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Abstract: The electrical properties of pure and doped films of poly vinly alcohol (PVA) with aluminium

and  gold  electrodes are studied. Al-PVA-Al, Au-PVA-Au and Al-PVA-Au structures are investigated.

The current. Voltage characteristics can be explained in terms of the charge transport mechanism operating

in the PVA polymer film in the different voltage regions. The width of Schottky barrier is shown to

increase with voltage, and decreases with increasing temperature. The temperature dependence of the de

conductivity of the samples has been described by Greaves variable rang hopping (VRH) model. 
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INTRODUCTION 

Electrical conduction in polymers have been

extensively studied in recent years to understand the

nature of charge transport in these materials . Various[1]

conduction mechanisms such as Schottky effect, the

Pool-frenkel effect, space charge limited conduction

and hopping conduction , have been  suggested for the[2]

charge transport. 

Polyvinyl alcohol (PVA) is a good insulating

material with low conductivity and hence is of

importance to microelectronic industry. It electrical

conductivity depends on the thermally generated

carriers and also on the addition of suitable dopants .[3 ,4]

Although charge transport in polymers is a problem

with great technological implication, the current

understanding of the elemental processes involved is

still unsatisfactory . In the present work an attempt[5]

has been made to study the electrical transport

properties of pure PVA filmsand doped films of PVA

with carbon black using aluminium and gold as ohmic

and blocking electrodes respectively. 

MATERIALS AND METHODS

Polyvinyl alcohol (TACT) obtained from Hayashi

Pure Chemical Industries Ltd. For trade yerace was the

strating material for all the samples. The PVA material

was added to distilled water at room temperature.

Water bath method was used for heating the solution

to prevent thermal decomposition of polymer. The hot

solution was stirred until the polymer is completely

dissolved and forming a clear viscous solution. The

above  viscous solution was treated by adding carbon

black powder which was prepared according to
standard procedure in the literature in different weights

to prepare different ratios of C-PVA ranging from
0.10% to 0.2% per weight. The viscous solution was

casted onto polyethylene plates and left to dry in air
for three days. The thickness of the films ranging from

0.14mm to 0.45mm were obtained. Thickness
measurements were made using a micrometer, the

peeled film was cut into pieces suitable for
measurements and then placed in a vacuum chamber

maintained at 10  torr to remove the water vapour and-4

other volatile additives used in the original preparation

of the film. The films were removed to a desccator and
stored in dry air for several days after which they were

removed and the electrodes were deposited to complete
the structure. Ohmic electrode to the samples was made

by means of aluminum electrode evaporated on to the
two faces of the film to form a sandwich structure.

Other blocking electrode material was also used, such
as evaporated gold. The evaporation electrodes were

performed at a reduced pressure of approximately 10 -5

Pa, using a coating unit (Edwards E 306 A) three

different structures were fabricated for both pure PVA
and PVA doped with carbon black: Al-PVA-al, Au

PVA-Au and Al-PVA-Au, where the first material
designates the metal contact to the substrate.

Electrical measurements were performed over a
voltage range appropriate to the thickness of the

sample, using a stabilized power supply and a ketihley
digital electrometer (model 614). Sample temperatures

were varied using a heater and a temperature control
unit. Temperature was measured by means of a

chromel/alumel thermocouple mounted in close
proximity to the specimen of interest and could be read

out on a keithly 871 digital thermometer display. 
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RESULTS AND DISCUSSION 

X-ray diffraction measurements were used to

confirm the polycrystalline nature of the prepared
samples, these measurement were carried out using

Diano Corporation (USA) X-ray diffract meter
operating  at 35 kV and 15 mA, using a Co radiation

â(ë = 0.1789nm) and K  Fefilter, with a scan rate of
2°% min, and a scan range of 20< 20<80.

