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Production of E}; center induced by dry heat treatment of nonburied
SiO, films
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Electron paramagnetic resonance data demonstrat& tha radiation-induced defect consistently
found in buried oxide films, can also be generated in nonburied oxides after heat treatment in a
sufficiently dry ambient. The center appears in samples heated in either ®&, with moisture

content on the order of 1 part per million. The near equality of the numbé&;afenters in the

N, and G treated samples implies that the presence pfi@es not reduce the number of precursor
defects. The results suggest that the center is related to a deficiency of hydrogen-related species in
the ambient rather than an LQdeficiency as has been previously suggested.1996 American
Institute of Physicg.S0003-695(96)00227-§

Decades of studies on thermally grown microelectronicthe absence of a hydrogenous species rather than oxygen as
grade SiQ films indicate that high temperature heat treat-has been recently proposgd.
ment in an inert ambient can produce beneficial as well as  The majority of the samples used for this study consists
deleterious results. An anneal at temperatures greater thaf 400 nm thick steam oxides grown at 850 °C ori1@0)
900 °C generally enhances the performance of a gate oxidéjlicon substrate. In addition, some samples received a poly-
but it deteriorates oxides sandwiched between two layers dilicon overlayer by exposing the oxide to 300 mTorr Sét
silicon (a buried oxid&!? Although electrical measurements 650 °C. Samples were heated in air, Ap, Nr O, at 1000 °C
constitute the most direct method of addressing oxide relifor 5 h. The treatments were conducted in an open tube fur-
ability, electron paramagnetic resonatE®R) spectroscopy nace(standard treatmentor a sealed double-walled furnace
has been effective for studying many types of oxides inclugfor which the moisture level was on the order of 1 part per
ing buried oxides formed by oxygen implantation into silicon Million (ppm) at 1000 °C(dry treatment After the dry treat-
(SIMOX) or compression bonding of thermally oxidized sili- Ment, the samples were cooled to room temperature in the
con wafers BESO).3 Two major defects are revealed in the dry ambient. All samples were irradiated with x rays to a
buried oxides: théE!, center, an oxygen vacancy related de-dose of 1 Mrad. Selected samples were subsequently an-

fect commonly observed in irradiated bulk and thin film nealed at 200 °C.
amorphous SiQ and theE}; center, most likely a multiple All EPR spectra reported here were taken one day after 1

oxygen vacancy defect. Although no one-to-one corresponMrad x-ray irradiation. We identify th&j center in terms of

dence between buried oxide defects and the failure of de':(S g value, which is obtained from the experimental spec-

vices built on buried oxides has been demonstrated, studylnt Hm through the €Xpressiog, V,h/’“sze“" ngev is the
. icrowave frequencyh is Planck’s constanjyy, is the Bohr

the chemistry of these centers may lead to the cause of the : . . L
. . magneton, an@,.,,is the zero crossing of the first derivative
deteriorated electrical response of BESOI and SIMOX as . .

. of the absorption. Further study &f; in our samples shows
well as polysilicon gated structures. that it exhibits isotropic symmetry, saturates at about 0.02
The focus of this work i€, a center initially identified '

W, and is diminished by a factor of 5 aft 200 °C ai
in bulk silica by Griscorfiand later in thin films by a group M, and 1S diminished by a factor o/ > arer a ar

. ; N anneal as is expected for th& center*> In the nonburied
studying the buried oxide in SIMOX wafefsAlthough a oxides, the absolute density Bf; obtained by comparison to

definitive description o does not yet exist, it is generally a standard is about>210* cm 2 or about 25% that ob-
accepted that the center consists of a delocalized electrQlyreqd in the buried version of tr,1e same oxide.

