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Abstract—In this paper, (NH4)2S and S2Cl2 are used as 

passivating agent for the sulphuration treatment to 

GaAs0.03Sb0.97. The effect of surface passivation of 

GaAs0.03Sb0.97 by (NH4)2S  and S2Cl2 treatment is 

investigated by using photoluminescence (PL), Atomic Force  
Microscope (AFM). Compared with the pristine sample, the 

PL intensities of GaAs0.03Sb0.97 that treated by (NH4)2S 

and S2Cl2 both are increased significantly. The PL intensity 

is strongly dependent on passivation time. For the 10s S2Cl2-

treated sample, the peak intensity is about 1.4 times larger 
than 20 min (NH4)2S-treated sample. Meanwhile, AFM 

images indicate that the roughness of the S2Cl2 treated 

sample is smaller than the (NH4)2S treated sample. Thus, 

S2Cl2 passivation is an effective method in improving the 

optical properties of GaAs0.03Sb0.97 material. 

Keywords-component; GaAsSb; Passivation; (NH4)2S; 

S2Cl2; Photoluminescence 

I. INTRODUCTION  

Group III–V semiconductors are widely investigated 
for high speed electronic devices, micro- and optoeletronic 

devices [1,2]. Mixed group-V compound GaAsSb alloy 

material has attracted many attentions because of GaAsSb 
can emit light in the infrared regime. Therefore, GaAsSb 

alloy material can be used in optical communication 
applications, such as lasers [3,4]. 

However, the full potential of III-V-based devices 
cannot be realized because of their surface properties. The 

surface of III–V semiconductor oxid izes under 
atmospheric conditions forming a several-nanometer thick 

of oxide layer [5]. That will giving rise to unwanted 

conduction paths parallel to the interface and high surface 
state density [6]. It leads to the generation of electronic 

states in Fermi level pinning on semiconductor surface. 
Fermi level p inning detrimentally affects  the performance 
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of semiconductor devices by creating Schottky metal 

contacts, carrier depletion, and electron–hole 
recombination at the surface states  [7]. The high surface 

state densities, high surface recombination which can 
deeply hindered the development of GaAsSb-based 

devices. Therefore, it is important to control the electronic 
structure and surface state density to optimize the 

performance and the reliability of GaAsSb-based devices.  

To reduce the detrimental effects  of surface states on 
the optical and electrical properties of semiconductors, 

surface passivation can be applied to reduce the density of 
surface states. So far, many different passivation 

techniques have been used to overcome these surface 
leakages. Dielectric material deposition, sulfur passivation, 

over growth with wide band gap materials, and polymer 
film coating techniques can be listed as successful methods 

for passivation[8-11]. Sulfur containing solutions satisfies 

dangling bonds and cleans the conductive native oxides by 
replacing the oxygen atoms with sulfur atoms. Recent 

research indicates that the sulfur treatments  can reduce the 
surface Fermi-level pinning, the surface recombination 

velocity (SRV) interface state density in metal–insulator–
semiconductor (MIS) and increase the intensity of 

photoluminescence [12-15]. Therefore, the effect of sulfur 

passivation of the GaAsSb materials is deserves to further 
study. 

In this paper, grow GaAsSb alloy layer by MBE and 
present a study of the efficacy of sulfur passivation 

treatment of the GaAsSb surface. The (NH4)2S and S2Cl2 
solution are used to passivation and compared the results 

of the two methods. X-ray diffraction spectrum indicated 

that the crystalline quality of GaAs xSb1-x (x=0.03) 
substrate is satisfactory. Comparing to the untreated 

GaAs0.03Sb0.97, the PL intensity of the GaAs0.03Sb0.97 
passivated by (NH4)2S and S2Cl2 both are increased 

significantly. However, S2Cl2 treatments have a better 
effect than (NH4)2S treatments. Meanwhile, AFM images 

indicated that the roughness of the S2Cl2 treated sample is 
better than the (NH4)2S treated sample. 

