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Abstract

In this paper, a simulation of the electrical performance for Pentacene-based
top-contact bottom-gate (TCBG) Organic Field-Effect Transistors (OFET) model with
Polymethyl methacrylate (PMMA) and silicon nitride (Si3N4) as gate dielectrics was
studied. The effects of gate dielectrics thickness on the device performance were
investigated. The thickness of the two gate dielectric materials was in the range of
100-200nm to maintain a large current density and stable performance. MATLAB
simulation demonstrated for model simulation results in terms of output and transfer
characteristics for drain current and the transconductance. The layer thickness of
200nm may result in gate leakage current points to the requirement of optimizing the

thickness of different layers for better performance.
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1. Introduction

The use of organic semiconductor have great interest because of their good facilities, light
weight, easy fabrication under ambient condition at low cost [1] . The important of organic
semiconductors appear in devices such as transistors [2], solar cell[3], sensor[4], light emitted
diode which is serve as active materials. Although, these materials typically exhibit low
charge carrier mobility, poor environmental stability and short operational life time comparing
with inorganic counterparts[5]. Organic Field effect characteristics have been showed a wide
range of organic materials including: polymers, small molecules, oligomers and w-conjugated
molecules[6]. Among these materials, Pentacene based OFET show an interested improvement
in terms of electrical properties threshold voltage, switching ratio and mobility. The importance
of OFET modeling and simulation lies in achieving an optimized design, allowing existing
instruments to be used, predicting process control problems, and understanding the mechanism
of degradation[7].

Polymer insulators show many advantages compared with inorganic insulators in OFET
such as smoother surfaces, no ingrained points sites and processability of solutions.
Polymethyl methaacrylate PMMA was chosen in this work since it characteristic as a good
insulator. It has low leakage current and used in the lenses of exterior lights of automobile [8-
9]. Silicon nitride Si3N4 also chosen as inorganic gate dielectric material it has a low density
and high temperature strength material, thermodynamically stable and has a high permittivity
[10][21].

The effect of two different gate dielectric materials PMMA and SisN,4 and the effect of their
thicknesses on the electrical characteristics for Pentacene based-OFET were studied in this

paper.
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2. Device Structure

In this work, a top contact configuration of organic field effect transistor with channel length L=1um
and width W =2.1um was studied. The gate used in this study was Indium Tin Oxide (ITO) (its work
function ¢ =4.78eV), the used gate dielectric material were SisN, (dielectric constant €=7), PMMA
(dielectric constant €=3.5) with thickness 100nm, 150nm and 200nm. Pentacene is the organic
semiconductor (300nm thickness) place with gold electrodes for source and drain. These values were

chosen depending on several experimental studies. Fig.2 shows schematic structure of OFET.
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Fig.2: Top-contact configuration of OFET.

3. Characterization using MATLAB Simulation

The electrical characterization of Pentacene-based OFETs was done by using MATLAB
simulation. The characterization of organic transistors and materials for the linear and saturation
regions of drain current is often analyzed using classical analytically MOS equations. The gradual
channel approximation was used to derive the equations, this approximation proposed the field is
perpendicular to the current, controlled by the gate bias, is much larger than the electric field

between source and drain [12]. At low drain voltage Vg, [Va| << |V, —Vz|, where Vq is the gate

voltage and Vr is the threshold voltage, drain current lg will increases linearly as Vq increases

(linear region) and is determined from the following equation [13-14]:

WC, Vi .
la=— 1 X |(Vg= VD) x Va— = €y
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For V4| = [V, — V|, l4 tends to saturate (the saturation regime) due to the “pinch-off” of the

accumulation layer and is modeled by the equation

Wc,

lg = [ Msar, X (v, —vg) (2)

Ci is capacitance per unit area of the gate insulator, p is the mobility (5 Cm*V.s ), and V1 is
equal to (2.5 V).

