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Abstract. Organic thin film transistors are alternative candidates to classical electronics,
due to the success of organic semiconductors with a carriers mobility more than 0.1cm2 /Vs.
The purpose of this paper is to offer an electrical characterization of some organic thin film
transistors, based on a classical characterization method. Silicon On Insulator (SOI) wafers
are classically characterized by the pseudo-MOS transistors. Hence, this paper at the outset
presents main technological steps for the fabrication of an organic Semiconductor On organic Insulator, which is still a SOI structure. The fabricated organic structure is aided by
nanotechnologies and uses non-toxic precursors, opening new directions for green organic
electronics. The experimental current-voltage static characteristics are measured. The measurements of the transfer characteristics indicate an increasing drain current with the gate
voltage in modulus. So, the p-type organic layer is working in accumulation. By electrical
characterization, some of the device parameters are extracted: doping concentration around
8×1013 cm− 3, holes mobility of 0.2cm2 /Vs in the organic film and a global interface charge
of 6×1010 e/cm2 .

Key-words: Experiment, organic shell, green electronics, electrical characterization,
thin film transistor.
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Introduction

In recent past, Organic Thin Film Transistors (OTFT) were largely investigated for applications such as flexible electronics, biosensors and displays [1–4]. The main advantage is derived
from a technology at 300–400K temperature, avoiding any clean room facility. A successful candidate for organic semiconductor film is pentacene. It is insoluble in organic solvents. This is a
drawback in its purification, but it is an advantage for next layers processing. Pentacene can be
usually deposited by vacuum thermal sublimation or deposition in vapor phase [5, 6]. Pentacene
presents p-type conduction if the metallic Source and Drain contacts are made from gold [7].
The traditional organic semiconductors, including tetracene or pentacene, rely on poly-nuclear
aromatic hydrocarbons (PAH). It is well-known by the PAH toxicity [8], especially through
apoptosis induction in some human cells, [9]. Hence, the traditional organic semiconductors are
susceptible to high toxicity for environment.
The aim of this work is to push the organic technologies towards green eco-technologies. In
this scope, the paper envisages synthesis of green organic compounds, like para amino benzoic
acid (PABA) self-assembled to ferrite nanoparticles (PABA-Fe3 O4 ), appealing to a biocompatible insulator, like polystyrene [3]. Diodes made from polyaniline (PANI) were produced, [10].
PANI is more conductive than PABA, due to presence of a lower band gap [11]. PABA is an
ecological compound that naturally exists in soil and in human bowel, having very low toxicity.
On the other hand, PABA fulfills the condition of electronic conduction that is the molecular
conjugation [12].
In the final section, the PABA-Fe3 O4 nanoparticles are used to construct the simplest organic
transistors, in the pseudo-MOS configuration. The pseudo-MOS transistor or Ψ-MOSFET is a
mask-less device, used to characterize Si-films on SOI wafers [13-15]. This technique is suitable to be transferred to these organic thin films, able to produce Organic Thin Film Transistor
(OTFT). Doping concentration and interface charges have to be estimated by this method. This
SOI extension to other semiconductors than Si was applied to diamond on insulator [16] or to
DNA nucleic acids detection by pseudo-MOS transistor, too [17].

2.

Brief fabrication flow of the paba-Fe3 O4 film as organic ptype semiconductor

The synthesis of the PABA-Fe3 O4 nanoparticles is based on the nano-core shell technique,
with ferrite as nano-core and PABA as external shell. The nanoparticles liquid suspension was
achieved by a co-precipitation process and it was reported elsewhere [18]. The physical characterization demonstrated a good stability at room temperature, [19]. In previous studies, molecular
simulations were performed to emphasize the associated interactions between the internal core
with the outer covering of PABA to exhibit p-type semiconductor film, [19, 20]. After a complete
separation and purifications stage, a stable dispersion of PABA-Fe3 O4 nanoparticles of brownreddish color, is collected, Fig. 1.
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Fig. 1. Extraction of the glass plate covered by the active layer, during the dip-coating process from a
recipient with PABA-Fe3 O4 suspension (color online).

