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Influence of growth temperature on crystalline quality 
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InAs0.6P0.4 epilayers grown by low-pressure metal organic chemical vapor deposition (LP-MOCVD) on InP (100) sub-

strate are investigated. The influence of growth temperature on crystalline quality of InAs0.6P0.4 epilayer is character-

ized by scanning electron microscopy (SEM), Hall measurements, photoluminescence (PL) spectra, and the Raman 

properties are analyzed by Raman scattering spectrum. The characterization results show that the crystalline quality 

and Raman property of InAs0.6P0.4 epilayers have close relation to the growth temperature. It indicates that 530 °C is 

the optimum growth temperature to get good quality and properties of InAs0.6P0.4 epilayers.  
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Due to the wide range of attainable band-gap energy 

from 0.36 eV to 1.35 eV, InAs
x
P1-x materials are very 

important for photodiodes[1,2], high electron drift velocity 

devices, infrared emitting and detecting devices[3-6], 1.3 

µm laser diodes[7], etc. The quality of materials is be-

lieved to be important for heterostructure device per-

formance. However, in growth process of InAs
x
P1-x/InP 

materials, using dissimilar materials with different lattice 

constants and band gaps may lead to poor structures and 

degrade the electrical and optical properties. The influ-

ence can be reduced by the growth of buffer layers, in 

which step-graded buffer layers are often used to inhibit 

the dislocations towards the active layer of InAs
x
P1-x ma-

terials[8]. Optimizing InAs
x
P1-x/InP with different growth 

conditions is very important. However, the influence of 

growth temperature on properties of InAs
x
P1-x/InP single 

layer is rarely reported. 

In this paper, we investigate the influence of growth 

temperature on properties of InAs
x
P1-x/InP heterostruc-

tures grown by low-pressure metal organic chemical va-

por deposition (LP-MOCVD) with the mole fraction of 

As fixed as 0.6. The scanning electron microscopy (SEM), 

Hall measurement, photoluminescence (PL) and Raman 

scattering spectrum are employed to study the properties 

of the materials. 

All the samples were grown on semi-insulating (100) 

InP substrates in a horizontal reactor by MOCVD at a 

pressure of 1.01×104 Pa. Palladium-diffused hydrogen 

was used for carrier gas at a total flow of 2.0 L/min. The 

growth was performed using trimethylindium (TMIn), 

arsine (AsH3) and phosphine (PH3) diluted to 10% in H2 

as precursors. The substrates were heated by inductively 

coupling radio frequency (RF) power, and temperatures 

were detected by a thermocouple. The growth tempera-

tures of InAs0.6P0.4 epilayers were selected between 500 

°C and 580 °C. The thicknesses of all the samples were 

fixed at 1 µm. The epilayers grown at 500 °C, 530 °C, 

550 °C and 580 °C are named as samples A, B, C and D, 

respectively. 

The general morphologies of the epilayers were inves-

tigated by SEM. The electrical property was measured by 

Hall measurement using van der Pauw technique at room 

temperature, and the optical property was studied by PL 

spectra at 77 K. Raman property of the epilayers was 

discussed by Raman scattering spectrum. The Raman 

scattering measurements were made in the backscattering 

geometry with the 488 nm line of an Ar+ laser at room 

temperature. 

SEM is used to study the surface morphologies of four 

samples which are shown in Fig.1. A cross-hatched pat-

tern of sample A which is typical characteristic of 

strained-layer heterostructures is presented in Fig.1(a). 

For Fig.1(b), the cross-hatched patternsed of sample B 

become obvious, and the surface becomes rough than 

that of sample A. From the surface morphologies of sam-

ples C and D shown in Fig.1(c) and (d), a lot of big pits 

appear in the surface of epilayer, and the surface mor-

phology is degraded seriously. It can be seen that the 
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surface morphology is degraded with the increase of 

growth temperature.  

 

   
(a)                           (b) 

   
(c)                           (d) 

Fig.1 Surface morphologies of InAs0.6P0.4 epilayers 

grown on InP substrates for (a) 500 °C, (b) 530 °C, (c) 

550 °C and (d) 580 °C  

 

Lattice mismatch and growth temperature are two im-

portant factors for the surface morphology. The lattice 

mismatch between the InAs0.6P0.4 epilayers and InP sub-

strate is about 1.94%. When the InAs0.6P0.4 layer is 

grown on InP substrate, strain energy is created in the 

InAs0.6P0.4 layer[9]. The appearance of cross-hatched pat-

terns is ascribed to the arrays of misfit dislocation net-

works produced by the large mismatch which have 

propagated through the structure to the surface[10]. The 

growth temperature mainly provides the migration power 

for the surface atoms. Hereby, decreasing the growth 

temperature can reduce the surface atom diffusion and 

delay the 3-dimensional growth mode[11]. Since the epi-

layers of samples A and B are grown at relatively low 

temperature, the surface atom migration and nucleation 

or motion of dislocations in these films are significantly 

restricted during the growth. For samples C and D grown 

at relatively high temperature, the compressive strain in 

the films is relaxed by the introduction of misfit disloca-

tion as the appearance of the big pits. It indicates that the 

growth of InAs0.6P0.4 at an appropriate temperature is essen-

tial for improving the surface morphology of its epilayer. 

