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ABSTRACT

Solution-processable materials such as conjugated polymers are considered promising candidates for next-generation electronic
devices due to their compatibility with low-cost, large-area, and flexible fabrication techniques. However, polymer-based
electronic devices often suffer from inherently low electrical performance, which remains a significant challenge.In this study,
we present a simple and effective patterning method using a polydimethylsiloxane (PDMS) mold to fabricate highly aligned
nanostructure channel devices based on conjugated polymers poly(diketopyrrolopyrrole-alt-thieno[3,2-blthiophene) (DPP-DTT). In
nanopatterned conjugated polymers, the alignment of molecular chains enables charge carriers to move efficiently and rapidly
along the direction of the chains. Nanoscale channel structures induce field enhancement effects at the interface. This effect
reduces the Schottky barrier height at the metal-semiconductor interface. Furthermore, by adopting an asymmetric electrode
configuration with gold (Au) and aluminum (Al), we implement bandgap engineering through controlled energy level alignment
to modulate hole and electron injection behaviors. Consequently, by controlling the factors, the rectification characteristics of
nanostructure channel diode devices based on conjugated polymers were improved.
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Fig. 1. Schematic illustration of the PDPP2T-TT-OD polymer, spin-coated and nanowire-patterned film formation.

Ao A2} tHE HE 9 A /o] A7|H B
H3= FFe AFH R A5 f8l, 2 A+l
Me F& T4 AFoz ARgalal BijE H3o) &
FolE ¥ I8 242 283 AwDPP-DTT/Al 4

AwWDPP-DTT/Cr. 7-29] 4% #2519 hFig. 1).

DPP-DTT= HOMO 297} ©F 5.2 ¢Vel pd §7] ut
TAR, 22 94858 7= 250 F(0=5.1 V)
ol= 2 FES FAoH B5 Tl fEstt 1
W, dZ20E(0=4.2 V)T I=E(p=4.5 V)X HOMO
92} 2 oflvA AolE 7HA7] Wizl BE =Y &

94



QO0IMERISkSX|, 20264 68, M4H H13, pp. 91-97
Journal of Flexible & Printed Electronics, June 2025, Vol. 4, Issue 1, pp. 91-97

—— Spin Coating Au-Ai
—— Nano Pattern

—— Spin Coating Au-Cr
—— Nano Pattern

W%
§

T o %
Cathose(¥}

Current(pA)

Current(pA)

Voltage(V} Cathode(V)

Fig. 2. Current-voltage (I-V) characteristics of spin-coated
and nano-patterned DPP-DTT devices with
different electrode combinations: (a) Au-Al and
(b) Au—Cr. The inset images indicate log scale.

Table 1. Schottky diode current values of spin-coated
and nano-patterned DPP-DTT devices with dif-
ferent metal electrode combinations

Schottky diode current

Spin coating 1.23E-09
Au-Al

Nano pattern 1.55E-07

Spin coating 4.69E-10
Au-Cr

Nano pattern 3.06E-08
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Fig. 4. Comparison of rectifying behavior across diffe-
rent electrode and film structure combinations:
(a) AwAl spin-coated device, (b) Au/Al nano-
patterned device, (c) Au/Cr spin-coated device,
and (d) Auw/Cr nano-patterned device.
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Table 2. Rectified voltage values of devices with different metal electrode combinations and film structures.

Input pulse Rectified voltage (V) Error range (%)

Spin coating 53 47
Au-Al 1oV

Nano pattern 7 30
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Spin coating 52 48
Au-Cr -10v

Nano pattern 6.2 38
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AFM: Atomic force microscope
OM: Optical microscope

Fe-Sem: Field emission scanning electron microscope
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