Measurements were carried out at room temperature.
The diffracted intensity as a function of the reflection

angel was measured automatically by the X-ray
diffractometer, the X-ray diffractograms of pure

polyvinyl alcohol prepared as mentioned in the
previous section is shown in Fig (1). It can be seen

that many peaks were observed in the chart. The
calculation of the d-spacing of these peaks indicates the

presence of pure polycrystalline polyvinyl alcohol. The
results were found to be in agreement with that listed

in the reference. Fig. (2). Shows X-Ray diffraction of
polyvinyl-alcohol which treated with black carbon as

additive material (ratio: 0.25%) from such figure it can
be seen that no further change was observed except

that plane with d-spacing: 3.47013 increased in
intensity, while the plane with d-spacing: 8.2459

disappeared. 
These changes may be attributed to the changes in

orientation of the poly crystalline planes due to carbon
additive treatment. From the diffraction patterns of the

pure PVA and PVA doped with carbon black we
observe the existence of several peaks indicative of the

polycrystalline state. 
Current density- voltage (J-V) characteristics of the

three different structures are shown in Fig. 3,4 and 5-
(a), (b). figure 3 illustrates the characteristics of an

Al/PVA/Al structure, and confirms the ohmic nature of
Al-PVA contact. 

If the ohmic conductivity is assumed to be due
entirely to electrons then PVA film may thus be

expected to form an ohmic contact with low work

Alfunction (Ö) materials (e.g. Al; Ö  = 4.28 eV), but a

blocking contact with metals with a high work function

Au( e.g. Au; Ö  = 5.1 eV).

In Figs. 4 and 5-(a), (b) the J-V characteristics for
both Au/PVA/Au and Al/PVA/ Au structures are

shown. Two distinct regions for each characteristics
were observed. The linear sections of the curves may

be interpreted in terms of either the Schottky effect
(field- lowering of the interfacial at the injected

electrode  interface)  or  the  Pool-frenkel  effect
(filed-assisted  thermal  detrapping of carriers). The J-

V expressions for these processes are given by
equations . [6]

        (1)

For the Schottky effect 

                                    (2)

For the Poole- Frenkel effect. 

Where A is the Richardson constant and ö is the
Schottky barrier height at the injected electrode

ointerface,  ù   is  the width of the Schottky barrier, J

o s= ó  (u/ ù) is the low-filed current density, and â  and

PFâ  are the Schottky and Pool-frenkel filed lowering
coefficients, respectively. The theoretical values of

these coefficients are given by 

(3) 

Where g = 3.5, is the relative prermitivity for PVA 
The log J versus V  plots for the studied samples1/2

are given in Fig. 6 and 7. it can be seen from the
figures that there are two distinct region for each

characteristics. These linear behaviour may by
attributed to an electronic-type conduction mechanism.

Here, the charge carriers are released by thermal
activation over the potential barrier. The physical

nature of such a potential barrier can be explained in
two ways. It can be the transition of charge carriers

over the barrier between the cathode and the dielectric
(Schottky emission). Alternatively, the charge carriers

can be released from traps into the dielectric (Pool-
Frenkel effect). 

Nagaraj et al.,  have studied the current-voltage[1]

characteristics in pure (undoped) PVA and complexed

films of PVA with potassium thiocyanate (KSCN). For
pure (undoped) PVA films, the conduction mechanism

has been described by Schottky type. On doping, there
was considerable influence on the type of conduction

mechanism, especially at lower temperatures. 
At higher temperatures, however, there was no

significant effect of doping on the conduction
mechanism. Assuming the above arguments to be

applied in our investigation, and using the theoretical

svalue of Schottky field lowering coefficient â , the

values of ù  wee calculated from the slopes of log J
versus V  plots, A summary of the experimental ù1/2

values, derived from the slopes of the low voltage and
high-voltage regions of Fig.s, 6 and 7, is given in

Table. (1).
It is worth mentioned here that with the increase

of voltage, the width of the Schottky barrier increases
appreciably on the othere hand the width of the

Schottky  barrier  decreases  with  the   increase  of
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Fig. 1: The X-ray diffractograms of pure polyvinyl alchol. 

Fig. 2: The X-ray diffraction of polyvinyl alchol with black carbon as additive material (ratio: 0.25%). 

temperature, the d.c electrical conductivity of the three
different structures was measured in the temperature

range from 293 to 373K. the temperature dependence
of the conductivity of the samples is shown in Fig. 8.9

and 10. 

It can be seen from the figures that the
conductivity increases with increasing carbon black

concentration up to 0.15wT . these figures how smooth
variation of the conductivity with temperature, -

dependent  activation  energy. Such bnehaviour itself
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Fig. 3: J-V characteristics for pure and doped

A1/PVA/A1.

