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ABSTRACT

Superior quality and reliable semiconductor integrated circuit (IC) packaging is required
in electronic products especially for automotive applications due to the user safety
concern. Therefore, improvement and controlling of IC package defects to reduce field
application and reliability failure is essential. One of the defects that leads to this problem
is package delamination. Delamination is a phenomenon where there is a gap or separation
between two different interfacial surfaces. Poor adhesion between substrate and resin
molding compound in 1C packaging can cause serious quality issues which degrade the
product and package quality. Hence, the purpose of this study is to identify the relation
between surface texturing (roughening) on pre-plated leadframe (PPF) substrate and
delamination issue in IC packaging assembly. The textured surface of pre-plated
leadframe was prepared by the substrate supplier. In this study, four analyses were
performed which analysis of surface morphology, wettability test (contact angle
measurement), resin molding shear strength test and moisture-temperature reliability test.
For surface morphology analysis, textured PPF substrate showed an average surface
roughness of 284nm while standard copper (Cu) substrate showed only 174nm (average
surface roughness). Meanwhile for the wettability test, textured PPF substrate showed the
highest value of contact angle (71°) at room temperature compared to standard Cu
substrate. However, at 175°C temperature which was simulated according to inline I1C
assembly manufacturing condition (real manufacturing environment), the textured PPF
substrate exhibited the lowest contact angle value which only 55° compared to standard
Cu substrate (66°). Low contact angle value at inline simulation temperature (175°C)
indicated good wettability where the liquid was well dispersed on the solid surface (PPF
substrate surface). Furthermore, high shear strength value was observed for textured PPF
substrate (27-40kgf) compared to standard Cu substrate (8-13kgf). The final package
reliability test revealed that no delamination was observed for textured PPF substrate
samples. Nevertheless, this delamination issue was observed for standard Cu substrate
samples. All the analyses findings agreed that the interfacial surface adhesion between
substrate and molding compound was significantly improved via surface texturing. This
pointed out that surface texturing (roughening) on PPF helps to eliminate and control the
delamination by improving and providing good adhesion between mold compound and
substrate surfaces. As a result, high quality and better reliability performance of IC
package was produced and safe to be used in electronic products.



KAJIAN PELEKANGAN DI ANTARA SUBSTRAT KERANGKA DAN SEBATIAN
ACUAN EPOKSI BAGI PEMBUNGKUSAN SEMIKONDUKTOR GARIS KECIL

ABSTRAK

Pembungkusan litar bersepadu (IC) semikonduktor yang berkualiti tinggi diperlukan bagi
produk-produk elektronik terutamanya dalam bidang automotif kerana melibatkan
keselamatan pengguna. Oleh itu, penambahbaikan dan pengawalan terhadap kecacatan
pakej IC bagi mengurangkan kegagalan perlaksanaan dan kebolehpercayaan di
lapangan adalah penting. Salah satu kecacatan yang menyebabkan masalah kegagalan
perlaksanaan ini ialah pakej yang mengalami delaminasi. Delaminasi ialah keadaan di
mana lapisan di antara dua muka berbeza terpisah dan membentuk ruang kosong di
antaranya. Lekatan yang lemah di antara lapisan substrat dan sebatian damar dalam
pakej IC boleh menyebabkan isu kualiti yang serius dan merendahkan kualiti pakej dan
produk. Tujuan kajian ini adalah untuk mengenalpasti perkaitan di antara proses
penteksturan permukaan (menjadikan permukaan lebih kasar) pada kerangka substrat
pra-sadur (PPF) dan fenomena delaminasi dalam pembungkusan pakej IC. Substrat pra-
sadur dengan permukaan bertekstur (kasar) disediakan oleh pihak pembekal substrat.
Empat analisis dijalankan iaitu analisis morfologi permukaan, ujian kebolehbasahan
(pengukuran sudut sentuhan), ujian kekuatan ricih sebatian damar dan ujian
kebolehharapan suhu-lembapan. Untuk analisis morfologi permukaan, substrat PPF
bertekstur kasar mempunyai kekasaran permukaan purata iaitu 284nm berbanding
substrat kuprum (Cu) piawali iaitu 174nm. Bagi ujian kebolehbasahan, substrat PPF
bertekstur kasar menunjukkan nilai tertinggi sudut sentuhan (71°) pada suhu bilik
berbanding substrat Cu piawai. Apabila pengukuran dilakukan pada suhu 175°C
(simulasi keadaan pemasangan IC yang sebenar), substrat PPF Dbertekstur kasar
menunjukkan nilai sudut sentuhan paling rendah iaitu hanya pada 55° berbanding dengan
substrat piawai Cu (66°). Nilai sudut sentuhan rendah membuktikan tahap
kebolehbasahan yang baik di mana cecair tersebar dengan baik di permukaan pepejal
(permukaan substrat PPF). Seterusnya, nilai ujian kekuatan ricih lebih tinggi
diperhatikan pada substrat PPF yang bertekstur (27-40kgf) berbanding substrat Cu
piawai (8-13kgf). Ujian kebolehharapan pakej menunjukkan bahawa tiada delaminasi
untuk substrat PPF bertekstur kasar manakala terdapat delaminasi bagi substrat Cu
piawai. Hasil analisis menunjukkan bahawa kekuatan ikatan antaramuka di antara
substrat dan sebatian damar telah bertambah baik dengan ketara melalui kaedah
penteksturan permukaan. Ini menunjukkan perkaitan di antara penteksturan permukaan
pada substrat PPF dan fenomena delaminasi. Penteksturan permukaan dapat mengawal
dan menghapuskan delaminasi pada pakej IC melalui penambahbaikan dan penyediaan
lekatan yang kuat di antara sebatian damar dan permukaan substrat. Dengan itu, pakej
IC yang berkualiti tinggi dan prestasi kebolehharapan yang lebih baik dapat dihasilkan
serta selamat digunakan di dalam produk-produk elektronik.
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CHAPTER 1

INTRODUCTION

This chapter provides information of the study background, problem statement, research

objectives and research scope.

