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Abgract
In this paper, we have identified the mechanism of

C-V hysteresis behavior often observed in pentacene
organic thin-film transistors (OTFTs). The
capacitance-voltage (C-V) characteristics were
measured for pentacene OTFTs fabricated on glass
substrates with MoW as gate/source/drain electrode
and TEOS SO, as gate insulator. The measurements
were made at room temperature and elevated
temperatures. From te room temperature
measurements, we found that the hysteresis behavior
was caused by hole injection into the gate insulator
from the pentacene semiconductor for large negative
gate voltages, resulting in the negative flatband
voltage shift. However electron injection was
observed only at elevated temperatures

1 Introduction

Organic thin-film transistors (OTFTs) are being
extensively studied for a variety of applications. Since
OTFTs can be processed a low temperatures
compatible with plasic subgrates, they are
competitive candidates for TFT applications requiring
large-area  coverage, structural flexibility, and
especially low cost. Such applications include radio-
frequency identification (RFID) tags, digital paper
displays, back planes for flexible active-matrix liquid
crystal displays (AMLCDs) and organic light-emitting
dodes (AMOLEDS).

The device performance of OTFTs has improved
dramatically over the last decade. Groups at
Pennsylvania State University, Philips Research, and
Lucent Technologies have recently demonstrated
integrated circuits [1-4] and active-matrix displays [5
8] based on OTFTs. The device performance of
OTFTs has often been measured by the carrier field-
effect mobility. There has been a continuous increase
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in mobilities recently due to the improvements in the
processes such as thermal vacuum evaporation of the
active organic semiconductor or the synthesis of new
organic semiconductor materials. The highest field-
effect mobility was obtained for the thermally
vacuum-evaporated pentacene TFTs. From the first
use of pentacene in organic TFTsin 1992 to 2001, the
mobility increased from 210°[9] to 1.5 [10] to 3
[11] cm?/Vsec. These carrier mobilities are similar to
or better than those typically obtained with
hydrogenated amorphous silicon TFTs, which have
found widespread use in active matrix liquid-crystal
displays.

With the continuous improvement in device
performance, OTFTs need to have stable device
operation. However there is an important issue such
as threshold voltage shift caused upon applying bias
to the gate electrode leading to so cdled hyderesis
behavior. Hysteresis behavior due to bias stress has
been reported for transistors based on pentacene,
poly(thienylene vinylene) [12-14], a-sexithiophene
[15], poly-9,9 dioctyl-fluorene-co-bithiophene
(F8T2) and regioregular-polythiophene [16-17].
Several authors have studied to understand the
physical origin of this instability and the exact
location of the trapped charges. Different dielectric
materials and different surface treatment have been
studied. Although there have been several studies to
explain the hysteresis behavior, there was no report
for systematic identification of hysteresis instability
by examining hysteresis loop capacitance-voltage (C-
V) characteristics of OTFTs.

We have fabricated pentacene OTFTs on glass
substrates and measured hysteresis loop capacitance
voltage characteristics to systematicaly identify the
mechanism of hysteresis behavior. In this report, we
determine what causes the hysteresis behavior and
suggest a possible way of sabilizing the device
performance.



2. Exeperiments

Figure 1 shows a schematic cross section of the
pentacene organic TFT fabricatedin our laboratory. A
glass substrate was used as the starting materia. The
substrate was deposited with a stacked buffer layer of
1000 A-thick SINx and 3000 A-thick SO in arder to
prevent the penetration of impurities from the glass
substrate into organic TFTs. Both SINx and SiO, were
deposited by plasma enhanced chemical vapor
deposition (PECVD). Gate dectrode, 2000A -thick
MoW, was sputter deposited and photo
lithographicaly patterned on the buffer layer.
Following the gate electrode formation, a gate
dielectric layer 2000 A—thick TEOS SO, was
deposited by PECVD and patterned. A 2000 A-thick
MoW was then deposited for the source and drain
electrode and patterned by wet etching. Instead of
using dry etch of Mow, the wet etch process was
employed in order not to damage the exposed gate
didlectric surface on which the pentacene channel isto
be formed. Subsequently pentacene active layer was
deposited by thermd evaporation in vacuum. The C-V
measurements were carried out on the pentacene
organic TFTs with a channel length of 20 um and a
channel width of 500 pum.

