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Introduction

Two Distinct Processes
e Different Temporary Bonding Requirements

Wafer Backgrinding + Wafer Processing §

Wafer Backgrinding and Thinning

A
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Introduction
Roadmap to today’s presentation and topics

Wafer Backgrinding + Wafer Processing | Wafer Backgrinding and Thinning

Introduction to AIT Temporary Bonding Solutions Special Solutions for Special Material

(\ViIs141"~ 4Te s 130 Background + Technology

Background

Requirements
for Processing conditions q

Innovation Temporary Adhesive: Bonding and Debonding Backgrinding Throughput

Novel Solutions
How AIT can multiply throughput B NPV ReY (VT4 1e) 1 1

from Al Technology,Inc

WPA-LD-350 Product Line from BGF7160 and BGF7090
WPA-PRCL-350 & WPA-UVR-270 [\ Technololgy, WPA-PRCL-200
_PRCL- - nc
GD-PRCL-350 Product Line GD-BGF 7160 & GD-BGF 7090
W Hnme -

= Air GD-WPA-PRCL-300
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

Introduction to AIT Temporary Bonding Solutions

75
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Wafer Processing and Backgrinding

Front Active Side Flip High Shear Backgrinding Stress Relief
Over for Ultra-Thinning and Polishing Wet and Dry Etching

Oxide-Photoresist Dry Oxide-Photoresist Dry
3 N ° - . .
LECHD {42 =00 C Etching and Stripping Etching and Stripping

il :

Via Drilling, Seeding-Plating, Finished Backside of
Passivation (Up to 250°C), UBM Wafer
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

(VI 41"~ 4Te s 10 Background + Technology
for

Innovation

75
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Wafer Processing
What’s motivating changes in wafer processing?

50,000.000,000

Drivers for Advances SR

5.000.000.000

1,000,000,000
500,000,000

100,000,000
50,000,000
Beyond Moore’s Law —
5,000.000

Transistor count

1,000,000
500.000

100,000
50.000

5000

Advanced Packaging

f000
Wl o 4% el 3 B o B & B > B
LSS LI LIS T LTI TS

g an witi pedia, orpfwiki Transstor_count}
abla at CurWorldinDoda.org, Thoes yeu find mor visealizations and resaarch on this topd Liganssd undar CG-BY-SA by the authar Max Rosor

Al
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Wafer Processing
2.5 & 3D Packaging: IC Integration

Jiig

3D-SIP

Package stacking = Muliti-die Packaging
Interposer “2.5D"
Embedded Die

3D-SIC 3D-SOC 3D-IC

Die Stacking Wafer-to-Wafer Wafer-to-Wafer  Transistor

pbump bonding Sequential Stacking
] Processing

T
-1

0 0 TR i e

Ll"l' T oo '.:"':"'C."C'l ﬂ
3Dlnterccnner:t Pitch scalmg_.
: !
Imm  400um 100 pm 40pm  20um lﬂ] um 4pm 2pm |Iu|m 500nm |ﬂﬂnm
3D Interconnect density (#/mm?)
r 5 7
| 10 100 1000 10* 10 |05 10 | 08 Tirne
I | EES— Ceee——

https://www.eenewsanalog.com/news/backside-wafer-promises-3d-chip-improvements
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Wafer Processing

FOWLP: Size, Performance, Cost

Performance
Thermal dissipation path
Process tolerance
Electrical performance

Size
Foot print area
Package thickness

Cost
Cost reduction vs traditional FC process
PLP — even greater reduction than WLP

Sharma, Gaurav, et al. “Advanced FOWLP for small form factor and high-performance microcontroller apps.”

Chip Scale Review Mar. Apr 2020: 17-21. Print.

Al

Example for 8x8mm packages with

FOWLP
Cost/package* single die embedding
A
% 25% cost reduction
$0.40 <
Ty
$0.30 30 j =
66% cost reduction
$0.20
NYOLE
$0|0 - ‘}UF fecapgement
] 1 I I N
<2015 2016 2017 2018 =2019

Image: Equipment and Materials for Fan-Out Packaging 2019 report by Yole

slideshare.net/Yole_Developpement/equipment-and-materials-for-fanout-packaging-2019-report-by-yole-dveloppement
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

Motivations

for
Innovation

75

Processing conditions

Al Technology, Inc — Wafer Processing Webinar
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Wafer Processing
Processing Example: 3D Packaging and TSV Creation

2L E -
Via - -
First Wafer
Etch Fill FEOL BEOL Thinning
TSV | N + L L L
Processing = Via -
Methods | Middle
FEOL Etch BEOL V\/afgr
Thinning
= = 7 ke, == = e = i A 5
W 1 - FEOL BEOL Wafer Etch Fill

