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The bias stress effect in pentacene thin-film transistors (TFTs) with and without MoOy interlayer was
characterized. The device without MoOy interlayer showed a large threshold voltage shift of 5.1 V after
stressing with a constant gate-source voltage of —40 V for 10000 s, while at the same condition, the
device with MoOy interlayer showed a low threshold voltage shift of 1.9 V. The results can be attributed
to the stable interface between MoOy/pentacene and small contact resistance change for the device with

MoOx/Cu electrode. Pentacene-TFTs with MoOyx interlayer showed a high field-effect mobility of
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0.61 cm?/V s and excellent bias stability, which could be a significant step toward the commercialization

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Pentacene-based thin film transistors (TFTs) have a strong
potential to be used in emerging electronic devices including the
thin film transistor backplanes for flexible displays or active matrix
organic light-emitting diode (AM-OLED) displays because they
offer high mobility, excellent uniformity [1—4]. To realize such
applications, it is certainly necessary to obtain stable device char-
acteristics under a various bias stress. Previous reports on
pentacene-TFTs show that there are three distinct mechanisms
responsible for the threshold voltage shift of pentacene-TFT,
namely, defect generation analogous with a-Si TFTs, charge
tunneling into gate insulator and charge trapping in the channel
and contact region. Wang et al. [5] reported that both the contact
and the channel have contribution to the BS instability in top-
contact pentacene-TFTs. Most of works have showed that control-
ling the insulator surface is the most popular way for suppressing
the bias stress-induced degradation [6—8]. Suemori et al. [9] have
found that the relationship between the threshold voltage stability
and the chemical species of the insulator surface by using penta-
cene field-effect transistors with different types of self-assembled
monolayer on a SiO, insulator. Comparatively, less attention is
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paid to relation between the bias stress and contact resistance.
Wang et al. [5] reported the observation in pentacene-TFTs that
contact resistance is changing during the bias measurements, and
the effect of the contact resistance change on the drain current
decay can even exceed that of the channel resistance change arising
from the threshold voltage shift.

MoOy is lately drawing strong attention as a promising hole
injection layer since it has a very high work function (5.6 eV) and
high environmental stability [10,11]. MoOy has been frequently
used as HIL in organic light-emitting diodes (OLEDs) due to the
significant enhancement in device efficiency and stability [12,13]. In
previous work, we have reported that MoOy interlayer can effec-
tively reduce the contact resistance of pentacene-TFT [14]. Here, we
examine the bias stability of pentacne-TFT with MoOy interlayer
and investigate the contact resistance change under bias stress for
pentacene-TFT with and without MoOy interlayer.

2. Experimental details

A cross section of the TC pentacene-based OTFTs is shown
schematically in Fig. 1. The devices were fabricated using heavily-
doped p-type silicon wafers with a 250-nm-thick SiO,, which
functioned as the gate electrode and the gate insulator, respec-
tively. Prior to deposition, the wafers were cleaned with acetone,
methanol, and de-ionized water in that order. Subsequently the
wafer was treated with UV-ozone for 15 min. A 30 nm pentacene
thin film as channel layer was then deposited by high vacuum
deposition at a rate of ~0.05 nm/s under a pressure of 106 Torr.
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Thermal

Fig. 1. Schematic cross section of pentacene-TFT with MoOy/Cu source/drain electrode.

Then, the shadow mask was changed in a glove box (O, < 1 ppm,
H,0 < 1 ppm), followed by transferring into a vacuum evaporation
chamber without exposing to the air. An optimal thickness (4.0 nm)
of MoOy buffer layer and 60 nm Cu S-D electrodes were sequen-
tially deposited onto pentacene layer using the same chamber. The
MoOy layer was deposited by thermal evaporation from MoOs3
powder at a pressure of 10~ Torr (deposition rate: ~0.02 nm/s)
and the Cu S-D electrodes were evaporated with a resistively
heated tungsten boat. The channel width (W) was fixed at 1 mm
and the channel lengths (L) were varied from 50 to 250 pm. For
comparison, a control device with Cu-only electrodes was also
fabricated.

