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Brief Company History:            Company Locations:

Focus:

Dresden

Headquarters & 
Production

Berlin

R&D Center

➢ Founded in 2006

➢ Headquarters and Production in Dresden

➢ R&D Cooperation in Berlin

➢ ISO 9001 Certified since 2011

➢ Develop and commercialize innovative wafer level packaging 

➢ Technologies for miniaturized SMD- and COB type packages 

➢ Specialized Foundry Services

➢ Applications in opto-electronics and MEMS
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➢ Enabling Miniaturized, Hermetic, SMD-compatible Packages

➢ Enhancing Optical Performance

➢ Excellent precision due to semiconductor processing techniques

➢ High scalability by wafer-level processing

Opto-Electronics

APPLICATION FOCUS

Think 

Image Sensor

Think 

Opto Sensor
Think 

Laser Diode

Think 

UV-LED
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➢ Enhancing Optical Performance
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Opto-Electronics

Think 

Laser Diode

Think 

UV-LED

Courtesy viimagic GmbH
For applications in the visibile or NIR range

borosilicate glass windows e.g. attached by anodic

bonding can be used

UVC (λ < 280nm) 

requires the use of

quartz glass!

Alternative Bonding 

method needed
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MOTIVATION – CONVENTIONAL UVC LED PACKAGING

Discrete Packages

TO–package

➢ Hermetic (welded package)

➢ Integration of lenses possible

➢ Large, cumbersome mounting

➢ Suitable for lower volumes

SMD ceramic packages

➢ 3D-structured ceramic with vias

➢ Hermeticity possible, quartz lid 
e.g. attached by AuSn soldering

➢ Lens options available
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TO–package

➢ Hermetic (welded package)

➢ Integration of lenses possible

➢ Large, cumbersome mounting

➢ Suitable for lower volumes

SMD ceramic packages

➢ 3D-structured ceramic with vias

➢ Hermeticity possible, quartz lid 
e.g. attached by AuSn soldering
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These packages work, but have

some major drawbacks!
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MOTIVATION – CONVENTIONAL UVC LED PACKAGING

Discrete Packages

LED

➢ Significant amount of generated light is 
lost at the sidewalls

➢ Lost light is turned into heat

Non-reflective
sidewall

These packages work, but have

some major drawbacks!
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NEW – REFLECTOR UVC LED PACKAGING

Discrete Packages        Lithoglas Package

LED

Non-reflective
sidewall

LED

Reflector in
sidewall

➢ Significant amount of generated light is 
lost at the sidewalls

➢ Lost light is turned into heat

➢ Reflector extracts side-emitted light

➢ Higher output power

➢ Improved thermal performance
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NEW – REFLECTOR UVC LED PACKAGING

Lithoglas Package:

Fused Silica

(0.5 ppm/K*)

Silicon

(2.6 ppm/K*)

AlN

(4.5 ppm/K*)

* Coefficient of thermal 

expansion (CTE)
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NEW – REFLECTOR UVC LED PACKAGING

Lithoglas Package:

Fused Silica

(0.5 ppm/K*)

Silicon

(2.6 ppm/K*)

AlN

(4.5 ppm/K*)

* Coefficient of thermal 

expansion (CTE)

hermetic bond

quartz glass to silicon

on wafer-level
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Anodic Bonding

Use of thin glass intermediate 
layer for anodic bonding

➢ Known from silicon-silicon anodic
bonding applications, e.g. for
high-quality pressure sensors,
MEMS-capping, etc.

➢ Lithoglas proprietary glass 
deposition technology
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Anodic Bonding

Use of thin glass intermediate 
layer for anodic bonding

➢ Known from silicon-silicon anodic
bonding applications, e.g. for
high-quality pressure sensors,
MEMS-capping, etc.

➢ Lithoglas proprietary glass 
deposition technology

Slide from 37th Chemnitzer Seminar, June 2023
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Anodic Bonding

Process

➢ Quartz glass wafer:

➢ Thickness: 300µm, Diameter: 200mm

➢ Silicon wafer:

➢ Thickness: 725µm, Diameter: 200mm

➢ Deposition of 3 µm borosilicate
glass on quartz glass wafer

➢ Bonding at 400°C / 1000 V

➢ Slow heating to bonding temperature, slow cool down after bond

➢ Only weak bonding current, but sufficient charge movement observed

quartz wafer
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Anodic Bonding

Process

➢ Quartz glass wafer:

➢ Thickness: 300µm, Diameter:  200mm

➢ Silicon wafer:

➢ Thickness: 725µm, Diameter:  200mm

➢ Deposition of 3 µm borosilicate
glass on quartz glass wafer

➢ Bonding at 400°C / 1000 V

➢ Slow heating to bonding temperature, slow cool down after bond

➢ Only weak bonding current, but sufficient charge movement observed

bonded quartz / silicon wafer

detail: bond interface

Result:  Stable bond interface achieved! 

