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TECHNICAL ABSTRACT   
GaInAsSb is a promising material for mid-infrared detectors, lasers and LEDs because it is a direct band gap material 
(spatially and in k-space) with large radiative coefficient and with a  cut-off wavelength that can be varied across the 
mid-infrared (from 1.7 to 4.9 µm) while remaining lattice matched to GaSb. On the other hand, the potential of the alloy 
is hampered by predicted ranges of concentration where the constituents of the alloy become immiscible when the 
crystal is grown near thermodynamic equilibrium at typical growth temperatures.    Recently we have demonstrated that 
thick 2 µm bulk GaInAsSb layers lattice-matched to GaSb substrates could be grown across the entire (lattice-matched) 
compositional range, including the immiscibility region, when grown under non-equilibrium conditions with molecular 
beam epitaxy.1  In Fig.1, it can be seen that bright room temperature photoluminescence was observed for all alloy 
concentrations with cut-off wavelength varying from 1.7 to 4.9 μms.  Lower growth temperatures such as 410-450 C 
were used to control and limit the adatom diffusion length and shift growth conditions further from thermodynamic 
equilibrium. Optical (photoluminescence), structural (high resolution X-ray diffraction), and morphological (atomic 
force microscopy and cross-sectional transmission electron microscopy with electron dispersive spectroscopy) 
characterizations were done to study film quality, and no significant phase separation was observed for any alloy.  

While a shorter adatom diffusion length suppresses phase separation, too short an adatom length is associated with 
increased defect formation and eventually loss of crystallinity.  On the other hand, hotter growth temperatures move 
epitaxial growth closer to thermodynamic equilibrium conditions, and will eventually cause phase separation to occur.  
To study phase separation and defect formation further, we have investigated non-equilibrium growth of GaInAsSb 
alloys by molecular beam epitaxy that would grow meta-stably or unstably near thermodynamic equilibrium conditions 
at different temperatures ranging from 410 C to 530 C.  We have focused on one metastable and one unstable alloy:  
GaIn(0.25)As(0.23)Sb and GaIn(0.53)As(0.48)Sb, which have cut-off wavelengths of 2.6 and 4.0 μm, respectively.  
Optical, structural, and morphological characterization of the samples will be presented and analyzed.  Figure 2 shows 
preliminary optical data for the metastable alloy GaIn(0.25)As(0.23)Sb as a function of growth temperature.  The 
photoluminescence remains single peaked at 2.6 μm for all growth temperatures investigated, and gives a trend of 
increasing brightness and photoluminescence peak width with increasing growth temperature.  For temperatures above 
500 C, loss of indium begins to occur as the sticking coefficient drops below 1, and the peak blue-shifts. 

Additionally, theoretical efforts have shown lattice strain can influence layer stability, so for the hottest growth 
temperatures near to causing phase separation in the growing quaternary layer, we have studied and will present the 
effect of varying strain on layer morphology, structure, and optical properties.   
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Fig.1. Room temperature photoluminescence (PL) for Ga(1-x)In(x)As(y)Sb(1-y) with indium concentration varying 
from 0 to 1. (Wavelength range: 1.7-4.9um)   a) PL normalized to 1, b) Relative PL intensity, with detector and  FTIR 
response normalized out. 
 

 

Fig. 2 Integrated room temperature photoluminescence and peak full width half maximum as a function of growth 
temperatures for GaIn(0.25)As(0.23)Sb. 
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