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Abstract. Comparison between solar cell heterostructures based on poly(3,4-

ethylenedioxythiophene)-poly(styrene-sulfonate) (PEDOT:PSS) organic complex thin film 

and semiconductors (Si, GaAs) with flat and microrelief interfaces have been performed. 

PEDOT:PSS film thicknesses and optical parameters were ascertained using spectroscopic 

ellipsometry, while electrical dc-conductivity was determined using the four-point probe 

method. A method of increasing the conductivity of PEDOT:PSS films by forming a 

multilayer film with a decreased content of PSS component is proposed. Plasmon-active 

metal nanoparticles (Au, Ag) have been grown on the active interface region to increase 

photoconversion efficiency. They reduce the structure series resistance and increase the  

I–V characteristic fill factor as well as the incident light absorption. The post-processing 

treatment method of fabricated structures to obtain a tunnel-thin intermediate layer of SiO2 

of optimal thickness has been proposed. The photoelectric properties of the fabricated solar 

cells have shown that GaAs-based structures have more stable long-term characteristics and 

higher open-circuit voltage than Si-based ones. 
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1. Introduction 

Recently, solar cells (SCs) based on organic materials 

have been actively developed due to the simple 

fabrication technology that can reduce the cost of 

converting solar energy into electrical energy. Today, one 

of the most popular organic semiconductors is the 

poly(3,4-ethylenedioxythiophene)-poly(styrene-sulfonate) 

(PEDOT:PSS) composite. PEDOT is a leading p-type 

organic conductive polymer that is electrochemically stable 

and optically transparent. The PEDOT:PSS composite is 

widely used in organic electronics, including the 

photosensitive heterostructures of the organic/inorganic 

semiconductor type. These structures, with promising 

characteristics, are easy to fabricate using the vacuum-

free, low-temperature technology [1]. Recently, 

PEDOT:PSS/Si hybrid silicon-organic SCs with high 

solar energy conversion efficiency (14% and more) were 

obtained in many groups [2–4]. 

The role of PEDOT:PSS in these photovoltaic 

structures is multifaceted: a conducting and collecting 

frontal electrode, an antireflection coating, and a charge-

selective layer that reflects electrons and extracts holes, 

thereby significantly reducing recombination [1]. 

PEDOT:PSS films, like other transparent conductive 

films, have good transparency within the spectral  

range of silicon photosensitivity. The conductivity of 

pure PEDOT:PSS films is low, equal to 1 S/cm, but  

it can be increased using physical and chemical 

approaches [5]. 

Among the large number of works aimed at 

ensuring high electrophysical parameters of PEDOT:PSS 

films, which must meet modern high standards for SC, 

we single out the following: achieving high electrical 

conductivity of PEDOT:PSS films, improving existing 

ones and searching for new methods of post-growth 

treatment of these films and their interface with inorganic 

semiconductors. 
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Since PEDOT:PSS has a high work function 

(5.0 eV [6]), its contact with noble metals (Ag, Au) 

should be Ohmic. This opens up the possibility of 

improving the conductivity of PEDOT:PSS films by 

adding nanoparticles (NPs) of the mentioned metals. 

Moreover, it is possible to use the effects of the near-

field enhancement of the electromagnetic wave by metal 

NPs, which directs the scattered light into the substrate 

and leads to an increase in absorption and a reduction of 

reflection losses [7–9]. Additional microtexturing of the 

semiconductor surface is also used to reduce reflection 

losses in solar cells, and greatly contributes to increasing 

their efficiency [10, 11]. 

The heterojunction interface in a photovoltaic 

converter has a critical effect on its efficiency. To reduce 

the recombination of photogenerated carriers, it is 

important to achieve a low density of surface states. To 

ensure this, it is important to create a stable tunnel-thin 

transparent (1.2...1.5 nm) layer of SiO2. The morphology 

of the thin polymerized PEDOT:PSS organic film is such 

that after evaporation of the solvent, it has a granular 

structure and contains a large number of nanopores and 

nanocavities. When the Si surface is exposed to the air, a 

native oxide will grow easily reaching a thickness equal 

to 3.1 nm [12]. It is possible to improve the contact 

characteristics at the PEDOT:PSS/Si interface (current 

transfer) and reduce the access of air to the open areas of 

the silicon surface by improving the wettability of the Si 

surface for PEDOT:PSS and reducing the porosity of 

polymer film. 

In this paper, we present some approaches to increase 

the efficiency of organic/inorganic SC heterostructures 

based on PEDOT:PSS/Si(GaAs), namely semiconductor 

surface texturing, deposition of the noble metal (Ag, Au) 

nanoparticles, and post-growth treatment of fabricated 

structures. Additionally, the stability of the photoelectri-

cal characteristics of SCs based on the PEDOT:PSS/GaAs 

heterojunction was studied. 

2. Experimental details 

2.1. Technologies of semiconductor interface 

modifications 

The influence of some factors on the photoelectric 

properties of organic-inorganic heterojunction nanocom-

posite solar cells was studied in PEDOT:PSS/Si and 

PEDOT:PSS/GaAs heterostructures with flat and 

textured interfaces. Polished phosphorus-doped n-type 

silicon wafers with a resistivity of 0.5...2.4 Ohmcm were 

used as a substrate to form structures with a flat or 

textured interface. 

Nanotextured silicon surfaces (porous “black” 

silicon) were formed on n-Si (100) substrates by metal-

assisted chemical etching (MACE) [13] initiated by silver 

nanoclusters. A two-stage processing of the substrates 

was used. At the first stage, silver nanoclusters of 

10...20 nm in size were grown by an electroless chemical 

photoinduced deposition from an aqueous solution of 

AgNO3:HF:H2O (HF:H2O at a component ratio of 1:4 

and an AgNO3 concentration of 8 mM) for 20 s. The  

 

second stage of chemical treatment was the metal 

nanoparticles catalyzed pore etching in silicon wafers 

with a solution of H2O2:HF:H2O (1:2:10) for 2 min at 

room temperature [14]. In this way, the pattern of surface 

coating with metal nanoparticles directly determines the 

places on the semiconductor substrate where etching of 

pores occurs. 

Microtextured quasigrating-type surfaces were 

formed on n-Si (110) wafers by wet anisotropic chemical 

etching in a 20...30% aqueous solution of KOH at 

60...75 °C for 35...50 min. 

A quasigrating-type microrelief was formed as well 

on the (100) surface of the n-GaAs wafer with a dopant 

concentration of 10
17 

cm
–3

 by anisotropic wet chemical 

etching in a mixture of H2SO4:HF:H2O2 at 22...24 C for 

1...2 min [15, 16]. 

Gold nanoparticles were deposited on the GaAs 

surface (flat or quasigrating type) by photostimulated 

electroless chemical deposition from an aqueous solution 

of AuCl3 salt (Au
3+

 ion concentration – 0.05 mg/cm
3
, 

deposition time – 1.5 min) [17]. 

2.2. Fabrication of PEDOT:PSS/Si(GaAs) hetero-

junctions and solar cell heterostructures 

Organic-inorganic heterojunction was formed by 

depositing thin organic p-type semiconductor film from 

an aqueous emulsion of PEDOT:PSS (Sigma-Aldrich, 

2 wt.%) on the semiconductor surface. Dimethyl sulfoxide 

(DMSO) (5 wt.%) additive was used to increase the 

polymer conductivity by secondary doping [3]. To ensure 

the wettability of the hydrophobic surface of Si, the 

sodium dodecyl sulfate (SDS) [18] or Triton X-100 [19] 

surfactants were added in an amount of 2 wt.%. Before 

PEDOT:PSS deposition, the surface oxide was removed 

from all Si substrates by the 10% HF solution and using 

the 10% HCl for GaAs substrates. The single-layer film 

of PEDOT:PSS was deposited using a spin coating 

method at rotation frequency ω = 3000 rpm. The 

obtained films were annealed using a hotplate at 

140...150 C in an air atmosphere for 30 min [20]. 

