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Abstract

Gold nanoparticles (AuNPs) deposited at the riate of the hole-collecting buffer layer
[poly(3,4ethylenedioxythiophene):poly(styrenesulfte)(PEDOT:PSS)] and regiore-gular poly (3-
hexylthiophene) :[6,6]-phenylC61-butyricacidmetistkr(rr-P3HT):(PCBM) active layer were found to
significantly increase solar cell performance. i®to-physical properties of these devices incaimor
with AuNPs with different space distributions iretmterface of PEDOT:PSS buffer layer and P3HT:PCBM
active layer are investigated. We find that, théoap property is improved as the AuNPs are langeugh to
penetrate into the active layer and the performaridehotovoltaic solar cells (PSCs) with large Aw\fan
benefit from the improved hole collection efficigncThe efficiency enhancement for the device with a
PEDOT:PSS: AuNPs film is more significant thantloe device with PEDOT:PSS film.

Keywords: PEDOT:PSS, Buffer layer, P3HT:PCBI&old oxide nanoparticle.

1. Introduction

In the past few years, The effective conversiosaér energy into electricity is becoming a verypaertant
issue in terms of rising energy costs and needi/mfo photovoltaic cells offer a great technologica
potential as renewable energy sources for eleteivargy and offer easily manufactured, compatipilith
flexible substrates and low-cost alternative to treditional inorganic-based solar cells [1-6]. i/gas
strategies have been adapted in the fabricatioeffafient polymer photovoltaic cells. In the pabtlk-
heterojunction photovoltaic cells (BHJ) made bynilieg p-type (p-conjugated polymer) with n-type
(fullerene) materials were studied extensively [7].

To significantly enhance the photovoltaic efficigris still one of the most important tasks for fhaymer
photovoltaic cells. The light to electricity cons@n process involves four steps: (1) light absorpand
exciton formation, (2) exciton dissociation, (3)acge transport, and (4) charge collection. These $teps
are affected by the chemical structure of activeenws, that is, the donor and the acceptor, d&d t
morphology of the active polymer film [8—-12]. P3ldhd PCBM become popular polymer donor and organic
acceptor for polymer photovoltaic cells due to tthezisy availability, excellent solubility in commonganic
solvents, and high mobility. Great progress hasmtyg been made on P3HT:PCBM photovoltaic cells.
Although many reports on the metallic NPs enhane&€s the exact understanding on the photovoltaic
performance changes remains inconclusive. On ond, lseveral studies have shown that the absorpfion
photoactive conjugated polymer in the active laggr be enhanced due to the plasmonic scatteringaor
field enhancement caused by localized surface miagmsonant (LSPR) effect of the metallic NPs (ityain
enhance the optical property) [13,14]. On the oti@rd, many of reports indicated that the stroray field
around NPs due to LSPR effect mainly distributésrédly along the PEDOT: PSS layer, leading to mai
enhancement of light absorption in the active layidrus they contributed to the improvement of power
conversion efficiency (PCE) to the enlarged inteiefharea between active layer and PEDOT: PSS buffe
layer as well as the improved PEDOT: PSS condugt{mainly improve the electrical property) [15].
Organic solar cells are very promising becauséneit thigh absorption coefficient, their compatityilivith
flexible substrates and their low manufacturingtc8®me disadvantages such as their short lifetiveeto
instability in contact with oxygen or humidity [16,] and their poor efficiency need to be improvedr
work aims to improve efficiency by increasing thesarption inside an organic material. We do so by
incorporating metallic nanoparticles inside theambig layer, thus generating surface plasmon {3Rxe
SP produce evanescent waves by a strong coupliayvebn an incident electromagnetic wave and the
electrons of the conduction band of a metal ocogrihen the frequency of an incident wave is etu#he
frequency of the plasmon resonance.

This effect leads to a strong increase in the edewdgnetic field around metallic particles, whiclakas it
possible to improve absorption in the surroundirggdimm. It is known that the resonance frequencyesar
according to the form and the diameter of the nartages (NPs), the period of the considered ggatthe
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material composing the nanoparticles and the dptimastants of the surrounding medium [18]. Goltles
and metal oxide nanoparticles placed in air hae& tfiesonance frequencies in the visible spectesie Hve
used metal oxide nanoparticles. The inclusion ef¢hnanoparticles also enables light to be scdftergich

is especially useful in the intermediate layer.