But:  200mm wafers are too large to bare CTE mismatch 
   of silicon to quartz, wafer breaks on cooling stage
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Reactive Bonding

Hermetic attachment by local ignition 
of a reactive metal layer stack

➢ Joint research project with FhG ENAS 
and others, Project RNFSys, BMBF funded

Source: FhG ENAS: Reactive Bonding by Using Multi Nano Layer Systems
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Reactive Bonding

Hermetic attachment by local ignition 
of a reactive metal layer stack

➢ Joint research project with FhG ENAS 
and others, Project RNFSys, BMBF funded

➢ A reactive material combination 
(e.g. CuO/Al) is deposited in the bond 
interface forming a connected frame grid

➢ Bonding is initiated by e.g. an electrical impulse
causing an exothermal reaction in the frame grid melting the 
metal stack locally

➢ A hermetic interface is formed without heating the full wafer – 
ideal for bonding of materials with high CTE mismatch

Source: FhG ENAS: Reactive Bonding by Using Multi Nano Layer Systems
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Reactive Bonding

Process

➢ Silicon reflector wafer with Al-coating 
provided by Lithoglas

➢ Reactive stack (CuO/Al) deposited on 
quartz lid wafer by FhG ENAS
(structuring by lift-off)

➢ Alignment and ignition done by FhG ENAS

➢ Very good bonding results achieved

Hermetically bonded quartz-silicon wafer stack with Al/CuO intervace
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Reactive Bonding

Testing

➢ Bonded wafer stack diced into single dies

➢ Singulated parts successfully tested 
up to THS 1000h

➢ Research project successfully completed! Diced wafer stack after successful reactive bond
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Surface activated bonding

➢ Well-know concept for silicon-silicon
(e.g. SOI wafer) or glass-glass bonding

➢ Process requires optimal cleanliness
and extremely smooth wafer surface 
conditions (e.g. Ra << 1nm)

➢ Wafer surfaces are activated chemically and/or by plasma treatment

➢ Bonding typically near room temperature (forming of van der Waals bonds)

➢ Forming of covalent bonds in a following annealing step at higher temperatures

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Surface activated bonding

➢ Well-know concept for silicon-silicon
(e.g. SOI wafer) or glass-glass bonding

➢ Process requires optimal cleanliness
and extremely smooth wafer surface 
conditions (e.g. Ra << 1nm)

➢ Wafer surfaces are activated chemically and/or by plasma treatment

➢ Bonding typically near room temperature (forming of van der Waals bonds)

➢ Forming of covalent bonds (Si-O-Si) by annealing step at higher temperatures

➢ Typically the annealing process temperature dominates the achievable bond strength

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Surface conditions:

➢ Wafer surfaces must be almost perfectly
flat with minimum roughness

➢ Wafer processing may not alter the surface
quality, e.g. by

➢ Wet etching processes can add surface roughness

➢ Back-sputtering prior to metal deposition will increase

➢ Insufficient cleaning processes

➢ Investigation of surface change after processing
shows no significant change

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Surface activation:

➢ Materials react differently to activation

➢ Chemical activation:

➢ Silicon forms a natural oxide layer

➢ Chemical treatment will cause a ‘protonotation’ 
of the surface (H+ ions are attached)

➢ Plasma activation (typ. O2-plasma):

➢ Quartz is a good insulator, electrical charges remain on the surface

➢ Silicon surface is quickly discharged again

➢ Water treatment:

➢ Hydrophilic bonding involves wetting of the wafer surfaces to allow OH-groups to adhere

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Bonding

➢ Initial contact of wafer surfaces is crucial

➢ Any bubbles or other inclusions are almost
impossible to remove again

➢ Such defects will cause yield loss or make
the wafer completely unusable

➢ Optional: apply pressure onto the wafers to enforce 
surface contact

➢ This is not feasible with reflector structures as it may 
cause wafer breakage

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Annealing

➢ SOI wafer bonding works with temperatures
around 1000°C

➢ Low temperature fusion bonding ~300°C

➢ CTE mismatch of quartz and silicon allows a 
max. temperature of ~150°C on 200mm wafers

➢ How can we obtain stable products that may withstand up to 350°C? 

(e.g. AuSn-attachment of reflector window in a hermetic package)

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Our current process

➢ Annealing process is split into two segments:

 1. Wafer-level annealing at 150°C

 Then: dicing of the windows

 2. Die-level annealing at 350°C

➢ Windows can reliably withstand 350°C AuSn-bonding process

➢ Tedious process with additional handling of singulated windows

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

Process Options – Fusion Bonding

Our Target

➢ Modify the process flow to achieve sufficient 
bonding strength at 150°C annealing at 
wafer-level to securely withstand 350°C on 

die-level

➢ On-going investigation in cooperation with Fraunhofer ENAS within publicly funded 
research project DiBoSiQ – Direct Bond of Silicon and Quartz (AIF ZIM, 2024-2026)

Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding 
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THANK YOU!

Dr. Ulli Hansen
ulli.hansen@lithoglas.de

Wafer-Level Bonding of Quartz and Silicon 
for UV-Applications
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OUR SERVICES

Design, manufacture and marketing of wafer-level components of high quality

CUSTOMIZED OPTO & MEMS COMPONENTS FOUNDRY SERVICES

Wafer-Level 
Capping

Silicon Cavity 
Wafers 

Compound 
Windows

Micro-Structured 
Glass Substrates

Glass Cavity 
Wafers

Silicon Based
Reflectors 

Wafer Bonding 
Service

Low Temperature 
Glass Deposition

Wet Etching Processes
For Glass / Silicon / Metals

Metallization / Laser 
Structuring / Dicing
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