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Abstract Inverted organic photovoltaic cells (IOPVCs), based on the planar heterojunction C60 /CuPc,
were grown using MoO3 as anode buﬀer layer and CsI or Cs2 CO3 as cathode buﬀer layer (CBL), the
cathode being an ITO coated glass. Work functions, Φf , of treated cathode were estimated using the cyclic
voltammetry method. It is shown that Φf of ITO covered with a Cs compounds is decreased. This decrease
is ampliﬁed by the annealing. It is shown that the thermal deposition under vacuum of the CBL induces
a partial decomposition of the caesium compounds. In parallel, the formation of a compound with the In
of ITO is put in evidence. This reaction is ampliﬁed by annealing, which allows obtaining IOPVCs with
improved eﬃciency. The optimum annealing conditions is 150 ◦ C for 5 min.

1 Introduction
Nowadays, organic photovoltaic cells (OPVCs) are devices the most studied in the ﬁeld of the photovoltaic energy owing to their promising properties, lightness, ﬂexibility, semi transparency. Until today they are still in need
of power conversion eﬃciency and stability improvement.
Conventional OPVCs consist of an organic active material,
containing an electron donor (ED) and an electron acceptor (EA), sandwiched by a high workfunction, conductive
and transparent electrode as the anode, such as indium tin
oxide (ITO) and a low work function metal, such as Al,
as the cathode. In this conventional architecture, ITO is
the bottom electrode, deposited onto the substrate, while
the cathode is the top electrode [1].
More recently, inverted OPVCs with modiﬁed ITO as
the transparent cathode and a high work function metal
as the anode were studied. In this architecture the anode
is the top electrode. It allows the use of an air stable high
a
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work function material as top electrode to improve the air
stability of the cells [2–4].
Eﬃcient charge collections are usually achieved
through electrode buﬀer layers. As a matter of fact, for
eﬃcient charge collection, work functions of cathode and
anode must be matched to the lowest unoccupied molecular orbital (LUMO) of acceptor and the highest occupied
molecular orbital (HOMO) of donor, respectively. Buﬀer
layers (BF) are necessary in view of the diﬃculties in organic optoelectronic devices of the charge carrier transport
between the organic materials and the electrodes. In the
case of the anode/electron donor contact, a common solution is to introduce a thin anode buﬀer layer (ABL), which
adjusts the electronic behaviour of the adjacent materials.
We have shown that an ultra-thin (0.5 nm) Au ﬁlm and
or a thin (4 nm) MoO3 ﬁlm introduced between the anode
and the organic material can be used to improve the devices performances [5–7] and we have used MoO3 as ABL
in the OPV studied here.
In the case of inverted OPVCs (IOPVCs) it was shown
that the use of a MoO3 layer thick of 6 nm allows obtaining
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eﬃcient hole collection whatever is the metal of the anode [8, 9]. The main aim of the present work being the
study of the interface cathode/EA, we have used this classical MoO3 /anode hole collecting structure, with Al metal
electrode. We have focused our interest on the eﬀect of
cathode buﬀer layer (CBL) based on caesium compounds,
CsI and Cs2 CO3 . More precisely we have studied the eﬀect
of the annealing temperature of the ITO/caesium compound structure on the electron collection eﬃciency. We
show that the improvement of the eﬃciency of the caesium compound as CBL is related to CBL/ITO chemical
reaction during the annealing process.

