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The behaviour of small-molecule organic solar cells based on copper-phthalocyanine/fullerene with different cathode
buffer layer is investigated as a function of air exposure duration. The effect of MoOj; on the properties of photovoltaic solar
cells (OPVCs) when it is introduced in the cathode buffer layer (CBL), has been studied. Photovoltaic performances were
measured as a function of time of air exposure. During the first days of air exposure, the efficiency of the OPVCs with
MoO; in their CBL increases significantly, while it decreases immediately after air exposure in the case of reference
OPVCs, i.e. without MoOj; in the CBL. Nevertheless, the lifetime of the OPVCs with MoQOj in their CBL is around 60 days,
while it is only 10 days in the case of reference OPVCs. The initial increase of the OPVC with MoQ; in their CBL is
attributed to the slow decrease of the work function of MoO; due to progressive contamination. Then, the progressive
degradation of the OPVCs efficiency is due to water vapour and oxygen contamination of the organic layers. The use of
double CBL, Alqs/MoQ;, allows to interrupt the growth of pinholes, defects and increases the path of permeating gas. Also
it can prevent the contamination of the organic layer by Al. All this results in significant increase of the lifetime of the

OPVCs.
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1 Introduction

Organic solar cells have the potential advantages of
light weight and flexibility. However, not only the
power conversion efficiency'? of these cells should be
improved, but also their lifetime is far from
satisfactory®®. The most important degradation causes
are photodegradation and environmental parameters.
The small molecules, such as copper-phthalocyanines
used in our layered organic solar cells, exhibit good
photostability and therefore, the lifetime of these cells
is mainly dependant on their environment. The
important environmental parameters that influence the
lifetime of organic solar cells are the diffusion of
oxygen and water into the active layers of the cells
through the top electrode. The solution to the problem
of contaminant diffusion into the active organic layers

is the use of barrier layers with low oxygen and water
permeability. These layers can be either passive
encapsulating layers or a layer present in the solar cell
itself such as a cathode buffer layer, or both.
Otherwise, it is known that significant efficiency
improvements of layered cells, based on an electron
donor/electron acceptor junction, are achieved
through the introduction of buffer layers at the
interfaces electrodes/organic materials. At the
interface electron acceptor/cathode it is assumed that
the cathode buffer layer (CBL) allows blocking the
excitons’.

At the interface anode/organic material, it is
assumed that the introduction of an anode buffer layer
(ABL) allows improving the band matching, and
therefore the hole collection, between the anode and
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the electron donor. If the PEDOT:PSS was often used,
it is not stable®, so many others materials’ were
probed such as Cul, MoO; which is far more stable®.

More recently, it was proposed to use MoO; as
cathode buffer layer. As a matter of fact, it is now
well accepted that its band gap is around 3.1 eV and
that it is n-type material. However, the values of its
ionization potential (IP), its electronic affinity () and
its Fermi level (Wf) are still under discussion.
Recently, it was shown that these values measured
in-situ by ultraviolet photoelectron spectroscopy
(UPS) after deposition in ultra high vacuum'’ are IP =
9.7eV, ¢ =6.7¢V and Wf = 6.9 eV. Due to the high
values of IP energy of the MoOs any hole transport
via the valence band is prohibited, while the energy
alignment between the band conduction minimum,
BC, of MoO; and the HOMO of the organic material
is favourable for electron transfer between the two
materials. From this discussion, MoOs; can be
considered'""'* for use as CBL.

In the present work, we have investigated this
proposition by introducing a thin MoO; layer in the
CBL of planar OPVCs based on the heterojunction
copper phthalocyanine (CuPc)/fullerene (Cg). If our
study shows that, whatever the thickness of the MoO;
in the CBL, it induces a decrease of the performance
of the OPVC just after realization, it also shows that
the efficiency of these OPVCs increases significantly
during the first days of air exposure, which results in
better efficiency after one week. Then, the variation
of the performance of the OPVCs with time is
explained by the effect of air contamination which
modifies the properties of the interfaces. An
electronic modeling is used to comfort the description
of the effect of air on devices performances.

2 Experimental Details

The process used for the realization of the OPVCs
has been described in Ref. (13).

