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Abstract
In recent years, material suppliers in collaboration with equipment suppliers have developed many new
materials/process options for temporary bonding and debonding to be used in 2.5D and 3D technologies. . These
options are still being evaluated and at best they are in prototype stage. As a result, the cost is still perceived to be
high, there are no reliability data available and many new users in the market are confused about which option and
corresponding equipment set should they invest in. I will present the requirements for ideal temporary bonding
debonding solution, describe the available technology options for temporary bonding and debonding and their status.

The primary technologies for temporary bonding are adhesive-based. These adhesives are tailored so the adhesive
bonds can be broken either by laser ablation, thermal-slide, ZoneBond process, solvent release or mechanical peel-
off. It appears that a single solution will not be applicable to all different 2.5D/3D technologies that are being
developed and thus, multiple options will be the forerunners.
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mechanical peel-off.

I. Introduction

The purpose of this report is to provide an overview
of requirements and description of different processes
and materials that are presently available for
temporary bonding/debonding for use in 2.5D and 3D
Technologies.

Temporary bonding/debonding enable a variety of
advanced IC integration technologies by making a
non-permanent bond between a semiconductor wafer
and a carrier wafer. The main use of the temporary
bonding of a carrier wafer is to provide a support for
very thin semiconductor wafers, which are
mechanically fragile and will break during handling.
The process steps involved for wafer thinning to a
few micrometers to couple of hundreds micrometers,
and subsequent thru-silicon-via (TSV) and assembly
processes will require carrier support using a
temporary bonding technology. After these processes
are completed, the semiconductor wafers have to be
cleanly debonded from the carrier.

Some of the common examples of the use of the
temporary bonding/debonding are listed below.

(a) In  fabricating 3D/2.5D IC  Stack
Technologies.

(b) Wafer-level Chip-scale-package (WLCSP)
technologies. (Since the front side of the
devices in LEDs, MEMS and Power
applications is not available for flip-chip
bumps, TSVs are fabricated to enable
bumping on the backside of the die.)

(¢) Thin Packaging (e.g. thin BGAs, QFPs.)

(d) Packaging of Compound Semiconductors
and Power devices. (In certain applications,
these devices have to be thinned to ~100
microns for optimum RF and thermal
performance).

The applications listed in (b), (c) and (d) have been
using temporary bonding/debonding for several years
primarily for wafer/device thinning. In this
document, our main focus will be on the use of
temporary bonding/debonding technologies for
2.5D/3D technologies (a), where temporary bonding
is used for thinning as well as subsequent processes
and assembly steps. This application imposes special
requirements for carrier bonding technology. In
recent years, many different versions of 2.5D and 3D
technologies with different process flow have been
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developed. Figure 1 and Figure 2 illustrate typical
examples of process flow for 2.5D and 3D
technologies, respectively. The major process steps
requiring temporary bonding are highlighted. As
shown for 2.5D technology, typically temporary
bonding has to survive the processes involving wafer
thinning, redistribution layers fabrication on single or
both sides, bump metallization and final die-to-
interposer interconnect attachment. For 3D
technology, typically the carrier bonding has to
survive processes involving wafer thinning, copper
pad etch-back, bump metallization, die-to-stack
attachment and in some cases TSV process.

II. Temporary bonding/debonding Methods
There are three broad categories of methods for
temporary bonding.

1. Adhesive bonding"™

2. Electrostatic bonding®”

3. Patterned support ring (Carrierless)

method®?

Of these three, adhesive bonding is the leading
method for temporary bonding of carrier.
Electrostatic bonding is not a very practical method
because it involves high voltage application to create
the bond, which could be a safety hazard in
production. In addition, this method requires the use
of more expensive special carriers. Although this
method is not a practical one for direct use in
2.5D/3D process flows, it is used in debonding
equipment to hold-down the carrier-wafer assembly
during debonding process. Third method is a
carrierless method that involves providing the
support to the device wafer by leaving a periphery
thicker patterned support ring on the backside of the
device wafer. This method is also more costly and
risky, and very likely will not be the leading method.
In this document I have mainly focused on adhesive
bonding.

