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Abstract

We report on the design and fabrication of circuit level
integration of thermally stable short channel organic
transistors on 1 um parylene substrates. With channel
lengths below 5 pm, single transistors can maintain
bandwidth of 100 kHz even after annealing at 150°C. Us-
ing short channel transistors, we realized pseudo-CMOS
inverters and improved their gain by at least 150% with
a simple post-annealing process. Significant improve-
ment in gain value was consistent for devices with differ-
ent architectures. Short channel circuit fabrication with
high thermal stability and improved gain is an important
step towards practical application of imperceptible elec-
tronics.

1. Introduction

Organic thin-film transistors (OTFTs) are attractive cir-
cuit elements to realize the next generation of flexible elec-
tronics devices. Advancements in material science allowed
organic semiconductors to present better and more reliable
performance for circuit level integration. In addition, organic
transistors can be thermally stable up to very high tempera-
tures [1]. Recently an important progress was demonstrated
by reducing substrate thickness down to only 1 pum thick
plastic substrate to improve OTFTs’ flexibility and weight
per area [2]. Nevertheless, a demonstration of short channel
transistors and circuits with good thermal stability has not
been realized yet on ultrathin films.

Here we present the successful fabrication of short chan-
nel, bottom contact transistors and circuits on ultrathin plas-
tic foils that present good frequency response and thermal
stability. Out material selection and process allow the de-
vices to maintain bandwidth of 100 kHz even after post-an-
nealing at 150°C. Moreover we show how we can enhance
inverters performance significantly by a simple thermal
treatment. The utilization of short channel transistors allows
circuits to improve gain and maintain their frequency re-
sponse at high temperatures.

2. Experiment
Fabrication process

In Fig. 1a we present the transistors bottom contact ar-
chitecture on ultrathin films. The ultrathin parylene diX-SR
substrate was vapor deposited on a sacrificial Si/SiO, wafer.

Photolithography was used for fine patterning of source and
drain (Fig. 1b). Gold contacts were modified by pentafluoro-
benzenethiol (PFBT) to improve transistor performance and
reduce contact resistance in the bottom contact structure [3].
Air stable dinaphtho[2,3-b:29,39-f] thieno[3,2-b]thiophene
(DNTT) [4] was thermally evaporated as the organic semi-
conductor and 100 nm parylene diX-SR was vapor deposited
as the gate dielectric.

3. Results
Cutoff frequency evaluation

Transistors were thermally annealed and measured up to
170°C. Their cutoff frequency was calculated by

Ves — V.
fr = HVes T)/ZnL(L +2Lg) M

where [ is the device saturation mobility and L, L¢ are the
channel length and gate-source overlap respectively. In Fig.
Ic we show that the cutoff frequency of the short channel
transistors (L=4 pm) is kept above 100 kHz after annealing
at 150°C. For comparison we also plot the long channel tran-
sistor case (L=48 pum), fabricated in the same technology,
that present inferior performance.
Pseudo-CMOS inverters gain enhancement

We fabricated ultrathin pseudo-CMOS organic inverters
using transistors with 3.5 pum and different channel width ra-
tios (a=W»/W). In Fig. 1d we illustrate the Pseudo-D in-
verter design [5], denoting the channel widths notation. W1
was 1500 pm in all cases. We annealed the inverters up to
150°C and plot a representative transfer characteristics of de-
vice with a=6 with changing post-annealing temperature in
Fig le. A clear increase in gain was observed at 150°C. We
evaluated inverters with various a values (a=3, 6 and 10) and
plot their gain development as a function of temperature. We
observed that inverter gain can be enhanced by at least 150%
after simple post annealing procedure, regardless of the siz-
ing ratio.

4. Conclusions

An increase of pseudo-CMOS inverter’s gain by at least
150% after post annealing was achieved. The utilization of
short channel transistors for this inverter allows significant
gain increase with keeping circuit’s bandwidth at 100 kHz.

-914 -



Transistors and circuits show reliable and high performance financial contribution of ISEF foundation to this research. We ap-
even at elevated temperatures up to 150°C. preciate the useful discussions of Dr. Hiroshi Fuketa and Mr. Naoji
Matsuhisa regarding circuit and device analysis.
Acknowledgements
This work is partly supported by the Outstanding Graduate References
[1] T. Yokota, et al., Adv. Mater. 25 (2013) 3639-3644.
istry of Education, Culture, Sports, Science and Technology [2] M. Kaltenbrunner, et al., Nature. 499 (2013) 458-63.
(MEXT), Japan. A.R thanks the support from the SEUT Program [3] M. Kitamura et al., Phys. Status Solidi. 10 (2013) 1632—1635.
of Graduate School of Engineering, University of Tokyo and the [4] T. Yamamoto and K. Takimiya, J. Am. Chem. Soc. 129 (2007)
[5] Huang, et al., J. Disp. Technol. 5 (2009) 206-215.

School Program “Secure-Life Electronics” sponsored by the Min-

a b .
Au Gate 30 nm g
. o ) |
Parylene diX-SR 100 nm 1 E
A X
DNTT 30 nm o
S 30 nm D 30 nm | s ;
Parylene diX-SR 1pm : '
c d
1000 ——
I A A A,
X, A A,
> 100 A Vi, — —
| ER |
o 10} - ] v
o L R m J
Lu:L A | =4ym —
9o 1Fm L=48 um s ] —°| W, l’| W,
= W L=48ym =,
(&) 30 60 90 120150180 1 1
Post Annealing Temperature [°C] Ves GND
e f
15F T —_aoc ] 151 ® o=3 .
—a—70°C = |4 6
_10- 1100C_ 8 v o=10 .
= —e—150°C = .
3 : gron Lo
5 B b E N A ¢ b 4
O a=6 _,.= L - 5 Y l v ? l l
4 5 6 8 9 10 30 60 90 120 150
Vv, V] Post Annealing Temperature [°C]

Figure 1: (a) OTFT bottom contact architecture on ultrathin films. (b) Microscopic image of short channel transistor with channel
length of 3.5 um and W/L of 1200. (c) Cutoff frequency calculation of short and long channel transistors. PFBT untreated device
is also plotted for comparison. (d) Illustration of pseudo-CMOS inverter circuit on ultrathin films. (e) Transfer characteristics and
inverter gain of pseudo-CMOS circuit with a=6. (f) Gain enhancement of pseudo-CMOS circuits with different sizing ratio as a
function of post-annealing temperature.
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