UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Faculty of Manufacturing Engineering

NON-STICKING ON GROUND RING IMPROVEMENT FOR
COPPER WIRE BONDING WITH DMAIC APPROACH

Tan Kian Heong

Master of Manufacturing Engineering
(Manufacturing System Engineering)

2016



NON-STICKING ON GROUND RING IMPROVEMENT FOR COPPER WIRE
BONDING WITH DMAIC APPROACH

TAN KIAN HEONG

A thesis submitted _
in fulfillment of the requirements for the degree of Master of Manufacturing
Engineering (Manufacturing System Engineering)

Faculty of Manufacturing Engineering

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

2016



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

L =UTel

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

CENTRE FOR GRADUATE STUDIES

CHECKLIST FOR THESIS SUBMISSION

Tan Kian Heong

Master of Manufacturing Enginering

Name : Degree :
) . (Manufacturing System Engineering)
Faculty : Faculty of Manufacturing Engineering Matric No. : M051320018
: Page Page Printing
F
ITEM arl.t Spacing sareic | nienbaitie | ianse Logo | Award| Others/Remarks

1 Front (Hard) Cover of Thesis 4 W \ 4

2 |pre-title page v . \ V4
i e S A - - M Tt i _I_, __.4. - oy T e = -
3 Title page v |

4 Abstract \__/ \/

5 Abstrak V4 \

6 Acknowledgement}?reface V4 \ v

7 Approval

8 Deciaration /

9 Dedlcatlon /

10 Llst of tab!es, Fgu res etc

11 Tabfe of Contents

12 Maln text of theSlS

13 References

* Tick ( v* } when satisfy with the format

1 Checked by:

Supervisor

2 Approved by :

Faculty

A

P

i 29 /a2 /a0/

(Signatur!of Supervisor & Official Stamp)

(Date)

ASSOC. PROF. R. DR. PUVANASVARAN A/L A. PERUMAL
Faculty Of Manufacturing Engineering
Universiti Teknikal Malaysia Melaka

HangTuah Jaya

76100 Durian Tunggal, Melaka

(Signature of Faculty & Official Stamp)

(Date)

(Note : This form need to be submitted together with the Hardbinding Thesis for Senate Endorsement)



UNIVERSITI TEKNIKAL MALAYSIA MELAKA

BORANG PENGESAHAN STATUS LAPORAN PROJEK SARJANA

TAJUK: Non-Sticking on Ground Ring Improvement for Copper Wire Bonding
with DMAIC Approach

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

SESI PENGAJIAN: 2015/16 Semester 1
Saya TAN KIAN HEONG

mengaku membenarkan Laporan Projek Sarjana ini disimpan di Perpustakaan
Universiti Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat kegunaan seperti
berikut:

1. Laporan Projek Sarjana adalah hak milik Universiti Teknikal Malaysia Melaka dan
penulis.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja dengan izin penulis.

3. Perpustakaan dibenarkan membuat salinan laporan Projek Sarjana ini sebagai
bahan pertukaran antara institusi pengajian tinggi.

4. **Sila tandakan (v")

SULIT (Mengandungi maklumat yang berdarjah keselamatan
atau kepentingan Malaysia sebagaimana yang termaktub
dalam AKTA RAHSIA RASMI 1972)

v/| TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

TIDAK TERHAD

Disahkan oleh;

sy

Alamat Tetap: Cop Rasmi: / -

NO. 8 Jin Kasturi 1/8,

Taman Kasturi Seksyen 1,

75050 Melaka.

Tarikh: 29 [ > [20( L Tarikh: 29 /3 /2016

/
** Jika Laporan Projek Sarjana ini SULIT atau TERHAD, sila larnpirk/an surat daripada pihak
berkuasa/organisasi berkenaan dengan menyatakan sekali sebab dan tempoh laporan Projek Sarjana
ini perlu dikelaskan sebagai SULIT atau TERHAD.




CERTIFIED TO 150 9001: 2008 CERTIFIED TO 130 9001:2008

UNIVERSITI TEKNIKAL MALAYSIA MELAKA CERT, NO, : AR 3543 CERT.HQ, ; AR 3543

FAKULTI KEJURUTERAAN PEMBUATAN
Tel : +606 331 6019 | Faks : +606 331 6431/6411

Rujukan Kami (Our Ref) :
Rujukan Tuan (Your Ref) :

Pustakawan

Perpustakaan UTeM

Universiti Teknikal Malaysia Melaka
Hang Tuah Jaya,

76100 Durian Tunggal,

Melaka.

