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Research progress of micro-scale hemispherical resonator gyroscopes based on

etching of HNA solution

ZHENG Xianze, TANG Bin, WANG Yue, XIONG Zhuang*
(Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: The micro-scale hemispherical resonator gyroscopes based on Micro-Electro-Mechanical
Systems(MEMS) manufacturing technology are characterized by small size, light weight, low cost and
suitable for volume production while absorbing the advantages of full-angle measurement of traditional
hemispherical resonator gyroscopes. In the process of fabricating hemispherical shell structure by
sacrificial layer process, whether the molds of hemispherical resonator on single crystal silicon have
smooth surface and structural symmetry has decisive influence on the performance of hemispherical
resonator. In this paper, the principle of isotropic etching of HNA(Hydrofluoric, Nitric, Acetic) for making
micro-scale hemispherical resonator molds is described. Then the research progress of micro-scale
hemispheric resonator gyro based on isotropic etching of HNA solution is introduced. Finally, the main
technical problems of isotropic etching process are pointed out, and some possible solutions are put forward.
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Fig.2 (a) SEM of the sample with the <100> wafer etched without agitation; (b) SEM of the sample with the <111> wafer etched without
agitation; (c) SEM of the sample with the <100> wafer etched with agitation; (d) SEM of the sample with the <111> wafer etched with
agitation; (e) effect of chemical ratio of etchant on preferential etching for samples without agitation!'"!
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Fig.3 (a) SEM images of final device with hemispherical resonators shell and pedestal; (b) cross-section of hemisphere fit with a semi-circle
with deviation less than 1% near the stem; (c) AFM scan of shell surface showing less than 5 nm rms roughness !
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Fig.4 (a) SF6-etched mold in Si (100); (b) SF6-etched mold in Si (111); (¢) HNA-etched mold in Si (111) at room temperature without agitation;
(d) HNA-etched mold in Si (111) at 50°C with light agitation; (e) overhead SEM micrograph of a hemispherical mold with an overlaid fit
to the mold’s edge; (f) radial deviation of the fit assuming a circular mold or elliptical mold /"

4 (a) SF6 #E(100) i A1 T LM JE AR s (b) SF6 ZE(111) Rk LIS TBEE.; (o) HNA WA= IR ICHHE A FE MDA REIE
OB (d) HNA FRAE SOCRMIERER A 0E BTG RE R IIBLE s (o) LR EA AL EER; (f) eI
AT T kAR 20

2013 AF, T K 2 B 2R 307 43 B RO K 2 AA 5 A A0 e POV 1 O TR e Bkl R T 7 T A58, AN T Al fb

REEFBLE 1 2 K2R HNA V80 E 4 b P BRI R BE IR 00 T2 B8k, A1 56 i F Bl K8 i T 4% R7E Cr/Au
L2 2 HME H— A KREOE L ek R A E . B A HNA ¥ (HF:HNO;:CH;COOH=2:3:3)Ji il 120 s
DL i A L 1 2 R AR BRI o SR ANZ O R IR 1R BRI IR PR R E AR 1.1 mm, F&m2EMCT 6 um,
FHLRE /N T 4 nm, PRI IR 7 2509 5 8 RS2 a0 25 R AN 5 s .

(a)
CVD diamond shell

PEDM
Hemispherical

mold SIN anchor

7 AuCr [ Silicon
7] Glass [ SIN M CVD diamond
#1 LTOoxide i1 PE-TEOS CR200

Fig.5 (a) structure of the hemispherical wineglass resonators; (b) SEM micrograph shows an array of released diamond shells
attached to the silicon substrate with LPCVD Si3N, anchors
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Fig.6 (a) pop-up rings on SizN, with RIE; (b) HNA etching of silicon and pop-up rings fly-off; (c) SEM pictures of HSRs fabricated with the
pop-up rings mask; (d) SiO, hemispherical shell with diameters of 180 um, demonstrating a 3D symmetry of 99% [
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