Thinning

7i)
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Wafer Processing
Processing Example: TSV Creation

T T Tz
Via I -

Last
Etch Fill
Etch Barrier/Seed PVD CMP
High anisotropy etch require Sputtering Mechanical force from abrasives
Bosch process common High temp, vacuum possible Slurry chemistries

Lithography, passivation, DRIE

Oxide Deposition Cu Plating
Prepare via for metal deposition Electroplating process
CVD process Sulfuric Acid
Up to 300°C
High vacuum possible
_JCITTITTITIT

W J.H., and J.A. del Alamo. Fb ation and Characterization of

AII gthttIt

W Al Technology, Inc — Wafer Processing Webinar Bacon beies, 55 T on 57.6 2010): 12611268,

© 20101n ttt of Electri | dEI ctronics Engin




Wafer Processing
Processing Example: RDL

Substrate * Some Typical Steps Seen in Processing
Oxide Deposition  Resist + Etch
SiO2 by PECVD Lithography Dry etch - RIE
Similar
Processes for CMP Cu Plating
RDL Buildup Mechanical force Electroplating process
Slurry chemistries Acid
— .
L T |

75
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Remove Resist

02 ashing or wet etch

Cu Seed
PVD (sputtering) or CVD
High temp, vacuum possible
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Wafer Processing
Tough Requirements For Temporary Bonding

Compatible with standard wafer processing De-Bonding and cleaning residuals
PVD, CVD, Lithography, Etching, ECD, CMP, Etc. Determine productivity and yield
Stable under severe conditions Conformable to bumped wafers

Absorb-encapsulate bumps up to 400pum
Today’s thin Si

No outgassing Application ' Type of Topography s Reu.ill_':;\t,nents

Adhesive

3D Pad / RDL (<10pm)
Low Stress Bonding and De-Bonding 30/ 2.50 [RESE b:&%‘ s 2;’0;"“ <4pm
Prevent damage to thinned wafer -
2.5D £4 bugo‘i,g)() - | =100pm <S5um

Room Temperature Temporary Bonding/ Debonding Processes for 2.5/ 3D integration.
Tim McCrone Applications.Engineer SUSS MicroTec Inc. 430 Indio Way Sunnyvale, CA

I T -

Al
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

Motivations

1{e]g
|nn0vation Temporary Adhesive: Bonding and Debonding

Y E
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Wafer Processing
Bonding and De-Bonding: From Backgrinding to Wafer Processing

Temporary Bonding

th Wa - Wafer B\ackgrmdmg-Thmnmg

- 0 — e l Cure Adhesive - Optional _

(Temperature, uv)

Device Apply Adhesive Cure Adhesive
Wafer (Dispense, Spin Coat) (Temperature, Plasma) - .
Liauld Ph Thinned Wafer Processing: via
g a.s eor . drilling, vacuum-temperature; wet
Thermocompression Bonding and dry chemistry
a» — <> t 'i
Carrier Apply Adhesive Cure Adhesive
(Dispense, Spin Coat) (Temperature, Plasma)

De-Bonding: Mechanical or Laser Assisted at Room Temperature

Thin and/or Flip Wafer Modified Infographic Original Credit:
Processed Wafer ¢ P Room Temperature Temporary Bonding/ Debonding
\ J / Processes for 2.5/ 3D integration.

- Clean Carrier Tim McCrone Applications Engineer
Q . 9 —_ é Q ; (Wet, Plasma) SUSS MicroTec Inc.
¥ 430 Indio Way Sunnyvale, CA

N

Attach Wafer Stack

i to Tape Frame Mechanical, Laser, or Solvent Assisted . ° b

JitE

Debonding

Clean Device Wafer Remove Adhesive
on Tape Frame (De-taping)

=TT Al Technology, Inc — Wafer Processing Webinar 17



Wafer Processing
Traditional Bonding

Traditional Temporary Bonding Adhesive Bonding Process

’ Flip Wafer Wafer Backgrinding-Thinning

- 0 - e e l Cure Adhesive - Optional \Q

Device Apply Adhesive Cure Adhesive (Temperature, UV) /
Wafer (Dispense, Spin Coat) (Temperature, Plasma) - .
’ Thinned Wafer Processing: via

Liquid Phase or -
T Bondi drilling, vacuum-temperature; wet
ermocompression Bonding arielpychaniistry
«» — — 1 ~.
Carrier Apply Adhesive Cure Adhesive Q

(Dispense, Spin Coat) (Temperature, Plasma)

JiiE
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Wafer Processing
Traditional De-Bonding

