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Introduction and Motivation
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EVG® LayerRelease™ | Motivation

@ MARKET NEEDS FOR NEW CARRIER SOLUTION

Silicon Fusion & Nanometer
Carriers Hybrid Bond Inorganic
Release

Enable temporary bonding on Silicon wafers 7 Compatible
High temperature stability >700°C |

Precise control on debonding plane with a well defined laser energy
COI’]fI nement ' FEOL to BEOL Environment

Compatible friendl
Carrier re- usability and easy cleaning option ) :
Lower LRL TTV than other temporary bonding solutions < 500nm
FEOL compatibility

layer

REQUIREMENTS SET FOR IR LAYER RELEASE ON SI CARRIER

Compatible with FEOL & BEOL processes
Low TTV: <100 nm o e [ p—

High temperature stability: >700°C and beyond ===

Optimized interaction with IR laser: high IR absorption but shielding of "~ ;;;; il i .
product wafer 4‘// Mmm:w

ECO friendly cleanability of IR LRL residuals ey ™ b

A carrier solution that can handle both adhesive and fusion bonding
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Working Principle
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EVG® LayerRelease™ | Laser DB Working Principle

Carrier DB mechanism

Si Wafer

* Exposed volume with a single laser shot

« Primary delamination by gas generation
through chemical decomposition

« Secondary delamination by stress buildup

Unique Benefits
« Transmission-free and damage-free IR laser release

* No thermal impact to product
+ Compatible with standard process temperatures in front end and back end processes
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EVG® LayerRelease™ | Laser DB Working Principle

DB mechanism
* Exposed volume with a single laser shot

« Primary delamination by gas generation
through chemical decomposition

Product No bond o _
wafer 2 « Secondary delamination by stress buildup

Unique Benefits

« Transmission-free and damage-free IR laser release

* No thermal impact to product

+ Compatible with standard process temperatures in front end and back end processes
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EVG® LayerRelease™ | EVG
= Optimization of different absorber layer stacks Si carrier
for SLR (single) and MLR (multi LayerRelease) Dielectric
. . . Si carrier
= Complete blocking of transmission for MLR — —

- Zero Ilght on product Inorganic LRL Absorber/mirror

Bonding layer Bonding layer

MRL type with MRL type with

100 Measured Separation Forces vs. Ablation Spot Distances = The ab.lation behavior and process
screening was evaluated based on the the
following parameters:

= Focus level

= Laser pulse energy

= Laser pulse distance

= Laser pulse arrangement

Overexposure Process window S
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EVG® LayerRelease™ |

Memory Stacking

5T
v R g 3
. N \

Source: Brewer Science

Interposer

Source: STMicroel lectronics

Source: SystemPlus Consulting

- - -
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Wafer support during thinning
and backside processing
before stacking of DRAM or
SRAM
= thinner layers (<< 40 pum),
= combination with hybrid
bonding
Release for RDL first.
—Temporary bonding for
warpage control for chip first
enables thinning and backside
processing.

Thinning of interposers,
enhanced process
temperatures for passive
integration and high density
RDLs for HPC & Al
applications.

Image Sensors

Film Transfer for next generation
Image sensors (enhanced
spectrum).

—Splitting of pixel transistor and
photodiode in two layers.

Global Shutter implementation.

] Advanced carrier technology
for Co-D2W, DP-D2W and
Reconstructed W2W

Scaling Booster for thin film transfer

Source: IMEC ITF2022
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Ultra thin layer transfer for sequential
device flows:

—Silicon thin films for BS-PDN,
sequential CFET, hybrid CFET, etc.

| —Epitaxial layers such as Ill/Vs

—2D Materials such as MX2 or

graphene
10
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EVG® LayerRelease™ | EVG
Product wafer
Product wafer Fusion or Product IR Lift- off cleaning S carrior
manufacturing temporary wafer exposure
bonding processing G Dielectric
e — = S
y‘ . - - - _’ Dielectric Dielectric
deposition
_ Inorganic LRL
_ —>_ —vF — Bonding layer Bonding layer
Direct stack Wafer — .
— Single (SLR) type (left), and double (MLR) type
bulidup molding | IR layer release stacks (right)
Si carrier wafer wet cleaning or CMP for reuse
1) LRL 2) Bonding 3) Backside 4) Layer Release 5) Cleaning
Deposition on Processing
Carrier —Fusion —Thinning —Pre- alignment —Wet Clean
—PVD —Adhesive —Hybrid bonding —Exposure —CMP
—CVD bonding —Overmold — Lift off —Dry Etching
—MO-CVD

