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Abstract
Al-Ni-Cr alloy ingots contains 0.25, 0.5, 0.99, 1.98 at.% of Ni-Cr were prepared by melting together of
high purity wire aluminium , powder of nickel and very small pieces of chromium in an electric furnace at
800 oC under a pure argon atmosphere. Specimens Al and Al-Ni-Cr alloys were annealed at 560 oC for 1300
hr, and rapid quenched in water. Nanofilms prepared with thicknesses 8, 15, 25 nm of Al and Al-Ni-Cr alloys
were deposited by thermal evaporation technique under vacuum of 10-5 mbar onto glass substrate
temperature 298 K and rate of deposition 0.2 nm/sec. The crystallite size of such nanofilms were measured
using AFM images and found to be ranged of 4.754 -10.204 nm and roughness ranged of 0.538-2.65nm. The
measured transmittance values increases with decreasing thickness with the range of 90-94% at 8 nm. The
optical band gaps calculated decreases with increasing concentration of Ni-Cr .
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Introduction
The formation of thin films containing nanoparticles can lead to novel applications in the areas of
photonics, catalysis, electronics, magnetism, and biomedical engineering [1]. Despite the recent advances in
creating various types of functional nanoparticles [2-4], it still remains a challenge to create conformal thin
films of nanoparticles with precise control over the physicochemical properties.
Antireflection (AR) coatings have been widely used in many applications including glass lenses,
eyeglasses, lasers, mirrors, solar cells, IR diodes, multipurpose broad and narrow band-pass filters,
architectural and automotive glass and displays such as cathode ray tubes, as well as plasma, liquid crystal
and flat panel displays. In addition, highly reflecting dielectric mirrors have been developed to be used in gas
lasers and in Fabry-Perot interferometers [5,14]. Many techniques based on top-down lithography, such as
photolithography [15], electron-beam lithography [16], laser interference lithography [17], and nanoimprint
lithography [18] have been used to generate antireflective SWS on Si surfaces.
Experimental
The most important step in the study of nanofilms is their synthesis. For the investigation, we used an Al1.8at.%Ni-0.18at.%Cr alloy prepared by melting together of high purity wire aluminium , powder of nickel
and very small pieces of chromium in an electric furnace type (Via P.da Cannobia, 10, 20122 MILANO,
Italy), at 800 oC under an argon atmosphere. The alloy obtained diluted three times by pure aluminum to
obtain the following alloys: Al-0.9at.%Ni-0.09at.%Cr, Al-0.45at.%Ni-0.05at.%Cr, Al-0.23at.%Ni0.02at.%Cr.
The composition of aluminum alloys adopted in the search in terms of atomic percentage and weight
percentage shown in Table(1).
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Table (1): Composition of prepared samples(at.% and wt.%).
Al

Ni

Cr

Alloy symbol

at.%

wt.%

at.%

wt.%

at.%

wt.%

S1
S2
S3
S4
S5

100
99.75
99.5
99.01
98.02

100
99.446
98.031
97.896
95.836

0
0.23
0.45
0.9
1.8

0
0.495
0.958
1.935
3.827

0
0.02
0.05
0.09
0.18

0
0.037
0.096
0.168
0.337

Heat treatment is an important operation in the final fabrication process of any engineering component.
The objective of heat treatment however, is to make the metal better suited, structurally and physically for
some specific application, so the product expose to annealing at 560 oC for 1300 hr, followed by rapid
quenched water. After structural and some mechanical testes, the prepared specimens have been milled to get
a powder. The powder of prepared specimens was used as a source of the thermal evaporation to prepare the
films.
UV-Visible spectrophotometer (UV SPECTROPHOTOMETER SHIMADZU MODEL UV-1800) used
to measure the transmittance (T) as a function of variation wavelength in spectral range of 200- 1100 nm for
Al and Al-Ni-Cr nanofilms with various content of Ni-Cr onto glass substrate at room temperature has been
measured. The optical energy gap (Egopt) is calculated from the relationship between (hν)n and hν
according to relation [22] :
hν =  (hν-Egopt)n
(1)
where n is an integer depending on the nature of electronic transitions. For the direct allowed transitions, n
has a value of 1/2 while for the indirect allowed transitions, n = 2, and  is estimable constant.
All films were prepared by thermal evaporation technique in thicknesses of 8, 15, 25 nm, and vacuum
system are 10-5 mbar supplied by Blazers model [BL 510], and deposited onto glass substrate at R.T.
Atomic force microscope AFM (Model AA3000) to study the morphology of surface for films. UV–
Visible spectra were recorded on a UV–Visible spectrometer (Shimadzu UV3600, Shimadzu, Japan).
Result and discussion
The optical behavior of single and multiple homogeneous coatings is well understood [23, 24]. Therefore,
it must be check the homogeneity of the film surface. The check by morphologic study is good proof for
homogeneity.
2D and 3D AFM surface images films for Al and its alloys with various contain of Ni-Cr were shown in
Figs.(2-6).
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Fig.(2): AFM images for nanostructured film evaporated from S1 sample, (a) 2D, and (b) 3D.
.

