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Abstract

This paper describes the methods of spacer-fabrication for wafer-level CIS(CMOS Image Sensor) assembly. We propose
three methods using SU-8 PDMS and Si-interposer for the spacer—fabrication. For SU-8 spacer, novel wafer rotating
system is developed and for PDMS(poly-dimethyl siloxane) spacer, new fabrication-method is used to bond with alignment
of glass/PDMS/glass structure. And for Si-interposer, DFR(Dry Film Resist) is used as adhesive layer. The spacer using
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Si-interposer has the strongest bonding strength and the strength is 32.3MPa with shear.

Keywords : spacer, CIS, SU-8 PDMS, DFR

I. Introduction

In case of image sensor like CIS (CMOS Image
Sensor) the size of device grows according to
increase of pixel's number. But consumer’s demand
for miniaturization needs wafer-level package and
assembly. The traditional chip-scale package and
assembly of CIS camera module is shown in Fig. 1.
In this figure, holder and barrel increase the size of

the camera module and manual assembly using this
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device also increase the price.

On the contrary, wafer-level packaged CIS module
shown in Fig. 2 needs not any additional holder or
barrel and the spacer between lens part and sensing
part plays a role of defining a focal length of lens
and combining two parts (lens and sensing parts). In
this application, the spacer has to have hundreds of
thickness with uniformity of a few micrometer and
strong bonding strength for combining lens part and
sensing part.

For the spacer—fabrication of this application, main
stream of currently developed methods is using thick
because of and simple

photoresist low price
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Schematic of chip-scale packaged CIS camera
module. For assembly of this camera module, it
needs chip-level package and assembly of lens,
CIS, ISP and etc.
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Schematic  viewing a cell of wafer-level
packaged CIS module. The spacer plays a role
of defning a focal length of lens part and

combining two parts (lens and sensing parts).
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Fig. 2.

fabrication™. But this method has difficulty with good
* thickness-uniformity of thick photoresist and bonding
strength.

This work presents methods to solve the problems
of thickness-uniformity and bonding strength. First,
using SU-8 as thick photoresist and wafer rotating
system for good thickness-uniformity, thick (400m)
and uniform SU-8 layer is acquired. Additionally,
adhesive layer is used for improving of bonding
strength. Second, for more thickness—uniformity and
bonding strength, PDMS (poly-dimethyl siloxane)
spacer is developed by molding method. The last, for
the most thickness-uniformity and bonding strength,
the spacer using Si-interposer and DFR (Dry Film
Resist) is developed.
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II. Design and Fabrication

1. Design and Fabrication

For the spacer-fabrication, we propose three types
as spacer-materials, SU-8 PDMS and Si-interposer.
Fig. 3 shows the schematics of each case. SU-8 and
PDMS are used as polymer-material in Fig.3 (a) and
Fig. 3 (b) shows the spacer using Si-interposer.
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Fig. 3. The spacer-fabrication methods for application
of CIS module. (a} using thick polymer
(photoresist or PDMS), (b) using Si-interposer
and DRF as glue layer.

A. Using SU-8

Experiments using thick SU-8 layer as the spacer
are performed. The experiments to form thick (400um)
and uniform (<5%) SU-8 layer and to enhance the
adhesion of SU-8 to glass wafer using additional
adhesion layer are performed.

First of all, seen in Fig 4. we solve the incline of
SU-8 to achieve thick and uniform SU-8 layer.
Generally, thick photoresist lean on one side because
hot-plate’s surface isn't accurately perpendicular to
this
phenomenon doesn't happen because viscosity of the

the gravity. In case of thin photoresist,

photoresist is increased by evaporation of most of
solvent in photoresist during spin coating and soft
bake time of thin photoresist film is short. But the
viscosity of thick photoresist is not increased by
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Fig. 4. Wafer rotating system. (a) Scheme of wafer

rotating system, (b) Wafer rotating system on
Hot-plate.

much after spin coating and freestream region beyond
the boundary layer of thick film is much wider than
that of thin film. These can make far more flow in
thick photoresist film than thin photoresist film, and
moreover flow volume is increased in proportion to
the soft bake time which is increased according to
film thickness. The effect of glass surface not
perpendicular to gravity can be canceled out by
rotating the glass wafer. So wafer rotating system is
made which can rotate wafer continuously during
bake time. Wafer rotating system consists of motor,
rotating belt, rotator, rotating plate and controller as
seen in Fig. 4.

