard schematic-driven approach
« BB layout determined by its parameters (length, bend angle, etc.)
= IC layout fully determined by connectivity between BBs

= Allows immediate IC simulation as BB model is known at each design step

BB - Building Block

. . IC - Integrated Circuit
Two roles of optical waveguides :

* Could act as connecting device:  Could act as functional device:
routes optical signals between determine interference between
building blocks of the circuit signals traveling in different paths

= Detailed properties (length, = Detailed properties are very

width, shape) are not critical, important, already at the
may be ighored beginning of circuit design

Problem: Often, no clear separation possible!

Photonic IC design = circuit design + layout design
=Tight interaction between layout and circuit design necessary
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“VPIp!qujggjgg Interoperation of Circuit & Layout

Circuit Simulation Layout Design

Schematic Capture S Automated Waveguide Routing,
incl. PDK BBs & elastic connectors resolving elastic connectors

automatic silent
interoperability

Simulation = | T [y »

Sweep/Optimization/Yield

Final Circuit Schematic DRC / LVS verification

Design Characteristics Final Layout

Layout-aware schematic-driven design methodology
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VPIphotoni Layout-aware Circuit Design

ESIGN AUTDO MA IU

Circuit design of unbalanced Mach-Zehnder interferometer

 use elastic connectors (dimensions defined by layout)
 specify desired locations for some of the ports

in0 = wg1@out0 - [250, 80, -90] Width1 = w (um)
Width2 = w (um)

Angle = 90 deg
Angle = 90 deg Angle = Angle deg Radius = 1.5*R (um)
Radius = R (um) Radius = R (um) Width = w (um)

Width = w (um) Width = w (um) Angle = 90 deg

Radius = R (um)
Width = w (um) idth1 = w {um)
Width1 = w (um) idth2 = w (um)
Width2 = w (um) Length = d (um)
Width = w (um)

Width1 = w (um)
Width2 = w (um)

wgl:
outl = [-350, 0. -90]
Length =t {um)

Width = w (um)

Angle = Angle deg
Radius = R (um)
Width = w (um)

out0 = [0, 0, -90]
Length =t (um)
Width = w (um)

out0 = [350, 0, -90]
Length =t (um)
Width = w (um)

SCHEMATIC PARAMETERS: [_"_[
w = 2.0 (um) B —
LengthSegment = 50 (um) )O( TﬂT
— R = 1.3*LengthSegment (um) L
_ Angle = 130 deg JAWAN
d = 0.5*LengthSegment (um)
t = 50 (um)

CQutputDataType = Blocks
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“VPI[J“ otoni Automated Export to

Layout Design Tool

ind = wg1@out0 - [250, 30, -90] Width1 =w (um)
Width2 = w (um)

— — Automated export of layout
with elastic connectors

Radius = 1.5"R (um)
Width = w (um)

Angle = 90 deg
Radius =R (um)

Angle = Angle deg
Radius = R (um)

Width = w (um) Width = w (um) Ang!e ::BDRd;.g;‘ 0 .
L [EREY) PR (Export to OptoDesigner macro)

N Width2 = w (um) Length =d (um)

- 4 i
Width = w (um)

/
Width1 = w (um) i

Width2 = w (um)

Angle = Angle deg
Radius = R (um)
Width = w (um)

wgl:

outD = [-350, 0, -90]
Length =t (um)
Width = w (um)

out = [0, 0, -90]
Length =t (um)
Width = w (um)

outD = [350, 0, -80]
Length =t (um)
Width = w (um)

* } BB New Frame Fedy
L AOF  irioce Al mﬂ an |
I —— Visumize MaTes | —
. r]

Job
Manager Results 5

p j Run Resoiving Elastic PEX Demofab ’
Sweep Resolving Elastic Set Global Parameters

SCHEMATIC PARAMETERS: gt m o TR, e .

w =20 (um) . prm— &Exp-’.-vl 1o OptoDesigner Set Global Parameters (Mult-Symbol Rate)
LengthSegment = 50 (um) X 1t ¥

— R =1.3"LengthSegment (um) v Elastic to Standard Set Fiber Type
Angle = 130 deg [FAVAS
OutputDataType = Blocks ?:5%5(.},.?)"9'“559'“9"‘ (um) — /

100 150 200 250 300 350

PHRTETN EWE TV 0 PT DTV S D I DU TN TN SN W D 07U 0 PE 9% U0 T S0}

250um

200

100

50

150
TN PETTTTI FTTTTE P FETTU EPE PEP POV T POV DR TS S D

To verify the optical performance of the
layout, we want to run the circuit simulation.
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Simulation of Circuits with
Elastic Connectors

in0 = wg1@outD - [250, 80, -90] Width1 = w (um)
Width2 = w (um)

