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Corning’s Packaging & Wafer Business as part of Semiconductor Technologies & Solutions (STS)
offers industry-leading wafer and panel format glass-based substrates into the market

Our products help customers deliver increasingly demanding functionality and form factor
requirements in consumer devices and Internet of Things (loT) applications.

Wafer-Level Capping Wafer-Level Optic Carrier Solutions Custom Glass Solutions
Solutions Solutions
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Glass is made up of key ingredients of the periodic table

THE PERIODIC TABLE
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Glass properties are tailorable using well-known relationships

Component Role Expansion | Density | Modulus [Hardness|Durability [Transmission

Sio, NF - - . . +

ALO, NF - + + - + Key

B,O, NE i ) ) ) i + = Component increases th;? property
- = Component decreases this property

.0 M Ll . ) ) = Component has little effect on this

Na,O M + - - - property

K,O M + + . - E

MgO ™ - . . NF: Net\{v.ork Former
M: Modifier

Ca0 M i t ¥ C: Colorant

TiO, C + + + + - F: Finer

Zro, NF/M + + - +

Sb,0, F + + - - +

SnO, F + + +

Glass scientists tailor chemical compositions to customers requirements
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Fusion is a highly capable sheet forming technology

Corning’s Fusion Process

K > * Many different compositions
* Typical thickness 0.1-3.0mm
 Width as large as 3m

* Flat: low warp as-made
\ | * Uniform thickness: low TTV
— * Pristine surfaces
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Fusion surface profile

\ THK Profile of Fusion Wafer _1B-41
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Polished surface profile

THK Profile of Polished Wafer 03-05
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ALoT (Advanced Liftoff Technology) Introduction

A . Flat Panel Display (FPD) Processing

W

>350 °C for a:Si (amorphous silicon)

Carrier glass ! >600 °C for p-Si (poly silicon) Carrier glass

From display panels To semiconductor wafers

e T R e s
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Clean Coat/Bond Process Debond
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Key benefits: high temperature and near-zero-TTV

Near-zero TTV High Temperature

Active Material
—_— il

Temporary bond to Debond and reuse

ultra-low TTV glass ultra-low TTV glass —

‘ L?.\ ' “ Process Debond

e Commercial adhesives < 350C
‘ \ » —  Many semicon processes need
Active layer thinned >400C
to <1um Permanent bond to
regular TTV Si

Z_> ELECTRONICS
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Thinning down to 5um has been demonstrated

| \ Grinding E Grinding

LT @350um LT @15um LT @<5um
7\ IEEE .
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TTV of thinned LT ~2X carrier TTV
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Successful mechanical debonding at EVG

100 ym 700 pm

No separation could be succeeded without a blade initiation
- Vacuum loss

A proper initiation could be achieved with a stainless steel and a low ..
abrasion plastic initator

The wafer stack could be successfully separated (carrier peel off) ‘
after initiation *
—> Pull force (~10N)

Credit: EVG

EVG
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300 mm thin wafer on FilmFrame
Post debond inspection

Method A

Suction Cup Ring

Carrier

Device
Bottom Stage (Vacuum)

I TERY

Bottom Stage Move Down
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 Warp control for buildup structures
* Fundamentals
* Simulation examples
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Definition of a buildup structure and warp

’

e Buildup structure on glass
* Laminate of metal and dielectric
* Epoxy molding compound w/ Si
* Adhesive layer
* Any combination of the above

N —
//\\ A "
Reference plane / P
Median surface - \——/
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CTE mismatch causes in-process warp

EQ’VQ’tQ’aQ i ] ] LR ]

— Under typical buildup conditions, in-process warp
E.,v.t, | . . . .
Pty | PR follows a simplified formula showing its dependence
R O on:

1. CTE mismatch between glass & the composite semi material

2. Inverse of glass Young’'s modulus
3. Inverse of square of glass thickness

} Both deliver “Stiffness”

E (1 -V ) t E : Young's modulus; v :Poisson's ratio; t: Glass thickness;
S g S . :
~ 075/ 2Aa\T a : Coefficient of thermal expansion; T : Temperature.
Eg (1 -VS) tg2 g: glass; s: semiconductor layers (MC + redistribution layers + die)
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Simulation case 1: RDL-first fanout in two FO ratio scenarios

Step 1: RDL on carrier Step 2: add SI/EMC
EMC/Si —» ) 747 dies ﬁ ,ﬁ: 13x13 dies Q
700um glaSS - 700um gIaSS Scenario 1:
* 15mmx 15mm
Glass Dielectric Copper EMC Si package size o
e 7mm x7mm die size
Young's modulus (GPa) 80.0 0.9 117.0 18.5 Anisotropic
CTE (ppm/K) 4.0/8.0/12.6 80.0 17.0 9.0 2.6 Scenario 2:
Poisson's ratio 0.22 0.30 0.34 030 | Anisotropic * lommx1smm
- package size
Density (g/cc) 24 1.0 9.0 1.0 2.3 e 13mm x 13mm die size

Reference: Z. Chen et al, “Package Level Warpage Simulation of Fan-out Wafer Level Package (FOWLP)
Considering Viscoelastic Material Properties”, EPTC, 2018
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Simulation case 1: RDL-first fanout in two FO ratio scenarios

