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Abstract

In order to package the nano devices:and resolve the process complexity of fabrications,
this research investigates the -surface roughness' effects on UV curable adhesive for
nanopackaging.

The UV curable adhesive is_ cured through UV light exposure without any additional
heating, suitable for packaging the devices.with temperature sensitive materials or processes.
On the other hand, the addition of surface roughness increases bonding area of UV curable
adhesive and enhances bonding strength.  The packaging size can be reduced effectively.

At first, the surface roughness of Si wafer is modified by photoresist spin and RIE
etching. The Ra before and after modification are 0.4nm and 12.4nm respectively. Then
shells are fabricated by RIE etching and the bonding width is 2um and 4um. Finally UV
curable adhesive is spun on Pyrex7740 and cured through UV light exposure to bond to Si
wafers.

The packaging hermeticity and strength are evaluated. The addition of surface
roughness reduces leakage from 3% to 8% and enhances bonding strength from 359 to 43
9%. The surface roughness effects on UV curable adhesive for nonopackaging are achieved
by the results of decreasing packaging size, increasing bonding strength, and under room
temperature process. In addition, the backside of Si wafers is unpolished and used to
experiment. The Ra 0.6um generates residual photoresist and results in fabrication failure
during lithography process. Such high surface roughness is unsuitable to integrate in
fabrication processes.
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Chapter 1 Introduction

1.1 Motivation

The MEMS( Micro Electro Mechanical Systems ) and NEMS( Nano Electro Mechanical
Systems ) technologies have evolved to an important field with a great application potential.
Combining the knowledge of different fields, including electronics, communication,
electro-optical, mechanical, material science, MEMS technology enables us to create different
sensing and actuating devices integrated with other microelectronic, and NEMS technology
enables us to explore sensors and actuators with very-precise detection and manipulation of
objects down to the molecular levels. The MEMS and NEMS devices provide integrated

solutions in the incoming decades.

However, there are still many problems to overcome. One of the critical issues for
MEMS and NEMS devices commercialization is packaging. Although we can create
devices with nano scale by using state-of-the-art technology, there is not a convenient method
to package these devices. In addition, these devices often contain structures with moving
parts needing shielding from the physical and electrical environments, and require special

packaging designs.

Two major challenges today for MEMS and NEMS are packaging cost and packaging
size [1]. The most notable issue is cost. MEMS packaging is very expensive and typically

accounts for 75% to 95% of the device cost. The reason for such high cost packaging can



only be made based on the high volume markets of these products such like T.I.’s Digital
Light Processors, Motorola’s Pressure Sensors, and H.P.’s Ink Print Heads. In smaller
markets, a cost-effective and more standardized packaging is necessary for the development
of MEMS and NEMS devices. The second issue is packaging size that is usually several
times larger than the devices itself. Ideally, packaging components should be in the same scale
as the devices. As the NEMS devices are fabricated, the reduction of packaging size can

make better space efficiency and higher density in fabrication.

In order to reduce packaging cost and resolve the process complexity of MEMS
fabrications, a wafer-level post-process hermetic packaging using UV curable adhesive
bonding was introduced for MEMS packaging in 2004 [2]. The UV curable adhesive is
cured through UV light exposure without additional heating, suitable for packaging the
devices with temperature sensitive materials or processes. However, adhesive bonding by
UV curable adhesive has poor “bonding strength” in nano scale. As the reduction of
packaging size, improvement of bonding strength in UV curable adhesive bonding is

necessary for NEMS packaging.

1.2 Related Research

1.2.1 NEMS Device

Exploration of NEMS fabrication technologies and applications is an active area of
research among engineers and scientists across the globe. Many researchers are

investigating the integration of NEMS devices with other systems components. Two NEMS



devices will be introduced in the following sections.

