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We present here a study, through perturbed angular correlation (PAC), of a "'Ta-implanted Sn-0
thin film prepared by thermal evaporation of tin in a 10 '-Torr oxygen atmosphere. The film, as
prepared, was characterized by conversion-electron Mossbauer spectroscopy (CEMS). These data
revealed the two oxidation states, namely, 2+ and 4+, for " Sn. The film evolution was monitored

by PAC at room temperature (RT) after each step of two series of thermal annealings performed on
the sample. The first series was carried out in Ar in the temperature range 473 —773 K while the
second was carried out on the same film in air in the temperature range 473 —1373 K. Complemen-
tary CEMS studies were also performed after following the same annealing steps on a similar film.
These results clearly show the evolution of the sample to a 4+ oxidation state, corresponding to
Sn02, and a total crystallization for annealing at 1373 K. This fact allows a hyperfine characteriza-
tion of ' 'Ta impurities substitutionally replacing tin in the perfect Sn02 lattice, in the PAC mea-
surement following the annealing at 1373 K. It is worthwhile mentioning that in the CEMS mea-
surements, in the range 473 —573 K of the first series, the parameters of the 2+ state correspond to
crystalline SnO; as a consequence, a tentative hyperfine characterization by PAC of SnO was also
possible. Furthermore, point-charge-model calculations were performed and a systematic survey of
the antishielding factor P of "'Ta in different oxides is given.

I. INTRODUCTION

Thin films of transparent oxides such as In203, SnO~,
and ITO (In&03.Sn) are increasingly used in devices on
which transparent conductor coatings are needed.
Among them, tin oxide films are of particular importance
since they find applications in solar cells, gas-sensing ele-
ments, and electronic components. Both amorphous and
crystalline films are used for this purpose. Optical and
electrical properties are found to depend on the crystal-
line state of the films —hence the special interest in
studying all stages in the amorphous-crystalline transi-
tion.

In the past few years, the perturbed-angular-
correlation (PAC) technique has been increasingly ap-
plied to study semiconductor oxides (see Refs. I —4 and
references cited therein). The single-atom counting of
this technique, in combination with the highly localized
sensitivity (due to the r dependence of the quadrupole
interaction) allows a detailed investigation of both
structural and electronic characteristics. Therefore, PAC
measurements are ideal tools to track the evolution of a
film from the amorphous to the crystalline state since the
different coexisting phases can be separately character-
ized.

Recently, P AC measurements were performed on
SnO2 films prepared by thermal evaporation using

EC
diffused "'In ~ "'Cd as a probe with In undergoing an
electron-capture (EC) decay. The aim of the experiment

was to obtain a hyperfine characterization of the final
product, crystalline SnOz. Confirming previous results
on SnOz powder samples, the presence of two hyperfine
electric quadrupole interactions has been found, revealing
the existence of two different sites for "'Cd in the lattice.
From their temperature dependence, they were ascribed
to the trapping of a single oxygen vacancy, with different
ionization states. This trapping was probably favored by
the lower valence of indium compared with that of tin.
The hyperfine parameters of the interactions, i.e., the
quadrupole coupling constant and asymmetry parameter,
were the same in powder samples and crystalline films.
Preliminary PAC results on ion-implanted indium in Sn-
0 thin films show, at room temperature, that after an-
nealing in air at 1023 K, crystalline Sn02 coexists with
other structures and oxidation states. No temperature-
dependence studies have been carried out yet in these im-
planted films. The use of ' 'Hf + probes, which do not
favor vacancy trapping in tin dioxide, and therefore allow
the study of a defect-free system, seems to be the next
logical step in the study of Sn02 crystalline films with
PAC.

Now, from a general point of view, the problem is the
following. Although much work has been done investi-
gating the Sn-0 system with use of several experimental
techniques, there are still discrepancies concerning the
different steps in the evolution from tin plus oxygen to
the perfect SnOz crystalline structure.

It is well known that tin oxide films obtained by
different methods —such as spray, electron-beam eva-
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poration, chemical vapor deposition, thermal evapora-
tion, etc.—are amorphous and oxygen defficient (SnO„
x (2). Post-deposition annealing treatments in an oxy-
gen atmosphere or air lead, through mixtures where
different intermediate oxides coexist, to the proper crys-
talline tin dioxide. The occurrence of these stages de-
pends strongly on the sample preparation and sequence
of the annealings.

