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Abstract

This work presents the first report of hybrid solar
cells using alloyed semiconducting silicon-tin nanocrys-
tals (SiSn-ncs) with quantum confinement effect that
allow additional absorption. The conversion efficiency
of hybrid solar cellsis enhanced by tuning the shorter
wavelengthsinto infra-red absorbed in the active layer.

1. Introduction

Hybrid solar cells have focused much of attentiamf
researches because they offer a possibility ofdost and
large area devices. Conjugated polymers, which thee
main material of hybrid solar cell devices, werensively
developed to reach a high absorption in the visialge of
the solar spectrum, a good conductivity, and caedsly
integrated in industrial process.

To further enhance the global conversion efficien€y
those hybrid solar cells, we propose to use silinano-
crystals (Si-ncs) or

tion via quantum confinement effect [1,2]. Partaly, the
SiSn alloy is a promising candidate for infra-rdxarption
by tuning the shorter wavelengths into infra-redhwan
adjustable bandgap below 1.12 (Si) down to 0.46eVY
pending on the concentration of Sn [3]. Furtherm&i&n
alloy can turn into a direct bandgap material thadatly
enhances the absorption. Previous reports of théhegis
of SiSn-ncs using a highly non-equilibrium and &bt
confined short pulsed laser process [1] revealedf¢asi-
bility of SiSn alloy with quantum confinement eftdg4]. In
this study, we successfully synthetized SiSn-ncsthxy

nanosecond pulsed laser fragmentation in liquid ianed

technique and realized hybrid solar cell devicesirider-
line their photovoltaic properties. This work pretsethe
first report of hybrid solar cells using alloyediin-tin
nanocrystals with quantum confinement size andratiso
peaks at 0.85 and 0.64eV.

2. Experimental detailsand discussions
Synthesis of silicon nanocrystals

Si-ncs were produced by electrochemical etcluih@
silicon wafer (p-type boron dopedl00, 0.1Qcm, thick-
ness of 0.525mm) and subsequent mechanical pudtieriz
[5]. A dry powder of Si-ncs is obtained that inahsdSi-ncs

alloyed silicon-tin nanocrysta
(SirxSn-ncs) that allow an additional modification absorp-

aggregates of different sizes with diameters uph#o mi-
crometer range.
Synthesis of alloyed silicon-tin nanocrystals

The synthesis of SiSn-ncs is achieved by lasettiahla
in water of a SisSny.1 target using a nanosecond pulsed
laser (KrF, 245nm, 20Hz) [1[The target is placed at the
bottom of a glass container and immersed in 6mL of
deionized water. The SiSn-ncs in liquid suspengiere
put on hot plate in air condition and then collecédter
water evaporation. The synthetized SiSn-ncs have a
quantum confinement size about 7nm.
Material analysis

The colloidal dispersions of Si-ncs and SiSn-ncsewe
analyzed by absorbance measurements using a UV/vis
spectrometer (PerkinElImer Lambda 950). Figure fplays
the absorbance spectra of synthetized SiSn-ncsar@ahpo
Si-ncs. As we can see the SiSn-ncs display a sleiftrin
absorption with the presence of two peaks down&6 @nd
0.64eV in comparison to Si-ncs. This prove the ifgkity
of the fabrication of alloyed semiconducting sitietin
nanocrystals, which are difficult to obtain by chieah fab-
rication process with metallic behavior [6].
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Fig. 1 presents the absorbance spectra of SiSn-ncs ifmeyl |
compared to Si-ncs (black line) dispersed in ethartee embed-
ded graph corresponds to the same absorbance sspectvider
energy scale from 0.6 until 5eV.
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Fabrication process of hybrid solar cell devices

