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Films of polyaniline (PANI) doped with various acids, e.g., hydrochloric acid (HCI),
dodecylbenzensulphonic acid (DBSA) and p-toluene sulphonic acid (p-TSA) were
prepared. The effects of different dopants on the asymmetric of the current-voltage
characteristics of the ITO/PANI/Zinc metal electrode herterostructure had been
investigated. The electronic parameters that controlled the device performance
such as rectifying ratio, barrier height, ideality factor, built-in potential and
concentration of carriers were calculated. Ideality factors were obtained in the
range between 1.5 and 3.93 and the barrier heights of polyaniline-metal
heterojunctions was about 0.75 V. It was found that the dopant type affects the
conduction mechanism of these devices. The use of HCl as a dopant for PANI re-
sults in better rectification behavior than those obtained with either dodecylbne-
zen sulphonic acid or p-toluene sulphonic acid. The obtained C-V characteristics
showed that the concentration of charge carriers is in the range of 1016/cm3.
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1. Introduction

Intrinsic__conducting polymers are an

— Schottky diode consists, of a metal and p-

type polyaniline films where metals possessing
low work function provide the rectifying

exciting new class of electronic materials

contact. Pandy et al. [7] have fabricated junc-

which have attracted increasing interest since

tions by depositing different metals such as

their discovery in 1970’s [1, 2]. These conduct-

Al, Ag, Sn and In on films_of polyaniline [7].

ing polymers have the potential of combining

Chanudhari et al. [10] studied metals-polyani-

both_high conductivities of pure metals _and
the processabilityprocessability and low

line Schottky junctions, where polyaniline was
doped with various dopants such as hydro-

density.
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Polyaniline (PANI) receives great

chloric acid, formic acid, iodine and methylene
blue. In addition, Schottky junctions based on

attention as a conducting polymer due to its

conjugated polymers have been investigated in

good  environmental stability, ease  of
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preparation and moderate conductivity [3].
Pol i 1 I 1 |
semiconductors |- PANI is applied for many

industrial applications such as Schottky

the dark and under illumination with white
light [11]. Angappane et al. prepared Schottky
diode_using polyaniline and insulating poly-
mers_like polyaniline-polymethylmethacrylate

devices, light emitting diodes, sensors, smart

blends, where Schottky barriers were prepared
by thermal evaporation of gold metals elec-

windows, photoelectrochemical solar cells and

trode onto free standing films of the blends

rechargeable batteries. [3--9—].
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Schottky devices fabricated using poly-
aniline with different doping levels and Sn and
Al contacts were also investigated [13, 14].
Schottky barrier diode based on composite of
polyaniline with polyvinylchloride has been
fabricated using Al as Schottky contact and
platinum as an ohmic contact [15, 16]. Poly

(O-methoxyaniline) and poly (2, 5-dimeth-

oxyaniline) were used for the fabrication of
Schottky diode devices with—sandwich

straeture [17]. Schottky barrier diode of
polytoludine with different metal contacts
such as Al, Cu and Zn has been fabricated by
Singh et al. [18].

The work function of polyaniline was
found to be in the range 4.1 to 4.38 eV.
and an ohmic contact can be realized
using a metallic electrode having large
work functions such as Au or Ag or Pt or
ITO. In the case of a metallic electrode
having a small work function, such as Al,
Sn, In or Pb Schottky barrier is formed at
the interface between the metal and the
polymer. The properties of these devices
are strongly influenced by the nature and
the structure of the interface between the
polymer and the metals. This interface is
expected to play a prominent role in the
context of electronic devices because the
interactions at the metal/polymer inter-
face affect, not only the mechanical and
thermal stability, but also the transport
properties of the junction [19].

Although, Zn has a low work function
(4.11 eV), which makes it suitable for a recti-
fying contact, there is no available studies
using Zn as rectifying contact with PANI. The
aim of this work is to study Zn metal as a rec-
tifying contact with PANI films and the study
the performance of the formed diodes. In ad-
dition, the effect of dopant type_of PANI films
on electronic parameters of Schottky diode

was also_investigated.
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2. Experimental work
2.1. Preparation of polyaniline

Aniline was purified by double distillation
under reduced pressure. The electrochemical
polymerization of aniline was performed using
a potentiostat (Wenking M87) and a voltage
scanner (Wenking MVS 87). A three electrode
single-compartment electrochemical cell was
used for the electrochemical experiments. The
working electrode was an indium-tin oxide
(ITO) coated glass plate with {sheet resistance
of= 10 Q/<% andwith a area of 1x2 cm?, a
platinum flag was wused as the auxiliary
electrode, and a saturated calomel electrode
(SCE) as the reference electrode. The
electropolymerization was performed using an
aqueous solution containing 0.5 M HCIl and
0.12 M of aniline. The films of PANI were de-
posited on the working electrode using cyclic
voltammetry technique. The electrode poten-
tial was cycled between -0.2 V and 1.3 V vs.
SCE for one hour, with a potential sweep rate
of 5 mV/s. The polymeric films were prepared
at 25 0C. After the synthesis; the films were
dedoped by dippinged them in ammonia solu-
tion (8 %) for 12 hrs. Redoping these films was
carried out either in 0.1 M HCI, 0.1 M dode-
cylbenzensulfonic acid (DBSA), 0.1 M p-
toluene sulphonic acid__ (p-TSA) for 7 hrs. Af-

