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The paper comprises the simulation of light total reflection from solar element multilayered structure.
For CdTe solar cell the analysis of optical losses in two different types of solar cells with indium tin oxide
and zinc oxide as transparent upper contact (with glass superstrate and without it) is performed. The ef-
fect of glass superstrate in the elements is discussed and spectral dependences for reflectance in plain lay-
er structure are built. For textured surfaces of solar element layer the comparison of influence of different
types of texture on total light reflection is carried out.
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1. INTRODUCTION

Photovoltaic devices play an important role in world
energy supply, as sunlight is the primary source for
mankind. To broaden the niche of solar elements (SE)
in the market of energy supply devices the cost reduc-
ing and efficiency increase are mandatory. The cost
reducing can be achieved by the decrease in thickness
of SE active layer. But decrease of active layer thick-
ness leads to decrease of its efficiency. Besides the posi-
tive features such as less recombination of electron-hole
pairs and increased working stability, there is less light
absorption and as a consequence — decrease in current
density. Therefore optimization of SE construction,
namely, determination of structure, shape of interfaces
and layer thicknesses is urgent for compensation of the
losses.

2. SIMULATION BACKGROUND

Numerical simulations of SE total reflection were
carried out for two types of SE. In both elements buff-
er and active layers consisted of CdS and CdTe, re-
spectively. As top contacts in the elements indium tin
oxide (ITO) and ZnO were chosen. For simulation the
following layer thicknesses were chosen. A layer of
glass with 1.1 mm thickness was considered as super-
strate for both types of SE. For ITO/CdS/CdTe SE the
ITO layer was 25 nm, buffer layer of CdS was 100 nm
and CdTe layer was 2 pm in thickness. For
Zn0/CdS/CdTe SE the active and buffer layers were
identical in thickness to layers in ITO/CdS/CdTe SE.
Transparent conductive oxide ZnO was 270 nm in
thickness. Refraction indexes and extinction coeffi-
cients for CdTe were taken from [1], for CdS from [2],
for ITO from [3] and for ZnO from [4]. As glass super-
strate was taken soda lime glass with typical disper-
sion law.

The simulations of reflection spectra are based on
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t and r are amplitude coefficient of reflection and
transmission in relevant interfaces determined by
Fresnel formulas, f is phase thickness of layer deter-
mined by formula g =(27/A)ncose, where 1 is wave-
length, n is refraction index of relevant layer, ¢ is re-
fraction angle in the layer. Indices from O to j are
changed from top mediun to substrate. In the simula-
tions only the case of normal light incidence was con-
sidered. As thickness of active layer was considered
thick enough to avoid light transmission, results of
simulation are presented only for reflection coeffi-
cients.

Modern technology supplies various methods of
textured surface formation with different dimensions
of texture element. The surface can be groove, caps or
pyramid shape. In our calculations of total light re-
flection from textured surfaces we taken pyramid and
inverted pyramid shape of texture element (previously
the experimental and theoretical studies of CdTe SE
with textured surfaces by our scientific group were
performed for grooved elements of texture and pre-
sented in [5]) and consider the dimension of texture
larger than incident light wavelength. Ray tracing in
our calculations was performed for 100000 rays and
matrix method of [6] was used.
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3. RESULS OF SIMULATIONS AND
DISCUSSIONS

To study the reflection in SE the multilayer cell stack
was simulated in the spectral range from 350 nm to 850
nm. For SE with ITO upper contact the positions of max-
ima and minima for both curves (see Fig. 2a) are practi-
cally unchanged when glass superstrate is replaced by
air layer. In the working range of CdTe SE the average
value of total light reflection is 0.102 for glass super-
strate and 0.060 for air layer above conductive oxide.
The results are caused by high level of light reflection
from SE with glass superstrate in long wavelengths.
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Fig. 2 —Total reflection for ITO/CdS/CdTe (a), and
ZnO/CdS/CdTe (b) solar elements without superstrate and with
glass superstrate

Curves for ZnO/CdS/CdTe SE (see Fig. 2b) have dis-
tinct interference nature caused by ZnO layer thickness.
The spectral positions of extremums are slightly shifted
in long wavelength region when glass superstrate is re-
placed by air layer. But in contrast to ITO case the calcu-
lated spectra for SE with ZnO contact layer show differ-
ent behaviour when glass superstrate is replaced by air
layer. Air layer leads to more pronounced oscillations
and the curve is completely shifted up. The average val-
ue of total light reflection in working range of SE for
glass superstrate case is 0.020. For SE with air layer
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above the conductive oxide the average value of reflec-
tion increase to 0.110. As a result the following finding
can be made. In SE with thin layer of ITO as transpar-
ent conductive oxide the additional glass superstrate
increases optical losses in SE twofold. In contrast, addi-
tional glass layer above the ZnO contact layer decreases
the average value of total reflection in SE five times.

Now let us consider the simulation results for pat-
terned surfaces of different types of SE.
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Fig. 3 —Total reflection for ITO/CdS/CdTe (a), and

Zn0/CdS/CdTe (b) solar elements with flat surfaces of layers
and with pyramid and inverted pyramid surfaces

For both types of SE the total reflection from textured
structures was calculated. Surface texturing leads to sub-
stantial decrease of total reflection. For structure
Zn0/CdS/CdTe texturing causes damping the interfer-
ence oscillation practically to zero. For ITO/CdS/CdTe
structure the texturing does not change the shape of
curves but significantly decreases optical losses. There is
no great difference between upright and inverted pyra-
mid shape of texture. Therefore the type of texture can
be selected by researchers from the technological aspects
(for example, etching method is more convenient for in-
verted pyramid or cap patterning, cylinder and pyramid
— by epitaxial growth and so on).
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4. CONCLUSIONS

Simulation analysis for two types of CdTe SE with
plain interfaces shows that glass superstrate above the
SE essentially increases light propagation to SE active
layer by means of reflection decrease for ZnO/CdS/CdTe
SE. For ITO/CdS/CdTe SE glass superstrate increases
total reflection twofold. Therefore for the latter structure
the top glass superstrate only increases optical losses.

REFERENCES

1. S.Adachi, T. Kimura, N. Suzuki, J. Appl. Phys. 74, 3435
(1993).

2. S. Ninomiya, S. Adachi, J. Appl. Phys. 78, 1183 (1995).

3. Z.Holman, M. Filipic, A. Descoeudres, S. De Wolf, JJ. Appl.
Phys. 113, 013107 (20183).

Proc. NAP 4, 01PCSI06 (2015)

Surface patterning substantially decrease optical
losses in SE and even though inverted pyramid pattern-
ing is characterized by less reflection than right pyra-
mid texture elements there is the difference between
total reflection of the two structures small enough to be
not essential for SE efficiency rise by particular pattern-
ing.

4. C.Gumus, O.M.Ozkendir, H. Kavak,
J. Optoelectron. Adv. M. 8, 299 (2006).

5. G.A.Il'chuk, IV.Kurilo, V.V.Kusnezh, R.Yu.Petrus’,
I.T. Kogut, T.N. Stan’ko, Inorg. Mater. 49, 239 (2013).

6. S. Baker-Finch, K. McIntosh, Prog. Photovoltaics. 19, 406
(2011).

Y. Ufuktepe,

01PCSI06-3



