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Abstract: In this study, we fabricated the flexible pentacene TFTs with the polymer gate dielectric and
contact printing method by using the silver nano particle ink as a source/drain material on plastic
substrate. In this experiment, to lower the cross-linking temperature of the PVP gate dielectric,
UV-0Ozone treatment has been used and the process temperature is lowered to 90C and the surface is
optimized by various treatment to improve device characteristics. We tried various surface treatments; O:
Plasma, hexamethyl-disilazane (HMDS) and octadecyltrichlorosilane (OTS) treatment methods of gate
dielectric/semiconductor interface, which reduces trap states such as - OH group and grain boundary in
order to improve the OTFTs properties. The optimized OTFT shows the device performance with field
effect mobility, on/off current ratio, and the sub-threshold slope were extracted as 0.63 cm’ Vflsfl, 1.7 x

10° and of 0.75 V/decade, respectively.
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Fig. 1. 3D-shape of the organic thin film transistor
(OTFT) structure. Here, the OTFT has bottom gate
structure.
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Fig. 2. Leakage current density of the MIM structure
with PVP insulator films according to time of the
UV-0Ozone treatment.
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Fig. 3. (a) The schematic diagram of the S/D formation
flow using micro contact printing method. (b) Fabricated
OTFT on flexible substrate. Here, the channel length is 1
um and width is 100 um.
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Gate Voltage, Vg [V] treated by various method; (a) no treat, (b) O: plasma, (c)
HMDS, (d) OTS. In each condition, the water contact

Fig. 4. Electrical transfer characteristics (Vg-Ip) of  angle of PVP surface is 49°, 6°, 75°, and 102°,
pentacene TFTs with different interface treatment. respectively.

Table 1. Electrical characteristic of the fabricated OTFTs.

Interface Treatment No treat Oz plasma HMDS OTS
Sheet Resistance of S/D [Q/[]] 0.72 (£10%)
S/D Electrodes Resistivity [nQ-cm] 5.04
Capacitance @1KHz [nF/cm?] 12.10
Gate Dielectric Thickness [nm] 250
Gate Width/Length [um] 100 / 1
Mobility [em?/V-s] 0.10 0.15 051 0.63
Threshold Voltage [V] -10.8 -13.7 -19.9 -3.8
Sub-threshold Slope [V/decadel] 85 4.3 2.2 0.75
On/Off Current Ratio 1.0 x 10’ 2.0 x 10 57 x 10" 17 x 10°

V/decade, ¥E-%e 108 VE Yebdth 7P A (AFM)® 3743 o|nAet ddd FWe] water
€l EAS Ueld A% pentacene/PVP Aol OTS  contact angle &4 o] XS Ho]Ft}. Contact angle
silane H2]& g A ow, M3t ol ke 6 o] & olF AHYE shA| & A AF 49°, 02
F4H 063 em’/Ves, £/ AFHEL 17 x 10°, ¥ Plasma A#E 3 25 6°, HMDSH 9] 4% 75°,
gAgtolst AF71271E 075 V/decade, FEIFAYS  OTSE 102°5 Yehligich ekl 244 a71: %
-38VE AA Al A SAo] MAEAT xAAE  WAHHE A XS PVPACIE AAw oA A3
of w2 Axte] 5AS Table 101 A al F3ko). gk SEpAle] A5-7 7Hg #skew, A E 5H

$-8l= PVP AolEHMAA S xuxe] o] wet ol =, AeAd BWS UE d5E el gRtbe
PVP Al°]E HA%9] contact angle R 1 9ol &  A7|7F AATE e JRpeo] A7|)7F S5 2a A
A7 A ko] ojwA FAH M, EF FAHE B2 o]F3WA grain boundaryEF7F T AHojA =
ol whebaA oF A AR fIIEPHEMAAE d 2 detolwel frElsith e AFAY WU T
712 50 oju g J&FS 7 =A LA Th A& FHeoFs PVPEAA 9 Be Jd% s},

a9 55 W 28 ¥ PVPACIE dadut Yo dA a9 67 Axe] 5Ao] @o] FAE HMDS A
¥ #eAle] morphologyE Atomic Force Microscopy @ ¢7<}94- OTS Aol w Aepsl 2rete] XRD 3

x

tlo



16 J. KIEEME, Vol. 24, No. 1, pp. 12-16, January 2011: H.-]J. Yun et al

AEAS JERAT X-ray 22 Cu (Ka)(A=154A)
olal, 7tz 2 © ko] 581° 583° A wW (001)ES
Uehdth d= -2 o] webd d=15204, d=15.15 A

