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Design and Fabrication of a Micromechanical Switch
Using Polysilicon Surface Micromachining

BH KT OAR W W EE e 8t A Bt
(Kyoung-Soo Chae - Seung-Oh Han - Jong-Min Ha - Sung Moon - Jung-Ho Pak)

Abstract - A micromechanical switch that can be used as a logic gate is described in this paper. This switch consists
of fixed input electrodes, an output electrode, Vec/GND electrodes, and movable plates suspended by crab-leg flexures.
For mechanical switching of an electrical signal, a parallel plate actuator which comes in contact with output electrode
was used. Provided that movable plates are connected to Vcc and a low input voltage(ground signal) is applied to the
fixed input electrodes, the movable plates are pulled by an electrostatic force between the fixed input electrodes and the
movable plates. The proposed micromechanical switch was fabricated by surface micromachining technology with 2um
—thick poly-Si and the measured threshold voltage for ON/OFF switching was 235V,
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Fig. 1 The schematic view of the proposed micromechanical
switch; (a) Resting state (b) Operating state
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Fig. 2 Before and after come in contact with output
electrode (the picture of CCD camera); (a) Before
come in contact (b) After come in contact
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Fig. 3 The Schematic view of suspending beam and fixed/
moving electrode; (a) Crab-leg suspending beam (b}
Fixed and moving electrode
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Table 1 Dimensions of the designed micromechanical switch

case 1 case 2
beam length of shin, L2 300m 270m
beam length of thigh, L1 30um 30um

beam width, w Sum 3um

thickness, b 2um 2¢m

fixed electrode length, Ls 250um 250¢m

# of fixed electrode 20 20

spacing 'between fixed Sum Sm
and moving electrode, d

spacing between moving 3m 3m
and output electrode, g
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Force [N]

1
Displacement [m] 110
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Fig. 4 Comparison of electrostatic force and mechanical force
of the suspension beam at various displacements of
the beam(Applied voltages - a : 25V, b : 20V, ¢ :
25V, d : 24V, e : 20V); (a) Case 1 (b} Case 2
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Fig. 5 Theoretical calculation for displacement vs. applied
voltage; (a) Case 1 (shin length = 300zm) (b) Case
2 (shin length = 270um)
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a)Poly-Si/Si3N4/SiO2 deposition
and Poly-Si patterning

¢) Anchor patterning
and dimple pattering

E—

b) Si3N4 deposition

d)Poly-Sideposition/patterning
and Al sputtering/patterning

¢) PSG deposition e) PSG etch
e ) [ I 1 ]
Si02 SiI3N4 Poly-Si PSG Al
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Fig. 6 Fabrication process
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Fig. 7 Micromechanical switch fabricated by surface micro-
machining: (a) Fabricated micromechanical switch (b)
Enlarged view of (a)
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Fig. 8 Measurement system
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Fig. 10 Source of erors; (a) Beam bending by residual
stress (b) Enlarged view of (a)
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