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ZnSe/Porous Si/Si(p-type) Heterojunction Investigation 

   ZnSe/PSi/Si(P-type)دراسة خواص المفرق المتباين نوع 
 عصام هسوذ اتشاٍُن

 قسن الفٍضٌاء -كلٍح العلْم  -خاهعح تغذاد

 

 

Abstract: 
     In this research n-ZnSe films were deposited on glass and porous Si (P-Type) substrates by 

thermal evaporation in vacuum (10
-5

)(using Edward coating system 306)with thickness 200nm. 

All the films prepared at different annealing temperatures were studied by X-ray diffraction 

method and shown that ZnSe films at Ta=303K have polycrystalline structures,while we show 

that the films have single crystal at (Ta=343,363K).Optical measurements indicated that films 

have a direct energy gap in the range of (2.61-2.55eV) for films at room temperature and 

increases at different annealing temperatures. The effect of annealing on structural properties is 

observed. Hall Effect measurements showed that ZnSe films have a negative conductivity, also 

the concentration of charge carriers (n) and Hall mobility increases with increasing of annealing 

temperature. Porous Si (P-type) with (100) orientation and resistivity (1*10
-4

 ohm cm) is 

fabricated by photochemical etching process. Multijunction of ZnSe/Porous Si/Si(p-type) diode 

device were fabricated, electrical properties of fabricated junction is investigated by current 

density- applied voltage(J-V) measurements and from (C-V) measurement the built in voltage 

can be found. The effect of annealing temperatures on the heterojunction is observed  

Keywords: Porous Silicon heterojunction, Porous silicon  

  // لخلاصةا
هي الٌْع   ZnSe  هي الوْاد الكِشّضؤٌح الوِوح راخ فدْج الطاقح العالٍح ,تن تشسٍة اغشٍح   ZnSeتعتثش سثٍكح     

10)تطشٌقح التثخٍش السشاسي فً الفشاغ  (P-type)(PSi)تتشسٍثِا على قْاعذ هي الضخاج ّالسٍلٍكْى الوساهً 
-5

 torr) 

اظِشخ ًتائح زٍْد الاشعح السٌٍٍح اى أغشٍح (t=200nm)ّتسوك Edward coating system 306)  )تاستخذام خِاص 

ZnSe  هتعذدج التثلْس عٌذ دسخح زشاسج الغشفحTa=303K  ّازادٌح التثلْسعٌذ دسخاخ زشاسج تلذٌيTa=343,363K   ّلوذج

30min.  اشاسخ القٍاساخ الثصشٌح لأغشٍح .ZnSe ٍي اى الوشكة لَ فدْج طاقح هثاششج تتشاّذ ت(2.661-2.55eV)  عٌذ

راخ تْصٍلٍح سالثح ّاى  ZnSeدسخح زشاسج الغشفح ّتضداد تضٌادج دسخح زشاسج التلذٌي .اظِشخ قٍاساخ تأثٍش ُْل اى اغشٍح 

ّالتسشكٍح لساهلاخ الشسٌح تضداد تضٌادج دسخح زشاسج التلذٌي اٌضا. تن تسضٍش السٍلٍكْى الوساهً  (n)كثافح زاهلاخ الشسٌح 

10*1)ّهقاّهٍح)100)تاتداٍ ))(P-type)الضْئً لششائر سلٍكْى راخ ًْع -سفشالكٍوٍائًتطشٌقح ال
-4

(ohm cm)
  

كوا تن  

 –ّدساسح الخصائص الكِشتائٍح لِزٍ الٌثٍطح هي خلال فسْصاخ خصائص تٍاس   n-ZnSe/PSiتصٌٍع الوفشق الِدٍي 

الثٌاء الذاخلً ّهي ثن دساسح تاثٍش التلذٌي على  فْلتٍح( ّهي خلالِا زساب فْلتٍح خِذ-فْلتٍح ّكزلك خصائص )السعح

 خصائص الوفشق الوتثاٌي.

