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Center of Competence Leipzig 
• Ion Beam figuring & trimming 

• Measurement technology

Center of Components Hasselroth
• Fabrication of key technology components 

Leybold Optics Hub – Alzenau, Germany
• Machine manufacturing

• Application center

Center of Competence – Owatonna 
• Sputtering components 

Leybold Optics Hub – Raleigh, USA
• Machine refurbishing

• Application center

300 mCHF

Turnover

600

FTE employees 

worldwide

3500+ 

Installed system
7% 

of turnover for 

innovation

Leybold Optics Hub – Beijing, China  
• Machine manufacturing

• Application center

Leybold Optics at a glance
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Leybold Optics Semiconductor

HELIOS Series
ALD 1200

ARES Series

IBT Series

LTE Series

Magnetron Sputtering Evaporation Ion Beam Trimming

Photonic Integration
PICs, Metasurfaces, Augmented Reality, Waveguides, 

Optical Modulators, Datacom, Diffractive Optical Elements

Atomic Layer Deposition

Sensing
Proximity Sensors, Ambient Sensors, Facial Recognition, 

Hyperspectral Imaging, Solid State LiDAR, CIS 

Lighting and Display
LED, microLED, VCSEL, EEL, LCoS

RF-front end connectivity
SAW/BAW filters, Wafer Bonding, POI

Frontend Semiconductor
Hard Masks, HAMR, Encapsulation, Trench Fillings, Gate Oxides Io
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Bühler Leybold Optics Ion Beam Trimming (IBT)

Focused Ion Beam Trimming for PICs, RF, POI, SOI and High-End Optics Applications

IBT 200 IBT 800
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Bühler Leybold Optics Ion Beam Trimming (IBT)
Considerations PIC process flow and why to use localized ion beam?

Design & Simulation Wafer Fabrication Testing PackagingIdea
PIC 

Product

Material 
Platform

Lithography 
& Etching

Material 
Deposition

Cleaning & 
Preparation

Passivation Planarization Metallization

- Uniformity improvements to gain precision over large device lengths (esp. waveguide layer)

- Thickness trimming for improved phase matching

- Microroughness smoothening of sidewalls to cut unwanted light scattering during internal reflection
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Non-uniform waveguide layer

Improved overall optical performance

& higher yield of PICs on wafer

& device lengths

Locally varying precision

& low yield of PICs on wafer

& inner device deviations
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Process results of waveguide layer with significant 

spatial frequency content after CMP, typically TTV~30nm

Uniform waveguide layer

Process results of waveguide layer with low

spatial frequency content after IBT, typically  TTV<5nm

SiN SiN LN LN

Exemplary ingrease in precision due to 

TTV improvement 30nm to 5nm

* Simplified insertion-loss model for linear, passive PIC element 

(waveguide scattering from micro-roughness + phase/index 

mismatch from TTV).

Bühler Leybold Optics Ion Beam Trimming (IBT)
Considerations about gaining optical performance and yield based on uniformity improvement for PICs

Exemplary uniformity variation over wafer 

radius before planarization 

Improved uniformity and thickness of SiN layer over 300mm 

wafer

Planarization TTV 311nm → 13nm

Thickness trimming of 370nm
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postIBTpreIBT

Single reflective Waveguides before (left) and after (right) process

Improved microroughness 

for reduced optical losses 
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IBT process with angular beam incidence

Ar+
SiN SiN LN LN

Exemplary ingrease in precision due to

rms improvement 0.5nm to 0.2 nm 

* Simplified insertion-loss model for linear, passive PIC element 

(waveguide scattering from micro-roughness + phase/index 

mismatch from TTV).

Bühler Leybold Optics Ion Beam Trimming (IBT)
Considerations about gaining optical performance based on microroughness improvement for PICs

scattered light
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Bühler Leybold Optics Ion Beam Trimming (IBT)
High precision uniformity improvement and thickness adjustment on wafer-level surfaces 
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Si3N4

TTV 19.7

rms 4.1

TTV 4.6nm

rms 0.5nm 

12“ wafer

beam size 20mm

15 min

LiTaO3

TTV 230nm

rms 49.2nm

TTV 39.6nm

rms 5.4

4“ wafer

beam sizes 20mm & 4mm

90min

LiNbO3

TTV 17.9nm

rms 2.6nm

TTV 5.9nm

rms 0.66nm

4“ wafer 

beam size 5mm

20min

SiO2

TTV 19.3nm

rms 1.9nm

TTV 4.9nm

rms 0.3nm

4“ wafer

beam sizes 8mm

7min

Si
TTV 64.5nm

rms 9.3nm

TTV 13.5nm

rms 1.7nm

8“ wafer

beam sizes 20mm & 5mm

90min 
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Conclusion
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Trimming
TTV = 17.9 nm

RMS = 2.6 nm

PV = 5.9 nm

RMS = 0,66 nm

▪ Localized removal or wafer trimming of PIC materials (LN, LT, SiO2, SiN,…) less 

than Total Thickness Variation (TTV) of +/- 2.5 nm

▪ Integrated measurement before and after ion beam processing

▪ Integrated in-situ etch rate monitoring

Topics to investigate

▪ Uniformity optimization before waveguide 

production

▪ Reduction of Micro-roughness of waveguides

▪ Wafer yield improvement

LiNbO3

Sputtering

▪ Si3N4 waveguide sputtering 

▪ No H2 assisted gas during production of films → important for 1550 nm PICs

▪ Low deposition temperature 

Topics to investigate

▪ Propagation loss 

▪ Fill factor/step coverage of films 

▪ Others
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Thank you for your attention

Daniel Sa Pereira - Sales Manager
daniel.sa_pereira@buhlergroup.com

+49 (0) 151 72516233

https://www.buhlergroup.com/global/en/events/semiconductor-open-house-photonic-integrated-circuits.html?cid=Email_Email_LO-semiconductor-open-house-SAS_2025
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