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Modification of solar batteries by polymer fluorescent films 

The article describes a method for studying the effect of silicon solar cells´ modification using spectrum 
shifters, which are polymer films based on polymethylmethacrylate with a thickness of about 4 μm with em-
bedded fluorescent dyes. In the process of work there were obtained spectrum shifters containing commer-
cially available fluorescent dyes Solvent Yellow 160, Coumarin 440 and BBQ. Evaluation of the spectrum 
shifters´ influence on the efficiency of a solar battery was carried out by comparing the curve of the external 
quantum yield and the current-voltage characteristics of the latter before and after the modification. Interpre-
tation of the obtained results was based on the absorption and fluorescence spectra of the obtained spectrum 
shifters. According to the curves of the external quantum yield, a decrease was established in the efficiency of 
solar cells after the modification by spectrum switches. It is ascertained that the reason for this decrease is the 
emerging competition in the absorption of incident radiation between the spectrum switch and the solar bat-
tery, and the parameters under which this competition would be minimal were determined. According to the 
data obtained when measuring the volt-ampere characteristics of the obtained modified solar cells, an insig-
nificant increase in the power of the generated electric current was established. A conclusion is made about 
the contradiction between the results of experiments on measuring the external quantum yield and current-
voltage characteristics. With a detailed examination of the features of these research methods it was possible 
to find the cause for these contradictions. The main conclusions were drawn about the nature of the interac-
tion of spectrum shifters with solar batteries, and the main conditions under which this interaction was effec-
tive were determined. 

Keywords: solar battery, spectrum switch, external quantum yield, current-voltage characteristics, absorption, 
fluorescence, fluorescent dye, polymer film. 

 

Introduction 

The best efficiency of the experimental device obtained under laboratory conditions reached the conver-
sion efficiency of 25 % for the plates of elements on crystalline silicon [1] and 19.5 % for thin-film technol-
ogies [2]. 

There are two principal approaches for increasing the efficiency of solar cells. The first is to improve 
the electronic properties of existing devices [3–6]. The second is the use of luminescent low-energy spectrum 
shifters that absorb short-wavelength photons and re-emit them at more favorable wavelengths (in the long-
wavelength region). Luminescent low-energy shifters are a passive approach that involves the use of a lumi-
nescent material in a layer located in front of a photocell. 

The most common polymers for this purpose are polymethyl methacrylate (PMMA) [7–9] or polyvinyl 
acetate [10, 11], as well as such inorganic crystalline materials, as Al2O3 [3] or SiO2 [12]. Various types of 
glasses [13–15] and organic silicates ORMOSIL [16, 17] are also used. 

Luminescent materials used for low-energy shifters should ideally demonstrate: the quantum yield of 
luminescence close to unity; a wide absorption band in the region where the efficiency of photocells is low; 
high absorption coefficient; a narrow band of radiation coinciding with the maximum effective absorption of 
the photocell; large Stokes shift to minimize reabsorption; low cost; high photostability. 

Organic dyes have relatively high absorption coefficients [18], quantum yield close to one [19], and are 
easily incorporated into the polymer matrix [18,19]. Their disadvantages are narrow absorption bands and a 
relatively small Stokes shift, which leads to considerable reabsorption [20]. Several dyes can be introduced 
into one polymer matrix and mixed with one layer to increase the width of the absorption band and increase 
the Stokes shift [8]. Their photostability is a matter of debate, although there are reports of significant suc-
cesses in this direction and similar dyes are commercially available [19]. 

In this paper it is planned to study the effect of polymer spectrum shifters containing organic dyes on 
the efficiency of solar cells. 
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Reagents. The fluorescent dye 
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Experimental part 

Solvent Yellow 160 (SY160) (number CAS: 949
cal Co. Ltd. Fluorescent dyes 7-amino-4-methylc
s[(2-butyloctyl)oxy]-1,1':4',1'':4'',1'''-quaterpheny
ton Inc. [21]. Polymethylmethacrylate, Mw = 9
hloroethane (DCE), 99+ %, purchased from A
d without pre-treatment. The high optical transp
Nyelubricants (Cat. # SM120913). 

