Sol-Gel Deposited Sb-Doped Tin Oxide Films
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Abstract. The structural, electrical and optical properties of single sol-gel derived antimony-doped tin oxide (ATO)
films sintered at 55 have been measured. The reproducibility of both the preparation and the characterizatio
procedures have been tested by a round-robin test involving eight laboratories within a Concerted European Acti
(CEA) project. The resistivity measured as a function of Sb content has been obtained by electric and reflectar
and transmission measurements. Their differences are discussed in terms of structural and grain boundary effe

An increase of Sb content results in a decrease of the crystallite size (7.0 to 5.4 nm) and a greater influence of
grain boundary.
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1. Introduction applications [3], gas sensors [4], conductive paint coat-
ings [5] and catalysts [6].

Conductive and transparent coatings are essential Sol-gel deposited ATO coatings have been described

in the development of optic and optoelectronic de- in several papers [7—15]. These previous studies have

vices [1], displays [2], heat shields [2], solar energy shown that their performances are worse than those
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reported for coatings deposited by other deposition Heat treatment was performed in air. Samples were
techniques [1, 14, 16] and depend on several param-dried at 80C for 2 h, heated to 55C at 5 K/min, left
eters, such as the chemical composition of the solu- for 10 min at 550C and then cooled in the furnace
tion (precursors, catalysts, amount of water, hydrolysis down to 350C.
control reagents, concentration), layer thickness, heat- The thickness of the films was measured by sur-
ing procedure, and treatment atmosphere. The effect offace profilometry. The films were analyzed at UP by
these parameters is not completely understood and it isX-ray diffraction using a diffractometer equipped with
difficult to correlate the optical and electrical properties a glancing-incidence X-ray optics. The average crys-
to the structural and chemical features of the material. tallite size was calculated from the Scherrer equation
The aim of a project developed in the frame of a Con- after fitting the experimental profiles.
certed European Action [17] was to realize a round-  Adetailed optical study was performed onthe second
robin test with seven laboratories (UniveassPadova  series of samples at IG where the spectral transmit-
(UP), Istituto Giordano (IG), Instituto de Ceramicay tance and reflectance were measured at normal inci-
Vidrio (CSIC), Institut fir Neue Materialien (INM), dence, in the range 0.25-24Bn. The optical constants
Philips Research Laboratories (PRL), Fa. E. Merck, n andk, thickness and resistivityy, were obtained
Gel Design and Engineering (GDE)) with the aim to from these measurements assuming a homogeneous,
verify the reproducibility in the preparation and charac- isotropic layer texture and a Drude-Lorentz dispersion
terization of ATO coatings in terms of thickness, struc- relationship.
tural features (crystalline structure, average grain size), Electrical resistivity measurementg)(were per-
electrical and optical performances and to study the ef- formed at room temperature by 4-point technique
fect of antimony concentration. Some results are de- (INM, Merck, UP and PRL) and 4 point ac impedance
scribed in this paper, but a more complete description spectroscopy (CSIS).
will be published elsewhere [18]. The details on the equipment and procedures used
for characterization will be reported elsewhere [18].

2. Experimental Procedures

Tintert-butoxide (Sn(OtBu) was used as precursor for 3. Results and Discussion
tin oxide. Following the indications of a preliminary ) i i
study on its alcoholysis and hydrolysis reaction [19] X-ray diffraction was performed on all the samples. Tin

a sol (SOL 1) was prepared by dissolving Sn(OtBu) oxidt_e was pres_ent in its tetragonal form (cassiterite).
in pure, anhydrous ethanol (EtOH) at a concentration No significant differences among the samples produced

[Sn]=0.33 mol/l; then 1 equivalent of acetylacetone PV different laboratories were found. .
(acacH) was added and reacted 2oh atroom tem- Crystallite size was calculated from the broadening

perature; 2 moles of 0 per mole of alkoxide were of the (110) and (101) lines. A systematic decrease,
finally added from 7.0 to 5.4 nm, was observed with increasing an-

Sh(lll) ethoxide was used as precursor for antimony timony oxide content. , ,
oxide. It was dissolved in pure, anhydrous ethanol at a Table 1 presents the data of thickness for- thg_ﬁrst
concentration [Sbi 0.33 mol/l (SOL 2). series of samples (15 at% Sb). There are significant

The final sols were prepared by mixing SOL 1 and

SOL 2 in the proportions to get a Sh/Sn molar ratio of Table 1 Thicknessd (nm) for

0.15 for the first series samples, and ranging from 0.02
to 0.15 for the second series. The concentration of this
sol was about 50 g/l of oxides.

Doped tin oxide layers were deposited by spinning
on Corning 7059 glass slides (in order to avoid prob-
lems related to alkali contamination) following a com-
mon procedure and using the same sources. For thefirst
series, seven samples were produced at PRL, INM and
UP. For the second series, the samples were produced
at PRL and distributed for characterization.

samples of the first series mea-
sured by profilometerj and cal-
culated from optical results").

