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ABSTRACT

The aim of this work is to make a comparative study of the spectral response between the two models of
solar cells, namely a homojonction deposited on substrate without a window layer: CulnSe2(N)/ CulnSez(P)
/CdTe(P+) and a homojonction deposited on substrate with a window layer: CdS (N*)/CulnSez(N)/
CulnSez(P)/CdTe(P*). In this case we will calculate the respective different expressions of the spectral
response by solving the continuity equations governing the variation of the minority carriers in each region
for each model and using the boundary conditions. A simulation of this quantum efficiency with the energy
is done, keeping the same values of geometrical parameters. The results show that the homojonction model
with a window layer and deposited on substrate gives the best quantum efficiency. The window layer
decreases the losses at the surface and at the window-emitter interface and increases in the base the
collection of electrons. We will then study the influence of an internal electrical field due to a doping
gradient on a homojonction deposited on substrate with or without a window layer. We note that the
internal quantum efficiency rises with the increasing of the additional electric field in the window layer. We
also note that the best quantum efficiency is obtained with a homojonction deposited on substrate for an
internal electric field of 2.10°Vcm-. We remark a concordance of our results to those found in literature.
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Introduction
The ternary compound CulnSe; (CIS) of the family I-1II-VI,
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that the thickness of the substrate is infinitely large
compared to the others geometrical parameters.

presented a considerable interest [1] in solar applications
for some years [2-4]. This material is presently considered
as the most promising because of its forbidden band (Eg=
1.04eV). Its higher absorption coefficient a (a=10*-10°
cm™) [5-6] allows it to absorb in a wide range of the solar
spectrum, from the visible to the nearest infrared. It may
also change the type of conduction (N or P) without doping
foreign atoms [7].

However the conversion efficiency remains limited despite
the good performance of this material. It is in order to
improve the quantum efficiency that we will study a
homojonction of CulnSe, with a CdS window layer. The
whole things will be deposited on a CdTe substrate. The
CdS window layer will be transparent in the incident
radiation [8-9] and the substrate will return the
uncollected carriers to the space charge region so that they
can participate in the photocurrent.

The effect of an additional electric field due to the doping
gradient on a homojonction deposited on a substrate with
or without a window layer was also studied in this work.

Theoretical Study

Homojunction deposited on substrate CulnSez(N)/
CulnSe: (P) / CdTe (P*)

Modelling

In order to simulate a homojunction model corresponding
to an N-P junction deposited on a doped substrate P+, we
assume that the junction is between the two first layers and

Figures 1 and 2 respectively represent the diagram and the
band diagrams of a homojunction model N-P deposited on
a P+ type substrate. In Fig. 2: ez, e3 and es respectively
represent the thicknesses of the emitter, the base and the
substrate and w represents the thickness of the space
charge region. In figure 1 we have x'2 = ez, Xx3=e2+ W + €3
and H = e2+ w + e3+ es.
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Figure 1: Diagram of the structure:CulnSez(N)/

CulnSez(P)/CdTe (P*)
t— s Y €. ' €4

: Substrate
Base :

5

:

" H [
.
H ' H '
] H ]
: H . "
+ Emitter § H H
' ' " P '
' H . s | CdTe '
H ' ' | Culnse, . ]
- ' - H
' N 3 H Eg=1,04eV ' |Eoisev '
' ZCE
¢ [culnse, 4 H H H
: 1
i_, [
tecececcccccccccccccccccccacccccaaaaaaan
0 he

/ Figure 2: Energy band diagram of the structure:
CulnSez (N)/CulnSez(P)/CdTe (P*)
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Quantum efficiency in the emitter layer

The continuity equation governing the variation of the
holes density in the N-type emitter under static mode is
given by equation (1) [10-13]:

2 e %2 1
d2ap, Ap, @ NG-Rpe (1

=0

dx2 Lp22 Dp2
Where Ly, is the diffusion length of the holes in the emitter
[14], @, the absorption coefficient of CulnSe,,

Dp, the diffusion coefficient of the holes in the emitter, N:
incident photon number and R: reflection coefficient.

