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(Polynorbornene) @ Zgo 8 24 Z(Polyethersulfone: PES)Z dAd 4= ).

471 OTFT &AME FA48HE AlolE dAZo2ME SAF0R A& E & & AAAE A & 9o
W, FAAOE BagSro.esTi0s(BST), Al0s, Ta0s, La0s, Y05 R Ti0E o]Fojx Fo2HY Med 234

X‘:‘jo‘jiﬂ, szr0_33Ti0_6603(PZT), Bi/lTigOlz, BaMgF4, SrBiz(TaNb)zog, Ba(erl)Og(BZT), BaTi()g, SrTi()g, Bi4TigO12,
Si0;,  SiN, H AION= oozl Fewmiy Adud 7] AdAA, E= Eov|=(polyimide),
=

BCB(benzocyclobutene), 3+ @ (parylene), EH&|otadH o|E(polyacrylate), ZEHLIY
2 Zd)dH = (polyvinylphenol) ¢ 7] AAAE AT 4 o,

(polyvinylalcohol)

2 e f7] ¥ EAXAEHY AL TR/ A EMSF/ACE dAS/F7

S E(top-contact) ¥HF ofigl Z|H/ACIEAF/ACIE HAF/AA-EH] AF/H/7
Y E (bottom—contact) 2o FEE EF 2xgheirt, 3k A2 9 =9l A= {7IREEAS Atolo] ZTHA
2 2 A HMDS(1,1,1,3,3,3-hexamethyldisilazane), 0TS(octadecyltrichlorosilane) T=
0TDS(octadecyltrichlorosilane) S HE ALY 34 &S = ).

71 AelE A= g aA-Ed]] A5 AA 2dod Thesty, 5 (Aw), =(Ag), 7D, YANI),
AF(Cr) 2 QIFHASE(ITO)R o] Folx Fo2REH AuH B4z A== 3lo] upghz s},
olet, ¥ WL slr]e] AAfdol ofste] ]

Hup igets] ofsld 4 glow, spre] Aol i el ¢ 54
= A
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[0106]

[0107]
[0108]

[0109]

[0110]
[0111]
[0112]
[0113]

[0114]

[0115]

SIHS31 10-2017-0136997

P-TVT-24NDI (1)-24DPP(9) ¢} +4

Ci2H2s
C1oH21
O._N_.O
Br ~/ 7\
T+ st
Br ) /7>
0O N" "0
CioH21
Ci2Hzs
Pdy(dba);
P(o-tol)3

CcB

CoH
C10H21\|) S/ 127728

Ci2Has

P-TVT-24NDI(1)-24DPP(9) &= 2=¥d# AEH &S &3 T3S 4 Ao

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzo[ lmn][3,8]phenanthroline-1,3,6,8(2H,7H)~-tetraone 0.1 eq
(0.0291 g, 0.0265 mmol)¥} (E)-1,2-bis(5-(trimethylstannyl)thiophen-2-yl)ethene 1 eq (0.1288 g,
0.2651 mmol )2} 3,6-bis(5-bromothiophen-2-y1)-2,5-bis(2-decyltetradecyl)-2,5-dihydropyrrolol[3,4-
clpyrrole-1,4-dione 0.9 eq (0.2699 g, 0.2386 mmol)E FZZWIAI(7 mL)ol Foja A & A 3Tt
1 %) Pdy(dba); (0.005 mg, 2 mol%)}t P(o-tol)s; (0.007 g, 8 mol%)<S Wil 110 ColA 48 Azt F<t FF3}

t}. 2-tributyltin thiophene 0.1 g& ¥ 6 A7t H<¢F wwH3lo] end-capping < aFATt. 2 the, ¥k
NS 0,24 AH100mL) T HEE(300 i)l WHE FAAYL ANE DAL BESGT. FEE wAE
=

=

=
A3 (sohxlet) S F3 Wgt, olAE, i, HEHI|=ZFH o2 A, HEZI=Z e o
2 AAE WekEdd Al HAAAZIL D3 & A=A A A aA 9 3FE<Q] P-TVI-24NDI(1)-24DPP(9) &
2k

S

Mn = 138554, Mw = 237965 Thi4l® = 1.71

4y I 1R oo 32

0.31 g).

(AAld 2)

P-TVT-24NDI (3)-24DPP(7)¢] &

o,

P-TVT-24NDI(3)-24DPP(7)= 2=Bd AEH W&S &3l T3 4 Ut

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzo[lmn][3,8]phenanthroline-1,3,6,8(2H,7H)~-tetraone 0.3 eq
(0.0873 g, 0.0795 mmol)3} (E)-1,2-bis(5-(trimethylstannyl)thiophen-2-yl)ethene 1 eq (0.1288 g,
0.2651 mmol )2} 3,6-bis(5-bromothiophen-2-y1)-2,5-bis(2-decyltetradecyl)-2,5-dihydropyrrolol[3,4-
clpyrrole-1,4-dione 0.7 eq (0.2100 g, 0.1856 mmol)E ZFZZWIAI(7 mL)ol Folar A Xg& ATt
71 %of Pdy(dba); (0.005 mg, 2 mol%) <} P(o-tol)s; (0.007 g, 8 mol%)= il 110 TollAl 48 Al &< 3
At}. 2-tributyltin thiophene 0.1 g& Y 6A]7F WS}l end-capping < 3F¢lth. 18 t}e, wkegale
0.2 SAH100mL)ZF #EhE (300 mL)oll HH3] FAA7z AAE uAE ZHUT. 58 A 43
(sohxlet)& &3l HgbE, ofME, A4, HEHSE2ZFd o5 HAgth, HEHSEEZFT o Uz A
S Hgeol Al AT BB 5 A2AA A aAe] shehEl P-TVI-24NDI(3)-24DPP(7) & &
(5% 0.33 ).

Ol

N

Y

Mn = 148594, Mw = 237811 thHZAtE = 1.60
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[0116]
[0117]
[0118]

[0119]

[0120]
[0121]
[0122]
[0123]

[0124]

[0125]
[0126]
[0127]
[0128]

[0129]

[0130]

[0131]

SIHS3 10-2017-0136997

(Al 3)

P-TVT-24NDI(5)-24DPP(5) ¢ A

110{

o

P-TVT-24NDI(5)-24DPP(5) &= 28 #AZH Wk

59 298 5 9

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzo[ Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraone 0.5 eq
(0.1454 g, 0.1326 mmol)¥} (E)-1,2-bis(5-(trimethylstannyl)thiophen-2-yl)ethene leq (0.1288 g, , 0.2651
mmol)3} 3,6-bis(5-bromothiophen-2-y1)-2,5-bis(2-decyltetradecyl)-2,5-dihydropyrrolo[3,4-clpyrrole-1,4-
dione 0.5 eq (0.1450 g, 0.1326 mmol)ZE ZEFEZ=2ZWIAN(7 ml)o] >0l AA XS AAsTt. = Fo
Pdy(dba); (0.005 mg, 2 mol%) <t P(o-tol); (0.007 g, 8 mol%)S HiL 110 CTollA 48 Azt Fet Falct. 2-

tributyltin thiophene 0.1gS Y i1 6A|7F wHEEle] end-capping < slgith. 28 t}&, HESR MG (.2M A4k
(100mL) 2} Wl gF2(300 mL)oll 3] HAA7I APE 2AE *”Eio}?iﬂr. 5% 1A= S22 (sohxlet) S
ol HeE, ofAE, i, HEHS|ERFH FoZ AGAE. dEHI|=EZFE o JEe AHE HeS

¥
of thAl HAAZIZ FEIE § AXAA =2 TA Y SFHE] P-TVI-24NDI(5)-24DPP(5) & AUHF5EF:
0.31g).