Fig.(3): AFM images for nanostructured film evaporated from S2 sample, (a) 2D, and (b) 3D.
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Fig.(4): AFM images for nanostructured film evaporated from S3 sample, (a) 2D, and (b) 3D.

Fig.(5): AFM images for nanostructured film evaporated from S4 sample, (a) 2D, and (b) 3D.

Fig.(6): AFM images for nanostructured film evaporated from S5 sample, (a) 2D, and (b) 3D
Out of the figures it can notes a familiar granular structure with grain size around some of nanometers, a root
mean square (RMS) roughness ranged of 0.538-2.65 nm, and a maximum peak to peak height Sz (ten point
height) ranged of 1.79-8.52 nm. However, some of the small grains agglomerated to form greater grains. The
AFM data for the Al and Al-Ni-Cr nanofilms are given in Table (2).
Table (2): AFM data for films prepared from Al and its alloys with Ni-Cr.
Alloy
Roughness
Root mean
Ten point height Crystallite
sample
average Sa(nm) square Sq(nm)
Sz(nm)
size (nm)
1.390
1.830
6.250
6.358
S1
0.891
1.240
3.800
5.893
S2
0.392
0.538
1.790
4.474
S3
0.620
0.832
2.940
4.754
S4
2.100
2.650
8.520
10.204
S5
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1- For all the deposited nanofilms at thickness of 8 nm as in Fig.(7), the optical study at wavelength longer
than 340 nm shows a highly transmittance. All the films demonstrate more than 90% of transmittance,
and the maximum value is reached to 94% depends upon radiation energy as well as the composition of
the film. The highly transmittance is due to crystalline nature of the prepared films. Below 340 nm there
is a sharp fall in the transmittance of the films where value reached approximately 10%, which is due to
the strong absorbance in this region. UV-VIS transmittance measurements have shown that the
nanofilms are highly transparent in the visible wavelength region, ranged of 90% which makes them
suitable for sensor applications. This explains the possibility of the use of nanofilms as a protective
window of solar cells which allow the passage of solar radiation among the visible light region and
protects it from the radiation located within the UV region which is considered undesirable.
2- For all the deposited nanofilms at thickness of 15 nm as in Fig.(8), the optical study indicate that the
transmittance values at wavelength longer than 340 nm were less than it is in the case of thickness at 8
nm. The value of transmittance was found in the range between 46% for sample S5 to 78% for sample S1.
Below 340 nm there is a sharp fall in the transmittance of the films, where value reached approximately
10%.
3- For all the deposited nanofilms at thickness of 25 nm as in Fig.(9), the optical study indicate that the
transmittance values at wavelength longer than 340 nm dropped to low values, where they found in the
range between 13% for sample S5 to 32% for sample S1, and approximately 10% of transmittance in the
UV region.
The results clearly indicate that the deposited nanofilms are found to be very sensitive to the thickness.

Fig.(7): Transmittance spectra of Al and Al-Ni-Cr nanofilms measured at thickness of 8 nm.
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Fig.(8): Transmittance spectra of Al and Al-Ni-Cr nanofilms measured at thickness of 15 nm.

Fig.(9): Transmittance spectra of Al and Al-Ni-Cr nanofilms measured at thickness of 25 nm.
The measured values of optical energy gap Egopt for Al and Al-Ni-Cr nanofilms are listed in Table (3).
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Table(3): Optical energy gap values with thickness and Ni-Cr content
Thin film
symbol

Thickness (nm)
8

15

25

S1

2.3

1.55

1.5

S2

2.27

1.5

1.45

S3

2.25

1.45

1.4

S4

2.2

1.35

1.3

S5

2.1

1.3

1.2

It can be noted from Table(4) that the values of the optical energy gap of Al and Al-Ni-Cr nanofilms are
decreases with increasing both of Ni-Cr contents and thickness. The decrease of energy gap is attributed to
the increase of disorder in the material, that means allowing excitation secondary levels inside the energy gap
and increase the width of these levels with the increasing Ni-Cr content which leads to decrease the width
gap. The increase of the density of localized states inside the energy gap causes the decrease of optical
energy gap.
Conclusion
From the experimental results we conclude that the crystallite size of such nanofilms found to be in ranged
of 4.754 nm -10.204 nm and roughness ranged of 0.538-2.65nm. The measured transmittance values
increases with decreasing thickness taken the range of 90-94% at 8 nm,which makes them suitable for sensor
applications. The optical band gaps calculated decreases with increasing concentration of Ni-Cr.
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