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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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Functionalized w-Stacks for Chem/Bio Sensing

Selective and sensitive detection
of fluoride and streptavidin in water ~
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Wikt (ambipolar) HHF FEMELE—FAFHRMBIEZEMR, ENERMEFRTTUAEH MRS
BT XA B AN QR BN SAM R LS S — L1, WMCMOSK EZRF1E
A SIABN &R IFE (OLEFET) F. — MREMIUR M S H R ER BRI E SHn-Bfp- BT K%,
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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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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

Lian-Mao Peng
Department of Electronics, Peking University, Beijing 100871, China
Email: Impeng@pku.edu.cn / Phone:86 10 62764967

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 |4, is realized but at much lower supply voltage of 0.5 versus 0.7 volts for Si, and a much steeper SS
below 35 millivolts per decade in the off-state.
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Nano-Carbon Imides: Precise Synthesis and Applications

Zhaohui Wang
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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
and fluorescence, well-tunable energy level, and molecular configuration. Up to now, there are a pool of successful
applications based on nano-carbon scaffolding to provide compelling targets serving as n-type semiconductors in
OFETs and OSCs.
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Perovskite LEDs: High Efficiency and High Brightness

Jianpu Wang*

Key Laboratory of Flexible Electronics (KLOFE) & Institute of Advanced Materials (IAM), Jiangsu National
Synergetic Innovation Center for Advanced Materials (SICAM), Nanjing Tech University

iamjpwang@njtech.eud.cn

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 charge mobilities. Low
temperature solution-processed perovskite LEDs demonstrate remarkably high efficiency at high
current densities, suggesting unique potential to achieve large size planar LEDs with high efficiency
at high brightness.
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EEE L T EMIRGEREIREIME, EEam A TES F R NRBIE R R AT
PR FREARE LS EHIF SRR YRk . /LR, B EENRERKRI Ag (111)
ZrB,(0001) F0 Ir (0001) FRME LIRS T BRINEI & . AREHBIEKNE, KRRSENEKEK
AER, SRENREEN TEMMARMEARRBEGTIEZENEN.. BAl, X TiEEaI
REBEDRT A ERENEK; AMAE Ag (1) BR EHIFHRNOEE T S0, BES
B2 B8 fF TR S BIER AR, XtLR BRTET BRI N R ERNE FIIBRT
TERTELHTHRHENREZ—. Fit, (FERERERETIEFERRRBIT B LA E G
W EAEE (BEAERIHUNE) WIARKRR. 1, EFECRRERLETREIZIGEHERE
BTFREETRUNESHF ARSI R ITTENH BRI TR EE.
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[1 S. Wu, G.C. Shan, B. Yan, Prediction of Nearly Room-Temperature Quantum Anomalous Hall Insulator based on
Honeycomb Materials, Phys. Rev. Lett. 113,256401 (2014). ESI Highly cited paper.

[2] Guangcun Shan*, Yu Wang, and Wei Huang, Electronic Transport Characteristics in Silicon Nanotube Field-effect Transistors,
Physica E, 43(9), 1655-1658 (2011).
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Two-dimensional (2D) polymeric crystals are highly attractive for i) clarifying charge transport mechanism of
conjugated polymers, ii) enriching the family of 2D materials, and iii) advancing their application in high
performance device and circuit of plastic electronics. Here, a kind of novel, atomic thin, centimeter-sized scale, 2D
conjugated polymeric (2DCP) crystals are demonstrated to approach these targets. Coherent charge transport,
Hall-effect in diffusion regime and positive magnetoconductance due to weak localization are found for the first
time in such 2DCP crystals. These results indicate that such high quality 2DCP crystals provide an ideal platform
for new physics and device beyond conventional polymer thin films.

Figure 1. A possible closed-loop charge carrier trajectory in bilayer 2DCP crystals [

SE

[1] Yuan Tian, Yifan Yao, Qingging Yan, Huanli Dong, Yang Li, Jialing Zhang, Ye Zou, Wei Chen, Jianhua Gao, Shixuan Du,
Hongjun Gao, Daoben Zhu & Wenping Hu*, Coherent charge transport in two-dimensional conjugated polymer crystals, in

submission, 2019.
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Eitt, FES5SANFLSEERRFFEMMBRME FLESE/BRFEIZIHGE, EMREARTEIAN
HERBNBHFETHANARA L. RINEMATIEF AL T SERSUMENAEHBERME, #FH
TEEEAYE, #AMRETSUEEINSYNEFE. FTIERME, RNME-SFRFSEEEE
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M NHENERER, ERAERGETANSR, XFAENERFESRFE TN ARM T EF.

Adv Mater 2010, 2012, 2012 ACS Appl Mater Interface 2018
Adv Electron Mater 2016 Mater Horiz 2017
Phys Chem Chem Phys 2016 Adv Mater Interface 2019
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[1] Wang Z.; Guo S.; Li H.; Wang B.; Sun Y. Xu Z. Chen X. Wu K. Zhang X. Xing F. Li L. and Hu W. Adv. Mater. 2009, 31, 1805630.
[2] Chen X.; Zhang S.; Wu K.; Xu Z.; Li H.; Meng Y.; Ma X.; Liu L.; Li L.; Adv. Electron. Mater. 2016, 2, 1500409. (Frontispiece)
[3] Xu Z.; Chen X.; Zhang S. Wu K.; Li H.; Meng Y. Li L. Phys. Chem. Chem. Phys. 2016, 18, 13209. (Back cover)

[4] Li, L.Q.; Hirtz, M.; Wang, W.; Du, C.; Fuchs, H.; Chi, L. Adv. Mater. 2010, 22, 1374-1377.

[5] Li, L.Q.; Jiang, L.; Wang, W.; Du, C.; Fuchs, H.; Hu, W.; Chi, L. Adv. Mater. 2012, 24, 2159.
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T2 (FIF: AT REARL). BEEEEPRIFAENEE LR
MRIIE (B1ESID: BAIEHER), 2014 £ 5 BMANPRBETINNKET, 5
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{E£& £ Adv. Mater., Adv. Energy Mater., J. Am. Chem. Soc., Angew. Chem. Int. Ed., Adv.
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BIFNNEAEE (OTFT) ATEAWRGMNI. FUTHEFNS, ERMETR. IFRRE. B
FREEMEMERAEFTHANEE FEANMKARTR. £ n-BYS4d, BFERRATZESSESHHKER
Bz, H|ABIFEE LRSI TITBRFMBEN, E/ESFHMETTEET p 2¥IME. XM p/h BIEHIHHE
miFENAHEAR, FENRS T AN EEERNSEFREA. Bit, 2RHESIBR. S
B n-BENF FER— N RFRRAVE) .

H,0
R GRS
s @
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°m° Y 544
CoHyg—N W N-CHyy &G N
o O ] LUMO =-4.21 eV

E. 1 BTDI-CoEH S8R

EEILEZ (NDD MR B —MART 28 n-BUE SR, 2% BN RERT B MPER LUMO BE4R,
EeHESREN, BEEGINESSEBRMEBE TFENGESLZ. B, 3T NDI AR EEEFE=/FH,
N BEF_E#TER, TS FH#RR,; Z LB FERARK, ATUENIERRES; EK nEiehR, B
REE KD FIEMEEIER, XAERITREER. BEXE®IE, TET7T—RIESREN,. SEBEN n-BES
k. XL&xF NDI BEIFE 2 ESE NDI S4Z#H TN, MEMNEZAELAER —FKXHEYR
(Isothianaphthene) BRX, #&it& % T #HMIE I Z L &4—BTDI-C6. 5 NDI-C6 #HEE, BTDI-C6 EBEK
B LUMO (-4.21eV) 8EZR, 1RIET & T BTDI-C6 8 OTFT S8 ae E= S PR EITIT. MMM HRIA OTFT 88
& N, RE TEBHEIENEHZE, 8 BTDI-C6 sfHABERMNBERE (7.5V), M NDI-C6 HIFERE
A 34V, EEERZ, BTDI-C6 EF AT REREBSRRKY, MREHEELASHFHRA. XEHERRK
B, BTDI #%EBHXEMEANEELLE FEANRARTR.

BSE K

[] Chen, X.; He, Y.; Ali, M. U.; He, Y.; Zhu, Y.; Li, A.; Zhao, C.; Perepichka, I. F.; Meng, H., Isothianaphthene diimide: an air-stable
n-type semiconductor. Science China Chemistry 2019, 62 (10), 1360-1364.