4. Results and Discussion

To study the performance of OFET, different gate dielectric thickness of PMMA and SizN,4
ranging from 100 — 200nm were studied. Fig. 3 and 4 show |-V characteristics of OFET for both
insulator layers (PMMA and SizN4), which indicate an increasing in the current due to thickness
increasing, also it can be observed an improvement in the drain current by using PMMA insulator
against SizNy4 insulator and that is due to the increase of effective capacitance C; , which is defined
as [1]

Ci= =it 3)

S= is the space permittivity and ¢ is the material permittivity, the carrier charge density (Q)

increasing too
Q=Ci(V—vr) 4)
In Fig.4 more increasing in the Iy for PMMA/Si3N4, because increasing of the dielectric
capacitance Cita , Which is given by
Ctota=Cpmma+Csiang ®)

As reducing the insulating thickness, the drain-source current will increase; this can be
attributed to the increase of charge carriers with increasing the capacitance for the same gate
voltage. Moreover, at lower dielectric thickness, the vertical electric fields will increases this will
introduce more holes injected from the source electrode. Therefore; the drain current will increase
with reducing dielectric thickness. However, the gate dielectric cannot be too thin because its ability

of insulating will maintain and its act as the gate dielectric layer in OFETS.
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Fig. 3: Output characteristic of gate insulator PMMA at thickness of dielectric a) 100nm b) 150nm
and c¢) 200nm.
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Figure 4: Output characteristic of gate insulator SisNj, at thickness of dielectric a) 100nm b) 150nm
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Figure 5: Output characteristic of gate insulator dielectric PMMA/Si3N, at thickness of
a)100nm b) 150nm and c) 200nm.

For transfer characteristics shown in figures (6,7 and 8) the same behavior can be estimated
where the current is increased by increasing the drain voltage for fixed values of gate voltages. It is
clear as the drain bias increased the drain field lowers the source to channel barrier, which increases
the charge carrier Q, at the beginning of the channel, and they will cross the barrier. As a result, this
will lead to increase the drain current. The best values of the drain current are gotten for dielectric
material (PMMAV/SizN,) comparing with PMMA and SizN4 Which as illustrated in Fig.8.

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 61
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).




Basrah Journal of Science Vol. 39(1), 56-66, 2021

0 x10* ‘ . 010
f a b
f i -0.5
A ] <
T | =
5 s al
£ G 2
£ 2t E
3 g 15[
£ 1
g I '°
° I
3} 2
I ] =150 nm
: t=1000m Vd=-50 Volt
f vd=-sovor| 25 X . X '
Al A T ST | -50 -40 -30 -20 -10 0
50 -40 -30 20 10 0 gate voltage Vg[V]
gate voltage Valvi
%1074
D e
C
Z -05F
=
g
5
R
¥-|
2
|
-1.5
t=200 nm i
Vd=-50 Volt |

gate voltage Vg[V]

Fig.6: Transfer characteristics at drain voltage -50V of OFETSs of gate insulator PMMA at thickness
of dielectric a) 100nm b) 150nm and c¢) 200nm.
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Fig. 7: Transfer characteristics at drain voltage -50V of OFETSs of gate insulator SizNy at thickness
of dielectric a)100nm b) 150nm and ¢) 200nm.
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Fig. 8: Transfer characteristics at drain voltage -50V of OFETSs of gate insulator PMMA/Si3N, at
thickness of dielectric a) 100nm b) 150nm and c) 200nm.
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Fig.9: Transconductance at drain voltage -50V of gate insulator PAMM (black line
at thickness t=100 nm, blue line at thickness t=150 nm and red line thickness
t=200 nm) .
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Fig. 10: Transconductance at drain voltage -50V of gate insulator SizN4(black
line at thickness t=100 nm, blue line at thickness t=150 nm and red line
thickness t=200 nm).
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Fig.11: Transconductance at drain voltage -50V of gate insulator
SisNy/PAMM(black line at thickness t=100 nm, blue line at
thickness t=150 nm and red line thickness t=200 nm) .

5. Conclusions

The results show PMMA, SisN4 can use as gate insulating layers for Pentacene-OFETs. The
results indicated the dependence of the device performance on the dielectric constant and its
thickness. The results show that electrical characteristics results of the devices increase with

increasing dielectric gate. The best performance has been shown in the device with a gate dielectric
PMMA with thickness of 100 nm.
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