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Rapid ICP-based fabrication of large-area silicon
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Abstract: Inductively coupled plasma (ICP) systems are widely used in the field of anisotropic silicon
etching. By depositing a polymer on the lower surface of fluorocarbon plasma, the side-wall etching effi-
ciency can be reduced, and the resulting vertical side walls have a high aspect ratio. ICP can be used for
gas-based isotropic etching in the absence of protective gas plasma, and ICP-based isotropic etching has
the advantages of a higher silicon etching rate, better controllability, and higher etching selectivity com-
pared with anisotropic etching. In this article, a two-step etching method is proposed for fabricating inter-
connected honeycomb structures with magnitudes of 2. 2XX10° to 9. 5X 10° with different pitches of silicon

material over an area of 10 mm?® by controlling etching parameters (gas flow, release period, etching pow-
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er, internal pressure, and etching temperature of silicon material ). The proposed fabrication method can

be used to precisely manufacture honeycomb structures with the desired spacing and homogeneity over a

large area. In addition, it has the advantages of simple steps and shorter fabrication cycles. The method

has important applications in tissue engineering, cell culture, fluid diffusion, the thermal diffusion of mate-

rials, and surface science.
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Fig.1 Top view of microwells fabricated by two-step etching( The microwells presents an equilateral triangle distribution)



2230 e KEE TR 31 %

® Etching gas SF, plasma
@ Passivation gas C,F plasma
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(a) Standard photolithography process using photoresist as a mask and direct isotropic etching to fabricate structural effects
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(b) Principle for two-step etching with photoresist as a mask
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Fig. 2 Fabrication process schematic( The etching gas SF reacts with silicon for etching, and the protective gas C,Fy is re-
leased to form a polymer on the surface to prevent the etching. The alternate release of protective gas and etching
gas makes the sidewall tend to be vertical, and the sidewall will have a corrugated shape as observed by the local

magnification, and the isotropic etching widens the internal area)
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(a) First step anisotropic etched openings (b) Second step isotropic etching to achieve high magnification

observation of interconnect structure
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Fig.3 Tilted 45° observation using SEM
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Tab.1 Positive triangular arrangement of microwell ar-
ray masks(Microwells center distance 6 microme-

tre,diameter 4 micrometre )

Scem & s
Etching ICP/W t/s
SF, CF.
Anisotropic  500,1.5  200,1.5 2500/120 20

500,1.5 0,0 2500/120 15

Isotropic

®2 EZRABHAMILEESIEIE(ER 4 pm, B0 8 pm)
Tab.2 Positive triangular arrangement of microwell ar-
ray masks (Microwells center distance 8 mi-

crometre,diameter 4 micrometre)

Scem & s
Etching ICP/W t/s
SF, C,Fq
Anisotropic  500,1.5  200,1.5 2500/120 25
Isotropic 500,1.5 0,0 2500/120 33
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Fig.4 Variation of isotropic etched structure size with time observed at 45° by SEM

(b)=27s

4.0

Width/um
— — [\S) (Yo} (9%) (%)
o W o W o W

o
[

0.0 - T T T T T
0 5 10 15 20 25 30
Etching time/s

5 4% [l 1 20 ol bk ] 55 e 32 R 9 B2 A 56 %

Fig.5 Isotropic etching time versus height and width respectively
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(a) Relationship between different etching depths and the angle of
the upper wall and the side wall in the first step, the included
angle position is shown in Fig.2(e)
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Fig. 6 Linear relationship between etching depth in the first step and experimentally obtained structure
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Fig. 7 SEM images of relationship between angle of upper
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wall and side wall with different first etching depths
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