Subsequent technological steps are used to entrap this compound on a solid-state substrate
made from glass plate coated by Indium tin oxide (ITO) conductor material.
- Step 1: Initial glass substrate with ITO conductive layer cleaning. The substrates were
purchased from Bruker Daltonics (Bremen, Germany). Cleaning is repeated after each
subsequent technological step, after a program detailed in [19];
- Step 2: Deposition by dip coating of thin film of polystyrene (PS) 100nm thickness, as
back-gate insulator;
- Deposition by dip coating of thin film of PABA-Fe3O4, 400nm thicknesses, as organic
semiconductor;
- Chemical deposition of some PANI conductive pills, able to configure the Source-Drain
metallic electrodes on the organic semiconductor, as ohmic contacts. This is an optimization versus previous variants [19, 20].
- Preparation of the external contacts: Source, Drain and Gate probes coated by Au film are
connected in a pseudo-MOS transistor configuration, Fig. 2.
The Dip Coating (DC) method was selected for polystyrene and PABA-Fe3O4 films, due to
their good dispersibility and in correlation to the low cost of fabrication, [21].
The fabricated structure, containing PABA-Fe3 O4 film on polystyrene on transparent ITO on
glass substrate, can be immediatly treated as a pseudo-MOS transistor, connecting the Source
and Drain probes to the front part of the PABA-Fe3 O4 film and the Gate in contact with ITO
electrode, Fig. 2a. In our case, the SOI acronym can be extended from Silicon On Insulator
to Semiconductor On Insulator, where both semiconductor and isolator are organic compounds.
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The pseudo-MOS transistor from Fig. 2a fulfills the condition to act as a thin film transistor with
Back-Gate and Top Contacts [22].

3.

Experimental static characteristics of the device under test

The pseudo-MOS structure is positioned on a testbench, Fig. 2b. Each probe is placed in
contact with the corresponding film by Signatone S-725 micropositioners, to offer fine mechanic
contacts of the Source, Drain and Gate probes. These external terminals are Gold-filled wires of
400µm diameter. The Gate touches the edge of the ITO layer. The distance between two PANI
pills is approximately 5000µm that is the length of the transistor channel, Fig. 2a,b.

Fig. 2. The pseudo-MOS transistor principle characterization; (b) the experimental set-up (color online).

In the next experiment, the position of the probes on organic film are changed from place
1, to place 2 and 3, to observe the curves reproductibility. Even for pseudo-MOS transistors
on Si, the probes pressure can afect the recorded characteristics, [23, 24]. In this case, a high
probe pressure can produce the penetration of both PABA-Fe3 O4 and polystyrene film. In this
case, the Source-Drain current rather occurs through the bottom ITO layer that short-circuits
the above organic semiconductor. To avoid this situation, the probes pressure was adjusted so
that a HM8012 multimeter mesures mega-ohms between Source-Drain probes, corresponding to
the PABA-Fe3 O4 resistance. A wrong position with penetration is detected, if a Source-Drain
resistance of tens Ohm is recorded. In this case, the probes were re-positioned. Pseudo-MOS
transistor is powered by Hameg voltage supply HM8012, while the drain current is measured
by a Keithley 6487 pico-ammeter. The Source is grounded, while the Drain and Gate probes are
independently biased, providing the output characteristics, fig. 3a and the transfer characteristics,
fig. 3b.
The output characteristics show a quasi-linear region, till a saturation region reaches around
2.2V. The saturation is not very stable, fig. 3a. The transfer characteristics show increasing
currents with |V GS|, indicating an accumulation channel onset for VGS < −0.3V , Fig. 3b. The
origin of leakage current for 0V < |V G| < 0.3V in Fig. 3b is explained by the partially depleted
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Fig. 3. The measured curves of the transistor with PABA-Fe3 O4 organic film (sample code is 41) when the
Source and Drain probes are placed in place 1 or place 2 or place 3, as two adjacent locations (continous
lines) and computed average curve (dotted line): (a) output characteristics at VGS = –0.2V; (b) transfer
characteristics at VSD = 1V (color online).

film with a conductive neutral region [23–25]. Similar shapes of the static characteristics of the
pseudo-MOS transistors with Si-films were recorded by other authors, too [13, 14, 26].

