A Ly
;)\1’;“ R o g”"\c COMMUNICATION SCIENCE ET TECHNOLOGIE

| ; g Skﬂ s
ol : ‘ Vo 21’ NOOZ’ pp21’26 ; Boionl ol Scionca
= A ENPO - Maurice AUDIN g & Technology

ASJP/ ESSN 2773-3483

§

s i )

. COST

2
o o 2
[elyteek: ¢ Ovans Lerploisis 3 mpba Jlait

Y
N
| 2 5% |

=

OPTICALAND ELECTRICAL CHARACTERIZATION OF MEH-PPV ORGANIC
HETEROSTRUCTURE

M. Benhalilibal?*, M. Kaleli®** and E. Sen®
Film Device Fabrication-Characterization and Application FDFCA Research Group
USTOMB, 31130, Oran, Algeria.
2Physics Faculty, USTOMB University POBOX 1505 31130, Mnaouer Oran Algeria.
3Innovative Technologies Application and Research Center, Energy Technologies
Research Unit Laboratory
*Department of Physics, Siileyman Demirel University,32260 Isparta Turkey.
>Silleyman Demirel University, Graduate Schoo of Natural and Applied Sciences,
Bioengineering Department, Isparta, Turkey.
*Corresponding author: mbenhaliliba@gmail.com
https://orcid.org/0000-0001-6507-3663
Recu le:28/08/2023 Accepté Le:13/09/2023

ABSTRACT

MEH-PPV thin layer is grown onto silicon substrate by ultrasonic spray pyrolysis process to
achieve Ag/MEH-PPV/Si/Al heterostructure. Optical transmittance is measured using UV-Vis
spectrophotometer and 1-V characteristics under dark and light conditions are measured and
electrical parameters are extracted. Based on optical measurement, 140 nm thick film exhibits
high transmittance within a visible band recording an optical band gap of 2 eV. The ideality
factor, series resistance and barrier height of the organic heterostructure are extracted in dark
and illumination conditions. It is observed that the current is space-charge limited (SCLC) and
that the exponential distribution of trapping levels has the most influence on how traps affect
the conduction current. Such organic heterostrcutures can meet photodiode and solar cell
applications.

Keywords. MEH-PPV; Optical measurement; |-V characteristics; heterostructure; Conduction
mechanism.
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1. INTRODUCTION

Due to the potential for inexpensive electronic device manufacture and simplicity of synthesis
with desired forms, organic materials have stimulated extensive research to examine electrical
and optical properties in the field of electronics [1]. Organic electronics refers to the device
design of a hybrid structure with semiconductor layers based on organic material, such as
solar cells, sensors, photodetectors, and LEDs [2-4]. The phenylenevinylene (MEH-PPV), one
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of the most significant derivatives of PPV with a -conjugation system in their main chain is
one of the most important organic heterojunctions due to both their unique optoelectronic
properties and their processability from solution, which allows facile integration with the
existing technologies. MEH-PPV, one of the most significant derivatives of PPV with a
-conjugation system in their main chain is one of the most important organic heterojunctions
due to both their unique optoelectronic properties and their processability from solution,
which allows facile integration with the existing technologies. A cryptic amorphous polymer
IS MEH-PPV. As a result, MEH-PPV can be diluted in both aromatic and non-aromatic
solvents due to the polymer chains' alkoxy on the phenyl position. Using a homemade
ultrasonic spray pyrolysis system, an ultrasonic sprayed MEH-PPV has been created for the
deposition of organic material on p-type silicone, and silver is physically evaporated for
metallic connections. The ultrasonic spray pyrolysis route (USSP) is used to create thin, dense,
and smooth layers with fewer flaws because it is an easy method for creating high-quality thin
films for high-performance organic devices. In this study, we demonstrate the successful
fabrication of a MEH-PPV and p-type silicon-based MSP organic heterojunction assembly. In
order to identify various heterojunction device parameters, this work's primary objective is to
conduct optical, structural, and electrical investigations with 1-V and C-V measurements in
the dark and at ambient temperature. This research is interesting since it uses a low-cost USSP
method to create a device from an organic MEH-PPV molecule.

2. EXPERIMENTAL PROCEDURE

To obtain as-grown film and related device, the following protocol is accomplished. To
fabricate AQ/MEH-PPV/Si/Al heterostructure, a thermal evaporation is used at lower pressure
as portrayed in Fig.2.

md  Substrates cleaning

B 6 mg-
Powder of MEH-PPV

e Used solvent -15ml

== Solution preparation by stirring 120 min_50°C

amd USSP route is used_deposition time 35 min_Ts 90 °C

e Thickness of organic layer 150 nm_ annealing temp125°C

Fig.1. Experimental Protocole of organic layer and device.