II. EXPERIMENTAL DETAILS 

The GaAsxSb1-x (x=0.03) alloy described here is 

grown by DCA P600 solid-source molecular beam epitaxy  

(MBE) machine equipped with valved As and Sb crackers . 
The 350μm thick semi-insulating GaSb substrate to be 

outgassed in vacuum at 390℃  for several hours. The 

holder is then loaded into the growth chamber, and the 

oxide layer is desorbed under Sb2 flux by increasing the 

substrate temperature to 650℃ . After 15 min, the 

temperature dropped to 550°C. Then, the 1 μ m 

GaAsxSb1-x alloy layer of is grown at 550℃. 

The as-grown GaAsxSb1-x is cleaved into 5 p ieces and 

they are cleaned by acetone, ethanol and deionized water 

using ultrasonication for 5 minutes sequentially. 
Subsequently, the substrates are immersed in the HCl 

solution for 1 min to remove the native oxides. The 
samples are rinsed again in DI water and finally blown dry 

with compressed N2 gas. One sample is a reference sample 
without sulfur treatment. Two samples are soaked in 8% 

(NH4)2S solution for 10 min and 20 min at 60℃ . The last 

two samples are immersed in solution containing S2Cl2 

and CCl4 in a volume ratio  1:3 for 5s and 10s at room 

temperature.Then, all the samples are rinsed using DI 

water and finally blown dry with compressed N2 gas. 
All samples are investigated by photoluminescence 

spectroscopy mapping (PL, RPM 2000) and atomic force 
microscope (AFM,). The crystal structure of the GaAsSb is 

characterized by X-ray Diffraction (Bruker AXS D8 
DAVINCI) with Cu-Ka radiation (λ=1.5406 Å). 

III. RESULTS AND DISCUSSION 

 

Figure 1.  HRXRD pattern of GaAs0.03Sb0.97 alloy sample.. 

Fig. 1 shows the high resolution X-ray diffraction 
(HRXRD) curve of the GaAsSb alloy samples. The 

diffraction peaks positioned at 30.371°and 30.396° is 

assigned to the GaSb substrate and GaAsxSb1-x alloy 

layer, respectively. GaAsxSb1-x alloy layer has narrower 
FWHM, it is indicated that the crystalline quality of the 

GaAs xSb1-x layer is satisfactory. The component of the 
GaAsxSb1-x alloy can be calculated by formula [16]: 

αalloy=αGaAs x+αGaSb(1-x) 

where α is lattice constant. The αalloy can be 
calculated by Bragg's law: 

2dsinθ = nλ 
where n is a positive integer, λ is the wavelength of 

incident wave and d is the interplanar distance. Due to 
GaAs xSb1-x alloy is cubic crystal system, the interplanar 

distance can be calculated by formula: 
d=  

Therefore, the x is equal to 0.03. 
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Figure 2.  (a) The PL spectrum of GaAs0.03Sb0.97 passivated by 
(NH4)2S for 10, 20 and 30 min. (b) The PL spectrum of 

GaAs0.03Sb0.97 passivated by S2Cl2 for 5, 10 and 20s. 

The energy gap of GaSb is 0.75eV. By adjusting the 

substrate component, the band gap of GaAsxSb1-x can 
controlled. The band gap of GaAsxSb1-x can be calculated 

by formula : gGaAsxSb1-x=gGaSbx+g GaAs(1-x) where g 

is band gap. The calculating data indicate that, the band 
gap of GaAs0.03Sb0.97 is 0.767 eV. It can be observed 

that all PL peaks have the same position at 0.767 eV. The 
value of calculation is good to worth with actual 

measurement. 
Fig. 2(a) shows the PL spectra of GaAs0.03Sb0.97 

substrate and GaAs0.03Sb0.97 passivated by (NH4)2S for 
10, 20 and 30 min. It can be seen that the PL intensity of 

the GaAs0.03Sb0.97 substrate is almost zero, and 

(NH4)2S-treated samples showed obvious emission peaks 
located at 0.767 eV. This phenomenon indicates  the sulfur 

treatment is an effective passivation method for reducing 
surface states density of III-V compounds. Oxide layer is 

very easy to form on the surface under atmospheric 
conditions [17]. During sulfur treatment, the sulfur atoms 

are strongly chemisorbed and occupied the active surface 

sites because of its lower heat of formation. In fact, the O-
bonds on the surface of the materials  seem to be replaced, 

at least partly, by S-bonds after sulfur passivation [18].  
The PL intensity is strongly dependent on (NH4)2S 

passivation time. Initially, the PL intensity increased with 
time increased. When passivation time is 20 min, 

GaAs0.03Sb0.97 sample had the strongest PL emission. 

