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ABSTRACT

Thin films of CuPbI3 have been prepared by a vacuum evaporation pro-

cess. X-ray analysis gives structural parameters in consonance with the bulk

powder form of the material, the film however prefering a growth in the [002]

direction. Electrical conductivity indicates an activated process with two acti-

vation energies being 0.45 eV for T < 373 K, and 0.6 eV for T > 373 K. Both

are interpreted to be due to the transport of anionic carriers in the phases ex-

isting below and beyond 373 K respectively. Optical characterisation reveals

a material with high absorption coefficient, with a > 104 cm"1. The material

is characterised by a direct absorption with the direct edge at 1.64 eV.
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1 Introduction

In recent times, some attention have been placed on the study of ternary halide

materials because of their reasonably high ionic conductivities, that make them

possible candidates for application in electrochemical devices [1 to 3]. In equal

manner, because of the photolytic characteristics of these materials, they are

also actively being considered either as inorganic resists in IC development

[4] or for the delineation of micron dimension metal patterns [4,5]. Other

applications of interest include ion specific electrodes, gas sensors etc. [6].

The thin film forms of these materials are of specific interest because of the

need for the production of microbatteries with a wide compression range and

large area coverage in IC development plus other applications.

The interest in our laboratory have been directed at the study of the

conductive properties of both compressed powders and thin film forms of

CuPbBr3, CuCdCh, CuSnI3, and KPbI3 [2, 7 to 9]. The work is currently

being extended to the investigation of the structural, electrical and optical

properties of CuPbI3 thin films.

2 Experimental

The powder samples of CuPbI3 have been prepared by the melt growth tech-

nique as reported previously [2]. Thin films were prepared from this by a

vacuum evaporation process in an Edwards High Vacuum equipment capable

of generating a pressure of about 10~4 Pa. Films were condensed on glass

substrates kept at room temperature. Employed films had a thickness value

between 0.1 and 1.5 ̂ m. The film thickness have been determined by op-

tical interferometric method. Subsequent calculation of deposition rates put



these between 30 and 40 A/s. Chemical analysis shows the films to be nearly

stoichiometric with the starting powder materials. X-ray analysis was with a

Philip PW wide angle goniometer with CuKa radiation. Electrical measure-

ments were on MIM structures, using gold electrodes and effected as described

previously [9]. Room temperature optical transmission measurements were

made using a Varian 2300 double beam spectophotometer within the wave-

lcnght range 0.35 to 1.5 /an.

3 Results and Discussion

3.1 Structural Properties

Shown in Fig. 1 is a typical X-ray diffraction pattern for a thin film sample

of CiiPbI-.i of 0.6/rni thickness. We observe five identifiable peaks at 20 values

of 12.14, 13.17, 26.19, 39.34 and 53.05 indicating that the films are polycrys-

tallinc. These peaks were correlated with our previous work on the powder

.samples [2], and found to represent the (100), (002), (004), (302) and (312)

peaks of the hexagonal CuPbI3 lattice. Relative to other peaks, the intensity of

the (002) peak was the most prominent, thus indicating a preferential growth

of the film in the [002] direction and hence a growth of the c-axis perpendicular

to the substrate. A slow scan of the width of this peak gives a peak value of

0.14° (2.44xl()~3 rad). If this is used in the Debye Scherer equation:

L = k\/p cosG (1)

to estimate the mean crystalline grain size (an estimate that clearly ignores

the effects of line broadening due to non uniform strains in the film [10]). In

the Scherer expression 0 represents the Bragg angle, A the X-ray wavelength

and k the Scherer constant which generally depends on the crystallite shape



and is normally of the order of unity. Using this value, we obtain L = 63 nm.

We observe a more intense definition of the [002] peak when the films are

annealed in vacuum for 2 hrs. at 423 and 523 K with a resulting crystallite

size variation between 50 and lOOnm.

3.2 Electrical Properties

The temperature dependence of the dc I-V characteristics of the thin films

of CuPbli is as shown in Fig 2 for films 0.96 fim thick. We observe similar

characteristics across the temperature range considered, showing J (the current

density), proportional to V (the applied voltage) and a clear manifestation of

Ohm's law which may be described by the expression

J = Noe/iV/d (2)

where JV0 is the concentration of charge carriers and /j the carrier mobility

In these types of materials, the commonly possible conduction mechanisms

include tunelling, space charge limited conduction, ionic conductivity, Schottky

and Poole - Frenkel emission [11].

For this material, the thickness of the films used rule out conductivity due

to tunneling effect, while the direct proportionality between J and V rules out

the possibility of conduction by space charge limited conduction mechanism.