2. RESULTS AND DISCUSSION

Fig.2 describes the I-V characteristics of Ag/MEH-PPV/Si/Al heterostructure in dark-light
conditions. 1-V plot shows several curves whitin reverse and forward -1V, 1V voltage range.
Current sweeps from 0 to 200 A as a result of 0-200 mW/cm2 illumination intensity.
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Based on the thermionic emission model, the current can be expressed as[5-7];

o I{exr)(v _ IR, ﬂ M

As indicated in Table 1, Ng, Vg and ¢» of our organic device based on MEH-PPV organic
molecule values are frequency dependent. Similar trends are prior described for another
polymer [1].
Table 1. Extracted parameters of MEH-PPV based diode from C-V characteristics under
several applied frequencies (not shown here)

Frequency Nd Vd Vbi ob
(Hz2) (10%cm’®) (V)
100k 1.18 1.28 0.10 0.77
500k 1.15 1.51 0.22 0.90
1000k 0.66 1.50 0.13 0.82

Where | and V are the experimental current and applied biasing voltage of the MEH-PPV
device, respectively, and lo is the reverse saturation current can be written as[7];

Front contact >

MEH-PPV layer = >>

Substrate p Si >
Back Contact —r-,

Fig.2. Design of Ag/MEH-PPV/Si/Al heterostructure.

l, = AA'T? exp[— %) 2)
Where the effective device area of contact is noted A (0.071 cm?), the effective Richardson
constant for the p—type siliconis A* of 32 A/cm2K?, gis the electron charge, Tis the absolute
temperature expressed in Kelvin, nis the ideality factor, @yis the zero-bias barrier height. The
determination of the ®yvalue is calculated after extraction and injection of lp in equation 3,
and the barrier height is then calculated using [7];

*r2
@bzk—Tln(AAT J 3)
q lo
Table 2. Extracted electrical parameters of Ag/MEH-PPV/Si/Al heterostructure under light.
Light Iph Photosensitvity Max FF PCE
intensity (HA) power (%)

(mw/cm?) (HW)
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100 0.02 38.30 5.13 0.37 5
150 0.04 22.0 4.36 0.49 2.9
200 0.02 43.4 11.6 0.31 5.8

As skechted in Fig.3, current is varying as a result of illumination intensity. Photocurrent
values ranging inside 0.02-0.04 pA range while photosensitivity of our device is increasing
with light intensity as listed in Table 2. PCE data are varied from 2.9 to 5.8 as listed above.
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Fig.3. I-V characteristics of Ag/MEH-PPV/Si/Al heterostructure in dark-light conditions.
Rectifying ratio (RR) of Ag/MEH-PPV/Si/Al heterostructure is calculated as shown in Fig.4.
RR records a value of 1430 in dark and is lowering as a result of light increases. Lower values
are observed 39, 19, 10.9 and 6 for 50, 100, 150 and 200 mw/cm? respectively. Similar trends
are recorded for ideality factor 1.75, 1.89, 2.1, 1.76 and 2.1 are obtained values for dark and
light conditions. Furthermore saturation current lo of Ag/MEH-PPV/Si/Al heterostructure is
assessed whitin range 10.4-20.15 pA. By using logl-logV plots (not shown here) of
Ag/MEH-PPV/Si/Al heterostructure the conduction mechanisms are well defined and studied.
It is observed that the current is space-charge limited (SCLC) and that the exponential
distribution of trapping levels has the most influence on how traps affect the conduction
current. Such organic heterostrcutures can meet photodiode and solar cell applications.
Similar mechanisms are already reported by S.Aydogan et al. for organic Orcein [8].

RR= I(VIYI(Vr)
Curved IV Rs effect

4]

Fig.4. I-V characteristics of Ag/MEH-PPV/Si/Al heterostructure (RR evaluation and Rs effect).



COST. 2023, V21, pp 25

As for any analysis of electronic device involved for photovoltaic application, a measurement
of optical parameters is required. Fig.5 and 6 demonstrate the variation of both absorbance
and transmittance versus wavelength within 400-700 nm range. An absorbance peak of 12% is
indicated at 508 nm and decay is followed whitin visible range.

Absorbance (%)

Wawelength {nm)

Fig.5. Absorption profile of MEH-PPV layer, a maximum of 12% is recorded at 508 nm.
A high transmittance of 90 % is reached at the end edge of visible as drawn in Fig.6 but a
valley is spotted of transmittance inside visible band which confirm optical filter properties of
such organic layers. Such findings are already demonstrated for phthalocyanine blue-green
pigments layers [9]. Optical characterization of P3HT polymer based thin film has presented
similar transittance inside 400-700 nm wavelength range [1]. Absorbance profile of
DPEA-MR-Zn organic crystalline semiconductor exhibited peaks within visible range [10].

Transmlttance (%)

Wavelength (nm)

Fig.6. Transmittance plot of MEH-PPV layer onto glass substrate, both a valley V and peak P are
recorded.

