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Analysis on Thermosonic Bonding M echanism for a SingleBall
Bumps Dir ectly Bonding to the Flex Substrates

NSC-97-2221-E-040-003
97/08/01 - 98/07/31
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To improve the bondability and bonding
strength for the gold wire thermosonic bonding
to copper eectrodes over the flex substrates, the
nickel film was deposited on the surface of
copper eectrodes to strengthen their stiffness. A
silver layer was then deposited on the nickel
layer to prevent copper eectrodes from
oxidizing during thermosonic wire bonding
process. The nickel layer was expected to
improve the rigidity of the copper electrodes
over flex substrates, increasing the efficiency of
bonding of ultrasonic power.

According with the experimenta results, the
bondability and bonding strength increased with
the thickness of nickel layer increased under the
same bonding parameters. One hundred percent
bondability and high bonding strength can be
obtained when gold balls bonding to copper
electrodes with depositing 0.5um nickel layer.
The bonding strength was higher than that stated
in JEDEC stands. The bonding morphology of
the gold ball exhibited an extensive bonded area
with aligned traces if thermaosonic wire bonding
was conducted for gold ball bonding to copper
eectrodes with the nickel layer, while gold ball
bonding to copper electrodes without depositing
nickel layer resulted in a blank surface
morphology. This observation on the bonding
morphology of gold balls can be used to explain
that nickel layer was effective in promoting
rigidity of copper electrodes, increasing the
efficiency of bonding of ultrasonic power. With
deposition of the nickel layer onto copper
electrodes, alayer stuck on the gold ball can be
observed at the fractured morphology of gold
ball, implying the bonding strength of gold ball
bonded on copper eectrodes was even higher



than adhesivestrength of the layers deposited on
the copper dectrodes. The reliability of high
temperature storage also verified in this study.
The bonding strength of gold ball bonded on
copper electrodes with a nickel layer deposition
increased with extending storage period of HTS.
The increased bonding strength was contributed
to atomic interdiffusion between gold balls and
copper electrodes. No delamination or any defect
was found at bonding interface between gold
ball and copper electrodes. Thus, the reliability
of the gold ball bonding to copper electrodes
with anickel layer deposition is not a concern.
Deposition of 0.5um nickel layer on copper
electrodes over the flex substrates, therigidity of
copper electrodes was improved, and the
ultrasonic power can be propagated to bonding
interface between gold balls and copper
electrodes in which results in bonding strength
incressing.
Keywords: Ther mosonic wire bonding, nickel
layer, flex substrate
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On Reliability of Chips bonded on Flex Substrates Using Thermosonic Flip-Chip Bonding Process
with Nonconductive Paste

Cheng-Li Chuangl, Jong-Ning Aoh’, Wei-How Cher’
'Department of Occupational Safety and Health, Chung Shan Medical University, Taiwan
:Depa.rrment of Mechanical Engineering, Chung Cheng University, Taiwan
*E-mail address: luke@csmu.edu.tw

Abstract

The purpose of this study is to verify the reliability of
chips bonded on flex substrates using thermosonic flip-chip
bonding process with a non-conductive paste (NCP). High
temperature storage (HTS) test, temperature cycling test
(TCT), pressure cooker test (PCT) and high temperature/high
humidity (HI/HH) test were conducted to investigate the
reliability of chips bonded on flex substrates. The
environmental parameters for reliability tests were complied
with the JEDEC standards. After various reliability tests, the
peeling test and microstructure observation on tested
specimen were performed to evaluate the reliability.

The bonding strength increased with increasing the
storage durations of HTS test. The HTS test provided
sufficient thermal energy to promote atomic interdiffusion
between Au bumps and Cu electrodes. A metallurgical
bonding between Au bump and the Cu electrode was formed,
and the bonding strength is thus improved. The bonding
strength of chips and flex substrates assembly without
applying ultrasonic in bonding process was decreased with
increasing the storage durations of PCT. The typical failure
for PCT was tie interfrcial deleamination betwreen NCP &nd
fles substrates. Appromimetely 2034 specimen sxhibited falky
separated after PCT af 336 h, implying the NCP camnot
wifhstand the PCT tes! god lost its adbesien shrengtin. The
mean bonding stresgth of chipy and fex subdrates assemblky
with zo ultresonic power of 14.46 W in bonding process
slightly waried with incressing siorage durationy of BCT, and
standard deviztion of bonding strength inereased deamatically
im the mwnge of stoeage dmstions fiom 1968 b fo 336 h
Alfhough fhe adhesion shengfh of WCP decreased, a part of
An omps well bonded on Co electrodes as the storage
duration incressed to 336 h. Applying the adequate ulirasonic
poweer to bonding process was oot only o Inmpeowe the
bonding strength, but alvs fhe bonding strength could be
madetzinesd in high level after PCT. Thers was noe sigonificantty
change in bonding strenpgth for chips bomded om flex
subshates after TCT test It shows thet specimen bas gread
relishility for TOT test The bonding strength incressed weith
fincreasing stovage dursfions of HTVHH test. Neither cracdks
e defecty f boding inferface are oheerved.

