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*  World-leading R&D in nano-technology & high-tech Yo ) 85“2%
applications

=  >5000 international R&D top talents, >100
nationalities

*  Unique € 2B leading-edge semiconductor fabs

World-class

*  Delivering industry relevant technology solutions infrastructure

serving semiconductor, ICT, loT, healthcare and

energy markets @ 200mm pilot line
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Key benefits
form factor
Manufacturing cost / scalability

Bulk optics ‘ Metasurface optics

macroscopic lens metasurface
; é ; n, . z é ; :
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Why meta surfaces
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Possible applications

4-inch glass wafer
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Park J.-S. et al,, Nano Letters, vol. 19, no. 12,2019
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Lenses, Prisms

Color/polarization filtering

©

4 linearly

W polarized

Miniaturization of free space optic ___

systems,e.g. spectroscopy, imaging
Beam shaping
Display expanders

Reflectors

Fora-optics

Focusing

Metasurface 1

Intensity [a.u.]
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The Material & Manufacturing angle
Manipulating light in/out of plane

Typically min feature size is Reflecting s
<A/4, e.g 100nm for blue... Diffractive Optical elemen

IR 7

RIVR expande’ I

D'\sp\ayISmart glass

Lensing / light collimation/color filtering (plasmonic)
Laser / imagers
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Key Material /Process specs

Period/ min feature size
Refractive index / transparency

Line edge roughness for
compact waveguiding
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Materlals N Titanium oxide .

Absorption index k

1 Thin film Substrate i
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2 materials fully transparent in VIS/NIR/SWIR
T stability 400-450°
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CMOS manufacturing capabilities
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Nobium Oxide

Large experience in DBR
mirrors in VIS

Quartz substrate

Deploying for waveguides
& meta surfaces in VISINIR

Amorphous Silicon

Large experience in DBR mirrors in
NIR/ SWIR & waveguides

, \ \ A-Si
L N O Y B BN e v =

Quartz substrate

Deploying for meta surfaces in
NIR/ISWIR
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More complex shape/stack

Silicon Oxide

back-to-back segmented out-couplers
aligned to pixels

back-reflecting mirror blocking layer
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Layer Transfer

* Produce Patterns on Si then -
transfer bond onto transparent : (anec
substrate g

et \fe

embracng a bett

= Possible to produce Integrated
photonics quality grade

Propagation loss (-dB/cm), long waveguides

= For early design de-risking or low . /V: L
volume production : Layer transfer L e
§ oo f [ | R | |
§ o o
=  For material pr d at high e\
or material processed at hig \emn
temperature =N

I Semmme ||
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Lithography & Process Integration strategy

Direct print — Scanner lithography

DUV on Min period
glass 400nm
Min period*

Min period* DUV on Si 1 10-260nm

110-260nm 200-300mm . Min period*
DEVenSI 10-260nm

masters
Layer transfer to Glass ( ) 200-300mm
*Indicative value Imprint on Glass/ Si

_ Direct Print on Glass/CMOS Layer transfer on Glass/ICMOS NIL on Glass

Layer transfer
Scanner lithography

NIL

200-300mm

Fidelity/Line edge roughness Excellent Excellent, independent from bottom Fair but
susbtrate beyond 200mm litho capabilites
Multi level design Possible Possible Pyramidal shapes
Inter Pattern dependency Low Low fair
Complexity/cost Low/Fair fair Very low
“unec !
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Roadmap for material Introduction in Pilot Line

200-300mm substrate

High Tech maturity 2022 2023 2024
Index today
Print/layer transfer

RI~2

Rl 2.35

RI 2.5

RI'> 2.5
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Production
200mm
Development
200mm
Deploying
200/300mm

Prototyping

Nb ox on Si Nbe on Q.uartz
Direct Print

NbOx on Quartz
Multiple levels — Direct print

NIL ?
| —

?
. . TiOx on high index Glass TiOx on high index Glass NIL ?

A-Si on Quartz- Direct print

NIL ?
| —
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Scaling challenges

Nano-imprinted Fresnel lenses

= Build right OPC model to optimize mask Binary lenses and beyond..
for shorter time to production From sl s o el St enlless e NowkNLoyaie npa
I e d |
“ - M) Conruous oneplte ot mx 00 ety - Bina_ry imprints in NI la
= Further maturing NIL technology for PEEE NS s 00 55
volume applications with high index | e

material

Excellent optical
performance of imprinted
binary Fresnel lenses!