In Fig 3 is shown a plot of the conductivity against inverse temperature for

the data of Fig 2. The conductivity of the film is found to satisfy the relation

o = o0exp(-Eo/kT) (3)

where Eo and ao represent the conductivity activation energy and pre-exponential

factor respectively. We observe two regions labelled A and B with activation

energies of 0.45 and 0.60 ± 0.01 eV respectively. This change in slope in the
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conductivity curve may indicate a possible change in the conduction mecha-

nism of the thin film or a possible phase change as a function of temperature.

The point of crossover is observed to be at a temperature of 373 K.

Not. much is known about the structural behaviour of CuPbls films about

the temperature range considered in this work. Our previous DSC thermal

analysis on the powder samples however gave endothermic peaks at 373, 398

and 533 K [2j. The conductivity data on compressed powder samples was also

reported to give four distinct regions with activation energies of 0.26, 0.45, 0.61

and 2.58 oV [2].It appears that there is some correlation in the behaviours of

both the thin film and pellet forms of the material.

In the pellet, an activation energy of 0.26 eV obtained in the low tem-

perature regime was established to be due to extrinsic factors, since the con-

ductivity values were very much enhanced with monovalent halide material

doping. In the thin film form, this aspect of extrinsic behaviour is observed

to be absent, while the activation energies of 0.45 and 0.60 eV observed in

the compressed powder forms are retained. This may be due to the fact that

the evaporation process is a purifying process, in which case the incorporated

inpurity in the powder form are removed during film deposition, consequently,

the observed characteristics in the film are those of the intrinsic material, and

is evidently those of the phases existing below and above 373 K as evidenced

in the DSC scan reported in [2], for the powder samples, but is believed to be

same for the thin films. Like in the powder sample, the willful incorporation of

monohalide impurity ( 5 mole % Agl) leads to a small increase in conductiv-

ity across the whole range of temperatures without a change in the observed

activation energies of Fig 3. It is considered that the monovalent inpurity has

substituted into the host lattice with the Ag+ substituting for F62+ in the



lattice thus generating iodine ion vacancies according to the Schottky disorder

It is inferred therefore that the thin film form of this material has taken af-

ter the powder form with the intrinsic carriers being anionic vacancies. This

behaviour is quite similar to reported results for CuPbI3 and CuCdCh thin

films and pellet samples [9]. The high temperature activation energy of 2.58

eV observed in the powder form is not observed in the thin film, probably

because of the limited operating temperature in this work.

3.3 Optical Properties

The general behaviour of the optical transmission of thin films of CuPblz is

as shown in Fig 4 for two films 0.120 and 0.325 ftm thick. Despite the relative

thinness of these films, we observe subdued transmittance for both films across

the visible region, and may be indicative of an absorbing layer.

The absorption coefficient, a, have been estimated after correction for re-

flection losses. The correction for reflection losses were estimated with the help

of the ratio recording technique. The transmission ratio for two coatings of

different thickness is given by [12]

Q = (l/At)Zn(72/Ti) (5)

where T?/T\ and At are the transmission ratio and the difference in the thick-

ness, respectively.

The variation of absorption coefficient with photon energy for a direct al-

lowed band to band transition is of the form:

hv){hv - Bo)
1'2 hv>Eo ,fi.

6



where hi> is the photon energy, Eo is the energy gap and A is a constant.

Fig 5 shows the photon energy dependence of (ahu)2 for CuPbh thin

films. The plot gives a straight line which is a good fit for equation (6), with

a photon energy intercept at 1.64 eV, implying an allowed direct transition.

The absorption coefficient at 1.64 eV is 1.63xlO5 cm~l, which is quite in order

for direct, electronic transitions.

4 Conclusion

Thin films of CuPbh have been prepared and are observed to have identical

structural properties with the powder form, although the growth of the film

is in the preferred [002] direction. The exhibited conductivity is intrinsic and

is due to the lattice motion of anionic carriers. This makes the material a

possible candidate for use as an electrolyte in solid state thin film microbat-

teries, or as electrodes in ion exchange membranes, if the currently reported

high resistivity in the material can be significantly reduced (possibly through

mouoioclidc doping). The high absorption coefficient, and the well disposed

absorption edge at 1.64 eV makes the material attractive for photolytic work

in the delineation of thin metal (Cn or Pb) layers in IC technology, since the

photolysis of this would lead to the decomposition of the film with gaseous

iodine being liberated from the surface.
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Figure Captions

Pig. 1. X - ray diffraction pattern for a thin film of CuPbI3.

Fig. 2. I - V characteristics of CuPbI3 thin film (0.96 //ni thick) as a function

of temperature.

Fig. 3. Plot of conductivity against inverse temperature for the data of Fig.

2.

Fig. 4. The wavelength dependence of the optical transmission for thin films

of CxiPbh, (A) 0.12 nm thick and (B) 0.325 iim thick.

Fig. 5. Plot of (nlro)2 against photon energy for thin CuPbh films.
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