2.3. Sample characterization techniques 

Surface morphology of the textured substrates was 

studied using AURA-100 (Saeron Technology) scanning 

electron microscope (SEM). 

Optical parameters and thickness of thin films and 

resulting structures were investigated using SE-2000 

(Semilab Ltd.) spectroscopic ellipsometer within the 

spectral range 250…2100 nm in the external reflectance 

collecting measurements at three angles of light 

incidence (65, 70 and 75°). The width of the focused 

beam was equal to 0.4 mm on the sample surface. 

Sheet resistance RSQ was measured on the film 

surface using the collinear four-point probe method 

exploiting a CHI660E workstation (CH Instruments) with 

the probes positioned in line with a 1 mm distance. The 

electrical dc-conductivity of the films () was calculated 

using the equation σ = 1/(RSQ d), where d is the film 

thickness [21]. 
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The dark (direct and reverse) and light current-

voltage (I–V) characteristics were measured under AM0 

simulated illumination with a radiation power of 

P = 136 mW/cm
2
. 

3. Results and discussions 

Typical SEM images of the flat, porous and quasigrating 

Si surfaces with Ag NPs covered by a thin layer of 

PEDOT:PSS are presented in Fig. 1. One can see that 

electroless metal deposition leads to formation of 

10...50 nm noble metal nanoparticles on the semicon-

ductor surface. Applying the MACE method, a porous 

layer of Si was formed with pores diameter equal to 

10...50 nm (Fig. 1b) and an average depth equal to 

300...380 nm. The period of quasigrating-type relief is 

3...5 μm, while the average depth is 200...400 nm 

(Fig. 1c). 
 

 

 
 

 
 

 
 

Fig. 1. SEM images of the Si surface with PEDOT:PSS layer 
and Ag NPs for flat (a), porous Si (b), and quasigrating-type (c) 

interfaces. Ag NPs were electroless deposited on the flat and 

quasigrating interfaces (a, c) after relief formations, while for 

the porous Si (b) they remained after MACE etching. 

 

3.1. Optical and electrical properties of PEDOT:PSS 

thin films 

Generally, when forming antireflection coating the film 

thickness d should satisfy the relation d = /(4n), where  

n is the refractive index of the film. For the wavelength 

of the solar spectrum maximum intensity (550 nm) at  

n ~ 1.5, the effective film thickness d should be equal to 

90 nm. 

It is known that the polymerized PEDOT:PSS film 

showed a paracrystalline structure with highly conductive 

PEDOT nanocrystals uniformly distributed in the non-

conductive PSS matrices [5, 22]. To create or improve 

the conditions for tunneling of charge carriers between 

PEDOT grains close contact and percolation between 

grains are critical. The PSS component from the thin 

polymerized PEDOT:PSS film can be partially dissolved 

and removed by washing with an organic solvent [23–27]. 

To reduce the number of cavities in the polymer film 

which are formed after its annealing, and to increase the 

content of the conductive PEDOT component, the films 

were formed using multiple deposition of PEDOT:PSS. 

Namely, after deposition and annealing of each layer, it 

was washed with ethyl alcohol followed by a study of the 

thickness and conductivity of such a multilayer film. 

Considering that PEDOT:PSS films belong to the 

class of transparent conductive coatings the spectral 

behavior of dielectric permittivity ε(E) of these films 

within the wide spectral range can be expressed by the 

sum of the classical Lorentz and Drude oscillators: 
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Here, E is the energy of incident light quanta 

(E = 1.24/),  considers a contribution of high-

frequency oscillators, EL and Ep are the energies  

of the Lorentz (bound) and plasma (free carriers) 

oscillations, L and p are the damping parameters of 

these oscillations, and A is the Lorentz oscillator  

strength. Dielectric permittivity is expressed as 

ε(E) = (n(E) + ik(E))
2
, where n and k are the refractive 

index and absorption coefficient, respectively. 