III. Requirements

Temporary bonding has to survive different process
conditions based on the particular processes they are
subjected to. Since there are many variations of the
technologies and process flow, the requirements for
bonding/debonding will also vary accordingly.
However, some general requirements are listed below
that include requirements for adhesive materials and
processes for high yielding manufacturing.

a. Bond/debond material-process-equipment
system should be cost-effective.

b. Bond/debond processes should be fast (a
few minutes long).

c. Device wafer should not be damaged during
bond/debond process.

d. Top (device wafer) surface should have a
good planarity with bottom (carrier) surface
(see Figure 3).

e. Adhesive thickness should be uniform with
low Total Thickness Variation (TTV) <2
micrometers.

f.  Metrology (Thickness, TTV, defects in
adhesive bondline) should be monitored
before and after bonding.

g. Preferably the method should be capable of
low temperature (<200°C) bonding.
(Memory devices are affected at
temperatures above 200°C)

h. The method should be capable of low
Temperature debonding (Preferably at Room
Temperature).

i. Bonding materials (adhesive in particular)
should not outgas during subsequent
processes

j- No bubble/air-voids should form in the
adhesion layer before and during wafer

processing
k. The bonding should withstand

(1) Mechanical stress and
vibration caused during
subsequent processes

(i1) Aqueous and solvent based
processes

(iii) Alkali and acid based wet etch
processes

@iv) Ion or plasma based dry etch
processes

I.  The device wafer edges must be well
supported. (The issue and the two potential
solutions are illustrated in Figure 4).

m. Materials-Processes-Equipment system
should provide a path to high yielding
manufacturing process.

n. The materials and processes should be
scalable for 300 mm diameter wafers (and in
the future to 450 mm diameter wafers).

0. The carrier wafer material, silicon or glass,
have to be chosen based on the processes
and cost. The disadvantages and
disadvantages of silicon and glass are shown
in Figure 5.

p. Carrier wafers should be cost-effectively
recycled.

IV. Description of Different Temporary
Bonding/Debonding Methods

In last several years, the adhesive material suppliers
have teamed-up with different equipment vendors
and end-users to develop different adhesive
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debonding approaches. The leading temporary
adhesive debonding methods are:

A. Laser Debonding ¢

B. Thermal-slide Debonding ‘*"'®

C. ZoneBOND (Combination of Mechanical
lift-off in the center/Solvent release or
thermal-slide on the edge ! '*'"

D. Solvent Release (Chemical) Debonding

E. Mechanical Peel-off Debonding 2%

(18)

The different methods are described below.

A. Laser Debonding

In this technique, adhesively bonded glass carrier

and device wafer are subjected to a laser beam

through the glass carrier, which will debond the
adjoining adhesive layer. The two material
suppliers who have developed this method are
3M and DuPont.

1. 3M“'Y: This bonding/debonding
technology is illustrated in Figure 6. 3M
offers a complete Wafer Support System,
which includes all the materials and
processes needed for bonding/debonding
and has partnership with equipment
suppliers, namely Suss, Tazmo and Yushin.
3M offers UV curable adhesive for bonding
a glass carrier to device wafer. A special
laser to Heat Conversion (LTHC) coating is
deposited on the glass carrier that allows
easy, stress-free debonding when laser beam
is applied on the glass carrier side. Both
bonding and debonding is done at room
temperature and the bond is stable to 250°C
to 300°C. This temperature range is
desirable for 2.5 D technologies and some of
the 3D technologies.