Fig. 5 shows the distribution of thickness of SU-8
with and without wafer rotating system, respectively.
The graph of Fig. 5 (a) leans on one side, but the
graph of Fig 5 (b) is relatively parallel to the surface.
These figures say the use of wafer rotating system
cancel out the incline due to wafer surface out of
perpendicular to the gravity. The measured
uniformity of 400im thick SU-8 is 3.25%. As a result
of experiment varying exposure time, SU-8 film
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Thickness distribution of SU-8 fim (a) without
wafer rotating system, (b) with wafer rotating
system. (The position-number indicates the
position of 4~inch wafer from top to bottom,
top—number is 1 and bottom-number is 16)
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Fig. 6. Profile of 400um thick SU-8 pattern.

profile of 87° is able to be formed by 2600mJ/cm’ of
exposure energy as seen in Fig. 6.
It is known that the adhesion strength of SU-8 to
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Fig. 7. Process flow of adhesion layer test.
glass is poorm. Thus, the experiment for

improvement of adhesion strength of SU-8 film to
glass wafer have to be performed. Several materials
are deposited onto glass wafer as interlayer between
glass and SU-8 to improve adhesion strength. Gold,
nickel, silicon dioxide, polycrystalline silicon, silicon
nitride and chrome are chosen as adhesion material
and SU-8 coated on silicon wafer is bonded to silicon
wafer for reference. The process flow is described in
Fig. 7.

B. Using PDMS—sheet

PDMS-spacer is also polymer-spacer as seen in
Fig. 3 (a). PDMS is cheaper than SU-8 (about 1/10)
and thickness—uniformity is easily achieved using
molding The method of making
PDMS-spacer of 400um is explained as follows. First,
Al layer of 3000A is deposited on Si wafer of 400um
thickness. The Al layer plays a role of etch stop

process.

layer and preventing footing effect. Second, the Si
wafer is bonded with 500um glass wafer by anodic
bonding of Al-glass. And then the 400im Si layer is
selectively etched using SiO; mask. Fig. 8 shows the
mold fabricated with this method.

Third, PDMS mixture (curing agent : PDMS =1 :
10) is poured onto the mold master and covered with
a dummy Si wafer. Then high pressure is induced on
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Photograph of the fabricated Si mold for making
PDMS-spacer.
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Photograph  of the
placed in Petri dish.

fabricated PDMS-spacer

each side of the wafers to form PDMS-spacer of 400
um thickness. Finally, the PDMS-spacer is completed
as Fig. 9.

In addition, Fig. 10 shows the méthod that the
PDMS-spacer is align-bonded between two glass
wafers. The fabricated PDMS-spacer is attached on a
dummy glass wafer. After activating the PDMS
surface of the temporary bonded PDMS-glass wafer
by plasma, the wafer is align-bonded with a glass
wafer using EV-620 aligner. The PDMS-glass wafer
align-bonded by EV-620 aligner is baked on
hot-plate of 75°C for 30 minutes. Then the
irreversible covalent bond is formed between the
interface of PDMS surface activated by plasma and
glass. And the other PDMS surface and the dummy
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Schematic of the fabrication process for aligning
and bonding of glass-PDMS-glass.

(@) PDMS-spacer aftached on dummy glass

wafer, (b) align-bonding of PDMS-spacer and
glass wafer, (c) separating dummy glass wafer,
(d align-bonding of PDMS-glass and another
glass wafer, (e) align-bonded glass-PDMS-glass
wafer.
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. Photograph of the bonded glass-PDMS-glass.

(a) wafer-level align-bonded glass-PDMS-glass,

{b) an align-bonded pattern using EV-620
aligner,

{c) a bonded pattern not using EV-620 aligner.
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separated. The bonded
PDMS-glass wafer and another glass wafer can be
align-bonded using EV-620 aligner with
procedure.

Fig. 11 shows the align-bonded glass-PDMS-glass
wafer.

glass wafer is easily

same

C. Using Si—interposer

Si-interposer as spacer-material has a advantage
of good thickness-uniformity. But we cannot use
anodic bonding of Si and glass because of low
temperature limit for CIS application. In this work,
DFR is used as adhesion layer.

Dry film resist can be easily coated on patterned
interposer not by spin coating but by laminating and
can be easily patterned by using photolithography
technology because it is photosensitive polymer. The
sequence of process is as follows. First, silicon
interposer is patterned by deep Si etch process using
AZ-5214 as etch mask. Si-interposer is patterned to
50um deep trench. DFR with protect film is laminated
onto pattemed Si-interposer. DFR is soft-baked at
90°C for 90 seconds and exposed with 120mJ/cm’ of
exposure energy through patterned mask. And then
DRF was laid on 90°C of hot-plate for 90 seconds for
post exposure bake and developed with 1% of NayCOs
solution for 80 seconds. After that, Si-interposer with
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Fig. 12. Process flow for align-bonding of Si-interposer

and glass using DFR.
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patterned DFR is bonded to dehydrated glass wafer
and then bonding set is diced into samples.. Whole
process flow is described in Fig. 12.

0. Measurements and results

Tensile and shear strength are measured for the
samples that have passed dicing test after bonding
process.

As shown in Fig. 13, for tensile strength
measurement, a sample is fixed to bottom chuck with
glue, and then top chuck is pulled upward at a
constant speed. The tensile force at the moment of
the fracture occurrence is measured. Since the
external tensile force is proportional to the bonding
area, the tensile force divided by the area gives
fracture strength in MPa unit. To prevent the glue
fracture, the bonding strength of the glue should be
considered. Fig. 14 shows the schematic of shear
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Fig. 13. Schematic of tensile strength measurement.
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Fig. 14. Schematic of shear strength measurement.

strength measurement. A sample is fixed to a chuck
with glue, and then top substrate is pulled in a shear
direction. The shear force at the moment of the
fracture occurrence is measured. As in the tensile
strength case, the external shear force per unit area
gives fracture strength. To prevent the glue fracture
and glass fracture, the bonding strength of the glue
and the height of top substrate should be considered.

Using SU-8 as the spacer, it looks as if the wafers
are well bonded, but the interface between glass and
SU-8 is detached during dicing the bonded wafer. In
case of depositing various adhesion layers to increase
the bonding strength, all cases show identical results.

Using PDMS as the spacer, it has maximum
bonding strength of 0.5MPa with tensile strength. But
in this case, many samples are detached during
dicing.

Fig. 15 shows the shear strength of Si-interposer
/DFR/glass  bonding  according to  bonding
temperature. The lower the bonding temperature is,
the smaller the deformation of polymer is and the
weaker the bonding strength is. When bonding
temperature is too high, the trap of void in bonding
area or the rise of internal pressure of cavity due to
increase of outgassing can make the bonding strength
between polymer and substrate weaker. For these
reasons, the optimal temperature for bonding exists
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Fig. 15. Shear strength of DFR bonding according to
bonding temperature. (In this case, bonding
force is 2000N.)

(83)
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bonding force.
(In this case, bonding temperature is 120°C.)

Fig.

according to polymers® ¥, And we can know that the

optimal temperature for DFR bonding is nearly 120°C
as seen in Fig. 15.

Fig. 16 shows the shear strength of DFR bonding
according to bonding force. Generally, the bonding
strength is proportional to bonding force below the
critical point and then the bonding strength is
saturated to bonding force beyond the critical point,
As seen in Fig. 16, the shear strengths of bonding
are nearly invariable to 1500, 2000 and 2500N of
bonding forces. Thus, it can be known that critical
bonding force for DFR bonding is below 1500N and
sufficient bonding strength would be obtained if
bonding force above 1500N is applied.

IV. Conclusions

Wafer-level package with thick, uniform, and
patterned using polymer bonding was
researched. Three methods were devised using SU-8,
PDMS, Si-interposer. Using SU-8, the spacer of 400
tm with 3.25%-uniformity can be made and using
PDMS, the spacer of more thickness—uniformity and
bonding strength can be made, but in this two cases,
satisfactory bonding strength cannot be acquired.
Si-interposer using DFR as adhesion layer had
sufficient bonding strength bearable to dicing test and

spacer
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the maximum bonding strength was 32.3MPa with
shear strength. These results show the spacer using
Si-interposer with DFR is available to CIS
application and the others (SU-8 and PDMS) is
cheaper than Si-interposer but many improvement in
bonding strength is demanded.
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