4.

In situ electrical characterization of the PABA-Fe3 O4 film
For a pseuso-MOS transistor in accumulation regime, the drain current is given by [14]:
ID =

Z/L · CP S (|VG | − VAcc ) · |VDS |
1 + Θacc (|VG | − AAcc )

(1)

where ID is the Drain current, Z is the channel width, L is the channel length, µp is the holes
mobility, CP S is the specific capacity of the P S layer, VG is the applied Gate voltage, VAcc is
the accumulation voltage corresponding to a threshold for the accumulation channel installation,
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VDS is the Drain-Source voltage and Θacc is the coefficient of the mobility attenuation at high
VG . In our mesurement, VG is low enough to neglect the mobility attenuation effect. For low
|VDS |, the transistor works in quasi-linear regime and model (1) can be simplified:
ID =

Z
· µp,sat · CP S (|VG | − VAcc ) · |VDS |
L

(2)

For higher |VDS | the transistor enters in a saturation regime and the equations are still borrowed from the MOS formalism, [14]:
ID =

Z
· µp,sat · CP S (|VG | − VAcc )2
2L

From the fabrication process we know some parameters: L=5000µm, Z= 400µm, polystyrene
thickness tP S =100nm, PABA-Fe3 O4 thickness tP ABA =400nm. The literature provide for PABA:
the lowest unoccupied molecular orbital LUMO = –1.7eV and the highest occupied molecular orbital HOMO = –6.1eV as the equivalent values for the edges of the valence and conduction bands,
holes mobility µp=0.2cm2 /Vs and dielectric permittivity is εr,P ABA = 4.5F , εr,P S = 2.7 [10–
12]. Noble metals, such as gold, with a work-function of 5eV, are usually chosen for the Source
and Drain contacts onto p-type organic films. The PANI pills with HOMO level of 5.5eV, ensure
a better transition from PABA-Fe3 O4 film to Au contacts, to obtain ohmic contacts. From experimental points (Fig. 3b), considering the average curve as the arithmetic average of experimental
values for each place 1, 2 or 3, result ID = 0.34nA at |VG | = 0.5V , |VDS | = 1V . From these
values and model (2) results the following transistor parameters:
ε0 · εP S
= 23.7nF/cm2
tP S

(3)

Z
· µp · CP S = 0.39nA/V 2
L

(4)

CP S =

k=

VAcc = |VG | −

ID
= −0.38V
k · |VDS |

(5)

where k is the aspect factor of this transistor. For the pseudo-MOS transistor, the VAcc value is
associated with the flat-band voltage that characterizes the global charge, Qit , from the semiconductor/isolator interface [14]:
|VAcc | =

|Qit |
⇔ |Qit | = CP S · |VAcc | = 6 × 1010 e/cm2
CP S

(6)

If we look in Fig. 3b, we can define an OFF current sub-0.1nA for |VGS | < |VAcc | and an
increasing accumulation drain current for |VGS | > |VAcc |. This is equivalent with the following
simpler convention for the VAcc extraction:
VAcc = VGS |ID =0.1nA
Theoretically speaking, VAcc = VF B = 0V if no oxide charge exists and null potential occurs
at the conductor/PABA-Fe3 O4 contact. On the other hand, in the linear regime, at low |VDS |, the
output characteristics can be estimated by Ohm’s law, using the channel resistance, Rch :
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ID = |VDS |/Rch =

|VDS |
ρP ABA ·L
Z·tP ABA

⇔ ρP ABA =

|VDS | Z · tP ABA
·
ID
L

(7)

where ρP ABA is the resistivity of the PABA-Fe3 O4 film. From (7) and picked points from
Fig. 3a, results ρP ABA = 390000Ωcm that is related to the doping concentration from the PABAFe3 O4 film, NP ABA and holes mobility, µp :
ρP ABA =

