VJIK 620.3

YHCIIEHHOE MOJAE/IHPOBAHUE 3O®EKTHUBHOCTH
COJIHEYHOTI' O3JIEMEHTA HA OCHOBE CTPYKTYPhI A-Sl: H/ C-SI

becnonyoun B.B.

mazucmpanm

Hncmumym nanomexnonozuil, 31eKmpoHuKy u npubopocmpoerus

FOoicnwiil ghedepanvhwiii ynusepcumem

Tazanpoe, Poccus

Anopuenxo A. C.

Kauo. neo. HayK, 00yeHm

Hucmumym ynpaenenus 8 5KOHOMUYECKUX, IKOIO2UYECKUX U COYUATIbHBIX CUCTNEMAX
FOoicnvuii pedepanvrulii ynugepcumem

Tazanupoe, Poccus

AHHOTALIMA

B nannoii pabote npezacTaBieHa 3aBUCUMOCTh 3()PEKTUBHOCTH OJHONEPEXOAHOIO
COJTHEUHOTr'O 3JIEMEHTa Ha OCHOBE CTPYKTYpbI a-Si: H/ C-Si OT TOJIIMHBI U CTENCHH
JIErUpoBaHusl PPOHTAILHOTO CJOsI, @ Takke ObLia mpejcTaBiieHa 3aBucuMoctb KIT/]
COJIHEUHOT'0 3JIEMEHTA OT TeMIiepatrypbl. MoienupoBaHKe NPOBOIUIOCH B IPOrpaMMe
AFORS-HETV2.5, KOTOpast npeaHa3HaueHa TUTSt MOJICIUPOBAHUS
(hOTORIEKTpUUECKUX TMpeoOpazoBareneil. bplo ycTaHOBIEHO, YTO C TOBBIIICHUEM
TOJIIMHBI W CTENCHH JerupoBanus cios a-Si: H mpoucxomut cumkenue KITJI
yctpoiictBa. [loBeimenue temmepatypsl oT 300 Kmo 380 K, takxke crocoOCTByeT
cHmxenuto KIIJI comHeyHoro anemeHra.
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JIETUPOBAHUSI.
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Abstract

In this paper, the dependence of the efficiency of a unijunctioned solar cell on the
basis of the structure of a-Si: H / c-Si on the thickness and degree of doping of the
frontal layer is presented, and the dependence of the efficiency of the solar cell on
temperature was presented. Modeling was carried out in the program AFORS-HET
v2.5, which is designed for modeling photoelectric converters. It was found that with
an increase in the thickness and degree of doping of the a-Si: H layer, the efficiency
of the device decreases. Increasing the temperature from 300 K to 380 K, also
contributes to a decrease in the efficiency of the solar cell.

Key words: solar cell, thickness, temperature, efficiency, degree of doping.

At present, solar cells are attractive sources of renewable energy. Using the
same technology of manufacturing thin-film solar cells allows to reduce production
costs and to obtain sufficient efficiency. Hydrogenated amorphous silicon (a-Si: H) is
today an important material in the manufacture of thin-film solar cells because of its
lower cost compared to crystalline silicon and the possibility of using it on cheaper
substrates (the deposition temperature of a-Si: H is much lower than for c-Si). In this

paper, the dependence of the efficiency of a unijunction solar cell on the basis of the



structure of a-Si: H / c-Si on the thickness and doping level of the frontal layer is
presented, and the dependence of the efficiency of the solar cell on temperature was
given [1]. Modeling was carried out in the program AFORS-HET v2.5, which is
designed for modeling photoelectric converters. Figure 1 shows the structure of the

simulated solar cell.
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Figure 1. Structure of a solar cell based on a-Si: H / c-Si

Hydrogenated amorphous silicon (a-Si: H) has a band gap of 1.72 eV, and c-Si
has a band gap of 1.12 eV.

The simulation was carried out at a constant thickness of the c-Si layer 13 um
and a constant degree of its doping Na = 9-10% cm™=. In the simulation, the thickness
of a-Si: H was set at 10 nm, 100 nm and 200 nm in Fig. 2 (modeling of the
dependence of the efficiency on the thickness of the a-Si: H layer was carried out at a
constant degree of doping of the a-Si layer: H Na = 9-10% cm). So, with the
thickness of the layer a-Si: H 10 nm, the efficiency of the device was 13.38%, figure
2 (@), with a-Si: H 100 nm thickness, the efficiency of the solar cell decreased to
12.11% Figure 2 (b) thickness of the a-Si layer: H 200 nm, its efficiency already
amounted to 11.3% Figure 2 (c). From the results obtained, it follows that with
increasing thickness of the a-Si: H layer, the efficiency of the device decreases, which
is related to the depth of the p-n junction and the diffusion length of the charge
carriers. The smaller the distance to the next layer, the higher the efficiency of the
device [2].
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Figure 2. Dependence of the efficiency and current-voltage characteristics of a solar
cell on the thickness of a-Si: H a) at the thickness a-Si: H layer 10 nm efficiency is
13.38% b) for thickness of a-Si layer: H 100 nm efficiency is 12.11 % c) of the a-Si: H

layer 200 nm efficiency is 11.3%

Further, the dependence of the efficiency on the degree of doping of the a-Si: H
layer was calculated. Figure 3 shows the dependence of the change in efficiency on the
degree of doping of the frontal layer. So, with the Np = 1-10'° cm™ doping level, the
efficiency is 13.38% Figure 3 (b), and for the Np = 1-10' cm? alloying rate, the
efficiency is 13.69%. This slight change in the efficiency of the solar cell is associated

with a change in the magnitude of the potential barrier due to its doping.
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Figure 3. Dependence of the efficiency and I-V on the degree of doping a) atthickness
a-Si: H 10 nm and doping level Np = 1-10*° cm3efficiency is 13, 38% b) atthickness
a-Si: H 10 nm and degree of doping Np = 1-10*" cm3efficiency is 13.69%

Further, the dependence of the efficiency on the temperature at which this solar

cell operates was shown in Fig. 4 (the previous dependences were obtained at a



temperature of 300 K). It was found that with an increase in temperature from 300 K to
380 K, the efficiency of the solar cell decreases from 13.69% to 9.594% [2,3].
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Figure 4. Dependence of the efficiency of a solar cell based on a-Si / ¢-Si on the

temperature change

Based on the results of the simulation, the dependence of the efficiency and |-V
on the thickness of the frontal layer and on the degree of its doping was established,
and the dependence of the efficiency on temperature was evaluated. The obtained

simulation results can be useful at the stage of technological production.
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