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Heterostructures with layers from small molecules organic compounds were deposited on
ITO/glass substrate by thermal vacuum evaporation (TVE) technique. Structural, optical
and morphological investigations were carried out on the realised layers (zinc
phthalocyanine-ZnPc, fullerene-C60 and 1,4,5,8-naphthalene-tetracarboxylic dianhydride-
NTCDA). The films are polycrystalline keeping the morphological features characteristic
to these materials. The prepared heterostructures reveal a large absorption domain in the
visible domain. The current-voltage (I-V) characteristics of the investigated structures,
recorded in dark, present an improvement in the current value (~ one order of magnitude)
for the standard structure (ITO/PEDOT:PSS/ZnPc/C60/NTCDA/AI) with a supplimentary
layer of poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT:PSS). For the
inverted structure (AI/NTCDA/C60/ZnPc/ITO) was also noticed an increased curent value
in comparasion with that observed for the standard structure.
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1. Introduction

In the last years organic materials were intensely studied due to the possibility to replace
the inorganic materials in different applications, such as: organic photovoltaic cell-OPV, organic
field effect transistor-OFET, organic light emitting devices-OLED [1-10]. The interest is owed to
the descreased manufacturing cost (compared to the inorganics), this being associated with the
variety of the methods available for their processing.

Over the time, due to its good transparency and low resistivity, ITO remains, the most
used transparent conductor electrode (TCE) into the OPV and OLED architecture [11, 12].
Moreover, the OPV parameters (short-circuit current-lsc, fill factor-FF) can be improved by
adding to ITO, a buffer layer as poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)
(PEDOT:PSS) which is characterised by a higher work function. This material with “p” type
conduction and with an ionisation potential nearest to ITO work function facilitates the injection of
the holes in the organic material [12].
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Also, the researcher attention was oriented to the fabrications of OPV based on small
molecules due to possibility to control very well the thickness of the films and due to the chemical
stability of these materials such as zinc phthalocyanine (ZnPc) and magnesium phthalocyanine
(MgPc) [12]. Metal phthalocyanines (MPc) are part from the small molecules class having Q-band
absorption in the red to near-IR range and photovoltaic properties. They act as donor materials into
an organic solar cell structure [13]. From these compounds, ZnPc is more utilized in OPV having
the absorption coefficient around 1.5x10° cm™" in the 600-750 nm wavelength range [14]. The
ZnPc electronic affinity is ~ 3.28 eV and the ionisation potential is ~5.28 eV [15].

Fullerenes are highly symmetric cage molecules with many applications in: electronics,
magnetics, superconducting, medicine, biochemistry [16]. From fullerenes, C60 molecule was
found to be stable, with low interactions with other molecules. The C60 stability is partially due to
the 7.4 eV binding energy per carbon atom [17]. Into an OPV configuration, C60 is used as
electron acceptor layer having a relatively high electron mobility (up to 1 cm?%Vs) [1], LUMO at
3.7 eV and HOMO at 6.2 eV[18].

Due to the favorable energy levels, a donor-acceptor junction can be formed using ZnPc
and C60. Molecules with an aromatic z-system, C60 and phthalocyanines are promising building
molecular materials with electrochemical and photo physical properties [19].

1,4,5,8-naphthalene-tetracarboxylic dianhydride-NTCDA is another small molecules
organic material characterised by a highly symmetry, with planar and z-conjugated molecules
[20]. Transparent as thin layer, with ,n” conduction type, was used as buffer layer in the
heterostructure with staked layers, before the deposition of the metalic cathode. It is a wide energy
gap material (Eg~4 eV determinate from the HOMO-8 eV and LUMO-4 eV position [18]) that can
protect the investigated heterostructure from electrically shorting-out which can appear at the
penetration of the hot metal atoms deposited by TVE. Also, NTCDA can act as an exciton
blocking layer (EBL) avoiding the quenching of the excitons generated in the acceptor layer
[18,21].