spectra were measured on a USB2000 + spectrom
pectra were measured on a Cary 5000 UV-Vis-
kness of the films were measured on a Dektak
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te with a Sun 2000 Solar simulator company ABE
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(PMMA)) are presented in Table 1. 

entrations of the PMMA polymer film solutions 
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ation, the samples were placed in a draught cupb
ied using a profilometer in order to determine the
asurements of the profile of all 4 films. 

s of the PMMA films profiles obtained from solution i

1 that the higher is the concentration of the solut
ge film thickness, the more is the film thickness, 

гандинского университета 

945-27-4) was purchased 
coumarin, coumarin 440 

yl (BBQ) (model number 
996,000, purchased from 
Acros Organics (Cat. # 
parency gel of Smartgel 

meter from Ocean Optics. 
-NIR spectrophotometer 

k 150 profilometer from 
m 218 analyzer equipped 
acterizer and power sup-
measured on a Keithley 

ET technologies. 

chloroethane (DCE), and 

ulting stock solution. The 
), as well as the concen-

T a b l e  1  

32 
60 
0 

glass with a thickness of 
f the applied solution for 
board to remove the sol-
eir thickness and surface 

 

in DCE 

tion from which the film 
and the worse is its uni-

Ре
по
зи
то
ри
й К
ар
ГУ



Серия «Химия». № 4(88)/2017

formity. It should be noted the pres
thickness of the films, these sections

The average thickness of the fil
Based on the results obtained, 

about 4 %, since it allows to obtain t
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Figure 2. The cu
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Modif
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Discussion of the results 
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, the absorption spectrum of SY160 has 2 peaks 
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Figure 3. Absorption and fluores
of the dye SY160 

It may seem that in Figures 2 
crease the EQE of SC. Comparing F
ties and their locations, which is a c
absorption and fluorescence, that is
of excitation of the sample at a given

From the results obtained, it ca
film, a competition arises between t
radiation that was not absorbed by t
the dye and the maximum of efficie
fluorescence of the film, since the e
to fluorescence or, in other words, th

From the above it follows that 
ing an absorption maximum where t

As fluorophores having absorp
is the minimum, dyes C440 and BBQ

The introduction of dyes into
above. For each colorant, 4 films wi
This was done in order to trace the 
the EQE SC, as well as to avoid di
which may appear in one of the sam
account. 

The first samples of films cont
is shown in Table 2. 
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scence spectra Figure 4. The difference b
and SC + SY160 curve

and 3 there is no visible contribution of fluores
Figures 3 and 4, one can see some differences in t
consequence of the fact that Figure 4 reflects the
, the difference in absorption and fluorescence in
n wavelength. 
an be concluded that when light falls on an SC co
the film and SC in absorbing the incident radiat
the film. This competition is the higher, the close
ency are on the SC curve in SC. This loss cannot
energy absorbed by the film is always greater tha
he quantum yield of fluorescence is always less th
as a spectrum shifter for SC it is necessary to us

the EQE SC curve has a minimum. 
ption in the short-wavelength region of the spectr
Q, absorbing shorter than 400 nm, were chosen. 

o polymer films was carried out according to t
ith different weight proportions of the dye in the 
effect of a gradual increase in the concentration o
istortion of the results in view of the effect of c

mples. In this case, the results of this sample will 

taining a fluorescent dye C440 were investigated

Brief information about the dye C440 

7-Amino-4-methylcoumarin 
С440 

2 3 
1.11 % 0.59 % 
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etween the EQE SC  
es from Figure 3 

scence, which should in-
the ratio of peak intensi-
e total contribution from 
ntensities at the moment 

overed with a fluorescent 
ion. The SC falls on the 
er the absorption peak of 
t be compensated by the 
an the energy transferred 
han 1. 
e a fluorescent film hav-

rum, where the EQE SC 

the procedure described 
polymer were prepared. 

of the dye on changes in 
concentration quenching, 
simply not be taken into 

d. A summary of the dye 
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0.24 % 

Ре
по
зи
то
ри
й К
ар
ГУ



Серия «Химия». № 4(88)/2017

The absorption and fluorescen
the curves of EQE pure SC, and SC 
in the 300–500 nm range. The rema
schedule and loss of informative val
 

