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Argon plasma was selected to perform the surface
activation on the surface of flex substrates in this
study. This argon plasma activation technology was
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expected to remove the surface contaminants, and to
reduce the bonding barrier between flex substrates
and the NCP. The bonding strength of chips and flex
substrates assembly is thus improved. With
Appropriate bonding parameters, a solid bonding
interface can be obtained for chips and flex
substrates assembling with NCP and thermal
compression bonding process. Neither porosity nor
delamination was found at bonding interface between
gold bumps and copper electrodes of flex substrates.
The NCP was removed from the surface of flex
substrates during thermal bonding process, and gold
bumps bonded on copper electrodes directly. An
electrical path between chips and the flex substrates
was formed. In contrast to flex substrates without
argon plasma activating, the die-shear force was
significant enhancement for chips and flex substrates
were activated with argon plasma. A low contact angle
can be determined on the surface of flex substrates,
indicating the containments can be removed by argon
plasma, and then a clean bonding surface was achieved
for flex substrates activating with argon plasma.
After die-shear test, the fracture mode of NCP was
peeling off from the surface of flex substrates for
flex substrates without activating with argon plasma,
indicating the bonding strength of NCP and flex
substrates is poor. For flex substrates subjected
argon plasma activation, the residual NCP can be
found on the both sides of flex substrate and chip,
indicating the bonding strength of NCP and flex
substrates is even higher than the strength of NCP
1tself. These experimental results can be used to
interpret that argon plasma activation was an
effective scheme to improve the bonding strength of
chips and substrates assembling with NCP and thermal
compressing bonding process. As extending storage
durations for flex substrates activated with argon
plasma, the bonding strength of chips and flex
substrates assembly degraded significantly, implying
the property of bonding surface was deteriorated when
the specimen were exposed in an air atmosphere.
According with our experimental result, the storage



duration should be below one day for flex substrates
activated with argon plasma.

#~ M4t ¢ Non-conductive paste, flip-chip bonding, plasma
activated technology
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Abstract

Argon plasma was selected to perform the surface activation on the surface of
flex substrates in this study. This argon plasma activation technology was expected to
remove the surface contaminants, and to reduce the bonding barrier between flex
substrates and the NCP. The bonding strength of chips and flex substrates assembly is
thus improved. After flex substrates were activated with argon plasma, several
analytical methods were applied to verify the effective of argon plasma activated
technology on the bonding surface of flex substrates, such as the contact angle was
measured to verify the wettability of flex substrates, the ESCA was employed to
determine the compositions on the surface of flex substrates, the AFM was conducted
to examine the changes of roughness on the bonding surface of flex substrates, and
die-shear test was used to evaluate the bonding force of chips and flex substrates
assembly. With Appropriate bonding parameters, a solid bonding interface can be
obtained for chips and flex substrates assembling with NCP and thermal compression
bonding process. Neither porosity nor delamination was found at bonding interface
between gold bumps and copper electrodes of flex substrates. The NCP was removed
from the surface of flex substrates during thermal bonding process, and gold bumps
bonded on copper electrodes directly. An electrical path between chips and the flex
substrates was formed. In contrast to flex substrates without argon plasma activating,
the die-shear force was significant enhancement for chips and flex substrates were
activated with argon plasma. A low contact angle can be determined on the surface of
flex substrates, indicating the containments can be removed by argon plasma, and
then a clean bonding surface was achieved for flex substrates activating with argon
plasma. After die-shear test, the fracture mode of NCP was peeling off from the
surface of flex substrates for flex substrates without activating with argon plasma,
indicating the bonding strength of NCP and flex substrates is poor. For flex substrates
subjected argon plasma activation, the residual NCP can be found on the both sides of
flex substrate and chip, indicating the bonding strength of NCP and flex substrates is
even higher than the strength of NCP itself. These experimental results can be used to
interpret that argon plasma activation was an effective scheme to improve the bonding
strength of chips and substrates assembling with NCP and thermal compressing
bonding process. As extending storage durations for flex substrates activated with
argon plasma, the bonding strength of chips and flex substrates assembly degraded
significantly, implying the property of bonding surface was deteriorated when the
specimen were exposed in an air atmosphere. According with our experimental result,
the storage duration should be below one day for flex substrates activated with argon
plasma.

Keywords: Non-conductive paste, Flip-chip bonding, Plasma activated technology
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Abstract

The plasma surface activation was applied to the thermal-compression bonding of chips and
substrates. An Ar gas was selected to perform the physical plasma treatment on the bonding surface
of Au bumps and Cu electrodes. This plasma-activated technology was expected to remove the
surface contaminants, and then to reduce the bonding barrier for chips and substrates assembly. The
experimental results presented an effective improvement in the die-shear force performance of chips
and substrates assembly using the Ar plasma activation. Increasing the die-shear force was
attributed to remove the contaminants on the surface of Cu electrodes and Au bumps by the Ar
plasma activation. After Au bumps and Cu electrodes were activated by Ar plasma, neither
delamination nor crack is found at bonding interface between Au bumps and Cu electrodes for chips
and substrates assembly. The die-shear forces were higher than the minimum required value stated
in the JEDEC specifications for Cu electrodes and Au bumps with Ar plasma activated. As Cu
electrodes with Ar plasma treating under various activated durations, the fracture mode of Au
bumps separating from the surface of Cu electrodes transforms to that of Au bumps separating from
the bond pads, indicating the bonding strength of Au bumps and Cu electrodes is higher than that of



Au bumps and bond pads. A low contact angle was also determined on the surface of Cu electrodes
after the Ar plasma activated, indicating a clean bonding surface was achieved. A clear atomic
interdiffusion between Au bumps and Cu electrodes was observed for Au bumps and Cu electrodes
with Ar plasma activated. The Ar plasma activation was an effective scheme to improve the bonding
strength of chips and substrates assembly. Thus, the Ar plasma activation has great potential to be
applied to chips and substrates assembly.

Keywords—argon plasma activation, thermal compression bonding, copper electrode, gold bump.
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Abstract—The plasma surface activation was applied to the
thermal-compression bonding of chips and substrates. An Ar gas
was selected to perform the physical plasma treatment on the
bonding surface of Au bumps and Cu electrodes. This plasma-
activated technology was expected to remove the surface
contaminants, and then to reduce the bonding barrier for chips
and substrates assembly. The experimental results presented an
effective improvement in the die-shear force performance of
chips and substrates assembly using the Ar plasma activation.
Increasing the die-shear force was attributed to remove the
contaminants on the surface of Cu electrodes and Au bumps by
the Ar plasma activation. After Au bumps and Cu electrodes
were activated by Ar plasma, neither delamination nor crack is
found at bonding interface between Au bumps and Cu electrodes
for chips and substrates assembly. The die-shear forces were
higher than the minimum required value stated in the JEDEC
specifications for Cu electrodes and Au bumps with Ar plasma
activated. As Cu electrodes with Ar plasma treating under
various activated durations, the fracture mode of Au bumps
separating from the surface of Cu electrodes transforms to that
of Au bumps separating from the bond pads, indicating the
bonding strength of Au bumps and Cu electrodes is higher than
that of Au bumps and bond pads. A low contact angle was also
determined on the surface of Cu electrodes after the Ar plasma
activated, indicating a clean bonding surface was achieved. A
clear atomic interdiffusion between Au bumps and Cu electrodes
was observed for Au bumps and Cu electrodes with Ar plasma
activated. The Ar plasma activation was an effective scheme to
improve the hbonding strength of chips and substrates assembly.
Thus, the Ar plasma activation has great potential to be applied
to chips and substrates assembly.