The relisbility for chips bonded the flex subshate wsing
fhermosomis fip-chip bonding peocess with NCP mesfs the
requiremests stated in JEDEC specifications, enception of the
adivesion strength of WCP fior PCT should be tmpnoved.

It wetiom

Adhesives have besn widely used in muicreelectromics
packaging for chips and substrates assemibly [1-3]. The flip-
chip bonding process with adhesives provides  sewenal

advantages compared to conventional flip-chip bonding with
solder bumps. It meets the environmental requirement, since
the adhesive was lead free. There was no under-fill was
required after flip-chip bonding with the adhesive, which is
possible to reduce the manufacturing cost. The bonding
strength of chips onto substrates was derived from the cured
strength of adhesives. In our previous study [4]. the
thermosonic  flip-chip bonding with NCP has been
successfully applied to chips onto flex substrates. The
ultrasonic power play an important role in scraping the NCP
away from the surface of Cu electrodes, and then Au bumps
directly bonded onto Cu electrodes to form a successful
electrical path between chips and the substrates. With an
appropriate value of ultrasonic power not only to scrape NCP
away from the surface of Cu electrodes, but also provides a
part of thermal energy to form the metallurgical bonding
between Au bumps and Cu electrodes. Thus. this bonding
technology is expected to offer several distinct advantages
and enables achieving the low cost and excellent performance
comparing with existed schemes.

Several studies investigated the reliability of chips onto
subsirates using adhesives [5-3). Teh et al [5] verified the
reliobility of chips bonded on the sigid substrates wsing

fhermal compression  bonding  precess  wih MWCP. The

experimesial sesulis indicated that MCP con easily pass the
reguivements of TCT and HTS test. However, most of
specimen  sppesred.  interfacial delsminafics and opening
between bunps and elechodes after reliohilily fest of BIST
and. PCT. Both BST and POT fuhwes weee confributed o
exceseive stress peneraded due to moisture waporization ad
Thigh femperature. Similar sxperimental results were obtained
fow chips ente flex sobstrate using NCP after relinbility tests
[#]. The delzrminaion appeared af interface between chips amnd

fhe flex snbwhrates affer BCT. Up bo mwoer, oo poblished

literatmre was found to examine fhe reliability of chips and
Tleze substrates assembly using thesmosonic flip-chip bonding
[process with NCE.

The otjective of this stody is to werify the relighility of
chips omto flex sobsirates wsing  thermosenic  flip-chip
omding with WCP. The HTS test, TCT, PCT and HT/HH test
wege conducted o fnvestigate the reliability of chips bonded
on  flex  sobsirates. The environmental persmeters for
reliobility tests wess complied with the JEDEC stendards.

Affer veliobility tests, the peeling lest smd microstrociume

oirservation on tested specimen were performed to evaluaie

fhe relinbility.

Ezperimental meihods

A thermoseiting type of comemercial WP was weed in this
study. The nen-conductive paste was deposited on the suface
of flew substrates, and a chip with eight An bomps to be
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bonded onto Cu electrodes over the flex substrates using
thermosenie flip-chip bonding process. The flip-chip bonding
experiments were performed using an automatic thermosonic
flip-chip bonder developed by the Industrial Technology
Research Institute (ITRI). The deposited layers of bond pads
and Cu electrodes were stated in our previous work [7]. To
evaluate the effect of ultrasonic power on the reliability of
chips bonded on flex substrates, two kinds of bonding process
for chips and flex substrates assembly were performed in this
study. The first bonding process is applied an ultrasonic
power of 14.46 W to flip-chip bonding process with NCP for
chips and flex substrates assembly. The other was no
ultrasonic power applying in flip-chip bonding process to
simulate the thermal compression bonding process with the
NCP. Other bonding parameters are fixed at a bonding force
of 10 N. a preheating temperatwre of 80°C, a curing
femperature of 140°C and a cured time of 40 =

