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The ultrasonic horn used for bonding of flip chip has been designed to vibrate at a natural
frequency. The ultrasonic horn must be manufactured accurately in physical terms, because the
small change of mechanical properties may result in the significant change of natural frequency.
Therefore, tight tolerance is inevitable to keep the natural frequency in acceptable range.
However, since tightening of the tolerance increases the manufacturing cost significantly, trade-off
between the cost and accuracy is necessary. In this research, an attempt was made to design the
ultra sonic horn within acceptable natural frequency while the manufacturing cost was kept as low
as possible. For this purpose, among the 18 tolerances of physical terms of the ultrasonic horn,
the most important 4 factors were selected using Taguchi method. The equation to relate those
main factors and the natural frequency was made using response surface method. Finally,
optimal design scheme for minimum manufacturing cost without a loss of performance was

determined using SQP method.

Key Words: Ultrasonic Horn (£ It ), Tolerances (& At), Manufacturing Cost (X & H| &), Taguchi Method (Tt x| &
), Response Surface Method (#+& M), Optimization (£ 3t)
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Fig. 2 Schematic diagram of ultrasonic horn

Table 1 Specification of ultrasonic horn

Length 0.1268 m
Width 0.0131 m
Height 0.0168 m
length position of center of hole 1 0.03170 m
width position of center of hole 1 0Om
radius of hole 1 0.0025 m
length position of center of hole 2 0.0951 m
width position of center of hole 2 Om
radius of hole 2 0.0025 m
starting position of bonding part 0.0624 m
ending position of bonding part 0.0644 m
height of bonding part 0.0023 m
Young's modulus 2.05%10" N/m?
Density 7,750 Kg/m®
Poisson's ratio 0.33
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Fig. 3 Manufacturing tolerances of ultrasonic horn
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Table 2 Level of 18 variables of ultrasonic horn
. Level
Variable
1 2 3
A -0.0005 0 0.0005
B -0.000262 0 0.000262
C -0.000168 0 0.000168
D -0.000131 0 0.000131
E -0.000262 0 0.000262
F -0.000131 0 0.000131
XX -0.000317 0 0.000317
77 -0.000317 0 0.000317
CR -0.000025 0 0.000025
XXX -0.000317 0 0.000317
777 -0.000317 0 0.000317
CRR -0.000025 0 0.000025
BZ -0.0005 0 0.0005
BZZ -0.0005 0 0.0005
BY -0.000002 0 0.000002
Y 2.046x10" | 2.050x10" | 2.054x10"
DE 7,746 7,750 7,754
P 0.31 0.33 0.35




August 2012 / 882

S A#ABAE HE= FAS FEs9Y
A& 2 A vdFEA R PG oH, olE 93
HHS A S o] &3tk T8 AAE2 Table 3 o
Folxl 4 M7t AARHAJE=, AAg HgL 3.1 4
o] Foixlth
Table 3 Experimental plan for RSM technique
Number Coded variable
A 77 777 Y
1 -0.0005 | -0.000317 0 2.05x10"
2 0.0005 | -0.000317 0 2.05x10"
3 -0.0005 | 0.000317 0 2.05x10"
4 0.0005 | 0.000317 0 2.05x10"
5 0 0 -0.000317 |2.046x10"!
6 0 0 0.000317 |2.046x10"!
7 0 0 -0.000317 |2.054x10"
8 0 0 0.000317 |2.054x10"
9 -0.0005 0 -0.000317 | 2.05x10"
10 0.0005 0 -0.000317 | 2.05x10"!
11 -0.0005 0 0.000317 | 2.05x10"!
12 0.0005 0 0.000317 | 2.05x10'!
13 0 -0.000317 0 2.046x10'"!
14 0 0.000317 0 2.046x10"
15 0 -0.000317 0 2.054x10"
16 0 0.000317 0 2.054x10"
17 -0.0005 0 0 2.046x10"!
18 0.0005 0 0 2.046x10""!
19 -0.0005 0 0 2.054x10"
20 0.0005 0 0 2.054x10""
21 0 -0.000317 | -0.000317 | 2.05x10'!
22 0 0.000317 | -0.000317 | 2.05x10"
23 0 -0.000317 | 0.000317 | 2.05x10"
24 0 0.000317 | 0.000317 | 2.05x10"!
25 0 0 0 2.05x10"
26 0 0 0 2.05x10"
27 0 0 0 2.05x10"
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natural frequency(Hz))

Table 4 Result of ANOVA about Natural frequency
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Fig. 4 Result of Taguchi Method (x axis : level, y axis :

DF F P
A 2 2,018.84 0
B 2 13.46 0
C 2 20.11 0
D 2 1.54 0.243
E 2 0.46 0.639
F 2 1.23 0.317
XX 2 1.01 0.384
77 2 100.9 0
CR 2 13.99 0
XXX 2 0.84 0.451
777 2 145.8 0
CRR 2 19.83 0
BZ 2 30.91 0
BZZ 2 14.65 0
BY 2 0.08 0.92
Y 2 109.97 0
DE 2 6.58 0.008
P 2 6.01 0.011
error 17 - -
total 53 - -
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