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AGw3CIL, Development of Air-Stable n-Channel Organic Field-Effect Transistors (KKAZE 2 n A N T P24
MEIOBZ) LB L, X TEIPNTEY, 6 BEIZL VRIS TWD,

%5 1 % General introduction] TI&, BIEDOHERE LTHEBET LY hr=2 ZADMEHR, AHRENIR N U2 F
DEEEMBHZ DN TER TN D, FHE n BB TORKZEEON LITFEE T PR ZIZBIT 52 K& 3iRE
ThbHI a7 2T, RBIEIZE T 5 n A R T o A ZHEBRREORES L BRIZOWTHHAL TV 5D,

% 2 # [Tsodiketopyrrolopyrrole] Ti&, R —-7 7t 7% —(D-A)R VU ~—ICB T H2REWN2T 78T 2 —EHAT
oY hErar—/L(DPP) &, ZFDERMEERTHDLA VP bE¥ra ' a —/L(isoDPP) & DR E{T> T\ 5,
DPP TIIAR Y v —[Fkk, BHRE LR —/VREDW S 2R T A R—=F R 515 DIZxk LT, isoDPP
TIEFEARMNCIT n B O REMED 2B L T %, DPP & isoDPP OE % e 1,5-F7 b/ v L 2,6-F
ThX/) U HONT LAV TI ) TEAVI L 23-VT ) T E VT~ L HMET 52 Sk, DPP @
HOMO 73 &< 720 . T2 A A R—=F WA 5 Z & 23 L Th 5,

% 3 # [Birhodanines and their sulfur analogoues] TiZEF 7 V' — /L biFiE I N5 3,3-U T VX )L-55-F 7
VOo=UF 24247 hFF 4 (SS-R), BLOZED 22-0 A4 VT v~nr /= kYLK (S(CN)-Et), 4,4-
F 2 22-VF A AR (SO-EY), 2,2- A L -4,4-VF A AR (OS-R) OEFET LX)V REMED kT PR Z KD
24T > T D, ZORNTIET v VB I/ SS-Pr OFIE R 7 0 VA Z B b @ OBEIE 026 cm? Vs
RL, RYHIBKRRLER T UVAZRMEEZR LTS, ZOWEOMER T, FTBOBEMSE (AFM) 12X
WRERT VAV EHBERBERPBETE, @OMBRMECIYBOBBERERTEL2H0L LT, P
TSS-RIFAZ v 7HEE, OS-RIIANY T HR—HiEE SO, SS-RITIZZE DL 1M S-S AP FET S
—J7 OS-RICIFFELRNZ LD TRV S-SHAIERN R Z v /s a3 2 2K & LTV %, OS-R 2% SS-R
Fob 77872 —MRE<, FEAEER LIV LD LT, BEZEFIZBWCIRBEEOBEEL /R L
TDE, N TR EEIC LD b D EHH LTS,

% 4 % [Bulky phenylalkyl substitution on birhodanines and their sulfur analogoues] Ti SS-R & OS-R D7 /L% /L 3L &
LTRY DL 22T 2 = V2 F N RREEALIZMEZAM L. XD b7 DA ZFHED 21T > T %, SS-R
D 2-T7 = =T F VBRI VR — g b RIS NTR b EWBENE 027 cm? V! s 2R E
LTW5%, ZOWHIIRATTHOEETEEDLRWREEZ TR L, R T CTREMERER b BIG2RFEE R LT
W5, AFM <0 X BRIEMTIC L 0 @B EZ i L, ™ b7 o P2 Z RO ERIZOWTH LN L TN D,

%5 5 %[ Charge-transfer complexes of dithienobenzodithiophene| TiX 1 DDX B b 4 DDOF A7 = U 3EER LT
TF T /[2,3-0;23-d RNV [1,2-0;4,5-01F A7 = (DIBDT) & 704 Rw-7788-T NI T /X% ) VAKX
(FRTCNQ) (n =0, 2, 4) & DEMBESHAIZ OV TIHRFE1T> T 5, (DTBDTFTCNQNIT X TnB T v
A B AR L, (DTBDTYTCNQ)A b @ W ENE 0.1 em? V! s 278 LTV 5, X 5IZD-A-D, A-D-A =&KX
BT LTZRINX—RHNOBREMW N T AT =R E ARG Y, EFICHTD T AT 7 =R HR—NL
WZXHTHHDE0 B 10FEU ERENVEDETEEOANALND EFHH LTS, Zhid D-A Z&E0 4 THuE
IZBW T, DTBDT @ HOMO DR D437 FaTCNQ @ LUMO & K& KB L TWATZDTHSD L LT3,

% 6 T [General conclusion] Ti&, AWML THOLNIFEREZRIEFEL TV D,

INEET DI, KRSUIENT-BEE & RIREEREFT 2L a7 ho n BEK KT U2 2B
DOBFICIILTEY . LFELERERT 2 & ZANKREY, Ko THRMmIIHE L (%) & LTHaRilER&H 5
LRHLND,

5« FMSCE IR, FISC 2000 2 & B30 300 5% 1 ET T 52, b LI 800 8% 1 HHEH LT 72& W,
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In this thesis, several kinds of organic semiconductors for n-channel organic transistors have been prepared. Transistor
properties of these compounds are studied together with the single crystal structures, electrochemical properties, molecular
orbital calculations, and thin-film analyses.