[2] Li, H.; Shi, W.; Song, J.; Jang, H.-J.; Dailey, J.; Yu, J.; Katz, H. E., Chemical and Biomolecule Sensing with Organic Field-Effect
Transistors. Chemical Reviews 2019, 119 (1), 3-35.
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BERES FARHNEREFRE—ERBANNF SEAEN— MR, B, XS FEELERFE.
BINREFFENEREFFSOHIEFEENNA. AMBRRENVNERELLEBFEREMEURER
BB EBIREIR, XAKRET WX EMBHA—LHRMER . BNARE MR F RS
WEPERENEREARNEHESE. RINERT —FMETUMEHANE XS BRETEY, R
SIANTRIARNRIZRREFRIFIZ AR B BHEFE. BFIRELRMNIARA, 28 0, S M Se RIFHEEANE
RED TR B LS = &SRR E 77 8-3.75, -4.03 F1-7.97 keal/mol (El—) . E]RT, BEEZE FHFEX,
ZEDFHEREMREME, 2 FHORBEEHIT NS EEZIEMTEMNERRR. EENABNSR
HERER, SMHMATEHED FRETFIBETLUILE 0004 cm’v's?, XEREIRESEEAHRE
DFHEFIBE, RMNEEE—LHFLILSFESRHTHONA. RINFEEBHE-LMANBHES

FIRADPEHMEEEXRIERE, AFAFENBREMRHREETEEE.
(@ (b} {c)
DPP-O™ DPP-S* DPP-Se**
AE ; = -3.75 kcal/mol ; AES = -4.03 keal/mol AEg 1 = -7.97 keal/mol
El 3 El
L L L
k= - L
200 250 300 350 400 200 250 300 350 400 200 250 300 350 400
Temperature (K) Temperature (K) Temperature (K)

B 1. TSR ESREY IT-T HIES R HEHINAHZ: DPP-0 (a), DPP-S** (b) and DPP-Se' (c).
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[1 W. Wang, et al, A Non-destructive Strategy: Fine-tune the Diradical Character in Molecular Systems, Chem. Commun, under

review.
[2] A. Ueda, et al, Three-Dimensional Intramolecular Exchange Interaction in a Curved and Nonalternant n-Conjugated System:

Corannulene with Two Phenoxyl Radicals. Angew. Chem. Int. Edit., 49, 1678, (2010).
[3] M. Abe, Diradicals, Chem. Rev., 113, 7011, (2013).
[4] D. Schmidt, et al, F. Perylene bisimide radicals and biradicals: Synthesis and molecular properties. Angew. Chem. Int. Edit., 54,

13980, (2015).
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Molecular charge trapping is the key physical process in organic transistor memory for data storage that dominate
various parameters such as writing/erasing voltage, memory window, on/off ratio, response spend and retention
time as well as endurance. As a result, it is very important to explore the structure-property relationship for the
guideline of rational design of molecular electrets. Herein, we talk about the molecular and nano effects on charge
trapping and memory performance.

We are developing new molecular materials and materials engineering approaches towards high-performance and
functional memory systems, including topological nano-molecule (grids & polygrids), organic nanostructures
(nanosheets & arrays). Starting from the stable steric hindrance molecular structure, the hierarchical design and
regulation of molecular structure, nanostructure and thin films are carried out, and series of stable wide-bandgap
memory media are developed. We found that the alkyloxy group is not favorable for the charge storage if molecular
structure without alkyloxy have enough film-forming capability. Steric bulk can tune the charge trapping Kinetics
via the pi-interrupted linkage with sp® carbon that can protect charge from the relaxation with the longer retention
time regarding the controlled models. Nanogrids are high-performance charge trapping elements for multibit
memory. Pi-stacked polystyrene is promise matrix with the role of tunneling layers for small-dipole SFX-TCN as
charge trapping elements. The nanocolumn effect was first explored for improvement of response speed and data
retention. With the p-n junction, the charge can be stored at the interface in the active semiconducting layers.

In this process, breakthroughs have been made in principle design, green synthesis, nano-assembly, thin film
technology and device performance. Our researches try to give a collective understanding of the structure-activity
relationship between molecular structure and electrical properties in memory devices and will guide molecular
design and performance optimization into rational way in future.

Reference

[1] Yu,Y, et al, Small-Molecule-Based Organic Field-Effect Transistor for Nonvolatile Memory and Artificial Synapse. Advanced
Functional Materials, 1904602, (2019).

[2] Wang, K, et al, A Centimeter-Scale Inorganic Nanoparticle Superlattice Monolayer with Non-Close-Packing and its High
Performance in Memory Devices. Advanced Materials, 30, 1800595, (2018)
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[4] Li, W, et al, Solution-Processed Wide-Bandgap Organic Semiconductor Nanostructures Arrays for Nonvolatile Organic
Field-Effect Transistor Memory, Small, 14, 1701437, (2018).

[5] Li, W, et al, High-Performance Nonvolatile Organic Field-Effect Transistor Memory Based on Organic Semiconductor
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PEE AL HLER AR K, R5H0 Sio2 N RE, BTFENBEEHE /) (k=3.9), TEHIRHE
EFHER T A48/ VEK. S kK MEMR, ATURGFMNERX—E, i TES IR &5
AR, RETREATEECERERTNRESKE, MEZ TS roll-to-roll {R, IEERSIETRZAM
*F. BR, SRENENEEBEESTEZ D 400°CHEBIRA, FEREMIVEENNARREN A TR
MR

BAVER BRI IERN A, HIET AIR03 M BER, HEMZBMRALEL, £ 2000CEH
BMRE T T TAINERIR KALIE ., £15MH5K 40 min BY Al203 SEREZE 3 MV/ecm BHRELRIEE 5.60%10-8
Alcm2, 1 KHz THIEZE A 158 nFlem2. ALK LIRS IRERAESEE, % T In203/ AI203
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BRI AT RE T S ESEEEANSIR . 7£ 230 °CHIRIET, ALLIMERE L IEAY InGaznO
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In spite of their great potentials in bottom-up organic electronics, it is challenging to fabricate conjugated polymer
monolayer field-effect transistors due to intricate crystallization and film formation of conjugated polymers.*!
Here, we demonstrate transistors based on a single molecular layer of a conjugated polymer. The resulting polymer
monolayer transistors are highly reproducible and exhibit field-effect mobilities reaching 3 cm? V* s, The high
performance is attributed to the strong interactions of the polymer chains present already in solution leading to
pronounced edge-on packing and well-defined microstructure in the monolayer. The high reproducibility enables
the integration of discrete unipolar polymer monolayer transistors into inverters and ring oscillators. Real logic
functionality has been demonstrated by constructing a 15-bit code generator in which hundreds of self-assembled
polymer monolayer transistors are addressed simultaneously. Our results open prospective pathways for bottom-up
organic electronics.
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Enhancing FET performance through co-doping or modification

Qichun Zhang'
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E-mail: QCZhang@ntu.edu.sg. Website: http://www.ntu.edu.sg/home/qgczhang/.

Abstract
In this talk, | will present three strategies (the replacement of O with S, Cocrystal, and doping) in my research to
enhance the FET performance of the existed materials including NDI, PEDOT and DTPTP.
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Flexible Polymer/Nanoparticle Memristors
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Department of Materials Science and Engineering, National University of Singapore, Singapore 117576
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Electronic devices with resistive switches can be used as memory devices. They are considered as the
next-generation hardware for artificial intelligence (Al). Resistive switches have been observed on devices with a
polymer film embedded with nanoparticles between two electrodes. These devices have advantages of low
fabrication cost and high mechanical flexibility of the active layer. They can be important units in next-generation
electronic systems, such as wearable electronic and transient electronic systems. However, the resistive switches
are insensitive to the interfaces between the active layer and electrodes for early devices with the nanoparticles
capped with oxides or saturated organic ligands.

The interface between two electronic materials usually plays a pivotal role for the electrical behavior of
electronic devices. Here, 1 would like to present polymer:nanoparticle devices with resistive switches sensitive to
the interface between nanoparticles and electrodes. When nanoparticles capped with conjugated organic ligand and
two different metals are used as the electrodes, the resistive switches are asymmetrical. The resistive switch from
low current to high current takes place only along one polarity, and the reversal switch occurs only along the
opposite polarity. The electrical behavior, materials effect and mechanism for the resistive switches will be
presented and discussed.
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Achieving non-fullerene organic solar cells with near 17%o efficiency

He Yan
Department of Chemistry

Hong Kong University of Science and Technology

Organic solar cells (OSCs) are flexible, semi-transparent and environmentally friendly devices which can be
installed in areas where silicon panels are not suitable (such as glass windows on buildings). Conventional OSCs
are based on fullerene acceptors as a key component. However, fullerene-based OSCs can only achieve modest
efficiency of 12% at best, due to their large voltage loss (above 0.8V), and poor device stability.

Recently, there has been a major revolution in the OSC field, as researchers developed many high-performance
non-fullerene acceptors that can overcome the limitation of traditional fullerene acceptors and open a new era for
the OSC field. One of the unique features of non-emerging non-fullerene OSCs is the surprisingly small voltage
losses of the devices (~ 0.5V). Since 2016, our team at HKUST has developed a range of non-fullerene systems that
can simultaneously generate high photocurrent (near 100% yield) with small voltage losses (first published in
Nature Energy). Moreover, we have recently achieved record-breaking OSCs based on a state-of-the-art
non-fullerene acceptor, achieving an unprecedented efficiency of 16.7% in single-junction OSC device. Our work
clearly indicate that OSCs have the potential to reach the high efficiency of inorganic solar cells.

