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Abstract- Thermalisation and below-bandgap loss
mechanisms of intermediate band solar cells (IBSCs)
comprised of InAsa-xNx quantum dots (QDs) embedded
within intrinsic layer of AlPosSbos p-i-n solar cell is
calculated. a Finite element method is used for solving
Schrédinger equation to calculate possible energy band
configurations of AlPo.sSbo.s: barrier/ InAsa-yNx: square
pyramid-shaped QDs with different nitrogen
concentration. It is found that there is a minimum total
loss of ~27% for nitrogen concentration less than 0.01 of
InAsa-yNx QD- IBSCs.

I. INTRODUCTION

The most feasible implementations of the intermediate
band solar cell (IBSC) are quantum dot (QD) solar cells
with several layers of QDs embedded within the intrinsic
region of p-i-n semiconductor structures. InAs QDs in a
GaAs matrix has been most commonly utilized for the
fabrication of QD-IBSCs [1, 2]. But, the efficiency of
fabricated InAs/GaAs IBSCs is lower than the one of the
GaAs reference cell without QDs [3]. Because, the band gap
of QDs and host material is not optimal and several IB
presents within the GaAs band gap [4]. Therefore, we have
tried to find optimal QDs and barrier materials to prevent
the appearance of confined states in the valence band (VB)
for minimum loss. Thus, IBSCs have been studied in which
the intermediate band (/B) is constituted by the ground state
of InAsxNx QDs in a AlPos5Sbos matrix. The bandgap of
this system should be optimized with the amount of nitrogen
atoms to allow the basic principles of IB operation to be
proven. Then, the reducing of intrinsic losses due to the IB
and the relative magnitude of each loss mechanism can be

investigated.

Therefore, in this paper, the effect of nitrogen
concentration on the dominant loss processes,
thermalization and below band gap, of InAsq-

oNx/AlP¢sSbos QD-IBSCs is investigated by numerical
simulations. It is found that the total loss can be reduced by
appropriate nitrogen concentration.

I1. QD-IBSC STRUCTURE

Fig. 1 shows a cross—sectional view of QD-IBSC which
is AlPg.5Sbg s p-i-n structure with a stack of InAs(-xNx QDs
layers embedded within the intrinsic region. The unit cell of
QDs used for our calculations is also indicated Fig. 1. We
assume square pyramids —shaped QDs of InAs.N(x) with
base lengths of a;=a>=4 nm in the x and y directions,
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respectively, and the height of /=5nm in the z direction. The
cube unit cell of inter-dot spacings with the lengths of
L;=L;= Ls=9nm in the X, y, and z directions, respectively,
filled by the matrix material of AlP¢.sSbo.s.
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Fig. 1: Cross—sectional view of QD-IBSC The unit cell of square
pyramids —shaped QDs is shown in the right side.

I1. SIMULATION APPROACH

The unit cell of Fig. 1 is discretized into elements and
nodes based on Delaunay triangulation technique and then
the location of nodes is iteratively improved [5]. Then,
finite-element method (FEM) [6] is applied to solve three-
dimensional Schrodinger equation for the conduction band
(CB). With obtaining the electron energy levels and
subsequently the Eg; bandgap between the /B and the CB
and F,; bandgap between the valence band (VB) and the /B
(see Fig. (2)), we can calculate intrinsic loss processes [7,
8]. The photons with energies higher than the highest
bandgap of E,;and E,; are absorbed creating electron-hole
pairs. The thermalisation loss (L) is calculated by
subtracting the number of absorbed photons multiplied by
the E,> bandgap energy from the total energy of the photons
absorbed as:

(€))

where pj, is the input power, E is energy, c is the speed of
light, % is Planck’s constant, & is Boltzmann’s constant, 7 is
the sun temperature and u is the chemical potential.

The photons with energy less than the lowest bandgap of E,;
and E,> do not have enough energy to generate an electron-
hole pair and are not therefore absorbed. The below-
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bandgap loss (Lseioneg) 1s depending on the position of the
1B through E,;, as below:

Ly 3
LbelowEg =L‘ 22”3 J‘ E dE (9)
Py € h 0 E—ﬂ
exp| ——— |—1
KT,
Extended states
1.4 CB
N
1.2 —_
1 N Eq1 ng
Y pa
08} 1 & B
<
0.6 . o
047 \% gZ
02 E, (InAS(TL)sNvoz)
v v VB
0

Fig. 2: Schematic view of AlP,sSbys: barrier/ InAsgosNo.p2: QD. Vcis
the conduction band offset. The electron energy levels of conduction
band well is shown with red lines. The overlapping of ground state in
the conduction band well forms /B. The difference between the
ground state and first excited state is E¢; and the difference between
the VB and the /B is E,,.

II1. RESULTS AND DISCUSSION

As depicted in Fig. 3, with increasing nitrogen content,
Ly increases. Because, with increasing nitrogen
concentration, as seen in Fig. 4, Eg» decreases and the
absorption rang of QD-IBSC increases and the energy range
in which strong interaction between excited carriers and
lattice phonons occurs and carriers cool to the bandgap edge,

increases.
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Fig. 3: L, Leciowze and Ly of AlPgsSbys: barrier/ InAs(.oNx QD-IBSCs
as functions of nitrogen concentration.

Lyeiowzs of QD-IBSC as a function of nitrogen
concentration is shown in Fig 3. It is found that Lpeioweg
decreases with increasing nitrogen concentration due to
the decrement of E,; as shown in Fig. 4. As a result, QD-
IBSCs become transparent to a narrower range of
wavelengths. QDs with higher nitrogen concentration
have higher electron effective mass (see Fig. 4) and
create smaller Ve. Then, the difference between ground
state and CB (if there is one energy level in the well) or
the difference between ground state and first excited state
(if there is more than one energy level in the well, as Fig.
2) which is E,; becomes smaller. Fig. 3 also shows the
total loss (L7) which is the sum of Ly and Lpeiowee. It is
seen a minimum L7 of ~27% for InAsg.991No.000 QD.
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Fig. 4: The value of E,;, Eg> and electron effective mass of InAs;.xNx
as functions of nitrogen concentration for AlP, sSby s: barrier/ InAs;
oNx QD-IBSC.
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