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Best Known Practice for Selecting a Wafer Bonding Process

= EVGinaglance

= Qverview of Bonding Processes

= Bonding Process Selection Flow

= Qverview of Inputs

= Process Performance, Requirements & Conditions
= Cost Considerations

= Types of Alignment

= Bonding Process Variables

= Some Classic Problems
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EVG — At a glance
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Founded in 1980 by Erich and Aya Maria Thallner as an engineering partner for
the semiconductor industry

Headquartered in Austria, with fully owned subsidiaries in the United States,
Japan, South Korea and Taiwan; worldwide network of representatives

More than 650 employees globally

Recognized technology and market leader in wafer processing solutions for
semiconductor, MEMS and nanotechnology applications

Install base in excess of 1,700 tools in high volume production, university and
industrial R&D institutions

EVG continues to invest a significant percentage of our revenue in application-
oriented research and development
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Global Presence
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EV Group Inc ') = EV G Korea Ltd
. roup Kore . EV Gr n KK
Albany, NY ° %9 Seoul ) e
) Yokohama
EVG Headquarters .
EV Group Inc. St. Florian / Inn, Austria o ® EV Group Japan KK
Tempe, AZ Fukuoka
S ®

EV Group Taiwan Ltd.
EVG-Jointech Corp.
Chung-Li

Fully owned subsidiaries

) Representatives EVG

EVG North America EVG Japan EVG Taiwan EVG Korea
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Product Categories
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EVG is a global supplier of:

= Wafer Bonders

= Aligners

= Coaters / Developers

= Temporary Bonders / Debonders
= Cleaners

= |nspection / Metrology Systems

EV Group holds the dominant share of the market for wafer bonding
equipment and is a technology leader in lithography for advanced
packaging and nanotechnology.

sule TN

Lithography Bonding Process Technology
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That was the easy part
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Best Known Practice for Selecting a Wafer Bonding Process

Thermocompression (6)

Intermediate | Metal Solder

Layer

Eutectic

Polymer (2, 3)

TLP (4)

Wafer Bonding
(1)

— — Glass —

Thermoset

Thermoplastic

UV Set (7)

NOTES
1. May be mechanically or optically aligned. Bonding process will Glass Frit
effect final alignment results

2. May be used for permanent or temporary bonding.
3. Inludes adhesive bonding

4, TLP — Transient Liquid Phase

5. Also called direct bonding or molecular bonding. Has strict

requirements for flatness, surface finish, and contamination.
6. Also called metal diffusion
7. Requires special bond chamber.
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Best Known Practice for Selecting a Wafer Bonding Process

Define Product Performance Requirements

Determine Design Rules for Selected Bonding
Process

L REERES R PY R

|

:

Define Product Tolerance Limits

A

Design Test or Prototype Device

|

:

Select Possible Bond Processes

FoooReas Build Protoype

|

:

Determine Incoming Process Requirements

Test Prototy pe Parts
(Performance, Stress, Etc)

I

l

Evaluate
1. Process Requirements for Bonding
2. How Bonding Layers Will be Deposited and
JPatterned
3. Cost of Bonding Process

Produce Product

— i
—i i
— . N

EV Group Confidential and Proprietary — Prepared for the NCCAVS Joint User Group Meeting - June 11, 2013




Best Known Practice for Selecting a Wafer Bonding Process
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Surface pre-treatment
Materials
Chemistry

Intermediate layers
(optional)

Materials Mechanical Bond force and
Restrictions Properties bonder tooling

Specific Device
Requirements

Minimize thermally-
induced mechanical stress

A/ N N N

Temperature

Prevent destruction of
existing structures

N

Alignment - Alignment & bond process
Accuracy - Aligner & bonder tooling

Hermeticity Bond process type

Thermal Interface materials (specific
Conductivity thermal conductivity)

Transparency

Interface materials
(specific refractive index)

Pl handling method tooling

{ Contamination

Pre-cleaning type and J

Organics H Pre-cleaning type

Device Work
Regime

Metal lons

Handling type and bonder
tooling

Maximum
Working Bond process J

Temperature
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Best Known Practice for Selecting a Wafer Bonding Process
Process