1
qNP ABA · µP

(8)

So, the doping concentration can be estimated for the PABA-Fe3 O4 film from (7), (8):
NP ABA =

1
qρP ABA · µP

= 8 × 1013 cm−3

(9)

We have tentatively extracted the holes mobility from Fig 3b, using the model of hole mobility
in saturation [12]:
√ !
∂ ID
2L
·
(10)
µp,sat =
CP S Z
∂VGS
Applying eq (10) to the average curve from Fig. 3b, results µp,sat = 1.09cm2 /Vs in PABAFe3 O4 film, close to the extracted value of 1.4cm2 /Vs from organic transistors with dinaphtho[2,3-b:20,30-f]thieno[3,2-b]thiophene as semiconductor, [12]. Admitting this new value for the
hole mobility, the doping concentration is 1.6 x 1013 cm−3 , according to equation (9). To establish if the film is fully depleted, we have to compare the film thickness with the maximum
depleted region, xd,max [22]:
r
2ε
xd,max =
· 2ΦF
(11)
q · NP ABA
where ε is the PABA dielectric constant and ΦF is the Fermi potential in PABA-Fe3 O4 film. For
ΦF = 0.2V, results xd,max = 1573nm > tP ABA = 400nm, so the film is fully depleted.
Considering that our models can induce up to one order of magnitude error, the doping concentration in the PABA-Fe3 O4 film still belongs to 1012 . . . 1014 cm−3 that is in agreement with
the current range, Fig. 3. For instance, a Si-film 200nm thickness from a SOI wafer posses a
doping of5 × 1015 cm−3 and allows a current sub-1µA in accumulation at low VDS [23].

5.

Conclusions

A pseudo-MOS transistor was fabricated under a generalized SOI concept (Semiconductor
On Insulator instead of Silicon On Insulator). The transistor used polystyrene for insulator and
nano-core-shell of ferrite with external shell of para-amino benzoic acid for the semiconductor
film. This organic transistor used non-toxic compounds, taking into account that PABA is also
known as Bx vitamin [26]. A brief technological plan was presented. Then the experimental
static characteristics, ID− , were measured. The actual organic transistor without any lithographic
technique appealed to the pseudo-MOS transistor configuration. The investigated structure had a
glass substrate succesively covered by ITO conductor, polystirene and PABA-Fe3O4 active film.
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[10] M. SAǦLAM, M. BIBER, A. TÜRÜT, M. S. AǦIRTAŞ, M. ŞAKAR, Determination of the Characteristic Parameters of Polyaniline/p-type Si/AI Structures from Current-Voltage Measurements, International Journal of Polymeric Materials and Polymeric Biomaterials 54(9), pp. 805–813, 2007.
[11] M. SHEIKHI, S. SHAHAB, L. FILIPPOVICH, M. KHALEGHIAN, E. DIKUSAR, M.
MASHAYEKHI, Interaction between new synthesized derivative of (E,E)-azomethines and BN(6,6-7)
nanotube for medical applications: Geometry optimization, molecular structure, spectroscopic (NMR,
UV/Vis, excited state), FMO, MEP and HOMO-LUMO investigations, Journal of Molecular Structure
1146(10), pp. 881–888, 2017.
[12] H. KLAUK, Organic thin-film transistors, Chem. Soc. Rew. 38(4), pp. 2643–2666, 2010.
[13] S. CRISTOLOVEANU, S. WILLIAMS, Point-contact pseudo-MOSFET for in-situ characterization
of as-grown silicon-on-insulator wafers, IEEE Electron Device Letters 13(2), pp. 102–104, 1992.
[14] S. CRISTOLOVEANU, S.L. SHENG, Electrical characterization of silicon-on-insulator materials
and devices, Kluwer Academic Publishers, New York, pp. 20–240, 1995.
[15] C. RAVARIU, A. RUSU, F. RAVARIU, D. DOBRESCU, L. DOBRESCU, Alternative methods of
parameter extraction based on the pseudo-MOS technique, 24th IEEE International Conference on Microelectronics, Nis, Serbia, Proc. pp.249–252, 2004.