Our results show that the key factor is the long charge transfer life-time that allows for efficient charge
separation despite of a small energy offset. In the other aspect, we study structure-property relationship of
high-performance donor and non-fullerene acceptor materials and reveal the key structure features that enable
highly efficient non-fullerene organic solar cell devices with over 16% efficiency. With these understandings of
mechanism and structure-property relationship, it is feasible to further increase the efficiency of organic solar cells
to the range of 18 to 20% in near future.
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Unique Optoelectronic Properties of Molecularly-Thin Organic
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Shan District, Shenzhen, China

3School of Electronic Science and Engineering, Nanjing University, Nanjing, Jiangsu, China
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Organic semiconductor (OSC) is of scientific and technological significance for optoelectronic
application, since they have numerous advantages over their inorganic counterparts. Here we
interrogate the optoelectronic properties of organic semiconductors in two dimensional limits. We
find that the PTCDI-Cy3 can form high-quality monomolecular layer with J-aggregation on h-BN
substrate. Very strong light emission with a narrow bandwidth down to 10 nm is observed in the
monolayer PTCDI-Cy3 film. Beyond the first molecule layer, the multilayer PTCDI-C;3 crystal on
BN is dominated by H-aggregation. Different from the h-BN substrate, only H-aggregation film is
found from PTCDI thin films on SiO; substrates. This monolayer H-aggregation film provides an
idea platform for exploring the intrinsic carrier transport properties because the crystal cracks and
step edges, which widely exist in the bulk crystal, can be excluded in the monolayer film. We find
that the monomolecular PTCDI-Cy3 film exhibits a high mobility anisotropy ratio up to ~80, which is
one order of magnitude higher than those reported previously from bulk single crystals of organic
semiconductors, and highly consisted with theoretical result. Hopping mechanism with an activation
energy ksTo ~30 meV is also observed in monomolecular PTCDI-Cy3 film.
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Understanding the processing parameters of meniscus guided coating
method for OFET fabrications
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TREISHEREYE MCOEEERTERBr-1EEMNTIAMBANFSE, UL LR B HEN
SMEEANAN N AAFE (OFET). EXMITEH, BIEETIRE (v), BFKRE (o), RKEE (T) M
BA#ES (Th) ERREUNERRZRE—ER, USHTERESISFAETHREFEKTH. BEFHAM
TUFARXONKBER, AJUBE v EEEETEF, M c SRFEKERBIELL. MGC &iFrIE
IR ERIE AT AE R (L) 0 Arrhenius FZXBUMFURE X AFIRERS To BIEE. BEMLE MGC
SHAEKH OFET BE R REHAMRAERS GEEEE Rq <0.25 nm), HRFIHEBAE (FiJu=588
cm’ Vst HIRA u=7.68cm’ Vs, FFIRME T — MERAARRMGEXLEFIES BN, XESHATL
£ MGC AR IFE KGR . EHRET AR TERBI BRI AMEE 1) OFET HWEEEA.
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Integrating transistor and display pixels into light emitting transistor (LET) is anticipated to optimize the active
matrix display, which would significantly reduce the number of transistors in pixel drivers and the space occupied
by the transistors simultaneously. In this work, a novel vertical quantum-dot light emitting transistor (VQLET)
based on vertical organic thin film transistor (VOTFT) is successfully fabricated. Benefitted from the new vertical
architecture, VQLET is able to afford an extremely high current density, which allows most of organic thin film
transistors (OTFT) even with low mobility (for instance P3HT) to drive quantum-dot light emitting diode (QLED),
which is previously unavailable. Moreover, the hole injection barrier is able to be modulated by the additional gate
electrode, which precisely optimizes charge balance in the device, a critical issue in QLED, resulting in precise
control of current density and brightness of VQLET. The VQLET shows high performance with a maximum
current efficiency of 37 cd/A. Furthermore, integrating OTFT and QLED into single device, VQLET features
drastic advantages by realizing active matrix quantum-dot light emitting diodes (AMQLED), which significantly
reduces the number of transistors and frees the large area fraction occupied by transistors. Hence, these results
indicate that VQLET provides a new strategy for realizing low-cost, solution-processed, high-performance
OTFT-AMQLED for flat panel display technology. Moreover, the novel design offers a unique method to
exquisitely control charge balance and maximize the efficiency of QLED.
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We reported an effort to improve the sensitivity and selectivity of organic-transistor sensors using porous polymer
film. A facile and controllable phase-separation route using polymer semiconductor blends for fabricating
microporous semiconductor films is proposed. The microporous film-based gas sensor exhibited excellent
selectivity to ammonia with a detection limitation of 0.5 ppm, a high sensitivity of over 800 at 10 ppm NHj, and
response / recovery time of few seconds. We also demonstrated a sensor modified with molecularly imprinted
polymer (MIP), a porous film with empty cavities complementing the analyte molecules in terms of size, shape and
functionality, for specifically recognizing ascorbic acid (AA). The MIP sensor exhibited excellent specific
recognition ability to AA which could avoid the interference of other structurally similar compounds, such as
aspartic acid, glucose, uric acid and glycine.
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B 1. Schematic diagram and performance of MIP-OECT device
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Crystal engineering including polymorph control and co-assembly is one of important strategies to tailor
aggregation structures to improve the optoelectronic properties of molecular materials." Herein, we report the
controllable growth of different crystal phases of organic semiconductors, i.e. pentacene?, thienoacene (BDTDT)?,
phthalocyanine derivatives (TiOPc)* as well as porphyrins® through polymorph induction of surface nanogrooves,
solution supersaturation, vapor transport temperature gradient or protonic acid.

el —

Fig 1. Schematic tailoring packing structures of molecular materials.
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Organic heterojunctions are widely used in electronics and well ordering in the molecular packing inside the
heterojunctions is highly desired. However, it is still challenging to interface organic single crystals to form
single-crystalline heterojunctions. In this work, two novel methods will be introduced to describe how to prepare,
from solutions, single-crystalline heterojunctions. On one hand, organic single-crystalline planar heterojunctions
are grown in a single step from a mixed solution of p-type and n-type molecules. Based on crystallization of six
organic semiconductors from a droplet on a substrate, two distinct crystallization mechanisms have been
recognized in the sense that crystals form at either the top interface between the air and solution or the bottom
interface between the substrate and solution. The preference for one interface rather than the other depends on the
semiconductor-substrate pair and, for a given semiconductor, it can be switched by changing the substrate,
suggesting that the preference is associated with the semiconductor-substrate molecular interaction. Furthermore,
simultaneous crystallization of two semiconductors at two different interfaces to reduce their mutual disturbance
results in the formation of bilayer single crystals interfaced together for organic heterojunctions. On the other hand,
single crystals are prepared in organogels of a typical conjugated polymer. Instead of pure crystals, crystals
containing the gel nanofibers are obtained. Essentially, nanofiber networks are incorporated into growing crystals
and penetrate through the crystals, resulting in a crystal/gel-network interpenetrating composites. Based the two
types of single-crystalline heterojunctions, charge transport and charge transfer process are studied. Hence, by
demonstrating these two solution methods for the preparation of single-crystalline heterojunctions, this work should
greatly harvest the highly ordered organic crystalline materials for high performance electronics.
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Tuning the transport properties of D-A conjugated polymers by

optimizing the substituents: A DFT study
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Donor-acceptor (D-A) polymers have attracted extensive attentions because of their tunable transport polarity and
promising potential in the application of high mobility electronic devices.*? Here, we have designed a series of
PDPP-TVT based D-A conjugated polymers with different substituent groups (i.e. -F, -CN, -NH,, -OH, -CF;,
-COCHjs and -CN) in the B-positions of thiophene and explored the effects of substituents on their charge injection
and transport properties by employing density functional theory. lonization Potentials (IPs), Electron Affinities
(EAs), and HOMO/LUMO energy levels followed by charge injection barriers of the PDPP-TVT polymers were
calculated to evaluate their charge injection properties. The results show that -F and -CN can significantly improve
the planarity of backbone, which can facilitate the charge transport. Secondly, electron donating groups contribute
to increased HOMO and lowered IP, thus improving the hole injection capacity, while electron withdrawing groups
are helpful to electron injection. Thirdly, narrowest band gap as well as smallest difference between IP and EA of
PDPP-TVT-CN suggests that it is an excellent candidate for ambipolar device. Furthermore, the calculations of
intra-chain and inter-chain charge carrier mobilities (u) were also performed to study the charge transport
properties. Our theoretical results indicate that -NH,, -OH and -F are helpful to enhance intra-chain hole transport
of D-A polymers, while -H and -F can enhance the intra-chain electron mobilities. Besides, -NH,, -COCHj; and
-CF; benefit to balance hole and electron transport along the backbone. Inter-chain mobilities results indicate that
-CN can greatly improve inter-chain hole transport and PDPP-TVT-CN has balanced hole and electron mobilities
along the stacking direction. Our findings show that substituents on conjugated backbone can significantly regulate
the molecular as well as electronic structure, and ultimately play an important role in charge injection and transport.
More importantly, the incorporation of appropriate substituents is an effective strategy to balance hole and electron
injection as well as transport properties and thus contributing to obtain promising candidates of ambipolar
electronic devices.
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Designing new organic semiconducting materials (OSMs) have been playing important roles for advancing high
performance organic optoelectronic devices.[1] Diverse organic chemistry has been explored to fine-tune both
chemical structures and optoelectronic properties of OSMs. We and others have demonstrated that incorporation
of main-group elements (B, N, P, S) can effectively fine tune optoelectronic properties of OSMs.[2] However,
incorporating of main-group elements into OSMs generally involves harsh reaction conditions, less selective
reactivity, and low reaction yields. In this presentation, we will discuss our recent efforts on how to use
phosphorus-nitrogen chemistry to build the new semiconducting materials. Compared to the previous synthetic
protocols, our method show highly desirable characteristics, such as high selectivity, high reaction yield, mild
reaction conditions. Finally, we investigated their optoelectronic properties in devices. The preliminary results
show that these new semiconducting materials are very promising candidates in applications of organic
optoelectronic devices.

Electronic Structure Modulation

/

Electron-Deficient Materials

1. Phosphorus-Containing Semiconducting materials
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n-Conjugated molecules and polymers have emerged as key materials for next generation of printable flexible
electronic devices such as sensors, light-emitting diodes, field-effect transistors, solar cells, and more recently
bioelectronics. Most of the m-conjugated molecules and polymers have been synthesized through conventional
coupling methods such as Suzuki coupling and Stille coupling, both of which involve the tedious C-H activation
using organometallic reagents that suffer from their high flammability, high toxicity and poor stability.