Piezoresistance effect is widely used as a sensing principle by changing resistance when
mechanical stresses are applied on the materials. All materials probably have a
piezoresistance effect, and it is particularly important in some semiconductors applications.
Single crystal silicon is a kind of piezoresistance material. When silicon structure receives
an external force, the structure changes its shape and produces stress inside, which indicates
resistance change. In 2002, a silicon nano-wire piezoresistor, whose minimum width was 53
nm and thickness was 53 nm, was fabricated by the combination of thermal diffusion, EB

(electron beam) direct writing and RIE (reactive ion etching) [3]. Comparing to the
conventional diffused piezoresistor, _it, has_ enough sensitivity for mechanical sensor

applications.

Fig.1 (a) AFMand (b) SEM images of Si nano-wire [3]

For another example, we consider a silicon nano-wire biosensor. A SINW
( Boron-doped silicon nanowires )was positioned between two metallic electrodes constituted
the heart of the sensor [4]. The SINW is chemically functionalized with different binding

sites to provide a recognition mechanism for proteins or antibody-antigens. The binding



sites on the wire are specific to the molecule that is targeted for detection. If the target
molecule is present in the environment of the SINW sensor, it will bind to a complementary
binding site on the wall of the SINW. This binding event changes the surface charge density
and hence the conductance of the SINW. The conductance of the SINW can be monitored
electronically and thus, by observing the changes in conductance, the presence of the target
molecule can be detected. The SINW is used to create highly sensitive, real-time electrically

based sensors for biological and chemical species [5].
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Fig. 2 Operation principle of the SINW [4]

1.2.2 MEMS Packaging

Packaging is a core technology for the advancement of MEMS. Comparing to the
traditional integrated circuit (IC) packaging, MEMS packaging is a more challenging
technology, and it presents technical and cost barriers to the widespread realization of
multifunctional microsystems. Unlike IC packaging techniques, MEMS packaging is

application specific and suffers from a lack of standards [6]. Proper packaging of MEMS



devices is paramount to their success because MEMS devices are extremely sensitive to
environmental conditions (i.e. dust, moisture ) . There are two primary methods used for

MEMS packaging [7].

(1) Deposition of some sort of encapsulation layer directly on the device wafer.

(2) Attachment of a cover, usually glass or silicon, on a finished part.

Among various kinds of the wafer packaging techniques where a layer is deposited on
the device wafer to provide encapsulation, two approaches can be seen. One is to deposit a
sacrificial layer on top of the device layer, deposit the encapsulation layer, then release the
structure by etching away the sacrificial layer via access holes in the encapsulation layer, and
reseal these access holes [8]. The other Is similar except that rather than using access holes
to etch away the sacrificial layer;-a thin'membrane which is permeable to the etch chemistry is

used [9].

Several bonding techniques have been used when attaching a cover. Wafer bonding has
increasingly become a key technology for materials integration in various areas of MEMS,
microelectronics, and optoelectronics. To bond wafers or substrates together, several
techniques have been developed. These techniques can be categorized into fusion bonding,

anodic bonding, eutectic bonding, solder bonding, and adhesive bonding [10].

Fusion bonding, sometimes calls direct bonding, is usually used to bond bare silicon
wafers or oxidized silicon wafers together. Fusion bonding needs cleanliness and flatness of
the surface to be bonded and requires a high annealing temperature to achieve reliable bond
quality. When annealing in 1000°C or greater, bonding strength of fusion bonding can up to

5



20 MPa [11].

Anodic bonding is being widely used for bonding glass substrate to other conductive
materials due to its good bond quality. Like fusion bonding, anodic bonding requires smooth
surface to be bonded. In anodic bonding, the substrates are typically heated to a temperature
between 400 and 450 oC. A voltage of 400 to 1200 V is usually applied to the glass and the
other substrates to be bonded. Corning 7740, Hoya SD-2, and Schott 8330 are the most

frequently used glasses for anodic bonding.

Eutectic bonding, widely used in die bonding, is used to bond two substrates together at
eutectic temperature by taking the advantage of solid solubility of silicon and other materials.
The most common material used:-‘in- eutectic ‘bonding is gold. Au-Si eutectic bonding,
involves a process temperature higher than the?Au-Si eutectic temperature of 363 oC. When
glass layers are used for bonding, the firing-temperature has to be above 400 oC. A higher

process temperature is still involved ineutectic'‘bonding and glass frit bonding [10].

