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Abstract 
 

 In this research, the nanostructures surface was fabricated by the CF4 plasma etching process on the 

SiO2-based substrates for antireflection applications.  The nickel films were firstly deposited on the 

substrates by the sputtering system.  The prepared Ni layers were then annealed at 500C for 1 min in 

order to promote dewetting process to be used as metal masks.  During the etching process, CF4 etching 

condition was performed for 15-60 min. to create the SiO2 nanopillars. After the etching process, the 

samples were immersed in nitric acid for 5 min. to remove the nickel masks.  The SiO2 nanopillars 

without Ni were investigated for physical morphologies and optical properties by the field-emission 

scanning electron microscopy (FESEM) and UV-Vis-NIR spectroscopy respectively.  The results showed 

that the etching conditions greatly affected the sizes and shapes of the nanostructures, as well as improved 

the antireflection properties of the SiO2 based materials. 
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Introduction 
 

 The antireflection properties of surfaces have 

been widely studied about improving the 

performance of optical devices such as display 

panels for electronic solar cells and optical sensors.(1-

9)  Generally, however, most optical devices suffer 

from high surface reflection which degrades the 

performance of the optical system. The Antireflection 

(AR) coatings are therefore required to eliminate 

undesired optical loss whereas the transmission 

through optical element is higher.  In the recent years, 

the single-layer or multilayer antireflection coating 

was an approach to reduce the optical reflection.(10-12)  

However, this technique has limitation with thermal 

expansion mismatch, selection of suitable materials 

and instability of thin film stacks.(3, 5, 13)  In order to 

avoid the aforementioned problems from light 

reflection, many approaches have been introduced 

such as fabrications of sub-wavelength structures 

instead of the AR coatings.  These sub-wavelength 

structures could improve the undesired surface 

reflection, from which the conventional AR coatings 

suffer.(14-15)  Various methods to fabricate the AR 

surface of the nanostructures include nanoimprint 
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lithography, laser interference lithography, and 

electron beam lithography. However, all of these 

methods require costly and complicated of fabrication 

procedures.(13, 16-17) 

 In this work, we reported a fabrication technique 

which was a simple, high-throughput, and cost-

effective method.  We proposed the fabrication of the 

AR surface based on randomly distributed Ni 

nanoparticles on SiO2 substrates.  A plasma reactor 

with CF4 gas was used to transfer pattern of nanorods 

on SiO2-based substrates, which are widely used for 

optical and electronic applications.(18-20)  In addition, 

the average size and shape dependent optical 

properties of nanostructures were also studied. 

 

Materials and Experimental Procedure 
 

Preparation of SiO2/Si substrate   

 

 The SiO2 films with a thickness of 1 µm on Si 

(100) substrates were cleaned by acetone and 

isopropyl alcohol in an ultrasonic bath for 45 min. 

The substrates were further cleaned by plasma 

treatment in order to eliminate impurities and 

contaminants from surfaces by sputtering technique.
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Fabrication of nanostructured SiO2 surfaces 

 

 The antireflective nanostructured SiO 2 

surfaces were prepared by two main steps such 

as thermal annealing and reactive ion etching 

process. The 1 µm SiO2/Si substrates were 

deposited nickel thin films by DC magnetron 

sputtering with deposition times for 60 and 90 s. 

The rapid thermal annealing was subsequently 

introduced to agglomerate nickel at 500C for 1 

min. to form nanoparticles array.  These nickel 

nanoparticles were acted as a mask for reactive 

ion etching process. The patterned substrates 

were subsequently etched using CF4 plasma 

with an etching duration from 15 to 60 min by 

plasma-enhanced chemical vapor deposition 

(PE-CVD). The gas pressure were maintained at 

6×10-3 mbar and RF power of 200 W for 15, 30, 

45 and 60 min. respectively. The nanodot 

patterns were transferred to a part of SiO2 layer 

to be SiO2 nano-columns. After plasma etching, 

residual Ni on top of SiO2 was removed using 

nitric acid (HNO3) for 5 min. 