The CuPc/Cgy junctions were fabricated on pre-
cleaned glass substrate coated with transparent
conductive indium tin oxide (ITO) anode. Before
organic deposition under vacuum, the ITO substrate
was covered with thin MoO; layer (3 nm). It was
already shown that this layer increases significantly
the cells efficiency through a good matching of the
band structure '*"* anode/CuPc. All the different films
were deposited in the same run in a vacuum of 107
Pa. The thin film deposition rate and thickness were
estimated in situ with a quartz monitor. The
deposition rate and final thickness were 0.05 nm/s and

35 nm in the case of CuPc, 0.05 nm/s and.40 nm in
the case of Cgy. The material used as CBL was the
aluminium tris(8-hydroxyquinoline) (Alqs), which is
known to be very efficient'*. In the present work, we
added to Algs; a MoO; layer, the total thickness of the
cathode buffer layer being equal to 9 nm as usual .

After CBL deposition, the aluminium top electrodes
were thermally evaporated, without breaking the
vacuum, through a mask with 2 mm X 10 mm active
areas. Without protecting layer, the instability of solar
cells causes rapid degradation of their performances,
the non-encapsulated devices are practically dead
after one day in air'®. In order to mitigate this
instability, before breaking the vacuum, an
approximately 50 nm encapsulating layer of
amorphous selenium (Se-a), is thermally evaporated
onto the OPVCs. The selenium protective coating
layer (Ps.) has been proved to be efficient to protect
the under layers from oxygen and water vapour
contamination'’, at least during the first hours of room
air exposure'®'®. Encapsulation impedes the process,
but does not remove the degradation process.
Therefore, the protective layer, increasing the solar
cells lifetime, allows improving the duration of the
degradation process and therefore, the precision of the
study of the EBL effect on this process in order to
discriminate between the different contaminants.
Finally, the structures used were: glass/ITO(100 nm)/
MoO;(3 nm)/CuPc(35 nm)/Ce¢y(40 nm)/EBL(9 nm)/
Al(120 nm)/Ps,.

Electrical characterizations were performed with an
automated I-V tester, in the dark and under sun global
AM 1.5 simulated solar illumination. Performances of
photovoltaic cells were measured using a calibrated
solar simulator (Oriel 300 W) at 100 mW/cm? light
intensity adjusted with a PV reference cell (0.5 cm?
CIGS solar cell, calibrated at NREL, USA).
Measurements were performed at an ambient
atmosphere. All devices were illuminated through
TCO electrodes.

Following the protocol proposed in Ref. (3), the
procedure used to study the ageing process of our
OPVCs corresponds to the intermediate level labelled
“Level 2°°.

That is to say, for ageing measurements in air, the
samples were stored in the room, in the light of day at
open circuit voltage between the measurements. The
OPVCs characteristics, the open circuit voltage V..,
the short circuit current density Jg., the fill factor FF
and the efficiency 1, were studied as follows: multiple
tests under AM1.5 light at room temperature were
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achieved at different time: 5 min to 2 months. The
effect of humidity on the degradation rate of the
devices was studied using different storage conditions
for samples. Between each J-V characteristic
measurements, some samples were placed in closed
box with desiccators inside, what resulted in 25%
humidity, while others were kept in room air where
the humidity was 60%. The humidity was measured
by RH88 Humidity transmitter. The temperature of
the room was 20°C.

Device lifetime may be defined as the operational
lifetime until the performance has fallen below a
certain level. In the present case, we choose to use the
half-life or decay to 50% performance as a measure of
the device lifetime" (TMo/2).

3 Experimental Results

The evolution with time of the J-V characteristics
of the different OPVCs families is shown in Figs 1
and 2 for two typical OPVCs, one with Alq; (6 nm)/

MoO; (3 nm) as CBL (Fig. 1) and the other one, that

we call reference, with 9 nm of Alqs as CBL (Fig. 2).
The results obtained with the different Alq:/MoOs;
combinations after different durations, f, of air
exposure are reported in Table 1. It can be seen that
when the CBL contains MoO;, the efficiency
increases during the first days of air exposure up to a
value slightly smaller than 1% (Fig. 1, Table 1), while
in the case of reference Alq; CBL the efficiency is
maximum, slightly higher than 1%, for r = 0 and then
it decreases (Fig. 2). Moreover, when the efficiency
of the OPVCs with MoQO; in their CBL is optimum,
i.e. after some days of air exposure, it is superior to
that of reference OPVCs for the same exposure time
to air. Then, even if the efficiency of all the OPVCs
decreases, those with MoQO; in their CBL stay higher
(Fig. 3).

