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A Study on the Aluminum Wire Bondingby Using Ultrasonic Vibrator
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Abstract : In recent years, ultrasonic has been widely applied in measurement and industrial fields and its
application range has been expanded as a result of continuous research and development. Wire Bonding
Machine, an instrument fabricating semi-conductor, makes use of ultrasonic bonding method. In order to improve
the cuwrently used wire bonding machine using ultrasonic energy, technical accumulation is needed steadily
through development of exciting device of ultrasonic composed of piezoelectric vibrator and horn.

This study investigates the design conditions affecting the dynamic characteristics through the theoretical and
experimental analysis of piezoelectric vibrator and hom. The study conducts separately the system identification
of piezoelectric vibrator in time domain and the modal analysis of homn in frequency domain. In theoretical
model, the integrated modeling is conducted via a combination of dynamic identification of piezoelectric vibrator
and theoretical analysis of horn. Hence comparison is made for theoretical and experimental results of the
dynamic characteristics of the ultrasonic transducer composed of piezoelectric vibrator and homn

From the results of this study we develop the design technique of ultrasonic transducer using dynamic
characteristic analysis and propose the possibility of ultrasonic welding considering the optimal condition of the
natural frequency and vibration mode of hom.
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Fig. 4 Configuration of ultrasonic transducer and
wavelength of longitudinal vibration

3. A¥ Bx) @ gy
3.1. A 2=x)

d¥E T3 HHye 280 ASAE Mddy YA A%
Ash Eol M MW Fig. 59 ge 77 o
(Bonding head)ell A&3ste] stolole) 4L A%sA ¢
o &HE AR 4150m ~ $400mAA ) LFolE o)
g L¢Fuly F&U A G §HA Ape=
3F 2 Fig. 59 @9 MR wed & 2385 A4
Z-%22 37 H=F§ ol% ste WY =2 szom
830, @9 ¢dxolEE WY WHA M) 2L
T FA3A AA A A ALY & YA LAHUDG

Fig. 5 Close view of the wire bonding machine
head

3.2. 449 2y

25% AFAe ¢4A AFAS Lo AYY YA =
T4l Atk nFEH AF 4% A Agae Az
Lol AFE HeiolM MEsing AY Ay £ 2
EF3le 4A AFale 1%L 2o ks @ %
L=

@ebA Fig. 63 2 Wie g bW AEae] Alag
A4 & Yt A% FA7) UE WG 7] A9
W9 &9 dHolHe Ay 238 Zol7HAAN & g
AOn line)22 MW, AF Fui47} 60kHzolBZ 2
g A% Fod4 B2 100kHz& 9 digo] wasio
2 o]4h3l AlZH(Sampling time)& 763us2 3o} 23 =
T YL 1024kHz2 3ok, 24 A 2o ys)
A F(Noise)ol Faol Ao Uedx ge BAE Alad
A4 e Wy PAAE ol4# W W (Seres parallel
method) & AHE-3tAch oJFA A4H A ATy A
AXA B AEHold T2 3% Matlab®! Simulink
dA REAA Moo TS F8 AAYFEM)S
g Eo mdz A BAH AAWL THET Y
ez WY FI(White noise)g &0 ztzte) ¢td A%

AE BFAY ¥R FA A2gL Fae aYe
FFT(Fast Fourier Transform)?l Yn2=g o]&3
Matlab Z2agoz Fo4 oo AHEY

(Spectrum)& F3tz U Eol o2 sAe Fu4 &
B M ¥$5E o4 AR muoz 7¥ 4 o
Fig. 7& ol&2 sjas 93 f49) #AL vegd

Ao},
Signal Plezoslectric | ylket)
lil:::ﬂnl Vibrator
Calcufate +
cbgnpuler Slken) K
Mjustable #ke1)
oo
Fig. 6 Recursive identification method of

piezoelectric vibrator

Signal Plezoslectric
Generator vibrator

System _] S .8
ldentification

Horm

2 ,51:Sensor

Signat
Analysis
Simuiation Moda i
of Harn Analysis
|
Thaoretical Experimental
analysis analysis
Fig. 7 Components of theoretical and

experimental system for
analysis

dynamic characteristic

-574-



4. 49 34
4.1. &% AFAY £54

Fig. 8% Fig. 9% &9 MR <7te Acyg ug
At 22 g &9 A FHs59 HUA ARA
2] &A% Baos AAY UMEs 2y 4¥e) Ay
oltt. «7lA ¥ Yuilae A49 o=vEas &
e HeE so] glow A¥ Fd3t AL e AS
Zb 2% AFx9 HI7A d¥AF 2 AL & +
At WA E =89 I ATz FEA AL
A 48 e Adys o U W¥ez APsigo,

Fig. 10& St 2 gxpe] A4 2422 vjatv]ed 437
9 2%, $4 stelelels] £} 23 AA weio| e sty
2 2AEe) Hae]l £PHT Y dEm Uk

Fig. 112 td 2gate) g Adgel g £ wgig
Fos $do2 b Helgde FA F%49 60kHz ol
= ¥azx $del vetvm glev Hd Mae 60kHz
Foyda Hd gz &, I FosdL ¢ 4 o

Fig. 12 &3 2ol clRolxle 44 Addixg 4
Yol 4 Fu$ FHIH ol2F HAY Fu4s G
lEsdck ¥lE A¥ vz 299 dAs A9 sd9%
FoFolM vehta e RS 2 4 A T g A
FLE AP o) Ax 60kHzol EAsn gt o=
Mool Bel o Eo MAle HA 2w AFd He
o] 758t}

