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ABSTRACT

(100) Si and 4° off (100} Si were oxidized in dry oxygen, and the differences in thermal oxidation hehavior
and elecincal characteristics hetween two specimens were investigated. Ellipsometer measurements of the oxide
thickness produced by oxidation in dry oxygen from 1000 to 1200°C showed that the oxidation rates of the
4° off {100) 51 were more rapid than those of the (100) Si and the differences between them decreased as
the oxidaticn iemperature increased. The activation energies based on the parabolic rate constant, B for (100}
and 4° off (100} Si were 25.8, 28.6 keal/mol and those on the linear rate constant, B/A were 56.8, 54,9 kecal/mal,
respectively. Variation of C-V charateristics with the oxidation temperature showed that the flat band voltages
were shifted positively and surface state charge densities decressed as the oxidation temperature ncreased,
and the surface state charge density of the 4° off (100) 5i was lower than that of the {100) 5i. Also, considerable
decrease in the density of oxidation induced stacking faults (OSF) for the 4° off {100) 5i was observed through
optical microscopy after preferentially etching off the oxide layer.
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Fig. 1. Ellipsometric curves for an oxide layer on Si
with refractive indicies, n—1.45~1.46. Angle of
incidence and wavelength are 70° and 6328 A,
respectively.

2. AlEuy

H]7 & 5~8 N-cm?] p-type (100) Si wafers} 11 03-
cm p-type2] 4° off (100) Si wafer® 1cmX1cm 7|2
Agrated wizA] FgolAd A4EE A Falo L
1,2, 2-Tetrachloroethylene, Acetone, Methyl Alcohol®
&7 B2 AA% F, HFR w2 Alel akshdg
A 248t DI water® Al#sle] A#E FulstEy, T
A#& £a]e] Quartz tube furnacee] o] 1000~1200
T geelA Alat 2= £3C UE FAEE dry OcE
Rotameter(Matheson, 602)2 43l f-<% 50 scoam™
2 29 Ashgen, § 71 wafer7he] 413} A7

E T il 2 ArE 48 waEly 33 Ay
Az

45l 2= g Algk| o2 Aksbet 5742 Ellipsometric
curveE E4] ¢2} 4L =35l Ellipsometer(Gaert-
ner, L117)2 24 %132 Scanning Electron Microscopy.=
BAslEh Fig 12 S 719 o] AAA7] 5i0: =he)
FAE FUE n=145-146 W4, gAzt 707, A2
6328 fsoﬂxﬂ A A% Ellipsometric curve®] Y o]t}

Ar|d BEAL R ]6A]E 900t ~1200T o
slelA] Adshet S 560 Ak 672 AR A Aea7)
¥, Thermal evaporatingd ©.2. Al H=& 3414 C-
V plotter(Hewlett Packard, 4280A)2 1 MHz, =9V ¥4

EULEE



AA] Al gkef] w2 Sie] G443t A% 9 #HAE B4

3500-| w0 1000°C
vv 1050°C

agond w0 1900°C
+2o 1150°C
1
2500 AA1200°C
<
~— 2000
B
o
-]
2 1500
=
=

1000 -

600 4

Time { rin’? )

Fig. 2. Comparison of oxidation results for (100) and
4° off (100} Si in dry O solid line-(100) Si,
dashed line-4° off (100} SL
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Table 1. Rate Constants and Activation Energies for Oxidation of Silicon in Dry Oxyegen. %+ Ax=R{i+)

Oxid. Temp. | A (um) (umE/hr) (pi{/j?]r) © (ho) (kcaﬁ’?no[) (kcg';ﬁm:)
Ref. 1000C 0.165 0.0117 0071 037
{Deal 1100C 0.090 0027 0.30 0.076 28.5 48.0
& Grove) | 1200C 0.040 0.045 112 0.027
1000C 0.2356 0011 0.047 0541
100y Si | 1100€ 01075 00245 0.228 0.123 258 56.8
1200 0.0438 0044 1005 0035
- 1000 0.1630 00095 0058 045
47 off 1100C 00914 00233 0.255 0113 986 549
(100) Si h
1200 0.0393 0.0442 0.125 0.032

4314 A7 E(1954)
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Fig. 3. The effect of temperature on the parabolic rate
constant, B.
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Fig. 4. The effect of temperature on the linear rate
constant, B/A.
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Fig. 5. Measured C-V characteristics after dry O; oxi-
dation at various temperature.
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Table 2. Calculated Results for the C-V Curves

A

Oxid. Temp. Qss/q (10"/cm?) Ves (V) Vo (V) k
900T 124.9 —4.22 —3.32 3.59
1000°C 713 —4.22 —2.7 235
(100) >
1100C 65.5 —3.12 —2.08 2.84
1200T 30.6 —2.66 —0.99 49
9007 66.2 —36 —2.56 2.29
4° off 1000 57.8 —3.77 —2.62 214
(100) 1100T 36.1 —242 —142 3.74
1200C 254 —2.37 -1.33 5.0
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Fig. 6. Surface state charge density after dry O oxida-
tion of {100} and 4° off (100) Si
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Fig. 7. Optical micrographes showing oxidation induced
stacking faults revealed by Schimmel etching
of (a, c) (100) and (b, d) 4° off (100) surfaces.
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