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Outline

* Introduction to our optical design tools
« Managing complexity by having system level analysis

* First time right design flow for nano-structured optical components



Technology Trends Trigger More Complex Optical Systems

Optical system complexity increases

Accelerated
Optical design
Optical
simulations
‘i L
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The Most Advanced Optical Design Platform

Design Applications

OPTICAL PLATFORM

Imaging systems Displays, incl. AR/VR

LucidShape
products

LightTools Photonic
Device Tools

SmartStart Libraries
Optical Measurements Services and Instruments (REFLET/MiniDiff)

Engineering Services
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Imaging system simulator
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Released in September 2024 — Ask for your trial license today!

ImSym — Imaging tem Simulator

Provides an end-to-end model of an imagin
system including lenses, sensors, and ISPs
before it Is sent to manufacturing.

Helps design teams c‘ag rate to
their next great maglng product to

market faster.
—_—
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IMSYM — Accelerating Imaging Systems Cycles

Evaluate the image-

forming process step by
Generate Generate Generate Generate step
principal principal image + detected post-processed
image stray light image final image

Lens Stray Sensor
system light

Identify how to achieve
image quality

Improve team
communication

ImSym

customer expectations
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Accuracy of results driven by industry-leading
CODE V and LightTools models



ImSym: Car Detection ISP with Stray Light

Regular sensor, car detection ISP, with different additive stray light

\Without additive straylight Azimuthal Angle: 0, Radial Angle: 5 Azimuthal Angle: 0, Radial Angle: 10

Azimuthal Angle: 0, Radial Angle: 13

ISP performance is

influenced by stray light

conditions

« Stray light
position/angle

« Stray light irradiance
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First time right design

Optical design based on manufactured aware components
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Benefits of Metalenses
 Metalens

— Subwavelength nano-atoms can delay the phase of light,
without diffraction

* Classic Optical Lens — Nano-atom array with proper design can create desired
— Curved glass surfaces create a phase phase profile, same as classic lens
profile to bend the light — Thin and flat surfaces save space
— Multiple lenses are usually needed in order — Reduce integration complexity by having same form
to correct various image aberrations factor than the sensor
— The stack of bulky lenses takes a lot of — Patterned layout can be massively produced with mature
space, which is limited for some lithography technology

applications like cellphone cameras and
AR/VR systems

Ref: Aiello, Maxwell D., et al.
"Achromatic varifocal
metalens for the visible
spectrum.” ACS

Photonics 6.10 (2019): 2432-
2440.
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Production cycle
Time-consuming design-build-test cycles

Slow lIteration

[&@3\% ®) }
Design =
—+§] S0, ¢ J
OPC =
| f %@\k& O Start over!
@ LMZiing é&ﬁ

© 2025 Synopsys, Inc.



Fabrication Limitations

Simulated process displays fab effects
Top Rounding

Rounding at the
) /topfrom etch \

Overetch l;-:, i
| [

Proteus OPC

. .

| | e

Substrate is removed _!',f-:_- S[')dey\’?” A]:nglegoo ili-. [
to ensure full etch eviation from

i
Iy
from litho and etch I

OPC Correction "
700 nm SigN, .
SiO, substrate

Fillets
Rounding at the
substrate from etch

Shape
Rounding from low pass
limited lithography

S-Litho

Photoresist Simulation 1
248 nm lithography

Positive Tone Resist

Surface Roughness
From lithography and etch
on pillar and substrate

A

Process Explorer

Etch Simulation
Passivated etch
Anisotropic
Overetch
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Manufacturing-Aware Design Flow Targets First Print Correct Design —
Simulation Flow

X I'Il',, mio
S ‘
: \ 5 A Y
: .| Manufacturing- o
Nominal meta- Manufacturing Manufacturing- aware design >
atom library prediction L aware \‘/ ‘
— | meta-atom library Optimizes design using Simulates
» OPC manufacturing-aware optical device
meta-atoms output
» Lithography _ _ _
Im A design team develops meta-atom library to achieve
»{ Etch desired optical device output

“ Meta-atoms are simulated through manufacturing

Simulated meta-atoms are used to design the desired
metalens
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Why the perfect metaatom doesn’t need to exist

Designed GDS
using ideal
metaatoms

Modified GDS using
manufacturing-aware
metaatoms

T T e T T T
5432101234
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|deal

248 nm e-beam

s —

L. S. Melvin Ill, M. Chalony, A. M.C. Dawes, B. Kuechler,
R. Zimmermann, E. Viasnoff, Y. Zhou, A. Blais, "Metalens
manufacturing complexities and costs,"

Proc. SPIE 12958, 129580A (9 April 2024)
https://doi.org/10.1117/12.3010491 k

-
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How does process variation impact performance?

« Vary manufacturing condition around best value
— Etch time (30, 32, 34 sec)
— aSi thickness (480, 500, 520 nm)
— dose (42, 46, 50 mJ/cm?)
— defocus (-65, 35, 135 nm)

 Simulate all combinations

« Calculate manufacturing impact
— 3D pillars from 110 nm to 340 nm after manufacturing

— Optical response (Phase and transmission of each pillar) '

Dawes, A. M., Melvin lll, L. S., Chalony, M., Grubbs, B., Stopford, P., Rao, J., ... & Zhou, Y.
(2024, November). Metalens response to process variation. In Photomask Technology
2024 (Vol. 13216, pp. 250-258). SPIE.
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(% NA = 0.25

AFE for Dose: 46 m)/cm?, Focus: 35

D - 0.89 0.88
=

S 0.87 0.88

aSi Thickness (nm)
50
|

0.85

30 32 34
Etch time (sec)

AFE is high at best process, falls off drastically for thick material and under-etch
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Conclusion

* Interoperability on the design tools allows better analysis
of the performance of a system/optical component

« Manufacturing defects might be not an issue and can be
used as an input of the optical design

« Design tools provide capability of process/component
decision by analyzing cost vs performance
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