After chips and flex substrates assembly, the specimen
was subjected to various reliability tests. including HTS test.
TCT. PCT and HI/HH test. The storage durations and tested
parameters were complied with the JEDEC standards [8-11].
as shown in Table 1. The peeling test was conducted to
evaluate the bonding strength after the reliability tests.

Table 1 Lists of storage durations and environmental
parameters for various reliability tests. [8-11]

HTS HT/HH TCT PCT
+85°C/85% 2 +121 °C/
+H125°C /-

Co:t;iiitons +150 °C RH(no l<;:é 100%RH
bias) o 2atm
200,400,60 | 200,400.60 | 100,300,50 | 24,48,06.1
Read Point |0,800,1000 | 0,800,1000 | 0,800,1000 | 68,240,336
(hrs) (hrs) (cycles) (hrs)

Test 1000 hrs | 1000 hours | 1000 cycles | 336 hs

Duration

Optical microscopy (OM) and scanning electron

microscopy (SEM) were conducted to examine changes at
bonding interface after various reliability tests. The fracture
mode and the fracture mechanism after peeling test also
verified using SEM and OM. Line scanning of the field-
emission Auger electronic spectroscopy (FEAES) was used to
determine the atomic inter-diffusion between Au bumps and
Cu electrodes after reliability tests.

Results and discussion

The effects of ultrasonic power on the bonding quality

To identify the effects of the ultrasonic power on the
bonding quality for chips and flex substrates assembly, the
applied ultrasonic power to bonding process was set at 0 W
and 14.46 W. And other bonding parameters were fixed, 10N
in bonding force. 80°C in preheat temperature, 140°C in
cured temperature and 40 s in cured time. Figure 1(a) shows
an un-deformed Au stud bump and a layer of NCP existed in
bonding interface between the Au bump and the Cu electrode
when the applied ultrasonic power was zero. This is an
inactive interconnect between Au bumps and Cu electrodes
since the Au bump cannot be directly contact with the Cu

electrode to form an electrical path. In contrast to Au bumps
bonded onto Cu electrodes without applying ultrasonic power,
the Au bump directly bonded on the Cu electrode to form a
conductive path between chips and the flex substrates when
the ultrasonic power of 14.46 W was applied to bonding
process, as shown in Fig. 1(b). This experimental result
indicates that NCP was scraped away from the surface of Cu
electrodes by ultrasonic power during thermosonic flip-chip
bonding process. and Au bumps thus bonded on Cu
electrodes. An electrical path between chips and flex
substrates can be achieved. Applied an adequate value of the
ultrasonic power is an effective way to increase yields of the
successful interconnects between chips and flex substrates.

Fig. 1 SEM micrographs of (a) cross-section of chip bonded

on the flex substrate without application of ultrasonic power,

(b) cross-section of chip bonded on the flex substrate with an
ultrasonic power of 14.46 W in flip-chip bonding process.
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Ultrasonic power (W)
Fig. 2 The effect of ultrasonic power on the bonding

strength of chips and flex substrates assembly.

The influence of the ultrasonic power on bonding strength
of chips and flex substrates assembly was shown in Fig. 2. A
higher bonding strength can be obtained when applied an
ultrasonic power of 14.46 W to flip-chip bonding process
with NCP than that flip-chip bonding without providing
ultrasonic power. The increased bonding strength is assumed
that was contributed to metallurgical bonding formation
between Au bumps and Cu electrodes. After peeling test for
chips and flex substrates assembly without applying
ultrasonic power in bonding process, the fractured interface
appeared a smooth surface without any scraping or any Au

2009 International Conference on Electronic Packaging Technology & High Density Packaging (ICEPT-HDP)



bump residual, indicating fractured trace were propagated
along between the NCP and Cu electrodes. Thus, the
specimen of chips and flex substrates assembly without
applying ultrasonic power in bonding process was designed to
simulate the thermal compression bonding process with NCP.
The peeling test after reliability test for this specimen was
used to verify the adhesion strength of NCP.