2. 2. Experiment

2.1. Photovoltaic device fabrication

Each glass substrate was coated with a transplréntlectrode (120nm thick, 28sq sheet resistance),
washed thoroughly in acetone, isopropyl alcohot] distilled water, dried under nitrogen gas, head]
and finally treated by ozone-ultraviolet cleanerlfimin. The prepared PEDOT:PSS(Sigma-Aldrich)
solution was mixed with AUNPs (5 um). The conceigraof AUNPs in PEDOT:PSS 0.5 wt.%. Then this
solution was spin coated at 2000rpm on onto ITGssate (30nm) which was pre-coated on the surféice o
the active layer. Thermal pre-annealing was coretliat 150C for 15min on a dry oven in ambient air. The
mixed solutions consisting of rr-P3HT,(10 mg ™LSigma-Aldrich) and PCBM (*10mgni. Sigma-
Aldrich) in cosolvent by mixing chlorobenzene ardocoform (CB:CF) solvent in 1:1 weight ratio were
then spin-coated at 800rpm on the PEDOT:PSS layeairi The thickness of the active layer is ~180 nm
After spin-coating photoactive layer, Al (40nm) wermal evaporated under high vacuum of ~

with a rate of 0.1 nm's onto the polymer layer as a cathode to creatvice with an active area of 9rim
defined by a shadow mask. The final device strectsil TO/PEDOT:PSS (Au)/P3HT: PCBM/AI, as shown
in Fig.1(a,b&c). Finally the post-annealing of ttempleted photovoltaic cells was carried out at ¥S@or

20 min.

2.2 Device characterization

The current density—voltage (J-V) characteristitslevices were measured with a computer-programmed
Keithley 2400 source/meter, which simulated the AB/dunlight with energy density of 100mW¢énFilms
were prepared by spin coating PEDOT:PSS (Au) andTP®CBM solution on glass substrates for UV-vis
absorption spectroscopy and atomic force micros¢sp). The UV—-vis absorption spectra of the polyme
films were taken with a Varian Cary 5000UV-VIS—NHpectrometer. The light intensity for the solar
simulator was calibrated with a standard photowwl{@V) reference cell. Incident photon to electron
conversion efficiency (IPCE) curves were measur@t & Stanford lock-in amplifier 8300unit.The AFM
images of the polymer films were acquired usingRUBER NanoScope IV Multi-Mode Adapter AFM with
the tapping mode. The film thickness was measuyespbctroscopic ellipsometry(M-2000).

The PCE 1) is described by = FFx (Voe X 1J/Pigni, Where the FF is defined as FFmallx Vina)/(IsX Voo ,
Imax @aNd Vinax are the current and voltage at the maximum poweértfand the Ry is the power of incident
light. The PCEs of the pristine and hybrid OSCsengstimated to be 5% for AUNPs concentration.
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Fig.1. (a) The energy level diagram. (b) Deviceicire of the organic solar cell. (c) Chemical stue of
PH3T and PCBM.
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3. Resultsand Discussion

To investigate the plasmonic effects of the AuNRstlie OSCs, the photovoltaic characteristics of ©SC
with and without AUNPs were measured and compaFégl. 1a shows a schematic illustration of the
fabricated plasmonic OSCs consisting of a BHJ PBICBM composite active layer and the PEDOT:PSS
with the PSS-coated Au NPs. We investigated thecefif AUNPs on the photovoltaic characteristicshef
OSCs.Thin films of ITO/PEDOT:PSS(Au)/P3HT:PCBM/Ahdch ITO/ PEDOT:PSS/P3HT:PCBM/ Al for
UV-vis absorption studies were prepared on ITO ebafiass substrate. UV-vis absorption spectrum was
presented in Fig. 2(a,b). The net absorbance oPEBOT:PSS layer with the incorporated AuNPs was
obtained as shown in Fig. 2(a). We Observed that eNhanced light absorption was exhibited for the
PEDOT:PSS layer after coated by Au NPs. And on dtieer hand , in fig. 2(b) both films show
characteristic peaks for P3HT in 500-600nm rangk R@GBM at about 330 nm. Obviously,the intensity of
the UV-vis absorption peaks slightly increased whihh NPs. First reason for this observation can be
attributed to a phenomenon of formation of localizurface plasmon resonance (LSPR) and increase in
scattering of light due to the use of metallic NEBshancing the light absorption efficiency. Thehtig
scattering lengthened the optical path in the ad@yer, thereby trapping it inside [19-21]. Secoeason

for the enhancement of the total excitons createdhe active layer is that the energy dissipatien i
proportional to the intensity of the electromagoégld [22].

