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Abstract

Thin nickel films with thicknesses (2 nm., 5 am. 10 pm and 60 1m)
are prepered by Ton Beam Sputtermg (IBS)in a vaccum (p=107 Torm).
The trensmittance (T) and reflectance (R) spectra in the ultravieter,
visible and near infrared regions at wavelength (300 nm - & -~ Z500 nm)
are measured.  The optical constants are calculated  from  those
measurements as well as the fiim thickness.

[t 1s found that the refractive index (n) and the absorption
cocfiicient o (w) ai angular frequency of radiation (w) are decreased with
increasing  the film thicknesses. 1n addition the variation of the retracuve
index. the excdnction coefficient (k) and the real and imaginary parts of
dielectric constant { 8, and &.) versus wavelength are also studied.
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Introduction

The field of optical properties ot thin film 1s wide. because optical
properties can be deftned for any and all substances that interact with
light.

Merals i principle have fearure of the high density of conduction
electronics. Almost the energy falling on surface of the metal is tound in
the reflected beanm So we can say that metals are almaost totally reflecting
and almost non absorbing. The optical characteristics of very thin metal ‘
film {2100 nm}are different trom those of the bulk metal because of the
size effect. oxidation and effect of impurities in films

The optical propertics of metals have been the subject of
widespread study by many observers [1-6]

However, with the application of quantum mechanics ot the selid
state, the measurement  of the constant (8) < &) + 10- where (90 and {9-)
arc the real and the imaginary parts of the dielectne constant respectively
has taken on a new significance i recent vears

These constants are related to the index of retraction (00 2ud the
extinction coefticrent (k) [ 7] by the relations
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The reflectance (R) and the transnuttance {T) are usuallyv the most
mmportant optical properties specitied for a film followed by absorption
(A).

The absorpnon coefticient oo/ at angular frequency of radintion
{w) defined hy [8°
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[In(t-R/T)/t=4mk/h i (3)
o) =[in(T=R)/t oo (4)

where t is the thickness of the films . Then:
k=ofon/4n. .. . ST PP RURUUUPU (5)

In the case of the numal mcidences, theietlectance (R) can be
detined by:

RIS 6
s e o (6)

This equation allows tllc direct determination ot {n) by [9]
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The optical constants for electron beam evaporated {iims of sixteen
metals other than Ni have been determined {10} The solar optical
prapertics of vacuum evaporated thin Ni films have also been reported
[11]. Recently other propertics such as magnetic [12] and ESCA [13] are
being published at different labs. in this paper the optical properties of
thin Nt films w1th different thicknesses prepared by ion beam sputtering
in vacuum of 107 torr are studied. Other related parameters such as the
real and imaginary parts of dielectric constants arc alse obtained.

Experimental Produce
Thin (N1) ﬁlms were prepared by lon-Beam Sputtering (IBS) in a

vacuum of p= 107 torr deposited on corning glass (silica) substrates from
a nickel target (purity 99.99%) with thickness of (2 nm, 5 nm, 10 nm, 60
nm). The thickness of the films was obtained by X-ray technique [14].
The technique that used for determining the optical constants is
called reflection-transmission (R-T) method. In this method the
measurements are taken at room temperature using a lambda-9
spectrophotometer at normal incidence in ultra-violet, visible, and near
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irfrared regionss (390 ame w2300 mmy Paaations (1= mre used 1o

dcternune o, ko o,o, dand ;.

Results and Discussion
Reflectance and transmittance spectra

Figo 1 represent the spectial reflecrance ot nickel Gh<rait -2 am
CUomi The figlre exbibiis that Ui B Leee gl e ectan, oo i

st andiared region which i oreleied e tie faree niemiber o e Cartiers

Also 1t shows the relation between the teflectance and the thicknesses of

the films. The thinnest {ilms shows a ditferent behaviour Irs reflectance

moreases with increasing vl L T PO L T P R TEY
and becomes constant i the region Lo e 20 2300 i 1 e posaes I
recteciiee due e the et the dho soanmes are e lonee: cooninen s has
uNist as osmcl dslands s This s sappoited b the sramisaaesson ¢ ectiorn
microseopenvesngaton{ 14 Fie o2 shows thar the tanseittane

spoctad of those frhmis, 1018 seen thel e Uensniinnce docreiaes v

wavelength and mereasing the thichness due e arain sive the i

The transmittance of sputercd A-ms [T disploved the sone
dependence with wavelength
| g

