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Investigation on the P3HT-based Organic Thin Film Transistors
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Abstract

Poly(3-hexylthiophene) or P3HT based organic thin film transistor (OTFT) array was fabricated on
flexible polycarbonate substrates and the electrical characteristics were investigated. As the gate
dielectric, a dual layer structure of polyimide-SiO:z was used to improve the roughness of SiO; surface
and further enhancing the device performance and also source-drain electrodes were O plasma treated
for improvement of the electrical properties, such as drain current and field effect mobility. For the
active layer, polymer semiconductor, PSHT layer was printed by contact-printing and spin-coating
method. The electrical properties of OTFT devices printed by both methods were evaluated for the
comparison. Based on the experiments, P3HT-based OTFT array with field effect mobility of 0.02~
0.025 cm’/V s and current modulation (or Li/Le ratio) of 10°~10* was fabricated.

Key Words : OTFT, P3HT, contact-printing, spin—coating, oxygen plasma

.M 2

F718 e i BHEANE wez e
thin film transistor (TFT) & A2 24 o] &o]3t
I roll-to-roll processo] HE8 + Q& 71&0)7)
Bzl 719 Si 7ty vlEnc 1F By =
AMY d3A P caFeo] #@d Azt 1o
A el Aoka & £ ) 53] mEx gEA
T 89 FeedA FHo) sty wie) 19
AF F3 FuE ALt 71E9 ¥7)1E i)
12 RS o ‘rr7l=' HEfEg AAYe d agn
& 5 Ak £ ALdAM (KI50T) BE FAH

AARFATY daFaol AT
BeA A °1 W wpity 455-6,

Fax : 031-610-4126

E-mail : johnnyboy@keti.re.kr)

o|FojA) 7] wFeo] ElaY 7|B&
9 #d A zte] 7hE it

oy dAFdAE  EA WmA] Poly
(3-hexylthiophene) (P3HT) & o]£3t bottom
contact type) OTFT array& #1&sta H5A &
sttt P3HTE stampE ©o]€& contact
printing WA 71&9 lift-off WY& ol &l A
ZAE AF, BEAE v M8 2 nEa v
EAE oj&F OTFTY A7|A 4L AdeE W

q}q 2EA, -2 A aitatee) A

Sl w9 wzsrl el nEA A ¥
4‘4°‘| we} Axpe] HA4o] A @A = Atk »
g vpell o3t FAH Zdol wak Azl field
effect mobility Htf 10°742] #Aol7} ¥ + At
[132].

olgtol % OTFTY AF# &4 F4&

ol gd A

AN 2=

r.!O

-45_



2.4 8
Zlne 2y EUMEE polycarbonate (PC) W&
ALg3te] OTFT 4AHE Al&sidd. PC 25
71Ee] fFrEd AEE 7)o v EYF A
F£7F A7l dRZd  AxE  ARslr) Al
alignment 2.2+& HAistslz] sl ng] 4485
slaojol ol oyl AgoME RE FH Ao
LEE 150T olX dHYE 3l o4F HAis
Aok gk PC AES A 150T o4 2
EfME Eedoz ¥¥E7) gz RE FH
2 150C olgtellAl B}, OTFT 2419 Aol
E Aoz Al Indium tin oxide (ITQ) &
rf-magnetron sputter®, Aui® e-beam evaporator
2 F489 ARen, Ax-u AL 2T
e-beam evaporatorZ %2 Aud lift-off Wy o
2 dds AEsHn. AolE Adwoze
spin—coated polyimide®} e-beam evaporated SiO:
9 olFFZEE A48l Polyimide¥  spin
coatingd}ed 150CelN ¥AIE #F A2 Si0.
= 120ColA e-beam evaporator2 Z&stgc}.
)T TEE AHE T ol Fi ¢F& polyimide % $jel)

o

T8z el P3HTY: chloroform 296 &%
o 89 48 %E F contact printing ¥ spin
coating WHoZ A8l PIHTE <A3sl7|
Aol 7] ¥-& hexamethyldisilazane (HMDS) 2 A
g3l F&d, HMDSE 7188 AMalsts 238 A
oJE ddutel Si0, EWS] hydroxyl groupd
methyl groupelt} alkyl groupo.2 tl#jsl7] 9 s)
AMolet, ¥4 & 7HA methyl groupeltt alkyl
group< P3HTS] hexyl side chain® =3
P3HT7} SiO; o ¢lol edge-on orientations 2zt
3 EoHIIRL o1vl ¢z wiel 3o] P3HTE:E A
olE Mdqiute] W Abe] 9 Az e wel A
220 728 7k 5 03, 729 w4z
54& aA depd 4 A Contact printing ¥
He vy PP stampF o) 83 7Bl W=
2L At Yot a9 1M B Fx
o} silicon elastomer?! poly (dimethylsiloxane)

