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Vibration Analysis of Ultrasonic Horn for Flip-Chip Bonding
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ABSTRACT

Finite element model and the basic experimental method have been developed to help the design of the transverse ultrasonic
horn for flip-chip bonding. With two types of design the horn performance and ultrasonic characteristics are verified by using
laser vibrometer. These analysis and experiment results can be the fundamental data for ultrasonic horn design considering the

vibration modes and performance.
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Fig. 1 Transverse type horn with collet
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Fig. 2 Horn vibration mode (ANSY'S result)

Table 1. Model Parameters

Description Transverse type homn
Length (mm) L 124
Diameter (driving end)(mm) 20
Diameter (working end)(mm) 10
Collet length (mm) 25
Young’s modulus (GPa) 117
Mass density (kg/m’) 4430
Poisson’s ratio 0.34
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(c) Final horn with UOS#1

Fig. 3 Horn modeling
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Fig. 4 Materials No.

Table 2
Materials properties
Young’s :
No. Materials Modu?us Polis;?s E (Izer;su};)
(GPa) grm
Horn @  SUS440C 205 0.30 7750
Booster (®  Titanium 105 0.33 4940
® Duralumin 72 0.33 2800
Actuator @ PZT502 ! 0.31 7700
o SUS316 193 0.30 8000
Bolt ® Steel 200 0.33 7850
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Table 3
X-direction dimensions

Dimensions (mm)
Horn 115

Booster + Actuator 132

(a) UOS#1

(b) UOS#2

(c) Final horn mode

Fig. 5 Horn vibration mode (ANSYS result)
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Fig. 6 Transverse type horn

Laser Vibrometer i
n I;
HAMS
THREME

DAQ Board: Ni5122

Fig. 7 Experimental setup
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Fig. 10 Displacement of Ultrasonic Horns at the end and
the bonding parts

Table 4. Model Parameters

Amplitude(pm) i
min mid max (kHz)
AR 5502 6.654 6.720 40.04
UosS g 5.559 6.647 6.728  40.04
¥ A"R
zg 0.99 1.00 1.00
FYE 4536 5696 5734 4043
uos E=a%s 4.271 5.460 5.538 40.43
#2 iER
jBg 1.06 1.04 1.04
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