Green Function Pole Analysis for Carrier Transport
in Dilute Nitride Semiconductors

1% Masoud Seifikar
Department of Aeronautics,
Imperial College London
London, United Kingdom
m.seifikar @imperial.ac.uk

Abstract—Dilute nitride alloys remain attractive for optoelec-
tronic devices because a very small nitrogen composition can
strongly reshape the conduction band and enable substantial
bandgap tuning. The same nitrogen related disorder, however,
degrades carrier transport and complicates predictive simulation.
This paper presents a self consistent Green function approach in
which carrier states are obtained from the complex poles of the
projected Green function. The method provides band dispersion,
group velocity, decay rate, mean free path and low field mobility
within one numerical framework. Using a distributed spectrum
of isolated nitrogen, pair and cluster states from the linear
combination of isolated nitrogen states model, the calculations
capture spectral broadening and mini gaps that strongly suppress
transport. The resulting mobility trends provide a compact and
physically grounded route from alloy disorder to device relevant
transport simulation.

Index Terms—Dilute nitride semiconductors, Green function
methods, carrier mobility, alloy disorder, optoelectronic device
simulation

I. INTRODUCTION

Dilute nitrides such as GaN_ As;_, are attractive for wave-
length engineered emitters, absorbers and detectors because
even a very small nitrogen composition strongly perturbs the
conduction band and rapidly reduces the band gap [1], [2].
For numerical simulation of optoelectronic devices, the same
resonant disorder introduces a demanding transport problem,
since localised nitrogen related states reduce carrier mobility
and reshape the dispersion in a non parabolic and strongly
composition dependent way [3], [4].

This paper presents a compact self consistent Green function
pole analysis, based on our earlier SCGF formulation and its
recent transport extension, to connect the distributed localised
state spectrum directly to band dispersion, decay rate, mean
free path and low field mobility in GaN,As;_, [5], [6]. The
emphasis is the full LCINS description of disorder, which is
the most relevant level of detail for predictive, device oriented
transport simulation.

II. METHOD

The projected Green function for host conduction states
coupled to nitrogen induced localised states is written as [5]
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The localised spectrum is described using the linear combina-
tion of isolated nitrogen states model, which includes isolated
N atoms, nearest neighbour pairs and larger clusters in random
alloys [2], [6]. In practice, the interaction weighted LCINS
distribution is fitted by a small set of Lorentzians and the
poles are obtained from the associated complex eigenvalue
problem, providing an efficient numerical route to repeated
transport calculations [5], [6].

Carrier states are identified with the complex poles ey, of
G- Their energies and decay rates are
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The low field mobility is then obtained from the linearised
Boltzmann equation in the relaxation time approximation,
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where n?,k is the equilibrium occupation of pole state (¢, k)

[6].
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Fig. 1. Interaction weighted LCINS localised state distribution for

GaNgAs1_5 at z = 0.1% and 1.2%. The narrow isolated N feature at low
composition evolves into a broader pair and cluster rich spectrum at higher
nitrogen content.
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Fig. 2. SCGF spectral maps for GaNzAs1_ 5 at x = 0.1% and 1.2%. Colour
indicates spectral weight and the white markers show the pole dispersion.
Broadening and mini gaps strengthen as the localised state spectrum spreads
with increasing nitrogen content.

III. RESULTS AND DISCUSSION

Figure 1 shows the localised state spectrum that drives the
transport physics. At x = 0.1%, the distribution is dominated
by a sharp isolated N resonance, with much weaker pair
related weight at lower energy. By x = 1.2%, the spectrum
broadens strongly and develops substantial low energy pair
and cluster contributions. This matters directly for transport
because these distributed resonances enter the SCGF self
energy and create multiple scattering active energy windows
close to the conduction band edge.

The consequences are seen in Fig. 2. The pole dispersion
retains the overall conduction band branch but is interrupted
by mini gaps and strong spectral broadening around pair,
cluster and isolated N resonances. States near these resonant
energies lose fractional I' character, which suppresses group
velocity and sharply shortens the mean free path. This is the
key modelling point: one Green function framework yields
the band structure, the disorder broadening and the transport
degradation in a form suitable for compact device simulation.

Figure 3 adds the device relevant transport summary. At
room temperature, the mobility decreases monotonically with
carrier concentration for each composition and falls strongly
with increasing nitrogen content across z = 0.1%, 0.36%,
0.5%, 1.2% and 2.0% [6]. Even at x = 0.1%, the mobility
drops from about 8 x 103 cm?V~1s~! in GaAs to about 5.6 x
103 ecm?V~1s~!, Representative values from the full study are
1~ 295 cm?V~1s~! for = 0.5% at n ~ 4.8 x 107 cm3,
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Fig. 3. Calculated room temperature electron mobility as a function of carrier
concentration for several nitrogen compositions using the LCINS based SCGF
pole method.

and g ~ 95 cm?V~1s7! for x = 1.2% at n ~ 7.5 x 10%7
cm™~3 [6].

The small separation between the x = 0.36% and 0.5%
curves, and likewise between the x = 1.2% and 2.0% curves,
reflects the evolving defect spectrum and the downward shift
of the alloy conduction edge with composition [6]. More
broadly, the calculated magnitudes lie in the same strongly
degraded range seen experimentally for GaAsN transport,
supporting the view that distributed resonant disorder must be
included explicitly if mobility is to be predicted rather than
fitted [4], [6].

IV. CONCLUSION

A compact two page paper can therefore present the LCINS
based SCGF pole method as a practical bridge between alloy
scale disorder physics and device scale transport parameters.
The distributed localised state spectrum produces broadened
pole branches, mini gaps, reduced group velocity and a strong
mobility suppression that emerges naturally from the same
numerical framework. This makes the approach well suited to
predictive simulation of dilute nitride optoelectronic materials
and to reduced order transport models for device design.
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