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Abstract 

Optical waveguides are important for guiding lightwave from a place to other places. Propagation and insertion losses of the 
optical waveguides should be considered to be in low values. Recently, optical waveguides with circular structures, which are 
optical fibers, are used widely for guiding lightwave in long-distance optical communication with very low propagation and 
insertion losses. Simultaneously, optical waveguides with planar structure are also developed for short distance communication in 
optical devices. We have reported design and analysis of the planar optical waveguides. In this paper, fabrication of planar 
optical waveguides using a polyimide material on thin silicon dioxide combined with the silicon substrate is reported. The 
polyimide material is used for the core of the optical waveguides. The silicon dioxide located on the silicon substrate and the air 
is used for cladding of the optical waveguides. Fabrication of the optical waveguides such as oxidation, photoresist coating, 
masking, ultra-violet exposure, and etching was done. The fabricated optical waveguides were characterized physically using a 
standard microscope and scanning electron microscope (SEM). The fabrication processes and characterization results are 
reported and discussed in detail. 
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I. INTRODUCTION 

High-speed communication is required in the future 
for long and short distance. One of the promising 
methods is using the light wave as a carrier. It can be 
propagated through long optical fiber installed under the 
sea for communication backbone and through the short 
optical waveguide in an integrated circuit for optical 
interconnect [1]-[2]. Integrated optics concern on 
creating simple and compact optical devices on a chip 
with small size. The integrated optic devices are 
important to optical interconnect for high-speed 
communications with very low transmission loss. These 
devices also benefit from being immune to 
electromagnetic interference. Integrated optical 
components interface with such fibers to form devices 
such as Mach-Zender interferometers, amplitude, and 
phase modulators, as well as ring resonators for digital 
filtering [3]-[4]. 

Figure 1 shows the typical optical interconnect for 
an optical transmitter developed by Fujitsu Laboratories 
Limited [5]. The development of an integrated silicon 

optical transmitter for use in an optical transceiver was 

announced, which is essential for enabling large 

volumes of data to be transmitted between Control 

Processing Unit (CPU). The prototype optical 

transmitter consists of several optical components such 

as light source, photodetector, multiplexer,  as  

 
Figure 1. An Integrated Optical Transceiver for Optical Interconnect 

Aplication (5]. 

demultiplexer, and optical   waveguides   as  the  main 

important one. By using the prototype device, achieve 

optical modulation signals at speeds of 10 Gbps at 

temperatures ranging from 25ºC to 60ºC can be 

obtained. Based on this, the optical interconnect can be 

used to carry out large data capacity. 

Actually, the optical waveguides are very important 
in the integrated optical circuit and optical interconnect. 
They have several structure types such as circular and 
planar structure. The circular structure is applied to 
optical fiber cable [6]. The planar structure is usually 
used for optical components, integrated optic circuits, or 
optical interconnects [7]. Several methods for optical 
waveguide fabrications were reported using diffusion 
and ion exchange methods [8]-[10]. The methods have 
advantages each other, the optical waveguide 
propagation loss is one parameter to be considered 
furthermore. One candidate to realize the low 
propagation loss of optical waveguides is using silicon 
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material for the optical waveguide since it has good 
performance in the propagation loss [11]. 

In this paper, we report design and analysis of the 
planar optical waveguides. In this paper, fabrication of 
planar optical waveguides using a polyimide material on 
thin silicon dioxide combined with the silicon substrate 
is also reported. The polyimide material is used for the 
core of the optical waveguides. The silicon dioxide 
located on a silicon substrate and the air is used for 
cladding of the optical waveguides. Fabrication of the 
optical waveguides such as oxidation, photoresist 
coating, masking, ultra-violet exposure, and etching was 
done. The fabricated optical waveguides were 
characterized physically using a standard microscope 
and scanning electron microscope (SEM). The 
fabrication processes and characterization results are 
reported in this paper. 

II. RESEARCH METHOD 

Figure 2 shows a structure of the polyimide optical 
waveguides fabricated on silicon dioxide combined with 
the silicon substrate. Refractive indices of the materials 
should be considered for guiding light. Commonly, the 
refractive index of the optical waveguide core must 
have larger than surrounding materials which are a 
substrate for optical waveguide cladding or cover [7]-
[12]. In Figure 2 (a), a polyimide material with 
refractive index of 1.78 is used for optical waveguide 
core and a silicon dioxide layer with refractive index of 
1.5 is used for optical waveguide cladding. Silicon 
material is used as a substrate for supporting the 
proposed device. Mode operation of optical waveguides 
can be designed by setting the core size. The optical 
waveguide core size is composed of width (W) and 
height (H) values as shown in Figure 2 (b). 

