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Abstract. Metal oxide nanomaterials have been attracting growing interest for
large domains applications such as gas sensors, photocatalysts, solar cell and
UV photodetectors. In this works, the undoped and F, Al, Zn (3 at%) doped
SnO2 thin films were successfully deposited by sol-gel dip coating technique
and characterized by X-ray diffraction (XRD), UV–Visible spectroscopy and
photoconductivity study. Structural analysis showed that all films are poly-
crystalline with tetragonal rutile structure where the crystallite size is calculated
by the debye Scherer’s formula and it was obtained in the range of 6.49 to 9.33.
Optical transmittance spectra of the films showed high transparency (>80%) in
the visible range and gap energy values were obtained in the range 3.93 to 3.99.
Finally, the variation of photocurrent with voltage and with time has been
studied under UV illumination (k = 365 nm). The high photocurrent is observed
using F-doped SnO2 sample while the film doped with Al had the highest
photosensitivity. Current-Voltage characteristics of dark and photo current
exhibited linear behavior. The phenomena of photoconductivity in SnO2 thin
films were interpreted by chemisorptions of oxygen molecules on the surface.
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1 Introduction

In recent years, the transparent conducting oxide (TCO) such as zinc oxide, indium
oxide, cadmium oxide, titanium oxide and tin oxide have attracted much attention
because of their unique combination of low electrical resistivity and high optical
transparency.

Tin oxide is IV VI2 compound semiconductors with rutile structure. Thin films of
SnO2 are being studied for several applications such as gas sensor [1], solar cells [2],
thin films transistors [3] and UV photodetectors [4]. SnO2 thin film are attractive for
UV photodetectors application because of their unique properties including large band

© Springer International Publishing AG 2018
B. Abdelbaki et al. (Eds.): SMSD 2017, Proceedings of the Third International
Symposium on Materials and Sustainable Development, pp. 197–205, 2018.
https://doi.org/10.1007/978-3-319-89707-3_24

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-89707-3_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-89707-3_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-89707-3_24&amp;domain=pdf


gap (3.6 a 4 eV) [5, 6] the character n-type conduction [7], large excitonic binding
energy of 130 meV [8], stoichiometric structure [9], and high UV absorption rate [10].

UV photodetectors have several applications in the field of biological analysis,
environmental, optical communication, flam detection, astronomy lithography and
detection of missile [11, 12]. A number of earlier reports showed the performance of
UV photodetectors in SnO2 can be dependent by time and temperature of annealing [4],
method deposition and element dopant [13–15].

For enhancing the optoelectronic properties of SnO2 some elements of group IIB,
IIIB, and VIIB of the periodic table are being used. Among these elements, Zinc,
aluminium and fluorine. Numbers of research groups elaborated and studied structural,
optical, and morphological proprieties of Zn, Al, and F doped SnO2 thin films [16–18].
However, to the best of our knowledge, there are no reported works on SnO2 thin films
based photo-sensor and photoconductor doped with Zn, Al, and F.

In this works, our objective is to determine the influence of Zn, Al, and F atoms, in
the constant doping ration, on the structural, morphological, optical properties and the
performance of UV photodetectors. Sol-gel dip-coating technique was used to deposit
the SnO2 thin films on cleaned glass.

2 Experiment

2.1 Materials

Tin (II) chloride dihydrate 98% (SnCl2:2H2O), Aluminium trichloride hexahydrate
(AlCl3:6H2O), zinc (II) chloride (ZnCl2), fluorine ammonium (NH4F), absolute ethanol
99.8% (C2H6O) and hydrochloride acid (HCl) were used to preparing undoped, Zn, Al
and F doped thin films.