As a matter of fact, if after they have reached their
maximum performance thereof decreases quite
rapidly for a few days, it then tends to stabilize
whereby the lifetime of these cells is of the order of
nearly 60 days, while it is only 10 days with reference
OPVCs (Fig. 3). About the shape of the J-V
characteristics, it can be seen in Figs 1 and 2 that,
whatever the kind of CBL used, it varies with the time
of air exposure with disappearance / appearance of S-
shaped curve. This evolution will be discussed with
the help of different electrical schemes.

All the photovoltaic characteristics are normalised
to their maximum value and plotted as a function of
exposure time to air in Figs 3 and 4.
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Fig. 1 — J-V characteristics of ITO (100nm)/MoOj; (3 nm)/CuPc
(35 nm)/Cg (40 nm)/Alq; (6 nm)/MoO; (3 nm)/Al OPVC after
different durations, t, of air exposure: (m) t = 0, (®) t = 6 days,
(A)t=13days and (V) t =85 days

£
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Fig. 2 —J-V characteristics of ITO (100nm)/MoOs (3 nm)/CuPc
(35 nm)/C¢y (40 nm)/Algz (9 nm)/Al OPVC after different
durations, t, of air exposure: (m) t =0 and (@) t = 6 days

Normalized M versus time curves for cells stored in
ambient atmosphere (Fig. 3) show that the rate of
decrease of m depends on the nature of the CBL.
Thus, while in a first step all the OPVCs show nearly
similar degradation rates, the degradation rate is
significantly larger in a second step for reference
cells. Moreover, it must be noted that, as the
performance of the reference OPVC decreases as soon
as their completion, while it decreases only after
reaching its maximum, that is to say after several days
in the case of cells containing MoO; in their CBL,
when the slope of the curves of Fig. 3 changes, the
efficiency of reference OPVC is much lower. Since
devices differ only by the nature of the buffer layers
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Table 1 — Evolution with the time of air exposure of the typical parameters of OPVCs with different
cathode buffer layer configurations

Jsc (mA/em®)  Voc (V) FF(%) 1 (%)
0.13 0.011 24 3.7x107
4.65 0.47 36 0.80
3.92 0.44 30.5 0.53
2.86 0.27 22 0.17
473 0.49 37 0.85
4.13 0.46 35.5 0.67
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Fig. 3 — Variation with time of the normalized efficiency of
OPVCs with different CBL: (m) Algz (6 nm)/MoO; (3 nm) and
(®) Alg; (9 nm)
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Fig. 4 — Variation with time of the normalized efficiency of
OPVCs stored in different experimental conditions: (0): Stored in
room air, (m): stored in the presence of a desiccators

used, the lifetime differences are clearly related to the
specific properties of the various CBLs.

When kept in room air, device performance
systematically decreases, at least after one week of air
exposure in the case of OPVC with MoO; in their

CBL, whereas, when kept in vacuum to rule out the
effect of oxygen and water, the devices show very
long lifetime.

In order to clarify the cause of degradation, we
undertook studies under different atmospheric
conditions. Some samples were placed in closed box
with desiccators inside, which resulted in 25%
humidity, while others were kept in room air where
the humidity was 60%. By comparing the evolution of
the performances of OPVCs in presence, or not, of
desiccators, we can discriminate between humidity
and oxygen contamination. We can see in Fig. 4 that,
in the presence of a desiccators, the initial fast
decrease period has nearly disappeared, which results
in a curve more or less parallel to that corresponding
to the slow degradation process visible in Fig. 3. It
demonstrates the significant impact of humidity on
the stability of the OPVCs. OPVC exposed to 60%
relative humidity shows faster decay as compared to
the OPVC exposed to 25% relative humidity. It means
that the initial fast decrease of the efficiency is mainly
due to water vapour contamination, while the slow
degradation  process corresponds to  oxygen
contamination of organic material. Since the
degradation rate of this second process is far smaller
when MoO; is present in the CBL, it means that
MoOs; is more efficient in limiting oxygen diffusion
than water diffusion. From these experiments, the
degradation can be attributed to a water/oxygen
induced, mechanism.

