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50 Years of Simulation Innovation and Leadership

Ansys ongoing investment in critical simulation capabilities

29 °5B+ 350+

STRATEGIC INVESTED IN TECHNOLOGY
ACQUISITIONS ACQUISITIONS PARTNERS
Organic software development Strategic acquisitions to
and improvement with revolutionary continuously build the platform
advancements in physics and algorithms. and enhance our staff.

AGI
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Strategic partnerships to
expand our reach and
multiply our impact.
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Ansys Optics: Multi-Scale, Multiphysics Simulation Platform
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Optical validation
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Ansys Lumerical Tools

Photonic Multiphysics Simulations
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FDE Finite-difference Eigenmode Solver
EME Eigenmode Expansion Solver
varFDTD 2.5D variational FDTD Solver
[ CHARGE 3D Charge Transport Solver
DGTD 3D Electromagnetic Solver
FEEM Waveguide Solver
HEAT 3D Heat Transport Solver
MQw Quantum Well Gain Solver

.
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WAVEGUIDE DESIGN
Ansys Lumerical MODE™

MULTIPHYSICS PHOTONICS
DESIGN
Ansys Lumerical Multiphysics™

Photonic Circuit

PIC DESIGN
Ansys Lumerical
INTERCONNECT™

P
qINTERCONNECT

Quantum Photonic Circuit Solver
L

KCML Compiler
Photonic Model Development

KPIatform )

%
~

Data Exchange
Lumerical Scripting

Python/Matlab API
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More examples

* More examples may be found in

\ Optics Products v Solutions v Learn v  GetHelp v  Evaluate for Free v

* Full documentations.

Your Products. Your Support.

Easily search and experience world-class support for your Ansys Optics products.

List of common devices

1

\_\'\\\ /ANSYS / ormes
Opi;;'\/xuluax Deep Dive:
: . Packaged Gpte T
Grating couplers Coupling interfaces Multimode Interferometers Splitters

(2D/3D FDTD) (3D-FDTD, FDE) (var-FDTD, 3D-FDTD) (var-FDTD, 3D-FDTD)
N

Optics Knowledge Base

Lumerical Zemax Speos
Ansys Lumerical is used to simulate photonic Ansys Zemax OpticStudio is used to design, Ansys Speos is used to evaluate optical and
components, processes, and materials. Click optimize, and tolerance free-space optical opto-mechanical system performance. Click
here to review product documentation. designs. Click here for product tutorials. here to review product tutorials.

3 ; A High Performance Computing
Installation & Licensing

Tapers Ring resonators— modulators  Waveguide crossings Bragg gratings - reflector A U e e e e e il ol e e b
(var-FDTD, EME) (var-FDTD) (FDTD) (3D-FDTD, EME) ? : !

your software.
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https://optics.ansys.com/hc/en-us
https://optics.ansys.com/hc/en-us
https://optics.ansys.com/hc/en-us

INTERCONNECT / gINTERCONNECT

Electro-Optic Modulator

Grating |

* Photonic Integrated Circuit (PIC) simulation tool oty

- Schematic view of circuit

* Compact models

Photo detector -
..I‘

Communication Link
Characterlzatlon & Y|e|d Analysis

ML

- Frequency & time domain fOr— -~ %m.m.zat.o:\gc;:‘:;:zs\\ .

simulations

* gINTERCONNECT
- Quantum computing based on PIC
- Python module utilizing INTERCONNECT
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Component vs. Circuit Level Simulations

Components:

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

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

S matrices

Circuits:

* Use Lumerical Interconnect/qINTERCONNECT
e Build up larger circuits from primitive elements

Step1

Ansys FDE

Calculate nonlinear mode
overlap and dispersion curve
fitting

Mode overlap area
Quadratic fit parameters

Step 2

Python

Biphoton Wavefunction  Discretized Biphaton Wavefunction
o jraty

16 15 14 17 18 15 a
N 1e-6 n le-6

Calculate pair generation rate
and biphoton wavefunction

Photon pair generation rate
Biphoton wavefunctions

Step 3
Ansys qINTERCOND

N =

RELAY 1 RELAY_2
RING_1
port port1 o port ;! port
External Port = outl
External Port =inl port 2 port
Properties:
length = 4996540967 (um)
CAWINDOWS\SYSTEM32\cmd.exe = O X

from ginterconnect.solver import QSolver, bwf_to_ket
The current work path is:
Generating the S-Matrix as is...
lumapi path: C:\Program Files\Lumerical\v222\api\python\lumapi.py
INTERCONNECT ran successfully.
Unitary!
The current work path is:

Generating the S-Matrix as is...

lumapi path: C:\Program Files\Lumerical\v222\api\python\lumapi.py

INTERCONNECT ran successfully.

