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ABSTRACT 
This paper demonstrates for fabricating the biopolymric optical planar waveguide. Gelatin and chitosan were mixed 
with ratio of 9 to 1 and stirred at 70˚C with 1300 rpm. The blended biopolymer was spincoated on silicon substrate with 
500 rpm and then dried in the oven at 50˚C. The refractive indices of the prepared biopolymer clad and core layers of 
the waveguide were measured by the ellipsometry. The measured refractive indices of the two layers were obtained to 
be 1.516 and 1.52, respectively. The nanograting was successfully imprinted on surface of the biopolymeric waveguide. 
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1. Introduction 
This work aims to develop highly sensitive all-biopoly- 
meric planar Bragg grating biosensor. Biopolymer [1-4] 
is biocompatible material which is developed by blend-
ing the chitosan and gelatin [5]. The optical planar wa-
veguide is composed of a clad and core layers. The re-
fractive index of the core layer is slightly higher than that 
of the clad layer so that light can be guided in the wave-
guide. The Bragg grating is printed on the developed 
optical planar waveguide by using the nanoimprint tech-
nique. 

2. Theory 
This section provides the basic mathematical foundation 
that will be used to design and perform data analysis of 
the proposed planar waveguide grating sensor. This sec-
tion starts by providing the expressions needed to calcu-
late the propagation constants for the slab waveguide in 
terms of the waveguide geometric and optical properties. 

Then the coupled mode equations used to determine 
the grating properties are presented. The waveguide 
geometry of interest in this paper is illustrated in Figure 
1, and consists of a biopolymer core bounded by air 
above and a biopolymer clad below. This waveguide is 
fabricated on a silicon substrate. The refractive indices of 
air, clad and core layers are denoted by n1, n2, and n3 
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Figure 1. Schematic of the slab waveguide with surface 
corrugation grating. 
 
tively and the core thickness is given by tg. Also seen in 
Figure 1 are the corrugations of pitch and depth a. The 
most important parameter in the design of Bragg grating 
in slab waveguide is the effective index. This effective 
index is found in the usual way [6] by solving the wave 
equation and applying the continuity boundary condi-
tions at the respective core/cladding interfaces of the 
waveguide shown in Figure 1. The guided modes have a 
propagation constant βs such that k0n3 < βs < k0n2, where 
n1 < n3. This solution process leads to the following tran-
scendental equation that yields the propagation constant: 
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*Korean Government (NRF-2009). 
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where ( )1 22 2 2
0y sh n k β= − , ( )1 22 2 2

1 0sq n kβ= − ,  

( )1 22 2 2
1 0sp n kβ= −  and k0 ≈ ω/c = 2π/λ. Given a set of  

refractive indices n1, n2, and n3 and the waveguide thick-
ness, tg, of the planar waveguide, and the source wave-
length, λ, Equation (1) in general yields a number of so-
lutions for the propagation constant, βs. However, the 
source wavelength and the waveguide thickness are re-
stricted in the present study such that only one propaga-
tion mode is supported, and therefore Equation (1) has 
only one solution of interest. As a result, the effective 
index of the planar waveguide is given by neff = βsλ/2π. 
The corrugated structure into the waveguide leads to a 
corresponding periodic perturbation of the refractive in-
dex distribution. Each groove of the grating acts like a 
weak mirror, and the cumulative effect of all of the weak 
reflectors results in a very strong combined reflection 
centered on what is known as the Bragg wavelength. The 
Bragg wavelength is related to the effective index calcu-
lated above and the grating period, Λ, by [6] 

2b effnΛλ =                  (2) 

which when expressed in terms of the propagation con-
stant is given by 

2
s

b
β λΛ

λ =                   (3) 

where λb is the Bragg wavelength and λ is the central 
wavelength of the optical source. 

3. Experiment 
3.1. The Production of Biopolymer through  

Blending of Chitosan and Gelatin 
The biopolymer was developed in this study by blending 
chitosan and gelatin. The buffer solution which was 
composed of sodium acetate and acetic acid dissolved 
chitosan and gelatin in liquid state. In order to control the 
refractive index of the material, the ratios of chitosan to 
gelatin were 1:9, 2:8, 5:5, 8:2 and 9:1. Figure 2 shows 
procedures for blending the biopolymer. 

There are issues addressed in the process for dissolv-
ing the biopolymers. As the first issue, viscosity of chi-
tosan in liquid state increases when the amount of chito-
san in the buffer increases. When blending chitosan with 
gelatin in the liquid state, conglomeration of chitosan 
may occur and accordingly it causes surface quality. 
Another issue is that chitosan in acetic acid is not com-
pletely insoluble and remained to be particle state. 

To measure the refractive index of the sample, surface 
of the sample must be kept clean and flat. In order to 
mitigate the problems mentioned above, dissolving the 
amount of chitosan was controlled to prevent increase in 
viscosity of chitosan solution, and chitosan particles exi-  

 
Figure 2. Schematic of blending process of a biopolymer. 

 
sting in the solution have been removed using the centri-
fuge.  

