
Impact of nitrogen reactive gas and substrate

temperature on the optical, electrical and structural

properties of sputtered TiN thin films

N. Mustapha1,* and Z. Fekkai1

1Department of Physics, College of Science, Imam Mohammad Ibn Saud Islamic University, P.O. Box 90950, Riyadh 11623,

Kingdom of Saudi Arabia

Received: 10 May 2020

Accepted: 20 September 2020

Published online:

29 September 2020

� Springer Science+Business

Media, LLC, part of Springer

Nature 2020

ABSTRACT

This work was aimed to study the influence of nitrogen reactive gas and sub-

strate temperature, on the crystalline structure, morphology, sheet resistance

and optical properties of titanium nitride thin films. The samples were depos-

ited on glass substrates by the direct current reactive magnetron sputtering

method and were controlled to have thicknesses of 150 nanometer (nm). The

crystal structures of the samples were checked using the X-ray diffraction

technique. The average crystallite size was calculated by using the Scherrer

equation. Atomic Force Microscopy was performed on all samples to investigate

any change in the crystallite sizes, morphology and also in the roughness of the

film’s surface. With the variation in substrate temperature, the optical properties

(refractive index, optical band gap and extinction coefficient) of films also

changed. The experimental reflectance and absorption spectra of the samples

have been characterized by spectrophotometer measurements. Optical band-gap

values decrease from 4.01 eV at 300 �C to 3.59 eV at 500 �C. Optical refractive

index (n) and extinction coefficient (k) are strongly dependent on the flow rate of

nitrogen and substrate temperature. Furthermore, the sheet resistance of the TiN

samples are dependent on the investigated deposition parameters. The high

reflectance, good morphology, improved crystallinity and low sheet resistance

maintained by the films, made them very favorable to be used in both optical

and electronic applications, and also as protective and decorative coatings.

1 Introduction

In the last few decades, titanium nitride (TiN) thin

films have attracted considerable interest with

widespread applications in several fields [1]. Most of

the researches concerning TiN films focused on sev-

eral interesting properties such as hardness, high

thermal and chemical stability; low electrical and

thermal resistivity; and bright golden color [2].
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Due to their hardness, wear resistance and thermal

properties, the TiN films have been very favorable in

surface engineering as protective coatings on high

speed tools [1]. Recently, TiN films have been used as

electrodes in microelectronic devices, due to their

thermal stability and low electrical resistivity [3].

However, it was reported that the electrical resistivity

of TiN depends strongly on its stoichiometry and

morphology [4]. Many researchers have also reported

that TiN films are widely used as micro-electrical

contacts and resistors, also used on pens, watches

and others goods due to their special shiny golden

color [5, 6]. In particular, thin TiN films in the

thickness range (20–80 nm) were also proved to be

suitable as selectively transmitting heat mirrors [7].

In addition to its electronic properties, TiN is

appealing for electronic devices due to its compati-

bility with complementary metal oxide silicon

(CMOS) technology, caused by its high electron

mobility and refractory character [1].

More recently, titanium nitride coatings have been

applied in areas such as abrasion resistant coatings

on tool steels, decorative coatings in architecture,

non-toxic exterior for medical implants, diffusion

barrier layers in semiconductor devices and flat panel

displays [6, 7].

These features were found to depend strongly on

crystallographic orientation and crystallite size of the

deposited films [3, 4]. It is well-known that, the

properties of TiN depend on the processing method

used and deposition parameters, particularly, the

nitrogen gas pressure and the substrate temperature

[2].

TiN films have been prepared using different

methods such as sputtering [8–12], chemical vapour

deposition [13], electron-beam evaporation [14], vac-

uum arc evaporation [15, 16] and pulsed laser

deposition [17].

Among these processes, sputtering is particularly

suitable for deposition of TiN films due to the ease of

adjusting the deposition parameters which play an

important role in the stoichiometry and morphology

of the deposited films. Moreover, the film deposition

parameters can be adjusted with high precision to

give high quality uniform and dense thin films.

In fact, the deposition of TiN thin films was well

described in the work of many researchers in the last

two decades due to the various applications of such

conducting nitride, and the necessity to explore their

performance under different conditions in the fields

of electronics, optics, wear resistance in automobile

industries, steel cutting tools and biomedical mate-

rials [2, 6, 10].