Unitary!

Probability of detecting one photon at the drop port is ©.15498127830021574
Probability of detecting two photons at the drop port is ©.00041741903129730615

>>>

Use the biphoton wavefunction
in a qINTERCONNECT simulation

Probability of success

C:\Users\sgitt\source\lumerical-scripted-app\qINTERCONNECT

C:\Users\sgitt\source\lumerical-scripted-app\qQINTERCONNECT

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

IEPIC
I

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

e 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.

10

Component Level

Simulation

Circuit Level

RELAY_1 Phase Shifter RELAY_4
- 1 =
< 8— AP —8 [
rd t1 port 2
Fropertes: External Port = port
External Port = oLl hit = 3. 141592654 (]
RELAY 2 RELAY_S
- -
Beamspltter_2 Beamsplitter_3
Exterral Port = port 2 L r 1 Extarnal Pert = port
1 L )
1 t 3 1 U N "
RELAY_3 sl |otg B RELAY_6
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~ . -B ‘ ) ._
External Pert = part External Port = port

Quantum Simulation
NLS circuit

directional_coupler

U_.

opt_1

IeT

opt_2

Compound circuit component

NLS gate

1=

NLS measurement

Quantum i
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Quantum Photonic Systems

1ERIC
r

Discrete and Continuous Variable

 qINTERCONNECT is based on a

DV Discrete [0) & |1)

Photon humber discrete-variable approach

resolving detectors

* |Inputs and outputs are represented in

CV Continuous X + iP

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

Homodyne or the Fock basis

heterodyne detection

0= DI [in) i Wous)
1) =
) oy '

5 0 0
= 10) 6, s

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 'lEP|C

INTERCONNECT gINTERCONNECT

directional_coupler directional_coupler

N . € 4 .
0 opt_ op

i T I T
opt_2 opt_4 opt_2 opt_4

 Components are characterized by a
QS-matrix

1ot

 Components are characterized by an
S-matrix

« Uses a channel number basis * Uses a Fock state basis

(V2000000 110.0)
0 1 =« 0 0 0 11,0) 45
1 [ Sy S 11 os=L | o0 oo L 0 N [0
S—_[ 1 12]:_[, ] V2 Vi TV | 12,0045
V2 | S21 S22 V2t 1 0o 00 i 0 i 1,1) 4
1 . 1
| 0 0 0 —% {2 \_@ |O72>AB
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gINTERCONNECT Scaling

* Many channels
* Few photons
(quantum walk)

c1

= 5
port 1 3= port 3
ca port2 —port4
(o | W".lxl’?" 3 cs6
= port 2 port4 P T)
port’ln'-‘pgft 3 port1 ~port 3
c2 port2 —port4 cs port2 port4
'_v_. o o
porl LA peort 3 port 1= port 3
port2 port4 (ot | port 2 port 4 c9
port. 1= port 3 port 1>=port 3
port 2 port 4 cs port 2 port 4
ST
port2 —port4 c_10

port 1= port 3
port2  port4

Typical workstation:
2 photons
100 channels
25s

* Few channels
* Many photons

(coherent states, squeezed
states)

(e*’tanh(r))"

n=0

1

cosh(r)

(2n)!

1§) = |2n)

2nn!

probability

20 20 n

Typical workstation
12 photons
2 channels
25s

* Moderate channels
* Moderate photons
(scattershot boson sampling)

|
LITLLL

= OO MR O R

Typical workstation
10 photons
10 channels
90 s

* Few channels
* Few photons
* Many frequencies
(wave packets, photon

sources)
Discretized biphoton wavefunction

le-6
1.3

1.4
~ 15
1.6
1.7
1.7 1.6 15 14 13
Al le—-6
Typical workstation
2 photons
2 channels
40 frequencies
40 s

©2026 ANSYS, Inc.
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gINTER

Circuits

NLS gate

Step 1

Ansys INTERCONNECT

Simulate an ideal NLS gate and
calculate the fidelity and
probability of success

Step 2

Ansys INTERCONNECT

Sweep the waveguide coupling
parameter 6,

Step 3

Ansys INTERCONNECT

Incorporate the effects of photon
loss by including additional loss
channels in the circuit

CONNECT App Gallery Examples

1EPIC

Source Models

HOM Interferometer

Ideal Circuit Parameter Sweep Simulating Loss
. . .
Unitary Circuit
Step 1 Step 2 Step 3
Ansys qINTERCONNECT Ansys qINTERCONNECT

Ansys qINTERCONNECT

e Mo {14 _—,Mv?l\.\;‘

Construct the INTERCONNECT
circuits representing the
unitary matrices

Unitary Matrix Circuits

Simulate the circuits in
QINTERCONNECT and

Probabilities of Success

Incorporate manufacturing
imperfections by including
variations in the directional
coupler gap widths

Prababilities of Success

Generate a biphoton
wavefunction describing the
heralded photon seurce

Biphoton wavefunction

Step 2

Ansys INTERCONNECT

Determine the parameters for
a M2l filter to separate the
signal-idler photon pair

MzI path lengths

Step 3

Ansys INTERCONNECT

Import the parameters into
INTERCONNECT and simulate
the HOM interferometer

Coincidence counts
Visibility

Step 4
Ansys INTERCONNECT

Coupling Coe
Sweep the coupli
coefficient x of the directional
coupler

Visibility

CV-QKD

Step 1
Ansys INTERCONNECT

== o -
Perform a shot noise unit
calibration

Shot Noise Variance

Step 2
Ansys INTERCONNECT

Simulate measured signal
variance

Transmittivity, SNR,
Excess Noise

Step 3

Ansys INTERCONNECT

TVmod

]
":/Q:T+No+f

K = fym(1 = FER)(1 —v)
X (Blag — xes)

Secret key rate is determined
from measured parameters

Secret Key Rate

SPDC Source

Step1

Ansys FDE

fitting

Calculate nonlinear mode
overlap and dispersion curve

Mode overlap area
Quadratic fit parameters

Step 2 Step 3
Ansys qINTERCONNECT

N o=

Use the biphoton wavefunction
in a QINTERCONNECT simulation

ot Wit anction Fisce
a

Calculate pair generation rate
and biphoton wavefunction

3 Bpson wsstunerer

PR

Phaton pair generation rate

Biphoton wavefunctions. Probability of success

SFWM Source

Stepl
Ansys FDTD

Caleulate the power coupling.
caefficient in the coupling region

Coupling coefficient

Step 2 Step3 Step 4

Ansys MODE Ansys INTERCONNECT Ansys MODE

Celeulate the effective mode
area and graup valacity

Calculste the biphaton
wavefunciian, pair Zeneration
rate and squeezing level

Calculate the mode prapertiss of Import the parameters inta
passive straipht and bend INTERCONNECT to calculate the
waveguice Irarsmission speclrum

Effective mode area
Group velocity

Made properties Quality factor
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App Gallery: Unitary Circuit Generation & Simulation 'I ErIC

Unitary Matrix

Step 1 gt E e
in EH—2— —outglgt_2

i —outglt 3

4

Ansys qIN wme  Circuit design:qINTERCONNECT
—_— Te——

ntary Hatrc
= o= "1
- —a . r ‘ 1 RELAY S
_— —_— Extegel Pt = ot 3 o— 1:0-|l—= .E
el Y outpr_1 pot
) s e Btenal Rt =outpe 1
REAY_1
s2
.1 854 RELAY_6
1 [ o
Exterral Ryt s 2 o o - - e o— [{}l—= -
- ot LT B % [ome 1 roal| T ot ot | O (ot pont
el o OH } - o0 - L J Bamal Rt w vt 2
o oxpn 2 853 ot oupt, X3
[ REAY 2 J 1 ¢ .
a— o - e o (=
T o — o1 {T' 1. |ovene 1 | T o (et
e e Eooml= ¥ - - L} - 3
G — 52 o2 Jose 2 BsS w2 | Jowpn 2 . RELAY._7
== 0

