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ol AolE Aol AR el WAl drh. NlWo A ALFsH TARE o, TeldEAvmeol
=, ZedgadeEgeols, Eejstuvole, EendaE, Edcladeels, Eejous, Fewzuy
9 ZedgaaE oAE & 9

71 APlE AAFT(12) 0.2 BAHE AEHE gl & AAA
Ba0.33Sr0.66Ti03(BST), A1203, Ta205, La205, Y203 % Ti02& o]Fojzl Fo 2R E Adeld {4 A,
PdZr0.33Ti0.6603(PZT), Bi4Ti3012, BaMgF4, SrBi2(TaNb)209, Ba(ZrTi)03(BZT), BaTiO3, SrTi03, Bi4Ti3012,
Si02, SiNx = AIONE o]Fo]zx FowBE Mulyg Ly HadA, L Zgloju=, BB, A, Zgola
dolE, ZenddE 9 ZndHEse #7] AIdAE AFES & Q).

ot

A7) AllE A=(16) 2 A =gl A49(14 2 15)2 54Hor AxA Edold risshy, FAFe
2 F(Aw), &g, EMEQD, AN, IE(Cr) 2 AFFAAIE(IT0) 50| oAl AT},
e Ax(14) 2 =gl AZ(15)F  §7] vrEAE=(13)  Aleldl ¥wWAEZA HMDS(1,1,1,3,3,3-

hexamethyldisilazane), OTS(octadecyltrichlorosilane) B+ OTDS(octadecyltrichlorosilane)E =¥ 3dAH

4 2e = Atk

e
i)
ol
2
=
i
Ho
N
rﬂ'.
k1
Y
oty
i)
il
tlo
o
o
Ir
Ho
N

= | vteA) BES ALsts 7] AT T
Hom AF AW, 239 Az i ke
g2 glem, o] u, 4~

g
oj-gste FAEH & daL, 1 FA= 500 Ael7t wigra stk ol
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7] deh Edx2E o AL T 1o =AW whel o] Z#(11)/ A EAS(16)/2AZ(12) /-
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FAE vlg-AYE (bottom-contact)d] FEE BT ¥ 3l
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ol
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X0,
T

g3a] olsfd 4 lomn, &7 A= 2 Il oAl FH
o

MCI i @‘Br _— W

w2 4(2.18 g, 89.6 mmol)S 37 k=T ¥erk. (2-F22-JdE)-A|ZF2d4F (12.0g, 81.5 mmol )<
ol elo]lA (250 mL)o] ¥ F 1.5 hieet FFAIA 2glay= Aleks Ptk 2-22RE Q. (13.29 g,
81.5 mmol)S} Ni(dppp)Cl.(0.44g,0.8mmol)el] et aElavb= Aleke]  HsFA|A wuksic) gA|7ko] 4 3}et
< IN-HClo F-o Hh&-& FAAZY. f7]5S Yoldolz FE3 & gz 7S AAT &
o FEsle] 2-(2-A|F2 - 8)-E| o3, 6.65g(42.1%)= AT},

1H-NMR(300MHz, CDCls); &= 7.14(m, 1H), 6.96(m, 1H), 6.81(m, 1H), 2.88(t, 2H), 1.58-1.82(m, 7H),
1.25(m, 4H), 0.97(t, 2H).
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[A =z 2] tributyl-[5-(2-cyclohexyl-ethyl)-thiophen-2-y1]-stannane®] &%

D> —— A~
S Sn(Bu)s S

2-(2-cyclohexyl-ethyl)-thiophene(6.65g,34.2mmol )& THF(150mL)el] *Ho]ar of7]o] 2% -78Col|A n-BulLi
(2.5Minhexane) (14.45mL,35.9mmol)S 2A|ZFE 9 A&lstt}. of 7)o tributyltinchloride(11.76g,36.1mmol) S
A3 Hslsitt, SFSE H7bete] eSS FHI F hexaned ©]&3le] FF st Nal(0,2 HoldE &

O.I.;

MgSO, 2 85 A7 3]  tributyl-[5-(2-cyclohexyl-ethyl)-thiophen—2-y1]-

stannane 11.58g(80%)S & At}.