R.Qin et al, NNT 2021

= Establish proper waveguide processes for
in-Plane light propagation & Inclined etching
for more efficient grating couplers

200 um 400 um 800 um
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= NEXT : Direct Integration of light
source/detectors on the same substrate
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Conclusions

= New class of components are emerging for different applications : Lensing, diffractive optics,
waveguiding etc..All relying on thin film processing for various photonics / flat optics
applications

= It is possible to produce those objects using an advanced processing line on 200&300mm
CMOS line, using different process implementation -DUYV, NIL- depending on applications &
volumes.

* Those implementations are compatible with different type of substrate : Glass, CMOS wafers,
Photonic circuits.

= A new generation of high refractive index material is being deployed such as Nobium oxide &
Titanium oxide , doped glass substrate.
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Color/polarization filtering Color/polarization splitting
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De Proft A. et al., ACS Photonics, vol. 9, no. 4, 2022

Camayd-Munoz P. et al., OPTICA, vol. 7, no. 4, 2020 Rubin N.A. et. al, Science, p. 10, 2019.
Optical components
e.g. lenses, prisms Miniaturization of free space optic systems,
e.g. spectroscopy, imaging

4-inch glass wafer

Fora-optics

E)
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Park J.-S. et al., Nano Letters, vol. 19, no. 12,2019 0 l —
" " h y[um]
mec 16 Faraji-Dana M. et al., Nat Commun, vol. 9, no. |, 2018
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Metasurfaces

Specialized optical targets,
differentiation

Flat optics on top of light sources

g™ etasurface
IGaAs suhslm(a} 5
& \ y { n-type elac(rodej]

)
Top DBRSJ

" |p-type electrode ]

Zhou, Y. et. Al, Nat. Photonics, vol. 14, no. 5, 2020

retroreflection
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Flat lens that collimates
and steers the light

500 pm
-

W
==

S —
600 um
Arbabi A. et al., Nature Photon, vol. 11, no. 7, 2017 Light source beam shaping Xie, YY., Ni, PN., Wang, QH. et al.
VCSELS, ULEDS, Nat. Nanotechnol. 15, 125—:;30“.
uplic

“mmec



Access to 200mm & 300mm cleanroom for
prototyping and low-volume manufacturing of microdevices




SiN photonics integration on CMOS

Integrated on top of CMOS imager wafer

Chip-based Raman Spectroscopy

back-to-back segmented out-couplers
aligned to pixels

photonics -

imager -
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PROCESS FLOW

WAFER FABRICATION FLOW FOR PECVD SINWAVEGUIDES

SiOx
i sbswrae I— — »
l
I —
—> Si substrate Si substrate
PECVD SiN & hard SiN etching & hard mask removal

Si substrate
ARC deposition

l

Si substrate —

Bottom clad deposition & polishing
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mask (HM) deposition :
l TEM showing the etch profile of WG

] E—
Si substrate ]
Si substrate Si substrate
; Gap fill deposition Top clad deposition & polishing
193nm lithography 300mm >HARP™ (High Aspect Ratio Process) Final devi h .
(Immersion — 300mm) 200mm > High density plasma oxide inal device schematic

(Dry —200mm) 2

20
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Process example ()

_Window
opening

Grating coupler

Window I
opening
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Nano-imprinted Fresnel lenses
Binary lenses and beyond...

From classical lens to Fresnel lens

Staircase zone plate profile: max. 81% efficiency

NA =0.25

y (um)

Y (pm)

x (um) X (um)

— Moasurod — Measured — Measured
Simulation Simutation Simutation
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Staircase Fresnel lenses for
nanoscale implementation

Continuous zone plate profile: max. 100% efficiency

Binary zone plate profile: max. 40.4% efficiency

Blnary imprints in NIL lab

wfﬁ 5 g
/\
u‘

= ]

) %\?g

Multilevel lenses 200 mm pilot line

Excellent optical
performance of imprinted
binary Fresnel lenses!

R.Qin et al, NNT 2021
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200 um

22

400 um 800 um

Nanoscale NIL compatlble |mplementat|ons
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Imec guides companies through all the steps to a functional product

l. 2. 3. 4. 5.

FEASIBILITY/ CONCEPT MAIN MODULES ] PROTOTYPING . ENGINEERING LOW-VOLUME

STUDY (OPTIONAL) DEVELOPMENT ; - =y MANUFACTURING OR

= E =] TRANSFER

* required for very < ® main processing | = first full loops 4 * processing and design || * Process Macro

challenging projects 22 moduls are adapted :\? . . % is tuned to achieve = Qualification (PMQ)
=S = = first device will be = =
or developed > > specs '

* fundamental = = produced for s * low-volume

investigation § = design and simulation ; customer evaluation :32 = devices achieve manufacturing

are performed agreed specs

= transfer to a high-
volume foundry or to
your fab

NN X

= design and simulations B

FTBRNY

N
.
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