In the present work, we have focused on the effect

of substrate temperature and reactive gas pressure on

the properties of TiN films. Therefore, TiN films were

deposited by a reactive sputtering technique, using a

titanium target in a mixture of argon-nitrogen atmo-

sphere. In order to improve properties of TiN films,

the ratio of argon: nitrogen gas pressure was changed

to investigate its effects on the film properties, also

the substrate temperatures. Our focus was on the

changes in the morphology of films deposited on

glass substrate, their crystalline structure; electrical,

spectral and optical properties and to investigate the

possibility of using such films as optical, decorative

and protective coatings. Each characterization on the

TiN samples was repeated three times in the same

conditions, while the average value of the obtained

results was used in all illustrations to maintain the

accuracy and consistency of our results.

2 Experimental details

2.1 Substrate cleaning procedure

Prior to titanium nitride thin film deposition, soda-

lime glass (25 9 25 mm2) substrates were cleaned by

sonication with detergent (acetone) for 15 min, rinsed

with deionized water for 5 min, dried in the oven at

110 �C for outgassing. The substrates and acetone

were purchased from Sigma-Aldrich.

2.2 Thin film deposition

Titanium nitride thin films were deposited with an

Oxford plasma 400 DC magnetron sputtering system,

using a circular 50.8 mm diameter and 6.35 mm thick

Titanium target of 99.998% purity supplied by K.J.

Lesker, UK.

The titanium nitride TiN thin films (140–150 nm

thick) were sputtered onto clean –glass substrate and

under different N2 flow rates 2–4–6 standard cubic

centimeters (sccm). Pure argon gas (Ar, 99.999%) and

nitrogen gas (N2, 99.999%) were used as sputter and

reactive gases, respectively. The TiN samples were

prepared by a vacuum base pressure at 4 9 10- 4 Pa.

The deposition time was adjusted to have an average

thickness of 150 nm for all samples. Pre-sputtering
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for 1 min was performed in an argon atmosphere to

ensure that the titanium target is clean and free of any

residual which affect the quality of the TiN films. To

assess the uniformity of the deposited TiN films, the

substrate was rotated with a speed of 80 rpm.

The Argon–nitrogen (Ar:N2) concentration ratio

was changed from 10:2 to 10: 4 sccm and then to 10:6

sccm (as mentioned in Table 1) to investigate its

effects on the optical, structural and morphological

properties. In addition, various substrate tempera-

tures were used to assess its influence on the film

properties, while the other deposition parameters

such as Substrate to target distance and Cath-

ode/target power were kept constant.

2.3 Atomic force microscopy

The surface morphology and roughness of the films

before and after annealing were observed using

Atomic Force microscopy (AFM) in contact mode.

The structural properties and crystallite sizes of the

grown films were investigated using an Atomic Force

Microscopy AFM (Multi-Mode 8-Bruker).

2.4 Spectral characterization

A spectrophotometer apparatus (Perkin Elmer

Lambda 950 UV–VIS) was used for measuring the

spectral properties such as reflectance, transmission

and absorption of the thin films in the visible region

(380–780 nm) deposited on glass substrates. Glass

substrate was used as reference to calibrate the

apparatus.

2.5 X-ray diffraction

XRD was used to study the effect of Argon-nitrogen

gas concentration and substrate temperatures on the

crystal structure of the TiN films. A Bruker-AXS D8

ADVANCE X-ray diffractometer with Cuka1 Copper

ka X-rays of wavelength 1.54 Å were used for the

diffraction.

2.6 Sheet resistance

Sheet resistance of the TiN films was measured using

a 4 point probe instrument (JANDEL, Model

RM3000).

2.7 Ellipsometer measurement

The optical constants such as refractive index (n) and

extinction coefficient (k) for each sample were mea-

sured using an Ellipsometer Spectroscopy (ES)

(UVISEL, from HORIBA).

3 Results and discussions

3.1 XRD results of TiN thin films

The X-ray diffraction patterns of TiN films grown at

different substrate temperatures on glass substrates

(Ts= 300 �C, 400 �C, 500 �C) are shown in Fig. 1. For

the substrate temperatures (300 �C and 400 �C), only
(111) peak appeared at 2h = 38.31�. Increasing the

substrate temperature to 500 �C resulted in an

increase of the (111) peak’s intensity and the

appearance of another peak (222) at 2h = 78.38�. This
may be explained that excess substrate temperature

during the deposition process, has a good impact on

the reactive deposition process and the crystalline

structure.

The intensity of TiN (111) diffraction peak was the

strongest, and no change to the peak’s positions for

the three different temperatures used with an argon:

nitrogen gas of concentration (10:2 sccm).

