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ABSTRACT 
 

Hydrazine, NF3, dimethylhydrazine, trimethylgallium, 
and triethylgallium are studied for the growth of GaAs1-xNx 
by metal-organic chemical-vapor deposition (MOCVD).  
NF3 is shown to incorporate nitrogen very much like 
hydrazine, both of which are more efficient nitrogen sources 
than di-methylhydrazine.  The choice of gallium precursor 
(triethyl-gallium or trimethylgallium) also affects the 
nitrogen incor-poration.  The growth rate of the GaAsN is 
decreased at low temperatures when trimethylgallium is 
used and at high temperatures when NF3 is used.  The 
carbon and hydrogen impurity levels are relatively 
unaffected by changing nitro-gen precursors, but the use of 
triethylgallium decreases the carbon contamination.  These 
lower carbon levels are not correlated with a significant 
change in the background hole concentration except for x < 
0.2%.  The photoluminescence and Hall data for as-grown 
GaAsN are also unaffected by the choice of nitrogen 
precursor. 

 
1.  Introduction 

Nitrogen-containing III-V alloys have attracted recent 
attention because a very small amount of nitrogen can lower 
the alloy’s bandgap dramatically [1].  The growth of high-
quality (lattice-matched), low-bandgap alloys on GaAs is 
beneficial for long-wavelength lasers [1] and for multi-
junction solar cells [2,3].  However, GaAsN and GaInAsN 
are reported to have poor optoelectronic properties, an es-
pecially serious problem for solar cells [2,3].  Although the 
exact origin of the poor material quality is unknown, it is 
possible that carbon and hydrogen impurities degrade 
GaAsN material [4,5]. 

The growth of high-purity GaAsN by MOCVD might be 
achieved if appropriate precursors and growth conditions 
could be identified.  The most common N source for 
MOCVD-grown GaAsN is unsymmetric dimethylhydrazine 
(DMH), which contains both hydrogen and carbon.  NF3 
contains neither hydrogen nor carbon and might also 
provide an advantage because of improved N-incorporation 
efficiency, source cleanliness, or hazard reduction. 

This paper compares the incorporation of nitrogen using a 
variety of precursors.  These results are presented in more 
detail elsewhere [6,7]. 
 
2.  Experimental Method 

The GaAsN epilayers were grown by atmospheric-pres-
sure MOCVD on GaAs substrates.  Arsine, TMGa, TEGa, 
trimethylindium, DMH, hydrazine, and NF3 were used in a 
hydrogen carrier.   

The rocking-mode, X-ray diffraction measurements used 
the (400) GaAs reflection of Cu radiation.  The ∆θ values 
are the difference between the Bragg angle of the GaAs 
substrate and that of the epilayer.  The nitrogen content of 

GaAs1-xNx was estimated from x = 2 X 10-5 ∆θ(arc sec), 
which assumes that the epilayers are coherently strained [8].  
Data supporting the validity of this assumption are 
presented below, and even if there is some relaxation, the 
primary conclusions would not change.  The experimental 
techniques are described in detail elsewhere [6,7]. 
 
3.  Results 

The addition of nitrogen to GaAs is known to reduce both 
the bandgap and the lattice constant [6,7].  The 
incorporation efficiency of nitrogen in GaAs by MOCVD is 
low.  However, nitrogen incorporates much more efficiently 
from NF3 than from DMH, as seen in Fig. 1.  Hydrazine 
showed much higher incorporation than DMH [8], but 
appears very similar to NF3.  The almost vertical line at the 
left side of Fig. 1 shows the data expected if the N/As ratio 
in the film were the same as in the gas phase, demonstrating 
how inefficient the incorporation is for all of the sources.   
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Fig. 1.  The incorporation of nitrogen relative to the gas-phase group V 
concentration by varying the nitrogen.  The bold (almost vertical) line at 
the left shows the relationship of solid-state N/V = gas-phase N/V.  These 
runs used a constant growth temperature of 550°C and TMGa.  
 

For all combinations of precursors shown in Fig. 2, the 
nitrogen incorporation decreased with increasing growth 
temperature.  At 700°C, all the data sets showed negligible 
nitrogen incorporation.  This trend is consistent with other 
reports in the literature [4,9].  The observed growth rate is 
shown as a function of growth temperature in Fig. 3.   

At low growth temperatures, the observed growth rate is 
significantly decreased when TMGa is used.  At high 
growth temperatures, the growth rate decreases when NF3 is 
used, possibly because of the formation of gallium fluorides.  
The hole concentrations are reduced for growth at high 
temperature regardless of N precursor, as seen in Fig. 4.  
Data for GaAs are included for reference.   

Carbon contamination can explain much of the observed 
hole concentration, but not all.  Fig. 5 shows how using 
TEGa reduces [C], but has little effect on the hole 



concentration.  The reduction is more apparent when NF3 
and TEGa are used together.   
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Fig. 2.  The incorporation of nitrogen as a function of the growth 
temperature for three nitrogen and two gallium precursors.  The growth rate 
was intended to be 4 µm/h.  The samples grown with DMH and TMGa 
used a N/V of 0.9, whereas the DMH and TEGa samples used a N/V of 
0.85. 
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Fig. 3.  The measured growth rate as a function of growth temperature 
(same samples as described by Fig. 2).  The Ga flux was held constant. 
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Fig. 4.  The background hole concentration for GaAsN and GaAs samples.  
The intended growth rate was 4 µm/h.  The samples grown with DMH and 
TMGa used a N/V of 0.9, whereas the DMH and TEGa samples used a 
N/V of 0.85.  The arsine partial pressure was ~0.2 torr.  
 

The use of NF3 does not significantly reduce the hydrogen 
contamination of the GaAsN.  Fig. 6 shows the hydrogen 
concentration as a function of the nitrogen level.  The lack 
of hydrogen in NF3 had led to the hope that the hydrogen 
could be reduced through its use.  The results show that the 
hydrogen is coming from another source, such as the 

hydrogen carrier or the arsine.  A separate growth was 
completed with primarily N2 carrier, but the hydrogen level 
was not reduced, implying that the arsine is the most likely 
source of the hydrogen contamination.   

The minority-carrier lifetimes and majority-carrier 
mobilities were studied [6,7].  The [N] affects the lifetime, 
but the choice of nitrogen precursor does not.  The hole 
mobility is also unaffected by the nitrogen precursor.   
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Fig. 5.  Comparison of the carbon and hole concentrations.  The line 
indicates the equality of the two. 
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Fig. 6.  [H] as a function of [N], both measured by SIMS for a subset of the 
samples described above. 
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