2. DuPont"*'?: This technology is illustrated
in Figure 7. DuPont offers their polyimide
based adhesives, which is stable to 400°C.
If the 3D chip-stacking process requires the
temporary bond to survive a high
temperature, > 300°C, this is the only
adhesive option. The disadvantage is that the
polyimide has to be bonded/cured at 300°C.
As in the case of 3M technology, a laser
beam focused on the adhesive layer through
the glass carrier will debond the adhesive
from the glass carrier.

B. Thermal-slide Debonding (Brewer Science
Technology)

This technology is shown in Figure 8. Brewer

Science has developed thermoplastic polymer

adhesives, WaferBond(M'ls), that will soften

above 190°C so that carrier and device wafers

can be separated by sliding. The bonding is done
at 180°C. The bond is stable to 320°C for short
times (1 hour). Brewer Science has partnered
with both EVG and Suss Microtec to develop the
production equipment.

C. ZoneBond Debonding Technology (Brewer
Science Technology)
The technology steps are illustrated in Figure 9.
In Brewer Science’s Zonebond technology* ¢
') the carrier (glass or silicon) wafer is bonded
to device wafer with two distinct zones. Most of
the wafer area in the center has low adhesion,
while he edge has normal adhesion. Low
adhesion in the center is achieved by depositing
a ‘release layer’ in the center of the carrier wafer.
The adhesive, either thermal-slide or solvent
release, is coated on the device wafer. The two
wafers are bonded with heat and pressure.
Debonding is done in two steps. The first step is
to debond the edge of the bonded wafers,
depending on the type of the adhesive used,
either thermal slide or solvent release. The
second step will be to lift-off the carrier wafer by
holding the bottom device wafer firmly. The
bonding, debonding and stability temperatures
depend on the type of the adhesive used.

D. Solvent Release Adhesive (Tokyo Ohka
Kogyo [TOK] Technology)"®
The technology for bonding and debonding is
shown in Figure 10. Bonding of perforated
carrier wafer to device wafer is done at 220°C
with near-zero pressure (0.012MPa). Debonding
is done by spraying solvent or by immersing the
bonded stack in solvent.

E. Mechanical Release (Peel-off) Adhesive
Technology (ThinMaterials)
The technology"*?” is illustrated in Figure 11 .
A special pre-cursor is spin-coated on the device
wafer, followed by PECVD treatment that
converts the pre-cursor into a ‘release layer’. A
coating of elastomer liquid is spin-coated over
the carrier wafer. Then the device wafer is
aligned and bonded to a carrier wafer at 180°C.
The bonded wafers have very little adhesion
force in z-direction. Wafers are debonded by
holding the bottom device wafer firmly and then
lifting-off the carrier wafer similar to that in
ZoneBond technology.

V. Conclusions

Although these technologies have been in use for
many years in wafer/device thinning applications in
Power devices, LED technologies, wafer-level CSPs,
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MEMS, and in RF devices, they have not been fully
qualified for 2.5D and 3D technologies. There are no
reliability or cost data published yet for large-scale
production. Since the process flow for 2.5D/3D
technologies varies widely, it will be harder to
narrow the choice of temporary bonding/debonding
technologies to one technology. There will probably
multiple options that will be forerunners.
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Example Process Flow For 2.5D Technology using Interposer
Shaded Steps require temporary bonding of Carrier

1. Thru-Si-Via Etching 7. BS Redistributed Wiring Layers and Btzngping

C4 bumps
A A A WA W A WA
2. Insulator/Barrier/Seed Deposition

8. Temp. Carrier Debonding

VU U

3. Via Fill - Copper plating and CMP
VRYRY VY,

9. Temp. Carrier Bonding with pbumps on top
<—ubumps

l VAV

[\

4. FS Redistributed Wiring Layers and u-Bumping
(VRVARY) [VARVARV/

10. Attach Dies with pbumps
N

YRY/ IVRVRY/

5. Temp. Carrier Bonding

VAR VAV VIV

VUV VU

6. Wafer Thinning to Expose Vias 11. Carrier Debonding

Subsequent Assembly
Figure 1: Process flow for 2.5D technology using interposer.

