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Abstract  Multi-layer films of SiN
x
/SiO

x
/InSnO with anti-reflective effect were grown by new-concept plasma

enhanced chemical vapor deposition system (PECVD) with hybrid plasma source (HPS). Anti-reflective effect of SiN
x
/

SiO
x
/InSnO was investigated as a function of ratio of SiN

x
 and SiO

x
 thickness. Multi-layers deposited by PECVD with

HPS represents the enhancement of anti-reflective effect with high transmittance, comparing to the layers by

conventional radio frequency (RF) sputtering system. This change is strongly related to the optical and physical

properties of each layer, such as refractive index, composition, film density, and surface roughness depending on the

deposition system.
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I. Introduction

Anti-reflection (AR) effects play an important role in a

variety of optical technologies by reducing reflective losses

at surface and interface [1]. AR effects were used to several

opto-electronic devices, such as solar cells (SCs), touch

screen panel (TSP), and organic light-emitting diodes

(OLEDs) and so on [2-4] due to the increase of

transmittance, improvement of contrast, and reduction of

glare and ghost images [1]. 

AR effect of single layer on glass is revealed by an

optical thickness equal to one-quarter of the wavelength of

interest (λ). Ideally such single layer λ/4 with AR effect

should have refractive index (RI), nλ/4 given by

. The necessary and sufficient refractive index

condition for double layer with equal optical thickness

(n1d1=n2d2=λ/4) to give zero reflectance is  or

n1n2=nairnglass [5]. In case of the multi-layer films above the

double layer, the combination of layer thickness and

refractive index is very important to enhance the AR effect.

As a result, a single-layer AR coating is known to be

unable to cover a broad wavelength range, therefore, AR

coating of double layer or multi-layer is considered by a

number of reports related to MgF2/CeO2, SiO2/TiO2, MgF2/

TiO2, SiO2/SiN, and MgF2/ZnS due to relatively easy control

of combination of RI values and thickness [6-8]. In addition,

nano-structure has been recently considered to improve the

AR effect because it can use various optical interference [9].

However, there is possible deterioration in the electric

conduction caused by the increased surface roughness.

Among various combinations of AR coating layer, SiOx/

SiNx double layer is widely used to various applications

because of relatively large band gap and easy control of

refractive index using the conventional film deposition

systems such as plasma enhanced chemical vapor

deposition system (PECVD) and radio frequency (RF)

sputtering system. PECVD has an advantage of fast

deposition rate, low temperature process, and high film

density, comparing to RF sputtering system. In this study,

we introduce the new-concept PECVD with hybrid plasma

source (HPS). This system is capable of high-quality thin

film deposition at low temperature due to the formation of

high density plasma by using magnetic flux. Using this

PECVD system, we investigated an optimized AR effect of

SiNx/SiOx/InSnO as comparing to the films deposited by

conventional RF sputtering system. The enhanced AR

effect by PECVD with HPS is related to improvement of

optical and physical properties. 

 

II. Experiment

SiNx/SiOx thin films were grown by plasma enhanced

chemical vapor deposition (PECVD) system with hybrid
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plasma source (HPS) manufactured by SNTEK Co., LTD.

and magnetron radio frequency (RF) sputtering system.

PECVD system with HPS is able to deposit films on the 5th

generation sized glass substrate by vertical type in-line

deposition system with linear source as shown in Figure 1.

The operating deposition process parameters of SiNx film

by PECVD system were SiH4 and N2 flow of 300 and

700 sccm, respectively, substrate temperature at 100oC,

generator power of 5W, and deposition rate of 120 nm/min.

In the same method, the operating deposition process

parameters of SiOx film were SiH4 and N2O flow of 300

and 800 sccm, respectively. On the other hand, operating

deposition process parameters of SiNx film by RF

sputtering system were Ar and N2 of 50 and 3 sccm,

respectively, substrate temperature at room temperature,

working pressure of 4.2 mTorr, RF generator power of

200 W, and deposition rate of 260 nm/min. In the same

method, the operating deposition process parameters of

SiOx film were Ar and O2 flow of 50 and 3 sccm, and

working pressure of 3.5 mTorr. In order to investigate the

combination of SiNx/SiOx thickness, each layer thickness

was changed with constant total thickness (80 nm) of SiNx/

SiOx (10 nm/70 nm, 30 nm/50 nm, 40 nm/40 nm, 50 nm/

30 nm, 70 nm/10 nm). By using magnetron direct current

(DC) sputtering system, indium tin oxide (ITO) film

(30nm) is deposited onto each SiNx/SiOx layers by PECVD

system with HPS and RF sputtering system.

Optical and physical properties of SiNx/SiOx/ITO films

were measured by using ultra-violet visible spectroscopy

(UV-vis), spectroscopic ellipsometry(SE), Rutherford back

scattering(RBS), and atomic force microscopy (AFM). The

optical transmittance was measured in the wavelength of

370 nm~800 nm by using a UV-vis spectrometer. The each

films thickness and refractive index (RI) were investigated

by using SE. The composition and density of each film

were investigated by using RBS with 2 MeV He ion. The

surface morpholoy was measured by using AFM as a non-

contact mode.

