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• Introduction
• Two-Layer Laser Material System
• Single-Layer Thermoplastic Laser Material System
• Single-Layer Thermoset Laser Material System
• Laser Etching and Patterning Laser Material System
• Conclusions
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Te m p o r a r y  B o n d i n g  A p p l i c a t i o n s  

RDL buildEMC waferThin wafer Substrate transfer

Temporary bond and debond technologies have been widely developed and 
adapted in many technologies within wafer-level packaging (WLP)  

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000390



06/21/2018 © 2018 Brewer Science, Inc. 5
2018 NCAP-Yole Developpment Symposium

5iMAPS Device Packaging Conference
March 3rd, 2020

Te m p o r a r y  B o n d i n g  a n d  D e b o n d i n g  P r o c e s s  F l o w

Bonding 
material Bake

Glass carrier 
wafer

Bonding
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Backside grinding &
processing

Laser debond

Mechanical 
debond

Cleaning
Thermal slide debond

Te m p o r a r y  B o n d  a n d  D e b o n d P r o c e s s  F l o w
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TWO-LAYER SYSTEM
Material A & B
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• Two-Layer Material System for Laser Materials
• Consists of thermoplastic or thermoset bonding material and laser release material
• Thermoplastic Bonding Layer – Material A

• Bonds at or below 200°C
• Has high adhesion  to the substrate it is applied to and the laser release layer 
• Can be coated at a thickness of 10 µm and above

• Thermoplastic Laser Release Layer – Material B
• Laser Sensitive at near-UV wavelengths (300-400 nm)
• Has high adhesion to the substrate it is applied to and the bonding layer
• Minimizes laser energy reaching the device

O v e r v i e w  o f  T w o - L a y e r  M a t e r i a l  S y s t e m

Bond Less Than 200°C Laser debond

Device Wafer
Material A
Material B

Carrier Wafer

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000394



06/21/2018 © 2018 Brewer Science, Inc. 9
2018 NCAP-Yole Developpment Symposium

9iMAPS Device Packaging Conference
March 3rd, 2020

Thermal Decomposition Under N2 (°C) Glass Transition Temperature(°C) Melt Viscosity at 200°C 
(Pa·s ) Thickness

Material A 351 98 4052 35µm

Material B 407 N/A N/A 180 nm

T w o - L a y e r  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n
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T w o - L a y e r  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n

Wavelength (nm) N K

308 1.84 0.43

355 1.86 0.24
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T w o - L a y e r  M a t e r i a l  S y s t e m  – R e s u l t s  – P r o c e s s i n g

Wafer Pair Post-Bonding Wafer Pair Post-Grind Wafer Pair Post–Heat Treatment

No bond line defects appear during full processing
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T w o - L a y e r  M a t e r i a l  S y s t e m  – R e s u l t s  – G r i n d

Average Thickness: 35 µm
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T w o - L a y e r  M a t e r i a l  S y s t e m  – R e s u l t s  F o r  L a s e r  D e b o n d

Debond Fluence: 160 mJ/cm2

Thinned Wafer Post 308 nm Laser Debond

355

Debond Power: 1.3 W
Debond Time: 103 s

Thinned Wafer Post 355 nm Laser Debond
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SINGLE-LAYER 
THERMOPLASTIC 

MATERIAL SYSTEM
Material C
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• Consists of a single thermoplastic layer that acts as bonding layer and release layer 
• Bonds at or below 200°C
• Has high adhesion to a variety of substrates
• Can be coated at a variety of thicknesses 
• Laser Sensitive at near-UV wavelengths (300-400 nm)

O v e r v i e w  O f  S i n g l e - L a y e r  T h e r m o p l a s t i c  M a t e r i a l  S y s t e m

Bond Less Than 200°C
Laser debond

Device Wafer
Material C

Carrier Wafer
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T h e r m o p l a s t i c  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n
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Substrate Type Si Glass Si3N4 SiOx

Adhesion (PSI) >39 >31 >27 37

Thermal Decomposition Under N2 (°C) Glass Transition Temperature(°C) Melt Viscosity at 210°C
(Pa·s )

Thickness
(µm)

Material C 334 101.6 337 20
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T h e r m o p l a s t i c  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n

Wavelength (nm) Percent Transmittance

248 0

308 0

355 0.28
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T h e r m o p l a s t i c  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n

