creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21031-200000178757

=

N AL 9w R
2019d 24

fe1z
<1

37

o
o
= =)

o e
I Ho Nk
ol T T
= >
ﬁo
il s



=

N AL g e B

fe1z
<1

37

;OU

Nk

£3

o

0
N ] Gl :
= o o = wm I
: ) N R R
- - o ol = i
= T S = ) .
E; ﬂﬂ O
X Ho il

ol

g

3



20194 24



S TSRS I
List Of FIQUIreS .......ooooiiiiiiii e I
Listof Tables ... V
ADSEract ... VI
L. A B ettt e aeaaean 1
O W73 018 e B L NS I 3
1. NS HAAF BA S e I S 3

2. AA &3 EFR[2EH o AN W W el e, 4
7hAA B3 EWREHE T2 i L 5

W AA &3 ERAEEH Y] T3 UB] o 7

o JdA 53 ERAZEEY AHIIA S e 8

T A IR -1 A I N . N (e 11
7h 7] ZEA RAN. e an B 8 12
WP & LEAF HEEA] e, 13
CEN S SRR HEIEA] e, 16
Th 7] BT HEIE Al e, 18

4. AT F7] TFEA AR A FL e 20
Zh Q- AE] W IE e 21
LE. HESLE] oo 23

1 G s = L OO 25

R = OO 25



25
.27

29
29
43
46
49
53
95

30
31
31
33
35
37
37
39
41

Z=A(UV-VIS Spectrophotometer) ....................

| =
%3
(AFM) oo
Al
=
2
1;!_]'-

. . ﬁl m m o)
: Dol P : )

BT igRT %o b i
: : PP

CHUE S N B

R

T™owr N 17r Brour o %L
3

N

il
S
=]
il
vl
=]
o
A
Z

ol
=
A
=
-
S

)A —
Gt =<
il

0

i

A Nowou W
HH )
Lo o A

71 Ak 9) -7
A
1

> e



List of Figures

Figure 1. Structures of OFET .....cocoiiiiiiiiiie et (6)
Figure 2. (a) Transfer curve and (b) Output curve of OFETs respectively .................... (10)
Figure 3. Kinds of organic semiconducCtors ..............uuiiiiiiiiiiiiiiiiie e (12)
Figure 4. organic field-effect transistors with gravure-printed semiconductor ............... (12)

Figure 5. Chemical structures and corresponding charge carrier mobility of representative p-

type polymer SeMICONAUCIONS ........coiiiiiiiiiiiie e e (15)

Figure 6. Chemical structures and corresponding charge carrier mobility of representative n-

type polymer SeMICONAUCIONS .......cciiiiiiiiiiiiiee et e e e e e e (17)
Figure 7. Phase field modeling of spinodal decomposition ...............ccooviivimiiiiiiinnenn. (19)

Figure 8. Structure of nanoconfinement. effect of organic composite semiconductors .. (19)

Figure 9. Schematic of (a) spin coating and (b) off-center spin coating. ...................... (22)
Figure 10. Schematic of bar coating. ............ooiiiiiimiiii e (24)
Figure 11. A schematic diagram of the photolithography process ............cccccceeiieinnnnnn. (26)
Figure 12. Electrical circuit pattern of source-drain electrode ...............cccccvmiiiiiinnenn. (26)
Figure 13. Molecular structure of (a) DPP-DTT, (b) SEBS and (c) PMMA. .................. (28)
Figure 14. (a) Principle of ultraviolet visible spectrophotometer and (b) JASCO, V-670 (32)

Figure 15. (a) Schematics of Atomic Force Microscope (AFM) and (b) BRUKER, Icon-PT-

I SR (34)
Figure 16. KEITHLEY 4200-SCS(Semiconductor Characterization System) ............... (36)
Figure 17. Absorption spectrum according to elastomer addition amount .................. (38)

Figure 18. AFM image according to amount of elastomer and coating method. (a) and (e)

show DPP-DTT, (b) and (f) show DPP-DTT + SEBS 7:3, (c) and (g) show DPP-DTT + SEBS

5:5, (d) and (h) show DPP-DTT + SEBS 3:7. (a), (b), (c) and (d) were prepared by spin

coating and (e), (f), (g) and (h) were prepared by off-center spin coating. ................... (40)
-0 -



Figure 19. Graphs of output characteristics and transfer characteristics according to

temperature. The heat temperature of a is 50 °C, b is 150 °C, and cis 200 °C. .......... (42)

Figure 20. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by spin coating .......cccceevviieviiiieennnen. (44)

Figure 21. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by spin coating.  .........ccceeuiiiiiiiiiinnaes (45)

Figure 22. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by off-center spin coating. .................... (47)

Figure 23. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by off-center spin coating. .................... (48)

Figure 24. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by bar coating. ........ccccoooviiiiiiiiiiiinns (50)

Figure 25. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS
5:5, and (d) DPP-DTT + SEBS 3:7 fabricated by bar coating. ..........ccccccvviiiiiiiiinnnnnns (51)