Keywords—argon plasma activation,
bonding, copper electrode, gold bump.

thermal compression

[.  INTRODUCTION

According to bonding energy of chips and substrates
assembly, there are three kinds of bonding process, thermal
compression, ultrasonic and thermosonic applied to bond
chips and substrates. An elevated bonding temperature and a
high bonding load are normally required to achieve sound
bonds for the thermal compression bonding process. The
exceeded high bonding temperature promoted the formation of
intermetallic compounds and the thermal stress arose at
bonding interface to degrade the bonding quality. A crater
easily generates due to high level of the ultrasonic power was
applied to bond bumps and electrodes. Thus, the thermosonic
boning was widely used in the assembly of chips and

substrates, since the thermosonic bonding process combines
ultrasonic power and thermal energy to achieve bonding of
chips and substrates. However, the ultrasonic power could be
absorbed by flex substrates, thus it difficult propagated to the
bonding interface to achieve sound bonds for assembly of
chips and flex substrates [1]. Tt is undoubted that to develop a
new technology, reducing the bonding temperature or
decreasing the level of ultrasonic power to achieve sound
bonds in electronic packaging are inevitable.

The plasma activation has been widely used in wafers
bonding for microelectronics system application. To achieve
diffusion bonding of wafers, an elevated bonding temperature
is required since the melting point of the wafer is high [2].
However, the thermal damage or thermal stress would be
formed at bonding interface due to a high bonding temperature
was applied. Thus, the plasma activation was used to reduce
the containments they existed on the bonding surface, and then
reduced the required bonding energy [3-6]. Therefore, a sound
bond can be achieved with a low bonding temperature and a
low level ultrasonic power. Li et. al [7] has point out that Ar
plasma was an effective scheme to remove containments they
existed on the surface of leadfram. The effectiveness highly
depended on the parameters of argon plasma activation,
plasma power and activation time. The carbon concentration
decreased significantly and oxygen concentration increased
after the argon plasma activation, indicating the argon plasma
can remove the containments only and the activated surface
could oxidize instantaneously. The plasma activation with
rolling process also has been successfully used in bond of
copper foils and flex substrates [8]. After the flex substrates
were treated with argon plasma, and then they were bonding to
copper foils using rolling process at room temperature under
the vacuum environment. An integrity bond are performed,
neither delaminations nor defects were observed at bonding
interface. The argon plasma is effectively to improve the
bonding quality for copper foils and flex substrates assembly.
In this study, the argon plasma was expected to remove the
containments on the bonding surface and reduced the bonding
barrier between chips and substrates.

II. EXPERIMENTAL PROCEDURE

Specimen Preparation

A gold bond pad was posited on the surface of an alumina
(Al,O3) substrate with the stencil printing process, and then



gold stud bumps were bumped onto gold pads of an alumina
substrate with an automatic stud bump bonder using the
bumping parameters reported in an earlier work [9]. After gold
stud bumping, the bumped substrate was diced into chips of
1.58" x 0.96" x 0.5" mm’in dimension. Each chip contained
ning gold stud bumps to form arca array bumps as shown in
Fig. 1. To prepare the copper electrodes on the alumina
substrates, the thickness of 0.1um titanium adhesion layer was
first deposited on the alumina substrate and then the copper,
nickel and silver layers were deposited using electroplating
process. The stacking sequence of the deposited lavers on the
alumina substrates from bottom to top was Ti/CwNi/Ag. The
thickness of the silver bonding laver was 1.2 um and the
nickel barrier layver and copper layer were approximately
0.5um- and 1.2um-thick, respectively. A silver layer plated
on nickel barrier laver as a bonding layer to improve the
bonding strength of chips and substrates assembly.