Example Process Flow For 3D IC Stack with TSVs
Shaded Steps require temporary bonding of Carrier

1. Finished Wafers from Fab 6. Bumping

e - e e

2. TSV Fabrication
R ' _' R ' 7. Attach to the Stack

3. Temp. Carrier Wafer Bonding

4. Device wafer Thinning
8. Temp. Carrier Debonding

o o e
5. Etch Back of Copper pillars -'i i‘i‘.
[ e g

Figure 2: Process Flow for 3D IC Stack Technology.

Device wafer

Crrier wafer. .
Desired Not Desired

Figure 3: Desired and not desired adhesive coating application.
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Requirement for Wafer Edge Protection

When the wafer is thinned, the unsupported edges are very
fragile and will crack.

Two Solutions

extremely fragile 1. The adhesive layer 2. Trim the edge of
covers the edge to the wafer
support it

Device wafer

Device wafer

Carrier When thinned

B. Swinnen et al, “Wafer Bonding Challenges for 3D Integration,” http://www.semi.org/cms/groups/public/documents/web_content/
ctr_038711.pdf

Figure 4: Wafer edge protection by adhesive coating.

Glass Carrier Silicon Carrier

+ Transparent carrier:allows for optical debonding techniques + Highly compatible to semiconductor equipment
(typically laser based) + Readily available with good TTV (low cost : device grade not

- Glass must be SI-CTE matched across a large temperature range required)

- Glass must be ground to tight TTV specification (high cost) - Not transparent: laser-based release methods not applicable

- Not compatible with electrostatic chucks

Glass carriers are more expensive, but they If given a choice, silicon is a
are only option for UV/laser release preferred carrier material
adhesives.

Figure 5: Comparison of advantages/disadvantages of using glass or silicon carrier.
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3M Laser-ablatble Adhesive System

Bonding
a. Wafer/Carrier Preparation b. Wafer-Carrier Alignment and Bonding,
Spin Coat 1- micron thick Laser-to-Heat- followed UV Cure - -

Coversion (LTHC) Coating on Glass and 60- ‘
micron thick LC 5200 Adhesive on wafer
(thickness 60 micrometers with TTV of 1.5

micrometers). UV Cure in vacuum
Debonding
a. Laser Ablate LTHC release layer b. Lift-off Glass Carrier

YAG Laser
oy
LTHC Layer \ /

Support Glass

Attach Detapping 3305 Tape & Frame and roster YAG Laser

c. Mechanical Peeling of Adhesive

Peel Adhesive
—p

[ ]
http://multimedia.3m.com/mws/mediawebserver?mwsld=66666UuZjcFSLXTtnXMyM8T_EVuQEcuZgVs6EVs6E666666--
&fn=WaferSupportBro_DMR_6000492.pdf

Figure 6: Bonding and debonding with 3M laser-ablatable adhesive system.

DuPont Laser Ablatable Adhesive

Bondir;g. f Debonding

with blind TSV
Excimer Laser -W

Ablation to debond - -

=7

Spin coat 6 to 10 o

micrometers thiclH\
adhesive. Prebake S Lift-off Glass —
120°C, 90 Sec. N A carrier l

TR .=y

Qg Spray
Thermocompress N

ion bonding . ;.':"!.' s atch
350°C /10 min/ &\ Clean wafer-[- é

b

Cure 280°C to
350°C /60 min.

>10psi.

