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Abstract

CuFe$ thin films are prepared using the spray pyrolygshhique. The effect of
substrate temperature (473-7K3 on the optical and electrical properties of thia films is
investigated. Both optical spectra (Absorption aReflectivity) show two electronic
transitions: one is around 2.55eV and the otherdsind 3.65eV. The variation of the DC
electrical resistivity of the thin films is discess in relation with the optical results and
structural configuration.

Introduction

The chalcopyrite CuFgSs an interesting magnetic semiconductor. Howetres
unusual combination is accompanied by differentoregp of its optical [1-9], magnetic
[5,7,10-24] and electrical [5,7,9,11,25-26] propeeyt

The optical absorption edge of the compourttiasight, at first, to have the value around
0.6eV [1,2,4,6]. This value was unusual in compariwith other analogous compounds: for
example CuAlg (3.4eV) [27-29] and CuGaS§2.5eV) [30]. This was later rectified, by
attributing this value to what is called “chargarnsfer” type transition [2,4,6]. The real
“band-to-band” transition was found to be variedwsen (3.2-3.7)eV [6,8]. On the other
hand, other researchers pointed out the possiifitthe existence of a gapless case in the
presence of magnetic order [16-17].

The magnetic moment value {38 evaluated from neutron diffraction experiment][10
does not fit with either the magnetic moment of'K&ug) or FE* (4us). The value has to be
attributed to the hybridization of d and p orbi$,the trivalent atoms. On the other hand, a
magnitude of 1.7jp; has also been reported [18].

The unit cell of the compound is usually takethe tetragonal system [10,12-13,31-
33] with two CuFegmolecules. Also, it has been found that the chgdtanges at the critical
pressure of 60 Kbar from the tetragonal system tiacknic system [9]. Some authors have
reported the same transfer below 80°K [19]. Thetatlne transformation mentioned above
is accompanied by an abrupt change in the elembricluctivity: from a semiconductor range
to near a semi-metal range [9]. The electric cotiditic of the compound has usually a
metallic behavior with changing in temperature f,1

Synthetic CuFeShas been prepared as a single crystal by chetmécedport reaction [9],
or from the melt by Bridgement method [8]. Thimfd8 are obtained by evaporation of the
compound [4-6]. Also, CuFeS8ltra-fine powder is prepared via
solvothermal reaction at (200-250)°C, [24]. Evemarzarticles of this compound with
analogous ones (CulpSCulnSeg, CuGa$g, CuFe$ and AgIng) are prepared in colloids
[34].The present work is undertaken to study théicap and the electrical properties of
CuFe$ thin films prepared by a chemical spray pyrolysishnique. To our knowledge; this
technigue has not been tried before for such a oomgh The effect of structural
configuration due to formation temperature (via séstrate temperature)Ton the optical
and electrical properties of the thin films obtaistudied in detail.
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Experimental Technigue

Three 0.048M solutions of Cu(NR.3H,O, Fe(NQ)3.9H,0, and thiourea CS(Nht , are
prepared in distilled water. These solutions ardeddtogether to obtain a solution with
Cu:Fe:S proportional to 1:1:2. This final solutiansprayed (at an optimized spray rate of
10cc/min) on a temperature controlled glass sutestiiéghe distance between the nozzle and
the substrate is kept fixed at (30cm) throughowt work. The substrate is heated at the
required temperature for 20 minutes pervious tosgiraying. The spraying is carried out on
and off periodically (10 secs on and 20secs off)tts procedure, the substrate is kept at the
required temperature. Also, it gives enough timelie solution droplets to evaporate and the
compound to settle down. The spray set-up and rigeagpation technique has been described
elsewhere [35]. The thin films obtained are clé&mown-red in color, non-transparent, have
good adhesion to the substrate and exhibit smaothces free from pinholes. On viewing by
reflection, they exhibit a metallic luster. Thecttniess of the films is in the range 0.42-1.2
um.Optical measurements (absorption and reflec}jvaye carried out by using Pie-Unicom
SP-800 UV/VIS. Double beam spectrophotometer. Viecs the range from 200-900 nm. The
resistivity is measured using the gap method byperating two Aluminum strips as
electrodes of length 1cm with 2mm distance in betweAll measurements (optical and
electrical) are carried out at room temperature.

Results and Discussions
The spectra of the optical absorbance foerkffit substrate temperature)(@re shown in
Flg (2). The value of the optical absorption camdinta is found to be of the order of
Lie. >10cm - ) indicating the presence of a direct band-to-bmadsition [36]. The direct
band transition is determined by plottirghg)? as a function of photon energyjhas shown
in Fig (2). This is in accordance with the equa{®n-38]:

ahu =0, (hv - E; )2 (1)

wherea, is a constant andyhs the direct band to band transition. Extrapotatf the
straight line to ¢hu)?=0 gives the allowed band gap transitions. As carséen from the
figure, there are two transitions: The firstg{)Eis around 2.55eV and the second,, Hs
around 3.65eV. This is shown schematically in tigeit of Fig (1).
The reflectivity spectra for different &re shown in Fig.(3). The reflection of the aimfi
interface at normal incidence is related to thecapindices by the equation [39]:

(n“#)°

(N3

with k = @A/4m) , where n, kA are the reflective index , extinction coefficiesuad
wavelength, respectively. From equation (2) and(Big the spectral dependence of n and k
are calculated and shown in Fig. (4) for a CuFR@# film prepared at substrate temperature
of 593°K. Using the n and k values obtained frorg. F#4), and Kramers-Kroning analysis
[40], the reale; and imaginarye; parts of the dielectric constant are calculatechgighe
relations:

g1=n* k% and &= 2nk (3)