Hall measurements are used to further characterize the 

crystalline quality of InAs0.6P0.4 epilayers. The results of 

Hall measurements are shown in Fig.2. On one hand, the 

carrier concentration of samples decreases from 

6.756×1015 cm-3 to 3.46×1015 cm-3 with growth tempera-

ture rising from 500 °C to 530 °C, and then it increases 

to 1.27×1015 cm-3 with further increasing growth tem-

perature to 580 °C. On the other hand, the mobility of 

samples increases from 3 973 cm2/Vs to 4 661 cm2/Vs 

with increasing growth temperature from 500 °C to 530 

°C, and then it decreases to 1 828 cm2/Vs with further 

increasing growth temperature to 580 °C. It is clear that 

sample B has the lowest carrier concentration and the 

highest electron mobility. The changes of carrier concen-

tration and mobility of the samples may be attributed to 

the growth temperatures. As mentioned above, the 

growth temperature may restrict the migration and nu-

cleation or motion of dislocations in the epilayers which 

can serve as scatting centers for electrons and limit the 

electron mobility. Therefore, the density of misfit dislo-

cations in the epilayer of sample B is the least.  
 

 

Fig.2 Carrier concentration and mobility for InAs0.6P0.4 

epilayers with different growth temperatures 
 
The optical property of the samples is investigated by 

PL spectrum[12,13]. Fig.3 shows the PL spectra of the four 

samples at 77 K. The band gap energy of the samples is 

about 0.794 eV which is consistent with the value of 

0.795 eV calculated in Ref.[14]. The full width at half 

maximum (FWHM) values of PL for the four samples 

are shown in Fig.4, which are 14.6 meV, 11.8 meV, 31.7 

meV and 53.6 meV corresponding to the samples A–D, 

respectively. It is clear that the PL FWHM of sample B 

is the minimum. Generally, the luminescent efficiency 

for the band edge emission increases when the purity of 

the crystal increases[15]. Some defects, such as misfit 

dislocations, are known to quench luminescence due to 

nonradiative recombination as well as to broaden PL 

linewidths. So the change of the FWHM of PL is related 

to the growth temperature of the epilayers. The PL re-

sults also indicate that sample B has better crystalline 

quality. 
 

 

Fig.3 PL spectra of four samples with different growth 

temperatures  
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Fig.4 FWHM of PL for four samples with different 

growth temperatures 

 

Fig.5 shows the Raman spectra for the four samples. It 

can be seen that InAs0.6P0.4 alloys show a typical 

two-mode behavior, with InAs- and InP-like phonons of 

the four samples[16]. Two main phonon bands of the 

InAs-like region 200-250 cm-1 and the InP-like region 

300-350 cm-1 can be observed in the Raman spectra. In 

the InAs-like optical region, a main peak appears at the 

energy 235 cm-1[17]. This peak is considered to be the 

InAs-like longitudinal optical (LO) phonon. Meanwhile, 

an asymmetric broad band appears in the InP-like optical 

region. This band shows an asymmetric shape, which is 

due to the shouldering of the InP-like transverse optical 

(TO) mode[18]. Another broad band with Raman shift 150 

cm-1 of all samples is observed. A similar band has been 

reported by R. Carles[16]. This band is identified due to 

disorder-activated longitudinal acoustic (DALA) pho-

nons.  

 

 

Fig.5 Raman scattering spectra of the four InAs0.6P0.4 

epilayers with different growth temperatures (The 

inset shows Γa and Γb which are used in the asym-

metry ratio of Raman scattering spectra.) 

 

Raman scattering is an indirect way to characterize the 

crystalline quality of material. Raman scattering is de-

termined by the overlap integral of electrons, phonons 

and photons, and the finite phonon mode will lead to the 

broadening and asymmetry of the Raman scattering line 

shape[19]. Therefore, the FWHM and the asymmetry ratio 

(Γa/Γb) of Raman scattering spectra can determine the 

alloy disorder, and then characterize the crystalline qual-

ity of samples. Γa and Γb are two half-widths at half-  

maximum of the InP-like Raman scattering peak, which 

are shown in the inset of Fig.5. The FWHM and the Γa/Γb 

of Raman scattering spectra for samples A–D are 14.6 

cm-1, 13.3 cm-1, 18.0 cm-1, 21.1 cm-1 and 12.1 cm-1, 12 

cm-1, 13.1 cm-1, 13.6 cm-1, respectively. The asymmetry 

ratios of InP-like Raman spectra of InAs0.6P0.4 epilayers 

are shown in Fig.6. It is clear that the sample B has the 

minimum FWHM and Γa/Γb. Considering the results with 

SEM, Hall measurement and PL spectrum, the growth 

temperature of 530 °C is an effective temperature for 

improving the crystalline quality of the epilayers on InP 

substrate.  

 

 

Fig.6 The asymmetry ratios (Γa/Γb) of Raman scatter-

ing spectra of InAs0.6P0.4 epilayers at different growth 

temperatures 

 

In summary, in order to investigate the optimum 

growth temperature, the InAs0.6P0.4 epilayers are grown 

by LP-MOCVD with growth temperatures of 500 °C, 

530 °C, 550 °C and 580 °C, respectively. The influence 

of growth temperature on crystalline quality and Raman 

property of InAs0.6P0.4 epilayers is investigated carefully. 

The results from SEM, Hall measurement and PL spec-

trum show that the crystalline quality can be improved 

by using a proper growth temperature. The result from 

the Raman spectrum can further confirm that the opti-

mum growth temperature of the epilayer is 530 °C. It is 

expected that the results and analyses may help us to 

further improve our understanding of the growth mecha-

nism for governing InAs
x
P1-x alloys. 
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