Chips and Substrates assembly

The physical plasma of an argon gas was conducted to
activate the chips and substrates. The major activated
parameters were 400 W in power, 140 mTorr in base pressure,
20 Scem 1in flow rate of the argon gas. The activated time
varied from 10-90s for investigating the effects of the
activated time on the bonding strength of chips and substrates
assembly. The contact angle was measured to evaluate the
effect of the argon plasma activation on subsirates. Chips and
substrates assembled using thermal compression bonded
process for they were activated by argon plasma. Die-shear
test was subsequently performed on bonded chip and
substrates using a Royce 552 tester according to the procedure
specified by EIA/JJEDEC JESD22-B116 [10]. The die-shear
force was the average force obtained from test results of at
least 10 samples for each set of bonding parameters. The
diameter of the gold bumps bonded onto the copper electrodes
over substrates and the bonding interface between the gold
bumps and copper clectrodes were investigated using scanning
electron microscope (SEM). After die-shear test, the fracture
morphology on the chip side and on the subsirate side was
analyzed using SEM with the energy dispersive spectrometry
(EDS).

500um
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Fig |. Gold stud bumps themmosonically bonded on pads over chips to
form an area array bumps

III. RESULTS AND DISCUSSION

Eftects of the bonding load on die-shear forces

Bonding load is a critical parameter for chips and
substrates assembly using thermal compression bonding
process. To verify the bonding load on the die-shear force, the
bonding load was varied from 2 kgf to 10 kef and other
bonding parameters were fixed, 200°C in bonding temperature
and 20 mins in bonding time. Both gold stud bumps and
copper clectrodes over substrates were activated with the
argon plasma prior to assemble chips and substrates.
Diameters of gold bumps bonded on copper celectrodes were
determined using the SEM to establish the threshold value of
die-shear force according to the EIA/JEDEC specifications [9].
Figure 1 presents the effect of the bonding load on the dic-
shear force of chips bonded on the substrates. The die-shear
force increased form 200 gf to 600 gf with an increasing
bonding loads in the rage of 2 kgf to 10 kef. Obviously, the
die-shear force was improved by increasing the bonding loads.
This improvement of die-shear forces could be attributed by
increasing the bonding area between gold bumps and copper
electrodes. A value of the minimum required die-shear force
depends on the contact diameter of bumps bonded on
c[cg%l{'lndcs specified in ETIA/JEDEC specifications.
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Fig 2. Dig-shear forces of chips and substrates assembly using thermal
compression bondign process.

Iiig. 3 shows the diameter of gold bumps bonded to copper
clectrodes with various bonding loads. At low bonding loads
of 2 kef and 4kef, the contact diameter of gold bumps bonded
to copper clectrodes was approximately 45.25 um and 77.78
um as shown in Figs. 3a and b, respectively. Values of the
minimum  ball-shear forces specified in the JEDEC
specification are approximately 12 gf and 32 gf for ball bond
diameters of 45.72 ym (1.8 mil) and 77.8 um (3.0 mil). For
each chip with nine gold bumps, reasonable average die-shear
forces of chips and substrates assembly should be at least 108
ef for an bonding load of 2 kef and 288 gf for an bonding load
of 4 kef. Die-shear forces shown in Fig. 2 are far exceed the
minimum required values for chips and substrates assembly
using bonding loads of 2 kgf and 4 kegf. As bonding loads
increased to 6 kgl and higher, a large deformation is formed,
the diameter of gold bumps increases significantly as shown in
Figs. 3¢ and d. According to diameters of gold bumps bonded
on copper electrodes, the minimum die-shear forces are 792
ef and 900 gf for bonding loads of 6 kgf and 8 kef,



respectively. Eperiments obtained in the Fig. 2 depicts that
bonding loads of 6 kegf and higher failed to meet the
requirements stated in the JEDEC specification. At bonding
load of 2 kef, although the die-shear force is higher than the
minimum required stated n JEDEC specification, but this
value was low. Hence, the bonding load of 4 kgf is slected in
this study.