1H-NMR(300MHz, CDCl3); &= 7.01(d, 1H), 6.91(d, 1H), 2.89(t, 2H), 1.56-1.69(m, 7H), 1.32-1.39(m, 18H),
1.21(m, 4H), 1.07-1.12(m, 9H), 0.93(t, 2H).

[A Z4] 3] (4-Bromo-butyl)-cyclohexane®] A .

Br
Br
BI'/\/\/Br + M - M\/\/

Magnesium (6.57 g, 0.27 mol)& 37+ Zef=Fo] ¥ ¥ 71Zx3th. Bromo-cyclohexane (33.92 g, 0.208
mol )= THF (500 mL)oll &3ale] Z&lsk & 2A]7Hzot SFAZIcE, A3 Grignard reagentE 1, 4-
dibromo—hexane (44.91 g, 0.208 mol)3} copper (I) bromide ( 49 g, 10.42 mmol)9} 50 mL THFS] Z=3HE-9)
3] Aststn). oA 8A]7HEQE wHkek & IN-HClo| ¥H-S-F A%, EtherE o] &3t & 3 F MgS0O,

2 8-S AAsIE 2] (4-Bromo-butyl)-

cyclohexane 20.21 g(43.8%)2 AL},

1H-NMR (300MHz, CDCls), & = 7.14 (m,1H), 6.96 (m,1H), 6.81 (m,1H), 2.88 (t,2H), 1.58-1.82 (m,7H),
1.25 (m,4H), 0.97 (t,2H).

[A =z 4] 2-(4-cyclohexyl-butyl)-thiophene2] 4.

Br

AC::7/ﬁ\¢/\\/ : Egg*‘sr EggL\//‘~/"*<5;:>

Magnesium (2.16 g, 89.0 mmol)S 37 ZT 2o ¥ & AZX3It}. (4-bromo-butyl)-cyclohexane (15 g,

68.4 mmol)S diethyl ether (200 mL)o| &3tsle] #slal & 24)7k%5 < $FA|71t}. 2-bromothiophene (11.16
g, 68.4 mmol) ¥ Ni(dppp)Cl, (2.22g, 4.1mmol) ©l Grignard reagentS Z3&}3tt}, Ao A 8A|7HE¢F Wl

ek $ IN-HCLO o] whg-S FA%Th. Ether& ol &3to] & 3 $ MgSO,2 i8S AAs AL Ao +
2]3lo] 2-(4-cyclohexyl-butyl)-thiophene 6.19g (40.7%) 2 AT},

1H-NMR (300MHz, CDCl3), & = 7.16 (m, 1H), 6.95 (m, 1H), 6.83 (m, 1H), 2.85 (t, 2H), 1.72 (m, 7H),
1.39 (m, 2H), 1.25 (m, 6H), 0.91 (d, 2H).

[A =z 5] tributyl-[5-(4-cyclohexyl-butyl)-thiophen-2-yl]-stannane®| 4.

D~ —— Ly~
Sn(Bu); S

S

n-BuLi (6 mL 2.5 M in hexane, 14.91 mmol)< 2-(4-cyclohexyl-butyl)-thiophene (2.77g, 14.2mmol) <} THF
(60mL)ol A -78TollA ZAs}alt}. Tributyltinchloride (4.88g, 14.98mmol) & -40TolA ZE&-&nj
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Aatgheh. gAIZFES gk g § Bofio] RkgS FATTE. Hexanes ©]83dte] F& 3 F NaHCO;= A ol&

T MgSO2 FEES AlAsI tributyl-[5-(4-cyclohexyl-butyl)-thiophen-2-yl]-stannane 5.83g (80%)& LA

1H-NMR (300MHz, CDCl;) & = 7.01 (d, 1H), 6.93 (d, 1H), 2.85 (t, 2H), 1.69 (m, 7H), 1.37 (m, 20H),
1.23 (m, 6H), 1.09 (m, 9H), 0.89 (d, 2H).

ZzZ1](5,5' ' '=dicyclohexyl-ethyl-[2,2';5",2"'";5"",2" " " Jquaterthiophene(DCE4T) 2] &HAd.

