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Morphological and optical properties of dielectric multilayer structures prepared
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Venkatesh Yepuri1,2, R. S. Dubey1∗, Brijesh Kumar2

1Department of Nanotechnology, Swarnandhra College of Engineering and Technology,
Seetharampuram, Narsapur (A.P.), India

2Amity Institute of Nano Science and Technology, Amity University, Gurgaon, (Haryana), India
rag pcw@yahoo.co.in

DOI 10.17586/2220-8054-2019-10-3-355-360

For optical filters, TiO2 and SiO2 films are better choices due to their large refractive index contrast. In spite of the various available techniques,
the sol-gel spin coating method is one of the easiest and inexpensive technique. Here, we report the experimental studies of (TiO2/SiO2)2.5

bilayer-based structures prepared with two distinct precursor concentrations. FTIR analysis showed the characteristic vibration peaks of the Ti-O-Ti
and Si-O-Si bonds. XRD measurements of both the samples based on the low and high-precursor concentrations, revealed the dominant peaks of
TiO2-anatase phase. FESEM study endorsed the increased thicknesses of the individual layers due to enhanced precursor concentrations. Both
samples evidenced for the reflection/stop bands with 100% reflectivity. Furthermore, multilayer structure of (TiO2/SiO2)2.5 bilayers showed the
corresponding shift of the reflection band from the visible-infrared wavelength region in accordance with the low-high precursor concentration.
This shifting of the reflection band is attributed to the increased thicknesses of the films which is due to the enhanced grains size as confirmed by
the AFM studies.
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1. Introduction

Dielectric multilayer structures are the choice of passive components in optoelectronic and photonic devices.
These passive components are promising for the manipulation of light in an efficient manner. Multilayer structures,
composed of two distinct materials, have been investigated as the stop band filters in the design and fabrication of so-
lar cells, waveguide, micro cavities etc. [1–6]. Such multilayer structures can be prepared by either of the techniques,
such as chemical vapor deposition, electrodeposition, sputtering and sol-gel spin coating process [7–9]. Among afore-
mentioned techniques, the sol-gel spin coating process is inexpensive and has advantages to tune the film properties by
manipulating the synthesis parameters. For these dielectric mirrors or reflectors, titanium dioxide (TiO2) and silicon
dioxide (SiO2) are the best chosen materials due to their high and low refractive indices respectively and therefore,
such multilayers structures offer high refractive index contrast which is the primary need to possess the reflection
band in the specified wavelength range [10]. The properties of films can be modulated by sol reactivity, viscosity,
water alkoxide ratio, solution pH, catalyst etc. [11–13]. Further, spin coating parameters such as spin speed and time
including calcination temperature plays a vital role for the film deposition.

Sang Hun Nam et al. studied the growth mechanism of hydrophilic TiO2 thin films by changing the precursor
temperatures. The preferred calcination temperature was 500◦C whereas the process temperatures were maintained
to 75◦ and 60◦C for the deposition. The film prepared at precursor temperature 60◦C showed transmittance about
77% in the wavelength from 400–700 nm with the low contact angle due to super-hydrophilic nature of TiO2 sur-
face. However, films deposited at precursor temperature below 50◦C or greater than 75◦C were not satisfactory [14].
S. Sali et al. synthesized the nanocrystalline TiO2 thin films on planar and textured quartz and silicon substrates by
spray pulverization method. The aim of this study was to explore the anti-reflective properties prepared at different
temperatures using XRD, FTIR, Raman and UV-Vis. The film deposited on the textured substrate showed the better
properties with its 80% transmittance, 15–9 nm grains size, 3.28–3.38 eV band gap, and 2.19–2.39 refractive index.
The coatings thicknesses and refractive indices could be controlled to exhibit optimal optical properties for the solar
cells [15]. H. Sedrati et al. presented the structural and optical properties of SiO2/TiO2 alternating layers by sol-gel
dip-coating process. The prepared multilayers were characterized for XRD, FTIR, SEM and UV-Vis spectroscopy.
SEM analysis revealed the deposition of homogeneous layers of SiO2 and TiO2. By FTIR measurement, the vibration
of Si-O-Ti bond was confirmed, however, the transmittance of the multilayer was found to be decreased from 4.58% to
0.55%, as shown by UV-Vis spectroscopy study [16]. H. H. Nguyen et al. studied the effect of precursor concentration
on TiO2 thin film nanostructure using plasma chemical vapor deposition (PCVD) system. They reported the granular
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morphology in the prepared sample with the low concentration of titanium tetra-isopropoxide (TTIP) and the columnar
morphology with the increased TTIP concentration. SEM analysis showed the granular and columnar shapes with the
particles size 20, 60 and 100 nm [17].

