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llI-Nitrides » llI-Nitrides exhibit unique optoelectronic

properties:
« Wide range of bandgaps, allowing absorption or
emission from UV to IR.

o AN} [ - Direct band gap

sof f2s0 - Wide bandgap for high temperature applications
o {200 E + High efficiency of LEDs and Solar cells.
S | AGaixN -
2 50l a0 % . . . ]
g 0 £+ However, the high difference in lattice constant

lo makes heterostructures complex.

q GaylnqxN 11000
X SN L1200 « Only few nm of InGaN can be grown on GaN
B w2 B4 3 38 A « Multi-quantum well structures needed to overcome

Lattice constant (A)

this issue
« Results in a high density of defects detrimental to the

device performance
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Experlmentql data

Single QW LEC Diode follow the Shockley equation

[ ] — . qV —
=1 (ep (22) - 1)
- 7 is the ideality factor and should not be higher

than 2 according to the SRH theory
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But, Experimentally, ideality factors higher than 2
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. Solar cell, 30 QW - Explained in literature as trap-assisted tunneling.
« Need to add quantum correction to drift
diffusion

However, not enough to explain some of these high
ideality factors
« Donor-acceptor pair model needed

Ideality Factor

Total current density, Alem?
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Quantum correction

« Quantum effects does not allow
EEes) to use normal simulation tools.

Poisson’s equation :
V - (Vo) e(m — p + Niop)

] « Quantum corrections need to be

Density Gradient :cciuation: charge dcnsjytl);: ‘ o . o o o

. o ) = Noriy (e ) included in the Drift Diffusion
A, ﬁv (m;)” VvP p(r) N, Fi (E.,—lv"fnf")l-fﬂzl\,,)

A — ol L method.

« Two methods implemented,
based on finding an effective
quantum potential

* Density Gradient

* Poisson-Schrodinger
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Quantum correction

(i G 22 « Quantum effects does not allow

!

SchrodinTrequation; to use normql SimUIGtion tOOIS.

[ 2=V + Bo(r)] gulr) = Evu(r)
7

Quantum charge density;

nte) = 22 | 600) 7 (B » Quantum corrections need to be
!

Invert the Fermi-Dirac statistics ; i n C I u d e d i n t h e D rift D iff u S i O n

E. = B[ - ksTF (52)

AE, =JIEC + go methOd.

Poisson’s equation :

V. (eV9) = e(n — p + Nuop) I

B - wran o~ mem (2] - Two methods implemented,
D Diffmions cqmtion based on finding an effective

Jn = nu,VEgp

Y dn = HU) + G quantum potential
« Density Gradient
 Poisson-Schrodinger

21/06/2023 Modelling llI-Nitrides Optoelectronic devices with Quantum corrected drift-diffusion



{4 Politecnico

“\._‘_‘jiﬂf di Torino

Donor-acceptor pair

 Due to the high density of defects
interaction between traps cannot be

neglected
S TTe e E o
LE T G e s BBy ° Two coupled defect levels must be
Cio| |42 M2 |'M2 considered.
Ee-E,1 N RORORN.. 0 SOOS— L I—
e C
E i o, If the level are set as a Donor-acceptor

pair, the coupling rate between the levels

can saturate the recombination channel.
« The recombination current will grow
slower, increasing the ideality factor
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Single QW LED

 Single QW LED structure.
1 _j
- Dashed line show the effective
0 quantum band edges.
® —F&,
> 1 —F5 || « Where itis below E_, E, indicates the
3 -~ Feq presence of tail states, where there
w | ~~ %al|  can be tunneling.
« Where Trap-assisted tunneling
N il AN _ can take place
\
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Single QW LED

e 4'2 + Atlow voltage, trap-assisted

o0 || = Donor-Acceptor pair i tunneling increase the ideality factor
g """""" Single-level SRH to GrOUﬂd 6
< 18 5 + Due to Trap-assisted tunneling
2 @
= o
§ . %“ « After 2V, the recombination channel
£:10° 1, = Issaturated increasing further the
§ '] ideality factor.

12 « Due to Donor-Acceptor pair
model
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Thank you for the
attention
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