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2 2 77 AAEY ERAAAE(OFETs )= 77| FIEAE AES5 o2 dto] 53 7]eol| A Alzke 4= Q)
of At MR} AAF Fofol A ZHgRkal Qlt}. £35] diketopyrrolopyrrole (DPP) AlE 1EAF HHeAl= o
771 §eAof H]|gto] s} o] 537t wob A E8E 1 JA|TE of 5] F7] vE=Ao) Hlste] ol 57
QA 9] AS} ol 5 =E FHAIZI7] A o8] A7 Y= k. & AFolA = AAA|Q}F TEA; HHEA|
Atolo]| A7t 298 & BHERS Aot B AUAIE Aojgo 2z 1EA} viEA 9] AAPHE FHAIF] A}
sttt ol B LEA viure] AARFHES HTHo=Z AoE & AL, 77] €A Q] Aot o]lgkE
3.57x10° em®VIsTo A 5.12x107% em?Vis'2 oF 144 BRAIAZ 4= itk

Abstract: Organic field-effect transistors (OFETs) are attracting attention in the field of next-generation
electronic devices, and they can be fabricated on a flexible substrate using an organic semiconductor as a
channel layer. In particular, DPP-based semiconducting conjugated polymers are actively used because they
have higher charge carrier mobility than other organic semiconductors, but they are still lower than inorganic
semiconductors, so various studies are being conducted to improve the charge carrier mobility. In this study, the
charge carrier mobility is improved by controlling the surface energy of the substrate by forming self-assembled
monolayers (SAMs). As the surface energy of the substrate is controlled by the SAMs, the crystallinity
increases, thereby improving the charge carrier mobility by 14 times from 3.57x10° em*V's' to 5.12x107
em’V's!

Keywords: Transistors, Electronic device, Surface energy, Crystallinity, Self-assembled monolayers,
Semiconductor
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2 OUA] AolE T 771 A a3 ERALE Ao} ols=:

1.ME
7] AA A} ER X AH(organic field-effect transis-
tors, OFETo)= 923t 718 B4, 7148 a4 wa
oftzt AH|E, & FA9 o7 Ad /7] ¥t
A 2AE ARESH 1o ZAIT A3 225 Adstr] et
A4 7lEE BAsta UTH1-3]. o]Fet AHS EHE
OFETs= | thfet A7]58Hd A, tAaEe o] 2
e FRef 42 WA A 9 AxpeF #HE 3§
ool thFotA A-EEH L ATH4]. 1Y AAd S-&
2o S oA 2R Q3 AIZF B9 HH o
2 A5 ¢ Qe =2 AFA8 9 1485 A9 o]
BeAolgt & 4= Uk ol=jt WA, f7] WA &
et FAA S} A Aoli= OFETs] bFA, a4 &
AEGE IA FIAE 5 U= 587 FE HRlolx,
o|e} TAE AR} thFet FEE o] FoJA| 2L IHH5.6].
AR 0 & OFETs9] F52 #7] Bt=Aet |44 5
Ato] A o] F4of| A oJEst=t], 1L Sk Ast
9] o]-& Ik (carrier mobility)2} 22 H7]4 EAJZ BHEA|
2A7F IFSH = AWl YFE ADd] W=t
w2bA], OFETsS] A7|4d EA4S HZHsletal 1445 &7
o] /M Sl = HHeA|et A Ate]9] AW Aof7t
Z 4 olt}. OFETsO|A 9] A5t ol sE+= |7 WA <t
FAA o Ao AT & e 29 E0E e A
A7)0 ZF5HA FF= 9L, o= ARE Ao At o]
TEE FAHA #AAAA A71H EA4E A FaAA
o} BHHo| Eejdo= WiIigal, M7 os FA% AW
< A5t AthS HAAaAA At olFEE FHAE
UTHS]. WEHA, 1145 OFETsE 245t7] oA=&
7] RteAoF FAA F9 AH E4= BHH 0 & Aofst
+ Zo] st
%3 1145 OFETs A diA= ax&Ql AH
Alo] &4t ofyzl, M714 B4 H QHg/do] 53 {71
YA 9] 7ol S a5ttt o] gt FHF F Stb= poly
(diketopyrrolopyrrole-terthiophene)(PDPP3T) &2, -3+ &
s}ol5E, @ e 9 7] AR Qs A2 So
ThR0] AFAFEOAl TAE L ATH9,10]. PDPP3T 7]
8 OFETsE 324} 7|91 wet a8 el Haf o5
7FsSHA ot =55 B4 R E Qlsf Aste] o]lskrt
Eohe 2ol v A 1500 ol ASEARTHI] B
gk ot Rt 2 9 FEof 72 ookt 3§
oA = TAT F4= &l AHH o2 Hst o]lskrt
FE ¢ Utk A&7t olFFHoU12], 3FHoE 11
EA FHEA 9] AAA0] B2 A W AFAolF 2
Tzl gk ojs 2 A7|H &/ n|X= FFol Higt
£Ao] uju|gt Aol
H Ao A= A7} 2 W (self-assembled monolay-
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2. 13
2.1. PDPP3T-octadecyl (PDPP3T-0D) &4

