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The properties of films prepared by spraying
ethanol solution of SnCl4-5H20 onto glass sub-

strates (T==385°C) in ambient air atmosphere

(spraying angle a=45°; sprayer-to-substrate
distance of = 50 cm) are studied.

Investigated film proprerties strongly depend
on film thickness, d. The thickness dependence
of sheet resistance Rn(d) and optical energy gap

Eg (d) at specific film thickness d = cif obtain
minimal values.

At d = dr the thickness dependence of X-ray

: : : s I(hkl) "
diffraction intensitities ratio 10200) (d) (hkl =
110,211,301) and Haacke’s "figure of merit" ¢
receive maximal values (¢ = Tw/RD; T - film
transmittance).

1. INTRODUCTION

The properties of SnDZ:F films prepared by spraying method depend on

more spraying parameters and circumstances [1,2,3,4,5,6]. The mainly used
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sprayed solutions are methanol, ethanol or water solution of SnCI‘-SHEO do-
ped with CHaF or HF [1,5,7,8]. Optimal glass substrate temperatures Ts are

about 400°C.
The experimental results of previously investigated Sn02:F films, [5,

7, 8] sprayed onto glass substrate (Ts=300, 400 and ASDOC) by employing the
airless sprayer (spraying intervals 1-2 s with pauses of about 60 s in
between) certified very remarkable thickness dependence of their proper-
ties.

The plots of optical refractive index n(d), %kﬁl% (d) and Eq(d) at
d = df have minimum, but electrical conductivity ¢(d) and ¢(d) has maximum.

The experimental results of investigated SnOa:F films prepared in the
same spraying conditions are presented in this work, but employing the
carrier gas sprayer (Fig. 1), ambient air atmosphere and spraying intervals
of 1-2 s with pauses of about 30 s in between. The sprayed ethanol solution
is: 200 g SnCl‘-SHZO; S0 ml C2H50H; 10 ml HCl; 2,8 ml 50% HF; [F/Sn]at=
0.147. The thickness dependence of film properties is also strongly

expressed.

2. EXPERIMENTAL RESULTS

The film thickness d has been determined [9] from the interference
maxima and minima in spectral transmissivity T(A) (Spestrometar Pye Unicam
SPG-300). The film optical energy gap Eg was determined by spectral
absorptivity a(A), i.e. T(A) measurements, and presented as (ahv)? v.s. hv
[10,5). The sheet resistance Rl:I = %of the films was calculated by the use
of the film resistivity (four point method). The diffraction intensity
ratio I(hkl1)/I(200) is based on X-ray diffractograms (Fig. 2; Cul(a; A=1.54
%, YEOL YDX7E).

The diffraction peaks of hkl = 110,211,301 and 200 were chosen with
regard to some previous reports [1,3,8,11,12,13], where they are shown to
be the most pronounced lines.

X-ray diffractograms (Fig. 2) verified that:

= film with d = 0.56 pm is amorphous

- Increase of the film thickness d is related to the increase of
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(301) lattice planes are pretty evident
- only at "thicker" films a feeble presence of suboxides (29 =
31.4% [6]) is evident.
On Fig. 3 the plots of Rn(d)’ Eg(d) and ¢(d) are presented. They show:
- existing of minimum in the course of Eg(d)
- existing of minimum and maximum in the course of RD(d)
= I-:wm,limln and ¢_u are obtained for a specific film thickness
d = clf = 0.7 pm
- good transparent - conductive properties are found between d -
0.6 and d = 0.8 um.
Fig. 4 in fact is Fig. 3 with projected plots of
211 and 301) over it.
It can be noted that:

I(hkl)

1(200)(d) (hkl = 110,

I(hkl)
1(200)
- smaller values of I(hkl)/I(200), after d = 0.85 um (“thicker"

- the courses of are very similar to those od ¢(d)
films) indicate greater preffering of I1(200) (Fig. 2)

- for d = dr’ when ¢ = ¢nax is obtained, the differences between
I(hkl) and I(200) are the smallest (I(hkl)/I(200) = 1.0; see
Fig. 2):

In the case of employing the airless sprayer [8], this condition at d
I(hkl)(d)

= dt is expressed by minimum in the course of 1(200)

