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ABSTRACT

Magnesium nickel sulphide (MgNiS) thin films were prepared on glass slides by chemical bath deposition technique
(CBD). The eectrical, composition and optical studies were done. These analyses were obtained using a four point
probe technique, energy dispersive x-ray fluorescence (EDXRF) and a Janway 6405 UV-VIS spectrophotometer
respectively. The effects of variation in the deposition time on the electrical, composition and optical properties of
the grown films were discovered. The electrical analysis shows that the grown films are P-type semiconductors. This
is because their electrical conductivities are greater than the intrinsic conductivities. The compositional study shows
that as the deposition time increases, the Mg”* decreases. The optical analysis indicates that the grown films can be
used as antireflection films, solar control coating and absorber layer films. These were discovered from their
optical properties.
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INTRODUCTION

For many decades, the energy needs of many cosithtaiee been met by the nonrenewable resourcesilikked

petroleum products [1]. Recently, there is an iaseein the cost of these resources. Consequeatigarch is
shifted to the renewable energy [2]. The renewabsource such as the sun has the problem of lowecsion

efficiency. Consequently, scientific researchers earrying out intensive research to see how thiblpm can
reduced by using suitable semiconductor thin fitas boast the energy efficiency [3]. Compound sendactors
have attracted much attention of the researcheaiagithe past years because of their applicatiosolar cell and
optoelectronics [4]. Interest in ternary alloy caupds is increasingly being studied because ofsjtscific

applications in solar energy industries. [5]. Tisi®f great importance because most binary thindilre of poor
conductivity and their usefulness resides in thiéitatio dope them with impurities so as to achigheir desired
properties and make them multifunctional [6]. A rhen of thin film deposition methods have been uisethe

preparation of ternary films.A low temperature dass sophisticated chemical bath deposition (CBighnique
produces good quality films. This method has begplied in producing materials for solar cells, sdalaermal
control in buildings and protective coatings [7hi§ research reports the effect of deposition timehe electrical,
composition and optical properties of MgNiS thilmfi

MATERIALS AND METHODS

The preparation of MgNiS thin films on glass slidesre carried out using chemical bath depositichnigue. The
glass slides were degreased in hydrochloric agi®@4ohours, washed with detergent, rinsed in tkstilvater and
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dried in air. This treatment caused the oxidatibhalide ions in glass slides used as substratellyentroducing
functional groups called nucleation and epitaxiahters on which the thin films were grafted. Thgrdased
cleaned surfaces have the advantage of providintgation centers for the growth of film hence yietdl adhesive
and uniformly deposited films.[8]. The reaction tbdor the deposition of MgNiS contained 10mls o®M. of
MgCl,, 10mls of 1.0M of SC(NE), and 10mis of 14.0M of Ammonia.50mls of distillecter was added to make
up 90mils in a 100ml beaker. Ammonia solution wasdufor dual purposes as a complexing agent as asell
provision of alkaline medium for the growth. Thenétion of the complexing agent is to slow down tlaction in
order to eliminate spontaneous precipitation. Tdueadons for the reaction and deposition of MgNi& a@s follows:

MgCl; + 3NH, «— [Mg (NH),]*" + 2CI

[Mg (NHz))** «— Mg" + 3NH,

NiCl, + 3NH, «— [Ni (NH),*" + 2CI

[Ni (NHz)a]*" «—p Nf"+3NH,

SC(NH,); + OH«—»CHN, + H,O + HS

HS+OH «—»HO +S

Mg®* + Ni** + € —» MgNiS §

The sulphide ions are released by the hydrolysihiofirea but Mg and Nf* ions are from complexes which the
solution of MgC} and NiC} formed with NH. The Md*, Ni** and $ present in the solution combined to form
MgNiS molecules which were adsorbed on the gladsThe nucleation and growth take place by iomichange
of reactive §ions. This process is referred to as ion by iorcess and in this way, MgNiS films were deposited on
glass slides as uniform and adherent thin filmse Flepositions were made with five different depositime as
shown in the table below. For each deposition,giass slide which was mounted on the beaker withsiimthetic
material was taken out of the beaker, rinsed wistillkd water and allowed to dry in air. The filnggown were
characterized for electrical, compositional andiagbtproperties. From the values of absorbanceimdda other

properties such as film transmittance, reflectanod, band gap energy were calculated

