AR H8EHEIS

(1995%F)

pal

R S l Fi ! - Mm,,,.pu*"j
" [ 3 i K‘tjﬁﬁﬁﬁi}ﬁ&f o ’\é - tog

Em— ‘ ) o

77( S

Yerlg I & 3 Si oMY D
R %f&&f%lt§$y—

Zm W R ORKHE N &
R e

Photo-Stimulated Removal of the Chemical-Oxide on Si(100) and Its
Application to the Gas-Source Homo-Epitaxy

Yoshihiro SUGITA, Yasuo NARA and Takashi ITO
Fujitsu Laboratories LTD.

Photo-stimulated desorption (PSD) of oxygen from silicon dioxide is a promising
technique to remove the chemical-oxide from Si surface for pre-cleaning process in a low
temperature Si epitaxy. The complete removal, however, is difficult even using broadband
synchrotron radiation (SR), because the PSD efficiency is low for thin oxides. It is
possible that some interaction between the photo-excited oxygen and the surface. We
found that the introduction of hydrogen into the irradiation atmosphere enhanced the
desorption of oxygen. The enhancement is remarkable at lower temperature than 400 C.
Without substrate heating, the surface becomes rough. The appropnate pre- cleamng
condition for epitaxy is 300 to 400°C .

- We investigated the photo-excited gas-source homo-epitaxial growth on Si(100) surface

using SR. The low temperature Si epitaxy including pre-cleaning was successful at 300°C .
We show that the crystal quality depends on both of the surface chemical condition and
the growth temperature. We indicate that the generation of polymer-hydrides on the
surface suppresses the low temperature epitaxy.

Boron doping using diborane in SR-excited Si epitaxy was examined. The effects of
photo-excitation were compared with thermal growth. We show that the doping
efficiencies depend on the partial pressure of dlborane This is qu1te different from the
thermal growth.
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Fig.2 Calculated spectrum at BL- 17B. Synchrotron
radiation at KEK - PF and the reflectivity of a
Pt-coated toroidal mirror were estimated.
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Fig.3 Reaction chamber used for photo-excitation process. The base pressure
is 107 Pa. A two inch Si wafer can be set on the holder by load-lock

system and heated up to 1000°C.
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Fig.4 Auger electron spectra for thermally grown
100nm thick silicon-dioxide. The irradiation was
carried out at room temperature.
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Fig.5 Auger electron spectra for the native oxides on
p- type Si(100). The irradiation was carried out
at room temperature.
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Fig.6 Auger electron spectra for the native oxides on
p-type Si(100). The irradiation was carried out
in 13 Pa hydrogen.
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gen on temperature. Circles represent the
oxygen at the top surface and squares repre-
sent the total oxygen in the oxide layer.
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Fig.8 Reduction of the oxide on Si during SR irradi-

ation in hydrogen. Circles represent the oxygen
at the top surface and squares the total oxygen
in the oxide layer. Closed circles and squares
mean no-heating. Opened circles and squares
mean that the substrate temperature was held
at 300°C.
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Fig.10 Mass Spectrum of Si.Hs gas irradiated by SR
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mass numbers and fragment ions are shown
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Fig.9-3 RHEED image after cleaning Si(100) surface.
The surface was cleaned at 300°C.

ature. The substrate and SR separation was 2
mm and the total pressure was kept at 0.02
Torr. SR exposure was 3000A-s, corre-
spondence to 170 min irradiation.
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Fig.12-1 RHEED image of the surface of CVD film on
Si(100). The electron incidence direction
was [001] and the electron acceleration

voltage was 25KV. The surface was pre-

cleaned at room temperature. The CVD film
was deposited at 300°C.

Fig.12-2 RHEED image of the surface of CVD film on
Si(100). The pre-cleaning temperature was
300°C. The CVD film was deposited at 300°
C.
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Fig.12-3 RHEED image of the surface of CVD film on
Si(100). The pre-cleaning temperature was
300°C. The CVD film was deposited at 500°
C.
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Fig.13-1 HRTEM photograph near the substrate/film
interface. The surface was pre-cleaned at
room temperature. The CVD film was de-
posited at 300°C.
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The thickness and boron concentration were
determined by SIMS.
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Fig.16 The boron concentration in CVD films depend
on diborane partial pressure.
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