+ S, 7\
Sn(Bu)sw B \ ) s B

Tributyl-[5-(2-cyclohexyl-ethyl)-thiophen-2-y1]-stannane (2.74 g, 5.67 mmol)%} 5,5'-dibromo-
[2,2"]Ibithiophene (0.80 g, 2.46 mmol)< toluene (30mL)el]l =<1 & Pd(PPhy), (0.17g,0.15mmol)& Y& =&

100esColl Al 24A17F wibsich, E3MES o2 A3 & oz, Zdor e & MeOH9} CHClL, = #12
Aste]l 55" " -dicyclohexyl-ethyl-[2,2';5",2'";5"",2"" ' lquaterthiophene 0.83g (61.2%)<& AT},

IH-NMR (300MHz, CDCly), & = 7.05 (d,1H), 7.00 (t,2H), 6.69 (t,1H), 2.83 (t,2H), 1.56-1.80 (m,7H),
1.23 (m,4H), 0.95 (m,2H). MS(EI)m/z:550(M+t).

[AA]ef1] 5-(2-cyclohexyl-ethyl)-[2,2';5",2'";5"",2" " ' ]quaterthiophene®] ¥4 (CEAT).

M + Br~_S__U# N__s
Sn(Bu);™ s \_/ S \ /
s f \_ _s

—_— s V) T Y

Tributyl-[5-(2-cyclohexyl-ethyl)-thiophen-2-yl]-stannane (3.0 g, 6.20 mmol) <} 5-bromo-
[2,2";5",2" " ]terthiophene(2.03 g, 6.20 mmol)< toluene (40 mL)ol]l =<1 & Pd(PPh;), (0.43g, 0.37mmol) <&

Y F 100eCol A 244 2HE S kgt EFES Ao A% § oy, AR ¥ MeOHe}t CHCL,
2 ANAAste] 5-(2-cyclohexyl-ethyl)-[2,2';5",2"'';5'",2" " " Jquaterthiophene 1.88g(69.0%)2 AAc}.
IH-NMR (300Hz, CDCly) & = 7.23(d,1H), 7.19 (d,1H), 7.05 (m,6H), 6.70 (d,1H), 2.81 (t,2H), 1.62-1.79
(m,7H), 1.25 (m,4H), 0.89 (m,2H). MS(EDm/z:440(M )

[FFzo2]

5,5"""=dicyclohexyl-butyl-[2,2';5",2"";5'",2" " ' Jquaterthiophene(DCB4T) 2] &A].

Sn(Bu)3W+ Br \s/ /s\ o

—_— [ N s U N_s
s W) Y Y

Tributyl-[5-(4-cyclohexyl-butyl)-thiophen—2-y1]-stannane(2.96g,5.8mmol) <} 5,5'-dibromo-
[2,2']Ibithiophene (0.75g, 2.3mmol)< toluene (20mL) ° =<1 & Pd(PPh;), (0.16g, 0.14mmol)S H7}8taL

100°Col A 2447t kgt Aoz 23l & (CHCl3S o] &35te] FE3t). HexaneS ©]-83te] Z#sta
MeOHS} CHCl,;&g-&wiollA HAA st 5,5'''-dicyclohexyl-butyl-[2,2"';5",2'";5"",2"" ' ]quaterthiophene
0.84g(59. 8%)<& AT},
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IH-NMR (300MHz, CDCl;), & = 7.05 (d, 1H), 7.00 (t, 2H), 6.69 (d, 1H), 2.81 (t, 2H), 1.68 (m, 7H),
1.38 (m, 2H), 1.22 (m,6H), 0.89 (d,2H). MS(ED)m/z:607(M+).

[ A 2] 5-(2-cyclohexyl-butyl)-[2,2";5",2"";5'",2"" " ]quaterthiophene (CB4AT)2] Al .
Sn(BU):\W \D%

— I N_s I N5
s\ Y 4

Tributyl-[5-(2-cyclohexyl-ethyl)-thiophen—-2-yl]-stannane (2.36 g, 4.6  mmol) ¢} 5-bromo-
[2,2";5",2""]terthiophene (1.51 g, 4.6 mmol)& toluene (20mL) ©l] =<1 & Pd(PPh;), (0.32g,0.28mmol%)<

A7vete]l 1002sColl A 244125 wpkgtt, 2o A3 5 CHCI3S o]&3te] FEate] Z3d & MeOHo}
CHCl,& & vl ol A A AA sl 5-(2-cyclohexyl-butyl)-[2,2';5",2'";5"",2"' "' ]quaterthiophene
1.54g(71.2%)S LAt}

1H-NMR (300MHz, CDCl3), & = 7.23 (t, 1H), 7.18 (d, 1H), 7.06 (m, 6H), 6.69 (d, 1H), 2.81 (t, 2H),
1.68 (m, 7H), 1.38 (m, 2H), 1.22 (m, 6H), 0.89 (d, 2H).