In this paper, we report the morphological and optical properties of the dielectric mirrors consisting of two and
half TiO2/SiO2 bilayers using a simple and inexpensive chemical method. This study explores the effect of precursor
concentrations upon the deposited multilayer structures. Section second describes the experimental approach and the
results are discussed in section third. Finally, the work is summarized in section four.

2. Experimental

The as-procured chemicals, titanium isopropoxide (TTIP), tetraethyl orthosilicate (TEOS), ethanol (C2H5OH),
deionized water (DI) and hydrochloric acid (HCl) were used without any purification. Various sol-gel processes were
carried out as described here. For the preparation of low-precursor based solutions of TiO2 and SiO2, C2H5OH:DI:
TTIP:HCl and C2H5OH:DI:TEOS:HCl in the molar ratios of 20:1:1:0.02 and 20:1:1:0.02 respectively were used. In
a similar way, for the preparation of high-precursor based solutions of TiO2 and SiO2 the volume of TTIP and TEOS
was increased to 1.5 ml. All the solutions were aged for 24 hr and later spin coated on the glass substrates in the
sequence TiO2/SiO2 films. Before the spin coating process, the glass substrates were sonicated in ethanol and rinsed
with deionized water. The spin speed was maintained to 3000 RPM for 30 sec. After spin coating, each films were
thermally treated over the period of 30 min to remove the volatile solvents. Finally, TiO2 films were calcined for
60 min at temperature 500◦C while 300◦C was maintained for the SiO2 films.

The prepared bilayers were characterized for phase identification using X-ray diffraction (Bruker D8 Advance),
chemical bond analyses by Fourier transform infrared (FTIR) spectroscopy (Bruker Vertex 70) surface topography by
atomic force microscopy (AFM: Nanoscope -NSE in contact mode), surface morphology by field-emission scanning
electron microscopy (FESEM: ZIESS) and reflectance study by ultraviolet-visible (UV–vis) spectrophotometer with a
specular reflectance attachment (UV1800 Shimadzu).

3. Results and discussion

The multilayer structures of (TiO2/SiO2)2.5 bilayer prepared with low and high-precursor concentrations were
studied for the investigation of phase identification. Fig. 1 depicts the XRD pattern of (TiO2/SiO2)2.5 bilayer prepared
with low and high precursor concentrations. The diffraction peaks were found corresponding to the pure anatase
phase; however, a rutile peak was also observed for the sample prepared with high-precursor concentrations. The
diffraction peaks were assigned to planes (101), (112), (200), (211) and (204) located at 2Θ = 25◦, 38◦, 48◦, 55◦ and
62◦ respectively for both the cases. However, an additional peak located at 2Θ = 27◦ was also found corresponding
to the presence of rutile phase. The XRD patterns of both the samples are well matched with JCPDS#21-1272 and
JCPDS#21-1276 which corresponds to the anatase and rutile phases of TiO2. One can also notice the broadening of
anatase TiO2 peak corresponding to the plane (101) in both the samples which is assumed to be associated with the
amorphous nature of SiO2 layer beneath the top TiO2 layer [15].

FIG. 1. XRD patterns of (TiO2/SiO2)2.5 bilayer prepared with low and high-precursor concentrations
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Figure 2 depicts the FTIR spectra of (TiO2/SiO2)2.5 bilayers prepared with the low and high- precursor concen-
trations of TTIP and TEOS respectively. The region from 600–900 cm−1 corresponds to the stretching vibrations of
the Ti–O–Ti and Ti–O bonds.

FIG. 2. FTIR spectra of (TiO2/SiO2)2.5 bilayer prepared with low and high-precursor concentrations

We can observe a peak located at around 968 cm−1 which represents the vibration of Si–O–Ti bond. The peak
corresponding to the stretching vibration mode of Si-O-Si is found located at 1128 cm−1. However, the peak originated
at 1742 cm−1 is associated with the carbonyl bond C=O which could be attributed to the non-hydrolytic sol-gel
reaction of used acid and TTIP precursor. These vibration peaks coincide with the reported works [15, 16].The trend
of the FTIR curves is almost identical the samples which were prepared with low and high- precursor concentrations.

