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EVG Enables Full Process of uLED Displays Fabrication EVG

Metrology Wafer cleaning Hybrid Bonding Nanoimprint Lithography
. Resist processing
Collective die to Low temperature Glass bonding
wafer transfer bonding Color.
Conversion

MLED Mass Waveguide NIL
transfer

De-bonded carrier wafer

Temporary bonding High precision .
bonding Metal bonding
Wafer-level optics

Adhesive bonding CMOS driver wafer De-bondlng formation

< 8" EPIl wafer

12" Carrier wafer -
- Reconstituted 12" wafer

Wafer Epitaxial ULED Optics Waveguide
Processing Transfer Fabrication Formation Integration

Singulated

micro display AR glasses
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ULED | EVG

Pick and place Array Integration

Direct view display Micro display

ULED Pixel WLED Smart Pixel WLED array on CMOS driver

Applications Smart watch, smart phone, laptop, TV... AR, HUD, VR...
Further processing Mass transfer Integration with optics
Bottleneck Mass transfer of the pixels Extreme pixel pitch

The following slides show a representative but not full list of EVG technologies for uLED displays manufacturing.
The process flows vary significantly from company to company.

- - om 4
I I I EV Group Proprietary and Classified - CS International 2024 www.EVGrou p.com



ULED | EVG

1. Adhesive bond, 2. Carrier removal 3. Adhesive bonding 4. Substrate LLO,
Metal aligned bond Patterning + Etching

LED Substrate Wafer LED Substrate Wafer

EPI|

LED Substrate Wafer

EPI LED Substrate Wafer
EPI
i - - =
Oxide Oxide
Silicone Wafer Silicone Wafer Carrier wafer Carrier wafer

Next step: mass transfer

Smart pixel process requires a wide EVG Technology Application Equipment
range of bonding technologies, e I e CMOS driver substrate (SOI) EVGS50LT

including adhesive and metal bonding

Alternative to thinning

and wet oxide etching EVG850DB

IR-Laser Release

-
e Adhesive bonding EPI transfer + LED transfer E\éﬁ?n)l(x EVG8S0,
Direct View Display Laser Lift Off EPI substrate removal EVG850DB
Metal Bonding Integration E\éneq?n)l(x
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ULED |

1. LED wafer reconstitution 2. Reconstituted wafer
planarization and
Unpatterned EPI die transfer patternlng-
LED substrate
wafer wafer
LED LED LED LED

puDisplay manufacturing requires high precision
aligned bonding to fulfill the fine pixel Pitch
requirements

Micro Display
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3. Hybrid bond
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CMOS wafer

EVG Technology
Laser Lift Off

Wafer
Reconstitution

Hybrid bonding

NIL

Spin & Spray coating

EVG
4. Carrier removal,
t t
[ ]
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Next steps:

CMOS wafer

Optics, color conversion integration

Application
EPI substrate removal

Utilization of 300mm frontend
semiconductor processing

Fine pitch bond of the uLED EPI
wafer to the CMOS driver wafer

Optics formation

Color conversion layer deposition

Equipment
EVG850DB

EVG320

GEMINI FB

EVG7XXX

EVG1XX
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Wafer Bonding | EVG

Wafer bonding is a key technology in heterogenous integration of compound semiconductor materials

: Pitch
Anodic
No i _
Fusion SICN-SICN
Interlayer 2 um Yo
Hybrid 2 um
Thermof
Metal Compression 5 um
Interlayer Solder-based
Eutectic/TLP 30 um
Adhesive 30 pum
Insulating
Interl r
TR Glass Frit
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Wafer Bonding | EVG

Reducing residual stress by lowering the bonding temperature

Transient Liquid Phase
Si Wafer Ao 180 G

Bonding temperatures of available

Cu-Sn 250-280 °C .
_ Nien 280.300 °C TLP material systems are clearly
Bonding temperature Ag-Sn 250.280 °C below commonly utilized eutectic,
needs to be minimized Ag-n 180 °C anodic or glass frit bonding
Cu-In 170-180 °C
Cu-In-Sn 150 °C
Solution: Transient Liquid Phase (TLP) Bonding Latest Developments:
= Bonding at lower temperature Successful bonding of

Cu-In-Sn @ 150 °C
= Re-melting temperatures much higher than
bonding temperature

x8.000 2pm
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Wafer Bonding | EVG
ComBond® technology allows for low-temperature oxide-free metal bonding (e.g. Al-Al)

Conventional Bonding EVG Combond®

Increasing temperature leads to increasing bond
interface quality

High bond quality and
strength at low temperature

No O, concentration
difference between
bulk and interface
Al-oxide Al-oxide No aluminum oxide
precipitates

C-SAM
measurements
and SEM
images
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Heterogenous Wafer Bonding | EVG