The Lorentz component (second term in Eq. (1)) 

describes the optical properties of PEDOT:PSS within 

the UV-visible range, where polymer film possesses low 

absorbance and considerable transparency. The Drude 

component (third term in Eq. (1)) describes the 

interaction of light with free carriers in PEDOT:PSS. 

These terms separately and their sum are Kramers–

Kronig consistent. This approach allows, in particular, 

avoiding the effect of inhomogeneity and other 

imperfections of the film structure on the result of 

determining optical parameters. 

The film conductivity  can be derived from optical 

measurements using the energy of plasma (free carriers) 

oscillations Ep, and the plasma oscillation damping 

parameter E, determined from optical modeling. In 

particular, the conductivity is [28]: 
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where 0 is the free-space permittivity, ħ is the reduced 

Planck constant. 

A comparison of experimental ellipsometric data 

with calculations has shown that the optical behavior of 

the multilayer film is well described by the model of a 

two-layer film. The lower film is continuous and 

homogeneous, and the surface roughness (with the size 

of inhomogeneities much smaller than the wavelength of 

the incident radiation) can be modeled as a composite of 

two components – air and the material of the lower 

continuous layer, using the Bruggemann approximation. 

The parameters of dielectric function approximation 

(Eq. (1)), thickness and conductivity of PEDOT 

multilayer films on Si substrate are presented in Table 1. 

The absolute value of the thickness of the surface rough 

layer is 10...15% of the film total thickness. It contains 

 60% of the solid component and  40% of the voids. 

After washing the single-layer annealed film with 

ethanol, we have observed a significant reduction in the 

film thickness, approximately by half, as determined 

using spectroscopic ellipsometric measurements. At the 

same time, there was a substantial decrease in the film 

conductivity, which was confirmed by electrical mea-

surements using the 4-point probe method. For 3-layer 

film with a step-by-step washing process, the total film 

thickness approaches that of an unwashed single layer 

while for the electrical conductivity of such a film, a 2-3 

times increase is observed. Thus, it is possible to obtain 

an acceptable conductivity of the film with a small 

thickness, close to the optimum for an antireflection 

coating. 

Spectral dependences of the optical parameters of 

PEDOT multilayer films of various thicknesses on Si 

substrate, presented in Fig. 2, show a gradual change in 

the properties from the dielectric to the conductive film 

with an increase in the number of layers and total film 

thickness. One can see that for the films with a small  

 

 

 

 
 

 

Fig. 2. Spectral dependences of the components of the complex 

refractive index N = n + ik (a) and permittivity  =  + i =  
(n + ik)2 (b) of PEDOT:PSS multilayer (1L...6L) films of 

various thicknesses on Si substrates. 

 

 

thickness (1-2 layers) the refractive index n() is almost 

constant within a wide spectral range. The extinction 

coefficient k() for these films within this range is close 

to 0, which may indicate poor film conductivity due to 

the absence of percolation between PEDOT globules and 

an essential fraction of voids in the films after solvent 

evaporation during annealing. 

 

Table 1. Parameters of the optical model, thickness and conductivity of PEDOT:PSS multilayer films on Si, derived from 

spectroscopic ellipsometry and 4-point probe measurements. 