High temperature storage test

Figure 3 displays the effect of storage durations on the
bonding strength of chips and flex substrates assembly. No
significantly change in bonding strength was observed for
chips and flex substrates assembly without applying
ultrasonic power in bonding process. The cured level of NCP
was approximately 100% and no aging was found, the NCP
thus maintained a steady adhesion strength for HTS test at
storage durations varied form 0 h to 1000 h, indicating the
NCP is able to withstand the HTS test. For chips and flex
substrates assembly with an ultrasonic power of 14.46W, the
bonding strength increases with increasing storage durations,
revealing a good reliability. After HTS test at storage duration
of 200 h, the fractured morphology of chips and flex
substrates was shown in Fig. 4. A layer stuck on Au bump
over the chip and a concavity was formed on the surface of
flex substrates, as shown in Fig. 4(a) and 4(b). The dispersive
spectrometer (EDS) was used to verify the composition of the
layer stuck on Au bump. Figure 4(c) and 4(d) show
morphology of the layer stuck on Au bump and the EDS
spectrum, respectively. Only Cu peak was observed in the
EDS spectrum, indicating that layer stuck on Au bump is Cu
electrode. This analytical result indicates that the Cu layer
was transferred to Au bump after peeling test. The bonding
strength of Au bumps and Cu electrode are even higher than
adhesion strength between Cu electrodes and polyimide
substrate. A similar fractured morphology of chips and flex
substrates was found after HTS test at storage duration of
1000 h. A sheet of Cu layer peeled off from the interface
between Cu electrodes and the polyimide substrate, and the
Cu layer transferred to the surface of chips (Fig. 5(a)). a
concavity was thus formed on the fractured surface of flex
substrates, as shown in Fig. 5(b). The observation on
fractured morphology after peeling test consists with the
changes of bonding strength at various storage durations, as
shown in Fig. 3.

—&— Thermasaritc fiip-chip banding
—4& Thermal copression fip-chip bonding

Peeling force (N}

] 200 400 600 800 1000
Storage duration (h)
Fig.3 Relationships between bonding strength and
storage durations of HTS for chips bonded on flex
substrates heated at 150°C.

Fig. 4 SEM micrographs show (a) the fractured
morphology of chips after peeling test, (b) the fractured
morphology of flex substrates after peeling test, (c) a layer
bonded on Au bump shown in (a) with a larger
magnification, (d) the EDS analytical spectrum. The
peeling test was performed after HTS test at storage

LR

Fig. 5 SEM micrographs show (a) the fractured morphology
of chips after peeling test, (b) the fractured morphology of
flex substrates after peeling test. The peeling test was
performed after HTS test at storage duration of 1000 h.

To investigate the possible change at bonding interface
after HTS test for 200 h and 1000 h, the interface between Au
bumps and Cu electrodes was examined using SEM. Neither
delamination nor other defects were found at bonding
interface as shown in Fig. 6(a) and Fig. 6 (b). A line scanning
of FEAES was conducted to determine atomic interdiffusion
between Au bump and the Cu electrode. A narrow atomic
interdiffuion trace was observed at bonding interface for an as
received specimen, as shown in Fig. 7. The atomic
interdiffusion for an as received specimen could be attributed
to thermal energy fiom cured processg, 140°C for 5 ¢ In
contrast to the narrow atomic interdiffusion trace for an as
received specimen, the broadened atomic interdiffusion trace
is observed after HTS test at 1000 h, as shown in Fig. 8. The
atomic interdiffusion was promoted by the high temperature
and storage durations, thus, resulted in increased bonding
strength. This analytical result can be used to interpret the
bonding strength increased with the storage durations of HTS
test, as shown Fig. 3. Applying ultrasonic power to flip-chip

2009 International Conference on Electronic Packaging Technology & High Density Packaging (ICEPT-HDP)
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bonding process with NCP for chips and flex substrates
assembly. not only the bonding strength was improved, but
also the reliability of HTS test can be guaranteed.

