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High-Strength and High-Speed Bonding Technology using Thick Al-Ni Wire
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In order to create high-strength and high-speed thick Al wire bonding technology, high-temperature bonding at 423 K using Al-Ni wire
has been investigated. It was found that Al-Ni wire bonds exhibit higher bonding strength than those of Al wire bonds. Al-Ni wire bonds
joined at 423 K for 40 ms exhibited high-strength comparable to those of Al-Ni wire bonds joined at RT for 180 ms. It was found that high-
temperature, high-speed bonding substantially reduces the occurrence of Si damage. High-temperature and high-speed bonding with Al-Ni
wire can be considered as a promising bonding technology for the mass production of low cost power modules.
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1. Introduction module.
Hence, both the enhancement of the bonding strength and

Ultrasonic thick Al wire bonding technologies are widelythe prevention of Si damage during the thick Al wire ultra-
used for the production of power metal oxide semiconducsonic bonding process are considered to be indispensable in
tor field-effect transistors (Power MOSFET's) and insulatethe production of a highly reliable module.
gate bipolar transistors (IGBT's) which are power devices Alternately, the deformation of both Al electrodes and Al
used in the control systems of auto mobiles and traction motwire during bonding enhances the bonding strength by in-
drives?=® In order to achieve high current MOS type powercreasing the true bonded area between tHeifhis indicates
devices, highly reliable modules on which many chips are athat Al alloy wire with greater hardness than pure Al wire may
sembled in parallel must be develoged.For example, in exhibit higher strength bonding to Al electrodes.
the IGBT module shown in Fig. 1, the Al electrodes on the In addition, Al alloy wire with high corrosion resistariée
chips are connected to the common electrodes by thick Ad also favorable, because if the water is introduced, it could
wire bonding technolog. The number of Al wire bonds has dissolve ions in the plastic packaged modules and cause cor-
to increase as the current required for the module becomession!? From this point of view, Al-Ni wires, which exhibit
greater. This is to distribute the high current uniformly amongigher hardness and corrosion resistance than pure Al, have
the wires. recently been investigated.

The reliability of the Al wire bonds depends on the bond- In the previous paper, we reported that high strength bond-
ing strength between the Al electrodes on the chip and the &lg could be feasible even in a low ultrasonic power range
wire. The bonding strength increases as the ultrasonic powshen the ultrasonic Al wire bonding was done to Al elec-
and bonding time increasés$) However, a long application trodes heated at 423%) This high-temperature bonding also
of high ultrasonic power during bonding is likely to induce Sisubstantially reduced the Si damage.
damag® and Si damage in a single chip destroys the entire Furthermore, high-speed bonding technology without Si
damage is also very important for high power modules, where
a large number of Al wires must be bonded and the bonding
time reflects greatly on the production cost.

The purpose of this study is to clarify how much we
can shorten the bonding time without degrading the bonding
strength of the wire bonds or causing a breakdown in module
voltage.

2. Experimental Procedure

@: *~[ Substrate | 4N Al and Al-50 ppmNi alloy wires with 50Qm diameter

R 5 ) were used for bonding. Al-50 ppmNi alloy wires were made
- through three separate processes, vacuum melting at 1073 K;
Common Electrode rapid cooling & 10°K/s) in the cast; and cold drawing. It is

(a)Top (b)Cross-sectional reported that rapid quenching €0 K/s) from the melt of

View View an Al rich-Ni alloy extend the solubility limit of Niin Al from

0, i 0, i i

Fig. 1 Schematic illustration of (a) a plane view and(b) a cross—sectiona(ﬂ'22 mass A)N.I to 15.4 ”.‘ass 7ohit. We be“.eve that 50 ppmNi
view of an IGBT module. are dissolved in Al matrix. We have confirmed that there were
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no precipitates in Al matrix using optical-microscope with ashows a shear test of the Al wire bonds using the THINK-
magnification of 400. The high temperature bond®avas MTS550 to evaluate bonding strength. After the shear test,
conducted as shown in Fig. 2. First, bonding substrates wdiractured surfaces were examined by using scanning electron
heated to 423K by a heater installed in the bonding stagmicroscopy (SEM).

The surface temperature of the sample was monitored by aln order to determine the Si damage which occurred in the
thermocouple thermometer. modules, we used BV curve tracer. Because, a breakdown

Then, Al and Al-Ni wires were bonded to Al electrodes forat low voltage (less than 100 V) is observed when Si damage
varying bonding times. The ultrasonic power and load wereccurs in the module.
fixed as 8W and 14.5N, respectively. The hardness of the Al
wire is about 20 Hv and that of Al-Ni wire is 23.6 Hv. 3. Resultsand Discussion

Figure 3 shows an example of Al-Ni wire bonds joined
at 423 K with 8 W power and 10 ms bonding time. Figure 8.1 The strength of Al and Al-Ni wire bonds joined at

RT
Figure 5 shows the relationship between the bonding time
l and the deformation width (see Fig. 4) of Al and Al-Ni wire

Al bonds. The deformation width increases with the bonding
time for both cases. However, the bonding time necessary to
obtain the same deformation width for Al-Ni wire is longer
by 40 ms than that for Al wire. This is due to the fact that the
hardness of Al-Ni wire is higher than that of Al.