The crystallite size of the TiN was then calculated

using the following Scherrer expression [12]:

D ¼ 0:9k=bcosh ð1Þ

where, D is the crystallite size, k is the X-ray wave-

length (Cu-Ka, 0.154 nm); h is the diffraction angle

and b is the line broadening at half the maximum

intensity (FWHM). This quantity (b) is sometimes

Table 1 Deposition parameters for DC reactive sputtering of TiN

thin films

Deposition parameters Details

Target (purity) Titanium (99.995%)

Sputtering gas (Ar:N2) 10:2, 10:4, 10:6 sccm

Target-substrate (cm) 10

Power (Watts) 200

Substrate temperature (�C) 300–400–500

Substrate Glass

Thin film thickness (nm) 150

Base pressure (Pascal) 4 9 10- 4

SCCM is standard cubic centimeters per minute
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denoted as D(2h). The broadening of the (111) and

(222) was used to calculate the average crystallite size

using Scherrer’s equation. Each peak of the diffrac-

tion pattern has a broadening. The full width at half

maximum of each peak is the measurements of this

broadening.

Figure 2 shows the relation between the lattice

constant and crystallite size with substrate tempera-

ture, the crystallite size has increased with the

increase of substrate temperature from nearly 28 to

39 nm for 300 �C and 400 �C respectively, and then

followed by a large increase again to 96 nm at 500 �C.
The high value of crystallite size of the TiN films

grown at 500 �C is also an indication of its

microstructure densification, and this could be con-

firmed by the higher intensity of the (111) diffraction

peak at this temperature. Increasing the substrate

temperature also increased the grouping and the

nucleation of Ti and N2 atoms making the TiN films

and resulted in an increase of the crystalline size [3].

Thus, the results clearly demonstrate that the

crystallite size of the TiN films deposited at Ar:N2

(10:2 sccm) flow rate and different substrate temper-

atures increases with increasing temperature. Similar

results for sputtered TiN films reported that the

crystallite size increases with increasing of substrate

temperature [4, 7].

Meanwhile, a similar behavior was observed for

the lattice constants of the TiN films??. At 300 �C, the
lattice constant was 4. , followed by a slight increase

to 4.245 at 400 �C and 4.254 at 500 �C, respectively.
The lattice parameter of TiN films deposited at

Ar:N2 ratio of 10:2 sccm is found to be close to the

value of the bulk lattice parameter (a = 4.24 Å) and it

possibly indicates the formation of stoichiometric

TiN.

Many researchers have reported that the increase

of substrate temperature during film deposition

improves the physical properties of films by modi-

fying the crystallite size and altering the optical band

gap of the sputtered TiN films from 4.06 to 3.4 eV

[14].

The substrate temperature has also a strong impact

on the TiN film’s microstructure which resulted in

dense and stoichiometric TiN with the absence of

voids and small crystallite size.

3.2 Morphology of TiN thin films

Atomic Force Microscopy (AFM) was used to find

surface roughness, crystallite sizes and morphology

of the TiN films deposited at various substrate tem-

peratures. Figure 3a–c shows the AFM images for

films deposited at 300 �C, 400 �C and 500 �C,
respectively. Table 2 represents the average rough-

ness (Ra) of the TiN films measured by AFM. As

shown in Table 2, the roughness decreased from

3.64 nm for samples deposited at 300 �C to

* 3.32 nm on average, and then the surface rough-

ness increased highly to 6.87 nm at a N2 flow rate of

2sccm. Figure 3d–f shows the morphology images of

the TiN thin films deposited at 300 �C with N2 flow

rate of 2, 4 and 6 sccm, respectively. A summary of

the average surface roughness Ra for TiN films is

included in Table 2. Figure 4 shows AFM 3D images

of surface roughness for TiN films at various sub-

strate temperatures. (10 lm). Figure 4a–c for various

nitrogen flow (2–4–6 sccm) at 300 �C and Fig. 4d–f for

Fig. 1 XRD patterns of the sputtered TiN films at various

substrate temperature

Fig. 2 The variation of lattice constant and grain size with

substrate temperature
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Fig. 3 AFM morphology

images of TiN deposited on

glass (10 lm). (a–c) for

various Nitrogen flow rate at

300 �C. d–f for various

substrate temperatures (Ar:N2:

10:2 sccm)
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various substrate temperature (300–400–500 �C) at 2
sccm Nitrogen gas flow.