2 Experimental details
The cells were fabricated onto ITO coated glass substrates with a sheet resistance of about 25 Ω/square. Here
the ITO was used as cathode. The standard substrate
dimensions were 25 mm by 25 mm. Since ITO covered
the whole glass substrates, some ITO must be removed to
obtain the under electrode. After masking a broad band
of 25 mm by 20 mm, the ITO was etched by using Zn powder + HCl as etchant [8,9]. After scrubbing with soap, the
ITO coated substrates were rinsed in running deionised
water. Then the substrates were dried with an air ﬂow
and then loaded into a vacuum chamber (10−4 Pa). Deposition rate and ﬁlm thickness were measured in situ by
quartz monitor, after calibration for each material used.
The organic donor/acceptor couple used is copper phthalocyanine (CuPc)/fullerene (C60 ), the ABL is, as said
above, MoO3 , while the CBL is either CsI or Cs2 CO3 .
The Cs compound, C60 , CuPc, MoO3 ﬁlms were successively sublimated under vacuum and ﬁnally the metal anode was evaporated on the top of the device giving the
following inverted OPVC:ITO/CBL/C60 (40 nm)/CuPc
(35 nm)/MoO3 (6 nm)/Al (120 nm). The top electrode
was deposited through a mask with 2 × 10 mm2 active
area.
Before deposition of the organic layers the ITO/Cs
compound structures were annealed for 5 min at temperature between room temperature and 200 ◦ C under argon
ﬂux. The eﬀect of annealing temperature on the OPVCs
performances, and on the properties of the bilayer ITO/Cs
compound were studied.
The morphology of the diﬀerent structures used as
cathode was observed through scanning electron microscopy (SEM) with a JEOL 7600F. AFM images on
diﬀerent sites of the ﬁlms were taken ex-situ at atmospheric pressure and room temperature. All measurements have been performed in tapping mode (Nanoscope
IIIa, Veeco, Inc.). Classical silicon cantilevers were used
(NCH, nanosensors). The average force constant and resonance were approximately 40 N/m and 300 kHz, respectively. The cantilever was excited at its resonance frequency. These structural characterizations were performed
at the “Centre de micro-caractérisation de l’Université de
Nantes”.
XPS measurements were carried out at room temperature. An Axis Nova instrument from Kratos Analytical

spectrometer with Al Kα line (1486.6 eV) as excitation
source has been used. The core level spectra were acquired
with an energy step of 0.1 eV and using a constant pass energy mode of 20 eV, to obtain data in a reasonable experimental time (energy resolution of 0.48 eV). Concerning
the calibration, binding energy for the C1s hydrocarbon
peak was set at 284.6 eV. The pressure in the analysis
chamber was maintained lower than 10−7 Pa. The background spectra are considered as Shirley type.
For comparison, OPVCs with CsI, Cs2 CO3 and without CBL were realized during the same deposition process.
Successive (3–4) depositions were done for each conﬁguration, which corresponds to 9 to 12 OPVCs, in order to
check the reproducibility of the results.
The work function (Φf ) of the ITO electrode and CBL
are evaluated using cyclic voltammetry. Cyclic Voltammetry is an electrochemical method for determination of oxidation and reduction states. The working electrode (here
ITO sample), dipped in an electrolyte solution (Acetonitrile containing 0.1 M tetrabutylammonium tetraﬂuoroborate), is biased with respect to the reference electrode
(Ag/AgCl (3M NaCl)), which has a known potential.
When the bias reaches the diﬀerence between the reference
electrode and oxidation potential of the sample, the electrode is oxidized and the current is recorded at the counter
electrode. Similarly, when the bias overcomes the reduction potential, relative to the reference, the electrode is reduced. A linear voltage ramp is used in the sweep. Linear
ramping potential starting from 0 V up to a pre-deﬁned
limiting value with a scan rate of 50 mV/s and recorded
the current. The optimised switching potential is 2 V for
this experiment. At this potential, the direction of the potential scan is reversed and the current is again recorded.
The sweep is repeated several times between the two limiting potentials. A three electrodes cell conﬁguration with
Pt as the counter electrode is used for this work. Threeelectrodes conﬁguration allows one electrode to be studied in isolation, without complications from the electrochemistry of the other electrodes. The instrument used is
Zhaner make Electrochemical workstation (IM6ex).
The Ionization potential is calculated from the onset
Oxidation potential using the equation
IP = Eoxonset + 4.4 eV.

(1)

The onset potentials are determined from the intersection
of the two tangents drawn at the rising current and baseline charging current of the CV traces. The work function
of ITO is taken as equal to ionization potential (IP), as it
is assumed that there is no band bending at ITO interface
and the injection barrier, ΔEh ∼ 0.

3 Results and discussion
Figure 1 shows the photovoltaic response of typical
IOPVCs using diﬀerent cathode conﬁgurations. Table 1
shows that the post-deposition annealing temperature of
the cathode buﬀer layer plays a major role in the device
performances.
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Table 1. Performances of the OPVCs with diﬀerent cathode buﬀer layers and after diﬀerent annealing.
Buﬀer layer
CuI*
–
CsI
CsI
CsI
CsI
CsCO3
CsCO3
CsCO3
CsCO3