Pentacene

Source Drain

Dielectric

Gate
Buffered SO, / SNx

Glass Substrate

Figure 1. Schematic view of pentacene OTFT
fabricated

3 Results and Discussion

Figure 2 shows the room temperature C-V
measurements for the gate voltage sweep of Vg =0V
-> VG:+20V > VG: 20V > VG =0V. This
curve shows a typica hysteresis behavior that we
have seen in many OTFTs We see a negative shift in
the flat band voltage for the negative biasing. The
hysteresis shownin Figure 2 can be caused either by
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mobile charge present in the oxide or by charge-
trapping into the oxide. If the mobile ions were the
cause of the hysteresis, then the flat band voltage
would shift in the podtive direction as postively
charged mobile ions drift towards the gate during
negative gate biasing. (i.e, the arrows in the figure
would point in the opposite direction). Thus the above
hysteresis is not caused by mobile charges but by
charge trapping into the oxide. Generaly, during
charge trapping in the oxide, eectrons or holes from
the gate or from the pentacene semiconductor are
injected into the oxide, which are subsequently
trapped. For a negative bias on the gate, two
phenomena can happen: (1) holes from the pentacene
semiconductor can be injected into the oxide, giving
riseto a negative flat band voltage shift OV es) and
(2) eectrons from the gate eectrode can be injected
into the oxide, giving rise to a positive DVgg. On the
other hand, for a podtive bias, €ectrons from
pentacene can be injected into oxide resulting in

positive flat band voltage shift.
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Figure 2. Hysteresis behavior of

MoW/SIO /Pentacene MOS system. Sweep was
madesuchasV; =0V 2 +20V 2 -20V > 0V
continuously.

To examine what type of carriers are injected and
from which interfface, we sudied the C-V
characterigtics of MoW/SO,/Pentacene MOS system
subjected to three consecutive loop sweeps of Vg =
+20V ~-20V,+30V ~-30V,+40V ~ -40V as
shown in Fig. 3. We seein the figure that the flat band
voltage DV shifted successively to more negative
for each hyderesis loop during the return sweep of
negative gate voltage, -V, to 0 V. This shows that
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holes are injected into the oxide from the pentacene
semiconductor (phenomena 1 as mentioned above).
We aso seethat curves for the forward sweep of +V g
2> -V (i.e,¥30V 2> -30Vor+40V > -40V) ae
amog identica with the previous curves of return
sweep (ie, -2V > 0V o -30V > 0V,
respectively). This indicates that for positive gate
biases, no electrons are injected into the oxide from
the pentacene semiconductor.

Figure 4 shows the single forward-sweep C-V
characteristics for MoW/SIO,/Pentacene  MOS
system. Sweeps were made from positive voltagesto
negative voltages as Ve=+20V - -20V,+30V > -
30V, +0V > -40 V, consecutively. Similar to the
curves in Figure 3, the flatband voltage shifted to
negative for each consecutive sweep with increased
gate voltage. Thus these single sweep results also
confirm the conclusions reached above which are: (1)
for a large positive gate voltage, no electrons are
injected from the pentacene semiconductor into the
oxide, (2) for alarge negative gate voltage, holes are
injected from the pentacene semiconductor into the
oxide.

1.2

MoW/SiO2£Pentacene

Voltage (V)

Figure 3 Hysteresis loop C-V characteristics of

MoW/SIO./Pentacene MOS system. Hysteresis
sweep was made such as+20V ~-20V, +30V ~-30

V, +40V ~ -40V consecutively.
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Figure 4. c-v characteristics for
MoW/SO./Pentacene MOS system. Podtive-to-
negative sweep was made such asVG=+20V > -
20V, 30V > 30V, +40 V > -4 V,
consecutively.