HE-3- 87]0f 2,5-bis(trimethylstannyl)thiophene (0.120 g,
0.293 mmol), 3,6-bis(5-bromothiophenyl)-2,5-bis(2-octyl-
dodecyl) pyrrolopyrrole-1,4-dione (0.297 g, 0.293 mmol)
(SunaTech inc), Pdy(dba); (2 mol%), tri(o-tolyl)phosphine
(8 mol%)S A toluene (10 mL)°f =21 & 110°Cof|A]
24417t WRESHITE WS F8 §F Ao 3E35] A9 &
T methanol (200 mL)°] FHAIX] & ojHs] FAHE= 3]
£5F9 . 3148 AAE-S methanol, hexane, chloroform
=02 Soxhlet &2 ZH7F 6A17F XYl on, HEH
02 dojZ 1A BAES tHA| methanolof] FAAZ] &
204 XF AZxsHT. Fig. la= PDPP3T-ODS] &
A 2,5-bis(trimethylstannyl)thiophene2] 4] HIHOo]
o AR=Re TSI Fie. b T8 24
Wigoltt. 9Hd ¥ PDPP3T-OD9| St ZAFFZ 62.3
kg/molo]t}. Size exclusion chromatography (SEC)E o]|-&
sto] A S4& JPgstier ojnf f& &= 80
°C9 ortho-dichlorobenzene (0-DCB)E ARME-5}9 1, & &
4F polystyrenes ¥ EAFOE ARESHo] A5G

CH
GHa

{7 —8n-Cl —————»
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Figure 1. (a) 2,5-bis(trimethylstannyl)thiophene &/3 . (b)
PDPP3T-OD §4 .
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Figure 2. OFETs 2%} A&to] mAL,

2.2. PDPP3T-0OD 7|¥t OFETs X} X|=t

Fig. 204 H.oZ]&= B9} ZHo] 200 nm SiO./Si 7]%9]
RHEAHE JpH 2R HIIA7]7] fI5te] UV/ozone H
HA TS 305 59 A5 c}. o]F hexametyldisilazane
(HMDS), octyltrichlorosilane (OTS) (0.5 mL)E FA|H
toluene (200 mL)2} EA5to] BAE 217k A=k o
ot vhg-Z s &vlE 71w &Hof 301 F1a T
0]%0]|, toluene, ethanol £=2. & A|ZS}aL 120°CofA] 20&
7+ 71dsto] 7|3 9jo] SAMsS Z2F519T}. PDPP3T- OD
Ll AZ-S A3f chlorobenzeneo]| 8 mg/mL 52 &4
< A&staL, SAMso] F2HE 7] 9] spin coaters &
£3j0] T84 2L FaAT. AA/sdel Bl )
El1% shadow maskE 12X} ghuto] FEE 7|H Qo] &
21 & F2A7E &-85to] 100 nmo] AuEs FEHAF L
E4 OFETs &4 A& 4 AUt 75017 OFETs
o] g #2600 ymo|il H'EO] Fol= 100 pm= A2
S9lch. AJAHE OFETs 4xk9] 718 S Keithley
200 39 22 2H71E ABIAT
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&3 A5 7% flof obF A= sHA] &2 Bare 7|,
HMDS A&& 7|3, OTS Azjd 71w H+ JE7-2
ZE7F 30.4°, 54.0°, 106.5°2 Lrebth DIOQRS] HE7he
Bare 7|5, HMDS #2]5 7%, OTS A2 7% 747t
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Figure 5. (a) PDPP3T-OD OFETs Hg 4. (b) HMDS 2]
% PDPP3T-OD OFETs Hg Al (c) OTS A= PDPP3T-
OD OFETs A Al (&sh thE SAMsO 2 Z2Hy 7]|19]
TA%) (d) PDPP3T-OD OFETs ID-VD &8 T4 0 to -60 V,
step: -10 V. (e¢) HMDS #2]% PDPP3T-OD OFETs ID-VD &
g 24 0 to -60 V, step: -10 V. (f) OTS A 2]= PDPP3T-OD
OFETs ID-VD &3 24 0 to -60 V, step: -10 V.