4. CONCLUSION

Organic molecule-based devices for solar cell and OLED applications have recently been
extensively studied and fabricated by several techniques. The NREL table classifies them
among the emerging photovoltaic components. Among these molecules we opted for
MEH-PPV produced by USSP and PVD techniques. A rather remarkable transparency of the
organic film is recorded in the visible and the gap is of the order of 2.02 eV. The effect of light
intensity on electrical parameters is evidenced. A non-ideal behavior of organic diode is
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observed due to the presence of interface states. Moreover optical filter properties of such
organic layers based on MEH-PPV are demonstrated.

ACKNOWLEDGMENTS

It is supported by 2022 PRFU PROJECT under contract BOOL02UN310220220001,
http://www. prfu—mesrs. dz

6. REFERENCES

[1] S.E.Meftah, M.Benhaliliba, M.Kaleli, C.E. Benouis, C.A.Yavru, A.B.Bayram, Optical and
electrical characterization of thin film MSP heterojunction based on organic material Al/p-Si/P3HT/Ag,
Physica B: Condensed Matter, 593 ( 2020), 412238.

[2] M. Benhaliliba, A growth of A-Z phthalocyanine layers onto Si by thermal evaporation process to
achieve organic heterojunction diodes, Optik, 217, (2020) 164832

[3]H. Trad. Ltaief, M. Majdoub, A. Bouazizi, J. Davenas, Effect of the side chain length on the
optical and electrical properties of soluble PPV derivatives, Materials Science and Engineering C 26
(2006) 340 — 343

[4] Khyati Gautam, Inderpreet Singh, Rangoli Bhatnagar, P.K. Bhatnagar, Koteswara Rao Peta,
Synergistic effect of graphene and ZnO nanorods in enhancing the performance of MEH-PPV based
polymer light emitting diode, Displays 73 ( 2022)102170

[5] S.M. Sze, K.N. Kwok, Physics of Semiconductor Devices, 3nd ed., John Wiley & Sons, New
Jersey, 2006.

[6] R.H. Bube, Photoelectronic Properties of Semiconductors, Cambridge University Press, 1992.
[7]1D. Ali Aldemir, M. Benhaliliba, C.E. Benouis, Photodiode based on Al-doped SnO2: Fabrication,
current-voltage and capacitance-conductance-voltage measurements, Optik - International Journal for
Light and Electron Optics 222 (2020) 165487.

[8]S. Aydogan, U. Incekara, A.R. Deniz, A. Tiriit, Extraction of electronic parameters of Schottky
diode based on an organic Orcein, Microelectron. Eng. 87 (12) (2010) 2525-2530.

[9]M.Benhaliliba, A.Ben Ahmed, The phthalocyanine blue-green pigments devices intended for
optical filters, Optik, 258 (2022) 168808.

[10]JA. FaroukAl-Hossainy, A. Ibrahim, The effects of annealing temperature on the structural
properties and optical constants of a novel DPEA-MR-Zn organic crystalline semiconductor
nanostructure thin films, Optical Materials 73 (2017) 138-153


http://www.prfu-mesrs.dz/
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/article/pii/S0921452620302568#!
https://www.sciencedirect.com/science/journal/09214526
https://www.sciencedirect.com/science/article/pii/S0030402620306689
https://www.sciencedirect.com/science/article/pii/S0030402620306689
https://www.sciencedirect.com/science/journal/00304026
https://doi.org/10.1016/j.ijleo.2020.164832
https://www.sciencedirect.com/journal/displays
https://www.sciencedirect.com/journal/displays/vol/73/suppl/C
https://www.sciencedirect.com/journal/optik
https://www.sciencedirect.com/journal/optik/vol/258/suppl/C
https://www.sciencedirect.com/journal/optical-materials
https://www.sciencedirect.com/journal/optical-materials/vol/73/suppl/C

	ABSTRACT
	1. INTRODUCTION
	To obtain as-grown film and related device, the following protocol is accomplished. To fabricate Ag/MEH-PPV/Si/Al heterostructure, a thermal evaporation is used at lower pressure as portrayed in Fig.2.
	2. RESULTS AND DISCUSSION
	Fig.2 describes the I-V characteristics of Ag/MEH-PPV/Si/Al heterostructure in dark-light conditions. I-V plot shows several curves whitin reverse and forward -1V, 1V voltage range. Current sweeps from 0 to 200µA as a result of 0-200 mW/cm² illuminati...
	Table 1. Extracted parameters of MEH-PPV based diode from C-V characteristics under several applied frequencies (not shown here)
	Fig.2. Design of Ag/MEH-PPV/Si/Al heterostructure.
	Where the effective device area of contact is noted A (0.071 cm2), the effective Richardson constant for the p–type siliconis A* of 32 A/cm²K², qis the electron charge, Tis the absolute temperature expressed in Kelvin, nis the ideality factor, Φbis th...

	Table 2. Extracted electrical parameters of Ag/MEH-PPV/Si/Al heterostructure under light.
	As skechted in Fig.3, current is varying as a result of illumination intensity. Photocurrent values ranging inside 0.02-0.04 µA range while photosensitivity of our device is increasing with light intensity as listed in Table 2. PCE data are varied fro...
	6. REFERENCES

