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Fig. 9. Ring correction required for symmetric

distortions as a function of pattern void fraction using
two perforation rings.

6. VIBRATION ANALYSIS

Since the dynamic response of flexible stencil
mask membranes is a potential problem, a program
was initiated to analyze mechanical vibrations.
Frequencies have been determined using the FE
models of the two cases, i.e., the designs with two
and four rings of perforations, and are listed in
Table 1. For these two categories, a comparison is
made between a symmetric layout of identical
perforations versus the nonsymmetric designs with
longer slots in Regions 1 and 3. Frequencies of all
modes drop when additional strain relief is
provided by nonsymmetric perforation rings.

Table 1. Natural frequencies for the first five modes.
Region 5 has a void fraction of 20% and features with an
aspect ratio of 4:1.

2 Rings 4 Rings
Mode Sym Nonsym Sym Nonsym
No. (Hz) (Hz) (Hz) (Hz)

1 87.02 80.19 87.34 80.84
2 131.06 110.79 131.52 112.18
3 141.99 138.13 142.45 138.81
4 174.46 143.52 175.50 146.07
5 192.80 172.33 191.87 173.33

The reductions are essentially the same
whether two or four nonsymmetric rings are used.
Also, the orthotropic nature of the pattern area
substantially influences modal response. For
example, the shape shown in Fig. 10 is not a mode
typical of isotropic circular membranes.

1

Fig. 10. Finite element contour plot of mode 4 of the
four ring design. Corresponding frequency is 175.50 Hz.

7. CONCLUSIONS

FE models have been developed to simulate
stencil masks with orthotropic pattern features. It
has been shown that nonsymmetric edge
perforation rings can be designed to provide
preferential strain relief, resulting in uniform
magnification error. Preliminary modal analysis
results show that perforated pattern areas affect
vibrational mode shapes and frequencies, and thus
need to be considered in future dynamic response
studies.
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