
   

Giant g-factors and fully spin-polarized states in metamorphic short-period InAsSb/InSb  

Y. Jiang,1,2 M. Ermolaev,3 G. Kipshidze,3 S. Moon,2 M. Ozerov,2 D. Smirnov,2 S. Suchalkin,3 

and Zhigang Jiang1  

  

1School of Physics, Georgia Institute of Technology, Atlanta, Georgia, USA  
2National High Magnetic Field Laboratory, Tallahassee, Florida, USA  

3Department of Electrical and Computer Engineering, Stony Brook University, Stony Brook, New York, USA  

  

Realizing a large Landé g-factor of electrons in solid-state materials has long been thought of as a rewarding 
task as it can trigger abundant immediate applications in spintronics and quantum computing. Here, by 
using metamorphic InAsSb/InSb superlattices (SLs) [Suchalkin et al. Appl. Phys. Lett. 116, 032101, (2020)], 

we demonstrate an unprecedented high value of 𝑔≈104, twice larger than that in bulk InSb, and fully spin-
polarized states at low magnetic fields. In addition, we show that the g-factor can be tuned on demand from 
30 to 110 via varying the SL period. The key ingredients of a large g-factor include the size of the band gap 
and the wavefunction overlap between the spatially separated electron and hole states, where the latter has 
drawn little attention in prior studies. Our work not only establishes metamorphic InAsSb/InSb as a 
promising and competitive material platform for future quantum devices but also provides a new route 
toward g-factor engineering in semiconductor structures [Jiang et al. arXiv:2201.01938].  

Specifically, we employ a novel, two-step process to achieve unprecedented high g-factors and fully 
spinpolarized states in InAsSb alloys. The process is illustrated schematically in Figure 1. In Step 1, we first 
realize ultra-narrow band gaps in InAsSb/InSb type-II SLs via composition ordering on virtual substrate 
(VS) [Suchalkin et al. Nano Lett. 18, 412, (2018); Appl. Phys. Lett. 113, 213104, (2018)]. The VS technique 
can accommodate a large lattice constant mismatch between the semiconductor structure and the (physical) 
substrate, resulting in intriguing electronic states that otherwise are inconceivable with the conventional 
pseudomorphic growth. In Step 2, we utilize the e-h wavefunction overlap as a design parameter for gfactor 
engineering. We recognize that the wavefunction overlap in short-period InAsSb/InSb SLs can be controlled 
by changing the band discontinuity through strain engineering or the SL period. By reducing the SL short-
period in the ultra-narrow-gap limit, we demonstrate a widely tunable effective g-factor and high spin 
polarization in a practically accessible magnetic field.  

  
  

FIG. 1. Schematic demonstration of the two-step process to achieve a large g-factor in short-period InAsSb/InSb SLs. HH stands 

for the heavy-hole band, LH the light-hole band, and Δ𝐿−𝐻 the light-hole heavy-hole splitting.  


