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ABSTRACT 
The extent of oxidation and growth derived oxygen contamination for Ab.osGa&b grown by metalorganic 

chemical vapour deposition (MOCVD) were systematically investigated by X-ray photoelectron spectroscopy (XPS) 
using a system with high-energy resolution. The Sb3dsn and 0 1 s  peaks are well resolved and the G d d  peaks are 
also well resolved. As expected, all samples investigated show oxide layers (Al2O3, Sb102 and Ga20s) on their 
surfaces. In particular the percentage of aluminium-oxide was very high compared with a small percentage of AISb. 
This indicates that the surface aluminium is very reactive to oxygen from the environment. Carbon content on the 
surface was also very high. Deeper into the layer, the carbon signal was below the detection limit of XPS and 
secondary ion mass spectroscopy (SIMS) indicating that the carbon was due to atmospheric exposure. The results 
indicate extremely low carbon content for Alo.&a&b epilayers grown using TMAI, TMGa and TMSb as 
metalorganic precursors in an MOCVD system. 

1. INTRODUCTION 

Antimony based 111-V compound semiconductors have attracted much recent attention due to their potential 
applications as infrared diode lasers, infrared detectors and optical communication devices [ 1,2]. However, AlGaSb 
bas proven to be a much more difficult material to grow by MOCVD than GaSb. The simple reason for this is the 
high reactivity of AI, which forms strong bonds with carbon [3-4]. It is not surprising then that frequently MOCVD- 
grown AI.Gal,Sb epilayers have been reported to exhibit poor electronic and optical properties. Chidley et al. [5 ]  
found that both the crystallinity and electrical quality of MOCVD grown A1,Gal.,Sb were limited by carbon 
contamination from the trimethylaluminium (TMAI) precursor. 

Significant progress has been made in growing high quality GaSb and AIxGal,Sb epilayers in our MOCVD 
system, but considerable effort is still required to develop device processing techniques. Understanding and 
controlling the surfaces properties of the antimonides is import+ for the development of stable Schottky diodes and 
ohmic contacts, and for the use of etching processes and passivation processes during device fabrication. Although 
the surface properties determine the performance and reliability of antimonide devices, the surface chemistry of Sb- 
related materials bas not been explored in detail. As most semiconductor devices are used in an environment 
exposed to atmosphere, it is of considerable importance to study the chemical states of the surface following 
exposure to the ambient environment. X-ray photoelectron spectroscopy (XPS) analysis reveals the chemical states 
of the constituent elements at the surface and near surface regions. Only a few studies on the natural oxide [6] and 
oxidation processes [7] of GaSb binaries have been reported. Recent success with the growth of high quality 
MOCVD-grown AI,Gal..Sb alloys in these labs has motivated us to perform XPS measurements on epilayers of this 
material and to present the results here in this paper. 

2. EXPERIMENTAL DETAIL 
2.1. Sample preparation 

Thomas Swan atmospheric pressure horizontal M O C M  reactor. 
The AI,Ga,..Sb epilayers were grown on GaSb (100) and semi-insulating GaAs (100) substrates in a 

High purity trimethylaluminium (TMAI), 

149 

Authorized licensed use limited to: MACQUARIE UNIV. Downloaded on February 18, 2009 at 01:28 from IEEE Xplore.  Restrictions apply.



trimethylgallium (TMGa) and trimethylantimony (TMSb) sources f?om Morton Intemational were used as 
precursors. 

2.2. Sample characterisation 
X-ray photoelectron spectroscopy (XPS) data were obtained with a VG ESCALAB 22Oi-XL spectrometer 

using an AlKa X-ray source (1486.6 ev) operating at IO kV and 12 mA. Numerical and graphical evaluation ofthe 
spectra were performed using the vendor supplied instrument software. According to standard procedure, XPS 
spectra were calibrated against the position of the C(1s) line due to adventitious surface carbon, which bas a binding 
energy of 284.8 eV [8]. This bydrocarhon related line is always present for samples exposed to atmosphere. 

For investigation of the chemical shzlcture of the epilayer, depth profiling was carried out by sequentially 
collecting spectra and then milling the surface with Ar' ions (2.5 kV beam voltage) for a number of iterations. The 
milling times used for these experiments were 20,40,60, 80, 100, 120, 140, 160, 180 and 200 seconds. The Ar' 
milling was carried out using the same procedures for each mill, only the milling time was varied. 

For the samples grown here the alloy ratio was A1005G~.95Sb. 
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Figure 1. XPS wide and narrow scans obtained at the 
pre-milled surface of A10.05Ga0.9SSb grown on GaAs 
substrate at 6OO0C with a V/III ratio of 3. 

Figure 2. Depth profile of Sb3dm and Sh3dsn peaks 
for A10.0SG~.95Sb grown on GaAs substrate at 6OO0C 
with a V/III ratio of 3. 