In Figure 5 we overlad the curves of Figure 4
(forward sweeps only) onto the curves in Figure 3
(forward-reverse loop sweeps). The curvesin Figure 3
and Figure 4 were obtained from two different
OTFTs. We see from the FHgure 5 that thereis agood
agreement between the single forward sweep
characteristics and forward sweep characteristics of a
loop measurement. This confirms that at room
temperatures the hysteresis behavior was caused by
hole injection into the gate insulator from the
pentacene semiconductor for large negative gate
voltages, resulting in the negative flat-band voltage
shift. Therefore, a kind of surface treatment to build
up the higher energy barrier to restrict hole injection
from the pentacene semiconductor into the oxide at
the interface between the SO, and the pentacene
semiconductor may help reduce or eliminate the
hysteresis behavior. Surface treatment or insertion of
interfacial layer, i.e., hole barrier layer (HBL) could
improve the ingtability or hysteresis behavior in
OTFTs.
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Figure 5. Overlaid plot of the hysteresis loop C-V
curves in Figure 3 with the single forward-swept

C-V curvesin Figure 2.

The C-V characteristics behavior a €eevated
temperatures was characterized at 30C, 60C, 90C, and
120C as shown in Figure 6. We see from the figure
that & the temperature increases, the hysteresis width
of G-V characteristics becomes wider. For the reverse
sweep of Vo6 =-20V - +0V, as the temperature
increases, the magnitudes of the negative flatband
voltage shift increases, which implies the hole
injection from the pentacene semiconductor into the
oxide increases with increase in temperature.
Additionaly it was found that for the forward Vg
sweep of +20V > -20V, a elevated temperatures,
positive shifts in the flat band \oltage are observed
and the magnitude of shift increases with an increase
in temperature. This implies that a higher
temperatures, electron injection from the pentacene
semiconductor into the oxide takes place. Theeectron
injection for the room temperature measurement was
not seen. We also note from Fig. 6 that even for
higher temperatures, aflat band shift relatedto mobile
charges are not noticeable. Also we noticed that the
MoW/SO,/Pentacene MOS system became unstable
and apparently degraded at temperatures of about 100
°C and above.
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Figure 6. Hysteresis loop C-V characterigtics of
MoW/SO./Pentacene MOS system measured at
elevated temperatures. Hysteresis loop sweep was
made between +20V and —20 V.
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Figure 7. -V characterigtics for

MoW/SO./Pentacene MOS system. Podtive-to-
negative sweep was made such asVG=+20V > -
2V, 30 V> 30V, +40 V > 40 V,
consecutively.
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Figure 8. Hysteresis loop |-V characteristics of
MoW/SIO /Pentacene MOS system. Hysteresis
sweep was made such as+20 V ~-20V, +30V ~-30
V, +40V ~ -40V consecutively.
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Figure 9. Hysteresis loop |-V characterigics of
MoW/SIO./Pentacene MOS system measured at
elevated temperatures. Hysteresis loop sweep was
made between +20V and —20 V.
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Figure 10. Hysteresis loop |-V characteristics of
MoW/SIO /Pentacene MOS system measured at
elevated temperatures. Hysteresis loop sweep was
made between +20V and -20 V.

4, Conclusions

We have identified the mechanism of hysteress
behavior in pentacene organic TFTs. In efforts to
identify the hysteresis behavior, we measured
hysteress loop C-V characteristics on the
MoW/SO,/Pentacene  MOS system a room
temperature and elevated temperatures. From the
measurement the following @nclusions were made:
(1) no eectron injection into the oxide either from the
pentacene semiconductor or from the gate electrode is
not seen a room temperature, (2) the holes are
injected from the pentacene semiconductor into the
oxide for negative gate voltages, causing the flatband
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voltage <hift or hysteress behavior in C-V
characteristics (3) flatband voltage shift due to mobile
charge within the oxide isrit observed for large gate
voltages even at elevated temperatures (4) at elevated
temperatures, electrons as well as holes are injected
into the oxide from the pentacene semiconductor for
large positive and negative gate voltages, respectively.
(5) MoW/SO,/Pentacene MOS system started to be
unstable at temperatures of about 100 °C. We believe
that ®me kind of surface treatment or insertion of
interfacial layer in between SO, and pentacene
semiconductor to increase energy barrier to prohibit
holes from being injected into the oxide from the
pentacene semiconductor could improve the
ingahility or hysteresis behavior in OTFTs
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