The general solution of equation (1) is in the form:

X _ X
L /_ —a,X
Apz(x):Ae/p2 + Be P2 +Ke 2

with K cNA- R)Lp,>
Dp, (a22 -Lp, -1

The constants A and B were determined from the boundary
conditions given by equations (2) and (3) [10-12]:

Dp, Lﬁpz =sp,-ap, for  x=0 (2
X
Ap, =0 for x=x2 (3)

Sp,is the surface recombination velocity of the emitter.
The expression of the internal quantum efficiency in the
emitter is given by:

__ 9 (4)
To: = GN@-R)

X' Sp,Lp. X"
msy{iz] + #sinh[—zj
Lp2 Dp2 Lp2

Where, Jp2 is the photocurrent of the holes in the region 2.
This equation (5) describes the contribution of the
generated holes in the emitter following photon
absorption.

Sp, Lp. X', Sp,Lp. X' —a X
__ %P aslp, ——2—2 |_|sinh| —2 |+ 22 "2 cosf —2 |le 2" 2
Ty " 22 1 272 Dpp, Lpy Dp, Lpy
a2 P (5)

Quantum efficiency in the space charge region

From the current and continuity equations we calculated
the current density in the space charge region to deduce
the expression of the internal quantum efficiency in the
space charge region. The contribution of the minority
carriers in the internal quantum efficiency [15] is described
by equation (6):

—a, W) —a,X 6)
(4 2 2%2 (
Tzce _[1 € ]e

Quantum efficiency in the base
The continuity equations representing the variations of
generated electrons in the base and in the substrate are
given by equations (7) and (8):
2 —(az —as)(x'2+wl)
d An3_ An3 :_a3N(1—R)e e—a3x (7)

dX2 Lr'|32 Dn3

—(ay —a,)(X'+W,) — (o, —a )X
a2, o, aNG-Re (@ ~ag) Wy w) ~(ag=ay)xg e 8)

- e

ix? Ln22 Dn,
a, is the absorption coefficient of CdTe, Ln, is the diffusion
length of electrons in the substrate, Dn, is the diffusion

coefficient of electrons in the substrate.
The general solutions of equations (7) and (8) are of the

type:
%_n - %_n —a,X
An3(x) = Ale 34 Ble 34 Kle 3 9

X X
Ln 7/_n —a,X
/ 4, Bze 44 Kze 4 (10)

With A1, Az, Biand B:are constant values and Ki and Kz
are given by:

An4(x): Aze

agN@-R)LnZe (g —axg) O ) (11)

1

2 2
Dn3 (a3 Ln3 -1

a,N@-R)Ln,%e (ay —ag)Xptwy) —(ag=ay)x3  (12)

2

21 2
Dn4(a4 Ln4 -1)

The constants values are determined from the boundary
conditions given by equations (13 to 16) [10-12]:

An, =0 for X =X',+W, (13)

pn, % _pp, A% for x=x,  (14)
dx dx

An, = An, for X=X, (15)

An, =0 for x=H (16)

The internal quantum efficiency Tp describing the
contribution of electron in the base is given by the result
(17):

— g (X', +W)
3X2
aglnge
2,2
Dngln,  a,ln(ag®Ln? —-Da-a,ln,)

—(ay —ag)(X ) | (@gln

373 Dn,Ln 2 2 _
”b:aaLHSE 4Ln3 aglng(a,®Ln,? -1) —agH
2 n2_ H—(x,+w)_ Dn,Ln H—(x, +w)
(az®Lng” -1) cosh - 2 5 4L 3 Sinh( - 2
n, n. n n.
'3 3-"4 3
H—(x',+w) Dn,Ln, H—(x',+w)
h 2 413 oshe 2
Lng Dngln, Lng —ag(x'y+w)
o0 +w) D, Lng H = (¢, +w)
n3 DnSLn4 LIW3

(17)

The expression of the total internal quantum efficiency
resulting from the contribution of the different regions of
the solar cells model is given by equation (18):

_ (18)
hotal =7¢ t2ce t'p

Homojunction with window and deposited on
substrate CdS(N+)/CulnSez(N)/CulnSez(P)/CdTe(P+)
Modelling

The figures below represent the modelling of a
homojonction with window layer deposited on CdTe
substrate. In Fig. 4 e1, ez, e3 and es respectively represent
the thicknesses of the window layer, the emitter, the base
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and the substrate and w is the thickness of the space
charge region. In Fig. 3 x1=e1, x2=e1 + e2, x3=e1t e2 + w +
esandH=e1+e2+w+e3+eas.
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Figure 3: Diagram of structure
CdS(N+*)/CulnSez(N)/CulnSe2(P)/CdTe(P+)
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Figure 4: Energy band diagram of structure
CdS(N+*)/CulnSez(N)/CulnSe2(P)/CdTe(P+)

Internal quantum efficiency in the window layer

The quantum efficiency in the window layer for a
homojonction with window layer and deposited on
substrate is the same that the emitter for the model of
homojonction deposited on substrate. We have just
replaced xi1, a1, Lp1, Dpiand Spirespectively by x%2, az, Lpz,
Dpzand Spa.

