
1. Introduction

Modern electronic devices are required to be thin,
light weight, and functionally sophisticated.
Therefore higher density of electronic component
mounting on printed circuit board is required.
Mounting form of semiconductor devices have
changed. Therefore, bare silicon dies are mounted
directly onto printed circuit board.

In response to the trend, Fujikura has established
chip on flex (COF) technology, mounting bare dies
onto flexible printed circuit (FPC) and making elec-
tric connection. Wire bonding (W/B) method and flip
chip (F/C) bonding method has already commenced
to mass production. Since FPC is thin and flexuous,
F/C bonding on FPC is indispensable technology to
miniaturized and/or sophisticated applications such
as mobile phones and so on.

However, since integration of semiconductor
devices is still rapidly increasing, more input and out-
put pads have been placed at narrower intervals.
Recent lead free requirements will be applied to F/C
bonding. Conventional F/C methods will face to diffi-
culties in adapting to these matters. We note novel
ultrasonic F/C bonding method.

2. Outline of F/C Bonding

2.1 Process Outline

Several methods have been proposed for F/C
bonding to FPC. Two of them are currently regarded
as mainstream. Pressure bonding method as repre-
sented by ACF (Anisotropic Conductive Film)
method and solder bump connection method includ-
ing C4 (Controlled Collapse Chip Connection)
method.

For the ACF method 1). First of all, ACF is laminat-

ed onto the bonding area of FPC pattern. Secondly,
the gold bumps on the bare die and FPC patterns are
aligned and connected by heating under pressure
sandwiching the ACF between bare die and FPC.
Finally, electric connection between gold bump and
pattern is given by contact directly or through con-
ductive particles dispersed in ACF. Retention of elec-
tric connection depends on attraction of the ACF,
which shrinks by heating.

For the solder bump connection method 2). First of
all, a bare die with solder bumps is mounted onto
FPC. Secondly, the solder bumps are melted and con-
nected to the pattern while being heated in a reflow
oven. Finally, underfill resin is applied to the gap of
bare die and FPC and then hardened. Solder wettabil-
ity of pattern provides strength and retention of elec-
tric connection. Hardened underfill resin serves as
stress relaxation and prevents the solder bump from
cracking. SMD (Surface Mount Device) such as pas-
sive components and connectors can be soldered at
the same time during the heating process in the
reflow oven.

2.2 Performance Comparison

With ACF method additional contact resistance is
generated at the bonding point because electric con-
nection depends totally on physical contact.
Disconnection may occur in long-term reliability tests
such as thermal cycle because of weakened retention
of shrunk resin. When bonding pads intervals
become narrower, conductive particles may concen-
trate in the gap of the pads and cause short circuits.
Therefore the available pitch of ACF bonding is
regarded as 50µm at present. It also has a disadvan-
tage that ACF's cost is expensive.

Solder bump connection has an advantage over
ACF as it provides lower electric resistance and high-
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er reliability. However, for solder wetting control, sol-
der bump has a disadvantage, as the narrowest avail-
able pitch of bonding is only approximately 100µm. In
response to the lead free trend, Fujikura have evaluat-
ed lead free solders and found that there are some
problems such as lower wettability of solder and
higher process temperature.

Although there are advantage and disadvantage
points when considering ACF and solder bump, both
methods do not allow fine pad pitch bonding. With
improved technology we now see LSIs with 40µm pad
pitch such as liquid crystal display drivers. Therefore,
it is necessary to develop a new bonding method for
use with finer pad pitch.

3. Ultrasonic F/C Method

Ultrasonic F/C bonding process is shown in Fig. 1.
Firstly, the Au bumps on the bare die and the Au plat-
ed FPC patterns are aligned. Secondly, bumps and
patterns are attached with a low force. Then a fixed
force with ultrasonic vibration is affected to form Au-
Au metallic bond at the bump-pattern interface.

Compared with ACF method, ultrasonic method
has an advantage point in the contact resistance and
retention due to the connection mode changing from
a physical contact to a metallic bond. Metallic bond is
mainly provided by ultrasonic vibration. Therefore,
bonding forces can be reduced and it is possible to
prevent deformation or cracking of FPC.

Compared with solder bump connection method it
is possible to achieve finer pad pitch bonding because
the connection material changes from solder to Au
with no need to control solder wetting.

A distinct advantage over ACF and solder bump
methods is that the bonding temperature used in the
ultrasonic method can be reduced to room tempera-
ture which makes it possible to connect many pads
with fine pitch with high accuracy. The reason is that
FPC expands and shrinks with temperature variation.
Table 1 shows comparison among three methods.

Up until now, ultrasonic F/C bonding method has
been applied to only small size dies with a few pins
such as SAW (Surface Acoustic Wave) filter, TCXO
(Temperature Compensated X'tal Oscillator). As the
bonding instrument is almost the same as that of wire
bonding. When large size dies or many pins are
applied without modification there are some prob-
lems that vibration energy is not able to be transmit-
ted uniformly or harmful vibration of vertical ele-
ments generated.

In recent years, novel F/C bonder 3) 4) with a partic-
ular ultrasonic horn5) 6) has become available which
have cleared the problems so it is now possible to
accept large dies and many pins bonding. Therefore,
we start evaluation to apply to COF.

