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Recent Advances in Flexible Optoelectronics

AN Zhongfu', CHAO Jie?, CHEN Runfeng?, CHEN Yonghua®, FAN Quli?, HUANG Ling*, HUANG Xiao', HUO
Fengwei', LAl Wenyong?, LI Lin', LIU Juging®, SUN Huibin', WANG Jianpu®, WANG Lianhui?, WANG Nana’,
XIE Linghai?, ZHAO Qiang®, LIU Xiaogang®, YU Ting®, ZHANG Hua®, and HUANG Wei**%"

! Key Laboratory of Flexible Electronics (KLoFE) & Institute of Advanced Materials (IAM), Nanjing Tech
University (NanjingTech), 30 South Puzhu Road, Nanjing 211816, China
2 Key Laboratory for Organic Electronics and Information Displays (KLOEID) & Institute of Advanced Materials
(IAM), Nanjing University of Posts & Telecommunications (NUPT), 9 Wenyuan Road, Nanjing 210023, China
¥ Institute of Flexible Electronics (IFE), Northwestern Polytechnical University (NPU), 127 West Youyi Road,
Xi'an 710072, China

E-mail: iamwhuang@nwpu.edu.cn

In the past decades, organic optoelectronics has made great progress both in fundamental studies and commercial
applications because of their excellent properties, such as solution processable, flexible, low-cost and able to be
made at large area. Our recent work is devoted to the development of high-performance organic semiconductors for
flexible electronics and optoelectronics. We will present our recent advancement on rational molecular design of
organic semiconductors for light-emitting diodes, lasers, memories, chemo-/biosensors, and latest research results
about ultralong organic phosphorescence, light-emitting perovskites and color display technologies.
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Elastic Semiconductors for Mechanically Flexible Organic Transistor

Architectures
Antonio Facchetti

! Northwestern University 2145 Sheridan Road, Evanston IL, 60208 USA

*Email: a-facchetti@northwestern.edu

In this presentation we report the development of novel semiconductors, as well as thin-film engineering, for
flexible organic transistors. In particular we show that “ultra-soft” polymers comprising naphthalenediimide units
co-polymerized with “rigid” and “flexible” organic units can change how charge transport is affected by
mechanical stress, demonstrating that polymer backbone composition is more important that film degree of
texturing. Furthermore, by fabricating polymer/polymer blends by shear techniques, it provides a new avenue to
enhance charge transport and achieve excellent mechanical robustness, which is further increased by modification
of the film morphology. Finally, we report new “soft” transistor architectures using porosity as key element
enhancing mechanical flexibility and tune charge transport. These devices can better sense analytes, intercalate ions,
and be doped.
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Imide-functionalized arenes are excellent building blocks for constructing high-performance n-type organic and
polymeric semiconductors due to their strong electron-withdrawing capability and good solubilizing ability.
However, development of such arenes is highly challenging due to the synthetic barriers and the accompanying
steric hindrance. Herein, various ladder-type imide-functionalized arenes up to 5 imide groups and 15 rings are
successfully synthesized and characterized. Due to their unique physicochemical properties and compact structures,
these imides are highly suitable for developing novel acceptor-acceptor (A-A) type homopolymers, which show
well-tailored frontier molecular orbital (FMO) energy levels and film morphologies. Moreover, two
imide-functionalized thiazoles, DTzTIl and DTzl, are also invented, which enable access toa series of A-A
homopolymers, donor-acceptor (D-A) copolymers, and donor-acceptor-acceptor (D-A-A) copolymers, showing
distinct acceptor loadings in backbone and widely tunable FMO energy levels. When incorporated into organic
thin-film transistors (OTFTSs), the A-A type homopolymers exhibit unipolar n-type transport characteristics with the
highest electron mobility > 3 cm® V™' s™. Notably, all homopolymers do not show undesirable kink in transfer
curves, thus avoiding mobility overestimation. The deep-lying FMO levels result in greatly suppressed off-currents
(Io) of 10™° - 10 A and remarkable on-current/off-current ratios (lon/logs) of 107 - 10 in transistors, which are
critical for practical applications. In addition to imide group, another strong electron-withdrawing group, i.e. cyano,
is also introduced to polymers, which also show highly promising device performance in n-type OTFTSs,
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Interfacial Effects & Physics of Molecular Crystalline Semiconductors

