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ABSTRACT

Wire bonding technology has been widely used in the semiconductor industry for
interconnection between chip and lead frame or substrate. Gold (Au) is the most widely
used metal for Integrated Circuit (IC) wire bonding because of its resistance to surface
corrosion and high productivity through the Au ball bonding process. However, the
upward trend in gold price has prompted the industry interest in gold wire replacement.
Copper (Cu) would be one of the best selections as an interconnection material in
semiconductor packaging because of its obvious advantages over gold in cost comparison.
Cu wire also has lower resistivity where could offer improvement in circuit performance.
Despite its material properties advantages, Cu wire bonding technology has still facing
many technical challenges due to its characteristic. Copper are very corrosive. Oxidation
could easily happen on copper wire and bond pad which cause poor interconnect. In order
to solve the bondability issue of Cu wire bonding, the selection of wire capillary and
bonding parameters are among key factor must be considered. Design of Experiment (DOE)
and evaluations were carried out to have better understanding of this technology. Ball bond
diameter, ball height, ball pull and ball shear are among key wire bonding responses been
analysed. This development covered the impact analysis of bond pad and circuitry
underneath using pad cratering method. Experiment results shown that all bonding
responses are meeting targeted results even with additional welded area and cross-section
check. One of the key findings was the pre-bonding and initial bonding parameters are
crucial for good bondability in Cu-Cu bonding technology. This new understanding
becomes a gate opener for further Cu-Cu package development.



ABSTRAK

Teknology “wire bond” telah digunakan secara meluas dalam industri semikonduktor
untuk sambungan antara cip dan rangka utama atau substrat. Emas (Au) adalah antara
logam yang paling banyak digunakan dalam proses wire bond. Emas mempuyai kelebihan
dalam rintangan hakisan permukaan dan produktiviti yang tinggi. Walau bagaimanapun,
arah aliran harga emas telah mendorong industri untuk mencari penggantian wayar emas.
Tembaga (Cu) akan menjadi salah satu pilihan yang terbaik dalam industri semikonduktor
kerana kelebihannya yang jelas ke atas emas terutamanya pada perbandingan kos. Cu
wayar juga mempunyai keringtangan yang lebih rendah di mana ia dapat memberi
peningkatan prestasi litar. Walaupun kelebihan sifat-sifat bahannya, teknologi wire bond
dengan Cu wayer masih menghadapi pelbagai cabaran teknikal disebabkan oleh ciri-ciri
bahannya. Tembaga adalah sangat mengakis. Pengoksidaan mudah berlaku pada dawai
tembaga dan bond pad tembaga yang menyebabkan kelemahan dalam interconnect. Untuk
menyelesaikan isu bondability ini, pemilihan wayar, kapilari dan parameter wire bond
adalah antara faktor penting perlu dipertimbangkan. “Design of Experiment” (DOE) dan
eksperimen dijalankan untuk mendapat pemahaman yang lebih baik daripada teknologi ini.
Diameter bebola, ketinggian bebola, kekuatan tarikan bebola dan kekuatan ricih bebola
adalah antara respons utama yang telah dianalisis. Pembangunan ini juga meliputi
analisis terhadap impak pada bond pad dan litaran di bawahnya dimana kaedah Pad
Cratering digunakan. Hasil daripada kajian ini menyunjukkan semua respons utama
mematuhi objectif yang disediakan. Antara penemuan penting adalah pre-bond and initial
bonding adalah parameter yang penting sekali untuk teknologi Cu-Cu bonding.
Kefahaman ini penting untuk perkembangan masa hadapan ikatan antara tembaga wayer
pada pad tembaga.
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CHAPTER 1

INTRODUCTION

This chapter aims to introduce overview of semiconductor manufacturing processes
covering both front-end and back-end production. As the project is focusing on back-end
assembly, information on packages is descripted as well. With the brief introduction of
semiconductor processes, both background of the study and problem statement are
discussed. Objective, scope under study and significant of the study is covered under this

chapter as well.

1.1 Semiconductor Manufacturing

The semiconductor production process can be divided into two progressive sub-
processes commonly referred to front-end and back-end manufacturing which both contain
many process steps. The entire process, both front-end and back-end production, is

complex and requires sophisticated engineering and manufacturing expertise.

As shown in Figure 1.1, front-end production refers primarily to wafer fabrication,
whereas back-end production refers to the assembly and test of individual semiconductors.
Thus, in semiconductor manufacturing, integrated circuit (IC) packaging is the final stage
of semiconductor device fabrication, in which the tiny block of semiconducting material is
encased in a supporting case that prevents physical damage and corrosion. It is also known
as a "package", supports the electrical contacts which connect the device to a circuit board.