In chapter 11, diphenyl-isodiketopyrrolopyrrole (isoDPP) and diphenyl-diketopyrrolopyrrole (DPP) have been prepared.
Although DPP shows ambipolar transport, isoDPP shows dominantly electron transport. The difference is attributed to the
deep HOMO level of isoDPP. This can be understood easily by replacing isoDPP and DPP with 2,6-naphthoquinone and
1,5-naphthoquinone or by reducing isoDPP and DPP to 2,3-diaminobutadiene and 1,4-diaminobutadiene. isoDPP shows
smaller stabilization, larger bond alternation, and a larger HOMO-LUMO gap

In chapter III, a series of sulfur-rich electron acceptors, 3,3'-dialkyl-5,5'-bithiazolidinylidene-2,2'-dione-4,4'-dithiones
(OS-R)(R = Me, Et, Pr, Bu), 3,3'-diethyl-5,5'-bithiazolidinylidene-4,4'-dione-2,2"-dithione (SO-Et), 3,3'-dialkyl-
5,5'-bithiazolidinylidene-2,4,2',4'-tetrathiones (SS-R)(R = Me, Pr, Bu) and 2,2'-(3,3'- diethyl-4,4'-dithioxo-5,5'-bithiazolylide-
ne-2,2'-diylidene)dimalononitrile  (S(CN)z-Et), have been prepared. S(CN)2-Et shows normally-on transistor
characteristics, which are unusual in n-type organic transistors, because S(CN)z-Et has very strong electron acceptor ability.
SS-Pr exhibits the best transistor performance and stability among these acceptors. The result comes from the good
crystallinity and the propyl group, which may be the most suitable alkyl chain in SS-R for thin-film transistors. SS-R
compounds have stacking structures with several intermolecular short S-S contacts. OS-R and SO-Et have herringbone
structures with S—m interactions. The structures seem to be attributed to the weakened intermolecular S—S interactions.
OS-R and SO-Et show degradation of the mobility and an increase of the threshold voltage and the off current under ambient
atmosphere because of the shallow LUMO levels located above —4.0 eV.

In chapter IV, bulky alkylphenyl groups, benzyl (Bn) and 2-phenylethyl (EtPh), have been introduced to OS-R and SS-R.
OS-Bn shows relatively low mobility, and transistors based on SS-Bn does not work even under vacuum. OS-Bn and
SS-Bn have similar staking structures with one-dimensional carrier pathway because of large torsion angles between the core
part and the phenyl ring. This seems to make OS-Bn and SS-Bn to show poor transistor performance. OS-EtPh has a
herringbone structure and shows the mobility of the same order of magnitude as the previous OS-R. OS-Bn and OS-EtPh
show air-sensitive n-type transistor characteristics, but maintains mobility in atmospheric conditions. SS-EtPh achieves the
highest mobility of 0.27 cm? V! 57! in this study and excellent ambient and long-term stability. The bulky 2-phenyl ethyl
group blocks the intermolecular S—S contacts in the crystal and SS-EtPh forms a herringbone structure. SS-EtPh forms
highly crystalline thin films and makes less tilted packing, which is favorable to thin-film transistors. Bulky substituents
improve transistor performance and stability of OS-R and SS-R.

In chapter V, charge transfer (CT) complexes of ditheno[2,3-d;2'3'-d'|benzo[1,2-b;4,5-b']dithiophene (DTBDT) and
FaTCNQ (n = 0, 2, 4) have been prepared and the single-crystal transistors have been fabricated. All the CT complexes
show only electron transport and (DTBDT)(TCNQ) shows the highest mobility of 0.1 cm?> V! s7!. Effective transfer
integrals t° are estimated from the level splitting of the triads, where t*% is much larger than t°". These values are
consistent with the carrier polarity. Carrier charge polarity can be explained by the bridge orbital. DTBDT HOMO-1
mainly contributes to the electron transport and results in the asymmetrical transport in the CT complexes.

The present work demonstrates that slight modifications of organic semiconductors, such as isoelectronic isomerization,
introduction of alkyl chains and bulky substituents, can improve transistor characteristics significantly. The results
contribute to the development of air-stable n-channel organic field-effect transistors.
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