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Secondary ion mass spectroscq®MS) and Fourier transform infrareFTIR) absorption have

been studied in thin oxides of Si,Ge, grown by plasma oxidation. SIMS analysis reveals that Ge
can migrate to the oxide film surface leaving the oxide in the SiGe interface region Ge-depleted.
This is in contrast to thermally grown oxides. Water selectively attacks the Ge-rich part of the oxide.
In the FTIR spectra of the SiGe oxides, specific peaks identified with the vibration of G +%5e

and Ge—O-G#éonds have been observed for the first time. These latter observations confirm that
for the plasma oxidized films, the Ge is chemically bonded in the oxide networkl19%3
American Institute of Physic§S0003-695(98)03320-9

The integration of binary, semiconductor alloys such agdiluted to 10% in H). The growth temperature was 650 °C.
SiGe in present day Si based microelectronics opens the waghe thickness of the grown SiGe layers was 500 nmxfor
to concepts such as band-gap engineérimgl improved car- =0.08, 0.2 and 1 and Zm for x=0.35, where the fiims
rier mobility in metal—oxide—semiconductor field effect tran- were fully relaxed. Following removal of any native oxide in
sistors(MOSFETS.%2 However, the introduction of binary hydrofluoric acid, a 250 nm thick Al film was deposited on
compounds may result in restrictions on the thermal budgetthe back face of the wafers to ensure electrical contact during
used in processing because of phenomena such as precipithe anodization process in the oxygen plasma reactor. An O
tion and segregation. Ge precipitation at the oxide—SiGe inpressure of 1 mTorr and a microwa(245 GH2 power of
terface during thermal oxidation is an excellent example o500 W was used in the reactor during oxidation. Details of
this - the reactor can be found elsewhétélhe anodic oxidation

Plasma assisted oxidation is a potentially promisingwas carried out in the so-called constant current mode with
technique for the fabrication of homogeneous oxides of bitotal currents in the range 1.1-1.3 A for sample areas on the
nary semiconductor compounds because it can be performédder of 16 cmi. Such current densities have been found
at low temperatureéas low as room for SiGaNhere ther- previously}“ to result in maximum temperature rises of about
mally induced diffusion of species is limited. For the case 0f100 °C. The SIMS profiles were measured using a
SiGe, various authors have reported successful plasma aSAMECA IMS 3F/4F machine. Although it is straightfor-
sisted oxidation for temperatures in the range 15-5007%¢. Wward to measure the concentration of the_3Ge, film us-
Secondary ion mass spectrosca®MS) studies, however, ing this method” quantitative analysis of the mixed oxide
indicate that Ge migration to the oxide—semiconductor interfilm is more difficult. In order to minimize error, various
face still occurs at 500 & (to our knowledge, SIMS studies Modes of operation were used to obtain the concentration
of oxides grown below 500 °C have not been reported profiles, they mclude(a)_ sputtgrmg wnh g ions at 4.5 keV,

In this letter we report a study of SiGe oxides grown (P) the same aga) but including flooding with @ and (c)
anodically in a microwave excited plasma at temperature§pmterlng with CS primary ions with an energy of 5.5 keV.

around 100 °C. The oxide growth was monitoiadsitu us- FTIR absorption spectroscopy was carried out in a reflection

ing spectroscopic ellipsometry and the network bonding inconflguratlon(due to the Al layer on the backface of the

the films was characterizegk situusing SIMS and Fourier samplé using a Bruker IFS 66 spectrometer. The angle of

transform infrared FTIR) spectroscopy. Si Ge, layers (x incidence of the infraredIR) beam was about_45 . Refer-_
=0.08, 0.2, 0.35 and)lwere grown heteroepitaxially on ence samples_ fpr the FTIR studies were obtamec_i by t_akmg
p-type’(lo()), Si using an industrial 200 mm diameter wafer part of thg oxidized sample and removing the oxide via an
chemical vapor depositioflCVD) module (ASM Paragoi HF acid dip.

; . . . In Fig. 1 we show a typical anodic oxide growth curve
operating at either atmospheric or reduced pressure. Prior ®r a Si, 4G&,, sample. The potential applied between the

epitaxia.l grovyth, the wafers were Wet[ clganed in dilute hy'SiGe substrate and the body of the reactd)( which is
drofluoric acid followed by rinsing in isopropanol, then \arieq during growth to maintain a constant total direct cur-
dried. Gaseous precursors for the CVD were SiHd Gel et through the growing oxide, is found experimentally to
vary linearly with oxide thicknes@nset of Fig. 1. The slope
dElectronic mail: martin.seck@acns.cnet.fr of the curve yields the electric field applied across the oxide
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FIG. 1. Growth curve of the oxide and evolution of the sample potential for -
anodization of SjGe), at 1.2 A. The slope of the curve in the inset corre-