Traditional Temporary Bonding Adhesive De-Bonding Process

Thin and/or Flip Wafer

Processed Wafer ~ @D
// Clean Carrier

("
\ - Pl
Q - 4 9 F —* 4 g ‘ Q } (Wet, Plasma)

Attach Wafer Stack \ S
to Tape Frame Mechanical, Laser, or Solvent Assisted ‘ c ‘ ‘: "

Debonding

Clean Device Wafer Remove Adhesive
on Tape Frame (De-taping)

Al
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

How AIT can multiply throughput B NPV B6Y [T 4 16) s I
WPA-LD-350 Product Line from

Al Technology,
Inc

Al

= Al Technology, Inc — Wafer Processing Webinar
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Wafer Processing
AlIT Laser De-Bonding Materials

AIT Multilayer Peel and Laser Debonding
Film format
Conformable for topographic encapsulation
1 layer laser debonding material
Sandwiched by thin peel-release layers

High Tg - :
High Modulus Trad.ltlonaI-Las:er I.)e-Bor.ldmg from AIT
Film or liquid dispensing
High Tg
High modulus
Focused laser de-bonding
Conformable for topographic encapsulation
I [ m

W Al Technology, Inc — Wafer Processing Webinar
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Wafer Processing
AlIT Laser De-Bonding Materials

WPA-LD-350: Die-Shear Bond Strength on Device Wafer

6000

& 4000 /7 \\
= In Situ
(4]

% P_Focess
2 2000 =Mps
(]

f Bond Strength as
Laminated onto
0 Device Wafer :

25 100 150

W Temperature [°C]

/il :
EIIIIIIIIIHIIIII i Al Technology, Inc — Wafer Processing Webinar



Wafer Processing
WPA-LD-350 and WPA-LD-350-L: Laser De-Bonding

Temporary Bonding Adhesive WPA-LD-350 WPA-LD-350-L Temporary Bonding Adhesive WPA-LD-350 WPA-LD-350-L
Conformable Adhesive Thickness 20,100, 200, 400 | Liauid Form (As SELIY aft 250 Cd' : No limitation No limitation
(um, for Bumps Absorption) T Dispensed) (oxy.g_e"' Lee c°°“ ition)

Adhesive Stretchability o o Stability at 275°C " No limitation No limitation
) . >30% >30% (Oxygen-free Condition)

(Strain Before Breaking) stability at 350°C

i ° 6 in. in.
AdheS|ve.Tg ) 240 240 (Oxygen-free Condition) >60 min >60 min
Release Liners (Top/Bottom) 501m/50um 50pm/50um Vacuum Outgassing Stability Non-outgassing Non-outgassing
Supported Carrier Glass Glass Not affected by Not affected by

140-160°C 140-160°C i ili i i
Melt-Bonding Temperature/Pressure '/ / Solvent and Chemical Stability acid/base and polar acid/base and polar
10-15 psi 10-15 psi solvents solvents

Shear Bond Strength at 25°C to . . ) ) Water-Jet and Plating Bath Not affected by plating | Not affected by plating
125°C 2,000psi-1,000 psi | 2,000psi-1,000 psi Bond Stability solution and water solution and water

Debonding and Cleaning

Temporary Bonding Adhesive WPA-LD-350 WPA-LD-350-L
De-bonding Carrier and
Device Wafer
Cleaning Solvent-Process for

I T - Wafer

IT Cleaning Solvent-Process for
.

Carrier
i M Al Technology, Inc — Wafer Processing Webinar 23

Focused Laser Focused Laser

Specified Solvent Specified Solvent

Specified Solvent Specified Solvent




Wafer Processing
WPA-LD-PR-350: Multilayer Peel and Laser De-Bonding

Temporary Bonding Adhesive WPA-LD-PR-350 Temporary Bonding Adhesive WPA-LD-PR-350 Temporary Bonding Adhesive =~ WPA-LD-PR-350

Debonding and Cleaning

Conformable Adhesive Thickness 100, 200. 400 Stability at 250°C o De-bonding Process: Focused Laser and Peel/
(um, for Bumps Absorption) T iti No limitation i \
um, : p 0 P (Oxygen-free Condition) from Device Wafer Rlease

Adhesive Stretchability >30% Stability at 275°C Cleaning Solvent-Process for

No limitation No Cleaning Required '

(Strain Before Breaking)

Wafer

(Oxygen-free Condition)