shared by four Si atoms at a vacancy in $tO Other than Figure 1 summarizes the results of this investigation re-
SIMOX, the oxide layer of BESOI wafers, thermal oxides garding the radiation-induced signals, tﬁ(? center withg

coated with polysilicon, and a variety of thermal oxides — 5 ggg5 B,e10= 3497 G and theE); center withg=2.0019
without the Si overlayer have exhibited this cerfteérMost (g — 3495 G. Figure 1a) depicts an EPR spectrum of a

of the data suggest thét; is generated during the high tem- pyried oxide treated in Bin the open furnace. Except that
perature treatment of an oxide film buried underneath a layghe amplitude is smaller by a factor of 4, the spectrum is
of Si, but observation of the center in the nonburied oxideSimilar to that taken on SIMOX and BESOI buried oxides
guestions this conclusion. To determine the conditions thaéubjected to identical treatments. Figur@)lrepresents the
lead to the formation of thé& center, we systematically nonburied oxide subjected to identical heat treatment and
examine a variety of oxide films heated to 1000 °C in differ-jrradiation. The density of theE) center is less than

ent ambient. The results indicate that tgconcentration in  10'* cm™2 as is expected for a film irradiated to a dose of
nonburied oxides is greatly increased after heat treatment ionly 1 Mrad. Argon and air treatments produce similar null
dry N, or O,. The latter is particularly significant because it results. Figures (t) and 1d) reveal the presence of tHe;

indicates that the generation IBf; is strongly associated with center in the nonburied oxide films heated in dry ambient
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FIG. 2. Time dependence for anneali§ at 200 °C in air:®, SiO, film on
Si; X, Si/Si G,/Si sandwich{], SiG, film annealed in dry ambient. Density
is relative to that of an unannealed sample.
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2480 3485 3490 3495 3500 tion (?f anngal _t|me at 200 C in room ambient. In addition,
Magnetic Field (Gauss) the E 5 density in two nonburied oxides was measured after a
45 min dry N, anneal. The average of the two measurements
FIG. 1. EPR spectra taken after 1 Mrad x-ray irradiation@rburied oxide IS represented by the unfilled square in Fig. 2. If ambient

. ., .
with standard treatment, nonburied oxides with standard treatmentc) moisture were a factor '5_5 annealing, we WOUld_ expect the
dry N, treatment, andd) dry O, treatment. All heat treatments were at anneal rate for the buried and nonburied oxides to differ

1000 °C for 5 h. Data irta) have been multiplied by 0.25. because the overlying polysilicon should inhibis diffu-
sion to the oxide. Thus, the buried and nonburied data sets

and demonstrate the conditions necessary for generatiowith the support of the single data point from the dry anneal
Different from the film in Fig. 1b), the film represented in suggest that ambient moisture does not affect the annealing
Fig. 1(c) was heat treated in Nvith less than 1 ppm ambient kinetics of E};. It should be noted that, unlike the situation
moisture and that in Fig.(@) was heated in Qwith about 1  following hole injection'® there was no indication of an in-
ppm moisture content. Comparison of Figgb)land Xc) crease in theE; signal as theEj signal diminished. Rather,
shows that theE’ centers are sensitive to the amount ofthe E; density remained constant throughout the anneal.
ambient moisture present during a high temperature treat- The point defect concentration in buried oxide films is
ment. Figures (c) and Xd) indicate that the number of cen- thought to be related to the presence of the top silicon
ters does not vary as the ambient gas is changed from digyer>®° In particular, Devine and coworkers have sug-
N, to dry O,. Thus, elimination of moisture appears to be gested that generation of i and E’y centers is related to
essential for the generation of tl€ centers. Furthermore, the limited oxygen supply at the buried oxide/Si interface
we conclude that removal of hydrogen, not oxygen, from theduring the high temperature treatment and to the subsequent
moist ambient is essential for defect formation. outdiffusion of oxygen from the oxid&!! Much data appear

