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Abstract Key words 
Alloys of GaxSb1-x system with different Ga concentration (x=0.4, 

0.5, 0.6) have been prepared in evacuated quartz tubes. The structure 

of the alloys were examined by X-ray diffraction analysis (XRD) and 

found to be polycrystalline of zincblend structure with strong 

crystalline orientation (220). Thin films of GaxSb1-x   system of about 

1.0 μm thickness have been deposited by flash evaporation method 

on glass substrate at 473K substrate temperature (Ts) and under 

pressure 10
-6

 mbar. This study concentrated on the effect of Ga 

concentration (x) on some physical properties of GaxSb1-x thin films 

such as structural and optical properties. The structure of prepared 

films for various values of x was polycrystalline. The X-ray 

diffraction analysis (XRD) for GaxSb1-x showed that the preferential 

orientation was (111) for all values of Ga concentration. The grain 

size was varied with Ga concentration. The optical analysis is 

performed with the FT-IR spectrophotometer. The optical 

measurement showed that GaxSb1-x thin films has direct energy gap 

.It is found that the optical energy gap increased when x increased 

with the range (x=0.4, 0.5 and 0.6). The optical constant for GaxSb1-x 

films was varied with increasing x. These prepared polycrystalline 

GaxSb1-x thin film was a good candidate for use as a base layer 

material in thermo photovoltaic (TPV). 
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 النانوية  GaxSb1-xالخصائص التركيبية والبصرية لأغشية 

ميسون فيصل أحمد الياس
1

، حسين خزعل اللامي
1

،علي حسين عبدالرزاق
2

 

1
 العراق بغداد، بغداد،جامعة  العلوم، كلية الفيزياء،قسم 

2
 قسم الفيزياء الطبية، كلية الطب، جامعة كربلاء، كربلاء، العراق

 الخلاصة

.تم فضم  مفرغمةالكمواتتز الأنابيمب فم    (x=0.4,0.5 and 0.6) الكماليوم بتركيمز متتلفمة مم  GaxSb1-x تمم تضيمير امبا  

 zincblendووجممد بهن مما متعممددط التبلمموت لتركيممب   (XRD)ة السمميةية تركيممب السممبا   المضيممرط بوااممطة تضليممع  يممود ا  ممع

بطريقمة التبتيمر الومييم  ومرامبة زلمج بجماة بدتجمة  بسمم  وا مد ميكمرو   GaxSb1-x(. تم تضيير أغشية 222باتجاهية )

كلفمم  وتضممط  ممغ    374 ممراتط اامما  
6-

لممج بعمم  ز   (x)ملمم  بممات. هممرا الدتااممة تكممزر زلممج تممهلير تركيممز الكمماليوم  12

  GaxSb1-xبما  اغشمية   كالتصا   التركيبيمة والبصمرية.أر ر تضليمع ا  معة السميةيةGaxSb1التصا   الفيزيا ية لأغشية  

( لجميم  تركيممز الكماليوم .يتغيمر الضجمم الضبيبمم  مم  تغيمر  تركيمز الكمماليوم . تمم دتاامة التموا  البصممرية 111تمتلم   اتجاهيمة)
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تمتل  فجوط طاقمة مبا مرط. وجمد ا  فجموط الطاقمة  GaxSb1-xالتصا   البصرية ا  أغشية  . ألبتط  FT-IRبااتتدام مطياف 

.جميم  ا غشمية   (x).تتغير قيم الثوابمط البصمرية بزيمادط نسمبة الكماليوم   (0.4,0.5,0.6)البصرية تزداد بزيادط  تركيز الكاليوم 

 . (TPV)طبقة أاا  ف  الفوتوفولتا ية الضراتية ام ا ك اتتدالمتعددط التبلوت تعتبر مر ضا جيدا   GaxSb1-xالمضيرط  

 

Introduction

The III–V compound semiconductor 

gallium antimonide (GaSb) has in recent    

years attracted much attention as an 

important material for fabrication infrared 

(IR) an optoelectronic and electronic device 

operated at wavelength range 1–5 μm. 

Antimony-based semiconducting materials 

are of great interest to the research and 

technology development for mid- and long-

infrared applications. In particular, the 

antimony-based detector is a key component 

in advanced high-speed and low-noise 

optical receiver systems [1].                             

        In the same line of interest, optical 

devices which utilize GaSb layers are 

important for a wide variety of 

optoelectronic applications, especially in 

thermo photovoltaic (TPV) systems. The 

GaSb cell is recognized as key for the 

development of TPV because it responds out 

to longer wavelengths than the silicon solar 

cell thus providing higher power densities in 

combination with heat sources. However the 

important problem concerning the use of 

GaSb in the TPV technology is the high cost 

of these cells, which is related to the GaSb 

substrates itself, the monocrystalline 

epitaxial layers, and the processing on the 

device. One possibility of reducing the wafer 

cost is the use of polycrystalline thin film 

materials and cheap substrates for the 

reduction of the processing cost
 
[2].              