4 Theory and Discussion

The presence or not of MoOj in the CBL of the
OPVCs modifies strongly their ageing process. An
equivalent circuit model could be helpful in
understanding of the evolution of the OPVCs
behaviour by providing a quantitative estimation for
losses in the cells®. The equivalent circuit commonly
used to interpret the I-V characteristics of solar cells
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consists of a photogenerator connected in parallel
with a diode, which represents the I-V characteristics
in the dark. This corresponds to an ideal model in the
absence of parasitic resistances. However, for
modeling a real organic solar cell, a series resistance,
R,, and a shunt resistance, Ry, must be introduced to
the equivalent circuit [Fig. 5(a)]. The mathematical
description of this circuit is given by the following
equation:

V—-IXR. V—-IXR,
I:IO|:exp( T 5)—1}+ R B—Iph ... (D)
sh

where n is the ideality factor of the diode and I, the
photo-generated current.

The electrical parameters, R,, Ry, n and I, can be
determined using the Lambert W function, which is
defined as the solution of the equation:

W (x). exp[W (x)] = x.

The problem to be solved is the evaluation of a set
of five parameters Rs, Ry, 1, Ix and I in order to fit a
given experimental I-V characteristics using a simple
diode circuit. The resistance values under illumination
are the more interesting values for solar cell
characterisation and they will be determined carefully.
For some OPVCs characteristics, it is impossible to
achieve a good agreement between experimental and
theoretical results, whatever the series and shunt
resistance proposed. It shows that the simple
equivalent circuit of Fig. 5(a) cannot explain these

Rs I

Iph CD AV © Rsh v

Vb
Im Rs > Ib
[ —
—

Iph CD \/ Vm Rsh, Rsh, v

(b)

Fig. 5 — Equivalent electric circuit of (a) solar cell with ohmic
contacts and (b) solar cell with rectifying back-contact

experimental results. In OPVCs, the process of carrier
collection is one of the factors which controls the
electrical characteristics and the efficiency of the
devices. Therefore, any interface modification can
lead to significant variation of the OPVCs
performances. Indeed, the carrier collection depends
in the barrier height at the interfaces, which, in a first
approximation, is equal, in the case of the cathode
contact, to the energy difference between the
electrode work function ®elec and the Lowest
Unoccupied Molecular orbital of the electron acceptor
(EA) (LUMOg,). When these values are different,
there is a barrier at the interface, which induces the
formation of a depletion layer. It was shown that the
presence of a contact barrier can be modelled by
introducing a second diode of opposite polarity***'.
Hence, it is assumed the presence of barrier at the
interface EA/cathode [Fig. 5(b)]. If we assume a
thermoionic current at this interface, the carrier
current is:

Iy = ~ly (exp (—qVy/kT) - 1), ~..(2)

with I the saturation current, V;, the voltage across
the back contact, k£ Boltzmann constant, and 7 is the
temperature. The current is negative because the
polarity of the Cgy/cathode junction is opposite to the
main CuPc/Cg junction. Therefore, a current-limiting
effect is expected from this parasitic junction and a S-
shaped effect may occur because the total current
saturate’’ at a value Juo. The value of Ji is the current
value where the J-V curve starts to show rollover.
When a forward bias V is applied to the circuit, the
voltage is divided between V., across the main
CuPc/Cg junction, V; across the back-junction
TCO/CuPc and IRs across the series resistance:

V=Vn+ Vo + IR,

Under illumination, the current across the main
junction is:

Iy = Iy (exp(qVw/nkT)—1) — I, + Vm/Ry, ..(3)
and through the back contact it is:

I, =1y (exp(—=qVu/kT)-1) + Vi/ R, (4
Equating Egs (3) and (4):

Im() (eXp(qu/nkT)—l) - Iph + Vm/Rsh
+ Iy (exp(—gVo/kT)—1)=Vo/R’ 4= 0 .. (5
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The parameters R, and I, 1, Ry, of the main diode
are calculated in the region far from the saturation
current I,. As said above, I, is the current value
where the J-V curve starts to show rollover. Then Eq.
(5) can be solved. The above circuit models were used
in order to achieve a good fitting between the
experimental and theoretical J-V characteristics of the
OPVC:s studied.

