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EXPERIMENTAL RESEARCH
OF NEW GENERATION SOLAR CELLS

Abstract. Experimental work was done on a physical model of a solar photovoltaic battery with very high
technical and economic efficiency due to the dispersion and focusing of solar radiation by wavelengths and due to
the installation of various photocells at each wavelength.

Experimental data and their processing showed that the power of the proposed design of the solar cell in terms
of photoconverters is 1.46-1.48 times higher compared to the use of gallium arsenide according to conventional
technology, and 4.15-4.2 times higher than single-crystal silicon. Moreover, the proposed solar cells require much
less photocells, which significantly increases economic efficiency.
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In world practice, the improvement of solar cells heads toward the increase in the efficiency of solar
cells with silicon being the most widely used. For instance, at the world congress of scientists and
engineers in the framework of EXPO-2017 held in 2017 in the city of Astana (Nur-Sultan), it was
announced that in the coming years the efficiency value of about 25% will be achieved [1].

At the same time, increasing the conversion efficiency of solar radiation is possible not only as a
result of increasing the efficiency of photocells, but also due to the increase in the efficiency of solar cells
[2, 3] by means of dispersing rays by wavelengths, their separate concentration. A photocell is installed at
cach separately focused wavelength. In this case, thermal radiation does not hit the photocells, and the
required number of photocells is many times reduced.

Figure 1 shows a process chart of one option of the solar cell with increased efficiency (in line with
patent RK #31796 (2016) [4].
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Figure 1 — Process chart of the solar cell
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The mirror 1 with a radius of, for example, 30 cm concentrates sun rays, and the parallel rays through
collimator lenses 3 hit the holographic concentrator 2 with a radius of 5 cm. The mirror area S, is 2,826
cm’. The area of the concentrator S,= 78.5 cm. The concentration of solar stream K = S,/S, = 2.826/78.5 =
36 times. Figure 1 shows that the photoelectric converters are located on both sides of the holographic
concentrator, onto which sun rays come from two sides: single radiation of solar energy on the right, and
thirty-six-fold one on the left. At ideal performance, the holographic concentrator reflects about 60% and
transmits 40% of the sun rays.

Thus, 40% of single solar radiation and 60% of thirty-six-fold solar radiation hit the left
photoreceivers, and 60% of single solar radiation and 40% of thirty-six-fold solar radiation fall onto the
right photoreceivers:

@, =04*D+06%36*D=22D (1)
D, = 0.6*D+04*36*D=15D 2)

where, @ is single photoemission; @, is photoemission onto the left photoelectric converter; @46 1S
photoemission onto the right photoelectric converter.

To examine the efficiency of conversion of solar radiation using a holographic concentrator and to
measure the current-voltage characteristics of photoconverters, a physical model of the currently
developed solar sell was produced. Figures 2, 3, 4 show photographs of a physical model without a mirror.

The holographic concentrator disperses solar radiation by wavelengths (by rainbow colors), focuses
them separately, the area of each focused light (red, orange, etc.) is about 0.25 cm®. To determine the
efficiency of each wavelength, the photoconverters are mounted on a moveable bar (Figure 2). The
moveable bar is installed inside the physical model of the solar sell (Figures 3, 4).

Figure 3 — Physical model of the solar sell (top view)
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To establish the photoconversion power of monocrystalline silicon (MonoSi) on an area of 0.25 cm’,
a 1 cm’® panel was covered with a protective screen with a 0.25 cm” opening (Figure 5). The open circuit
voltage V (V) and short circuit current I (4) were measured. Next, the output electric power P (W) was

Figure 4 - Physical model of the assembled solar sell

calculated. The measurements were made in 1 cm increments and the results are given in Table 1.

m "_- s

Table 1 - Variability of the photoconversion power of single-crystal silicon (MonoSi) over the area
of 0.25 cm? depending on the wavelength of solar radiation

Figure 5 — Measuring current-voltage characteristics of photoconversion

of single-crystal silicon (MonoSi) on the area of 0.25 cm?