Solder bonding utilizes alloys with low melting point to bonding two different surfaces
together. With sufficient heating, these alloys melt into liquid and join two different
substrates together. It can reduce the bonding temperature and has been employed for many

applications. Sn based alloys and Al are the most common material for solder bonding.

Adhesive bonding utilizes epoxy or photoresist to bond two substrates. These polymers
are applied to the substrate through spin coating, and then patterns are defined by ordinary
exposure and development process. With proper heat treatment and pressure, polymer is

cured and forms strong bonds between two substrates.  Normally, adhesive bonding can be



performed under much lower temperature than most bonding procedures, often below 300°C
[2]. In 2004, a low temperature wafer-level hermetic packaging in micro scale by using UV
adhesive was proposed. This process needs no heating, eliminates all of the drawbacks

induced by heat. This feature is especially welcome for temperature sensitive materials.

Si, oxidized Si Surface Over 1000°C
Hermetic,
) Roughness
Glass to other Strong Bonding y

Sensitive 300-500°C
conductive materials
Bond two substrates

) ) Flat, clean 363°C
at eutectic ig_p Bonding ) ]
ﬂh _E{r surface required (Au-Si)
temperature {s}
o e Lﬁﬁ g
Utilize alloys \Q, h_E FJ: = gm‘%n Solder flow 180-400°C
low melting pcm{lt - ﬁ%ﬁ g Bf)ndllég possible
; hu_:‘n;'f—-—-——rjr =1 _‘,{‘r:;.
Utilize epoxy d; L S .~ Poor long term
e LOVW%. oY 130~300°C
photoresist /i reliability
Utilize UV curable Room Temp. Poor bonding 25-30°C
adhesive Rough surface strength

Table 1 Comparison of different bonding techniques

1.2.3 Surface Roughness

By presence of intermediate layer, wafer bonding techniques can be classified into two
main groups, non-intermediate layer boning and intermediate layer bonding.

Non-intermediate layer boning like fusion and anodic bonding has advantage of hermetic and



strong bonding. However, wafer surface to be bonded must be well polished and completely

particle free. The surface roughness of wafer becomes a key parameter in wafer bonding.

In 1998, the effect of surface roughness in fusion bonding by Ar beam surface activation
was proposed [12]. The surface roughness of wafer is enhanced by Ar beam etching of
different etching time. The AFM images of Si surface after Ar beam etching are shown in
Fig. 3. The bonding results show that high surface roughness degrades bonding strength and

results in void formation.

Fig. 3 AFM images of Si surface afterAr-beam etching for (a) 60s, (b) 1800 s, and

(¢)-3600's [12]

Etching [:':-m-: Surface roughness _
Bonding
(s} {nm Rrms)
() 0.3 Good
300 0.6 Good
00 1.0 Fair

GO0 1.3 Poor

Table 2 Measured and interpolated surface roughness related to Ar beam etching time,

and bonding results [12]

Here is another example. The effect of surface roughness of different process on direct
wafer bonding was proposed in 1999 [13]. Using CMP and chemical etching, wafer surfaces

8



are modified such that they have surface roughness difference. The processes for
modification of the wafer surface and the results of fusion bonding are shown in table 3.
Correlation between the surface roughness and bonding is clear. Wafer which has the lowest
surface roughness bonds spontaneously. Wafers after HF and KOH etching were not
bondable at all, even under pressure. Wafers after CMP process bonded slowly, and there

are a few voids that are visible by means of the IR camera.

With pressure,
A few/~75%
slow
Slow A few/~85%
Not bondable NA
Not bondable NA
Spontaneously No/~100%

Table 3 Processes for modification of the wafer surface and the bonding results

1.3 Present Approach

As we mentioned in the related research, there are two primary methods used for
MEMS packaging. We choose the method of a separate lid for several reasons. It resolves

the process complexity and lower packaging cost.