Warpage sign convention

N sy 7%7 dies [ 1 13x13 dies
gldss + \‘ ’.J

—s—Post RDL

| e e * Post RDL shows smiley face bow due
-\ . to higher Cu and PI CTE than carrier

g « Adding Si and EMC flips bow
5 direction due to lower CTE of Si and
* Single carrier CTE choice should keep
maximum bow within equipment
00 __ tolerance: ~11 ppm/C for high FO
Glass CTE (ppmi°C) ratio and ~7 ppm/C for low FO ratio

© 2023 Corning Incorporated



Simulation case 2: multilayer organic (MLO)
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MLO built on carrier

6-layer Cu/Pl MLO— el

700um glass

Glass Dielectric Copper
Young's modulus (GPa) 80.0 8.5 117
CTE (ppm/K) 4.0/8.0112.6 3.0 17.0
Poisson'’s ratio 0.22 0.30 0.34
Density (g/cc) 2.4 1.4 9.0

Source: HD MicroSystems PI-2600 product bulletin

© 2023 Corning Incorporated



Simulation case 2: multilayer organic (MLO)

4000 ====—=
700um glass

-3000

 Bow is smiley face
because Cu has high
CTE and high Young’s
modulus

1000 R  Low CTE PI plays a

minor role due to low

. Young’s modulus

5 7 9 1 I « CTE @12.6 ppm/C

Glass CTE (ppm/°C) brings bow < 1mm

-2000

Warpage (um)
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Wafer Warp During Bonding Process

ACTE of glass substrate, device wafer and adhesive: modeling & experimental data

Minimizing A CTE between carrier substrate and wafer at In-process warp of bonded GaAs wafers: Modeling and
processing temperature is important experimental data
Modelling assumption:

* high temperature GaAs wafer bonding with different substrate
+ Substrate thickness 0.7mm and adhesive thickness 25um

Glass CTE is not a constant value.
It changes as a function of temperature.

10608 + Intial GaAs wafer thickness 580um
. «  Wafer diameter 150mm (67)
Je-J % = " o .
—HS6.9 — Sapphire Stress-free temp: 70°C (adhesive Tg)
— BOE-06 |
O 25
s —SLG —GaAs _ = achesnve 0.58 mm GaAs
e Fo 200
IG 6.0E-06 /__’—ﬂ___:_7‘
100
s e 38
pe | 6
4 0E-06 ] 0
e =
0 50 100 150 o
Temperature (°C) E =100
W -200 _
g ® Modeling Results
Py 2 -300
— — [ = Experimental Results (average)
3 ; ‘ -400
G?atﬁ.:pjs t1028” Wafer bondgd to glass "
SiC:upto 8" SN, -500
Sapphire: up to 8" AR T o)
' HS6.9 Sapphire SLG
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Bonded Wafer after Back Grinding

HS6.9 successfully supports wafer thinning: experimental result

®

Bonded GaAs on HS6.9 after back
grinding

Grinding wheel

Grinding tape

* Corning HS6.9 showed no process
damage during thinning process

Typical Wafer Thinning and Processing Flow

+ Bonded GaAs wafer was ground to

~125um using Disco DAG810 automatic
surface grinder

Carrier Org. Fmal Thickness (um) (Measurement pomfs)
Material |Thickness (um) | thickness| 1 2 3 4 5 Ave | TIV
HS6.9 700 1383 | 848 | 8253 | 849 | 8247 | 8250 [ 849 [ 06
IEEE
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Si: up to 12" -
GaAs: up to 8" Wafer bgg?:iegr to glass Back grinding <100um
SiC; up to 8" .
Sapphire: up to 8" (RT to > 200°C) l
5
Wafer debonding Post-thinning
processing
(RT to =200°C)

Custom CTE carrier for ANY device wafer thinning: GaAs, SiC...



Corning glass covers broad CTE range and fine granularity

Corning Carrier Solutions

000060

92699669 $
NEW Advanced Packaging Carriers
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Standard Glass Carriers
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Conclusions

e Glassis a highly versatile class of material. Glass properties can be widely
tuned to meet a diverse range of applications

* Corning’s ultra-low-TTV carrier and “near-zero-TTV” temporary bonding
solutions (ALoT) deliver <<1um stack TTV, enabling extreme wafer thinning

* Glass carrier wafers can effectively help control warp in many buildup
processes as well as substrate thinning through CTE engineering, Young’s
modulus enhancement, and thickness customization

e Corning’s advanced packaging carrier (APC) product line now covers wide
range of CTE with fine granularity, high Young’s modulus and thickness
flexibility to deliver on this promise

 Corning welcomes applications inquiries and joint development opportunities
with customers

. IEEE
=g~ ELECTRONICS

~ eyt Lo g © 2023 Corning Incorporated



Acknowledgments

* Corning Incorporated: Jay Zhang, Andy Teng, Christina Yu, Erica Chang, Chris
Kuo, Andy Kuo, Julie Tseng, Gwako Liang, Prantik Mazumder, Bo-kyung Kong,
Robert Manley, Han-hee Jo, and Kuniaki Yamazaki

e DISCO Corporation in Japan for wafer thinning as well as insightful discussions
with Dr. Frank Wei of DISCO Hi-Tec America

 EVG in Austria for mechanical debonding

THANK YOU FOR LISTENING AND PLEASE REACH OUT WITH QUESTIONS:
BRUECKNEJ@CORNING.COM

IEEE
Z_\ ELECTRONICS
€D PACKAGING

~—/ SOCIETY © 2023 Corning Incorporated