So as to explain the reasons of the OPVCs
characteristics evolution, we selected most significant
J-V characteristics, among the ones measured in the
whole interval days studied for each OPVC, as
presented in Figs 6 and 7. Whatever the type of
OPVC, it is evident that the shape of the curves varies
with the time of air exposure. An inflexion point,
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giving a S-shaped curve, is often visible. As a
consequence of the S-shaped curve, the FF is
significantly reduced, which in turn reduces the
performances of the OPVCs as well. Firstly, in the
case of the OPVC with MoO; in the CBL, the S-
shaped effect decreases progressively when the time
of air exposure increases, until it disappears
completely. Then, it reappears and gradually
amplifies. In the case of reference OPVC, the S-
shaped effect is absent at the beginning of the air
exposure, while it appears progressively when the
duration of the exposure increases

We can see in Figs 6 and 7 and in Tables 2 and 3
that the classical electrical equivalent scheme of
Fig. 5(a) allows achieving a good agreement between
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Fig. 6 — I-V characteristics under AM1.5 illumination of a solar cell using Alq; (6 nm)/MoOj; (3 nm) as CBL for different duration of air
exposure, (----) experimental and ( ) theoretical curves
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Fig. 7 — I-V characteristics under AM1.5 illumination of a solar cell using Alqs (9 nm) as CBL for different duration of air exposure,
(----) experimental and ( ) theoretical curves.

Table 2 — Variation with time of the calculated parameters for the OPVCs using Alqgs (6 nm)/MoO; (3 nm) as CBL

Diode 1 Diode 2
Jop (MA/cm2)  Jg (mA/ecm2) Ry (Q) Ry () np Jp (MA/cm2) Ry (Q) Ry () my
0 Day 4.57 7x107* 35 360 1.2 4.2x107 15 70 1.0
6 hours 4.55 2.5%x107° 20 350 1.6 1.2x107" 20 50 1.3
4 Days 4.82 9x107° 20 250 1.6 8x107" 20 40 1.3
6 Days 5.50 4107 60 349 1.7 / / /
13 Days 4.07 5%x107° 30 450 1.6 5%107! 20 130 1.3
18 Days 3.60 7107 33 450 14 9x107> 24 400 1.3
26 Days 2.70 9x107° 33 450 14 7x107 24 1600 1.3
31 Days 3.63 6x107° 30 500 1.7 41072 20 1100 1.3
50 Days 3.90 4x107 35 650 1.6 4x1072 42 1600 1.3
71 Days 3.35 6x107 40 720 1.7 3x1072 30 1500 1.3
85 Days 3.03 9x107° 40 420 1.8 3x107 2 1600 1.2
Table 3 — Variation with time of the calculated parameters for the OPVCs using Alq; (9 nm) as CBL
Number of days Diode 1 Diode 2
Jon (mA/cm2) Jg (mA/cm2) R, (Q) Ry (Q) ny  Jo (mA/cm2) Ry (Q) Ryn (Q)  ny
0 3.528 2.7 10 22 1020 1.7
6 3.015 2.010* 12 1020 1.8 5.010* 20 40 1.2
10 2.580 25107 50 1020 14 1.710-* 20 350 1.2
15 2.091 2510* 45 1080 1.5 2510 30 1050 1.2

the experimental and theoretical fit only when the
OPVCs exhibit their better performances. In other
cases, i.e., when the S-shaped effect is visible, it is
necessary to use the electrical equivalent scheme of
Fig. 5(b), that is to say, two diodes, with one in
opposite direction, are necessary to reflect the shape
of the curves.