sponds to the electric field across the growing oxide.
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which is of the order of 9.1 MV/cm for the example shown.
A Ilngar r‘?'at'f)” has béaen found previously m_ StUd|e$ On thq:IG. 2. SIMS profile of a plasma oxide of g, ,, using G primary ions
anodic oxidation of St° In Table | we summarize the initial ith additional oxygen floodinga) raw data,(b) Ge/Si ratio, normalized to
oxide growth rates and electric fields for threg _SiGe,  0.2/0.8=0.25 in the unoxidized SiGe layer. The oxide thickness is 22 nm.
samples and for pure Si subjected to the same constant cur-

rent growth conditiong1.2 A). Despite our efforts we were . Lo . .
unabglle to grow oxid§ thick)er thaF; 5 nm on the pure Ge|de surface. Migration of the Ge atoms to the oxide surface is

sample. We observe that;SiGe, alloys oxidize signifi- ?gopgosfne of wgat IS ogservled %urmg ;hermal Ox'dat'?nh()f
cantly faster that pure Si for the same total curr@it plus iGe (Ref. 4 and may be related to the presence of the

electrons consistent with thermally induced oxidation. How- electric field during anodic oxidation inducing field assisted

ever, the electric field necessary to maintain this level oid”ft' o . )
current is much larger. Water attacks the oxidized Si,Ge, films. We have

The SIMS analysis reveals that the anodic grown OXide’r‘neasured this effect by immersing samples at room tempera-

although grown at low temperature, is not perfectly homogelure and measuring the film thickness by ellipsometry. For a

neous. Figure @) shows a typical depth profile for an oxide Neminally 30 nm thick oxide, the maximum thicknesseg
film on Si,gG&,,. There is clear evidence of the accumula-2nd 2 nm were removed for samples witk0.35 and 0.2,

tion of Ge at the oxide surface and Ge depletion near thégspectively, and this was within a few tens of seconds. The

oxide—semiconductor interface. The former effect was obSl.0/5& 002 Oxide was water resistant and the thickness of
served by Hallet al” but not the latter. The data shown in the oxide did not change. We conclude from these measure-

02 ﬂooding_ Similar behavior was detected when using Cs tration exceeds some threshold level. This observation is

primary ions. The intensity ratio, GéSi*, in the substrate consistent with data on thermally grown oxidgs.

(unoxidized padtcorresponds to a Ge concentration of 20%  The forementioned water solubility of Ge-rich oxide
as expected® The Ge/Si atomic ratio in the center of the Provides a useful means of interpretation of the FTIR absorp-
oxide is close to that in the substrate, suggesting that in thiion data. Figure @ shows the spectra observed in
region the oxide is stoichiometric §iGe,,0, [see Fig. Si-xGg oxides forx=0.35, 0.2 and 0 in the wave number
2(b)]. Furthermore, by integrating the different concentra-range 750—1400 ci, because of the oblique incidence of
tions over the whole oxide volume the same average concefiheé beam, both transverse op(tO) and longitudinal optic
tration is again recovered. The Ge missing in the region ofLO) vibrational modes of the bridging oxygen asymmetric

the oxide—semiconductor interface is then located at the oxstretch mode are excitédin the “pure” GeO, sample case
(where we obtained a maximum thickness of 5 nm of oxide

TABLE |. Measured growth parameters for plasma oxidation of SiGe ata Single peaKTO) is observed centered on 850 chwith a
1.2 A full width at half peak height on the order of 80 cfn This
half width is substantially smaller than the vattiéor bulk

Comgft(%) :zgazlnglon\:ﬁ? fiel OIIE I(eMCU}Em) GeQ, (~200 cm 'Y and §hifted .to lower wave r)ur_nbers from
the bulk value 885 cmY). This behavior is similar to that
0 2.0 2.5 observedf in thin film and bulk SiQ. Concentrating on the
2?) (35'; 2'2 TO peak in the Si_,Geg O, samples, we see that asin-
35 55 6.2 creases, the mode centered -atl050 cm? in the SiQ

sample broadens and shifts to iower wave numbers. Such
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S L R R R B 3(c) corresponds to the the difference spectrum obtained by
- (a) "\ ——-0%Ge | subtracting a weighted spectrum for plasma oxidized Si
0.02 |- g N T 20% Ge - (“pure” SiO,) from the unetched spectrum of,QiGe, 30,

35% Ge | [solid line in Fig. 3b)]. We observe, again, evidence for the
presence of two peaks at 1000 and 850 ¢im the Ge con-
taining sample. The weighting factor used was 0.43 which
corresponds to the statistical number ¢fS-Si bonds in

Sio 65G€.3505.

— We have successfully oxidized;Si Ge, thin films using
plasma assisted oxidation at temperature800 °C and
characterized these films using SIMS and FTIR. The high Ge
concentration films show evidence for separated regions of
Ge-rich oxide and Si-rich oxide, the former being close to
the oxide surface, in contrast to thermally oxidized films
where Ge excess and/or precipitation near the oxide—
, semiconductor interface is observed. This effect has been
—_— ey confirmed both by SIMS analysis and FTIR combined with
0.005 ‘s water etching. Our FTIR data enable us, for the first time, to
identify clearly vibrational modes associated with O in Si—
O-Si, Si—O-Ge and Ge—-O-G#uctures in the thin films,
confirming that the plasma oxides of SiGe are mixed on an
atomic scale.
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