4. Evaluation of Ultrasonic Method

4.1 Confirmation of Bonding Parameter

Two kinds of TEG (Test Elements Group) are used
for evaluation of ultrasonic method. Table 2 shows
specifications of each TEG. The FPC pattern is
designed as daisy chain is formed along each side of
die and enables contact resistance to be measured.
There are differences in the bump shapes. Plated
bump and stud bump aimed at comparing with ACF
method and solder bump method respectively. Each
FPC pattern is made from 18µm thickness of copper
foil and Ni-Au is plated on surface.

To evaluate bondability, we observed cross section-
al shape of contact part, electric resistance of daisy
chain pattern, and the die shear strength after bond-
ing. While varying parameters exist such as bonding
force, amplitude of ultrasonic vibration and time, we
evaluate bondability.

Fig. 2 and Fig. 3 show an example of bonding part
of plated bump and stud bump, respectively. From
these figures, there is no void seen at any interface
between bump and pattern, therefore bonding is
formed all over the interface. Because the difference
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Fig. 1.  Schematic Diagram of Ultrasonic Flip Chip Bonding
Process.

Table 1.  Bonding Method Comparison

Method Solder bump ACF Ultrasonic

Mechanism Solder wetting Physical contact Metallic bond

Available pitch >100µm >50µm <40µm

Lead free under study OK OK

Bonding force no need higher lower

Process temperature 200~250°C 200~300°C R.T.~150°C

Table 2.  Bonding Sample Specifications

Item TEG1 TEG2

Die size 2.0 × 7.2mm 3.0 × 2.7mm

I/O pad 179pins 48pins

Bump shape Plated bump Stud bump



in cross sectional shape is not seen among all bumps
in one die, ultrasonic vibration is transmitted to each
bumps uniformly. From the electric resistance meas-
urements none of the bumps indicated an abnormal
value or error from connection failure noted.
Ultrasonic F/C bonding is possible to apply to our
TEG.

Comparing cross sectional shape with ACF
method, bumps are collapsed by simultaneous bond-
ing force and ultrasonic vibration. It is pronounced in
the case of plated bump and relatively hard pattern
bites into bump. As bonding parameter increases,
bumps collapsed more and have more bonding
strength. However, dilated bumps often make short
circuit each other. Moreover, breakage may occur in
silicon die or integrated circuit by too hard a bonding

parameter. In this instance, the crack is not found at
all parameter setting.

With either of two TEG, regardless of number of
pins or bump shape, connection is formed within one
second. It is greatly shortened in comparison with
10~20 seconds heat pressure of ACF method and 3~5
minutes in reflow oven of solder bump method.

As a result of die shear strength measurement, it
has more than 0.2N per bump in either of bump
shape. As increasing bonding parameter, the strength
also increases. And failure mode of shear test
changes from bump-pattern interface to bump inside
shown in Fig. 4. However, too hard bonding parame-
ter cause a short circuit or a crack. Consequently, we
need to optimize the parameters.

4.2 Bonding Reliability

To confirm the bonding reliability a thermal cycle
test is performed to check repetitive stress durability.
Before placing into a test chamber, underfill resin is
applied to the gap of bare die and FPC. The underfill
hardening condition is 30 minutes at 150 degrees
centigrade. Test condition is 30 minutes at −40
degrees centigrade as a lower cycle and 30 minutes at
125 degrees centigrade as a higher cycle. Electric
resistance of the daisy chain pattern is continuously
measured through test cycles. Threshold of failure is
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Fig. 5.  Result of Thermal Cycle Test.

Fig. 2.  Cross Section View of Plated Bump Bonding.

Fig. 3.  Cross Section View of Stud Bump Bonding.

Fig. 4.  SEM Image of Bonding Pad after Die Shear Test.

Fig. 6.  Cross Section View of Rupture after Underfill Resin
Hardening.



a rise of 20% in electric resistance comparing with ini-
tial value.

Fig. 5 shows the result of thermal cycle test. Plated
bump and stud bump bonding resistance rise or con-
nection break down did not occur during the test.
However, open circuit failure shown in Fig. 6
occurred in the underfill hardening process. Once
underfill hardening is succeeded, enough reliability is
obtained by bonding strength of itself and stress
relaxation of underfill. In other words, it can be said
that the most stress is placed at bonding part and
cause open circuit failure during the underfill harden-
ing process.

5. Technological Subject

From the above result the underfill process is real-
ized to be important to secure connection reliability.
Until the underfill resin is completely hardened in
oven, the stress relaxation effect of underfill is not
obtained and shear stress generated by difference of
coefficient of thermal expansion concentrates at con-
nection part. Therefore, rupture occurs when bond-
ing strength is not enough. From correlation seen
between rupture occurrence and bonding condition,
it is needed to obtain enough bonding strength
steadily.

Therefore, to establish the ultrasonic process, we
found that the bonding condition and underfill
process must be considered.

6. Conclusion

We have noted novel ultrasonic F/C method for
fine pad pitch bonding and evaluated to apply to COF.
A bonding test is performed with two kinds of TEG
that have different die size and bump shape. As a
result, we have confirmed ultrasonic method is suit-
able for COF. Productivity can be improved with
reduced bonding time when comparing with conven-
tional ACF or solder bump methods. Though we have
still remained a few matters relating to the underfill
process we can proceed with the development to
clear these issues. Finally, we will suggest a suitable
bonding process for products or forms of applica-
tions.
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