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Effect of the Tolerance Parameters of the Horn on the Vibration
of the Thermosonic Transverse Bonding Flip Chip System

Ha Kyu Jung’, Won Tae Kwon*, Byung Ok Yoon™

| Abstract |ﬁ

Thermosonic flip chip bonding is an important technology for the electronic packaging due to its simplicity, cost
effectiveness and clean and dry process. Mechanical properties of the horn and the shank, such as the natural frequency
and the amplitude, have a great effect on the bonding capability of the transverse flip chip bonding system. In this
research, two kinds of study are performed. The first is the new design of the clamp and the second is the effect
of tolerance parameters to the performance of the system. The clamp with a bent shape is newly designed to hold
the nodal point of the flip chip. The second is the effect of the design parameters on the vibration amplitude and
planarity at the end of the shank. The variation of the tolerance parameters changes the amplitude and the frequency
of the vibration of the shank. They, in tumn, have an effect on the quantity of the plastic deformation of the gold
ball bump, which determined the quality of the flip chip bonding. The tolerance parameters that give the great effect
on the amplitude of the shank are determined using Taguchi’s method. Error of set-up angle, the length and diameter
of horn and error of the length of the shank are determined to be the parameters that have great effect on the amplitude
of the system.

Key Words : Thermosonic bonding(%-3-83 Z%})), transverse flip chip bonding(383F S3%] 3}, Bent shape fixture(741%
Z-93%), Taguchi's method(THL%] W)
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Fig. 1 Dimensional configuration of the hom and shank



Yot -

g -

(b) The hom with the shank

Fig. 2 Comparison of the nodal points without and
with shank
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(a) Vibration mode without a clamp

(b) Vibration mode with the straight clamp

(¢) Vibration mode with the bent clamp

Fig. 3 Comparison of the vibration of the hom assembly
according to the clamping method
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Table 1 Orthogonal array for the simulation with 7
design parameters

Error of Error of| Error | Error | Error Error Error of
the horn the hole| of the | of the | of the of the the
No. angle displace | shank | shank | horn’s density Young’s
(AY%) mqnt anglie length | length (©%) Modulus
(E)%) | (F)%) [ (GY(%) | (BX%) (D)(%)
1 -10 -10 -10 -10 -10 -10 -10
2 -10 -10 0 0 0 0 0
3 -10 -10 10 10 10 10 10
4 -10 0 -10 0 10 10 10
5 -10 0 0 10 -10 -10 -10
6 -10 0 10 -10 0 0 0
7 -10 10 -10 10 0 0 0
8 -10 10 0 -10 10 10 10
9 -10 10 10 0 -10 -10 -10
10 ] -10 -10 -10 -10 0 10
11 0 -10 0 0 Y 10 -10
12 0 -10 10 10 10 -10 0
13 0 0 -10 0 10 -10 0
14 0 0 0 10 -10 0 10
15 0 0 10 -10 0 10 -10
16 0 10 -10 10 0 0 -10
17 0 10 0 -10 10 -10 0
18 0 10 10 g -19 0 10
19 10 -10 -10 -10 -10 10 0
20 10 -10 0 0 0 -10 10
21 10 -10 10 i0 10 0 -10
22 10 0 -10 g 10 g -10
23 10 0 0 10 -10 10 0
24 10 0 10 -10 G -10 10
25 10 10 -10 10 0 -10 10
26 10 10 0 -10 10 0 -10
27 10 10 1 10 0 -10 10 0
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Fig. 4 Effect of the parameter on the amplification of
the signal

Table 2 Orthogonal amray for the simulation with 4
design parameter

Error of |Error of the Error of
Error of
the- horn Young’s .. | the homn’s
No the density
angle Modulus O length
0
(A) (%) D)%) (BX%)
1 -10 -10 -10 -10
2 -10 0 0 0
3 -10 10 10 10
4 -10 0 10
5 0 10 -10
6 10 -10 0
7 10 -10 10 0
8 10 0 -10 10
9 10 10 0 -10
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Fig. 5 Effect of the 4 parameter on the value of 7

Table 3 ANOVA for the 4 design parameter of the
hom and shank assembly

Desi " Degree of | Sum of | Sum of F
csign parameter freedom | squares | average
Error of the hom
2 1.261 0.63 -
angle (A)(%)
Error of the hom’s
2 0.02 0.01 -
length (B)(%)
Error of the density
2 3.636 1.817 -
O
Error of the Young’s
2 2.606 1.303 -
Modulus (D)(%)
Sum 8 7.523
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