Annealing temperature (◦ C)
–
–
–
100
150
200
–
100
150
200

Jsc (mA/cm2 )
6.09
2.99
1.52
2.49
3.53
4.05
1.63
2.08
3.12
3.80

Voc (V)
0.43
0.42
0.32
0.37
0.43
0.40
0.28
0.30
0.40
0.38

FF (%)
51
50
35
41
55
45
35
40
51
45

η (%)
1.35
0.63
0.17
0.38
0.84
0.81
0.16
0.25
0.63
0.65

*Classical cell conﬁguration: ITO/CuI/CuPc/C60/Alq3 /Al.
4,5
3,0
1,5

CsI thickness
(nm)
1
1.5
3

ITO/CsCO3

2

J (mA
A/cm )

Table 2. Performances of the OPVCs with diﬀerent CsI thickness after an annealing of 5 min at 150 ◦ C.

ITO
ITO
ITO/CsI
ITO/CsI
ITO/CsCO3

0,0
-1,5
-3,0
-4,5
-200

0

200

400

V (mV)

Fig. 1. J-V characteristics of OPVCs with diﬀerent cathode
buﬀer layers: ITO (), ITO/CsI () and ITO/Cs2 03 (•) after
annealing at 150 ◦ C of the structure ITO/Cs compound.

Firstly, we can see that a minimum annealing temperature is necessary for the buﬀer layer is eﬀective. Below
this temperature the power conversion eﬃciency (η) of the
IOPVCs is smaller than that obtained without CBL. Similar results were already achieved, for instance in the case
of Cs2 CO3 , it was attributed to its low conductivity [10].
Actually, when the annealing temperature is insuﬃcient,
the IOPVCs show poor short circuit current density, Jsc ,
open circuit voltage, Voc , and ﬁll factor, FF , implying that
the Cs compound CBL provide poor function in terms
of electron extraction and transport to the cathode [11].
Secondly, we can also note that the minimum annealing
temperature required is 150 ◦ C for 5 min. For higher annealing temperatures we note a tendency of stabilization
of the IOPVCs performances. The variation in devices performances in not large in terms of Voc and F F . However
the variation in Jsc is obvious, due to the presence or not
of a CBL and of its annealing temperature. Maximum Jsc
of 3.53 mA/cm2 and 3.80 mA/cm2 are obtained after annealing 5 min at 150 ◦ C for CsI and 200 ◦ C for Cs2 CO3 ,
respectively.
It is known that the photocurrent of the IOPVCs depends on the light absorption, exciton dissociation, carrier

Jsc
(mA/cm2 )
3.01
3.53
2.40

Voc
(V)
0.42
0.43
0.41

FF
(%)
53
55
32

η
(%)
0.67
0.84
0.32

transport and collection at electrodes. Here, due to the
same ED/EA couple in each device, it can be supposed
that exciton diﬀusion, dissociation and carrier transport
are the same for all IOPVCs. Moreover the same anode
conﬁguration being used for all devices, the diﬀerences in
the Jsc values should mainly due to cathode electron collection eﬃciency. So, in order to understand the origin of
the IOPVCs improvement, the diﬀerent CBL/ITO structures were investigated.
As the light is incident from the ITO electrode, a possible source of Jsc modiﬁcation is the optical transmittance
of the cathode. All samples, with or without CBL, show
high transparency with transmittance above 90% in the
visible range (not shown here). It shows that there is no
contribution of the optical properties of the cathode to the
variation of the Jsc value.
The electronic collection is also related to the passage
of free electrons through the EA/CBL/ITO interface, before they are collected by the cathode. Therefore the conductivity of the CBL is signiﬁcant for charge collection
eﬃciency. The conductivity of the CBL used being very
small, the electrons can cross this layer by tunnel eﬀect.
It is known that for thickness higher than 2 nm a fast decrease of the tunnelling current is observed, which justiﬁes
that the highest eﬃciency is obtained with CBL thickness
of 1.5 nm. For thicker ﬁlms, Jsc decreases due to limited
tunnel eﬀect. For thinner ﬁlms, the CBL is strongly discontinuous which justiﬁes its limited eﬀect (Tab. 2).
Lastly, the energy alignment at the EA/cathode interface is decisive to the electron collection. In the case of
poor band matching, the series resistance increases and
Voc is limited.
The series resistance of the diﬀerent IOPVCs varies
with the cathode structure. As expected, it decreases when
Jsc increases. For instance it decreases from Rs = 18 Ω
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Fig. 2. Surface visualisation of ITO/CsI cathode not annealed
(a) and annealed at 100 ◦ C (b), 150 ◦ C (c) and 200 ◦ C (d).

Fig. 4. AFM images of ITO/CsI cathode before (a) and
after (b) annealing at 100 ◦ C.

Fig. 3. Surface visualisation of ITO/Cs2 CO3 cathode not annealed (a) and annealed at 150 ◦ C (b).

without CBL to 8 Ω when the CsI CBL (1.5 nm) is annealed at 150 ◦ C, indicating that the annealed structures
are more favourable to electron collection. Also Voc increases with the annealing temperature, at least up to the
optimum temperature, which testiﬁes of an improvement
of the band matching.
In order to investigate more precisely the eﬀect of the
nature of the CBL and of the annealing treatment, on
the ITO/CBL structure properties we proceed to some
speciﬁc characterizations, SEM, AFM, XPS studies and
ΦM measurements.
We ﬁrst consider the SEM images obtained for the
surfaces of the ITO/CBL structures (Figs. 2 and 3) and
the AFM topographic images obtained for the surfaces of
these structures (Figs. 4 and 5).
Figures 2 and 3 show the SEM images of the CsI and
the Cs2 CO3 CBL onto the ITO electrode after annealing
treatment or not. Without or with annealing the surfaces
of the structures are fairly smooth and homogeneous even
if some faint features seem appear when the annealing
temperature increases.
The AFM topographic images of the ITO/CBL structures are shown in Figures 4 and 5. Before annealing the
root mean square (rms) roughness is of 2.8 ± 0.2 nm in
the case of CsI and 3.5 ± 0.2 nm in the case of Cs2 CO3 .
After annealing, whatever the annealing temperature, the
surface is smoothed. The rms value is 1.9 ± 0.2 nm in the
case of CsI and 1.7 ± 0.2 nm for Cs2 CO3 . These results do
not conﬁrm the visual impression given by the SEM study.

Fig. 5. AFM images of ITO/Cs2 CO3 cathode before (a) and
after (b) annealing at 100 ◦ C.

Therefore the surface morphology studies of the ITO/CBL
indicate that the nature of the CBL, CsI or Cs2 CO3 , and
its annealing temperature have only a small eﬀect on the
surface morphology of the ITO/CBL structures. This suggests that, the surface morphology of the structures can
hardly explain the diﬀerent behaviours, so we preceded in
XPS measurements.
About quantitative analysis, there is some uncertainty
on the measures for the Cs2 CO3 due to the transfer in
room air from gloves box, where we proceed to the annealing, to the XPS apparatus, which induces some oxygen
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In 3d/29
x 10

Table 3. Variation of the ratio InITO /Inx with the annealing
temperature.

3

In3d5/2

Annealing temperature (◦ C)
InITO /InInI3
InITO /InIn(OH)n

In 3d

40

35

In3d3/2

100
3.0
3.6

150
2.15
2.8

200
2.0
2.4

In 3d

30

25
4.0
4.4

I 3d/5

ITO
x 10

25

3

CPS

36

In3d5/2
I 3d

20

34

15

InI3

In3d3/2

32

I 3d

10

30

InI3
456

452

448
Bindi ng E nergy (eV)

444

440

28

Fig. 6. Decomposition of the In3d XPS spectra of CsI/ITO
structure annealed at 100 ◦ C.

26

CsI
24

and carbon contamination. Moreover, the Cs2 CO3 being
very thin, the oxygen of ITO, the bottom layer, is also
detected. This kind of problem does not exist in the case
of the quantitative analysis of CsI and we found that the
deposited ﬁlms are systematically iodine deﬁcient. Without annealing the relative atomic iodine concentration is
only 15% and therefore that of Cs is 85 at.%. After annealing the iodine atomic concentration decreases progressively when the annealing temperature increases: 11 at.%
after 5 min at 100 ◦ C, 9 at.% at 150 ◦ C and 7 at.%
at 200 ◦ C. It means that the vacuum deposition, and the
annealing, of CsI induces, at least partly, its decomposition. This fact is in good agreement with earlier studies
that show the tendency of Cs compounds to decompose
during vacuum deposition for Cs2 CO3 [12,13] and CsI [14].
Moreover, it should be noted that, the CBL layer being
thin (1.5 nm), the elements of the bottom layer are systematically detected. For instance the doublet In3d of the
indium of ITO is clearly visible. It can be seen in Figure 6
that the doublet In3d corresponds to two doublets. The
ﬁrst one, with In3d5/2 = 444.5 ± 0.2 eV, corresponds to
the indium bounded to oxygen in ITO, the second one,
at In3d5/2 = 445.5 ± 0.2 eV, can be attributed to some
indium bounded to iodine in the form InI3 [15]. Moreover the ratio InITO /InInI3 decreases signiﬁcantly when
the annealing temperature increases from 4 before annealing to 2 after annealing at 200 ◦ C (Tab. 3). The binding energy of the iodine doublet is In3d5/2 = 618.2 eV
and 619.1 when it is bounded as CsI [16] and InI3 [15],
respectively. As a matter of fact the iodine signal corresponds to two doublets the main one, situated at 618.8 eV,
can be attributed to the indium compound. The second
one situated at around 618.3, can be attributed to CsI
(Fig. 7). All this means that during the annealing there is
InI3 formation. In the case of Cs2 CO3 , the reaction is not
so easy to put in evidence. However, here also, the In3d
doublet can be decomposed into two doublets, the one situated at 444.3 eV corresponds at ITO and the second one,