Tuan/Puan,

PENGKELASAN LAPORAN PROJEK SARJANA SEBAGAI SULIT/TERHAD
LAPORAN PROJEK SARJANA KEJURUTERAAN PEMBUATAN (KEJURUTERAAN
SISTEM PEMBUATAN): TAN KIAN HEONG

Sukacita dimaklumkan bahawa Laporan Projek Sarjana yang tersebut di atas
bertajuk “Non-Sticking on Ground Ring Improvement for Copper Wire Bonding
with DMAIC Approach” mohon dikelaskan sebagai *SULIT / TERHAD untuk
tempoh LIMA (5) tahun dari tarikh surat ini.

2 Hal ini adalah kerana JANYA MERUPAKAN PROJEK YANG DITAJA OLEH
SYARIKAT LUAR DAN HASIL KAJIANNYA ADALAH SULIT.

Sekian dimaklumkan. Terima kasih.

Yang benar,

el
Tandat#hgan dan Cop Penyelia
ASSOC. PROF. IR. DR. PUVANASVARAN A/L A, PE UMAL
Faculty Of Manufacturing Engineering
Universiti Teknika! Malaysia Melaka
HangTuzh Jaya

* Potore] YRer tittaretditidhaan

NOTA: BORANG INI HANYA DIISI JIKA DIKLASIFIKASIKAN SEBAGAI SULIT DAN
TERHAD. JIKA LAPORAN DIKELASKAN SEBAGAI TIDAK TERHAD, MAKA
BORANG INI TIDAK PERLU DISERTAKAN DALAM LAPORAN PSM.




CONFIDENTIAL Reference: UC12/2015

H
&
]

-
aw

S el i 2

NON-DISCLOSURE RESTRICTED USE AGREEMENT -‘f :
(“Agreement”) {0.00

by and between
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with home address at No.8 Jalan Kasturi 1/8, Taman Kasturi Seksyen 1,
75050 Melaka,Malaysia.
- hereinafter referred to as “Recipient”

and

Infineon Technologies (Malaysia) Sdn. Bhd. (56645-D)

with office at Free Zone, Batu Berendam, 75350 Melaka, Malaysia
- hereinafter referred to as “Infineon”

- both may hereinafter be referred to as “Party” or “Parties”
Effective Date: 1st March 2014
Expiration Date: 31st January 2016
Survival Period: 5 years

WHEREAS, Infineon intends to engage in collaboration with the Recipient concerning the Master
Project on "Non-Sticking on Ground Ring Improvement for Copper Wire Bonding with DMAIC
Approach" by Tan Kian Heong (760411-05-5519) as a Master of Manufacturing Engineering
(Manufacturing System Engineering) Degree project (‘Purpose”);

WHEREAS, in the course of such discussions and other activities (which may include line visits,
presentations as well as the supply of services), it is anticipated that Infineon will disclose to the
Recipient certain Confidential Information (as defined below) for the Purpose as set forth above;

NOW THEREFORE, the Parties agree as follows:

1. Definitions. “Confidential Information” shall mean any information and data, whether
owned by Infineon, its Affiliates or a third party obtained through a confidential arrangement,
including but not limited to any kind of business, commercial or technical information and
data disclosed by either Infineon or an Infineon’s Affiliate to the Recipient, in connection
with the Purpose of this Agreement, irrespective of the medium in which such information or
data is embedded. Confidential Information shall include any copies, analysis or abstracts
made thereof as well as any modules, samples, prototypes or parts thereof.
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“Affiliate” shall mean any company which controls, is controlled by, or is under the same
control as Infineon. “Control” shall mean the direct or indirect ownership of more than fifty
percent (50%) of such company’s capital or equivalent voting rights.

. Manner of Disclosure. Any Confidential Information disclosed in tangible form, shall be
marked as “Confidential” or with a similar legend by Infineon prior to disclosure. Any
Confidential Information disclosed orally or visually, shall be identified as such prior to
disclosure and summarized in writing by Infineon to Recipient within thirty (30) days of the
disclosure and shall be marked as “Confidential”. In case of disagreement regarding said
summary, the Recipient shall make any objections in writing within thirty (30) days of receipt
of the written summary.