Full width at half max (FWHM)%t<

22y 0.2¢F 0172 =74 H3dd. F AE E5F (001
= WFer gAsHA AAHEC widHew,
3]

9] peak-to-gound ratio® Z+z} 4.92,
5.800. 7 Azl 1ntensity9] EL7]% OTSAH g & 3t
227 ¢ ZA #EEHAT o)== OTS silanex] 8=

& PYPRA Sl 238 Aras A9sob 23
o A0l | Brhe A oua
4.2 E
£ A ALFA PVP IS A% o
gokol 91719 910l AN F7]90 EdA 2
= AAEE. 58 2e/md AFe delan 3
8 =y wpe olgdtel A% stgom,

pentacene/PVP AW 54 S FFA717] 9siA O
plasma, HMDS, OTSE PVPE A Ao HHA S &
Atk ol FolA OTS silanexl &S 3 A$-7F 7H
22 540 AAEAL OTSHE = AoE
E9H9 contact angleo] 102 °2 7}F A4S 9
o 1 e FFE Al dte] AA Y Alo]=
7 7 3A FAE (00DFFEE o ZHA =
Nelo] ols® FHolA FestA A& =k HA
b | Axpel A7

S A @2 24k maste] 6ul ol I 063
em’/V-s&
10°, ®El-dgtolst HdF 7

S

al

o]

u = 01 ~ 01 em®V's °l%
EA4E B Ao Hgt =& AVH EAS S
et opye} [12-15], #71& AAAY A7 =&
17k w& AFo2 ARgg fU)de EdRAAHRE
Tx 300 BE9 olsk 4 5SS A [7-8]

2 o7 A

HBAR T okl ATHANE
No 10031791 ¥ 3D Printed AAFA&A7|HE 19 2w}

E 7= Platform 71& 9 3A 2 ol

ZAh =gy,

T o,

REFERENCES

[11 S. M. Pyo, M. Y. Lee, J. H. Jeon, K. Y. Choi, M. H.
Yi, and J. S. Kim, Adv. Funct. Mater., 15, 619
(2005).

[2] Flora M. Li, Arokia Nathan, Yiliang Wu and Beng S.
Ong. Appl. Phys. Lett., 90, 133514 (2007).

[3] H-S. Shin, K-H. Baek, S.-S. Park, K.-C. Song,
G.-W. Lee, H.-D. Lee, ]J.-S. Wang, K. Lee, and
L.-M. Do, J. Nanoscience and Nanotechnology, 10,
3185 (2010).

[4] L. F. Deng, P. T. Lai, J. P. Xu, H. W. Choi, and C.
M. Che, Electrochem. Soc., 1002, 1942 (2010).

[5] Shuhei Tatemichi,
Toshiki Koyama, and Yoshio Taniguchi,
Sol., 2, 47 (2008).

[6] S. H Han, J. H Kim, Y. R. Son and J. Jang J.
Korean Phys. Soc., 48, 107 (2006).

[7] Huiping Jia, Erich K. Gross, Robert M. Wallace,
Bruce E. Gnade, Organic Electronics, 8, 44 (2007).

[8] S. Kobayashi, T. Nishikawa, T. Takenobu, S. Mori,
T. Shimoda, T. Mitani, H. Shimotani, N. Yoshimoto,
S. Ogawa, and Y. Iwasa, Nature Mater., 3, 317
(2004).

[9] C. S. Kim, S. J. Jo, J. B. