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Abstract 
The present paper is all about measuring 
Hall parameters in various undoped and rare 
earth doped thin films of copper indium 
sulphide grown by using chemical bath 
deposition (CBD) method in alkaline medium 
at different temperature and different 
volume of dopant. The thickness of the 
synthesized samples was determined by using 
gravimetric method. The resistivity (ρ) was 
determined by using four probe methods. 
Hall voltages were measured for varying 
magnetic and electric fields. The value of RH 
andµH  do not depend on magnetic and 
electric fields, but they change with film 
thickness. All grown films showed P-type 
conductivity irrespective of thickness. The 
value of nH depends on thickness of films. 
Observation depicts that carrier 
concentration decreases with increase of 
thickness of the film. High mobility and high 
conductivity have been obtained in Ho (6ml) 
doped film grown at 800C. 
Keywords: Hall coefficient, Mobility, Thin 
films, CBD 
1. Introduction 
CuInS2 is one of the members of the ternary 
chalcopyrite compounds AIBIIIX2

VI. Ternary 
semiconductor CuInS2 is becoming current 
interest as it is having photovoltaic device 
application potential [1,2] such as in 
economical hetero-junction solar cells and 
photovoltaic detectors [3]. Also, it has 
perspective application in biomedical 
labelling[4]. The first thin film of CuInS2 was 
reported by [5] using the single and double 
source method. Since then many researchers 
have synthesized CuInS2 thin films by various 
methods such as chemical vapor deposition [6], 
three sources molecular beam epitaxy [7], 
electro deposition [8],spray pyrolysis [9], co 

evaporation [10], SILAR [11], reactive 
sputtering [12], ion layer gas reaction [13], 
CVD [14]& chemical bath deposition [15-
18].Hall measurement is the significant 
technique to get the concentration of charge 
carrier, mobility and resistivity of a sample 
which is conductive. Thin films of 
polycrystalline or amorphous materials are 
useful in many modern devices. Because of low 
mobility and high resistance, it is challenging to 
perform Hall measurements on these films. 
Vander Pauw; 1958[19] apprehended that Hall 
measurements are suitable both for rectangular 
shaped samples and at the same time can be 
used for arbitrary shaped samples. The sample 
layer should be homogeneous, thickness should 
be uniform and must be free from holes. This 
makes sample preparation simple especially 
when it is for solar cell absorbers.In Zn-Te thin 
films,the Hall effect measurements are carried 
out by many researchers [20-21].  

 
2. Experimental Method 
Doped and undoped CuInS2 films were grown 
on microscopic glass substrates by CBD 
method. Prior to use, care has been taken to 
clean the substrates many a times by regular 
detergent, acetone and deionised water. 
Solutions of CuCl2.2H2O (0.1M), InCl3 (0.1M) 
and thiourea has been used as precursors in 
appropriate proportion. Then ammonia (25%) 
and TEA were added. Stirring upto10min has 
been provided for homogeneous deposition of 
films.For depositing doped films; we have 
added flux CdCl2 and nitrates of rare earth 
samarium and Holmium to the solution.The 
temperature of the liquid bath was 800C and it 
remains constant for all deposited films. 
3. Results and Discussions 
For measuring Hall mobility we have to first 
measure Hall potential (VH) in the presence of 
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magnetic field which is at right angle direction 
to the current. The voltage difference will be 
generated which will be transverse to the 
current and magnetic field (B). Hall potential 
(VH) can be measured across the device.The 
thickness of the synthesized samples was 
determined by using gravimetric method. The 
thickness of the undoped films is in the range of 
108.1μm to 49.78μm whereas thickness of 
doped films is in nm range.The resistivity (ρ) 
was determined by using four probe methods. 
Hall coefficient RH, charge carrier density nH 
and mobility μHwere measured using the 
equations: 
RH=𝑉𝑉𝐻𝐻  .𝑡𝑡

𝐼𝐼.𝐵𝐵
                                -----(1) 

nH=- 1
𝑅𝑅𝐻𝐻 .𝑒𝑒       

                             ----(2) 
 µH = σ.RH                          ----(3) 
Where VH = Hall voltage, I = current, B= 
Magnetic field and t= thickness of film. 
To elucidate the consequence of rare earth 
element on electrical properties such as 
resistivity and mobility of CuInS2films, Hall 
measurement was carried out and the results are 
represented in Table 1. Silver paste was used for 
making all the ohmic contacts. The films were 
kept in a uniform magnetic 
fieldwhichhasbeensuppliedbyanelectromagnetw
ithadcpowersupply.Inorderto measure the 
magnetic field strength a gauss meter has been 
used. In all the films whether it is doped or 
undoped the value of Hall coefficient (RH) is 
positive thus type of charge carriers were 
"holes" and type of synthesized films were of p-

type. Fig.1, Fig.2 and Fig.3 shows graph 
between Hall voltage and current for 
CuInS2films at 600C,700C and 800C. When 
deposition temperature is increased from 60°C 
to 80°C;electrical resistivity of films decreases. 
The Hall mobility increases with temperature. 
Similar behaviour has been reported by [22] and 
[23]. This rise in mobility with temperature is 
because of T3/2 law highlighted by [24]. Another 
reason is obviously caused by increase in grain 
size due to recrystallization processes. For film 
prepared at 60°C, grain size was 22.81nm, and 
it increased to 22.9 nm for film prepared at 
80°C. In Sm doped film when volume of Sm 
increases then resistivity decreases. Same 
behaviour is observed for Ho doped CuInS2 thin 
films.It was found that the mobility of charge 
carrier reduces with the increasing volume of 
doping element. The reason may be the 
decrease in thickness of the film with increasing 
volume of doping element. This behaviour may 
be due to the decrease of trapping centersof 
charge carriers with the increase of film 
thickness. This is because of decreased grain 
boundary scattering, which limits the mobility 
in thinner films (Sze; 2007). Hall mobility of 
CIS: CdCl2, Ho (6ml) film is higher than other 
doped films. The conductivity of CIS: CdCl2, 
Ho (8ml) film is high as atomic percentage of 
copper is high in this film confirmed 
fromEDAX. 
 
 

 

 
Fig1. Graph between Hall voltage and current       Fig2. Graph between Hall voltage and current 
 at 600C                                                                      at 700C  
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Fig3. Graph between Hall voltageand current at 800C 
 

 
Fig4. Graph between Hall voltage and current for    Fig5. Graph between Hall voltage and current 
CIS:Sm(4ml) doped film                                           for CIS:Sm(6ml) doped film 
 
 

 
Fig 6. Graph between Hall voltage and current for CIS:Sm(8ml) doped film 
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Fig. 7 Graph between Hall voltage and current for      Fig. 8 Graph between Hall voltage and       
film CIS:Ho(6ml)                                                                 current for film CIS:Ho(8ml)                                                                                     

Table 1:Hall measurement results of various undoped and doped CuInS2 thin films  
Sample VH/IH 

(Ω) 
RH 

(cm3/c) 
Type 

of 
carri
ers 

Concent
ration 

of 
charge 
carrier 
[cm-3] 

σ at RT 
[Ω-cm]-1 

Hall 
mobility 
[cm2/Vs] 

ρ[Ω-cm] 

CIS at 600C 100 103.1 Holes 6.0×1016 0.012 1.25 83.3 

CIS at 700C 175 86.97 Hole
s 

7.0×101

6 
     0.010 0.93 100 

CIS at 800C 140 89.74 Hole
s 

6.9×101

6 
     0.016 1.44 62.5 

CIS:CdCl2,Sm
(4ml) 

100 79 Hole
s 

7.9×101

6 
     0.020 1.58 50 

CIS:CdCl2,Sm
(6ml) 

150 97 Holes 6.4×1016 0.015 1.50 66.6 

CIS:CdCl2,Sm
(8ml) 

150 61 Holes 1.0×1017 0.025 1.56 40 

CIS:CdCl2,Ho
(6ml) 

250 128.5 Hole
s 

4.8×101

6 
     0.019 2.51 51.2 

CIS:CdCl2,Ho
(8ml) 

100 47 Holes 1.3×1017 0.031 1.50 32.2 

 
The resistivity of CIS: CdCl2, Sm (6ml) is 
very high. The conductivity of all doped films 
is higher than undoped film. In  general, 
increased doping will lead to increased 
conductivity. The reason is higher value of 
carrier concentration. 
 
 

 
4. Conclusions 
At last, we can conclude that doped and 
undoped thin films of CuInS2 has been 
obtined successfully by chemical method in a 
liquid bath. Hall parameters have been 
studied comprehensively. Hall mobility of 
CIS: CdCl2, Ho (6ml) film is higher than 
other doped films. The conductivity of CIS: 
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CdCl2, Ho (8ml) film is high as the atomic 
percentage of copper is high in this 
film.These thin films with high carrier 
mobility will permit developing devices that 
incur maximized current flow at lower power 
levels, with faster switching times and higher 
bandwidth. Hall effect measurements are 
decisive for the future of the electronics 
industry.  
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