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ABSTRACT

Etching process involves various chemical reactions and reflects significantly on
silicon wafer quality. This master project addresses the major problem on wafers
during etching that is wafer removal distribution throughout etching drum
compartment. The etching drum has been redesigned to overcome the lower removal
problem at the end of each compartment. The characteristics of the end wafers are
compared with other wafers in the compartment to study the etching difference that
leads to this problem. Etching parameters are then evaluated in order to optimize the
etching process in conjunction with the use of this new drum. For optimization
purpose is by applying Design of Experiment (DOE) with full factorial design is
employed. Etching factors namely the bubbling flow rate, wafer rotation, and etchant
temperature had been varied in 11 runs in the DOE. The responses studied etching
removal, total thickness variation (TTV) and wafer brightness. It is found that etchant
temperature gives major a impact on all three responses stated above. The etchant
temperature is the main effect factor and significantly affects TTV. Additionally, the
etchant temperature and bubbling flow rate provide interaction effect on both the
etching removal and wafer brightness. A higher bubbling flow rate is required to
ensure etching removal and brightness within specification. Besides studying these
three responses, the wafer surface after etching is additionally analyzed using ADE
Infotool software which captures the etched profile and its thickness. From the ADE
result, it again indicates that a higher temperature contributes to a more concave
shape of etched wafer, thus resulting in higher TTV sending the wafers to be out of
specification. Finally, the optimum condition is tested on a final run utilizing all the
four compartments. The uniformity without lower removal at the end compartment is
observed in removal distribution graph. The new drum design performance is
enhanced with the optimized value of bubbling flow rate, etchant temperature and

wafer rotation to achieve the best removal distribution.
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ABSTRAK

Proses Punaran (Etching) melibatkan pelbagai tindak balas kimia dan memberi kesan
yang ketara terhadap kualiti wafer. Projek sarjana ini mengenalpasti masalah utama
dalam proses punaran terhadap wafer, iaitu penyingkiran silikon yang tidak sekata
dalam keempat-empat kompatmen pada drum wafer. Rekabentuk drum diubah untuk
mengatasi masalah ini. Profil permukaan wafer dianalisis dan dibandingkan dengan
wafer di bahagian tengah drum untuk menganalisa perbezaan profile keduanya dan
kaitannya dengan masalah ini. Parameter punaran dianalisa untuk menyelaraskan
perubahan drum baru untuk mencapai proses punaran yang optimum. Kaedah
eksperimen yang digunakan adalah “Design of Experiment” (DOE) dengan kaedah
faktorial penuh. Faktor punaran seperti kadar aliran buih, pusingan wafer dan suhu
asid dipelbagaikan dalam 11 set eksperimen. Kesan faktor-faktor ini melibatkan
penyingkiran silikon, jumlah variasi ketebalan (TTV), dan kecerahan wafer.
Keputusan DOE mendapati suhu acid adalah factor yang paling berpengaruh ke atas
ketiga-tiga kesan proses punaran yang disebutkan tadi. Suhu asid adalah faktor utama
yang paling signifikan terhadap TTV. Manakala suhu asid dan kadar aliran buih
memberikan kesan menyaling terhadap peyingkiran silicon dan kecerahan wafer.
Kadar aliran buih yang tinggi diperlukan untuk memastikan penyingkiran silicon dan
kecerahan wafer dalam spesifikasi. Di samping keputusan itu, profil permukaan wafer
selepas punaran dianalisis menggunakan perisian ADE Infotool yang memberi
keputusan profail wafer dan perubahan ketebalan wafer sepanjang keratan rentas.
Daripada keputusan ADE, suhu asid yang tinggi sekali lagi menunjukkan kesan yang
ketara terhadap profil wafer. Suhu asid yang tinggi memberikan profil yang cerun ke
dalam wafer, dan ini sekaligus menjadikan TTV keluar dari spesifikasinya. Akhir
sekali, nilai optimum yang diperolehi dari DOE tadi dijalankan ke atas ekeperimen
yang terakhir untuk menilai pencapaian keempat-empat kompatmen. Keseragaman
tanpa penyingkiran silikon yang rendah di tepi setiap kompatmen dapat dicapai.
Rekabentuk drum yang baru ini diperkukuhkan lagi dengan nilai optimum kadar
aliran buih, suhu asid, dan pusingan wafer dalam drum untuk mencapai keseragaman

penyingkiran silikon.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

In silicon wafer manufacturing, the wafer goes through many processes
before it goes to the etching process (Seth P. Bates, 2000), as depicted by the

following :

[ INGOT ] - Slicing = Grinding Edge profile = Lapping - Etching >
Annealing = Sandblasting = Polishing = Complete Wafer (PW)

Before it becomes a polished wafer, so called PW wafer, the processes from slicing
to sandblasting produce wafers that are referred to as CW wafers. It is crucial to
sustain wafer flatness starting from the CW stage before the wafer is eventually

polished.



This project will focus on the etching stage of wafer manufacturing. Overall etching
process is employed to reduce the wafer thickness to an acceptable value, as well as
to produce an acceptable level of brightness on both surfaces. Finally, the wafer

will be subsequently polished on one surface.