Fig. 6 SEM micrographs show (a) the cross section of Au bump

bonded on the copper electrode after HTS test at storage duration

of 200 h, (b) the cross section of Au bump bonded on the copper
electrode after HTS test at storage duration of 1000

(b)

i s & 1 & & u
Sectansel )

Fig. 7 Line scanning results on the cross section of Au bump

and Cu electrode interface. (a) Cross section on interface

between Au bump and Cu electrode, (b) atomic interdiffusion of

Au bump and Cu electrode

Fig. 8 Line scanning results on the cross section of
Au bump and Cu electrode interface. (a) Cross section
on interface between Au bump and Cu electrode after
HTS test at storage duration of 1000 h, (b) atomic
interdiffusion of Au bump and Cu electrode after HTS
test at storage duration of 1000 h.

Temperature cycling test

The effect of TCT on the bonding strength of chips and
flex substrates assembly was shown in Fig. 9. The variation of
bonding strength for chips and flex substrates assembly
without applying ultrasonic power in flip-chip bonding
process after TCT at 1000 cycles is very small. The adhesion
strength of NCP has a stable performance after TCT at 1000
cycles, which could be met the requirements stated in the
JEDEC specifications. After TCT, the bonding strength of
chip and flex substrates assembly with applying an ulirasonic
of 14.46 W in flip-chip bonding process also varied in a
narrow zone. To investigate the possible change in bonding

interface after TCT at 100 cycles and 1000 cycles, the cross-
section of Au bumps bonded on Cu electrodes was examined
using SEM. As shown in Fig. 10, the Au bump firmly bonded
on Cu electrode and no defects was found at bonding
interface. This observation on bonding interface could be
used to explain why bonding strength has a good reliability
for TCT at 100 cycles and 1000 cycles, as shown in Fig. 9.

08

—e— Thermosenic flip-chip bending
—&— Thermsl compression fiip-chip banding

ae

o2

Peeling force {N)

I
-

a.0

a 200 400 800 200
Storage duration {cycles)
Fig. 9 Relationships between bonding strength and
storage durations of TCT for chips bonded on flex
substrates heated at 125°C/-55°C.

Fig. 10 SEM micrographs show (a) the cross section of
Au bump bonded on the copper electrode after TCT at
storage duration of 100 cycles. (b) the cross section of Au
bump bonded on the copper electrode after TCT at storage
duration of 1000 cycles.

Pressure cooker test

To investigate the reliability of chips and flex substrates
assembly after PCT, the chips together with flex substrates
were subjected to a highly humid (100% RH)., a highly
pressure (2 atm) and a highly temperature (150°C) for various
storage durations. The influence of PCT on bonding strength
of chips and flex substrates assembly is illustrated in Fig. 11.
The bonding strength of chips and flex substrates assembly
without applying ultrasonic in bonding process was decreased
with increasing the storage durations. The typical failure for
PCT was the interfacial delamination between NCP and flex
substrates. Approximately 80% specimen exhibited fully
separated after PCT at 336 h. as shown in Fig. 12. The
adhesion strength of NCP was deteriorated after PCT. This
phenomenon could be used to explain the bonding strength of
chips and flex substrates assembly without applying
ultrasonic power in bonding process decreased with