ter the redoping process these films were
dried. A piece of Zn metal of 99.998 % purity

was evaporated on the prepared PANI films to
form the Schottky electrode using Edward
E306A vacuum coating machine at pressure of
10-5 mbar.

. 7 2 .
B POSH z 39; . . £
pressure—of-the-order-of 10— —torr—to—fabricate
the-Schotthy-devices:

Characterization of PANI schottky devices

The characterizations of different
Schottky devices with PANI films doped
with the different acids were carried out
by measuring the current-voltage curves
and measuring the capacitance-voltage-
frequency__ characteristics _using 4277A
LCZ meter. The estimated parameters of
the device, namely, saturation current,
barrier height, ideality factor, built in po-
tential and the rectification ratio which is
defined as the ratio between the forward
current and reverse current at the same
voltage (1V) were calculated from I-V and
C-V characteristics.

3. Results and discussion

3.1. LV characteristic curves

TR T —
a] 53] mﬂ.*e%”ef‘l . aﬂgd fhe]‘ a] rectifs mgg

B e
significantly-Fig. 1 shows the current vs.

voltage characteristics of Schottky diodes,
ITO/ PANI-based film/Zn, using different
doping acids; HCl, DBSA, p-TSASa._All
the I-V_ characteristics curves show a
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rectifying behavior. These curves indicate

that in the forward bias conditions;
relative
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Fig. 1. Current vs voltage for different Schottky devices of
Zn/PANI/ITO using different dopant for PANI; curve a)
HCI and Curve b) DBSA and p-TSA.

blocking of charge carriers occurs at the
interface up to a certain voltage, after
which the junction become conducting. It
is observed that for diode where HCl was
used as a dopant, the current pass in the
diode is higher than those where using
DBSA and P-TSA dopants as shown in fig.
1. The dopant type is found not only to
affect conductivity of PANI films but also
to induce further change the I-V char-
acteristics of the ITO/PANI/Zn  het-
erostructure. This may be explained to be
the interaction between dopant and metal
contact which leads to the formation of
macromolecular complexes [20]. So,
chemical interactions of dopant and
metal electrode at the film/metal inter-
face can be anticipated, which affects

charge transport through the heterojunc- |
tion substantially.
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3.2. Mechanisms of current transports, in An/

PANI-based film/ITO heterostructure,
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»  Up till now there are debates concerning

the mechanism of conduction in polyaniline
Schottky diodes. It is known that the carrier
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transport in metal semiconductor contacts is
mainly due to majority carriers, in contrast to
the case for p-n junction [216]. Generally, the
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non-linear I-V characteristics of the PANI/Zn
junction could be due to the space charge lim-
ited conduction (SCLC), Poole-Frenkelemission
emission,er thermoionic emission_-—theory, or
diffusion theory or trap charge and discharge

phenomena [15, 16, 20, 22].

The non-linearity of Lns J versus Ln V
curves of Schottky diodes of PANI doped with
HCI or DBSA as shown in fig. 2 eliminates the
possibility of SCLC process [19, 21]. But the
linear relation between Ln J against Ln V for
Schottky diode of PANI doped with p-TSA indi-
cates that the dominant mechanism of this di-
ode is SCLC [20, 22]. The Ln (J/V) versus V1/2
plot is also non-linear as shown in fig. 3,
which eliminates the possibility of Poole-Fren-
kel emission [2211].
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o —x - p-TSA
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Fig. 2.Ln J vs. Ln V for different Schottky devices of
ITO/PANI doped with different acid/Zn.
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Fig.3. Ln J/V vs. V1/2 for different Schottky devices of
ITO/PANI doped with different acid/Zn.

Fig. 4_ shows the reverse current
versus the square root of the applied re-
verse voltage of Schottky diodes used
PANI films doped with HCI, DBSA or p-
TSA and Zn metal as a rectifying contact.
It is noted that the reverse current in-
creases_sharply at large values_of reverse
voltage for the diode wused PANI films
doped p-TSA. This indicates that the con-
duction mechanism in this diode is con-
trolled by both SCLC and diffusion theory
[21].

The nonlinear relationship between Ln J
and V as given in fig. 5 for different
Schottky diodes with_ PANI doped wusing
different acids (HCl, DBSA and p-TSA)
indicates that thermoionic emission
mechanism is dominanat in these de-
vices.

