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Deformation Analysis of a Metal Mask for the Screen Printing of Micro Bumps

K. Y. Lee*, H. J. Lee’, J. B. Kim' ', K. Park

Abstract

Screen printing is a printing method that uses a woven mesh to support an ink-blocking stencil by transferring ink or
other printable materials in order to form an image onto a substrate. Recently, the screen printing method has applied to
micro-electronic packaging by using solder paste as a printable material. For the screen printing of solder paste, metal masks
containing a number of micro-holes are used as a stencil material. The metal mask undergoes deformation when it is installed
in the screen printing machine, which results in the deformation of micro-holes. In the present study, finite element (FE)
analysis was performed to predict the amount of deformation of a metal mask. For an efficient calculation of the micro-holes
of the metal mask, the sub-domain analysis method was applied to perform FE analyses connecting the global domain
(the metal mask) and the local domain (micro-holes). The FE analyses were then performed to evaluate the effects of slot
designs on the deformation characteristics, from which more uniform and adjustable deformation of the metal mask can

be obtained.

Key Words : Metal mask(5<s tfA3), Screen printing(A32 214), Micro bumps(H]A] ¥ L), Finite element analysis(-3-3FQ A3]4),
Sub-domain analysis(5-F % 34 7|5H)
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(b) Deformation of micro-holes

Fig. 1 Schematic configuration of the screen printing process
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Fig. 3 Experimental setup for the micro tensile test

Table 1 Specifications of the micro tensile tester

Specification Values

Maximum load S50kgf

Full stroke 20mm
Specimen width 1~20mm
Length 10~25mm

Stroke resolution 30u¢m
Maximum velocity 35mm/min

Displacement measurement Linear-scale optical microscope

Table 2 The results of the micro tensile tests

E [GPa] Sy [GPa]
0° 45° 90° 0° 45° 90°
140.82 | 144.254 | 157.289 1.301 1.343
3.878 | 3.778 | 3.013 0.015 | 0.012

Average

Deviation
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Fig. 4 Finite elements model for the sub-modeling application
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Fig. 6 Intemal equilibrium stress of the deformed metal mask
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Fig. 7 Data extraction method for the deformation results: (a)
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Table 3 Strain for the hole shapes at thr 4 reference points

No. Ex (%) Ey (%) Ex/Ey
1 0.033 0.105 0.314
2 0.073 0.051 1.431
3 0.048 0.093 0.516
4 0.056 0.083 0.674

Table 4 Strain for the center positions at the 4 reference points

No. X (%) Y (%)
1 0.0224 0.0361
2 0.0260 0.0843
3 0.0215 0.0324
4 0.0242 0.0367
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Fig. 8 Simulation models for various slot designs
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Fig. 10 Comparison of stain results with various slot designs
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