Firstly, in the case of OPVCs with MoOj; in its
CBL, an S-shaped curve is obtained immediately after
air exposure, and then, it progressively disappears
during the first 5-6 days. The S-shaped effect is due to

the presence of MoOj; in the CBL since it is not
present in the case of reference OPVCs.The formation
of this barrier can be explained by the high work
function of MoOj;. Now, it is well accepted that, after
deposition under ultra high vacuum by sublimation,
the work function'® of MoO; is 6.9 eV, while it is
around 6.2 eV in classical vacuum® (107*Pa). With
this WT value, the band structure of the interface is
such that at the Ceo/Alqs/MoO;/Al interface, the
passage of holes is easier than that of electrons'
(Fig. 8). On the other hand, it was also shown that air



836 INDIAN J PURE & APPL PHYS, VOL 52, DECEMBER 2014

9eV
:\/IOO;

Fig. 8 — Band scheme of the interface C¢o/Alqs/MoO3/Al just
after deposition.

exposure of MoO; induces a progressive Wf
decrease™ of around 1 eV. In our case, using a Kelvin
probe, we found that the work function of our MoO;
thin films is 5.1 eV after air exposure [see Table 2 in
Ref 23], which decreases the electron barrier at the
interface and facilitates electrons transfer.

Therefore, the evolution of the J-V characteristics
of the OPVCs with the duration of air exposure
corresponds to a progressive air contamination of the
OPVCs. The first layer encountered by the diffused
contaminant after crossing the Al polycrystalline film
is the MoO; layer. Due to this progressive
contamination, the Wf of MoO; will decrease
gradually until it reaches its minimal value of 5.1 eV.
In parallel the height of the barrier present at the
interface Cgo/cathode decreases, which justifies the
progressive improvement, during the first 6 days of
air exposure, of the OPVCs efficiency [Fig. 6 (a-c)].
Then, after the maximum efficiency is reached,
whatever the kind of OPVC, there is a progressive
degradation of the performance which corresponds to
the (re)appearance of the S-shaped effect. It means
that, during the fast decay, whatever the CBL of the
OPVC, the electrical equivalent scheme needs
changes from the classical one diode equivalent
electrical scheme [Fig. 5(a)] to the equivalent
electrical scheme with two diodes as shown in
Fig. 5(b), which means that there is interface
properties modification with, diode formation at the
interface C¢/CBL/AL

Some hypothesis can be proposed to explain the
variation with time of the contact C¢/CBL/Al. Due to
air exposure, the contamination reaches the Cg layer
and the OPVCs performances decrease. It is known
that the oxygen/water contamination of Cg increases
its resistivity”*. It must be noted that this degradation
occurs very quickly for conventional cells, whereas
several days are needed before it is sensitive in the

presence of MoOs. The S-shaped J-V characteristics
indicate a formation of a barrier at the interface
Ceo/cathode. Actually, the formed traps in the Cg
layer by H,O/oxygen absorption might establish a
space charge, which induces a diode formation and
would decrease Jsc and FF. The reduced current
(Tables 2 and 3) results from an increase of the
energy barrier at the interface. In the present work,
Cqo is deposited on the top of CuPc layer and thus the
Ceo layer is the first one to be attacked by water and
oxygen, both of which could dramatically deteriorate
the electrical transportability of the Cgy layer,
resulting in an increase of the series resistance and a
reduction® of FF. The S-shape behaviour can be
explained by imbalanced profiles of charge carrier
densities and field distribution within the layers.
Presently, this charge accumulation at the interface
cathode/Cgo must be due to resistive’®?” Cgp.

The lifetime of the OPVCs with MoOj; in their CBL
is far higher. Since the structure of all the devices is
the same except different buffer layers are used, the
lifetime variation can be attributed to the specific
properties of the different CBL. With MoQOj; in the
CBL, the lifetime improvement results probably from
the reason that it effectively blocks, at least partly, the
oxygen and/or water to permeate through the acceptor
layer. After the first step of fast decrease of the OPVC
efficiency, the behaviour of the cells is clearly
different. In the case of the reference cells, the change
of the slope of the curve operates only for 1 = 0.35 1o,
while it operate for 1 = 0.55 1 for cells with MoOj; in
their CBL.