Fig. 13& #AY Slglg B de A% 29 =0l Fig.
135 Fu et o o Wze] o AF wo=
2 AR B A5 SN AE FEo] o
FoAPg Holxn it} o7ja FA Fmd 60kHzol A 8
AF BRYE Fig. 148 24 SW o83 wiAdA Ago
o TE B2 A9 FAY ¥eHE woln o =
& olgx AYo oF AF BLET FASHI Udsyz
Aek 22t 43y 2R o]EH AYe AF no=
7k ofzbe] 2218 Holm QU oA T FHY A%
FRA 22 Aol 2A9] YAst HeA goly
2E 2ast & A9 ZAAY AR Jeln 7HEA e
e e At Yoz AU £33 Fig. 14904
&9 AR diF AF 29¢=F wi g AMdrg
Tl AE Aol EASI glgo] oER A9 wy
ZollM #Helsm g)ch

4.2. ¥5FvF stolo] &4

g due ¥Ao g A4R FAd Ao sH5E &
2 837 d=o Fasle] g 8L JAEHY &
A AN &3 e YL Fig. 15% 22 4F:0)yF o
GlE £FAY F e AUAE AY FHE nrEe d
W7 A8 & A= E ZAd

ohEE AAs 44 2ALde 29 91A olgo 3
FTE 7hete] Ay 832 RAE 8 talxolzme A7)
A dE-g 28l RR3} 2o ARIHE GRFZE 3}
€ AR BAYL Wt ol2x FFrFes Aad Ay
Al A 4400mA AFvlE stololg 2w & ¥
Fig. 16& &3 Aze] #of AR o|)

-575-

..... --- @+ Resonance Frequenc

T
3 v
L ¢
5 L
;1/ \ phase ]
st X .
} ‘\ |Admittance
L H
- !
< anti-Hesonance Fraquenoy
| S G, P T T
58 kHz 70 kHz

Fig. 8 Admittance and phase of ultrasonic

transducer with uniform

type (K2%=0.26)

¥ ¥+ Resonance Frequancy

g J r r v -/
3 \dg Admittance
I Y
d " (N SR A N A
N e ey &8 phase
1
5 N\ =]
3 \ P
1 S
§ {

antl- Resonance Frequenoy - {
i I 13 1 T i e

66 kHz

68 kHz

Fig. 9 Admittance and phase of ultrasonic
transducer with step type (K%=0.44)

Fig. 10 Mean values of

800 1000

error [ e (k+1)]

16

o 2 4

Fig. 11 Experimental
piezoelectric vibrator

8 10 12

€
Froquency (Hz} x10*

frequency response

of



B
Frequency (Hz) x 10°

Fig. 12 Experimental and theoretical frequency
response of horn (x=1+13)

Frequency (Hz) o 0 Length of Horm

Fig. 13 Experimental mode shape of horn

TNodal Plane

® & b b o nw b o

[Experimenta] —o—
Theoratcal

A 1 [
2 Length of Horn

=)

o

Fig. 14 Experimental and theoretical mode shape
of horn at 60kHz resonance frequency

1500

Frictlen »*
Eneragy

Joule t4)

SO0 |- oo QK

=
»
" / Melting Pojnt ot

: Alwninum Bire

?UO 200 300 400 500
Dia of Wire | #m]

Fig. 15 Friction energy and melting point of
aluminum wire (4400 /m ~ ¢ 100 )

Fig. 16 View of bonded wire (¢ 400, *500)

5.4 &

2g% $4719 $4 7% AANYA 2% AFAY ¢
A AEASG g 4A ol&8H zol mat Axshel,
%A AEASG Eo) FIY HHE AP oMoz A
Astel vm HESW, 287 £8712 LToE ool
§ ¢74¢ 43, o2 Be FES I

L ¥E 29 FAY AFAE YA AN T 204
& FA%T 4R AFA Aztel falshoh

2. &9 A A% dRe 43 4 I gAe 2
=% 34719 Fatel f83)ch

3 &% AF 2N Eo AFYE olFe d&H
Fhe AEe) FE As} v Foo, o 7o 2o|
st 3739 ulg mAse] FEn 2P b

4 HER 029 FBY AN AF(2RE T ol HE
o] 7tE3tch

5 AzE 259 AFAE oj&ile IFuFE gojolg
250 £330 Jl5Ye st

¥z 23

(1.0}, olA A 94, “2 55 745719 AL, HYakrle
AT YR 1992

{2]. loan dore Landaw, “System Identification and
control Design”, Prentice-Hall 1990, PP.156 ~ 159

[3l. D.JEwins, "Modal Testing:Theory and Practice”,
Research Studies Press LTD, 1984

(4. &F, £, & “722+» 7 DBESUHE", A55%
B3, VOL42, No 5, pp. 365-371 (1986)

[5].  Leonard Moirovital, “analytical Method in
Vibration”, The MacMillan Company 1967, PP.126 -~
138

6. ¥, “‘BEERHEORRLIRE" [SATRLRRE,
VOL. 45 No 5, 1989, PP.409 ~415

[11]. Kinsler, Frey, Coppens, Saners, “Fundamentals of
ACOUSTICS”, Wiley, 1982, PP.373 ~ 375

-576-



