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ABSTRACT

With the continuous trend of new technologies in semiconductor manufacturing assembly,
challenges and issues are unavoidable. This paper presents the modification and improvement
done on the process plate design to eliminate the bouncing effect of the silicon die that leads to off-
centered ball (OCB) reject during the formation of wire on a quad flat no-leads (QFN) device. The
panel type single-row process plate cannot totally vacuum the warped leadframe and this is
resulting to off-centered ball. Through changing the panel type single-row process plate to panel
type multi-hole process will have a strong vacuum sucked underneath the leadframe and
eliminates the occurrence of off-centered ball. Future works could use the improved process plate
design for devices of similar configuration.
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1. INTRODUCTION semiconductor wire from a silicon die to the

substrate or leadframe to create an electrical
Wirebond is a process under semiconductor connection to the printed wiring board (PWB).
assembly wherein it directly attached a This technique of connecting the silicon die to the
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input/output (1/0) became popular due to growing
demand for compact and smaller integrated
circuit (IC) packaging like QFN, quad flat pack
(QFP) packages and ball grid array (BGA)
devices that have delicate structure of bonding
pads. Note that with new and continuous
technology trends and state-of-the-art platforms,
challenges are inevitable [1-5].

The wire used is usually made either of gold or
aluminum, with copper and silver wires added
recently in semiconductor assembly
manufacturing industry. The typical wires can be
attached using thermocompression method. This
technique uses heat that is applied to the
material to create a material softening
synchronized to the application of pressure to
mechanically form an intermetallic between two
materials (bond pad to wires). Later development
for wire bonding introduces ultrasonic principle
together with thermocompression method which
is mostly recommended for more delicate
structure  of bonding pads. In this
technique, there is less pressure required and
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the formation of intermetallic structure is
driven by the application of ultrasonic to the
capillary.

This paper presents a solution to successfully
process this type of packaging technology by
using a panel type multi-holes process plate. The
leadframe or substrate will totally be vacuumed
or sucked underneath to have a stable
wirebonding. This in turn will eliminate the
bouncing effect of the leadframe. Fig. 1 shows
the representation of a wirebonding process.

2. REVIEW OF RELATED LITERATURE
AND PROBLEM IDENTIFICATION

Assembly process flow for QFN device is shown
in Fig. 2 highlighting the assembly process in
focus. Important to note that assembly process
flow changes with the product and the
technology. Also as previously mentioned, new
technologies and breakthroughs bring along its
many challenges.

Fig. 1. Wirebonding process
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Fig. 2. Actual process flow of QFN
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One of the existing defects for wirebonding
process is off-centered ball or when the ball is
not properly formed a circle on the bond pad.
Shown in Fig. 3 is the actual reject manifestation.

An off-centered ball defect may produce bond
pad cracks and might damage the internal array

of connection of the silicon die. The
manifestation of this defect signifies internal
damage that might not be easily detected
through series of inspection but greatly affects
the functionality of the unit and may failed during
the reliability testing of the device.

The application of heat during die attach, oven
curing and wirebonding is observed to produce
warpage using single-row process plate as
shown in Fig. 4. The warpage is mostly
contributed to wirebonding process because it
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has a higher temperature compared to die attach
process. The warpage in this study has a
significant effect in machine alarm/fallen units
from the auto-picker and time-zero (TO)
delamination in the mold to leadframe interface.

Fig. 5. shows the actual single-row process plate
used in LGA device. The single-row process
plate given in Figs. 4 and 5. has a weakness of
sucking the leadframe underneath because the
warped leadframe are not totally across to the
vacuum holes. Another effect of the warped
leadframe is bouncing during the attachments of
wires. Bouncing effect is observed during the
formation of wire for first bond or when the
capillary applies force to the silicon die (bonding
pad) during the formation of intermetallic
between wires.
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Fig. 3. Actual reject unit
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Fig. 4. Warpage illustration using single-row process plate
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Fig. 5. Single-row process plate

3. PROCESS AND DESIGN
MENT

IMPROVE-

There are multiple approaches in resolving strip
warpage that are known in many assembly sites,
however the occurrence of worst warpage in this
study is resolved through the improvement and
modification of multi-row process plate material.
This paper is focused on the optimization of
process plate to eliminate the occurrence of off-
centered ball through re-designing the vacuum
holes of the process plate. A process plate with

N
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multi-hole design is shared in Fig. 6. Fig. 7 gives
the actual process plate with multi-hole, while
Fig. 8 shows a good ball formation when using
the said process plate.

The multi-hole applies vacuum underneath the
leadframe to the unit that will be wirebonded.
This design of process plate is applicable for 1
whole panel depending on the number of rows
on the leadframe. This multi-hole design is also
relevant to QFN with tape on the backside of the
leadframe and QFN tapeless devices.
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Fig. 6. Process plate with multi-hole design

Fig. 7. Actual process plate with multi-hole
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Fig. 8. Actual good ball formation

4. CONCLUSION AND RECOMMENDA-
TIONS

Off-centered ball elimination was successfully
realized through the process and design
improvement focused on the process plate
design. The re-arrangement and introduction of
multi-holes on the process design produced a
100% improvement in the off-centered-ball defect
reduction with the defect occurrence actually
eliminated.

The technique in process plate shared in this
study could be used for future works on other
semiconductor devices with similar configuration.
Comparison of existing works and other studies
should also be included for added analysis.
Important to note that continuous process
improvement is imperative to sustain the high-
quality performance of semiconductor products
and its assembly manufacturing. Studies and
learnings shared in [6-12] are helpful in
reinforcing robustness and optimization of
assembly processes focused in wirebonding.
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