If, in the presence of MoOj; in the CBL, the lifetime
is improved, a clear degradation process stays visible,
which means that some air diffusion, even if strongly
decreased, stays present in the structures, mainly
during the initial fast decrease. The discussion above
shows that, in room air, the degradation of the OPVCs
is controlled by two processes. By only reducing the
room humidity of the store environment, the fast
decay disappears nearly totally (Fig. 4). Thus, it is
reasonable to ascribe the fast decay mainly to the
water and the slow one to the oxygen. It has been
demonstrated that water is more detrimental than
oxygen in the transport of organic semiconductors™.
Moreover, it was shown that water diffusion seems to
determine the degradation rate of OPVCs, which can
justifies this initial degradation process®. It may also
means that MoO; is less efficient in trapping water
than oxygen. Then, the slow decay can be attributed to
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the bulk effect related to progressive Cg contamination
with oxygen.

The big lifetime difference between the two
OPVCs families could be explained by the effect that
the double CBL, Alqs/MoQO;, has on the organic
material contamination. On one hand, it is already
known that the stability of the OPVCs with Alq; as
CBL is higher than that with BCP. It has been
attributed to the stability of the amorphicity of Alqgs
while BCP tends to crystallize, which facilitates
contamination diffusion towards the underlayers of
the cells™. Actually, grain boundaries in the layers act
as a short circuit pathway for diffusion.

It is known that gas transport through
polycrystalline thin films takes place at grain
boundaries. In the present work, Alq; and MoQO; are
amorphous, which does not exclude layer defects,
especially since the layers are very thin. So, even if
the films are amorphous, gas diffusion will take place
at pinholes present in the films [Fig. 9(a)], the solid
state diffusion being several orders of magnitude

lower and therefore, is negligible. A possibility to
circumvent this diffusion is to use a combination of at
least two barrier layers. Changing the nature of the
barrier layer interrupts the growth of defects and
increases the path of permeating gas [Fig. 9(b)]. This
results in an increase of the lag-time of the
permeation’’ and therefore of the lifetime of the
OPVCs. About the higher efficiency of the CBL with
MoO:s in front of oxygen than in front of water, it was
proposed that, inside the device, oxygen diffusion is
much slower than the diffusion of water due to the
difference in size’>. The CBL being composed of two
amorphous layers, which exclude the presence of
grain boundary, while it increases the diffusion path
will decrease the diffusion rate of all contaminate, but
with more efficiency for the bigger contaminant, here
oxygen. On the other hand, F. Jin et al'*. attribute the
MoO; effect to the fact that it is a stable inorganic
material and it prevents organic material from Al
diffusion. These two hypotheses are not mutually
exclusive but rather they can contribute
simultaneously to the effect of MoOs.

-
(a)
Polyeristalline thin film Amorplous thin filin
| 1
b
Al - (b)
MaO, A
N i i
EA }
Al
e
EA
ARL
FoE /. Substrat / / /S

Fig. 9 — (a) Mapping of diffusion paths in polycrystalline and amorphous layers and (b) Multilayer barrier structure consisting of
Alq3/MoO; amorphous layers
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6 Conclusions

We show that, if just after deposition the
introduction of a MoOs; layer in the CBL does not
allow improving the OPVC efficiency, it improved
strongly its lifetime.

This discrepancy, about the initial efficiency of the
OPVCs, between our results and those of the Refs (11
and 12) may be attributed to the facility of Wf to vary
with the history of the MoO; layer. Indeed, the films
used by Vasilopoulou er al ''. are strongly oxygen
deficient, which induces a significant decrease of Wf
of MoOj; and an acceptable band matching.

We show through experimental studies that the
initial variation of the performances of OPVCs with
MoOs in their CBL is due to the variation of the value
of MoO; W{. Then, by comparing the results of the
different devices, it is evident that the presence of
MoO; in the CBL is beneficial to the lifetime of the
OPVCs. The degradation curves of the efficiency of
the OPVCs exhibit two different regimes, a fast
decrease followed by a slower one. The fast decrease
is shown to be due to water contamination of the
organic layers, while the slow subsequent decrease is
due to oxygen contamination. The enhancement of the
OPVCs lifetime in presence of MoOs in the CBL is
due to the fact that MoO; is amorphous and to the
well known effect of using two protecting layers.
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