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Thin films of the ternary P,lAs,Sb,_, alloys, prepared by metalorganic 
chemical vapor deposition, were studied by Raman scattering. The Raman 
shifts show one-mode behav.m and the forbidden TO phonon scattering is 
observable due to the relaxed selection rule. Our results of the mixed 
compounds can be interpreted using the spatial correlation model. Moreover, 
the enhanced scattering was observed at 2.15 and 2.8 eV which are 
attributable to the E0 and El transitions of AlAs and AlSb. 0 1998 Elsevier 
Science Ltd. All rights reserved 
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Tunability of the semiconductor bandgap energy has 
long been pursued for optoelectronic uses [ 1, 21. The 
ternary AlAs,Sb,_, alloy is such material that shows 
promising applications in near infrared detection, laser 
diodes and resonant tunneling diodes, because of its large 
heterojunction conduction-band offset, low refi,active 
index (3.0) and high P-band gap (2.6 eV @x = 0.45) 
[3, 41. However, it is difficult to grow AlAsSb ternary 
compounds over an entire composition range, since they 
are thermodynamically immiscible, hygroscopic and 
reactive with oxygen. So far there appear a few reports 
by employing the metalorganic chemical vapor 
deposition (MOCVD) method, yet with limited com- 
position range [.5, 61. To our best knowledge, the 
Raman study of such alloy is still rare that its charac- 
terization is necessary [7]. In this study, we carried out 
the Raman measurements of the MGCVD grown 
AlAs,Sb ,--+ films. In contrast to the “one + two” 
mode behavior of InAsSb and two-mode behavior of 
AlGaSb and InPSb [S-lo], our results show just “one 
mode” behavior over the whole composition range’. The 
phonon spectra exhibit linear change with the solid 
composition that is different from the nonlinear varation 
reported by Sela et al. [7]. By applying the spatial 
correlation model [ 11, 121, the simulated Raman line 
shapes for different compositions show good fit to the 
measured spectra. Besides, we observed resonant 
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scattering that is believed to be associated with interband 
transitions across the I’ and X critical points. 

The AlAsSb samples were grown by the MGCVD 
method using trimethylaluminum (TMAl), tertiarybutyl- 
arsine (TBAs) and trimethylantimony (TMSb) sources. 
We succeeded in depositing an entire composition range 
of AlAs,Sb,_, films on (1 0 0) GaAs substrate with 
different input As&b gas mixtures at 600-625°C [ 131. 
The composition x is determined with an uncertainty 
less than 2 0.07 by double crystal X-ray measurements. 
The linewidth is typically 500-1000 arc sec. Lattice 
mismatch on the interface is estimated to be -0 
and 8.6% for pure AlAs and AlSb, respectively. The 
as-grown film has a typical thickness of 2 to 4 pm and a 
cap layer of - 150 nm to prevent hygroscopic effect and 
fast Al oxidation. We used GaP cap for x < 0.8, because 
it is more transparent to the probe wavelength than GaAs 
cap which was used for x > 0.8 to avoid confusion 
between AlAsSb modes (340-402 cm-‘) and the GaP 
phonon modes (367/403 cm-‘). Raman system consists 
of a double monochromator (Jobin Yvon UIOOO) and a 
multichannel diode array detector (Princeton Instruments 
IRY1024). The spectral resolution was about 2-4 cm-‘. 
The laser power was about 25 mW on the samples and 
the Raman signals were collected in the backscattering 
geometry. For resonance study, a He-Cd laser, a mixed 
Ar+/Kr+ ion laser and a ring dye laser tuning in the R6G 
range were used to cover from 44 1.6 to 647.1 nm. 

As formed by binary systems of AlAs and AlSb, the 
ternary AlAs,Sb , _-x alloy also has the zincblende structure 
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with some internal strain. Its symmetry is characterized 
by the Td point group. Using the backscattering geometry 
with both incident and scattered beams polarized along 
(0 1 1) direction, the LO mode belonging to rr5 
representation is the only allowed transition in the first- 
order Raman process [14]. Our Raman spectra for 
different compositions of AlAs,Sb I_X epilayers are 
shown in Fig. 1 by using the 5 14.5 nm probe wavelength. 