An average roughness of 3.64 nm was obtained at

2sccm of N2, followed by a reduction to 2.92 nm at

4sccm of N2, and then reduced to nearly 0.801 nm. By

comparing these results with the preferable orienta-

tion discussed previously, we concluded that when

the orientation is in the direction of (111) the surface

is smoother than the (222) directions. Similarly,

researchers reported that dense and uniform TiN

films can be obtained by varying the N2 flow or

substrate temperatures such as 200 �C, 400 �C and

even 600 �C, corresponding to sharp XRD peaks of

crystalline structure at (111) and (222) [15–17].

3.3 Effects of substrate temperature
on the optical properties of TiN films

The reflectance of protective coatings is a critical

factor for optical and decorative applications. There-

fore, we have characterized the reflectance of the TiN

thin films grown at different substrate temperatures

(300 �C, 400 �C, 500 �C) in the range of 300–2000 nm

and for various Argon: Nitrogen (Ar:N2) gas flow

rate (10:2, 10:4, 10:6 sccm). The reflectance spectra of

all the TiN films are shown in Fig. 5. The optical

reflectance of the three films slightly decreased in the

visible region with the increase of their substrate

temperatures during the growth process from 99.1%

at 300 �C to 98.2% at 500 �C. We could explain this

result from the fact that all the films have a fine

structure composed by grains having only small

sizes, as previously shown by AFM characterizations

in Figs. 3 and 4. We relate this behavior to an

improvement of the layer quality with the tempera-

ture during growth, as already observed by the work

done in [18] who showed the same trend in their TiN

thin films when deposited at a temperature varying

from 300 to 500 �C. Thereby, the low absorbance and

high reflectance results obtained, confirm that the so-

produced TiN thin films could be used as optical and

protective coatings.

For simplicity, the reflectance values at the visible

(550 nm), infrared (700 nm) and at (2000 nm) regions

versus variable substrate temperatures and gas flow

rates, are shown in Tables 3 and 4, respectively.

3.4 Optical band gap of TiN films

Energy gap is determined using MOH and Davis’

model [19] and for direct band gap the following:

ðahmÞ2 ¼ Aðhm� EgÞ ð2Þ

where A is a constant, a is the absorption coefficient,

h is the Plank’s constant, and m is the photon’s

frequency.

To determine the direct band gap of the sputtered

TiN films, the variations of (ahm)2 versus (hm) were

plotted for the various Nitrogen flow rates as shown

in Fig. 6. The optical band gaps increased from

3.72 eV at 20% to 3.96 eV at 40%, then decreased to

3.88 eV at 60% N2 flow rate. A summary of the optical

band gap is shown in Table 5. This decrease in the

band gap may be attributed to the increment in the

grain sizes of films as a result of increasing the sub-

strate temperature as previously shown in (Fig. 2).

This is in agreement with the results reported

recently by researchers on the effects of substrate

temperature on the properties of sputtered TiN films

[20].

Figure 7 represents the variation of energy gap (Eg)

and reflectance with N2 flow rate. As shown in the

figure, the value of Eg increases from 3.72 to 3.95 eV

and a N2 flow rate at 20% and 40%, respectively.

While, the Eg deceased to 3.89 eV at a N2 flow rate of

60%.

Similarly, as indicated by different authors, the

increase in N2 flow rate during the??TiN resulted in

the improvement of films structure and the reduction

in Eg [21].

Table 2 The average

roughness of the TiN film and

various nitrogen flow rate and

various substrate temperatures

Label Temperature (�C) Flow rate of N2 (sccm) Ra (average roughness) at 10 lm (nm)

a 300 2 3.64

b 300 4 2.92

c 300 6 0.801

d 300 2 3.64

e 400 2 3.32

f 500 2 6.87
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Fig. 4 AFM 3D images of

surface roughness for TiN

films at various substrate

temperatures. (10 lm). a–c for

various nitrogen flow (2–4–6

sccm) at 300 �C and d–f for

various substrate temperature

(300–400–500 �C) at 2 sccm

Nitrogen gas flow

J Mater Sci: Mater Electron (2020) 31:20009–20021 20015



Meanwhile, the reflectance of TiN films remained

constant at 98.3% for all N2 gas flow rates used.

