
 
 
Solid State Science and Technology, Vol. 19, No2 (2011) 107-119 
ISSN 0128-7389 
 

 

107

HALL EFFECT OF POLYPYRROLE-CHLOROPHYLL BLEND  
THIN FILM: A SOLAR CELL 

 
A.R.N. Laily1*, M.I.N. Isa2, H. Salleh2 and S. Hasiah2 

 
1Faculty of Electrical Engineering, Universiti Teknologi MARA (Terengganu)  

Sura Hujung 23000 Dungun, Terengganu, Malaysia 
 

2Physical Sciences Department, Universiti Malaysia Terengganu, 21030 Kuala 
Terengganu, Terengganu, Malaysia 

 
*Corresponding author: norlaily77@tganu.uitm.edu.my 

 
ABSTRACT 

 
The blend of PPy with CHLO (PPy:CHLO) were prepared at 1:1, 1:5, 1:10, 5:1, and 
10:1 ratios. The blend of PPy:CHLO thin films were deposited on Indium Tin Oxide 
(ITO) substrate (PPy:CHLO/ITO) by spin coating technique with different thicknesses. 
In this work, the Hall effect measurement (HEM) of PPy:CHLO/ITO thin film was 
investigated by HEM system in the square dimension of van der Pauw (vdP) geometry. 
From HEM study, the findings indicates that the samples were p-type of charge carrier, 
Hall voltage obtained only in mV which lies between 1.17 × 10-3 V to 2.02 × 10-3 V, 
Hall  coefficient  was  1.17 × 102 cm-2V-1 s-1  to  2.0 × 102  cm-2V-1s-1,  the carrier 
concentration detected was between 3.125 × 1016 cm-2 to 5.330 × 1016 cm-2 and Hall 
mobility was between 33 cm2/Vs to 47 cm2/Vs. The results show that HEM of the 
samples was thickness dependence and this samples successfully investigated by Hall 
effect. These samples are suitable for electronic devices application. 
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INTRODUCTION 
 

In recent years, conducting polymers have attracted much attention to chemists and 
physicists due to their versatile promising applications in many fields [1]. Among these 
conducting polymers, polypyrrole (PPy) has been one of the most studied polymers in 
the conducting polymer subject, since the monomer pyrrole is easily oxidized, water 
soluble and commercially available [2]. Pyrrole is capable of producing conducting 
polymers with high electrical conductivity, environmental stability and good redox 
properties. In addition, Chlorophyll (CHLO) is a natural dye made of magnesium salt 
complexes, hydrogenated in the 7,8-position, with a 6Ɣ-ethanone ring and chemically 
resembling haemin, an iron salt complex from mammalian blood [3]. It is contains a 
porphyrin ring which in this study has been used as an organic material to investigate 
the electrical properties of PPy-CHLO blended as solar cell. A solar cell or photovoltaic 
cell is a device that converts solar energy into electricity by the photovoltaic effect.  
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Photovoltaic is the field of technology and research related to the application of solar 
cells as solar energy. Sometimes, the term solar cell is reserved for devices intended 
specifically to capture energy from sunlight, while the term photovoltaic cell is used 
when the source is unspecified [4].  The aim of the present study is to find out the Hall 
effect study of PPy-CHLO blended when the ratios of PPy-CHLO and the thickness 
were varied. Hall effect measurement has been used to determine more accurately the 
holes or electron concentration of the samples by minimizing the effect of the 
assumptions made when interpreting the concentration from the thermoelectric power 
measurements [5]. 
 

EXPERIMENTAL METHOD 
 

Samples Preparations 
The ITO substrates were cut into 1cm×1cm using micracuter 150 precision cutters 
(Nelson) and the diamond cutter. The cleaning process was done using ultrasonic 
vibrator (JEIOTECH model). The tank in ultrasonic vibrator was rinsed using distilled 
water to make sure it is cleaned [6]. 50ml beaker filled with distilled water and ITO 
substrates was put into the ultrasonic vibrator. Then, ITO substrates were thoroughly 
cleaned by distilled water, and the detergent. It was followed by acetone in order to 
remove any contaminations that might have been formed on the substrates [7] and 
distilled water, respectively. The time was set for 20 minutes, 30°C and mode vibration 
was set as medium for each cleaning. Lastly, the ITO substrates were dried using the 
dryer before kept into a Petri dish. 
 
The preparation for PPy-CHLO solutions as follow; the concentration of PPy and 
CHLO was 1.0 × 10-4 M. The PPy-CHLO solutions were blended in volumetric flask 
with five different ratios as listed in Table 1. 
 

Table 1: The volume of PPy and CHLO blended at different ratios 
 

Ratios Volume of PPy 
(ml) 

Volume of CHLO 
(ml) 

1:1 2.5 12.5 
1:5 5.0 20.0 
1:10 2.5 22.5 
5:1 20.0 5.0 
10:1 22.5 2.5 

 
Thin Film Deposition Process  
Spin Coater Model WS-400B-6NPP-LITE was used. Spin coating is a procedure used 
to apply uniform thin films on the flat substrates. In short, an excess amount of the 
solvent is placed on the substrate, which is then rotated at high speed in order to spread 
the fluid by centrifugal force. In research by [8] stated that the higher the angular speed 
of spinning the thinner the film will be. The thickness of the film also depends on the 
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concentration of the solution.  
 
In this work, PPy-CHLO blend thin films were deposited on ITO substrate using spin 
coating technique with different thicknesses. The thin film were varied with 0, 5, 10, 15, 
20, 25, 30, 35, 40, 45, 50 layers. The spin coater used was 4 stages of spin; 500 rpm for 
10 s, 1000 rpm for 15 s, 1500 rpm for 20 s and 2000 rpm for 30 s to complete one layer 
and then repeated to complete 5 layers, 10 layers until 50 layers for each samples. 
Figure 1 shows the thin film structure of thin film deposited on ITO substrates. 

                                    
Figure 1: The structure of thin film 

 
Hall Effect Characteristics 
In HEM, the samples should have well-defined geometries and good ohmic contacts in 
order to obtain the accurate results. The samples must have vdP geometry. The ITO 
substrates were placed on the sample holder as shown in Figure 2. The sample on the 
holder system is then connected to contacts 1, 2, 3 and 4, using the silver paint on four 
edges. The connection to the contact is then tested using a multimeter. 

 
Figure 2: The geometry of sample holder [4] 

 
The measurements were performed using the Leois-JSF software. The Hardware system 
called HEM system model 7600 is supplied by Lakeshore Ltd. The important part of 
this HEM system is ensuring that the room temperature and set temperature was 
equivalent (20 °C) in order to prevent the power supply from breakdown. The 
measurement consists of two parts. The first parts are called the IV curve traces 

ITO

Glass substrate

 PPy+CHLO  
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measurement and the second part is variable magnetic field measurement. The purpose 
of IV curve traces measurement is to make sure that all the contacts are in good 
connections. In this work, the magnetic field fixed was 10 kG (1 Tesla) and the current 
was 0.1 A.  
 
In addition, Figure 3 shows the numbering of sample for Hall calculations which is used 
in this work. 

 
Figure 3: The numbering of sample for Hall calculations 

 
Referring to Figure 3, the Hall voltage V+31,42 (+B) is measured between contact point 4 
and 2 when a current I+31 is passed from points 3 and 1. With field and current reversal, 
there will be eight voltages can be measured.  
 
