Understanding Nickel Thin Film crystallization using X-Ray Diffractometry

'THOMAS OTITI; *’GEORGES-IVO EKOSSE; *SATHIARAJ, T. STEPHEN

™ Department of Physics, Makerare University, Box 7062, Kampaia, Uganda.
‘Geology, Mining and Minerals programs, University of Limpopo, P/Bag X1106 Sovenga 0717, Sourh 4fvica
‘Deparrment af Physics, University of Botswema, 0022 Gaborone, Botswana

ABSTRACT : »ormal, helicsl and Zigzaz deposited 14 films were produced by letting a vapour smeam of source
marerizl impinge on Coming 1737 glass subsmates ar oblique incidence while rotating the subsmate during depostton.
Films produced by glancing angle deposmion (GLADY) technique while rommng the bsmae. The microsmacnres of
these Mi films were studied wsing X-ray diffractomeny technigne. The X-ray diffraction (XFT¥) pattemns depicted 100%:
and 42% relatve intensity (BI) peaks idenrified for ponnal snd belical depesited M1 films bur nons for the zmszag
depostted Ni film Higher degree of crystallinity of Mi was demonstrated by the halical thin film sanple having 200 mm
thickness (sample M40 compared to the nommsl thin film which bhad only the 100% BI peak defined Should an
application therefore requure 2 thin filws of kigh crysmallininy, it would be the film prepared with kelical microstoucture

of 200 mn thickness that will be employed. (@ JASEM

Geclogically, mickel cccurs either as  residual
concentrations of mckeliferous laterites assoclated
with basiciultra basic igneous rocks, or nickel
sulphide ores formed by replacement or magmatic
mjection (PIRSA Minerals, 2007). Sixty percent of
N1 resources are of mickeliferons laterites and the rest
of the sulphide. The nickel sulplude ores are
associated with the platimum group metals (PGMs).
There are approxmmately 30 minerals (Nickel
Minerals, 2007) which contain N1 of which the most
gbundant i3 pentlandite. Its  extraction and
purification, and applications constitute a huge mult
billion dellar industry. Its applications stretch mto
stainless steel, coinage, magnets, special alloys,
painting and tmting, and lzboratory uses (Wickel
2007, Mickel Mineral Data, 2007).

An area i which N1 has found applicanions 13 the
usage of thin films, which are essential in modem
technologies and their optimization is the focus of
contmmued growmg research. Its application m thin
films promotes the fabrication of namostmctursd
materials. By altering colummar meclination amgle
(P}, and vapour incidence angle (o), different and
varied properties of the films emerge which are
characteristic for special applications. Other factors,
which affect the film structure, mclude material and
deposition conditions such as substrate temperature,
engular  distibution of the depeosmion flux,
background gas pressure and compesition, and flux
energies. Deposition patterns of films could be
normal, helical or zigzag. These pattems coupled
with the listed factors herein influence degree of
crystallization; and hence determine application of
product.

In varying these factors, and controlling the column
angle (B ) and the flux angle (o) the density will
vary in a predictable but not

conirellable  or  desirable  manmer.

independently
This  direct
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dependence on flux angle (@) of both columm angle
{p) and film density restricts the range of thin film

microstructure attainable. For example, a porous film
with vertical microstructure would be forbidden. The
limmtation could be overcome by producing Ni films
using glancing angle deposition (GLAD) (Eoblie ef
al, 1997). This technigue combines oblique
deposition onto a flat substrate with computer control
of substrate rofation. enabling the colunm angle and
film porosity to be chesen independendy by rotating
the substrate i a confrolled mamnmer. With control of
microstructure, material properties  for optical,
chemucal, biological. mechamical, amnd electrical
applications can be tailored to a much ngher degree
of accuracy.

Being a novel techmique of thin film deposition,
demonsirated  applications  are  increasmgly
developed. Some already feasible usages include
magnetic media high density information storage
(Hsieh er al., 1997), liqmd crystal display technolegy
(Robbie er al, 1999), photomic crystal (Kennedy et
al., 2003}, eptical rotators, pelarization beam sphitters
(Azzam 1992), optical filters (Hodgkimson er al,
2000; Hodgkmson et al., 2000a; Kaminska et al.,
2003). The techmgue 15 being explored for
applications in  the bioluminescence  sensors,
electrolummescent  devices, optical transparent
conducting films from pure metals, multistate
electrome switches based on filamentary conduction,
optical sensors that can detect and quantify various
chemical and biological fhuds, microsieves for
enirapment of viruses, porous materials for growing
brological tissues, chemical sensers, catalytic reaction
surfaces, opiical coafings. thermoelectric matenals,
quantm effect devices, field emitters, and solar cells.

Different znalytical toeols have besn used in
charactenizing thin films (Murakamu et al, 1995;
Bueno-Core er al.. 2004; Noh e ol 2000). One of
such toel 15 the X-ray diffractometry. The XRD
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techmique aids m finger printing phases present in an
gnalyte by identifying and characterizing it. There 15
mereasingly  wide significance and  promising
gpplications of Mi thin films and the potential for
those particularly produced from GLAD techmgue to
gain stong mduostrial applications. This smudy thus
employed X-ray diffractometry in understanding Ni
thin films crystallization It is anficipated that the
generated knowledge will form basis for further
applications of Ni thin films.