In addition, each Party further agrees to keep the existence of this Agreement confidential
and not to use the same of the name of the other Party or its Affiliates as part of any
disclosure or in marketing or publicity materials without the prior written consent of the other

Party.
. Restrictions. All Confidential Information delivered pursuant to this Agreement shall

a. be used by the Recipient solely for the Purpose as set out in this Agreement, unless
otherwise expressly agreed to in writing by Infineon; and

b. not be distributed, disclosed, or disseminated in any way of form by the Recipient to
anyone except its own or its Affiliates’ university, who have a strictly academic need to
know and who are bound to confidentiality by their agreements or otherwise not less
stringent than under the obligations of this Agreement and the Recipient shall indemnify
Infineon for all damages and costs arising from any unauthorized use or disclosure by
the Affiliates; and

c. be treated by the Recipient with same degree of care to avoid unauthorized disclosure
to any third party as with respect to the Recipient's own confidential information of like
importance but with no less than reasonable care.

. Exceptions. The obligations as per Section 3 shall not apply to any information which
the Recipient can prove,

a. is at the time of disclosure already in the public domain or becomes available to the
public through no breach by the Recipient of this Agreement, except that Confidential
Information shall not be deemed to be in the public domain merely because any part of
the Confidential Information is embodied in general disclosures or because individual
features, components or combinations thereof are now or become known to the public;

b. is received by the Recipient from a third party free to lawfully disclose such information
to Recipient;

c. was in the Recipient’s lawful possession prior to receipt from Infineon as evidenced by
written documentation;

d. is independently developed by the Recipient without the benefit of any of the
Confidential Information as evidenced for release by written agreement of Infineon;
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e. is approved for release by written agreement of Infineon; or

f. is required to be disclosed to comply with any mandatory laws, judicial or governmental
order or decree, provided that prior written notice be given to the Discloser as far as
practicable.

Refusal. Either Party shall have the right to refuse to accept any information under this
Agreement prior to any disclosure and nothing herein shall obligate either Party to disclose
any particular information.

No License. No license or right to use under any patent or patentable right, copyright,
trademark or other proprietary right is granted or conveyed by its Agreement. The
disclosure of Confidential Information and materials shall not result in any obligation to
grant the Recipient any rights therein.

No Remuneration, Warranty or Liability. The Parties are not entitled to any remuneration
for disclosure of any information under this Agreement. No warranties or any kind are given
and no liability of any kind shall be assumed with respect to such information or any use
thereof, not shall Infineon indemnify the Recipient against or be liable for any third party
claims with respect to such information or any use thereof.

. Termination. This Agreement has an Effective Date and an Expiration Date as specified

above. Prior to the Expiration Date, the Agreement may be terminated with respect to
further disclosures upon thirty (30) days prior notice in writing. The obligations accruing
prior to termination as set forth herein, shall, however, survive termination or expiration of
this Agreement for the term of the Survival Period as specified above.

. Injunctive Relief. In the event of a breach of this Agreement, the Recipient agrees that

damages may not be an adequate remedy and instead an order for injunction or other
forms of equitable or specific relief may be sought for as a court of competent jurisdiction
sees fit to grant.

10.Ownership, Return. All Confidential Information provided by Infineon pursuant to this

11.

Agreement, shall remain the property of Infineon, and along with all copies, analysis or
abstracts thereof, shall upon respective request of Infineon either be returned to Infineon or
be destroyed by the Recipient or be purged from the records of any data storage system of
the Recipient after termination of this Agreement. Such request shall be notified in writing
by Infineon to the Recipient within ninety (30) days after termination of this Agreement. In
case of destruction, the Recipient shall confirm in writing of such destruction to Infineon.

No assignment. This Agreement may not be assigned by either Party without the prior
written consent of the other Party.

12.Written form.  The provisions of this Agreement may not be modified, amended, nor

waived, except by a written instrument duly executed by the Parties hereto. The
requirement of written form itself can only be waived by mutual written agreement.
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13.No Contract. This Agreement governs confidentiality and restricted use of Confidential
Information between the Parties and shall not constitute an offer or acceptance or any form
of agreement between the Parties for the supply of goods and/or services to Infineon, the
terms to which shall be separately agreed in writing between Parties.

