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Abstract

We studied transfer characteristics of pentacene thin film transistors, fabricated by using polymethylmetacrylate (PMMA) buffer
layer, in order to evaluate the parasitic series resistance in devices with different active layer thickness (10-80 nm) and contact architec-
tures (top and bottom contacts). For bottom contact TFTs, the highest series resistance (1.7 x 10* Q cm) was found for the thinnest
pentacene films, probably related to step coverage problems of the thin pentacene film over the gold contacts. In contrast, for the
top contact TFTs, the 10nm pentacene films had the lowest resistance (~1.8x10°Qcm) and the resistance increases to
~8x 10* Q cm for the thicker films. The results can be related to the effect of the series resistance induced by the vertical transport

through the pentacene film.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Pentacene thin film transistors (TFTs) have recently
attracted much interest for large area electronics applica-
tions due to its high performance, comparable or even bet-
ter than amorphous Si TFTs. However, it has been
reported that performance of the high mobility pentacene
TFTs is strongly affected by parasitic series resistance.
Indeed, due to the reduced resistivity of the device channel
the contact resistance becomes increasingly important, in
particular in short channel devices. It has been shown that
series resistance is influenced by contact metal, film thick-
ness, device processing and device architectures [1-8]. Con-
cerning the two typical contact configurations used for
organic TFTs, i.e. top contact (TC) and bottom contact
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(BC) configurations, contact resistances of the order of
few k Qcm have been measured in the case of TC-TFTs
[3,4], whereas BC-TFTs exhibit resistance one order of
magnitude higher [3,5], probably induced by a more disor-
dered region close to pentacene/metal interface. Parasitic
resistance of BC-TFTs is also affected by device process
and in particular by different surface treatments before
pentacene deposition, as the use of self assembled mono-
layers or buffer layers [6-8]. We have shown [6] that thin
polymethylmetacrylate (PMMA) films can been used as
buffer layer in order to improve the performance of penta-
cene OTFTs both in bottom contact and top contact con-
figurations. On the other hand, in principle, an increase of
series resistance in bottom contact configuration can be
expected, due to the presence of PMMA layer between
pentacene and metal contact. In this work we analyse the
transfer characteristics of pentacene thin film transistors,
fabricated by using PMMA buffer layer, in order to evalu-
ate the parasitic series resistance in devices with different
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Fig. 1. Low voltage (V45 = —1 V) transfer characteristics, normalized to
channel length, for pentacene BC-TFTs with 10nm of pentacene
thickness.

active layer thickness (10-80 nm) and contact architecture
(top and bottom contacts).

2. Experimental

The devices studied in this work were back gated, using
a highly doped-Si substrate as a large area gate, with an
80 nm thermal oxide as the gate dielectric. The active tran-
sistor layer was an evaporated film of pentacene in the
thickness range ¢ = 10-80 nm, which was deposited onto
a 5nm thick alignment layer of PMMA. The source and
drain contacts were either formed prior to, or after, the
PMMA and pentacene depositions, in order to obtain bot-
tom and top contact TFTs, respectively. These contacts
were 20 nm and 30 nm thick layers of gold for the bottom
and top contact TFTs, respectively.

The source and drain contacts were defined photolitho-
graphically in the bottom contact TFTs, with channel
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Fig. 2. Transfer characteristics of pentacene BC-TFTs with different
pentacene thickness and L =20 pm.

length dimensions on the mask of 2, 4, 10, 20, 100 and
330 um. For the top contact TFTs, the channel length
was defined by shadow evaporation of the gold contacts,
giving much longer channel lengths of 30, 100, 300 and
500 pm.

The top contact TFTs were fabricated on the same
plates as the bottom contact TFTs and with the same range
of pentacene film thickness, so the properties of the penta-
cene layers should be identical in both cases and the differ-
ences can be assumed to be correlated with the different
contact structure. It is also worth noting that there should
be no step coverage issues for the pentacene films, nor is
there an intermediate PMMA layer between the inversion
layer and the contact metal.
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Fig. 3. Output characteristics of pentacene BC-TFTs with # = 10 nm and
two different channel lengths, L =2 um (a) and L = 100 um (b), measured
at Vy=—10, —20 and —30 V.
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On the other hand, the current has to flow through the
thickness of the film to reach the top contact, and this can
introduce additional series resistance.

