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Abstract— In the present work, we have fabricated the bottom-gate top contact configuration of
the Pentacene Organic Thin Film Transistors (OTFTs) cross-linkable poly(4-vinylphenol) (PVP)
polymer dielectric layers. OTFTs performances were improved with thinner dielectric layer. Also
theperformances of OTFTs degrade over the period of time.
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I. INTRODUCTION

In organic thin film transistors (OTFTs), polymeric dielectric materials have advantage over the
inorganic dielectric material. Thin film can be prepared on any substrate like, Glass, Paper and
plastic. Thin film can be formed using solution process polymers. The major advantage of polymer
dielectric that can process at low temperature compared with traditional silicon devices. Due to
low temperature processing polymer devices can be fabricated at low-cost [1-11]. There are
several effort going to improve the performance of organic thin film transistors [12]. High gate
capacitance is required to improve OTFTs performance. Operating voltage of OTFTs and
Subthreshold voltage can be reduce by using high-capacitance gate dielectric. Generally, there are
two ways to increase the capacitance of the gate dielectrics either by reducing the gate dielectric
thickness [13,14,15,16] or increasing the dielectric constant (er) of the gate dielectrics
[18,19,20,21,22,23]. Many OTETs suffer current instability, threshold voltage shifts, subthreshold
slope variation and variation in lon/loff. Prolonged application of the gate- source voltage is known
as bias stress. The bias stress and atmospheric degradation in organic transistors has been heavily
discussed and it’s not yet fully understood. There are various factors that can
contribute to the instability of OTFT where the main one is charge trapping in different part of
the OTFTs [24,25,26]
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The Humidity is also one of the factors that enhance the charge trapping phenomena. Bias stress
behavior in OTFTs has been investigated and reported in several previous manuscripts, but
analysis with simple fabrication process still needto address. In this article, we will demonstrate
OTFT performance Enhanced by scaling of cross-linkable poly(4vinylphenol) (PVP) polymer
dielectric thickness and also degradation of OTFTs Parameter in atmosphere stress,It was found
that OTFT performance degradation under the atmospheric stress, particularly in the mobility,
threshold voltage, subthreshold slope and Ion/off ratio.
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Fig 1. Schematic of top-contact bottom-gate OTFTs fabricated on PMMA and PVP dielectric.
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=

l | }

1
s L) 1
| I |

15

(a)
1 T Lcale

=

=
= = Encapsulation

Dielectric
m g

a1 5 ol 14 ol -

(b)
157

Ir

T
ol I
o]




Advances in Mechanics
Volume 11, Issue 2, 2023
Page 156-166

Fig 2. Schematic of Top View of top-contact bottom-gate OTFTs fabricated on PVP dielectric (a)
ITO Patterned Glass Substrate

(b) Spin Coated Dielectric Layer (c) Thermally deposited Pentacene layer (d) Deposited gold layer
and Encapsulation.

The schematic structure of a top contact OTFT using pentacene as the semiconductor and PVP as
the dielectric is shown in Fig.1.The Indium-Tin oxide (ITO) coated glass substrate was used to
manufacture the organic thin film transistor, with ITO used as the gate electrode. ITO was
patterned as shown in Fig. 2 (a).

After cleaning the substrates using Detergent, which were then subjected to ultrasonic agitation
in deionized water and theRCA process. Substrates were then cleaned with UV-ozone for 10
minutes held at 170°C for 1 hour in the oven to get rid of any pollutants. PVP_ (Mw=11000)
solutions with concentrations of 9.0, 6.0, and 3.0 wt% were produced. Spin coating these
solutions at 1100 rpm produced films with corresponding thicknesses of 315 nm, 250 nm, and 180
nm as shown in Fig. 2(b). In poly(melamine-co-formaldehyde) solvent that was methylated using
propylene glycol monomethyl ether (PGMEA) (5 wt%) as the cross-linking agent, At a base
pressure of 1 x 10°® Torr, PVP films were dried at 170 °C for 1 hour. Pentacene was then thermally
evaporated at room temperature with a base pressure of 1 x 107® Torr with the evaporation rate at
1 A°/s, for the thickness of pentacene film 80 nm as shown in Fig 2 (c).

For the source and drain contacts, a gold layer was thermally evaporated at room temperature with
a base pressure of 1 x 107 Torr with the evaporation rate at 1 A°/s, for the thickness of the gold
film of 80 nm using a shadow mask as shown in Fig. 2 (d). Four OTFTs were fabricated in single
substrate in which 2 were encapsulated as demarcated in Fig 2 (d). Encapsulation was done in
glove box with nitrogen environment. The channel length (L) and width (W) of the fabricated
transistor were 140 pmand 1 mm respectively. The current-voltage characteristics of the fabricated
devices were measured using Keithley 2400-SCS Semiconductor Characterization System.

III. RESULTS
The current-voltage characteristics of the fabricated devices were measured immediately after the

OTFT were fabricated. Fig.3 compares the output characteristics of OTFTs on PVP dielectric layer
thicknesses of 190 nm, 240 nm and 315 nm.
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Fig.3. Output characteristics of OTFTs fabricated on PVP dielectric thickness of 190 nm,
240 nm and 315 nm at aconstant gate voltage of -40V.
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Fig. 4 Transfer characteristics at a drain voltage of -40 V for the OTFTs fabricated on PVP
dielectric thickness of 190 nm, 240nm and 315 nm.

The transfer characteristics, drain current (ISD) vs. gate voltage (VSG) for OTFTs fabricated on
PVP dielectric thickness of 190 nm, 240 nm and 315 nm are shown in Fig. 4. The OTFT fabricated
on thinnest PVP dielectric layer exhibits the maximum draincurrent, and all OTFTs display good
saturated properties. Fig.5. shows the Variation of mobility measured at constant gate voltage -
40V with PVP thickness of 190 nm, 240 nm and 315 nm. . The Mobility (1) was determined from
the slope of linear fitto the square root of the drain current in the saturation region. It is observed
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that mobility is increasing with scaling the PVP dielectric layer. Threshold voltage (VT) is
reducing with scaling of dielectric layer as shown in Fig. 6. The VT was determined from the linear
fit to the square root of the drain current in the saturation region that intersects the gate to source
voltage axis.
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Fig.5. Variation of mobility measured at constant gate voltage -40V with different PVP thickness.
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Fig.6 Variation of threshold measured at constant gate voltage -40V with different PVP thickness.
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Fig.7 Variation of subthreshold slope measured at constant gate voltage -40V with different PVP

thickness.
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Fig.8 Variation of lon/loff measured at constant gate voltage -40V with different PVP thickness.

Improvement in the subthreshold slope is also observed as shown in Fig. 7. It is shown that when
dielectric thickness decreases, subthreshold slope at constant gate voltage gets better. The
subthreshold slope with a gate voltage of -40V decreases from a value of 5.2 V/decade to 1.6
V/decade for the dielectric thickness scaling from 320 nm to 190 nm. Another important factor of
OTFT is where the lon current measured at gate voltage -40V and loff current at gate voltage of
OV. Variation of lon/off ratio of with different PVP thickness is shown in Fig 8. Improvement in
the Ton/loff was 100 times if dielectric thickness scaling from 320 nm to 190 nm. Overall the
improvement was observed in all major OTFT parameters by reducing the dielectric layer. Table
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I show the important parameters estimated using PVP as the gate dielectric measured at different
time in encapsulated OTFTs. All the OTFTs were measured immediately, third day and thirty day

after completion offabrication process.
Table-1: parameters Extracted at a Source to Gate Voltage of 40V for the different Thickness of

the PVP Dielectric Layer at Different Time.

PVP Mcasurcment u -Vi SS lon/loff
Thicknes  Time(inDay) (em®V's™) (V) (V/decade)
1 0.075 7.0 1.6 = 10°
190 3 0.055 8.2 21 = 10*
30 0.048 9.1 32 =10’
1 0.060 9.0 36 =10*
240 3 0.042 10.1 45 =10’
30 0.035 10.9 52 = 10°
1 0.045 11.0 5.2 =10’
315 3 0.025 12.5 6.2 = 10°
30 0.015 13.2 72 = 10°
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Fig. 9. Comparison of the measured Mobility Vs. Time for encapsulated and without encapsulated
OTFTs on PVP dielectric thickness of 190 nm, 240 nm and 315 nm at a drain voltage of -40 V for
the fabricated.

Fig. 9. Shows the Comparison of the measured Mobility Vs. Time for encapsulated and without
encapsulated OTFTs. Degradation in the mobility is decreasing exponential function. In without
encapsulated OTFs mobility decreases rapidly as compared to encapsulated OTFTs. Fig. 10.
Shows the Comparison of the Threshold Voltage (VT) Vs. Time for encapsulated and without
encapsulated OTFTs [27-28]. Degradation in the threshold voltage is increasing exponential
function. In without encapsulated OTFTs Threshold Voltage increases rapidly as compared to
encapsulated OTFTs.
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Fig. 10. Comparison of the Threshold Voltage Vs. Time for encapsulated and without encapsulated

OTFTs on PVP dielectric thickness of 190 nm, 240 nm and 315 nm at a drain voltage of -40 V for

the fabricated.

Fig. 11. Shows the Comparison of the Subthreshold slope Vs. Time for encapsulated and without
encapsulated OTFTs. The Subthreshold slope. Degradation in the Subthreshold slope is also
increasing exponential function. In without encapsulated OTFsSubthreshold increases rapidly as
compared to encapsulated OTFTs.
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Fig. 11. Comparison of the Subthreshold Slope Vs. Time for encapsulated and without
encapsulated OTFTs on PVP dielectric thickness of 190 nm, 240 nm and 315 nm at a drain
voltage of -40 V for the fabricated.

Fig. 12. Shows the Comparison of the lon/off ratio Vs. Time for encapsulated and without

encapsulated OTFTs. Degradation in the Ion/off ratio is also decreasing exponential function. In
without encapsulated OTFs lon/off ratio decreases rapidly as compared to encapsulated OTFTs.
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Fig. 12. Comparison of the lon/off ratio Vs. Time for encapsulated and without encapsulated
OTFTs on PVP dielectric thicknessof 190 nm, 240 nm and 315 nm at a drain voltage of -40 V
for the fabricated.

In all the OTFTs performance parameter improves by scaling of dielectric thickness and decreases
with time. Encapsulated OTFTs possibly degrade due to trap created bias stress. Without
encapsulated OTFTs degrade due to trap created by atmospheric exposure other than bias stress
also. Although degradation in OTFTs can be minimize by using encapsulation with nitrogen
environment.

IV Conclusion

Scaling PVP gate dielectric thickness in top contact pentacene OTFTs improves the performance
of top contact pentacene OTFTs. When the dielectric thickness was decreased by a factor of 1.8
from 315 nm to 190 nm of PVP dielectric, mobility, threshold voltage and subthreshold slope
improves by approximately same factor. Improvement in the Ion/Ioff was in logarithmic factor.
Degradation with environment in OTFTs can be minimize by factor of half using encapsulation
with nitrogen environment.
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