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Ansys Optics: Multi-Scale, Multiphysics Simulation Platform

Photonic Component Modeling
Nano-Chip-Level 
➢ Waveguide development
➢ Sensor & Emitter development 
➢ Nanostructure design
➢ HR-AR coating layer design

Optical Design & Modeling
Optical-Design-Level
➢ Optical design
➢ Optical validation
➢ Optical tolerance analysis
➢ Mechanical tolerance analysis

Optical System Modeling & Validation
System-Design-Level
➢ Individual 3D environment integration
➢ Lighting evaluation
➢ Human Vision rendering
➢ Customer’s perception for decision making

From Nano To Macro To System
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Lumerical introduction
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Ansys Lumerical Tools

Photonic Multiphysics Simulations

FEEM Waveguide Solver

CHARGE 3D Charge Transport Solver

DGTD 3D Electromagnetic Solver

MQW Quantum Well Gain Solver

HEAT 3D Heat Transport Solver

RCWA Rigorous Coupled-Wave Analysis Solver

FDTD 3D Electromagnetic Solver

STACK Optical Multilayer Solver

varFDTD 2.5D variational FDTD Solver

FDE Finite-difference Eigenmode Solver

EME Eigenmode Expansion Solver

Photonic Circuit

PIC DESIGN
Ansys Lumerical 
INTERCONNECT

qINTERCONNECT 
Quantum Photonic Circuit Solver

Lumerical Scripting
Python/Matlab API

Data Exchange

NANOPHOTONIC DESIGN
Ansys Lumerical FDTD

WAVEGUIDE DESIGN
Ansys Lumerical MODE

MULTIPHYSICS PHOTONICS 
DESIGN

Ansys Lumerical Multiphysics

CML Compiler 
Photonic Model Development 
Platform
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More examples

• More examples may be found in https://optics.ansys.com/hc/en-us

• Full documentations.

 

https://optics.ansys.com/hc/en-us
https://optics.ansys.com/hc/en-us
https://optics.ansys.com/hc/en-us
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INTERCONNECT  / qINTERCONNECT

• Photonic Integrated Circuit (PIC) simulation tool

- Schematic view of circuit

• Compact models

- Frequency & time domain 
simulations

• qINTERCONNECT

- Quantum computing based on PIC

- Python module utilizing INTERCONNECT
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Component vs. Circuit Level Simulations

Components:
• Use FDTD, FDE, EME, or varFDTD
• Simulate one part of a larger circuit, such as a 

waveguide, resonator, or coupler
• Export key results such as Transmission vs. frequency, 

S matrices

Circuits:
• Use Lumerical Interconnect/qINTERCONNECT
• Build up larger circuits from primitive elements

Spontaneous Parametric Down-Conversion (SPDC) Photon Source
https://optics.ansys.com/hc/en-us/articles/10867833819923-Spontaneous-Parametric-Down-
Conversion-SPDC-Photon-Source 
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qINTERCONNECT Overview

qINTERCONNECT supports the modelling, design and optimization of general quantum photonic circuits 

• Straight-forward workflow

• Connect compact models to 
physical devices

• Include the realistic effects of 
manufacturing variability

• Enable non-quantum theorists 
to run simulations and perform
meaningful analysis

• Python based tool.
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Quantum Photonic Systems

Discrete and Continuous Variable
States Measurement

DV Discrete |0⟩ & 1  Photon number 
resolving detectors

CV Continuous 𝑋 + 𝑖𝑃 Homodyne or 
heterodyne detection

• qINTERCONNECT is based on a 
discrete-variable approach

• Inputs and outputs are represented in 
the Fock basis

States are represented by 
the photon occupation 
number of a particular 
mode, known as Fock states

Knill, E., Laflamme, R. & Milburn, G. A scheme for efficient quantum computation with 
linear optics. Nature 409, 46–52 (2001). https://doi.org/10.1038/35051009
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INTERCONNECT & qINTERCONNECT

INTERCONNECT qINTERCONNECT

• Components are characterized by an 
S-matrix

• Uses a channel number basis

• Components are characterized by a 
QS-matrix

• Uses a Fock state basis
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• Many channels

• Few photons

(quantum walk)

• Few channels

• Many photons

(coherent states, squeezed 
states)

• Moderate channels

• Moderate photons

(scattershot boson sampling)

qINTERCONNECT Scaling

• Few channels
• Few photons

• Many frequencies
(wave packets, photon 

sources)