Several other features concerning Fig. 1 should be notedo support the outdiffusion model. For example, infrared
First, although measurable in both buried and nonburied oxmeasurements show that O interstitials in the overlying Si
ides, the number oE’ centers is lower in the nonburied layer increase during high temperature heat treatment of a
oxides by a factor of at least 4. Second, we observe that thieuried oxide structur& The association between O defi-
dry treatment with HO levels as high as 5 ppm produced theciency and the production ofj is further supported by
E’ centers; however, opening the dry furnace at 600 °C repostirradiation reoxidation studies that show a reduction in
sulted in no measurable centers. Lastly, several additionahe E' centers after reoxidatichFinally, the outdiffusion
centers appear in the dry,Nreated films. In Fig. (c), for ~ model is consistent with the proposed multiple oxygen va-
example, two features are apparent to the left ofBfje@en-  cancy defect structure? However, a study of the tempera-
ter. The centers, which are more clearly resolved using difture required to generate the centers suggests that diffusion
ferent EPR signal parameters, have been only casually studeuld not solely account for the defect generation and intro-
ied at this time and appear to be associated with the Siuces the possibility of SiO production via reduction of the
substrate rather than the oxide. Further discussion will béuried oxide®
deferred to a future publication. The assumption permeating the defect generation models

Figure 2 illustrates the role of moisture during annealingcited above is that the Si top layer prevents ambient oxygen
of the Ej center. The density in nonburied oxidéflled  from reaching the oxide layer. However, Si also prevents
circles and buried oxidegcrosseswas measured as a func- ambient moisture from diffusing to the buried oxide. The
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presence of th&; center in a nonburied oxide treated in dry The primary result of this work is that the generation of
O, [Fig. 1(d)] clearly demonstrates that minimization o O the Ej center in SiQ s related to the dryness of the ambient
is not linked toEj generation. Rather, 40 or some other during a high temperature heat treatment and not to the de-
hydrogen-related species must be responsible. This is ificiency of oxygen during the treatment as previously
agreement with the early work on silica containing chlorine.thought. Although this does not affect the proposed model of
The samples that exhibited the greaté§tdensity also con- the defect as a multiply oxygen vacancy center, it does high-
tained the least H and OH specfe$he influence of mois- light the importance of hydrogenous species in the genera-
ture is also consistent with the studies that show a decreagi®n of the E§ center. Interestingly, moisture in the ambient
in Ej following reoxidation because, unless extreme meadoes not appear to influence the annealing kinetics. Although
sures are taken, moisture would be added during the oxidaxo model for defect generation is presented at this time, the
tion and, thus, quenckj production® However, the obser- work clarifies that theE; center is one of a growing number
vation of the centers in dry oxygen treated nonburied oxide®f defects in which the elimination of a hydrogen species is
does contradict the existing defect generation models. Sincgritical for observation of the center by EPR.
the same number d; centers was observed in,Mdnd O, The authors would like to thank G. Brown for supplying
treated films, it is unlikely that the center arises from O out-the samples for this study, E. Steigerwalt for the x-ray irra-
diffusion or the formation of SiO. The former model is baseddiations, and R. Stahlbush for initiating the research on the
on a concentration gradient of oxygen between the oxide anburied oxide samples. This work was supported by NSF-
ambient, which is obviously greatly decreased by the OECS-9422369.
treatment. The latter model is based solely on the low O

partial pressure present at the surface of a buried oxide. Thi$E. H. Nicollian and J. R. Brew$lOS (Metal Oxide Semiconductor) Phys-
clearly is not the case during the, Geatment. ZES IaEm%;iﬁgggﬁlogygeyégrﬁvﬁs\i{ogk, I;LQ&I?/ZII(.:Kitterick W. P. Maszara, P

Data ta_tken f_or this investigation show _that the mten_sny Roitman, and G. A. Brown, ugEé Trans. Nucl. seg,yzoée(iggz. T

of the E} signal is smaller by a factor of 4 in the nonburied 3. L. warren, M. R. Shaneyfelt, J. R. Schwank, D. M. Fleetwood, P. S.
oxides compared to that seen in the buried films. It is un- Winokur, R. A. D. Devine, W. P. Masazara, and J. B. McKitterick, IEEE
likely that different room temperature annealing rates for ,Trans. Nucl. Scid0, 1755(1993.
buried and nonburied films can account for this behaviorso: <. Snoco™ and E. F. Friebele, Phys. Rev38 7524 (1969

. . b . K. Vanheusden and A. Stesmans, J. Appl. Pfiys.275(1993.
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