Itabashi, Toshi and Zussman, Melvin P. “High Temperature Resistant Bonding Solutions Enabling Thin WaferProcessing,” Proceedings of the
60t Electronic Components and Technology Conference, Las Vegas, 2010, pp 1877-1880.
http://www?2.dupont.com/WLP/en_US/assets/downloads/pdf/High-Temperature-Resistant-Bonding-Solutions.pdf

Figure 7: Bonding and Debonding with DuPont Laser-ablatable adhesive system.
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Brewer Science Thermal-Slide Adhesive

i i Courtesy of
Thermo-slide Materials/Process .sgggmem Il
Bonding |

Flip Wafer

VA
brewer ¢\ science
-

-{ - ————ee 180°C, vacuum
4

i | - >
o

Q > @ il ! TR ; /'Walet Centering Temporary Bond

Carrier Wafer Spin Coat and Carrier Wafer with
Bake Adhesive
Debonding
B
0 0

Thinned Device 190°Ct0 220°C w4,

Wafer [ .

yYYYy
e ’ -
- . & . - @»
AAAA :
Carrier Wafer Secure with Thermal Slide Clean Attach to Dicing Release Processed Wafer
Electrostatic Debond Frame Electrostatic on Frame
Chuck Chuck
== a»
Precision Align and 3D Stacked
Permanent Bond Wafers

http://www.suss.com/fileadmin/user_upload/technical_publications/
WP_3D_The_Role_of_Wafer_Bonding_in_3D_Integration_and_Packaging_1110.pdf

Figure 8: Bonding and debonding with Brewer Science thermal-slide adhesive system.

Brewer Science ZoneBOND Adhesives

.MicroTec

Courtesy of

Bonding
. N )’)/
Flip Wafer brewer X science
- e
< > o~
Device Wafer Spin Coat Cure Adhesive

Thermoplastic

Adhesive

Or solvent Q _—

release adhesive Bond Temporary Bond
ZoneBOND™ Carrier (Temperature / Force)
with Low Tack Zone in the Center

Debonding .
Flip Wafer 6‘0“
Thinned Device Flip Wafer

IXXXY]

Wafer {\
- D

ZoneBOND™ “Edge Cut” Attach to Dicing Mechanical Debond ™~ oy

Carrier = Remove adhesive at the wafer Frame at Room FT
edge using a solvent Temperature
Or solvent release -
adhesive

/ Clean Carrier

g

Rosenthal, Chris, “Suss Microtec Overview Temporary Bonding, Product Portfolio and Roadmap”.
Figure 9: Bonding and debonding with Brewer Science ZoneBond adhesive system.
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TOK* Solvent Release Adhesve

*Tokyo Ohka Kogyo Co. Ltd., Kanagawa, Japan.

Bonding Debonding

1, Spin coating

Adhesive coating
Adhesive TZNR-A2002

2, Pre-bake
Step cure

3, Alignment

Align carrier to wafer

4, Bonding

Thermal bonding under vacuum
Bonding at 220°C with

0.012 Mpa Pressure
5, Finish

1, Dissolution
b

- Solvent injection

Detachment to carrier

H\\III\\\\\\II\\\\\\III\\W\III\HH\IIHHHIIIHHHI

3, Cleaning
q

O Residue removal

———

Otaka, Shoji, “TOK Thin Wafer Handling System and Resist Technology for TSV Applications, 2009 3-D Architecture for Semiconductor
Integration and Packaging, San Francisco, CA, 2009.

Figure10: Bonding and debonding with TOK solvent release adhesive system.

TMAT* Mechanical Releasable Adhesiv

*Thin Materials

Device Wafer

Spin Coat Precursor

Plasma Process to
Form Release Layer

< >

Carrier Wafer

Debonding

Thinned Device

Water Flip Wafer

Carrier Wafer

<> —
Attach to Dicing
Frame

Spin Coat Silicone
based Elastomer

Flip Wafer

/'

Mechanical Debond
at Room

Temperature

Microlec

& ThinMaterials

gg

Bond (Very Low Force) Temporary Bond

and Thermal Cure

Material made by

Flip Wafer ‘0 D A‘

Clean Carrier

Clean Device Wafer
on Frame

Rosenthal, Chris, “Suss Microtec Overview Temporary Bonding, Product Portfolio and Roadmap”.

Figure 11: Bonding and debonding with TMAT mechanical releasable adhesive system
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