14.Dispute Resolution. All disputes arising out of or in connection with this Agreement,
including any question regarding its existence, validity or termination, shall be settled finally
by binding arbitration under the Rules of the Kuala Lumpur Arbitration Centre (“Rules”) by
three arbitrators in accordance with the said Rules. Arbitration shall take place in Malaysia
where its procedural law shall apply where the Rules are silent. The language to be used in
the arbitration proceeding shall be English.

15.Governing Law. This Agreement shall be subject to the substantive law in force in
Malaysia without reference to its conflicts of law provisions.

IN WITNESS WHEREOF, the Parties have caused this Agreement to be executed by their duly
authorized representatives on the dates specified below.

Tan Kian Heong Infineon Technoiogies (Malaysia) Sdn. Bhd.
(56645-D) oz

Signature...... CWX .......................... SIGNANIRE e nanibimmar amma
Date: “-’/S'/II Name: Adrian Tong Soon Hock
NRIC number: 7-{=Olf“"0§"5{:m Title: M"

Date: ’2/5'/’5—
NRIC number:.. 630 %€ 0% -S3¢7
Company stamp:
INFINEON TECHNOLOGIES (M) SDN, BHD. (ssees.)
UNIT PROCESS DEVELOPMENT

FREE TRADE ZONE, BATU EERENDAM
75710 MELAKA, MALAYSIA.

Witnessed by: '\/‘\/i

Witnessed by: ....£. /.

Name: ... TAN.  WEE KRN Name : Nor Azman bin Jaafar

Title: i iz SO —— Title : Senior Program Manager
Daten’!q{lc Date: J—O/-S/'S‘
NRIC number: W?'MF’SML NRIC number:.660$00.-.03. 7S37).
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ABSTRACT

Semiconductor industries are in the process of converting gold wire bonding to copper
wire bonding because of significant cost saving from gold price. The conversion from gold
to copper also gives rise to many challenges due to the copper wire properties. Copper wire
bonding is very sensitive to the combination of wire type, wire bonder, capillary, bonding
parameters, bond pad technology, lead frame plating, pretreatment and others materials or
processes that directly or indirectly in contact with the interconnect wire. Typically in
semiconductor, wire bond connect bond pad to lead finger. In some application, ground
bond is needed to connect ground ring to lead finger. In the past, ground bond with gold
wire did not posed much problem. With the introduction of copper wire and pre-plated
frame, wire bond reject become more significant. From manufacturing data, for copper
wire bonding on ground, 3% of yield loss was observed because of non-sticking on ground
ring (NSOG). Consequently, this will affect the margin of cost.saving for the copper wire
introduction. Factors affecting the high yield loss need to be studied with systematic
method in order to reduce the NSOG reject to acceptable level (0.5%) for manufacturing.
Fundamental knowledge of copper wire bonding and DMAIC methodology were
reviewed. Two methods of optimization (DOE and DMAIC) are regularly employed by
researcher to solve specific problem. There exists a gap in the understanding of copper
wire bonding on pre-plated ground ring which is overhang. This gap will be covered in this
project. Overall, DMAIC methodology is used in this project. The first objective of this
project is to determine factor that influence NSOG defect. This is accomplished with
hypothesis testing on identified factors from C&E matrix. P-value of 0.05 or less serves as
guideline to determine the significance of each factor. The second objective is to develop
mathematical model to describe NSOG defect. This is possible with the DOE and ANOVA
analysis. Final objective is to improve NSOG defect to acceptable level (0.5%) for
manufacturing purpose with DMAIC approach. At the end of Analyse phase, ground bond
parameters; copper wire FAB hardness; and clamp and paddle are determined as
significant factors. Mathematical model for NSOG defect was proposed which is a linear
model with interaction terms of ultrasonic power, bond force and bond time. From the
multi responses DOE optimization, process window was derived to minimize NSOG
defect; and to maximize ball pull and ball shear value. Small scale study with different
machines was carried out in the Improve phase. In Control phase, performance of NSOG
was monitored. With DMAIC approach, NSOG defect was confirmed to meet objective of
0.5% and below for manufacturing condition. Stable and sustainable performance
improvement is proven with various tools in DMAIC.



