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ABSTRACT
The main objective of this work is to do a comparative study of the spectral responses of three models:

homojunction CulnSe, with CdS window layer (CdS (n) / CulnSez (n) / CulnSez (p)), homojunction CulnSe;
deposited on CdTe substrate (CulnSez (n) / CulnSe, (p) / CdTe (p)) and homojunction CulnSe; with a window layer
(CdS) and deposited on a CdTe substrate (P) / CdTe (p) :CdS (n) / CulnSe; (n) CulnSe; (p)/CdTe (p). We calculated
the expressions of these respective spectral responses by solving the continuity equations governing the variation of
the minority carriers in each region for each model and using the appropriate boundary conditions. We made a
simulation of intern quantum efficiency according to the energy of the photons while preserving the same values of
geometrical parameters .The results show that the homojunction with window and deposited on a substrate (CdS (n)
/ CulnSez (n) CulnSe, (p) / CdTe (p) gives the best internal quantum efficiency. The window layer reduces the
losses at the surface at the window-emitter interface. The substrate increases the collection of the carriers in the
base. After choosing the best model, we studied the influence of geometrical and electrical parameters on the
spectral response. We have also seen that the best spectral response is obtained with a small thickness of the emitter,
a diffusion length of the holes and electrons respectively greater than the thickness of the buffer layer and the

absorbing layer.

KEYWORDS:Spectral Response ,Window Layer , Substrate ,Solar Cells ,Homojonction, CdS ,CulnSe,,CdTe.

INTRODUCTION
CulnSe; is a ternary compound of type I-111-VI, which has presented growing interest in recent years [1]. It is a

promising material of the absorbing thin layers of the photovoltaic cells. Its bandwidth varies between 0.6 and 1.08
eV [2] and is well suited for photovoltaic conversion. The main advantages of this semiconductor material under its
chalcopyrite structure are as follows [3]: a direct gap with a value of 1.04 eV; an absorption coefficient is very high
in the visible and near infrared domains.;a layer of CulnSe; with a thickness of 1 um allows the absorption of 99%
of the photons arriving at the surface of the cell . To reach this same rate of absorption in the case of the silicon cells
it use a thickness of approximately of 300um.This material has good lattice matched with the CdS and CdTe layers.
In order to improve the internal quantum efficiency we will do a comparative study of three photopile models: a
CulnSe, homojunction with CdS window layer: (CdS (n) / CulnSe; (n) / CulnSe; (p) , CulnSe, homojunction
deposited on a CdTe substrate (CulnSe; (n) / CulnSe, (p) / CdTe (p)) , and a CulnSe, homojunction with a window
layer (CdS) And deposited on a CdTe substrate (CdS (n) / CulnSe; (n) / CulnSe, (p) / CdTe (p).The substrate will
have the function to return the carriers no collected to the space charge region so that they take part in the
photocurrent.
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MATERIALS AND METHODS
1.Presentation of the layers

In this work, the materials used are CulnSe; ,CdTe et CdS . The properties are given in Table 1. The choice of these
materials is based on the absorption coefficients , Gap energies, electronic affinities.
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Matériaux Gap energies (eV) |a(A) [c(A) electronic affinities (eV) | Références

CulnSez (p, n) 0,96 — 1,04 5,78 |11,62 |4,58 [5]

CdTe (p) 1,5 40,01 6,481 |-- 4,28 [6]

CdS (n) 2,4 4,1381|6,7157 |45 [7]

Table 1: the different physical parameters used in this word
2. Theoretical study
2.1. Homojunction with window layer CdS (n) / CulnSez (n) / CulnSe:2 (p)
2.1.1. Modeling
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Fig 1 Diagram of the structure CdS (n) CulnSe; (n)

CuluSe: (p)

2.1.2._Internal quantum efficiency of the window layer (zonel)
The differential equation governing the variation of the holes in the window of type (n) in static mode [8] is

0%Ap;  Apy
02x

photon energy .