Fig. 3 BEM micrographs of the cross-section of chip bonded onto copper
electrodes using varicus bonding loads, (a) 2kgf, (b) 4kef, (o) ckgf, (D)
8kgf. Other bonding parameters: bonding temperature 200°C | bonding time
30 mins

Effects of Ar plasma actived on die-shear forces

Fig. 4 presents the effects of Ar plasma activated times on
die-shear force of chips and substrates assembly. Major
parameters of the thermal compression bonding are 4 kef in
bonding load, 200°C in bonding temperature and 20 mins in
bonding time. Both gold bumps and copper electrodes without
Ar plasma activating, the average die-shear force is 222.6 gf,
which is lower than the minimum required value of 288 gf
specified in JEDEC specification, indicating this value is
insufficient to meet the requirements. A slight enhancement in
the die-shear force of 263.9 gt is obtained in Fig. 4 when gold
bumps was treated with Ar plasma 30 s and copper electrodes
without Ar plasma activated. For gold bumps were activated
with Ar plasma 30s, the die-shear force increases with
increasing the Ar plasma activated time of copper electrodes
form 10 s to 30 s and the die-shear forces are varied in a
narrow range for Ar plasma activated time further extended
from 60 s to 90 s. All die-shear forces are higher than the
minimum required value of 288 gf specified in JEDEC
specification when both gold bumps and copper electrodes
were treated with Ar plasma. Similar trend of die-shear forces
can be found in Fig. 4 for extending Ar plasma activated time
of copper electrodes and gold bumps without Ar plasma
activated, however, the die-shear forces are below the
minimum required value of 288 gf. This experiment result
indicates that the Ar plasma activation effectively improved
the die-shear force of chips and substrates assembly when they
were treated with Ar plasma activation.

To investigate the possible reason for doe-shear forces
increasing with the Ar plasma activation, the cross-sections of
gold bumps bonded onto copper electrodes were achieved for

gold bumps and copper electrodes under various treatments, as
shown in Fig. 5. A delamination was found at bonding
interface between the gold bump and the copper for gold
bumps and copper electrodes without Ar plasma activation as
shown in Fig. 5a. For copper electrodes with Ar plasma
activation 30 s and gold bumps without treating with Ar
plasma, the delamination also was observed at bonding
interface, as shown in Fig. 5b. An integrity bonding interface
of gold bumps bonded to copper electrodes was revealed in
Figs. 5c and d for copper electrodes and gold bumps treating
with Ar plasma activation at various activated times. The
delamination at bonding interface results a low die-shear force
for gold bumps and copper electrodes without Ar plasma
activation. This result can be used to explain low die-shear
forces were obtained in Fig 2 for gold bumps and copper
electrodes without Ar plasma activation. The containments
presence at bonding surface of copper electrodes and gold
bumps lead to hinder the atomic interdiffusion between copper
electrodes and gold bumps, and then the delamination would
form. In conftrast to the delamination existing at bonding
interface for copper electrodes and gold bumps without Ar
plasma activation, an atomic interdiffusion between copper
electrodes and gold bumps was promoted for copper
electrodes and gold bumps with Ar plasma activation, and
then a defect-free bonding interface results in high die-shear
force as shown in Fig. 2.
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Flg 5 SEM micrographs of the cross-section of Au bumps bonded to Cu
electrodes for (2) Cu electrodes and Au bumps without Ar plasma activated, (b)
copper electrodes with Ar plasma actvated 30s and Au bumps without Ar
plasma activated, (c) Cu electrodes with Ar plasma activated 10s and Au bumps
with Ar plasma activated 30s, () Cu electrodes and Au bumps with Ar plasma
activated 30s.