Analysis of the polyimide optical waveguide was 
done using Marcatilli’s methods. Modal dispersion and 
electric field distribution for transfer-electric (TE) and 
transfer-magnetic (TM) modes were calculated and 
analyze 

 
(a) 

 
(b) 

Figure 2. Structure of the Polyimide Optical Waveguides,  
(a) The 3-D View, (b) Cross-Sectional View. 

TABLE 1  
PARAMETERS OF THE OPTICAL WAVEGUIDES 

Parameters Value 

Optical waveguide core 
 Material 
 Height (H) 
 Width (W) for single mode 
 Width (W) for multi-mode 

 
Polyimide 
~0.5 µm 
< 1.6 µm 
> 1.6 µm 

 

Optical waveguide substrate 
 Material 
 Thickness 

 
Silicon Dioxide 
~2 µm 

 

Supported substrate 
 Material 
 Thickness 

 
Silicon 

         1 mm 
 

analyzed. By considering the calculated modal 
dispersion, the optical waveguides with certain mode 
operation, which are in single or multi modes, can be 
designed. Based on the reported paper, first, a slab 
optical waveguide in z-axis was calculated for optical 
waveguide core height (H) dependences. For single 
mode operation in 1550 nm optical wavelength, the core 
height must be below 0.5 µm with effective refractive 
index of 1.65. When the optical waveguide core height 
is set over than the cut-off of single mode operation, the 
multi-mode operation will be induced. By setting core 
height of 0.5 µm, the modal dispersion for core width 
(W) dependence can be calculated. The core width of 
1.6 µm with effective refractive index of 1.63 was 
obtained for single mode operation. When the core size 
is over 0.5 µm for core height and 1.6 µm for core 
width, the optical waveguides are operated in the multi-
mode. 

Based on the calculation results, we are trying to a 
realization the polyimide optical waveguides. For 
fabrication, the designed parameters of the optical 
waveguides are shown in Table 1. 

III. FABRICATION PROCESS 

Fabrication processes and steps of the polyimide 
optical waveguides are illustrated in Figure 3. First, a 
silicon wafer with 3inch-size was prepared and cleaned 
by removing unwanted organic materials on the silicon 
surface using standard cleaning 1 (RCA-1) and 2 (RCA-
2) as shown in Figure 4. In the RCA-1, pure water, 
NH4OH (ammonium hydroxide), and H2O2 (hydrogen 
peroxide) were mixed with a concentration of 5:1:1, 
respectively and heated at 75ºC for 10 minutes. In RCA-
2, pure water, HCl (Hydrogen Chloride), and H2O2 
(Hydrogen Peroxide) were mixed with a concentration 
of 6:1:1, respectively and heated at 75ºC for 10 minutes. 
Then, oxidation process of the cleaned silicon was done 
for a few hours to obtaining about 2 µm-thick silicon 
dioxide. Therefore, the substrate was ready for next 
fabrication processes of polyimide optical waveguide. 

The optical waveguides were fabricated using 
standard lithography and wet etching processes. First, 
the substrate was covered by adhesive promotor liquid 
using a spin coating with a rotation speed of 3500 rpm 
for 20 seconds. The adhesive promoter layer is used for 
increasing the adhesion strength of polyimide to the 



38     Dadin Mahmudin, et. al. 
 

 

 
 

 
p-ISSN: 1411-8289;  e-ISSN: 2527-9955 

substrate. Then polyimide material was deposited on the 
adhesive promotor layer using a spin coating with a 
rotation speed of several variations for 60 seconds. The 
polyimide layer was kept about 24 hours to obtain 
strong layer. The polyimide material layers with several 
thicknesses were obtained. Then, photoresist liquid was 
coated on the polyimide surface using spin coating 
machine with a rotation speed of 2500 rpm for 30 
seconds and heating for 180 seconds at 90ºC. 

After that, the device was exposure using 
ultraviolet light for a few seconds with a mask pattern, 
where the mask pattern for several optical waveguide 
widths (w1 to w4) of 10, 20, 30, and 50 µm was 
prepared before by ordering from a company as shown 
in Figure 5.  The material of the mask is plastic. The 
picture of the ultra-violet light exposure machine is 
shown in Figure 6. Then, the device was immersed in 
photoresist development liquid. 

After that, the device was etched using Tetra 
methyl ammonium hydroxide ((CH3)4NOH) for 
removing polyimide partly. Finally, photoresist removal 
was done. Device curing at 350C for 30 minutes was 
also done on a hot plate. The polyimide optical 
waveguides were successfully fabricated on silicon 
dioxide stacked with the silicon substrate. 

