[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO000000000000DO0DOO0DOO0oDODOoooooooooog
OO00oO00O00oOoooog
Title(English) Study on film fabrication of liquid crystalline organic semiconductors

and acceptor molecules with their device applications

oo@a) ooo
Author(English) Shun Takamaru
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:00127000,
000 00:20240 30 260,
ooooo:0o0o0a,
Ooo00:00 00,00 0o0o0,0000,00000,00 0,000 0
0
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:J 0 127000 ,

Conferred date:2024/3/26,

Degree Type:Course doctor,

Examiner:,,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(L3R

Doctoral Program

m X EE

THESIS SUMMARY

Foea—RA

%%\%% % Eﬁ?gﬁf’fi %@% . T@j: ( I? )
Department of, Graduzte major in ERET a—A Academic Degree Requested Doctor of
'QL, == = Y
FAERA . FHEBTA .
, AL ) . AR EP 4 B
Student” s Name Chief Examiner

S (P13 800 FEFRFE)
Thesis Summary (approx.800 English Words )

Liquid crystalline organic semiconductors are expected to be applied to organic
transistors because uniform thin films can be easily formed over a large area in a solution
process by forming films via the liquid crystal phase. However, organic field effect transistors
(OFETSs) have some problems, such as the difficulty in developing materials for N-channel
operation and the high contact resistance between the metal and semiconductor. Although
there have been significant developments in P-channel OFETs with mobility exceeding 10
cm? V1 s, research on N-channel OFETs has not progressed as much, mainly due to the
trapping of electrons by water and oxygen molecules in the atmosphere. In order to ensure
stable operation in air, N-channel OFET materials must possess a deep lowest unoccupied
molecular orbital (LUMO) level, which is responsible for electron transport. As for contact
resistance, the device characteristics are limited by the contact resistance in the case of the
higher contact resistance. OFETs have higher contact resistance than inorganic transistors.
To solve these problems, we have improved and modulated the characteristics of OFETSs by
combining liquid crystalline organic semiconductors and acceptor molecules.

In chapter 3, the single crystals of phenyl-benzothienobenzothiophene derivatives (Ph-
BTBT-n, n=10, 8, 6) and fluorinated 7,7,8,8-tetracyanoquinodimethane derivative (Fs-
TCNQ) charge-transfer complexes (CTCs) were prepared by recrystallization in mixed
solvents of acetonitrile and chlorobenzene, and their crystal structures and transistor
operation were evaluated. All of the CTCs have similar crystal structures, which are one-
dimensional crystal structures consisting of a BTBT core and a TCNQ core in a n-stacked
configuration. FET measurements of a single crystal of (Ph-BTBT-10)(Fs-TCNQ) showed
N-channel transistor operation with a mobility of 0.04 cm? Vs, As described above, this
chapter clarified the crystal structure of (Ph-BTBT-n)(Fs-TCNQ) single crystals and
concluded that (Ph-BTBT-n)(Fs-TCNQ) can be applied as N-channel OFETS.

In chapter 4, | proposed a new fabrication process of CTC thin films by thermal diffusion
and evaluated the thin films. X-ray diffraction, absorption spectra, and photoemission yields
spectroscopy showed formation of (C10-BTBT)(F4-TCNQ) and (Ph-BTBT-10)(Fs-TCNQ)
by thermal diffusion of stacked these thin films in a short time at a low temperature of 80 °C
and 120 °C for 30 seconds, respectively. These OFETs exhibited air-stable N-channel
operation with mobility in the 10* -10° cm? V! s Based on photoelectron yield




spectroscopy and absorption spectra, the LUMO level of (Ph-BTBT-10)(Fs-TCNQ)
fabricated by thermal diffusion was estimated to be -5.6 eV, indicating that the injection and
stable transport of electrons in air are possible. (Ph-BTBT-10)(Fs-TCNQ) thin films were
more likely to form using Ph-BTBT-10 monolayer crystal structures than bilayer crystal
structures. It is suggested that the disordered alkyl chains of the Ph-BTBT-10 monolayer
crystal structure derived from the structure of the liquid crystal phase facilitated the thermal
diffusion of Fs~-TCNQ molecules. F4-TCNQ layer can be stacked not only by vacuum
deposition but also by solution process. By depositing F4s~-TCNQ molecules on Ph-BTBT-10
layer by blade coating and thermal annealing, (Ph-BTBT-10)(Fs-TCNQ) was formed to
realize an N-channel transistor. It is concluded that the process of preparing CTC thin films
using thermal diffusion is one of the important development approaches for N-channel
organic transistors.

In chapter 5, | aim to improve the characteristics of P-channel OFETSs based on liquid
crystalline organic semiconductor Ph-BTBT-10 by doping acceptors. In the case of bottom-
gate top-contact FETs, the contact resistance was reduced from 3 kQcm to 1.2 kQcm by
depositing Fs-TCNQ molecules at the interface between Ph-BTBT-10 and source-drain
electrodes. Contact resistance was further reduced to 0.9 kQcm by thermal annealing. This is
because Fs-TCNQ molecules diffuse into the Ph-BTBT-10 layer just below the electrode,
(Ph-BTBT-10)(Fs-TCNQ), which acts as a dopant for Ph-BTBT-10, is formed, and the access
resistance is reduced. In the case of bottom-gate bottom-contact OFETS, the threshold voltage
(Vi) could be controlled to -0.5 ~ -2 V by changing the concentration of fluorinated
tetracyanonaphtho-quinodimethane (Fs-TCNNQ) up to 10°-10%. This is due to the positive
shift of the Vi caused by the generation of carriers by doping. It is concluded that acceptor
doping plays an important role in reducing contact resistance and Vi in organic transistors.

Through these studies, | conclude that combining liquid crystalline organic
semiconductor and accepter molecules realizes to develop N-channel OFETS, reduce contact
resistance and control threshold voltage of OFETS. In this study, | developed CTC thin films
with (C10-BTBT)(Fs-TCNQ) and (Ph-BTBT-10)(Fs-TCNQ), and | expect to develop
materials with high electrical properties by using various materials in the future. In addition,
by patterning acceptor molecules on liquid crystalline organic semiconductors, N-channel
and P-channel OFETSs can be formed on the same substrate, which is expected to be applied

to complementary circuits.
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