The current—voltage characteristics of the devices were
measured at the room temperature using an Agilent E3647A Dual
output DC power supply and a Keithley 6485 Picoammeter. The
thickness of film was monitored by using an oscillating quartz
thickness monitor (SQC-222 Co-deposition Controller, Sigma
Instruments). The capacitance measurements were conducted with
an HP 4284A Precision LCR meter. An Atomic force microscope
(AFM, nanonavi SPA-400 SPM) was used to investigate the surface
properties of films. Conventional #-26 XRD studies on the penta-
cene films were carried out in Regaku (D/MAX 2500) diffractometer
using CuKa radiation. All measurements were carried out at room
temperature.

3. Results and discussion

Pentacene has very strong tendency to form crystalline struc-
tures. The electrical characteristics of pentacene film are influenced
by the structure of the crystalline lattice. Fig. 2 shows the XRD
pattern of the pentacene film used for the fabrication of pentacene-
TFTs. The film exhibits four diffraction peaks corresponding to the
(0017), (002"), (003') and (004’) peaks. These diffraction peaks
demonstrate the well-ordered property of pentacene film. The first
order diffraction peak locates at 5.73°, which is identified as the
“thin-film” phase. The crystal size of pentacene films was calculated
using Scherrer’s formula:D = kA/fcos #, where § is the full-width
at half-maximum (FWHM) of XRD (001’) peak, k is a constant
(k = 0.89), A is wavelength of CuKa radiation, ¢ is the Bragg
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Fig. 2. XRD spectra of pentacene film grown on the thermally oxidized SiO, insulator.

diffraction angle of the most intense (001’) peak. The crystal size for
pentacene film is estimated to be 226.8 nm. Fig. 3 shows the surface
morphology of the pentacene thin film by AFM. The root-mean-
square (RMS) for surface roughness of the pentacene thin film is
estimated to be 4.13 nm.

The bias stress effects of pentacene-TFTs without and with MoOy
interlayer at the applied gate bias of —40 V are investigated as
a function of time, as shown in Fig. 4(a) and (b), respectively. The
field-effect mobility was calculated at the saturation region from
the following equation:

2L (a\/ID_5>2 )
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Where Ips is the drain-source current, W is the width of channel, L is
the length of channel (L = 50 um), G; is the capacitance per unit area
of the insulator layer, Vs is the gate voltage, u is the saturation
mobility and Vi, is the threshold voltage. The field-effect mobility of
fresh device with Cu-only electrode is estimated to be 0.13 cm?/V s
and threshold voltage is about —14.5 V. After stressing with
a constant gate-source voltage of —40 V for 10000 s, the mobility
and the threshold voltage are 0.05 cm?/V s and —19.6 V, respec-
tively. On the other hand, the fresh device with MoOy/Cu electrode
exhibited a higher mobility of 0.61 cm?/V s and a lower threshold
voltage is about —7.3 V. After 10000 s at the applied gate bias
of —40 V, the mobility and the threshold voltage are 0.58 cm?/V s
and —9.2 V, respectively. Compared with the device with Cu-only
electrode, the field-effect mobility and threshold voltage slowly
degrade with bias time for the device with MoOy/Cu electrode.
According to the above results, the normalized mobility (u/uo)
and the shift threshold voltage (AVy,) with stress time were shown
in Fig. 5(a) and (b), respectively. The shift of the threshold voltage
AV, was 1.9 V for the device with MoOy/Cu electrode and 5.1 V for
the device with Cu-only electrode after 10000 s stress. It was found
that the normalized mobility and AVy, of the device with Cu-only
electrode were dramatically reduced with the stress time.
However, for the device with MoOy/Cu electrode, the field-effect
mobility slowly degrades with stress time and only small shift of
threshold voltage was observed. The results suggest that the bias
stress stability of pentacene-TFT can be improved by inserting
MoOy thin film between the S/D electrode and pentacene layer. The
results can be attributed to the stable interface between MoOy/
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Fig. 3. surface morphology of the pentacene film grown on thermally oxidized SiO,
insulator by AFM analysis.
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Fig. 4. Transfer characteristics before and after a bias voltage of —40 V for the two sets
of TFTs: (a) Cu-only electrode; (b) MoOy/Cu electrode.

