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Abstract are much more sensible to degradation. Also the inter-
faces between the metal and the organic material are of-
This paper deals with operational lifetime measure- ten source of degrading contacts [3]. Bias-stress measure-
ments of organic field-effect transistors. The organic ments have recently been done to study degradation ef-
semiconductor under study is pentacene, the gate dielecfects for p-type polymers [Poly(9-9-dioctyl-fluorene-co-
tric is thermal SiO,, treated with an OTS self-assembled bi-thiophene) and regioregular polythiophene [4]] and for
monolayer, and the source and drain electrodes are gold, pentacene [5]. Regioregular poly-(3-alkylthiophene) has
treated with thiols. The source and drain are defined proven that organic transistors can have a substantial shelf
by photolithography, and the channel length is 100 mi- |ife and operation lifetime [6]. Bias-stress experiments on

crons. We apply DC stress conditions on these structures,pentacene transistors have been explained by shift
and monitor the output characteristics of the TFTs dur- [5], fitted by the empirical equation

ing stress as well as during recovery after stress. The
transistor structures have been modified to incorporate
two voltage-measurement probes in the channel in addi-
tion to the source and drain contacts. This results in a
4-probe configuration, that allows to measure the voltage Where Vi andt correspond to the gate voltage and the
drop in the intrinsic transistor channel separately from the stress time. Fitting Eq. (1) with the experimental data
voltage drop over the source and the drain contact re- Yyielded stretching factors = 0.35 andy = 0.22 for

gions. When applying a constant (DC) gate-source bias Positive gate stress-voltages afid= 0.75 andy = 0.06

(Ves) corresponding to a field in the gate insulator of for negative gate stress-voltages. In the results mentioned
1 MV/cm, we observe two degradation mechanisms: oneabove, Knippet al. [5] do not make a difference between
part of the degradation is permanent, the other part re- permanent and non-permanent degradation and do not in-
covers. The permanent degradation could be traced backdicate an influence of the drain voltage in the empiri-

to the drain side. It typically results in the current halving cal Eq. (1). In this paper, we show the results of bias-
after 2 hours of stress at a vertical (gate insulator) field stress degradation measurements on pentacene based or-
of 1 MV/cm. The degradation measured during stress in- ganic transistors, indicating the above mentioned effects
cludes both this permanent degradation and the recover-are relevant.

able part. It is significantly larger in magnitude than the

permanent degradation, resulting in typically a factor o

10 or more in drain current. The magnitude of the reco\

erable degradation not only depends on the gate voltag

but also on the drain voltage. Itis therefore a consequen

of the lateral field at the drain side of the channel. Thi

phenomenological study is a first step towards a compt Dodecanethiol SAM

ST T

field-effect transistors.
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1. Introduction

Transistors in organic materials have obtained gro\
ing interest since the last decade of the former century

they have potential to realize low-cost electronic circuit: OTS (octadecyltrichlorosilane) SAM TA] ]SiO o
Evaporated pentacene is one of the organic materials t _ _ o8
has proven good mobilities (larger tharc22/V's) and Figure 1. cross-section of the measured device

good on-off ratio’s [1, 2]. However, organic materials
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Fig. 1 sketches the cross-section of the sample used ing
our experiments. It has been prepared on a silicon sub—ugj 15l |
strate with an aluminum back contact. 100 nm thermal '
Si05 has been grown on top of this wafer as a gate di-
electric. 20 nm gold source and drain contact layers have |
been deposited using the mask of Fig. 2. Next the gate 20, _-;\-4 ‘2 02 0_‘2 0
dielectric has been covered with an octadecyltrichlorosi- o
Drain side voltage (V) Channel (V)Source (V)

lane (OTS) self-assembled monolayer and the source and
drain electrodes are treated with dodecanethiol. Finally,
a 50 nm pentacene layer is deposited under vacuum (flux
rate = 0.258/s and substrate temperature’®y. The tran-
sistor under consideration has a gate length of;@Cand

a gate width of 100Q:m. Probe pads are added at2m
and 75um in the channel to monitor whether the degra-

