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Abstract Nanocrystalline (NC) tin dioxide thin films have

been synthesized via sol–gel spin coating method. The sol

solution produces thin films that suffer fromcracking at room

temperature and at different annealing temperatures. Hence,

the determination of the smallest value of glycerin is

necessary to solve the cracking problem. Glycerin was added

to the sol solutions with different volume ratios (0:1, 1:12,

1:8) at low temperature to enhance film porosity and to

eliminate cracks. Temperature affects on the characteristics

of NC SnO2 thin films, particularly particle size where the

crystallization of SnO2 thin films obtained after annealing at

400 �C is a NC tetragonal rutile structure. With the increase

of annealing temperature the crystallinity has enhanced, the

crystallite size increased, and it was observed that both of the

intensity and a blue shift of the A1g phonon peak increased at

constant volume ratio of glycerin. Hence, these results

indicated that (1:12) of glycerin volume ratio to sol solution

volume ratio represents the optimum value for the fabrica-

tion of SnO2 thin films without cracks.

1 Introduction

Recently, the present studies on metal oxide semi-

conductors have been attracted a lot of attention in various

applications, due to their wide range of physical and

chemical properties. Among of metal oxides, tin dioxide

(SnO2) is an important material for many applications

especially for the detection of inflammable gases and for

toxic gases. SnO2 has a tetragonal rutile structure and is an

n-type semiconductor with a large band gap (3.6 eV) [1, 2].

Various techniques have been used to prepare SnO2 thin

films such as sol–gel [3, 4], thermal evaporation [5], che-

mical vapor deposition [6], solvothermal synthesis [7],

spray pyrolysis [8], and RF magnetron sputtering [9]. The

sol–gel method has been selected to prepare SnO2 thin

films because it has various advantages over other methods.

It can be done at low reaction temperatures, easy processes,

and is not costly [3, 10]. Cracks appear in thin films syn-

thesized via the sol–gel method, which have adverse effects

on the response for any device. Thus, cracks in thin films

are undesirable [11]. The previous used glycerin during the

preparation of the precursor solution to solve this problem

[12]. However, other factors were concerned to enhance

the quality of the thin films. For example temperature

which is affected in particle size [13]. An amorphous

structure appears for as-deposited SnO2 thin films, whereas

a tetragonal rutile structure is obtained after annealing films

to 400 �C for 30 min. Moreover, the crystallinity and grain

size increase with increasing annealing temperature [14].

Furthermore, the electrical resistance of SnO2 thin films

increases with decreasing film thickness [15].

The aim of this study is to fabricate high porosity and

crack-free NC SnO2 thin films at low temperature using of

low-cost method, and to find out the best conditions for

enhancement of uniform NC SnO2 thin films grown via

sol–gel spin coating method on p-Type (100) Si substrates.

The experimental results show that both glycerin volume

ratio and annealing temperature are most probably in

charge of the development of structural properties of the

grown SnO2.

I. H. Kadhim (&) � H. Abu Hassan

Nano-Optoelectronics Research and Technology Laboratory,

School of Physics, Universiti Sains Malaysia, 11800 Penang,

Malaysia

e-mail: imad.usm.iq@gmail.com

I. H. Kadhim

Ministry of Education, Baghdad, Iraq

123

J Mater Sci: Mater Electron (2015) 26:3417–3426

DOI 10.1007/s10854-015-2851-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-015-2851-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10854-015-2851-4&amp;domain=pdf


2 Experimental procedures

Prior to deposition, Si substrates were cleaned using the

Radio Corporation of America (RCA) method. Nanocrys-

talline SnO2 thin films were synthesized using the sol–gel

spin coatingmethod according to previous studies [3, 4]. The

sol solution was synthesized by dissolving 0.1 M of tin

chloride dehydrate (SnCl2�2H2O) into 70 mLof pure ethanol

(C2H5OH). Different volumes of glycerin (C3H8O3) were

then added to the sol solutions according to the following

ratios (0:1, 1:12, 1:8) [12]. The resulted sol solutions placed

in a closed flasks and stirred by amagnetic stirrers for 3 h and

kept at 70 �C for 8 h. The process of preparing the sol

solutions was completed for the remainder of the 24 h at

room temperature. Thereafter, the solutionswere spin coated

on p-Type (100) Si substrates at a rotation speed of 900 rpm

for the first 6 s and then for 3000 rpm for the succeeding 30 s

to create film layers that are uniformly distributed. The as-

deposited films were oven-dried at 100 �C for 10–12 min.

Spin-coating and drying was repeated ten times for all films.

After that the completed filmswere annealed at 400, 500, and

600 �C in air for 2 h.