 

 

Introduction: 
 

     There is a strong need for the development of photovoltaic cells with low cost, high efficiency, 

and good stability. In thin film technologies, there exists a common problem with conversion 

efficiency due to poor materials quality; the photogenerated electrons and holes cannot travel very 

far before recombination (short free-carrier diffusion lengths) and are hence lost for power 

conversion. If the solar cell can be made using nanoscale heterojunctions, then every 

photogenerated carrier will have less distance to travel, and the problem of recombination can be 

greatly reduced. With nanoscale diffusion lengths for the photogenerated carriers, the materials 

constraints can be relaxed, and low cost deposition routes become acceptable.[1,2] 

     A basic proposed structure for a nanostructure single-junction solar cell is consist of a 

nanostructure substrate that is coated with semiconducting layers through possibly deposition 

techniques, such as chemical bath deposition or spray pyrolysis. Another related design involves 

first depositing the semiconductor absorber material in a planar geometry, then etching a periodic 
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array of nonporous, and finally using thermal evaporation or any techniques to fill in the nonporous 

with an opposite polarity window layer to form the p/n junction. The absorber material could be 

composed of silicon, GaAs, CdTe, CIGS, ZnSe or virtually any other solar cell material, since this 

layer can be deposited on a planar substrate and subsequently nanostructure.[1,2] Heterostructures 

of II-VI compound semiconductors exhibiting wide band gap are extensively studied for 

optoelectronic applications, such as light emitting diodes or laser diodes [1-3]. A number of 

techniques [4-8] are employed in the formation of high quality thin films such as, chemical vapor 

deposition, molecular beam epitaxy, pulsed laser, evaporation, and sputtering. However, there is an 

interest to investigate other approaches, which could open new or supplementary possibilities in 

terms of device properties, structure or engineering. High efficient devices can be obtained by 

electrodeposition such as electrodeposited cadmium telluride solar cells or electrodeposited wide 

band gap sulfide or oxides buffer/window layers[9-10]. Within direct wide-band semiconductor 

materials, the zinc chalcogenides compounds have been the objects of numerous studies concerning 

thin film deposition [11-13]. Zinc selenide (ZnSe) is considered as an important technological 

material due to their potential applications in various optical and electronic devices. It is an II – VI 

direct and wide band gap (2.7 eV) [14] semiconductor studied widely because of its potential use in 

semiconducting and optoelectronic devices and as window material for thin film heterojunction 

solar cells. The thermal evaporation deposition technique has been found to be a useful method to 

prepare polycrystalline semiconducting films for the use in photovoltaic cells. Thermal deposition 

technique seems to be an inexpensive, low temperature method that could produce good quality 

films for device applications. The attractive features of this method are the convenience for 

producing large area devices and possibility to control the film thickness, morphology and 

stoichiometry of the films by adjusting the deposition parameters. In this paper, we report the 

deposition of n-ZnSe thin films on glassy substrate and porous Si (P-type), it has been study the 

effect of temperature on I-V characteristic of the prepared junction, Optical transmission techniques 

were employed for characterizing the deposited films. 

 

2-Experimental Details: 
 

    Thin films of ZnSe were deposited by thermal evaporation technique (under a vacuum pressure 

of the order 10
-5

 torr) on glass and porous silicon PS (P-type) substrates with thickness (200 nm). 

  The PS layer prepared by photochemical etching process that is usually achieved in Hydrofluoric 

acid (HF) with concentration 36% and ethanol with (1:1 percentage) for 15 min. etching time, and 

with optical power densities(0.55Watt/cm
2
). The irradiation has been achieved using ordinary light 

source of tungsten halogen lamp (100w) power. The thickness of PSi was determined by using the 

equation (r=m1-m2/m1-m3)where r: is porosity thickness m1,m2 is the weight of wafer Si before and 

after etching and m3 is the weight of PSi after removing porous layer by KOH, where the thickness 

-

oriented highly doped P
+
-type Si wafers with resulting electrical resistivity of about (1x10

