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Leybold Optics Semiconductor
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Photonic Integration eee

PICs, Metasurfaces, Augmented Reality, Waveguides,

KOptic:al Modulators, Datacom, Diffractive Optical Elements

HELIOS Series

IBT Series

-
\. J
\. J

BO Public

® Magnetron Sputtering @ Evaporation

ALD 1200

® |on Beam Trimming

® Atomic Layer Deposition
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Scaling Photonic Integrated Circuits via Optical Coatings and Trimming solutions
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The Rise of Mass Production of Integrated Photonics
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Source: Blajtzer
Moss, David. (2024) PIC Platforms with Mass Production Potential

Integrated photonics incorporating 2D materials for practical applications.
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HELIOS Series Q€ BUHLER

Magnetron Sputtering
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HELIOS Series

AR

HELIOS1200

BO Public

Request from Semiconductor Market.

In-situ control for highest reproducibility and uniformity

High deposition rates = Low particle level
High material flexibility and target utilization = |Low deposition temperature

Technology.

PARMS+: Plasma Assisted Reactive Magnetron Sputtering
OMS: Optical Monitoring System
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HELIOS Series

Thickness non-uniformity, Results as deposited
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[8] S. Mingels et al. - Proc. SPIE 13020, Advances in Optical Thin Films VIII, 1302003 (2024)
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HELIOS Series

Propagation Loss of deposited waveguides

Ta205

Table 1

Reactive sputtering process parameters for each metal target. The argon flow rate in the cathode target was kept constant at 35 sccm and the additional plasma source was constant

at 1.5 kW power and 15 sccm oxygen.

Material AlL,O, Ta,0, TiO, Y,0; Zro,
Sample no. (i) (ii) (1ii) (i) (ii) (i) (ii) (i) (ii) (i) (it) ()
Cathode O, (sccm) 30 20 10 725 37 20 10 164 63 53 276 122
Cathode power (kW) 85 4.1 26 85 4 Bl 2 4 2 85 4 2
Lambda voltage (mV) 340 306 315 3794 384 3819 345
Thickness (nm; 556 352 564 732 770 480 509 664 715 525 614 720
Deposition rate (nm/s) 0371 0234 0.128 0.732 0385 0.480 0255 0332 0.179 0525 0307 0.18
Roughness RMS (nm) 0.199 0211 0239 0.179 0.186 749 7.40 0375 0643 0878 0982 196
Refractive index
500 nm 1.671 1.658 1.656 2.230 2238 2680 2674 1.959 1.958 2246 242 2262
800 nm 1.658 1.646 1643 2.162 217 2505 2493 1.930 1928 2204 2195 2212
1000 nm 1.655 1.644 1.641 2150 2159 2479 2466 1.923 1921 2,196 2.185 2202
Waveguide loss (dB/cm)
633 nm 35 50 26 1 1 - -
833 nm 15 10 6 1 1 - - 19
1320 nm 10 10 5 1 1 2 3 18 10
1552 nm 10 10 - 1 1 - - 2 4 - 1 5
Atomic ratio 1.81 1.80 177 3.17 327 204 206 215 247 3.14 277 274

Surface & Coatings Technology 206 (2012) 4930-4939
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*Also suitable for Al203 waveguides
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Buhler Leybold Optics lon Beam Trimming (IBT) T e L

Waveguide Uniformity and Roughness Optimization

Process after CMP: TTV typically ~30nm; rms> 0.5nm Process after IBT: TTV typically ~5nm; rms < 0.5 nm
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Buhler Leybold Optics lon Beam Trimming (IBT)

High precision uniformity improvement and thickness adjustment on wafer-level surfaces

S Optimized for High Throughput
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L : 4* wafer
: TTV 48.9 nm TTV 10.1Tnm .
OTIlP + DOL'Jb|e Process Clhamber+ LITaOS rms 6.4nm Rms 1.4nm beam sizes 20mm & 4mm
Robotic Handling Load Lock Operation 45min
4“ wafer
: TTV 17.9nm TTV 5.9nm .
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' ' 20min
. TTV19.3nm  TTV4.9nm 4" water
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rms 9.3nm rms 1.7nm

90min
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Leybold Optics ALD 1200 CBUHLER

Atomic Layer Deposition
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Leybold Optics ALD 1200 ... I

Conformal Coatings meet High Throughput

= Conformal coating of deep trenches possible with ALD technology
= Spatial ALD together with Multi-wafer coating leads to increased WPH SiO2 trench filling with the ALD 1200

ALD coating of SiO2 cladding material for PICs
= Superior Rl control to optimize light modes in LN waveguides
Eliminating air voids in directional couplers increasing design freedom and allow for tighter specs 0

= Under evaluation with Lionix International I.iON;.' \
= Strategy for TFLN, POI platforms
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Spatial ALD

Coating speed

Conformality on 3D surfaces



Conclusion g —
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HELIOS Series:

=  Si3N4, Ta205 or AI203 waveguide sputtering

» No H, assisted gas during production of films = important for 1550 nm PICs

» |Low deposition temperature, High Non-uniformity and Losses below 1 DB/cm (@1550 nm)

IBT Series:
» |ocalized removal or wafer trimming of PIC materials (LN, LT, SiO2, SiN,...) with improved Total Thickness Variation (TTV)
» Decrease in rms leads to decreased propagation loss of waveguide materials

ALD 1200:

= Superior Rl control to optimize light modes in LN waveguides
= Conformal coating avoids airgaps adding optical loss

= Passivation layers to protect PIC performance

‘ BUHLER  islooking for partnersin the landscape of PICs

® Magnetron Sputtering @ lon Beam Trimming @ Atomic Layer Deposition
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