GaSb has an energy bandgap of 0.70 

eV(1.77 μm) at room temperature(RT) and 

0.81 eV (1.53μm) at 4K. Its lattice constant 

of 6.0959 Å at RT matches that of various 

ternary and quaternary compounds with 

band gaps covering a wide spectral range of 

0.3–1.58 eV            (0.8– 4.3μm) [3].              

 The purpose of this paper is to investigate 

the effect of Ga concentration on the 

structural properties of prepared GaxSb1-x 

alloys and films, then studied  the effect x on  

the optical properties for prepared GaxSb1-x   

films grown on  glass substrates by flash-

evaporation method.                                        

 

Experiment 

 GaSb compound synthesized by using 

gallium whose purity is (99.999%) and 

antimony not less than (99.95%) then 

mixing a suitable atomic weight of the two 

elements. Putting them in evacuated sealed 

quartz ampoule (10
-3

 mbar) and then the 

sealed quartz tube heated slowly to  certain 

temperature which was above the melting 

point of antimony
 
(973 K

º
 ), gallium (578 K

º
 

) [4]. The quartz tube is kept at 1223K for 24 

hour and the melting is periodically stirred 

to get homogenous mixture, after that the 

ampoule was taken out, and cooled rapidly 

to reduce segregation and to obtain more 

homogenous ingot. The structure of the 

ingots was characterized by XRD 

(Shimadzu, CuKα, λ= 0.15404 nm).              

Films of GaSb were deposited on thoroughly 

cleaned glass substrates with different 

concentration (x =0.4, 0.5 and 0.6) using 

Edwards coating system (E306A). The base 

pressure of the chamber was better than 1 × 

10
-5

 mbar and the substrate temperature was 

473K. In this system, vapors of the 

composition Ga and Sb elementary materials 

were sublimated through a molybdenum 

boat. The deposition rate was maintained at 

200nm/min.                                                    
 

Film thickness was measured using a 

filmprics instrument type S20 thin film 

analyzer. It was 1.0 μm. The structure of the 

films was characterized by XRD. The 

optical transmission spectra (2000-8000) 
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cm
-1

of films were recorded by the FT-IR 

spectrophotometer (Shimadzu).   

                  

 Results and Discussion 

Figures (1 and 2) reveal the XRD 

patterns of GaxSb1-x alloys and thin films 

with different Ga concentrations (x=0.4, 0.5 

and 0.6) deposited at 473 K
º
 substrate 

temperature respectively. Polycrystalline 

structures were presented for all prepared 

alloys and thin films. The XRD patterns are 

recorded in the range of 2θ = 10–60 ° using 

CuKα radiation. The thin films are 

dominated by three principal orientations: 

(111), (220) and (311).For GaxSb1-x alloys 

the XRD pattern show that the zincbled 

structure with preferential orientation is 

(220) for all values of Ga concentration. One 

can also observe that there were unknown 

peaks at various 2θ as shown in Fig. (1).  
                                               

 
 

Fig. 1 XRD patterns for GaxSb1-x alloys at 

different x. 

 

Figure (2) shows the XRD patterns for 

GaxSb1-x films at different concentrations 

suggests that all the       GaxSb1-x films have 

highly (111) preferential orientations. Grain 

size is generally inferred from the 

relation[5]:                                                                 

G = 0.9λ/∆(2θ)cosθ                                  (1) 

Where G is the grain size, λ is equal 

to1.5404 Å, ∆ (2θ)  is the full width half 

maximum of the peak, and θ is angle of 

diffraction.                                                      

 Grain size for prepared GaxSb1-x alloys and 

films decreased with increasing of Ga 

concentration at preferred orientation (220) 

and (111) respectively as shown in the 

Table(1). The lattice parameter (a) of alloy 

and thin films was slightly varied and nearly 

to standard value (6.0959 Å)
 
[3].                        

 

 
 
Fig. (2) XRD patterns for GaxSb1-x films at 

different x. 

   

The absorption coefficient (α) was 

determined from transmission spectra and 

the film thickness (d)  by
 
[6]:                           

                                          (2) 

The magnitude of absorption coefficient is 

high and is of the order of 10
 4

 cm
 -1

.This 

agrees with the bulk monocrystalline GaSb 

material data referred from Padiyan et al [4]. 