Fig. 4: J-V characteristics for pure and doped

Au/PVA/Au. 

Fig. 5a: J-V characteristics for pure Al/PVA/Au as a

function of temperature

Fig. 5b: J-V characteristics for doped Al/PVA/At with

0.10% carbon black as a function of
temperature. 

Fig. 6: log J vs V  for pure Al/PVA/Au. 1/2

Fig. 7: log J vs V  for dopted Al/PVA/Au with1 /2

0.10% carbon black.  
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Fig. 8: Dependence of d.c conductivity on reciprocal
temperature for pure and doped Al/PVA/Al. 

Fig. 9: Dependence of d.c conductivity on reciprocal

temperature for pure and doped Al/PVA/Au.

Fig. 10: Dependence of d.c conductivity on reciprocal

temperature for pure and doped Au/PVA/Au.

Fig. 11: In (ó T ) vs T  for pure and doped1 /2 -1 /4

Al/PVA/Al. 

Fig. 12: In (ó T ) vs T  for pure and doped1 /2 -1 /4

Al/PVA/Au. 

indicates a characteristic feature of the hopping

processes . An attempt was made to check the[7]

possibility of a variable range hopping conduction

mecahnaism being operative within the range of the
experimental investigation (293 to 373K) . on the other

hand, Greaves [8] variable range hopping (VRH) model
seems to be applicable, Greaves derived an expression

dc,for the d.c. conductivity ó  as 

     (4) 
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Table 1: Derived values of barrier width ù  (nm) for pure PVA and

PVA doped with 0.10 wt%. 

Experimental Barrier

Width ù(nm)

Sample Temperature --------------------------------------

(K) Low-Voltage High-voltage

region region

Undoped PVA 302 485 1402

312 302 794

323 155 591

333 55 599

0.10w% Doped PVA 313 163 529

333 153 539

363 125 510 

Fig. 13: In (ó T ) vs T  for pure and doped1 /2 -1 /4

Au/PVA/Au. 

where B, C, are constants and B is expressed as 

         (5)

FWhere N (E ) is the density of localized states at

the Fermi-level. 
The variation of In (ó T ) against T  for all the1/2 -1/4

investigated structures are shown in Fig. 11, 12 and 13.
The linearity of the plots indicates that Greaves[8]

theory might be valid for PVA films. The value of the
wave function decay constant á can be estimated from

the slope of the Figs. 11,1 12 and 13 using equation

F (5). Assuming  reasonable  value  of N (E ) � 1026

eV  m  for localized states , equation (50)gives the-1 -3 [7]

value of á in the range 8 to 10 (A )  for all theo -1

studied structures. These values of á are within the
range of the expected values. Therefore, the VRH

mechanism apply to the preset PVA samples. Dutta et
al.,  pointed out that the de conductivity of[45]

polyaniline (PANI) polyvinyl alcohol (PVA) blends can
be described by the variable range hopping (VRH)

model using the relation                            
with large value of VRH exponent ã $  0.5 and small

ocharacteristic temperature T . they concluded that

hopping transport occurs between the superlocalised
states of polymer. This conclusion agrees with the

results of several authors. Mandal et al.  and Planes[9] [1 0 ]

indicated that the VRH model is favorable in

conductive carbon black polymer composites and
polymer blends with very small percolation thereshold

respectively. 

Conclusions: Sandwich structures of the types A-PVA-
Al, Au-PVA-Au and Al-PVA-Au were formed to study

the electrical properties of films of pure (undoped)
polyvinyl alcohol (PVA) and doped polyvinyl alcohol

(PVA) with carbon black. The electrodes were
deposited by vacuum evaporation method. From the X-

ray diffraction studies the structures of the films were
found to be crystalline in nature. The de conduction

mechanism of the structures are studied as a function
of temperature and dopant concentration. The current-

voltage characteristics for the Au-PVA-Au and Al-
PVA-Au structure could be interpreted in terms of both

Schottky and Pool Frenkel effects. The width of
Schottky barrier for pure PVA and doped PVA film is

shown to increase with voltage, and decreases with
increasing temperature, the temperature dependence of

the de conductivity of the samples has been described
by Greaves variable range hopping (VRH) model. 
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