 

Characterization 

 

 The morphologies of both nano-pattern mask 

and SiO2 nanostructure were observed by field-

emission scanning electron microscopy (FE-

SEM, HITACHI SU8030). The optical reflectance 

was examined by a UV-Vis-NIR spectrophotometry 

(Agilent Cary 7000 Universal Measurement 

Spectrophotometer) in the region of 200-2,000 nm. 

All the reflectance spectra were collected from an 

incident angle of light source to the substrate 

normal at 8. 

 

Results and Discussion 
  

Characterization of the surface morphology 

 

 The Figure 1 shows the field-emission 

scanning electron microscopy images of the Ni 

nanoparticles after annealing for 1 min. at 

5 0 0 C. When heated at such temperature, the 

very thin film of Ni would agglomerate to form 

arrays of nanoparticles and covered the entire 

surface of each substrates due to increased 

surface energy. The average diameter and 

density of Ni nanoparticles depended on the 

thickness of Ni thin film and the annealing 

temperature.(21-22)  From the figures, different 

sizes of randomly arranged nanostructures on 

SiO 2 /S i  subs trates  were  shown.  The  Ni 

nanoparticles prepared at different deposition 

time exhibited different average sizes in the 

diameter. We calculated the average diameter and 

density of randomly distributed Ni nanoparticles 

in the SEM images

 

 
 

Figure 1.  Surface morphologies and diameter distribution of Ni particles on SiO2/Si substrate with Ni deposition 

times of (a) 60 s. (b) 90 sec. after annealed at 500C for 1 min. and (c, d) corresponding diameter distribution of Ni 

nanoparticles 
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 The average sizes of the nanoscale structures 

with deposition times of 60 and 90 s were 

estimated by 69.50 ± 2.11 nm and 107.66 ± 3.64 

nm, respectively.  As a result, the increase in the 

deposition time corresponded to the increased 

various thickness of the Ni film. Therefore, Ni 

film was completely dewetted after the annealing 

treatments, and resulted in the increase of the 

average particle in diameter.(23-24)  In addition, the 

determined density of the nanoparticles with Ni 

deposition times of 60 and 90 s. were 32.25 and 

23.80 g/cm3, respectively. 

 From Figure 1(a), the 60 s Ni thin film was 

separated into nanoparticulates on the substrate 

surface. As expected, we observed that the average 

diameter of Ni nanoparticles was much smaller than 

the nanoparticles that change from the 90 s. Ni thin 

film in the Figure 1(b).  The Ni nanoparticles were 

larger in size because of the longer Ni deposition 

time.  The larger size and inter-nanoparticle distance 

were thought to allow the improved etching process.  

We expected that the larger size of the Ni 

nanoparticles would be able to properly mask the 

substrates during the plasma etching proces

 

Figure 2.  Top-view: SEM images of nanostructured SiO2 surfaces after etched for (a) 15 min.  (b) 30 min.  (c) 45 min.   

(d) 60 min. (Ni deposition time for 60 s.)  (e) 15 min. (f) 30 min.  (g) 45 min. and (h) 60 min. (Ni deposition time for 90 s.). 

 

 Figure 2 shows the top view of nanostructured 

SiO2 surfaces.  In case of Ni deposition time for 

60 s, immediately after the etching process of the 

samples for 15 min. from Figure 2(a).  We 

observed that drastically changes in morphologies 

of the nanoparticles in comparison to those of the 

Ni masks from before the etching.  When the 

plasma etching time was increased, the diameter 

of nanostructure was slightly distorted from Figure 

2(b) and 2(c). Further increase in the etching time 

to 60 min., as shown in Figure 2(d), clearly yielded 

the nanostructures which were obviously 

deformed. While Ni deposition time for 90 s were 

also nearly well-defined and not changing of 

nanopillar diameter. Figure 2(h), the morphology 

of diameter and shape were changed noticeably 

because of the Ni Mask can also etched by reactive 

ions of CF4 gas.  

