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The optimization of processing condition of dissimilar material
bonding using the 60 kHz ultrasonic transducer
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Abstract In this paper, the ultrasonic horn having the natural frequency with 60 [kHz] for the dissimilar
material bonding of the glass and solder tried to be designed. The ultrasonic horn was designed through the
relational formula including the aspect ratio of the input terminal and output terminal, length of the ultrasonic
horn. The modal analysis was performed for the propriety analysis of the designed horn. The parameters and
response was set through the basic experiment. The dissimilar material bonding strength analysis using the
ultrasonic transducer was done. The optimal process parameters having maximum bonding strength was derived.
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[Fig. 1] Bolt-clamped langevin type transducer
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[Fig. 3] Modeling of stepped type horn

[Table 1] Material properties
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[Fig. 4] Modal analysis of BLT

(D) 4th mode

[Table 2] BLT Natural frequency in 40-80 [kHz] range

Part Frequency (Hz)
¢ 1 st 59.80
Part Meterials IT/I(c))l:in%eZ Poisson | Density
. Ratio | (kg/m) 2 nd 62.78
(GPa)
3rd 73.62
Homn Titanium 113.85 0.31 4,430
4 th 73.83
Actuator PZT8 71 0.31 7,700
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[Fig. 5] 60 kHz Ultrasonic bonding system
[Table 3] Component analysis of the solder
Element Series norm.C | atom.A Error
[wt, %] | [at, %] | [wt, %]
Carbon K 6.41 30.16 3.39
Oxygen 7.83 27.64 5.15
Indium L 85.76 42.20 8.26
3mm/min
. ‘solder .
[ Glass 1

[Fig. 6] Schematic diagram of bonding strength test

[Table 4] Process Parameters

Level
Parameters
1 2 3
Bonding temperature (C) 240 250 260
B Distance( (1) 54 55 56
C Driving t.1me 20 25 30
of ultrasonic (s)
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[Table 5] Orthogonal array table Lo(3°)

Strength
[N]

48
40
33
12
8
7
40
37
1 28

Strength
[N]

47
39
30
13
7

S/N
ratios

33
31
29
21
17
19
32
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29
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[Fig. 8] Main effects for S/N ration
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[Table 6] Analysis of variance

Source DF SS MS F P

A 2 1660.06 | 830.03 176.81 0.006
B 2 204.39 102.19 21.77 0.044
C 2 20.06 10.03 2.14 0.319
Error 2 9.39 4.69
Total 8 1893.89
S 2.16667 R-square 99.50%

[Table 7] Result of optimal process condition

Bonding Distance Driving time
temperature (C) (um) of ultrasonic (s)
Value 240 54 25

u=(A,B, Cy) = A+ B+ C,—2T (6)
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[Table 8] Strength results of optimal procss conditions

Level
B

Prediction

Strength [N]

Experiment
Strength[N]
40
42
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