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Abstract

In this paper we analyzed the effects of pentacene thickness and the location of source/drain
contacts on the performance of pentacene TFT. Above a certain thickness of pentacene thin film the
pentacene grain was turned from the thin film phase into the bulk phase, resulting in degrading the
crystallinity and then performance as well. For the top contact structure in which source/drain
contacts are located above pentacene film, the contact resistance decreased comparing with the
bottom contact structure. However, the leakage current in the off-state became large and then the
related parameters such as on/off current ratio were deteriorated. We found that the thickness of
around 300A-700A was suitable, and that the hottom contact was more feasible for hig performance
pentacene OTFT.
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Fig. 1. AFM pictures of pentacene thin film after
(a) 5min, and (b) 10min growth.
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Fig. 3. (a) ID-VG, and (b) ID-VD of pentacene
OTFT with bottom contact according to
the thickness of pentacene thin film.
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Fig. 5. (a) AFM figure of pentacene around Au
contact, and (b) the model of contact edge
effect.
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Fig. 6. (a) The superior adhesion of pentacene
grain to gate I nsulator in thin film phase
and (b) the formation of voids at the grain
boundaries in the bulk phase
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ZA A A D2 (um) | 4 rerlem™”Vs) | SS(V/dec) | Vr(V) I/l | Off-state current(A)

10 0.026 2.94 -2.3 8.11 x 10> 440x10°®

20 0.390 0.52 02 | 319x10 9.32x 10"

300 30 0.240 0.40 -14 | 528x10° 2.17x 107"

40 0.100 0.82 -1.8 | 293x10° 1.38x107"

50 0.380 0.65 -2.3 1.04x10° 1.20x 107

o 10 0.025 2.48 16 | 7.26x10° 4.20%10°
Aaz| 700 20 0.079 6.30 -35 | 0.091x10° 548x107
50 0.092 0.30 -1.8 234 % 10" 162x107"

10 0.062 0.89 07 | 290x10° 2.89x 10

20 0.066 0.67 -09 | 859x%10° 522x107%

1000 30 0.120 0.94 -3.1 1.25x10° 430% 107

40 0.083 2.04 -28 | 4.42x10° 6.40x10°

50 0.077 0.53 -2.2 3.61 x 1¢° 530x 107"

A 300 100 0.180 2.7 ~29 9.60x 10" 448%x107°
n= 650 100 0.190 2.5 ~2.2 1.45x 10 355%107°
900 100 0.078 2.5 0.8 9.23x 10° 2.89x 107"

(1005)



6 AThA we] Solsh A7 Ak TFT 5ol olAT 93 S 5
o =z BAsT e RURE S5 e A5ol e AL AE dsisich Wete) T
shlleh, <& 1>eld] 2Fo] AHle TV RS 7h Z7HE4S g%el 9Bssnh R 0w et

2 SS9 HFZEE 30042 06V/decelr] 1000A2]
1.06V/dec2 Z71818ic) & slepl wluto] FAESE
e z7)9 AFEF E2lev o] E Aplle zgkel ¥
L3HA Fof o)A Aldel] FR3 Aol FFHEA
7] wiEeldl, <3 6(b)>2 FrE utete] A W
A ddE 6] gAEE Tl ATEY o
&g 7] wholch™

AF Advx 300AY o FF 10914 1000AL o
10028 Zhasigde) o)A FdXF7} 300AY o
#F 72x10MA0H 1000A2 Wl 10°A% Z7)siadv]
et of=idt AT F7ke daibd of vk
Zoll 719lske Ao ARt

S22] el OTFTeN AAL|SEE o
Jste] vlwd 5 Aoz ek o
] gkl 2o FAFEE Ao RAjE
23} whslA] oglr] wiel) elw, sleldllo] F
NEFE DAl FEE e, o172 Wats
9} 3T 9Jollm AFe] 8Fo] <a¥ 2b)>e} Fol 4
B o AFA e AR opA) AR =9l
Ao o]%sly] wel AT AR Alolel]
Ao} gl adiel A AREE 3 figle] Hoh Ak
At Adste) A wiFel A3e) Fgol tde
Eslo] % Z7iEr Aew Jepdel oelm AR
571 BE 364x10°AR A4S A Jehdel o)7e
o] mxde] gy} BAASA] gkolA] AHEA3te) 3
wAZe| 1°QolA ApRe] 1PReR 714 7o)
2 fdeleg AzkEln) A3le] ghagte g Aol A
shol 7HEAl @& AdAlHleME A0t EdlQ]
Aol BEE FHARFE SV olEld AR
epllel) R 2 =8 xqsle] Hefle] HEwgs 714
1 A9, 2Rl AT TR AT el A
E£3E sl ASAGE 2R Afelw LA
ok ey, whes) ] et A Al
As)e 7o) o3, on/off Al Ade) AxwE W3y}
ol o & s Foh

£
TR

I

¢

™
©:
A
e

-z
e
4

4K
o

tlo
2l
¥

)

H

it

Al

A4 &

F3)
2

o N

v. 2

g

Aepil OTFTolH Webdl P2 S arje)

