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Introduction — Applications for Adhesive WtW Bonding
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Introduction —Adhesive WtW Bonding Processes

Non Patterned Adhesive

Wafer

Adhesive Wafer Bonding

Patterned Adhesive

Photo Structuring

Wafer

Adhesive Transfer

Help Wafer
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Review of BCB based adhesive wafer bonding processes
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Review of BCB based adhesive wafer bonding processes

Non patterned adhesive bonding
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Review of BCB based adhesive wafer bonding processes

Non patterned adhesive bonding

Post Bond Batch Cure with different conditions possible
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Review of BCB based adhesive wafer bonding processes

Patterned adhesive bonding by Photo Structuring
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Review of BCB based adhesive wafer bonding processes

Patterned adhesive bonding by Photo Structuring

Cyclotene™ 4024-40 / 4024-46 bonded samples after post bond batch cure
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Review of BCB based adhesive wafer bonding processes

Example: LiTaO5; Capping of SAW filters by adhesive wafer bonding using Cycloten

processing of
Cyclotene™ bond
frames and patrtial
cutting
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Review of BCB based adhesive wafer bonding processes

Adhesive Wafer Bonding
Non Patterned Adhesive Patterned Adhesive
Photo Structuring Adhesive Transfer

Cyclotene™ 3000
» short bonding cycles
+ very good flow capability over
topography

Wafer

Cyclotene™ 4000
* easy patterning
* limited flow capability over
topography

Wafer

Help Wafer

» Coating by Spin / Spray or Lamination

followed by pre-cure

- Coating + Bake of Resin Layer
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Review of BCB based adhesive wafer bonding processes

Patterned adhesive bonding by adhesive Transfer

Preparation of 200 mm
Testwafers with Topography

+ Lithography

 Silicon dry etching
* Resist removal — Cap Wafer
* Priming: AP3000

Spin Coating at Help Wafer

Deposition of thin layer

CyClOteneTM 3022-46 I
Target thickness 4pm s Help Wafer
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Review of BCB based adhesive wafer bonding processes

Patterned adhesive bonding by adhesive Transfer

Glue Transfer

* Contact pressure 0,05 MPa
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Review of BCB based adhesive wafer bonding processes

Non Patterned Adhesive

Cyclotene™ 3000
» short bonding cycles
+ very good flow capability over
topography

Wafer

Adhesive Wafer Bonding
Patterned Adhesive
Photo Structuring Adhesive Transfer

Cyclotene™ 4000
* easy patterning
* limited flow capability over
topography

Wafer

Cyclotene™ 3000
* short bonding cycles
» topography required which defines
adhesive pattern

Help Wafer

» Coating by Spin / Spray or Lamination
followed by pre-cure

- Coating + Bake of Resin Layer
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Review of BCB based adhesive wafer bonding processes

Non Patterned Adhesive

Cyclotene™ 3000
» short bonding cycles
 very good flow capability over
topography

Adhesive Wafer Bonding

Photo Structuring
Cyclotene™ 4000
* easy patterning
* limited flow capability over
topography

Patterned Adhesive

Adhesive Transfer

Cyclotene™ 3000
» short bonding cycles
» topography required which defines
adhesive pattern

Laser Structuring

Cyclotene™ 3000
» short bonding cycles

saidus|je uelpusw//:dny wo.y pap90|um1]

* no initial topography required$

+ adhesive pattern is fully mask defg

=
@
o

o

Wafer

Wafer

Help Wafer

Wafer
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New BCB patterning process by laser ablation

T

Laser Ablation Equipment and Configuration ANAMOREHIC BEAM  HOMOGINZER

DELIVERY OPTICS / i MIRROR
EXCIMER LASER -
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KrF {248nm) CONDENSER
Eﬁ MASK

_~PROJECTION LENS

SUBSTRATE 2

. . 2

System Configuration: / 7
_— XY-Stage

Laser Characteristics:

+ wave length: 248 nm (KrF)

» shoot repetition rate: 50 Hz

* puls length: 30 ns

» beam spot size: 6,5 x 6,5 mm?
+ fluence range: 50-650 mJ/cm?