dgtion takes place iq _the channel or ?t t_he contacts_ (see These devices subsequently have been stressed using
Fig. 2). After dep(_)smon, the sample is introduced in a vertical (gate insulator) field beyond 1 MV/cm. After each
vacuum probe station for measurements. bias-stress period, a long time has been waited in order to
allow a full recovery of the non-permanent degradation.
3. Source-drain voltage characteristics Fig. 4 indicated how the initial curves evolved after a pe-
riod of bias stress. A short period of bias stress a gate volt-
Fig. 3 shows the initial source-drain characteristics of age of -15V (a vertical gate-insulator field of 1.5 MV/cm)
the device under investigation. The gate voltage is steppedshowed the evolution from the solid to the dotted curves.
to -10 V, which corresponds to a vertical (gate insulator) Almost no slope change is observed in the characteristics
field of 1 MV/cm, which does not seem to introduce much at the source side of the contact and along the channel, and
degradation yet. The lower part of this figure shows the some current drop is observed at the drain side. After a
same current with respect to the voltage difference be-longer stress period, with gate voltages going to -20 V, the
tween (a) source and source-channel probey25sep- dashed transistor characteristics are measured. The satura-
arated), (b) the voltage difference between the two probestion current decrease is more pronounced and the slope in
in the channel (5Qum separated) and (c) the voltage dif- the linear regime at the drain side and along the channel
ference between drain-channel probe and the drain (25degrades substantial. (The slope at the source side does
um separated). As expected, the largest voltage drop isnot change). Further bias-stress measurements, at both -
observed at the drain side when the transistor is in satura-15 V and -20 V gate voltage, resulted in the dashed-dotted
tion. curves in Fig. 4. No further slope degradation is observed

Figure 3. Initial Source-drain current versus source-drain
voltage (top) and this current versus the voltage drop
over three probed domains (bottom)



along the channel and at the source, but the slope in the4.
linear regime at the drain side degrades, combined with a
lower saturation current. It is clear that permanent degra-
dation must be located mostly at the drain side. Further

Time-dependent measurements
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Figure 5. Time-dependent measurement of the cur-
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Subsequent Source-drain current versus
source-drain voltage (top) and this current versus the

voltage drop over three probed domains (bottom)

e A Vr shift, which is, at low gate bias stress, only
present at the drain side. At higher bias stress, this
Vr shift becomes also observable in the middle of
the channel. The consequence of a non-unifdétm
along the channel would lead to a modification in the

gradual channel approximation.

e Adegradation of the drain contact resistance depend-

rent degradation and subsequent recovery. For a small
source-drain voltage the full line and the doted line show
the degradation at a gate voltage of -20 V followed by
a recovery at -15 V. The dashed line shows the degra-
dation present at -15 V for a large source-drain voltage.

Fig. 5 shows the source-drain current as a function of
time during the bias-stress measurements. The first set
of measurements (solid and the dotted line on Fig. 5) are
stress measurements under a high gate voltage and at a
small source-drain voltage (-0.4 V). First -20 V is applied
at the gate and subsequent -15 V is applied for the same
time. It is observed that at -20 V a degradation in the cur-
rent takes place, which recovers at -15 V gate voltage. The
first experiment (2 times 500 seconds) is shown by the full
line. The dotted line shows the subsequent experiment (2
times 1000 seconds). Both experiments coincidence, apart
from a clear delay in the recovery when the stress has been
applied during 1000 seconds. The above mentioned stress
experiments took place between the measurements of the
dotted and the dashed curves on Fig. 4, i.e. the curves
between which the most significant permanent degrada-
tion took place. Similar degradation and recovery occurs
when space-charge-limited current (SCLC) pentacene de-
vices are measured [7].

We also executed stress measurement at a lower gate

ing on the applied bias over the drain contact. This voltage (-15 V) and a higher source-drain voltage (dashed
degradation is depending on the field at the drain con- curve on Fig. 5). It is observed that the characteristics de-

tact.

grade much faster under a high source-drain voltage, even



though a lower gate voltage was present. This measure{6] J. Ficker, A. Ullmann, W. Fix, H. Rost, and W. Clemens,
ment took place between the measurement of the dashed *“Stability of polythiophene-based transistors and circuits”
and the dashed-dotted curve on Fig. 4. It appears that after ~ J. Appl. Phys. 942003, pp 2638-2641

bias-stress with high source-drain voltage, the permanen{[7] D.V. Lang, X. Chi, A.M. Sergent, and A.P. Ramirez “Bias-
degradation mostly occurs at the drain site only, in con- Dependent Generation and Quenching of Defects in Pen-
trast with some permanent degradation along the channel tacene”ArXiv.org, dec 2003.

after low source-drain voltage stress.

5. Conclusion

Bias-stress measurements have been done on pen-
tacene based bottom-contact bottom-gate transistors.
Both the permanent and the recoverable degradation have
been studied. Both depend on gate voltage and source-
drain voltage. At high source-drain voltage, most of
the permanent degradation is present at the drain side,
whereas a low source-drain voltage and a high gate volt-
age yields in permanent degradation along the channel
and at the drain side. The cause for both the perma-
nent and recoverable degradation is still unclear. Possible
causes are high-field degradation of the thiols at the drain
side and current or high field related degradation in the
octadecyltrichlorosilane (OTS) self-assembled monolayer
or in the pentacene layer. Current empirical models (e.g.
Eqg. (1)) are in any case not elaborate enough to consider
drain-field effects, effects of the variation of the along
the channel and contact degradation effects. Further ex-
periments will allow to investigate the physical origin of
the bias-stress effects in more detail and might suggest
further modifications for device improvement.
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