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Atomic diffusion properties in wire bonding
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Abstract: The lift-off characteristics at the interface of thermosonic bond were observed by using scanning electron microscope
(JSM-6360LV). The vertical section of bonding point was produced by punching, grinding and ion-sputter thinning, and was tested
by using transmission electron microscope (F30). The results show that the atomic diffusion at the bonded interface appears. The
thickness of Au/Al interface characterized by atomic diffusion is about 500 nm under ultrasonic and thermal energy. The fracture
morphology of lift-off interface is dimples. The tensile fracture appears by pull-test not in bonded interface but in basis material, and
the bonded strength at interface is enhanced by diffused atom from the other side.
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1 Introduction

Ultrasonic bonding was applied primarily to wire
bonding in microelectronic packaging industry, while the
mechanism of ultrasonic bonding has not been
understood very well. HARMAN][1] observed that the
peeling underdeveloped bonds simulate a torus (or
doughnut) with an unbonded central region and ridged
peripheral region is bonded hardly by using SEM. The
same phenomena in thermosonic flip chip took place
[2,3]. The effects of the power, time, and load on the
features of the bond interface were researched by VERN
et al[4]. For constant force and time, the ridged area of
the bond pattern increases when more power applied. For
constant force and power, the ridged location of the
bonded region moves closer to the bond center with time.
For constant power and time, the total area of bond
pattern increases in size with increasing load.

To research mechanism of thermosonic bonding, the
temperature of aluminum wedge bonding process was
200-300 C tested by TSUJINO et al[5,6] through
measuring thermoelectromotive force voltage between
aluminum wire and substrate. The interfacial temperature
rise during gold wire ball bonding was not that high (70—
80 'C) tested by using real-time temperature monitoring
systems with 6 pm thermocouples by SUMAN et al[7]

and MAYER et al[8]. Intuitive friction weld idea is
unreasonable.

The elastic modulus of aluminum is reduced
substantially when the acoustic energy is applied during
a tensile testing[9]. Such softening of metal under the
influence of high-level acoustic radiation occurs in all of
the materials studied (including aluminum, cadmium,
beryllium, steel, zinc, copper, iron and gold)[10—15].
However, ‘acoustic-plastic effect’ has been elusive and
there are much debate in physics.

In this paper, atomic diffusion in vertical section of
ultrasonic bonding process was tested by using TEM
with EDS, and lift-off cracking at interface was observed
with scanning electron microscope.

2 Experimental

Nickel-pad plated on a copper plate was bonded
using 500 pm diameter-aluminum wire and LW500
wedge capillary on a U3000 ultrasonic wire wedge
bonder. Aluminum-pad in chip was bonded using 18 pm
diameter-gold wire and WTO0S51A ball capillary on a
T/S-2100 ultrasonic wire bonder.

Atomic diffusion of vertical section was tested by
using high resolution TEM (F30) with line scanning
EDS-test whose beam is 10 nm, and fracture morphology
of bonding was researched by using SEM (JSM- 6360LV).
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3 Results and discussion

3.1 Atomic diffusion

For Au/Al bonded vertical section under conditions
of power 1.75 W, bonding time 35 ms, load 0.76 N, and
temperature 200 ‘C on T/S-2100 Au ball bonder, Fig.1
shows that atomic diffusion at the bonded Au/Al
interface appears. The line 1-1 in Fig.l is the line
scanning location. The thickness of Au/Al interface is
about 500 nm under ultrasonic and heating energy.
EDS-testing data at atomic diffusion point are listed in
Table 1. Table 1 shows that there is an intermetallic
compound (e.g. AuyAl).

The intermetallic compounds at interface are mostly
brittle and have lower conductivity, and can decrease the
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Fig. 1 Result of EDS-test with line scanning on vertical section
of Au/Al bonding by using STEM model

Table 1 Result of EDS-test at atomic diffusion point

Element Mole fraction/% Mass fraction/%
Al 20.23 442
Au 79.77 95.58

mechanic-electronical performance. The intermetallic
compounds must be controlled by the bonding processes
as decreasingly as possible.

The velocity of vibration at wedge capillary was
tested by using PSV-400-M2 high frequency (1.5 MHz)
laser doppler vibrometer. For power in U3000 wedge
bonder being 8 W, the result of vibration velocity at the
end of wedge capillary is shown in Fig.2. The beginning
of vibration under piezodectric transducer(PZT) driven
by the high frequency is nonlinear phase. When vibrating
stably, the peak value of vibration velocity is 4=2.2 m/s.
Fig.3 shows the expanding curve for the result of
vibration velocity in 20—20.1 ms in Fig.2. The result
shows that the vibration is sinusoid and can be written as

v(t)=Asin(wt+p) (1)

where w is frequency, and ¢ is phase.
Fig.4 shows the result of Fast Fourier Transform
(FFT) from Fig.2. The result shows that the vibrating
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Fig.2 Result of vibration velocity at wedge capillary
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Fig.3 Expanding graph for result of vibration velocity in 20—
20.1ms
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Fig.4 FFT for result of vibration velocity at wedge capillary

frequency is f=58.06 kHz. So,
w=2mf=2X3.14X58.06 X 10°=3.65% 10’ )

The acceleration of ultrasonic vibration is

dv(t)

W4

= Awcos(wt + @)

The peak value of vibration acceleration is
a=Aw=22x3.65x10 =8.03x10° (m/s?)

It is shown that the acceleration of ultrasonic
vibration tested is about 80 000 times as the acceleration
of gravity for 58.06 kHz bonding capillary by using
PSV-400-M2 high frequency laser vibromter. The strong
mechanical effect activates dislocations at metal crystal
lattice and increases atomic diffusibility, and softens
materials, simultaneously cleans brittle oxides and
contaminations in welding interface and reveals clean
surface. Thus atom bonding at interface is formed by
ultrasonic energy.

3.2 Break characteristics in lift-off interface

Fig.5 shows the lift off characteristics at bonded
interface in Al/Ni. Fig.6 shows the break characteristics
at point 4 in Fig.5. The results indicate that the peeling
underdeveloped wedge bonds simulate a torus (or
doughnut) with an unbonded central region and ridged
peripheral region is bonded hardly. Dimples are formed,
tensile fracture appears not in bonded interface but in
basis material, and real break is in base material or weak
places.

Figs.7 and 8 show the break characteristics in
lift-off Au ball bond interface. The results shows that
central region in ball bonding interface is bonded hardly,
and lift-off break is dimple fracture too, and is in base
material or weakness.

Fig.5 SEM image of lift off characteristics at bonded interface
in AUNi

Fig.7 SEM image of lift off characteristics at bonded interface
in Au/Al

The diffused atoms enhance the microstructure
strength, which is higher than strength of the base
material.
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Fig.8 SEM image of lift off characteristics at point B in Fig.7
4 Conclusions

1) In very short time that was the order of
millisecond, Atoms of bonding materials on the bonding
interface are diffused. The thickness of atomic diffusion
layer is about 500 nm.

2) The diffused atoms enhanced the microstructure
strength, which was higher than strength of the basis
material. Bonded strength was formed by atomic
diffusion. Break characteristics were dimples, tensile
fracture appeared not in bonded interface but in basis
material or weak places.
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