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Room-temperature blue luminescence of thermally oxidized Si 1-x—yG€XC
thin films on Si (100) substrates
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We measured at room temperature the photoluminescence spectra of the thermally oxidized
Sih_x—yGgC, thin films which were grown on silicon substrates by plasma-enhanced chemical
vapor deposition and then wet oxidized at 1100 °C for 20 min. The photoluminescence band with a
peak at~393 nm under the exciting radiation ®F 241 nm was observed. Possible mechanism of
this photoluminescence is discussed. 1899 American Institute of Physics.
[S0003-695(99)01147-X

During the last few years, special interest has been dehermore, we discuss the possible mechanism of the PL from
voted to the blue-green luminescence of silicon-based matéhe oxidized Si_,_,Gg.C, thin films.
rials because they have potential for becoming novel and The Si_, ,GeC, samples used in this work were
future photoelectric devices. Among them, silicon-based magrown on Si(100 substrates by plasma-enhanced chemical
terials with nanostructures, such as porous siltoridized ~ vapor depositiofPECVD).** The Si _,,Ge,C, layers with
silicon, and germanium nanocrystallitss, oxidized SiC the thickness of 170 nm were deposited at 600 °C from si-
nanocrystallite§,and so on, are perhaps under the most widd@ne, germane, and ethylene in a hydrogen carrier. After
and complete investigations. However, another importan8'OWth, the samples were wet oxidized at 1100°C for 20

type of silicon-based material luminescence, Iuminescencg?'n' In order to clarify the photoluminescence of the oxi-

related to oxygen-deficient defects in amorphous ,SiO ized Si -, G&C, thin films, two.d|fferent references were
films'~%and Si(1—x)Ge(x) O, films,>*has been paid more used. One was the as-grown; Si-,Ge.C, sample grown
and more attention recently. Starting from Mitchell and under the same conditions and not experiencing wet oxida-

Page’ 0 h h ked in this field tion process; the other was a cleaned silicon sample cut from
age s work, many other groups have worked in this Neld. ¢ jqentical silicon wafer and wet oxidized under the same

Skuj& proposed that the.well—known optical absorptign bandcondition as that of the oxidized Si,_,Ge.C, samples.
at 5.03 _eV and the Iur_nlnescenc_e band at 43 eV in amor-  The composition of the $i,_,GeC, thin films before
phous SiQ are due to singlet-to-singlet transitions, while the et oxidation was determined using Auger electron spectros-
luminescence band at 2.65 eV due to triplet-to-singlet trangopy (AES). The fraction of Si, Ge, and C in the films is
sitions in a silicon-related intrinsic defect, twofold coordi- ahout 0.16, 0.70, and 0.14, respectively. X-ray diffraction
nated silicon S§ A characteristic photoluminescen¢BL)  (XRD) result shows that the thin films are polycrystalline.
band at 3.1 eV in oxygen deficient SiGeO, was also The oxidized Si_,_,GgC, thin films are amorphous
observed®? In 1995 Ginzburget al. proposed a physics according to the result of XRD. The chemical state and the
model based on the energy level arrangement $if58§) to  composition of the oxidized Six—yGeLC, films were deter-
explain some features of the blue luminescence in amormined by x-ray photoelectron spectrosco$PS). XPS on
phous Si(1x)Ge(x)O,.*! In addition, even for the cases of the Si_,_,GgC, samples was also measured for compari-
the luminescence in the nanostructure materials, the oxyge$on with oxidized Si_,—,Gg,C, films (see Fig. 1 Figure 1
deficient luminescent centers are often taken intoShows that for as-grown and oxidized, Sj ,Gg.C, films,
consideratiort® the Sp, peak is at 99.Qattributed to Si in Si,x,yGQ(CylG)
Recently, the studies on Si,_,Ge,C, alloys have been and 103.0 eM(characteristic of Sigh), respectively, and the
paid great attention because of the considerably greater flef2®a Peak '?7‘3"‘ 29.0Ge in Si_,,GeC, ) and 32.6 eV
ibility, compared to that available in the ;SiGe,/Si mate- (Ge in GeQ )9 respectively. The § peak is at 284.6 eV
rial system, to control strain and electronic properties in(C—C bonding’) for both as-grown and oxidized films. The

group IV heterostructure materials. Substantial improve-binding energy of @ for the oxidized films is 532.7 eV,

. o . _attributed to O in the mixture of SiQand GeQ, which is
ments in the growth and chgracterlzmg of Si-,GeLy al reasonable because 532.7 eV is a little less than the standard
loys have already been achievéd.

