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Determination of Cu(ln,Ga)(S,Se).—solar cell parameters from
quantum efficiency spectra

Abstract. A method for calculation of the Cu(ln,Ga)(S,Se)2-layer parameters (space-charge region width, diffusion length, built-in potential and
concentration of non-compensated acceptors) in solar cell is proposed. The method is based on analysis of the quantum efficiency spectra within the
framework of a solar-cell unidimensional model.

Streszczenie. Zaproponowano metode wyznaczania parametréow Cu(In,Ga)(S,Se), ogniw stonecznych (szeroko$¢ obszaru tadunku przestrzennego,
dfugo$¢ drogi dyfuzji nosnikéw, wbudowane pole elektryczne, koncentracja nieskompensowanych domieszek akceptorowych). Metoda bazuje sie na
analizie widma wydajnosci kwantowej ogniwa w ramkach modelu jednowymiarowego. Wyznaczanie parametréow Cu(In,Ga)(S,Se); ogniw

sfonecznych z widma wydajnos$ci kwantowej
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Stowy kluczowe:CIGSS potprzewodniki, szeroko$é obszaru tadunku przestrzennego, dtugos¢ drogi dyfuzji nosnikow

Introduction

The direct band gap semiconductor solid solutions
Cu(In,Ga)(S,Se)2 (CIGSS) are an excellent basic material
for high-efficiency and low-cost thin film solar cells (SCs) of
the second generation. CIGSS is base absorbing layer
which covered with layer of wide-gap semiconductor for
creating p-n-junction.

For improvement the efficiency of the CIGSS-SCs, there
is required to optimize their parameters taking into account
the spectral characteristics of solar radiation. This
necessitates the creation of a nondestructive control system
for the parameters of SCs. Despite active investigations of
CIGSS-SCs and the available basic principles for modeling
of the SCs spectral characteristics, nondestructive control
methods  (specifically those based on spectral
measurements) for these parameters at various stages of
the production process of CIGSS-SCs are inadequate.

In this work, a method have proposed to evaluation the
space charge region (SCR) width and the diffusion length of
minority carriers in a CIGSS-layer from analysis of SCs
quantum efficiency spectral dependence after p-n-junction
formation.

One-dimensional model of Cu(In,Ga)(S,Se).-solar cell
We use the one-dimensional model of SC presented in [1,
2]. One of the features of CIGSS-SC is a relatively large
band gap of the front layer (3.3 eV for ZnO) leading to its
transparency for the most part of a solar spectrum. The
band gap of a buffer layer is also large enough (2.4 eV for
CdS). Inasmuch as the thickness of the buffer layer is
several tens of nanometers only [3], extinction of the visible
and infrared radiation therein can be ignored.

Thus, a one-dimensional model of CIGSS-SC (just for a
major part of the spectral sensitivity) can be schematically
shown like in Fig. 1, that is similar to the appropriate
scheme in [4].
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Fig. 1. One-dimensional model for SC CIGSS-layer: W — SCR
value, - region with a thickness equal to the diffusion length, H —
thickness of CIGSS-layer
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Within the framework of this model, the spectral
photocurrent density consists of two components

where Jn is the current density of the electrons generated
in a quasi-neutral region of the CIGSS-layer and arriving to
SCR, ‘]SCR — current density of the carriers generated in
SCR of the CIGSS-layer.

(2) Jscr = €F (l—r)[l—exp(—aW)],

where € is the electron charge, F = F (/1) - the photon
flux spectral density, I = r(/i) is the reflectance,
a= a(/l) — absorption index.
The width of SCR can be expressed as
12

3) W=z(Uy+U) ",

where U, is the built-in potential of p-n-junction, U — the
applied voltage.

(4) W=xn+%,

where X, and Xp are the SCR width in n- and p-regions,

respectively.

6) z= 22y “pNp *nly

e NAND

Here Np and N, are the concentrations of non-
compensated donors and acceptors in p- and n- regions,

respectively; 6‘0 — the electric constant, &np and ‘9p — the
material permittivity, V0 — built-in potential. In the case of

CIGSS-SC, V0 is approximately equal to 0,7 V [5].
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Let us assume that Z is a constant that is independent
of the SCR width. In reality, this is true for the depletion
region with constant dopant concentration.

