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Organic TFTs using PVP Bank and TIPS-Pentacene Semiconductor Layer
patterned by Ink Jet Printing
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Abstract

We investigated the influence of organic solvents on the droplet properties of 6,13-bis
(triisopropylsilylethynyl) pentacene (TIPS-pentacene), which was used for semiconductor of organic thin
film transistors (OTFTs) and deposited by ink jet printing. From the result of the investigation, the
conditions of a suitable solvent is that boiling point should be above 200 to reduce coffee stain and
the surface tension above 32 dyn/cm to decrease the droplet size. Consequently, we selected tetralin
which have a high boiling point (207C) and high surface tension (34.3 dyn/cm) as the solvent for
TIPS-pentacene, and applied it to OTFTs. In fabrication process the conventional bank process
employing photolithography and etching process was replaced by ink jet printed bank process, resulting
in simplifying the process. Especially, polyvinylphenol was used for the bank, and the high hydrophobicity
could improve the confinement of TIPS molecules inside the bank, enhancing the performance over the
conventional hydrophilic polyvinylalecohol bank. The mobility was 0.18 cm?¥/Vs, current on/off ratio
2.09x10°, subthreshold slope 0.42 V/dec, and off state current 0.049 pA/um.
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Fig. 1. (a) The chemical structure and (b) the
molecular ordering in crystal of TIPS-
Pentacene.
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Table 1. Comparison of material properties
according to the side chain length of
the various solvents with similar chemical
structures such as (a) Toluene derivatives
and (b) Anisole derivatives.
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Fig. 2. Fabrication processes of OTFTs involving
ink jet printing for bank and TIPS-
pentacene semiconductor layer.
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Fig. 3. The size and crystallinity of ink jet

droplet with respect to boiling point of
various solvents such as (a) Toluene
derivatives, (b) Anisole derivatives.
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Fig. 5. The optical microscope images of TIPS-
Pentacene crystals with the different
solvents: (a)Toluene, (b)Chlorobenzene,
(c)Anisole, and (d)Tetralin.
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Fig. 6. The opticla microscope images of TIPS-
pentacene drop on the surface of (a) the
bare PVP (b) the UV ozone treated PVP.
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Fig. 7. (a) The images of PVP bank made by
ink jet printing and (b) TIPS-pentacene
confined in the PVP bank.

HAE AL WAz Y8 HE Fie] AL
2 PVP WA gAsgch HEAFT A J=24
o2 TIPS-HEeldl Y= E wW=aZF o] Hojxy
A FAstdch 19 7 AdE R wazs 3
A% mga WA gk TIPS-#HEHA J2E &
Zalo] 240 YAHE EFolth

71% A= PVA £9& A8s8d TEAD
g3 FAow waFe g FAsiAd. PVA
E BL gz AMgsly]) fEel A4S shAR
glor}, 2 Ay A8F PVPY ZA$ PVARY
AZMoly] wEe] TIPS-etdl d2E WaF
ote] o] AsA 715 FozM dyie 4
AR #dAL Bug 5 ok =g, 9HF
Aol ojay mAug wrAow PVP WaFg A4
sy wEol @A P JAEE 9 HF A
3le] 7tsAS HAEE £ A



== MNon treatment I

1 n.s — UV treatment
.] -“\ —— PVP bank layer
.7

20 40 0 10
V. [Vl
(a)

'-Slll'

=——Non treatment
|| ——UVireatment
——PVP bank layer

20 30
V.Vl
(b)

10

[= 1=

40

a8 8. Al#d OTFTY #7714 54 9=, (a)
AEEAZTH EHSAFA

Fig. 8. (a) The transfer characteristics and (b)
output characteristics of OTFTs.

oY 88 ®¥W AEE X ¥ LA UV L
& AYE @ £ PVP #a2L 0|48 49
A71H 54 Heg 54 a9z &3 E4 o
A2 vebd Aotk zelm ¥ 2004 = 99 Al
744 yle R AlztE OTFTe 4%2 Hlawslych

EHA oA ¥ 2x9] o] FEE 0012 a/Vs,
AF dduE 151x10° 2EHAYS 094 V, 2
TEHAY 7127 084 Videc, 2= HAFE= 0.78
pA/gm o]tk UV 2& #9W A& 3 4AxE o
FEE 007 ai/Vs, 7 HEvl: 166x10°, ¢
AYL 097 V, 5 EEHAYLS 064 Videe, &=
AfFE 0017 po/em o)tk EHAEE Fozy
Al FiEe TIPS-#etd 24 4o o Je
TES 1Yy fFo EdAE §A ge 2%
woh el MH=Ed

997

A7) Az 288 =8, #2298 AllZ, 20099 1149

2. 7 2AYW OTFTe 713 54 el

E} H|al,
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