Source

Measurement UP PRL INM

Up* 73 75 78
INM* 63 67 75
IG* 63 71 79
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Sheet resistance [KQ ol

Figure 1 Sheet resistance for samples of the first series (15 at% Sb) measured by 4-point technique at UP, PRL, INM, Merck, 4-point ¢
impedance spectroscopy at CSIC and calculated from optical measurement at IG.

deviations in the measured values not only between thethe resistance of the INM sample was found to de-
different source of preparation, but also from the mea- crease from 50 to 14k after heating to 10CC. With
suring laboratories. The values calculated from optical PRL and UP samples the instability was observed also
data are close to those measured by profilometer. at room temperature: the PRL sample increased its re-
Figure 1 shows the data of the sheet resistaRe® (  sistance from 0.87 to 1.0 after two days in the
for the same series. The electrical values measured bymeasurement cell and to 1.2k after heating at 10@
different laboratories on the samples coming from the and cooling down to room temperature. Therefore, the
same source show a large distribution, the differences experimental conditions (humidity, atmosphere, tem-
being larger than those coming from the preparation of perature, geometry, etc.) should be defined more pre-
the samples in the various laboratories. These differ- cisely. The values calculated from the optical data for
ences are certainly due to the conditions under which samples prepared in 3 laboratories are in good agree-
the measurements were performed and the time elapsednent but are at least one order of magnitude smaller
between the fabrication and the measurement. The acthan the electrically measured ones.
measurements performed at CSIC under a dry atmo- The samples containing different Sb contents (sec-
sphere and controlled temperature showed, in fact, anond series) were analyzed in the same way and the
instability of the electrical properties. For example, results are summarized in Tables 2 and 3.

Table 2 Thicknesd, mobility i, carrier densityn, resistivity p, and sheet resistanég;,
measured at INM by the van der Pauw/Hall method (second series).

Shcontent (at%) t(hm) p (103Qcm)  w(cm?/Vs) n(em3)  Ro (kQ/o)

2 68.8 38,7 1.1 1.5 102 5.8
4 73.2 33,1 0.9 2.2 102 45
6 69.2 26,7 0.8 3.6 102 3.8
8 69.4 20,2 1.0 3.% 102 2.9
10 70.0 21,0 0.8 3.%10% 3.0

15 69.3 19,0 0.8 4.5 1070 2.7
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Table 3 Thicknessd, resistivity popr, and sheet resistand@s These are intersected by grain boundaries which intro-
calculated at IG from optical measurements (second series). duce an effective electron scattering reducing the elec-
Sb content (at%) d (nm)  popt (1073 Qcm) Ry (k2/n) tron mobility and thus increasing the resistivity. The
difference between the values obtained by these two
2 70 111 1.57 methods should thus come essentially from the influ-
4 0 44 062 ence of the grain boundaries. This trend, evident in
6 69 2.8 0.40 Fig. 2, seems to indicate that grain boundary scattering
8 70 2.6 0.37 becomes more important for high Sb contents possibly
10 69 2.4 0.35 due to the smaller grain size and/or a segregation of
15 69 2.3 0.34 Sb(lll) at grain boundaries [20]. Thus, the decrease

in mobility cannot be completely attributed to ionized
impurities scattering from the dopant. The index of
The thickness determined by the two different meth- refraction of the samples with different Sb content was
ods are again in good agreement. As the Sb concen-evaluated ad. = 500 nm. It increased from 1.65 to
tration increases by a factor 7, the already low values 1.75 with increasing Sb content possibly indicating a
of the mobility slightly decrease and the carrier den- denser packing of the crystallites [18].
sity increases by a factor 3 and seems to saturate for
higher concentrations. As a consequence the resistivity
decreases only by a factor 2 (Table 2). 4. Conclusions
On the other hand, the values g (Table 3) cal-
culated from the optical spectra are again an order of The first series of experiments have shown that the
magnitude lower than the ones measured electrically, preparation of the coatings has to be described more
except for the sample with 2 at% Sb. It should be precisely in order to get a sufficient reproducibility.
remembered that the optical data have been taken atThis involves the chemical procedures, the coating pro-
short wavelengths<2, 5 um) which act as a micro-  cess, and the subsequent heat treatment. Furthermore,
scopic probe from which mainly the intra-grain re- the electrical measurements and the storage of the sam-
sistivity is extracted. On the other hand, the electric ples have to be carried out under standardized con-
determinations probe macroscopic aréas cnr) av- ditions (humidity, temperature) to obtain comparable
eraging the response over a large number of grains. results.

10

p/ pop(

Sb-content [at% ]

Figure 2 Ratio between resistivity values obtained from electrical measuremgrsd calculated from optical datggpt.
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