Performance

No Intermediate Layer

Intermediate Layer

° = £
£ = & % & c % © g
T o ° S © = 5 = 1] ) E S
6 i S 5 S L £ @ 5 o 2 g T 3
Bonding Type =0 @ < @ @ g = w F o iS “g 3
=S 4+ © + © e = — -
g5 g 8 5 | FE | 2 2 | 2% |
< — o z © 3 & i)
o Q o Q
= = = =
Bonding Sub- = < = <
o o
Type 5 S 5 g
> o > o
T T T T
CMOS
. No No No Yes Yes No Yes Some Some Yes Yes
Compatible
Electricall
. y No No No No No No Yes Yes No No No
Conductive
Step Coverage No No No No No ? No Yes Yes Yes Yes
.. Medium to | Mediumto | Medium to | Medium to . . .
Hermeticity . . . . ? Medium High High Low Low Low
High High High High
Current _
i ) i . . Mediumto | i . i
Manufacturing |High Mature [High Mature| Very Low |High Mature ? High Mature High Mature High Mature |High Mature | High Mature | High Mature
Volume X
Mechanical
Strength
. Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sufficient for
Backgrinding
Limited b
_ 350°Ct0450| mitea by
Maximum Post °c Limited by | selected
Bond >1000 °C >1000 °C >1000 °C >1000 °C >1000 °C dependin selected | metallurgy Low, limited by adhesive
i
Temperature P 'g metallurgy | (TLP can be
on material .
higher)

Al
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Best Known Practice for Selecting a Wafer Bonding Process
Incoming Requirements for Process
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No Intermediate Layer

Intermediate Layer

= ® ® c o,
o B ° c g O £ o 2 o v = _ 3 —
S E I = c 2 S s £ 34 5 2 & g - = &5
Bonding Type [SR=IE @ 2 3 a ] o "g T % jo g 5 § < 0’5,)
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= a a O I
L 3 g o
Bonding Sub- = sz_ = %
o 5) o o
Type o = o S
> > > >
T T I T
Requires
Planarized Yes Yes Yes Yes Yes No* Yes No No No No
Surface
Surface
<20nm <0.5nm <2.0nm <1000 nm <2.0nm <£1000nm | £1000nm | <£1000nm | <1000 nm
Roughness
Challenge is Challenge is
_ Oxide 500 €151 Oxide 500 8151 Determined| 1000nm | =1000nm |  Highly Highly Highly
Layer Thickness NA R removing o removing . . ) ) )
A . A . by process perside perside Variable Variable Variable
oxide oxide
Sensitivity to
. v Medium High High High High Low Medium Medium Low Low Low
Particles
... to Bulk
. Low ? ? ? ? Low High Medium Low Low Low
Contamination
...to Oxide Layer Layer
N/A Low High Low Very High No N/A N/A N/A
Growth / & yrig dependent | dependent / / /
... to Surface
Medium Very High | Very High | VeryHigh | VeryHigh Medium High High Low Low Low
Contamination yHig yHig yHig yrie g g
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Best Known Practice for Selecting a Wafer Bonding Process
Process Conditions

No Intermediate Layer

Intermediate Layer

= g g = q
o w @ 5 c 8T = o 2 - F v = _ =
L & = c c = n =~ = > © © — O
. ° g5 v o E% o L € 3 [T @ 3 EQ o
Bonding Type Q2 e Pt v > A T 5 T 5 o 2 5 5 <5
O 4+ - = 2 © = [e) o
<o g 5 > 28 G = E a2 2 Y E© g ©
= 8 = g m —
Q Q
= 5 = S
Bonding Sub- 3 -g_ s -g_
2 o) 2 o)
Type o £ - =
= > = >
T T T T
Plasma Exposure No No No Yes Yes No No No No No No
Cycle Time
. N/A N/A N/A 300s 300s N/A N/A N/A N/A N/A N/A
Activation
.. Align <10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes|< 10 minutes
...Bond <90 minutes|< 60 seconds [< 60 seconds |< 60 seconds < 60 seconds |< 45 minutes|< 90 minutes|< 60 minutes|< 45 minutes|< 30 minutes|< 15 minutes
60 - 300 60 - 300 60 - 300 60 - 300
...Anneal . . . .
minutes minutes minutes minutes
Process 400 °C - 500 R.T. and 200 400°C-500 | 300°C- 500 | 200 °C - 500
. 1000 °C 1000°C . . . . . £200°C £200°C R.T.
Temperature C C-400°C C C C
Force Low Low Low Low Low Medium High Low Low Low Low
Vacuum During | Ambientto | Ambientto | Ambientto | Ambient to | Ambientto | Ambientto | Ambientto | Ambientto | Ambientto | Ambientto | Ambient to
Bonding Hight Hight Hight Hight Hight Hight Hight Hight Low Low Low
Vacuum Level Low to . .
. . Low Low Low Low Medium High Low Low Low Low
Possible Medium
Electric Field Yes No No No No No No No No No No
Na‘ Present Yes No No No No No No No No No No
Cleanroom Class <100 <10 <10 <10 <10 <1000 <10 <100 <100 <1000 <1000
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Best Known Practice for Selecting a Wafer Bonding Process
Bonding Cost Considerations

