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Thermal oxidation and oxidation induced stacking
faults of tilted angled (100) silicon substrate

Joon - Woo Kim and Doo - Jin Choi
Department of Ceramic Engineering, Yonser University, Seoul 120- 749, Korea
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Abstract 2.5° and 5° tilted (100) Si wafer were oxidized in dry oxygen, and the differences
in thermal oxidation behavior and oxidation induced stacking faults (OSF) between specimens
were Investigated. Ellipsometer measurements of the oxide thickness produced by oxidation in
dry oxygen from 900 to 1200°C showed that the oxidation rates of the tilted (100) Si were
more rapid than those of the (100) Si and the differences between them decreased as the oxida-
tion temperature increased. The activation energies based on the parabolic rate constant, B for
(100) Si, 2.5° off (100) Si and 5° off (100) Si were 27.3, 25.9, 27.6 kcal/mol and those on the
linear rate constant, B/A were 58.6, 56.6, 57.4 kcal/mol, respectively. Also, considerable de-

crease in the density of oxidation induced stacking faults for the 5° off (100) Si was observed
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through optical microscopy after preferentially etching off the oxide layer, and the angle of

stacking faults were changed with tilted angles.
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Fig. 1. A schematic diagram of the angle
lapping tool.

Mulite Tube
| A T—
(S n— 30at !‘————)
Rotameter oo I
t e ittt et ‘4‘
7 IR Vent
= Quatrz Tube Furnace

02

Fig. 2. A schematic diagram of the thermal

oxidation system.
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Sectioning

- 15 mm X 15 mm

|

Angle lapping

-2.5°, 5.0° lapping tool

- 2000~4000 Grit SiC films
-5 um diamond paste

!

Polishing
- slurry . pH 10.95, particle size 100 nm,
SiQ; sol
~-pad : 2 kinds pads (Rodel co.)
Ist pad : 10 rpm Z2hr.
2nd pad : 10 rpm 2hr.

l

Oxidation
-dry O, (flow rate : 50 sccm)
-900C ~12007C, 30 min. ~ 5 hr.

!

Thickness measurement

— ellipsometry

!

Etching & OSF observation
- Shimmel etching (ASTM F416-88)

- Opitical microscopy

Fig. 3. Flow chart of experimental proce-

dure.
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Fig. 4. Comparision of the oxide thickness
for (100) Si, 2.5°off (100) Si, 5°off (100)

Si in dry oxadation at various temperatures.
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A3 g o9, iteration ol 23 r, B,
Table 1

Number of dangling bonds of Si as surface
orientation

Surface Number of dangling
orientation bonds/cm?

<100> 6.77 x 10"

2.5° off <100>  7.21 x 10"
5° off <100> 7.61 x 10"

<110> 9.59 x 10"
<111> 11.76 x 10"
Table 2

B/AS 73 #le 2 Deal & Groveol 2%
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bond (Table 1 #X2)E zZtethe AbHa 2
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7} &5 Aol 2xebe] FAE Fig. 5ol
velliglon, oj25E 7 £5 Aol of
& #A3 duAE T3k, B=DB, exp
(-E/RT) Aol o8 3 #Ast o=
(100) Si, 2.5° off (100) Si, 5° off Siz} =
z+ 27.3, 25.9, 27.6 kcal/mol®4] Deal &
Grove2] A& x| (285 kcal/mol) 2 H|AA

Rate constants and activation energies for oxidation of silicon in dry oxygen

%2+ Ax, = B(t+71)

Oxidation A B. B/A T E: Es A
temperature (um) (umé/hr) (umshr)  (hr) (kcal/mol) (keal/mol)

Ref. 1000°C 0.165 0.0117 0.071 0.37

<Deal)& 1100°C 0.090 0.027 0.30 0.076 285 46.0

rove

g 1200°C 0.040  0.045 1.12 0.027

(100) Si  1000°C 0.2685  0.01045  0.0389 0.642
1100°C 0.1142  0.0248 02173  0.127  27.33 58.63
1200°C 0.0492  0.04508  0.9168  0.037

25 off  1000C 0.2394  0.01135  0.0474 0.604

(100) St 100 0.1341  0.02703  0.2013 0.133  25.94 56.62
1200°C 0.0435  0.04518  1.0396 0.034

5.0° off  1000°C 0.2066  0.01004  0.0486 0.526

(100) Si 31090 0.0948  0.02411  0.2544 0.112 276 57.44
1200°C 0.0407  0.04399  1.0803 0.031
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Fig. 5. Rate constants as a function of
temperature ; (a) the linear rate constant,
B/A and (b) the parabolic rate constant, B.
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Fig. 6. Comparision of OSF density formed
on the surface of (a) (100) Si, (b) 2.5° off
(100) St and (¢) 5° off (100) Si
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for (100) plane and (b) Side view from the
[001] axis.
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Fig. 8. Comparision of OSF angles formed
on the surface of (a) (100) Si, (b) 2.5° off
(100) St and (c) 5° off (100) Si.
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