In this presentation, | will first present our recent efforts towards synthesis of a variety of w-conjugated small
molecules and polymers under the scheme of C-H direct arylation as a new atomically efficient and ecologically
“greener” method. I will discuss how the rational selection of monomers and catalytic systems enable the facile
synthesis of w-conjugated molecules and polymers in fewer steps, no need of C-H bond preactivation and without
involvement of stannyl toxic reagents. The second part of this presentation will address the emerging applications
of these m-conjugated polymers, including organic field-effect transistors (OFETSs), photovoltaic devices, and
photoconductive neural stimulation.
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Organic small molecule semiconductors have higher carrier mobility compared to polymer semiconductors, while
the actual performances of these materials are susceptible to morphological defects and misalignment of crystalline
grains.[1-2] Here, a new strategy is explored to control the crystallization and morphologies of solution-processed
small organic molecule semiconductor 2,7-dioctyl[1]benzothieno[3,2-b][1]benzothiophene (C8-BTBT) by using
soluble polymer films to control the wettability of substrates. Different from the traditional surface modification
method, the dissolved polymer alters the state of semiconductor solution, which in turns changes the
crystallographic morphologies of the semiconductor films. By controlling the solubility and thickness of the
polymer modification layers, it is possible to regulate the grain boundary and domain size of C8-BTBT films,
which determines the performances of OTFTs. It is expected that this new modification method will be applicable
to high-performance OTFTs based on other small molecular semiconductors and dielectrics.
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Novel Metal Oxide Thin Film Transistor

Miao Xu™?, Hua Xu?, Min Li?, Jianhua Zou? Hong Tao? Lei Wang™?, Junbiao Peng*
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Technology, Guangzhou, China “Guangzhou New Vision Opto-Electronic Technology Co., Ltd,
Guangzhou, China

Keywords: thin film transistor; metal oxide; Praseodymium doping; transparent display

Rear earth element-doped indium zinc oxide (Re:1ZO) has been employed as the channel layer of thin film
transistors (TFTs). The TFTs with Re doping exhibited a remarkable suppression of the light induced instability. A
negligible photo-response and remarkable enhancement in negative gate bias stress under illumination (NIBS) were
achieved in the Re:1ZO TFTs. Meanwhile, the Re:1ZO TFTs showed reasonable characteristics with a high field
effect mobility of 18.4 cm?/Vs, SS value of 0.15 V/decade, and 1,,/I°" ratio of 10°. A prototype of fully transparent
AMOLED display was successfully fabricated to demonstrate the potential of Re-doping TFTs applied in

transparent devices.
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Carbon Based Integratable Soft Thin Film Transistors
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Internet-of-Things, human-machine interface, advanced displays and wearable electronics are proposing more
requests and challenges on soft thin film transistors (TFTs) recently years. For high-speed low-power applications,
driving capability and operation voltage of TFTs are focused. For soft systems, flexibility, rollability, stretchability,
and transparency are more critical. At the same time, device repeatability, uniformity, and reliability are required.
To address these requirements and challenges, we have built up an advanced carbon-based soft thin film transistor
platform. In this platform, with carbon nanotubes (CNTSs) as channel and electrodes, organic and inorganic soft
material as gate dielectric, we have realized intrinsically flexible all-carbon TFTs, high-mobility low-power
transparent rollable all-carbon TFTs, and high-mobility high-stretchability all-carbon TFTs. Besides, we have
combined the advantages of carbon nanotubes with the general a-IGZO platform to realize carbon nanotube
embedded enhanced a-1GZO TFTs for high drivability.Integrating every low-dimensional flexible layer into a
flexible or stretchable device is a compelling challenge to realize all-flexible transistors. We have also proposed
new solutions for these flexible integrations, including photolithography incorporated filtration, hydrophilization,
low temperature annealing process for flexible devices, and organic based dielectric processing. The platforms with

the realized devices provides promising solutions for future electronics.
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Fig 1. Carbon based advanced TFTs for advanced displays.
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Electrolyte-gated organic transistor (EGOT), which possesses the advantages of low-voltage and low-cost, have
drawn extensive attentions. Here, we will report our recent progresses on EGOT optoelectronic devices. Firstly, we
will introduce the charge modulation spectroscopy to in-situ probe the charge transports at the electrolyte/organic
semiconductor interface. By correlating the impedance spectroscopy and gating-voltage dependence of the mobility,
we show that the large disordered regions of the organic layers will cause significant electrochemical doping effects
at the electrolyte/organic semiconductor interface, resulting in strong carrier-ion interactions as well as deep trap
states. These fundamental works will help us to design high-performance EGOT optoelectronic devices. Next, we
will introduce our recent work on EGOT devices for photodetection and optical modulation applications. We will
introduce a flexible, low-voltage and highly-sensitive photodetector based on the EGOT structure with an
ionogel/AgNW electrolyte gate. The device exhibits high responsivity of 7.5x10> A W™ and ultrahigh sensitivity
(~7.5%10°) . Moreover, as the bending radius is reduced as small as 2 mm, the sensitivity remains in the level of 10°.
Finally, we will introduce a flexible and efficiency-enhanced hybrid optical modulation transistor (h-OMT) based
on the EGOT in which organic semiconductors are blended with silver nanoparticles (AgNPs). As a results, the
device exhibits unipolar transport and ultra-high on-off ratio of ~4.8x10° in a small voltage range of ~2 V. Using
charge modulation reflection spectroscopy, we demonstrate that the device shows a broad spectral response from
400 nm to 2000 nm and maximum optical modulation of ~15 % at A=785 nm, 6-fold of magnitude higher than that
of the device without AgNPs. Our work provides the possibility of EGOT devices for constructing novel
optoelectronic systems in the future.
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Small-molecule organic micro/nanocrystals (OMNCs) have unique properties that can complement or rival their
counterpart inorganic semiconductor nanocrystals, like flexibility, versatility, and tunability in electronic and
optical properties. They are identified to be prospective system to construct new-generation low-cost flexible,
stretchable and wearable electronic and optoelectronic devices. However, the scale-up of OMNCs for technological
applications is difficult because their growth orientation and location are usually stochastic in nature. The alignment
and patterning of OMNCs at desired locations are prerequisite for their device applications in practice. In this talk,
we will introduce our recent advances in the large-area alignment and patterning of ordered OMNCs for
high-performance optoelectronic devices. A highly efficient yet simple method that combines surface
micro/nano-structured templates and conventional organic coating techniques, such as spin-coating, dip-coating,
and blade-coating, was developed to produce organic micro/nanowire arrays at designated locations. This strategy
enables wafer-scale fabrication of organic nanowire arrays with ultrahigh accuracy, reliability, and flexibility.
Besides the single-component OMNCs, single-crystalline organic p-n heterojunction microbelt arrays were
successfully fabricated through a surface-energy controlled stepwise crystallization approach. Moreover, fluid
dynamics numerical simulation was utilized to understand the underlying mechanisms for the alignment and
patterning of OMNCs. Our work opens up the opportunities for future high-performance, low-cost organic
electronic and optoelectronic devices.

S0

[1] Zhibin Shao, Tianhao Jiang, Xiujuan Zhang, Xiachong Zhang, Xiaofeng Wu, Feifei Xia, Shiyun Xiong, Shuit-Tong Lee, Jiansheng
Jie, Nat. Commun. 2019, 10, 1294

[2] Wei Deng, Xiujuan Zhang, Huanli Dong, Jiansheng Jie, Xiuzhen Xu, Jie Liu, Le He, Wenping Hu, Xiaohong Zhang, Mater. Today,
2019, 24, 17.

[3] Xiujuan Zhang, Jian Mao, Wei Deng, Liming Huang, Xiaohong Zhang, Shuit-Tong Lee, Jiansheng Jie, Adv. Mater. 2018, 30,
1800187

[4] Xiujuan Zhang, Jiansheng Jie, Wei Deng, Qixun Shang, Jincheng Wang, Hui Wang, Xianfeng Chen, Xiaohong Zhang, Adv. Mater.
2016, 28, 2475.

[5] Wei Deng, Xiujuan Zhang, Liang Wang, Jincheng Wang, Qixun Shang, Xiaohong Zhang, Liming Huang, Jiansheng Jie, Adv.
Mater. 2015, 27, 7305.

Biography

Prof. Jiansheng Jie received his Ph. D. degree in physics from University of Science and
Technology of China (USTC) in 2004. In 2010, he joined Institute of Functional Nano &
Soft Materials (FUNSOM), Soochow University. His research focuses on assembly and
patterning of organic micro/nanocrystals for electronic and optoelectronic devices, including
organic field-effect transistors (OFETSs), light-emitting diodes (LEDs) and photodetectors.
He is the author or co-author of over 190 research articles in peer-reviewed journals such as
Nat. Commun., Adv. Mater., Nano Lett., ACS Nano with a paper H-index factor of 48.
These works have received over 7600 citations. He is awarded Excellent Young Scientists
Fund of NSFC and New Century Excellent Talents in University of China.

108


https://cn.bing.com/dict/search?q=fluid&FORM=BDVSP6&mkt=zh-cn
https://cn.bing.com/dict/search?q=simulation&FORM=BDVSP6&mkt=zh-cn

E_ReEERTIREREERW

MEFM S TFHRIFXK

AR, FRRE L KA MM B, TS B EFL BEEL T4E
EE, ®EY gyvit, HEE, WeE Y

'EITRENFNIER, HFER, EARAYENFERESIRE, EEMNUFEHESIFEFHO
(iChEM), BEAWFEMFESTINE, BEHEIH, 361005, *Email: xcao@xmu.edu.cn. > =
RRFNFU TSP, EK, 400030, *Email: lanyu@cqu.edu.cn. *EAFARFTEGHNUFERES
S E, hEFFE, XKi#m, 300071, *Email: xiaoye.wang@nankai.edu.cn. ‘It RAFUESHFIIE
Zfx, dbm, 100871,

IR, BEXEFTEES FFHEERNMRZEAMNNEDR, BAEFUSIANEFXSF, EmT—
HEFMRFFRMR, AIHNATFESFFHEE. AURECURET B MEHR SR EEEF 6 .
EEAFRERAGKBFIEEF N, FEHENSINEZTTIMEGFHEARE TFHIMNE. BNEHNLM
T—ISHMBENE TR ZBE —BAE S FHF M 57T FF X Endo-dimer 5 Exo-dimer, E - Exo-dimer 3 &
THEEMS. ARFWITE/LTEHERR. SFRETHA, BRETHURZESY, Exo-dimer FXE
BETMBXFARSFE, BARKILITFHBEFURFXRETHER. Exo-dimer RFHFHXFF X MRS
B A TR FFHEE. FAXIMREN. RRERIEEEE.

