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1. INTRODUCTION 
Photovoltaics (PVs) are among the most 

promising collections for clean and renewable 
energy resources. Until now, inorganic 
photovoltaics, which are using Silicon-based 
(mono-Si, multi-Si, ribbon-Si) and then thin-film 
(such as cadmium-telluride, gallium-arsenide, etc) 
- corresponding to first and second generations of 
PV technologies, have been being available in 
commercial market. However, they are currently 
too expensive to compare to fossil fuels and also 
cause some environmental issues when they 
come to recycling and disposal. To dissolve these 
problems, organic photovoltaics (OPV), referred to 
as a third generation of PV technology has been 
attached attention of scientists with many 
advantages such as: low-cost production, low 
energy budgets, solution processing, flexible solar 
cells. A result of searching the phrase “Organic 
soler cells(s)” on scifinder - the important 
searching tool of researchers - is shown in Figure 
1. It can be seen that the interest of scientists in 
this area is significantly increased year by year 
corresponding to the increasing of publications.  

 
Figure 1. A result of searching “organic solar cell(s)” done on 

Scifinder (updated until Jan-2018) 

ABSTRACT 
Photovoltaic technology is the technique in which the sunlight is converted directly 

into electricity. This technique is considered as one of the most effective ways to address 
global energy crisis using a renewable resource. While the high cost production and 
environmental issues reduced the using of inorganic solar cells in life; low-cost, low 
energy budgets, solution processing, flexible solar cells, are the keywords associated with 
organic solar cells, led to improve the attention of scientists to this area. The power 
conversion efficiencies of organic photovoltaics now reached the record of 11.7% for 
organic solar cell used polymer and fullerene derivative in a bulk - heterojunction 
(reported by H. Yan’s group), and 13.2% for an organic photovoltaics multi-junction cell 
(reported by Heliatek R&D teams at Dresden, Germany). However, this research area is 
quiet young in Vietnam. In this paper, we would like to briefly introduce to organic 
photovoltaic regarding to history, principle and the main strategies of this technique. This 
information may be useful for research in organic solar cells in Vietnam. 
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TÓM TẮT 
Kỹ thuật quang điện là công nghệ mà trong đó ánh sáng mặt trời được biến đổi trực 

tiếp thành điện năng. Đây được coi là một trong những phương án hiệu quả nhất để giải 
quyết cuộc khủng hoảng năng lượng toàn cầu bằng cách sử dụng nguồn tài nguyên thiên 
nhiên có thể tái tạo được. Nếu các vấn đề về chi phí cao, tác động môi trường làm giảm bớt 
phần nào ứng dụng của pin năng lượng mặt trời vô cơ thì chi phí thấp, vốn đầu tư thấp, 
phù hợp với các địa hình và hình dạng là các từ khoá liên quan đến pin năng lượng mặt trời 
hữu cơ, làm cho lĩnh vực này thu hút được rất nhiều sự quan tâm chú ý của các nhà khoa 
học. Theo các nghiên cứu trên thế giới, hiệu suất chuyển đổi năng lượng của các tế bào 
quang điện hữu cơ đã đạt giá trị cao nhất tính đến thời điểm hiện tại là  11,7% đối với các 
pin năng lượng mặt trời hữu cơ sử dụng hợp phần polymer: fullerene (theo công bố của H. 
Yan và các cộng sự tại Đại học khoa học và công nghệ Hồng Kông); và 13,2% đối với pin 
quang điện hữu cơ kết hợp (báo cáo bởi Heliatek R & D tại Dresden, Đức). Tuy nhiên, lĩnh 
vực nghiên cứu này vẫn còn khá non trẻ ở Việt Nam. Trong bài báo này, chúng tôi xin giới 
thiệu khái quát về pin quang điện hữu cơ, bao gồm lịch sử phát triển, nguyên tắc hoạt 
động và các hướng nghiên cứu chính của kỹ thuật này. Các thông tin trong bài báo sẽ hữu 
ích cho việc nghiên cứu các pin năng lượng mặt trời hữu cơ ở Việt Nam. 

Từ khóa: Pin năng lượng mặt trời hữu cơ, quang điện, hiệu suất. 
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The efficiency of a polymer solar cells is proportional to 
the short-circuit current (JSC), open-circuit voltage (VOC) and 
the fill factor (FF). To reach power conversion efficiency 
(PCE) of organic photovoltaics (OPVs) in range of 10-15%, 
which can be competed with inorganic solar cells, these 
values need to be optimized via both device optimization 
and designing new photo-harvesting materials. 

2. THE DEVELOPMENT AND PRINCIPLE OF ORGANIC 
PHOTOVOLTAICS  

The first successful OPV was reported by Tang and 
Albrecht in 1975, who incorporated chlorophyll-a as the 
photoactive layer between two electrodes with a PCE of 
about 0.001% [1]. The organic photovoltaic solar cells with 
a single-component active layer exhibited very low PCE 
because of poor charge carrier generation and unbalanced 
charge transport [2]. To improve the photocurrent of solar 
cell devices, a bilayer heterojunction configuration 
containing a p-type (D, donor material) layer for hole 
transport and an n-type (A, acceptor material) layer for 
electron transport has been developed by Tang [3]. The 
working mechanism of D-A heterojunction solar cells 
involves four distinct events[4] as shown in Figure 2. First, 
the photoexcitation in the D material happens, leading to 
the formation of an electron-hole pair, namely an exciton. 
Second, the exciton diffuses to the D-A interfaces. If the 
distance it has to travel is longer than the maximum 
diffusion length (max LD, generally around 10 nm in organic 
materials,[5-9] this excited stated will be quenched, exciton 
will recombine to ground state, inhibiting any further 
process. Third, the dissociation of the exciton at the D-A 
interface occurs through an electron-transfer process, in 
which hole and electron remain in the donor and acceptor 
phases, respectively. Finally, the charge transport and 
collection to the respective electrodes in the opposite 
direction with the aid of the external electric field. This 
process leads to generate the photocurrent and 
photovoltage, which can be converted into useful work.  

