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InPSb is an alloy with an energy gap covering the mid-infrared spectral range. In the 

lattice of the alloy, the InP and InSb bonds are highly mismatched in length [1] and thus 

suffer from strong stretching and bending. Such distortions result in a high interaction 

parameter for the alloy, leading to difficult in the growth [2]. However, the distortion also 

could bring about peculiar properties [3]. Relevant research, so far, still remains lacking. In 

this work, we grew a series of ternary InP1-xSbx with Sb composition x=0.16, 0.17, 0.33, 

0.36 on (001) InAs substrates by gas-source molecular-beam epitaxy and studied their Raman 

scattering to understand how the bond distortion affects the structural properties. X-ray 

diffraction was firstly used to study the crystal structure with the result shown in Fig. 1. As 

can be seen, only the sample with x = 0.36 shows a sharp (004) reflection, while sample with 

x = 0.33 has a very weak bump close to (004) InSb in addition to a strong epi-peak embedded 

in the right of the substrate peak. The very low InSb bump is believed only giving negligible 

effect on the structural properties. For the other two low x samples, besides the tiny InSb 

bump, there are strong wavy plateau on the right of the substrate peak, indicating strong 

composition fluctuation in these layers. Results from Raman scattering clearly can be divided 

into two groups for the two low x samples with strong composition disorder and the two high 

x samples with limited composition disorder, respectively, as shown in Fig. 2. The strong 

DALA signals at ~147 cm-1 for the two low x samples, as compared with those for the two 

low x samples, confirms the strong disorder in the two samples [4, 5]. The broad peak at ~190 

cm-1 is assigned to InSb-like modes. A tiny spike at 162 cm-1 for the samples with x = 0.33 

and 0.36 samples could be due to Sb A1g mode [6]. All the samples exhibit two peaks in the 

range from 290 to 350 cm-1, which are assigned to InP-like phonon modes. In order to 

identify the modes, we performed polar measurements for the sample with x = 0.36 and show 

the results with the incident laser polarization parallel to the [110] and [100] directions in Fig. 

3 and Fig. 4 in respectively. In Fig. 3, all the measured curves are roughly close to the 

theoretical curves, following a square cosine law parallel to the incident polarization. Note 

that the projection of bonds on (001) plane in zincblende lattice is along [110] and [-110] 

direction, the coincidence suggests the polarization after scattering is unchanged when its 

direction parallels the bond direction. However, in the case in Fig. 4, when the incident 

polarization is not parallel to the expected direction of the polarized bonds, the four modes 

show different features. First, the DALA mode still follows the square cosine law, suggesting 

the involving of structural defects in the mode. The structural defects such as vacancies or 

dislocations result in very strong angle change for the neighboring bonds. As a result, for any 

incident polarization direction, parallel scattering is always observed. Second, we observe that 

InSb-like mode, albeit quite broad, still roughly matches the theoretical curve, indicating the 

behavior of LO mode. The broadening is believed due to the inherent bond distortion in the 

alloy. According to our simulation based on valence forced field (VFF) model, the bending 

angle in the alloy is within 5º, whose effect on Raman selection rule is not expected as strong 

as the aforementioned defects. For the two InP-like modes, we can see the higher frequency 

one is similar to the DALA mode and the lower frequency one shows a nearly angle 

independent behavior. The different behaviors imply that the two InP-like modes are from 

different unit cells. From our VFF analysis, as listed in Table 1, we found that In-centered 
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unit cells with 2 neighboring P atoms and 2 neighboring Sb atoms (2P2Sb in short) undergo 

least stretching and strongest bending then other unit cells. The 2P2Sb cells could responsible 

for the higher frequency mode, while the lower frequency mode is due to the rest P-

containing unit cells [7]. The polar measurement was also performed for the sample with 

x=0.17. All the four modes in this sample are similar to the behavior of DALA mode, 

confirming the strong composition disorder observed from its XRD result. In conclusion, the 

strong bond distortion in the alloy could limit the propagating of the phonons. The 

localization of the phonons releases the selection rule, broadens the Raman scattering and 

makes multi-scattering from different P-containing unit cells. This work is supported by 

Ministry of Science and Technology, Taiwan, ROC under contract number NSC 102-2221-E-

002-191-MY3. 
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Fig. 1 X-ray Diffraction of InP1-xSbx samples. Samples in 

the top 2 panels show a wavy plateau on the left of the 

substrate peak, suggesting strong composition disorder. 

Sample with x=0.33 only has a tiny bump close to (004) 

InSb. Sample with x=0.36 shows a sharp epi-peak, 

indicating its good crystallinity. 
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Fig. 2 Raman scattering for InP1-xSbx samples. Four major 

peaks are observed. They are DALA, InSb-like, and two InP-
like modes. A tiny peak observed in the samples with x=0.33 

and 0.36 could be due to A1g mode from Sb cluster. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 Polar plots for sample with x=0.36. Polarization of the 
laser was fixed at [110] direction. Red and black curves 
represent theoretical curve for zincblende LO mode, square 
cosine law, and experimental results. Note that in this 
arrangement, unity symmetry for modes activated by defect 
also gives the same square cosine law. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 Polar plots for sample with x=0.36. Polarization of the 
laser was fixed at [100] direction. Red and black curves 
represent theoretical curve for zincblende LO mode, square 
sine law, and experimental results. Note that in this 
arrangement, unity symmetry for modes activated by defect 
gives square cosine law. 

 

 

Table. 1. Results from valence force field model simulation for InP0.64Sb0.36. The stretching and bending energy let 2Sb2P cells 

stand out from the rest, accounting for the higher frequency InP-like phonon mode. 

 

Tetrahedral 
In-P Bond Stretching Bending 

Formation 
length energy energy 

unit cell probability 
(Å ) (meV) (meV)   

0Sb4P 2.573 4.66 5.09 0.168 
     

1Sb3P 2.559 1.67 10.31 0.377 
     

2Sb2P 2.546 0.36 13.00 0.319 
     

3Sb1P 2.529 0.87 8.35 0.119 
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