The expression of the internal quantum efficiency in the
window layer becomes:

Sp.Lpy ) -ax X ) Sp,Lp x
J {alel- ép 1}—8 1 1%%&}%%{&]“
aLp -a
1-Py —alele 1% 1 1 1 1

n. =

P 20,2 X, Sp,Lp. X,
! [al Lpl 1) cosr{—l}r 170 ik L
Lp1 Dp1 Lp1

Internal quantum efficiency in the emitter
The continuity equation governing the variation of the
holes in the emitter [4] is given by:

J (19)

2N(1-re)e_(0!1_0’2)x1 —ax (20)
e 2%,

d 2Ap2 Ap2 a
-——t
dx? Lpz2 Dp,

O, is the absorption coefficient of CulnSez, Lp,is the

diffusion length of the holes in the emitter, Dp,diffusion
coefficient of the holes in the emitter.
The general solution of equation (15) is of the type:

X, X
L 7/_ -
—A3e/p2 +Bge P2 +Kqe “2* (21)

with A, et B, constant values andKs is given by

azN(l—R)Lpgzei(aliaz)xl (22)

3

Dp,, (@,2Lp,% 1)

The constant values are determined from the boundary
conditions that are [3-6] :

dAp,
dx
Ap, =0

Dp,

= Sp,Ap, + Dp, dﬁpl for x=x (23)

for x =X, (24)

Sp, is the recombination velocity at the window-emitter
interface. The expression of the internal quantum efficiency
in the emitter M is given by:

5,0, |
Lpzzz
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+
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Quantum efficiency in the space charge region
The expression of the internal quantum efficiency in the
space charge region is given by [15]:

Tser =

_e—a:lxl.e—az(x2 —xl)[l_e—aZWJ (26)

Quantum efficiency in the base
The continuity equations for the electron variations in the
base and the substrate are given by [12]:

d%n An3 a,N(1-R) e (al - az)xl.z; (a2 - as)(xz ’ Wl)

dang Any  a e—a3x

dx? Ln32 Dny (27)
dZAn4 An4 N(1 Rje —(a 2)x1 a -ag (X +w1)e—((,13—a4)><3 ayx

@ anz - Dn, (28)

a,is the absorption coefficient of the CdTe, Ln,is the

diffusion length of the electrons in the substrate,
Dnydiffusion coefficient of electrons in the substrate.
The general solutions of equations (23) and (24) are of the

type:
X _ X
Ang(x) = AAE/_H?’ +B,e /_n3 +Ky o 73 (29)

/4+Be/4+Keax (30)

With A4, A , B4 and 85 constants and Ks, Ks are given
by:

An4(x) Ase

aN(i- R)LnSZe_(al_aZ)xlef gty ) B

4 D, (a,2Ln,? ~1)
aNd- R)Ln42e’ (o =y ~(ay =agllg +) ~(a3=a,)g (32)
5 Dn, (e, n,2-1)

JMSSE Vol. 6 (4), 2018, pp 837-844

Contents lists available at http://www.jmsse.org/ & http://www.jmsse.in/

©2018 Science IN. All rights reserved @in


http://www.jmsse.org/Home
http://www.jmsse.in/

840 Y. Tabar et al./ Theoretical Study of Spectral Responses of Homojonctions Based on CulnSez Deposited on Substrate
With or Without A Window Layer: Effect of An Electric Field

The constants are determined from the boundary
conditions given by equations (25 to 28) [10-12]:

An, =0 for x=x,+w (33)

Dn, dan, _ Dn, dAn,  for X=X, (34)
dx dx

An, = An, for x=x, (35)

An, =0 for x=H (36)

The expression of the internal quantum efficiency in the
base is given by:

— (% + W)
- 3'72
a3Ln3e

2, 2
( )%~ )(x, + W) {u LDS*L%DH“]{“:“H 77(03 k] 71]%%' ai'l"m“)e’%H
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1792 el Yy Dnglny [aAZLnAQ—l]aaLnS
2, 2 - + - h
(ag2Ln2 1) CDS{H x, w)]iDnALnasmh(H (xz+w)J
Ln3 D"GLHA L Ln3
{Dn‘,u‘3 LHoOp W) H (x4 w)
Dnﬁ“‘A Lﬂ3 Ln3

aglnge \

=

J —arg(x, +w)

CDS{Hf(Xﬁw)} Dn,Lny JH—(x2+w)] (37)

Lng ) Dnglng T Lng

The expression of the total internal quantum efficiency is
given by:

Total ="7f T zce T (38)

Homojunction deposited on substrate under the action
of an additional electric field

Quantum efficiency in the emitter layer

The governing continuity equation from the variation of the
holes in the N-type emitter under static mode is given by:

dx2 Dp, dx Lp22 Dp,

—a,X
dzAp2 ppZEdAp2 Ap2 a2<N(1—R)e 2 0 (39)

The general solution of equation (31) is given by:

-

Ap2 x) = A6erlx + Beerzx + K6e 2% (40)

With >
2
E E
r, = /—‘pz -+ ’up2 -+ 1
1 2Dp,, 2Dp, Lp,
2 2
. ,usz 3 ’UpZE . 1
2 2Dp, 2Dp, Lp,

The constants As and Bs are determined from the boundary
conditions given by equations (41) and (42)

dAp fi =0 (41
Ap, or x (41
DpzidX 7,up2.E.Ap2 = sz -Apz

Ap,=0 forx=x (42)
The photocurrent in the emitter is given by:

dA =
J,, =—qDp, d)F:z for x=x2 (43)

It becomes:

qaZN(lfR)L‘
a +} 2|_-2,1 —a, X, |(Sp,L' o X Sp. L2 L2 X
2 e 2°2 2" 42 lcosh —2 |+ 2 +=+1sinh —2
Dp2 I L Dpzl |2 L
N X Sp, L' . X'
cosr{%}[ D; +%}sinh[%]
2 (44)

2Dp, and
Hpo-E

Tt2

With

| = L'— l.Lp,

Lp,” +12

The expression of the internal quantum efficiency in the
emitter is [16]:

Jio (45)

7i2 = aN (@ — R)

i : : :
X SpL' X
, cos{%]Jr(DiJr%Jsinh[Tﬂ
i )

Ure 2
2 —a x| (Sl g
[a2+fj Lot o 2‘ - 2 ¢

\Dpz |
(X Sl ) (X
cos?tfg}r(—erL}sinht—q
AT (46)

The expression of the quantum efficiency in the space
charge region and in the base remains the same that the
homojunction with window layer and deposited by
substrate.

Homojunction with window layer deposited on
substrate under the action of an additional electric
field

Quantum efficiency in the emitter layer

The quantum efficiency in the window layer for a
homojunction with window layer deposited on substrate
with the presence of an additional electric field is the same
that the emitter for the model of homojunction deposited
on substrate in the presence of an additional electric field.
We have just replaced x%, az, Lp2, Dpz; pp2 and Sp:
respectively by xi1, o1, Lpi, Dps, up1 and Spi. Thus the
expression of the internal quantum efficiency in the
window layer becomes:

FIE

The expression of the quantum efficiency in the emitter, in
the space charge region and in the base remains the same
in the case of homojunction with window layer and
deposited on substrate.
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Results and Discussion

Absorption coefficients of the different materials used
For each structure, a theoretical model is proposed to
determine the internal quantum efficiency. The variation of
absorption coefficients of the materials (CulnSe,, CdS and
CdTe) is given according to the energy by the Fig. 1 [2].
However, we note for some values of energy (1.04eV, 1.5eV
and 2.3eV) corresponding respectively to each material, an
abrupt increase of the absorption coefficients up to a
certain value (105 cm'l) where an increase is observed.
Indeed, these energy values correspond respectively to the
gaps of these materials. For each material, we note an
abrupt absorption.
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Figure 5: Evolution curve of the absorption coefficient as a
function of energy
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Figure 6 : Contribution of the quantum efficiency of a
homojunction deposited by substrate, (x'2 =0.5um, Lp2=0.5 um,
Sp2=2.105cms1, Dp2=20cm?2s1, w=0.2um, w1=0.1pum, Lnz=3 pum,
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Figure 7 : Comparison of the different regions of the cell for a
homojunction with window layer and deposited by substrate
(x1=0.5pm, X,=1pum, Lp1=0.5pm, Sp1=2.106cmst, Dp1=20cm?s-1,
Lp2=0.5um, Sp2=2.105cms!, Dp2=20cm?s! w=0.2um, w1=0.1pum,
Lnz=3 pm, Lns=3 pm, Snz=2.10°cms, Dn3=20cm?s-!, H=4.2pm,
Hb=H-(x2#+w))