 
Figure 2. Working mechanism for D-A heterojunction solar cells [4] 

Due to the short diffusion length and small area of D-A 
interface for charge generation, the exciton created from D 
material in bilayer heterojunction device is recombined 
before reach the A material, leads to limit PCE. To overcome 
this issue, a BHJ was introduced by Yu et al [10]. By 
blending D and A materials together, the large D-A 

interfacial area can be achieved via controlling the phase 
separation of two components in bulk. The formation of 
the bicontinuous interpenetrating network increase the 
chance for exciton dissociates, resulting in efficient charge 
separation. To date, the BHJ-structured active layer is the 
most successful structure for OPVs. The general structure of 
single layer and heterojunction solar cells using an 
aluminum cathode and a transparent indium tin oxide (ITO) 
anode is illustrated in Figure 3. 

 
Figure 3. Schematic diagram of single layer and heterojunction solar cell 

structures 
To evaluate the performance of an OSC and compare it 

to another, the PCE is the most commonly parameter used. 
The conditions under which PCE is measured must be 
controlled similarly in all researches. In general, the OSCs 
are measured under illumination of AM 1.5G, 100 mW cm–2, 
at a temperature of 25oC. The PCE is defined as the ratio of 
energy output (Pout) from the solar cell to input energy (Pin) 
from the sun and expressed in following equation[11]:  

out sc oc

in in

P J .v
PCE( ) FF.

P P
             (1) 

max max

sc oc

J .v
FF

J .v
           (2) 

where VOC is the open-circuit voltage, JSC is the short-
circuit current; and FF is the fill factor. The VOC, the 
photovoltage at zero current density, depends on the off-
set between the highest occupied molecular orbital 
(HOMO) of the donor material and the lowest unoccupied 
molecular orbital (LUMO) of the acceptor material; [12, 13] 
the JSC, photocurrent at zero bias, is influenced by the 
photon absorbance (determined mainly by the band gap 
and the thickness of active layer), charge separation and 
mobility; and the FF is affected by the balanced charge 
transport and recombination properties of active layer 
[14, 15].    

3. PHOTOACTIVE MATERIALS FOR ORGANIC 
PHOTOVOLTAICS  

In general, active layer of BHJ OSCs use two distinct 
materials, a donor is an electron-donating conjugated 
polymer or small molecule (Figure 4) (D material) and an 
acceptor is an electron-accepting material (A material) 
which is mostly a fullerene derivative (Figure 5). 
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Figure 4. Structure of some donor materials 

Figure 5. Structure of some acceptor materials 

For conjugated polymers or small molecules to be used 
in OPVs, they would ideally exhibit  

 Low band gap to harvest as much as possible of the 
photons from sunlight 

 Good charge mobility 
 Suitable energy levels to enhance the value of VOC 

and allow efficient electron transfer to acceptor 
 Excellent solubility to ensure their solution-

processability. 

The most successful strategy 
in designing low band gap 
materials is the coupling a 
conjugated electron-donating 
unit and a conjugated electron-
withdrawing unit in the same 
backbone to obtain alternative D-
A polymer. Because a synthesized 
alternative D-A polymer has 
HOMO and LUMO energy levels 
are largely localized on the 
electron-donating and electron-
accepting units, respectively, the 
HOMO and LUMO, therefore, 
band gap of polymer, can be 
tuned by carefully design and 
select the donor or acceptor units 
for polymerization [16]. 

Till now, fullerene derivatives 
are dominating as the acceptor 
materials for high efficiency OPVs. 
The fullerene derivatives, such as 
PC60BM and PC70BM (Figure 5), 
show not only strong electron 
affinity but also exhibit good 
solubility, high crystallinity for 
using in active layer of OPVs. 
However, because of several 
drawbacks, including poor light 
absorption and high-cost 
production and purification, [17, 
18] recently, some novel 
accepting materials which can be 
easily tuned electronic and 
optical properties have been 
developed. Electrochemical and 
photovoltaic properties of several 
materials were synthesized 
recently, exhibiting high 
efficiencies are summarized in 
Table 1.  

There are some challenges of 
this field recently: 

- Synthesis of new materials 
and optimization device structure 

of cells to obtain long term stability of organics solar cells 
- Synthesis of new materials which can be exhibited 

higher PCE 
- Optimization the conditions (materials, solvents, 

additives, etc.) to fabricate in large area of devices which 
still get high PCE in compared to that of small area devices. 

4. CONCLUSION 
From the first time of discovery of OSC with non-

certificated performance of 0.001%, the performance of 
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organic photovoltaic devices has been significantly 
increasing with the certificated performance of over than 
11%. Although many issues still remain needed to be 
addressed, the meaningful progress of this research area 
makes scientists interested in this technique are confident 
that practical uses will be found for OPVs in the near future.  
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