-4
 

during etching process the tungsten lamp (100 Watt) is exposed to in front of Si which immersed in 

above solution. Al/ZnSe/PSi/Si structures were fabricated by vacuum thermal evaporation of 

Aluminum electrodes. Junction was fabricated in order to carry out complementary I-V and C-V 

measurements. The structure of the PSi sample is shown in figure (1). 
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Fig.(1) Optical micrograph of the porous Silicon(1200X) 

3- Results and discussion: 
 

    X-ray diffraction (XRD) studies were made on the films deposited at room temperature and those annealed 

to Ta=343 and 363K for 30min.XRD pattern of the films deposited are shown in Fig.(2).It is observed that 

the films exhibit cubic structure with peaks corresponding to the (111),(220) reflections, for the films 

deposited at Ta=303K,while sharp peak are observed (single crystal structure) for the films annealed at 

Ta=343K and become more sharper for the samples  at Ta=363K these because of more arrangement of 

atoms with geometrical forms when the annealing temperature increases..    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Fig. (2) X-ray diffraction of ZnSe films prepared at Ta=303K, 343K and 363K 
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 Optical absorbance measurements were made on the films deposited on the glass substrates in the 

wave length range 300-1100 nm at room temperature and which annealed for 30 min at 343 and 

363K to ascertain the nature of the band gap. Substrate absorption, if any was corrected by placing 

an identical uncoated glass substrate in the reference beam. The absorption coefficient (

various wavelengths has been calculated using the equation [17]: 

 

                                  

     Where A is the absorbance value at a particular wavelength and t is the thickness of the film. The 

direct band gap of the 
2
 

2
 orption 

coefficient of 10
4
 cm

-1
 

yields the band gap in the range of 2.61 – 2.55 eV for the films deposited at room and different 

annealing temperatures. It is noticed that the optical energy gap decreases with increasing annealing 

temperatures. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

          

 

 
2
versus photon energy for ZnSe thin films at different annealing 

temperatures. 

 

         Hall effect results from  applying magnetic field (Bz) along a rectangular sample normal to the 

direction of current (Ix),the charge carriers will tend to be deflected to one side, then building up 

potential gradient perpendicular to magnetic field and current, this effect was used to determined 

the type and the density of charge carriers(n).Hall coefficient is given. 

                                
WBI

AV
R

zH

H
H  ………………(2) 

    Where A is the area of film, Bz applied magnetic field=0.257 Tesla. The density of charge 

carriers is given by the relation: n=1/eRH and the mobility of charge carriers is given by the relation 

H 

of ZnSe thin film at Ta=303K is n-type i.e. the conduction is dominated by electrons. referred that 

RH is negative this is obviously due to the excess in Se atom in ZnSe compounds act as donor 

atoms, the density of charge carriers(n) and the mobility were measured also. Table (1) declared 

that (n) increased by increasing annealing temperature, many reports affirmed that (n) increased 

when semiconductors were thermally treated. In general the Hall mobility of charge carriers is 
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observed to increase by increasing annealing temperature; this is attributed to lowering of potential 

barriers and increasing of electrical conductivity. 

                  Table(1) illustrates values of RH,n 

annealing temperature. 

 

                    

 

 

 

  

  Figure(4) shows the variation of inverse capacitance as a function of reverse bias voltage in the 

range (0-1) Volt at frequencies equal (f=1 kHz), at different annealing temperature equal to 

Ta=343K and Ta=363K.the plots reveal a straight line relationship which means that the junction is 

of an abrupt type [18] the interception of the straight line with the voltage axis (1/C
2
=0) represents 

the built-in voltage, it can observed from table (2) that the Vbi increase with increasing of annealing 

temperature this may be due to decrease in energy gap by increasing annealing temperatures.  

 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

  Fig.(4) (1/C
2
) as a function of the reverse bias voltage for ZnSe/PSi/Si HJ having different Ta 

temperatures. 

 

      The current–voltage characteristics are important parameter to identify the significance of the 

various components under reverse and forward bias as well as other important parameters. 