The electrical transport described by
thermoionic emission can be written as
shown in the following equation:

J = Js exp (qV/nKT-1). (1)
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Where Js is the saturation current den-
sity, V is the applied voltage and n is the
10
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Fig. 4. The reverse current versus absolute value of V1/2
for different Schottky devices used PANI films doped with
different acids and Zn as rectifying.
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Fig. 5. Ln J vs voltage for different Schottky devices of
ITO/ PANI doped with different acids/Zn as.

diode ideality factor. Saturation current
densities have been calculated from the
intercept of Ln J versus V plots and are
given by the following equation:

Js = AT? exp (-qPs / KT). (2)

Where A is the Richradson constant, T is
the temperature and &s is the barrier
height of the metal semiconductor bar-
rier. Making use of the free electron value
for A as 120 A/cm? K?, &g for different de-
vices can be evaluated from Js equation
[21].

Table 1 shows the junction parame-
ters of PANI/Zn diodes for PANI doped
with either HCl, DBSA, or p-TSA. It is ob-
served that changing the dopant type sig-
nificantly affects these parameters. The
values of ideality factor (n) is found to be
equal to_ 1.673—1644, 1.623-39 and
1.652-66 for devices of PANI doped with
HCl, DBSA, and p-TSA, respectively. The
relatively large values of n may be due to
the presence of the interface state density
[9].

The rectification ratios of PANI/Zn di-
odes for PANI doped with DBSA or p-TSA
have values of 15.2 and 50, respectively.
These low values may be due to invlove-
ment of diffusion process or SCLC in the
transport mechanisms. On the other
hand,

films—{18-19{Schottky diodes of PANI
doped with HCl have the best rectification

ratio and its value is around 257%81.

The values of barrier height for PANI/Zn
diodes using PANI doped with HCl, DBSA, or
p-TSA are 0.782, 0.808 and 0.73 V, respec-
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tively. These values are not correlated with the
values of ideality factor or concentrations of
carriers. This could be due to the participation

of the diffusion process or SCLC with ther-
moionic emission process in PANI/Zn Schot-
tky diodes used PANI doped with, HCI, DBSA
or p-TSA.

Table (1) Junection—parameters

[ Formatted Table

ebtam]ed b?].I Vand G Eha*aﬁ.e*] 15&551?;
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5 o T
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Seboblo e steme
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ITO/PANI-HCL. Sn
54 626 _29978] 4‘1—642—4‘6~ Z=TO
ITO/PANI-DBSA/
2)
= 6183x10er 0858 10IFS 1.623.39
ITO/PANI-p-TSA/ 0-678 13175
.| £ 1.92.66

3.3. C-V characteristic curves

In order to gain further insight into the
junction properties, the variations of capaci-
tance as a function of the reverse bias were
investigated. Fig. 6 depicts 1/C? vs. reverse
bias voltage for Schottky devices, ITO/PANI
doped with HCI1, DBSA, and p-TSA/ Zn.

The built-in potential of the barrier can be
determined from the depletion layer capaci-
tance using Mott-Schottky relationship [20,

22, and 23[12,20-21]:
C2 =2 [Vii+ Vk—KT/q] | qeoesNa S. 3)

Where C is the capacitance, Vris the applied
reverse bias, S is the active device area, Ng is
the hole carrier concentrations, KT/q is the
thermal voltage, Vs is built-in potential, & is
the permittivity of vacuum and &s is the poly-
mer relative dielectric constant. The carriers
concentration can be determined from the

slope of 1/ C? vs. Vg relation.plet-bythe
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The values of Vi were obtained by extrapo-
lating 1/ C2 to zero voltage.

Plots of 1/C? vs. reverse bias voltage are
linear which indicates the formation of
Schottky junction [162] as shown in fig. 6.
This  also showed that the diode
characteristics of these devices and charge

density within the depletion region are uni-
Table 1

form [184]. Calculated values of Na and Vii for
different Schottky devices are given in Table
(1).

From table 1, it is found that the order of
charge carrier concentration of these devices
is in the range of 1016 cm3. These values are
comparable to the values reported earlier
[15%].

Junction parameters obtained by I-V and C-V characteristics of polyaniline systems with different dopants

at room temperature

Junction Js DB Rectifying N Vbi Nd (/cm3)
parameters (A/cm?) V) Ratio (v)
schottky systems
ITO/PANI-CHl/Zn 8 x 107 0.782 257 1.673 0.9 4.2 x1016
3.1x107 0.808 15.2 1.621. 0.6 4.2 x1016
6.1 x 10 0.73 50 65 0.9 0.4 x1016
— complex compound. It has been observed
= HCl E that the polyaniline doped with HCl and
4—DBSA iy using ZnSa as rectifying contact has
x-pTEA 0 7418 x better Schottky diode quality compared to
the diodes with PANI doped with DBSA or
p-TSA.
1.5E+16
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