a 1o ——
0.8+
19
= 06F
—s—Cu
—eo— MoOx/Cu
0.4+
0 2000 4000 6000 8000 10000
Time (s)
b s
Z 5L —a—Cu
= —e— MoOX/Cu
-
» o4l
©
[e)]
8 3r
sl
2_
3 e
g 1
=
=4

0 2000 4000 6000 8000 10000
Time (s)

Fig. 5. (a) Normalized field-effect mobility (u/uo) and (b) threshold voltage shift (AV,)
as a function of bias stress time.
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Fig. 6. shows the initial (t = 0 s) and final (t = 10000 s) transmission line method
(TLM) plots under the bias stress voltage of —40 V for the two sets of TFTs (Cu and
MoOy/Cu).

pentacene and small contact resistance change for the device with
MoOy/Cu electrode.

In order to further analyze the contact resistance change, the
transfer line method (TLM) was employed to calculate the contact
resistance. Thus for small Vps the measured resistance of the
devices (Riot defined as aVps/salps) when modeled as the series
combination of Rep, Rs, Rp, is given by [15]

L

—_— R 2
WianG(Ves — Vo) ¢ (2)

Rtot = Rch + RS —+ RDz
Where R¢ = Rs + Rp, ¢, is the mobility of channel region. Equation
(2) shows that the channel resistance is proportional to the channel
length (L). More details were shown in the previous report [14].
Fig. 6 shows the initial (t = 0 s) and final (t = 10000 s) transmission
line method (TLM) plots under the bias stress voltage of —40 V for
the two sets of TFTs (Cu and MoOy/Cu). The contact resistance of the
device with and without MoOy interlayer at a gate voltage of —40 V
are 5.01 x 10%Q and 3.32 x 10°Q, respectively. However, after
10000 s bias stress, the contact resistance of the device with and
without MoOy interlayer at a gate voltage of —40 V are 5.26 x 10%Q
and 4.5 x 10°Q, respectively. The contact resistance change for the
device is shown in Fig. 7. During the bias stress measurements, Ips
in the line regime can be described as [5]:
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Fig. 7. Contact resistance change and channel resistance change (L = 50 pm) vs
sweeping Vgs after 10000 s bias stress at stressing Vs = —40 V.
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Where Vg and R¢ are the initial Vi, and R, respectively. From the
Eq.(3), it is easily seen that AVy, and AR¢ are contributable to the
bias stress effect. For the device with Cu-only, AR¢ is much larger
than ARcp, which will lead to the significant reduction of the field-
effect mobility. In contrast, the MoOy interlayer can supply more
stable interface and show much smaller AR, so that only a little
change of field-effect mobility was observed. In addition,
pentacene-TFTs with MoOy interlayer shows very similar channel
properties (AR¢p) with pentacene-TFTs without MoOy interlayer.
On the other hand, the contact instability may result from the
charge trapping in the deep traps [5]. The larger AR¢ for Cu-only
contact suggest that there are much more deep traps at the Cu
contact. In addition, the threshold voltage shift can be controlled
according to the relationships [16]: AVy, = AQgeep/C;. By inserting
MoOy layer between Cu and pentacene film, more stable interface
and less deep traps were achieved. Therefore, MoOy interlayer is
an effective way to suppress the bias stress-induced degradation
of pentacene-TFTs.

4. Conclusions

In summary, we have suppressed the bias stress-induced
instability of pentacene-TFTs using MoOy interlayer between Cu
and pentacene layer. Compared with pentacene-TFT without MoOyx
interlayer, pentacene-TFT with MoOy interlayer exhibited lower
shift in field-effect mobility and threshold voltage after stressing
with a constant gate-source voltage of —40 V for 10000 s. The
results can be attributed to the stable interface between MoOy/
pentacene and small contact resistance change for the device with
MoOy/Cu electrode.
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