00:
z

Edo-dmr

Exo-dimer

9

2

3
One-pot synth

CD Intensity

- L . L - " - pCyele
250 300 350 400 450 500
Wavelength (nm)

1. Endo-dimer & Exo-dimer& i 5 F M S FF L MR

S0

[] R-Q. Lu, X.-Y.Yan, L. Zhu, L.-L. Yang, H. Qu, X.-C. Wang, M. Luo, Y. Wang, R. Chen, X.-Y. Wang, Y. Lan, J. Pei, W. Weng, H.
Xia, X.-Y. Cao, Nat. Commun. 2019, DOI: 10.1038/s41467-019-13428-3.

fEEEI T

BT, 3%, 2017 EEFMBFEFE L RPEI A AR EEHRRA
2017.8 &4 B TRFUFEER #iT. 20148 EHEETAFHFRIER ﬁéﬂk\
#5., 2011.2-2017.8 B TKFKER BHEIR. TEMRHE: B FLE; #&
PRI ZE-RURITBARMERA; XA @R EEBEH
K55 REEN A

109



E_ReEERTIREREERW

{EEBE OFET W AXERAFEHI&E . HERERNA

R, EEEM, REX, E—%, &, KA, EE, BOF
' EEREBAE BFIIER, &I 8005, 200240
*Email: x.guo@sjtu.edu.cn

FAFLAM N FESEEREYNHRAER, SUMERIIEPNEREE, AMAILEREMLE
GENERAERETRESZEENDER, BRI EERER [1]. 275 ERKER T HIZKEE OFET
MM EBEESREEENER, AXRAEERK K REDNTEMRISIMRBEE. FREMLFH OFET IR T A
g8 [2,3]. AIRXTELEM E, HFEBRNFSER, A “WEM” MPERHHEM], £ 10 cm <10 cm
RTHIRT R EHI& 71— RFAVKEE (T F{EIR18~80 mV/dec)OFET &5 f4(> 100 /Nas 4, BIMEREIEN
IF 200 mV). BRERIE RIFH FET HMHFRERES. #—2, KRTHEIZ, XIT OFET BR
5N e TR ER. FIRIZSH TSI T ARINERNA, BEEEF. BRI FRELEN, XU
REEHIRES M.

ol (HA)
)

10 i
0.2 00 -02 -04 -06

00 -1 -2 -3 10716.5 00 -05 -10 -15 -20 -25 -30
Voo (V) Ves (V)
B 1. Fil& AR e EOFET S MBS TR AT ML, LU 108188 HEOSE B A M 2

BE 3K

[1]L. Feng, et al., Ultralow-voltage solution-processed organic transistors with small gate dielectric capacitance, IEEE Electron
Device Lett., 34, 129 (2012).

[2]W. Tang, et al., Highly efficient all-solution-processed low-voltage organic transistor with a micrometer-thick low-k polymer gate
dielectric layer, Adv. Electron. Mater., 2, 1500454 (2016).

[3]L. Feng, et al., Unencapsulated air-stable organic field effect transistor by all solution processes for low power vapor sensing, Sci.
Rep., 6, 20671 (2016).

[4] Y. Huang, et al., Scalable processing of low voltage organic field effect transistors with a facile soft-contact coating approach,
IEEE Electron Device Lett., doi: 10.1109/LED.2019.2950345 (in press)

fEE®E T

RNEHIR, 2002 FELA FH KT ;2007 FIRERKE Surrey KFHE T ITIEE 24,
S 7 F[F Plastic Logic AF] (I FlexEnable) NEEHEERAEMEMHERNA AT
{E. 2009 £ 8 AMA LBRBRFBRFIIER TFT-LCD X#EM B SHARERTIZLR
., TEMREREALT “A-H-HE" FEBFHOXBERHER (BHE. £ B
T\ RESRGBEIEEITT. FREWER. UAFBEGIETLZ. UE—/BR{EEE IEEE
EDL/TED EH#TI £ % % 60 Z&if . $B{F IEEE Transaction on Electron Devices, #&
RZFIRALRZE . 10P BAFI Flexible and Printed Electronics IS %K 4wZE . IEEE BB F884%
SEMBFEERBARAZRLERE. SID BAZARASERF. NEZEREEZME . HETPMELMNSE
AR EEERAFIBEEE (RAEFE) HRIUR ESHEIAA TR,

110



E_ReEERTIREREERW

ARG ENSFHYESHENE

XNt
"HRE, TNHERXKEY, HR4 510275
*Email: liuchuan5@mail.sysu.edu.cn

TN & FE (FET) SUBREEE (TFT), R5RER-BERME A g8 & it iR N 6 &
&5, FARMTHALNESE. EXE, BIRT TIEHNSRRA FET NSHYIERE, ALK TEA
I HEMIRET (G-GFP) A,

ZFEARTRNER T RRERAFHONSTN. BETHTEBENGE, ZARHKR TEMSRN, EATF
FEUEMEMNEITAR TESEEEMAER FET 5 TFT. AELSRAEPRNAIESE T HARNES
EMZIRIBEF T FESEN FET AGIERYE, ERFHBRFIBERSENEEHFERME. ESES,
fliE T EAAEENN FET, 3B G-GFP HARIERAT LU B RIETRARE, HIBRBEEKRBMEN,
R AGS4 8 L 25 - A AR AR B M SR sh 1 A AE IR IR FHIER SR [1].  G-GFP HiAATRAFIREETHEN, |
sk 2D S HWIEIBEREE, RACEELREAM. 1A G-GFP J5AME TIELMMER K
E. BAFIEBERNTK.

BE 3wk
[1] C. Liu, et al, Advanced Functional Materials, DOI: 10.1002/adfm.201903889 (2019)
[2] C. Liu, et al, Advanced Functional Materials, DOI: 10.1002/adfm.201901700 (2019)

111



E_ReEERTIREREERW

Organic Field-Effect Transistor for Neuromorphic Computing

Yan Wang, Ziyu Lv, Yi Ren_and Su-Ting Han*
Insistitute of Micro Optoelectronic, Shenzhen University, Shenzhen, 518060 P. R. China
Fax: +86-755-26534624, Tel: +86-755-26900877; E-mail: sutinghan@szu.edu.cn

The computing performance and energy efficiency demands of future data-intensive applications will
markedly exceed the computing capabilities of modern technologies. Compared with classic von
Neumann architecture, neuromorphic computing that possesses advantages of low power assumption,
high storage efficiency and good fault tolerance has attracted tremendous attention. Chemical
synapses are functional links between pre- and post-neurons that are the basic structure and
functional units of the nervous system. The biological information not only can be transmitted
through releasing and accepting neurotransmitters in the synaptic cleft from the presynaptic neuron
to the postsynaptic neuron but also can be stored and processed concurrently by adjusting the
synaptic plasticity. Inspired by such promising biological function, the development of novel
neuromorphic artificial synapse can imitate learning, memory and data processing like bio-synapse
by modulating the connection strength between neurons to break the von Neumann bottleneck.

One of the most representative synaptic devices is organic field-effect transistors (OFETS),
which not only possess advantages of biocompatibility, low cost, flexibility and compatibility with
printing and roll-to-roll processes but also can realize simultaneous signal transmission and learning
functions via separated lateral conductive channel and vertical gate channel, respectively. In addition,
the variation margin of updated weight and linearity in OFETSs can also be controlled and the low
power consumption of interconnection ensures the energy efficiency of the computing system.
Despite synaptic functions have been extensively emulated in OFETSs, the vast majority of these
devices rely on electric signals to trigger conductance changes which may be restricted from
bandwidth-connection-density trade-off and slow kinetics of ion diffusion. Alternatively, optical
mean is capable of offering a confined stimulation with ultrahigh spatial and temporal resolution,
ensuring the fast signal transmission, high energy efficiency and fewer crosstalk inherently from
optical stimulations. In another aspect, combination of photonic and electric operation in a single
hardware synapse allows the implementation of comprehensive sophisticated synaptic functions
including heterosynaptic plasticity and unsupervised synaptic adaptations. To address the above
critical issues and achieve novel photonic neuromorphic computing, we did a lot of works on the
materials design, device fabrication and characterization for novel photonic synaptic OFETSs.
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B 1. Schematic illustration of anti-AFP immobilized OFET hiosensor. Comparison with ELISA kit and the reference data given by
hospital.
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Donor-acceptor (D-A) polymers attract much more attention because of their tunable transport polarity and
excellent potential in high mobility electronic devices through molecular design.™? Hence, a series of PDPP-TVT
based D-A conjugated polymers are designed by introducing different groups in the B-positions of thiophene and
effects of substituents on the charge injection and transport properties are explored by density functional theory.
lonization Potentials (IPs), Electron Affinities (EAs), and HOMO/LUMO energy levels followed by charge
injection barriers are calculated to evaluate the charge injection capacity. Furthermore, intra-chain and inter-chain
charge carrier mobilities () are performed to study charge transport properties. The results show that —F and —-CN
can significantly improve the planarity of backbone, which can conductive to charge transport. Secondly, electron
donating groups contribute to increase HOMO and lower IP, thus improve hole injection capacity, while electron
withdrawing groups are helpful to electron injection. Besides, narrowest band gap as well as smallest difference
between IP and EA of PDPP-TVT-CN suggests that it is an excellent candidate of ambipolar device. Considering
charge carrier mobilities, -NH,, -OH and -F are helpful to enhance intra-chain hole transport of D-A polymers. For
another, PDPP-TVT and PDPP-TVT-F have higher intra-chain electron mobilities. Furthermore, -NH,, -COCH;
and —CF; benefit to balance hole and electron transport along the backbone. Inter-chain mobilities results indicate
that —CN can greatly improve inter-chain hole transport and PDPP-TVT-CN has balanced hole and electron
mobilities along the stacking direction. Our findings show that substituents on conjugated backbone can
significantly regulate the molecular as well as electronic structure, and ultimately play an important role in charge
injection and transport. More importantly, the incorporation of appropriate substituents is an effective strategy to
balance hole and electron injection as well as transport properties and thus contributing to obtain promising
candidates of ambipolar electronic devices.
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Compared with the traditional memory based on inorganic materials, organic field-effect transistor (OFET)
memory have attracted great attention because of their advantages of low cost, excellent flexibility, solution
processability and low-temperature processing. Among them, the floating-gate memory based on OFET structure
has controllable and isolated charge storage sites, which can be as a promising way to achieve high-performance
and multi-bit memory. 2