Table 1: Preparation of MgNiS Thin Films

Reaction Vol. Conc. MgCh V.OI‘ Conc. NiCl, val. Conc. SC(NH): Vol. | Distilled Dip time
bath MgCIz (M) NlClz (M) SC(NHz)z (M) NH3 H,O (hl')
(ml) (ml) (ml) (ml) (ml)

E; 10.0 1.0 10.0 1.0 10.0 1.0 10{0 50.0 8.0
E, 10.0 1.0 10.0 1.0 10.0 1.0 10{0 50.0 9.0
E; 10.0 1.0 10.0 1.0 1C.0 1.0 10.C 50.0 10.C
Es 10.0 1.0 10.0 1.0 1C.0 1.0 10.C 50.0 12.C
Es 10.0 1.0 10.0 1.0 10.0 1.0 10{0 50.0 24.0

RESULTS AND DISCUSSION

Electrical Characterization:

The electrical properties of the grown films wemngdstigated using a four point probe technique. gimpose of
the four point probe is to measure the resistivitythe semiconductor thin films grown. The four moprobe
consists of four equally spaced tungsten metahtigts finite radius. Each tip is supported by sgsron the other
end to minimize sample damage during probing. The Mmetal tips are part of an auto-mechanical stelgieh
travels up and down during measurement. A high @apee current source is used to supply currentgfirahe
outer two probes, a voltmeter measures the voléagess the inner two probes. The relationship efdhrrent
and the voltage values is dependent on the sheistivéy and the thickness of the films under té$¢nce the
resistivity is given as

14

Ln2Il

pPs =
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or
_ ntV
Ps = Tna
Where ﬁ = 4.523 and t = thickness of the film.
This implies thaps= 4.523 VT =4.523R

From table 2, it is observed that as the depositiore increases, the electrical resistance decsebse the
electrical conductivity increases.

The table also reveals that the electrical conditiets of the grown films are greater than the ingic
conductivity of the semiconductor film. This im@iehat the thin films of MgNiS grown are of p-type
semiconductors [9].

Table 2. Electrical properties of MgNiS films withvariation in dip. Time

Slide No Dip. Time(hr) Resistivityp (Qm) Conductivity ¢ (Qm)
E2 9.0 2.48 x 10 4.03 x 10°
E4 12.0 2.14 x 10 4.067 x 16
E5 24.0 1.82 x 10 5.50 x 1G°

Composition of the Films:

The determination of the composition of thin filissrery necessary particularly for films deposibgdCBD growth
techniques and electro chemical deposition methddere are several methods for determining thim fil
composition. The method adopted in this researcthésenergy dispersive X-ray fluorescence (EDXRH)e
radioisotope x-ray machine has a Silicon-lithiunted&or (model SL 12170) with Beryllium window.

When a sample was placed on an x-ray excitatiomceo@d®, the sample was excited and subsequently
characteristic x-rays were given out and detectgdhle Si-li detector. A preamplifier attached tee tHetector
amplified the signal. This was sent to the spectpg amplifier for further amplification. With thieelp of the
computer system, the spectrum was displayed. Tasdene for a period of 3000 seconds after whielsgiectrum
was saved for quantitative analysis. In this weenples E E;, E, E4, and E, were selected for this analysis.lﬁ‘fd
source was used to analyze the quantities of MdlewPFe was used for the determination of the quantity o
sulphur. The contents of Mg Ni?* and $ for the grown films are shown in table 3.0.