Some insight into the character of amorphicity in Sn-O
systems has been presented by Collins et al. They
prepared Sn02 films in the following way: Pure metallic
tin was evaporated on a cooled aluminum backing in a
chamber filled with oxygen at about 1 X 10 Torr.
These authors found, through Mossbauer spectroscopy,
electron micrography, and electron diffraction, that sam-
ples evaporated at a low rate were composed of a mixture
of SnO and Sn02, both amorphous. Mossbauer-
spectroscopy studies carried out in the temperature range
115—470 K revealed that only amorphous Sn02 was
present at 470 K. They attributed the amorphous char-
acter to an elongation of the Sn—0 bonds in the axial
direction of the crystalline SnO and Sn02. They suggest-
ed that the amorphous Sn-0 is composed of units of dis-
torted octahedra with central Sn"+ linked by Sn—O
bonds, where bridging Sn + ions lie at the apex of a py-
ramid.

Feng, Ghosh, and Fishman reported x-ray studies and
photovoltaic properties in SnOz films, prepared by
electron-beam deposition and spraying a mixture of SnC14
onto a heated silicon substrate. They found that fresh
films are composed of a mixture of different phases, while
SnOz seems to dominate after a 1-h annealing at 573 K in
air.

In Ref. 10 the films were prepared by electron-beam
evaporation of tin dioxide powder under controlled depo-
sition conditions. X-ray-diffraction analysis revealed that
the films deposited onto substrates at temperatures lower
than 573 K were amorphous. Different preliminary oxi-
dation states, namely, SnO and Sn304, were found when
the films were annealed at 573 K in an oxygen atmo-
sphere, depending on the deposition temperature. In all
cases the final oxide SnOz was obtained after annealings
at 873 K, but the results indicate that an amorphous frac-
tion of tin oxide still remains.

Tafto, Rajeswaran, and Vanier" also studied tin oxide
thin films prepared by reactive sputtering. They charac-
terized and studied the local structure in the amorphous
Sn02 through electron-microscopy diffraction and
electron-energy-loss spectroscopy, concluding that the lo-
cal atomic arrangement of the films is nearly the same as
in crystalline Sn02. Therefore, according to their results,
the amorphous phase in tin oxide should correspond to a
positional disorder, i.e., the atoms are slightly displaced
in a random way from their ideal positions. '

1n summary, the different preparation methods lead to
amorphous and oxygen-deficient tin oxide films. Anneal-
ing treatments in oxygen or air lead to the proper crystal-
line tin dioxide through different steps. The amorphous
phases, more properly disorderly phases, could corre-
spond to a positional disorder.

We present here the results of PAC experiments on a

thermally evaporated tin oxygen film with implanted
' 'Hf probes. Measurements were carried out at room
temperature following an annealing program up to 1373
K. The oxidation states of Sn in the film were monitored
by conversion-electron Mossbauer spectroscopy (CEMS)
measurements. ' We have characterized the hyperfine in-
teraction of ' 'Ta in the different steps of the
amorphous-crystalline states of the system.

The significance of point-charge-model (PCM) calcula-
tions on semiconductor oxides have become ap-
parent' ' after the pioneer work of Boise, Uhrmacher,
and Kesten. ' Comparison of our results, as well as those
of others reported in the literature also using ' 'Ta as
probes, with PCM calculations, is also presented.

II. EXPERIMENT

(2)

The films were prepared by thermal evaporation of
high-purity metallic tin (99.999%%uo purity) in a vacuum
chamber where after air evacuation a flux of pure oxygen
was introduced and kept at a pressure of about 2X 10
Torr. The substrate consisted of an optically polished
rectangular quartz plate. The estimated thickness of the
films was less than 300 nm, and the temperature of the
substrate during evaporation was around 300 K.

The ' 'Hf+ ions with energies of 150 keV were im-
planted in the ion accelerator of the Institut fur Strahlen-
und Kernphysik (ISKP). The total calculated dose was
~ 8 X 10' ions/cm ( = 100 pCi).

The PAC measurements were carried out after anneal-
ings for 1 h at 473, 573, 673, and 773 K in an Ar atmo-
sphere and at 473 and 573 K in air. Three additional an-
nealings were performed in air at 1043 and 1173 K for 2
h and at 1373 K for 1 h.