In this work, we used the organic small-molecule material G, blending with Cg to fabricate a molecular
double-floating-gates OFET memory. The G, can effectively distribute the aggregation of Cg, which makes
trapping-charges difficult to escape, and compared with pure rough Cgg film, the blending films have very smooth
surface. In addition, G4 itself has strong charge trapping ability, which can enhance storage density. Consequently,
the memory devices had a very high performance, the memory with the blending ratio 10:2 (G4:Cgp) has achieved a
big memory window of 70 V, fast writing speed of 20 ms, and excellent stability (the current ratio over 10° after 10°
s). This work had great promise for high-performance OFET memory

80 —A—G4:Cg0=10:0
—8-G:Cq0=10:1
—8—G4:Cq=10:2
—8—G4:Cq=10:5
G4:Cgo=Li1
40 torog = 15
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Figure 1. The schematic structure of OFET memory based on double-floating-gates and the memory window of memory devices

based on different blending ratio (G4:Cqgp)
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Perovskite nanocrystals (NCs) are seen as the most promising alternative materials in the field of photovoltaic
energy. However, these perovskite NCs are now not widely used due to lead's toxicity to humans and phase
instability exposed in humidity and air. We synthesized lead-free Cs,PdBrs NCs and Mn?" doped Cs,PdBrs NCs by
simple thermal injection. The redshift appeared in Mn®* doped Cs,PdBrs NCs, and they have great stabilization
exposed in humidity and air for a long time. In addition, we tested the performance of photoelectric detection at
wavelengths of 600 nm,700 nm and 800 nm by designing OTFT photodetector with a floating gate. The results
showed that Mn?** doped Cs,PdBrs NCs had a good response in the near infrared region, while Cs,PdBrg NCs had
little change. Mn?" doped Cs,PdBrs NCs had lower cut-off voltage and higher lowos ratio (>10°%) than Cs,PdBrg
nanocrystals. At the wavelength of 800 nm, the Rpax (=286.9 A/W) of Mn?" doped Cs,PdBrs NCs was better than
the Rmax (=11.2 A/W) of Cs,PdBrs NCs, which resulted to suggest that Mn*" doped Cs,PdBrs NCs offered a
tremendous opportunity in photodetector, especially in the near infrared region.

Light

Figure 1. The device structure of OTFT photodetector with a floating gate.

References

[1] L. Zhou, J.-F. Liao, Z.-G. Huang, X.-D. Wang, Y.-F. Xu, H.-Y. Chen, D.-B. Kuang and C.-Y. Su, Acs Energy Lett, 2018, 3,
2613-2619.

[2] N. Sakai, A. A. Haghighirad, M. R. Filip, P. K. Nayak, S. Nayak, A. Ramadan, Z. Wang, F. Giustino and H. J. Snaith, J Am Chem
Soc, 2017, 139, 6030-6033.

124



E_ReEERTIREREERW

Synthesis, Properties, and Thin-Film Transistors of

Indolo[3,2-b]carbazole
Mengna Zhao!, Binghao Zhang®, Qian Miao™"

! Department of Chemistry, the Chinese University of Hong Kong,
Shatin, New Territories, Hong Kong, China
*Email: miaogian@cuhk.edu.hk

Indeno[1,2-b]fluorene has been intensively studied as organic semiconductors since the five-membered rings makes
the conjugated systems inherently antiaromatic, resulting in high electron affinity and low-lying LUMO energy
levels.™ By replacing the C—C double bonds in the five-membered rings of indeno[1,2-b]fluorene with imine bonds,
we successfully synthesized new indolo[3,2-b]carbazole derivatives(la-b as shown in Figure 1). As revealed by
NICS-XY scans and ACID calculations, indolo[3,2-b]carbazole contains an antiaromatic core fused by two
aromatic benzene rings. With p-triethylsilylethynylphenyl groups introduced at the 6- and 12- position, 1b
exhibited high stability and good electron-transporting performance with mobility of up to 0.52 cm?Vs in organic
thin film transistors.
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C J

Figure 1. (a) The structure of 1a-b. (b) Molecular packing of 1b. (c) Transfer curve for the best-performing OTFT of 1b as measured
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One challenge in tailoring organic semiconductors for sensing applications is that the introduction of reactive
groups or binding sites usually impairs p-p interactions. To meet this challenge, our group recently discovered that
Hexabenzoperylenes can accommodate a wide variety of functional groups without sacrificing #-m interactions in
the solid state, suggested a general platform for OFET sensing by self-assembling into a semiconducting nanosheet.
2 This study demonstrates that this platform allows for the quantitative, in situ, and in real time monitoring of
bio-affinity reactions between analytes from solution to the surface-immobilized receptors as a bioelectronic sensor.
The examples given include the binding of two different antigens (C-Reactive Protein (CRP) and Interleukin-6
(IL-6)) from solution to relative antibodies immobilized on the surface of biotin-functionalized HBP (1a) which has
be modified with avidin. The preliminary results show that these bioelectronic sensors have enabled quantitative
and highly sensitive detection of different antigens with the increase of electrical current, demonstrating detection
capability as low as 5 ngmc? of concentrated CRP and 50 ngmi* of concentrated IL-6. The bioelectronic sensor is
promising to enable the highly sensitive and selective detection of biological species that are important in medical

diagnosis.
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Wengjian Yao®, Jianing Zhang?, Bin Wu’, Yungi Liu”

Beijing National Laboratory for Molecular Sciences, Key Laboratory of Organic Solids, Institute of Chemistry, Chinese
Academy of Sciences, Beijing 100190, P.R. China*
Email: yaowengian@iccas.ac.cn

Graphene has received highly attention since it was prepared by mechanical exfoliation in 2004 by Geim and
Novoselov. It has enormous excellent properties in mechanical, thermal, electrical and optical aspects. However,
the grain boundaries will severly reduce its physical properties, especially electrical properties. But the electrical
properties of graphene can be largely improved by using hexagonal boron nitride (h-BN) as a dielectric layer.
Therefore, the synthesis of large-scale monocrystalline graphene & h-BN remains a tricky challenge. Here, we
developed a “polishing-annealing” approach that allows reliable preparation of single crystal Cu(111) confirmed by
XRD and EBSD techniques. Monolayer graphene has been successfully grown on Cu(111) surface. Interestingly,
we demonstrated that highly orientated h-BN and continuous film can be also grown on Cu(111) at ambient
condition, promising a growing method for high quality dielectric material.
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Design, synthesis and properties of two new integrated optoelectronic

anthracene derivatives

Dan Liu*, jie li?, Chenguang Li? Huanli Dong"", and Wenping Hu*"

! Key Laboratory of Organic Solids Institute of Chemistry, Chinese Academy of Sciences, Beijing, 100190
2Collaborative Innovation Center of Chemical Science and Engineering (Tianjin)&
Department of Chemistry, School of Science, Tianjin University, Tianjin 300072
*Email: dhl522@iccas.ac.cn, huwp@tju.edu.cn

Anthracene, featuring with high luminescence for crystals (64 %) and moderate mobility (i = 0.02 cm? V* s), is
believe to be a promising skeleton to obtain high performance optoelectronic semiconductors." We design,
synthesis and assembly two anthracene derivatives with the high mobility and efficient solid state emission,
2-(2,2-diphenylethenyl) anthracene (DPEA: by simply introducting the half tetraphenylethene (TPE) AIE unit into
the 2-posotion of anthracene with the AIE semiconductor materials)®> and 1,4-di(anthracen-9-yl)buta-1,3-diyne
(DABD: by simply incorporating anthracene units and ethynyl groups with different molecular configurations via
tuning the crystallization process)®. DPEA and the A-phase DABD crystals initiates two directions for developing
high performance integrated optoelectronic organic semiconductors for potential multifunctional applications.