Contribution in quantum efficiency of the different
regions of a homojunction deposited by substrate with
or without a window layer: CdS(N+)/CulnSez(N)/

CulnSez(P)/CdTe(P*) et CulnSez (N)/CulnSez(P)
/CdTe(P*)

Figures 6 and 7 show the contribution in internal quantum
efficiency of the different regions of the homojunction
deposited on substrate with or without a window layer as
well as the total quantum efficiency of the cell.

The analysis of the spectral response shows that the three
regions (emitter, space charge region and base) practically
absorb for the same energy. This is due to the fact that it
concerns a homojunction model. The window layer absorbs
for an energy substantially equal to 2.5eV [17]. However,
the contribution to the photocurrents of the base and the
emitter remains higher than the photocurrent of space
charge region [18]. This is related to the low value of the
space charge region thickness resulting in a weak
generation of minority carriers in this region. We note that
for photon energies higher than 1.2eV, only the generated
minority carriers in the emitter contribute to the signal.
This observation is due to the fact that for energies higher
than 1.2eV all the transmitted photon flux is absorbed in
the emitter consequently only the generated holes in the
emitter contribute to the photocurrent. The total quantum
efficiency is maximum for a photon energy of the order of
1.1eV corresponding to the gap of the CulnSez material. The
decrease of the spectral response just after the maximum
can be attributed to the phenomena of surface
recombination.

Comparison of different models

Contribution in quantum efficiency in the emitter of the
different cells

In this part, the study of the spectral response of the solar
cells of the different models in report to the energy was
made in Fig. 8 below.

In this figure, we see a clear improvement of the quantum
efficiency of the emitter for a homojunction with window
layer and deposited on substrate. This contribution is due
to the reduction of surface losses [13]. For the
homojunction deposited on substrate, its efficiency is
considerably lower compared to the homojunction with a
window layer and deposited by substrate. For the photon
energies between 0.92eV and 1.18eV, the absorption of
CulnSe; generates holes and electrons that will be collected
if their diffusion lengths are sufficient. We thus obtain a
theoretical efficiency of 54.3% for collected carriers. For
energies between 1.18eV and 2.48eV we note a decrease in
quantum efficiency due to the absorption decrease of
CulnSe, and the surface recombination velocity. From
2.48eV, the CdS starts to absorb and we observe a decrease
of the quantum efficiency which is due to the low diffusion
lengths and the surface losses [19].
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Figure 8 : Contribution of the quantum efficiency of the emitter
(x1=0.5pm, X2=1pum, Lp1=0.5pm, Sp1=2.106cm?s-1, Dp1=20cm?s,
Lp2=0.5 pm, Sp2=2.105cms")
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Contribution of quantum efficiency in the space charge
region of different cells

Figure 9 shows the contribution of the quantum efficiency
of the two models in the space charge region. In this region,
we observe that the contribution of the quantum efficiency
of the homojunction with window layer and deposited by
substrate is greater than that of the homojunction
deposited by substrate.

014 e CuINSez/ CulnSez/CdTe

0.123] + » » » CdS/CulnSez/ CulnSez/CdTe

0.105

°ue g

0.088

0.033
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Internal quantum efficiency
=
=

b5 0ss 125 165 2 237 21 3125 35
Photon energy (eV)

Figure 9: Comparison of the contribution of the quantum

efficiency of the space charge region of the different cells

(x1=0.5pum, x2=1pm, X'2=x1-x2=0.5um, w=0.2um, w;=0.1 um)