Most wafer bonding techniques need smooth surface or high temperature process.



However, surface roughness of wafer is easily modified by processes such as CMP or
chemical etching. As the reduction of packaging size, it is difficult to make a flat and clean
surface especially in nano scale for fusion, anodic, and eutectic bonding. We can recognize
from what has been said above that wafer with nano surface roughness makes bonding more

difficult. In addition, high temperature process is unsuitable in many applications.

Using UV curable adhesive to bond can solve these problems. A low temperature
wafer-level hermetic packaging in micro scale by using UV curable adhesive was
demonstrated in 2004. However, adhesive bonding by using UV curable adhesive has poor
bonding strength in nano scale. It is clear that the surface roughness is a key parameter in
wafer bonding. In the last few years, several articles have been devoted to the study of the
effect of surface roughness on non-intermediate layer bonding, but only few attempts have so

far been made at the effect of surface roughness on intermediate layer bonding.

Here, surface roughness modification will be proposed for the improvement of UV
adhesive bonding strength. It increases adhesive contact area and enhances adhesive
bonding strength by the combination of lithography, dry oxidation, and RIE etching.
Moreover, curing process can be done in seconds by increasing UV light intensity. It is
expected that fast, high bonding strength, and low temperature process packaging by using
UV curable adhesive with surface roughness modification can provide a convenient approach

for MEMS and NEMS packaging.
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Chapter 2 Concept Design

2.1 UV Adhesive Bonding with Surface Roughness Modification

The main concept of adhesive bonding with surface roughness modification is shown as
Fig. 4. There are four major elements of this packaging process, surface roughness, shell,

UV curable adhesive, and cover. Each of them will be discussed in the following sections.

UV Light

Cover .
UV adhesive

(¢) UV curable adhesive bonding

(d) Success

Fig. 4 Processes of UV curable adhesive bonding with surface roughness modification

11



2.2 Surface Roughness Modification

A method on surface roughness modification by combining spin-on photoresist, RIE, and
wet etching was proposed in 2003 [12]. The principle is based on an uneven etch of the
photoresist by RIE, where the photoresist acts as the transferring template. Therefore part of
the underneath material will be exposed and be etched according to the uneven photoresist

template. The roughness of the underneath material is then modified after the proper etch.

Fig. 5(a )and( b )show the SEM image of the photoresist before and after the RIE process,
respectively. Before RIE, the surface of the photoresist is very smooth. After RIE, the
surface of the photoresist has been‘roughened by the etching, and a lot of pinholes can be
observed, as shown in Fig. 5(b )z /At this point the target material is not yet revealed and still
protected by photoresist.  With langer etching time, the target surface underneath the pinhole
region is then attacked by the RIE, and the attacked area of the target surface will grow with
the increasing pinhole region of the photoresist. Therefore, the rough topography of
photoresist is transferred into the target material due to this time difference [12]. Fig. 6

shows the modification of surface roughness after RIE process.

12
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Fig. 6 Topography of poly-Si after RIE process

2.3 The Design of Shell

Shell is utilized to estimate the bonding result and designed by several reasons.

13



(1) Reduction of common packaging size in micro scale
(2) Fabrication and measurement are convenient in lab instruments
(3) The shell height is enough to ensure UV adhesive curing on the top face of shell

Fig. 7 shows the design and enlarging view of shell mask. 500 x 500 shells are
fabricated in 2 x 2 cm die.  The small square areas are used for the alignment of dicing and

measurement of surface roughness.
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Fig. 7 (a) Thedesignand (b) enlarging view of shell mask

2.4 The Selection of UV curable Adhesive

UV curable adhesive is widely used in many applications. Different kinds of UV
adhesive have been developed for different purposes. However, there are no UV curable
adhesive used for glass/silicon wafer bonding, we choose suitable UV curable adhesive from

commercial products. The selection is based on the following criteria:

14



(1) Low viscosity for spin coating and pattern gap flowing

(2) Good adhesion between glass to silicon wafer

(3) High bonding strength

(4) Single component for easier use

UV curable adhesive is provided by Henkel, Taiwan. LOCTITE® product 3491 is
recommended because it is a low viscosity, single component, designed for bonding glass to
itself and to a variety of other surfaces. Product 3491 also exhibits excellent resistance to

prolonged humidity or water immersion [15].

