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 Abstract     
 We could reduce the reflection from 
PET(polyethylene terephthalate) film surface by 
natural plasma etching which does not use etch 
masks. The plasma etched PET film showed 
lower reflectance and higher transmittance 
which is resulted by making subwavelength 
structure(SWS) on the film surface by the 
plasma etch rate difference between the 
amorphous and crystalline region in the surface 
of PET film.        

1. Introduction
In the area of optics, the problem to decrease 

the reflected light and increase the transmitted 
light is an old concern of optical scientists and 
engineers for many years. Traditionally and 
even today, multilayer thin film has been used to 
decrease reflectance and increase transmittance. 
The reflectance is decreased and transmittance is 
increased by the additive canceling of the 
reflected light at each layer in the multilayer 
system.   
 However, this thin film technology has 
problems such as delamination due to thermal 
expansion coefficient mismatch or difficulties in 

finding materials with the right index of 
refraction[1-2].  

Therefore, we suggest an alternative way of 
reducing the reflection from polymer film 
surfaces by making subwavelength 
structure(SWS) on the surface by unmasked, 
natural plasma etching.

2. Background theory
 It is well known that nocturnal moths have 
microstructures on the eye to reduce the light 
reflection[3].  
 Such subwavelength structure of moth’s eye 
has a weighted spatial average refractive index 
of the profile region as Figure1. When we 

assume that ni<ns, in figure 1, ni n(z) ns.
Therefore, this subwavelength structure 
provides a gradual transition of effective 
refractive index from air to bulk material. And 
when light enters into this structure much finer 
than its wavelength, it does not diffract but 
reflects and transmits as if it enters into a 
nonstructured medium.[1] Consequently, this 
SWS can decreases the reflected light and 
increases the transmitted light from surface.  
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To obtain this effect from PET(polyethylene 
terephthalate) film surface, we made the SWS 
on the surface by natural plasma etching.

3. The Configuration of plasma etching 
system
 Figure 2 shows plasma etching system which 
we used in the experiment of this paper. It has a 
water cooled electrode for a Capacitively 
Coupled Plasma(CCP) system to generate the 
self-bias voltage in a vacuum chamber. The 
vacuum chamber and the electrode are made of 
stainless steel. The diameter of the electrode is 
4.6 inch and the height is variable.   

In CCP system, as RF power increases, the 
self-bias voltage and the density of ion increases 
simultaneously. Therefore, we used an 
Inductively Coupled Plasma(ICP) system for 
controlling the density of ion independently. 
ICP system lies above a vacuum chamber and 
coupled through a quartz window. The RF 
generators for CCP and ICP operate at the 
frequency of 13.56MHz. The base pressure was 
7.5*10-5Torr and the process gas pressure was 
controlled by the mass flow controller.          

4. Simulation results
 To predict the appropriate structures, we 
studied the reflection from PET film surface 
with cones using the RCWA(Rigorous Coupled 
Wave Analysis)[4].  

Figure 3 shows the reflectance as a function of 
the width of a cone in case of PET film surface 
having cones with 510nm height at 560nm 

wavelength. Incident angle is 0 . From this 
figure, we can see that the reflectance has a 
minimum value when the width is 400nm at 
510nm height. Figure 4 shows the reflectance as 

a function of the height at 400nm width. In 
Figure 4, we can verify that the reflectance has a 
minimum value when the height is 510nm. 
From these results, we can know that  

Figure 1. Effective medium of continuous
surface profile.

           

    Figure 2. The configuration of  plasma  
etching  system.                            
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Figure 3. Reflectance as a function of the
width at 510nm height.

     Figure 4. Reflectance as a function of  the 
height at 400nm width.

when the width of a cone is 400nm and the 
height is 510nm, the reflectance from PET film 
surface with cones has the lowest value which is 
less than 10-4%.
 Figure 5 shows the reflectance and 
transmittance as the function of wavelength in 
case of PET film surface having cones with 
400nm width and 510nm height. In this case, 
reflectance is less than 5*10-3% and 
transmittance is more than 97% over all 
wavelength of visible light.  
 Figure 6.(a) shows the reflectance of  PET film 
surface having cones with 400nm width and 
510nm height and figure 6.(b) shows the 

reflectance of the multilayer antireflection film 

whose structure is [air LHH 0.32L 0.26H 
glass]. L is the material with a quarter-wave 

optical thickness of low refractive index and H 
is the material with a quarter-wave optical 
thickness of high refractive index. 0.32L is the 
material with 0.32 quarter-wave optical 
thickness and 0.26H is the material with 0.26 
quarter-wave optical thickness. From figure 6, 
we can know the reflectance from SWS is much 
less than the reflectance of the multilayer 
antireflection film.                  
 Figure 7 shows the reflectance of SWS and 
multilayer antireflection film as the function of      

