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The Crystalline SiQ, in the Thermal Oxide Layers on Si Substrates

Takayoshi SHIMURA and Masataka UMENO
Department of Material & Life Science, Graduate School of Engineering, Osaka University

In the X-ray diffraction patterns from thermal oxide thin films on Si(001), (111), and
(1 10) wafers, very weak diffraction peaks are observed on the low angle side of the CTR
scattering from the 111 Bragg points. The intensity of the extra peak depends on the
thickness of the oxide layer and it disappears when the oxide layer is removed by etching
in HF solution. The intensity profile along the CTR scattering shows the Laue-function-
like oscillation pattern near the extra peak, of which period corresponds to the inverse of
the film thickness. The angular width of the peak perpendicular to the CTR scattering is
the same order of magnitude as that of the CTR scattering from the substrate. These
results indicate the existence of the crystalline SiO, phase having an epitaxial relation-
ship with the substrate in the amorphous oxide layer.
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Figure 1. Schematic representation in reciprocal space

around the 111 Bragg points of SiO,/Si(001) Sample.
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Figure 2. Intensity distributions of the CTR scattering

elongated from the 111 Bragg point. Solid circle for the
sample of 700 A thickness. Open circle for the sample
where the thermally oxidized layer was removed by etch-
ing with HF.
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Figure 3. Oscillation photograph taken around the 111
Bragg point from the SiO,/Si (001) sample using an imag-
ing plate detector.
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Figure 4. Intensity profiles perpendicular to the CTR

scattering. (a) for the CTR scattering at 0, 0, 0.9, (b) for
the extra peak at 0, 0, 0.485.
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Figure 5. (a) Intensity distributions along the CTR scat-

tering around the 111 Bragg point. (b) the enlargement
around the extra peak. Solid and open circle represent the
samples with oxide thickness of 250 and 112 A, respective-
ly. Solid curves show the model calculations.
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Figure 6. Pseudo-cristobalite structure of the crystal-
line SiO, on the Si(001) substrate. O atoms are located be-
tween silicon atoms. The lattice spacing perpendicular to
the interface is approximately twice as that of the Si sub-
strate, while the lattice is fitted to the substrate at the inter-
face.
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Table 1. Intensities of Bragg reflections from crystalline
SiO, calculated by using the parameters of the least-
squares fitting.

h k1 Ilotal) I(Si0,) I(CTR)
0 0 3.60 1863 825 225
1 1 045 4280 3608 119
1 1 315 73 591 311
1 1 405 11 6 1
2 0 090 33 24 1
2 0 45 6 5 1
2 2 09 18 20 1
2 2 1.80 21 17 1
2 2 270 7 ) 2
2 2 450 25 3 11
31 045 19 49 64
31 1.35 436 161 144
31 225 30 67 8
3 1 315 105 30 1230
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Figure 7. Oscillation photograph for the SiO,/Si(111)
4° off sample of 860 A using an imaging-plate detector.
The large spot denoted 111 is the 111 Bragg point of the
Si substrate; the sharp streak emerging from it is the CTR
scattering. The position of the direct spot of the incident
beam is indicated 000. The extra peak is located just on
the CTR scattering from the 111 Bragg point.

B BI0EEIS  (1997F)

[111] A

extra

peak 111
0.44 0.44 0.52 extra peak
______ [ ... Q74074122

Figure 8. Schematic representation in reciprocal space
around the 000, 111, and 111 Bragg points of SiO,/
Si(111) 4° off sample.
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Figure 9. The intensity profile of the CTR scattering
around the extra peak for the Si0,/Si(111) 4° off sample.
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Figure 10. A possible structural model for the crystal-
line SiO, in the oxide layer on the Si(111) surface.
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Figure 11. (a) Schematic illustration of the structural
model for the Si0,/Si(111) off sample. The symbols @
and O represent Si and O atoms, respectively. (b) Diffrac-
tion pattern obtained by a Fourier transform of the
model in (a). Two peaks are produced on the CTR scat-
tering elongated from the 111 Bragg point and on the
specular reflection from the 000 point.
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Figure 12. (a) Schematic illustration of the modified
structural model for the SiO,/Si(111) off sample. The
symbols ® and O represent Si and O atoms, respectively.
(b) Diffraction pattern obtained by a Fourier transform
of the model in (a). A peak is reproduced on the CTR
scattering elongated from the 111 Bragg point, while no
peak exists on the specular reflection from the 000 point.
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Figure 13. The intensity profile of the CTR scattering

around the extra peak on the CTR scattering from the
111 Bragg point of Si0O,/Si(111) 4° off sample.
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Figure 14. Oscillation photograph for the sample of
Si0,/Si(111) just. The extra peak is observed on the
CTR scattering between the 000 and 111 Bragg points,
while the peak is broader than that of the SiO,/Si(111)
4° off sample. The spot observed on the higher angle side
of the extra peak is due to the higher harmonics of the in-
cident beam.
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extra peak

Oscillation photograph taken around the

Figure 15.
111 Bragg point from the Si0,/Si(110) sample using an
imaging plate detector.
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Figure 16. The intensity profile of the CTR scattering
around the extra peak for the SiO,/Si(110) sample.

[110]
CTR

“e111
Bragg point

oextra peak

000

[001]

Figure 17. Schematic representation in reciprocal space
around the 111 Bragg point of Si0O,/Si(110) sample.
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Figure 18. A possible structural model for the crystal-
line SiO, in the oxide layer on the Si(110) surface.
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Figure 19. Diffraction pattern obtained by a Fourier
transform. The extra peak is reproduced on the CTR scat-
tering from the 111 Bragg point.
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