-

Carrier mobility: Mﬁl

Figure 1. (a) The molecular structure of DPEA, and its AIE property of the fluorescence photographs with mobility. (b) The molecular
structure of DABD, the fluorescence microscopy images of DABD crystals with -phase DABD crystals with mobility.
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Enhanced Performance in Doped Micro-Nano Porous Organic
Thin-Film Transistors

Chao He, Yaowu He, Aiyuan Li and Hong Meng”

School of Advanced Materials, Peking University Shenzhen Graduate School, Shenzhen 518055, P. R. China.
*Email: menghong@pku.edu.cn

Molecular doping is an effective method to improve the device performance of organic thin-film transistors. One
critical challenge is the disruption of structure order upon doping of highly crystalline organic semiconductors,
which significantly reduces the charge carrier mobility. Here, we demonstrate a new method to achieve enhanced
performance in solution processed organic thin-film transistors based on C8-benzothieno[3,2-b]benzothiophene
(C8-BTBT) via channel doping without disrupting the molecular ordering. Central to the method is the formation of
micro-nano porous organic semiconductor thin films via hot spin coating method and blending a proper amount
volatile [1]benzothieno[3,2-b][1]benzothiophene (BTBT). Using this method, the charge carrier mobility of
C8-BTBT transistors is enhanced twice after doping with 2,3,5,6-tetrafluoro-7,7,8,8,-tetracyanoquinodimethane
F4,~-TCNQ. Combining UV-vis-NIR absorption and PL spectra, the doping mechanism is identified as
partial-charge-transfer induced trap filling.
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Figure 1. (a) AFM height images (20pm x 20pum) of C8-BTBT thin films with different amount of BTBT, (b) Mobility and threshold
voltage of C8-BTBT devices as a function of F,~-TCNQ thickness
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Inverted Annealing Enhanced Performance of Organic Thin-Film
Transistors and Phototransistors Based on 2-(4-dodecylphenyl)
[1]benzothieno[3,2-b]benzothiophene
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1 School of Advanced Materials, Peking University Shenzhen Graduate School, Shenzhen 518055, P. R. China.
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University of Technology, Guangzhou 510640, P. R. China
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Thermal annealing is an effective process method for regulating the arrangement of liquid crystalline molecules and
preparing high performance devices. Although numerous researches have been reported on thermal annealing in
recent years, it’s still challenging to fine control the molecular packing and arrangement in thin films. Herein, we
propose an inverted annealing process to solve this problem, which successfully improves the performance of the
organic thin film transistors based on 2-(4-dodecylphenyl) [1]benzothieno[3,2-b]benzothiophene (C12-Ph-BTBT)
with ~25% increase in mobility demonstrated compared to conventional annealing. In addition, the photoelectronic
properties of C12-Ph-BTBT based phototransistors treated with inverted annealing display a similar improvement,
with the highest photoresponsivity increased from 461.6 A/W for conventionl annealed devices to 541.7 A/W under
the incident beam intensity of 179.2 uwW/cm?. The main reason for the device improvement is ascribed to the
gravity induced alignment of C12-Ph-BTBT molecules due to their soft nature at high temperature. Our results
provide an effective way to improve the performance of organic electronics based on liquid crystalline molecules.
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Figure 1. (a), (b) Schematic of the OTFTs based on conventional and inverted annealing processes, respectively. (c), (d) Transfer
curves of OTFTs.
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Solution Processed Centimeter-scale Highly-aligned Organic
Single-crystal Arrays for High-performance Organic Field-effect

Transistors
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of Chemical Science and Engineering (Tianjin) Tianjin, 300072, China
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Organic single crystal, which exhibits few grain boundary, free defect and long-range order molecular packing, is
the key to achieve excellent and uniform characteristics for organic electronics. In practical application, the organic
field-effect transistors (OFETS) array must accompany with high performance and small device-to-device variation.
However, scalable fabrication of highly aligned organic single crystal arrays is difficult because the lack of control
of the nucleation and growth of organic crystals. We report a facile solution printing method to fabricate
centimeter-sized highly aligned organic single crystal array with controlled thickness. The OFETSs based on organic
single crystal array on the different substrates show good devices performance and uniformity. A pseudo-CMOS
inverter fabricated based on this method shows high voltage gain and static noise margin over 80%. These
demonstrations bring solution printing close to industrial applications and expand its applicability to various printed
flexible electronics.
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Figure 1. a) POM images of inch-scale single crystalline thin film array on the flexible substrate. The scale bar in the picture is
5 mm. b) Representative transfer 1-V curve of patterned single crystalline transistor on flexible substrate before and after
bending, inset is OM image of the patterned single crystalline transistor array on flexible substrate. c) The voltage input-output
characteristics of the pseudo-CMOS inverter.
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High n-channel Mobility and Transport Kinks in Cgy Field Effect

Transistor with Phosphonic Acid Interfacial Layers
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Several cycloalkyl-terminated phosphonic acids have been applied as interfacial Self-assembled monolayer (SAM)
of Cgo-based n-channel field-effect transistors (FET). By careful optimization, vacuum-deposited OTFTs of Cgy 0N
AIlO, /SiO, dielectric modified with 12-Cyclohexyldodecylphosphonic acid (CDPA) exhibited an unprecedentedly
high apparent electron mobility, averaging over 30 cm? /Vs, and reached 65.2 cm?® /V/s in the best devices. The
unprecedented mobility was attributed to the epitaxial growth of Cg film on CDPA SAM layer, confirmed by
two-dimensional grazing-incident wide—angle X-ray scattering (2D-GIWAXS) and atomic force microscope (AFM)
analysis. However, transfer curves used to determine the apparent mobility demonstrated evident non-linear
“kinks”, which indicates overestimation of transport characteristics. Several factors have been analyzed in search
for the mechanism behind non-linearity, including the gate voltage dependence of contact resistance, and charge
injection into deep levels of insulating layers.
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Molecular and low-dimensional structure in organic semiconductor for

high-performance chemical sensor

Dapeng Liu, Jia Huang"

Interdisciplinary Materials Research Center, School of Materials Science and Engineering, Tongji University,
Shanghai, 201804, P. R. China.
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Organic field-effect transistors (OFETS) offer great potential applications in chemical and biological sensing for
homeland security, environmental monitoring, industry manufacturing, and medical/biological detection. We report
four organic semiconductors with different alkyl side chain lengths but the same n-conjugated core structure for
OFETs. Alkyl side chains can hinder the diffusion of ammonia into the OSCs layer, which blocks the interaction
between ammonia and conducting channel. The result also reveals the relationship between the alky chain and the
film thickness in sensitivity control. For the low-dimensional materials, we demonstrated chemical sensors based
on the semiconducting nanofibers with core-shell structure by simple single-nozzle electrospinning with the
spontaneous phase separation. The core-shell structure nanofiber has large active sites which make it highly
sensitive to chemical analytes. The thickness of the sensing shell can be tuned by controlling the mass ratio of core
and shell components. As a demonstration, the nanofiber-based sensor exhibits high sensitivity to
low-concentration ammonia (ppb level), as well as stability and reversibility.
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Figure 1. (a) Chemical structure of nPTTPn (0, 2, 6, 12). (b) Schematic diagram of the molecule diffusion. (c) Response to 1ppm NHa.
(d) Electrospinning core-shell nanofiber. (e) Response to ppb level ammonia.
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Device integrating is one of the development trends of organic electronics. Under this circumstance, developing
novel multifunctional materials is crucial to accelerate the progress of integrated devices such as OLET, OFEW and
OEFC. Two liquid crystal (LC) materials, AntPh-OC8 and AntPh-C8, based on the conception of combining LC
properties and strong fluorescence, were designed and synthetized. PLQY of AntPh-OC8 and AntPh-C8 were
determined to be 40.9% and 37.6%. Highest hole mobility up to 2.59 cm?V*s™ was obtained in the OTFT based on
AntPh-OC8. Solid-state blue emission of AntPh-OC8 was confirmed in the OLED with a CE of 1.82 cd/A™. The
introduction of side chain played an important role in the modification of charge transporting and photophysical
properties for anthracene derivatives.
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Two-dimensional molecular crystals (2DMCs) have attracted considerable attention because of their unique
optoelectronic properties and potential applications. Taking advantage of the solution processability of organic
semiconductors, solution self-assembly is considered an effective way to grow large-area 2DMCs. However, this
route is largely blocked because a precise molecular design towards 2DMCs is missing and little is known about
the relationship between 2D self-assembly and molecular structure. Here, a phase separation molecular design
strategy towards 2DMCs is proposed and layer-by-layer growth of millimeter-sized monolayer or few-layered
2DMC:s is realized. High-performance organic phototransistors (OPTs) were constructed based on the 2DMCs with
unprecedented photosensitivity (2.58x10°), high responsivity (1.91x10° A W™) and high detectivity (4.93<10"
Jones). The phase separation molecular design strategy provides a guide for the design and synthesis of novel

organic semiconductors that self-assemble into large-area 2DMCs for advanced organic (opto)electronics.

Figure 1. a) OM image of the microribbons of 1. The inset shows the chemical structure of 1. b,c) POM images of the microribbons of
1. d) OM image of a 2DMC of 2. The inset shows the chemical structure of 2. e,f) POM images of a 2DMC of 2.
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In recent years, with the development of cross-integration in the fields of medicine, machinery, sensors, and
intelligent control, the rapid advancement of disability rehabilitation robots in biomedical engineering has been
promoted, in which medical equipment has been boosted to be more sophisticated, multifunctional, automated and
intelligent.” The application of sensors on such robots makes it possible to display various parameters such as
pressure, acceleration and etc. in an easy-to-understand form, thus achieving better human-computer interaction.
Meanwhile, some organic/inorganic nanocomposites stand out with great potential for the application in
piezoresistive pressure sensors due to better mechanical properties and stability. Elective organic/inorganic
nanocomposites for piezoresistive sensors are highly expected along with corresponding design towards qualified
sensitivity and response time for the foot pressure detection of assisted robots.

Figure 1. Piezoresistive sensor structure and array layout.

References
[1] Y. H. Lee, O. Y. Kweon, H. Kim, et al., Recent advances in organic sensors for health self-monitoring systems. J. Mater. Chem. C 6,
8569-8612 (2018).