Figure 5. Reflectance and transmittance as 
the function of wavelength at 
400nm width and 510nm height.
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                                          (a)

(b)

Figure 6.(a) Reflectance of 400nm width and 
510nm height SWS and (b) Reflectance of the 
multilayer antireflection film.

Figure 7. The reflectance of SWS and multi       
layer antireflection film.                                                 

incident angle. From figure 7, we can see that 
the PET film with SWS has low reflectance over 
broader range of incident angle.  
 From these simulation results, we can verify 
that if SWS is made on PET film surface, the 
reflectance from it can be decreased and the 
transmittance can be increased.    

5. Experimental results and Discussion 
 To obtain the needed microstructures in the 
PET film, we etched the PET film by plasma.              
 Figure 8 shows the Scanning Electron 
Microscope(SEM) photograph of not etched and 
etched PET film by O2 and CHF3(20%) mixed 
gas plasma.  
The etching occurs by the following processes. 
If a RF power is supplied to the electrode of 
CCP system, plasma is generated and 
subsequently a negative self-bias voltage due to 
the difference of ion’s mobility and electron’s is 
generated[5]. At this time, ions are accelerated 
by this self-bias voltage. Accelerated ions 

(a)                                  (b)
Figure 8. SEM photograph of (a) not etched

PET film and (b) etched PET film 
by O2 and CHF3(20%) mixed gas 
plasma.
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Figure 9. Average widths and height    
obtained by plasma etching.   

bombard the surface of PET film and therefore 
the surface of PET film is 
etched by physical and chemical reaction. And 
the change of surface morphology like figure 
8.(b) is caused by making SWS by etch rate 
difference between the amorphous region and 
crystalline region in the surface of PET film by 
plasma etching[6]. From figure 8, we can verify 
that SWS was made on the surface of PET film 
by natural plasma etching.  

Figure 9 shows the average widths and heights 
of SWS obtained by O2 plasma and O2+CHF3

mixed gas plasma etching. Figure 10 shows the 
reflectance and transmittance of not etched and 
those of etched PET film by O2 plasma and 
O2+CHF3 mixed gas plasma. In the case of 
reflectance’s and transmittance’s measurement, 
we used a spectrophotometer with an integrating 
sphere for obtaining total value which includes 
diffused value. From figure 10.(a), we can see 
that the reflectance of not etched film is about 
6.5%, whereas that of etched PET film by O2

and CHF3(20%) mixed gas plasma is about 
1.8%.We can see from figure 10.(b) that the 

transmittance of not etched PET film is about 
88%, whereas that of etched PET film by O2 and 
CHF3(20%) mixed gas plasma is about 93% 
which is high transmittance and which tells that 
the reduction of reflection is not due to the 
diffused reflection. In this case, the width of 
SWS is 186nm and the height is 314nm.         
 From these results, we verified that we can 
decrease the reflection from the surface of PET 
film by making SWS by natural plasma etching 
and increase transmission.  
           

6. Conclusion
 Transparent polymer film such as PET film is 
widely used as the base of various optical 
component in the display device. In the optical 
application, it is needed to decrease the 
reflection from polymer film and increase the 
transmission by simple and inexpensive process. 
We suggested the natural plasma etching as the 
method of decreasing the reflection and 
increasing the transmission from polymer film. 
The meaningful point is that this method is new, 
simple and cost-effective.  

Liquid Crystal Display(LCD) uses many film 
components such as the polarizer, diffuser, 
Bright Enhancement Film(BEF) and protection 
film. If we apply this method to above optical 
films, we can expect to increase the efficiency 
of the light emitted from the back light source. 
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Figure 10. (a)Reflectance and 
(b)Transmittance of not etched and 
etched PET film.     
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