Light

Colour Red Or Yel Green | Green blue Blue Blue Viol Viol
Wavelength, nm 700 600 575 565 535 490 460 440 410 380
Distance  from
the concentrator, 13 14 15 16 17 18 19 20 21 22
cm
V.V 1.87 1.85 1.83 1.81 1.79 1.77 1.75 1.73 1.71 1.69
I,A 0.077 | 0.076 0.075 0.074 0.074 0.073 0.072 0.071 0.070 0.069
P,W 0.144 0.141 0.138 | 0.135 0.132 0.129 | 0.126 0.123 | 0.120 | 0.117
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The decomposition (dispersion) of solar energy begins at a distance of 13 cm from the holographic
concentrator.

Figure 6 shows a curve of dependence of the photoconversion power of single-crystal silicon
(MonoSi) over the area of 0.25 cm” (W) on the wavelength of solar radiation.

To examine the photoconversion power of amorphous silicon (AmSi) over the area of 0.25 cm®, a 32
cm’ panel was used and covered with a protective screen with a 0.25 cm® opening (Figures 7 and 8). The
open circuit voltage V (V) and short circuit current I (4) were measured. Next, the output electric power P
(W) was calculated. The measurements were made in 1 cm increments and the results are given in Table 2.
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Figure 6 - The curve of dependence of the photoconversion power of single-crystal silicon (MonoSi)
over the area of 0.25 cm? (W) on the wavelength

Figure 7 — Measuring the short circuit current of the amorphous silicon panel
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Figure 8 — Measuring the photoconversion voltage and current over the area of 0.25 cm®

Table 2 - Variability of the photoconversion power of amorphous silicon (AmSi) over
the area of 0.25 cm® depending on the wavelength

Light
Colour Red Or Yel Green | Green bl%le Blue Blue | Viol Viol
Wavelength, nm 700 600 575 565 535 490 460 440 410 380
]C)()l;t;l:ft‘:atgr‘”?mthe 13 14 15 16 17 18 19 20 |21 22
V.,V 0.1 0.1 0.13 0.15 0.16 0.13 0.1 0.1 0.1 0.1
LA 0.07 0.085 0.1 0.15 0.155 0.17 0.11 0.07 0.06 0.06
P.W 0.007 | 0.0085 | 0.013 | 0.0225 | 0.0248 | 0.0221 | 0.011 0.007 | 0.006 | 0.006

Figure 9 shows a curve of dependence of the photoconversion power of amorphous silicon (AmSi)
over the area of 0.25 cm” (W) on the wavelength of solar radiation.
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Figure 9 - The curve of dependence of the photoconversion power of amorphous silicon (AmSi)
over the area of 0.25 cm? (W) on the wavelength

To establish the photoconversion power of gallium arsenide (GaAs), a 32 cm” panel was used valued
at $575. The open circuit voltage V = 2.88 V and short circuit current I = 0.484 were measured (Figure
10). Next, the output electric power P = 2.88-0.48 = 1.3824 W was calculated.
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Figure 10 — Establishing the photoconversion power of gallium arsenide (GaAs)

To establish the photoconversion power of gallium arsenide (GaAs), a 0.25 cm” area of the panel was
covered with a protective screen with a corresponding opening (Figure 11). The measurements were made
in 1 cm increments and the results are given in Table 3.

Figure 11 - Measuring current-voltage characteristics of photoconversion
of gallium arsenide (GaAs) on the area of 0.25 cm’

Table 3 — Variability of the photoconversion power of gallium arsenide (GaAs) over
the area of 0.25 cm? depending on the wavelength

Light
Colour Red Or Yel Green Green bh%e Blue Blue Viol Viol
Wavelength, nm 700 600 575 565 535 490 460 440 410 380
]Cjollit;l;ct‘:atgr‘”?mthe 13 14 15 16 17 18 19 20 21 2
V.V 2.04 2.027 2.016 2.006 1.998 1.992 1.988 1.984 1.98 1.977
ILA 0.508 0.499 0.492 0.487 0.484 0.481 0.480 0.478 0.476 0.474
P, W 1.035 1.011 0.991 0.978 0.967 0.959 0.953 0.948 0.942 0.938