A conventional two-detector apparatus with CsF scin-
tillators was used on the well-known 133—482-keV y-y
cascade of ' 'Ta. The electronic equipment and data-
recording apparatus are described elsewhere. ' Theoreti-
cal functions of the form A2G2(t) folded with the time
resolution curve (full width at half maximum of 0.9 ns)
were fitted to the experimental R (t) asymmetry ratio:

R (t)=2 N(180', i) —N(90', ~) = A G (r) . (1)
N (180', t)+ 2N (90, r )

The assumed perturbation factor was of the form
3

Gz(t) =g f, g S2„;cos(co„;t)exp( o, co„,t), —
i n=0

where f, are the relative fractions of nuclei that experi-
ence a given perturbation. The co, frequencies are related
by co„=g„(g)v& to the quadrupole coupling constant
v&=eQV„/h. The g„and S„coefficients are known
functions' of the axial-asymmetry parameter
=(V —V~~)/V„. The exponential functions account
for a Lorentzian frequency distribution of relative width
6 around co, .

Mossbauer spectra were recorded in a conventional
constant-acceleration spectrometer with backscattering
geometry. The electron detector used a mixture of Row-
ing He and methane gas. Calibration was performed
against a 6-pm o.-Fe absorber. The nonlinearity was
fitted with a second-degree polynomial. Isomer shifts are
referred to a CaSn03 absorber. The 5-mCi Ba" Sn03
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FIG. 2. PAC spectra of ' 'Hf taken at RT, after the following
series of annealings in air: (a) 1043 K, 2 h, (b) 1173 K, 2 h, and
(c) 1373 K, 1 h. The solid line correspond to a least-squares fits
of Eq. (2) to the data.

FIG. 1. PAC spectra of ' 'Hf implanted in a Sn-0 film taken
at room temperature (RT), after the following series of anneal-
ings for 1 h in Ar atmosphere: (a) 473 K, (b) 573 K, (c) 673 K,
and (d) 773 K. The solid line correspond to a least-squares fits
of Eq. (2) to the data.

source was kept at room temperature and driven in a tri-
angular waveform.

A nonlinear least-squares program with constraints
was used to fit the CEMS spectra.

III. RESULTS AND DISCUSSIQN

A. Data analysis

After implantation, a predetermined annealing pro-
gram was carried out. Thermal treatments lasting 1 h in
the range 473 —773 K were performed in an argon atmo-
sphere to remove radiation damage as well as to favor the
substitutional accommodation of the probe into a Sn site
in the lattice. PAC spectra taken at room temperature

immediately after each treatment are shown in Fig. 1.
Afterwards, another series of annealings in the range
473 —1373 K was performed, but this time in air in order
to achieve full oxidation of the film. The relevant spectra
are shown in Fig. 2. In Tables I and II the results of
least-squares fits of Eq. (2) to the data are displayed.

In the first series (see Fig. 1 and Table I), a well-defined
interaction, labeled as hfi&, characterized by v& =752
MHz and q=0.0 is superimposed over a broad distribu-
tion centered at about 1000 MHz [(hfi)»]. The relative
intensities of the two interactions remain constant within
errors throughout the whole series.

Measurements performed after the second series of
thermal treatments in air show a net intensity evolution
of the two present quadrupole interactions. The interac-
tion labeled (hfi)&&& in Table II, which after the 1043-K
treatment represents half of the total intensity, disappears
after annealing at 1373 K in air. The interaction (hfi)&v,
characterized by v& =968 MHz and q=0. 72, has similar
hyperfine parameters to those of (hfi)&& measured after

TABLE I. Results of least-squares fits of Eq. {2)to the data showed in Fig. 1.

Anneal
treat. f, (%)

(hfi)

vg (MHz) &1 (%) fq (%)
(hfi)

vg {MHz) 62 (%)

473K, 1h
573 K, 1}1
673K, 1h
773 K, 1 h

164
121

175

102

7576
7456

76419
7456

0.01 6

0.1o. i

0.0l.o

o oO. 2

72

2]

113
2i

8444

888

8342
909

101851
1044,4

968„,
993,27

0.5o 1

0.6o 2

0.6o 3

0.2o

326
424

4324
36



43 CRYSTALLIZATION STUDY AND HD HYPERFINE. . . 10 089

TABLE II. R. Results of the least-squares fits of E . (2) to th
1173 K are also included.

s o q. ) to the data displayed in Fig. 2. The fittede te parameters for the measurement at

Anneal.
treat. f3 (%)

(hfi)

vg (MHz) &3 (%) f4 (%)
(hfi)iv

(MH ) 54 (%%uo)

1043 K, 2h
1173 K, 2h
1373 K, 1 h

'Measured at 1173 K.