Figure 8 shows the variation of energy gap (Eg)

and reflectance (R) with substrate temperature. It can

be seen from Fig. 8 that increasing the substrate

temperature resulted in a reduction of the optical

band gap values, 4.0, 3.83 and 3.59 eV for 300, 400

and 500 �C, respectively. Such reduction of optical

band gap can be attributed to the increment in the

crystallite sizes of TiN films as mentioned previously

and can be seen in Fig. 2. An optical band gap of

3.43 eV was reported for sputtered TiN at substrate

temperatures of 300 �C, 400 �C [20], while for TiN

films, the value of Eg was 4.06 eV for samples

deposited at room temperature.

A similar behavior was observed for the reflectance

which was slightly reduced from 98.6 to 98.34%.

3.5 Electrical properties of the TiN films

Sheet resistance of TiN film was measured using the

four-point probe method. The average sheet

Fig. 5 Variation of the

Reflectance of TiN thin films

versus wavelength grown at

different nitrogen flow rates

and substrate temperatures

Fig. 6 The plots of (ahm)2 versus photon energy (hm) of TiN thin

films grown with different nitrogen gas flow and at a substrate

temperature (300 �C)

Table 3 The variation of

reflectance with substrate

temperature

Substrate temperature (�C) R% at

k = 550 nm

R% at

k = 700 nm

R% at

k = 2000 nm

300 99.15 99.15 99.15

400 98.9 98.65 98.8

500 98.4 98.2 98.4

Table 4 The variation of reflectance with gas flow rate

Gas flow rate (sccm)

argon:nitrogen

R% at

k = 550 nm

R% at

k = 700 nm

R% at

k = 2000 nm

10:2 98.20 97.7 98.10

10:4 99.10 99 98.8

10:6 99.05 98.9 98.8
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resistance of each TiN film was measured from three

different positions of the film’s surface.

The variation in sheet resistance Rs as a function of

nitrogen flow rate (20%, 40% and 60%) during TiN

film deposition at a 300 �C substrate temperature is

shown in Fig. 9. The sheet resistance (76 X-2) of the

deposited samples is the lowest when the nitrogen

flow rate is lowest (20%). Sheet resistance increased

with increasing nitrogen content during TiN

deposition while maintaining constant temperature

and reaches the maximum value of 127 X-2 at 40% N2

rate, then maintained the same resistance value for

the higher nitrogen flow rate of 60%.

As the working gas pressure increases, the sheet

resistance increased linearly. High working pressure

resulted in smaller grain size and higher packing

density of films. Consequently, the sheet resistance of

TiN film increased.

From Fig. 10 which represents the sheet resistance

of TiN film as a function of substrate temperature at

an Argon: Nitrogen (10:2sccm) flow rate, the lowest

value (4.53 X-2) was obtained at 500 �C and the

highest value (128. 72 X-2) at 400 �C. While the value

of (76. 33 X-2) was obtained at 300 �C. This indicates
that increasing the substrate temperature showed

some advantages and some disadvantages at the

same time. The primary reason to decrease sheet

resistance contributed to the smoothness of surface of

TiN film as the substrate temperature increased.

Here, we could conclude that the 500 �C temperature

is more suitable to obtain high quality films for the

Argon:Nitrogen gas flow rate (10:2 sccm). This is

Fig. 7 The various of energy gap (Eg) and reflectance (R) of TiN

thin films grown with various nitrogen (N2) flow rate

Fig. 8 The various of energy gap (Eg) and reflectance (R) of TiN

thin films grown at various substrate temperatures

Fig. 9 Sheet resistance versus various (Ar:N2) gas flow rates, at a

susbtrate temperature of 300 �C

Table 5 Variation of band gap

energy for TiN films deposited

at 300 �C versus different gas

flow rates

Gas flow rate

argon: nitrogen

(sccm)

Nitrogen concentration

(%)

Substrate temperature

(�C)
Optical band gap

(eV)

10:2 20 300 3.72

10:4 40 300 3.96

10:6 60 300 3.88
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mainly due to the presence of Ti ion or N ion in the

TiN film resulting from the reactive deposition pro-

cess which promotes conducting process easily

[22–24]. Further investigation of the optimum tem-

perature and nitrogen flow rate is necessary to pro-

vide TiN films with low sheet resistance.