To complete the heterostructure a metal should be deposited on top. From the metals (Au,
Ag, Al, Cu, etc) the most used was the Al due to its low work function (WFx=4.7 eV [22]).
However, the Al can diffuse into the active layer acting as a recombination site [13]. In literature
was reported that is better to use an inverted structure which is found to be more stable
comparatively with the same structure in the standard configuration [23, 24].

In this context, the present work is focused on a comparative study regarding some organic
heterostructures in the standard and in the inverted configurations based on ZnPc, C60 and
NTCDA.

2. Experimental

ZnPc, C60 and NTCDA (Aldrich) active layers were deposited by thermal vacuum
evaporation (TVE) method using an Alcatel system with turbo molecular pump. Details about this
deposition technique are given in [15]. The deposition processes were made in the chamber at a
starting pressure from 1.1x10” mbar until to 8x10"® mbar. The evaporation temperature (monitored
with a termocuple) during deposition was: (210-218)°C for ZnPc, (245-255)°C for C60 and
(156-166)°C for NTCDA. ITO/glass, PEDOT:PSS/ITO/glass, silicon and glass were used as
substrates in our experiments. Prior to the deposition, the glass/ITO cleaned substrates (15 €/sq)
were treated in oxygen plasma in order to improve the adherence of the materials.

Spin-coating (Chemat Technology instrument) technique was used to deposit the
PEDOT:PSS layer (20 nm) on ITO at 3000 rot/min rotation speed for 30s. Further, the obtained
layer was exposed to a thermal treatment at 120 °C for 5 min to improve the quality of the film.

A SPECTROS system Spectros from Kurt J. Lesker have been used for the deposition by
TVE of the aluminum (Al) electrodes with a 80 nm thickness (4A/s deposition rate at 10* Pa
pressure in the chamber). A quartz crystal monitor was involved in the thickness control.

The heterostructures were prepared in standard configuration with the glass/ITO electrode
at the bottom and with the Al as top contact and in the inverted with the glass/Al at bottom and
with the ITO deposited by pulsed laser deposition (PLD tehnique above. In the standard
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configuration, two heterostructure types were investigated: ITO/PEDOT:PSS(20 nm)/ZnPc(52
nm)/C60(20 nm)/NTCDA(120 nm)/Al and ITO/ZnPc(50 nm)/C60(28 nm)/NTCDA(111 nm)/Al).
In the inverted structure the ITO top contact was deposited by PLD method using an excimer laser
source with KrF* (Coherent, CompexPro 205) operating at A=248 nm, with tryym ~25 ns. The
deposition were made at room temperature at 5 Hz repetition rate. The number of the laser pulses
was 30000. The deposition chamber was filled with oxigen at 1.5 Pa pressure. Details about the
deposition method and system are gived in the reference [25,26]. The ITO target (SCI Engineered
Materials) was rotated durring the deposition in order to prevent the local deterioration. In the
same deposition cicle, besides the sample with the organic layers was inserted a simple glass
substrate to be covered with ITO. This sample was used to measure the resistivity of the obtained
ITO layer (p=39 E4 Qcm). The inverted structure  obtained  was:
glass/AlI/NTCDA(90)/C60(20)/ZnPc(52)/ITO.

From morphologycal point of view the hetrostructures were analyzed by SEM (Hitachi
S3400) and by AFM (Nanonics MultiView 4000 working in phase feedback). On a Bruker D8
Advances instrument were obtained the XRD diffractograms of the thin films deposited on glass.
The set-up has monochromatized Cu K, radiation (A=1.4506 A) and use a Bragg-Bretano
geometry. The XRD diffractograms were recorded in 5°-55° domain with a 0.04° step size and
2.5 s/step.

FTIR spectroscopy (Shimadsu 800 Spectrometer) was used to verify if changes in the
sources material composition could appear during the organic material deposition. UV-VIS spectra
(double beam CINTRA 10e GBC Spectrophotometer) were recorded in the 280 nm-800 nm
domain. Electrical measurements were performed in darkusing a Keithley 2611A SourceMeter
Unit coupled at 2 microprobe Zuss PH-100.