Figure 5. Absorption and fluores
of the C440 dye 

It can be seen from Figure 6 th
the 320 to 390 nm region decreases
located. In the spectral range 300–3
region the dye has a significant abso
the value of the EQE SC in a certain
SC converts into electricity, and the 

During the research, the current

Volt-ampere chara

Sample Jsc, mA/cm2 P

SC –23.60 
1.79 % –23.62 
1.11 % –23.49 
0.59 % –23.41 
0.24 % –23.49 

——————— 
Note. *Relative efficiency is calculated

 
From Table 3, it is seen that 

1.79 %, an insignificant increase in 
data in Figure 6, where the concent
ciency. This discrepancy will be con

Hereafter spectrum explorers c
dye is presented in Table 4. 

The absorption and fluorescen
clean solar cell (SC) and a solar cell
ure 8. 

Modif

nce spectra are represented by the C440 dye in F
coated with C440 films with a mass concentratio

ining 2nd concentrations are not indicated in ord
lue. 

 

scence spectra  Figure 6. EQE curves of pu
with PMMA films cont
at concentrations of 1.7

hat with an increase in the C440 dye concentrati
. Figure 5 shows that this is the region where the
320 nm, a slight increase in efficiency can be se
orption value. This confirms the conclusion mad
n portion of the spectrum, the smaller the fraction
less competition is expressed between the SC and

t-voltage characteristics of the obtained samples w

acteristics of the SC coated with polymer films with

Pmax, mВ/cm2 Efficiency, % Re

–11.10 11.10 
–11.14 11.14 
–11.03 11.03 
–11.01 11.01 
–10.95 10.95 

d from the efficiency of the CS, which is assumed to be equa

in the case of a concentration of the dye in th
efficiency with respect to the pure CS is observe

tration of the 1.79 % dye leads to the maximum 
nsidered below. 
containing the fluorescent dye BBQ were investig

nce spectra of BBQ are shown in Figure 7. The 
l with overlying PMMA films containing the BB
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Figure 5. Figure 6 shows 
on of 1.79 % and 0.59 % 
er to avoid cluttering the 

ure SC and SC coated  
taining C440 dye  
79 % and 0.59 % 

ion, the SC efficiency in 
e absorption of the dye is 
een, even though in this 

de earlier that the smaller 
n of absorbed energy the 
d the spectrum switch. 
ere measured (Table 3). 

T a b l e  3  

h C440 

elative efficiency*, % 

100 
100.36 
99.34 
99.18 
98.65 

al to 100 %. 

he PMMA film equal to 
ed, which contradicts the 
decrease in the CS effi-

gated. A summary of the 

curves of the BCD of a 
Q dye are shown in Fig-
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Full name 
Abbreviation 

Dye structure 

Weight percent  
in PMMA films 

1 
2.63 % 

 

Figure 7. Absorption and fluores
of the BBQ dye 

It can be seen clearly from Figu
BBQ dye show the most pronounced
in the 320 to 390 nm region compar
in a shorter wavelength range than 
tween SC and the spectrum switch
coated with BBQ dye films will 
(Table 5). 

Volt-ampere chara

Sample Jsc, mA/cm2 P
SC –24.20 

2.63 % –23.83 
1.33 % –23.57 
0.67 % –23.83 
0.34 % –23.93 

——————— 
Note. *Relative efficiency is calculated

 
It can be derived from Table 5

gard to the clean SC for all concentr
tion can be explained by the differe
ampere characteristics. 
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Brief information about the BBQ dye 

4,4'''-bis[(2-butyloctyl) oxy]-1,1':4',1'':4'',1'''-quate
BBQ 

2 3 
1.33 % 0.67 % 

scence spectra  Figure 8. The curves of the DCD
and a solar cell coated with P

BBQ dye at concentrations o

ures 7 and 8 that in the 300–320 nm region the sp
d increase in the EQE SC and a less pronounced 
red to the C440. This is because the absorption b
in the C440, which means that there is less pron
. It is expected that measuring the current-volta
show a greater efficiency increase than for sa

acteristics of the SC coated with polymer films with

Pmax, mВ/cm2 Efficiency, % Re
–11.14 11.14 
–11.04 11.04 
–10.92 10.92 
–11.07 11.07 
–11.14 11.14 

d from the efficiency of the CS, which is assumed to be equa

 that the efficiency of the SC coated with films w
rations of BBQ, which contradicts the results of F

ence in the operation of the instruments for measu
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T a b l e  4  

erphenyl 

4 
0.34 % 

D of a clean solar cell (SC) 
MMA films containing  
of 2.63 % and 0.34 % 

pectrum shifters with the 
decrease in the EQE SC 

bands of the BBQ dye lie 
nounced competition be-
age characteristics of SC 
amples with C440 dyes  