After the die-shear test, fracture modes of specimens were
divided into two categories, gold bumps separated from the
surface of bond pads at chip side and gold bumps separated
from the surface of copper electrodes at substrate side. The
facture mode of gold bumps separated at chip side indicating
the bonding strength of gold bumps and copper electrodes was
higher that gold bumps and bond pads on chips. Thus, the
fracture modes implies that die-shear forces depends on the
bonding conditions of gold bumps and copper electrodes. To
analyze changes in fracture modes under various Ar plasma
activation on gold bumps and copper electrodes, fracture mode
of each bump was calculated and plotted as shown in Fig. 6.
Both gold bumps and copper electrodes without Ar plasma
activation, the main fracture mode is gold bump separated
from the surface of copper electrodes, indicates the bonding
strength of gold bumps and copper electrodes was poor. For
gold bumps without Ar plasma activation and copper
electrodes with Ar plasma treating at various activating times,
most of gold bumps separated from the surface of copper
electrodes, implying the bonding strength of gold bumps and
copper electrodes is lower than that of gold bumps and bond
pads as shown in Fig6a. Fig. 6b presents that the main
fracture mode 1s gold bumps separating from the surface of
copper electrodes for gold bumps with Ar plasma activating
30 s and copper electrodes without Ar plasma activating. As
copper electrodes with Ar plasma treating under various
activated times, the fracture mode of gold bumps separating
from the copper electrodes transforms to that of gold bumps
separating from the bond pads, mdicating the bonding strength
of gold bumps and copper electrodes is higher than that of
gold bumps and bond pads. These results are consistent with
the changes in die-shear forces. These experimental results are
consisted with changes in die-shear forces as shown in Fig. 2.
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Fig. 6 The percentage of fracture modes for Au bumps and Cu electrodes
treating with Ar plasma under different conditions, (a) only Cu electrodes
with Ar plasma activation, (b) both Au bumps and Cu electrodes with Ar
plasma activation.

Surfce compositions of Cu electrodes and Au bumps afetr Ar
plasma activation

The compositions on the surface of copper electrodes were
determined using Auger spectrometry for they were treated
with Ar plasma at various durations, as shown in Fig. 7. For
copper electrodes without Ar plasma activated, the main
component on the surface of copper electrodes was silver and
carbon, and small amount of oxygen and sulfur as shown in
Fig. 7a. A small amount of sulfur on the surface of copper
electrodes would be the residue during electroplating silver
bonding layer. As copper electrodes with Ar plasma activated,
the percentage of silver increased with the activated durations
and the carbon was decreased, as shown in Fig. 7a. The Ar
plasma activation removed the containments on the surface of
copper electrodes and a high percentage of silver thus can be
obtained. This experimental result can be used to explain the
high die-shear force was achieved for copper electrodes
treating with Ar plasma. No significant change in the
percentage of oxygen was found in Fig. 7a. Since the Ar is an
inert gas, no oxidation or reduction reactions would ocecur, the
percentage of oxygen maintain in the range of 2.83% to 3.14%
approximately. Similar results also cobserved in Fig. 7b for
gold bumps treating with Ar plasma under various activation
durations. The percentage of gold increased and the carbon
decreases after gold bumps with Ar plasma activated 30 s,
indicating the containments on the surface of gold bumps was
removed by Ar plasma activation. Both gold bumps and
copper electrodes with Ar plasma activation, the containments
on the bonding interface of gold bumps and copper electrodes
were lowest among the only copper electrodes with Ar plasma
activation and both of them without treating with Ar plasma.
As a result, the maximum die-shear force was achieved for
copper electrodes and gold bumps with Ar plasma activation
as shown in Fig 2.
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Fig. 7 The compositions on the surface of Au bumps and Cu electrodes
under various conditions , (a) Cu electrodes treating with Ar plasma under
activated durations from 0-90 s, (b) Au bumps with Ar plasma under
activated durations from 0-30 s.



The contact angle was an index to express the wettability
of bonding materials. Containments on the surface of bonding
materials result in high contact angle, implying the wettability
of bonding materials was poor. Thus, the contact angle can be
used to evaluate the cleanness of bonding materials. Fig. 8a
shows a high contact angle of 96.94° was obtained for copper
electrodes without Ar plasma activation and a low contact
angle of 51.88° shown in Fig. 8b was achieved for copper
electrodes treating with Ar plasma 10 s. As extending the Ar
plasma activated durations, the contact angles did not decrease
and varied in a small range of 51-56° as shown in Figs. 8¢ and
d. According to analytical results on the compositions of
copper electrodes shown in the Fig. 7, this phenomenon would
attribute to the oxide on the surface of copper electrodes and it
can’t be removed by Ar plasma.