Crpiical vonytants

The eptical constants of the Dhe o senonsiv aiivoed oy o
microstructure which i depends on feetors sueh as Vie depaesiion
technique. the deposition rate. (e cemperature of the sultrie ars e
thichness of the thin film. The optical constants become ver suseepiible
to thickness if the film 1s porous. Ax a result of this porosity. the thin film
could show an apparent thickness dependence. 1t the thickness of the thin
films is reduced to a degree at which it becomes discontingous and some
anomalous properties start to appear Such thin {itms are defined as wliea
thin films Tig. (3) represents the relation between retractive index (n)
calculated from equation (7) and the wavelength (A) It has shown that
the refractive index has a constant value in the ultra-violet region (300-
400) nm and increase with increasing the wavelengih up 1o the near
mfrared region. The figure shows that the refractive index () of the
thinnest film (2 nmy decrease with increasing the wavelenoth in the
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region 1000 nm < A <2500 nm Also this figure shows that the value of
(n) decreases with increasing the film thickness. However, the film of
2nm thickness had different variation at A=900 nm. The other optical
constant is the extinction coefficient (k) is presented vs X in fig. (4). Itis
shown that the value of (k) increases with the wavelength and decreascs
with the thickness. An acception was noticed for the thinnest film at A=
O00nm.

I alse stras that k(w) has @ Jow value mdhe vielen regrion sic
become higher in the near infrared region. This is because the intra band
(ransition in the near 1R region becomes more important than of the mtra-
hand transition in this region. Feldkamp et al {4] obtained the electron
encrey loss spectrum of Ni films and used the Kramers-Krolnig analysis
1o obtain 1 and k. Film thicknesses were in the range (50-100) nm and the
{ihn were a polycrystaliime and continuos.

Vehse and Arakkawa [5) obtamed tor the near normal-incidency
reflectance data. from - 49.5 nmto 335 <4 nm {or evaporated nickel films
and some values of reflectance versus angle of incidence measurements
were also made at selected wavelengths within this range. The films were
(180-220) nm thick and were probably deposited onto the shides at room
temperaturc. A Kramers-Kronig analvsis was then done using the nand k
values obtained at the selected wavelength values. While lynch et al [0]
present the optical daia on a single polished crystal at 4 K. {(111) face].
The data were obtained from 49.5 nm to 155000 nm.

Fig (5) shows the spectral variation of the absorption coeflicient
afiw). 1t is obvious that there is a peak in the range 400 nm <2<650 nm
which means that there is an absorption band in this region. It also shows
a wavelength independence in the longer wavelength constant as
increasing with (A) and decreasing with thickness. Fig (7) shows the
variation of &, and &; with (&) for thickness (60 nm). The figure displays
inverse relation between 8, and A. The dielectric constant 18 produced by
type of polarization called electronic polarization which caused by
interacts of the electric field of the electromagnetic wave with the atmos
It can displace electron charge clouds with respect to their positive
charged center leading to the formation of dipoles.
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Conclusions
The results obtained  in this work can be summarized in the
following:

I- The reflectance of the nickel films are increasing with wavelength and
with thickness of the films.

- The transmittance decreases with wavelength and thickness

- The optcal constants are caicidated  from the reflection !
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Figure (1) The reflectance spectiam of Ni films in btra-viedet=visible and near
infrared regions,
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Figurc 2) The transmittance spectrum of Nifilms in uitra-vielet-visible and near
infraresd regions.
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¥igure (3) The variation of the refractive index vs. wavelength for thin Ni films.
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Figure (5) The variation of absorption coefficient vs. wiavelength for thin Ni films.
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Figure (6) The variation of the real and imaginary parts of the diefectric constant
with warelength for thin Ni film at t =60 nm.
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