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Abtract. Among the wide range of third-generation photovoltaic power generation 

technologies, there is a widely used type of photovoltaic - heterojunction photovoltaic cells. 

Although each of the different types of heterojunction photovoltaics has been studied in depth, 

no one has considered the direct application of the different types of heterojunction 

photovoltaics at the application level. This paper introduces the composition and advantages of 

heterojunction photovoltaic cells, and briefly introduces graphene/n-type amorphous silicon 

heterojunction photovoltaic, organic compound/inorganic heterojunction photovoltaic, and 

inorganic/inorganic heterojunction photovoltaic represented by CuO and Zn2O, and 

summarizes the different photovoltaic conversion efficiencies, preparation methods, and other 

key information of these cells, and compares these information. In particular, whether the 

photovoltaic conversion efficiency can reach the shockley-queisser limit is examined. Among 

them, the photoconversion efficiency of graphene/n-type amorphous silicon heterojunction and 

simple metal oxide heterojunction was not very satisfactory, and finally the heterojunction PV 

cell constructed by the byorganic cavity-conducting material led by Graezel et al. was chosen 

among the different research directions of organic/inorganic heterojunction PV cells. 

Cavity-conducting material combined with a titanium dioxide nanofilm with adsorbed dye as a 

relatively ideal heterojunction PV cell for comparison was examined in this paper, which 

provides a proposal for the commercial development of new heterojunction PV cells in the 

future. 

Keywords: heterojunction cells(HJT), comparison, photovoltaic properties, photovoltaic 

transformation. 

1.  Introduction 

The development of solar photovoltaic cells has provided mankind with a new source of energy to 

utilize. Photovoltaics are also being iterated in order to use solar energy more efficiently. After the 

introduction of the first generation of photovoltaic power generation (crystalline silicon photovoltaic 

power generation) and the second generation of photovoltaic power generation (thin film cells) 

technology, the third generation of photovoltaic power generation technology was born. Among the 

wide range of third-generation photovoltaic power generation technologies, there is a widely used type 

of photovoltaic-heterojunction photovoltaic cells. Although each of the different types of 

heterojunction photovoltaics has been studied in depth, no one has considered the direct application of 

the different types of heterojunction photovoltaics at the application level. 
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Thus, this paper will compare various aspects of heterojunction photovoltaic cells made of different 

materials—including but not limited to photovoltaic performance, manufacturing process, possible 

cost, etc. An introductory analysis of certain heterojunction PV cells will be presented through the 

comparison of the above dimensions. In this paper, three different types of heterojunction photovoltaic 

cells will be introduced. Their structure, fabrication process, performance, and other related 

information will be introduced. Then we will discuss which of these heterojunction PV cells is better 

by way of a side-by-side comparison. 

Through this research, several of the more prominent heterogeneous junctions of PV can be judged 

to be superior or inferior. This will provide a little consideration of commercial options for subsequent 

heterojunction PV applications. This consideration helps to determine how heterojunction PV should 

be applied in real-world scenarios and provides a reference for determining what kind of 

heterojunction PV should be developed in the future. Similarly, this simple comparison can be applied 

to more types of heterojunction photovoltaics, and indeed to all third generation photovoltaics, and 

then allows for a wider range of performance evaluation of different PVs. 

2.  Heterojunction photovoltaics and its benefits 

The structure of the heterojunction solar cell is shown in Figure 1 and is relatively symmetrical. The 

manufacturing process is as follows: an intrinsic amorphous silicon film (a-Si(i)) is deposited on each 

side of the n-type monocrystalline silicon wafer (c-Si(n)), and then p-type and n-type amorphous 

silicon films are deposited on the outside of it. (a-Si(i)) on each side of the n-type monocrystalline 

silicon wafer (c-Si(n)), and then depositing p-type and n-type amorphous Then, transparent conductive 

oxidation (TCO) is deposited on the two surfaces, and metal gate electrodes are coated. When 

compared to conventional polycrystalline solar cells, heterojunction solar cells have a higher 

photovoltaic efficiency. Heterojunction solar cells have higher photoelectric conversion efficiency, 

can generate electricity on both sides, and have a smaller power temperature coefficient [1]. 