2.5 The Selection of Cover

UV curable adhesive is cured by UV light exposure with correct wave length and
sufficient dosage. Due to this reason, the cover has to be transparent to UV light. Corning
Pyrex 7740, Hoya SD-2, and Schott 8330 are the most frequently used glasses for bonding.
Corning Pyrex 7740 glass is chosen since it is transparent to UV light, mechanically robust,
and shows good resistance to various chemicals. Moreover, Pyrex 7740 glass has close CTE
(Coefficient of Thermal Expansion) to single crystal silicon. In high temperature accelerated
test, this characteristic could minimize possible residual thermal stress at the silicon/glass

interface and reduce the variables in the experiment.
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SiO; 80.6wt%, Na,O 4.0wt%, B,O3 13.0wt%,
Al;03 2.3wt%, K;0 0.1wt%

95.4%

95.6%

3.25x10-6 /K

Table 4 Some properties of Pyrex 7740 glass
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Chapter 3 Fabrication and Bonding

3.1 Process Flow

The main processes of UV curable adhesive bonding with surface roughness
modification are shown in Fig. 8. The detailed parameters are described in the following

sections.

T
&% ‘I_'___-.‘ ¥,
i

*_ r*

Fig. 8 Process flows of UV curable adhesive bonding with surface roughness modification

3.2 Surface Roughness Modification

The principle is based on an uneven etch of the photoresist by RIE, where the photoresist

acts as the transferring template. Therefore part of the underneath material will be exposed

17



and be etched according to the uneven photoresist template. The roughness of the
underneath material is then modified after the proper etch. The processes of modification on
surface roughness are shown in Fig. 9. The fabrication parameters of modification on

surface roughness are shown in table 5.

[ 1 FH-6400
B silicon wafer

(a) Spinning 0.5 pm FH-6400 on Si wafer

(¢) Removing residual photoresist

Fig. 9 Processes of modification on surface roughness

0.5 um FH-6400 spin and bake at 120°C for 5min
SF6:0,=20:4 sccm. at 20mTorr and rf =100W

H»S0,4:H,0, = 3:1 with hot bath for 15min

Table 5 Fabrication parameters of modification on surface roughness
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3.3 Shell

Al is deposited as mask layer to prevent Si form etching by RIE. Then photoresist is
deposited and patterned. Pattern on photoresist is transferred to Al and Si after RIE etching.

Fig. 10 shows the processes of shell.  Fabrication parameters of shell are shown in table 6.

N A
[ Silicon wafer

[ 1 FH-6400

(b) Spinning 1 um FH-6400 and exposing

RIE

vV v ¥

(c) Etching Al and Si by RIE

(d) Removing residual FH-6400 and Al

Fig. 10 Processes of shell
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0.5 um Al deposit

1um FH-6400 spin and exposure for 0.5s

Si etch for 7min

HCI:H,0 = 1:1 with hot bath for 20min

Table 6 Fabrication parameters of shell

3.4 Bonding

Due to the reason that UV curab af-not be soft baked. UV curable adhesive
remains in liquid phase in the .
which usually use in conventio
curable adhesive bonding and need o TRy = Since there is no special equipment which
designs for UV curable adhesive bonding, mask is used for fixing the glass. After spinning
UV curable adhesive, glass wafer is fixed on the mask by tape. Then mask holder sucks

mask by vacuum. The UV curable adhesive bonding setup diagram and processes are shown

respectively in Fig. 11 and Fig. 12.
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Tape

Mask holder
Mask

Glass Wafer

Wafer stage

(a) Side view of contact aligner after mask holder face down

(b) Wafer stage rises up and contacts with mask
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(c) The level of wafer stage is fixed by vacuum and wafer stage
descends

