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Selective Removal of Mask by Mechanical Cutting
for Micro-patterning of Silicon

Won-Hyeog Jin" and Dae-Eun Kim"

ABSTRACT

Micro-fabrication techniques such as lithography and LIGA processes usually require large investment and are
suitable for mass production. Therefore, there is a need for a new micro-fabrication technique that is flexible and more
cost effective. In this paper a novel, economical and flexible method of producing micro-pattern on silicon wafer is
presented. This method relies on selective removal of mask by mechanical cutting. Then micro-pattern is produced by
chemical etching. V-shaped groove of about 3 ¢m wide and 2 tm deep has been made on SiO, coated silicon wafer
with this method. This method may be utilized for making microstructures in MEMS application at low cost.
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(Coating on Silicon Substrate)

Selective Removal of Mask}
with Mechanical Scratch

( cChemical Etching |
i

( Mask Removal )
[Obtain Distinct Micropattem] [ R.‘bgl-njamoval

Fig. 1 Strategy of micro-machining process
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Fig. 2 Schematic diagram of ultra-precision micro-
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Fig. 3 Schematic view of the etching system
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T T - —
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tndex Mask Ma _(mm) () [Hardness ((a)] Method
; Thermal
A Al Top w0 e evaporation
. Thermnal
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Thermal
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D SialN4 250 3-5 196 CVD
. T Thermat |
E Si0: 80 3-5 5.4-74 growth
3. 43 & nH

31 8% ofa3

AR ML 75 Adejol A Al rlaa A
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Fig. 4 Effect of thrust force for various Al masks on (a)
cutting force and (b) force ratio (cutting speed: 10
(m/sec)
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Fig. S Force ratio with respect to thrust force at different
cutting speed for heat induced 50 nm thick Al
mask
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(c) *C’ after mechanical machining

(d) ‘B’ after KOH etching

(e) ‘B’ after EDP etching

Fig. 6 Optical micrographs of pattem machined on Al
coated silicon wafer (thrust force: 30 mN, cutting
speed: 10 (m/sec)
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Fig. 7 Effect of thrust force for ceramic masks on (a)

cutting force and (b) force ratio (cutting speed: 10
(m/sec)
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¥ig. 8 Optical micrographs of pattern machined on Si,)N,
coated silicon wafer (D) (thrust force; a, b, c: 20
mN, d, e, f: 60mN, cutting speed: 10 gm/sec)

(c) After EDP etching (d) After mechanical machining

(e) After KOH etching (f) After EDP etching

Fig. 9 Optical micrographs of pattern machined on SiO,
coated silicon wafer (E) (thrust force; a, b, c¢: 20
mN, d, e, f: 60mN, cutting speed: 10 ym/sec)
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Fig. 10 AES mapping of O element on SiO, coated
silicon wafer (a) 30 mN and (b) 60 mN thrust

force
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Fig. 11 SEM micrographs of the pattern machined on
Si;N, coated silicon wafer (thrust force: 60 mN)

(@) KOH etchant (b) KOH etchant

(c) EDP etchant

Fig. 12 SEM micrographs of the pattern machined on
SiQ, coated silicon wafer (thrust force: 60 mN)
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