The absorption coefficient increases sharply 

with photon energy beyond the fundamental 

absorption edge. As well known, GaSb is a 

direct gap semiconductor for which the 

dependence of the    absorption   coefficient 
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on the radiation energy (hυ) follows Tauc 

relation [7]:                               
αhυ = A (hυ - Eg)

1/2
                                   (3) 

where h is the Planck constant, υ is the 

radiation frequency, Eg is the energy band 

gap, and A is inversely proportion to 

amorphosity. 

 

 

Table (1) Parameters of XRD Spectra for GaxSb1-x alloys and films.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This relation indicates that the fundamental 

absorption edge of the GaSb is due to the 

allowed direct transitions among parabolic 

bands. The linear fit of  (αhυ)
2
 versus  hυ  

allows us to obtain the value of A and Eg 

Figs.(3,4 and 5) show the variation of (αhυ)
2
 

versus  hυ   for GaxSb1-x films  as a function 

of Ga concentration to obtain the value of Eg 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 by the extrapolation of straight line portion  

to α equal to zero. From these figures the 

values of Eg   for polycrystalline GaxSb1-x 

films is increased from 0.638eV to 0.675eV 

with increasing x from 0.40 to 0.50 then 

decreased to 0.619 eV with increasing x to 

0.60.The increase in energy gap may be 

caused by decreasing in defect and localized  

 

 

 

 

 

 

x 2θ°stan. dstan.  

Å  

2θ°exp d (Å) ∆ 

(2θ)° 

hkl a(Å) G 

(Å) 

GaxSb1-x  alloys 

0.4   25.366 3.508 0.157 111 6.076 513 

  28.776 3.099 0.179 200 6.199 505 

  41.957 2.151 0.154 220 6.085 547 

  49.646 1.834 0.156 311 6.085 555 

0.5 25.281 3.520 25.338 3.512 0.137 111 6.083 588 

29.277 3.048       

41.866 2.156 41.929 2.152 0.114 220 6.089 738 

49.554 1.838 49.598 1.836 0.129 311 6.090 671 

0.6   25.401 3.503 0.143 111 6.068 563 

  28.812 3.096 0.190 200 6.192 404 

  42.029 2.148 0.155 220 6.075 543 

  49.657 1.834 0.155 311 6.084 559 

GaxSb1-x films 

0.4   25.244 3.525 1.237 111 6.105 65 

   8.682 3.109 0.725 200 6.219 112 

  42.020 2.148 0.925 220 6.076       91 

   7.954 1.895 1.150 311 6.286 75 

0.5 25.281 3.520 25.352 3.510 0.646 111 6.080 125 

29.277 3.048    200 - - 

41.866 2.156    220 - - 

49.554 1.838    311 - - 

0.6   25.273 3.521 0.445 111 6.098 181 

     200 -  

  41.969 2.150 0.540 220 6.083 156 

  49.570 1.837 0.383 311 6.094 226 
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Fig.(3) Variation of (αhυ )

2 
vs hυ for GaxSb1-x 

films at x=0.4, 0.5 and 0.6. 

Table (2) The optical   parameters for GaxSb1-x 

films as a function of x. 

 

states in  gap  in  addition  to  its  structure 

became nano-crystalline, while the decrease 

is caused by increasing  in  localized   states  

This  result  agrees  with Gheorghiu et al
 
[8]. 

Similar   behavior   was shown   for   the 

refractive index (n), extinction coefficient 

(k), real (ε1) and imaginary (ε2) for dielectric 

constant at cutoff wavelength (λc). 

 

Conclusions 

The films of GaxSb1-x have been 

successfully prepared by flash-evaporation 

method from prepared alloys on glass 

substrate at certain temperature. We 

conclude from our data that: 

  The structure of prepared alloys and films 

are polycrystalline and have preferential 

orientation in the (220) and (111) direction 

for GaxSb1-x alloys and films respectively. 

  The grain size is varied with increasing Ga 

concentration for alloys and films. 

  The absorption coefficient of GaxSb1-x film 

is of the order of 10
 4 

cm
 -1

. 

  The energy band gap of polycrystalline 

GaxSb1-x film is increased with decreasing 

Sb. 

  These prepared polycrystalline GaxSb1-x 

film is a good candidate for use as a base 

layer material in TPV cells.  
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x Eg  

(eV)  

λcutoff  

(nm )  

n  

at 

λc  

k  

at 

λc  

ε1   

at 

λc  

ε2   

at λc  

0.4  0.638  1941.6  4.05  3.05  7.10  24.72  

0.5  0.675  1835.4  2.13  0.64  4.15  2.73  

0.6  0.619  2023.8  4.01  3.15  6.14  25.31  


