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Fabrication of SiCN microstructures for super-high temperature
MEMS using PDMS mold and its characteristics

Gwiy-Sang Chung’ and Hyung-Soon Woo

Abstract

This paper describes a novel processing technique for fabrication of polymer-derived SiCN (silicone carbonitride)
microstructures for super-temperature MEMS applications. PDMS (polydimethylsiloxane) mold is fabricated on SU-8
photoresist using standard UV photolithographic process. Liquid precursor is injected into the PDMS mold. Finally, solid
polymer structure is cross-linked using HIP (hot isostatic pressure) at 400 °C, 205 bar. Optimum pyrolysis and annealing
conditions are determined to form a ceramic microstructure capable of withstanding over 1400 °C. The fabricated SiCN
ceramic microstructure has excellent characteristics, such as shear strength (15.2 N), insulation resistance (2.163x10' Q)
and BDV (min. 1.2 kV) under optimum process condition. These fabricated SiCN ceramic microstructures have greater
electric and physical characteristics than bulk Si wafer. The fabricated SiCN microstructures would be applied for super-
temperature MEMS applications such as heat exchanger and combustion chamber.
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Photo mask

[«— 51 wafer

(c) PDMS spin coating on the SU-8 pattern

(d) Formation of PDMS mold

Liqrid polysilazane -; Photoinititor

(e) Liquid precursor spin coating into the PDMS mold
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(f) UV exposure

(g) Free-standing polymer structure
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(h) Crosslink under hot isostatic press
3% 1. SiCN vl 725 A Z3H oA =
Fig. 1. Fabrication process sequences of the SiCN
microstructure.
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Fig. 2. HIP profile for the SiCN microstructure fabrication.
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Table 1. Pyrolysis and annealing condtions of cross-

linked SiCN
Pyrolysis Annealing
no annealing
HIP

(Charge gas: Ar) (Charge gas; Ar)
(Charge gas; N)

Furnace no annealing

(Charge gas; N») (Charge gas; Nj)

Furnace no annealing

(Charge gas; Ar) (Charge gas; Ar)
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38| 3. A1FHE SiCN wle] =R (a) 7191, (b) WL B9
SEM ©]u]x]
Fig. 3. SEM images of the fabricated SiCN micro; (a) gear
and (b) cantilever, resepctively.
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Fig. 4. Shear strength variations of SiCN microstructures
with different prolysis method.
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Fig. 5. Insulation resistance variations of SiCN micro-
structures with different pyrolysis methods.
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Fig. 6. Variations of break down voltage characteristics of
SiCN  microstructures with different pyrolysis
methods.
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Fig. 7. Shear strength variations of SiCN micro-structures
with different annealing methods.
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Fig. 8. Variations of insulation resistance of SiCN
microstructures with different annealing methods.
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