48io
47is

77019
81551

0.6o o

0.7o 1

92
207

52)3
538

1003
100' '

974)3
974o
968o
9651'

0.6o.o
0.7o.o
o 7o.o
0 7o.o

83

20

1o

10

low-temperature annealings in A b h mr, ut wit ammuch nar-
quency distribution. The corresponding frac-

tion increases up to 100% after a 1373-Ka - treatment in

In order to obtain additional information to h 1

anal sis ofy
'

the PAC data, we performed CEMS measure-
ments on identical sam les
t ermal treatmh tm

p es, after the same sequence of
tments. Typical spectra are shown in Fig. 3.

sho
In the temperature range 473 —573 K th, t e CEMS spectra
s owed the characteristic line of th Se n oxidation state,
with hyperfine parameters (see Table III) ine a e in agreement

se a tributed to the crystalline SnO. The
hyperfine arametersp eters of the peak associated with the
Sn oxidation state in Figs. 3(a) and 3(b) do not coincide

e n 2 crystalline ones. This interaction should
then be ascribed to somome evolving configuration. It can
also be seen in Fig. 3 and Table III that with increasin
annealing temperature in air th f 11e u oxidation of tin has
a en p ace. The final oxidation state Sn + h, reac ed after

see ig. c)] corresponds to crystalline SnOz.
The comparison of CEMS and PAC 1

following assignment for the
resu ts allows the

PAC
e interactions measured by

The interaction (hfi)i, the only one well defined at
low annealing temperatures (6 (10%%u )o, can be attributed
o a probes in substitutional tin sites of t 11'crys a ine

n eed, in this temperature range, the CEMS
suits dis lap y the presence of crystalline SnO. Unfor-

e, e re-

tunately the recoil-free fraction of t'in in such an admix-
ture of oxides is not known. Th fn. ere ore, no conclusions

M"
can be extracted from the fit t d fe e ractions in the

oss auer s ectra. Fop a. For a conclusive assignment of (hfi)i,
experiments on SnO powder should be performed.

(ii) The interaction (hfi)„, present in the Ar annealing
series, might be associated with th 4+ '

ine oxidation state in
the CEMS spectra. In the CEMS results on the sam le

4+ oxidation sta
in air, tin ions exhibits only its

oxidation state. Therefore, the interacti 1 b 1 dions a ee as

the
«an „,must correspond to some S On 2 without

e perfect octahedral structure. Thure. ey can include
con gurations such as those reported by Collins et aI.
and Tafto, Rajeswaran and V

' " Nanier. onstoichiometric
oxides formed during preparation as well as remainin
ra iation dama e

0 ~ ~

tribute to (hfi)ii.
g ue to ion implantation could 1u a so con-

The presence of the interaction (hfi) is«& is consistent with
esu s o tained by Madhusudhana Redd Ja

and Chandorkar ' Th
e y, awalekar,
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e peaks on the

dation sta
respond to the doublet belonging t th S

state. The other corresponds to th S
o e n oxi-
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of the SnO char2 acteristic peaks, an amorph b
ground.

rp ous ac-

iii) Concerning the interaction (hfi) h' h&v, w ic is notice-
able after an annealing at 1043 K in air
above 13

in air and is unique
73 K, it should be attributed to Ta ions at re u-

lar cation sites in a SnO cr s ', '
en2 crystalline lattice, in agreement

with our CEMS results. In effect, after the
1373 K, the 4+ state

, a er t e annealing at
e state has the characteristic parameters of

crystalline SnOz.
As can be seen in Tables I and II all the

evolve to the interacti
n, a t e interactions

ve o e interaction (hfi), v corresponding to the total
oxidation and crystallization of the sample

As we mentioned in the Introduction tin d
prepare y different methods shows sometimes, in

its evolution from SnO to SnO thn 2, e presence of an inter-
mediate oxide namamely, Sn304, resulting from the decom-
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3 parameters labeled a are those cor-CEMS spe( tra shown in F garameters corresponding to t eTABLE III. Fitted hyperfine par
d in Ref. 8.S 0 and SnO crystalline reported in Re .responding to n & an

Anneal.
treat.