In the present work, the crystal structure of the fabri-

cated samples characterized by using high resolution XRD

PANalytical X’ pert Pro MRD equipped with a Cu Ka
radiation of (k = 0.154060 nm). The morphologies were

Fig. 1 XRD patterns of

glycerin-free SnO2 thin films

synthesized at 70 �C for 8 h
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characterized using a FESEM (model Leo-Supra 50VP,

Carl Zeiss,Germany) equipped with an energy-dispersive

X-ray spectroscopy (EDX, Oxford instrument Analytical

Ltd). Raman backscattering measurements were achieved

at room temperature using Jobin–Yvon HR800UV.

3 Results and discussion

Figure 1 shows XRD patterns for the as-deposited and

annealed SnO2 thin films without adding glycerin to sol

solutions, which were grown using sol–gel spin coating

Table 1 The major diffraction

peaks corresponding to (110),

(101), and (211) planes

measured for SnO2 samples

annealed at 600 �C, compared

with value of standard bulk

SnO2

Samples Planes Lattice parameters

(110) (101) (211)

2h (�) a = b (Å) c (Å)

JCPDS card no. 041-1445 26.591 33.888 51.787 4.7370 3.1850

Glycerin volume ratio (0:1)

(Glycerin-free)

26.548 33.908 51.872 4.7444 3.1801

Glycerin volume ratio (1:12) 26.609 33.907 51.952 4.7337 3.1835

Glycerin volume ratio (1:8) 26.551 33.959 51.748 4.7439 3.1735

Fig. 2 XRD patterns of SnO2

thin films synthesized at 70 �C
for 8 h with glycerin volume

ratio (1:12)
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technique on p-Type (100) Si substrates. The as-deposited

films are amorphous and does not appear any diffraction

peaks related to SnO2 [3, 14, 16]. All annealed thin films

show different reflection peaks that match a very well with

standard bulk SnO2 having a tetragonal rutile structure

(JCPDS card No. 041-1445). Table 1 shows the comparison

of the 2h—values obtained from the measurement XRD

patterns for the samples annealed at 600 �C. The diffraction
peaks for the samples annealed at 400 �C which correspond

to (110), (101), and (211) planes. It was observed that with

increasing annealing temperature, the intensity of the

diffraction peaks is becoming stronger and sharper [3, 14,

16], whereas the diffraction peaks obtained with high and

sharp intensities that correspond to the (110), (101), (200),

(211), (220), and (310) planes for films annealed at 600 �C.
The lattice parameters were calculated from peak posi-

tions of the three main peaks using Eq. (1) given by [17] as

follows:

1

d2
¼ h2 þ k2

a2
þ l2

c2
ð1Þ

where d is the lattice plane spacing of a tetragonal rutile

structure, and h, k, and l are the Miller.

Moreover, it was found that the lattice parameters at

glycerin volume ratio 1:12, and it was very close to the

standard value. While with increase of the volume ratio of

glycerin to sol solution beyond (1:12) is lead to decrease

the crystallinity. This result was attributed to the sharp

decreasing in nanoparticles size, which causes the broad-

ening of the diffraction peaks as shown from Fig. 2 [11,

18].

Figure 3 shows diffraction peaks with glycerin volume

ratio (1:12), enhanced crystallinity and the diffraction

peaks are became an intensive and more sharper. While

increasing the volume ratio of glycerin to sol solution

beyond (1:12) is lead to decrease the crystallinity. This

Fig. 3 XRD patterns of SnO2

thin films synthesized at 70 �C
for 8 h with glycerin volume

ratio (1:8)
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result occurred due to the sharp decreasing in nanoparticles

size, after increasing the volume ratios of glycerin, which

causes the broadening of the diffraction peaks, as shown

from Fig. 3 [11, 18].

The average crystallite size D for NC SnO2 thin films

was calculated for the annealed samples from (110) the first

and major diffraction peak using well-known Debye–

Sherrer formula, [16]:

D ¼ 0:9k
b cos h

ð2Þ

where D is the average crystallite size, b is the full width at

half-maximum of the major peak, k is the X-ray wave-

length of the radiation, and h is the diffraction angle.

It was found a significant increasing in crystallite size

for films with increasing annealing temperature at con-

stant glycerin volume ratio. The heat in the annealing

process improves the crystallization of films, increases

crystallite size, and reduces the amount of defects [14,

16]. While with increasing glycerin volume ratio beyond

(1:12) all of the mentioned above decreased, as presented

in Table 2.