Bonding of wafers of different size enables seamless integration of EPI and CMOS wafers

Smart View NT2 356 < 150nm* Smart View NT3 38 < 150nm*

100 mm 150 mm 200 mm 300 mm Bonding area > 99%
GaAs / GaN GaAs / GaN
100 mm /200 mm 150 mm /200 mm 200 mm /300 mm 100 mm /200 mm 150 mm /200 mm

Scanning Acoustic Microscopy

*LED applications
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Wafer Bonding | Fusion and Hybrid Bonding EVG

= — = Annealing Process

: | T ‘ )

: """""" rENses
o

-
L — Native Oxide
Prebonding Thermal Annealing

z E ,.*.,. : wafer to Wafer Alignment
| Dielectric layer

EvGB10 1l EVG 301
! Single Wafer Cleaning H
. Annealing

LowTemp® Plasma

EvGaot
Single Wafer Cleaning
o

H,0

EVG 810
LowTamp” Plasma Activation

- - *- “T1EI

Wet cleaning and plasma activation Wafers will be aligned using F2F )
are applicable for surface preparation. optical alignment. Once aligned, @ Interconnect gap closure
wafers will be contacted at room due to different CTE of
Wet cleaning can include the use of temperature. Dielectric bonding
chemicals for metal oxide removal material and
interconnect material

300°C

150°C

RT
v
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D2W Bonding | Collective D2W Process Flow EVG

> > Carrier Population Wafer-to-Wafer Bonding

Glass or Silicon Carrier Wafer with D2W Bonding Reconstituted Wafer Plasma Activation Plasma Activation Slide-Off or Laser
Carrier Wafer (non Adhesive Layer
patterned or with Handler Targ ¥ ing
alignment marks)
Cleaning Handler Cleaning Target Wafer o
_ —— Surface Cleaning

Error propagation of D2W +
W2W alignment
Cost of carrier prep, utilization
and clean

= Die thickness needs to be in
narrow range

= Proven technology

= Die Activation and cleaning
Collective Die Transfer by equivalent to W2W hybrid
Reconstituted Carrier bonding

=  Oxide management

= Rework on carrier feasible

Application specific volume
production proven for several
years
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Collective D2W Bonding | EVG

Edge Die 300mm 10x14 Dies Center Die
l\\\‘\ .
v

SU70 10.0kV 7.8mm x2.00k SE(L

High Die transfer rate and alignment
accuracy < 2um

TEM evaluation of mechanical contact of
the bonding pads and Cu grain growth
across the bonding interface
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ULED Displays Manufacturing | Summary EVG

@ EVG is market leader in wafer bonding, reatdon o Pl Eoveme (S

a key technology for uLED displays manufacturing.
Our solutions go beyond bonding and enable many Others
AR and VR applications for the industry leaders.

@ Other Key Technologies for uLED manufacturing
= Waveguides nanoimprint
= Wafer-level micro-optics
= Mass transfer

Image adapted from “Bonding and Lithography
Equipment Market for Moore than Moore
Devices | Report | Yole Développement | 2021”

‘?g::r:rg?ogies ComBond® Fusion Bonding Metal Bonding Glass Frit Bonding Anodic Bonding Adhesive Bonding
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Thank you!

Dr. Bernd Dielacher, Business Development Manager, b.dielacher@evgroup.com

Representative

Headquarter
Austria

| North America Germany Chinal Taiwan

Disclaimer

The ir i i in this is provided “as is” and without warranty of any kind, express or implied. Any express or implied warranties including, but not limited to, any implied warranty of merchantability, fithess for a particular purpose, and patent infringement or other violation of any intellectual property
rights are hereby expressly disclaimed.

EVG makes no representation that the use or implementation of the information contained in this document will not infringe or violate any copyright, patent, trademark, trade secret or other right.

In no event shall EVG be liable for any claim, damages or other liability, including any general, special, indirect, incidental, or consequential damages, whether in an action of contract, tort infringement, misappropriation or otherwise, arising from, out of or relating to the use or inability to use the information.

Acceptance and/or any use of the information contained in this document shall be deemed consent to, and acceptance of, this disclaimer.

Data, design and specifications may not simultaneously apply; or may depend on individual equipment configuration, process conditions and materials and vary accordingly. EVG reserves the right to change data, design and specifications without prior notice.

All logos, company names and acronyms or any combinations thereof, including, but not limited to, EV Group®, EVG® and the Triple i logo, equipment and technology names and acronyms such as GEMINI®, HERCULES®, BONDSCALE®, SmartView®, SmartNIL® and many others, as well as website addresses, are
registered trademarks and/or the property of EV Group. For a complete list of EVG trademarks visit www.EVGroup.com/Imprint.

Other product and company names may be trademarks of their respective owners.

www.EVGroup.com
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