= Upstream Processes = Bonding Process

= Cost = Cost
= Materials = Throughput
= Throughput = Yield
* Yield = Avallability

= Avallability = Control Plan
= Does process exist? = Metrology
= Does equipment exist? = Equipment

= Control Plan = Test Structures
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Best Known Practice for Selecting a Wafer Bonding Process
Types of Alignment for Bonding

—

A

Same Size

Mechanical

Wafer
to
Wafer
Alignment

—iE i

—

Substrates

Different Size

Substrates

-
-

b
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Best Known Practice for Selecting a Wafer Bonding Process
How EVG Can Help

= Bond Process Selection Applications Labs in

= Access to our expertise = Tempe, AZ
= Alignment Process Selection = Scharding Austria
= Access to our expertise = Yokohama, Japan

Demonstration Runs
Process Development
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Bonding Process Variables
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Incoming In Chamber Outgoing
1.Wafer 1.Wafer 1.Wafer
a.Size a.Bow & warp
i.Diameter b.TTV
ii. Thickness c.Breakage
b.Material
i.CTE
c.Bow & Warp
d.TTV

e.Vacuum integrity2!

1.Contact Layers 1.Standard Bond Chamber 1.Bond Layers
a.Thickness a.Time a.Percent bonded (voids)
b.TTV b.Temperature b.Thickness
c.Roughness c.Forcel2 c.Strength
d.Bulk Composition d.Atmospherels! d.Hermeticity
e.Surface Composition e.Wafer to wafer spacing (flags) e.Conductivity
f.Surface Particles f.Bow Pin f.Pattern
g.Surface Contamination g.Voltage / current 2.Atmosphere in cavities if present
h.Pattern 2.Special Bond Chamber a.Gas
a.UV energy b.Pressure
b.Plasma
3.Materials
a.T, or Melting Point
b.Outgassing
c.Shrinkage
d.Adhesion
e.Flow
1.Alignment 1.Alignment

2.Spacing (gap between wafers)

2.Wafer to wafer spacing

[ Can the wafer be handled by backside vacuum or

will edge handling or other special handling be required?

2 Trandates to pressure based on bond contact area

8 Vacuum, forming gas, inert gas; no toxics or corrosive gasses.
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Color Code

Items in RED are controlled by upstream process
Items in Green are controlled by alignment system
Iltems in BLACK are controlled by bond chamber
Items in BLUE are output variables

T USTT OTUUP VIeTUTTy ~ JuTie I, ZUIo




Best Known Practice for Selecting a Wafer Bonding Process
Classic Problems

Si to LiNbO;4 bréakage caused by CTE
(Coefficient of Thermal-Expansion)

= Failure to consider TCE B SiCan
mismatch and bonding IS ST
temperature

= Improper bonding recipe
= Success!

' 1 r 4 -
¢ b 5
A Y | n
..’./ \ __‘_‘\a ‘ %
\
” 1 X 4 %
[} - . 9 ]
] 3 _' Y %
[ g

>

Sito LiINbO, successfully
bonded using low temperature
plasma activated process

Breakage caused by excessive force
during temperature ramp up

®
EV Group Confidential and Proprietary — Prepared for the NCCAVS Joint User Group Meeting - June 11, 2013 E V G

— i
—i i
— . N




Best Known Practice for Selecting a Wafer Bonding Process
Classic Problems

= Poor planarization of
CMOQOS wafer by CVD
(Chemical Vapor
Deposition) oxide
deposition and CMP
(Chemical Mechanical
Polishing) resulting in
voids. The regular die
pattern is a classic
signature of this
problem

= SAM (Scanning
Acoustic Microscopy)
Image

- Poor planarization of CMOS wafer (CVD oxide and CMP).
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EV Group

Thank You for Your Attention

nt

innovate
o

p=
=
D
Q.
-
=

Triple i - The key to your success