The current density (J) versus voltage (V) charattes of devices were presented in Fig. 3. Theiate
characteristics are summarized in Table 1. The -@renit voltage (\) was increased from 0.64 to 0.66 V,
whereas the short-circuit current density)(and fill factor (FF) were increased from 5.4 td ™A/cm2
and.63 to 0.64, respectively, for the hybrid phottaic cell when compared to the pristine photaaiclt
cell.To obtain hybrid photovoltaic cells with higheurrent density and FF, both electron and holbilities
must be optimized and most importantly, balancealehb typically the high mobility carrier in regegular
P3HT and thermal annealing will further improve tiwde mobility in the photovoltaic cell.

The increased current density in hybrid photovoltell compared to pristine photovoltaic cell maydue

to the presence of inorganic NPs through out thizweatayer of P3HT: PCBM in hybrid film, which call
increase the transport of charge-carriers in theitlyphotovoltaic cell. This increases the PCEhaf lhybrid
photovoltaic cell up to 2.17% compared to prisfaetovoltaic cell PCE of 3.12%.

To confirm the enhancement in thg 6f the plasmonic OSCs, the IPCE were measured.IFBE for the
reference and plasmonic OSCs are shown in Fig.éc@vpared the curve of the increase in EQE between
PEDOT:PSS and PEDOT:PSS: AuNPs device. The phatatuwithin the wavelength range from 400 to
700 nm increased significantly after addition o thu NPs. The EQE data supports the UV/visible data
corresponding to Fig. 3. The device also showedrecdd quantum efficiency in the broad wavelengtigea
due to adequate scattering of light. This indicateshift in the improvement of optical absorption the
active layer near the PEDOT:PSS (with AuNPs) bufiger. We suggest that the enhanced g of plasmonic
OSCs is mainly caused by the increase of opticabigdtion, because the incident light on the adiiyer
could be intensified due to the surface plasmorth®fAu at resonance frequency and/or the incretidee
optical path of incident light by the scatteringrfr AUNPs.

The bulk-heterojunction morphology of pristine (FED.PSS) and hybrid (PEDOT:PSS: AuNPs) films was
investigated by AFM. In order to understand the arnthying morphology of the devices in the final
photovoltaic cells, samples were made by removireggAl cathode from the final photovoltaic cells ngsi
sticky tape and the observed AFM images are displap Fig. 4. The r.m.s roughness of the pristine
(PEDOT:PSS) film is6.7nm. The surface roughnesseased to 8.2nm for the hybrid (PEDOT:PSS: AuNPS)
film. The increased roughness and the observeeérdiit texture of the hybrid thin film (PEDOT:PSS:
AUNPSs) could be due to the presence of AuUNPs énREDOT:PSS layer which has undergone annealing
process. The texture of the hybrid film (PEDOT:PB8NPSs) is similar through out the surface of thmn f
[23].

4. Conclusion

We fabricated the high efficient P3HT: PCBM: AuNmgbrid photovoltaic cells by generating the
Goldnanoparticles in PEDOT:PSS light harvestingesysfor OSCs of P3HT:PCBM. Light absorption of
device differs with AuNPs and showed different dse to much exciton generation. AuNPs contributed i
increased light harvesting.The presence of Goldpariicles increased the charge-carrier mobilitghe
hybrid photovoltaic cell. We anticipate that thiswmnconcept of making hybrid polymer:fullerene:ineang
photovoltaic cells will be helpful to further impre the PCE of polymer photovoltaic in near future.

References

Brabec C.J ,. Sariciftci N.S ,. Hummelen J.C, Adunct. Materiel. 11 (2001) 15.
Spanggaard H., Krebs F.C., Sol. Energy Mater. Gells 83 (2004) 125.

