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Improvement of Filling Characteristics of Micro-Bumps in the Stencil Printing Process

W. S. Seo*, B. W. Min*, K. Park’, H. J. Lee", J.-B. Kim""

Abstract

In the present study, the stencil printing process using solder paste are numerically analyzed. The key design parameters
in the stencil printing process are the printing conditions, stencil design, and solder paste properties. Among these parameters,
the effects of printing conditions including the squeegee angle and squeegee pressure are investigated through finite element
(FE) analysis. However, the FE analysis for the stencil printing process requires tremendous computational loads and time
because this process carries micro-filling through thousands of micro-apertures in stencil. To overcome this difficulty in
simulation, the present study proposes a two-step approach to sequentially perform the global domain analysis and the local
domain analysis. That is, the pressure development under the squeegee are firstly calculated in the full analysis domain
through the global analysis. The filling stage of the solder paste into a micro-aperture is then analyzed in the local analysis

domain based on the results of the preceding global analysis.

Key Words : Solder paste(&1 ]2 E), Stencil printing(AEI4! 3 AE), Squeegee angle(2~F] X ZHe), Micro bumps(H|A|H L),
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Fig. 1 Schematic illustration of the stencil printing process
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Fig. 3 Dimensions and boundary conditions for the analysis

Fig. 4 Mesh distribution for the simplified model
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Fig. 6 Pressure development with an increase of squeegee time
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Table 1 Pressure values with an increase of squeegee time

(unit: kPa)

Distan ime| 0.6ms | 0.8ms | 1.0ms | 1.2ms | 1.4ms | 1.6ms
0.0mm 3.7 47.0 | 127.5 | 196.0 | 220.9 | 220.6
0.2mm 2.6 26.0 | 633 | 904 | 955 | 94.0
0.4mm 2.3 192 | 424 | 564 | 552 | 533
0.6mm 2.1 164 | 34.0 | 427 | 39.0 | 369
0.8mm 2.0 148 | 29.0 | 35.1 | 30.0 | 279
1.0mm 1.9 140 | 272 | 31.7 | 26.1 | 239

[ 1
100kPa§ 0.75 mm §3l]kPa lﬂﬂkPaé 0.75 mm su\kpa
(@ (b)

Fig. 7 Distance between points of 30 kPa and 100 kPa at elapsed
time of (a) 2.0 ms and (b) 500 ms
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Fig. 8 Pressure development for various squeegee angles

Table 2 Pressure values for various squeegee angles and distances

(unit: kPa)
Distanc le| 30° 40° 45° 50° 60° 70°
0.1lmm 345 | 246 | 204 166 132 110
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Fig. 9 Simplified 2D axisymmetric model for filling analysis :
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Fig. 10 Dimensions and boundary conditions for filling analysis
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Fig. 11 Pressure duration time for various squeegee angles

Table 3 Pressure duration time for various squeegee angles

Angle Duration Time Duration Time
- 30kPa(ms) - 100kPa(ms)
30° 123 33
40° 67 17
45° 52 13
50° 41 10
60° 28
70° 20
90° 10 1
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Fig. 12 Solder paste filling shapes for 30 kPa of inlet pressure
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Fig. 13 Solder paste filling shapes for 100 kPa of inlet pressure
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