*Reference: EVG paper at ECTC2024
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EVG® LayerRelease™ | 3D Integration | Recon D2W Stacking

Benefits:

» Fulfills Required Front End
Cleanliness for Hybrid Bond is
Possible

= Particle control sufficient for 1um
pitch
» Thick dies with low distortion can

be originally placed (and
Sicarrier subsequently thinned)

= Very Thin Dies are possible (sub
Hm)
» Reduced cost
» Reduced stress

= Multi layers

JaWweo|s
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EVG® LayerRelease™ | Advanced Nodes | CFET Integration

Monolithic CFET with Different Top and Bottom Channels

E-MDI wafer flow Monolithic CFET with E-MDI E-MDI vs NS ref.
| .E+02
Channel epi SiCN Wafer thinning - ME-MDI
bonding + etch : ® NS ref
_< Top channel = |.E+00
=
L e O g e
" E-MDI "E-MDI IEI
T el 2 | En
7 channel Vd=-0.7V .
|.E-03 Lg= 18nm .
Top channel # Bottom channel _— s L (X
(strain, material, Orientation) -1.00 -0.80 -0.60 -0.40 -0.20 0.00 0.20
E-MDI: Embedded middle dielectric isolation Vg V]

mCFET with E-MDI is key enabler for hybrid channels
E-MDI top PMOS devices show comparable performance as NS ref.

“umec Source: IMEC PTW Spring 2025
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EVG® LayerRelease™ | . ‘

1. Advanced Packaging

= FOWLP
= Temporary Bonding (DPD2W Stacking)
Carrier Re-Use 2. Thin Wafer Stacking
Room Temperature Release = 3D-DRAM, CIS, CMOS 2.0,
nm precise TTV 3. Growth Substrate for Layer Transfer
1050°C Temperature Resistant = 3D NAND
Front and Back End Compatible = CIS

4. Advanced Nodes Layer Transfer
= CFET
= 2D Material Transfer

- == Confidential / Trade Secret
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Process Results
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EVG® LayerRelease™ | Spike Annealed Die and 300mm Wafer Debond EVG
Spike Annealing Temperature Profile Step #1
—— 750°C for one hour M

1000 17— 350°C for one hour

800
-;;J 600
E 400

200 1

o{ ; ; ; ; ! Process screening matrix by testing
0 10 20 30 40 50 60

Time tminutes) 82 different laser parameters on

_ _ a 20x20mm sample
Applied temperature profiles
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EVG® LayerRelease™ | EVG

Step #2 Step #3

Si carrier wafer Product wafer

o€ A |
A050C (osec. |

Die exposure and debond based 300mm wafer exposure and debond by utilizing 5 different exposure
on the process screening results stripes for cleaning test purposes annealed on 750°C and then 1050°C
Anneal #1 Anneal #2 Debond Result
750°C 1 h. 1050°C 1 min.
350°C 1 h. 1050°C 1 min.
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EVG® LayerRelease™ | Advanced Packaging |

After the temperature stress tests no outgassing, void
formation, bond defects, or delamination’s were found during
the C-SAM analysis (Fig. 4.).

Fig. 10. Camera image of the cleaned device side with no
50um Si adhesive or RL residues.
BrewerBond® C1301-10

) . Thus, the successful cleaning of the adhesive material after

Si LayerRelease Carrier bonding, IR laser exposure, and debonding (lift off from the

L 4&5mm carrier) of the 50 um thin bare Si device wafer was
Fig. 4. C-SAM image of the wafer after 450 °C demonstrated.

temperature stress for 1 hour. No void formation or adhesive

delamination was observed.

High Temperature Stable Temporary Bond Adhesive For IR Laser Debonding Enables New
Process Integration For Thin Wafers ErPTC 2024 Brewer Science, ams-OSRAM, EVG
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IR Layer Release | Applications

Bonding Oxide

Si Receiver Wafer
After Debond

1a. Device/Receiver Fabrication Bonding Oxide Bond
Bonding Oxide Interface

 Dielectric Layers

Bonding Oxide Debond Surface

Bonding Oxide Bonding Oxide

2. Fusion-Bonding/Anneal
3. IR Debond 4. BE Metal Layer Transferred

1b. Carrier/Donor Fabrication —_— Si Receiver Wafer
ILRF and Patterned Cu

Transfer of structured layer to Si wafer

*Reference: P. Sounart et al: “IR Laser Debond From Silicon Carrier Wafers With Inorganic Thin Film Release Layers for High—Density 2.5D and 3D Integration”; 2377-5726/24
@ 2024 |IEEE DOI 10.1109/ECTC51529.2024.00066.
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IR Layer Release | Applications EVG

‘Hybrid-Bond Pads

Cu Interconnects

<

1a. Metal Layer Patterning on Receiver
Wafer with Hybrid-Bond Pads

Debonded Receiver Wafer
Hybrid-Bonded Layers

—_—— -t e e S - .