     Fig.(5) shows the I-V characteristic for ZnSe/PSi/Si HJ at dark forward bias voltage within the 

range (0-1 Volt). These curves demonstrate the behavior of the current with the forward bias 

voltage. There are two regions for the forward current curves the first region for the voltage range 

(0-0.3Volt) which the recombination current is dominate and the second region (V>0.3 volt), the 

variation is of exponential type and it is due to the tunneling current [19]. The initial part of Fig.(5) 

could be approximated by an expression of the type I~exp(qV/ßkBT) where (ß) is the ideality factor. 

So from the logarithm of the initial part of the forward current, the ideality factor (ß) could be 

calculated. From the second region in Fig.(5) the tunneling constant (At) can be calculated using 

At=[dLn (If/Is2)]/dV [20]. 

 

 

Ta (K) RH(cm
3
/C) n(cm

-3
) 

2
/v.s) 

303 -1540 4.05x10
15

 1.3 x 10
-4

 

343 -778.21 8.03 x 10
15

 3.36 x 10
-4

 

363 -770 8.11 x 10
15

 2.28 x 10
-3
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 Fig.(5) I-V characteristic at dark forward bias voltage on semilogarthmic scale for ZnSe/PSi/Si HJ 

at different annealing temperatures. 

       Table (2) reveal that the ideality factor decreases from 5.54 to 4.85 when the sample annealed 

to 343K then increased to 7.02 at Ta=363K. 

        In general, the forward dark current is generated by the flow of minority carriers. The applied 

voltage injects majority carriers which decreases the built-in potential, as well as the width of the 

depletion layer. The majority and minority carrier concentration is higher than the intrinsic carrier 

concentration (ni
2
<np) which generate the recombination current at the low voltage region (0-0.3 

Volt). This is because the excitation of electrons from valence band to conduction band will 

recombine them with holes that are found at the (V.B). This is observed by the little increase in the 

recombination current at low voltage region [21]. While the tunneling current occurs at the high 

voltage region (V>0.3 Volt).  

 

     Table (2) the tunneling, ideality factors, Vbi and energy gap for ZnSe/PSi/Si HJ and ZnSe films 

 

Ta(K) At (Volt)
-1

  Vbi(V) Eg(eV)(ZnSe films) 

303 4.14 7.14 0.6 2.55 

343 2.72 9.40 0.8 2.58 

373 0.68 10.05 1.6 2.61 

      

       For the structures with ZnSe/PS/c-Si layers, I-V curves measured in the darkness exhibit a 

typical ohmic behavior (at a bias up to one volt). The positive direction of voltage in this figure 

(forwarded current) corresponds to a positive bias applied to P-Si. The reverse branch displays 

current saturation, which is always clearly pronounced. Analysis of the forward current gives the 

value of the series resistance of the sample amounting to several kiloohms and the tunneling factor 

at small bias of approximately 4.14   to 0.68 Volt-1 .      

     Under illumination, the I-V curves (see Fig.6) is a typical ohmic behavior for the samples which 

prepared at Ta=303K and 363K while atypical photodiode for samples prepared at Ta=343K.The 

ratio of photocurrent measured under illumination and in the darkness is one to two orders. The 
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photocurrent increases with reverse bias very slowly. The open circuit voltage (Voc) is about 0.07 

Volt, and the sign of Voc corresponds to the depletion band bending of P-Si.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         

 

 

 

 Fig(6)I-V Characteristic under illumination for different annealing samples. 

 

Conclusion: 

 
      The energy gap of n-ZnSe thin films increases with the increase of annealing temperatures, the 

junction of n-ZnSe/PSi/Si heterojunctions performed successfully. From C-V measurements the Vbi 

is calculated and it is found that the Vbi increases with increasing annealing temperature, the I-V 

characteristic showed that the junction look like ohmic behavior at annealing Ta=303 and 

363K,while at Ta=343K the junction have a photodiode properties. Also, the junction is of the type 

of abrupt HJ.    
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