o]gA AXFE H o= Bare AJEJolA] 67.44 mN/m
(€ =37.01 mN/m, ¥§ = 30.43 mN/m), HMDS X 7]
T2 52.19 mN/m (¥$ = 33.75 mN/m, ¥8= 18.44 mN/m),
OTS H2E 7]WL 24.52 mN/m (v$ = 24.45 mN/m, V2
= 0.07 mN/m)eleh16]. o&fet AT HE A= T
& ARE ZolE Ad SAMsS SAFIO 24, B AR
Zol7t hol W5 Bl o7} wolA 1 7 go] 4%
Hoz YRS FAT 4 Usich

9] Mz o2 EE oR|7F T B2} BhEAo] H7)H
Aol olwgt FFE v|XE=A] Yotrr| Y5 OFETs A&
A5 A EST. Fig. 55 A2 T2 SAMso| S2hH
FAAE 7IHtoz2 AZE OFETsS] 714 E4 =i
oJt}. Fig. Sa-c= Al°|E Ao] W2 Ad A7Fo Wols
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UEFH AY A (transfer curve)©| 1 Fig. 5d-f= =9l
Aol WE Ad A7 HIlE vehd &3 4 (output
curve)olth. A FAL =91 HYES -6 VE 151,
AOlE AYZ 40 VollA -60 VZIA] 1 VA ZHAA7]HA
24519t ARE AR 25 FE A U(threshold volt-
age)°| 0 V 7i7tolofl Al IAE L, Qg A7 HE H
E(lo/lon) ETE F ~10° JE2 FAFSH YErdth &2
T A= -6 VoA AFY gho] P4 ATTE &<l
o 5 At I EYE F2 3E AYAT Ropds
£ A7 Fho] 7tk A2 B9, olof tigt A
Y2 F50] =95tz gt

SAMsQ| Z&o 2 Q] A= o2 EH ofux|7} AFt
OFETs 4AX}9] A5} o|& I (charge carrier mobility,
wl= ud FFS v =R Hiof 7o s got
H7] 9ol 94 Fig. 59] g FACZRE o3 £41&
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9] Aol C (Flem’)e= FA &3, L (em)2 A o,
W (em)= AHEQ =, Ip (A= HEY AR/, Vo V)= Al
o|E Ak, Vp (V)= EdIQl AYoltt. ALtd A5t o5
= Bare AEO]AE 3.57x107 em®V''s”, HMDS 2%
Z1mo A= 1.62x107 em?V's!, OTS & H 7| Ho A=
5.12x10% cm’V's'2 A4tE ATt &, Y oyt @
obi%E 29 2ATe] FapyT vlseiA Mot ol B
e o & 9lsi

A& o2 3 oUAE Ad 7] flo4 ] PDPP3T-
DO ZAHAE EA5H7] Yol grazing incident wide-angle
X-ray scattering (GIWAXS)& &45}H}. Fig. 7914 &
= Hiel o] A2 gE 1Y oYX E Ad 71T HollA
9] PDPP3T-OD2] 2 Yot 7] o 5L 279
A A AE HusiEgT dojl A AaERE
7189 ®HH oYX 7} RoldaF intensity7} F7}ok=
702 ol PDPPIT-0D 2H4o] F7ehe A& & %
Qgich. QrHoz sjwe] T oqA I e ol B
70) A4mtgo] ARz Flelo] Barel AHAol
Z7leled, o)t ATE 0T PDPPIT-OD 24 v e}
OlFEE IA JT7HINAoZA A& &4+ oA el A
St ol 5= ol ZA 7FlHE AeE F5T 4 3
TH18].

4. 2 &

2 AFoMe HI7HA ZA7F HE OFETsS] @2 A
5} o]lsko] Het BAHS S557] {8 FAA S
AEA HE=A] Atolo] #H oUAE SAMsZ -85
AlofstAtt. Hiehs FAdoke AR g4 Akso] Zojd
5 BH oluAE Aasial oj= |l Ade 45t
© EAe] 274do] S71ete] Axta o= AJAE OFETs
aApe] Ao} ole 7t A FEe AT + AT
ol FAAS Y AUAE Ao zN BHYS
A FIAA, ZA HelA 2 st o]s SHeHE Sl
dst olF=E A& R SVMAIZY] Hees T
ot of2gt et AP B A Alof § #7] REEA|

dAel 2

o] A FoFydisty st AFLFAH 2 A L]
21-2(2022, 2023).
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