The spectral dependence &f and €, is shown in Fig. (5)
The imaginary part of the dielectric constantrelated to the photon energy for direct
allowed band-to-band transitions is in the form]{41

(V) &% =a, (v - Ey forhv > E; - (4)
e£=0 folv < Eg ------ (5)

The direct allowed energy gaps are determined diyipd (hv)* €22 as a function of () , as
shown in Fig. (6). As one can see from the figuhe curves yield stralght lines, which
indicates a good fit to the equation. Extrapolatadrthe straight lines t¢hv)™ €2 =0 gives
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two electronic transition, one is around 2.55eV #r@other is around 3.65eV. on the other
hand, both absorption and reflectivity methods ghesame results.

It appears from the absorption curve for défe formation temperature §T Figs. (1,2),
that the optical absorption technique is not smesgnough for structural variations, though
the spectrum gives a general picture of the enschgme. On the other hand, the reflectivity
curves are a better manifestation of the diffesgnicture configuration. In the range of our
measurements, the reflectivity spectra of our speoiare in close resemblance with those
obtained for CuFeScrystal under pressure [9]. One can see the hump.2&V in our
T<=653°K and with that of crystalline specimen unde2 Kbar [9]. Also, there is a good
agreement between our curves fgra63, 593°K with those above 60Kbar of pressure [9]

The DC electric proparties of the deposteandil have been mesured. Hot-probe
measurements indicate that the prepared Cuke$s display p-type conduction. Fig. (7)
shows the variation of resistivitp) as a function of the substrate temperaturelfe figure
shows a striking feature. By increasing the substtemperature, the resistivity begins with
the value of ~8.5x18 Q.cm at 473°K, and ends with ~19.9Xi@.cm at 693°K via a
minimum of the value of ~0.0@.cm at 593°K. Such a behavior is common in chensipahy
pyrolysis technique [42]. The minimum value at 393 comparable with the value of ~0.08
Q.cm obtained for single crystals under normal pres$43]. On the other hand, our values
are very high compared with ~0.0@3.cm. Obtained for n-type sintered polycrystalline
specimen [5]. Also, the same value of ~0.G@2m has been achieved by subjecting a
CuFe$ crystal to a pressure over 60 Kbar with a chamgéhé crystalline system from
tetragonal to hcp structure. Though the resistiwigiues mentioned are within the
semiconductor realm, it has a metallic behavior.

Apparently, the optical properties do not fulfiletleriteria for the investigation of the
effect of the temperature of formation The electrical conductivity is a better test foat.
The optical properties are an indication of the enalar structure while the DC electrical
conductivity is a bulk property, and hence theedéhce.
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Fig. (1) : Absorption spectra for CuFe$ thin films prepared at different T,

The insert is a proposed energy schematic diagram.

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Maarib A. Khalid & Iman K. Salim

K

8/
L.
5 o 503 Ts
o~ e 533 o
g e 563 L
i o 593 a3 " o
4 - ® 613 s.o
- o 633 e |l
N’; e 653 « i?
S ]
e @
c ot |
3r ®eeos ® 0
o. o0 : } of
.. ° 00 o o @ ® 7
/ 90 @ © o (o] ) 4 [
/e »
' M I
2+ / © o/ 0 ¢
g. o/ L
/e 9/ 7
o
b
® ':’/o
1+ o'q,/‘i»
./ © |
080
04)/0
L7
0%
OL_&JMQD@O o 1 L | 1 1 1 1
- 20 30 40

Photon energy (eV)

Fig. (2) : The plot of @hv)? versus(hv) for CuFeS;thin films
prepared at different Ts,
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Fig. (3) : Reflectivity spectra of CuFegthin films prepared at different T,
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Fig. (4) : The refractive index (n), and the extingon coefficient
(k), as a function of photon energy for CuFegthin film
prepared at T=593°K.
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Fig. (5) : Real part, &, and imaginary part, &, of dielectric constant as
a function of photon energy for CuFe$thin film prepared at
T=593°K.
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Fig. (6) : The plot of (tw)* &,° versus (hv) for CuFeS; thin films
prepared at different Ts,
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Fig. (7) : The resistivity (p) as a function of substrate
temperature T, for CuFeS; thin films.
Conclusion

In this study, the optical (absorption and refl@tt) and electrical properties of CuFeS
thin films prepared by spray pyrolysis method, ddferent substrate temperature, have been
investigated. Room temperature optical investigstishow two electronic transitions, one is
around 2.55 eV and the other is around 3.65 eV.3[6BeV edge is considered in the present
analysis as the true “band-to-band” transition. Fie& 3d orbit (or its hybridization with Cu-
3p in the presence of S) forms an inter-gap bard the upper edge of the valance band of
the thin films formed.

By controlling the heat of formation (i.e. contiod Tg) one can adjust the properties of
the sample obtained. First, the temperature of &ion is a fundamental factor in varying the
structure configuration. Second, temperature pdaftsndamental role in the diffusion of the
impurities to the grain boundaries. Apparently tloe-localization of the F& inter-gap band
builds a similar bulk energy band. This is a péytifled inter-gap band near the edge of the
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valance band. It can partially overlap with thdkbwalance band. Consequently, it behaves
like a conduction band. So, one gets a metalli@abier with resistivity in the semiconductor
region. Also, it conforms to the p-type semicondudf the Hot-probe results.
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