Wafer Pair Post–Heat TreatmentWafer Pair Post-Bonding

No bond line defects appear during full processing
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T h e r m o p l a s t i c  M a t e r i a l  S y s t e m  – R e s u l t s

Average Thickness: 46 µm

Thinned Silicon Thickness Map

Debond Fluence: 220 mJ/cm2

Wafer Post–308 nm Laser Debond
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SINGLE-LAYER 
THERMOSET MATERIAL 

SYSTEM
Material D

Device Packaging 2020 - Fountain Hills, AZ USA - March 2-5, 2020 
Visit www.imapsource.org for more IMAPS papers

000406



06/21/2018 © 2018 Brewer Science, Inc. 21
2018 NCAP-Yole Developpment Symposium

21iMAPS Device Packaging Conference
March 3rd, 2020

• Single-Layer Thermoset Materials
• Have a bonding temperature of less than 200°C 
• Able to laser debond at commercially available laser wavelengths 
• Crosslink by UV or thermal cure
• Able to clean cured material by wet chemistries

O v e r v i e w  F o r  S i n g l e - L a y e r  T h e r m o s e t  M a t e r i a l  S y s t e m

Laser debondBond Less Than 200°C Solvent Cleanable

Device Wafer
Material D

Carrier Wafer
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T h e r m o s e t  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n
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Substrate Type Si Glass EMC SiOx

Adhesion (PSI) 28 23 15 31

Thermal Decomposition Under N2  (°C) Glass Transition Temperature (°C) Melt Viscosity at 145°C 
(Pa·s )

Thickness
(µm)

Material D 371 25 883 20
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T h e r m o s e t  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n
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308 1.76 0.18

355 1.72 0.14
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T h e r m o s e t  M a t e r i a l  S y s t e m  – R e s u l t s

Wafer Pair Post–Heat Treatment and CureWafer Pair Post-Bonding

No bond line defects appear during full processing
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T h e r m o s e t  M a t e r i a l  S y s t e m  – R e s u l t s

Before Cure and Heat Treatment After Cure and Heat Treatment

Minimal material flow occurs before and after heat treatment.
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T h e r m o s e t  M a t e r i a l  S y s t e m  – R e s u l t s

Debond Fluence: 275 mJ/cm2

Post–308 nm Laser Debond

Debond Power: 4 W
Debond Time: 71 s

Post–355 nm Laser Debond
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T h e r m o s e t  M a t e r i a l  S y s t e m  – R e s u l t s

Curable layer can be cleaned 
using non-harsh chemical 

solvent-based systems

Post-Processed Cleaned Wafer
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LASER ETCHING AND 
PATTERNING MATERIAL 

SYSTEM
Material E
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• Laser Etching and Patterning Materials
• Sensitive to wavelengths at the target laser source
• Materials can with stand thermal process of up to 250°C
• Glass transition temperature is above 50°C
• Minimizes residue produced during the laser etching process

O v e r v i e w  o f  L a s e r  E t c h i n g  a n d  P a t t e r n i n g  M a t e r i a l  S y s t e m

Laser Patternable
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L a s e r  E t c h i n g  M a t e r i a l  S y s t e m  – M a t e r i a l  C h a r a c t e r i z a t i o n
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Thermal Decomposition Under N2  (°C) Glass Transition Temperature (°C) Thickness
(µm)

Material E 325 82.4 7.7

Wavelength(nm) N K

308 1.45 0.18

355 1.56 0.37

365 1.68 0.42
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L a s e r  E t c h i n g  M a t e r i a l  S y s t e m  – R e s u l t s

Target Pattern Etched Pattern

Little residue remains after etching of vias and streets 

Post-ablation residue cleaned by DI water rinse
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CONCLUSIONS
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C o n c l u s i o n s

Two Layer 
System

1
• High thermal stability
• Good UV absorbance
• Flexibility in materials
• Wet cleanable after 

full processing

Single Layer 
Thermoplastic

2
• Combines bonding 

layer and release 
layer

• Wet cleanable after 
laser debond

• Lowest amount of 
processing

Single Layer 
Thermoset

3
• Thermal curable
• Good UV absorbance
• Good thermal/ 

mechanical stability
• Wet cleanable after 

curing

Laser Etching 
And Patterning

4
• UV curable
• Good thermal and 

mechanical stability
• Laser Etchable
• Ability to be used as a 

flexible material
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