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Abstract: This study investigates the vibration characteristics of a wire-bonding piezoelectric transducer and
ultrasonic horn for high-speed and precise welding. A ring-type piezoelectric stack actuator is excited at 136
kHz to vibrate a conical-type horn and capillary system. The nodal lines and amplification ratio of the
ultrasonic horn are obtained using a theoretical analysis and FEM simulation. The vibration modes and
frequencies close to the driving frequency are identified to evaluate the bonding performance of the current
wire-bonder system. The FEM and experimental results show that the current wire-bonder system uses the
bending mode of 136 kHz as the principal motion for bonding and that the transverse vibration of the
capillary causes the bonding failure. Because the major longitudinal mode exists at 119 kHz, it is
recommended that the design of the current wire-bonding system be modified to use the major longitudinal
mode at the excitation frequency and to minimize the transverse vibration of capillary in order to improve
the bonding performance.
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Fig. 2 Configuration of a 3-step conical horn

Fig. 1 Transducer horn system model
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Table 2 Material property of the actuator module

Young's . . ,
Parts Material | Modulus I()(&/réi;g}) Pog';gg S
(GPa) g
Aluminum| -, -

Back Nut 2075 -T6 715 2381 0.33

Horn Titanium

Body / |Ti-6AL-4 113 4.43 0.342
Front Nut \%2
Resonator | Piezo 73 77 0.25

Preload | g1 | 205 785 0.33
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Fig. 5 Bending vibrations of capillary: 1st mode at
22.6 kHz and 2nd mode at 119.2.3kHz.
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Fig. 8 Experiment setup for the current and impedance
measurement
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Fig. 10 Experimental setup for the displacement
measurement at the capillary

Fig. 11 Experimental time data (up) and FFT plots
(down) at the capillary excited around
118kHz and 136kHz
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Table 4 Comparison of the maximum displacements
at capillary

Exciting Measurement Maximum
Frequency Axis displacement (um)

X 0.062
136kHz

Z 0.0232

X 0.0228
119kHz

z 0.008

0015+

001

0.005-

0.005-

001+
o ]36kHz

longitudinal displacement (um)

2015 o 119kHz

70.{]&02 -0.015 rcu‘:w 70.0‘05 él EI‘ODJ_S 0.01 ILD‘ﬂS 0.02
z-axis: bending displacement (um)

Fig. 12 Experimntal results of the 2 dimensional
displacement trajectories
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