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Abstract  The manufacture technology of thin film 
waveguides had done by placing a solution of tin dioxide 
(SnO2) on the glass substrate. The structure of the straight 
waveguide consists of a slide glass substrate, waveguide 
using tin oxide film, and the cover waveguide is the MMA 
(Methyl Methacrylate) film. The method for making this 
waveguides, the waveguide was fabricated using the spin 
coating method and photolithography technique. The method 
for making this waveguides, the waveguide was fabricated 
using the spin coating method and photolithography 
technique. Analysis of the intensity of the input and output 
on a straight channels waveguide is done by an optical 
microscope with the light source of He-Ne laser. The results 
have obtained the multimode waveguides with the average 
thickness of straight channels is 16.67 μm. 
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1. Introduction
The development of telecommunications technology and 

optical data processing within ten years have been developed 
very rapidly [1]-[3]. The optical devices have many 
advantages when was compared either devices else based on 
the electrical or microwaves wave. These advantages are the 
relatively small size and lightweight, free of noise 
interference of electric field and magnetic field, the security 
of the transmission of information which more accurate, free 
from the interference of electromagnetic waves, as well as a 
very large bandwidth so the transmission capacity of the 
waveguide is also great. One of application of thin film 
waveguide is a power divider, and this device is a major 
component in the system of optical data processing and 
optical fiber communication systems. In the optical signal 
processing, the optical power divider which widely used is 
the Mach-Zehnder Interferometer [2]-[3], this Interferometer 
which required on optical power divider has good power 

balance factor. 
The structures of power dividers have been used in the 

waveguide device are Directional Coupler (DC), 
Multi-Mode Interference (MMI), Y-branch, and X-Crossing. 
The waveguide structure X-Crossing has four ports with one 
port as input and three other ports as output [2]. Similarly 
with the Y-branch which is an important instrument as a 
splitter and power divider [4]. 

The metal oxide materials have the physical and chemical 
properties that have very broad potential applications in 
various fields of optical electronics. Many researchers use 
ingredients based metal oxides for various fields of research, 
in particular for the fabrication of electronics and sensors. 
Metal oxide materials are very much researched, such as 
TiO2, ZnO, and SnO2. The characteristic that stands out from 
the transparent conductive oxide material is a low electrical 
resistivity and high transparency in the visible light 
wavelengths [5]. SnO2 material is an oxide material which 
has a transparent conductive property [6]. As a 
semiconductor material, SnO2 has a larger energy gap of 3.6 
eV at room temperature with a tetragonal structure. In 
addition SnO2 is a material that has potential for the 
fabrication of micron-size waveguide [7] because it has a 
high refractive index and good transparency to the 
wavelength of visible light up to wavelengths of infrared [8]. 

The preparation of a straight waveguide is carried out in 
two stages, the first stage is made the first layer on the 
substrate and then by making a straight core shape by means 
of dry etching, lithography and laser densification [9]. 
Several methods can be made for the manufacture of the 
waveguide with thin films, such as sol-gel method [10, 11, 
12], Chemical Spray Pyrolysis [13-15], Chemical Bath 
Deposition [16], Chemical Vapor Deposition (CVD) [17]. 

The realization of development and optimization of an 
optical straight waveguide as a device in the present and the 
future does not only depend on the efforts to a discovery of 
new materials but also the fabrication method which are 
more effective, practical and economical. Therefore, in an 
effort to meet these needs, the study is conducted by the 
fabrication of ridge waveguide using nanomaterial SnO2 and 
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Methyl Methacrylate (MMA). Growth thin film of SnO2 is 
done by two methods, namely spin coating or spray methods 
and the photolithography process. Fabrication using the spin 
coating method can produce a minimum thickness of 500 nm 
[14]. The spin coating method is used because it is relatively 
easy but in general has been able to produce the waveguides. 
Fabrication using the spray method for manufacturing 
channel of the straight waveguide is also expected to produce 
growth of thin films equally well. 

2. Experimental Details 
The straight waveguide fabrication process was done 

using a combination of the spin coating methods and 
photolithography. The colloidal solution of SnO2 for spin 
coating is made by dissolving 0.5 g ethyl cellulose from 
Sigma Aldrich-USA as the binder in the 30 ml isopropanol 
(J.T Baker) as the solvent and then was stirred for 1 hour at a 
temperature of 40°C. After the mixture between the solvent 
and binder completely mixed, the SnO2 nanopowder <100nm 
particle size is with code 1002099194 (Sigma Aldrich. USA) 
was added as much as 1 gram and then was stirred for 1 hour 
at a temperature of 50°C. A colloidal solution of SnO2 is 
deposited on a glass substrate using a spin coating technique. 
We use a substrate of microscope slide glass with the 
substrate size (20 mm x 10 mm x 1 mm) and before were 
used the substrate is cleaned with soap and acetone. The spin 
rate of the spin-coater was adjusted at 2000 rpm for 30 
seconds, and then the film was heated at a temperature of 
100°C. The photolithography process was done with 
deposition of a photoresist of the positive-20 on the film in a 
dark room, end then the film is heated at a temperature of 
70°C for 20 minutes. Furthermore, the manufacture of masks 
was created by using tracing paper already printed pattern. 
Results of the printed image tracing paper were taped over 
the SnO2 layer and irradiated by a UV lamp 9 Watt for 15 
minutes with a distance of the film about 10 cm. The etching 
process was then performed with a solution of NaOH 10% 
for 60 seconds while shaking, then rinsed with distilled water 
and dried. When the straight waveguide was formed so the 
layer of SnO2 unused was deleted, so that what left is the top 
of SnO2 layer and a layer of the photoresist positive-20 with 
the appropriate path pattern protected. Finally, the 
photoresist positive-20 was cleaned by immersing the 
sample in a solution of acetone 15 seconds to form SnO2 
films. The straight waveguide of the SnO2 films that had 
been formed, then the cover layer was deposited with a layer 
of MMA as much as two times so that the layer of MMA 
completely shut SnO2 films. Then this layer was heated at 
70°C for 15 minutes. The heating at 70°C is done for the 
polymerization of MMA into PMMA. 