2.2 Preparation and Characterization

The films were prepared by sol-gel dip coating technique on ultrasonically cleaned
substrates. The glass substrate was cleaned by acetone, ethanol and deionized water for
10 min in ultrasonic bath and then dried at room temperature. In another hand, the
coating solution for undoped SnO2 thin film was prepared by dissolving Tin
(II) chloride dihydrate 98% (SnCl2:2H2O) (0.2 M) in 30 ml of ethanol absolute (C2H6

O), then a few drops of HCl was added to solution for accelerating the hydrolysis
reaction between the precursor and solvent. The homogenous solution was obtained
after stirring at 70 °C for 120 min and was kept in a covered for 24 h at room tem-
perature. The film was deposited by the dip-coating technique with speed 60 mm/min.
After dip coating process the film was dried 200 °C for 10 min. In order to increase the
thickness of the film, the procedure was repeated 10 times and this film was annealed at
550 °C for 2 h. 3% wt Al, Zn and F doped SnO2 thin films were elaborated under
similar experimental conditions with adding (AlCl3:6H2O), (ZnCl2) and (NH4F) as a
source of Al, Zn and F respectively.
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X-ray diffraction (XRD, Bruker AXS-8D) with Cu Ka radiation (Cu Ka =
0.1541 nm) was used to study the structural properties, the surface morphology of the
films was analysed with atomic force microscopy (A 100-AFM). The optical band gap
of samples was performed by UV-Visible spectrophotometer (jasko V-630) in the
range (200–1100).

2.3 Measurement of Photoconductivity

SnO2-based UV photodetectors were fabricated with planar interdigital Ag electrodes.
The Keithley source meter was used to measure UV photoresponse under illumination
with 4 W, UV lamp available in tow wavelengths: 254 nm, 365 nm (VL- 4LC, vilber
lourmat) and equipped. The Keithley was used to measure current-voltage (I-V)
characteristics in dark and under UV source of 365 nm wavelength and intensity
350 µW/cm2.

3 Results

3.1 Structural Analysis

Figure 1 shows the XRD patterns of the undoped, Zn, Al and F doped SnO2 thin films.
As can be seen five diffraction peaks corresponding to (110), (101), (200), (210),
(220) direction without any impurity and secondary phase. These spectra confirm that
all films have polycrystalline nature with tetragonal rutile structure with a preferred
orientation along (110) plane. All diffraction peaks intensity varies with a dopant. The
crystallite size (D) can be calculated from the Scherer’s equation [19].

D ¼ 0:9k
b cos h

ð1Þ

Where k is the X-ray wavelength, b is the full width at half maximum of the XRD
peak, h is the Bragg diffraction angle.

Fig. 1. X-ray Diffractions of the SnO2 thin films.
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The (110) peak was utilized to estimate the crystallite sizes (Table 1). It can be
noticed from Table 1 that the crystallite size of the films decreases from 9.33 to 6.49 nm.

3.2 Optical Properties

The optical transmission spectra of un-doped, fluorine, aluminium and zinc doped tin
oxide thin films prepared and deposited by sol-gel dip coating technique on a lime glass
substrate and annealed at 550 °C are plotted in Fig. 2a. All films showed high trans-
parency (>80%) in the visible range.

The band gap energy values of different type doped tin oxide thin films were
calculated by using the tuc equation [20].

Table 1. Data obtained from the XRD and UV–Visible measurement for thin films.

Samples 2h FWHM (rad) Crystalline size (nm) Gap (eV)

Undoped
F-SnO2

Zn-SnO2

Al-SnO2

26.61
26.58
26.58
26.70

0.016
0.018
0.021
0.023

9.33
7.78
6.79
6.49

3.92
3.99
3.97
3.95

Fig. 2. (a) Optical transmittance spectra of the films, (b) plot of function of photo energy ht of
SnO2 thin films.
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aht ¼ Aðht� EgÞ1=2 ð2Þ

Where a The absorption coefficients, A is constant, ht is photon energy and Eg is
the band gap energy.

Figure 2b shows ahtð Þ2 variation as a function of photon energy htð Þ. The values
of optical energy band gap, which was, be estimated from the extrapolating the linear
part of ahtð Þ2 versus htð Þ plot to ahtð Þ2 shown in Table 1. It can be seen that the band-
gap energy increased for the all thin films doped with Al, Zn and F. These results are
very similar to some reports [21, 22].

3.3 Photoconductivity Study

3.3.1 Voltage Dependence of Dark and Photocurrent
Figure 3 shows a variation of photocurrent and dark current with an applied voltage
obtained from undoped as well as Al, Zn and F doped SnO2 on a log-log scale. From
the I-V measurements, it can be seen that the photocurrent increase of the applied bias
voltage because of the augmentation of the carrier drift velocity [23]. The ln (I) vs. ln
(V) curves are straight lines having different slopes with respect to varying voltage
according to the power law relation I a Vr where r is the slope of a line. In the dark
current and photocurrent, the linear behavior of curves is indicated the ohmic con-
duction. The ohmic behavior is very important to the photo sensing because the sen-
sitivity of photodetector can be maximized when the metal-semiconductor junction is
ohmic [24].

