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An Electrical Characteristics on the Pentacene-Based Organic Thin—=Film
Transistors using PVA Alignment Layer

Hely!, oga's

(Jun Hyeon Sung' and Oh Hwan Sool"?)

Abstract

The pentacene-based organic thin film transistors(OTFTs) using polyvinylalcohol(PVA) alignment
layer were fabricated on the SiO: evaporated to n-type (111) Si substrates. The pentacene film was
deposited by thermally evaporated at 107 torr. X-ray diffraction (XRD) and atomic force
microscope(AFM) measurement showed pentacene film which deposited on rubbed PVA layers were
partially crystallized at (001) plane. The pentacene OTFTs with PVA layers rubbed perpendicular to
the direction of current flow was shown to align better orientation than parallel rubbed case and thus
to enhance the mobility and saturation current by a factor of 2.3 respectively. We obtained mobility by
0.026 ¢cm*Vs and on-off current ratio by ~10%

Key Words : Pentacene, Organic thin film transistor, PVA, Rubbing, Mobility, XRD, AFM

1. M = o @e AT AaAHA grk5 6l F nHHY

ol AdAA=zA  W/LYH, 228 SAM(self-

7] 2 ER@A2F(organic thin-film transistors: assembly monolayer)3, € * g (thermal annealing),

OTFTs)= # 97k 4dd #4de Ea 9ls doping 5ol ATH7RL HZoll= BE F4L& &3

MEA Axfolth FEle] FAE UM ofEw A o] JmA T3 OTFT.L BEe w ot
dejgs f#dsom Ze TFTSh wlashd, 9. 9" oz OTFTs Axt F2E 2 EFold,

OTFTE 7t4e] A#sta, FHo| rekatn, 83} st 229l =gdol @AF ol Qe
How Qbgsim, Fopx¥ Jwd s:AC] e bottom contact(BC) ++Z°lH, t& dte A~

e A A els = fr zgQlo] EXZE 9o A+ top contact(TC) +Z%
7] YaEdolEe HAse st A 13]5—’ e ot}

WtE Fh= Tl ve A 3sioi1,2]. HAERL pH

HEAZ A (holes)o] thlgold W= %5} o] ANA EAS o
FAhZ 748 dEAH Tr7] whul E X
=}

!IN

=t L olE Hiskel A
o BAF vt ArEA Exe ZAIE IA o] =z /K]ﬂ 7o B A PVA
ok _irx]gs__ 5 /\}%E]O% %‘E}[Séﬂ Lk (polyvinylalcohoDE Alo]E AHAZFoz 23 FH
OTFTsgo AMepilel oleed FINZ A g 5 wga were 24 Wde 24 s 9
3 2WS 219 (rubbing)dt ¥, ER whukbg 3
1. Z=stn MxtSss %3 shdth WA PVAZY HW {50 w2
(MEAl &7 32z 1) wtute]l gz ¥ 3 e (surface morphology)
a. Corresponding Author : hsoh@konkuk.ac.kr = RBaao A F AW Pe
HaRt 2000, 10. 14 g 2Hs A8 X 14 AFMA ]2
1xF A1} 1 2010, 1. 20 SAstlh. 2%, MAF PVAT ] f - ol w
MAtetZ - 2010, 2. 11 & #Epl OTFTST—;T Azahe] ANER EAS



J. of KIEEME(in Korean), Vol. 23, No. 3, March 2010.

0.20 T T T T

— parallel
- - perpendicular

IS
—
W

Optical density
o
S

0.05

Fig. 1. Optical den51ty of the pentacene film
irradiated parallel and perpendicular to
the polarization direction.
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Fig. 2. X-ray diffraction pattern of a pentacene
film(100 nm) deposited on SiOs.
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red ; least rubbed PVA
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Fig. 4. Reflectivity of the pentacene film using
the rubbed PVA layers.

