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INTRODUCTION

Silicon-germanium (SiGe) heterojunction bipolar
transistors (HBTs) have found widespread use in
high-frequency applications. Scaling of the HBT
base layer thickness to 5 nm and below makes
an atomistic treatment indispensable as fluctuations
of dopant concentrations play a bigger role. Semi-
empirical methods like extended Hueckel theory
(EHT) enable us to quickly and efficiently simulate
many different permutations of large unit cells with
more than a hundred atoms to quantify the influ-
ence of atomic-scale fluctuations on the electronic
structure and transport properties.

A NEW EHT PARAMETERIZATION OF GE

For crystalline structures, Cerda and Soria [1]
provide a wide range of parameterized elements
in various phases, but lacking a parameterization
of Ge. By fitting the EHT parameters to a Ge
bandstructure we fill this gap and provide a parame-
terization capable of describing the band structure of
random SiGe alloys of varying Ge concentrations. It
is based on a set of s-, p- and d-orbitals and includes
spin-orbit interaction to describe split-off bands.
Fig. 2 shows the calculated band gap of unstrained
SiGe alloy as a function of Ge content, matching
the measurements by Braunstein et al. [2]. Straining
the alloy biaxially to match the lattic constant of
Si reduces the band gap as expected. Simulations
were carried out using the QuantumATK simulation
software with the unit cell illustrated in fig. 1.

UNFOLDING SUPERCELL BAND STRUCTURES

Interpretion of band structures from supercell
calculations is hampered due to bands folding into
the smaller Brilouin zone of the sample cell. We
unfold bands back into the Brillouin zone of the
primitive cell using the approach from Popescu and
Zunger [3] as implemented in QuantumATK. Fig. 3
shows the band density calculated this way. From
this, singular bands can be extracted and compared,
as shown in Fig. 4 for model cells with varying Ge
content.

CONCLUSION

We extend the existing range of EHT parameteri-
zations by providing a new parameterization capable
of describing the band structures of random SiGe
alloys with varying Ge content. Unfolding the band
structure obtained by supercell calculations allows
to observe the change in valence band minimum
related to Ge content and atomic structure. Studying
the influence of structural fluctuations and inves-
tigating the effects of C and B doping on band
structure by will be issue of future work.
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Fig. 1. Example of a SiGe alloy with Ge atoms randomly
distributed among the lattice points.
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Fig. 2. Comparing the calculated average band gap of
unstrained and biaxially strained random SiGe alloys in
ralation to Ge content. Red crosses show measurements by
Braunstein et al. [2] in good agreement with our simula-
tions.

Fig. 3. Unfolded band structure of a random SiGe alloy
with 33% Ge content calculated as a band density.
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Fig. 4. Extracted band structures of strained SiGe alloy
with varying Ge content.