The etching process done here is an isotropic etching type, in which etching
happens in all directions (Shimura, Fumio 1989). Wafers are loaded inside a
basket, which one basket containing 23 pieces of wafer. The etching arrangement
employs one etching drum that can accommodate up to four baskets, with one
basket fitting into one compartment. Thus, one etching drum contains of four
compartments. This means that at any time, 92 pieces of wafer can be etched (23

pieces X 4).

Shown below are pictures of an etching drum with four compartments and an

etching drum being loaded into the etching machine:

Figure 1.1: Existing etching drum



Figure 1.2: Drum being load into the etching machine



1.2 PROBLEM DESCRIPTION

In the etching stage, the most important characteristic which affects wafer
polishing is wafer thickness. Apart from the dimensions and qualities of an
individual wafer, equally critical is the variation of such characteristics between
wafers within a compartment as well as those between compartments in the whole
etching drum. The whole ingot lot will be processed concurrently. Every piece in
one ingot will go through the same particular condition set by machine according to
its characteristic. When there are big variations, for example variations in thickness
removed during etching, some of the wafers will be out of specifications. When a
wafer is out of specification, there can be two possibilities:

a) Recovery:

The out of specification wafer will be sent to respective area that can
eliminate the defect, and the wafer will be processed for the second time
until it is in specification (within its tolerance). The disadvantages of
recovery are it involves a waste in chemicals needed, power, water

consumption, and production time (less output).

b) Reject:
This is the last resort, and will be done when wafer cannot be salvaged

anymore.

Thus, it is important to improve a process, whereby small improvement will

potentially bring large saving to manufacturing.

Currently, variations in wafer thickness removed during etching are observed
within a compartment especially with wafers positioned at the two ends of each of
the four compartments. Figure 1.3 below depicts a typical profile of etching
thickness removed (labeled as etch removal) for a batch of wafers in one etching
drum. There are four compartments in one drum. The reduced etch thickness
removed from eight wafers on each side of the four drum compartments are

indicated by the eight low spikes.
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Figure 1.3: Low spike at beginning and end of each compartment

NB: Etching removal = wafer thickness before etching (lapped thickness) MINUS

wafer thickness after etching

It is apparent that wafers positioned at each side of a compartment have lower
removal than wafers located in the middle part of the compartment. Additionally,
variations are also suspected between compartments. In other words, etching rate is
not uniform between compartments. It is suspected that the middle compartments
(that is compartment no. 2 & 3) provide better removal. However, this needs to be
studied further. The main challenge here is how to maintain uniform removal

among wafers in a compartment and between drum compartments.

It is thought that the above variations are due to various etching and etchant
parameters, such as uniformity of etchant flow rate (referred to as bubbling
flowrate), variation in acid temperature, silicon content in the etchant, etching drum
groove dimension, existence of gaps between compartments in the etching drum
and so on (Kuo Shen Chen et al, 2002, D.J. Blackwood et al 2003).

Apart from wafer thickness, the brightness of etched surface is also an important
parameter. The brightness needs to be maintained at certain acceptable level. There
are two types of brightness level specification after the etching process, namely:

a) 20% to 60% for 30 um etching removal

b) 20% to 80% for 40 um etching removal



It is normal for the etching process to give rise to another problem in which wafer
become excessively bright. When wafer brightness exceeds the specified level, the
will be more shiny than normal. Shine wafers will be more sensitive and are prone

to have stains. This phenomenon will affect yield and contribute to higher rejects.

In order to fully address this challenge, many aspects need to be investigated. As
stated earlier, the current study focuses on the etching stage and within the etching
stage, this project looks at mainly the issue of drum design. If an improved drum
design can be developed, it can be made as a basis for further and more

comprehensive investigation.

Once the new drum has been designed, this project will be looking further on
etching parameters evaluations. Etching machine parameters will be varied using
Design of Experiment (DOE) method to obtain optimum condition setting.

1.3 OBJECTIVE

1. To study the etching performance of silicon wafers when using drum design
with reduced gaps between compartments
2. To study etching performance of silicon wafers by varying etching

parameters to obtain optimum condition



1.4 SCOPE

1. Two etching drum designs will be developed, ordered and tested, and
compared against current designs.

2. Output parameters to be monitored during etching are thickness variation,
surface brightness and surface finish.

3. Investigations will be conducted at different condition of etching input
parameters, namely etchant temperature, bubbling flow rate and speed of
wafer rotation.

4. The currently used proprietary etchant formulation will be employed

Additional Notes:

As mentioned earlier, this project hopes to produce a better removal distribution
during wafer etching process. Flatness monitoring is not included in the scope of
the current project. However, if flatness measurement can be obtained, it could help
to reduce whether a smaller deviation in etching removal is also coincident with

better flatness.

It is possible that variations are due to non-uniform etchant flow rate. In etching
compartment, there are 29 slots per compartment. 23 wafers will be positioned in
each compartment, using slot numbers 3 to 26. Slot numbers 1, 2, 27, 28, and 29
will be left empty. It is suggested that this gap means that a cooler region may exist
next to the nearest wafers resulting in lower removal of these wafers (refer to Figure
1.4):
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Figure 1.4: Low Temperature Region
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