Then, the PL intensity decreased with the passivation 
extending. It is due to forming a thick sulfur atomic layer 

to reduce the recombination centers of excit ions [19, 20]. 
As shown in the Fig. 2(b), the passivation by S2Cl2 

solution has the same effect. By S2Cl2 solution passivation, 
the PL intensity of the GaAs0.03Sb0.97 surface has been 

enhanced obviously. When passivation time is 10s, the PL 
intensity reaches a maximum and then the PL intensity 

dropped swiftly. 

 

Figure 3.  Relative PL peak intensity of the samples in different 
passivation conditions 

Fig. 3, it can be seen that the PL intensity of the 
GaAs0.03Sb0.97 surface which are treated by (NH4)2S 

and S2Cl2 solution. The peak intensity of the 10s S2Cl2-

treated sample is about 1.4 times larger than the 20 min  
(NH4)2S-treated sample. Compare with (NH4)2S 

treatments, S2Cl2 treatments have the higher PL intensity 
and shorter immerse time. And, S2Cl2 passivation solution 

don’t need to heat. However, S2Cl2 treatments are more 
susceptible to the passivation time than (NH4)2S 

treatments. The time control of S2Cl2 passivation for 

samples needs exceedingly accurate.  

 

Figure 4.  Measured by the AFM surface roughness of the sample 

icon.(a) untreated, (b)passivated by (NH4)2S for 20 min, 
(c)passivated by S2Cl2 for 10s.. 

Choose the samples with strongest PL intensity in two 
methods to be compared. Fig. 4 shows the AFM test 

results of GaAs0.03Sb0.97 substrate, (NH4)2S-treated and 
S2Cl2-treated samples. It is clearly that the surface of 

GaAs0.03Sb0.97 substrate is very smooth. The surface 
roughness of RMS (Root Mean Square) is 0.232nm. The 

surface morphologies of passivated GaAs0.03Sb0.97 

sample became rougher. For the 20 min (NH4)2S-treated 
sample and the 10s S2Cl2-treated sample, the RMS are 

7.29 nm and 13.9 nm, respectively. The reason of this 
phenomenon could be due to the etching reaction of the 

alkaline solution and the deposition of polycrystalline 
sulfur. It is clearly that the roughness of the S2Cl2 treated 

sample is smaller than the (NH4)2S treated. 

IV. CONCLUSIONS 

In order to study the properties of GaAsSb alloy by 
(NH4)2S and S2Cl2 treatment, grows GaAs0.03Sb0.97 by 

MBE, then (NH4)2S and S2Cl2 solution is used to 

passivate the surfaces of GaAsSb alloy. XRD spectrum 
indicated that the crystalline quality of GaAs0.03Sb0.97 

substrate is satisfactory. Compared with the pristine 
sample, the PL intensity of GaAs0.03Sb0.97 by two  
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passivating agents has increased significantly. The PL 

intensity is strongly dependent on passivation time. For the 
(NH4)2S and S2Cl2 treatments, the optimum passivation 

time is around 20 min and 10s, respectively. The PL 
intensity of the 10s S2Cl2-treated sample is about 1.4 

times larger than the 20 min (NH4)2S-treated sample. 
Meanwhile, AFM images indicated that the roughness of 

the S2Cl2-treated sample is smoother than the (NH4)2S-

treated sample. Comparing to PL intensity and surface 
roughness, S2Cl2 treatments have a greater efficiency. 

However, due to more susceptible to the passivation time, 
S2Cl2 treatment needs to be extra accurate. In conclusion, 

S2Cl2 passivation is a more effective method in improving 
the optical properties of GaAs0.03Sb0.97 material, which 

is then conducive to the development of GaAsSb-based 
optoelectronic devices. 
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