 

Figure 1. Structure diagram of heterojunction solar cell [1]. 

When sunlight irradiates onto the positive surface of the cell, the absorption process occurs in the 

absorber layer of the cell, forming photogenerated carriers. Photogenerated carriers diffuse to the p-n 

junction area on the positive surface and the high-low junction area on the back surface of n (p) type 

HIT solar cells, and due to the traction of the built-in electric field, holes (electrons) and electrons 

(holes) are each deflected to the emitter and back electric field, and charges gradually accumulate on 

the positive and back surfaces of the solar cell. The photovoltaic effect is formed. 

One benefit of heterojunction solar cells is that those cells employ lower temperature (below 250℃) 

conditions relative to the thin-film solar cell process. This new process reduces energy consumption 

and does not consume conventional energy, while amorphous silicon-hydrogen thin film doping, film 

layers, and forbidden bands are effectively regulated at low temperatures, which is beneficial in the 

production of HIT solar cells processes to enhance device functionality; this in the low-temperature 

Grid electrode 
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deposition of thin films process can reduce the Si-sub in the high-temperature processing of functional 

degradation, thus allowing in the heterojunction solar manufacturing process to use "low quality" 

crystalline silicon or even use Poly-Si as a substrate. 

In addition, heterojunction solar cells have good stability under solar irradiation, and multiple 

studies have shown that heterojunction solar cells do not experience the phenomenon of light decay, so 

there is no problem like c-Si and a-Si solar cells where the output power is reduced due to 

photodegradation. The temperature stability of heterojunction cells is excellent. Compared with the 

temperature coefficient of -0.5%/℃ of CZ-Si cells, the temperature coefficient of heterojunction cells 

can be reduced to -0.25%/℃, which allows the cells to maintain efficient output when the temperature 

rises under light. 

In addition, the Staebler-Wronski effect [2], which is common in amorphous silicon solar cells, 

does not occur in HJT solar cells. Besides, HJT cells use N-type silicon wafers with phosphorus as the 

dopant, and there is almost no photogenic attenuation. 

3.  Graphene/inorganic heterojunction solar cells 

Graphene has excellent optoelectronic properties such as high light transmission and high electrical 

conductivity, as well as good mechanical flexibility. In 2009, Professor Ruoff's research team at the 

University of Texas at Austin successfully prepared large-area monolayers of graphene on metallic 

copper foil substrates by chemical vapor deposition (CVD) for the first time[3]. After this, Prof. 

Byung Hee Hong's group at Sungkyunkwan University in Korea and Sony Corporation in Japan, 

respectively, in 2010, and 2013, graphene transparent conductive films with sizes of up to 30 inches 

and up to 100 meters were prepared and applied to the touch screens of electronic devices[4, 5]. This 

large-area preparation method is not only a big step forward for the scientific research of graphene but 

also a foundation for the future industrialization and real-world applications of graphene. 

With the development of CVD, a large-area, high-quality graphene preparation technology, 

graphene is widely used in optoelectronic devices because of its excellent optoelectronic properties. In 

today's world, silicon is the most widely used semiconductor material in the world, and the silicon 

process is also the most mature semiconductor process. Therefore, it is important to combine the new 

two-dimensional material graphene with the traditional semiconductor material silicon to produce 

optoelectronic devices compatible with the traditional silicon semiconductor process, one of which is 

photovoltaic solar cells. 