240

Adhesive Tg (°C Stability at 350°C Cleaning Solvent-Process for . .
g(*C) -55 (Peel-Release Layers) y : . >10 min. Carri . No Cleaning Required /
Release Liners (Top/Bottom) 50um/50um (Oxygen-free Condition) aruey ,/
Supported Carrier Glass Vacuum Outgassing Stability Non-outgassing ~ -—
Melt-Bonding Temperature/Pressure 140-160°C/10-15 psi Not affected by
Shear Bond Strength at 25°C to 125°C 2,000psi-1,000 psi Solvent and Chemical Stability acid/base and polar
solvents
Water-Jet and Plating Bath Not affected by plating
Bond Stability solution and water

Al
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Presentation Roadmap

Wafer Backgrinding + Wafer Processing

How AIT can multiply throughput B NPV ReY (VT4 1e) 1 1

from
WPA-PRCL-350 & WPA-UVR-270 BRAY I [=Te{ 13 (o] [o7-4"2
Inc
W Hnme -
il =
= ;= Al Technology, Inc — Wafer Processing Webinar
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Wafer Processing
Standard Procedures

Bonding, De-Bonding, and Typical Process Steps
Spin coat or dispense on carrier

Dry solvent Additional
Laminate to active side of wafer

Backgrind with “water” cleaning processing
Stress relief time, L

i i ower
Viacreation » resources,
Lithography, plating, deposition, etc throughput
De-bond — separate carrier and device wafer and

Focused laser, heat slide, solvent assist complicated
Clean device wafer
Clean carrier

procedures

Al
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Wafer Processing
Higher Throughput with glass or wafer carrier

AIT Temporary Bonding Adhesive Films

Peel-Release Clean: WPA-PRCL-350 | UV-Release Clean: WPA-UVR-270

Bonding, De-Bonding, and Process Steps
With Novel Solutions by AIT
- ; .
S5 S.GI"e“E o NO spin coating. NO drying.
Laminate to active side of wafer . . . . . .
NO expensive, intensive, time consuming debonding

Backgrind with “water” cleaning .
NO cleaning
W W - Clean device-wafer

Stress relief
Higher
throughput
EAiT clean e

Via creation
W Al Technology, Inc — Wafer Processing Webinar 27

Lithography, plating, deposition, etc
De-bond — separate carrier and device wafer
UV or Peel Release
—Focusedlaser-heatslide,solventassist




Die Shear Bond Strength [PSI]

Wafer Processing
WPA-PRCL-350 and WPA-UVR-270

No residuals - Peel Release or UV release
High shear bond strength
Melt-conformable for topographic features
Wafer processing compatible
High temperature stable:

350°C and 270°C
Molecularly engineered flexibility: stress-free

| ’ Flexible Temporary Bonding Adhesive
‘ —I_;L» Tested for use at

0 100 150 200 250 300 350 350°C and 270°C respectively for >10 minutes:

o
wn

Temperature [C] No outgassing or degradation
W -

Al
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Wafer Processing
Traditional Bonding

Traditional Temporary Bonding Adhesive Bonding Process

’ Flip Wafer Wafer Backgrinding-Thinning

- 0 - e e l Cure Adhesive - Optional \Q

Device Apply Adhesive Cure Adhesive (Temperature, UV) /
Wafer (Dispense, Spin Coat) (Temperature, Plasma) - .
’ Thinned Wafer Processing: via

Liquid Phase or -
T Bondi drilling, vacuum-temperature; wet
ermocompression Bonding arielpychaniistry
«» — — 1 ~.
Carrier Apply Adhesive Cure Adhesive Q

(Dispense, Spin Coat) (Temperature, Plasma)

JiiE
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Wafer Processing
WPA-PRCL-350 and WPA-UVR-270: Bonding

AIT Temporary Bonding Adhesive Film Bonding Process

Wafer Backgrinding-Thinning

TBA film 3+ —) 23 m \
on Release Liner " -

Device

Low TTV wfar TBA Laminated onto - /

Wafer and Release
Liner Removed

] i Thinned Wafer Processing: via
Flip Wafer and Laminate drilling, vacuum-temperature;
Front Side of Wafer wet and dry\chemistry

Al
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Wafer Processing
WPA-PRCL-350 and WPA-UVR-270: Lamination

Lamination Guidelines: Backgrinding and Wafer Processing

Device Wafer

Precision
parallel

Encapsulates
features up /

to 200 um
Temporary Bonding Adhesive
Wafer or Glass Carrier
@ @ @ Hm Down VJEI\ Vacuummuck @ @
C TN

Jiig

W Al Technology, Inc — Wafer Processing Webinar 31



Wafer Processing
Traditional De-Bonding

Traditional Temporary Bonding Adhesive De-Bonding Process

Thin and/or Flip Wafer

Processed Wafer ~ @D
// Clean Carrier

("
\ - Pl
Q - 4 9 F —* 4 g ‘ Q } (Wet, Plasma)