Sample structure 
1-layer as-
prepared 

1-layer 
washed 

2-layer 
washed 

3-layer 
washed 

4-layer 
washed 

5-layer 
washed 

6-layer 
washed 

Fit quality parameter, R
2  

[28] 0.999 0.998 0.998 0.991 0.985 0.981 0.979 

Rough overlayer thickness, nm 16.2 7.5 10.2 23.1 26 32 26.8 

Film thickness, d, nm 83.4 41.7 82.7 131.4 186 235.3 288.9 

Lorentz 
component 

 1.88 2.002 1.937 1.647 1.604 1.577 1.276 

A  0.408 0.435 0.385 0.532 0.492 0.468 0.756 

EL, eV 6.355 6.979 5.929 6.251 6.526 6.681 7.735 

L, eV 0.700 1.202 0.522 0.506 0.522 0.690 0.782 

Drude 

component 

Ep, eV 0.398 0.022 0.268 0.906 1.003 0.972 0.928 

Гp, eV 2.06 4.798 3.708 2.612 1.374 1.086 0.846 

Film conductivity from SE 

measurements,  S/cm 
9.4 0.01 2.8 42.3 98.5 117.1 137.0 

Film dc-conductivity  from four-
point probe measurements, S/cm 

106.5 47.4 108.3 168.9 235.9 149.1 193.5 
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Fig. 3. Thickness dependence of the dc-conductivity (measured 

by the 4-point probe method) of a multilayer (1L...6L) 

PEDOT:PSS films. 
 

 

With increasing the number of layers, better elec-

trical contact between the PEDOT globules is obtained. 

The absorption coefficient k is increased gradually 

starting from a 3-layer film, especially within the near-IR 

(Drude) range. These changes also correlate with the data 

of conductivity measurements by the 4-point probe 

method presented in Fig. 3. The specific dc-conductivity 

of the films increases with increasing the number of 

deposited layers approaching saturation ( ~ 230 S/cm) 

at thicknesses of  300 nm. This behavior can be 

probably attributed to the removal of PSS content during 

the washing, which subsequently allows the filling of the 

pores formed within the film with PEDOT conductive 

particles during the deposition of the next layer. As a 

result, this phenomenon enhances the contact between 

globules and leads to an overall increase in conductivity. 

Another important effect, which should be 

considered is that PEDOT:PSS films have a globular 

structure with an average diameter of globules (D) of 

60...70 nm [22, 29]. After subsequent deposition of the 

PEDOT:PSS layer followed by washing, a discrete 

increase in the total film thickness by approximately one 

monolayer of globules, approximately by (2/3)
1/2

D, is 

observed (Table 1). 

a. Photoelectric characteristics of SCs based on 

PEDOT:PSS/n-Si (n-GaAs) heterojunctions 

Solar cell structures were fabricated basing on the 

obtained heterojunctions. Upper silver contacts in the 

form of a grid of 67 mm in size and 30...50 nm thick 

were deposited by thermal evaporation using a mask in a 

vacuum chamber. Ohmic back contacts were made by 

soldering indium onto a preliminarily cleaned Si surface 

with the 10% HF solution (Fig. 4). 

I–V characteristics reflect all the processes occurring 

in solar cells and, in general, after correction for real de-

vices with series and shunt resistance it can be described 

by a formula derived from the Shockley diode equation [30]: 
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where I is the total current, Iph is the photocurrent, I0 is 

the saturation current, U is the voltage, Rs and Rsh are the 

series and shunt resistances of the structure, respectively,  

 

 
 

 
 

 
 

Fig. 4. Schematic representations of the SC structure design 
with the flat interface and Ag NPs on Si (a) and Au NPs on 

GaAs (b) substrates and the frontal image of the SC with the 

silver current-collecting grid of 67 mm (c). 
 

 

n is the diode ideality factor, T is the temperature, k is the 

Boltzmann constant, and q is the electron charge. The 

efficiency of a solar cell can be determined using the 

following equation: 

P

UIf

P

P ocscm  ,      (4) 

where Pm is the maximum power generated by the solar 

cell, P is the power of incident radiation on the solar cell, 

f is the fill factor of the I–V characteristic, Isc is the short-

circuit current and Uoc is the open-circuit voltage. 

The dark and light I–V characteristics of the 

fabricated SC heterostructures measured under simulated 

illumination with a radiation power of P = 136 mW/cm
2
 

are shown in Figs. 5 and 6. 