150



E_REERTIBNREERW

Wide Band Gap Pyromellitic Diimides for Photo Stable n-Channel

Thin Film Transistors

Jianing Wang,? Tianchen Fu,® Changbin Zhao,” Hongtao Yu, *° Dongwei Zhang*® and Hong Meng *°

a Key Laboratory of Flexible Electronics (KLOFE) & Institute of Advanced Materials

(IAM), Jiangsu National Synergetic Innovation Center for Advanced Materials
(SICAM), Nanjing Tech University (Nanjing Tech), 30 South Puzhu Road, Nanjing,

211816, China. E-mail: iamhmeng@njtech.edu.cn
b. The Institute for Solid State Physics, The University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8581, Japan, E-mail:
zhangdw@issp.u-tokyo.ac.jp
¢ School of Advanced Materials, Peking University Shenzhen Graduate School,
Peking University, Shenzhen, 518055, China
*Email: iamhmeng@nijtech.edu.cn

Organic semiconductors (OSCs) have attracted much attention from both academe and industry in the past few
decades due to their diverse applications in organic electronics, including flexible displays, sensors, complementary
circuits, etc. The progress in this field has been focused on the molecular design to achieve high charge carrier
mobility, which requires densely and periodically molecular packing in their thin films. Up to now, a lot of high
mobility OSCs have been designed and synthesized based on m-extended acenes, heteroacenes and their derivatives
for p-type transistors (ref), as well as perylene diimide and naphthalene diimide derivatives for n-type transistors.'?
However, it remains a challenge to simultaneous satisfy high mobility and transparency in the visible range within a
molecule, which is important for transparent organic field-effect transistors (TOFETS) since it is a fundamental
building block in transparent electronics for a variety of applications.

(a) ["wpisocs| | evouescr, | [ NDLBOGE, nNoLBscr, | [ DhBTBT |

Figure 1. The photographs of 40 nm-thick solid-state thin films of PyDI-BOCF;, PyDI-BSCF3;, NDI-BOCF3;, NDI-BSCF; and
DPh-BTBT deposited on (a) transparent quartz (the dashed lines represent the area without film) and (b,c) flexible PET substrates.
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In the field of organic electronics, It’s no exception that the organic semiconductor materials based on the thiophene
derivatives are the research focus and competitive. in contrast, furan, it has received far less attention, especially
the applications of the device. Dibenzofuran (DBF) is one of the aromatic units that widely utilized in organic
light-emitting diodes (OLEDSs). However, there are few reports on the application of dibenzofuran (DBF)
derivatives for the single crystal OTFTs devices. herein, we design and synthesis which combines the promising
core (BTBT) with DBF units called BTBT-DBF and DBF-BTBT-DBF, devices based on the two materials revealed
p-type properties and field-effect mobility as high as 0.74 cm*V s *and 4.7 cm* vV 's ™.

DBF-BTBT o 0
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{ _
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DBF-BTBT-DBF

Figure 1. Structures of DBF-BTBT and DBF-BTBT-DBF
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Tetracene, one of the polyacene derivatives, shows eminent optical and electronic properties with relatively high
stability. To take advantage of the intrinsic properties of the tetracene molecule and explore new semiconductors,
herein, we report the design and synthesis of a novel p-channel tetracene derivatives, 2-(anthracen-2-yl)tetracene
(TetAnt). Top contact OTFTs were fabricated using this materials as semiconductor layers, with charge mobilities
up to 0.79 cm® V! s, And 2-anthryl-2-anthracence (2A) was a comparison to research the thermal stability of
TetAnt OTFT device, with charge mobilities hold on 0.27 cm? V™' s at 270 T

(I 2ant
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00 (LD Tetant
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em? V7 st pe=0.87 em? V' s1), FEEMIEE% S XS MEME T AEREMTEEN, I 2,6-DNA Bk
FEER R A[L,2].
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ETREZEHIR PIHT @ER G TSCBlS 4 8E OFET

Tk
BRI XE
ETHRBAVNSERBHIANNEAE (OFETS) IEERFZE 72X, A, HIEREYHNER

EEMSRFHREZENXRATRBREFNEIL. ACKAELE. EENEBZIMTE, AEFitie/as
BREYHREPHETEREER (B 3-2HEEM) (P3HT) HiR, W5 T HELMM 2D [ 3D TR
LEHISMRER R, BIRANG X BHEITH . SIM-AI MOGEMA SITEIESE T iE T BRI THERMEE. B
BB PIHT BRERIME M FRIBMEE, £ 3 BRNRIEFRRIHER 023 FHEREREY, X2EA
RIEHIARIBHH) PSHT-OFETs ME&SE. SREEXHITNEAAERERMA, TEEEZD, BEEE
HWABBROAEEM _ERMnEst. XEBRFHETERETERDAF S FHERMBRAPEH
FE, XRHAFLRERNBESIESMERIZSMA. i, ETXLHERER OFETs ZRRIKKHA TR
ARFHEIREN, REAZHFEZEBREFNSIRNARTR.
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BN AXIZYE RAE (OLET) fEA—MEIRFREBHIAM N &AE (OFET) BN L} ZRE (OLED)
AMINEER B LSRN, EAHRIZHE. SRES. BRBAFRE, HIAART—RKTEMEM
ERBARMEMEVEREEAENIEERREZ—, EMREGEENRZNTAREN. BR, AAXLHS
45 OLET sSHHMsiAIMRHA R ERLZ, FrLUSRK OLET 88, $FnlES e/ OLET SRHMAR
&, RE 7T XA TSRS . £ETRHSERRL LB ESEMEL, 2,6-diphenylanthracene (DPA)
#0 2,6-di(2-naphthyl) anthracene (dNaAnt) {EAEMEMIN T BEN BN A XITENBEE . FIFREHLE
MFI R EBERFIERIESCI T OLET 4SRN FIEH . i5RA, FTH93 DPA-FI
dNaANnt-OLET SRR TIRE ABRAVIEL N, AMEBET, EBEFNENESGLNUERE p
BIYER n BUEET SRS BIRFATIRIE, IESCE A MBIM TR A . ZMRERKA, SFBE
EXMRELSISHRLEAR OLET SSH A ENEERA, SERELAMRNNEREERH BN A NIHEL
RIRE RS R E TS R AIIRIEL .

O PHEBOLETRM
O DPA
OO dNaAnt
1 = FSET * psvy
5! » MDMO-PPV B I:: JBi{naphitif 23+
1 ’ FSBT o T
1 b & FSBT A FSET
g 6] 1 ™ Tetmcens P FSBI
1 ? w P3HT FSBT
Aot O Rubene W DPA
e © FSET ® (NaA
e o

B 1. DPA # dNaAnt 43 F454#9. OLET s34 ~EREMEFIIRSHI S LE 1) OLET MR ALER

BE K
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[2] Z. Qin, H. Gao, J. Liu, K. Zhou, J. Li, Y. Dang, L. Huang, H. Deng, X. Zhang, H. Dong, W. Hu, Adv Mater. 2019, 31, 1903175.
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EXRIES, RINFIEETAENEBEERS TENANRRIIM N AEAEE (OSCFET) HEMRT
HAPGFENRFYMN. £ X LAMEFE=GLR (OTS) FBE_fEEL (HMDS) FAEERA
BPRIHNEAEZ2IE T AENSE. 2E=RNEEAEE, TRERAGEEE HMDS 21613 /75
R @A LB AR 7 B = )3 ER HMDS &R EEIBERRSAHA 129 cm® Vis?,
1 OTS M&IHEEREREEIAR) 7.7ecm’ Vst . RERMNBEMRELILEHENNFRRS R ORMEEEZ
RERFHEREREEX, HARHBAEERS TESESHRIKS FZEMERIIRERN. ER, A
FIREORF < BRVESTIRIE IR T LI IR R TR TIR .
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Heterocyclic substituents effects on anthracene-based OTFTs’

transport performance
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Based on the former work about the influence mechanism of the mobility difference of phenyl and thienyl
substituent semiconductors, we have made further exploration towards to design high performance organic thin
film transistors. The heterocyclic substituent group effect plays a significant role on materials properties and device
performance as well. For theoretical study, simulation of materials property and crystal packing can supply a
scientific guidance for materials synthesis in experiments. This time, we have taken the computational methods to
design a new material substituent with furan groups which is potential to be used in organic thin film transistors and
organic single crystal transistors. The reorganization energy have been calculated and much lower than phenyl
substituent (DPANt) which performs a large mobility as more than 30 cm2V-1s-1. Moreover, the other important
parameter, charge transfer integral is larger than DPANt, which suggested the furan substituent material may get a
much better charge transport data. On the whole, the mechanism investigation based on phenyl and thienyl assisted
to design a novel materials with furan substituent which is predicted to be an outperformed organic field effect
transistors.
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HNBEESEAPVEKETEMEYNEIER, SAIRTHKES, EE60nm AT 2DH
AR, MR TZMEIBERS FHISmZENER, SREBZRIAT 15 cm’Vis! U EHE BRI
B OTFT 8¢, PiE—$5m, JROTE TEEMARNLERAEMEEE, ATERREGEKNETFIBE
B, HEMREE 0.11 mW/em? 350 nm BB RS 3100 AW BRI E . PUksh, HITFIE TURERSR
BB RAE, SMHEEEREMERN, EXBMMIMESET, RESSMIRESANES (+100 V0.2 s),
HARTFATEIZE 10000 s LA L, 7E-60 V T 2s BEIEBRIZIES . Bid XPS B HEI/KBGEER A, HATFLEE
S AR B0 2 VAL R BE R TR R AE .

Si0,/Si substrate

Light

Au Au
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