il

23 1. PDMSZ A #§ Stamp
Fig. 1. Photograph of stamp fabricated with PDMS

(PDMS) 7} kA<l stamp A Asz A4y
2oglch AAskE wyEe $4 P3HT £4¢
stamp ol HoJreelil N» gasZ blowingsh 3t
T UF AT F, 718 HEetd g A4
3t W2loldh P3HTS FAE £49 ¥&, 1%
#Y, #2 A} Fer zAEY F£ AUtk Spin
coating¥ P3HTE 7]%9] photo-resist® o] &%
lift-off A& AH§3ted st

OTFT A% ¢ EA #4& & AF-Ad &
484 HP 4145B
analyzer2 A3},

semiconductor  parameter

3. &3 o uE

3.1 ™M 5Y

Contact printing W o2 A3 OTFT £%
9 AiF-dY (Ip-Vos) FAE 29 2(a)ol M et
WRATHW=500um, L=25um). YA H%o] Z3
FHL YA E3 Lo/l B E mf-$ @ ole
P3HT7F Ozl ol A doping® ©] parasitic
channel conductance?} %787 E o8 wdd
o 00 9% doping ETHE H 438 L/l Y]
E ®ol7l $3lA = bottom contact W2 H chi
P3HT7} 719t d &5 top contact W2)o)
S8EY, BE FH 9 FF 9A N2 #4714
Agsjof Foh. EF SO BL  AF9
protection layer& P3HT 9o F718 F#389
LeE £Y #5 A3l

_46—



o] AgeiMe IuE Fol7]l 3l as-deposited
AEE N, B9719F 21F 297N d&xez
o)ldgy & Fder. 1 A 1Y 2Ab)olH BE9)
parasitic channel conductancet> @3] ZFER
oun  saturation behavior® BEFm Yo}
Polyimide-SiO; °]&7Z9] AlojE HAYLE Al
& 7%, field effect mobilitys= 0.007ecm¥V - s,
Ln/Tor's 10°, 712] 31 threshold voltagey: oF 0~2V
Az 548 Yehydch

-1.2 e
=B pm
-1.0t w=500 ym
0.8l PHTB25~05 gm
As-depoaited

06
T oal
= o2}
a0}
02}

04— : ‘

10 0 0 20 20
Vy:tY)

(a)

14 L =25pm

4.2} Y¥-~500 pm

P3HT=025-05um
-1.0} N, annsalng +

E 08 Vacuum annezling 12 h

505
0.4
-D.2
. — v, 0V
1 -0 -5 -3 -0
Vi V)
(b)

a8 2. Ip-Vps FA (a) as-deposited, (b) Ny + 12
AL AF o dy F

Fig. 2. Ip-Vps curves (a) as-deposited, (b) after
Nz + vacuum annealing for 12h

32

e
2
o
i3
2
o
o
02
(1]

P3HTE contact printing 83 spin coating
oz Q8] OTFT 43 EAS vns ugt
o}, Spin coating P3HTE chloroform £ ¥
o 3000rpmoE ZYHAEd, FAs o 70~
8nm AEReH FAE BE @ 3H 4% o
2 zHe) k53

2% 391A spin coating WHLE AHT Azt
9 Ip-Vps FAEL BoFn Yo}, o)u field effect
mobility:s 0.002cm¥V + s 921, Ly/ly & 10~
20, threshold voltage= ¢F 0~5V AXQ g& X
Aok A28 B4 L contact printing MHE o A
g yro o] AsEed °l& spin coaling
& & 4 oln] YAH U Ax-= U A
T2 g7 P3HT =] YA a7t 57 di
otk E lift-off FPA] Al &9 Jgoy
I¥A chainol &40} BAo] ¥ e A
Zheoh ¥ wkmAe] A7]H A& thiophene
ringe]l 7|@o] tHs} edge-on orientation 2
face-on orientation U7t wel x-x stacking
Wake] W37 W] AWdANY Fx W &
Zte] B4 & %S A 5 An4). o I
& P3HTE U438t Bely =& P3HT Ast
9 ¢xd g3 AeHE Aez 48x JdeH
mobility7} At 10°744 ¥ & = Aot