 
Hall voltage average, VH avg ; 
  

 
                                                                                                  (1)    

 
 
The RH in vertical (RHc) and horizontal (RHD) directions respectively are given as;  
 

 
                                                                                                          
   
And ;   
 
 

 
 
The Hall coefficient average, RH avg calculated by; 

(2) 

(3) 
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The unit of RH will be m3C-1, if t is in meter, B in Tesla, voltages in volt and current, I 
in ampere. If t is excluded, then RH becomes the sheet Hall coefficient. When the 
thickness is unknown, the layer or sheet carrier concentration, ns = n, is used instead of 
the bulk density,  
 

 
 
Where, B in Gauss unit, I in ampere, and VH in volt. Then the Hall mobility (μH) is 
given by 

 
 
Lastly, types of charge carrier. It is determined by the polarity sign of VH avg from (1) 
and polarity sign of RH avg in (4). If the polarity sign is positive, the type of charge 
carrier is holes and called P-type. In contrast, if negative sign, it is electrons and called 
n-type. Equation (1) is [9] and (2-6) are [10]. 

 
 RESULTS AND DISCUSSION 

 
In this work, varies PPy samples are referring to 1:1, 5:1, and 10:1 ratios samples while 
varies CHLO samples are subject to 1:1, 1:5 and 1:10 ratios samples . This ratios 
according to PPy:CHLO. In HEM, Hall voltage, Hall coefficient, carrier concentration, 
Hall mobility and types of charge carrier were determined. 
 
Hall Voltage  
Figure 4 depicts the Hall voltage variation with the film thickness for the blended 
samples of varies PPy. The calculation was carried out using Equation (1). 
 
Based on Figure 4 clearly shows that the Hall voltage is decreasing with the number of 
layers (thickness). This relationship agreed with the theory mentioned in Equation (7). 
The commercial ITO samples (at 0 layer of film), exhibited the highest Hall voltage 
2.00 mV while the lowest Hall voltage detected for 1:1, 5:1 and 10:1 were 1.29 mV (at 
40 layers), 1.25 mV (at 45 layers) and 1.17 mV (at 40 layers) respectively. The range of 
Hall voltage obtained for these varies PPy samples were between 1.17 mV to 2.00 mV.  
In addition, it is observed that as quantity of PPy increased in the blended samples of 
PPy:CHLO (which are 1:1, 5:1 and 10:1), the Hall voltage becomes smaller. This 
phenomenon could be attributed to the increase of charge concentration, n and the 
thickness, t as depict in equation below; 
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Figure 4: Hall voltage of varies PPy samples as a function of thickness 

 
In contrast, Hall voltage raise as CHLO increased in the constant PPy samples as 
illustrated in Figure 5 which Hall voltage of varies CHLO samples versus the film 
thickness. 
 

 
Figure 5: Hall voltage of varies CHLO with respect to the thickness 

 
Figure 5, clearly shows that the Hall voltage for sample 1:1, 1:5 and 1:10 is decreasing 
with the number of layers (thickness). The range of Hall voltage obtained for these 
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varies CHLO samples were between 1.29 mV to 2.00 mV. The highest Hall voltage was 
2.00 mV for the commercial ITO (0 layer of film) while the lowest Hall voltage 
obtained for sample 1:1 was 1.29 mV (at 45 layers), sample 1:5 was 1.34 mV (at 40 
layers) and sample 1:10 was 1.40 mV (at 40 layers).  From both graph, it is found that 
the Hall voltage of film clearly depend on the thickness and the quantity of materials 
used. In addition, the data also show that when the blended films thickness over 40, the 
Hall voltage increased. This trend can be explained as due to the decrease carrier 
concentration in the films. This is because the Hall voltage is reciprocal to the carrier 
concentration. 
 
Hall Coefficient 
Hall coefficient was characterized as shown in Figure 6 and Figure 7, against film 
thickness at room temperature and it was calculated from Equation (4). Figure 6 shows 
the Hall coefficient graph for varies PPy samples. 