1.1  Background

Now in the days of the fourth industrial revolution (IR 4.0), the new trends of
automotive electronics such as autonomous vehicles (AV), hybrid-electric vehicle (HEV)
and in-car infotainment are accelerating the automotive industry (Ardebili et al., 2019). Thus,
reliable and full capabilities of integrated circuit (IC) devices are necessary for these
automotive applications. These automotive devices require high quality and robust
packaging solutions. Any functionality impairment will lead to lifetime reliability and safety
risk. Device components used in automotive systems such as air bags, door locks, power
train, tire pressure monitoring sensors and emergency brake system require high
performance and long lasting with zero failures. Many automotive original equipment
manufacturers (OEM) demand that IC components should last for 18 years with zero failure.
For instance, 4,000 cars have been produced every day by Audi which composes of 7,000
IC components in every single car. Meanwhile 10,000 cars have been produced for BWM
every day (Sperling and Rambo, 2019). This report proofs that an enormous amount of IC
components has been used in automotive industries. Therefore, reliability improvement in

IC package components that satisfy the current automotive standard is vital.



One of the common failures in IC packaging is delamination which can cause serious
problems such as degrading the package quality, influencing the package reliability and
leading to safety performance issue (Danielle et al., 2018; Sukantharat et al., 2020). Many
semiconductor companies such as Renesas, Sony and Toshiba provide their own quality
handbook for users and customers that emphasizes the long-life span, quality and safety of
their products (Renesas Electronics Corporation, 2017; Sony Semiconductor Solution

Corporation, 2018; Toshiba Electronic Devices & Storage Corporation, 2018).

Delamination is interpreted as weak interfacial adhesion (or loss of adhesion) and
separation of the encapsulant from an adjacent material at the interface. This issue is
contributed by the mismatch of CTE (coefficient of thermal expansion) between two
different types of dissimilar material interfaces at elevated or high temperature. In IC
packaging, the occurrence of delamination is commonly observed between molding
compound and metal leadframe substrate interfacial surfaces (Denoyo et al., 2018; Khanna,
2011; Sukantharat et al., 2020). In addition, post encapsulation delamination may also occur
during IC packaging assembly manufacturing, board assembly and field application. There
are several major factors that contribute to the delamination occurrence, for instance poor
wetting, moisture ingression, high temperature and mechanical stress that induced during IC

assembly processes (Garete et al., 2020; Tay et al., 1999; Tay et al., 1998).

In integrated circuit of semiconductor packaging, the leadframe (LF) subsrate
provides mechanical support for chip attaching and for electrical connection between
attached chips with external leads of the package (Liu et al., 2008). These days, pre-plated
leadframe (PPF) is an option to the conventional standard copper (Cu) leadframe that offers
various advantages to the semiconductor IC packaging. This PPF substrate helps in
leadframe solderability improvement and enhances the adhesion of epoxy mold compound,

die attach and wire bonds (Christopher, 2013). This Cu-alloy-based plated leadframe
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comprises of several layer of metal plating, for example NiPd (nickel/palladium), NiPdAu
(nickel/palladium/gold), NiPdAu-Pd (nickel/palladium/gold-palladium alloy) and NiPdAu-
Ag (nickel/palladium/gold-silver alloy) (Li et al., 2011).

Surface texturing or roughening the plated metal layers is one of the alternative
procedures to improve the adhesion strength between molding compound to the leadframe
or between molding compound to the chip interface. Textured and roughed PPF surface
helps to improve the mechanical interlocking between two different interfacial surfaces and
subsequently resulted in higher and better adhesion between these dissimilar interfacial
surfaces. This process helps to control delamination issue for better IC package quality and
reliability (Christopher, 2013; Sukantharat et al., 2020; Wenjing et al., 2012). Nevertheless,
optimum surface roughness is required to ensure adhesion between these different interfacial
surfaces. This is due to a very rough surface will mismatch with the adhesion standpoint

while a smooth surface reduces the adhesion tendency (Khanna, 2011).

1.2 Problem Statement

A reliable IC package is highly demanding in electronic automotive industries. A
weak adhesion between leadframe substrate and molding compound can cause various
serious issues that impact the reliability, quality and safety of the IC package device
(Danielle et al., 2018; Sukantharat et al., 2020). Copper alloy metal substrates (leadframes)
are widely used in electronics packaging industries (Vivet et al., 2020; Vivet et al., 2013).
However, copper surfaces will easily oxidize when exposed to high temperature during IC
assembly processing. The formation of oxide layer on the leadframe surface can lead to poor
interfacial adhesion between leadframe and encapsulant compound during assembly process
which can further accelerate the moisture-induced in the package component and degrade

the bonding adhesion (Razali et al., 2018).