1



Figure 1.1: Overview of Semiconductor Manufacturing Processes, Front-end and Backend
(Anonymous, Accessed on 14 December 2015)

The system under study is semiconductor integrated circuit in back-end assembly
process technology. Back-end production refers to the asseml')ly and test of individual
semiconductors which the process flow are sketched in Figure 1.2. The assembly process is
necessary to protect the chip, facilitate its integration into electronic systems, limiting
electrical interference and enabling the heat dissipation from the device. Once the front-
end production process is complete, the wafer is transferred to an assembly facility, where
it is sawed into individual chips. These semiconductor chips are then individually attached
by means of an alloy or an adhesive to a lead frame, a metallic device used to connect the
semiconductor to a printed circuit board (PCB). Leads on the lead frame are then
connected by aluminium (Al), gold (Au) or copper (Cu) wires to the input/output terminals
on the semiconductor chip through the use of automated machines known as wire bonders.
Each semiconductor device is then encapsulated in a plastic mold compound or ceramic
case, forming the package. After assembly, semiconductors package are tested for different

operating specifications, including functionality, voltage, current and timing.
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Figure 1.2: Back-end Manufacturing Process Flow

Generally, packaging could be divided into 2 main categories. leaded and leadless.
Packaging with lead protruded from package called leaded package. Interconnect to circuit
board are mainly done with surface mount technology. Examples of leaded packaging are
Quad Flat Package (QFP) and Thin Small-Outline Package (TSOP) in Figure 1.3. Whereas,
packaging without lead are commonly connected to circuit board with solder balls. Ball

Grid Array (BGA) is the best example of leadless packages.
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Figure 1.3: Example of Leaded (Left) and Leadless (Right) Packages
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1.2 Background of the Study

In the semiconductor and overall electronics industry, the move toward further
miniaturizing of packages, components and modules while also increases their
functionality. This trend challenges the back-end assembly process forwarding in high
density packages and pushing the limits of equipment and process in terms of accuracy and

speed, especially for the wire bond process.

Wire bonding is the method used to attach very fine wire from one connection pad
to another, completing the electrical connection in an semiconductor or electronic device.
Wire bonding is generally considered the most cost effective and flexible interconnect

technology and is used to assemble the vast majority of semiconductor packages.

Different types of wires are used for the wire bond procéss: gold (Au), Aluminium
(Al) and copper (Cu). Each material has its advantages and disadvantages and is bonded by
a different method. As majority of integrated circuit (IC) are assembled with wire bonding
process, it is crucial to understand this technology. This study is focusing on Cu wire

bonding particularly on 40 nanometre node wafer technology with low-k material.
1.3 Problem Statement

Gold (Au) wire is the most widely used for IC wire bonding because of its
resistance to surface corrosion and high productivity via the gold ball bonding process.
However, the upward trend in gold price has urged the industry interest in gold wire
replacement. According to Chauhan et al. (2014), gold price rose to double the price in
year 2013 compared to year 2008. Figure 1.4 below shows the gold price from year 2008

to 2013.
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Figure 1.4: Gold price from 2008 to 2013 (Chauhan et al., 2014)

Copper would be one of the best selections as an interconnection material in
semiconductor packaging because of its obvious advantages over gold. Copper wire offers
significant cost advantage over gold wire. It is also an excellent replacement for gold wire
due to its similar electrical properties. Copper wire has lower resistivity where could offer
improvement in circuit performance as well. Similarly goes to copper bond pad compared

to gold plated bond pad.

Despite material properties advantages, copper wire bonding technology has still
facing many technical challenges due to its characteristic. Copper are very corrosive.
Oxidation could easily happen on copper wire and bond pad which form copper oxide that
act as barrier to interconnect (Descartin et al., 2013). Copper wire is relatively harder and
brittle compared to gold wire which has high risk of damaging bond pads and circuitry
underneath bond pad. Robust pad stack design needs to be developed to resolve this issue

as well to prevent damage to circuitry underlying bond pad.



In order to solve the bondability issue of cu wire bonding, the selection of wire
types, wire capillary, bonding parameters are among key factor to be considered
(Premkumar et al., 2008). Various options of protective layer on bare copper bond pad are
planned to be evaluated as well. Design of Experiment (DOE) and experiment need to be
carry out to have better understanding of this technology. This development shall cover the

impact analysis of bond pad and circuitry underneath, especially fragile low-k material.

1.4 Objective of the Study

The main objectives of the study are the following:

1. To study on copper wire bonding in market and development of Copper Wire Bonding.

2. To explore the bondability between palladium coated copper (PCC) wire and copper
bond pad coated with oxidation protective layer.

3. To evaluate and measure the performance output of Cu-Cu and impact of wire

bonding process toward low-k material structure.

These activities are expected to be completed within 5 months. The detail Gantt Chart

Planning is sketched and attached in Appendixes A.

1.5 Scope of the Study

This study is focusing on Copper wire bonding on Cu bond pad (Cu-Cu) bonding
characterization, optimization and to understand the impact of bond structure underneath
bond pad due to bonding process. Targeted test vehicle used will be latest 40nm node
wafer technology in Low Profile Quad Flat Pack (LQFP), lead frame package platform.
Reliability assessment is not planned in this study. Details scope of the study is outlined in

K-chart format shown in and attached in Appendixes B.