The shear strength of the bonds for Al and Al-Ni wires
is plotted against their bonding time in Fig. 6. The shear
strength for both Al and AI-Ni wires increases with bond-
ing time. It is found that the shear strength of the Al-Ni
wire bonds is higher by about 5N than those of the Al when
comparing them using the same bonding time. The results of
Fig. 2 Schematic illustration of an equipment for high temperature bond=igs. 5 and 6 suggest that the strength of Al-Ni wire bonds

ing. is higher than that of Al wire bonds when comparing them
with the deformation width. Hence the shear strength of Al
and Al-Ni wires are plotted against the deformation width in
Fig. 7. The shear strength increases with deformation width in
both cases. However, the shear strength of Al-Ni wire bonds
is about 7N higher than that of the Al wire when compared
with the same deformation width. Furthermore, the deforma-
tion width of Al-Ni wire bonds corresponding to the same
shear strength of Al wire bonds is gén smaller than that of
Al wire bonds.

Thermometer

Al Electrode Film

Substrate for Bonding

Bonding Load: 14.5N
Ultrasonic Power: 8W

700

Fig. 3 An example of AI-Ni wire bonds joined at 423 K.

Al Wire
Al-Ni Wire

Deformation Width, W/um
1

Al Wire 600/~

“Deformation Width |

| l |
100 140 180 220

Bonding Time, T/ms

Substrate for Bonding

Fig. 5 Relationship between the bonding time and the deformation width
Fig. 4 Schematic illustration of the shear test. of Al and Al-Ni wire bonds.
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Fig.‘ 7 Shear strength as a function of deformation width for Al and AI_N'Fig. 9 The shear strength of Al and A-Ni wire bonds as a function of
wire bonds. bonding time.

According to the data obtained for the Al ball bonding pro-
cess'® the true bonded area between Al balls and Al elec- Figure 8 shows the Si chip damage occurrence ratio for
trodes increases with the ball hardness, and hence the bobdth modules bonded with Al and Al-Ni wire as a function
ing strength increases with the ball hardness. Therefore, th&the bonding time at RT. In both cases, Si chip damage
result of Fig. 7 can be interpreted as follows: A hard Al-does not occur when the bonding time is less than 140 ms.
Ni wire results in sufficient deformation of the Al electrodeswhile, Si chip damage occurs when the bonding time be-
to rupture the oxide film, giving a larger true bonded area;omes longer than 140 ms.
and hence a stronger bond, even if the deformation width is
small® In consideration of the above facts, it can be said tha&3 Effect of high temper ature bonding on bonding time
wires harder than pure Al, including Al-Ni alloy, enhance the Based on the results dealing with the relationship between

bonding strength. Si damage and bonding time, the bonding time should be
less than 140 ms. In a previous report, we confirmed that the
3.2 Investigation of Si damage shear strength by high temperature bonding at 423 K exhibits

The breakdown voltages of modules bonded with Al andtrength comparable to those of RT bonding even if the ultra-
Al-Ni wires by the varying bonding time were evaluated ussonic power is less than 50% of RT bonditi{gNext we did
ing curve tracer. The breakdown voltage for a module withowvire bonding at RT and 423 K by varying the bonding times
Si damage was 2000V, and for one with Si damage occurrirand examined the shear strength. The shear strength of Al and
during the bonding process was less than 100 V. Al-Ni wire bonds were plotted against their bonding times in
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cases, as shown in (b) and (c). These results clearly show
that high temperature bonding can reduce the bonding time to
less than 1/4 as compared with RT bonding without the oc-
currence of Si damage. High temperature bonding enhances
the deformation of Al electrodes and Al wires and breaks the
oxides of both, resulting in a increase in the true bonded area,
even in a short time range. Hence high temperature bonding
using Al-Ni wire is considered to be one of the most promis-
ing candidates for the mass production of highly reliable large
current power modules.

4, Conclusions

In order to create a high-strength and high-speed thick Al
wire bonding technology, we have investigated high temper-
ature bonding at 423 K using Al-Ni wire. The following re-
sults were obtained.

(1) The strength of the wire bonds using Al-Ni wires was
found to be higher than those using Al wires.

(2) AI-Ni wire bonds joined at 423K for 40 ms exhib-
ited high strength, which is comparable to Al-Ni wire bonds
joined at RT for 180 ms.

(3) It is possible to substantially reduce the occurrence
of Si damage if high temperature thick Al-Ni wire bonding
technology is used.

/

Al-Ni wire (4) High-temperature, high-speed bonding using Al-Ni
wire can be considered as a promising bonding technology
for the mass production of low cost power modules.
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