Figure 26. Change of charge mobility according to coating method ...........c.....ccceuueeee. (52)

-1V -



List of Tables

Table 1. The performance of DPP-DTT and DPP-DTT + SEBS based OTFTs as various
coating MethOd ... e



Fabrication on organic composite semiconductors for flexible and stretchable electronics

Jun Gu Park

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

Stretchable semiconductors are indispensable to producing wear-able electronics, but hi
ghly stretchable organic semiconductors generally exhibit low electrical characteristics a
nd weak mechanical properties during stretching, cracking thin-films. In this study, conj
ugated organic semiconductors with high electrical properties fabricate by blending with
a certain amount of polystyrene-block-poly(ethylene-ran-butylene)-block-polystyrene (SE
BS). These organic semiconductors composites that composed of DPP-DTT and SEBS
showed high stretchability and robustness for mechanical deformation as well as to al
ign the semiconductor in the vertical direction. With this approach, we are enabled to
manufacture high-performance stretchable organic transistors for applications of stretcha

ble displays and wearable devices.
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Figure 7. Phase field modeling of spinodal decomposition
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Figure 8. Structure of nanoconfinement. effect of organic composite semiconductors
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Figure 9. Schematic of (a) spin coating and (b) off-center spin coating.
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Figure 10. Schematic of bar coating.
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Figure 13. Molecular structure of (a) DPP-DTT, (b) SEBS and (c) PMMA.
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Figure 14. (a) Principle of ultraviolet visible spectrophotometer and (b) JASCO, V-670
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(@) Photo detector

Figure 15. (a) Schematics of Atomic Force Microscope (AFM) and (b) BRUKER, Icon-PT-PLUS
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Figure 16. KEITHLEY 4200-SCS(Semiconductor Characterization System)
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Figure 17. Absorption spectrum according to elastomer addition amount
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Figure 18. AFM image according to amount of elastomer and coating method. (a) and (e) show DPP-
DTT, (b) and (f) show DPP-DTT + SEBS 7:3, (c) and (g) show DPP-DTT + SEBS 5:5, (d) and (h)
show DPP-DTT + SEBS 3:7. (a), (b), (c) and (d) were prepared by spin coating and (e), (f), (g) and (h)
were prepared by off-center spin coating.
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Figure 20. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by spin coating
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Figure 21. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by spin coating
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Figure 22. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by off-center spin coating

-47 -



a) b)

-200

Gate Bias Gate Bias

|, WA

[ e | - TEEEL T L Y
0 -10 -20 -30 -40 -50 -60 0 -10 -20 -30 -40 -50 -60
Vv, V] VvV, V]
c) d)
-200
-160 | Gate Bias Gate Bias
—_—-10V oy
140 =20V —_—20V
— 30 V —-30 V
1 —40.V -150 [ — 40 V
A0 F 5oy —_—50V
— 00 V —-80 V
-100 -
'g' -80 | g -100 |
= wf =
-40 } <50 |
-20 |
0F 0 o
20 1 1 1 1 1 1 1 1 1 1 1 ' 1 1
0 -10 -20 -30 -40 -50 -60 0 -10 -20 -30 -40 -50 -60
Vv, V] V, V]

Figure 23. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by off-center spin coating
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Figure 24. Transfer curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by bar coating
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Figure 25. Output curve of (a) DPP-DTT, (b) DPP-DTT + SEBS 7:3, (c) DPP-DTT + SEBS 5:5, and
(d) DPP-DTT + SEBS 3:7 fabricated by bar coating
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114 —a— On-center spin coating
_ —a&— Off-center spin coating
® —&— Bar coating
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Figure 26. Change of charge mobility according to coating method
Mobility(cm?/Vs), Sat  Threshold Voltage (V) on/off Ratio
Spin coating
DPP-DTT 0.845 -33.60 3.85 x 108
8
DPP-DTT + SEBS 7:3 0.730 -33.10 j84x10
DPP-DTT + SEBS 5:5 0.645 -34.28 1.12x 108
DPP-DTT + SEBS 3:7 0.640 -36.01 1.28 x 108
Off-center spin coating
DPP-DTT 1.107 -36.95 1.04 x 108
DPP-DTT + SEBS 7:3 0.831 -34.94 7.59 x 108
DPP-DTT + SEBS 5:5 0.764 -32.69 3.71 x 108
DPP-DTT + SEBS 3:7 0.792 -31.04 4.03x 108
Bar coating
DPP-DTT 1.097 -37.14 6.50 x 108
DPP-DTT + SEBS 7:3 0.891 -33.46 4.81x108
DPP-DTT + SEBS 5:5 0.757 -35.38 1.90 x 108
DPP-DTT + SEBS 3:7 0.683 -34.13 7.95 x 108

Table 1. The performance of DPP-DTT and DPP-DTT + SEBS based OTFTs as various coating
method
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