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TEM study of dislocations structure in In0.82Ga0.18As/InP 

heterostructure with InGaAs as buffer layer
∗
 

 
ZHAO Liang (赵亮), GUO Zuo-xing (郭作兴), YUAN De-zeng (袁德增), WEI Qiu-lin (魏秋林), and ZHAO 

Lei (赵磊)∗∗ 
Key Lab of Automobile Materials, Ministry of Education, College of Materials Science and Engineering, Jilin Univer-

sity, Changchun 130025, China 

 

(Received 24 December 2015) 

©Tianjin University of Technology and Springer-Verlag Berlin Heidelberg 2016 

 

In order to improve the quality of detector, In
x
Ga1-xAs (x=0.82) buffer layer has been introduced in In0.82Ga0.18As/InP 

heterostructure. Dislocation behavior of the multilayer is analyzed through plane and cross section [110] by transmis-

sion electron microscopy (TEM) and high resolution transmission electron microscopy (HRTEM). The dislocations are 

effectively suppressed in In
x
Ga1-xAs (x=0.82) buffer layer, and the density of dislocations in epilayer is reduced obvi-

ously. No lattice mismatch between buffer layer and epilayer results in no misfit dislocation (MD). The threading dis-

locations (TDs) are directly related to the multiplication of the MDs in buffer layer.  
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Due to the unique properties, the semiconductors of 

Ⅲ-  compounds attract more and more attention in Ⅴ

recent years[1-4], which are widely used in microelec-

tronic and optoelectronic fields[5-9]. Particularly, the 

In
x
Ga1-xAs (x=0.82) detectors with the cut-off wave-

length of 2.5 µm[10-12] applied in aerospace imaging and 

spectroscopy attract more interests. To obtain high qual-

ity In0.82Ga0.18As/InP (100) structures, the lattice defect 

formation owing to misfit is the chief problem to be 

solved. Large lattice mismatch of about 2% existing in 

In
x
Ga1-xAs/InP (100) (x=0.82) heterostructure brings 

about amounts of stress in epilayer. The progress of 

stress relaxation of the heterostructure is usually deter-

mined by the formation of dislocations which would fur-

ther degrade the performance of the detectors[9,13]. In 

order to restrain the formation of the defects and then 

obtain high quality detectors, it is very important to clas-

sify and analyze the defects in the interface and epilayer. 

For improving the quality of the detectors, various kinds 

of buffers have been implemented to reduce the residual 

strain and decrease the TDs density[14,15]. In our earlier 

study, the dislocation behavior in In
x
Ga1−xAs/InP (100) 

(x=0.82) has been analyzed accurately and directly[16]. In 

this work, the formation and behavior of dislocations in 

In
x
Ga1-xAs/InP (x=0.82) heterostructure with InxGa1−xAs 

(x=0.82) as buffer layer are investigated and analyzed in 

detail. 

  The In
x
Ga1-xAs/InP (100) (x=0.82) heterostructure was 

grown by low pressure metal organic chemical vapor 

deposition (LP-MOCVD). The growth was performed 

using trimethylindium (TMIn), trimethylgallium (TMGa), 

and 10% arsine (AsH3) in H2 as precursors. The palla-

dium-diffused hydrogen was used as carrier gas. The 

substrates on a graphite susceptor were heated by induc-

tive coupling radio frequency power, the temperature 

was detected by a thermocouple, the reactor pressure was 

kept at 1×104 Pa, and the growth temperature was 430 °C 

with a growth rate of 300 nm/h. Before the growth of the 

epilayer, the In
x
Ga1-xAs (x=0.82) buffer layer was intro-

duced into the structure with the same growth conditions. 

The microstructure of the interface between the 

In
x
Ga1-xAs/InP (100) (x=0.82) heterostructure and the 

epilayer was detected by transmission electron micros-

copy (TEM, JEM-2100F, JEOL). High resolution trans-

mission electron microscopy (HRTEM) operating at 

200 kV was used for plane and cross section [110] inves-

tigation.  

  Fig.1 shows cross-sectional TEM micrograph of the 

In0.82Ga0.18As/InP heterostructure and plane TEM micro-

graph of In0.82Ga0.18As epilayer. From Fig.1(a), it can be 

got that the thicknesses of the buffer layer and epilayer 

are 201 nm and 1 555 nm, respectively. The dislocation 

density of the epilayer has been calculated to be 

2.143×109 cm-2, which is obviously lower than that of the 

epilayer without buffer layer reported before[16]. The 

surface of epilayer can be seen clearly in Fig.1(b). The 

common dislocation network structure in general epi-

taxial growth heterostructure has not been found[17-19] in 
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TEM images. The dislocation density of the epilayer has 

been calculated to be 1.935×109 cm-2.  