A254 L=25um

W = 5004m

o204 P3HT:spin-coated

N, annealing +

'""sl Vacuum annealing 12h

: — :
I o -1g -2 30 ~40 €0
Vie )

3% 3. P3HTE spin coating® 249 Ip-Vps HA
Fig. 3. Ip~-Vps curve of P3HT spin-coated device

3.3 0> Plasma X2 &7

OTFT £#9] O; plasma X&) &3l dis} %ol
B7] 98] A2-rdQd WFE plasma asheri A
g3} FA. O plasma A A 21L& rf power

_47_



50W, A% 1 torr At az-Ld A& o)
plasma 2 & ‘H 2 2% 2% 494 YEhs
g HAFY L/la & BA3) -_7}7&‘;}

o_)\‘.

i

"'I

Saturation 919
mobility: 0.02~0.025cm*/V
10" A=E Jehi A tHinset).

QO: plasma A& & A%
EA 54 #43% work function F7t& 1E Z]——
A=3ke] hole schottky barrier height7t Ro}A
= A7 2ot Reg Aged. olg #4t
¥ A2 I Kymissis et al[5] & Aol A
metald! Pto} AuE O: plasma AERE W vl%
3 ARE A9en, TA. Beierlein et al[6] <
OLEDS} metal®] work function®}e] #Ale] of 3t
AFo A self assembled monolayer (SAM) g
Z surface energy® %o ulx% AZE Ao
o}

& FAH ¥ A}
° S, on/Ioff g}‘ 103~

-1 ﬂo —'J-O

1.2610°
es [N Yo 20¥ V-3V
-8.0x10° fSre-e -~
T €7 \ ,szp
—_ | 1E # V-2V
-4.0x10 w Z:Jv;ﬁ!" -
- .1aw
[0 JR4 } SO 4
m[“ v, ov V.0V
0 A 20 -30

0
Vi

a3 4. O; plasma H# & § Az [-Vps T4

Fig. 4. Ip-Vps curve of O plasma treated device

4.8 B

=9 P3BHTE 7Ivte.g &l OTFT

ALt
array & %a}w el AAsn 54 A

4t} Contact printing™ spin coating WHoz
P3HTE <UM3 Z3 contact printing WP
A azte] EAel ¢ 53, agdn a2
-=eY d=& O: plasma A8 £ AT} drain
current R L/l Hl7F @A Z78g9Y. O,
plasma M¥] & & & 49 7 ¢ Saturation 39

o)A ] field effect mobilityl® 0.02~0.025cm™/V -
s, L/lg ¢ 10°~10' A= JeERA

Mo
re

u)J_n

i

[1]1 H. Sirringhaus, H. Tessler, R.H. Friend,
"Integrated optoelectronic devices based on
conjugated polymers”, Science 280, 1741-1744,
1998.

{21 Z. Bao, A. Dodabalapur, A.J. Lovinger,
"Soluble and processable
poly(3-hexylthiophene) for thin film
field-effect transistor applications with high
mobility”, Appl. Phys. Lett. 69, 4108-4110,
1998,

[31 H. Simringhaus, N. Tessler, R.H. Friend,
"Integrated high-mobility polymer field-effect
transistors  driving polymer light-emitting
odes”, Synth. Met., 857-960, 1999.

(4 H. Sirringhaus, P.J. Brown, R.H. Friend,
MM. Nielsen, "Two-dimensional charge
transport in self-organized, high-mobility
conjugated polymers”, Nature 401, 685-688,
1999.

[5] 1. Kymissis, C.D. Dimitrakopoulos, and S.
Purushothaman, “High performance bottom
electrode organic thin-film transistor”, IEEE
Trans. Electron Devices, ED-48, 1060, 2001.

[6] T.A Beierlein, W. Brutting, H Riel, EI Haskal,
P. Muller, and W.Rie, "Kelvin probe investigations
of metal work functions and correlation to device
performance of organic light-emitting devices”,
Synth. Met., 111-112, 295, 2000.

regioregular

- 48 -



