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Abstract. This letter presents organic thin-film-transistors ing the structures in the photoresist whereas lift-off and wet-
(OTFT) using the small organic molecule Pentacene tarchemical-etching were applied to form the contacts. The gate
geting applications like radio controlled identification tags. length was varied between 1-ién for single transistors.
Simple OTFTs as well as inverter circuits based on a p-Additionally, inverter structures are presented, using a layout
conducting silicon wafer substrate are presented. Comparingith respect to a self-blocking transistor behaviour.

PECVD oxide and LTO as dielectric, only LTO deposited

layers provide sufficient electrical stability. PECVD oxides

show defects called “pin-holes”, leading to short circuiting 2 Preparation

through the gate dielectrics. OTFTs of Lgin/W=1000um

were prepared providingad = 61uA at —40Vys and  Starting with 100 mm p-type silicon wafers, a 300 nm thick
—40 Vgs, a subthreshold slope of 10.3 V/dec and an on-off- silicon-oxide layer was grown thermally to insulate the gate-
ratio of 1(%. The inverter circuits using insulated gate con- contacts from the conducting wafer material. On this field
tacts switch from ¥=-10V to Vo=—3V output voltage  oxide, the gate contacts were formed by sputtering of 100 nm
when the input voltage is varied fromg¥0V to Ve=—8V  Tij in high vacuum and wet-chemical etching with a UV-
at a supplied voltage of p=—10V. photolithography patterned photo-resist as the mask layer.
The gate-oxide was deposited by plasma enhanced chemi-
cal vapour deposition (PECVD) or low temperature oxide
(LTO) at 410C up to a thickness of 150 nm for sufficient
electrical insulation but high field effect quality. The con-

Low cost and mass production ability are two of the main tgct holes through the gate-oxide to the gate-metal where de-

advantages of organic semiconducting materials, representdd'ed Py contact lithography and transferred into the oxide
by the small molecule Pentacene (see Fig. 1), in electroni®Y Wet etching in a buffered HF solution, followed by resist
devices like the organic thin film transistor (OTFT). Tech- StfiPPINg in an Q-plasma and standard cleaning as similarly
nological applications like smart cards for health service or@PPliéd after each lithographical step. A last UV-contact-
credit cards, single use flexible RF identification tags for bag-Photolithography step was applied to form the metal-wires.
gage control at airports are predicted to be realised by “all- Previously published results predicted optimal adhesion
organic-electronic” in the near future. The performance of@nd electrical parameters for a laminated system of a Ni ad-
OTFTs made of p-conducting Pentacene has been improvet]eSIon promotion layer below the Au COﬂQuctlng layer (Pan-
significantly in the last years achieving now up to 2.2¢ws ~ nemann et al., 2003). Both were deposited by DC sputter-
charge carrier mobility (Gundlach et al., 1999), transistoring With Ar and structured by lift-off technique with ace-

switching rates in the upper kHz region (Klauk et al., 1999a;t0ne in ultrasonic agitation. Using the lift-off technique,
Klauk et al, 1999b) and on/off ratios up to 8 orders of mag- SEM investigations revealed sharp contact edges providing
nitude (Brown et al., 1995; Wu et al., 1997). a smooth surface for good electrical connection to the Pen-

This letter presents a simple type of gate-addressabléace”e- All test devices were coated with Pentacene used as
OTFT (see Fig. 2a), based on silicon wafer substrates us;_[eceived from the supplier (Aldrich). Thermal evaporation

: : 7
ing well established UV contact photolithography for defin- In high vacuum ambient at & 10~" mbar on the preheated
substrate (60C) ensured a high quality of the Pentacene film.
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(pannemann@sensorik.uni-paderborn.de) Pentacene layer thickness varied between 40-80 nm within
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3 Experimental

First experiments were carried out on single testing struc-
tures as described last in the preparation process. On-
currents up to 6LA at —40Vys and —40 Vys were mea-

e sured for an OTFT of Lm gate length and 10Q0m gate
H i H il H width (see Fig. 3a). The subthreshold slope was 10.3 V/dec
(see Fig. 3b) and the on-off-ratio limits in the range of 10
referred to an undefined off-state leakage current through
the gate-dielectrics. Varying the gate area, a charge car-
rier mobility of 0.1 cnf/Vs was achieved for a transistor of

Fig. 1. Schematic structure of the p-conducting organic semicon-
ductor Pentacene.

