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Abstract

Ultrasonic bonding is the novel packaging method for flip-chip with high yield and low-temperature
bonding. The bonding module is a core part of the bonding machine, which can transfer the ultrasonic
energy into the bonding spot. In this paper, we propose topology optimization technique which can make
new design of boding modules due to the constraints on resonance frequency and mode shapes. The
designed bonding module using topology optimization was fabricated in order to evaluate the bonding
performance and reliable operation during the continuous bonding process. The actual production models
based on the proposed design satisfied the target frequency range and ultrasonic power. The bonding test
was performed using flip-chip with lead-free Sn-based bumps, the results confirmed that the bonding
strength was sufficient with the designed bonding modules. Also the performance degradation of the
bonding module was not observed after the 300-hour continuous process with bonding conditions.
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Fig. 1 Types of bonding modules
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Fig. 3 Optimized model by topology optimizationg)
(unit: m)
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Fig. 4 Normalized vibration modes of the bonding
module models
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Table 1 Natural frequencies of optimized and
manufacturing prototype models by FEM
(COMSOL) modal analysis

Topology Manufacturing .
R Diff.
Optimization Prototype (%)
Model Model ?
Frequency
(kHz) 58.868 59.424 0.93
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Fig. 5 Manufacturing prototype model (unit: mm)
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Fig. 8 Frequency spectrum measured at BP and
EP of horn sample #1
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Table 2 Natural frequency and amplitude of the
manufacturing prototype samples

Sample # #1 #2 #3 average
Natural

frequency 58.53 58.68 58.58 58.60
(kHz)
Peak

Amplitude 4.3 4.0 4.3 4.2
(um)
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Table 3 Flip—chip bonding test with different conditions

Pressure | Excitation .
Test Temp | Pressure duration duration Bonding
(T) (MPa) result
(sec) (sec)
1 150 0.2 2.0 2.0 @)
2 150 0.1 2.0 2.0 0
3 125 0.1 2.0 2.0 0
4 100 0.1 3.0 3.0 @)
5 100 0.1 2.0 2.0 X
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(b) Breakage after shear test

(a) Initial bump

Fig. 9 Flip—chip bumps in bonding test
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