under Two-Dimensional Limit

Yun Li
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To achieve the sustainable advancement in organic electronics, elucidating the intrinsic microscopic motion of
charge carriers and realizing functional organic devices with superior optoelectronic characteristics are of
significant importance. Recently, we proposed techniques for efficient fabrication of ultrathin molecular crystalline
semiconductors. Thus, a revolutionary opportunity to study and even utilize their unique interfacial effects under a
two-dimensional limit, to directly examine related influences on the charge transport, and to achieve devices with
high performance, is offered. For instance: 1) an interfacial flat-lying molecular monolayer has the buffering effect
to reduce the interaction from the dielectric layer, thus narrowing the trap distribution near the HOMO level. 2) the
interfacial vdW interaction is studied to be utilized for controlling the self-assembly of small-molecule
semiconductors, and large-area mono- & bilayer 2D molecular crystals are fabricated for their applications in
high-performance transistors. 3) the interfacial templating effect is presented from a spin-coated molecular
monolayers for enhancing the device performance. 4) ultralow energy consuming ferroelectric organic transistor
memories are achieved by virtue of very efficient charge injection and low operation voltage due to the ultrathin
thicknesses of functional layers. 5) ultrathin crystalline semiconducting layer can well shorten the exciton diffusion
length, thus leading to a much fast response speed as in a UV phototransistor.
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Carbon nanotube based high performance and low power CMOS
devices
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Carbon nanotube (CNT)-based electronics has been considered one of the most promising candidates to extend Si
complementary metal-oxide-semiconductor (CMOS) technology, which will soon meet its performance limit. In
particular CNTs have been investigated for various electronic and optoelectronic device applications, such as sub-10nm
CMOS devices which outperform that of state-of-the-art Si based CMOS devices in both speed and power consumption,
as well as idea material for monolithic optoelectronic integration with complementary MOS-compatible signal
processing circuit.

Prototype device studies on individual CNTs revealed that CNT based devices have the potential to outperform Si
CMOS technology in both performance and power consumption. With a well-designed device structure and in
combination with graphene, we showed that high-performance top-gated CNT FETs with a gate length of 5 nm can be
fabricated. A scaling trend study revealed that sub-10 nm CNT CMOS FETSs significantly outperform Si CMOS FETS. In
particular, the 5 nm CNT FETs approach the quantum limit of FETs and involve only approximately one electron per
switch. The contact length of the CNT CMOS devices has been scaled down to 25 nm, and the smallest CMOS inverter
yet reported with a total pitch size of 240 nm is demonstrated. These results show that CNT CMQOS technology has the
potential to substantially outperform that of Si when approaching the quantum limits of a binary logic switch and to
extend mainstream CMOS technology in the post-Moore era [1].

Significant progress has also been made in fabricating carbon nanotube low-power devices. An efficient way to reduce
the power is to lower the supply voltage Vpp, but this voltage is restricted by the 60 millivolts per decade thermionic
limit of subthreshold swing (SS) in FETs. A Dirac source (DS) with a much narrower electron density distribution
around the Fermi level than that of conventional FETs was recently proposed and demonstrated using CNT to reduce SS
[2]. In particular, a DS-FET with a carbon nanotube channel provided an average SS of 40 millivolt per decade over four
decades of current at room temperature and high device current. When compared with state-of-the-art Si 14-nanometer
node FETS, a similar Iy,
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Nano-Carbon Imides: Precise Synthesis and Applications
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Nano-carbon imides, especially extended rylene imides are attracting ever-increasing academic attention with

aiming at seeking desirable functionality for various optoelectronic devices. The readily derivative nano-carbon
skeleton combining easily modifiable imide chains results in a variety of robust materials with intense absorbance
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Perovskite LEDs: High Efficiency and High Brightness
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Solution-processed light-emitting diodes (LEDs) are attractive for applications in low-cost,
large-area lighting sources and displays. Organometal halide perovskites can be processed from
solutions at low temperatures to form crystalline direct-bandgap semiconductors with intriguing
optoelectronic properties, such as high photoluminescence yield, good charge mobility and excellent
color purity. In this talk, I will present our effort to boost the efficiency of perovskite LEDs to a high
level which is comparable to organic LEDs. More importantly, organic LEDs are difficult to maintain
high efficiency at high current densities due to their excitonic nature and low charg