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Fig.1 Surface morphology of three principle planes during etching™

(a) Single pyramidal etching hillock on Si

(100) in 10wt% KOH at 70C ; (b) Strip patterned morphology on Si (110) during etching in 26wt% KOH at
80C ; (¢) Triangular etch pits on Si (111) surface in 43wt% KOH at 40C ; (d) Formation of strip structure on the
Si (110) sidewall of micro needle array etched in 34wt% KOH at 70C ™’
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Fig.2 (a) Micro mask pattern represented by the random po-
sition matrix in the simulation; (b) Terrace and step region in
step flow model; (¢) Stercographic projection of silicon crystal-
line with (110) plane on top; (d) Etch rates of the (h +2,h,
h).(h,1,1),(h+2,h+2,h) and Ch, h,1) families against
cutting angles to the (111) orientation in KOH 50wt %"
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Fig.3 (a) Positions of (3,7) labeled atoms on (771) plane in
(hyh,1) family; (b) Positions of (3,7) labeled atoms on (611)
plane in (h,1,1) family; (c) Positions of (3,7) labeled atoms
on (533) plane in (h +2,h,h) family; (d) Positions of (3,7)
labeled atoms on (553) plane in (h+2,h +2,h) family
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Fig.4 (a) Atoms pattern of a pyramidal hillock on Si (100) in simulation; (b) Atoms pattern of a strip structure
on Si (110) in simulation; (¢) Atoms pattern of a triangular pit on Si (111) in simulation; (d) Simulation of surface
morphology on etching of Si (100);(e) Simulation of surface morphology on etching of Si (110); (f) Simulation of
surface morphology on etching of Si (111)
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Fig.5 (a) Illustration of the calculation of surface roughness; (b) SEM picture of surface morphology on
Si(322) etched in 34wt% KOH at 70C ; (¢) The relationship between surface roughness and atom remov-
als; (d) Simulation of surface morphology on Si(322)
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Monte Carlo Simulation for the Surface Morphology of Anisotropic
Etching of Crystalline Silicon

Xing Yan', Zhu Peng, Yi Hong, and Tang Wencheng

(Laboratory of Advanced Manufacturing Technology, School of Mechanical Engineering ,
Southeast University, Nanjing 211189, China)

Abstract: This paper presents a Monte Carlo method for the simulation of the surface morphology during wet anisotropic etching.
Based on the step flow model, the atomistic characteristics of the active step region of four silicon crystalline families (h +2,h,h),
(h,1,1),Ch+2,h+2,h),and (h,h,1) are investigated. Atoms with 3 first neighbors and 7 second neighbors on the active step re-
gion are restricted in the removal probability under the effect of both micro mask and silicate particles adherence. By applying the
above conditions on the RPF function, the formation of pyramid protrusion on (100) plane, the zigzag strip structures on (110)
plane,and triangular etch pits on (111) plane is explained and simulated. The simulation result on three principle planes and high in-
dex (332) plane agrees well with the surface morphology from the experiment, which provides verification of the simulation method.
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