Table 3.0 Compositional analysis of Mgy Nix S thin films

Slide No | Composition | Mg content | Nicontent | S content | Impurity Cl
(x) Wit% Wit% Wit% Wit%
E; 0.000 55.45 - 44.55 -
E, 0.010 53.16 0.45 43.81 1.00
E; 0.075 52.19 1.37 45.44 -
E4 0.100 52.17 1.81 45.00 1.00
Es 0.150 51.19 3.98 44.83 -

From the composition studies, the grown films dightly rich in Mg®*, whereas $is practically constant. From the
table, the content of M§ decreases with increasing deposition time.

Optical Characterization:

The optical properties of the grown thin films wetadied in the 0.28n to 1.um wavelength range of a Janway
6405 UV — VIS model of spectrophotometer. Fromrémults, the following properties and their appimwas were
determined.
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Figure 1 is the absorbance spectra of MgNiS tHnsfi A close observation indicates that the filmsvwn for a
higher deposition time of 24 hours has the higlabsiorbance value at UV regions. It further reveladg films
grown with a shorter deposition time such as filmstide g has the least absorbance value. The implicatighisf
is that the higher the deposition time, the higherabsorbance in the UV region. Such films of ragisorbance in
the UV region are used as thin film for coatingseémperate regions of the world like Nigeria [10his is possible
because the films have the ability of absorbingeagpercentage of the harmful ultra violet radiagi and keeping
the inner surface cool. However, films of low altsorce such as films on slide &n the VIS and UV regions are
useful in coating windscreens and driving mirrdrkis is because it prevents the effects of dazdlgig into the
drivers’ eyes from the oncoming vehicles. It coalslo be used in coating eyeglasses. This helpsteqt the skin
around the eye from sun burning which is usuallysea by the concentration of the UV radiation.

Figure 2 shows the transmittance spectral of MgtKi8 films. A close look at the plots reveals thta thin films
prepared when the deposition time is 24 hours haseast value of transmittance (20 — 35%) at thieWJS — NIR
regions of electromagnetic spectrum. Also thin §ilprepared when the deposition time is small (&d)ouas the
highest transmittance values. The implication @ th that thin films of high transmittance candi#ained when
deposition is made for shorter period of time. Eilofi high transmittance value such as films oresiidcan be used
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for warming coatings since it allows greater petage of solar radiation to pass through. This tgpéhin film is
used in the arctic regions of the world and foremats used in poultry.

Figure 3 shows reflectance spectra of MgNiS thHim fjrown. The plot indicates that the reflectamakies of the
thin films grown are generally low irrespective tbe length of the deposition time for growth. THilms of low

reflectance values are used for coatings in thar smlllector plates. Such films help to reduceltss of incident
solar radiation due to reflection. This enhancesdfficiency of the solar cell collector plates.

Figure 4 is the plot of average values of absomptioefficient squareduf) versus the photon energy for MgNiS
films. From this plot, the band gap energy of tim fvas determined. This was done by extrapolatiregstraight
portion of the graph to the point wher€)(equals zero. The value of the photon energyiatpint is equal to the
band gap energy of the MgNiS thin film. A band gajue of 2.1eV for MgNiS was obtained from the drap

CONCLUSION

MgNiS thin films have been successfully depositatbglass slides using chemical bath depositiohrtiecies. The
electrical analysis shows that the grown films &réype semiconductors. This is because their étattr
conductivities are greater than the intrinsic cantidities. The compositional study reveals thattlas deposition
time increases, the Midecreases. The optical studies showed that the filwe low reflectance values in the UV,
VIS — NIR regions. This makes the film suitable émating in solar collector plates as anti refl@ctfilms. Also,
MgNiS films were found to have high absorbancénmWV region. This property makes the film candédatr solar
control coatings. The film band gap energy wasrdateed to be 2.1eV. From this large band gap vahe film is
therefore suitable to be used in the absorber lafysolar cell. .
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