REQUMEXISEEX], 20244 62, HB3H H1S, pp. 103-110

/-{“‘P/ Journal of Flexible & Printed Electronics, June 2024, Vol. 3, Issue 1, pp. 103-110
e /;\' Received 2024-05-12, Revised 2024-06-12, Accepted 2024-06-30
https://doi.org/10.56767/jfpe.2024.3.1.103 eISSN: 2951-2174

RESEARCH

Spray-Printed Sub—1 V and Flexible Electrolyte—Gated Inverters
Kyung Gook Cho, Min Su Kim, Dong Hyun Park, Keun Hyung Lee’

'Department of Chemistry and Chemical Engineering, Education and Research Center for Smart Energy and
Materials, Inha University, Incheon, Korea

0.0
. - - W.

Spray-printing nozzle 0s Low voltage:
B -0.2[ beration "l"‘
H E ~ 0.4+ Voo "‘..‘i
: PEDOT:PSS T < 80 kO H
E . 2 0.6 | MweNT) 1
: lon gel : = ozt vaEGT :
: : 0.8} piype EGT 3
. mL B3EhE M . 0.8 1 3.
Flexible PET substrate : A0k voo=-1v %
Spray-printed flexible electrolyte-gated inverter } 06 -04 02 00 02
E et iattteteaeatiateaeatemstestestantenstatantennsratrnranran Vin (V)

ABSTRACT

We demonstrate all-printed, low-voltage, and flexible electrolyte-gated transistors and inverters prepared
through a facile spray-printing process. All active components of the electronic circuits, including source/drain
electrodes, semiconductor, gate dielectric, gate electrode, and load resistor, were directly deposited via spray
printing. The sprayed transistors show a high on/off ratio of ~10*. The printed devices also show excellent
operational stability under successive bending stresses, maintaining 88% of their performance after 5,000 bend-
ing cycles at a small bending radius of 2 mm. Furthermore, the resistor-loaded flexible inverters exhibit appro-
priate rail-to-rail voltage inverting characteristics with a high voltage gain of ~9 at a low supply voltage of
-1 V. These results demonstrate that the high-throughput strategy is promising for generating low-voltage, flexi-

ble, and all-spray-printed electronic circuits.
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Fig. 1. (a) Cross-sectional schematic and (b) an optical image of the spray-printed inverters based on p-type EGT and
MWCNT resistor. (c) Chemical structures of P3HT used as the semiconductor layer, P(VDF-HFP) and [EMI][TFSI]
that constitute the ion gel dielectric layer, and PEDOT:PSS gate electrode.
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Fig. 2. (a) Schematic procedure for fabricating spray-printed inverters on a flexible PET substrate. SEM images of a
spray-printed (b) SWCNT-based electrode (inset shows an enlarged image of the source/drain electrodes) and (c)
an ion gel gate dielectric. (d) An AFM image of the spray-printed P3HT semiconductor.
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Fig. 3. (a) Cross-sectional schematic and (b) Ip—V transfer curves under repeated application of bending stress (5,000
cycles) at a bending curvature radius, , of 2 mm for a spray-printed P3HT EGT. (c) Variation of I, I and
on/off current ratio, and (d) mobility («) and threshold voltage (V) as a function of bending cycles.
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EGTs: Electrolyte-gated transistors

SWCNT: Single-wall carbon nanotube

MWCNT: Multi-wall carbon nanotube
[EMI][TFSI]: 1-Ethyl-3-methylimidazolium
bis(trifluoromethyl sulfonyl)imide

P(VDF-HFP): Poly(vinylidene fluoride-co-hexafluo-
ropropylene)

P3HT: Poly(3-hexylthiophene)

PEDOT:PSS: Poly(3,4-ethylenedioxythiophene):poly
(styrene sulfonate)

SEM: Scanning electron microscope

AFM: Atomic force microscope
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