Source (Ni/Au) Drain (Ni/Au) L=10m/W=10um. In different preparation cycles, posi-
Pentacene tive as well as negative values of threshold voltages near 0V
Gate: Ti were detected. The measurements revealed that enhancement

mode transistor operation seems to coincide with high Pen-
tacene film quality. Atomic force microscopy inspections of
; : the organic film surface confirmed grains with diameters up
I SiO. to 250 nm for films of Pentacene corresponding to OTFTs
SiO» providing good electrical properties (see Fig. 4).
Preparing the OTFTs for inverter circuits, PECVD and
LTO insulating layers were compared. As the previously

Si structured Ti-gate should not be affected by the formation
of the insulating oxide layer, these low temperature de-
Source (Ni/AU) position processes are recommended. OTFTs proceeded
with PECVD insulating layers show a high leakage current
Pentacene through the gate oxide, attributed to “pin-holes” generat-
Drain (N|/Au) ing a short circuit between the gate- and the drain/source-

contacts. The origin of these defects was determined in
structural damage of the formation within the growing pro-

- cess of the oxide. LTO insulating layers provide high struc-
SlOQ tural and electrical quality, resulting in a low leakage current
combined with an optimized deposition temperature. Fig-
S| ure 5 shows the characteristic of an inverter with LTO in-
| sulating layer and L=2Qm/W=127um for the load-OTFT

| and L=10um/W=100um for the driver-OTFT. At a supply
voltage of \i=—10V, the inverter’s output voltage switches
Common-gate from Vao=—10V to VAo=—3V when the input voltage is var-
ied from Ve=0V to Vg=—8 V. With some resuming improve-
Fig. 2. (a)Insulated gate OTFT on 100 mm silicon wafer substrate, ments, ring-oscillators can be realised, and future experi-

using a PECVD oxide or LTO gate-dielectric of 150 nm thickness. ments will focus on measuring the switching frequency e.g..
(b) OTFT using the p-type silicon substrate as common gate, used

for single transistor experiments only.

4 Conclusion

one series of preparation. Finally, the electrical character-This letter presents Pentacene OTFTs providigg 161 A
isation of the inverter circuits was carried OUt. using a HP at —40Vys and—40 Vgs, a subthreshold S|0pe of 10.3V/dec
4156A Semiconductor parameter analyser while the samplend an on-off-ratio of up to 20 Positive as well as neg-
was kept in a shielded metal box. ative threshold voltages were measured, depending of the
A second slightly different type of sample layout was used Pentacene film quality. The grain size in our Pentacene crys-
to understand the influence of preparation parameters and tals was determined to a diameter of 250 nm resulting in a
prove the simple transistor functions (see Fig. 2b). In thischarge carrier mobility of up to 0.1 &#Vs. OTFTs with a
case the silicon substrate was addressed as a common gateRECVD insulating oxide layer showed high leakage currents
all transistors on the wafer measuring the single test OTFTsattributed to “pin-hole” defects in the formation of the oxide
The preparation differed only in skipping the preparation steplayer. High quality LTO deposited films with low leakage
of the addressable gate-contact. As only one transistor at theurrent were used to prepare inverter circuits, switching at a
time was measured, there was no disturbing interaction osupply voltage of $=—10V from Vo=—10V to Vo=—3V
neighbouring transistors. in output voltage varying the input voltage betweep=@ V
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Fig. 3. (a) Vs lds characteristics, anb) Vgs-sart (lys) / Vgslds characteristics of a 58 nm Pentacene OTFT (L#i/W=1000.m)
providing Ni-Au-contacts, prepared at610~/ mbar on a 68C substrate.
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Fig. 4. Atomic force microscopy (non contact mode): Surface of -5x10 v 12
a Ia.yer.of 80 nm Pentacene, thermally evaporated on Si@wing 20 45 40 5 0
grain sizes about 250 nm.
V.Vl

Fig. 5. Vg-lgs / VE=Va characteristics of a 60 nm Pentacene
inverter circuit (load OTFT: L=2@m/W=127um, drive OTFT:
L=10m/W=100rm) providing Ni-Au-contacts, prepared a7
10~ " mbar on a 60C substrate.

and VE=—8V. With this, future experiments will focus on
building ring-oscillators facing the target of realising radio-
controlled-identification-tags.
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