In 2010, Professor Hongwei Zhu's group at Tsinghua University first reported a graphene/silicon 

heterojunction photovoltaic cell and obtained a photovoltaic conversion efficiency of 1.65%, as shown 

in Figure 2 [5]. In this cell structure, graphene plays two main roles: one is a transparent electrode, and 

the other is a functional layer. The graphene generates a built-in electric field at the contact interface 

with n-type silicon, which enables the effective separation of photogenerated carriers. The 

heterojunction cell is simple in structure and easy in preparation, and the whole process is carried out 

at room temperature by simply transferring graphene to the n-type silicon wafer, avoiding the 

high-temperature diffusion and ion injection processes in traditional PN junction silicon cells, which 

can greatly reduce the cost of photovoltaic devices. Of course, the photovoltaic conversion efficiency 

of 1.65% is still far from that of conventional PN-junction commercial crystalline silicon solar cells. 
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Figure 2. (a) Device schematic and physical photos of graphene/silicon heterojunction photovoltaic 

solar cells; (b) J-V characteristic curves of cells with different device areas under light as well as dark 

fields [5]. 

4.  Nano-size organic/inorganic heterojunction solar cells 

In recent years, there has been an interest in the study of nano-sized heterojunctions. These 

heterojunctions mainly include semiconductor-semiconductor heterojunctions, dye sensitization, 

polymer-metal Schottky barriers, polymer-semiconductor compounds, and polymer-semiconductor 

heterojunctions. The heterostructured materials easily achieve photogenerated charge separation, 

especially organic and inorganic semiconductor nanocomposite systems, which combine strong 

organic absorption and efficient charge separation with inorganic nanomaterials. These properties are 

widely used to improve the conversion efficiency of solar energy and the development of 

optoelectronic devices. 

Graetzel et al.[6] proposed a solar photovoltaic cell with dye-sensitized titanium dioxide nano-films 

as photoanodes, which achieved a photovoltaic conversion efficiency of 10% under simulated 

daylight [7]. Murakoshi et al. established a solid-state photovoltaic cell using a conductive polymer, 

polypyrrole, synthesized on the surface of titanium dioxide nanoparticles as a conduction medium for 

charge transport between positive and negative electrodes [8]. Graetzel et al. also proposed an organic 

cavity-conducting material instead of liquid electrolyte and combined it with a titanium dioxide 

nanofilm with adsorbed dye to make a solid-state photovoltaic cell with a monochromatic photovoltaic 

efficiency of 33%[9]. In addition, Schoen et al. reported that the photoelectric conversion efficiency 

can be improved by molecular doping of organic materials in organic photodiodes[10]. 

In the research of Liu et al. [11], the composite film heterojunctions of 1,4-bis(ferrocenylthiophene) 

and tin dioxide nanoparticles were prepared using the LB technique. The film-forming properties of 

the nano-stannous heterojunction and tin dioxide were characterized by AFM and XRD, and the 

optical absorption and photovoltaic properties were investigated by UV-visible absorption 

spectroscopy and surface photovoltage spectroscopy. The photovoltaic response of the composite film 

heterojunction was found to be very good in the UV-Vis region. 

5.  Inorganic/organic heterojunction solar cells 

Much progress has also been made in the study of inorganic heterojunction photovoltaics. Starting 

from binary inorganic compounds, more inorganic materials have been applied to heterojunction 

photovoltaics. 

For example, ZnO is an intrinsic n-type semiconductor with a band gap of 3.37 eV. The exciton 

binding energy is as high as 60 meV, and it has good light transmission in the UV and visible regions 

and high chemical and thermal stability. Because of these properties, ZnO has a high potential for use 

in UV photodetectors, solar cells, and other optoelectronic devices [12]. So far, it has been difficult to 

obtain p-type ZnO materials that can be used at device assembly level (p-type ZnO materials for 
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device assembly level), thus limiting the availability of ZnO homojunctions and the realization of 

customary high-performance LED devices. The realization of high-performance light-emitting diode 

devices is limited by the availability of p-type ZnO materials for device assembly. However, due to its 

high transmittance in the visible solar range, ZnO has been widely applied to the assembly of solar cell 

devices in recent years. 