 From morphology of nanostructured SiO2 

surfaces as shown in Figure 2, the diameter, 

density and periodicity of the mask patterns can be 

estimated.  The Figure 3 shows the average 

diameter,  density and average period of 

nanopatterns as a function of etching time in 

plasma etching process.  The average diameter of 

nanoparticles and the average period between 

adjacent nanoparticulates were increased whereas 

the density was decreased as the plasma duration 

was increased.(4, 25)  The Figure 3(a) in case of Ni 

deposition time for 60 s (red line), the average 

diameters were increased from 124.18 ± 3.54 nm 

at etching time 15 min. to 129.33 ± 3.46 nm at 

etching time 60 min. In case of deposition time for 

90 s (blue line), the average diameters were 

increased from 117.57 ± 3.48 nm at etching time 

15 min. to 121.18 ± 2.95 nm at etching time 60 min.   

 From the Figure 3(b) in case of Ni deposition 

time for 60 sec. (red line) and 90 s (blue line), the 

density of Ni nanoparticles was decreased to 20.66 

and 16.17 g/cm3, respectively when the etching 

time was increased to 60 min.  Whereas, the 

average period was increased to 278.08 ± 7.39 nm 

for Ni deposition time for 60 s (red line) and 

295.36 ± 5.38 nm for deposition time for 90 s 

(blue line) as shown in the Figure 3(c).  However, 

the measured value of nanostructured SiO 2 

surfaces (Ni deposition time for 60 s) was slightly 

fluctuated due to variation from randomly 
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.arranged on the substrates after etching time. 

Therefore the average size, density and period 

of  nanos tructured  SiO 2 sur faces can  be 

controlled by the plasma duration.   

 The SiO2 surfaces with the Ni nanoparticles, 

prepared at 60 and 90 sec. and annealed at 500C 

for 1 min., were then etched with the CF4 plasma 

for the different lengths of time, as shown in 

Figure 4.  From the figures, we observed that the 

Ni masks successfully resisted the continuous 

plasma etching whereas the regions without Ni 

mask were etched rapidly. The etching process 

therefore caused the surface to evolve into the 

nanopillar shape.  

 

 
 
Figure 3.  (a) The average diameter, (b) density and (c) average period of nanopatterns as a function of etching 

time in CF4 plasma etching process for 15-60 min.  

 

 From the SEM images in the Figure 4(a)-

4(d), the heights of the nanostructures were 

controlled by the etching time(26), although not 

linearly etched.  The nanostructured SiO 2 

surfaces in case of Ni deposition time for 60 s 

when the etching time was controlled to 15 

min., the nanopillar height was approximately 

234.30 nm.  By extending the etching time to 30 

min. and 45 min., the height was increased to 

589.09 nm and 645.28 nm, respectively.  Finally, 

when the etching time was increased to 60 min., 

the nanostructure height was approximately 

667.60  nm.  Fur thermore ,  the  he ight  of 

nanopillars using Ni deposition time for 90 s 

were increased after etching time from 15 min. 

to 60 min.  The height after 15, 30, 45 and 60 

min. of etching were 255.30, 522.70, 602.12 

and 738.80 nm, respectively as shown in the 

Figure 4(e)-4(h). 

 From the Figure 4(a), the etching time of 15 

min. clearly showed the etched structures into 

the SiO 2 mater ial .   The s t ructures  were 

nanopillar in shape that were directly etched 

straight from the surface normal. Although the 

etching time was small, the structure was well-

maintained. In addition, the height of the 

nanopillar was consistent across the whole area 

of the sample.  Figure 4(b) showed the increase 

in the etched depth of the SiO2 surface. From 

the physical observations, the etched structures 

were also nearly well-defined in comparison to 

Figure 4(a).  However, from close observations, 

the etched structures, especially on the trenches, 

side walls, or the bottom of the etched surface, 

appeared slightly deformed.  The deformation 

of  the  e tched bot tom sur face  was  more 

pronounced as also appeared in Figure 4(c) and 

4(d). From these figures, the formation of taper-

shaped profile was exhibited due to during the 

etching, the Ni mask patterns can also be etched 

by reactive ion. (3)  For the larger size of Ni 

deposition time for 90 s can resist surface during 
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plasma e tching more  than  the  smal l  Ni 

nanoparticles.  As mentioned, the nanostructured 

SiO2 surfaces in Figure 4(e)-4(h) were slightly 

deformations of nanopillars when compared 

with nanostructured SiO2 surfaces in case of Ni 

deposition time for 60 s.