Table 2 Crystallite size of

SnO2 thin films synthesized at

70 �C for 8 h with different

volume ratios of glycerin and at

different annealing temperatures

Case of glycerin volume ratios Annealing

temperature (�C)
Crystallite

size (nm)

Glycerin volume ratio (0:1)

(Glycerin-free)

400 8.10

500 28.35

600 29.22

Glycerin volume ratio (1:12) 400 8.30

500 33.19

600 33.20

Glycerin volume ratio (1:8) 400 5.63

500 25.66

600 27.59

Fig. 4 FESEM images of

glycerin-free SnO2 thin films

synthesized at 70 �C for 8 h
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Fig. 5 FESEM images of SnO2

thin films synthesized at 70 �C
for 8 h with glycerin volume

ratio (1:12)

Fig. 6 FESEM images of SnO2

thin films synthesized at 70 �C
for 8 h with glycerin volume

ratio (1:8)

3422 J Mater Sci: Mater Electron (2015) 26:3417–3426

123



However, the crystallite size of the films with glycerin

volume ratio (1:8) shows a decrease in size as compared to

films grown with glycerin volume (1:12) for the three an-

nealing temperatures, indicating a reduction in crystallinity.

Low- and high magnification FESEM images showing

the evolution of the morphology of SnO2 grown on Si

substrates are shown in Figs. 4, 5, and 6. The NC SnO2

thin films were successfully fabricated via the sol–gel

spin coating method. Figure 4 shows the surface mor-

phologies of as-deposited and annealed thin films without

adding glycerin, whereas the films are suffered from

cracks. The surface morphology of as-deposited films,

have a smooth surface which is consistent with the

amorphous nature of SnO2 [3, 14, 16]. After annealing to

400 �C, small nanoparticles were observed, and the thin

films were polycrystalline with uniform structures. The

particles size increased and became more homogenous

with increasing annealing temperature at 500 and 600 �C,
respectively. These results occurred because of increasing

annealing temperature are lead to improve the

crystallinity and reduced defects for films [3, 14]. Fig-

ure 5 shows the surface morphologies of films when

glycerin was added with a volume ratio of (1:12). The

as-deposited SnO2 thin films were amorphous and the

nanoparticles size increased with increasing annealing

temperature. Agglomeration was observed after the film

annealing at 600 �C. Figure 6 shows that with the addi-

tion of glycerin at a volume ratio (1:8), the nanoparticle

size decreased at all annealing temperatures as compared

to films with glycerin ratio (1:12) and no agglomerations

were observed with increasing annealing temperature at

600 �C [11, 18].

These FESEM results correspond with the XRD mea-

surements. The glycerin-free sol solution produces films

that suffered from cracks for as-deposited and annealed at

different annealing temperatures, as shown in Fig. 4. These

cracks have a negative effects on the performance of any

device [11, 12]. From Figs. 5, and 6, the problem of cracks

was solved by adding a suitable volume of glycerin.

Beyond glycerin volume ratio (1:12) there was a decrease

Fig. 7 Raman spectra of

glycerin-free SnO2 thin films

synthesized at 70 �C for 8 h
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in the nanoparticles size and reduction in crystallinity of

the SnO2 thin films [11, 18].

Raman backscattering geometry is a useful tool to verify

phonon excitation in semiconductors. It can offer important

information about impurity, defects, porosity, strain and

stress in the lattice of materials. Raman spectroscopy

measurements have been achieved. Figure 7 illustrates

Raman spectra of NC SnO2 grown on Si substrates. The

spectrum of the as-deposited SnO2 films, no Raman mode

associated with SnO2 was observed because of the amor-

phous nature for SnO2 [19]. The major Raman peak at

520 cm-1 belongs to the Si (100) substrate. After the films

were annealed the Raman peaks corresponding to the A1g

phonon mode started to emerge, and the A1g phonon mode

peaks are found at 611.96, 627.15, and 630.06 cm-1 for thin

films annealed at 400, 500, and 600 �C, respectively. These
values are less than the bulk value of 638 cm-1 for SnO2

[14]. The A1g phonon mode is affected by grain size and

shifts to a higher wavenumber when the grain size is in-

creased [1]. From Figs. 8, and 9 observed the wavenumber

of the A1g phonon mode decreases with increasing glycerin

volume ratio because of a decrease in nanoparticles size of

the SnO2 thin films.

4 Conclusions

Nanocrystalline SnO2 thin films were successfully synthe-

sized using a simple cost-effective via sol–gel spin coating

method on p-Type (100) Si substrates. The sol solution

produces thin films that suffer from cracking at room

temperature and at different annealing temperatures. These

cracks have negative effects on the films performance in

various applications. This problem was solved by adding

glycerin with a volume ratio (1:12) and (1:8). Adding

glycerin concentration leads to increase the crystallite size

of the SnO2 thin films, to enhance crystallinity and to

reduce defects whenever the annealing temperature was

increased from 400 to 600 �C. These obtained results are

clearer in the (1:12) glycerin concentration SnO2 thin films.

Fig. 8 Raman spectra of SnO2

thin films synthesized at 70 �C
for 8 h with glycerin volume

ratio (1:12)
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Moreover, we observed a blue shift for the A1g phonon

peaks with increasing annealing temperature. Results draw

a clear picture about glycerin effects and showed that

(1:12) glycerin volume ratio is a good candidate for the

fabrication of thin films without cracks.
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