P H 17
In this letter, we report the photoluminescence spectréljalta for Qs in SIO, 533.0 eV.” XPS results show that the

L . S _ 7 oxidized film is mainly the mixture of Sigand GeQ, which
from the thermally oxidized $i . ,Gg,C, thin films on Si can be represented by Sitk)Ge(x)O, for convenience.

(100 showing a photoluminescence band with a peak afpe ratio of the quantity of Si and Ge in the oxidized

~393 nm under the exciting radiation af=241nm. Fur- Si__,GeC, films calculated from XPS, Si:Ge, is approxi-
mately 1:0.3.
dElectronic mail: ydzheng@netra.nju.edu.cn The photoluminescence spectra of the samples were
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o g b them has photoluminescence under the same measurement
£ b - condition. In order to study the source of the luminescence
from the oxidized Si . ,GegC, sample, we measured
‘ room-temperature photoluminescence excitafPE) spec-
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Binding Energy (V) Binding Energy (6V) trum of the oxidized Si ,,Gg,C, sample(see Fig. 3. The

excitation peak is around 241 nfabout 5.14 eV.

FIG. 1. XPS spectra in the Si, Gey, Cis, and Qs region from the According to the work of Skujat al.'° the source of the
as-grown and the oxidized $Si,_,GgC, thin films on Si(100. (@ The  plye |uminescence in oxygen-deficient amorphous Si(1
ioma W Si-x-yG&Ly thin films. (b) The oxidized §i-.,GeCy thin  _ s 560, is the twofold-coordinated silicon O—Si—O

' (Si9) or O-Ge-0O (GB. The SHGe) defects contain two

nonbonding electrons which form a ground state singlet level
measured by an EG&G Fluoro Max-2 spectrophotometer afS;), an excited singlet levelg;), and a triple level T).
room temperaturé300 K) and a Xe lamp was used for a The blue luminescencé~3.1 €\) is attributed to theT,
light source. Figure 2 shows the PL spectrum from the oxi-—, S, transitiort® and it is excited in the region of the Ge-
dized Sj_, ,GeC, sample under the excitation of  related optical absorption band peaking at 5.14&ftibuted
=241nm. A luminescence band with a peak at about 3930 theS,— S, transition.!® From the data of XPS and XRD,
nm (about 3.15 eYwas observed. The PL spectra of the twowe can reasonably consider the oxidizegd $i,Ge,C, film
reference samples, the as-grown_§i ,Ge.C, sample and as oxygen-deficient amorphous Si{%)Ge(x)O, fim
the oxidized Si sample, were also measured, but neither qfx.,»~23% from XPS, among which there is still a little
amount of C left from the thermal oxidation process. The
excitation peak at 5.14 eV in Fig. 3 is consistent to e
— S, transition of SJ(Ge), and the luminescence peak at
3.15 eV in Fig. 2 is consistent to the;— S, transition of
SiXG€). So the observed luminescence band peaking at
about 393 nm from the oxidized Si,_,GgC, sample in
Fig. 2 should arise from the twofold-coordinated silicon
0-Si-0 (S)) or 0O-Ge-0 (G§.

We can explain the mechanism of the photolumines-
cence from the oxidized §i,_,Gg,C, sample in terms of
the dipole modéf proposed by Ginzburgt al. According to
this model, we gave the energy level scheme of t@edSi
fects in the oxidized $i,_,GgC, thin films on S{100
substratessee Fig. 4. The photoexcited electrons, when de-
localized and thermalized, disintegrated into two subsystems:
. . . . the mobile electrons with enerdy>E (Ec is the Mott mo-
250 300 350 400 450 500 bility edge), which are responsible for the radiative recombi-

nation, and a system of localized electrons with enefgy
Wavelength (nm) <Ec, which setup a system of randomly distributed dipoles.

FIG. 2. Photoluminescence spectrum for the wet oxidizad Si,GeC, Suffg-ring scattering from randomly distributed diF'Ole_Sa the
thin film on Si(100). mobile electrons lose some energybefore recombination,
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FIG. 4. An energy level scheme of thegsijefect in the oxidized
Si;_x-,GgC, thin film on Si(100).

whereA depends on Ge concentration. From the forntla
=3.671-0.74(1—x)? proposed by Ginzburgt al,'* where
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min. The photoluminescence spectra of the thermally oxi-
dized Sj_, ,GgC, thin films measured at room tempera-
ture show a photoluminescence band with a peak-393

nm under the exciting radiation af=241 nm. The photolu-
minescence is related to the twofold-coordinated silicon
0-Si-0 (S}) or 0O-Ge—0O (G§ defects. The C atoms in
the films improve the formation of such defects during the
wet oxidation process.
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