Contribution of the quantum efficiency in the base of the
different cells

Figure 10 represents the contribution of the quantum
efficiency of the two models in the base. In this figure we
see that the quantum efficiency of the homojunction with
window layer and deposited by substrate is greater than
that of the homojunction deposited by substrate. In this
case we can say that it is the effect of the substrate which is
at the origin of this difference.
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Figure 10: Comparison of the contribution of the quantum
efficiency of the base of the different models (x1=0.5pm, x2=1pm,
Lp1=0.5 pm, Sp1=2.106cms!, Dp1=20cm?s', Lp2=0.5pum,
Sp2=2.105cms1, Dp2=20cm?s! w=0.2pm, w1=0.1pm, Lnz=3 pm,
Lns=3 pm, Snz=2.106cms-1, Dn3=20cm?s!, H=4.2pum, Ho=H-
(x2+w)=3 pm)

Efficiency of the different cells

The contribution of the different regions of each model
allowed us to do a comparative study of these different
devices. From these studies we can predict that
homojunction with window layer and deposited by
substrate will give the best quantum efficiency.

The figure below (Fig. 11) represents the variation of the
total quantum efficiency of the two models (CdS (N+) /
CulnSez (N) / CulnSez (P) / CdTe (P+) andCulnSez (N) /
CulnSez (P) / CdTe (P+)). The energy photons higher than
the gap energy of CulnSe, create charge carriers that will
be collected under the effect of an internal electric field if
they reach the space charge region. That is what explains
the increase in quantum efficiency for energies between
0.92eV and 1.03eV. Some of these photocarriers created far
from the space charge region will not contribute to the

photocurrent if they do not have sufficient diffusion
lengths. These carriers recombine hence the decrease in
quantum efficiency for energies greater than 1.03eV. The
best quantum efficiency (74.9%) is obtained with the
homojunction model with window layer and deposited by
substrate CdS (N*) / CulnSez (N) / CulnSez (P) / CdTe (P+).
For the homojunction deposited on substrate without
window, we have an efficiency which is of the order of
54.9%. The homojunction model with window layer and
deposited by substrate combines the advantages of the
window layer and the substrate. The window layer enables
to reduce the losses on the surface of the emitter [2] and
the substrate enables to create a rear field that pushes the
carriers that normally were not collected towards the
space charge region so that they can participate in the
photocurrent [11].
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Figure 11 : Comparison of the contribution of the total quantum
efficiency of the different models (x1=0.5um, x2=1pm, x2’=0.5um,
Lp:=0.5 pum, Sp1=2.10°cms, Dp1=20cm?2s-, Lp,=0.5um,
sz=2.105cm5'1,Dpz=ZOCmZS'1 w=0.2pm, wi=0.1pm, Lnz=3 pm,
Lns=3 pm, Sn3=2.10%cms!, Dn3=20cm?2st, H=4.2um, Hp=H-
(x2+w)=3 pm)

Effect of an additional electric field in the emitter on
homojunction deposited on substrate

The losses due to the recombination in volume and surface
are reduced by improving the quality of the material and by
reducing the thickness and the recombination velocity of
the emitter [15]. Alway sin improving the internal quantum
efficiency of a solar cell, an electric field can be created in
the emitter for a homojunction deposited by substrate
without window layer CulnSez(N)/CulnSez(P)/CdTe(P+).
FIG. 12 represents the variation of the internal quantum
efficiency as a function of the energy of the incident
photons for different values of the additional electric field.
In this figure we find that for an electric field between 0
and 2000V/cm the quantum efficiency remains almost
invariant. Despite the invariant of quantum efficiency, it
remains almost equal to the quantum efficiency of the
homojunction with window layer and deposited by
substrate without an electric field. For values of the electric
field greater than 2000V/cm the quantum efficiency
increases with the increase of the electric field. This
increase can be justified by the fact that the electric field
increases the velocity of the charge carriers whose
diffusion lengths were insufficient. These charge carriers
will arrive at the space charge region and will be collected.
We can say that the more the electric field is intense, the
more the carriers will be collected and the efficiency
increases.
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Figure 12 : Quantum efficiency of a homojunction for different
values of an additional electric field (x1=0.5um, x2=1pm,
x2'=0.5um, Lp1=0.5 um, Sp1=2.10°cms-!, Dp1=20cm?s-!,
Lp2=0.5um, Sp2=2.105cms 1, Dpz=20cm?s-1, w=0.2um, w1=0.1pum,
Lns=3um, Lns=3pm, Sn3=2.10°cms-1, Dn3=20cm?s°1, H=4.2um, Hb
= H-(x2+w)=3 pm, pp2=50 cm?2V-1s1)