3. DISCUSSION

The previous studies [1,4] of sprayed SnO2 films verified the existen-
ce of minimum in p(T‘) [4] and RD(T.) [14] which corresponds to the
maximums in Sn concentration, i.e. to the maximal concentration of oxygen
vacancies 02'. p as a function of the dopant concentration [1, 15] exhibits
similar behaviour (p has a minimum at specific dopant concentration
IF/Snlat =~ 0.25). The resistivity dependence of the oxygen flow rate f [15]
possess minimum at f = 1.8 1/min. Because of linearity between f and film
thickness d, By is related to a specified value of d. The decreasing of p
(increasing of conductivity) before it attains its minimum is ascribed to:
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the increase of carrier concentration (doping) stoichiometric deviation,
intrinsc stresses, oxidation of Sn0 to SnOZ], the increase of carrier
mobility with the increase of grain sizes and the change of the grain
boundary potentials. The increasing of p after - is mainly ascribed to
the changes of the film structure (increase of disorder). For SnO2 film
P corresponds to the optimal stoichiometric deviation and its dependence
on the film structure. In our studies [5,7,8]. the thickness dependence of
the film properties was confirmed. It would be in close relation with the
change of F/Sn ratio (F/Sn in the films can be higner for as much as 1.5 -
2.0 than the one in the sprayed solution [16]), the stoichiometric
deviation and the film structure which enables the changing of p. Other
factors like intrinsic stresses, Ts, substrate coefficient of thermal ex-
pansion, implantation of alkalies from glass substrate (at higher T-) have
also an influence on the film conductivity. All of them cause structural
and other changes which finally lead to alteration of the film conductivity
and transmittivity. With an exception of the film with d = 0.56 um (Fig.2),
all films are polycrystalline, with mainly preferred orientation of (200)
lattice plane [1, 13, 16]. It is attributed [16] to the preferential crys-
talline growth combined with modification of the structural factor of
(200).

) I(hkl)
The existing minimum [8] in the course of 1(200)

4 when d = df, represented also with ¢ = ¢mx is related to the smaller

(d), i.e. maximum Fig.

differences between X-ray diffraction intensities and would correspond to
the optimal doping of F/Sn and Cl/Sn and optimal stoichiometric deviation,
i.e. order/disorder in the film.

The optical energy gap E; for sprayed SnO2 films is between 3.7-3.8 eV
(for single crystals Eq = 3,6 eV [1]). For sprayed SnO2 films [4] Eg = 3.7
eV was found and Eg = 2.4 eV for flash evaporated films. By doping (Sb)
L3171 Eg increases by the increase of the dopant concentration (Eq = 3.95
- 4,62 eV). The small values of Eg (E9 = 2.95 - 3.35 eV) [B] may be related
to the periodical (interrupted) process of the spraying. At this spraying
procedure [8 and this work], E;-tn at d = dr would also be in relation with
the obtained optimum between order/disorder (film structure) and optimal

dopant concentration, i.e. optimal stoichiometric deviation.
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4. CONCLUSION

Using interrupted (periodical) spraying process for preparation of
SnOE:F films onto glass substrates by employing the carrier gas (air)
sprayer (Fig. 1), the film properties are with similar behaviour as those
when airless sprayer is employed [5, 7, 8], i.e. their properties strongly
depend on the film thickness. The best transparent-conductive properties
(for given Ts) exist at the specified film thickness d = dr' For given 'I‘s
the films possess good transparent-conductive properties only in narrow

thickness interval Ad. Then the preferred orientation between the latice

I(hkl)
planes are not greather (TT§66) ~ 1).
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Pesaume

Cryanpann ce ocobunnTe Ha Sn02:F ¢unMoBM nobGueHM cO chnpenpame Ha

€THA-aJIKOXONeH pacTBOp Ha SnCla-SHQO BpP3 CTakfJeH CyncTpaTr (Ts = 385°C) so

ambueHT Ha Bo3nywHa aTMocdepa (aron Ha cnpewpamne o = 450; PacTo jaHue cnpeep

- cynctpat 50 cm; Fig. 1).

UcnuTysanuTe ocoBMHM HAa QMIMOBMTE CMIHO 3aBMMCAT on nebelMHATA Ha dun-

MOT d. 3aBMCHOCTWTe of d Ha MOBDWMHCKHOT oTnop RD W ONTHYKMOT eHEepreTCKH

ran Eg NOCTHraaT MWMHMMYM NpH onpeneneHa nebe.wHa d = df (Ca. 3). Ipn d = dr
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3aBucHocTa od d Ha OOHOCOT Ha MHTEH3MTETHTe Ha OWbpakuMjaTa Ha pPeHTTEeHCKATE
apaun (Cn. 2), T.e. i(;gé;, (bkl = 110, 211, 201; Cn. 4) x Hamcke-ommor
"Figure of merit" (mHmexc sa cnopenfa) ¢ nocTuraysaaT Maxcumym (¢ = Tw/Ru

n T-TpaHCMHCHMBHOCT Ha ¢MJMOT).

[lpumero Bo penaxuujata Ha 8.I1X. 1989 rox.
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