Attach Wafer Stack \ S
to Tape Frame Mechanical, Laser, or Solvent Assisted ‘ c ‘ ‘: "

Debonding

Clean Device Wafer Remove Adhesive
on Tape Frame (De-taping)

Al
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Wafer Processing
WPA-PRCL-350 and WPA-UVR-270: De-Bonding

AIT Temporary Bonding Adhesive Film De-Bonding Process

UV Exposure Through Residual Free Carrier
Glass Carrier No Cleaning

Thin and/or \ Ply Remove
Processed Wafer ¢ Carrler Q

Q ‘ ’ Residual Free Wafer
' No Cleaning
Clean Peel-Release
Attach Wafer Stack
Peel Release of UV Cured

to Tape Frame

Film from Wafer

JiiE
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Wafer Processing
WPA-PRCL-350 and WPA-UVR-270

Al

Temporary Bonding Adhesive

WPA-PRCL-350 WPA-UVR-270

Conformable Adhesive T'hlckness 20, 100, 200, 400 20, 100, 200, 400

(um, for Bumps Absorption)

Adhe'swe Stretchabll.lty 5500% 5500%

(Strain Before Breaking)

Adhesive Tg (°C) -55 -55

Release Liners (Top/Bottom) 50um/50um 50um/50um

Supported Carrier Wafer or Glass Glass
140-160°C 140-160°C

Melt-Bonding Temperature/Pressure 0-160 . 0-160 .
10-15 psi 10-15 psi

Sh Bond St h at 25°C t

12:?; ond Strength a ° 350psi-30 psi | 350psi-30 psi

Debonding and Cleaning

WPA-PRCL-350

Ply at edge of carrier
and peel release

Temporary Bonding Adhesive

De-bonding Process:
from Carrier

WPA-UVR-270

Expose UV followed
with ply peel release

De-bonding Process:

. Peel release
from Device Wafer —-— =

Cleaning Solvent-Process for

No cleaning required
Wafer gred

No cleaning required

Cleaning Solvent-Process for

No cleaning required
Carrier -~ greq

No cleaning required

ﬁ_—_’
—-—— -

Adhesive Stability

Temporary Bonding Adhesive

Stability at 250°C
(Oxygen-free Condition)
Stability at 275°C
(Oxygen-free Condition)
Stability at 350°C
(Oxygen-free Condition)
Vacuum Outgassing Stability

Solvent and Chemical Stability

Water-Jet and Plating Bath
Bond Stability

Al Technology, Inc — Wafer Processing Webinar

WPA-PRCL-350

No limitation

WPA-UVR-270

>60 min.

>600 min.

Not Recommended

>10 min.

Not Recommended

Non-outgassing

Non-outgassing

Not affected by
acid/base and polar
solvents

Not affected by
acid/base and polar
solvents

Not affected by plating
solution and water

Not affected by plating
solution and water

34




Presentation Roadmap

Wafer Backgrinding + Wafer Processing

How AIT can multiply throughput B NPV ReY (VT4 1e) 1 1

from
Al Technology,
GD-PRCL-350 Product Line Inc
I T !

Al

i I i Al Technology, Inc — Wafer Processing Webinar
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Wafer Processing
Novel Technology from AIT: Adhesive on Disposable Carriers

Adhesive comes pre-applied on
disposable carrier

Temporary Bonding Clealn Peel
- Release
Adhesive j Disposable
Carrier Higher
Throughput
Disposable
Carrier
NO Drying NO cleaning NO Solvent
N - High uniformity Low TTV

Al

i I i Al Technology, Inc — Wafer Processing Webinar 36



Wafer Processing
Higher Throughput with Disposable Carrier

GD-PRCL-350 Adhesive
Peel-clean release

+

Application Specific Disposable Carrier

/

Product
High Throughput rocuic arrier CTE [ppm/“C]

] And GD-PRCL-350-WS 7
—— )
High Performance GD-PRCL-350-SS 18

i

CRINTTITTY GD-PRCL-350-FG 17

W . Al Technology, Inc — Wafer Processing Webinar 37



Wafer Processing
Higher Throughput with Disposable Carrier

AIT Temporary Bonding Adhesive Films

Peel-Release Clean GD-PRCL-350
Bonding, De-Bonding, and Process Steps

e e et

— Dry-solvent NO spin coating. NO drying.
Laminate to active side of wafer NO expensive, intensive, time consuming debonding
Backgrind with “water” cleaning NO cleaning

Stress relief

Via creation Bond, process, peel, throw it out.
Lithography, plating, deposition, etc Bt Hh D [
De-bond — Peel release clean

