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Process of Continuous Membrane Micro-Deformable Mirror
Based on SOI Wafer

Qiao Dayong Yuan Weizheng Tian Li
(Micro/Nano Electromechanical Systems Laboratory, Northwestern Polytechnical University,
Xi'an, Shaanxi 710072, China)

Abstract Silicon on insulator (SOI) provides a three-layer structure of Si/Si0,/Si, and makes it possible to achieve
continuous membrane micro-deformable mirror based on deep reactive ion etching (DRIE). By using the SiO, as the
self-stop layer of dry etching. a single crystal silicon reflective mirror membrane can be readily realized with uniform
and precisely controlled thickness. A process based on DRIE and anodic bonding of SOI wafer/Pyrex 7740 glass was
presented, and a micro-deformable mirror with 69 actuators was fabricated and tested. The micro-deformable mirror,
with an aperture of 10 mm, exhibits a working range of 4.25 pm, a PV flatness of 1.2 pm and a RMS roughness of

193 nm.
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Fig. 1 Schematic structure of the micro-deformable

mirror based on SOI
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Fig. 3 Z-shaped lines connecting the bonding pads
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Fig. 5 Process flow of the SOI based micro deformable mirror. (a) etching firstly the upper layer of the SOI by DRIE to form the

mirror membrane; (b) etching secondly the backside deep trench by DRIE to remove the handle layer above the mirror

surface; (c¢) etching thirdly the insulator layer by hydrofluoric acid wet etching to expose the mirror reflective surface;

(d) bonding finally the SOI wafer to a glass wafer with patterned Al to form the electrostatic air gap
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Fig. 6 Etching of the handle wafer layer by DRIE. (a) with part of the handle wafer layer remained;

(b) with all the handle wafer layer completely removed
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Fig. 7 Fabricated micro deformable mirror. (a) before wire bonding; (b) after wire bonding
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Fig. 9 Deformation of the mirror center as a function of
the applied voltage between the mirror surface and

the central electrode
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