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COM PANY Think glass!
Brief Company History: Company Locations:
» Founded in 2006 Dresden
» Headquarters and Production in Dresden Headqu'arters &
Production
» R&D Cooperation in Berlin
» 1SO 9001 Certified since 2011
Focus:
» Develop and commercialize innovative wafer level packaging Berlin
R&D Center

» Technologies for miniaturized SMD- and COB type packages
» Specialized Foundry Services

» Applications in opto-electronics and MEMS
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APPLICATION EOCUS ®) Lithoglas

Think glass!

Opto-Electronics

» Enabling Miniaturized, Hermetic, SMD-compatible Packages
» Enhancing Optical Performance
» Excellent precision due to semiconductor processing techniques

» High scalability by wafer-level processing
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Think glass!

APPLICATION FOCUS

Opto-Electronics

» Enabling Miniaturized, Hermetic, SMD-compatible Packages
» Enhancing Optical Performance
» Excellent precision due to semiconductor processing techniques

» High scalability by wafer-level processing T T, \

lid lid lid
b ) y 5 cavity thermal am .
d \\ chip / d \ _f#__ conductor ¢ (/,-‘]\ chip

Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025



Think glass!
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» Enhancing Optical Performance

S&&
&8
AR
RO
:,/%»ﬁ% <
AR f/f»»?. N .pft ¢o
»ﬂﬁ» N &
/ G

S
G

S
AR
& ﬁ/

AR
,m%,.w
SOS

A
&8

ﬂ,
W

&8
S
ARY
G

,,N,,,%,.m?
%Nwﬁﬁ
SSRGS
RN

S8

\
&8

S
AR
QO

\
GO
RS
RN
,,f/ AR

AR
A
,xa \

A
\
)

&

» Excellent precision due to semiconductor processing te

> H

<
S

il

=
=
s
=
-
W

igh scalability by wafer-level processing

lid

—._chip
i

dam

thermal
conductor

lid

cavity

lid

chip

dam\

14.05.2025

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



Think glass!

APPLICATION FOCUS

Opto-Electronics
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APPLICATION FOCUS

Think glass!
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Think glass!
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APPLICATION FOCUS
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For applications in the visibile or NIR range
borosilicate glass windows e.g. attached by anod
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APPLICATION FOCUS

Think glass!
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MOTIVATION — CONVENTIONAL UVC LED PACKAGING ®) Lithoglas

Think glass!

Discrete Packages

TO-package

» Hermetic (welded package)
> Integration of lenses possible
» Large, cumbersome mounting
» Suitable for lower volumes

/\'\

ol

SMD ceramic packages

» 3D-structured ceramic with vias

» Hermeticity possible, quartz lid < & ‘
e.g. attached by AuSn soldering : ' 4
> Lens options available y
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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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Think glass!

These packages work, but have
some major drawbacks!
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MOTIVATION — CONVENTIONAL UVC LED PACKAGING

Discrete Packages

(® Lithoglas”

Think glass!

yn-reflective

sidewall

These packages work, but have
some major drawbacks!

lost at the sidewalls

> Lost light is turned into heat

> Significant amount of generated light is

12
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NEW — REFLECTOR UVC LED PACKAGING

Discrete Packages

(® Lithoglas”

Think glass!

Lithoglas Package

Jon-reflective

sidewall

Reflector in
sidewall

lost at the sidewalls
> Lost light is turned into heat

» Significant amount of generated light is

> Reflector extracts side-emitted light
» Higher output power

» Improved thermal performance

13
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NEW — REFLECTOR UVC LED PACKAGING

Lithoglas Package:

(® Lithoglas”

Think glass!

optical coating

reflector
coating.  hermetic interface

Fused Silica
— (0.5 ppm/K¥)

lid
(fused silica)

cavity Silicon

(2.6 ppm/K*)

AIN

/(4.5 ppM/K*)

* Coefficient of thermal
expansion (CTE)

14
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NEW — REFLECTOR UVC LED PACKAGING

Lithoglas Package:

hermetic bond
guartz glass to silicon

(® Lithoglas”

Think glass!

reflector
optical coating  coating.  hermetic interface
/ .
lid Fused Silica
(fused silica) (0.5 ppm/K¥)
cavity Silicon
(2.6 ppm/K*)

