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SOME GENERAL CONCEPTS OF ORGANIC PHOTOVOLTAIC
SOLAR CELLS - APOTENTIAL CLEAN ENERGY FOR FUTURE

MOT SO KHAI NIEM CHUNG VE PIN NANG LUGNG MAT TROI HUU €0 -
NGUON NANG LUONG SACH TIEM NANG CHO TUONG LAl

BUi Thi Thu Trang™’", Lvong Trung Son?

ABSTRACT 1. INTRODUCTION

Photovoltaic technology is the technique in which the sunlight is converted directly Photovoltaics (PVs) are among the most
into electricity. This technique is considered as one of the most effective ways to address promising collections for clean and renewable
global energy crisis using a renewable resource. While the high cost production and energy resources. Until now, inorganic
environmental issues reduced the using of inorganic solar cells in life; low-cost, low photovoltaics, which are using Silicon-based
energy budgets, solution processing, flexible solar cells, are the keywords associated with (mono-Si, multi-Si, ribbon-Si) and then thin-film
organic solar cells, led to improve the attention of scientists to this area. The power ~ (such as cadmium-telluride, gallium-arsenide, etc)
conversion efficiencies of organic photovoltaics now reached the record of 11.7% for - corresponding to first and second generations of
organic solar cell used polymer and fullerene derivative in a bulk - heterojunction PV technologies, have been being available in
(reported by H. Yan's group), and 13.2% for an organic photovoltaics multi-junction cell commercial market. However, they are currently
(reported by Heliatek R&D teams at Dresden, Germany). However, this research area is too expensive to compare to fossil fuels and also
quiet young in Vietnam. In this paper, we would like to briefly introduce to organic cause some environmental issues when they
photovoltaic regarding to history, principle and the main strategies of this technique. This come to recycling and disposal. To dissolve these
information may be useful for research in organic solar cells in Vietnam. problems, organic photovoltaics (OPV), referred to

as a third generation of PV technology has been
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attached attention of scientists with many

TOM TAT advantages such as: low-cost production, low
K thuét quang dién 1 cong nghé ma trong d6 &nh sang mit trdi duoc bién di truc energy budgets, solution processing, flexible solar
tiép thanh dién nang. DAy duroc coi [a mot trong nhitng phuong &n hiéu qua nhat dé giai cells. A result of searching the phrase “Organic
quyét cudc khiing hodng ndng lrong toan cau bing céch st dung ngudn tai nguyén thién soler cells(s)” on scifinder - the important
nhién co thé tai tao dugc. Néu céc van déva chi phi cao, tac dong mdi truong lam giambgt - Searching tool of researchers - is shown in Figure
phan nao ting dung clia pin nang long mét troi vo co thi chi phi thép, vin dau tu thip, 1. It can be seen that the interest of scientists in
phii hop v6i cac dia hinh va hinh dang I3 cac ti khoalién quan dén pinnang lvong mittroi~ this area is significantly increased year by year
hitu co, 1am cho finh vire ndy thu hdt droc rét nhigu st quan tam chdl§ cla cdc nha khoa corresponding to the increasing of publications.
hoc. Theo cac nghién ctu trén thé gidi, hiéu suat chuyén ddi nang lwong clia céc té bao ' -
quang dién hitu co dd dat gi tri cao nhét tinh dén thoi diém hién tai la 11,7% ddi voi cac - *Organic solar cell(s)" search done on Scifinder

pin ndng lvgng mét troi hitu co st dung hop phan polymer: fullerene (theo cong bé clia H.
Yan va céc cng su tai Bai hoc khoa hoc va cong nghé Hong Kong); va 13,2% ddi véi pin
quang dién hitu co két hop (bao céo bdi Heliatek R & D tai Dresden, Bic). Tuy nhién, finh
virc nghién ciru ndy van con kha non tré & Viét Nam. Trong bai bo nay, ching toi xin gidi
thiéu khai quat vé pin quang dién hitu co, bao gom lich st phét trién, nguyén tac hoat
dong va cac huéng nghién ctu chinh clia ky thuat nay. Cac thong tin trong bai bao sé hitu
ich cho viéc nghién ctu cac pin ndng lrong mat trdi hitu co ¢ Viét Nam.
Tir khéa: Pin nang lrgng mét trdi hitu co, quang dién, hiéu suét.
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The efficiency of a polymer solar cells is proportional to
the short-circuit current (J), 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 L,, 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.
(1) Photoexcitation and (2) Exciton diffusion (3) Excitondissociation  (4) Charge transport
exciton formation Max. L and collection
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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
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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.
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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™,
at a temperature of 25°C. The PCE is defined as the ratio of
energy output (P,,,) from the solar cell to input energy (P;,)
from the sun and expressed in following equation[11]:

Heterojunction OPV cell
Bulk hetercjunction

P Je..
PCE(T]) _ _out =FF. sC VOC (1)
Pin Pin
JSC 'VOC

where V. is the open-circuit voltage, Jg is the short-
circuit current; and FF is the fill factor. The V.. 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 Ji, 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
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).