3. RESULTS AND DISCUSSION 

Figure 1 shows a wide scan XF'S spectrum for an Alo.osGao.9sSb epilayer grown on GaAs substrate (at the 
optimum condition previously identified). The XPS results indicate the presence of aluminium (AI), gallium (Ga) 
and antimony (Sb) from the A~.osGao.9sSb films. Oxygen (01s) and carbon (CIS), at peak energies of 531 and 286.8 
eV respectively, are at very high concentration on the epilayer surface due to environmental exposure. Generally the 
0 1 s  and Sbsn energy peaks overlap (at energies of 531 and 528.3 ev) in XPS spectra and cannot be resolved, see for 
example the report by Lim et al. [lo]. For their XPS analysis, they used the Sb3dm peaks (at a peak energy of 537.5 
ev) instead of Sb3dSn. Using the high energy resolution VG instrument available to us, we show that the 0 1 s  and 
Sb3dsi2 spectra can be resolved quite well as shown in figure 2. We believe that this is the first time such bigb 
energy resolution has been used when examining an antimony compound with X P S .  Gash and AISb (Sb3Qn) peaks 
are not resolved and are evident at 538.2 eV. The same two peaks are visible at 528.4 eV for the Sb3dsn 
contribution. 

The spectra of figure 2 are shown for milling times of 0,20 and 40 seconds. The high binding energy tail of 
the peak at 532 eV is attributed to a Sb3d peak due to Sh oxide superimposed on the 0 1 s  line. After a 20 second 
milling time, the 01s  and Sb3d peaks related to the oxide were reduced significantly, indicating that more antimony 
exists in the form of GaSb/AISb than in the form of Sb-oxide. In the Alo.05Gao.9sSb sample, the oxidation product is 
tbougbt to be Sb20s, as the chemical shift between the Sh3d3n peaks of GaSbiAlSb and Sb20s is 2.6 eV, which is 
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consistent with Refs. [8] and [9]. The oxygen (01s) signal is almost completely gone after 20 seconds of milliog 
with only peak ringing effects from the main GaSb and AlSb related peaks still being evident. The disappearance of 
01s causes an intensity increase of the Sb3dln and Sh3dw peaks, and both peaks shift to lower energies probably as 
a result of a change of surface charging with removal of the oxide. 
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Figure 3. 
Ab.05Gau.ySSb grown at 6OO0C with a V/In ratio of 3. 

Depth profile of G d d  and Sb4d of Figure 4. Depth profile of AlZp of A10,0,Gao,9,Sb 
grown at 6OOOC with a VI11 ratio of 3. 

For the G d d  peak, it is usually difficult to distinguish hetween Gaz03 and Gash peak contributions, as the 
. chemical shift hetween these two states is negligibly small [E]. Figure 3 shows a depth profile of Ga3d and Sb4d 

peaks for the Ab.osGa&h sample. There are three peaks, corresponding to AIGaSb, the Ga3d peak at 18.6 eV 
(gallium hound as Gash), the SMd peak at 31.6 eV (antimony hound as GaSb) and the Sb4d peak at 32.8 eV peak 
(antimony hound as AISh), respectively. These features are similar to those reported by Kitamura [6]  for a GaSb 
epilayer. Oxide layers in the form of Ga201 and Sh203/Sh20s at peak energies of 20.4 eV and 34.6 eV respectively 
appear on the surface layer. When the sample was milled for 20 seconds, all oxides completely disappear. 
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Figure 5. Depth profile of CIS of Alo.osGao.9sSh 
grown at 6OO0C and a V/III ratio of 3. 

Figure 6. SIMS depth profile 60m Ab.~sGa&Sb 
grown on a GaAs substrate at 600OC with a ViIII 
ratio of 3. 
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An XPS depth profile of the AlZp peaks is shown in figure 4. There were two peaks on the surface layer 
after 20 seconds of milling, i.e. an AlSh peak at 73 eV and an AhO, at 74.4 eV. The oxide layer at the unmilled 
surface is due to the high reactivity of AI to oxygen, deeper into the layer the oxide was less pronounced. The Al- 
content in the bulk of the sample is relatively constant as shown in figure 4, however at the surface the AI-content 
determined by the vendors peak area quantification software, is high. A possible explanation for this is that when the 
growth was stopped, in the chamber there was still AI deposition on the surface layer due to the high vapour 
pressure of residual TMAI. 

Figure 5 shows a carbon (CIS) profile of the epilayer. The carbon is very high on the surface layer hut is 
helow the detection limit of the XPS machine after 20 seconds of milling (to less than 1% atomic concentration). 
This result shows that the carbon contamination was due to adventitious carbon originating from atmospheric 
exposure [8] and was not from the metalorganic precursors used for AI,Gal.,Sh growth. As shown in figure 6, this 
was independently confirmed by SlMS measurements using a Cameca SF system, where the carhnn signal is again 
below the instruments detection limit (estimated to less than 10l8 atom~/cm.~). 

4. CONCLUSION 

High energy resolution XPS was used to study the surface chemistry of MOCVD-grown Alo.osG~.9sSh. Air 
exposed samples were oxidised at the surface, with native oxides being detected. Due to the high reactivity of 
aluminium to oxygen, it was found that for AI the AI-oxide component was completely dominant on the outermost 
layer of the Ala.osG&,.9sSh surface. XPS analysis reveals that carbon and oxygen on the sample surface layer is due 
to atmospheric exposure. Carbon levels were shown to he below the XPS and SIMS detection thresholds in the film 
bulk. 
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