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Alleviating Deformation of MEMS Structure in Surface Micromachining

Seok Kwan Hong", Soon Cheol Kweon" , Byung Hee Jeon"* and Hyung Jae Shin’

ABSTRACT

By removing sacrificial layer through ashing process, movable MEMS structure on substrate can be fabricated in
surface micromachining. However, MEMS structure includes, during the ashing process, the warping or buckling effects
due to stress gradient along the vertical direction of thin film. In this study, we presented method for counteracting the
unwanted deflection of MEMS structure and designed using character of deposit process to overcome limited design
conditions. Unit cell patterns were designed with character of deposit shape, and their final shapes were adopted using
Finite Element Method. Finally, RF MEMS switch was fabricated by surface micromachining as test vehicles. We
checked out that alleviation effect for deformation of switch improved by 35%.
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Fig. 1 Cause and effect of residual stress
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b) ON state with metal-to-metal ohmic contact

Fig. 2 Cross-section view of RF MEMS Switch

Fig. 3 SEM image of deformed structure by residual

stresses
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a) Test structures
(mask data)

b) SiNx cantilver
(single layer, t =1 pm)

¢) Al cantilever
(single layer, t = 0.5 pm)

d) SiNx/Al cantilever
(double layer, t = 1.5 pm)
Fig. 4 Optical profile of cantilever specimens

Table 1 Measurement of curvature

Thickness Radius of Curvature
Mode
(nm) (mm)
Single SiNx 1.0 3.80
Layer Al 0.5 -0.143
Double .
SiNx/Al 1.0/0.5 -1.23
Layer

3 00%e-002

Fig. 5 Simulated shape of RF MEMS Switch under stress
gradient
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Unit Cell

(a) Division of MEMS structure into unit cell
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(b) Unit cell Dimension along design rule

Fig. 6 Introduction of unit cell
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(b) Deposition process
Fig. 7 Alleviation effect of deposit shape
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(c) Fill type
Fig. 8 Three types of deposit process
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(a) Pattern C (b) Pattern D

Fig. 11 Variable patterns of unit cell
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(b) Seesaw structure
Fig. 15 Specimens to verify
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(c) Profile of seesaw test structure
Fig. 17 Experimental result of seesaw structure
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