MATERIALS AND METHODS

Film preparation: Four different samples of N1 films
(zamples Ni0, M40, Ni80 and Ni70) were prepared
by GLAD techmigue by evaporating Ni wire onto
glass substrates in a vacuum chamber at pressures not
greater than 107 mb at room temperature. Coming
1737 glass substrates were cleaned and attached to
substrate helder m the chamber. The subsmate was
tilted and rotated as desired. The tilt gave the vapour
mecidence angle to the substrate normal. The rotation
of the subsirate was computer controlled to give the
desired shape of the micrestructure. Stepper motors
conirolled the deposition angle, (¢ tilt) and rotation
of the subsmrate about an axis normal to its surface
(hrotation). A computer based feedback conmol
system actuates the moters in accordamce with
parameterized programs of o and ¢ as functions of

accummlated film thickness. By moving the substrate
in a confrolled way during deposition, the shape of
the columns was accurately tailored on a nanometer
scale. The columnar merphology was therefore
directly related to the dymamically controlled angular

coordinates ( o, ) of the vapour deposition source

Sample Ni0l was prepared with the glass substrate
horizontal; with the vapour incident angle to the
substrate normal being 0° and the film thickness 300
nm Sample Nid) was prepared with the glass
substrate tilted; with the vapour incident angle to the
substrate nommal being 40° and the film thickness 200
nm from two tums of a 100 nm each. It was helical in
microstructure with two rotations. Sample Ni80 was
prepared with the glass substrate tlted: with the
vapour incident angle to the substrate normal being
20° and the film thickness 200 mm from two tumns of
a 100 nm each. It was also helical in microstmcture
with two rotations. Sample Ni70 was prepared with
the glass substrate tilted: with the vapour meident
angle to the substrate normal being 70° and the film
thickness 1000 nm from 10 =zgzags. Itz
microstructure was zigzag.

X_Ray Diffraction Analysis: The X-ray diffractometer
(Plulips PW 3710 XRPD system) used for the
analyses of the samples operated at 40 kV and 43

mA, with a Cu-Ka radiation and a graphite
monochromator with PW 1877 Antomated Powder
Duffraction. A 2001 X°PERT Data Collector software
package was used for captuning of phases present in
the different samples. The X-rays were produced at
the wavelengths ; = 1.54056 A and 7, = 1.54439 4
with &, stripped off. Samples were scanned from 2°
26 to 80° 26 using a step size of 26 = 0.02 and a time
per step of 0.30 seconds and ther diffractograms
were recorded A 2001 version of the Plulips
X'PERT graphics & Identify software package was
used for gquelitative identification of the mumerals
from both the data and pattems obtained by scanning.
The interpreted results were compared with data and
patterns available in the mineral Powder Diffraction
File data book and search mamuoal issued by the
Intermnational Centre for Diffraction Data (2001) for
confirmation.

ERESULTS AND DISCUSSION

Figures 1 to 4 are the X-ray diffractograms of the
samples, and Table 1 gives thew peak properties
according to peak angle, peak height and peak tip
width. The ideal 100% FI peak for INi 1= at 44.5 28,
and other significant peaks for Ni identification are
the 42% PRI at 51.8 26, and 21% RI at 76.3 26.
Sample Ni0 was crystallined with only the 100% EI
peak wery well defined. Sample Nid0 was
crystallined with both the 100% and 42 % BI peaks
very well defined. Whereas sample Ni70 was
amorphous with not a single defined peak, sample
Ni180 was peorly crystallined with ifs peaks not
clearly defined.
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Fig 1: X-ray diffractogram of normal deposited Ni
thin film (sample NiQ)
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Fig 2: X-ray diffractogram of helical deposited Ni
thin film (sample Nid0)
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Fig 3: X-ray diffractogram of zigzag deposited N1
thin film (sample Ni70)
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Fig 4: X-ray diffractogram of helical deposited Ni
thin film (sample Nid0)

Table 1: Peak characteristics obtzined fom M-ray diffractomeny
of samples of i thin fhms

S Deak Felaove  Miller Peak Peak

No angle imtensity  indices  height up
(28 (%) bkl (count widtk

angls) 5s) (280

Hil 443 100 111 17084 0.10
5le 42 200 1618 0.16

N 444 100 111 400 018
517 42 200 1584 0.40

MO - - -

il 443 100 111 1563 0.24
518 42 200 1138 0.20

76.2 21 220 L3 0.64

Using glancing angle deposition. porous chiral and
zigzag N1 films with tatlourable microstrueture were
fabricated. With this technique of growth during
spinning of the substrate and growth wlule the
substrate is stationary, colummn angle and azimuthal
orientation can be contrelled independent of film
density. Film density 1s then specified by choosing
the obhgue sngle of vapour flux incidence at the
substrate. Helical and zigzag structures with modified
geometry have been demonsmated.

In understanding the crystallimity of the Ni thin films.
Heray diffrctometry was employed. The X-ray
diffractometry thus demonstrated that Ni thin film
prepared by GLAD in which the glass substrate 1s

tilted, and having a vapour imcident amgle to the

substrate normal being 40° and the film thickness 200
coupled with a helical microstructure; had higher
crystallinity compared to that prepared normally.
This GLAD technique therefore is switable for the
production of NI thin films, and the characterization.
It defines with the aid of X-ray diffractometry how
thin films of high crystallinity could be produced
with significant accuracy.
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