2009 International Conference on Electronic Packaging Technology & High Density Packaging (ICEPT-HDP)



increasing storage durations of PCT. This experimental result
also indicates that adhesion strength of NCP for PCT should
be improved. The mean bonding strength of chips and flex
substrates assembly with an ultrasonic power of 14.46 W in
bonding process slightly wvaried with increasing storage
durations of PCT, and standard deviation of bonding strength
increased dramatically in the range of storage durations from
168 h to 336 h, as shown in Fig. 11. To find out the changes
at bonding interface between chips and flex substrates, the
SEM was used to examine the cross section of Au bumps
bonded on Cu electrodes. The Au bump well bonded on the
Cu electrode, no delamination or others defects were found at
bonding interface after PCT for 24 h and 96 h. as shown in
Fig. 13. The slightly decreased bonding strength in the range
of storage duration from 24 h to 96 h could be contributed by
the lost adhesion of NCP. As storage duration extended to
168 h, a delamination was found at bonding interface between
NCP and the chip. as shown in Figs. 14(a) and 14(b).
However, a sound bonding interface can be found at interface
between Au bump and the Cu electrode, as shown Fig. 14(c).
The delamination also was found at chip edge and a crack
also appeared at bonding interface between Au bump and the
Cu electrode when the storage duration of PCT was increased
to 240 h. as shown in Figs. 15(a) and 15(b). respectively.
Similar defects of delamination were also found at bonding
interface of NCP/flex substrate and NCP/chip when storage
time increased to 336 h, as shown in Figs. 16(a) and 16(b).
Although the NCP lost its adhesion and delamination was
found at bonding interface after PCT at storage duration of
336 h, a part of Au bumps well bonded on the Cu electrodes,
as shown in Fig. 16(c). The bonding strength of chips bonded
on flex substrates using thermosonic flip-chip bonding
process with NCP were attributed to cured strength of NCP
and the bonding strength of metallurgical bonding between
Au bumps and Cu electrodes. As mentioned in the
observation on the cross section of chips bonded on flex
substrates, the adhesion of NCP decreased and the
delamination were found at bonding interface of NCP/flex
substrate and NCP/chip when storage durations of PCT were
increased from 168 h to 336 h. However, a part of Au bumps
well bonded on Cu electrodes as the storage duration
increased to 336 h. The bonding strength after PCT at various
storage durations was attributed by the interaction of the NCP
lost its adhesion strength and the increased bonding strength
for metallurgical bonding formed between Au bump and Cu
electrode. Theses observations on the changes of bonding
interface after PCT at various storage durations could be used
to interpret the standard deviation of bonding strength
dramatically increased with increasing the storage duration
from 168 h to 336h, as shown in Fig. 11. Figure 17 shows the
fractured morphology of the chips after PCT at various
storage durations. The fractured morphology of the chip has a
good shine after PCT at storage duration 24 h, as shown Fig.
17(a). With increasing the storage durations of PCT, the color
of chips gradually transformed into dark. as shown in Figs.
17(b) and 17(c). The phenomenon indicates that NCP cannot
withstand high moisture under high-pressure condition after
PCT for extending storage durations, and delaminations were
found at bonding interface of NCP/chip and NCP/flex

substrate. The moisture penetrated to bonding interface
between NCP and chip. which results in standard deviation
increased after PCT at storage durations from 168 h to 336h,
as shown in Fig. 11. These experimental results imply that
applied adequate ultrasonic power to thermosonic flip-chip
bonding process not only to improve the bonding strength of
chips and flex substrates assembly. but also the bonding
strength could be maintained in high level after PCT at
various storage durations.

—4— Thermesonic flip-chip bonding
—&— Thermsl compression fig-chip bonding
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Fig. 11 Relationships between bonding strength and
storage durations of PCT for chips bonded on flex
substrates subjected at 121°C, 100% RH and 2 atm.

Fig. 12 The chips and flex substrates was fully separated after
PCT at storage duration of 336 h. the chips and flex
substrates assembly without applying ultrasonic power to
flip-chip bonding process.

Fig. 13 SEM micrographs show (a) the cross section of Au
bump bonded on the copper electrode after PCT at storage
duration of 24 h. (b) the cross section of Au bump bonded on
the copper electrode after PCT at storage duration of 96 h.
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Fig. 14 SEM micrographs show (a) the cross section of chip
bonded on flex substrate, (b) the delamination appeared at
bonding interface between chip and NCP, (¢) a Au bump well
bonded on the Cu electrode without any defects

Fig. 15 SEM micrographs show (a) the delamination
appeared at bonding interface between NCP and flex
substrate, (b) the crack appeared at bonding interface
between Au bump and Cu electrode. The specimen
were subjected PCT at storage duration of 240 h.

Fig. 16 SEM micrographs show (a) the cross section of chip
bonded on flex substrate, (b) the delamination appeared at
bonding interface between NCP and flex substrate, (c) the

delamination appeared at bonding interface between NCP and

chip, (d) a Au bump well bonded on Cu electrode without any

defects. The specimen were subjected PCT at storage duration of

336h.

Fig. 17 Optical micrographs show the fractured morphology
of chips after PCT at various storage durations. (a) 24 h, (b)
240h. () 336 h.