Lp?

a;N(1-R)e”*1*

Dp4

The following boundary conditions [8]

dAp,

ax

Ap, =0

Sp14ps

x=0

= x

Sp, is the surface recombination velocity of window layer.
The expression of internal quantum efficiency in the window layer is given by (zonel)

Fiz 2 Energy band diagram of the structure
CdS(n) CulnSe:(n) CulnSe:(p)

€Y)
L,y is the diffusion length of the holes in the zonel, a, absorption coefficient of CdS , D,,; the diffusion
coefficient of holes in zonel, t,,, lifetime of holes, N (1) incident photon number, R (2) reflection coefficient, E (1)
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2.1.3. Internal quantum efficiency of the emitter layer (zone 2)
The continuity equation governing the variation of holes in the buffer layer [6] is given by:
0%Ap, Ap, a,N(1—R)e *1*1g~%(2=%1)
P2 _Ap2  @N( ) _ 0 @

0%x  Lp? Dp,
a, is the absorption Coefficient o CulnSe; , Lp, is the diffusion length of the holes in the zone2 , D,,: diffusion
coefficient of the holes in the zone2, e, = x,— x; thickness of emitter, x; is thickness window layer .

We use the boundary conditions [5]

dAp, dAp,
Dp, O Sp,Ap, + Dp, o X =X (5)
Ap, =0 X =X,

The internal quantum efficiency is:
—xp(ag—az) _ —xpay Np,
[ a,Lp,e Z] + (6)

azLp,e
rlpz - 2.2 SpoL _ _
azlpy—1 P22 Ginh( X251 ) 4 cosh( 2221
Dpz Lpz Lpz

Spolpy\ — SpolLp Xp—x . Xp—x _
(aZLpZ+#>e X102 (22222 cogh( 2271 ) sinh [ 2271 |ye 292
Dp, Dp, Lpy Lpy

SpoL - -
P2Pg sinh(x2 xl)+cosh(x2 xl)
Dpz Lp2 Lp2

2.1.4. Internal quantum efficiency in the space charge zone
The following differential equations allow us to calculate the internal quantum efficiency in the space charge zone

[9]

With zZ=

rlzcell = e—a1x1ea2(x2—x1)(1 — e_azwl) [5] (7)
Uzcel” = e_“lxleaz((x2+wl)_x1)(1 — e wW2 ) [5] (8)
lllzcelz nzce11+nzce1u (9)

2.1.5. Internal quantum efficiency of the base (zone 3)
The continuity equation governing the variation of electron in the base [10]
9%Aps Aii asN(1-R)e *1(@1-a2) g (x2+W)(az—a3) p—a3x —0 (10)
9%x Lps Dps3
a3 is the absorption coefficient of CulnSey, Ln; the diffusion length of the electrons in the base des
electrons, D, 5 the diffusion coefficient of electrons, W = W, + W, is the thickness of space charge region .The
boundary condition are given by [9].

An; =0 X=X, +w; +wy
{6223 = _SngAn3 X = H (11)

Sns is the surface recombination velocity, H is the thickness of the structure, H, = H — (x, + w) thickness of
the base (zone3).The internal quanum efficiency is given by:
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Nns = _HlPs e yas-an) @t —ayLnge @Gzt W)
ailp: —1

(a3Ln3 - M) e %3%3 4 (sn3Ln3 cosh (x3—(x2 +W)) + sinh (w)) o~ 3z +w)
+ Dnz Dns Lng Lng (12)
SnizLng Sinh(x3—(x2+w)) + Cosh(x3—(x2+w))

bns Lng Lng

The internal quantum efficiency of the homojunction CdS(n)/CulnSe; (n)/CulnSez(p) is:

I, =1Np; + Npz + Nzeer + 103 (13)
2.2. Homojunction deposed on substrat CulnSez(n)/CulnSez(p)/CdTe(p)
2.2.1. Modeling
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Fig 3 M‘mom““mnocj;s.’;)n‘ Celaln ) Fig4 Energy band diagram of the structuse

CulnSe; (n) CulnSa; (p) CdTe(p)

2.2.2_Internal Quantum Efficiency in the base zone 3

The internal quantum efficiency of the emitter is the same as that of the window layer in the previous model (2.1.2)
(NMp,(x; = x'; ) =1N'p;) you just have to replace x; by x',, L, by L%, (L'y; is the diffusion length in the
emitter layer), S,; by S, (S’ is the surface recombination velocity at interface window/emitter , D,; by
D',, (D', is the diffusion coefficient of the holes in the zone 2 of holes) a; by a,. Here only the spectral
response of the base (zone3) change .In this case the continuity equations [9] governing the variation of the electrons
in the base (zone3) and the substrate (zone4) are given respectively by:

2 —_ ’
aafnS _ A_n; MQ(“3_0‘2)(7‘ 2+w)e—a3x =0 (14)
x  Lnjg Dns
622_;4 _ ini‘z‘ + %;_R) e~ (az=a3)(x2+w1) p—(@3—ay)x3 o —sx — (15)
4 4
The boundary conditions [10] are given by:
Ang; =0 x=x'5+w;+w,
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Dns 62:3 = Dn, 62:4 X = X3 (16)
Ang = An, X = X3
An, =0 x=H

The internal quantum of the base is :

L — ' - - '
s = 22 gy Lnge 2 (2) & R0+ Qe (X)) @

(a3Ln3 1)+(1 Dngagslng) (a%Ln%—l)a4Ln4
b bDn3z }(aﬁLnﬁ—l)ba3Ln3

sinh(%?w)) +% cosh (%?W))

lsinh (—x3_(x12 +W)) +cosh(x—3_(x'2+w))
b Ln3 Ln3 an d
x3—(x2 +w)) +l Cosh(X3—(x'2 +w))
Ln3 Ln3

With R=

_ DTL4Ln4

Q = =
sinh( DnszLng

2.2.3. Internal quantum efficiency of space charge region [10]
Neep = (1 — e72W)em2% (18)
The sum of the internal quantum efficiency of the empter, the space charge region and the base of the mode
CulnSe; (n)/CulnSe,(p)/ CdTe (p) :
N, =Np1(x1 = x'3 ) + Nyeez + N'nz With Np; (x; = x', ) = N'p, (19)
2.3. Homojunction with window and deposed on substrat ~ CdS(n)/CulnSez(n)/CulnSez(p)/CdTe(p).
2.3.1. Modeling
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Fig 5: Diagram of the structure Fig 6: Energy band diagram of the structure

CdS(n)/CulnSe:z(n)/ CulnSe:(p)/CdTep) CdS{n})/CulnSe:(n)/ CulnSe:{p)/CdT=(p)

2.3.2. Internal Quantum Efficiency of the base (zone3)
The internal quantum efficiency contribution of the window layer (zone 1) of the emitter layer (zone2) and the
region of space charge is the same as that of the homojunction with window CdS(n)/CulnSez(n)/CulnSex(p) studied

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[144]


http://www.ijesrt.com/

* THOMSON REUTERS

[Sow* et al., 6(1): January, 2017] ISSN: 2277-9655
Impact Factor: 4.116

in (2.1.2; 2.1.3 ;2.1.4). However we note a change due to a term from the window layer of the internal quantum

efficiency of the base (/]'m3).The continuity equations of the base and substrate are respectively given by[9]

2
0%Ans _ ans @3NAR) |, —x;(az—ar) o (@g—a3) (x2+W) p—a3x — () (20)
9%x Ln% Dns

2
9 2”4 — AL; Me—xl(‘lz—‘h)e—(“2—“3)(X3+W)e(“3—a4)x3e—a4x =0 (21)
0°x Lng Dny

a, absorption coefficient of CdTe, D,,, is diffusion coefficient of the electrons in the substrate ,

L., is the diffusion lenght of the electrons in the substrat. The variation of electrons in the base and the substrate
are given by the following equations:

. X . x .o

A'n; = Aexp (L—n3> + B exp (— L_n3) + K'";e7%3% (22)
" X " X "oo—

A'n, = M exp (E) + N exp <— L_m) + K", e7%* (23)

asN(1-R)Ln3

2
Te—xl(az—al)e(ag—az)(x2+w) K", = Me—x1(‘12—0‘1)e(‘13—0‘2)(x2+w)
Dnz(aslns—1)

- Dny (af Lni -1)

[ J—
K3—

The boundary conditions [10] are given by:

Ang =0 X=X, +w;+w,
dAn dAn
Dn3 ax3 = D 4 ax4 X = x3 (24)
Anz = An, X = X3
An, =0 x=H"
The internal quantum efficiency of the base of the homojunction with window and deposited on substrate is
II'ng = 7‘13%13 e_xl(az_al)e_a3(x2+w) [—a3Ln3 + Te—ag(x3—(x2+w)+[/] (25)
adlns—1
T aglng . (x3—(X2+W) x3—(x2+W)
with T = [-b +(aﬁLnﬁ—1(a3Ln3 +a3Ln3)] iy smh(%)+bcosh(%)
- . x3—(xX2+W) x3—(x2+wW) an = . x3—(xX2+W) x3—(x2+wW)
bsmh(—Ln3 )+cosh(—Ln3 ) bsmh(—m3 )+cosh(—Ln3 )

The sum of the internal quantum efficiency contributions of the four regions of the CdS (n) / CulnSe; (n) / CulnSe;
(p) /CdTe (p) homojunction is given by the following equation:

Iy =1"py +1]"pz + 1,5 +1]'n5 (26)

With II"py = 1]py 1]"p, = I]p, and I]zce, = []zces

RESULTATS AND DISCUSSION
In this work we study the spectral reponses versus the energy of photon of the different solar cells with the following
materials CulnSe, CdTe and CdS function of the energy of the photons.The varaiation of the absorption coefficients

of these materials according to the energy of the photons is given by the following figure1[1]
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Figure7: Absorption coefficient of CulnSe2 CdTe and CdS vs photons energy
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Figure8: Internal Quantum Efficiency vs photons energy
a) Contribution of the different emitter layers b) contribution of the different base c) Contribution of the different
space charge region
Zone2: emitter layer
= \With window
Sp; = 2.107cm/s, x; = 0,5um, Dp; = 20cm?/s , Lp; = 0,5um,Sp, = 2.10°cm/s,Lp, = 0,5 ym
Dp, = 20cm?/s x, = 1lum, e, = 0,5um.
With substrate  we have used the same values of parameters that window ( L'p,= Lp, ,D'p, = Dp,,
e, =x5).

=== With substrate S'p, = 2.107cm/s

with window and substrate we have used the same value of the parameters Sp,, x; , X, ,e,, Lp; ,
Sp,, Lp, that the model with window.
Space charge region (scr)
= \With window: , W=W, + W, =0,1um
For the model with substrate and with window and deposed on substrat we have used the same values
of parameter that with window :
Zone3 :base
= \\/ith window:
X; =0,5um x, =1um e, =x,—X; =0,5um ;Sn; = 2.10°cm/s, Lny = 3um |,
,  Dng =20cm?/s ,W=W,; + W, =0,1um, H, =2,9um
With substrate
Dn, =20cm?/s, Ln, = 3um
With window and substrate:
We have used the same values of x,, x,,Sn;, Lnz,W,Hy ,Dn; , Dn, and Ln, thatthe model
with window and with substrate (for the model with substarte and with window deposed in substrate).

In this work,we study the internal quantum efficiency of different solar cells models as a function of photon energy.
We find an improvement in the internal quantum efficiency of the emitters of the following homojunction: CdS (n) /
CulnSe; (n) / CulnSe; (n) / CulnSe; (n)/CulnSe; (p) / CdTe (p). These two internal quantum efficiency are equal and
are of the order of 54.3% (Fig.8a). Quantum efficiency is due to the reduction of surface losses. The internal
quantum efficiency of homojunction deposited on a CdTe: CulnSe; (n) / CulnSe; (n)/ CdTe (p) substrate is much
lower compared to the other two models (22% Fig.8a). The range of energies between 0.92 eV and 1.05 eV
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corresponds to the absorption of CulnSe, which generates carriers which will be collected if thediffusion lengths are

in order of the width ( Lp; = e;;Lp, =e,; Ln; = Hb) and gives a internal quantum efficiency of 54.3%. The

window layer limits the number of photons arriving at the active region . This justifies the fall in internal quantum

efficiency for energies greater or equal to 2.4 eV.

At the figure 8b, the internal quantum effieciency of homojunctions of CulnSe; (n) / CulnSe; (p) / CdTe (p) and CdS

(n) / CulnSe; (n) / CulnSe; (p) CdTe (p) is greater than that of the CdS (n) / CulnSe; (n) / CulnSe; (p) model. The

internal quantum efficiency of the first two remain equal and give 41.2%. We affirm that the effect of the substrate

is at the origin of this difference.