AAAAN EAuE
Tolgt AbEET -Ef?}, PVA%
(FA, 30 nm)< A

A= 2EF (rlpple)o]

E

g;/o}i

T o @
P 2 e
L3 g
oo = &

z o8

e W e

N rlo
e}
<
>
oy
o
£)
o
>,
3
)
lo
=
2
(o3
oify
X
o
.41[4

= 3ol A Azt PVA?——"%
B, geolA Ml HeCE),

215 A5 HW%EOW}. 0%71*1 PVA
2 stk 1Y 404 @

k
[

3
d _m _b' 57 mlo FUIO

ol

)

fo 9 rlo o\
w
A
>
ol
L
10

et By ok
o X
mlmz&g
L rlo&
rmh>
v
d
oﬂl10<
%
2%
o mw
B oz
o Lo
0
FIOj
M =
o
w 5
o
2
il

g
3
Sy
ol
o 1S
H_,TJ
o

Hr
X
=)

=]

do] 2 =
o} olel whal], =A< PVA%—
A =

o k1 1o
=2
2= =
L &
N

=
2

2 o> oo g
e
il
o
=2
2
2
o=
ol
o
©
ol
o
X
®
ok
o
>,

)
q

Mroft 2> 0o NO@ 22 oo fd ofN oR 12 M o of of
2o,

X
o

i

2

=z

o

1=}

=

g

g

=2,

)

3]

=

=

R

w

Ju

=

lo

&)

= olsEg P4 98 BCTR
7JuF OTFTs® Al#stgith 24 Aste 2

A7NAAA 788 =54, A233 A3E, 2010F 39

o gl A=
T utaaE ARESHY ,
2, =y de5e BF 50 nm ‘r’ﬂ]i E52
SHATE A/l zhddolo HAEHe 7
20 um¢} 220 umE AA Ao 2En A
°F F7] WEAQD HAERA(F m)<
oA XF stk A, s
Fet7) A, Absiete]l 4Ed
PV A (polyvinylalcohol, Aldrich)Z(%7] 120 nm)<&
23 ZYI F, 120°Cell A 24105 220 ¥ol
g 248 AASAY. 1 %, PVAUMERe] F
A e /2RI dy AREEd FEY
F2go 7 LCBMAH| (Optron  Systems,
Inc) ¥ " (rubbing)dtA ot 219 HH2 ol

S gAE7] 98 FAWS Al
ol

7-7J—

AR

ol rEL

A 4], ~600 um, AF 24, 15 um)S A&
93 239 I AMAE L2 3 ecmol FEE 1000
rpm= 3] A A AT,

4, 231 2 D&

ekl 7w §7) Bkek Edx e F2 W)
YUES %5 FET WA o8 HdsA ndgy
A TH10,11]. TFTse 8 S EHES o5 %,
A Adn), ¢ a subthreshold slopebol‘i} A
s QA7 o AsHe olsHEE olF kel Wik
S wown olFEIt FFE aA9 olsHEI W
g4 AFHE 23S d¥gez Bt 17 5%

ARsHE Rl 400 nm)el SFE (111) A2 7|
flell eI (F7 50 nm)& ST BCE OTFT
ol AelE Heolep Fo] z4zt 20 um, 220 umd
o, AlelE Adgta =l AgE WA d =2

9 AFE e Aotk meel/anstt At

80 V o]l =l dF7F £3EHJT s
E AA 9 S OTFTY 54 B=s Vs <0V,

Vps < 0 V oA wasle] o
FAllole] 7] wjo]th,

AL Aol o}

a9 62 79 59 BAF xAoA AdE
BC® OTFT®] slol= g wakd o@ =7
9 AR ALEA FaHelnh o714 =e/2

2 AFS -80 VE 7S u
9} subthreshold slope2 77+ ~10° <}
V/decade 2 2t}

AR A
~4.8



J. of KIEEME(in Korean), Vol. 23, No. 3, March 2010.

-120

-100

-80

-60

los (UA)

-40

-3
12X10

: =

i 30V

i 20V
10V
oV

i 10V |

| 1 |
0 -20 -40 -60 -80
Vps (V)
gEAel

Ips = Vps =
Ips vs. Vps output characteristics for a
typical pentacene OTFT.