Figure 12 shows a curve of dependence of the photoconversion power of gallium arsenide (GaAs)
over the area of 0.25 cm” (W) on the wavelength of solar radiation.
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Figure 12 - The curve of dependence of the photoconversion power of gallium arsenide (GaAs) over
the area of 0.25 cm® (W) on the wavelength

Figure 13 shows the dependence of intensity of photoconversion of solar energy on the wavelength of
solar radiation using different photoconverters [5].
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Figure 13 - Dependence of intensity of photoconversion of solar energy on the wavelength
of solar radiation using different photoconverters
OTHOCUTENTBHAS THTEHCUBHOCTH — Relative intensity
AwmopubIif kKpemuuit — amorphous silicon
Kpemmmit — Silicon
Jlmma ot — Wavelength, nm

By analyzing the curves in Figure 13 and the obtained experimental curves, it is possible to conclude
that they are fully consistent. Morcover, the experimental data show that the photoconversion power of
gallium arsenide (GaAs) is 7 times more than that of single-crystal silicon (MonoSi) and 42 times more
than that of amorphous silicon (AmSi) on the area of 0.25 cm” after the holographic concentrator.

According to the invention protected by the RK patent No. 31796 (2016) [4], to produce electrical
power using the physical model of the solar cell, ten 0.25 cm” gallium arsenide (GaAs) [6] photoreceivers
valued at $8 each are used.

Figure 14 shows an electric circuit diagram of photoconverters.

Using formulas 1 and 2, the power of the photoconverters on the left of the holographic
concentrator is multiplied by 22, and on the right, by 15. The obtained values are listed in Table 4. Here,
the photocell was installed only at the focused wavelength of solar radiation, and not at regular intervals
from the holographic concentrator as in the previous experiments.
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Figure 14 — The electric circuit diagram of photoconverters
T"onmorpadudeckuit korrenTpartop - Holographic concentrator
Table 4 — Power of photoconverters of the entire solar cell
Bl+Light Bl+Light
Color Vio bl Gre Yel+Or | Red Red | Yel+Or | Gre bl Vio
Wavelength, nm 380 475 535 580 700 700 580 535 475 380
Distancefrom the 2 19 165 | 145 | 13| 13 | 145 | 165 | 19 2
concentrator, cm
P,W 0.938 0.953 0.972 1.000 [ 1.035] 1.035 1.000 | 0.972 0.953 0.938
Power on the right
and left of the
concentrator 20.636 | 20.966 | 21.384 22 22.77 | 15.525 15 14.58 | 14.295 14.07

The total power of the solar cell with ten 0.25 cm® gallium arsenide (GaAs) [6] photoconverters will
be 181 W.

The cost of 10 photoconverters will be $80, therefore the cost of 1W of electric energy converted by
the proposed solar cell will be $0.44/W.

The application of gallium arsenide (GaAs) [6] photoconverters in traditional solar cells to convert
solar energy over the area of 2,826 cm? will require S3/Spnamsi = 2,826 cm?/ 32 cm® = 88 photoconverters
worth $575 each. Therefore, the total cost will be $50,600 with an output power of P, = 1.3824 W-88 =
122 W. Consequently, the cost of 1W of ¢lectric energy converted by 88 gallium arsenide (GaAs) panels
in traditional solar cells will be $414.75/W.

It is evident that the use of gallium arsenide in traditional solar cells is not acceptable, while the
proposed design of the solar cell ensures the use of gallium arsenide with high economic efficiency
compared to even widely used single-crystal silicon.

So, the use of single-crystal silicon (MonoCrSi) [7] photoconverters to convert solar energy over the
area of 2,826 cm’ will require S./Spnamsi = 26826 cm”/132 em® = 21 photoconverters worth $35 each at an
output power of P, =42 W. In this case, the cost of I1W of ¢lectrical energy converted by 21 single-crystal
silicon panels will be $1.3/W.

