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ABSTRACT

Ultrasonic flip-chip bonding needs a precise bonding tool which delivers ultrasonic energy into

chip bumps effectively to use the selected resonance mode and frequency of the horn structure. The

bonding tool is excited at the resonance frequency and the input and output ports should locate at

the anti-nodal points of the resonance mode. In this study, we propose new design method with top-

ology optimization for ultrasonic bonding tools. The SIMP(solid isotropic material with penalization)

method is used to formulate topology optimization and OC(optimal criteria) algorithm is adopted for

the update scheme. MAC(modal assurance criterion) tracking is used for the target frequency and

mode. We fabricate two prototypes of ultrasonic tools which are based on 3D optimization models

after reviewing 2D and 3D topology optimization results. The prototypes are satisfied with the ultra-

sonic frequency and vibration amplitude as the ultrasonic bonding tools.
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Fig. 1 Ultrasonic horn for flip-chip bonding(full-
wavelength mode type)
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Fig. 2 Finite elements: (a) 2D 4-node quadrilateral
element; and (b) 3D 8-node hexahedron ele-
ment
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Table 1 Natural frequency of 2D models

Optimization ANSYS
Model model model Difference
(2,400 elements) | (3,491 elements)
PF8 60.006 kHz 59.309 kHz 1.1%
PF16 59.869 kHz 59.022 kHz 1.4 %

(a) Iteration 1

(b) Iteration 2

(c) Iteration 16

(d) Iteration 26(final)
Fig. 4 2D topology optimization process: PF8

(a) Iteration 1

(b) Iteration 6

(c) Iteration 16

(d) Iteration 25(final)
Fig. 5 2D topology optimization process: PF16
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Fig. 6 Longitudinal vibration modes of 2D optimized
models(ANSYS/modal displacement)
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Fig. 7 Shape dependence due to fixed regions

Table 2 Natural frequency of longitudinal mode of
2D model PF8(ANSYS)

Before After
Mode e S
optimization optimization
1st(A/2-cosine) 21.014 kHz 27.716 kHz
2nd( \-cosine) 41.929 kHz 59.309 kHz
3rd(3 \ /4-cosine) 62.512 kHz 100.94 kHz
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(a) Iteration #1

(b) Iteration #6

(d) Iteration #18
Fig. 8 3D topology optimization process: PF8
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(b) Photo of manufactured prototype
Fig. 9 Optimized model PF8

(b) Iteration #6

(d) Iteration #18

Fig. 10 3D topology optimization process: PF16
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(a) Modal amplitude (ANSYS)

(b) Photo of manufactured prototype
Fig. 11 Optimized model PF16
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Fig. 12 Setup for vibration experiment

Table 3 Frequency of 3D optimization model and
prototype experiment

Optimized Model | Experiment Experiment
Model frequency frequency amplitude
(kHz) (kHz) (1im)
PF8 59.135 59.448 3.42
PF16 58.868 58.349 4.06
R PF8
Al N Al il

amplitude (um)
°
N A
1

e

E]
time(sec) x10°

(a) Time domain response

PF8

10 2
frequency(Hz) %10"

(b) Frequency spectrum

Fig. 13 Vibration experiment of PF8 model
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