Ids 1/2 at Vds = -80V
T

3% 6.

Fig. 6.

491 TFTe] #17]%

[e)
27 gt A OTETA = iE
q

=

e
N

0,

M

Vgs (V)

AE OTFTE Vg = -80 VoA Ii*
S Vol AREA T4,

Ios"® vs Vg transfer characteristics of
the pentacene OTFT at Vg = -80 V.

|
(o3

£ o

Jo 2

Sel

o
7N

1 |o

2

2|

=ooff
o

4
oEah Afe

L2 o 2

A EAE #A 8 (localization) =
el Aol Eoe] % (hopping)stH
2 ol5X7} TFTO ®la] st7] w&ol

< lys (UA)

o —o— Perpendicular |
—/— Parallel
—— Non - aligned

2 L L i L
-60 -80

N
S
o
0
S
A
]

Vos (V)

a3 7. e OTFTE Ips vs. Vps 54 4.
Fig. 7. Ins vs Vps characteristics of the
pentacene OTFT.

olEEE =oly] YA s & HA3
(de-localization)7} w-¢- & 2.3}cH12,13].
st HsiAE ol EAEIY
T8 AAA o= A5 5 Ut
23 AAA 37l fEiAE EAER
(conjugate) .2 1¥ 9l =7|(grain size)
% wWe NHE wEo FHop i

OTETol A =elsl wbeke] a9l A
boundary)oll A At Eol] e =84
< A3 14
de A=+

v}

ool A 4y u

fil of
oo ook

)

X to o
2N 12w X fon

ol

—~

g
3

gr
7 &
EES QAT B AES E3)
FE7F gAEE dde A
7F olsd w ububel il AANA A AE
EEt47] wiEelzt Als k. ¢vetd e
PVAZol sEpa uputbs o
3 Hl (morphology) 7} £ UESE7] wiEolt), o]+
HAepal dhake] el AA VL
of Q] AV7F a2 wF HolxY] wEe olF
E7F aFvkal Abs

% 72 PVA wig 3o A49E 35/ e
(7 50 nm)71¥F OTFTsol| that AlolE A4S
-100 VE 1A E W =l Ay Wit wE
=90 ARFE el FHEAG FHoh 2% F
= PVAZS 93 Axoln yYdA 1F7F+=
PVASS WA &2 &xAlolt). o7]A 23F/
o HHE Ax/=EAzt Fdy AFEEA 7
o g HWe LA E)et FEgTFeR Yy
st 22 )R RS AT

Oy 74 ZIAFE FANgeR HYE &
A7F FEgo Ryt Axrc oF 238 =9k

th 2 FAWgon HHd ASr ax/=dQ
A a8 AAZE Bop @ol AAH a2
=



A7NAARA 73] =X, A234d A3z, 20103 3¢9

2 2

%

[1] E. H. Jazaairi, T Trigaud, and J. P. Molton,

aguriwﬂq

Ei‘jcla ﬁ—or 0026 m/Vsec 3
0.011 m%*Vsec,
0.004 m*VsecE 7t 7t OWE} u}
Hipsko 2 ek Azt
o vt wpTEA R 2.39]
Zgulero 2 31

SR

\r r-?ﬂ Nlo

@mwé e

"OTFT with silk printed drain and source”,
Micro and Nanosystems, Vol. 1, p. 46, 2009.
S. T. Kato, Y. Iba, S. Shinaoka, and S. T.
Takagi, "Comfprmable flexiblee large-area
networks of pressure and thermal sensors
with organic transistor active matrixes”,
Alli. Phys. Lett., Vol. 86, p. 073511, 2005.

H. Klauk, David J. Gundlach, M. Bonse,
C.-C. Kuo, and Thomas N. Jackson, "A
reduced complexity process for organic thin
film transistors”, Appl. Phys. Lett., Vol. 76,
p. 1692, 1999.

