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• The electronic IC market has benefitted greatly from the 
scalability attributed to Moore’s Law

• Meanwhile the photonic market remains limited to relatively 
small circuits
• Design differentiation still 

focused on device physics 
as opposed to novel device
and sub-circuit re-use.

Objective: Scalable Photonics Design Infrastructure
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• Scalable Design Tools
• Large scale optical simulation based on compact models
• Automated/semi-automated layout
• Physical verification and DFM

• Dedicated Process Development Kits (PDKs)
• Pre-characterized compact models
• Pre-characterized device pcells
• Process specific PV and DFM decks
• Validated tool settings

• Reference Flows
• Validated design flows
• Device characterization procedures
• Test and measurement methodologies

• Validated Re-Usable IP?

What is Required to Move Forward?
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Partnering to provide IoT Solutions
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• Both utilize common PDK development utilities
• Supports Python based PCells
• Supports OA based PDK development

• Both support interface to Mentors “enterprise level” simulation and 
verification tools
• Full support for Calibre® Physical Verification tools
• Full support for Eldo Platform with Verilog-A support

• Tanner EDA will be fully OA native 
this year
• L-Edit is Open Access native
• S-Edit will be Open Access native in 17.2 release

Mentor’s Custom IC Design Tools
Joint support for Pyxis and Tanner EDA Products
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Mentor’s Photonic IC Design Flow
Calibre’s Scalability with Tanner EDA platform
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Mentor’s Photonic IC Design Flow
Customer Driven
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• Rendered Curves Results in False DRC Errors

• Difficulty in LVS Device Recognition and Optical Property Comparison

• Need to Pass Waveguide Interconnect Extraction to Post-Layout 
Simulation

• Mask Generation and Silicon Manufacture Varies from Design Intent

Physical Verification Challenges
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DRC FOR NON-MANHATTAN PHOTONIC DESIGNS



DRC on Si-Photonics Components
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• Concentric arcs: 
• Fabrication constraint : 

Width > 1 µm,          Space > 1 µm

Addressing DRC Photonics Challenges
I. False Error Induced by grid Snapping (1/2)
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Concentric Arcs components

Concentric Arcs with DRC violations

“Silicon Photonics Design Rule Checking:Application of a Programmable Modeling 
Engine for Non-Manhattan Geometry Verification”, presented at VLSI-SoC 2014

Error_width := width < 1 µm

Error_space := space < 1 µm
Traditional DRC Check

Number of 
Violations = 1500



• Concentric arcs: 
• Fabrication constraint : 

Width > 1 µm,          Space > 1 µm

Addressing DRC Photonics Challenges
I. False Error Induced by grid Snapping (2/2)
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“Silicon Photonics Design Rule Checking:Application of a Programmable Modeling 
Engine for Non-Manhattan Geometry Verification”, presented at VLSI-SoC 2014

Error_width := width < 1 µm

Error_space := space < 1 µm

Traditional 
DRC Check

All_Thin_rod := Width (rod) < 1 µm
W = Width (Thin_rod_width)
α = Angle (Thin_rod_width)
L = Length (thin_rod_width)

If (0 < α < max_angle) OR (L < max_length) Then:
Error_rod_width := Width(rod) < (1 -tol*) µm

Else:
Error_rod_width := Width(rod) < max_width µm 

*.tol tolerance determined by applying tolerance factor 
according to fabrication grids and DRC rounding factors. 

(2sqrt(2). Grid)

New DRC 
Check using 

Calibre EqDRC

DRC Post Processing using EqDRC capabilities
Concentric Arcs with DRC violations

Number of 
Violations 

= 145

Number of 
Violations 
= 1500



• Taper test structure 
• Taper is a trapezoidal shape.
• End width (w) varies from .05 to 1 µm
• Fabrication constraint : 

• Line width > 1 µm
• For Robust strip design : relaxed width constraint with increased angle

Addressing DRC Photonics Challenges
II. Enable Multi-Dimensional Check (1/2)
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Space error

DRC width 
Error < .1µm

1 µm .8 µm .8µm



Addressing DRC Photonics Challenges
II. Enable Multi-Dimensional Check (2/2)
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Traditional DRC Rule (Complicated and non accurate)

Error_Width_1 := width < w1 when 0  < α < α1

Error_Width_2 := width < w2 when α1 < α < α2

Error_Width_3 := width < w3 when α2 < α < α3

EqDRC Rule (Simple and Accurate) 

α = Angle (rod)

αcritical = 𝐟(𝐰𝐢𝐝𝐭𝐡(𝐫𝐨𝐝))
Thin_rod := α𝑐/α >1

Space error

DRC width Error < .1µm

1 µm .8 µm .8µm



PHOTONIC LVS AND 
POST-LAYOUT SIMULATION



• Photonic designers are used to a “Layout-centric” design flow

• But as more complex and larger scale designs emerge, IC design flow-like 
methodology is required – “Schematic/Layout” design flow

Photonic Layout versus Schematic (LVS) Check
– Why Needed? 
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LVS equivalent:
• Circuit topology –

Device type and 
count, Connectivity

• Device topology



• Ensures the schematic of the design is equivalent with the layout
• Extraction Phase

• Connectivity extraction
• Device Extraction
• Parameter Extraction

• Comparison Phase
• Extracted design VS. Source design
• Property Tracing
• Discrepancy reporting

LVS Overview
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vs.



• Wild design shape
• Non-Manhattan or curvilinear

• Extraction and careful validation required on non-traditional geometrical 
parameters: 
• Bend curvature
• curvilinear path length

• Those properties can be context dependent

What’s New for Photonics LVS
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Luxtera



• Optical Simulations Often do not Match Silicon Results
• Litho simulation better captures ‘as manufactured’ structures

• Recommended Litho-Aware Device Characterization
• Link to Lumerical Simulator improves device model parameters

• Retargeting best practices to preserve intended topology

Litho Impacts on Silicon Photonics
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• Waveguide Bragg Grating Example
• Ideal sharp edges of grating will smooth due to lithography 

resolution

• This change in geometry will affect component attributes

• Modeled layout passed to simulation

• Litho Correction simulations match experimental 
Bragg bandwidth.

Lithography Simulation
Calibre LFD: Waveguide Bragg Grating Example
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Xu Wang, et al., "Lithography Simulation for the Fabrication of Silicon Photonic 
Devices with Deep-Ultraviolet Lithography", IEEE GFP, 2012

Original

Litho Simulated

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


CONCLUSION



• Need DRC decks dedicated for silicon photonics design
• Cannot re-use decks targeted for IC design out of the box
• Consider to add device shape-matching into DRC

• LVS checking for accuracy
• Black-box devices for simple connectivity checking (shorts, opens)
• Device shape matching (or push to DRC) for validation of pre-characterized 

device behavior

• Litho-simulation
• Reduce mfg iterations through process modeling and simulation
• Capture behavior impact through S-parameter update to optical simulation
• Layout re-targeting or updated lithographic techniques to address outstanding 

issues

General Recommendations
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Growing Collaborations to provide
“Full Scalable Si-Photonics Design Framework” 
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