P -m *— e M 799\ C1rcu.1t simulations with
ngle leg Radius - Rg(rn)eg r \ Width = w (um) ‘ elast-lc COnneCtOrS

=R (um)

s Run Resolving Elaste
e

| Wdlh w (um) Wdlh w (um) A gl BDdeg
| =R (u o o
Wd(h w (um) J J ’
gy (Run Resolving Elastic macro)
Width1 = w (um) 7 Width2 = w (u m)
| Width2 = w (um) Length =d (um)
Width = w (um) Width1 = w(um)
Width2 = w (um) - IBN
ew Frame
| Angle = Angle deg | * *‘ lm nu e All LJ" =
tD [-350, 0, -90] Radius = R (um) outd = [0, 0, -90] ould = [350, 0, -90] _— A Job Visugize Macros
L ngth = t (um) Width = w (um) Length =t (um) Length = t (um) Manager Results e
Width = w (um) Width = w (um) Width = w (um) = DK D .
R PDK DemoFab ¢

|
[

R = 1.3"LengthSegment (um)
Angle = 130 deg [FAVAS
_ d = 0.5%LengthSegment (um) —
OutputDataType = Blocks t =50 (um)

‘ I Sweep Resolang Elastic Set Glabal Parameters
SCHEMATIC PARAMETERS: : = e 5
w =20 (um) P prm— Expart to Optolesigner Set Global Parameters (Multi-Symbol Rate)
LengthSegment = 50 (um) K)( Jﬂ_[ _ -
— Elasti¢ to Standard Set Fiber Type

Optical Spectrum

0 - .
Values of elastic connectors
calculated in OptoDesigner
E -20 (available in message log after
= " | / simulation)
=
- _40
— Bar - 180.76GHz
— Cross * ; ;
-55 ! ! ! ! ! | | | . .
192.8 193 193.2 193.4

Frequency [THz]
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Layout-aware schematic driven

“me!lq:f Onics approach: further actions

« Layout optimization & sweep

— Example: automatic optimization of FSR Fmesmamange E@\

* Yield analysis [omerl

(] L]

* [nteraction with layout tool s 65| 191.5e3157085672

10 61.25 201.028805053063

: 11 60 204.432441088781

— AUtomat]C 12 61.875 199.3886794665
o . o 13 62.5 197.793197430437 I

— Before every photonic simulation 14 olses| 2002026190215

15 61.25 201.028805053063

— Guarantee Correctness 16 61.71875 199.794233286281
17 61.40625 200.614021714813 E

18 61.640625 199.99782087825

19 61.71875 199.794233286281

20 61.6015625 200.116573438875

OPTICS’2017 - Copyright VPIphotonics

R FSR i

Length{pm) Frequency(GHz)

21
PDK DemoFab: Optimization swee |5
@ = = @ 22 I 61.66015625 199.945084894406 I ,
Global parameter name: R

Target FSR (GHz): 200
Initial guess (um): 50 ? ]

Finish ] [ Cancel ]




Outline

* Motivation
Need of flexible electronic-photonics automation tools (EPDA)
Already existing electronic (EDA) and photonic (PDA) tools
Mature
Built upon established approaches & user expectations
« Layout-aware schematic-driven design
« Layout-aware macro scripting

EDA-PDA integration
Mentor Graphics (Pyxis Schematic) <-> VPI Design Suite
Cross-platform cosimulation example
Workflow integration
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“VPlphotonics Large-scale integration:

DESIGN AUTOMATION Layout_Aware Macro Scripting

Vot Nui switeh vinw [FC.304

Automatically created circuit simulation setup in Op.t1ca.l Interconnect
VPIcomponentMaker Photonic Circuits | SWitching networks

—

) ? N x N switch Design of very large-scale
. 5 Design constraint photonic ICs becomes very
: * minimizing total number of inefficient by manually
. waveguide crossings ] 7
! OR placing building blocks and
* balance number of crossings interconnecting them.

for each optical path
Utilize macro scripting with
set of “layout-aware”
commands, which allow to
determine physical

. locations and orientations

%5 [T Createcptica el swich = - of building block ports on
Create optical MxM switch: layout, etc.

2 2 0?2 2 7 1 1 7

Select number M of routed signals | &
_ With this, circuit design is
<Back [ Foih | [ Conce created automatically

OPTICS’2017 - Copyright VPIphotonics 13



NVPIDDQIQQJES

10N

Large-scale integration:
Layout-Aware Macro Scripting

Vot Nui switeh vinw [FC.304

. e | Automatically created circuit simulation setup in
S VPIcomponentMaker Photonic Circuits
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Automated export of |
layout to OptoDesigner |

00

J

i

[l

(o111
0 Wi lll)l

L L] L[l ]]
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Optical interconnect
switching networks

Design of very large-scale
photonic ICs becomes very
inefficient by manually
placing building blocks and
interconnecting them.

