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Thermal Pits Formed on Si Surfaces by Vacuum Heating
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An experimental investigation was made of the formation of thermal pits and hillocks
produced on (111) and (100) surfaces of silicon by heating in the temperature range 800°C—
1,300°C in a high vacuum at 3X 1077 Torr and 3x 1078 Torr. Tt was found that the formation
of the thermal pits are caused by preferential thermal etching of surfaces contaminated with
initial adsorbates and adsorption of residual gases. Contamination by initial adsorbates was
found fo form the oriented thermal pits. Residual gases at 3x 1077 Torr were found to form
hillocks due to reaction with Si. The presence of 8-SiC was always observed on RHEED
patterns obtained from surfaces having the thermal pits and hillocks. The effect of thin oxide

films on silicon were also investigated. No thermal pits were observed on the surfaces heated

with oxide films, even at 3xX 1077 Torr.
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Fig, 1. Schematic diagram of the experimental

system
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Fig. 2. Schematic drawing for the substrate heater
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Fig. 3. Nomarski interference contrast micrographs of thermal pits produced by heating

W

at various temperatures for 100 min. at 3x 1077 Torr. Insertions show the RHEED patterns,

respectively.

(a)—(e) + Si(111), (Dy—(j): Si(100), (a)(fy: 900°C (W) {g): 1000°C, (e¢)(h): 1100°C, (d)

(i) : 1150°C (e)(j): 1200°C
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min. at 3x107% Torr.

Tig. 4. Micrographs of thermal pits produced by heating at various temperatures for 100

(ay—C(e) : Si(11L), (H)—(i): Si(100), (a)(f) : 900°C (b (g) : 1000°C, (e) (h): 1100°C, (d) i)

11580°C (e) (j) = 1200°C
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Tig. 5. Variation of sizes of thermal pits and thermally etched surfaces with heating times
(a)—{e) at 1100°C, and (£)—(j) at 1300°C in vacuum at 3x107 Toxr.

(a) 10min., (b) 30min., (c) 100min.; {d) 225min., (e) 225min., (100) (f) lOmm . (g) 20min,,
(hy 30min., (i) 60min., (§) 60min, (100}.
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Fig. 6.

Micrographs of hillocks produced by continuous two step heating of Si (11D

substrates at 3 x 107" Torr. The first heating step is at 1300°C for 20min., the second
heating steps are at various temperatures for 100min., (a) 800°C, (k) 900°C, (c) 1000°C,

(d) 1050°C, {e) 1100°C.
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Fig. 7. Variation of thermally etched Si(111) surfaces produced by continuous three step
heating at 3> 1077 Torr, The first heating step is at 1300°C for 20min., the second heating
steps are at various temperatures (a)—(d} for 40min., or at temperature 300°C for various
durations (f)—(i), and then the third heating step is at 1100°C for 100min.

(2) 1000°C, (b) 800°C, (¢) 600°C, (d) 300°C, (e} 80°C (130min.), (f) Omin., (g) 20min,,
¢(h) 60min., (i) 120min., (j) once exposed fo air.

Tig. 8. Variation of thermally eiched Si(111) surfaces produced by continuous two step

heating at different pressures.

(a) 1300°C 20min.—1000°C 100min. at 3> 1077 Tarr (b) 1300°C 20min. at 3x 10" *Torr—1600°C
100min. at 3x107% Torr () 1300°C 20min,~»1000°C 100min. at 3x10~® Torr
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Fig. 8. Micrographs of heated Si (111) substrate with thin oxide flms for 60min. at
different temperatures. (a)(d): 1100°C, (b)(e}: 1150°C, (c)(fy: 1200°C and at different
pressures(a) (h) (¢) : 3x1077 Toxr, and {(d) (e} (f): 31078 Torr.
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