3. Results and discussion
3.1. Bottom contact TFTs

In Fig. 1 the transfer characteristics, normalized to
channel lengths, are shown for bottom contact TFTs with
pentacene layer thickness 7= 10nm. As can be seen,
shorter channel devices exhibit lower normalized drain cur-
rent, evidencing an increasing influence of parasitic series
resistance on device characteristics. Fig. 2 shows the trans-
fer characteristics of BC-TFTs with L = 100 um and differ-
ent pentacene thickness. Similar characteristics have been
measured for thicker devices (z =40 and 80 nm), whereas
TFTs with =10 nm show lower current, mainly related
to a non-linear behaviour of the transfer characteristic at
high gate voltages. In order to evaluate the parasitic series
resistance as a function of gate bias we can consider the fol-
lowing expression:

Va L
]d HOCOXW(VE - Vt)

+ R, (1)

Assuming the parasitic resistance, R, to be independent
of channel length, gate and drain voltages (ohmic contact)
we can calculate R, from plots of 1/I4 vs L. The linearity of
the contacts can be evaluated considering the output char-
acteristics at low drain voltages and different gate bias, as
shown in Fig. 3. Good low drain voltage linearity is
observed for TFTs with channel length L =100 pum,
whereas for L =2 um linearity was only seen for
Ve=—10V, and the characteristics were all non-linear
by Vy=—-30V. TFTs with L =20 pm also start to show
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Fig. 4. Total channel resistance vs channel length for pentacene BC-TFTs

with different active layer thickness, calculated at Vy,=-20V and
Vgs=—-1V.

non-linearity at V,= —30V. Taking into account these
results, we have calculated the contact resistance for differ-
ent pentacene thickness, considering devices with channel
lengths longer then 2 pm and drain current measured at
Ve = —20 V. The plot of device total resistance for different
channel lengths is shown in Fig. 4. As can be seen, the lin-
earity of the plot is quite good for all the pentacene thick-
ness and, according to Eq. (1), from the intercept values
parasitic resistance values can be calculated. BC-TFTs with
t =40 and 80 nm show quite similar contact resistances
(Rs =8 and 5kQcm, respectively) while for =10 nm
R, =17 kQ cm was obtained. The higher R -value for the
thinnest device can be explained with step coverage prob-
lems of the 10 nm thick film over the 20 nm thick gold con-
tacts. It can be pointed out that the R, values calculated for
BC-TFTs with PMMA bulffer layer are similar or even bet-
ter than the R, obtained for TFTs fabricated by using self-
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Fig. 5. Transfer characteristics of pentacene TC-TFTs with different
pentacene thickness and L = 100 pm.
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Fig. 6. Transfer characteristics, normalized to channel length, for penta-
cene TC-TFTs with 10 nm pentacene thickness.
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Fig. 7. Output characteristics of pentacene TC-TFTs with L = 100 um
and different pentacene thickness, measured at V; = —10, —20 and —30 V.

assembled monolayer (SAM) as alignment layer [3,5]. Con-
sidering these contact resistance values, a corrected field
effect mobility of about 0.4 cm?/V s is obtained.

3.2. Top contact TFTs

Fig. 5 shows the low drain voltage (V4= —1 V) transfer
characteristics for the L =100 um top contact TFTs with
different pentacene thickness. As can be seen, higher drain
current is measured for the thinnest film, suggesting an
higher parasitic resistance for thicker films. In addition,
thin TC-TFTs seem to be less influenced by parasitic resis-
tance compared to BC-TFTs. Indeed, as shown in Fig. 6,
normalised transfer characteristics are affected by contact
resistance only for channel lengths L<100 um. As in the
case of BC-TFTs, we assessed the contact linearity from
the output characteristics (see Fig. 7). The 10 nm thick film
shows linear behaviour up to V, = —30V, whereas linear
behaviour is only seen at V;=-20V and V,=-10V
for t = 40 nm and 80 nm, respectively. This behaviour indi-
cates that in TC-TFTs the non-linearity appears to be cor-
related with the separation of the channel from the
contacts. In view of this, the linear regime analysis of Eq.
(1) can be correctly performed on the 10 nm and 40 nm
thick TFT (at V, = —20 V), whereas for =80 nm the R
value obtained should be considered as a rough estimate.
From the intercept values of plots in Fig. 8 a parasitic resis-
tance R, = 1.8, 13 and 80 kQ cm for # = 10, 40 and 80 nm,
respectively, is obtained.

This thickness dependence of Ry confirms that the main
source of series resistance in pentacene TC-TFTs is the ver-
tical current flow through the unaccumulated region
between the device channel at the pentacene/dielectric
interface and the source/drain contacts.
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Fig. 8. Total channel resistance vs channel length for pentacene TC-TFTs
with different active layer thickness.
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4. Conclusion

The series resistance is strongly influenced by contact
geometry and film thickness. Better performance and lower
series resistance are obtained for TC-TFTs with t = 10 nm,
but for this contact configuration R, increases with film
thickness. In addition, it has been observed increasing con-
tact non-linearity with increasing film thickness, suggesting
that the effect of the series resistance is correlated with the
vertical transport through the pentacene film. In contrast,
for the BC-TFTs, the highest resistance was found with
the thinnest pentacene films of 10 nm, probably induced
by step coverage problems of the thin pentacene film over
the gold contacts. BC-TFTs with higher film thickness
show lower contact resistance as well as less severe contact
linearity problems relative to TC configuration. It can be
pointed out that the R, values calculated for BC-TFTs with
PMMA buffer layer are comparable with R, obtained for
TFTs fabricated by using different surface treatments (as

self-assembled monolayer) before pentacene deposition.
This result indicates that the high R, in BC-TFTs is related
to the contact configuration rather than to the specific fab-
rication process.
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