Dispose carrier with adhesive
—Fecused aser bentclide coyept accier

—FClean-device-wafer Higher
L RN | —Clogr-sarrer
AT = throughput
|

i I i Al Technology, Inc — Wafer Processing Webinar 38




Die Shear Bond Strength [PSI]

Wafer Processing
GD-PRCL-350 on Disposable Carrier

| |

No residuals - Peel release and dispose

High shear bond strength

Melt-conformable for topographic features
Wafer processing compatible

Disposable Carrier CTE matched to device
High temperature stable to 350 °C
Molecularly engineered flexibility: stress-free

| ’ Tested for use at 350°C
0 ‘ for >10 minutes
0 50 100 150 200 250 300 350 No outgassing or degradation
Temperature [C] during wafer processing
conditions
LRIy |

Al
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Wafer Processing
Traditional Bonding

Traditional Temporary Bonding Adhesive Bonding Process

’ Flip Wafer Wafer Backgrinding-Thinning

- 0 - e e l Cure Adhesive - Optional \Q

Device Apply Adhesive Cure Adhesive (Temperature, UV) /
Wafer (Dispense, Spin Coat) (Temperature, Plasma) - .
’ Thinned Wafer Processing: via

Liquid Phase or -
T Bondi drilling, vacuum-temperature; wet
ermocompression Bonding arielpychaniistry
«» — — 1 ~.
Carrier Apply Adhesive Cure Adhesive Q

(Dispense, Spin Coat) (Temperature, Plasma)

JiiE
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Wafer Processing
GD-PRCL-350: Bonding

Bonding AIT Temporary Bonding Adhesive Film on Disposable Carrier

0 Wafer Backgrinding-Thinning
Device Wafer ' - rm— -

Laminate onto Front Side of Wafer \

’ (Heat and Rolling Pressure) -
Hang-over of Disposable Carrier is Optional
TBA film on Finished or Continue with Thinned
Disposable Carrier Wafer Processing: via drilling, vacuum-
temperature; wet and dry chemistry

75
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Wafer Processing
GD-PRCL-350 on Disposable Carrier: Lamination

Lamination Guidelines: Backgrinding and Wafer Processing

Disposable Carrier Precision

/ heated
TBA _ lamination
TTV <2 pm Bumped Device Wafer plates

@Vacuum Assisted Heat-Press and/or Roller Lamination

Encapsulates
and protects
features up
to 200 pm
_JCITCITTITIO |

AiT \\‘ Adhesive fillet may helped to protect edge fracture

i T Al Technology, Inc — Wafer Processing Webinar 42




Wafer Processing
Traditional De-Bonding

Traditional Temporary Bonding Adhesive De-Bonding Process

Thin and/or Flip Wafer

Processed Wafer ~ @D
// Clean Carrier

("
\ - Pl
Q - 4 9 F —* 4 g ‘ Q } (Wet, Plasma)

Attach Wafer Stack \ S
to Tape Frame Mechanical, Laser, or Solvent Assisted ‘ c ‘ ‘: "

Debonding

Clean Device Wafer Remove Adhesive
on Tape Frame (De-taping)

Al
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Wafer Processing
GD-PRCL-350 on Disposable Carrier: De-Bonding

Thin and/or Flip Wafer Koo
Processed Wafer N

J . -«
: ) , .
Traditional Temporary Bonding Adhesive De-Bonding Process b — Q — Q | @ . \ ;N.:::n:;;:‘e;,

Attach Wafer Stack s
to Tape Frame Mechanical, Laser, or Solvent Assisted <> b )

Debonding

Clean Device Wafer Remove Adhesive
on Tape Frame (De-taping)

De-Bonding AIT Temporary Bonding Adhesive Film on Disposable Carrier

-

— (Q —

—)
. Dispose Adhesive and Carrier
Thinned and/or Processed Wafer Flip Over and Attach to Clean Peel-Release the TBA on P Residual Free Wafer
Dicing Tape or Tape Frame Disposable Carrier .
W I . No Cleaning

Al
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Wafer Processing
GD-PRCL-350 on Disposable Carrier