It is evident that the economic efficiency of the proposed solar cell using gallium arsenide 2.95 times
exceeds the traditional cells with single-crystal photocells over the 2,826 cm” solar radiation area.

The cost reduction of the proposed solar cell can be achieved by using single-crystal silicon, for
example, in red and orange lights. At the same time, the efficiency of converting solar radiation into
clectrical radiation will somewhat decrease.

Table 5 shows the parameters of the proposed solar cell and that of a traditional ones. It does not
account for the cost of mirrors, collimator lenses and the holographic concentrator. Accounting for these
parameters will only insignificantly reduce the value of the proposed design of solar cells. Moreover, the




ISSN 22245227 5.2019

table does not include other costs, namely: the cost of accumulators, charge controllers, inverters, etc.,
which are similar for all compared solar cells.

In addition to the above-mentioned technical and economic advantages, the proposed design of solar
cells occupies a much smaller area of land allotment.

Table 5 — Performance parameters of the proposed and traditional solar cells

T —— Traditional solar cells based on
prop Gallium arsenide single-crystal silicon
Mirror Cost of Mirror arca Cost of Cost of

radius. cm Total P, W 1W, sq. om > | Total P, W 1W, Total P, W 1W,
g $/W 4 $/W $IW

30 181 0.44 2.826 122 416 43 1.3

40 318 0.25 5,024 217 416 76 1.3

50 495 0.16 7,850 339 416 119 1.3

The results of powers of solar cells obtained in experiments and given in Table 5 show that the power
efficiency of the proposed design in terms of photoconverters is 1.46-1.48 times higher than that of
gallium arsenide using traditional technology, and 4.15-4.2 times higher than single-crystal silicon. This is
because infrared radiation does not hit a photocell, and the visible spectrum is dispersed (decomposed) by
wavelengths and only one wavelength hits a photocell.

Moreover, the proposed solar cells require much less photocells. For example, the considered physical
model of the solar cell requires ten 0.25 cm” photocells, regardless of the cross-sectional area of solar
radiation, i.e. in this case regardless of the mirror area. Whereas the traditional design requires photocells
with an area equal to the cross-sectional area of solar radiation, which in this case equals to the mirror
area. In this connection, regardless of the cross-sectional area of the utilized solar radiation, the cost of
conversion of light energy of the sun into electrical energy remains constant, while in the proposed design
of the solar cell it is sharply reduced (Figure 15).
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Figure 15 — Dependence of electricity cost on the cross-sectional area of solar radiation (mirror radius)
in the proposed design of the solar cell
CronmocTs 1 Bt ($/BT) — Cost of IW (($/W). Paguyc 3epkana - Mirror radius

As Figure 15 demonstrates, there is a sharp decrease in the cost of energy as the cross-sectional arca
of solar radiation increases. As already noted, this ensues from the fact that the number of photocells in the
proposed design of the solar cell does not change, it remains constant.

Table 5 shows that the economic efficiency of the proposed design of the solar cell with the use
gallium arsenide photoconverters will be 2.95 to 8.12 times compared with the use of single-crystal silicon
in traditional cells, and 945.45 — 2,600 times compared with the use of gallium arsenide in traditional
cells.
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Table 5 does not account for additional costs for the mirror and collimator lenses as well as the cost of
the holographic concentrator. When taken into account, their effectiveness will slightly decrease, but not
significantly, since the cost of collimator lenses and the holographic concentrator is much less than the
cost of photocells, it remains constant, and only the cost of the mirror depends on its size.

Thus, the obtained experimental results and their processing convincingly demonstrate the efficiency
of the proposed design of solar cells.