High temperature/High humidity test

Figure 18 shows the relationship between bonding
strength and storage durations of HH/HT test for chips
bonded on flex substrates with and without applying
ultrasonic power in flip-chip bonding process. For chips and
flex substrates assembly without applying ultrasonic power,
the bonding strength varied in a narrow range. indicates NCP
with a good reliability after HH/HT test at various storage
durations. As chips and flex substrates assembly with an
ultrasonic power of 14.46 W, the bonding strength was
increased with increasing storage durations of HE/HT test, as
shown in Fig. 18. The cross-section of bonding interface
between Au bumps and Cu electrodes were examined using
SEM. no significant defects or cracks were found at bonding
interface after HH/HT test at 200 h and 1000 h. as shown in
Fig. 19. A clear interdiffusion trace between Au bump and Cu
electrodes was obtained for chip bonded on flex substrates
with an ultrasonic power of 14.46 W after HH/HT test at
storage duration of 1000 h, as shown in Fig. 20. The bonding
strength was improved by increasing the inferdiffusion
between Au bump and Cu electrodes. This experimental result
can be used to explain that the higher bonding strength was
obtained for chips and flex substrates assembly with the
ultrasonic power after HH/HT tfest. In this study, the
ultrasonic power is effective in improving bonding strength
for chips bonded on flex substrates after HH/HT test. The
reliability of HH/HT test for chips and flex substrates
assembly using thermosonic flip-chip bonding process with
NCP should not be a concern of issue.

2009 International Conference on Electronic Packaging Technology & High Density Packaging (ICEPT-HDP)

730



—8— Thermasonic fiip-chip bonding
—&— Thermsa! compression fip-chip banding

a8

Peeling force{M)

04

e =

0.0

o 200 400 800 :ala) 1000

storage duration (h)
Fig. 18 Relationships between bonding strength and
storage durations of HT/HH test for chips bonded on flex
substrates subjected at 85°C. 85% RH.

Fig. 19 SEM micrographs show (a) the cross section of
Au bump bonded on the copper electrode after HH/HT
test at storage duration of 200 h. (b) the cross section of
Au bump bonded on the copper electrode after HH/HT

test at storage duration of 1000h.

eouhtsiensee

Distance(ym)

Fig. 20 Line scanning results on the cross section of Au
bump and Cu electrode interface. The specimen was
subjected to HH/HT test at storage time of 1000h.

Conclusions

The reliability of chips and flex substrates assembly vsing
thermosonie flip-chip bonding process with the NCP has been
verified in this work. For chips and flex substrates assembly
without applying ultrasonic power, the NCP maintained a
steady bonding strength after HTS test, TCT and HT/HH test,
indicating that NCP has good reliability. Approximately 80%
specimen, chips and flex substrates assembly without
applying ultrasonic power in bonding process, exhibited fully
separated after PCT at storage duration of 336 h. This
observation implies that NCP cannot withstand the high
pressure and high humidity testing condition, and lost its

adhesion strength. Therefore, the adhesion strength of NCP
should be improved for PCT. The bonding strength increased
with increasing the storage durations of HTS test for chips
and flex substrates assembly with the ultrasonic power of
14.46 W in flip-chip bonding process with NCP. As the HTS
test provides sufficient driving force to promote the atomic
interdiffusion between Au bumps and Cu electrodes. a
metallurgical bonding was formed, and the bonding strength
was thus increased. The mean values of bonding strength
maintained in high level after PCT at various storage
durations for chips and flex substrates assembly applying an
ultrasonic power in bonding process. The standard deviation
of bending strength increased when the storage durations was
extended from 168 h to 336 h. Delaminations were found at
bonding interface of chip/NCP and NCP/flex substrate after
PCT at storage durations from 168 h to 336 h. However, a
part of Au bumps firmly bonded on Cu electrode after PCT at
storage duration of 336 h. The standard deviation of bonding
strength increased after PCT was attributed to interaction
between the NCP lost its adhesion strength and the increased
bonding strength for Au bump well bonded on the Cu
electrode. Applying an adequate ultrasonic power in flip-chip
bonding process can provide a high level bonding strength
after PCT. There was no significantly change in bonding
strength for Au bumps bonded on the flex substrates after
TCT test. It shows the specimen has great reliability for TCT
test. The bonding strength increased with increasing tested
durations of HT/HH test. Neither cracks nor defects at boding
interface are observed. The reliability of HT/HH test for chips
bonded on flex substrates using thermosonic flip-chip process
with NCP meets the requirements stated in JEDEC standards.
The reliability for Au bumps bonded the flex substrate
using the thermosonic bonding process with NCP can meet
the requirements stated in JEDEC specifications; exception of
the adhesion strength of NCP for PCT should be improved.
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