 
Figure 6: Hall coefficient against film thickness for varies PPy samples 

 
The Hall coefficient dependence on film thickness was depicted in the Figure 6. The 
lowest Hall coefficient detected for sample of 0 layers with 2.0 × 102 cm-2V-1s-1 while 
the lowest detected for sample 1:1, 5:1 and 10:1 was 1.29 × 102 cm-2V-1s-1 (at 40 
layers), 1.25 × 102 cm-2V-1s-1  (at 45 layers) and 1.17 × 102 cm-2V-1s-1  (at 40 layers) 
respectively. The range of Hall coefficient detected was between 1.17 × 102 cm-2V-1 s-1 
to 2.0 × 102 cm-2V-1s-1. From these plots, it is apparent that the 1:1 film exhibited the 
highest Hall coefficient of varies PPy samples with respect to the film thickness. This is 
due to the amount of CHLO and PPy is balance for 1:1 sample compared to 1:5 and 
1:10 which contained more CHLO. Hall coefficient decreased when thin film increased. 
The Hall coefficient for varies CHLO samples was presented in Figure 7. 
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Figure 7: Hall coefficient variation against film thickness for varies CHLO samples 

 
By referring to Figure 7, Hall coefficient is observed to decrease gradually as film 
thickness increases. The Hall coefficient range detected was between 1.29 × 102 cm-2V-1 
s-1 to 2.0 × 102 cm-2V-1 s-1. The commercial ITO (0 layer of film) of varies CHLO 
samples with 2.0 × 102 cm-2V-1 s-1 was found as the highest Hall coefficient while the 
lowest Hall coefficient obtained for sample 1:1, 1:5, 1:10 were 1.29 × 102 cm-2V-1 s-1  
(at 45 layers), 1.34 × 102 cm-2V-1 s-1  (at 40 layers) and 1.40 × 102 cm-2V-1 s-1  (at 40 
layers) respectively. The observation agrees with the theory experimental that the Hall 
coefficient decreases with the charge density, n. In thicker samples, the mobile charge 
carrier density increases as predicted. This is in agreement with the work reported by 
Pichard et al., (1981). 
 
Carrier Concentration  
The effect of film thickness on carrier concentration for PPy samples which can be seen 
in the Figure 8. It is apparent that the carrier concentration is increasing with increasing 
film thickness till 40 layers and then decreases for the higher thickness. This can be 
explained by the lack of Oxygen to compensate possible vacancies and so, to an 
enhancement on the bulk defects [11]. Furthermore, Oxygen vacancies induce free 
electrons as conduction carriers [12]. The carrier concentration was calculated from 
Equation (5). 
 
The carrier concentration in the varied PPy samples was attested by their thickness, as 
shown in Figure 8. This relationship is found to be in good agreement reported by [13] 
and [14]. The lowest carrier concentration detected was 3.125 × 1016 cm-2 for the 
commercial ITO (0 layer film). The highest carrier concentration detected for 
sample1:1, 5:1 and 10:1 was 4.830 × 1016 cm-2 (at 45 layers), 5.00 × 1016 cm-2 (at 40 
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layers) and 5.330 × 1016 cm-2 (at 40 layers) respectively.  The carrier concentration 
increased as the amount of PPy in the blended samples increased. Therefore, sample 
10:1 which contained 10:1 ratio of PPy:CHLO exhibited the highest carrier 
concentration for varies PPy samples. The carrier concentration detected was between 
3.125 × 1016 cm-2 to 5.330 × 1016 cm-2. The variation of carrier concentration for CHLO 
samples are plotted in Figure 9. 
 

 
Figure 8: Carrier concentration of PPy samples film with respect to the thickness 

 
 

 
Figure 9: Carrier concentration of CHLO film with respect to the thickness 
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Figure 9 shows that the carrier concentration for varies CHLO sample increase with 
increase film thickness and then decrease a bit again for the higher thickness. The range 
of carrier concentration detected was between 3.125 × 1016 cm-2 to 4.83 × 1016 cm-2. 
From these plots, it is apparent that the sample 1:1 (at 45 layers) exhibited the highest 
carrier concentration of varies CHLO samples with respect to the film thickness. This 
occurrence is due to the amount of CHLO in the blended samples which CHLO act as 
insulator. Thus, as amount of CHLO decreased, ns increased. In addition, the carrier 
concentration obtained was 1016 cm-3 for P-type samples in this experiment is similar 
reported by [15]. The larger free carrier density is due to the low resistivity [16-17] and 
high conductivity of film [18]. 
 
