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This report features the work of Bo-Yao Wang and his
collaborators published in Phys. Rev. B 94, 064402

(2016), and the work of Yizheng Wu and his collabora-

tors published in Sci. Rep. 6, 22355 (2016).
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e Chemical and Magnetic Image, NEXAFS, XMCD,
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Contacts under the Sun

Organic photovoltaics with improved carrier extraction efficiency can be an answer to the

low-cost solar energy.

cathode

n-type layer

p-type layer

hole transport Iaygr
anode

transparent substrate

| n the course of pursuing renewable energy to pow-
er the world, solar energy is the type that is auto-
matically delivered to us on a daily basis. The ques-
tions arise how efficiently we can convert the sunlight
into electricity, and at what cost. Perovskite-based
solar cells and organic solar cells were recently iden-
tified as promising candidates to harvest solar energy
in terms of their efficiency of power conversion (PCE)
and cost of manufacture. A solar cell is a layered
device that comprises a pair of metal electrodes and
p-n junction(s) as shown on the left. When sunlight is
absorbed, semiconductors in the p-n junction release
many bound electrons into excited states to become
carriers extractable with an external circuit. Because
the carrier population is now changed, an additional
voltage becomes concurrently added on top of the
intrinsic voltage of the p-n junction. The problem is
that every electron that jumps into conduction band
would leave a hole behind. Before being extracted,
an excited electron might consequently recombine



with the hole left behind by another electronic ex-
citation, resulting in a decreased PCE. As the output
power of a cell is the product of short-circuit current
(Jsc) and open-circuit voltage (V,), it is highly desir-
able to decrease the rate of recombination of excited
electrons with holes so that solar cells with increased
PCE are attained.

Yao-Jane Hsu at NSRRC and Peter Chen at National
Cheng Kung University (NCKU) recently launched a
joint effort to understand why the PCE of a CH3NH;P-
bls (MAPbIs) perovskite solar cell (PSC) increases from
7.8% to 17.3% after introduction of a nanostructured
NiO hole-transport layer. Employing X-ray spectra
and a microscope at NSRRC beamline TLS 09A2 and
UVSOR beamline BL4U," the team found that, be-
fore application of the MAI treatment (reaction with
CH3NH;l), the Pbl, in contact with NiO nanocrystals
undergoes a reaction to form PbO (Fig. 1). What
eventually surrounds NiO nanocrystals after the MAI
treatment is MAPDbI3.,;05 rather than MAPDI;. A the-
oretical calculation indicated further that there is a
smaller barrier to hole transport at NiO/MAPblI; ;505
than that at NiO/MAPbI;. As holes generated by sun-
light can be transported more efficiently through the
NiO surface, it becomes clear how a nanostructured
NiO film can raise the PCE more than a smooth NiO
film.

The advantages of having a layer to transport holes
or electrons to facilitate the PCE was also reported by

(a)

Junfa Zhu and his co-workers working on an organic
solar cell at beamline TLS 24A1.22 Employing X-ray
photoemission spectra, Zhu's team learned that the
addition of a calcium interlayer with a small work
function between the aluminum electrode and the
bulk heterojunction (BHJ) as in PCDTBT and APFO3
can help to improve their PCE. According to the ener-
gy shift found in core-level spectra and the secondary
electron cut-off displayed in valence-band spectra
(Fig. 2), Zhu's team found that the Ca interlayer
introduces an additional dipole moment at the elec-
trode-BHJ contacts. The resulting alignment of energy
levels between the active layer and the electrode
makes it easier (more difficult) to extract an electron
(hole) from BHJ, and eventually leads to increased J
and V,, but the insertion of a calcium interlayer does
not come free of problems. Metal diffusion and a
reactive interface were found to make the contacts ill
defined, hence to give a deviant performance of the
device.

In summary, improving the efficiency of extraction

of holes or electrons is a reasonable approach to
decrease the rate of recombination of electrons with
holes, but, although inserting a hole or electron trans-
port layer between cathode (anode) and an active
layer can achieve such a goal, more work must be
done, in particular on the roles of reactive interfaces.
The ability to probe electronic structures of materials
buried under electrodes makes synchrotron-based
soft X-ray microscopy and spectroscopy the tech-
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Fig. 1: (a)-(b) Soft X-ray transmission microscope images and (c)-(d) p-area X-ray absorption spectra of a NiO nanocrystal embedded
in a Pbl; film. A normalized oxygen spectrum recorded from a Pb-rich area (red) has features distinct from those acquired from
area (blue) with less Pb. [Reproduced from Ref. 1]

01

7

92UBIDG S|elIdl.A pue sJIsAyd .



018

910C 140d3Yy ALIAILDV '

(a) Afpz=1.2%0.1eV AJ=21%01eV
— — —
2
c
]

o
S
<
>
-
‘@
c
]
)
£
| B |
(b)
m
=
c
=]
o
S
<
>
o)
‘@
c
]
=]
£
L] ¥ T )
288 286 284 37 36 35 34
< C1ls Secondary Electron Cutoff

Binding Energy (eV)

Fig. 2: Evolution of C 1s core-level spectra and secondary elec-
tron cut-off measured from a PCDTBT surface with varied
thickness of Ca or Al. The Ca and Al layer introduces
interfacial dipoles to result 0.9 and 0.5 eV energy shifts,
respectively. [Reproduced from Ref. 2]

TLS 09A2 U50 - Spectroscopy

niques of choice to provide valuable insight for issues
related to heterojunctions. (Reported by Der-Hsin
Wei)

This report features the work of Yao-Jane Hsu and her
collaborators published in Adv. Mater. Interfaces 3,
16000135 (2016), and the work of Junfa Zhu and his
collaborators published in ACS Appl. Mater. Interface
8 2125 (2016) and Phys. Chem. Chem. Phys. 18, 9446
(2016).
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eMaterials Science, Chemistry, Surface, Interface and
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