Glass substrates with an indium tin oxide electrode

were used for the fabrication of solar cells. Thaejogated
polymer  Poly(3,4-ethy-lenedioxythiophene):poly(stye
sulfonic acid), namely the PEDOT:PSS, was depodited
spin-coating (3min at 3000 rpm, dried at 135°C16min).
Subsequently, the conjugated polymer
thieno[3,4-b]thiophenebenzodithiophene, namelyRi®7,
mixed with SiSn-ncs or Si-ncs as active layer wasodited
by spin-coating under nitrogen condition (2min &0Qrpm,
dried at ambient temperature for 20min). Then, lamana
top electrode of 100nm thick was deposited on tbthe
active layer by vacuum evaporation. The active afday-
brid solar cell devices is 4nfm
Photovoltaic properties

Hybrid solar cell devices with SiSn-ncs or Sgnaside
the active layer can display photovoltaic propsrtie both
cases introduction of nanocrystals formed bulk togtec-
tion and nanocrystals served as electrons acceypiiigrial,
which underlines the quality of SiSn-ncs with lowfelt
concentration. To emphasis the photovoltaic progemf
SiSn-ncs/Si-ncs, we investigated the role of thi® n@ano-
crystals/ PTB7 polymer by increasing the conceiamabf
nanocrystals up to 60% in weight. Figure 2 presdéinés
current-voltage characteristics of hybrid solatscasing 25

mg of PTB7 mixed with 40% in weight of SiSn-ncs or

Si-ncs under standard AM1.5G illumination (solidels)
and dark condition (dashed lines). Under AM1.5@nill-
nation we could see an improvement in the shocuiir
current density (Jsc) of devices using SiSn-ncg tivese
using Si-ncs due to enhanced absorption in neaared.
Enhanced current density at negative bias voltaggen
lines an effective separation of the photo gendrat&itons.
Under dark condition the current density is veny labout
3.1x10* and 4.7x10 mA/cn? at 0.8V for devices using
Si-ncs and SiSn-ncs, respectively. This underliae®w
leakage current with our synthetized SiSn-ncs cltse
Si-ncs and confirmed a low defect concentrationr €u
sults indicate that, in the case of SiSn-ncs, tlesqrvation
of lower mass of electrons compared to holes regult
minor changes of the valence band position whiclldeto
open-circuit voltage (Voc) rather identical for batevices
(0.8V).

3. Conclusions
The feasibility of alloyed semiconducting silictin

nanocrystals was underlined using a highly non{dajisim

and spatially confined short pulsed laser prodekstovol-
taic properties could be obtained, which is thst fieport of
hybrid solar cells using SiSn-ncs with quantum oomf
ment effect. It is believed that use of direct bgaql envi-
ronmental friendly and low cost silicon based napstals

with quantum confinement could lead to a cruciat en

hancement of the conversion efficiency not only fdry-
brid solar cells but allow the formation of new égof
solar cell structures with strong absorption beliw Si
energy bandgap.
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Fig. 2 presents the current-voltage characteristics bfilysolar
cells using 25mg of PTB7 mixed with 40% in weight3$n-ncs
or Si-ncs as active layer under AM1.5G (solid linesd dark
condition (dashed lines).

Acknowledgements

This work was partially supported by the Japan&ypdor the
Promotion of Science and a New Energy and Induiskeahnol-
ogy Development Organization (NEDO) Project (Japan)

Refer ences

[1] V. Svreek, D. Mariotti, and M. Kondo, Opt. Expresg (2009)
9652.

[2] V. Svréek, Nano-Micro Lettl (2009) 40.

[3] R.V.S. Jensen, T.G. Pedersen, and A.N. LarserRhys.
Condens. Matte23 (2011) 345501.

[4] V. Svreek, D. Mariotti, R.A. Blackley, W.Z. Zhou, T. Nagai,
K. Matsubara, and M. Kondo, Nanosc&l§€013) 6725.

[5] V. Svrgek, A. Slaoui, and J.-C. Muller, Thin Solid Films
451-452 (2004) 384.

[6] Y. Kwon, H. Kim, S.-G. Doo, and J. Cho, Chematdr. 19
(2007) 982.

- 405 -