Characterization of nanomaterial SnO2 powder is done 
with diffractometer XRD to determine the structure of SnO2 
nanomaterial used. The morphology of the SnO2 powder was 
characterized by using Scanning Electron Microscope 

(SEM). The spectra absorption of the colloidal SnO2 solution 
was measured by spectrophotometer UV-Vis. The 
measurement of a film thickness of a straight channel 
waveguide was done by using an optical microscope. The 
output at each port of a straight waveguide was measured 
with a microscope webcam device. The beam of a He-Ne 
laser is launch to the single mode optical fiber and the other 
edge to insert into a straight channel waveguides were 
observed using a microscope webcam and was analyzed 
using software Scan loop. 

3. Results and Discussion 
Fig. 1 show the XRD pattern of the SnO2 powder. Seen in 

the Fig. 1, that the main peaks around angle 2θ = 26.55o; 
33.88o, and 51.75o (JCPDS card file number:00-071-0652) 
were indicated for nanomaterials SnO2. Crystallite size is 
determinate by measuring the broadening of a particular peak 
in a diffraction pattern associated with a particular planar 
reflection from the crystal unit cell, as the narrower the peak, 
the large the crystallite size. The particle size of the SnO2 
powder was analysis with using Maud software based on the 
XRD pattern, and the particle size is 50 nm. 

 

Figure 1.  XRD pattern of SnO2 powder 

The SEM image of SnO2 powder was shown in Figure 2, 
seen that appears the nanoporous formed from a collection of 
SnO2 particles on the surface layer of a substrate. The 
observation SnO2 grain size of the material in the image is 
larger than the particle size was measured with XRD pattern. 
It is possible to occur agglomeration of the crystals so SnO2 
grain size becomes large. Agglomeration is the process of 
combining the crystalline particles, the process is a process 
agglomeration could be expected or may also be a process 
that is not expected. Process agglomeration impact losses, 
because it makes the crystal grain size becomes larger and 
the resulting layer is not homogeneous, but that with the 
large grain size are more likely to an occurrence of scattering 
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that interferes with the propagation of the light waves. 
Scattering is also due to the porous particles of SnO2 as 
indicated by the inter-pore and an inter-aggregate; this will 
make the layer to crack. This is what causes the large 
scattering in the waveguide which consequently could lead 
to the expansion of the resonance band. 

 

Figure 2.  SEM image of SnO2 powder 

 
Figure 3.  Transmittance spectra of colloidal SnO2 solution 

Figure 3 shows the transmission spectra of the SnO2 
solution in the UV-Vis-NIR (ultraviolet, visible, near 
infrared) spectrum. Seen in the picture that the transmittance 
in the spectrum range of the visible light is quite high, which 
includes 633 nm wavelengths that can achieve an 85% value 
of the transmittance, whereas in the NIR spectrum it has high 
transmittance as reported by Oleg Khallaf et al. [8]. The light 
beam with the wavelength of 633 nm is a beam of the He-Ne 
laser used in the characterizing of the straight waveguides. 
The transmittance of colloidal solution SnO2 at this 
wavelength is high enough that SnO2 nanomaterial can be 
used as a medium of the waveguide for 633 nm wavelength. 

Photographic image of the samples cross-section of the 
slab waveguide not yet subjected to photolithography 
treatment are shown in Fig. 4. Seen in the figure that in SnO2 
layer formed on the substrates of the glass slide. Layer 
thickness was calculated using pixel shift method, and we 

got the average thickness equal to 16.67 μm. While the 
measurement results of the width of a straight waveguide 
(Figure 5) is 2.34 μm. The use of the He-Ne laser (λ = 633 
nm) as the light source in characterizing the fabricated 
waveguide with the above dimensions, the waveguide 
obtained is a multimode waveguide. 

 

Figure 4.  Optical microscope image of cross-section of the slab 
waveguide SnO2 film 

The straight waveguides were observed using an optical 
microscope was connected to a computer with the input 
source is the beam of He-Ne laser. The beam of the laser is 
transmitted through a single mode optical fiber, and the beam 
of the laser is out of the optical fiber is used as the input of 
the waveguide. Seen in Figure 5, the straight waveguides 
fabricated can guide the laser beam with fairly well. The 
layer of methyl methacrylate (MMA) as the cover of a 
waveguide in a straight channel of the waveguide SnO2, this 
is done so that scattered light can be minimized in order to 
reduce the losses of the waveguides. 

 

Figure 5.  Optical microscope image of the straight waveguide 
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4. Conclusions 
The waveguides with straight channels had been 

successfully fabricated with deposition on a glass substrate 
used the spin coating methods and a simple photolithography 
method. The core of waveguide is a SnO2 nanomaterial and 
the cover of the waveguide is the layer of the methyl 
methacrylate (MMA). The characteristics of the waveguide 
with a straight channel (ridge waveguide) of SnO2 material 
have been verified. The SnO2 material is a nanomaterial that 
has a particle size of 50 nm, so this material can be used as 
the core of a straight channel waveguide. The layer thickness 
was calculated using the pixel shift method, and the average 
thickness is 16.67 μm, while the straight waveguide width is 
2.34 μm. Based on the data of thickness and width of the 
waveguide, the straight waveguide is a multimode 
waveguide. 
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