ml Ferdinand-Braun-Institut
fiir Hochstfrequenztechnik

Accurate Modeling of InGaN QWs

H. Wenzel



il Ferdinand-Braun-Institut
fur Hochstfrequenztechnik

Outline

e motivation
e theoretical model
e numerical results

— TQWvs. SQW
(exp.: mostly TQW, theoret.: mostly SQW, no direct comparison)

— influence of polarization fields and doping (screening)
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Motivation

e wurtzite InGaN quantum wells — active region of violet, blue and green
light emitting diodes and laser diodes

e spontaneous and piezoelectric polarisation fields = self—consistent
solution of Poisson and Schrodinger equations necessary for compu-
tation of luminescence and gain spectra

e several shortcomings of published models

parabolic band approximation
only fundamental electron and hole states taken into account
excess carrier density acts as input parameter

boundary conditions for electro-static or Hartree potential and chem-
ical potentials remain unclear
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Energy bands and wave functions

Schrodinger equation: 8 x 8 k-p Hamiltonian taking into account 3 uppermost
valence bands and lowest conduction band, doubly degenerated
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Vie €xchange—correlation potential in local density approximation

¢y Hartree potential from Maxwell's equation
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Hartree potential

Poisson equation divD=e(p—n+Nj—N,)—divP
D = —gpecgrad ¢y

electron and hole densities n=nC+n3P p=p?P4 %

nc( ) ePn

quantum electron density n® ZMQ/\‘PM k) )Pf(

Max(Eu(0),E5) — e
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free electron density n3P = NcF1/2<

similar for p?® and p°P

macroscopic polarization P = Pspont + Ppiezo
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Numerics

e Schrodinger equation: Galerkin method (sinus functions) = algebraic
eigenvalue problem solved with LAPACK routine ZHEEV

e nonlinear Poisson equation: discretized with finite differences, solved
with Newton’s method

e iteration using implicit scheme where subband energies E,_ are re-
placed by E,, — (¢f(z) — ¢f; ' (z)) in expression for n?P (similarly for p=P)
—> faster convergence

e |uminescence and gain: free carrier theory with sech-type of broaden-
ing (FWHM 26 meV)

e T =300Kin all simulations
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Structure
layer compound d D Pspont Fiezo
nm cm>3 10°Ccm=2 107°Ccm2

confinement n-GaN 200 +10'7 —3.40 0

barrier INg 015GagogsN 7 —|—1016 —3.36 +0.22
QW INg 09Gag.9 N 3.5 —|—1016 —3.17 +1.42
barrier INg 015GagogsN 7 +10'®  —3.36 +0.22
QW Ingo9GapoiN 3.5 +101° —3.17 +1.42
barrier INg.015GagogsN 7 +10'®  —3.36 +0.22
QW INg 09Gag.9 N 3.5 —|—1016 —3.17 +1.42
barrier Ino.015Ga0.985N 7 —|—1016 —3.36 +0.22

confinement p-GaN 200 —10'7 —3.40 0
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Quantum region

conduction and valence
band edges, probability
densities

e first electron (hole) states
are located in first (last)
QW and left (right) barrier

e poor spatial overlap of
highly occupied states

e states with better overlap
less occupied
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Luminescence spectra Vg =29V
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e luminescence peak of SQW red—shifted and larger due to larger spatial
overlap of highly occupied states

e luminescence of TQW for vanishing polarization 2 orders of magnitude
smaller
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Conduction band edges and electron densities
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Gain spectra
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e gain with full polarization fields enhanced at smaller bias, reduced at larger
bias, blue—shifted compared to the case of P =0

e almost no difference in gain spectra between SQW and TQW
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Impact of doping of barriers on gain peak of TQW

n-doping: N =5 x 10', p-doping: Ny =5 x 10'®
10

(&)

peak gain / 103 cm™

10 O 1 2 3 4 5
2 -3

radiative current density / KAcm™ average carrier density / 10" cm

almost no difference in gain peak dependence on radiative current density or
on carrier density between undoped and doped barriers
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Summary

e self—consistent solution of the Poisson equation and an eight—band k -p
Schrodinger equation for wurtzite strained InGaN quantum wells taking
into account proper boundary conditions for the Hartree and chemical
potentials

e application to SQW and TQW structures embedded in a p-n junction

e stronger and red—shifted luminescence of SQW compared to TQW for
the same Fermi voltage (bias)

e enhancement of luminescence and gain at lower bias due to polarisa-
tion fields

e almost identical gain spectra of SQW and TQW structures

e only minor impact of doping of barriers on gain