81



Chemistry and Materials Research www.iiste.org

ISSN 22243224 (Print) ISSN 222%956 (Online) l'F,i,!
Vol.6 No.5, 2014 "s E

Coakley K.M., McGehee M.D., Chem. Mater. 16 (2003833.

Janssen R.A.J., Hummelen J.C., Sariciftci N.S., NBRS. 30 (2005).

Bundgaard E., Krebs F.C., Sol. Energy Mater. Sells®1 (2007) 954.

Nes S. Gu., Neugebauer H., Sariciftci N.S., Cheav.R07 (2007) 1324.

Yu G., Gao J., Hummelen J.C., Wudl F., Heeger Adience 270 (1995) 1789.

Hoppe H., Sariciftci N.S., J.Mater.Chem.16(2006 Btb—

Bundgaard E., Krebs F.C., Sol. Energy Mater.Sols8&(2007)954-985.

Gunes S., Neugebauer H., Sariciftci N.S., ChemR&(2005)1324-1338.

Hou J.H., Tan Z.A., Yan Y., He Y.J., Yang C.H.,\LIF., J. Am. Chem. So0c.128(2006)4911-4916.

ShiC.,Yao Y., Yang Y., Pei Q., J.JAm.Chem.Soc.?286)8980— 8986.

Wu J.L., Chen F.C., Hsiao Y.S., Y.S.Chien Y.S.,REhKuo C.H., Huang M.H., Hsu C.S.,ACSNano 5
(2011) 959-967.

Yang J., You J.B., Chen C.C., Hsu W.C., Tan H.Rhary X.W., Hong Z.R., AngY.Y,ACSNano5
(2011)6210-6217.

Fung D.D.S., Qiao L.F., Choy W.C.H., AngC.W,W.EHza5F.X. Xie,S.L.He,21(2011)16348-16356.

Jargensen M., Norrman K., Krebs F.C., Sol. EnergyeviSol.Cells92(2008)686—714.

Krebs F.C., Jgrgensen M., Norrman K., HagemannAB®trup J., Nielsen T.D., Fyenbo J., Larsen,Jette
Kristensen K., Sol.Energy Mater. Sol. Cells 93(20482—441.

Kelly K.L., Coronado E., Zhao L.L., Schatz G.C.Rhys. Chem. B107 (2003) 668—677.

Maier S. A., Atwate H A. r, J. Appl. Phys. 98 (20@8.1 101.

Rand B. P., Peumans P., Forrest S. R., J. Appk.F8y(2004) 7519-7526.

Monestier F., Solar Energy Mater. Solar Cells(20875-410.

Park E.K., Choi M., Jeun J.H., Lim K.T., Kim J.NKim Y.S., Microelectronic Engineering 111 (2013)616
169.

Nguyen H., Hopee H., Erb T., Gunes S., Gobsch &ici#ici N.S., Adv. Funct. Mater. 17 (2007) 1071.

—0o— Pristine
—O0— Hybrid

1.0

Absorption[a.u]

T T T T T T T T T T T T T T T T T T
300 350 400 450 500 550 600 650 700 750
Wavelength (nm)

Fig.2. (a) UV—vis absorption spectra of pristinedd®E:PSS layer and hybrid PEDOT:PSS:(Au) layer dd (
active layefPEDOT:PSS layer and hybrid active lay@EDOT:PSS:(Au) layer thin films.
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Fig.3. J-V curves of cells fabricated with pristaive layer/PEDOT:PSS layer and hybrid activetay
PEDOT:PSS:(Au) thin films.
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Fig.4. Incident photon-to-current conversion effitty (IPCE) curves for the pristine and hybrid phottaic
cells fabricated with PEDOT:PSS.

Table 1. Photovoltaic properties of the devices enaih buffer layer and photoactive layer usingratib of
P3HT to PCBM and AuNPs.

Buffer layer Voe(V) J «(mA/ cm?) FF PCE (%)
PEDOT:PSS 0.64 5.4 0.63 2.17
PEDOT:PSS: AuNPs 0.66 7.4 0.64 3.12
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Fig.5. AFM images of the pristine PEDOT:PSS layadt anybrid PEDOT:PSS:(Au) layer thin films .
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