 
Figure 3.  Fabrication Process and Steps of The Polyimide Optical 

Waveguides 

  

Figure 4.  The Cleaning Process of Silicon Substrate using RCA-1 and 
RCA-2. 

 
(a) 

 
(b) 

Figure 5. Mask of The Optical Waveguides (A) The Design and (b) 
The Real Mask. 

  

Figure 6. Ultra-violet Exposure Machine for Patterning Optical 
Waveguides. 

IV. CHARACTERIZATIONS AND RESULTS 

The polyimide optical waveguides were fabricated 
successfully. Photograph of the fabricated optical 
waveguides is shown in Figure 7. Optical waveguide 
thickness or polyimide height (H) can be controlled 
using rotation speed during a spin coating process. The 
optical waveguide height was measured for several 
variations of spin coating speeds. The measured 
thickness (H) of the fabricated optical waveguides are 
shown in Figure 8. We can see that thin optical 
waveguide can be obtained using faster spin coating 
speed. 

We have measured the optical waveguides using 
profile meter as shown in Figure 9. Clear patterns of 
optical waveguides can be observed. The optical 
waveguides are quite small, the optical waveguides can 
be observed clearly using the profile meter. 
Measurement results of the optical waveguide width are 
shown by green-bar in Figure 10. The fabricated optical 
waveguides have fabrication error about 6 – 8 m larger 
than pattern widths in the mask as shown by purple-bar 
in Figure 10. Fabrication errors might be due to the 
distance between mask and device during ultra-violet 
light exposure, exposure time with ultra-violet light, 



Fabrication of Polyimide Optical Waveguide on Silicon Dioxide Layer Stacked Silicon Substrate    39 
 

 

 
JURNAL ELEKTRONIKA DAN TELEKOMUNIKASI, Vol. 17,  No. 2, December 2017 

time of development process, and time of etching 
process. Therefore, the fabricated optical waveguides 
become wide. 

In order to measure the optical waveguides in 
detail, the standard microscope was used (Figure 11). 
The optical waveguide width can be measured in detail. 
The measured optical waveguide width is shown by 
orange-bar in Figure 10. The fabricated optical 
waveguides have fabrication error almost negligible in 
part. 

The fabricated optical waveguides were also 
observed using scanning electron microscope (SEM). 
Photographs of the measured optical waveguide using 
SEM are shown in Figure 12. Figure 12 (a) shows the 
cross-sectional view of the fabricated optical 
waveguides. Clear optical waveguide core, which is 
polyimide, can be observed. Figure 12 (b) shows the top 
view of the fabricated optical waveguides for measuring 
the width. The measured width is shown by red-bar in 
Figure 10. The measurement results using SEM have 
good accuracy. An error of optical waveguide width is 
induced, it might be due to during fabrication process. 
Therefore, several treatments in the fabrication process 
should be considered carefully. 

 
Figure 7.  Photograph of The Fabricated Optical Waveguides 

 
Figure 8. Measured Polyimide Thickness for Several Variations of 

Spin Coating Speeds 

 

 
Figure 9.  Observation of Optical Waveguide using Profile Meter. 

 
Figure 10.   Measured Width of The Fabricated Optical Waveguides. 

 
Figure 11. Measurement of An Optical Waveguide using A Standard 

Microscope. 
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(a) 

 
(b) 

Figure 12. Measurement of Optical Waveguides using Sem: (A) 
Cross-Sectional View and (B) Top View for Measuring The Width. 

CONCLUSION 

We have reported fabrication and characterization 
of planar optical waveguides using a polyimide material 
on thin silicon dioxide combined with the silicon 
substrate. The polyimide material is used for the core of 
the optical waveguides. The silicon dioxide located on 
the silicon substrate and the air is used for cladding of 
the optical waveguides. Fabrication of the optical 
waveguides such as oxidation, photoresist coating, 
masking, ultraviolet exposure, and etching was done. 
The fabricated optical waveguides were characterized 
physically using a standard microscope and scanning 
electron microscope (SEM). The fabrication processes 
and characterization results were also reported. 
Promising applications of the polyimide optical 
waveguides are also discussed.  

The fabricated optical waveguide can be used for 
transmitting light wave especially for an integrated 
optical circuit in future high-speed data transfer, 
interconnects, and sensing applications [13]-[14]. We 
believe that the high-speed communication is required 
in the future to carry-out high capacity data from one 
place to other places.  Additionally, it can be used also 
for signal processing unit based on an optical wave 
[15]-[16]. 
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