MATERIALS FOR  ORGANIC
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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 V.
and allow efficient electron transfer to acceptor

» Excellent solubility to ensure their
processability.

solution-

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
PCe,,BM and PC,,BM (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

DR3TSBDT

C10H21

|’ C8HY7 . .
O N0 easily tuned electronic and
L 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

P(NDI20D-T2)
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Table 1. Summarization of energy levels and photovoltaic properties of several donor and acceptor materials

. HOMO LUMO , Ve s FF PCE
Material Device structure Ref.
[eV] [eV] M | [mAem?] | [%] | [%]

PTB7 -5.15 -3.51 ITO/PFN/PTBT:PC,,BM/ MoO,/Al, Ag 074 172 72 9.15 [19]
PTB7-Th -5.22 -3.64 IT0/Zn0-C60/PTB7-Th:PC;,BM/Mo0,/Ag 080 |15.73 743 9.35 [20]
PBDT-TS1 -5.33 -3.52 ITO/PEDOT:PSS/PBDT-TS1:PC,,.BM/Mg/Al 08 17.46 67.9 9.48 [21]
PTIPSBDT-DPP  |-5.44 -4.00 ITO/PEDOT:PSS/PTIPSBDT-DPP:PC,,BM/Ca/Al 076 |16.21 0.65 8.00 [22]
PBDT-BT -5.45 -3.65 IT0/Zn0/PCBE-OH/PBDT-BT.PC,,BM/Mo0,/Ag 092 |154 66 9.4 [23]
PffBTAT- 20D -5.34 -3.69 ITO/ZnO/PffBTAT-20D: TC,,BM/Ma0Q,/Al 077|188 75 108 [24]
PPDT2FBT -5.45 -3.69 ITO/PEDOT:PSS/ PPDT2FBT:PC,,BM/AI 079 163 73 9.39 [25]
PDTP-DFBT -5.26 -3.61 IT0/Zn0/PDTP-DF BT:PC,,BM/Mo0,/Ag 068 [17.8 65 79 [26]
PNT4T-20D -5.24 -3.71 ITO/Zn0/PNT4T-20D: PC,,BM/Mo0,/Al 076 [19.8 68 10.1 [24]
PBDT-DTNT -5.19 -3.26 ITO/Zn0/PFN-Br/PBDT-DTNT:PC,,.BM/Mo0,/Ag 075 |174 61 8.4 [27]
PBDTTPD (2EH/CT) [N.A N.A ITO/PEDOT:PSS/PBDTTPD(2EH/CT):PC,,BM/Ca/Al 097 |126 70 8.5 [28]
PTPD3T -5.55 -3.73 IT0/Zn0/PTPD3T.PC,,.BM/M00,/Ag 079 |125 79.6 7.90 [29]
PBDT-TFQ -5.52 -3.30 ITO/PEDOT:PSS/PBDT- TFQ:PC,,BM /Ca/Al 076 [17.9 57.6 8.0 [30]
PBDTT-FID -5.64 -3.98 ITO/ZnO/PNFBI/PBDTT—FID:PC,,BM/M00,/Ag 092 1130 68 7.04 [31]
PTNT -5.94 -3.57 ITO/PEDOT:PSS/ PTNT:PC,,BM/LIF/Al 090 (81 0.63 4.6 [32]
p-DTS(FBTThy), |-5.12 -3.34 ITO/PEDOT:PSS/p-DTS (FBTTh,),.PC, BM/Ca/Al 0773  |14.74 724 8.24 [33]
DR3TSBDT -5.07 -3.30 ITO/PEDOT:PSS/DR3TS BDT:PC, BM/ETL-1/Al. 091  |14.45 73 9.95 [34]
ICs,BA -5.67 -3.74 ITO/s-WO3/P3HT:IC,,BA/ Ca/Al 084  ]10.60 69 6.14 [35]
IC,,BA -5.61 372 ITO/s-WO3/P3HT:IC,,BA/ Ca/Al 084  ]10.85 69.8 6.36 [35]
SF-PDI, -5.90 -3.83 ITO/ZnO/PffBTAT-2DT:SF-PDI,/V,0/Al 098 [10.7 57 6.3 [36]
P(NDI20D-T2)  |-5.45 -4.0 ITO/ZnO/PEIE/BFS4: P(NDI20D-T2)/M00,/Ag 090 |92 52 4.3 [37]
FBR -5.70 -3.57 ITO/ZnO/P3HT:FBR/ MoO,/Ag 082 [7.95 63 411 [38]

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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