Utilize macro scripting with
set of “layout-aware”
commands, which allow to
determine physical
locations and orientations
of building block ports on
layout, etc.

With this, circuit design is
created automatically
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hotonics Outline

DESIGN AUTOMATION

* Motivation
Need of flexible electronic-photonics automation tools (EPDA)
Already existing electronic (EDA) and photonic (PDA) tools
Mature
Built upon established approaches & user expectations
« Layout-aware schematic-driven design
 Layout-aware macro scripting

EDA-PDA integration
Mentor Graphics (Pyxis Schematic) <-> VPI Design Suite
Cross-platform cosimulation example
Workflow integration
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Integration Example

Converter
* SPICE netlist
* geometry

web interface

o GUI

l“
R
v 4
. ide: -’ « simulation script input/output
P'yXIS side: “‘ - instructions data
Linux ,«" * messages
R
A o
‘ i I L
.7 VPIphotonics side: Plotting < >
s .
Windows €
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nVPIp!ijrggjxcg Use-case

Schematic on Pyxis side:

B ring modulator |

B T oTu L A A i

-povert 3
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Issues

IR (ing modulator |

(Electrical) ground (set globally)
Bidirectional ports
Non-connected pins

OPTICS’2017 - Copyright VPIphotonics 18



“VPIphofonics Conversion result

DESIGN AUTOMATION

Simulation duration specified separately

—

SCHEMATIC PARAMETERS: {} Export time: Thu Jan 26 15:03:06 2017
TimeWindow = 2.0e-7/16 s D L x

SampleModeBandwidth = 16*16384/

TimeWindow Hz [mport

BitRateDefault = 370/TimeWindow bit/s

<F

/;;,_"'"*--\_ . — —_/—-f"“—:\}LH U
o e e T e e I B == i

« External specification of « Exchange of files
simulation duration — E-O-E simulation
— TimeWindow parameter — File transfer over network

— Reading of the whole stimulus file

OPTICS’2017 - Copyright VPIphotonics 19



“VPIphofonics Conversion result

DESIGN AUTOMATION

Simulation duration specified separately

—

SCHEMATIC PARAMETERS: {} Export time: Thu Jan 26 15:03:06 2017
TimeWindow = 2.0e-7/16 s D L x

SampleModeBandwidth = 16*16384/

TimeWindow Hz [mport

BitRateDefault = 370/TimeWindow bit/s

il O

Export

Unused pins terminated
by converter

OPTICS’2017 - Copyright VPIphotonics 20



Simulation result

Input Waveform

3.75
— — Input 1 : [L‘
S
| 37
©
=
AL=n
9p)
o
= 2]
h%)
D
1.05 L , | | | | | | , . .
-0.37 ) 10 12.87
Time [ns]
Output Eye Diagram Output Waveform
3.72e-4 3.72e-4
Y T | se-¢ iz ’
E 2e-4 2e-4
@
2
.?, le~d le-4 J | | | |
-2.1%5 . - - =3-398-3 — J . J L
29 50 100 150 171 -0.37 5 10 12.87
Time |ps] Time [ns]
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“Vplptlsqnfggjgg Cross-team design automation

* Photonic vs. electronic design frequently requires
— Different skills
— Different PDKs
— Specific analysis approaches

* Cross-team: design is used by another team for
analysis

OPTICS’2017 - Copyright VPIphotonics 22



hotonics Integration Approach

Converter g
« SPICE netlist -~
' P
Elegtronlc « geometry 5 e
design team macro S .t
instructions ]
7 Photonic
- :
g design team
7
o’ :
o web interface
P
Y 4
p
-
g GUI
p
o
P g _
7 « simulation script input/output
o « instructions data
g * messages
P

o Plotting piliie SImEng
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XYvriohatanics

SCHEMATIC PARAMETERS:

Conversion result

TimeWindow = T6/ERateDeault Test Bench Example: Imbalanced MZI
SampleModeBandwidth = 128"BitRateDefault Hz

BitRateDefault = 109 bit's

L] -
B

FunclmpulzeOpt

Optical
Interface
(Inp
Driving si
(bro nd pulse) )

—
—s
—
—

Optical M
Interface ?
(Output)

Qutput signal

visualizgtion

|

% Optical Spectrum
yaiaEREun
&-eol ‘-l:
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“VPlphotonics Summary

DESIGN AUTOMATION

e Progress in optical interconnection requires changes in design approach
- EDA and PDA are already mature tools built upon different
approaches
- seamless integration requires clearly defined interfaces
- support of cross-platform and cross-team work

e Layout-aware schematic-driven design methodology
- seamless integration of circuit and layout design tools
- flexible and adaptive definition of PDK libraries

e Next steps towards
- full interoperation / integration of electronic, photonic and layout
design tools

VPIphotonics.com
software & services for photonic design & analysis
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