636

6 32

62 8

624
Bindi ng E nergy (e V)

620

616

Fig. 7. Decomposition of the I3d XPS spectra of CsI/ITO
structure annealed at 100 ◦ C.

which is smaller (Tab. 3) situated at 445 corresponds to
some hydroxide compound such as In(OH)3 [17]. During
the annealing, as shown in Table 3, the contribution of the
doublet corresponding to the ITO decreases for the beneﬁt of the doublet corresponding to the hydroxide. This is
conﬁrmed by the evolution of the peak O1s of the oxygen.
As it can be seen in Figure 8, before annealing and after annealing at 100 ◦ C the O1s peak can be decomposed
in three components, however their relative intensities are
modiﬁed by the annealing. The peak situated at 531.6 eV
corresponds to Cs2 CO3 [18], that at 529.5 eV corresponds
to ITO and that at 530.6 eV can be attributed to In(OH)3 .
The relative intensity of this last contribution increases
from 14 at.% before annealing to 27 at.% after annealing
at 100 ◦ C which corroborates the fact that the chemical interaction between the caesium compounds CBL with ITO
is increased by the annealing process. This discussion is
consolidated by the evolution of the binding energy Cs.
Actually, the Cs3d doublets shift slightly toward higher
binding energy upon annealing, which suggests that decomposition of Cs compounds occurs [18].
The cyclic voltammograms of ITO and all other samples with CBL layers are shown in Figures 9a–9g. The
complete CV cycle is necessary to conﬁrm the correctness
of the experimental data and we got excellent CV traces
for these samples as seen from Figure 9. To calculate the
work function from the CV the onset oxidation potential
is evaluated from the CV graph. This is usually done by
noting the potential corresponding to the intersection of
the two tangents drawn at the rising current and baseline charging current of the CV traces. But in this case,
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Table 4. Variation of Φf with the nature of anode and annealing temperature.
No. in
Figure 9
1
2
3
4
5
6
7

Sample
ITO
ITO-CsCO3
ITO-CsCO3
ITO-CsCO3
ITO-CsI
ITO-CsI
ITO-CsI

Annealing
temperature (◦ C)
–
–
100
150
–
100
150

O1s

Cs2CO3

ITO

In(OH)3

Binding Enery (eV)

O1s

Cs2CO3

ITO

In(OH)3

Binding Enery (eV)

Fig. 8. Decomposition of the O1s XPS spectra of
Cs2 CO3 /ITO structure before (a) and after (b) annealing at
100 ◦ C.

the required rising current peak is too small and thus CV
graph is be magniﬁed to see the correct appearance of the
peak. Thus here the onset peak is found to be occurring
between –0.5 V to +0.5 V. Here baseline is considered as
the x-axis because the charging is started from 0 V.
Table 4 gives the deduced values of the work function.
The measured values of the work function Φf of the diﬀerent cathodes show that whatever the CBL used, it induces
systematically a decrease of the value of Φf and that the
more the temperature is raised, the higher is the reduction