III. Result and DiscusSiOn

In order to investigate an AR effect, the optical

transmittance of combined thickness of SiNx/SiOx/ITO

films was measured in the range of visible wavelength

(370 nm~800 nm) depending on the deposition system, as

shown in Figure 2(a) PECVD with HPS and (b) RF

sputtering. Figure 2(c) shows the comparison of average

transmittance in the visible range. The average

transmittance of SiNx/SiOx/ITO films by PECVD with

HPS is higher than that by RF sputtering with the

difference of ~2%. The optimal thickness combination of

SiNx/SiOx layer by PECVD with HPS is 40 nm/40 nm with

Figure 1. Schematic illustration of PECVD system with HPS.

Figure 2. (a) Optical transmittance of SiN
x
/SiO

x
/ITO films by

PECVD with HPS, (b) optical transmittance of SiN
x
/SiO

x
/ITO

films by RF sputtering, and (c) average transmittance in
visible range (370 nm~800 nm).
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~87.5%. Regardless of deposition system, the resistivity

after the deposition of ITO film on SiNx/SiOx layer have

similar value of 1.72×10−3
Ω • cm and 1.55×10−3

Ω • cm for

PECVD with HPS and RF sputtering, respectively. These

results mean that the optical properties of SiNx/SiOx layer

depends on the deposition system, but the electrical

property of top conducting layer is not affected by the

deposition system.

 Figure 3 shows the refractive index (RI) of (a) SiNx and

(b) SiOx films depending on the deposition system as a

function of film thickness, and (c) the refractive index of

ITO film. The RI of SiNx film by PECVD with HPS has

higher value than that by RF sputtering and the RI of SiOx

film has similar value, regardless of the deposition system.

The RI of ITO film by RF sputtering represents the similar

characteristics with reference ITO film. In order to obtain

the better AR effect in double layer structure, RI ratio

should be suitable as a function of the thickness ratio [10].

Therefore, the higher transmittance of SiNx/SiOx layer by

PECVD with HPS could be induced by the combination of

thickness and the higher difference of RI value between

SiNx film and SiOx film. 

In order to investigate the composition and density of

SiNx (40 nm) and SiOx (40 nm) films, RBS spectra were

obtained by 2 MeV tandem ion accelerator as shown in

Figure 4. The elemental composition and film density were

calculated by RUMP simulation code. The composition of

SiNx film is Si:O:N=2:5:4 and 2:5:3, and that of SiOx film

is Si:O=3:7 and 2:5 by PECVD with HPS and RF

sputtering, respectively. SiNx film and SiOx film by

PECVD with HPS have higher nitrogen concentration and

similar composition, respectively, compared to those by RF

sputtering. The interesting finding is that the film density

of SiNx by PECVD with HPS (5.1×1017 ions/cm2) has

higher value than that by RF sputtering (2×1017 ions/cm2),

however, that of SiOx film has similar value (5.5×1017 ions/

cm2 and 6×1017 ions/cm2 for film by PECVD with HPS

and RF sputtering, respectively). The increase of film

density in SiNx is related to the higher nitrogen

Figure 3. Refractive index (RI) of (a) SiN
x
 and (b) SiO

x
 films

depending on the deposition system as a function of film
thickness, and (c) the refractive index of sputtered ITO film
and reference ITO film.

Figure 4. RBS spectra of (a) SiN
x
 and (b) SiO

x
 films depending

on the deposition system.

Figure 5. AFM images of (a), (b) SiN
x
 and (c), (d) SiO

x
 films

depending on the deposition system at 5 µm × 5 µm.
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concentration, which could induce the higher RI value [2].

Figure 5 shows the surface morphology for SiNx (40 nm)

and SiOx (40nm) films measured by AFM. The root-mean

square (RMS) roughness of SiNx film by PECVD with

HPS and RF sputtering are 0.37 nm and 0.53 nm, and those

of SiOx film are 1.18 nm and 1.73 nm, respectively. SiNx

and SiOx films by PECVD with HPS have more smooth

surface morphology compared to those by RF sputtering.

The poor surface roughness can affect to the degradation of

optical transmittance due to light scattering by surface

morphology and interface [12]. Therefore, the higher

transmittance of SiNx/SiOx layer by PECVD with HPS is

related to smooth surface of SiNx and SiOx films, similar to

the previous characteristics of RI value, film composition,

and film density. 

IV. Conclusions

 Multi-layer films of SiNx/SiOx/ITO with anti-reflective

effect were grown by plasma enhanced chemical vapor

deposition system (PECVD) with hybrid plasma source

(HPS). Anti-reflective effect of SiNx/SiOx/ITO films by

PECVD with HPS was investigated as a function of SiNx

and SiOx film thickness and was compared to multi-layer

deposited by conventional RF sputtering system. Optimal

anti-reflective effect represents SiNx/SiOx layer of 40 nm/

40nm deposited by PECVD with HPS and the average

transmittance of SiNx/SiOx/ITO film is 87.5% in the visible

region, however, that of multi-layer deposited by RF

sputtering system has the ~2% lower transmittance. The

enhancement of anti-reflective effect of SiNx/SiOx film by

PECVD with HPS is related to the difference of refractive

index, film composition, film density, and surface

morphology. SiNx film by PECVD with has ~2.5 higher

film density and higher nitrogen concentration. In addition,

SiNx and SiOx films by PECVD with HPS have the

smoother surface, compared to those by RF sputtering.

Therefore, new-concept PECVD system with HPS can

provide the enhanced anti-reflective multi-layer of SiNx/

SiOx for the application of touch screen panel.
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