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showed that the interference effects had a significant influence on the spectral charac-
teristics in the case of small thicknesses of a-Si:H (4 < 500 nm) because of an increase
in the number of low-energy photons absorbed in the layer W, which separated effec-
tively the photocurriers generated by the incident solar radiation.

10 - - a 10 b
d=280 nm P
_,/ \ ) / \ 360 nm
08 y/ N 08 | \,\
\, Y
Q, \, Q, '
¥4 } 0 04
A\ \
\
0.2 . 02 :
o "\ s N,
3 !
400 500 600 700 400 o0 60 700
%, TN I, N
10 . c 10 =, d
d=380 nm
08 .//\ 08 "”f\ e
TN TN
)
06 \‘. 0.6 / \
*
& 04 p R o4 \‘\
h
0.2 = ‘\ 02 E\
0 3 o :
400 500 600 700 400 500 500 700

oo Ty 10
Fig. 1. Spectral dependence of initial quantum efficiency of a-Si:H sollar cells with differ-
ent film thickness. R=0 - dotted line, R=0.9 — solid line. :

An increase in the thickness of the sample (Fig. 5d) weakened the interference ef-
fects because of the stronger absorption of the low-energy photons in a weak-field re-
gion (d — W). Moreover, the dependences Q() for R = 0.9 were characterized by an in-
terval of A where the collection efficiency was less than the corresponding value for the
R =0, i.e., in addition to an increase in the spectral sensitivity the interference effects
could also reduce the relative value of Q(A). Therefore, variation of just one parameter d
keeping the other constant made it possible to alter effectively the spectral characteris-
tics of film solar cells.

We have derived a simple analytical expression for the calculation of the spectral
dependence of the collection efficiency of thin solar cells with specular reflection of
light from dack contact. This expression provides a powerful diagnostic tool for analyz-
ing and predicting cells performance and thus determining the optimal value of the in-
trinsic a-Si:H layer thickness, ensuring that the maximum short-circuit current density
would be determined. 15-20 % enhancement of short-circuit current due to light trap-
ping was achieved as compared with solar cells having a nonreflective back contact.
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The conversion efficiency of a hydrogenated amorphous silicon a-Si:H solar cell can
be substantially increased by improved material properties and associated designs [1-3].
As a rule these researches involve both experiment and numerical simulation. The major
objectives of numerical modeling and simulation in solar cell research are testing the
validity of proposed physical structures, the influence of geometry on cell performance,
and fitting of modeling output to experimental results. Use of light trapping effects re-
sults in reduction the thickness of the intrinsic amorphous silicon layer and is one possi-
ble way of minimizing the light induced degradation owing to Staebler—Wronsky effect.

Our simulation of a-Si:H solar cells is based on a simple physical mode!, which
considers that all carriers generated within characteristic width “W#” are collected either
by drift or diffusion. We shall determine the spectral dependence of the collection effi-
ciency by dividing a-Si:H film thickness d into two region: 0< x< W and W << 4,
where W is the thickness of the effective collection region. It is assumed that the quan-
tum efficiency of the internal photoelectric effect is unity in this region of thickness W
and that there is no recombination at the a-Si:H-Sn0; interface. The internal collection
efficiency of the structure is Q;=J,/e®; (J. is the density of the short-circuit current, &;
is the density of the photon flux reaching the surface of absorber, and e is the electron
charge) and it can be described by the expression:

W
)=al4) fmdx (1

0

where a(4) is the absorption coefficient of a-Si:H; ®P3(x) is the photon flux density in a
section x, representing the sum of the incident flux &;(x) and the flux of photons re-
flected from the rear contact ®@3(x). With a glance of interference in the case of single
reflection of light from the back contact and the fact that the square of the amplitude of
the electric (or magnetic) field is proportional to the photon flux density, and also tak-
ing account of the dependence of this density on the coordinate @(x)=®; exp(-ax), we
finally obtain

O, (x) =D, {cxp(— ax)+ 24R exp(— ad) x 005[47”((1 - x)n(l)] + Rexpla(2d - x)]}, @

Where R is the reflection coefficient of the material forming the back contact and n(%) is
the refractive index of a-Si:H. Substituting (2) into (1), we obtain Q(4).

The spectral characteristics were determined in the wavelength range 390-730 nm
using a modulation method and apparatus based on the Perkin Elmer Lambda-35. From
the experimental spectral characteristic we have received value W=220 nm.

Figure 1 gives the results of a calculation of the collection efficiency of solar cells
with different thicknesses of the a-Si:H layer. The same figure includes the experimen-
tal spectral dependences Q(R). It is clear from the graphs that the interference phenom-
ena played an important role at wavelengths A > 500 nm, which affected the spectral
sensitivity in the long-wavelength region. A satisfactory agreement was observed be-
tween the relative maxima and minima of the calculated and experimental curves.

The spectral dependences of the collection efficiency were calculated for the case
of a totally absorbing back contact (R = 0) and were plotted in Fig. 1. A comparison of the
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