T a b l e  5  

h BBQ 

elative efficiency*, % 
100 

99.10 
98.02 
99.37 
100 

al to 100 %. 

with BBQ drops with re-
Figure 5. This contradic-
uring the BAT and volt-
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The device for measuring the E
wavelength and the energy produce
quantum yield as the ratio of the en
Thus, the shape of the incident radia

In the instrument for determin
plied by a simulator of solar radia
measures basic SC parameters, whic

Figure 9 shows the emission sp
spectrum calculated on the basis of t

 

Figure 9. The emission spe
effective absorption sp

Figure 9 shows that in the rang
dent radiation, as well as the low v
BBQ dye has an absorbance of up to
the case of spectrum shifters contain
If we subtract curve 2 from curve 6 
lar battery. The dye BBQ in this ca
absorption spectrum stretches to 380
we see a slight increase in the efficie
taneous decrease in efficiency on the

In addition, for some samples
caused not so much by the absorptio

As a result of the work, spectr
and BBQ were obtained. The influe
were applied was studied. 

As a result of the study, the fol
1) there is a competition betw

some of the energy absorbed by the 
2) the effect of competition b

nounced than the effect of increasing
3) the absorption region is a m

fluorescence; 
4) spectrum shifters absorbing 

 
 

Modif

EQE registers the energy of the radiation inciden
ed by the SC when this radiation hits it. The de
nergy generated by SC to the energy of the radia
ation spectrum on SC does not affect the shape of 
ing the current-voltage characteristics, the radiat

ation, which produces the radiation similar to s
ch directly depend on the spectrum and intensity o
pectrum from the solar spectrum simulator, as w
the EQE SC. 

    

ectrum of the solar simulator (1), calculated on the basi
ectrum of SC (2) and the difference between spectra 1

ge from 300 to 350 nm, taking into account the l
value of the EQE, the effective absorption of SC
o 350 nm, it is logical that we do not observe any 
ning BBQ when measuring the volt-ampere chara

from curve 1, we obtain curve 3 describing the e
ase, there is practically nothing to collect, where
0 nm, where there is a larger amount of non-absor
ency of SCs covered by spectrum shifters contain
e BAC curves. 
s there is a slight decrease in efficiency, as can
on of the dye as by the scattering of the incident li

Conclusion 

ra based on the PMMA matrix containing fluore
ence of these shifters on the efficiency of the sola

lowing conclusions were made: 
een the spectrum switch and the solar battery, e
switch does not reach the solar battery; 

between the spectrum switch and the solar batt
g efficiency due to fluorescence; 

more important parameter for the spectrum displac

shorter than 350 nm do not affect solar batteries. 

fication of solar batteries … 
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nt on the SC at a certain 
evice then calculates the 
ation incident on the SC. 
f the EQE curve. 
tion from the SC is sup-
sunlight. The instrument 
of the incident radiation. 

well as the SC absorption 

 

is of the BAC,  
1 and 2 (3) 

low intensity of the inci-
C is negligible. Since the 

increase in efficiency in 
acteristics of the samples. 
energy of the unused so-
eas for the C440 dye the 
rbed energy. That is why 
ning C440, with a simul-

n be seen from Table 5, 
ight by the sample. 

escent dyes SY98, C440, 
ar battery on which they 

xpressed in the fact that 

tery is much more pro-

cer than the region of its 
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Флуоресцентті полимерлердің қабыршақтарымен  
күн сəулесі батареяларын түрлендіру 