3.2. Fabrication of Biopolymeric Optical  
Waveguide  

The ratio of chitosan and gelatin was varied to obtain the 
slightly different refractive indices of the biopolymers 
which consisted of the biopolymeric waveguide. The 
biopolymer to be used in core layer was mixed with the 
ratio of chitosan of 0.05 g and gelatin of 1.03 g. The clad 
layer was mixed with the ratio of chitosan of 0.03 g and 
gelatin of 1.05 g. The biopolymer was spincoted on the 
silicon wafer with 550 rpm for the 30 s and then baked 
for 5 hours at 50˚C. The ellipsometer was used to meas-
ure the refractive index of the spincoted film of the bio-
polymer.  

3.3. Optical Butt Coupling  
The optical planar waveguide was butt-coupled to inves-
tigate the light propagation into the waveguide. The light 
is incident into the optical fiber which was butt coupled 
to the waveguide, and then the light transmitted through 
the waveguide was monitored by the CCD camera, as 
shown in Figure 3. 

The Bragg grating which will be imprinted on the 
biopolymeric planar waveguide obtained in this study is 
designed by using the Equation (2). Figure 4 shows 
schematic of the optical waveguide, indicating that the 
grating pitch was determined by the effective refractive 
index of and thickness of waveguide. 

3.4. Imprint of Bragg Grating on the  
Biopolymric Waveguide 

Holographic grating, as shown in Figure 5, is imprinted 
on the photoresist spincoated on the silicon substrate 
with grating period obtained by calculating the optical 
waveguide. PDMS grating was molded on the PDMS by 
using the photoresist grating on the silicon substrate. 
PDMS grating mold production process and a grating 
imprinting technique are shown in Figures 6 and 7. 
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Figure 3. Schematic of optical butt coupling setup. 

 

 
Figure 4. Schematic of the optical waveguide. 

 

 
Figure 5. Schematic of holographic lithography of the grat-
ing. 
 

 
Figure 6. Schematic of PDMS grating mold. 

 

 
Figure 7. Schematic of grating imprinting process. 

 

4. Results and Discussion 
The ratio of blending of chitosan and gelatin makes the 
refractive index of the biopolymeric material changed. 
The blended biopolymer was coated on the substrate with 
the proper velocity of spincoating and time. The condi-

tion for spincoating is shown in Table 1. The thickness 
of the spincoated layer of the biopolymer was measured 
to be 300 nm - 800 nm. 

However, the biopolymer layer was spincoated more 
than once to obtain the thick layer of biopolymer as thick 
as 8 µm - 10 µm. The following method which may be 
able to increase the thickness of biopolymer layer was 
employed. The biopolymer was spincoated on the silicon 
wafer and then the buffer solution was evaporated in or-
der to increase the viscosity of the spincoated biopoly-
meric layer. The clad layer with the more than 8µm 
thickness of the sample was obtained in order to meet the 
requirement of optical coupling and then the core layer in 
the 4 µm thickness was spincoated on the clad layer to 
complete fabrication of the optical waveguide. Figure 8 
shows surface quality of the coated biopolymer. A cer-
tain amount of conglomerated chitosan particles was ob-
served. Figure 9 shows magnification of the photo 
shown in Figure 8. 
 

Table 1. Cladding layer thickness. 

Spin-Coating 
Velocity (rpm) 

Spin-Coating 
Time (s) 

Thickness 
(µm) 

Dry  
Temperature (˚C) 

Dry Time 
(hr) 

500 30 0.640 50 5 

500 30 4.8 50 5 

 

 
Figure 8. Photo of the surface of biopolymer. 

 

 
Figure 9. Photo of the sample is produced. 
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The ellipsometer was used to measure the refractive 
indices of biopolymer layers. As a result, the measured 
refractive indices are n = 1.516 for the clad layer and n = 
1.520 for the core layer, respectively, as shown in Figure 
10. Change in the ratio of chitosan and gelatin enables us 
adjust the refractive index. 

The clad thickness of the sample waveguide, which 
was coupled with the light, was more than 8.5 μm, and 
the core thickness of the sample was more than 4.5 μm. 
The transmitted light through the waveguide was meas-
ured by using the CCD camera, as shown in Figure 11.  

5. Conclusions 
The biopolymric optical planar waveguide and Bragg 
grating were developed in this study. Gelatin and chito-
san were blended with the proper ratio to develop the 
biopolymers with the different refractive index. The re-
fractive indices of the spincoated biopolymer clad and 
core layers of the waveguide were obtained to be used in 
the planar waveguide. Then, the Bragg grating was suc-
cessfully imprinted on the biopolymeric waveguide. The 
biopolymeric planar waveguide Bragg grating, which is 
biocompatible, implantable, and biodegradable, will have 

 

 
Figure 10. Meausred refractive index of biopolymer by using the ellipsometer. 

 

 
Figure 11. CCD image for light coupling measurements. 
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Figure 12. AFM images of the imprinted grating on the biopolymeric waveguide. 

 
a great potential in application for biomedical diagnosis 
and monitoring as well as military and environmental 
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