(1006)

A wtete] SALIAAA ol Aelzt whehabelel
WaAeg wolshis r-A% FHEI} Atasty, =
g Q) Wy o] Frlstaix HElelat AllE
AdS FHe| Aol F=o] M AL s
o} ol2ig Aewolr} Al Al 300A% T00A
Apelel Aoz el AyAFEEe] A9 AT
A A} dAEA] 7] wiiel dFe
< Zasiglod, o|2 Qlale AR Folslel A
F Adele zksigdch gy, ARASTERE
shadow mask® AMg-sllol stoz At Azl
ojgifol gk ABA o2 wehl whake]l FAlE= 300
A A& ey A Tl AR el #al
= gick

= A
=

AZAT

]
rak

Fo

i

(1] HKlauk D.JGundlach, J.ANichols, and TN
Jackson, “Pentacene organic thin-film transi-
stors for circuit and display applications” IEEE
Trans. Electro Devices, Vol. 46, p. 1258, 1999.
JH.Schon, ChKloc, E. Bucher, and B. Batlogg,
“Efficient organic photovoltaic diodes based on
doped pentacene” Nature, Vol. 403, p. 408, 2000.
CDDimitrakopoulos, BXFurman, T.Graham,
S.Hedge, S.Purushothaman, “Field-effect transi-
stors comprising molecular beam deposited, «, @
~di-~hexyl-hexathienylene and polymeric
insulator” Synth. Met., Vol. 9, p. 47, 1998,
ARBrown, CPJaret, DM de Leeuw,
MMatters, “Field-effect transistors made from
solution—processed  organic  semiconductors”
Synth. Met., Vol. 8, p. 37, 1997.

Y.Lin, DJGundlach, SFNelson, and TN
Jackson, “Stacked pentacene layer organic thin-
film transistors with improved characteristics”
IEEE Elect. Dev. Lett.,, Vol. 18, p. 606, 1997.
C.D.Dimitrakopoulos, A.R.Brown, and A.Pomp,
“Molecular beam deposited thin films of
pentacene for organic field effect transistor

[2]

(3]

(4]

[5]

[6]



(7]

[8]

[91]

[10]

20024 12R EFILBEWwE

applications” J. Appl. Phys, Vol. 8, p. 2501,
1996.

F. Henngdorf, MCReutera nd RM.Tromp,
“Growth dynamics of pentacene thin films”
Nature, Vol. 412, p. 517, 2001.

CKSong, BWKoo, SBlee, and D.HKim,
“Characteristics of pentcene organic thin film
transistors with gate insulator processed by
organic molecules” Jpn. J. Appl. Phys., Vol 41,
p. 2730, 2002.

G.Horowitz, X.Peng, DFichou, and F.Gamier,
“Role of Semiconductor/Insulator Tnterface in
the Characteristics of 7Conjugated-Oligomer-
Based Thin-Film Transistors” Synth. Met., Vol.
51, p. 419, 1992.

D.J.Gundlach, HKlack, CD.Sheraw, C.CKuo,
JHuang, and TN. Jackson, “High-Mobility,
Low Voltage Organic Thin Film Transistors”

ZF 8§ R(EER)

20029 29 FolEtm Axlystn
29 FE#AD. 2000d 19~8A,
Fotista AxEt Ay, <
| HAEoF @ Organic TFTE 74t
S °® s EL % TFT- LCD
display $~8>

=1
=

£ 7t BOE&R)

2002 249 Folga Axbyaa)
& FEAb. 20024 1 ~&A),
Folieta  AAREET  Aalrbd,
<FPRAEE 1 Organic TFTE 7]
yto® 3= EL ¥ TFT-LCD
display 28>

(1007)

£3VH SDE B 12K 7

[11]
[12]

[13]

(14]

(15]

IEDM, pp. 111~114, 1999,

FA|ed 9|, mietgate] 7|& p. 74, LAY 2001
CKSong, MK Jung, and BW.Koo, “Pentacene
thin film transistor improved by thermal
amnealing” J. Korean Phys. Soc., Vol. 39, p.
S271, 2001.

LKymissis, C.D.Dimitrakopoulos, and S.Puru-
shothaman, “High—performance bottom electrode
organic thin-film transistors” IEEE Tran. Elect.
Dev., Vol. 48 p. 1060, 2001.

RB.Campbell, JMRobertson, and ] Trotter,
“The structure  of
pentacene” Acta Crystal, vol. 14, p. 705, 1961.
JHSchon, ChKioc, and B.Batlogg, “On the
of field-effect
transistors” Organic Electronics, Vol. 1, p. 57,
2000.

crystal  and molecular

intrinsic ~ limits pentacene

X X A 7N

*® K BOEERA)

19801d 2% Al-gehstar Hx)-g-sta}
29 (TR, 19809 29 A2
st Azpbgsty) oS
s141AD. 1992:d 29 University of
Cincinnati Electrical &Engineering
4] (3} 1993~ &) Fo}

o] Zo)

‘Leu(%

ebm HxPr|zFe]Eehy Hads <FgAlRol

A

714}, EARIRAAE MMIC >