3.Results and discussion

In the case of the thin films the morphology is a very important aspect, the charge carrier
transport being affected by the roughness. The SEM and the AFM images of the single films
(ZnPc, C60 and NTCDA) on glass substrate and of the stacked films in the standard
(glass/ZnPc/C60/NTCDA) and in the inverted (glasssNTCDA/C60/ZnPc) configurations are
observed in the Figure 1 and 2. The AFM roughness parameters are given in the Figure 2.

ZnPc layer has a similar topography to the other films reported for this material [27-29]
and is characterized by a low RMS/Ra values (5.13 nm/4.08 nm) compared with those obtained for
other materials investigated in this paper. The C60 film shows the specific morphology of the
films prepared by TVE [30], having specific nanostructures [16, 31] with a higher roughness
(14.67 nm/11.54 nm) althought the thin film is thinner (20 nm) than the ZnPc film. This roughness
may be attributed to the conformation of the C60 molecule. The highest roughness
(20.92 nm/16.52 nm) was obtained for the NTCDA layer being linked to the layer thickness.
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Fig. 1: SEM images of the single layers, the standard and the inverted structures

Scanning the surface of the materials in inverted structure it can be noticed that the final
obtained roughness was smaller (6.75 nm/5.38 nm) compared to that of the single layers. Probably
the high roughness obtained for the C60 layer favors a better accommodation of the NTCDA
molecule than in the case when Al/glass was used as substrate.
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Fig. 2:AFM images of the single layers, the standard and the inverted structures

From the XRD diffractograms (Figure 3) it can be observed that the obtained films are not
completely amorphous. In the case of the ZnPc films we found the signature of the initial
material, although the intensity of the diffraction peaks situated at: 6.9° 9.6°, 29.3° [29] is reduced
(probably due to the film thickness). Also, the C60 film is polycrystalline presenting lines at 11.8°
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and 23.7° coresponding to the (111) and (311) diffraction planes [32]. Due to the fact that, after our
knowledges in literature are not reported data regarding the structure of the NTCDA, we show the
XRD diagrams both for this compound as film and also as powder. Some of the obtained lines are
observed in the both samples, more intense being that from 11.9°. As well, in the XRD diagrams of
the investigated structures (Figure 3c ) can be observed this characteristics line of NTCDA, more
intense in the inverted structure where this layer is situated on the top of the structure.
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Fig. 3: XRD diffractograms of the ZnPc film, C60 film, NTCDA film and powder,
and of the standard and inverted structures

The FTIR spectra of the ZnPc and NTCDA layers are presented in the Figure 4. For the
metal phthalocyanines film the most important vibrations appear between 500 cm™ and 1700 cm™.
The intense peak from 727 cm™ is attributed to out of plane deformation of C-H. Other peaks can
be found at 748 cm™, 1095 cm™, 1118 cm™, 1288 cm™ and are assigned to in-plane C-H bending.
The C-C stretching in isoindole is indicated at 1333 cm™. The peaks from 1481 cm™ and
1608 cm™ are due to the C=C benzene stretch [28, 33]. The FTIR spectrum for the C60 layer is not
presented taking into account the reduced thickness of the layers, the characteristic four bands of
the C60 powder from 525 cm™, 575 cm™, 1181 cm™, 1428 cm™ [34] were not identified in the
film. The spectra of the TVE obtained NTCDA layer present the characteristic strong peak situated
at 1780 cm™, assigned to the dianhidryde carbonylic group [35]. The intense peaks from 543 cm™,
753 cm™ and 882 cm™ are attributed to the out-of-plane C-H bending vibrations [20, 36]. Also, the
weaker peaks from 698 cm™ and 754 cm™ are assigned to the same C-H bending vibration [36].
The C-O stretching vibration of the anhydride groups and the in-plane C-H bending vibration
introducing peaks at 1044 cm™, 1120 cm™, 1161 cm™, 1234 cm™ and at 1293 cm™. The peaks
characteristic to the C=C bending vibrations appear at 1442 cm™ and at 1582 cm™[36]. Due to the
fact that we saw in the FTIR spectra of the ZnPc and NTCDA the characteristics vibrations of the
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source materials we conclude that no chemical decomposition take place during the thermal
vacuum evaporation deposition.