Mn = 150202, Mw = 248883 U}EAFE = 1.65

(Al 4)

P-TVT-24NDI(7)-24DPP(3)<] &4

P-TVI-24NDI(7)-24DPP(3) & =9 #AEH &S T3l 7T + Ut

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzol Imn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraone 0.7 eq
(0.2036 g, 0.1856 mmol)¥} (E)-1,2-bis(5-(trimethylstannyl)thiophen-2-yl)ethene 1 eq (0.1288 g,

0.2651 mmol ) I} 3,6-bis(5-bromothiophen-2-yl1)-2,5-bis(2-decyltetradecyl)-2,5-dihydropyrrolol[3,4-
clpyrrole-1,4-dione 0.3 eq (0.0900 g, 0.0795 mmol)E F2ZEWA(7 mL)ol] ol AA XS A T).
71 Zof Pdy(dba); (0.005 mg, 2 mol%)eF P(o-tol)s (0.007 g, 8 mol%)S YWil 110 ColA 48 At wot g3}

A}, 2-tributyltin thiophene 0.1 g2 @il 6 A7t WESFY] end-capping < 3FR}th. 19 t}s, whegNS-
0.2 92H100mL)# HIERE(300 mL)oll MHs] FHAIZIZ AAdE nAE FESIGT. Tglﬂ A= 4
(sohxlet)& F3 WghbE, ofAlE, dit, HEHS|EZFT Fo2 AT, HEZSEZFE o gL A=
S mgteol oAl AT BB & d2AA A Ao shekel P-TVI- 24NDI(7) 24DPP(3)E &
(5% 0.322).

X

Mn = 211825, Mw = 300850 thAMw = 1.42

(Al 5)

P-TVT-24NDI(9)-24DPP(1) <] &4

P-TVI-24NDI(9)-24DPP(1) &= =9 #AEH &S T3l 8T + st

4,9-dibromo-2,7-bis(2-decyltetradecyl)benzol lmn][3,8]phenanthroline-1,3,6,8(2H,7H)-tetraone 0.9 eq
(0.2618 g, 0.2386 mmol)¥} (E)-1,2-bis(5-(trimethylstannyl)thiophen-2-yl)ethene 1 eq (0.1288 g,

0.2651 mmol ) 3} 3,6-bis(5-bromothiophen-2-y1)-2,5-bis(2-decyltetradecyl)-2,5-dihydropyrrolol[3,4-
clpyrrole-1,4-dione 0.1 eq (0.0300 g, 0.0265 mmol)E ZZZWAI(7 mL)ol| o]l A X3S HAA|ST).
71 Zof Pdy(dba)s (0.005 mg, 2 mol%)eF P(o-tol)s (0.007 g, 8 mol%)S YWil 110 TolA 48 A7t Hot g3}

Ath. 2-tributyltin thiophene 0.1gS Yil 6A]ZF WkElo] end-capping < 3FFct. ¢l t}L, HkggHo
0.2 92H100mL) @ HIERE(300 mL)oll X3 FHAIZIL A" nAE LHIGY. 58 1A= 543
(sohxlet)& &3 WghE, ofAlE, 4t HEZHS| =25 £o = AA . HEGS E2FE o vz AA
£ wEkEe A A ]713’— dES § A=A A 54 3AY shgE<] P-TVI-24NDI(9)-24DPP(1)E AUtk
(5% 0.30g).

Mn = 169804, Mw = 289902 thi4tE = 1.70

(AA ] 6 WA 10)
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[0132]

[0133]

[0134]
[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

ZIHSd 10-2017-0136997

7] vt EdxagE g-Ad w2l o g AFEg om | 100 nme] n-doped silicon & AlO]ER A& O
Si0, 5 HAARZ AFEstth. ¥WA gl piranha cleaning solution(H,S0,:2H,0,)& AF&3le] THAMHS 3

:L_EL

S, AdrichAle] PMMA(polymethyl methacrylate)2 ©]-&3] XEW-S SAM(Self Assemble Monolayer)*# 3F ¥ A}
39t 7] MFEASL 0.2 wt% chloroform solution® spin-coater® AFE3}e] 2000 rpme] =2 18
FRETE. A7) f7] RIEAZTS 7] AAld 1 WA 5ddlA FER 2] Al FSEAE AREEiY. &
o}
|

J

=lo® AREH goldE 1 A/s® 50 nme] TR FasGict. Ade] dolE 100 um o™ #1000 um
olt}, OTFTY EAY =AL Keithley 24007} 236 source/measure units & AR&3}ITH.