FIG. 3. AFM images of (TiO2/SiO2)2.5 bilayer prepared with the high (a,b) and low-precursor (c,d) concentrations

To study the surface topography, we have performed the atomic force microscopy analysis of both the samples.
Fig. 3 shows the AFM images of (TiO2/SiO2)2.5 bilayers prepared with the low and high-precursor concentrations.
Referring to Fig. 3(a and b), one can see the bigger grain size with their average size 362 nm corresponds to the
sample prepared with high-TTIP concentration. But for the case of low-precursor concentration based sample, a
decreased average grains size 104 nm can be noticed as depicted in Fig. 3(c and d). Similar, enhanced grains size
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with the increased precursor concentrations has been reported [16–18]. The high precursor concentration led to bigger
crystallite size as a results increased grain size was observed. In addition, plate shape grains were also noticed which
could be associated with the defects.

FIG. 4. Cross-section FESEM images of (TiO2/SiO2)2.5 bilayer prepared with low (a) and high (b)
precursor concentrations

One-dimensional periodic structure of TiO2/SiO2 films can be observed in Fig. 4. As depicted in Fig. 4(a), the
low-precursor based sample shows the distinguished layers of TiO2 (brighter) and SiO2 (darker) films as compared
to Fig. 4(b) which shows the disturbed interfaces of the top two films of TiO2 and SiO2. In addition, the enhanced
precursor concentrations disclose the disturbed surface morphology as observable in Fig. 4(b). For the case of low-
precursors concentrations, the thicknesses of the TiO2 and SiO2 films (from bottom) were 51, 95, 68, 118 and 58 nm
whereas 60, 103, 70, 130 and 67 nm respectively for the high-precursor concentrations based sample.

The prepared Bragg mirrors were studied for the reflectance from the range of ultra-violet to infrared wavelength
as shown in Fig. 5. We can clearly observe the appearance of reflection windows (stop bands) from wavelength
552–958 nm and 545–1100 nm for the multilayer structures prepared with the low and high-precursor concentrations
respectively. Both samples exhibit as much as 100% reflectance. As compared to previously reported works, visible
reflectors consisting of 7 bilayers of TiO2/SiO2 were prepared by Anaya et al., Dubey et al. and Zhou et al. along
with the 10 bilayer based structure reported by Dhruv et al, our samples show the better results only with 2.5 bilayers
[19–22]. In addition, previously reported results were limited to their reflectance in visible wavelength region whereas
our 2.5 bilayers based samples show the reflectance in the infrared region. In this way, our preparation of such
multilayer reflectors reduces the efforts, time and the fabrication cost Remarkably, the reflection band for the case of
the sample prepared at high-precursor concentrations shifted towards the further infrared wavelength. This shifting of
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FIG. 5. Reflectance spectra of (TiO2/SiO2)2.5 bilayer prepared with low and high-precursor concentrations

the reflection band is attributed to the increased grains size as observed in Fig. 3, due to which the thickness of the
individual films were also increased as seen in Fig. 4. The center wavelengths of the Bragg mirrors prepared with low
and high-precursor concentrations were found to be at 720 and 764 nm respectively.

4. Conclusion

Multilayer structures of (TiO2/SiO2)2.5 bilayers fabricated by the sol-gel spin coating method have been stud-
ied. XRD measurement endorsed the dominant peaks of the anatase phase of TiO2. However, the broadening of
predominant peak of the plane (101) was also noticed which could be associated with the amorphous nature of the
SiO2 film fabricated beneath the top TiO2 film. FTIR investigation showed the corresponding vibration stretching
peaks for the Ti–O–Ti, Si–O–Si and Ti–O–Si bonds. By AFM measurement, the estimated average grains size of the
5 layer-TiO2/SiO2 films were 104 and 362 nm for the samples prepared with low and high-precursor concentrations
respectively. FESEM study endorsed the fabrication of five-alternate films of TiO2 and SiO2. The thicknesses of the
individual films were observed to be increased as compared to films prepared with the low-precursor concentrations.
This increment is attributed to the increased grains size as evidenced by the AFM measurement. The reflectance of
both the samples is found to be satisfactory in terms of the Bragg mirrors from the visible-infrared wavelength region.
The center wavelengths of the Bragg mirrors were 720 and 764 nm corresponding to the samples prepared with low
and high-precursor concentrations respectively. With the increased precursor concentrations, the reflection band is
observed to be shifted towards the near-infrared region. This shifting of reflection band is attributed to the increased
grain size which is due to the high-precursor concentrations. Finally, the Bragg mirrors of (TiO2/SiO2)2.5 bilayers
fabricated by the simple process demonstrated the broad reflectance band in the visible-infrared wavelength range.
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