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Abstract: 
In this research the a-As flims have been prepared by thermal evaporation with 

thickness 250 nm and rata of deposition   (1.04nm/sec) as function to annealing 

temperature (373 and 373K), from XRD analysis we can see that the degree of 

crystalline increase with   , and I-V characteristic for dark and illumination shows 

that forward bias current varieties approximately exponentially with voltage bias. 

Also we found that the quality factor and saturation current dependence on annealing 

temperatures.  
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Introduction: 
      The  heterojunction device of the 

amorphous- crystalline semiconductor 

type have been much attention 

considerable interest from researchers 

both from a fundamental physics and 

technological field ,for example Mimer 

and Hatenaka 1987 [1] showed  that a-

Si:H/c-Si has application to imaging 

devices,Kentaro and Nakazawa 

1988;Lovejoy 1992 have also studied 

amorphous-polycrystalline of silicon 

films have possible application in a 

photoelectonics [2,3]  Amorphous 

arsenic generally, were among the first 

and most widely investigated 

amorphous semiconductors[4] , The 

understanding of the behavior of 

arsenic in highly doped near surface 

silicon layers is of crucial importance 

for the formation of n -type 

ultrashallow junctions in current and 

future very large scale integrated 

technology.[5] This is of particular 

relevance when studying recently 

developed implantation and annealing 

methods, The use of arsenic as n-type 

dopant silicon has beenExtensively 

Investigated and applied for the past 

and present semiconductor technology. 

 Compared to other n-type dopants, 

arsenic offers a relatively high solid 

solubility and a high mass that gives 

low penetration depth when the dopant 

atoms are introduced by ion 

implantation [6].  

 According to Kazerski [7] amorphous 

thin films posses a large density of 

dangling bands which difficult doping 

attempts because dopants attach for 

possible device application. 

The purpose of this study is to measure 

the structural characteristica-As/c-

Siheterojunction as a function to 

annealing temperature and attempt 

fabricate the a-As/c-Si heterojunction 

as a function to annealing temperature  

 

Experimental details: 
p-type silicon wafers of (111) were 

etched in a chemical solution consists 

of 3ml      1ml     for 1-3 minutes 

and they where dried by using blower 

and wiped with soft paper before 

arsenic deposition . High purity of 

arsenic thin film (250nm thick) was 

deposition  on the glass surface by 

thermal evaporation technique in unit 

vacuum type Edwared  306A .Ohmic 
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contacts were made by evaporating of 

a thick film of high purity Al at back of 

the wafer. The evaporation was 

achieved under vacuum pressure down 

     Torr .Substrate temperature was 

kept close to room temperature, The 

annealing has been done with 

temperatures of 373K and 473K and 

annealing time around 60 minutes[8].      

Results and Discussion: 
1-  XRD analysis: 

       X-ray diffraction( XRD) 

diffraction of arsenic films at various  

  were carried out in order to get an 

information about the structure 

changes produced by heat treatment at 

various   obviously. 

  The structure of the as deposition As 

film at room temperature and the 

annealing at 373 and 473 K are 

crystalline phase  as  show in fig (1) 

and the degree of crystalline phase 

increase with increasing Ta ,similar  

result have  been pointed by ref [9]. 

 

 

 

 

Table (1) the comparison between observed and standard peeks at XRD patterns 

for 250 nm a-As thin films for different Ta. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (1) XRD of Arsenic with different annealing temperature 

 

2- I-V characteristic of a-As /c-

Si under dark 
       The I-V characteristic of  a-As/c-

Si as show the forward I-V 

characteristic for a junction is 

described by the thermionic emission 

relation : 

  =  exp q  /n  T 

    A sime –log J-V plot under forward 

bias for annealed and unannealed for a-

As/c-Si hetrojunction at forward and 

Ta 
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(degree) 

dhkl 
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Int. 
Exp. 
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% 

hkl 
FWHM 

(degree) 

G. 
S. 

(nm) 

373 32.6 2.745 60 
2.738 

100 (111) 0.45 
173 

 

473 32.7 2.736 95 
2.738 

100 (111) 0.40 
195 
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reverse bias voltage  is presented in fig 

(2) . the ideality factor of the diodes is  

in value (1.5-2) for sample prepared at 

RT and annealing with 473K . This 

values reflected that the carriers  

transport is taken  place by tunneling 

and recombination mechanisms 

associated with the thermionic 

emission mechanism. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig (2) Forward J-Vcharacteristic for a-As/c-Si annealed and 

unannealedhetrojunction 

 

In general the forward dark current is 

generated due to the flow of majority 

carriers and the applied voltage injects 

majority carriers which lead to the 

decrease of the built-in potential ,as 

well as the width of the depletion layer.  

We also observed that the current 

increases slightly with increasing of 

annealing temperature because the 

increasing of  temperature causes as 

rearrangement of the interface atoms 

and reduce the dangling bond , surface 

state and dislocation at interface layer 

between a-As and c-Si which leads to 

improvement of the junction 

characteristics this behavior are 

agreement with [9] . 

 

(b) I-V characteristic of a-As /c-Si 

under under illumination 

The (I-V) for a-As/c-Si characteristic 

under illumination shown in figure (3) 

, in the forward bias the current 

increased exponentially with voltage as 

expected, but in reverse bias the 

current was found to be increasing 

slowly with voltage (soft break down) 

and did not show any trend of 

saturation or sharp breakdown ,From 

this figure we can see that the Voc  

increase with Ta, this may be 

associated with reduction the 

recombination center in term important 

the crystal structure similar variation 

have been pointed in ref [10].  

 

 

 

 

 

 

 

 

 

 

 

We observe the photocurrent density increases with increasing of the bias voltage 
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Fig(3) I-V characteristic under illumination for a-As/c-Si heterojunction 

solar cell at forward and reverse bias voltage at 300K and 473K  
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Table (2) value of    ,      ,    ,Vmax,Is maxand idealtyfacter for a-As/c-Si 

hetrojunction 

Th .µm Ta K n Js ×10
-7 

(Am) 
Voc 

(Volt) 

Isc 

(mA/cm) 

Vmax 

(Volt) 

Is max 

(mA/cm2) 

0.25 
R.T 1.87 16 0.08 0.004 0.05 0.003 

473 1.76 10 0.1 0.007 0.005 0.005 

 

Conclusions:
     The structure nature of the As is 

amorphous but after the annealing 

process changes to partial single 

crystalline. 

The current-voltage measurement of a-

As/c-Si in the dark case to deduce that 

the value of ideality factor increases 

with increasing of annealing  

temperatures ,also theJscandVocincrease 

with the increasing of annealing 

temperature. 
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 :الخلاصة
( كدالة nm/sec6.23معدل الترسيب )nm252 يقة التبخير الحراري بسمكبطر a-As  حضرت أغشية 

وجود التركيب العشوائي مع تبلور جزئي  XRD( بينت فحوصات K  373and373 (لدرجات الحرارة التلدين

ولوحظ زيادة درجة التبلور مع زيادة درجة حرارة التلدين درست خصائص  RTالمحضرة عند  a-As لأغشية

لوحظ زيادة التيار الأمامي مع درجة حرارة التلدين وأن تيار الانحياز  فولتية في الظلام والإنارة حيث -التيار

 كذلك وجد اعتماد عامل المثالية وتيار الاشباع على درجة حرارةالتلدين.,الامامي يتغير أسيا مع فولتية الأنحياز