Debond Surface
_ _ Hybrid-Bond interface Hybrid-Bond interface

Hybrid-Bond Pads f

Hybrid-Bond Interface

Cu Interconnects

2. Hybrid-Bonding 3. IR Debond 4. Hybrid-Bonded Daisy Chains
Separated from Donor Wafer

1b. Metal Layer Patterning on Donor
Wafer with Hybrid-Bond Pads

Hybrid bonding and transfer using IR debond

*Reference: P. Sounart et al: “IR Laser Debond From Silicon Carrier Wafers With Inorganic Thin Film Release Layers for High—Density 2.5D and 3D Integration”; 2377-5726/24
@ 2024 |IEEE DOI 10.1109/ECTC51529.2024.00066.
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What about costs?
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EVG® LayerRelease™ | EV G

Layer Release Wafer Grinding

Processing Time ~3 mins. Per wafer 2-4 mins. per wafer

Carrier Material (Si- Can be re-used

Wafer)

Carrier Wafer Cleaning

Device Wafer Cleaning Wet-chemical cleaning is required after layer release to remove
release layer residues.

Economic Impacts Cleaning of carrier wafer to become FEOL compatibal again.

Cost Layer release deposition, release process, carrier & device
wafer cleaning

i Confidential / Trade Secret 22
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Summary and Outlook
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EVG® LayerRelease™ |

Through Silicon IR release
Inorganic release layer
Front end compatible

Compatible with high temperature processes

Low Temp laser treatment & force free carrier release

Huge Potential of cost-reduction

Economic advantages

Advanced Packaging (Die Integration)
FOWLP: RDL First on i Carrier

=

3D NAND, 3D DRAM, Advanced Logic

Thinned Wafer Stacking

Precisely controlled separation without IR transmission or

other harm for device wafer

Enables die and wafer processing with thicknesses <<10 pm

Fully automated production tool, the EVG880 is already in
production at customers and demo-ready at EVGHQ
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Molded

Multiple
Hybrid /
Fusion
Bonded
Layers

EVG

Power Devices, Logic (Interposer)
Temporary Bonding to Si Carrier (Polymer Adhesive)

———

Logic, Memory, Chiplet Integration
Ultra Thin Die Stacking

Polymer
Bonded

Multiple
Hybrid /
Fusion
Bonded
Layers

24
www.EVGroup.com



Thank you!

Disclaimer

The information contained in this document 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, fitness 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.

Confidentiality
This presentation contains trade secrets, confidential or privileged information.

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.

HIHI- Confidential / Trade Secret
I I I EV Group Proprietary and Classified www.EVGrou p.com



	Slide 1: IR-based Laser De-Bonding for FEOL Process Integration
	Slide 2: Outline 
	Slide 3: Introduction and Motivation
	Slide 4: EVG® LayerRelease™ | Motivation
	Slide 5: Working Principle
	Slide 6: EVG® LayerReleaseTM | Laser DB Working Principle
	Slide 7: EVG® LayerReleaseTM | Laser DB Working Principle
	Slide 8: EVG® LayerReleaseTM | Laser DB Process Development
	Slide 9: Application and Integration
	Slide 10: EVG® LayerRelease™ | Markets & Applications
	Slide 11: EVG® LayerRelease™ | Process Flow
	Slide 12: EVG® LayerRelease™ | 3D Integration | Recon D2W Stacking
	Slide 13: EVG® LayerRelease™ | Advanced Nodes | CFET Integration
	Slide 14: EVG® LayerRelease™ | Applications Summary
	Slide 15: Process Results
	Slide 16: EVG® LayerRelease™ | Spike Annealed Die and 300mm Wafer Debond
	Slide 17: EVG® LayerRelease™ | Spike Annealed Die and 300mm Wafer Debond
	Slide 18: EVG® LayerRelease™ | Advanced Packaging | Temporary Bonding
	Slide 19: IR Layer Release | Applications
	Slide 20: IR Layer Release | Applications
	Slide 21: What about costs? 
	Slide 22: EVG® LayerRelease™ | Costs & Economics
	Slide 23: Summary and Outlook
	Slide 24: EVG® LayerRelease™ | Summary and Outlook
	Slide 25: Thank you!