The S/N ratio of pure AlAs (X = 1) spectrum is good and 
the LO intensity is much larger than the TO’s as normally 
seen in the bulk material. However, for pure AlSb 

(X = O), both the LO and TO modes appear but show 
weaker intensity and broader width than AlAs. The 
presence of TO mode could be attributed to the 
disorder-activated scattering from imperfections formed 
during the deposition process due to lattice-mismatch 

[15]. Besides, we found that the deficiency of TMAl 
supply during the growth can cause a similar effect. It is 

verified that the normal situation (Zro 4 ILo) reappears 
by increasing the TMAl final rate by -55%. For the 

mixed AlAs,Sb l-X alloys (1 > x > 0), the selected rule 
no longer holds that renders even larger TO scattering. 
Especially for x between 0.4 and 0.7, the TO’s intensity 
becomes comparable to the LO’s due to the severely 

reduced symmetry. Not only so, the enhanced LO and 
TO scattering can also take place when the excitation 
wavelength approaches the resonance conditions of the 
mixed ternary alloys. We will discuss the resonance 
effect later. 

Concerning the Raman shift and its full width at half 

maximum (FWHM) of AlAs.,Sb,-.,, we obtained the 
information from two Lorentzian functions that depict 
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Fig. 1. Raman spectra of AlAs,Sb I_X obtained by 
514.5 nm laser wavelength. Cross hatched curves are 
simulated by the spatial correlation model (see text). 
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Fig. 2. (a) LO and TO Raman shifts (filled symbols) of 
AlAs,Sb,_, vary linearly with the solid composition n 
and the so-called “one mode” behavior. (b) Line widths 
(filled symbols) show large broadening due to alloying 
disorder. The spatial correlation accounts well for shifts 
and broadenings of 0.7 > x > 0.2 (open symbols). 

both TO and LO phonons. Their dependence on the solid 
composition x are drawn in Figs 2(a) and 2(b) by the 
filled symbols. One can see almost straight lines for both 

TO and LO modes, with respective slopes of 4 and 
6.5 cm-’ per 10% increment in As composition. They 
appear to be different from the nonlinear shift variation 
of AlAsSb reported by Sela et al. [7] and suggest linear 
changes in the lattice spacing by randomly mixing As 
and Sb in the alloy. Between pure AlSb and AlAs, the 
Raman shift is from 322 to 361 cm-’ for the TO mode 
and 340 to 402 cm-’ for the LO mode. Such differences 

(39 to 62 cm-‘) are not too large that is the necessary 
condition for the “one mode” behavior, since As and Sb 
masses are much heavier than Al mass [ 161. We belive that 
the chemical environment (due to molar content variations) 
is critical for determining the phonon frequency. 

The FWHMs of Raman lines are analyzed and 
denoted by the filled symbols in Fig. 2(b). For nearly 
pure AlAs (X - l), both LO and TO modes are about 
4 cm-’ wide which is close to the intrinsic value, because 
of nearly perfect lattice matching. However, for pure 
AlSb (x = 0), they become as large as lo-14 cm-‘. It 
is also attributable to the structural disorder (lattice 
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relaxation) caused by large lattice mismatch (-8.6%) 

between the AlSb epilayer and GaAs substrate. For the 

alloy compositions x between 0.2 and 0.8, the linewidth 

broadens monotonously towards x - 0.5 with a peak 
value of 20 and 13 cm-’ for the TO and LO modes, 
respectively. Such behavior is commonly seen in many 

kinds of mixed compounds because of alloy disorder. 
The long-range translational invariance is destroyed by 

both group-V elements alloying and the increasing lattice 
mismatch from introduction of Sb atom into AlAs 
structure. The momentum conservation no longer holds 
strictly but relaxes significantly that makes various 
excitation routes possible. 

We also applied the spatial correlation model to fit 

the Raman lineshapes with the following Voigt formula 
integrated over reciprocal lattice (q) in the Biillouin 
zone, [ll, 121 
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Here rLo and Fro are intrinsic widths of the LO and TO 

modes, respectively. wLo(q), u&q) are the dispersion 
relations of the mixed phonon modes which assume the 
cosine form. For simplicity, we also assume a spherical 
symmetry for integration over q variable. The Gaussian 
distribution expresses the contribution from difi’erent- 

sized clusters in which the correlation length (L:’ is an 
adjustable parameter that accounts for the variation in 
solid composition x. The correlation length is found to 

play more important role than the dispersion relations 
since they are smooth curves. The calculated rl:sults, 
shown by the cross-hatched curves in Fig. 1 and tht: open 

symbols in Figs 2(a) and 2(b) for different compositions, 
show good fits to the measurements. For the intermediate 
compositions, we obtained correlation lengths ranging 
from 7 to 15 lattice constants. That indicate worse 
crystallinity as compared to the long range order of 
AlAs binary compounds whose correlation length is about 
80 lattice constants. Thus, wide Raman widths are mainly 
resulted from imperfect translational symmetry. 