[4] Benor, A. Knipp, "Electrical stability of

) k}l
ol
S T

2y offt I ox M JT o O
T N oo K1 ool X Mo 2 )y

N,

il
O_rg

i

12 -
RcH

2 %

o]& ] ““a‘EHi 7]

2

2

39

Suigyech

>
o

>~

-~

ol

pentacene thin film transistors”, Org.
Electron., Vol. 9, p. 209, 2007.

Y. Y. Lin, D. J. Gundlach, S. F. Nelson,
and T. N. Jackson, "Pentacene-based organic
thin—film transistors”, IEEE Transactions on
Electron Devices, Vol. 44, No. 8, p. 1325,
1997.

G. W. Kang, K. M. Park, J. H. Song, C. H.
Lee, and D. H. Hwang, "The electrical
characteristics of pentacene-based organic
field effect transistors with polymer gate
insulators”, Curr. Appl. Phys., Vol. 5 p.
297, 2005.

[7] D. A. Bernards and G. G. Malliaras, “Steady—

rir
o

N
o

o
Yooy Eoa g

state and transient behavior of organic
electrochemical transistors”, Adv. Funct.
Mater., Vol. 17, p. 3538, 2007.

[8] S. Hong, A. Amassian, A. R. Woll, S.

B

of
ot

i)

oy 38 % 30 N (W0

o),
o

N
}E

N

o=z xﬂ7—]5101 :zaﬂCd A7 7
757@5}7} ol F A
al, A x%uib]]v_ ~108

_l
R 2oz Moo & Ok oI o O i orfu L2 X

nLu A

(@]

Bhargava, ]J. D. Ferguson, G. G. Malliaras,
J. D. Brock, and ]J. R. Engstrom, “Real time
monitoring of pentacene growth on SiO»
from a supersonic source”, Appl. Phys.
Lett., Vol. 92, p. 253304, 2008.

J. Kim, ]J. Jeong, H. D. Cho, C. Lee, S. O.
Kim, S. K. Kwon, and Y. Hong, "All-
solution—processed bottom-gate organic thin-
film transistor with improved subthreshold
behaviour wusing functionalized pentacene
active layer”, J. Phys. D: Applied Phys.,



J. of KIEEME(in Korean), Vol. 23, No. 3, March 2010.

[10]

[11]

Vol. 42, p. 115107, 2009.

H. Sirringhaus, P. J. Brown, R. H. Friend,
M. M. Nielsen, K. Bechgaard, B. M. W.
Langeveld—-Voss, A. J. H. Spiering, R. A. J.
Janssen, E. W. Meijer, P. Herwig, and D.
M. de Leeuw,
transport

"Two-dimensional charge
in self-organized, high-mobility
conjugated polymers”, Nature, Vol. 401, p.
685, 1999.

M. M. Payne, S. R. parkin, ]J. E. Anthony,
and C. C. Jackson,

transistors

"Organic field effect

from solution deposited
functionalized acenes with mobilities as
high as 1 em%V.s”, J. Am. Chem. Soc.,

Vol. 127, p. 4986, 2005.

[12] D. Shenoy, K. Grueneberg, J. Naciri, and R.

Shashidhar,
anchoring of molecules at
photodimerized surfaces”, Proc. SPIE, Vol
24, p. 3635, 1999.

"Device properties and polar
nematic

[13] S. F. Nelson, Y. Y. Lin, D. J. Gundlach, and

T. N. Jackson,
transport in high-mobility pentacene
transistors”, Appl. Phys. Lett.,, Vol. 72, p.
1854, 1998.

"Temperature-independent

[14] J. Wang, D. J. Gundlach, C. C. Kuo, and T.

N. Jackson "Improved contacts for organic

electronic devices using self-assembled

charge transfer materials”, 41st Electronic
Materials Conference Digest, p. 16, 1999.



