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Cermet thin films of Cu-MgF, were deposited onto glass substrates using a conventional
resistive heating co-evaporation technique. Films of starting compositions 40, 60 and

80 vol % Cu and average thicknesses 60, 145 and 285 nm were deposited at elevated
substrate temperatures between 300 and 393 K in a vacuum of 1.33 x 102 Pa. Room
temperature D.C. resistivity measurements were performed at atmospheric pressure from
which activation energies and TCRs for the cermet films were determined. It was observed
that the resistivity (p) data fitted into the In p o« 1/ T relationship. The activation energies
were found to decrease with increase in film thickness and increase in metallic content of
the cermet films whilst the TCRs were all negative. From the trends in both activation
energies and TCRs it was concluded that the predominant conduction mechanism was
tunnelling of thermally activated charge carriers. © 1999 Kluwer Academic Publishers

1. Introduction The minimum conductivityoo can also be used
Temperature dependence of the electrical properties db infer conduction mechanisms [6]. & > 10 Q1
cermet films has been investigated by many authorsn—! (or po < 0.1 @ m) then conduction occurs by ac-
[1-6]. Generally, the temperature dependence of thtivation of charge carriers to extended states beyond
conductivity,o of cermet films and amorphous semi- the conduction bandk. or the valence bandg,. If

conductors is given by Robertson [6] as: 00 <10 Q! m~* then conduction occurs by hopping
between localised states on near-neighbour sites.
To\" It has also been observed that thin film deposition or
0 = 00€EXQY — <?> (1) annealing at substrate temperatures greater than 300 K
produces a decrease in resistivjtyand a reduction in

] o o the activation energy\ E determined from [6, 8]:
whereoy is the minimum value of conductivity when

metallic conductivity sets in ant is a parameter de- P = po exp[ Ea ] 3)
pendent on the density of states at the Fermi level, 2kT
N(Er), and the rate of decay, of a wave function \yherep, is the limiting resistivity.

for the conduction electron. _ . The nature of the charge carriers in each of the con-
Conduction mechanisms in these films can be ingyction mechanisms discussed above can be investi-
ferred from Equation 1. Ifiis unity then the conduction gated by performing thermopower or Hall effect mea-
is predominantly by thermal activation of charge carri-g,rements on the films.
ers to states of enerdy lying kT from the Fermi en- |, thjs study the conduction mechanism in Cu-MgF
ergy, Er. If n <1, then conduction occurs by hopping cermet thin films is investigated through DC conduc-
in localised states around the Fermi enerfgy, This  tjyity measurements on the films. The investigation is
occurs if the density of stateBl(Er), is low so thatas  concerned with the determination of activation energy
the temperature falls, an electron must hop to distaning TCR values for various thicknesses and various
sites to locate a level WIthIHskT of its energy. The starting compositions of the cermet thin films. Trends
classic power law for variable range hopping (VRH) i and magnitude of these two parameters are then used

at Er is n=1/4 as observed by Mott [7]. If only the g graw conclusions about the transport mechanism in
T4 regime is found it is conventional to take!,  the cermets.

the decay length of the localised state wave function,
as~0.1 nm and estimat®l (Eg) from: 2. Experimental

1603 2.1. Cermet preparation
- (2) Cu-MgF, cermet thin films were prepared by the con-
kN(E) ventional resistive heating co-evaporation technique

To
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onto glass substrates. A total number of 180 sample2.3. Data processing

of the cermets were used in the investigation. The startSraphs of Ino against ¥ T were plotted and the slopes

ing compositions studied were 40, 60 and 80 vol % Cuand intercepts determined. The values of the slopes and

and each of these three compositions contained 60 sarintercepts were in turn used to calculate the activation

ples. Deposition was performed in a vacuum &3l energy,E,, andpg respectively for the cermets.

103 Pa at substrate temperatures 303, 318, 333, 363, Graphs of sheet resistanc®, vs. temperatureT,

377 and 393 K. which are not shown here, were plotted and used to
determine the temperature coefficients of resistance
(TCRs) of the cermets at 313 K.

2.2. Electrical and thickness measurements

Direct resistance measurements were made on the cer-

met films at room temperature and at atmospheric pres3. Results and discussion

sure using a Hewlett Packard digital voltmeter, modelThe variation of resistivityy, with 1/ T of the Cu-MgF,

3456A. The 4-point probe [9, 10] configuration of the cermet films is shown in Figs 1-3. All the jnvs. I/ T

voltmeter was used for all resistance measurementgraphs were linear and fitted Equation 3. Thd Ide-

The nominal accuracy of the digital voltmeter is 2%. pendence appears to suggest thatl in Equation 1

Film thickness measurements were performed usand, therefore, conduction in this cermet system is pre-
ing the Michelson interferometry technique [11]. Threedominantly by thermal activation of charge carriers.

sizes of average film thickness, namely66, 145+ 8 The variation ofg, and pg with thickness and com-
and 285t 9 nm, were used and each size was averagegdosition is shown in Table | from which it may be ob-
over 60 samples. served thaE, decreases with increase in film thickness.