Effect of an additional electric field in the window layer
on a homojunction with a window layer and deposited
on substrate

The losses due to the recombination in volume and surface
are reduced by improving the quality of the material and
decreasing the thickness and recombination velocity of the
window layer [15]. Always in the improvement of the
internal quantum efficiency of a solar cell, an electric field
can be created in the window layer for a homojunction
with a  window layer and deposited by
CulnSez(N)/CulnSe2(P)/CdTe(P*) substrate. Figure 13
represents the variation of the internal quantum efficiency
as a function of the energy of the incident photons for
different values of the additional electric field. In this
figure, we remark that for an electric field between 0 and
2000Veml the quantum efficiency remains almost
invariant. Despite the invariance of quantum efficiency, it
remains almost equal to the quantum efficiency of the
homojunction with window layer and deposited by
substrate without an electric field. For electric field values
greater than 2000Vcm-! the quantum efficiency increases
with the growth of the electric field. This can be justified by
the fact that the electric field increases the velocity of the
less hot charge carriers allowing them to reach the space
charge region in order to be collected. This increase
occurred at energies above 2.4 eV.
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Figure 13 : Quantum efficiency of a homojunction for different
values of an additional electric field (x1=0.5pum, xz=1pm,
x2'=0.5um, Lp1=0.5 pm, Sp1=2.10°cms-1, Dp1=20cm? s,

Lp2=0.5um, Sp2=2.10°cms™, Dpz=20cm?2s, w=0.2um, w1=0.1pm,
Lnz=3um, Ln4=3um, Snz=2.10°cms-1, Dn3=20cm?s'1, H=4.2 um, Hb
= H-(x2+w)=3 pm, pp2=50 cm?V-1s1))

Comparison between a homojunction deposited on
substrate with or without window layer in the
presence of an additional electric field 2.10° V/cm.

The figure below (FIG. 14) represents the comparison of
the variation of the total quantum efficiency of the two
models CdS(N*)/CulnSez(N)/CulnSez (P)/CdTe (P*) and
CulnSez (N)/CulnSez (P)/CdTe (P*)) in presence of an

additional electric field.
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Figure 14 : Quantum efficiency of a homojunction for different
values of an additional electric field (x1=0.5pm, x2=1pum,
X2’=0.5um, Lp1=0.5 um, Sp1=2.10°cms!, Dp1=20cm?st,

Lp2=0.5pm, Sp2=2.10% cms-!, Dp2=20cm? s-1, w=0.2um, w1=0.1um,

Ln3=3um, Lns=3um, Sn3=2.10%cm s, Dn3=20cm? s-1, H=4.2pm,

Hb = H-(x2+w)=3 pm, pp2=50 cm?V-1s1)

The best quantum efficiency (88.2%) is obtained with the
model of homojunction deposited on substrate in the
presence of an additional electric field. For homojunction
with window layer and deposited on substrate we have an
efficiency which is in the order of 74.9%. This can be
explained by the fact that the emitter of the homojunction
deposited on substrate has a small thickness and the
additional electric field acts on the photons with energies
higher than 0.924eV. While for homojonction with window
layer and deposited on substrate, the additional electric
field acts on photons with energies higher than 2,4eV.

Conclusions

The comparative study of the two models allowed us to
conclude that the homojontion with window layer and
deposited on substrate represents the best model with an
internal quantum efficiency of 74.9%. The improvement
observed is simply caused by the reduction of losses on the
surface but also by the recovery of some electrons in the
base normally lost. This performance is obtained by using
the same geometrical parameters for the two studied
models. This study showed us that the effect of the window
layer dominates that of the substrate. It is important to
choose a window layer and a substrate whose mesh
parameters are similar to the base material (CulnSe;) to
reduce losses at the interface. The quantum efficiency
improvement can also be done by creating an additional
electric field. This field is created in the window layer and
in the emitter respectively for a homojontion deposited on
substrate with or without a window layer. This field
accelerates slow carriers and is created by a doping
gradient. The comparison allowed us to conclude that the
homojontion deposited on substrate represents the best
model with an internal quantum efficiency of 88.2% for an
additional electric field of 2.10° Vcm-L.
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