As for the resonant Raman results of AlAsSb, most 
excitation wavelengths used in our experiments (6147 to 
442 nm) involve band to band transitions, since the 
fundamental band gap energies of AlAsSb alloys range 
from 1.61 to 2.15 eV (or 770 to 577 nm). In genenl, the 
scattered intensity from the shorter wavelength is larger 
than that from the longer one because of w2-dependence 
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Fig. 3. Raman spectra for (a) AlAs (X = 1) and (b) AlSb 
(X = 0) measured by various wavelengths (647.1 to 
441.6 nm) show obvious resonance scattering. 

[ 171. However, we notice that the Raman enhancements 
occur at 514.5 and 441.6nm for AlAs and AlSb, 
respectively [see Figs 3(a) and 3(b)]. Such resonant 
scattering is often observed in Ill-V compound semi- 
conductors. For analyzing the enhancement factor, we 
handled the actually absorbed power in the epilayer by 
eliminating the power absorption and reflection in the 
cap layer and interface. Additionally, the Raman 
intensity of a transparent BaF? crystal (TQ mode at 
240 cm ‘) is used for normalization. This simultaneously 
eliminates the w4-dependence and includes the combined 
spectral response of spectrometer and detector. 

The relative Raman enhancements are then pIotted in 
Fig. 4 vs incident photon energy. For the pure AlAs LO 
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Excitation Photon Energy ( eV ) 

Fig. 4. The normalized enhancement of AlAsSb LO 
mode is shown vs excitation photon energy. Solid lines 
are calculated from equation (2) (see text). 

mode (filled triangles), we see on the low energy side a 
clear enhancement peak at 2.15 eV that is a factor of 3 
increment from 2.5 eV and a shoulder about 2.35 eV. 
The peak and shoulder photon energies can be ascribed to 
the indirect transitions of 2.15 and 2.35 eV from the P 
to X and L critical points, respectively. It excites the 
so-called outgoing resonance because the LO phonon 
energy is only 0.05 eV [ 181. On the high energy side, as 
the excitation photon energy increases from 2.5 eV to 
2.8 eV, the Raman enhancement sharply rises by 4 times. 
It is close to the direct E0 transition at 3 eV, since we 
cannot obtain data beyond 2.8 eV with available laser 
source. 

Similar enhancement is observed for the AlSb-LO 
mode (filled squares). There is a structure about 2.1 eV 
on the low energy side that shows more than a factor of 
10 increment from 2.4 to 2.1 eV. This should correspond 
to the direct Eo transition at 2.22 eV. Then a low-level 
region occurs between 2.4 and 2.6 eV, because of empty 
energy states from Eo to E, (2.78 eV) gap at the I’ point. 
Here only the virtual transitions are involved in Raman 
scattering. On the high energy side, the enhancement 
increases gradually to 2.8 eV that is likely to be associated 
with the Et transition of AlSb. 

The excitation profiles for AlAs and AlSb are indeed 
fitted well in Fig. 4 by the following formula that 
comprises the Lorentzian functions, [ 191 

Enhancement(E) m x Aj 

i=“’ (E _ Ej)2 + z’ 
(2) 

Here j represents individual Eo and El transitions with 
respective amplitude Aj and width Fj. The best fitted 

widths range from 0.15 to 0.2 eV (see Fig. 4). For other 
AlAs,Sb , +. compositions, the resonance results appear 
to be large toward low photon energy of 2.1 eV as shown 
by the corresponding symbols, though the S/N ratios of 
these Raman data are poor. However, the enhancements 
should be related to the interband transitions in the 
vicinities of Eo and El critical points of AlAs,Sb,_,, 
like the binary alloys. 

In summary, we have used the Raman scattering to 
study the optic phonon properties of the ternary 
AlAs,Sb,_., compounds and observed the resonance 
effect in both TO and LO modes. The relative enhance- 
ments indicate that the E0 and El electronic transitions 
about 2.15 and 2.78 (or 3) eV are responsible for the 
resonant scattering. Our results also show one mode 

phonon behavior. Moreover, the spatial correlation 
mode can interpret the dependence of Raman shifts and 
widths on composition. 
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