The parameters of solar cells (efficiency , open-

circuit voltage Uoc, short-circuit current Isc, fill factor f, 

shunt Rsh and series Rs resistance) calculated based on the 

measured I–V characteristics are presented in Table 2. 

The dark I–V characteristics of these structures are 

characterized by a large nonideality factor n (n = 2…6), 

which indicates a large contribution of the generation-

recombination component [18] and a large effect of 

surface states at the PEDOT/Si interface. 

In the case of textured interfaces, the effect of 

surface states is enhanced additionally by increasing the 

interface area, especially for a porous surface. The 

presence of Ag NPs at the PEDOT/Si interface also 

increases the recombination efficiency and, accordingly, 

the nonideality factor n. Therefore, light I–V charac-

teristics of structures based on porous Si with Ag NPs 

show the worst results (the efficiency did not exceed 

0.9...2.6%) even though a complete capture of incident  
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Fig. 5. Direct dark (a) and light (b) I–V characteristics of SC 

structures based on PEDOT:PSS/Si heterojunctions. 
 

 

light occurs due to the enhanced electric field near Ag 

NPs and multiple scattering on the microrelief (Fig. 5). 

Much better results are obtained for the structures, 

where Ag NPs are separated from the interface and 

deposited on the PEDOT layer. With the embedding of 

nanoparticles, the efficiency of the structure increases  

from 5% to 6.1%, primarily due to an increase in the 

filling factor f of the I–V characteristic from 34.7% to 

50.6% (Fig. 5). This is because Ag NPs form an Ohmic 

contact with PEDOT, thereby improving the carrier 

collection by the front contact and decreasing the 

heterostructure series resistance Rs [31]. 

 

 

 

The microrelief of the quasigrating type expectedly 

increases the incident light capture. Thereafter the Isc 

photocurrent increases from 35.8 to 39.4 mA/cm
2
. 

Nevertheless, the efficiency remains almost unchanged – 

4.4% due to a decrease in the open circuit voltage Uoc 

from 561 to 461 mV, which is typical for structures with 

a microrelief [1] (Fig. 5). 

3.3. Stability of characteristics of SCs based on 

heterojunction with PEDOT:PSS 

The efficient operation of a heterojunction solar cell 

depends on the properties of the interface between Si and 

PEDOT:PSS. The SiO2 intermediate layer serves as a 

passivation coating for dangling Si bonds on the silicon 

surface. Simultaneously, it smoothes out surface 

irregularities and reduces the number of substrate defects, 

consequently lowering surface recombination [32].  

It is known that the SiOx layer changes the polarity  

of the Si surface from a negative dipole to a positive 

dipole [12]. 

The energy band of Si bends upwards. It leads to 

the alignment of the bonds between Si and PEDOT:PSS, 

which causes the separation of carriers and an increase in 

efficiency. However, a too thick layer of SiOx prevents 

charge transfer, thereby reducing the open-circuit voltage 

and the fill factor [33]. For non-vacuum technology for 

obtaining organic SCs, the thickness of the SiO2 layer 

can uncontrollably reach the thickness of native oxide on 

silicon. A gradual increase in the thickness of the oxide 

at the heterojunction boundary is the main factor in the 

degradation of the SC efficiency characteristics over 

time. Therefore, this layer should have an optimal 

thickness (1.2 nm) [12]. Consequently, it is necessary to 

remove a thick oxide layer and grow a new one of 

optimal thickness. Since the resulting PEDOT:PSS film 

is porous after solvent evaporation, especially after 

washing out its PSS components, the PEDOT/Si interface 

of the manufactured elements is easily accessible for 

chemical processing. As a result, the SiO2 interlayer was 

completely removed by immersing the fabricated hetero-

junction structure in an HF solution. Then, an oxide film 

of controlled thickness was grown by thermal oxidation. 

Table 2. Parameters of light I–V characteristics of SC heterostructures based on PEDOT:PSS/Si(GaAs). 

