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ABSTRACT: 

Near-ideal p-CdS/n-Si heterojunction band edge lineup has been investigated for the 

first time with aid of I-V and C-V measurements. The heterojunction was manufactured 

by deposition of CdS films prepared by chemical spray pyrolysis technique (CSP) on 

monocrystalline n-type silicon. The experimental data of the conduction band offset Ec 

and valence band offset Ec were compared with theoretical values. The band offset 

Ec=530meV and Ev=770meV obtained at 300K. The energy band diagram of p-

CdS/n-Si HJ was constructed. C-V measurements depict that the junction was an abrupt 

type and the built-in voltage was determined from C
-2

-V plot. 
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 :ةصلاالخ
-في هذا البحث، تم وصف المخطط الطاقي للمفرق الهجين )شبه المثاالي  ووو  مارم مان خاص  خصااار تياار

بواساطة طريةاة الارل الايمااو   CdSجهد. تم تصنيع المفرق الهجين من خص  ترسيب غشاء من مااد  -جهد و سعة
اانااار  Evو  Ecإن النتااااال العملياااة أو اااحر أن مةااادار اااا  مااان  .n-ناااو ياون أحااااد  التبلاااور الحااارار   لااا  سااال

قياساار  إن ل  التوالي  ند درجة حرار  الغرفة، وقد تام مةارنتهاا ماع الةايم الن.رياة.  770meVو  530meVبحدود 
Cدم مان خاص  العصقاة البيانياة جهد أو حر أن المفرق من النو  الحاد وان جهد البناء الداخلي قاد تام تحديا -سعة 

-

2
-V. 

 

 
INTRODUCTION: 

Because of their importance in many 

applications of semiconductor devices, 

heterojunctions (HJs) have attracted 

intensive research interest over the past 

four decades [1-4]. The CdS/Si HJ has 

been the subject of active research of many 

devices such as transistor [5], photon 

detector [6], and solar cell [7]. This 

junction was made by several methods; the 

more competitive methods are thermal 

resistive and sputtering techniques. 

 

 

 

However, the authors recently have 

reported [8-10] the first trial to prepare 

CdS/Si HJ by means of chemical spray 

pyrolysis technique. 

To understand adequately the current 

transport mechanism of heterojunction, the 

band lineup is necessary, so many 

investigations on the band lineup of many 

of HJs were reported [4, 11]. 

In this study we report the construction 

of p-CdS/n-Si HJ band lineup with aid of I-

V and C-V measurements. 
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Figure (1): The Relationship between 

Hall Voltage (VH) and Passing 

Current (I) for p-CdS Film. 

EXPERIMENTAL: 

1. Heterojunction Diode Fabrication: 

The HJ diode analyzed in this paper was 

fabricated by deposition of CdS prepared 

by spray pyrolysis of 0.2M aqueous 

solution of CdCl2 and thiourea onto 

chemically etched monocrystalline n-type 

silicon substrate of (111) orientation and 3-

5.cm electrical resistivity. Substrate 

temperature was around 350 
o
C. Ohmic 

contacts were made on both CdS and Si 

sides using In and Au-Sb respectively. 

 

2. Electrical Measurements:  

I-V measurements were measured with 

temperature as a parameter in the range 

(273-318 K). The C-V measurement under 

reverse bias with frequency of 1MHz was 

carried out by LCZ meter. 

Conductivity type of CdS film was 

determined using Hall measurement. 

 

RESULTS AND DISCUSSION: 

 Result of Hall measurement revealed 

that the conductivity of sprayed CdS films 

is a p-type as shown in Fig.(1), this can be 

attributed to the existence of oxygen which 

acts as an acceptor in CdS [12].  

Fig.(2) shows the reciprocal of square 

capacitance versus bias voltage, the results 

of this plot  show  a linear relationship 

which gives an indication that the junction 

is an abrupt type. The built-in voltage VD 

can be calculated by extrapolating 1/C
2
–V 

plot to the point 1/C
2
=0. The intercept 

voltage Vint is related to the VD by: 

 

VD = Vint + (2kT/q)……..(1) 

 

where kT/q is the volt equivalent of 

temperature. The value of VD calculated 

from Eqn.(1) is 1.4 V. Near ideal diode at 

300 K is obvious in Fig.(3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I-V measurements under forward bias at 

temperatures around 300 K in the range 

(273-318 K) are presented in Fig.(4). The 

measurements are achieved at low voltage 

(up to 0.15 V) to cancel the role of the 

tunneling effect through the junction [13]. 

Saturation current density JS can be found 

by extrapolating the J-V plot to V=0. 

 

 

Figure (2): 1/C
2
 vs Reverse Bias 

Voltage. 
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The variation of JS with 1/T is plotted in 

Fig.(5), the value of valence band offset 

Ev can be deduced from the slope of 

Fig.(5) using the following equation [14]: 

 

                                  

                                 ------- (2) 

 

where: A is constant. 

 

 

The previous equation was selected 

according to CdS and Si parameters as it is 

detailed in ref.[14]. Using Eqn.(2) and the 

slope in Fig.(5), Ev calculated to be 770 

meV. The value of Ec was determined 

with aid of the following equation: 

 

Ec +Ev = Eg(CdS)-Eg(Si)    -------(3) 

 

The value of right side of Eqn.(3) is 

equal to 1.3eV, hence Ec is equal to 530 

meV.From the above result, the band 

lineup of p-CdS/n-Si HJ was constructed 

as shown in Fig.(6). The effect of interface 

parameter is not taken into account 

because it is difficult to determine [4]. 

The experimental value of Ec is 

consistent with the theoretical value (490 

meV) [14] with satisfactory accuracy of 

0.05 eV. The values of Ec and Ev 

revealed that the current transport in p-

CdS/n-Si HJ is carried out by electrons 

more than by holes. 
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Figure (4): Forward J against V 

at Temperatures between 270 

and 318K. 

 

Figure (5): JS vs 1000/T for 

Determination of Ev. 
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CONCLUSION: 

Several conclusions can be drawn on the 

basis of obtained experimental data as 

shown below: 

1- The junction formed by pyrolysis 

spraying of CdS thin films on n-

type Si is anisotype. 

2-  C-V results suggest that the 

junction was abrupt type. 

3-  Experimental value of Ec seems 

to be consistent with the 

theoretically calculated Ec with 

satisfactory accuracy. 
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Figure (6): Energy Band Diagram for p-CdS/n-Si Heterojunction. 
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