.  
Figure 4.  SEM images of nanostructured SiO2 layers etched for (a) 15 min. (b) 30 min. (c) 45 min. (d) 60 min.      

(Ni deposition time for 60 s) (e) 15 min. (f) 30 min. (g) 45 min. and (h) 60 min. (Ni deposition time for 90 s) 

Effect of morphology of nanostructured surfaces 

with optical properties 

 

 The optical properties were studies on SiO2 

nanostructure in terms of surface reflectance.  

T h e  r e f l e c t a n c e  o f  t h e  b a r e  S i O 2  a n d 

nanostructured SiO2 surfaces was measured by 

UV-VIS-NIR spectrophotometer.   

 Figure 5 shows the average reflectance 

measured as a function of the different etching 

time.  The reflectance of bare SiO2 is also 

presented for  comparison.  The average 

reflectance of bare SiO 2 was 25.24% in a 

spectral range from 380-750 nm.  In case of Ni 

deposition time for 60 s, the sub wavelength 

structures at etching time 15 min. shows the 

average reflectance value of 4.30%.  The 

reflectance of the structure is decreased as the 

height of the structure increases.  However, the 

i n c r e a s i n g  o f  d u r a t i o n  t i me  a f f e c t e d 

deformations of SiO2 nanostructure as a results 

the average reflectance is increased when 

duration time more than 15 min.  The sample 

etched for 30, 45 and 60 min exhibited the 

average reflectance of 21.84%, 16.59% and 

20.54%, respectively.  For SiO2 structure of Ni 

deposition time for 90 s.  The SiO2 nanostructure 

after etched for 15 and 30 min. shows the 

average reflectance value of 11.64% and 7.75% 

respectively.  It can be seen that the average 

reflectance is decreased until the duration time 

was more than 30 min.  As a results, the average 

reflectance of 17.76%, and 17.85% for etching 

t ime at  45 and 60 min. ,  respectively.  In 

comparison to Ni deposition time for 60 s, the 

drastically increase of average reflectance was 

noticeable at a longer time due to the larger size 

of Ni nanoparticles at deposited time for 90 s 

can resist surface during plasma etching. 

 

 
 
Figure 5.  Optical reflectance of nanostructured SiO2 

surface measured as a function of plasma duration. 

 

 As mentioned before, the reflectance of 

the structure is expected to be decrease as the 

height  of  the s t ructures  increased were 

cont rol led  by p lasma e tching durat ion. 

Moreover, the reflectance of the nanostructure 

su r f ace  d id  no t  depend  on ly  he igh t  o f 

nanostructure, but also depend on the different 

average period.(4, 9)  The reflectance tendency 

was related to a refractive index profile.(27-28)  

Therefore, to modify surface reflectance, the 

refractive index profile should be controlled.
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Conclusion 
 

 We have investigated the development of the 

nanostructured patterns based on the CF4 plasma 

etching process on the SiO2/Si substrates, in 

order to reduce surface reflection of materials.  

The nickel films were firstly deposited on the 

blank substrates at different deposition time.  The 

samples were annealed in order to promote 

agglomeration into the Ni nanoparticles random 

patterns.  The Ni nanoparticles prepared at 

different deposition times exhibited different 

average sizes in the diameter and then used as the 

metallic masks for the plasma etching process. 

After the CF4 plasma etching, the final samples 

were thoroughly investigated by field-emission 

scanning electron microscopy (FESEM) and the 

UV-Vis-NIR spectroscopy to study the physical 

morphologies and optical transmission spectra 

for each sample condition. The results showed 

that the reflection characteristics could be 

controlled by plasma etching because of changing 

in morphology of nanostructured SiO2 surfaces.  

The Ni deposition time of 60 s was to be used as 

the metallic masks after the annealing treatment.  

The plasma etching time was best performed at 

15 minutes.  The sample was exhibited smallest 

average reflectance value of 4.30% 
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