573K, 1h
1043 K, 2h
1373 K, 1h

Quadrupole
splitting

6& (mm/s)

0.4094'
0.378i i

0.497i
0.499)3 '

4+
Isomer

shift
5& (mm/s)

0.027( 1

0.0032
0.0023
0.0043 '

Line width
(FWHM)
I, (mm/s)

0.837s7
0.886i2
0.753 )

0.965)6 '

Quadrupole
splitting

A2 (mm/s)

1.3568

1.36' '

2+
Isomer

shift
6 (mm/s)

2.6326

2.6783 '

Linewidth
(FWHM)

I (mm/s)

0.789,4

0.9168 '

'Crystalline data from Ref... 8.

~ ~nO. The osition of the ions in this lattice is
not known yet. The interaction &», roa
ed, can inc u e is1 d th oxide. Further experiments in pro-

larif the dynamics of the process.g o y
The probe oxidation, that is, t e orma

was discarded due to the low wi oof hafnium oxide, was i
(hfi), whichc distribution of the interaction

b
' h'h h to the large distribution w ic

r os of indium oxide. ince e c

I f boh filis to be expected. n ac,roscopic inhuence is p
at the same' 'Hf do ed, became transparent at e s

1043 K Corature after annealing at 1

ic in&uence of the impurity in the cry-possible microscop
stallization p
annealing at 1043 K, t e param

is re~ected
After annealing above

i ues showed just one interaction, assigne otechniques s owe j
1 comparison could be11' SnO . Unfortunately, no comp

es of the interactions mea-e concerning the intensities o e
MS since the recoil-free fractionssured with PAC and CEM since e

n in such admixture of oxides.are unknown in suc
t re dependence ofIn order to inves 'gsti ate the tempera ure
t e SnO films, weelectric-field gradient (EFG) in t e n

co PAC measurement at 1173performed a co pcorn lementary m
'th the one mea-K. The resulting ps ectrum coincides wi

Fi . 2(c). The con-sured at room ptern erature shown in ig. c .
b due to the s charac-of v with temperature can e ue ostancy of v& wi

SnO . The same depen-r of the conduction band in n 2.
6

ter o e
r the EFG of "'Cd in Sn02 powder.dence was found for the E o

arison with the mentione d PAC in-To complete the comparison
ntion that in theSn02 powder, we can men ion a n

id not find any evidence of near-p resent experiment we di no n

anc as was found in Ref. 6. This re-
+ valence o

neighbor oxygen vacancy as was oun
suit is consistent with the 4+ w
should not favor vacancy trapping.

B. Calculations

in to the ionic character o bboth oxides stud-
h dl 11'

u have performed point-c arge-moie, we
rameters at cation sites inof EFG's and asymmetry parame ers

cture ' of SnO is of rutile type
nd SnO.

. 1862(1) A],
d t h dron and all

A b =4.7368(2) A, c =3.18

n les are 78' and 102', respectively. e n-
d' 1 direction to thein the erpen icu ar

.2 o ion er than those in t e ase0' lot t o 1e cr stal structure of the SnO is a so
5 A c =4.8382(8) A]; the tin 2+ ions are

. Th' d position yields aat the apex of a squ py
' . p

latelike crystallographic morphology or n
2.224 A and angles 0—Sn— o0 distances equal to

117.3' (see Fig. 5 .
1

'
the predicted asym-to our calculattons, eAccording

re of 100-A radius around
ero and 0.20 for SnO and SnOz, respec-

arameters (for a sp ere o
p

the rincipal components of t e e ectively, and e p
nearl the same. e pre

'
Th dieted asymmetrygradient are near y

f the interaction at-parameters are in g good a reement or e in
ur SnO result. Intribute to nd S 0 while it does not fit our n z

wa the atoms are placed in theFIG. 4. Sketch showing the way e a
'

the
unit cell o nf S 0 Black spheres represent oxygen ions.

win of the unit cell of SnO. BlackFIG. 5. Perspective drawing o e
ms. The arrows in ica ed t thatsp eres reph resent the oxygen atoms.

ned b b and c.the tin atoms lay in the face define y an
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this structure the g parameter is very sensitive to slight
discrepancies in the atomic coordinates reported by the
authors of Refs. 21 and 23. A second discrepancy is
found that concerns the EFG, since the PAC results
show dift'erent coupling constant for the compounds.