Exemal Rt =outp 3

Construct th s Sl o

"z‘iiﬂt"‘. S o

') 4] ,

circuits repre . -
unitary matr [ 2 s N

Unitary Mat

fa

phase_shift_1 coupler_1 phase_shift_2 coupler_2 RELAY_3
/| Extemal Port = input_1 [ [ N/
Z N port port 1 .pmz e\ _/—= port 1 port2 —N\_/—= port L2 N
. ?(_1 -,_\. opt_3 i ) ?l_l -,_\ opt_3 2w V:O'
| ket 2 e it = 3.995960509 (ad) opt.2 J opt_4 phase shift = 0 (rad) opt.2 s i
5 R Z NJport — Propertes: Propertes: port L
httpS //0 pt ICS.ansys coupling_length = 16.07343128 (um) coupling_length = 16.07343128 (um) External Port = output_2
RELAY 2 coupling_gap = 0.2 (um) coupling_gap = 0.2 (um)

Based on the work: r. m. b. SurninursL € U, QUUIILUITE SITUILLUUIT U) LHENTTIVUYTIUITILS 111 UT1 ITILEYTULEU YUUTILUITT Prioturie processur , ivac cornmuri, vor. 14, No. 3895, 202 3.
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App Gallery: Unitary Circuit Generation & Simulation [ ErPIC

Input: |1,1,1,0>

Measurement 15t channel

t=0.1 t=0.2 t=05 t=1 t=2 t=5
]
10} Indistinguishable
Distinguishable
F [ Gaussian
5
205
o
o
0.0 L= ol [ 1 ™ . L] el . —al
0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3

qINTERCONNECT models: the time evolution of photon-number probability distribution in spatial output mode 1
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lon traps technology
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Ansys Lumerical FDTD
Simulation of Photonic
Components

Ansys Lumerical FDTD is the gold-standard for modeling photonic components,
processes, and materials. The integrated design environment provides scripting
capability, advanced post-processing, and optimization methods.

FREE 30-DAY TRIAL » CONTACT US » KNOWLEDGE CENTER »

Overview Capabilities Resources & Events

Surface electrodes & grating couplers

Py \nsys

)
LI B B )
Y
l
T
-
=4
b
L)

Ansys Q3D Extra
Multiphysics Parasitic Extraction &
Analysis

Ansys Q3D Extractor efficiently performs the 3D and 2D quasi-static
electromagnetic field simulations required for the extraction of RLCG parameters
from an interconnect structure.

CONTACT US »

Overview Capabilities Resources & Events

Ansys Maxwell
Low Frequency EM Field Simulation

Ansys Maxwell is an EM field solver for electric machines, transformers, wireless
charging, permanent magnet latches, actuators and other electric mechanical

devices. It solves static, frequency-domain and time-varying magnetic and electric

fields. Maxwell also offers specialized design interfaces for electric machines and
power converters.

CONTACT US »

Overview Capabilities Resources & Events
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lon trap using grating coupler and surface electrodes

Step 1
Ansys MAXWELL

3-rail surface electrodes
Parametric design of the
electrodes

lon Trap height

Step 2

Ansys Lumerical FDTD

N\

Construct a 2D grating coupler
Run optimization sweep

Far field calculation
Beam properties
Grating design parameters

Step 3

Ansys Lumerical FDTD

3D grating coupler design
Combination of fields

Single grating response
Multiple grating array
response

Step 4
Ansys Lumerical FDTD
-w .
waal
Bl o s
X NCLNS

Illuminate a nanoobject with
the E(x,y,z) & H(x,y,2)

Optical Force vector

h;

p,minDC, h,

E(x,v,z),H(x,y,2)
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Taking models further-Future prospects

Using provided example workflows to extend the
simulation workflow
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Al for Optical Simulation

* Transition to Al Autonomy

* Optical simulation is evolving from manual
tools to autonomous Al-driven systems,
increasing efficiency.

* Reduced Timelines and Productivity

* Al 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 Al

* PyAnsys facilitates interaction between Al
agents and simulation tools for advanced
autonomous systems.
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Conversational Interface to Lumerical Agent

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.

= ring_resonator.tsp .
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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.

Quantum Simulation
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Conclusions

PyANSYS Future plans

* Photonics For Al and scale
numerical and Multiphysics
capabilties

* Connect multiproduct
simulations.

* Model Multiphysics problems
in ICs platforms like ion trap
technology

LLM / Agent host

MCP Server

Exposes tools, resources & prompts

Optics Products
APIls/pyAnsys + data

\nsys

partof SYNOPSYS'




\Nnsys
partof SYNOPSYS

Open Discussions / Q&A

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