3.6 Ellipsometric measurements of TiN
thin films

In order to extract the optical constant n and k, the

experimental spectra have been fitted by the layer

model. For simplicity, the optical constants n and

k of the TiN films deposited for various Ar:N2 gas

concentration and for various substrate tempera-

tures are shown in Figs. 11 and 12, respectively. To

obtain the optical constants (n) and (k) of deposited

TiN films, we used a combination of Lorentz

oscillator and Drude oscillator and measured for

the glass substrates to find the refractive index

n. The fitting was performed by minimizing the

mean square error and the backside substrate

reflection was also taken into account. The thick-

ness and the optical constants n and k of TiN films

were extracted based on the best fitting between

the simulated spectra and the experimental data.

Good agreement (not shown here) has been

obtained between the measured thickness and the

values determined by Ellipsometry.

As can be seen from Fig. 11 which represents the

variation of optical constants n and k with Ar: N2 gas

concentration versus wavelength, the refractive index

n at a wavelength of 1200 nm, had a slight decrease in

value, with an increase of nitrogen gas flow rate. In

contrast to the behavior of n, the extinction coefficient

k increased as the nitrogen gas concentration

increased. Similar behavior of both n and k was also

observed at a wavelength of 2000 nm.

In the visible region, the refractive index of TiN

films is around 4.76, which is similar to previous

optical measurements performed on sputtered TiN

films [5, 25].

Figure 12 shows the variation of optical constants

n and k with substrate temperature versus wave-

length. For the refractive index n at 1200 nm wave-

length, the n values were varied from 7.9 to 300 �C to

6.8 at 500 �C. There is also a small variation in the

extinction coefficient with substrate temperatures at

1200 nm, as it varies from 0.71 to 500 �C to 1.25 at

300 �C, whereas at 2000 nm the variation spans from

1.1 to 2 for the same substrate temperatures. In recent

work, Banerjee and co-authors reported on the optical

properties of TiN films at a wavelength of 2000 nm

with extinction coefficient and refractive index of 4.6

and 5.9, respectively [26]. Furthermore, Banerjee and

co-authors reported an extinction coefficient k of 4.48

for (100 nm thick) polycrystalline sputtered TiN films

at 1550 nm wavelength [27].

Fig. 10 Sheet resistance versus susbtrate temperatures at a gas

flow rate of ( Ar:10 / N2:2 sccm)

Fig. 11 Shows the behavior of n and k of the TiN films versus

wavelength for different N2 flow rate
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4 Conclusions

The TiN films were prepared by d.c. sputtering

magnetron sputtering with substrate temperatures

from 300 �C, 400 �C and 500 �C and various nitrogen

gas pressure from 2, 4 and 6 sccm.

With the increase of the substrate temperature, the

microstructure of the thin films improved with the

XRD diffractogram revealing that the TiN films

deposited at 500 �C possessed good crystalline face-

centered cubic (FCC) structure, with a preferred

plane orientation along (111). The diffraction peaks of

the film become more intense when the substrate

temperature increases, which in turn leads to the

increase in the crystallite size as well as the

enhancement of crystallinity, and the optical band

gap changed from 3.99 eV at 300 �C to 3.76 at 500 �C.
The maximum value of crystallite size of the TiN film

deposited at 500 �C was confirmed by the higher

intensity of the diffraction peaks (111) and (222) at

this temperature. It is also evident from the AFM

micrographs that the shape of the crystallites does

not change with increasing temperature. The TiN

films showed a slight increase of reflection with the

increase of substrate temperature.

The deposition of TiN by sputtering at various

nitrogen–argon concentrations gives high quality

films with dense and smoother surface. The lattice

parameter of TiN films deposited at (Ar:N2 )ratio of

(10:2) sccm was found to be close to the value of the

bulk lattice parameter (a = 4.24 Å) and it possibly

indicates the formation of stoichiometric TiN.

Increasing the nitrogen gas ratio resulted in a

reduction of the average roughness of the TiN films.

Sheet resistance of 4.53 X-2 at a temperature of

500 �C for the (Ar:N2 ) gas ratio of (10:2) sccm. In the

visible region, the optical refractive index of films

was 4.76, close to similar results reported earlier by

other researchers.

All TiN films showed a high average reflectance

above 98% and a very low absorbance less than 2%.

The reflectance characteristics of films on glass

showed a typical spectral selectivity. The small

crystallite sizes, fine crystalline structure and better

spectra selectivity is a measurement of the quality

and potential use of TiN for optical applications. The

golden-yellow color of the TiN films highlights the

importance of its use for protective and decorative

applications. It is clear the deposition parameters can

be adjusted to improve the TiN thin film properties

by choosing an optimum substrate temperature and

Ar:N2 gas ratio to match the actual gold color

required for decorative applications.
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