A5t ol EyE d17] ¥ (saturation region) HF2A| o ZHE] (ISI)) ! VB R 8 1

77| 2H5E Tekglnh

[H
it
ne
K
9

_ I{C 0 . - - 2
_ wWc .

I o= —or (V= V)
j' _ U.”'—C' 0
slore =\ ——p7

_ 2L
w z=r = (slope) e

A7) AA, Igpe a2-=d9] dAFelad, p BE

g Eolm, Le A Aeleli, Ve ACIE Agtelm, Vi BeMetelth, Ed Aw FAAR(L)E 90X 4
U W i AFEA, AFVAA 9 gejd ArdFE Tehdn

A7) AN 1A 5lA ARE A FEEAL F FRIGe SdE @ ARHAA S43e], 1 A3
g =19 29 mASG.

ER, 37) AN 1WA 50 AZE A9 FEA A/5EE S9e B Qa4 BuNCI00.1 B

)9 g stellA 50 mV/se] A Aol 2 BEHEF (cyclic voltammetry)E ©]83te] F43 AHE =
3ol =ABIG o, F4 A] JHE AFS Ao ZHE B3 A4S AUFSE T

of
e

mlo

3t7] 3 1o Axlel 1 WA 544 Alxd Al TEFAY Fetd 2 d7isistd ddE 7 AEsItE. o 71A
HOMOBLS &= 3edlA] S48 Adghs o]&she] ALk grolr). Hgh wi=]e JEFE A WVEFIdol A T3tk
ATH.
F 1
Thoks = HAEed EH
Band gap
EAR | V-5 max) IV-F{ mazx) LIM0O HCMO
{optical)
{nm) i nm) eV} {e¥)
eVl
1 781, 460 a2, 475 1,968 3.830 5,889
2 165, 452 T2, 457 1.871 3.9%7 5. 848
3 T45, 446, 393 745, 446 1.582 4,148 5,740
4 721, 400 Ta2, 410 1,690 4,090 5,780
B G597, 299 T30, 409 1.879 3,969 5,848
A7] F 1A Hol wpe} o] B odtgo] w2 4 FEA I M= o] Yol olF Rl 7] AR A
o] Halols =7t =},
=y

4ol = AAlel 1 A 5ol A Alzd 4k FedA EEE T6AS ol&ste] 543 AaE =A% A
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o 59 Tgi= 420 C).
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RLn

o}
A

oy

al
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ste] 1 ghe EA

xéo

=
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h

=
=
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=
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=

=

.

A (Vpg) el wf
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=
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=1
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=
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[0142]

2!

71

oF

sl
NI

)

Alell 6 WA 10014 A

A sl B4 SAA. 1 A%, A4 G4E 48712 AHRU4E =

[0143]

A7 o4

o] o5 Aol

pu
L

Ho

ol

)

)

[0144]

o

M

Nd

go) A4 =Y 7
(rigid) wigd< 7}

R

r%‘jl-

=z

|

o

p a12)el wldel

gl

oy~

7

=

o

+od

o

Rl
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A

=]

8

el
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=3
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L

0.4 4
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|| cv dojE
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— HAIY 2
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— Ao 4
— A0 5

Current(A)

v T T T Y T ¥ T ¥ T i
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Potential(V vs Ag/Ag+)
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SEEH2 TGA
100
B0
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so] —— A0 2
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A0 4
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