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Recent success in the growth of GaN alloys has made it possible to fabricate high brightness 
visible light emitting diodes (LEDS) and blue laser diodes from these materials. Surprisingly 
highly intense LEDS can be fashioned from GaN in spite of the presence of enormous 
threading defect densities [1]. However obviously quality enhancement of output device 
characteristics requires a reduction of the threading defect density.  
 
The main reason for defect onset is both mismatching of crystal lattice parameters and 
thermal expansion coefficients between GaN and sapphire used as a substrate. 
 
Microstructural characterization of GaN has been performed by means of transmission 
electron microscopy (TEM) techniques. We use electron microscope Philips EM420, 
operating at 100 kV. The TEM samples were prepared by grinding and polishing with the 
help of Gatan Dimple Grinder 656 followed the procedure of ion milling carried out at Gatan 
DouMillTM600.  
 
It should be pointed out that samples were prepared in “cross-section geometry” which means 
that electron beam is perpendicular to the growth direction. This method allows to determine 
the type of dislocations. 
 
The density of threading dislocations in the films was measured following the procedure 
described by Hirsch [2]. 
 
In the present work the investigation of different samples grown by molecular beam epitaxy 
(MBE) and by metal-organic vapor deposition (MOCVD) has been carried out. Analysis of 
TEM images of both MBE and MOCVD grown samples have shown that dominant defects 
are threading edge and mixed dislocations. Moreover the density of threading dislocations in 
the films grown by MBE is higher than that in MOCVD ones which can be clearly seen in the 
Fig. 1, 2. This fact is in good agreement with the literature data [3]. 
 
The density of threading edge dislocations in MBE films is 5*1010 cm-2 while the density of 
threading edge dislocations in MOCVD films is 7*109cm-2, see Table 1. In addition to that 
threading screw dislocations in MOCVD films have been detected with the density of 2*109 
cm-2. 
 
Then the influence of different growth conditions on MOCVD films has been investigated. It 
has been obtained that by variation of growth conditions the crystalline quality of films can be 
improved. For example in some experiments the density of edge dislocations has been 
reduced down to 1,3*109 cm-2, see Table 2. 
 
Unfortunately the density of threading screw dislocations in comparison with edge ones does 
not significantly change under these conditions. Accordingly, there is continued need to gain 
understanding of the nature, origin and dynamic evolution of structural defects within 
heteroepitaxial GaN [4]. 



 
         Fig. 1. Sample grown by MOCVD.                        Fig. 2. Sample grown by MBE. 
 

Table 1. 
The density of threading edge dislocations 

in MBE films (cm-2) 
The density of threading edge dislocations 

in MOCVD films (cm-2) 
Threading edge dislocations  

4,6*1010 7,3*109 
Threading screw dislocations 

- 2,1*109 
Threading edge and mixed dislocations 

- 1,2*1010 
 

Table 2. 
Threading edge dislocations 

Top layer substratum Top layer substratum Top layer substratum 

6,6*109 8,8*109 2*109 5,2*109 1,3*109 4,4*109 

Threading screw dislocations 

Top layer substratum Top layer substratum Top layer substratum 

5,6*109 1,1*1010 5,5*109 - - - 
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