Properties Adhesive Stability Debonding and Cleaning

Temporary Bonding Adhesive GD-PRCL-350 Temporary Bonding Adhesive GD-PRCL-350 Temporary Bonding Adhesive GD-PRCL-350

ive Thi Stability at 250°C -bondi : i 1
Conformable Adhesive Thickness 20, 100, 200, 400 ability a y No limitation De bondlpg Process Ambient pe.el release
(um, for Bumps Absorption) (Oxygen-free Condition) from Device Wafer (0% residual)
Adhesive Stretchability S500% Stability at 275°C » 600 min. Cleaning Solvent-Process for No cleaning required I
(Strain Before Breaking) (Oxygen-free Condition) Wafer
i ° R Stability at 350°C . Cleaning Solvent-Process for
Adhesive Tg (°C) 55 v " >10 min. it No cleaning required 4
. 140-160°C (Oxygen-free Condition) Carrier |
Melt-Bonding Temperature/Pressure 10-15 psi Vacuum Outgassing Stability Non-outgassing ~ -
L]
Not affected by
Shear Bond Strength at 25°C to 125°C EEEIISNEEI N Solvent and Chemical Stability acid/base and polar
solvents
Water-Jet and Plating Bath Not affected by plating
Bond Stability solution and water

Carrier Properties

Temporary Bonding Adhesive GD-PRCL-350-WS GD-PRCL-350-SS GD-PRCL-350-FG

Disposable Flexible Carrier Thickness 50um 50um 50um

Al
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Carrier CTE (ppm/2C) 7 18 17




Presentation Roadmap

Wafer Backgrinding and Thinning

Special Solutions for Special Material

Background

75
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Wafer Processing
Technology Background

SiC and GaN power semiconductors (millions of dollars)
6,000 1

GaN power
modules and
. . GaN system ICs
Power Semiconductor Devices 2000
' . Discrete GaN
Optoelectronics Power devices
2,000 - SiC power
Some examples: et
SiC y .
GaN & other IlI-V semiconductors = iscrete Si¢
) - - - - : power devices
Sa pphlre 2018 2020 2022 2024 2026 2028
irce: Omdia
oIv &« warv ruwer vemiconductors Report - 2020
Silicon Carbide & Gallium Nitride Power Semiconductors
L RUTHTHTN |

fininm
T
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Presentation Roadmap

Wafer Backgrinding and Thinning

Special Solutions for Special Material

Requirements

JilE
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Backgrinding

Temporary Bonding

Higher Requirements: Where Traditional Backgrinding Adhesives Fall Short

Silicon and Traditional Requirements Beyond Slicon: Hard and Brittle Materials
Si wafers — relatively soft SiC, Sapphire
Standard backgrinding tape adequate l1I-V Semiconductors
~ 200 gm/inch

Beyond Silicon: Backgrinding
Higher shear force
Greater heat generation
Potentially brittle, fragile materials

RN Easier To Grind Harder to Grind

W Al Technology, Inc — Wafer Processing Webinar 49

No high temperatures
Polyolefin or PVC carriers: <70°C
Some may accommodate bumps



Backgrinding

Temporary Bonding: Difficult to Grind Materials

Considerations and Requirements

High and stable shear bond strength
Hard materials: SiC, Sapphire, etc.
Fragile materials: GaAs, GaN, etc.

Wet and dry etching
Stress relief

Throughput and Yield SiC
Ease of de-bonding GaN_
Post grind residuals cleaning N 8D -
GaAs =
InP = £ 5
) 22 3
SiGe 25 ®
I T - ; T
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Backgrinding
Temporary Bonding: Wax

Disco on GaAs and Wax:

Traditional Backgrinding Tape “GaAs is an easily damaged material, so typically
Insufficient for difficult to grind materials wax securing is chosen for grinding due to its
Lack strength strong retaining force.” -Disco

Low temperature tolerance
Advantages

A Different Solution Low risk of wafer breakage during grinding

Film forming wax Disadvantages

High bOﬁd strength _ TTV issues: difficulty in application
Die shear strength >1500 psi Cleaning step after grinding

Maintain strength up to 100 °C Risk of wafer breakage

AIT wax solutions eliminate these issues

I T -

Al
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Backgrinding
Temporary Bonding: Wax by AIT
Conformable for high topography

Encapsulate 3um to 400pum bumps and features

AIT wax films = Low TTV

Eliminates operator inconsistency

High bond strength SiC
GaN
Temperature resistance for hard to grind material Sapphire  MINeB
-
. GaAs cgv =R §:
Cleaning: IPA Wash — Sgsc
§ 2F D
SiGe @ 5 @
Si
I [T m

I
i

75
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Presentation Roadmap

¥ E

Wafer Backgrinding and Thinning

Novel Solutions

from Al Technology,Inc

BGF7160 and BGF7090
WPA-PRCL-200
GD-BGF 7160 & GD-BGF 7090
GD-WPA-PRCL-300
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Die Shear (psi)

Wafer Backgrinding
BGF 7090 & BGF 7160: High Bond Strength Wax Films

1600
Backgrinding Temperature Range Heat-sliding de-bonding
1400 S BGF 7160: 180°C
1200 BGF 7090: 110°C
1000 Wet and dry etch compatible
800 Simple IPA wash
600 Film format
o NO spin coating. NO drying.
High uniformity. Low TTV.
200
Molecularly flexible
0
40 60 80 100
QTN | TEMPERATURE °C

75
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Wafer Backgrinding
WPA-PRCL-200: High Strength Temporary Bonding Adhesive Film

Melt bonding at 140°C to 160°C Die Shear vs Temperature

Wet and dry etch compatible 350
Peel release de-bonding

NO residuals. NO cleaning.