UV adhesive
—G""‘SS

(d) UV curable adhesive is spun on glass wafer

=

. Vadheswe is fixed on mask

(e) Glass waffer with

¥. Mercury lamp

(f) Glass and Si die are contact and UV light flood exposure to
cure the adhesive

(g) UV curable adhesive bonding is finished

Fig. 12 UV curable adhesive bonding processes
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Chapter 4 Results and Discussion

4.1 Surface Roughness

It is clear that surface roughness of wafer is successfully modified by RIE from Fig. 13
and Fig. 14. Then surface profiler is used to measure the surface roughness of wafer. The
measurement results of surface roughness before and after RIE are shown in Fig. 15. The Ra
of wafer with and without surface roughness modification is about 0.4nm and 12.4nm

respectively.

03 -May-0% HCTVHE WDLE .d6mm 15 .0kv =10k

Fig. 13 Image of surface roughness before RIE

23



2E-Rpz-0E& HCTVHE WDLO .dmm 15 .0kv =10k

Fig. 14 (a) Sideand (b) top view image of surface roughness after RIE
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Fig. 15 Profile of wafer (a) withoutand (b) with surface roughness modification
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4.2 Shell

#E00 100um

Fig. 16 (a) Fabrication resultsand (b ) enlarging view of shell under SEM
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SEM( Scanning Electron Microscopy ) is used to measure the fabrication result. Fig.17
shows the shell height is about 9um. Fig. 18 shows the bonding width of shell is 4um and

2um respectively.

Fig. 17 Shell height
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Fig. 18 Bonding width of shell (a) 4um (b) 2um
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4.3 Bonding Result
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Fig. 19 (a)Bonding resultand (b )enlarging view of 2 x 2cm die after dicing operation
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4.4 Measurement Results

There are three kinds of test used to examine the performance of UV curable adhesive
bonding with surface roughness modification, UV curable adhesive, leakage, and bonding

strength.  Each of them will be discussed in the following sections.

4.4.1 UV Curable Adhesive

After bonding process, dicing operation is used to inspect the condition of UV curable
adhesive flow on the interface of silicon wafer. and glass. Die is cut and then examined
under SEM. Fig. 20 shows the result and enlarging view of UV curable adhesive flow.
Obviously, the shell height is enough to“prevent UV curable adhesive from curing on the
bottom face of shell. There are other.things to.nate. Since UV curable adhesive remains in
liquid phase, it flows between shells and covers the lateral area of shells. UV curable
adhesive is spun about 2.5um before bonding. From Fig. 20(b ), the shell height covered by

UV curable adhesive is about 1.5um after bonding.
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Fig. 20 (a)Result and( b )enlarging view of UV adhesive flow on the interface of silicon

wafer and glass under SEM
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4.4.2 Leakage

During bonding process, leakage occurs on the bonding interface as shown in Fig. 21.

This phenomenon occurred during the contact step of bonding process and may due to:
1. The reflow of UV curable adhesive
2. Poor flatness in fixing glass wafer on mask
3. Uneven wafer stage

These problems may be solvgq:"b'y the “‘ir'r'fbro.\ﬁ_(ement of bonding tool, such as bonding

= =
: vl W

equipment or nano imprinting teé}]ﬁiq‘uef’ A

13-may-0% HCTUME WDIS .8mm 15 .0kv x3.0k

LS.

Fig. 21 Leakage on the bonding interface

31



To estimate the bonding leakage, die is put into water for 15 seconds and observed
through optical microscope. The residual water on the bonding interface changes the

reflected color under optical microscope. The leakage can be observed form Fig. 22.

ofllclieMolMloblMal |

uﬂﬂ @
B alr u

Y ir— - c

Fig. 22 Leakage of UV curable adhesive bonding (a) withoutand (b) with surface

roughness modification under O.M.
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The leakage results of different bonding condition are shown in table 7. This table
indicates that larger bonding width or bonding with higher surface roughness have less
leakage. The leakage is reduced 9% to 149 by increasing bonding width and 3% to 8%
by increasing surface roughness. Larger bonding area and higher surface roughness on

bonding interface are two keys in reducing leakage.

