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ABSTRACT 
nirt filnzs of tin oxide doped with I0  % boron weve 

prepared ~ r s i ~ g  !he spray pyrolysis technique . The 
deposited Jjlms were cnrricd out at substrate . temperatzrre 
ranges porn 425' (7 to 525' C with 25' C step. A highly 
traitspare~tt fibns are produced. 

i%e iiwestigatiolz iilcluded the traimlittartce in the 
wnvelmgh region 200 -- 900 im~filrn thickless estimatiorl 
, figure qf nrzrir , refractive index ,erlergy gap, sheet 
resistance aid X -- ray diffraction ur~aIysis . 

X - ray dffraction analysis showed that the 
crystaI/iilify of films deposited at 42.5'~ is geireraEly poor 
aid a good in~provemznt in the crystnZliitity is observed 
for f i lm deposited at higher tenyeratzire. The 
tenyeratwe of deposition as well as duping of boroi? 
aiects greatij* the preferred orientation of the 
micr.ocrysta/iites alotg (211) and (301) planes in 
polyciystnlZii~e Jilnts . 

INTRODUCTION 

Tin oxide thin films have been considered as one of the most 

successhl and valuable transparent conducting oxides. These 

transparent thir, films have found major applications in a numerous 

fields either in passive and active electronics or in optoeiectronic 

devices, applications based on transparent conductors including 



resistors, heating windows of aircrafis and cars, heat reflecting mirrors 

for glass windows and incandescent lamps, anti reflection coatings, 

selective absorber components in solar heat collectors, gas sensors, 

electrodes for liquid crystals, electrochromic and ferroelectric 

photoconductor storage and display devices, SIS heterojunction, 

protective and wear - resistant coatings for glass containers [I]. 

To get a good transparent conductor, we can create electron 

degeneracy in a wide band gap oxide by introducing non-stoichiometry 

and / or appropriate dopants. 

Tin oxide thin films verified such condition, which can be 

prepared by a lot of deposition techniques. The need has emerged to 

modify and improve the electrical and optical properties to meet the 

application demands. The aim is always directed towards increasing 

transmittance of thin films together with minimizing its resistivity. This 

can be verified through selecting of suitable technique, controlling the 

deposition parameters as well as doping with the suitable dopant and 

concentration. 

Since the electrical and optical properties of these films depend 

strongly on their micro structure, stoichiometry and the nature of the 

impurity present, so, each deposition technique with its associated 

parameters yields films of different properties. The techniques used are 

fluctuating from low temperature deposition as in sputtering and 

reactive ion plating that permits to deposit thin films on polymers and 

plastics to, a high temperature technique as in spray p!~oIysis. In 

addi:icn there are the evaporation, CVD, the dip technique, laser 

deposirion technique and the chemical solution growth. 
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Spray pyroiysis involves spraying sf an aqueous sojution 

containing soluble salts zf th:: cclnsti~uerx stoms of the desired 

compounds onto heated substrates. A hydrolysis reaction is normaliy 

involved. The spray pyrolysis method is very simple and adaptable for 

mass production and Iarge area coatings for industrial applications. 

Moreover, it needs no sophistication in a form of high vacuum or 

controlled atmosphere, etc. 

Earlier, we have gotten a transparent conduciing films of pure 

and doped tin oxide thin films. The doping was by incorporating 

fluorine -FTO-[Z] , indium-ITO-[3] and cadmium-CTO-141. In all 

these depositions, an alcoholic solution of SnCld was used. 

In this work, efforts have been devoted towards the properties 

improvement of tin oxide thin 5lms through doping with Boron and 

investigation of the effect of substrate temperature. 

Thin films of tin oxide doped with boron were deposited using 

the spray pyrolysis technique. The solution (0.6 M) of SnC14 in ethyl 

alcohol was prepared with 10 O/o of boric acid of the same molarity. A 

home made apparatus was used which was described elsewhere [Z]. 

The process of pyrolysis tooks place according to the reaction : 

Glass substrates of dimension ( 26 mm s 12 mm x lmm) were 

used. 



The substrate temperature ranged from 425' C to 525' C with a 

step of 25 '~ .  

A deposition was carried out at each temperature with different 

spraying time of duration from 2 min. to 10 min. .The rate of flow of 

compressed filtered air as a carrying gas was 5 lit. / min. The temperature 

of the used hrnace was electronically controlled within + lo C. 

The sheet resistance were measured using the four - probe 

method at room temperature. 

Investigation includes the measurment of the transmittance 

within the range 200 - 900 nm. The measurment was carried out using 

a double beam spectrophotometer of type Lambda 4B UV-VIS [Perkin 

- Elmer 1. While structural investigation was carried out using Phillips 

X - ray diffraction equipment model PW/1710 with a Ni filter and Cu r* 
K, radiation ( A = 0.1542 nrn) at 40 KV and 30 mA. 

ILf - RESULTS AND DISCUSSION 
1 

The boron-doped tin oxide thin films were spectrophotometric- 

ally scanned to obtain T - h curves in the region 200 - 900 nm. 

Generally, it is noticed that the number of interference estrema are in 

proportion with the film thickness. The deposited films of 10 % BTO 

possesses a high optical transparency in the visible (and near IR) region 

of solar spectrum. This is due to its wide band gap (s 4.1 eV). Fig. I 

shows the transmittance spectra for the BTO thin films at 525 O C as a 

substrate temperarure. 
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A usehl figure that helps in many applications and gives a quick 

comparison is the figure of merit @ by Haacke [5] , which is defined 
as C D = T ~ O / R ~ .  