Hall Mobility 
From measurement of Hall coefficient and resistivity, Hall mobility was calculated 
using Equation (6). Figure 10 present the Hall mobility graph as a function of film 
thickness for varies PPy samples. 
 
By referring Figure 10, the Hall mobility is observed to increase from 0 layer to 5 layers 
of film thickness. This is due to the effect of thin film deposition (0 to 5 layers). 
However, the Hall mobility for samples 1:1, 5:1 and 10:1 decreased rapidly after 5 
layers. Then, the Hall mobility is not constant over 25 layers of thickness. The lowest 
Hall mobility detected was 33 cm2/Vs for the commercial ITO (0 layers of thickness). In 
contrast, the Hall mobility for sample 1:1 was 44.60 cm2/Vs, for sample 5:10 was 46 
cm2/Vs, and for sample 10:1 was 47 cm2/Vs. The highest point of Hall mobility was at 
5 layers of film thickness. The range of Hall mobility observed was between 33 cm2/Vs 
to 47 cm2/Vs. Figure 11 present the Hall mobility variation with the film thickness for 
CHLO samples. 

 
Figure 10: Hall mobility of PPy samples with respect to the thickness 
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Figure 11: Hall mobility of CHLO samples with respect to the thickness 

 
As PPy samples varies, in Figure 10, the Hall mobility for CHLO samples is dependent 
on the thickness. The results indicated that the Hall mobility decreased sharply until the 
thickness of 25 layers. Beyond 25 layers, the mobility appeared to be constant at about 
36.5 cm2/Vs on the average. The variation in the mobility is almost similar to the 
variation of Hall coefficient illustrated by Figure 7. This observation leads to the 
conclusion that the Hall coefficient plays a greater role on determining the mobility. 
Since the Hall coefficient is inversely proportional to the carrier concentration, it can be 
concluded further that the mobility changes are basically due to the changes in the 
carrier concentration. 
 
Type of Charge Carrier 
The charge carrier type can be determined by the polarity of the Hall voltage and Hall 
coefficient. If positive, the charge carriers are holes and the material is of the P-type. In 
this work, it was found that, the Hall voltage is positive for all samples. This finding 
indicates that the majority carriers are holes, according to the concept of 
semiconductors. These materials contained more holes than electrons, irrespective of 
the sign of the measured electrical properties [19]. In other words, since the Hall 
voltage is positive, the holes are major charge carriers for all samples. 
 

CONCLUSION 
 
From the results, it can be concluded that the electrical carrier concentration increase 
with increase film thickness, and thus the electrical resistivity decrease with increase 
film thickness. The Hall mobility is reciprocal to the carrier concentration due to the 
lack of oxygen to compensate possible vacancies and so, to an enhancement on the bulk 
defects [11]. The Hall mobility does not change significantly with the film thickness as 
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obtained from this work. The thin films deposited at room temperature generally have 
amorphous structure, in the case of amorphous structure; it is known that Hall mobility 
does not change significantly. However, in the case of polycrystalline structure, Hall 
mobility changes significantly with grain size due to the electron scatting at the grain 
boundaries [20]. As the film thickness increase, the crystal grain size becomes bigger, 
which will lead to an obvious decrease of the density of the grain boundary and the 
carrier mobility. The thickest films were of the highest transparency in the visible 
region. The dependence of Hall mobility on the free carrier density reported. It is found 
that Hall mobility strongly depends on the carrier density.  
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