Мақалада флуоресцентті бояғыштар енгізілген, қалыңдығы шамамен 4 мкм, полиметилметакрилат 
негізіндегі полимерлі қабыршақтар болып табылатын, кремний күн сəулелерінің спектрлі 
жылжытқыштар көмегімен модификациялаудың əсерін зерттеу əдісі сипатталған. Жұмыс барысында 
коммерциялық жағынан қолжетімді Solvent yellow 160, Coumarin 440 жəне BBQ флуоресцентті 
бояғыштары бар спектрлік жылжытқыштар алынды. Күн батареясының тиімділігіне спектрлік 
жылжытқыштар əсері сыртқы кванттық шығудың қисық сызығын жəне модификацияға дейінгі жəне 
кейінгі вольтампер сипаттамаларын салыстыру арқылы бағаланды. Алынған нəтижелерді 
интерпретациялау алынған жылжытқыштардың жұтылу мен флуоресценция спектрлеріне негізделген. 
Сыртқы кванттық шығудың қисықтарына сəйкес спектрлік жылжытқыштар арқылы модификациядан 
кейін күн батареяларының тиімділігінің төмендеуі анықталды. Осындай төмендеудің себебі 
спектралды жылжытқыш пен күн батареясы арасындағы сəулеленудің сіңірілуіндегі пайда болатын 
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бəсекелестік жəне оның ең аз болатын параметрлері анықталды. Алынған модификацияланған күн 
батареяларының вольтампер сипаттамаларын өлшеу кезінде алынған деректерге сəйкес, өндірілетін 
электр тоғының қуаты шамалы көтерілді. Сыртқы кванттық шығу жəне вольтампер сипаттамаларын 
өлшейтін эксперименттердің нəтижелері арасындағы қайшылық туралы қорытынды жасалды. Зерттеу 
əдістерінің ерекшеліктері егжей-тегжейлі қарастырылғанда осы қарама-қайшылықтардың себебі 
айқындалды. Негізгі қорытындылар күн батареялары мен спектрлік жылжытқыштардың өзара 
əрекеттесу сипаты жəне осы өзара əрекеттесудің тиімді болатын негізгі шарттары туралы жасалды. 

Кілт сөздер: күн батареясы, спектрлік жылжытқыш, сыртқы кванттық шығу, вольтампер 
сипаттамасы, сіңіру, флуоресценция, флуоресценциялық бояғыш, полимерлі қабыршақ. 
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Модификация солнечных батарей полимерными  
флуоресцентными пленками 

В статье описан метод исследования модификации кремниевых солнечных батарей при помощи сме-
стителей спектра, которые представляют собой полимерные пленки на основе полиметилметакрилата 
толщиной примерно 4 мкм с внедренными флуоресцентными красителями. В процессе работы были 
получены сместители спектра, содержащие коммерчески доступные флуоресцентные красители 
Solvent yellow 160, Кумарин 440 и BBQ. Оценку влияния сместителей спектра на эффективность сол-
нечной батареи проводили сравнением кривой внешнего квантового выхода и вольтамперных харак-
теристик последней до и после модификации. Интерпретацию полученных результатов вели с учетом 
спектров поглощения и флуоресценции полученных сместителей спектра. По данным кривых внешне-
го квантового выхода было установлено снижение эффективности солнечных батарей после модифи-
кации сместителями спектра. Установлено, что причина данного снижения — возникающая конку-
ренция в поглощении падающего излучения между сместителем спектра и солнечной батареей. Кроме 
того, определены параметры, при которых данная конкуренция была бы минимальной. По результа-
там измерения вольтамперных характеристик полученных модифицированных солнечных батарей ус-
тановлено незначительное увеличение мощности вырабатываемого электрического тока. Сделан вы-
вод о противоречии результатов экспериментов измерения внешнего квантового выхода и вольтам-
перных характеристик. Причина данных противоречий была установлена при детальном рассмотре-
нии особенностей данных методов исследования. Изучена природа взаимодействия сместителей спек-
тра с солнечными батареями и выведены основные условия, при которых данное взаимодействие бы-
ло бы эффективным. 

Ключевые слова: солнечная батарея, сместитель спектра, внешний квантовый выход, вольтамперные 
характеристики, поглощение, флуоресценция, флуоресцентный краситель, полимерная пленка. 
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