Where T is the transmission and R is the sheet resistance. 

Table I summarizes the obtained values of transmission at solar 

maximum (550 nm) and the thickness of the thin films with its 

corresponding sheet resistance. This can interrelate the optical and 

electrical parameters. 

It is clear from table I that the sheet resistance decreases by 

increasing thicknesses and by doping. 

The reduction of the sheet resistance values for the doped TO is 

referred to the increasing of the crystallinity of the films as seen from 

the X - ray diffraction results. The increasing in crystallinity leads to 

decreasing the disorder and therefore increases the carrier mobility 161. 

Accordingly, due to the increase of the crystallite size, the scattering at 

the boundaries decreases [7]. The effect of the dopant (boron) is clear, 

since adding foreign atoms to the TO matrix with the aim of 

improvement its quality have led to such improvement that is clearly 

seen from figure of merit values. This means that boron is already 

incorporated in TO matrix. This may be due to the proper ionic radius 

of the dopant (0.097 nm)[S]. Accordingly, we may also interpret the 

reason of the effectiveness of some dopants as fluorine (ionic radius = 

0.136 nm) and the failure of some other dopants such as chlorine and 

bromine (0.18 1 nm. 0.196 nm) to substitute the divalent osygen anion 

of ionic radius 0. i l  nm. 



_I_- 

Substrate temp Time Thickness (t) Transmission (T) R 00 

(OC) (min.) (m) (at 550  m)?6 x 1 0 3  - _-_____I_- - 
2 ----- 99 525 600 1.5 

4 ---- 93 130 2.4 
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2 Energy gap is determined by plotting (aA T) as a function of 

photon energy hv as in fig. (2) . The intersection of the straight lines 

with the hv axis at (a A T) 2= 0 indicates the value of the direct energy 

gap, which lies here at r 4.11 eV, so there is no effect on the direct 

energy gap by either doping with boron or deposition temperature. 

Determination of the refractive index (n) was based on the 

analysis of T - h curves in the weak absorption region using the 

method described in [9 ] .  

Applying this method, the refractive indices for all the doped 

samples were calculated. Fig. (3) shows the refractive index spectrum 

of some samples which indicates that it ranges between the values 1.75 

and 2.1. 

X- ray diffractogram shown in fig. (4) indicates the pattern of the 

deposited BTO thin films at deposition time of 5 min. and substrate 

temperature range 425 - 5250 C. Lattice constants a and c of the thin 

films were determined using high - angle reflections [lo]. The values 

obtained in this investigation were tabulated in table 11. The d- 

spacings calculated from 28 and the relative intensities (I 1 I o) for the 

various planes are estimated from the recorded counting rate. The d- 

values agree with ASTh4 data for SnO2 powder [ I  l]. The intensity of 

the diffraction planes shows an appreciable increase at doping with 

boron and with increasins of substrate temperature as in fig. (4). In 

addition some of the planes of B- doped films orient themeselves to 

give maximum reflection and hence maximum intensity is observed for 
b 

planes (21 1) and (301) as prefered orientation. Table TI indicates that 

the cqstallite size values are in agreement with the unit cell volume. 



The average crystallite size D for crystallites perpendicular to the (21 1) 

arid (301) planes were caIculated from Scherrer formula 1121: 

where, A (28) is the half- peak width of the diffraction lines in 

radians. 

Sample no. Substrate temp., C Lattice Lattic Unit cell Crystallite s i t  
const, a const.,~ volume (nm) 
(tun) (nrn) (run) (30 1) (21 1) 

52 425 0.48187 0.3122 0.724854 6.2 8.4 

undoped TO 450 0.47151 0.3154 0.701202 

MTSf specpre ponder 0.4738 0.3188 0.71566 

PV - CONCLUSION 

Glass like thin films of BTO are produced at different substrate 

temperatures and thicknesses. It was observed that doping with boron 

influenced positively the conductivity of the produced films, as well as 4 

the increasing of the substrate temperature, while transmittance is kept 

high. The large values of figure of merit indicate its suitability for 

applications in solar cells as electrodes or as antireflection coating as it 

have a Iow refractive index (1.75). 
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FIGURE CAPTIONS 

Fig. 1 -- Tansmission T(%) of BTO thin films as a fbnction of wave 

length h from 200-900 nm. for 5 min. deposition time at 

substrate temperature 500° C 

Fig. 2 -- Variation of the square of (aAt) as a function of photon 

energy hv of BTO thin films for substrate temperature 475 

OC [ (0) = 4min., (0) = 5 min., (A) = 10 rnin], and for 

substrate temperature 4250 C [(x) = 5 rnin., (A) = 10 rnin.] 

Fig. 3 -- Refractive index n as a function of wave length h from 200 - 
900 nm. 

(1) = 4min.at substrate temperature 4500 C; 

(2) =5min. at substrate temperature 4750 C; 

(3) = 4min. at substrate temperature 5250 C. 

Fig. 4 -- X-ray diffraction pattern of 10 % BTO films with deposition 

time 5 rnin and substrate temperature (a) 425, (b) 450, (c) 

475, (d) 500. and (e) 525O C. 

Fig. 5 -- Effect of substrate temperature on the crystallinity of BTO 

films with substrate temperature (a) 425, (b) 450, (c) 475, 

(d) 500, andje)525OC. 
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Fig. (1) i i 



Fig. ( 2 )  
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Fig. (4) 
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Fig. (5b) 
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