Since the cell constants are bigger and the number of
atoms per unit cell is smaller for SnO than Sn02, the SnO
crystalline structure is more open than the corresponding
to SnOz. This means that more space is available. This
fact should allow a better substitution of the cation ions
by ' 'Hf probes in the case of SnO. On the other hand, it
is known that in the crystalline Sn02 the octahedron is
distorted with Sn-O distances smaller than the sum of the
individual diameters of the respective ions. The fact that
the ionic radius of the probe (' 'Hf) is bigger than that of
Sn (0.81 and 0.71 A, respectively), as well as the different
electronic structures, makes it difficult to predict how the
local structure becomes relaxed. Nevertheless, it is
worthy to note the fact that a value of g=0.7 is obtained
through a point-charge-model calculation assuming an
elongation of just 2.2% in the axis of the octahedra. That
value is less than what would be required by the
difference in the probe-cation radii, but as was already
mentioned, even the 0-Sn-0 ionic diameter sum is less
than the measured distances in the compound. It should
be pointed out that the mentioned elongation is not
equivalent to the amorphicity suggested by Collins et al.
because that elongation is a relaxation induced by the
probe. Unfortunately, theoretical calculations on this
type of lattice impurity-induced relaxation on this system

are as yet unavailable.
In order to compare properly the PCM predictions for

the EFG and the experimental results, one should take
into account the antishielding factor P.

As we mentioned in the Introduction, interesting infor-
mation can be obtained from comparison of PAC results
with simple point-charge-model calculations in ionic
compounds. These calculations have been successfully
used recently in the analysis of the complicated a-Nb2O5
(Ref. 14) PAC spectra and in the determination of the lat-
tice position of oxygen vacancies in reduced MoO3. ' In
Ref. 16, Boise et al. stated that the antishielding factor f3,
defined as v& '/v&', where v&"' and v&' are the experi-
mental and calculated quadrupole coupling constants, re-
spectively, is mostly determined by the nearest-neighbor
(NN) oxygen coordination, increasing with the number of
XXoxygen ions.

According to the definition proposed in Ref. 17, P fac-
tors in the present case result, Ps„o=72.3, s and

Ps„o =99.22, . In agreement with that stated in Ref. 16,
2

the resulting antishielding factor for ' 'Ta in stannic ox-
ide, with sixfold coordination, is bigger than the one for
stannous oxide, with fourfold coordination. We note that
the errors in the P values quoted below originate from the
lack of precision in the nuclear quadrupole moment
Q ( —,

'
) = (+ )2. 36~b used in the calculations.

Three more P factors for ' 'Ta can be calculated from
the literature. Using the measured coupling constants for
monoclinic and tetragonal zirconium dioxide and

125—

100—

50—
100—

Cd o Rh F03

o Fe20g
A40, g

25—

50—
rnao3 (2)
r~,o, (i}Ago

Cuo«~o o
I I I I

2 4 6 8
Coordinat, j.on Number

Metal —Oxygen Coordination Number

FICx. 6. Antishielding factor P, defined as P=v', ," '/v„', as a function of the metal-oxygen coordination number. The '„" ' corre-
sponds to PAC measurements using ' 'Ta as probe. Results obtained with "'Cd as probe, obtained from Ref. 16(b), are showed in the
inset for comparison.
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monoclinic hafnium dioxide, and the crystallographic
data taken from Refs. 27 —29, respectively, the antishield-
ing factors values p z,o =118.72s, p~ H&o =128.127,
and P, z,o =115.32 4 are obtained. Their behavior (see' 2

Fig. 6) agree with their seven- and eightfold coordination.
Although a dependence on the coordination number

for the case of ' 'Ta becomes also apparent, before any
conclusion can be extracted, it would be necessary to
have knowledge of the crystallographic coordinates of the
compounds, because as our experience has shown in the
PCM calculations in metal-oxygen compounds, the
electric-field gradient —and therefore p—is highly sensi-
tive to uncertainties in the oxygen coordinates.

an amorphicity due to positional disorder.
A tentative identification of the SnO hyperfine parame-

ters is also made, although a definitive assignment is ex-
pected to derive only from experiments on pure SnO.

The unique SnO2 phase is obtained after a crystalliza-
tion process at 1373 K, making possible the identification
of the hyperfine parameters of ' 'Ta in SnQ2. The con-
stancy of these parameters with changing temperature is
in agreement with the s character of the conduction
band.

Finally, the p factors obtained for ' 'Ta in these oxides
are in good agreement with those quoted by Boise et al.
for "'In, who suggest that this parameter is mostly
defined by the nearest-neighbor oxygen coordination and
increases with the number of NÃ oxygen ions.
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