The internal quantum efficiency of the CdS (n) / CulnSe2 (n) / CulnSe; (p) and CdS (n) / CulnSe; (n) / CulnSe;

CdTe (p) is of the same order of magnitude and is 6.7% higher than that of the CulnSe; (n) / CulnSez (p) / CdTe (p)

mode.

1.2. Comparaison of the internal quantum efficiency of the homojunctions :
CdS(n)/CulnSez(n)/CulnSez(p);CulnSez(n)/CulnSez(p) /CdTe(p);CdS(n)/CulnSez(n)/CulnSez(p) /CdTe(p),,

0.8 T T T T T T ee® with window
0.72
0.64
0.56
048

04

e with substrate

wsess With window and substrate

Internal quantum efficiency

Photon energy (eV)

Figure 9: Internal Quantum Efficiency contribution of the different models

¥ CdS(n)/CulnSez(n)/CulnSez(p),:

Sp; = 2.107cm/s,x; = 0,5um, Dp; = 20cm?/s , Lp; = 0,5um , Sp, = 2.105cm/s, Lp, =0,5 ym

Dp, = 20cm?/s x, = lum e, =X,—X; Sny = 2.10°cm/s, Lns; = 3um Dnjy = 20cm?/s W=W, +
W, =0,1um H, =2,9um:

=== CulnSez(n)/CulnSex(p)/CdTe(p):
L'p,=Lp,,D'p, = Dp,, e, = x5, Sng, Lng, Dns ;w, that the model with window, S'p, = 2.107cm/
s,Dn, =20cm?/s Ln, = 3um.

CdS(n) /CulnSez(n)/CulnSez(p)/CdTe (p)

We have used the same values of Sp; , x; ,Dp;, Lpq, X5, €5,Sp,, Lp,,Dp,,
Sn;, Lns, Dng, W, Hy, , Ln, ,Dn, thatthe model with window.

The three curves of figure 9 represent the variations of the internal quantum efficiency for the different devices:
CdS (n) / CulnSe; (n)/ CulnSe; (p) , CulnSe, (n)/ CulnSe; (p)/ CdTe (p) and CdS (n) / CulnSe; (n) / CulnSe; (p) /
CdTe (p). The photons whose energies are greater than the gap of the CulnSe, generate the carriers which are
collected under the effect of the internal electric field if they reach the space charge region .This explains the
increase in internal quantum efficiency for energies between 0.924 eV and 1.05 eV. When the energy of the photons
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is greater than 1.05 eV, the generation rate which was 42.9% passes to 11.4% for an energy photon of 1.2 eV with a
thickness e; = 0.5 um. This justifies the decrease of the internal quantum efficiency. The CdS (n) / CulnSe; (n) /
CulnSe; (p) / CdTe (p) model gives the best internal quantum efficiency which is of the order of 73.8% with an
emitter thickness of e; = 0.5um, a surface recombination velocity at the window of Sp, = 2.10° cm / s and a
diffusion length of the electrons of Lp, = 0.5 pm. This model combines the two advantages obtained with the
window layer CdS (n) and the substrate CdTe (p). The window layer reduce the losses at the surface of the buffer
layer [4]. The substrate create a junction presenting an electric field which return the carriers which are not
normally collected. In order to maximize the internal quantum efficiency, we have taken Lpi=e;= 0,5um and
Lp2=e2=0,5um.
1.3. Homojunction with window deposited on substrate: CdS(n) /CulnSez(n)/CulnSez(p)/CdTe(p)
1.3.1 Window layer (zone 1) : Effect of thickness (e1) , diffusion length ( L,;) and recombination velocity (Sp1)
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Table 2: Rate of generation of the carriers according to the
energy of the photons for various values ' thicknesses of the window
Figure 10: Internal Quantum Efficiency vs. photons energy for different.
a)Effect of the window thickness
Sp; = 2.107cm/s ;Dp; = 20cm?/s; Lp; = 0,5um; Sp, =
X, =1lum; e, =X,—%; ;Sp3 = 2.10°cm /1, Lny = 3um , Dng
Hy, =29um;Dn, =20cm?/s,Ln, =3um.
b) Effect of the recombination velocity on the window surface.
c¢) Rate of generation of the carriers according to the energy of the photons for various values ' thicknesses of the
window.
d) Effect of the diffusion length of the holes in the zonel . We have used the same value of a)