4.4.3 Bonding Strength

Bonding strength test is necessary to demonstrate the performance of UV curable
adhesive with surface roughness modification. The size of test die is 1 x 1cm.  As shown in
Fig. 23, the top and bottom of die are attached to connect pads with glue, and pull gate is
attached to connect pads and used to measure the bonding strength. The results of bonding

strength are shown in Fig. 24. This figure indicates:

1. At the same surface roughness, larger bonding width has larger bonding force.

2. At the same bonding width, wafer with surface roughness modification has larger
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bonding force.

3. As the bonding width increases, the contribution of surface roughness modification for

bonding force increases.

After calculation, the total bonding area of 2um and 4pm bonding width is 14.41mm?
and 23.53mm? respectively and bonding strength is shown in table 8. Obviously, UV
curable adhesive bonding with higher surface roughness has larger bonding force. The
bonding strength is enhanced 34.6% in 2um bonding width and 43.29; in 4um bonding
width. There are other things to note, the bonding contribution of 1.5um lateral area is
included in calculation. In order to eliminate the lateral contribution, Si wafer without shells
and surface roughness modification 1S bonded to.glass wafer and the bonding strength is
7.29MPa. The bonding strengthyof wafer-with- shells is also enhanced by the surface

roughness modification of lateral-area.

In addition, residual UV curable adhesive is examined under SEM after bonding strength
test. Fig. 25 and Fig. 26 show the residual UV curable adhesive of die with and without
surface roughness modification respectively. These figures indicate that residual UV curable
adhesive of die with surface roughness modification is widely covered and thicker. In other
words, wafer with surface roughness modification has better adhesion toward UV curable

adhesive.
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Fig.23 (a) and (b) Setup diagram of bonding strength test

4 Ra=04nm & Ra=124nm
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Bonding Width (pm)

Fig. 24 Results of bonding strength

Table 8 Bonding strength
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Fig. 25 Image and enlarging view of residual UV curable adhesive of die without surface

roughness modification
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Fig. 26 Image and enlarging view of residual UV curable adhesive of die with surface

roughness modification
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4.5 Discussion

The back side of wafer surface is used to experiment and show high surface roughness is
unsuitable in nano packaging application. The back side of wafer surface is unpolished and
shown in Fig. 27. The Ra is 0.6um and surface profile is shown in Fig. 28. Such high
surface roughness makes uneven thickness of photoresist in spinning FH-6400. After
lithography process, the residual photoresist is observed on wafer surface. During RIE
process, the residual photoresist becomes masking layer and produces residual Si as shown in
Fig. 29. Fig. 30 shows the 3D view and surface profile of wafer. The white areas in Fig.

30 (a) are residual Si. Such high surface roughness is unsuitable to integrate in fabrication

jprocesses.

Fig. 27 Back side of wafer under O.M.
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Fig. 28 Back side profile of wafer

Fig. 29 Residual Si is produced after RIE process
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Fig. 30 (a) 3Dviewand (b) surface profile of wafer
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4.6 Conclusion

UV curable adhesive bonding with surface roughness modification is achieved to
enhance bonding strength, reduce leakage, and decrease bonding temperature to room
temperature. In addition, curing process can be done in seconds by increasing UV light
intensity. This method may especially welcome for NEMS device packaging. By using
nano imprinting technique like micro contact printing or hot embossing, UV curable adhesive
can be transferred to bonding surface of nano width, and transparent plastic cap such as
polycarbonate can be utilized as protection cap. It is expected that fast, high bonding
strength, and low temperature process packaging by using UV curable adhesive with surface
roughness modification can provide a.convenient approach for MEMS and NEMS packaging.
In addition, the back side of wafer surface is used-to experiment and show high surface
roughness is unsuitable in nano packaging application. The Ra 0.6um generates residual
photoresist and makes fabrication fail during lithography process. Such high surface

roughness is unsuitable to integrate in fabrication processes.
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