ABSTRAK

Industri semikonduktor dalam proses menukarkan gold wire bonding dengan copper wire
bonding kerana penjimatan dari harga emas. Penukaran kepada copper wire bonding
menimbulkan pelbagai cabaran kerana sifat tembaga. Copper wire bonding adalah sangat
sensitif kepada gabungan jenis wire, mesin, kapilari, pretreatment, teknologi bond pad,
lead frame plating, dan lain-lain bahan-bahan atau proses yang secara langsung atau
tidak langsung dalam hubungan dengan interconnect tersebut. Biasanya dalam
semikonduktor, wire bond menyambung dari bond pad ke lead finger. Dalam beberapa
aplikasi, ground bond diperlukan untuk menyambung ground ring ke lead finger. Dahulu,
ground bond dengan gold wire tidak menimbulkan banyak masalah. Dengan pengenalan
copper wire dan pre-plated frame, wire bond reject menjadi lebih ketara. Daripada data
pengeluaran, 3% reject adalah non-sticking on ground ring (NSOG). Oleh yang demikian,
kos pembuatan akan meningkat. Untuk mengurangkan kadar tersebut ke tahap yang boleh
diterima untuk pembuatan (0.5%), faktor-faktor yang berkaitan perlu dikaji dengan
kaedah yang sistematik. Pengetahuan asas copper wire bonding dan metodologi DMAIC
dikaji berdasarkan sumber yang ada. Dua kaedah pengoptimuman (DOE dan DMAIC)
kerap digunakan oleh penyelidik untuk menyelesaikan masalah tertentu. Wujud jurang
dalam pemahaman copper wire bonding pada pre-plated ground ring yang tergantung.
Jurang ini dibincangkan dalam projek ini. Secara keseluruhan, metodologi DMAIC
digunakan dalam projek ini. Objektif pertama projek ini adalah untuk menentukan faktor
yang mempengaruhi kecacatan NSOG. Ini dapat dicapai dengan pengujian hipotesis yang
dikenal pasti daripada matriks C&E. P-value 0.05 atau kurang berfungsi sebagai garis
panduan untuk menentukan kepentingan faktor. Objektif kedua adalah untuk
membangunkan model matematik untuk NSOG. Ini boleh dilakukan dengan DOE dan
ANOVA analisis. Objektif terakhir adalah untuk memperbaikan NSOG kepada tahap yang
boleh diterima (0.5%) untuk tujuan pembuatan dengan pendekatan DMAIC. Pada akhir
Jasa Analyse, parameter ground bond; kekerasan copper wire FAB; dan clamp and paddle
ditentukan sebagai faktor-faktor yang penting. Model matematik bagi NSOG telah
dicadangkan adalah model linear dengan interaksi oleh ultrasonic power, bond force dan
bond time. Daripada DOE pengoptimuman untuk pelbagai respon, tetingkap proses
diperoleh untuk mengurangkan NSOG; dan untuk memaksimumkan ball pull dan ball
shear. Kajian berskala kecil dengan mesin yang berbeza dijalankan dalam fasa Improve.
Dalam fasa Control, prestasi NSOG telah dipantau. Dengan pendekatan DMAIC, NSOG
disahkan memenuhi objektif 0.5% atau kurang untuk pembuatan. Peningkatan prestasi
yang stabil dan mampan terbukti dengan pelbagai kaedah dalam DMAIC.
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CHAPTER 1

INTRODUCTION

This chapter depicts overall review of the project. Problem statement, purpose, and
scope of the project are presented in this chapter. The project significance and outline of

this report are presented in this chapter.

1.1  Background of the Project

In the past gold wire bonding was the most common wire bond technology with
high and stable yield in semiconductor industries. Gold wire bonding was slowly converted
to copper wire bonding because of the cost saving benefit. In general, based on World
Gold Council (2015), gold price increased significantly from 2005 to 2013. Even with
price dropped in 2014 (USD41 per gram), gold price is 2.7 times compared with gold price
in 2005. Figure 1.1 shows the gold price trend for 10 years (from 2005 till 2015). On the
other hands, copper material price is relatively cheap, which is USD7 per kg (Infomine,
2014). However, the conversion from gold to copper also gives rise to many challenges
due to the copper wire properties. Non-stick on ground (NSOG) is one of the challenges

that will be explained in this chapter.