2.105cm/s Lp,= 0,5 pm; Dp, = 20cm?/s;
=20cm?/s , W=W, + W, =0,1um;

The CdS constitutes the window layer of the homojunction and is transparent. This transparence [12] depends on the
thickness of the CdS. This is why we study the behavior of the cell as a function of the thickness of CdS layer [13]
Fig. 10a. The energy range from 0.924 eV to 2.4 eV (for Fig. 10a, 10b, 10d) corresponds to the absorption of the
emitter and CulnSe; base (n /p). The front and base CulnSe; (n/p) have a energy of gap (0.924 eV) .The window
layer (2.4 eV) will absorb at the first. This absorption generates charge carriers which contribute to the photocurrent.
Photons energies greater than 2.4eV are absorbed by the window layer.On Figure 10a, the increase of window
thickness decreases the rate generation of the carriers in this region and the absorption of photons in the emitter and
in the base [14]. This explains the decrease of the internal quantum efficiency with the increase of this thickness
(60% with 0.2 um to 50% with 0.6 um). Indeed for an energy of 2.45eV, the generation rate for different thicknesses
decreases (85.7% for e; = 0.2um, 71.4% for e; = 0.6um). for the same photon energy of 2.5¢V we also have the
following proportions: (37.5% for e1 = 0.2pm, 5.7% for e; = 0.6um) see Table 2. The decrease of the generation rate
also justifies the drop of internal quantum efficiency.

The surface recombination velocity( Sp,) shows the hanging links and the high concentrations of the impurities
linked to the doping [15]. However, this recombination velocity can be reduced by depositing an antireflection layer
on the surface of the CdS material [15].At the figurelOb, for the energies greater than 2.4ev the internal quantum
efficiency decreases with the increase of the rate of recombination. When the defects are important some carriers are
lost and the spectral response decreases gradually. The highest quantum efficiency is obtained with the lowest
recombination velocity (99% with Sp; =2.10%° cm/s). The internal quantum efficiency passes to 99% with
Sp; =2.102 cm /s to 50% with Sp, = 2.107cm /s. We observe the best internal quantum efficiency (99%) with
energies higher than 2.4eV because the photons are absorbed by the window layers and do not reach the emitter and
the base.

The diffusion lengths ( Lp,) depend on the technology in particular of the methods used for the doping and the
creation of the junction.]. At the figure 10d, the internal quantum efficiency increases with the diffusion length of
the holes in the window layer . Some carriers have the necessary time to reach the junction and will be collected.
For the diffusion lengths whose are greater than or equal to the thickness of the front layer (Lp, =
0,5um;0,6um,;0,7um = e; = 0,5um ) the spectral response hardly varies. The holes have time to reach the

space charge region.
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1.3.2.  Emitter layer (zone2) : Effect of thickness (e2) , diffusion length (L,,) and recombination
velocity (Spz)
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Thickness of Photons energy / génération rate (%)/
window layer
(pm)
e=0,3 1,05eV/60% 1,2eV /25,7% |(1,5eV /8,6%
e=0,5 1,05eV/42,9% |1,2eV /11,4% [1,5eV /1,71%
e=0,7 1,05eV /28,6% [1,2eV /4,3% [1,5eV /0,35%
e=0,9 1,05eV /20,8% [1,2eV /1,67% |[1,5eV /0,06%
e=1,1 1,05eV/16% 1,2eV /0,6% |1,5eV /0,02%

Table3: Rate of generation of the carriers according to the energy of the photons for various values ' thicknesses of the
emitter

Figure 11: Internal Quantum Efficiency vs photons energy

a) Effect of the thickness emitter
Sp; =

2.107cm/s, Dp; = 20cm?/s; Lp; = 0,5um,Sp, = 2.105cm/s, Lp, = 0,5 um

Dp, = 20cm?/s s;Sn; = 2.10°cm /s, Lny = 3um; Dny = 20cm?/s ;W =W, + W, =0,1um,
H, =29um;Dn, = 20cm?/s; Ln, =3um .
b)Effect of the diffusion length of holes in the emitter.
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c) Rate of generation of the carriers according to the energy of the photons for various values ' thicknesses of the

emitter.

d) Effect of the recombination velocity at interface window-emitter.

