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Hydrogen Fluoride Vapor Etching of SiO, Sacrificial Layer with Single Etch Hole
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Abstract

This study experimentally verified the etch rate of the SiO, sacrificial layer etching process with a single etch hole using vapor-phase
hydrogen fluoride (VHF) etching. To fabricate small-sized polysilicon etch holes, both circular and triangular pattern masks were
employed. Etch holes were fabricated in the polysilicon thin film on the SiO, sacrificial layer, and VHF etching was performed to release
the polysilicon thin film. The lateral etch rate was measured for varying etch hole sizes and sacrificial layer thicknesses. Based on the mea-
sured results, we obtained an approximate equation for the etch rate as a function of the etch hole size and sacrificial layer thickness. The
etch rates obtained in this study can be utilized to minimize structural damage caused by incomplete or excessive etching in sacrificial
layer processes. In addition, the results of this study provide insights for optimizing sacrificial layer etching and properly designing the
size and spacing of the etch holes. In the future, further research will be conducted to explore the formation of structures using chemical
vapor deposition (CVD) processes to simultaneously seal etch hole and prevent adhesion owing to polysilicon film vibration.
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Fig. 1. A schematic of VHF etching system [6].

HF(g) < HF(ads), M(g) < M(ads). (1)
2HF(ads) + M(ads)

— HF, (ads) + MH"(ads). )
SiOy(s) + 2HF, (ads)+2MH(ads)

—  SiF,(ads) + 2H,0(ads) + 2M(ads). 3)
SiF,(ads) < SiF,(g), H,O(ads) < H,O(g),

M(ads) < M(g). )

3. SAMPLE PREPERATION
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(a) SiO, deposition (d) Poly-Si patterning
—
(b) SiO, patterning (e) VHF etching

| R | 1 1 1 [}
vy ;v v v;v v
(c) Poly-Si deposition
“
- : Si substrate
B : sio,

[ ]:Polysi

--» : VHF

Fig. 2. Fabrication process for the VHF etching samples (a) SiO,
deposition, (b) SiO, patterning, (c) Poly-Si deposition, (d)
Poly-Si pattering (etch hole), (e) VHF etching (sacrificial
layer etching).

Fig. 3. Circle and triangle mask patterns for single etch hole in VHF
etching process.
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4. RESULTS & DISCUSSION
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Fig. 4. Optical images of the 1.6 pum-thick sacrificial layer sample
after the VHF etching process: (a) circle pattern (target D =
3 um), (b) circle pattern (target D = 2 um), (c) triangle pattern
(target L = 3 pm), (d) triangle pattern (target L = 2.6 pum).

—1 pum

—1 um

Fig. 5. Optical images of the 1.6 pm-thick sacrificial layer sample
after the VHF etching process: (a) partially fabricated etch
hole (not VHF etched), (b) etch hole not fabricated (not VHF
etched).
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6. APPENDIX
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Fig. 10. Comparison of the measured and approximated etch rate
when the sacrificial layer thicknesses are (a) 1.6 pm, (b) 2.3
um, and (¢) 3.2 um, respectively.
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