Work
function (eV)
4.51
4.49
4.42
4.31
4.41
4.40
4.38

Tolerance
(eV)
±0.01
±0.01
±0.02
±0.01
±0.02
±0.01
±0.01

in work function (Tab. 4). Of course, the technique used
to measure Φf may not be one with extreme precision.
However, it gives a relative variation of Φf . Band alignment and work functions in organic electronic materials
are generally evaluated by three methods: cyclic voltammetry (CV), ultraviolet photoelectron spectroscopy (UPS)
or Kelvin Probe techniques (KP). CV analysis employs
the method of measurement of the reduction and oxidation potentials either for isolated molecules in solution or
for thin ﬁlms submerged in solvent, and gives the value of
ionization potential. The working range of these measurements is limited [19] by the electrochemical stability of
the solvent and values may not always correlate well with
values observed at the solid state interfaces in actual devices. UPS analysis can provide both the ionization potential (IP), as well as its work function in ultrahigh vacuum
(UHV). However, this method also has limitations [20–22]
as the measurements made by UPS are extremely sensitive
to surface conditions leading to a range of values reported
for common materials due to variations in fabrication and
handling history. Also it has been pointed out [19] that exposure of ﬁlms to UHV conditions can also alter [23] the
surface composition, particularly for metal oxide surfaces
used in hybrid photovoltaics devices fabricated in ambient lab conditions. Often it has been found that the UPS
determined value is about 0.3 eV lower than the KP value.
It has also been pointed out [19] that the discrepancy
between KP and UPS values is well-documented [23–26].
Variation in the reference values will directly contribute
to the diﬀerences observed by UPS and KP. Further fundamental diﬀerences exist [24] in the work function measuring principles of KP and UPS. UPS measures that of
the lowest energy electrons that escape the ﬁlm surface
upon excitation with the UV source and invariably gives
only lowest work function in the measured area. On the
other hand KP measures [24] the average work function of
the area just below the probe. This naturally ends up in
higher work function values for KP than that of UPS as
surfaces would not be uniform for all practical purposes.
Another major problem with UPS is the degradation of
the surface at UHV as it may reduce [19] the quantity
of volatile surface adsorbates on the ﬁlms, resulting in a
work function diﬀerence. In the case of KP, it has been
reported [24] discrepancies between KP values measured
with three diﬀerent instruments. A very important draw
back of KP was reported [24] as though it is more sensitive than UPS it fails in detecting ITOs with diﬀerent
surface treatments. However, it has been shown [27] that
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Fig. 9. Cyclic voltammograms of ITO and ITO coated with buﬀer layers.

CV does this nicely and convincingly. From the above discussion it is clear that none of these methods can be considered as absolute and all have distinct advantages and
drawbacks. However the important thing is that the value
of work function measured by all these three techniques
diﬀer only slightly in the range of 0.1 to 0.3 eV only and
while studying the variation of work function with respect
to a parameter all are capable of similar trends. Thus, the
CV measurement of work function presented here gives a
more or less accurate estimation of the degree of variation
of work function on modifying the ITO electrodes with
buﬀer layers.
As a matter of fact, it was already shown that the use
of a caesium compound as CBL induces a decrease of the
work function, Φf , of the cathode, which allows improving the band matching at the interface cathode electron
acceptor [28, 29]. Xiao et al. [14] attribute this decrease
of Φf to Cs-O bonds formation at the ITO surface. In
the present work, we show that the indium of ITO reacts chemically with the caesium compound, which justiﬁes this work function variation. The eﬃciency of the
chemical reaction increases with the annealing temperature, which improve the decrease in Φf of the cathode.

4 Conclusion
We show that CsI is an eﬃcient CBL between the ITO
cathode and fullerene in inverted planar solar cells. It is
as well, and even more, eﬀective as Cs2 CO3 . When deposited under vacuum by thermal heating, the CsI is iodine deﬁcient. This deﬁciency is ampliﬁed by the annealing
to which it is necessary to submit the modiﬁed cathode
to achieve eﬃcient electron collection. Actually, we show
by XPS analysis the presence of a chemical reaction between the indium of ITO and the anion of the caesium
compound. This chemical reaction allows the decrease
of the work function of the cathode. This decrease was
checked through work function measurements using the
cyclic voltammetry method. The eﬃciency of the IOPVCs
was optimized by varying the annealing temperature and
the CsI layer thickness. Obviously, the short circuit current Jsc is the more sensible parameter. The best IOPVCs
were obtained after an annealing of 5 min at 150 ◦ C, with
a CsI thickness of 1.5 nm. IOPVCs with Cs2 CO3 were
studied for comparison with CsI. The results suggest that
CsI is, at least, as eﬃcient as Cs2 CO3 as CBL in planar
organic photovoltaic cells.
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