@) ()

96.94° 51.88°

(c) (d)

3577° 55.41°

Fig. & The contact angle measured on the surface of copper electrodes under
various conditions, (&) copper electrodes without Ar plasma activation, (b)
copper electrodes with Ar plasma activated 10 5, (c) copper electrodes with Ar
plasma activated 30 5, (d) copper electrodes with Ar plasma activated 90 s

The containments and the contact angle on the surface of
copper electrodes decreased significantly for copper electrodes
with Ar plasma activated, indicating the wettability of copper
electrodes with Ar plasma activated was enhanced. Both
copper electrodes and gold bumps with Ar plasma activated,
the die-shear forces of chips and substrates assembly were
higher than the minimum required value stated in the JEDEC
specification as shown in Fig. 2. The Ar plasma activation is
an effectively scheme to remove the containments on the
surface of copper electrodes and gold bumps, and atomic
interdiffusion between gold bumps and copper electrodes was
enhanced, and then the bonding strength of chips and
substrates assembly was improved.

Effects of Ar plasma activation on the bondign interface

To investigate the integrity of the bonding interface
between gold bumps and copper electrodes, a field-emission
Auger electronic spectroscopy (FEAES) was applied to
determine the atornic interdiffusion at bonding interface. For
copper electrodes and gold bumps with Ar plasma activated, a
sound bond was achieved and ne delaminations or voids were
observed at the bonding interface between gold bumps and
copper electrodes as shown in Fig. 9a. The obvicus atomic

I ntensity

interdiffusion between the gold bump and silver bonding layer
on the copper electrodes was obtained as shown in Fig. 9b.
Based on theses experimental result, the strengthen
mechanism of Ar plasma activation on chips and substrates
assembly can be proposed. After Ar plasma activated, the
containments in the bonding interface of gold bumps and
copper electrodes were removed, the diffusion barrier was
reduced, and then the atomic interdiffusion was improved
during thermal compression bonding, finally the bonding
strength of chips and substrates assembly were enhanced.
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Fig. 9 (a) The cross-section of Au bump bonded on copper
electrode after gold bumps and Cu electrodes were activated with
Ar plasma, (b) line scanning profile of the bonding interface
between the Au bump Cu electrode after gold bumps and Cu
electrodes were activated with Ar plasma.

IV. CONCLUSIONS

For gold bumps and copper electrodes with Ar plasma
activated, the die-shear force of chips and substrates assembly
using the thermal compression bonding process was improved.
A sound bond with sufficient bonding strength can be
achieved. Neither delamination nor other defect was found at
bonding interface. The main fracture mode was gold bumps
separated from the bond pads on chip side after die-shear test



for gold bumps and copper electrodes were activated with Ar
plasma , indicating the bonding strength at bonding interface
of gold bumps and copper electrodes was higher than that of
gold bumps and bond pads. Based on the experimental results,
the Ar plasma activation is an effective scheme to improve the
bonding strength of chips and substrates assembly during the
thermal compression bonding process.

Tt also can be found that a low contact angle was obtained
for copper electrodes with Ar plasma activated, implying the
surface of copper electrodes with a better good performance of
wettability than that without Ar plasma activated. A low level
of containments on the surface of copper electrodes and gold
bumps can be achieved for gold bumps and copper electrodes
treating with Ar plasma. The cleanliness of bonding interface
was enhanced, and then the bonding barrier was reduced, the
atomic interdiffusion between gold bumps and copper
electrodes was promoted, finally the bonding strength of chips
and copper electrodes was improved. Thus, the Ar plasma
activation has great potential to be applied to chips and
substrates assembly with the compression bonding process.
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