Substrate Uoc, mV
 

Isc, mA/сm
2
 f, % Rs, Оhm Rsh, Ohm , % 

SDS surfactant 

Flat Si 561 35.8 30.3 16.4 30.1 4.5 

Porous Si with Ag NPs 361 21.1 47.0 8.6 290.7 2.6 

Quasigrating Si 461 39.4 32.9 6.2 17.2 4.4 

Flat Si with post-treatment in 10% HF 500 42.4 47.3 3.7 75.3 7.3 

Triton X-100 surfactant 

Flat Si with post-treatment in 10% HF 498 40.0 34.7 10.2 68.0 5.0 

Flat Si with Ag NPs 486 33.7 50.6 4.5 274.1 6.1 

Flat GaAs with Au NPs 566 22.4 57.5 3.7 210.1 5.4 

Quasigrating GaAs with Au NPs 671 23.9 56.0 7.4 429.0 6.6 
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Fig. 6. Direct dark (a) and light (b) I–V characteristics of SC 
structures based on PEDOT:PSS/Si and PEDOT:PSS/GaAs 

heterojunctions. 

 

 

The optimum is achieved by etching with 10% HF for 

30 s followed by annealing at 150 C for 15...30 s. At the 

same time, a tunnel-thin SiO2 intermediate layer was 

formed and, as a result, the efficiency of planar structures 

was increased from 4.5% to 7.3%, mainly due to an 

increase in Isc as shown in Fig. 5b. 

Fig. 6 shows the I–V characteristics of SC structures 

with flat and quasigrating type GaAs interfaces with Au 

NPs. Compared with Si, both structures show larger Uoc 

values that are associated with large band bending, and 

smaller Isc due to the larger GaAs band gap. In this case, 

a more positive effect of Au NPs was observed, 

presumably since gold forms a higher surface barrier 

with GaAs than with Si. The fill factor f is larger here, 

which is caused by Au NPs and low series resistance. In 

general, the efficiency (6.6%) approaches the best value 

for Si (7.3%), but these SCs have the greatest advantage 

in the long-term stability of parameters. 
 

 

 

Moreover, in the case of GaAs, the characteristics 

remain fairly stable for 1-2 months, while for SC 

structures based on Si, the characteristics usually 

deteriorate rapidly over time (in just a few days, the 

efficiency decreases to 0). The presented in Table 3 

results of measurements of light I–V characteristics 

(Fig. 7) show that the next day all characteristics of the 

GaAs-based structures improved significantly. Particu-

larly, the efficiency increased 1.5 times due to the 

increase in Uoc, Isc, fill factor f and shunt resistance Rsh, 

and reduction in the series resistance Rs. It can be 

explained by GaAs self-passivation and the growth of an 

oxide of optimal thickness under the PEDOT:PSS film 

on the relief surface when the PEDOT:PSS contacts the 

textured surface. After 14 days, the characteristics of 

GaAs-based heterojunction were changed slightly, and 

after 67 days, the efficiency was decreased by 9.2% 

relative to the previous measurement, which is caused by 

the decrease in Uoc, f, Rsh, and an increase in Rs, probably 

due to a too large increase in the thickness of the oxide 

on the heterojunction interface. 

After all, it is known that the natural oxide film on 

gallium arsenide monocrystal surface grows much more 

slowly [34, 35] than on silicon [12]. Therefore, com-

paring the behavior of SC characteristics based on the 

organic film on different semiconductor substrates one 

can conclude that it is not the organic film that degrades, 

but the interface of heterojunction. Therefore, our results 

show that a separate study is required to search for 

methods to stabilize the heterojunction interface 

parameters, especially in the case of Si substrate. 
 

 

 

Fig. 7. Light I–V characteristics of SC structure based on 
PEDOT:PSS/GaAs heterojunction with quasigrating interface. 

 

Table 3. Long-term stability of light I–V characteristic parameters of SCs heterostructures based on PEDOT:PSS/GaAs 

heterojunction with quasigrating interface. 

