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1. Introduction

The understanding of origin of defects in photomgltactive materials and their
influence on organic solar cells (OSC) is an imgatrtcondition for development of organic
photovoltaics. The defects create electronic statésand gap which cause charge capture or
recombination and thus affect degradation of OS@rpaters. This situation is depicted in Fig.
1. Defects in organic materials can have strucamdlor chemical nature [1].

Structural defects contribute to static and dynadigorder, which give rise to tail states
[2]. These states are diffused in the region neadkgap edges. Their presence is typical for
amorphous structures and is responsible for deeresharge mobility due to process of
charge capture and emission (Fig.1.).

The chemical defects are result of incorporationingpurities into semiconductor
substance. These defects create well localizedsstatthe band gap, which have detrimental
effect for OSC since they cause recombination efgé. Oxygen can be incorporated in OSC
in various ways. In the P3HT:PCBM-based OSC, ittewith alkyl chains or thiophene rings
of P3HT [3,4], PCBM molecules [5] as well as witther OSC components. The chemical
degradation caused by reaction of organic semiatindwith atmospheric oxygen can be
prevented by encapsulation of OSC.
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Fig.1: Energy distribution of electronic states in semidoctors (left) and processes related
to defect states where arrows denote electron mdtight).

2. Analysisof Defects

Several methods have been applied for analysiefadctirelated electronic states in
organic photovoltaics. These methods are basedeasuming electronic or optical properties
which result from charge trapping and release. dleetronic techniques include thermally
stimulated currents [6], impedance spectroscopydidfl DLTS techniques [8]. The optical
techniques are based on photoluminiscence and@leuiniscence effects.

263



Deep level transient spectroscopy (DLTS) is higbénsitive method which offers
information mainly about energy and concentratistridhutions of deep levels. Charge DLTS
(Q-DLTS) is a modification of this technique conigt for investigation of traps in organic
semiconductors. This method is based on fillingraps by voltage pulse and measuring of
emitted charge in defined time instants (time wimpat applied bias voltage. The Q-DLTS
signal is dependent on the temperature and timelowin Energy position of trap can be
determined from DLTS spectra using relation:

er~ T2 exp (—i—;) (1)

where E is activation energy of the thermal emission @rge from the trap, T is temperature
ander is emission rate which is inversely proportioratime window in the peak of DLTS
spectrum.

3. Preparation of Samples

Prepared OSC consists of glass substrate covated ™MD layer, active layer of the
organic blend (130£10 nm), and calcium/silver stigler (15£3 nm/150 nm). Active layers
were spin-coated and annealed in nitrogen atmospheglove box. The annealing process
comprised solvent and thermal annealing. Solvenealng refers to slowed drying of the
freshly deposited film in enclosed Petri dish (2a°cat room temperature for 20 min. The
samples were then annealed thermally at 110°C foin5 After deposition of the cathode, the
samples were immediately transported to glove btk imert atmosphere and every second
sample was encapsulated with cover glass fixed goxye glue. Each sample had eight
electrodes with active area of 1.5 mformed by 1 mm wide strip of ITO electrode and
perpendicularly oriented 1.5 mm wide strip of Caiegctrode.

4. Characterization of Samples

OSC samples were characterized by measuring cwwoftiage characteristics (J-V
curves) under standard illumination (AM1.5G, 1000m#), isothermal and temperature
dependent Q-DLTS spectra (bias voltage -0.05 Viagel pulse -0.5 V). The measured
electrical parameters of OSC were correlated wsitthemal Q-DLTS peak localized at the rate
window of 16us for the temperature of 298 K. The activation gpef about 0.15 eV above
HOMO of P3HT for this peak was determined from e&tQ-DLTS temperature scans
(Arrhenius plot using Eq.1). Measurements wera@aut on series of five encapsulated (EC)
and non-encapsulated (NEC) samples fabricatedfiiereint dates and data collected in the
period of 34 days. Representative data from alhee series are presented.

5. Resultsand Discussion

The degradation of light J-V curves of EC and NE@gles is shown in Fig. 2. In both
cases degradation of short circuit current den@dy and series resistancesjRvere most
pronounced. These parameters of NEC degraded akoues more than those of EC during
34 days: & to 2.3 mAcn? and R to 41Q.cn? for NEC samples with respect to 5.8 mAgm
and 20Q.cn? for EC samples. This difference is most probabhesult of defect creation
evoked by oxygen and/or humidity. Open-circuit &gk (\bc) reduction is an accompanied
effect of weaker quasi-Fermi level splitting duehtgher charge recombination at the defects.
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Fig. 2: Degradation of light J-V curves of encapsulatezft]{land non-encapsulated (right)
OSC. Degradation time in the arrow direction: 0 da¥ day, 2 days, 5 days, 12 days, 19 days,
and 34 days.

Isothermal Q-DLTS spectra measured at room temyrerare seen in Fig. 3. The
change of the spectra of EC samples was negligilhlige spectra of NEC samples significantly
changed during monitored period. The formation eéml states located at 0.15eV above
HOMO of P3HT was efficiently prevented by encapsatg which can be interpreted by
elimination of specific source of degradation sastoxygen and/or humidity.
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Fig. 3: Isothermal Q-DLTS spectra of encapsulated (leftj aon-encapsulated (right) OSC
measured at different degradation time periods.

The correlation of electrical parameters of OS&¢, Woc, and fill factor, FF) with Q-
DLTS peak is shown in Fig. 4. The OSC parametei$E€ samples are well-correlated with
the amplitude of Q-DLTS peak, which directly copesds to defect concentration. In addition,
two phases of degradation process can be recogmizbis case. The slope afskorrelation
changes from -0.13 to -1.24 in logarithmic scalp.tt the Q-DLTS peak amplitude of 0.15
nC, this dependence is similar to the relatienl) N4 determined also by A. Guerrero et
al. [4] from capacitance-voltage measurements, &iherrepresents concentration of traps.
The increase of the slope for larger amplitudeghii defect concentration) suggests the
change of recombination mechanism of photoexcitedge carriers. On the other hand, there
is no such correlation for EC samples. In spitepoéventing ambient atmosphere the
degradation of these samples takes place as watkedns that this degradation is caused by
other kind of defects where oxygen and/or humidityot involved, e.g., morphological defects
induced by light illumination.
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Fig. 4: Correlation between isothermal Q-DLTS peak:&it6 ps for T=298 K) and electrical
parameters of OSC<{d Voc, FF) in logarithmic scale. Non-encapsulated OS@aled by full
marks and encapsulated by empty marks.

6. Conclusion

The experimental results showed and suggest agstngpact of ambient air (oxygen
and/or humidity) on degradation of electrical pagesens of OSC and confirmed the importance
of OSC encapsulation. The degradation affected gongtantly photocurrent and series
resistance of OSC both in encapsulated and norpsulzded cells. The encapsulation by cover
glass fixed with epoxy glue suppressed the degmdairocess about 2 times. The OSC
encapsulation prevented the formation of deepstatated at 0.15 eV above HOMO of P3HT
and thus eliminated specific source of chemicalagation caused by ambient air.
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