SUSS ELP300

LASER ABLATION SYSTEM Ablation Mode:
» XY stage directs substrate

underneath the laser beam spot

 reticle wise ablation of mask
@ pattern defined by step and repeat

coordinates or shoot map
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New BCB patterning process by laser ablatio

Laser Ablation Principle

Mask
Lens

+ laser pulses with 30 ns puls length
transmit through mask and lens

* rapid absorption of light in polymer
causes mechanical shocks

* molecular bonds of the material are
broken causing its physical ablation

« decomposed polymer deposits as
debris on the surface

after 1 puls

» Ablation rate (R) per puls is
dependent on polymer

material 0:30 BCB Ablation KsF 248nm
_ &
0.25 4 &
-
-§~ 0.20-1 -
after N pulses - 2
= l -
* Number pulses (N) required for & . -
ablation through full layer with - Bty
thickness t. 1 .
0.05 4
-
N=t/R
0.00 T T T v T T T 1
100 200 300 400 800 600 700

Fluence {mJicm?)
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New BCB patterning process by laser ablation

Process Flow - Schematic

O [ g EEEEE e S
< Wafer 1 (Silicon) > » < Wafer 1 (Silicon) >
* AP3000 priming » Patterning of layer sandwich by laser ablatio
* Spin Coating of Cyclotene 3022-46+Bake » Deposition of debris at surface

* Spin Coating of Sacrificial Layer
< Wafer 2 (Glass) >
< Wafer 1 (Silicon) > « < Wafer 1 (Silicon) >

« Wafer to wafer Alignment & * Removal of Sacrificial Layer
Bonding, Cure
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New BCB patterning process by laser ablation

Laser Ablation Process and Results

Patterned double layer of
5 um non-cured Cyclotene™ 3022-46
+ Sacrificial Layer
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New BCB patterning process by laser ablation
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New BCB patterning process by laser ablation
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New BCB patterning process by laser ablation
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New BCB patterning process by laser ablation

Wafer Bonding Process
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Laser Patterned Cyclotene™ 3022-46 Bonding Process
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New BCB patterning process by laser ablation

Wafer Bonding Results

Result after Bonding n n n n
(ok)
Low bonding temperature keeps viscosity up
und prevents structure reflow!

Result after Cure
(not ok)

Viscosity drop during cure causes
structure reflow!
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New BCB patterning process by laser ablation

Process Flow — Schematic (adapted)

d

]
Wafer 1 (Silicon) » Wafer 1 (Silicon)
« AP3000 priming « Patterning of layer sandwich by
« Spin Coating of Cyclotene 3022-46+Cure M laser ablation
« Spin Coating of Cyclotene 3022-35+Bake » Deposition of debris at surface

» Spin Coating of Sacrificial Layer

@

Wafer 2 (Glass)

Wafer 1 (Silicon)

Wafer 1 (Silicon)

4.

« Wafer to wafer Alignment & * Removal of Sacrificial Layer
Bonding, Cure
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New BCB patterning process by laser ablation

Wafer Bonding Results (adapted Process)

Result after Bonding n n n n
(0k) Wafer 2 (Glass)

n n n n ( Wafer 1 (Silicon) )
Low bonding temperature keeps viscosity up
und prevents structure reflow!
Result after Cure ‘ \ ' ‘

(ok) | | B \
I o l—* — C Wafer 2 (Glass) )
Al W

| & & ‘ - ‘ [ W
| . - - 0
=6 Bl ey i ( Wafer 1 (Silicon) )

o f ! ‘ . H i
W W A 4 Y ‘ Viscosity drop during cure causes
b=y &N ‘ A= - structure reflow but squeeze out is very
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Sample qualification after Post Bond Cure
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Advantage of new patterning process
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Void free Lateral squeeze of

bonding over adhesive during

topography < Topography bonding dueto

requires _ good flow capability.

sufficient flow .~ Adhesive Final gap height

capability of close to height of
adhesive. topography. :
New Solid socket enables %
patterning extended gap g
approach height. Topography

can be bonded void
free due to portion
of material with
good flow capability.

allows parallel
structuring of
adhesive
double layers
with different
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flow ~
capability. Socket of material with ~ Material with good flow g
reduced flow capabiliy,  capabiliy adjusted to §
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Review of BCB based adhesive wafer bonding
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New BCB patterning process by laser ablation
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Cyclotene™ Resins allow non patterned and different types of patterned
adhesive wafer bonding

o||e

saidu

All processes support short bond cycle times between 6 min and 11 min
and post bond batch cure

JU0D-sdBWI/WO0D'S

Cyclotene™ 4000 Resins support easy patterning by direct lithography and:
void free bonding to partners with low topography

Cyclotene™ 3000 resins have superior flow capabilities and support void
free bonding to partners with increased topography

Laser direct ablation was introduced as new method for patterning of non-
cured Cyclotene™ 3000 Resins

The new structuring method has shown excellent pattern reproducibility
and supports parallel patterning of layers with different cure condition
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