 Uoc, mV Isc, mA/cm
2
 f, % Rs, Ohm Rsh, Ohm , % 

As-prepared 531 9.9 56.3 6.89 320.4 2.97 

Next day 564 12.7 63.0 4.86 587.5 4.51 

14 days 547 13.2 62.9 4.74 871.0 4.53 

67 days 526 13.2 59.5 4.91 588.1 4.11 
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4. Conclusions 

Few methods for increasing the efficiency of solar cells 

based on PEDOT:PSS/Si(GaAs) heterojunctions have been 

considered. It has been found that the texturing of the 

semiconductor surface, the deposition of plasmon active 

Ag or Au nanoparticles on the heterojunction interface 

increases the efficiency of photoconversion of hetero-

structures due to an increase in light absorption, a decrease 

in the structure series resistance, and increase the I–V cha-

racteristic fill factor of the corresponding SC structures. 

It is shown that the multi-stage deposition of an 

organic film with intermediate washings with ethanol 

leads to an increase in its conductivity at smaller film 

thicknesses due to the removal of the non-conductive 

PSS component and the filling of the voids with PEDOT 

globules, which improves the current flow conditions. 

A post-processing treatment method for fabricated 

SCs is proposed. It allows obtaining an intermediate SiO2 

layer of optimal thickness, which is a critical factor 

affecting the efficiency of PEDOT:PSS/Si structures. 

Unlike heterostructures on Si, GaAs-based SC 

heterostructures demonstrate more stable characteristics 

over a long time and higher open-circuit voltages. 

Comparing the stability of heterojunction characteristics 

on different semiconductor substrates, one can ascertain 

that it is not the PEDOT:PSS film that degrades, but 

probably the thickness of the tunnel oxide at the interface 

of heterojunction is changed. Thus, organic thin-film 

heterostructures require additional efforts to seal the 

active interface of the heterojunction from air access. 
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Порівняння оптичних та фотовольтаїчних характеристик сонячних елементів на основі гетеропереходів 

органічних нанокомпозитних плівок на Si та GaAs 

 

С.В. Мамикін, Т.С. Лунько, І.Б. Мамонтова, О.С. Кондратенко, Т.Р. Барлас, Н.В. Котова, Т.В. Сємікіна, 

І.М. Дмитрук, Н.І. Березовська, Є.С. Грабовський, В.Р. Романюк 

 

Анотація. Проведено порівняння між гетероструктурами сонячних елементів на основі органічних 

композитних тонких плівок полі(3,4-етилендіокситіофен)-полі(стиролсульфонат) (PEDOT:PSS) і 

напівпровідників (Si, GaAs) з плоскою та мікрорельєфною межею поділу. Товщини плівок PEDOT:PSS та 

оптичні параметри було отримано за допомогою спектральної еліпсометрії, тоді як електрична провідність для 

постійного струму була визначена за допомогою чотиризондового методу. Запропоновано спосіб підвищення 

електропровідності плівок PEDOT:PSS шляхом формування багатошарової плівки зі зниженим вмістом PSS 

компоненти. Наночастинки плазмон-активного металу (Au, Ag) було вирощено на активній межі поділу для 

підвищення ефективності фотоперетворення. Вони зменшують послідовний опір структури і збільшують 

коефіцієнт заповнення ВАХ та поглинання падаючого світла. Запропоновано метод пост-обробки 

виготовлених структур, який дозволяє отримати тунельно-тонкий проміжний шар SiO2 оптимальної товщини. 

Фотоелектричні властивості виготовлених сонячних елементів показали, що структури на основі GaAs мають 

більш стабільні довгострокові характеристики та вищу напругу розімкненого кола, ніж структури на основі Si. 

 

Ключові слова: гетероперехід, сонячні елементи, мікрорельєф, PEDOT:PSS, металеві наночастинки, пост-

обробка. 