Typical workstation:

2 photons

100 channels

25 s

Typical workstation

12 photons

2 channels

25 s

Typical workstation

10 photons

10 channels

90 s

Typical workstation
2 photons
2 channels

40 frequencies
40 s
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qINTERCONNECT App Gallery Examples

NLS gate

Unitary Circuit

HOM Interferometer

SPDC Source

SFWM Source

CV-QKD

Circuits

Source Models
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App Gallery: Unitary Circuit Generation & Simulation

Based on the work: F. H. B. Somhorst et al, "Quantum simulation of thermodynamics in an integrated quantum photonic processor", Nat Commun, Vol. 14, No. 3895, 2023.

https://optics.ansys.com/hc/en-us/articles/23579717470611-Unitary-Circuit-Generation-and-Simulation

Circuit design:qINTERCONNECT
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App Gallery: Unitary Circuit Generation & Simulation

Input: |1,1,1,0>

Measurement 1st channel

qINTERCONNECT models: the time evolution of photon-number probability distribution in spatial output mode 1 
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Ion traps technology

+

Design parameters:

• Size 

• Alignment

• Optimal design

• Multiple charged particles

How to bring this technology into chip? 

Surface electrodes & grating couplers 

Multiphysics problem
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Ion trap using grating coupler and surface electrodes

Ansys Lumerical FDTD Ansys Lumerical FDTD Ansys Lumerical FDTD

https://workflows.docs.pyansys.com/examples/maxwell2d-lumerical/wf_ml_01_ion_trap_modelling.html
https://workflows.docs.pyansys.com/examples/q3d-lumerical/wf_q3l_01_ion_trap_modelling.html 
https://optics.ansys.com/hc/en-us/articles/20715978394131-Integrated-Ion-Traps-using-Surface-Electrodes-and-Grating-Couplers 
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Taking models further-Future prospects

Using provided example workflows to extend the 
simulation workflow
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AI for Optical simulations​
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AI for Optical Simulation

• Transition to AI Autonomy
• Optical simulation is evolving from manual 

tools to autonomous AI-driven systems, 
increasing efficiency.

• Reduced Timelines and Productivity
• AI automates complex workflows, reducing 

development time and increasing engineer 
productivity.

• Advanced Technology Integration
• The combination of PyAnsys and MCP 

enables the creation of intelligent systems to 
orchestrate and drive optical simulations.

• Future Vision of Simulation
• Optical simulation becomes an autonomous 

process where intelligent agents make 
decisions and execute complete workflows.
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PyAnsys as a Foundation

• PyAnsys Technology Base
• PyAnsys offers a unified abstraction for 

driving Ansys products through 
programmatic Python libraries.

• Python Compatibility
• PyAnsys integrates seamlessly with the 

Python ecosystem, including data science, 
machine learning, and advanced 
orchestration.

• Multi-Tool Optical Workflows
• PyAnsys enables combining and driving 

multiple optical technologies for consistent 
automated workflows.

• Automation and AI
• PyAnsys facilitates interaction between AI 

agents and simulation tools for advanced 
autonomous systems.
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Prompt> Generate the geometry for a photonic ring 
resonator. The waveguides should have the usual cross 
section of 500nm by 220nm and should be on an SOI system 
with a 2um BOX layer. We don't want any cladding. The ring 
should have a radius of 2.9um and the distance between the 
bus waveguides and the ring should be 100nm. The center 
wavelength is 1550nm and we are interested in a 100nm 
window around that. We want to inject a TE mode. Please 
use ports for injection and measuring transmission & 
reflection.

Conversational Interface to Lumerical Agent
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ANSYS qINTERCONNECT

• Connect compact models to 
physical devices

• Include the realistic effects of 
manufacturing variability

• Enable non-quantum theorists 
to run simulations and perform
meaningful analysis

• Python based tool.

PyANSYS

• Connect multiproduct 
simulations.

• Model Multiphysics problems 
in ICs platforms like ion trap 
technology

Future plans

• Photonics For AI and scale 
numerical and Multiphysics 
capabilties

Conclusions

Multiphysics problem Customer Framework
LLM / Agent host

MCP Server
Exposes tools, resources & prompts

Optics Products
APIs/pyAnsys + data 
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Open Discussions / Q&A

Addressing user questions, feedback around 
workflow, automation and solver specific discussions
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