§527 % 46 G K LR Vol.27  No. 6
2019 4 6 A Optics and Precision Engincering Jun. 2019

XEHS 1004-924X(2019)06-1293-08

ETHESEAREEEIZ/
= YE o T 5% AR R ik BRIl R R

e RARFFE, IHL,ELL.TER
(ROt B B TF AT 50 T . % 408 233042)

FEE X FR 3D 1 S RIE IR &5 ELAT A B X FRE L L i B8 7 AT FE R S AR R N R TIZ IERA Z—E
PR 48 1 20 B WS 4 4 0 il TR 3 B, JB T MEMS 3D 125 AR MESEATHE B AL 4 . B TRk & ) R PR e R X &
s ke 3D ST AR 88 AL = A 4 T2 M7 TSR sE . it TSR & 2 e 3D i ST R S A T A AR
SCERPRIEPRFREL R 15 ¢ 10 ¢ 75 AYMSER SRR I R A9 TR G VR 4% 10 ) P Al ol 48 el b R A A L TR 1 % 7KV 82 4% R
IR BRI S L, X 220 ok IR B RN I B AT T A AR VS TR R R R R I R KT Sk e 2Pk A [
BERERYREmE . 4 T EHAN 0. 8~1. 3 mm BYZ fuaE 3D #h 1E 52 AR 4554, W 300 FR P d 48 F 0. 400 . 2 fik 3D T 5%
REEF I REARE LT 1 nm. 7F 0. 2 Pa IR T L 0% 2 35 8 05075 2 1 0 5% (4R 3R 45 11 R 45 %2 28 kHz, QfH
S 14 365, 171 9K Bl L FE i T ER R TS S R A DU U PR AR S A AR SR DL L AR R TR

X # O HAE R43D LA G R E R 2RI B b ab AR

FESES TP212.9 X ERERIEFS A doi:10. 3788/OPE. 20192706, 1293

Fabrication of microscale axial symmetric three-dimensional curved

shell resonators based on silicon isotropic wet etching
ZHUANG Xu-ye* , CHEN Bing-gen, LI Ping-hua, WANG Xin-long, CAO Wei-da, DING Jing-bing

(East China Institute of Photo-Electronic IC, Bengbu 233033, China)
x Corresponding author, E-mail: zxye8888 @163. com

Abstract: Axial symmetric curved shell resonators are among the most-widely used resonators because
ol their high symmetry, robustness, and reliability. However, the fabrication of this kind of
resonator is based on newly developed three-dimensional (3D ) microelectromechanical system
technologies, making it difficult to fabricate. Polysilicon shell resonator is suitable for batch
fabrication owing to its compatibility with the materials and fabrication technologies used in the IC
industry, which is of high value and should be studied thoroughly. A 3D polysilicon shell resonator
with high symmetry was produced using silicon cave as its mold, and the fabrication process was
designed and tested experimentally. The cave was [ormed by isotropic etching ol silicon, using a
mixture of HF/HNO,/CH;CHOOH with bulk ratio 15 : 10 ¢ 75 as the etchant. The temperature of
the etchant was controlled using a water bath to ensure that the speed of the etching does not change

abruptly. The level of the wafer was maintained by a clamp with which the wafer’s position could be

I f HHA:2018-12-18;1&1T H #5:2019-02-16.
HEE&EWB:HRAKRELS BT H (No. 51875585)



1294 e EE TR

%27 &

adjusted [reely. The abovementioned measures ensured that the silicon caves had good properties,

especially the symmetry and roughness. Then, 3D polysilicon shells with diameters ranging from 0. 8

to 1. 3 mm were [abricated, with the smallest roundness less than 0.4%. The roughness of the shell

was less than 1 nm. The resonant properties of the fabricated shells were investigated using

noncontact characterization methods facilitated by a laser Doppler vibrometer. A mechanical quality

(Q) of 14 365 at 28 kHz was obtained in vacuum with a pressure of 0. 2 Pa. By adjusting the bias

voltage and actuated voltage, the mode-matching situation was achieved, and the relative frequency

mismatch between the two degenerate four-node wineglass modes was reduced to zero.

Key words: Micro-Electro-Mechanical System (MEMS); three-dimensional (3D) fabrication; silicon

isotropic wet etching; shell resonators; axial symmetric
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Fig. 1 Fabrication process of 3D curved polysilicon

shell resonators
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Fig. 2 Schematic representation of effects of temperature and

churning on diffusion layer in silicon isotropic etchant
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SEM image of finished silicon cave fabricated

using silicon isotropic wet etching
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Tab.1 Roundness of silicon caves versus their locations
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