We have used the same values that a) for b) ;c) and d)

Our aim is to reduce the recombination velocity at the surface of the emitter CulnSe (n). We propose a deposit of
Cds on its surface. However, the thickness of this layer remains an indispensable parameter for obtaining a good
internal quantum efficiency. That is the reason to study its influence on internal quantum efficiency. The energy
range between 0.924 eV and 2.4 eV corresponds to the absorption of the CulnSe; (n) emitter and the CulnSe; (p)
base. For Fig.11a, the internal quantum efficiency decreases with the increase the thickness of the emitter. We obtain
a better internal quantum efficiency of 84.5% with a thickness of 0.3um. When the width of the front is low the
carriers are generated just at the junction and therefore will participate to the photocurrent.When the thickness
increases, the carries are generated just at junction and some carriers whose diffusion lengths are less than this
thickness will be lost (Lpz = 0,5um < e, = 0,7um; 0,9um; 1,1um). This attenuates the internal quantum
efficiency and goes from 84.5% for e, = 0.3 pum to 50.6% with e, = 1.1 um. We notice a reduction of the
generation rate with the increase in thickness. Indeed, for an energy of 1.05 eV , the generation rate for differents
thickness passe: (60% for e> = 0.3 pm, 16% for e2 = 1.1 um). For the same photon of energy of 1.2eV, we also have
the following proportions: 25.7% for e; = 0.3um and 0.6% for e, = 1.1 pm .At the figure 11b, the internal quantum
efficiency increases with the diffusion length of the electrons in the emitter because some carriers will have the
time necessary to reach the junction and will be collected. Those for which the diffusion lengths are greater than or
equal to the thickness of the frontal layer ( Lp, = 0,5um; 0, 6um; 0, 7um) the spectral response hardly do not
varies and reaches 78% with a diffusion length of 0.7 um.

The electrons have already a sufficient diffusion length to reach the space charge area (Lp, =
0,5um; 0, 6pum; 0, 7um = e, =0,5pum).

The surface recombination velocity ( Sp,) at the window/emitter interface (CdS/CulnSez) shows the compatibility
between the parameters of the materials. More it has defects in this zone , more the probability of collecting the
carriers is lower, consequently the photocurrent decreases gradually. At the figure 11d , the internal quantum
efficiency decreases when the defects become larger .We notice a limit surface recombination velocity

(Sp, =2.10% cm /s) below which the internal quantum efficiency (78.8%) dot not varies.

CONCLUSION

In this work we have established the expressions of the internal quantum efficiency of each model. We have plotted
the variations of these internal quantum efficiency as a function of the photon energies. These variations allowed us
to choose the model giving the best internal quantum efficiency. With this model we have studied the influence of
the thicknesses of the window layer and the emitter, the surface recombination velocity at the window/emitter
interface (Sp,) , the diffusion lengths of the carriers in the emitter and the window layer (Lp4,Lp,) of
homojunction with window and deposited on substrate ( CdS (n) / CulnSe; (n) / CulnSe, (p) / CdTe (p)). The
comparative study of the models permit to conclude that the homojunction with window and deposited on the
substrate provides an ideal internal quantum efficiency of 73.8%.We also find that the effect of the window
dominates the effect of the substrate. The effect of the substrate is sensitive by increasing the diffusion length of the
electrons in the base and in the substrate. In order to obtain optimum internal quantum efficiency, it is necessary to
choose a small emitter thickness (e, = 0.5 pm), a low surface recombination velocity (Sp;< 2.10* cm/s) and at
window/emitter interface ( Sp, < 2.10° cm / s. The diffusion lengths of the holes and the electrons must be greater
than or equal to the width of the buffer layer and the base (Lp2 > 0.5um and Lns> 3um). It is important to choose a
window layer and a substrate whose lattice matched are close to that of the base material which is CulnSe,. This will
reduce the loss of interfaces to improve internal quantum efficiency.
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