36

C. Ravariu et al.

[16] C. RAVARIU, Special features of the nothing on insulator transistor simulated with diamond lateral
islands, Romanian Reports in Physics 70(4), pp. 1–10, 2018.
[17] L. BENEA, S. CRISTOLOVEANU, Ψ-MOSFET Configuration for DNA Detection, IEEE Int. Semiconductor Conference, Sinaia, Romania, Proc. pp. 65–68, 2018.
[18] A. MOROSAN, D.E. MIHAIESCU, D. ISTRATI, G. VOICU, A. FUDULU, R. STAN, Polar shell
magnetic nanostructured systems for heterogeneous nanophase reactions, U.P.B. Sci. Bull. Series B
80(2), pp. 53–64, 2018.
[19] C. RAVARIU, D. ISTRATI, D. MIHAIESCU, A. MOROSAN, B. PURCAREANU, R. CRISTESCU,
R. TRUSCA, B. VASILE, Solution for green organic thin film transistors: Fe3O4 nano-core with PABA
external shell as p-type film, Journal of Materials Science - Materials in Electronics 31(4), pp. 3063–
3073, 2020.
[20] C. RAVARIU, D.E. MIHAIESCU, D. ISTRATI, B. PURCAREANU, Nano-Core-Shell Technologies
Suitable for Thin Film Transistors Implementation, XX-th International Symposium on Electrical Apparatus and Technologies SIELA 2018, Bourgas, Bulgaria, pp. 1–4, 2018.
[21] L. MURESAN, E.J. POPOVICI, A.R. TOMSA, L. SILAGHI-DUMITRESCU, L. BARBUTUDORAN, E. INDREA, Preparation by dip coating method and characterisation of WO3 thin films,
Journal of Optoelectronics and Advanced Materials 10(9), pp. 2261–2264, 2008.
[22] P. MITTAL, B. KUMAR, Y.S. NEGI, B.K. KAUSHIK, R.K. SINGH, Channel length variation effect
on performance parameters of organic field effect transistors, Microelectronics 43(12), pp. 985–994.
2012.
[23] C. RAVARIU, A. RUSU, D. DOBRESCU, F. RAVARIU, L. DOBRESCU, An analytical model for
static characteristics of a pseudo-MOS transistor with neutral channel, 23rd IEEE International Semiconductor Conference CAS’2000, Sinaia, Romania, pp. 307–310, 2000.
[24] I. IONICA, I. SAVIN, W. VAN DEN DAELE, T. NGUYEN, X. MESCOT, S. CRISTOLOVEANU,
Characterization of Silicon-On-Insulator films with pseudo-metal-oxide-semiconductor field-effect transistor: correlation between contact pressure, crater morphology and series resistance, Appl. Phys. Lett.
94(012111), pp. 1–4, 2009.
[25] C. RAVARIU, The residual doping concentration estimation in a SIMOX film using current measurements, IET Science Measurement & Technology Journal 7(1), pp. 1–6, 2013.
[26] L. BENEA, M. BAWEDIN, C. DELACOUR, S. CRISTOLOVEANU, I. IONICA, Out-of-equilibrium
body potential measurements in pseudo-MOSFET for biosensing, Joint International EUROSOI Workshop and International Conference on Ultimate Integration on Silicon (EUROSOI-ULIS), Athens,
Greece, pp. 1–4, 2017.
[27] A. KLUCZYK, T. POPEK, T. KIYOTA, P. DE MACEDO, P. STEFANOWICZ, C. LAZAR, Y. KONISHI, Drug Evolution: p-Aminobenzoic Acid as a Building Block, Current Medicinal Chemistry 9(21),
pp. 1871–1892, 2002.