3

il

2= AN 49 W2 §7] HEA FFES o]l AL S
War gl

= 38 A 4o WE F7] WA 3EES o] &5le] A S F
157 ColA ¥M¥2%5 Yelhy WzhA] 148 Te} 155 CollA] Wt
= A AA ey 2e 2R Hae=E Yehar Qo).

|\
oxl

pou)
o
it

325 ToA 5% E3E Lt

AU

N

gk
i

f

A HA 7FE A 147 T
o F WA JFEA

rlm
fod
My o
R

o
g

oo

T4 A 20 wWE §7] WA SFES o]&ste] WEFS PLS YERE 2RO R UVelA &t E] e
M 404 ol A Hol FE Vel glow A E 367 molA Hol FFE YERI Sl PLA
M= gHAE A 470 ot 496 nmol| A @RS el glon, HEAE Y AE 520 nm, 560 nme} 591 nmel]
Al sk AS YERda Tk

[2A16] 3] §7] ek = sE e A4

47] dhat EWX A 2AtE gAY WA o 2 A 2slg om | 300 nme] n—doped silicon & Al°|EZ A}8-3}
Rom SinE ddAA= /\}%ﬁ}ﬁi\i‘r ¥ A g piranha cleaning solution(H2S04:2H202)& AH&3to] WA
& ¢ o, AdrichAbe] OTS(octadecyltrichlorosilane)s ©]-&a] EW-& SAM(Self Assemble Monolayer)=]
] RF=AF2 0.7 wt% chloroform solutions spin-coater® AF&3te] 2000 rpm®]
=R IR 2P axeh =Yddo® AREE & 1 A/sE 50 mo] FAR FASEGAT. A Aol
1000 pm ol F& 2000 pmoltk. 7] whH EdAAE ] EAe =AE Keithley 24003 236

source/measure units = ARE3FA ).

ol O )
&
i
>
ofo
QL
¥
Ho
N

Astol e 3}7] ¥3}9 < (saturation region) AFACZRE (ISD)1/2 F V& HAFZ 3 a82E du
a2 7171 =5EH Tt
| 5 4 G >
ISD:T nWCV &= F D
nwic
L e = T(VG_ LD
nrC
slope = — 57
27,

2
W per— (slope) Ty
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A7 Aol A, 1SDE A= AFelal, p He= pFETE #As) o]FololH, Co& Akslul A dgekola, W
= A FolH, LVO* iﬁu QO]O]—T’— VG% AClE Atoln, VIe w8 Adgolrt, =3 vk =4 AF(1off)
= oom 4R o s ARzA, ARvdd o dddA Arane T,
371 3 1o AAd 29 wet §Ae F7] WA 31EE(CBAT) S o]83te] A#E 7] vhe EdA]AEH Y
548 AT,
¥ 1
Mobility Vi on/of f Standard deviation
) A p
(cm)/Vs) (V) verage (%)
CB4T Average 1.548 x 10’2 -3.5 239 x 104 5.3
Max 11 607 x 10” 2.9 1950 x 10"
Stdev 15 958« 107 0.8 1150 x 10°

% 5ol AE AN 200 WE 7] WEA SFES o §akel AAd) 3% ol gatol AstE R vk EAX s
=
[¢)

T 1.6 x 10-2 con'/VsS UERNI glon FE

Aehe 2.9V, HdvE 2.5 x 10 & YeERAL o 53] ZFAAE 5.3 92wl w2 @S Ve 2
=

% golA= AAld 20 WE {7 WEA FFES o] &3sle] HAlo 3olA AE F7] @ E@X] e
out-of-plane GIXD imageE YEIH+= =Ho = 53 2AHXAS YEHY

259 4%

<= FQo FEo gt H oo Mdu>

11 : 713 12 : A3 (insulator)

13 :© 71925 (channel material) 14 : AZx(source)

15 : =#¢l(drain) 16 : Al°]E(gate)

16
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