Resistivity and sheet resistance calculations werd&his table also shows thdi, increases with increase
performed using the measured resistance values, the dielectric content of the cermet films. Olumekor and
measured film thicknesses and aspect ratio.894  Beynon [3, 12] have made similar observations in Mn-
0.02. MgF, cermet thin films. Agarwaét al. [10] and Das

1000/T (K™")

Figure 1 The variation of resistivity with inverse deposition temperature for Cu-Mzgemets of thickness 60 nm.
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Figure 2 The variation of resistivity with inverse deposition temperature for Cu-Mggtmets of thickness 145 nm.
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Figure 3 The variation of resistivity with inverse deposition temperature for Cu-Mzg¥mets of thickness 285 nm.

TABLE | Variation of activation energy with composition and thick- Mn-MgF, cermets with thicknesses in the range 25 to

ness of Cu-MgFk cermets

Composition Thickness Ea 00

(vol % Cu) (nm) (meV) (108 @ m)

80 60+ 62 167+ 72 1524+ 0.032
145+ 8 115+ 10 36+0.1
285+ 9 74+ 3 481+ 0.05

60 60+ 6 262+ 10 134+ 0.05
145+ 8 215+ 7 3164+ 0.06
285+ 9 114+ 3 4.67+ 0.05

40 60+ 6 520+ 20 031+0.02
145+ 8 280+ 20 103+ 1
285+ 9 195+ 5 378+ 0.04

aError estimates are standard error in the mean.

100 nm and in the composition range 39 to 100 vol %
Mn whereaskE, for Cu-MgF, cermets in the present
study ranged from 520 meV to about 70 meV for the
thickness range 60 to 285 nm and composition range 40
to 80 vol % Cu. Olumekor and Beynon [3] associated
the trend in activation energy with a combination of
an activated and a metallic conduction process acting
in parallel in the Mn-MgFk cermets. These two con-
duction mechanisms can initially be assumed for the
Cu-MgF, cermets.

Mehra et al. [14], on the contrary, observed that
the activation energy for conduction in amorphous
TexSe_x films increased with increasing film thick-
ness. They associated this observation with the fact that
a variable range hopping (VRH) conduction mecha-

and Bahulayan [13] also observed a similar trend innism predominates in thinner films. The contribution
SnSe and RSy 4Te thin films, respectively. A more of this conduction mechanism at higher temperatures
detailed comparison of the activation energy values obdecreases with increasing film thickness, resulting in

tained by other authors is given in Table II.

an overall increase in activation energy with increase
For a particular comparison, Olumekor and Beynonin film thickness for given composition [14]. This phe-
[3] observedE, to lie in the range 8 to 150 meV for nomenon is contrary to that observed in Cu-MgF

TABLE |l Comparison of activation energy values for various film types

Film Thickness Composition Ea
Authors type (nm) (vol %) (meV)
Beynon and Olumekor [12] Mn-MgFcermets 25 60 Mh 108
25 80 Mr? 59
25 100 Mr# 24.6
Olumekor and Beynon [3] Mn-Mgfcermets 25-100 39 Mn 150-21
25 39-100 Mn 150-31
50 39-100 Mn 83-8
Mehraet al. [14] Te Se_x amorphous 25-160 x = 0.90 46-88
25-160 x =0.85 50-108
25-160 x = 0.80 68-178
Agarwalet al. [10] SnSé crystalline — — 7,410
Das and Bahulayan [13] BBSry.4Te polycrystalline 43-330 — 220-120
Katumba and Olumekor Cu-MgFermets 60-285 40 Cu 520-195
60-285 60 Cu 262-114
60-285 80 Cu 167-74

aComposition in wt % Mn.

bActivation energy increasing with increasing film thickness.

¢Not necessarily thin films.

dTemperature dependence: 303-353 and 360-443 K respectively.
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TABLE Il Variation of TCRs of Cu-Mgf cermets deposited atel- 60 and 80 vol % Cu were successfully prepared and
evated substrate temperatures with composition and thickness of thﬁ was observed that the dominant conduction mecha-

cermets

Composition Thickness TCR,

(vol % Cu) (nm) (ppnrC1)

80 60+ 6 —9,600+ 600
145+ 8 —7,200+ 400
285+ 9 Near zero

60 60+ 6 —12,500+ 600
145+ 8 —11,200+ 500
285+ 9 Near zero

40 60+ 6 —27,200+ 900
14548 —21,700+ 700
285+ 9 Near zero

nism in these cermets was tunnelling of thermally acti-
vated charge carriers. It was further observed that cer-
mets of thickness 285 nm and compositions 40, 60 and
80 vol % Cu had near zero TCR values which suggests
that these cermets could be of practical use in the manu-
facture of discrete or integrated resistor components for
electronic circuits.
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