Cu2O is another important p-type direct bandgap oxide semiconductor material with a bandgap of 

2.1 eV, which is abundant in nature and nontoxic to humans. In addition, Cu2O has a high absorption 

coefficient for visible light and a few carrier diffusion lengths suitable for solar cell absorber 

layers [13, 14]. Therefore, Cu2O is very suitable for the preparation of solar cells, and the theoretical 

efficiency of solar cells can reach more than 20%. However, n-type doping of Cu2O is difficult to 

achieve, and so far, the efforts to obtain Cu2O homojunction solar cells by n-type doping have not 

been successful. 

Therefore, a better solution to combine the characteristics of ZnO and Cu2O for solar cell assembly 

is to use ZnO/Cu2O heterojunctions. Studies have shown that ZnO and Cu2O form heterojunctions 

with a small difference in conduction band energy levels, which has attracted attention [15, 16]. In 

2000, J. Lee et al. [15] did a preliminary study on the electrochemical preparation of Cu2O and ZnO. 

In 2007, B. Pradhan et al. [16] used a chemical method to synthesize vertically oriented B. Pradhan et 

al. In 2007, T. J. Hsueh et al. [17] used magnetron sputtering to sputter a layer of ZnO film on glass 

and then grow a layer of ZnO nanowires. The ZnO nanowires were further sputtered with a layer of 

Cu2O, and the Cu2O-coated ZnO heterojunction solar cells were prepared by magnetron sputtering, 

and their performance was improved. In 2008, S. S. Jeong et al. [18] prepared ZnO/Cu2O solar cells by 

electrodeposition, and the efficiency was only 0.41%. In 2010, the paper [19] used an electrochemical 

method to reproduce the ZnO/Cu2O solar cell with an efficiency of only 0.41%. In 2010, the literature 

[19] reproduced the work of T. J. Hsueh et al. [18] by an electrochemical method, and the efficiency 

was improved to 0. 88%. In 2010, the literature [19] used electrochemical methods to reproduce the 

work of T. J. Hsueh et al. [17], and the efficiency was improved to 0.88%. However, the current 

conversion efficiency of Cu2O solar cells is far below the theoretical limit of 33% proposed by 

Shockley-Queisser, and more in-depth research is needed. 

6.  Conclusion 

The above is a general survey of heterojunction photovoltaic studies in different directions. It can be 

seen that most of the new heterojunction photovoltaic materials examined in this paper do not achieve 

very high photovoltaic conversion efficiencies. For heterojunction photovoltaics prepared by different 

kinds of metal oxide inorganic materials, in the pursuit of the convenience of material preparation at 

the same time, the photoelectric conversion efficiency is very significantly reduced. It is not even 

possible to reach the photovoltaic conversion efficiency based on crystalline silicon and 

non-crystalline silicon for general commercial applications (the photovoltaic conversion efficiency of 

mass-produced cells is around 23%), not to mention the critical threshold of 33% conversion proposed 

by the SQ limit. 

The only exception to the above presentation is the photovoltaic conversion efficiency of 

organic/inorganic heterojunction photovoltaics in monochromatic light from Graetzel et al., which is 

very close to the SQ limit. This may mean that in the current heterojunction photovoltaic research 

environment, new types of heterojunction photovoltaics that can replace crystalline silicon and 

non-crystalline silicon configurations are more likely to be dye-sensitized heterojunction cells that 

fully justify organic/inorganic heterojunctions. 

The shortcoming of the study presented in this paper is that it does not cover all types of 

heterojunction photovoltaic cells, so it is likely that there is another heterostructure formation method 

that can completely break the Shockley-Queisser limit. This paper does not discuss in detail the 

functional implications of various heterojunction fabrication methods, thus limiting the study to 

existing types of heterojunction photovoltaics rather than establishing an idealized heterojunction PV 

cell fabrication method and structural model. 
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All in all, heterojunction PV still holds great potential in the context of today's widespread 

commercialization. Further research based on organic-inorganic heterojunctions will open up new 

possibilities for commercial applications in the future. 
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