  In order to characterize the dislocations in epilayer 

deeply, the cross-sectional bright-field images of the 

In0.82Ga0.18As epilayer obtained with two-beam diffract-

ing conditions using g=1-11, g=11-1 and g=220 (g is the 

reflection when taking the TEM photo) are shown in 

Fig.2. Dislocation group A is invisible in Fig.2(a) and (c), 

which shows obvious contrast in Fig.2(b). Based on ex-

tinction condition of g⋅b=0 (b is the Burgers vector), the 
Burgers vector of dislocation group A can be given as 

b=a/2[110] (a is the crystal constant). Dislocation group 

C is invisible in Fig.2(a), showing residual contrast in 

Fig.2(c) while obvious contrast in Fig.2(b). The Burgers 

vector of dislocation group C can be given as b=a/2[110]. 

Dislocation groups B and D show non-contrast in Fig.2(a) 

and (b) while obvious contrast in Fig.2(c). The Burgers 

vector of dislocation groups B and D can be given as 

b=a/2[011]. 

 

 
(a) 

 
(b) 

Fig.1 (a) Cross-sectional bright-field image of the 

In0.82Ga0.18As/InP heterostructure using g=1-11 and (b) 

plane-view bright-field image of the In0.82Ga0.18As epi-

layer using g=200 obtained with two-beam diffracting 

conditions  

 

  In order to analyze the structure of the interface in detail, 

HRTEM images of the interface between substrate and 

buffer layer and the interface between buffer layer and epi-

layer have been detected and shown in Fig.3(a)—(g). 

Fig.3(a) shows the HRTEM image of the interface between 

the substrate and buffer layer. The fast Fourier transform 

(FFT) images of substrate and buffer layer regions are 

shown in Fig.3(b) and (c). Based on the two images, the 

crystal constants of substrate and buffer layer are calculated 

to be a=0.586 6 nm and a=0.609 1 nm, respectively. The 

results are in good accordance with the crystal constant cal-

culated using the doping amount: a=0.609 1 nm. Fig.3(d) 

shows the inverse fast Fourier transform (IFFT) HRTEM 

image of the interface. From it, a lot of misfit dislocations 

(MDs) can be realized, and more of them are 60° disloca-

tions. In the interface between the buffer layer and epilayer, 

a lot of stacking faults and dislocations can be detected, as 

shown in Fig.3(e)—(g). Most of these dislocations are 60° 

and 90° dislocations. The results are in good agreement with 

previous studies[16]. 

 

 
(a) 

 
(b) 

 
(c) 

Fig.2 Cross-sectional TEM images of the In0.82Ga0.18As/InP 

heterostructure for (a) g=1-11, (b) g=11-1 and (c) g=220 

 

 

Fig.3 (a) HRTEM image of the interface between substrate 

and buffer layer; (b, c) FFT images of different regions in 

(a); (d) IFFT HRTEM image of the interface; (e) HRTEM 

image of the interface between buffer layer and epilayer; 

(f, g) IFFT HRTEM images of different regions in (e) 
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  In order to further verify the effect of buffer layer on 

reducing the dislocation density, the HRTEM images of 

different regions have been taken and shown in 

Fig.4(a)—(e). According to these images, the dislocation 

densities of different regions are calculated. The highest 

dislocation density of 7.4×1012 cm-2 is got in buffer layer, 

and the lowest dislocation density of 2×1011 cm-2 is got in 

epilayer. This proves that the buffer layer can greatly 

block the movement of dislocations and significantly 

reduce the dislocation density in the epilayer. 
 

 
(a)                (b)                 (c) 

 
(d)                (e)                 (f) 

Fig.4 (a) Cross-sectional TEM image of the In0.82Ga0.18- 

As/InP heterostructure; HRTEM images of different 

regions of the sample: (b) Near the surface of epilayer; 

(c) Near the interface between epilayer and buffer 

layer; (d) The interface between epilayer and buffer 

layer; (e) The buffer layer; (f) The interface between 

buffer layer and substrate    
   

  In order to improve the quality of detector, the 

In
x
Ga1-xAs (x=0.82) buffer layer has been introduced in 

In0.82Ga0.18As/InP heterostructure. The dislocations are 

effectively suppressed in In
x
Ga1-xAs (x=0.82) buffer layer, 

and the dislocation density of epilayer is obviously re-

duced. No lattice mismatch between buffer layer and 

epilayer results in no MD. Therefore, the threading dis-

locations (TDs) are directly related to the multiplication 

of the MDs in buffer layer. 
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