Film format
NO spin coating. NO drying.
High uniformity. Low TTV.

Die Shear Bond Strength [PSI]
N
S

100
Molecularly flexible
50
'k_
0 -
0 50 100 150 200 250 300 350

Al
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Wafer Backgrinding

Novel Technology from AIT: Backgrinding Film on Disposable Carriers

Temporary Bonding

Disposable ﬁ Adhesive

Carrier Higher

Throughput :
L +_ Disposable
Carrier
NO Drying NO spin coating NO carrier cleaning

N - High uniformity Low TTV

Al
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Wafer Backgrinding

Backgrinding Film on Disposable Carriers: Equipment

Disposable Carrier Appropriate Equipment Example:

DISCO ‘Frame Grinding’

"""""

- Backgrinding DISCO
nght g2 Workpiece ~ Wafer tape 9

./"Workpiece thi

/ . Tape frame

*Heightofthe . O] b .
chuck table j 4 Porous vacuum absorption

Processing heat ablation

Chuck Table

*The inner and outer circumference heights of the chuck

I [ - table are aligned by self-grinding, therefore the outer :
A.T circumference of the chuck table will be the chuck table Coolant water supply SiC chuck table

height.

fininm
T
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Film format on disposable carrier

Same high bond strength

Heat-sliding de-bonding

Wafer Backgrinding
GD-BGF 7090 & GD-BGF 7160: Wax Films on Disposable Carriers

BGF 7160: 180°C
BGF 7090: 110°C

Al

Die Shear (psi)

1600

1400

1200

1000

800

600

400

200

0

Backgrinding Temperature Range

20 40 60 80 100
TEMPERATURE °C

Al Technology, Inc — Wafer Processing Webinar

Wet and dry etch compatible

Simple IPA wash

Molecularly flexible
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Wafer Backgrinding

GD-WPA-PRCL-200: Adhesive Film on Disposable Carrier

Die Shear vs Temperature

350
Film on disposable carrier

Roll or press lamination
Melt bond 140°C to 160°C

Die Shear Bond Strength [PSI]
sy )
S 8
I—QZ

High shear bond strength

Wet and dry etch compatible

Peel release de-bonding

NO residuals. NO cleaning.

Molecularly flexible

0 50 100 150 200 250
Temperature [C]

Al
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AIT Backgrinding-Thinning Temporary Bonding Adhesives

Temporary Bonding Adhesive BGF 7090 BGF 7120 BGF 7160 WPA-PRCL-200
Liquid Spin-Coating Version BGL7080 BGL7120 BGL7160 WPA-PRCL-200L
Melt-Bonding Temperature 80-100°C 110-130°C 140-160°C 140-160°C

Shear Bond Strength at 252C >1000 psi >1000 psi >1000 psi >300 psi
Shear Bond Strength at 502C >1000 psi >1000 psi >1000 psi >300 psi
Shear Bond Strength at 752C <30 psi <30 psi >200 psi >150 psi

Shear Bond Strength at 1002C 0 psi <20 psi <30 psi >75 psi

Suggested Zero Shear 80-100°C 110-130°C 140-160°C Ambient peel-release only

Removal Temperature

(0% residual)

Cleaning Solvent-Process for

IPA (Isopropyl

IPA (Isopropyl

IPA (Isopropyl

No cleaning required

Wafer Alcohol) Alcohol) Alcohol)
Cleaning Solvent-Process for | |PA (Isopropyl IPA (Isopropyl IPA (Isopropyl No cleanine required
i ui
Carrier Alcohol) Alcohol) Alcohol) greq
QU

Al

I
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Thank you!

Al Technology, Inc

Wafer Processing Adhesives Webinar
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Any Questions?

Visit us on the web: www.aitechnology.com
Send us an email: ait@aitechnology.com
Give us a call: 1-(609)-799-9388

To learn more please go to: e e e
aitechnology.com/products/wafer-processing- adheswes and-solutlons/

Al Technology, Inc
O

Wafer Processing Adhesives Webinar