H.C. Bykrykos, K.A.Bacun
JI.A. Konae ateHars Tay-KeH ici MHCTUTY Th
JKAHA BYbIH KYH BATAPESUIAPBIHBIH THIMJALIITTH SKCIIEPUMEHTTIK 3EPTTEY

AnHoTarust. TOJKBIH Y3bIHABEE OOWBIHITIA KYH COYIECIH JHCIEprupiey koHe (oKycTay >KoHE TOJKBIHHBIH op Oip
Y3BIHJBIFBIHA op TYPTl (OTOSIEMEHTTep OpHATy eceGiHEH oTe JKOFaphl TeXHUKATBIK-PKOHOMUKAITBIK THIMAUIITL Gap KYH
($OTOMEK TPIIIK GaTapesHbIH PU3UKATHIK YATICIMEH TOKIPHOETIK KYMBICTap KYPrizUii.

Taxipubenik ManiMeTTep JKoHe OJIap bl oHAey KYH Gatapestiapbl KYPhUIBIMBIHBIH (GOTOTYPISHIPTIINT JeHTeiiH-TIeT1 KyaThl
JOCTYPITL TEXHOTOTHS OCONBIHITIA TaIM apceHMHAIH TaiiflalaHybIMeH calbicThIpranaa 1,46-1,48 ece, al MOHOKPHUCTAIIBI
kpemumit  4,15-4.2 ece JKOFaphl €KEHIH KepceTTi. by perTe YCBHBUIFAaH KyH Oarapesmiapbl  YINIH —KOpPCETUTeH
(doTodIeMeHTTEpIeH GipHellle ece a3 Tajall eTie I, 6y PKOHOMUKAIBIK THIMIUTIKTI aifTapTbIKTaid apTThIpaIbL.

Tyiiin cesmep. Kyn Garapescrl, Tonorpadusuiblk KOHIICHTPATOp, POTOIIEMEHTTep, KYH GarapesulaphlHbIH TeXHUKA-THIK-
SKOHOMHKATBIK KOPCETKIIITEPI.

H.C. Bykrykos, K. A. Bacun
WucturyT ropHoro zena uMm. JI.A Kynaesa, r. Anmatel, Kazaxcran
IKCIIEPUMEHTAJIbHBIE HCCIEJOBAHUA 3P PEKTUBHOCTHU COJTHEYHbBIX
BATAPE HOBOI'O IIOKOJIEHH S

AnHoTanust. 11poBejieHbI SKCIIepUMEHTATbHbBIE PACOTHI ¢ GH3UUECKOH MOJIENBIO COHEYUHOH doTodIeKTpHIeckol GaTapen
C BEChbMa BBICOKOM TEXHUKO-3KOHOMUYECKOH S(QEeKTUBHOCTRIO 3a CYET JMCIICPrUPOBaHUS U (OKYCUPOBKH COIHEUHOTO
M3ITYYEHUs 110 JJTMHaM BOJIH U YCTaHOBKU Ha KaK/[yIO JIMHY BOJHBI Pa3IHIHbIE (OTORIEMEHTEL.

OKcIIeprMeHTalIbHBIE JJaHHBIE ¥ UX 00paloTKa I10Kazaia, YTo MOIIHOCTh IIpeylaraeMoi KOHCTPYKITMH COJHEUHOH Gatapen
Ha ypoBHe (doTolpeoSpa3oBaTelel BhIIE 110 CPABHEHUIO C UCIIOIb30BAaHUEM apCeHU/a MUK 110 TPaMIMOHHON TEXHOIOTHH B
1,46 — 1,48 paza, a MOHOKpUCTaJUIMUECKOro kpeMHUS — B 4,15-4.2 paza. llpu sTOM IS IIpeyiaracMbIX COJHEUHBIX OaTapei
TpeCyeTcss MHOTOKPATHO MEHBITIE YKa3aHHBIX (POTOIIIEMEHTOB, YTO CYITIECTBEHHO IIOBBIIIAET SKOHOMUUECKY IO 3(DOEKTUBHOCTS.

KitoueBble cioBa: conmHeuHas Oarapesi, roiorpaguueckuii KOHIEHTPATOp, (OTOSIEMEHTHI, TEXHHUKO-SKOHOMHYEC-KHE
I0Ka3aTeNy COHEUHBIX OaTapeil.
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