In the Figure 5 is ilustrated the UV-VIS spectra of the organic layers. The ZnPc layer
show a higher transparency ~90% ( at 500 nm), close to that of used glass substrate. The
transparency of this film cover a large part of the VIS region, the transmittance spectrum
presenting the characteristic B band (Soret) and Q band [27, 37]. As can be observed in the C60
spectra the thin film has several absorption bands situated in the short-wavelenght range (~342 nm,
~400 nm, ~440 nm), bands characteristic to this material deposited by thermal evaporation [30,
38, 39].
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Fig. 4: FTIR spectra of the ZnPc and NTCDA Fig. 5: UV-VIS spectra of the thin films
single layers and of the standard structure

As was expected (Figure 5-curve 4), the NTCDA film has absorption just in the UV part
of the solar spectrum, this material being a wide gap organic [40]. Ussualy, the UV-VIS spectrum
of this compound present absorption at 367 nm and 388 nm, absorption due to the symmetry-
allowed n-n* transition [41]. In the present case, the NTCDA was used just as a buffer layer
between the acceptor layer (C60) and the cathode. In the UV-VIS spectrum of the structure formed
by the superposition of the investigated three layers (NTCDA/C60/ZnPc) we saw that the
transparency is still high at the 500 nm wavelength and cover a large part of the UV-VIS spectrum.

Al ITO
NTCDA

NTCDA
Al

ITO Glass

Fig. 6: Schematic representation of the standard and inverted structures

For a better understanding of the investigated heterostructures, schematic representations
of the standard and of the inverted configurations are given in the Figure 6.
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Fig. 7: 1-V characteristics of the organic heterostructures: a) standard structure; b) standard structure
with a suplimentar layer of PEDOT:PSS and c)inverted structure

The 1-V characteristic (Figure 7) recorded in dark condition are plotted in (0-1) V range.
The obtained values for the current are characteristic to the organic thin films. A suplimentary
layer of PEDOT:PSS in the standard structure (ITO/PEDOT:PSS/ZnPc/C60/NTCDA/AI) lead to
an increase in the current value in the structure, from 1.6x E-5 A at 6xE-4 A (at least with one
order of magnitude). This behavior was expected due to the fact that is known that a thin layer
from PEDOT:PSS facilitate the hole injection in the organic layer [12]. Using a inverted structure,
an improvement in the current was also observed, from 1.6xE-5 A at 1XE-4 A (~ one order of
magnitude). This difference can appears due to the fact that is better to deposit an organic material
on Al instead to deposit the Al on the top of the organic, taking into account the chemical
interaction between the Al atoms and the organic layer which have as result the appearance of the
recombination centers at the interface [42]. Also these two structures are different from
morphological point of view, the standard structure being characterized by larger roughness
parametres compared to the standard one (Figure2), this aspect being very important for the charge
carrier transport into these type of structures.

4. Conclusions

Thin layers based on ZnPc, C60 and NTCDA were successfully deposited by TVE. The
organic films are polycrystalline and are characterised by a low roughness (RMS/Ra ranged
between: 5.1/4 nm and 20.9/16.5 nm). The films morphologies are characteristic to the
investigated materials (ZnPc, C60 and NTCDA) and similar with those reported in the literature.
The obtained films preserve the optical properties of the investigated materials, presenting high
transparency in the visible part of the solar spectrum. The FTIR spectra show the caracteristic
vibrations of the ZnPc and NTCDA, confirming that no chemical descomposition take plase
durring the films deposition process. Investigating the I-V characteristics of the realised structures
on ITO it can be observed an improvement in the current value ( ~one order of magnitude) when a
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suplimentary layer of PEDOT:PSSwas used in the standard structure.Also, an enhanced in the
current can be achieved using an inverted structure, avoiding in this way the chemical interaction
which can apper between the Al atoms and the organic layer.
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