K ZI | S

5Lt 1 b

BUHFHFORM B 7

FIREES  WHPE 6714 2

ZREBESEOAF 20224 9H 22H

FUREOEH  AARRAUER FERERER A

(PALBLRIEE 4 2655 1 THG% )

Study on transistor application of new phenacene-type molecules: characterization of molecules,
device fabrication and operation properties
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Field-effect transistors (FETs) using organic molecules as active layers have attracted much attention owing to the
expectation of future ubiquitous and sustainable devices during the past thirty years. In this doctoral thesis, the author
pursued the realization of high-performance FETs using phenacene derivatives. The concept of this study is to realize
the close packing between molecules through strong m-m interaction and fastener effect. For this purpose, the
dibenzo[n]phenacenes (DBnPs: n = 5 — 7) and alkyl-phenyl[n]phenacenes (PhCn’-[n]phenacenes: n = 4 — 6) were
synthesized, and their molecules were employed for active layers of FETs. Moreover, the distribution of trap states in
channel region of FET was investigated from temperature dependence of field-effect mobility x and conductance G.
The re-evaluation of x of FETSs using various phenacene molecules was conducted with effective field-effect mobility
Hesr as a new indicator.

In chapters 4 and 6, the transport properties of FETs using DBnPs (n =5 — 7) and PhCn’-[n]phenacenes (n = 4 — 6)
were reported. DB6P showed the excellent FET properties with the averaged u value of 2.0(7) cm? V! s, It has been
found that Coy-symmetrical DB6P shows higher FET performance than C,,-symmetrical DBSP and DB7P molecules,
because Con-symmetrical molecule can probably form the close packing in the crystal lattice. The molecules of PhCn’-
[n]phenacenes (n = 4 — 6) were employed for the active layers of FETs. The concept of design of the molecules is that
the introduction of alkyl and phenyl groups to phenacene cores would lead to close packing via fastener effect to provide
large transfer integral between molecules. As a consequence, the high z value (= 1.66 cm? V! s7!) was recorded in the
FET with thin films of 3-decyl-10-phenyl[5]phenacene (PhC10-PIC). In chapter 5, the author explores the trap states in
channel region of DBnPs from the temperature dependence of x and conductance G of DBnPs, and the multiple trap
and release (MTR) model [1] and Lang’s method [2] were used to obtain the information on trap states. DB6P showed
narrower trap distribution and larger transfer integrals between molecules than DBSP and DB7P. These results
reasonably explain the high ¢ of DB6P. In chapter 7, the FET properties of phenacene molecules are re-evaluated using
anew indicator s [3], suggesting some phenacene and phenacene derivatives are promising for active layers in organic
FETs. In summary, the author has attempted to seek the strategy for realizing high-performance FET devices from (1)
design of molecule and (2) deep understanding of trap states and molecular packing of active layer.

[1] D. Knipp et al., Appl. Phys. Lett. 82, 3907-3909 (2003); [2] D. V. Lang et al., Phys. Rev. Lett. 93, 086802 (2004);
[3] H. H. Choi et al., Nat. Mater. 17, 2-7 (2018).
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