Fig. 3. Variation of (a) dark current and (b) photocurrent as a function of applied voltage of
SnO2 thin films on a logarithmic scale.
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3.3.2 UV Detection Mechanism of SnO2 Thin Films
The photoresponse mechanism of SnO2 thin films to UV light can be explained in
Fig. 4 with according to the following equations:

O2ðgÞþ e� ! O�
2 ð3Þ

The process of oxygen chemisorptions plays a vital role in UV photoconduction
mechanism. Under dark condition, the oxygen molecule O2 (g) is absorbed on the
surface of as negatively charged ions by capturing free electron.

This process leads to the formation of depletion layer near the surface resulting in
the bending of the conduction band and valence band, as well as trap center-related
band or trap depth. Formation of a large number of ionized oxygen on the thin films
surface enhanced the band bending, resulting in a very low conductivity. When the
sample is illuminated with UV light, the electron-hole pair is generated by light
absorption [25].

The photo-generated hole oxidizes negatively, charged oxygen ions adsorbed on
the surface O�

2 (ads). While the remaining unpaired electron in the conduction band
increases the conductivity.

ht ! e� þ hþ ð4Þ

hþ þO�
2 ðadsÞ ! O2ðgÞ ð5Þ

3.3.3 Rise and Decay of Photocurrent
The effect of dopant material on the photoconductivity response of SnO2 thin films
under 2 V bias voltages is plotted in Fig. 5, when UV illumination is on, a large
increase in the current result and when the illumination is off the current increase
gradually, indicating that the films are highly UV sensitive. This figure clearly shows
that the SnO2 thin film based UV photodetector doped with fluorine displayed the
maximum photocurrent value.

Fig. 4. A schematic of photoresponse mechanism of SnO2 thin films.
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The highest on/off ratio was recorded by Al-doped SnO2 about 5000.
Rise and decay time are estimated by the fitting curve using the exponential

functions.

Iph ¼ I0A exp�t=tr ð6Þ

Iph ¼ Iphð1Þ þA1 exp�t=td1 þA2 exp�t=td2 ð7Þ

The times constants values are noted in Table 2, the minimum values of the rise
time and the decay time constants were obtained for the sample doped with aluminum.
On other hand, samples doped with fluorine which present a high photocurrent com-
pared to other samples show high rise time and decay time constants.

4 Conclusions

In summary, we have successfully fabricated undoped as well as Zn, Al and F doped
SnO2 UV photodetectors on glass substrates by sol-gel method using low cost dip
coating technique. XRD and UV-visible transmission were used to characterize the
elaborated films. The results indicated that our thin films show a polycrystalline nature
with rutile structure and optical transmittance spectra of the films showed high trans-
parency (>80%) in the visible range and gap energy values were obtained in the range
3.93 to 3.99. In photoconductivity study, the low dark current and high ION=IOFF
current ration with rise time constant sr and decay time constants sd1 and sd2 of about

Fig. 5. The rise and recovery-current characteristics of SnO2 thin films.

Table 2. The values of photocurrent, dark current, ION=IOFF ratio, rise time constant, decay time
constants for the thin films.

Samples Ilight Idark ION=IOFF sr
(s)

sd1
(s)

sd2
(s)

Undoped
F-SnO2

Zn-SnO2

Al-SnO2

2.90 � 10−3

1.15 � 10−2

5.12 � 10−4

1.78 � 10−4

5.50 � 10−5

4.90 � 10−4

1.77 � 10−6

3.56 � 10−8

52
23.46
289.26
5000

27.73
35.71
25.60
24.39

11.18
14.27
5.78
4.51

51.96
83.70
30.42
27.63
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24.39, 4.51 and 27.63 respectively have been obtained for the sample doped with
aluminium while the highest ION current has been obtained for F doped SnO2 thin
films. In this study, it was concluded that the kind of dopant atoms change strongly the
performance of UV photodetectors based on SnO2 thin films.
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