AIN

/(4.5 ppM/K*)

* Coefficient of thermal
expansion (CTE)
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NEW — REFLECTOR UVC LED PACKAGING

Lithoglas Package:

hermetic bond
guartz glass to silicon

optical coating

(® Lithoglas”

Think glass!

on wafer-level

reflector
coating.  hermetic interf/ace

lid Fused Silica
(fused silica) (0.5 ppm/K¥)

cavity Silicon

(2.6 ppm/K*)

AIN

i /(4-5 ppM/K*)

* Coefficient of thermal
expansion (CTE)

T B
XSS5

-
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

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

Think glass!

lg
—
Bond electrode ‘

silicon wafer 5

silicon wafer

Lithoglas® Glass Film

17
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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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Think glass!

® Lithoglas®

Think glass!

GLASS DEPOSITION TECHNOLOGY

Plasma-Assisted E-Beam Evaporation

» unique deposition process for borosilicate glass
> borosilicate is a multi-component material

» high deposition rates from 200nm/min to 500nm/min
> fast compared to other deposition methods for dielectrics

3um glass film on etched silicon

» very low substrate temperatures (< 80°C)
> allows coating of a wide range of materials

» yielding non-porous, transparent glass layers
> visually transparent at high magnifications, e.g. 1000x

» batch processing for various substrate sizes: 4" to 8"
» production setup: automatic machine loading and process control T o R

glass films in flip chip redistribution

14 IR packaging based on anodic bonding with thin glass layers 13.06.2023

Slide from 37th Chemnitzer Seminar, June 2023

14.05.2025



WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Anodic Bonding

Process

IB
» Quartz glass wafer: Bond electrode
» Thickness: 300pm, Diameter: 200mm |
U™ T

> Silicon wafer: silicon wafer
» Thickness: 725um, Diameter: 200mm

» Deposition of 3 pm borosilicate
glass on quartz glass wafer

Lithoglas® Glass Film

» 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

19
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Anodic Bonding

bonded quartz / silicon wafer

Process

» Quartz glass wafer:
» Thickness: 300um, Diameter: 200mm

» Silicon wafer:
» Thickness: 725um, Diameter: 200mm

» Deposition of 3 um borosilicate
glass on quartz glass wafer

Result: Stable bond interface achieved!

But: 200mm wafers are too large to bare CTE mismatch
of silicon to quartz, wafer breaks on cooling stage

Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025



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 FnG ENAS
and others, Project RNFSys, BMBF funded

(® Lithoglas”

Think glass!

Source: FhG ENAS: Reactive Bonding by Using Multi Nano Layer Systems

21 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025




WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Reactive Bonding

Hermetic attachment by local ignition
of a reactive metal layer stack

» Joint research project with FnG ENAS
and others, Project RNFSys, BMBF funded

> A reactive material combination
(e.g. CuO/Al) is deposited in the bond o
Interface formlng a COn neCted fra me grld Source: FhG ENAS: Reactive Bonding by Using Multi Nano Layer Systems

» 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

22 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025



WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

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
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L

Hermetically bonded quartz-silicon wafer stack with Al/CuO intervace

> Very good bonding results achieved

23 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025




WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Process Options — Reactive Bonding

Testing
» Bonded wafer stack diced into single dies

» Singulated parts successfully tested
up to THS 1000h

» Research project successfully completed!

24

Think glass!

Diced wafer stack after successful reactive bond
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Fusion Bonding

Wet chemical & O, plasma

Surface activated bonding Pe 123 Rl e
\ \. YNV

> Well-know concept for silicon-silicon QS = @ @ = @g
(e.g. SOI wafer) or glass-glass bonding Wafer

Combined activation Alignment Bonding Annealing

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

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

» 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

25 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Fusion Bonding

. . Wet chemical & O, plasma
Surface activated bonding o o
\&\l \.U\H . g
ang ang D
» Well-know concept for silicon-silicon @6 = % 0= @ = n
(e-g- SOI Wafer) Or glaSS‘glaSS bondlng Wafer Combined activation Alignment Bonding Annealing
> Process reqUIreS Optlmal Cleanllness Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding

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

26
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Fusion Bonding

Wet chemical & O, plasma

Surface conditions: A B P 0 w00 o
., Sela AL Tl

o o

>

» Wafer surfaces must be almost perfectly

flat Wlth mlnlmum roughness Wafer Combined activation Alignment Bonding Annealing
. Si blank (Reference)
> Wafer processing may not alter the surface Source: . L, Effectof Combined Hydop esoumit o o] 1
quality, e.g. by . o1
» Wet etching processes can add surface roughness 2 012
» Back-sputtering prior to metal deposition will increase 3 011
> Insufficient cleaning processes ) o
» Investigation of surface change after processing ARt ER Al I
shows no significant change —
1 0,14
2 0,13
3 0,12
= 4 0,13

i Fraunhofer

ENAS

Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025



WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Fusion Bonding

= c Wet chemical & O, plasma >
Surface activation: o e 0wk .\ o
J\O\‘L\J%O\U\M R " g
> Materials react differently to activation B pPETp s =
> Chem|ca| actlvatlon: Wafer Combined activation Alignment Bonding Annealing
> Sl I |C0n fO rms a natu ral Odee Iayer Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding

» 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

28
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON

(® Lithoglas”

Think glass!

Process Options — Fusion Bonding

Bonding .

> Initial contact of wafer surfaces is crucial —

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

Wet chemical & O, plasma

63 = i

Wafer

Combined activation

@
= &4

Alignment

O

Bonding

S

Annealing

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

> 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

29

Z Fraunhofer

ENAS
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!
Process Options — Fusion Bonding
. Wet chemical & O, plasma :
Annealing ) -
%J; \.l l\l / g

> SOI wafer bonding works with temperatures -S = :> @ =C P

a ro u n d 1 O 0 OOC Wafer Combined activation Alignment Bonding Annealing
> LOW te m pe ratu re fu SIO n bo n d I n g n 3 OOOC Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding

» CTE mismatch of quartz and silicon allows a

max. temperature of ~150°C on 200mm wafers

reflector
optical coating coating,  hermetic interface

—

(fusel:iidsilica) / |

» How can we obtain stable products that may withstand up to 350°C? Y
(e.g. AuSn-attachment of reflector window in a hermetic package) L::/'% 1::
V st 2

Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025



WAFER-LEVEL BONDING OF QUARTZ AND SILICON @) Lithoglas

Think glass!

Process Options — Fusion Bonding

Our current process 0
—— °\l¢\l¢
» Annealing process is split into two segments: T lael=d = Ebg

1 i Wa fe r_ I evel a n n ea I | n g at 1 5 OOC Wafer Combined activation Alignment Bonding Annealing
Th en: d i Ci N g Of th e W| N d OWS Source: D. Li, Effect of Combined Hydrophilic Activation on Interface Characteristics of Si/Si Wafer Direct Bonding
2. Die-level annealing at 350°C

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

] 00nnon
> Tedious process with additional handling of singulated windows IEEO080888

31 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025
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WAFER-LEVEL BONDING OF QUARTZ AND SILICON ®) Lithoglas

Think glass!

Process Options — Fusion Bonding

Our Target 2 e '&Ho
\i\l 1 \,ll\H a
> Modify the process flow to achieve sufficient C el e el @@
bonding strength at 150°C annealing at Watr o g it B ekl

wafer-level to securely withstand 350°C on
die-level

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

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

32 Wafer-Level Bonding of Quartz and Silicon for UV-Applications 14.05.2025
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Think glass!

THANK YOU!

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

Chemnitzer Seminar
Workshop / 13. Mai 2025 - 14. Mai 2025 Dr. Ulli Hansen

Electronic Packaging and Applications ulli.nansen@lithoglas.de
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Think glass!

OUR SERVICES

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

CUSTOMIZED OPTO & MEMS COMPONENTS FOUNDRY SERVICES

afer-Level Silicon Cavit

ompound
Capping Wafers i

ow Temperature
lass Deposition

L\

etallization / Laser
ructuring / Dicing

ilicon Based
Reflectors

Micro-Structu
Glass Substra

t Etching Processes
lass / Silicon / Metals

lass Cavity
Wafers
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