Note that SCR is located mainly in a CIGSS-layer (see

Fig. 1). Indeed, &,(CdS) = 10 [6], &, (CIGSS) = 13.6 [6],
N (Cds) ~ 10" cm® [5], N, (CIGSS) ~ 10" cm™ [5].
it

From the condition of electro-neutrality NDXn = NAXp

X
follows that %} ~102. Thus, in our case

The typical for CIGSS-SC value of the SCR is
W=0.25 um [7, 8].

According to [4], at a low excitation level and in the
absence of a «drawing» field in the quasi-neutral region of

the CIGSS-layer an equation for ‘]n is given by

Fll-r)aL
0 =e(22)”exp(—aw)><
aL, -1
ShL H-W -
) NN\ ch —exp(—a(H—W)) +sh +al, exp(—a(H—W))
Dp Ln Ln
x| aly, ,
Sply _ H-W  H-w
sh +ch
Dn Ln Ln

where Sn is the surface recombination velocity of electrons

on the backside contact, Dn — the diffusion coefficient of
electrons.

For CIGSS-SC, we havelL,~1um [9] and H ~2-
3 um [10-12]. As a result, we will suppose that

F(1-r)aLy,
9) Jo=e—~ 1 ©
n a2L%—1

In summary, we get the spectral quantum efficiency

I :[l—exp(—a\N)]+

Q=

Calculation of solar cell
characteristics
In spectral range where

parameters from spectral

(11) 2exp(—a(H—W)— HL_W] <<1,
n

the following relation for quantum efficiency is true:
exp(—aW)

al, +1

(12 Q=1

The condition (11) is fulfilled for most of the spectral
range, becouse the absorption index o of CIGSS for a

major part of the spectral sensitivity is no less than 104 cm’”
H-W H-W

>1 and >1.
1/
Ly a

It follows from (12) that

[13]. So,

exp(—ocw){o:Ln —1+2exp(—a(H—W)— H_Wﬂ.

L -aW i
anixg()[aLn —1+2exp(—a(H—W)— HLWH'
a L, -1

®8) exp(H—V%nJ >> exp[_(H_W)Lnj.

Apart (8), we will suppose that there is no reflection of
the minority carriers from the backside contact and hence
S,L./Dy>>1, as it was considered in [4]. In this case,
expression (7) can be rewritten as

Ln

n

1 1
Y C) (e, 1)

To determine L

(13)

n» we perform an analysis of the

spectral characteristics over the range, where the condition

-1
a >»>W

is true. According to (14), we can use the procedure

(14)

described in [14] to determine Ln .
If the condition (14) cannot be executed, we can take

advantage of the spectral range where a_l >W . In this
case, it is possible to write ratio €Xp (—aW) ~l—-aW.
Then the expression (12) can be transformed to the form

(15) Q_ Ly (1-Q)+W .

(2
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In this way, it is possible to determine the Ln and the

W from linear approximation of the spectral characteristic

of solar cell in coordinates % and (I—Q).

Qo4

A&

A(1-Q) 1-0

Fig. 2. Linear approximation of the spectral characteristic of solar
(V
cell in coordinates 7 & and (I_Q)

Measuring experimentally the spectral characteristic at
different applied bias voltages U and calculating
corresponding W , we obtain dependence W(U). This
dependence can be use for determine the built-in potential
Uy and the concentration of non-compensated acceptors Nj
by equations (3) and (6).

Resume

In this work we present simple non-destructive method for
extracting of Cu(ln,Ga)(S,Se);-based solar cell parameters
(space-charge region width, diffusion length, built-in
potential and concentration of non-compensated acceptors)
from the analysis of solar cell spectral characteristics.

This method is based on one-dimensional model of a solar
cell when the change of in-depth distribution of the
photogenerated carriers and, hence, the change of its
photoresponse with the variation of excitation wave-length
in solar cell is taking into account. The following
assumptions are accepted: the reflection of charge carriers
from back contact and the «drawing» field in the quasi-
neutral area of the absorber layers are negligible; window
and buffer layers are transparent in the analyzed of
spectrum range; the injection level of minority charge
carriers is low; the recombination losses at the metallurgical
p-n-junction interface of the studied photosensitive structure
are dependent linearly on the photocurrent density.
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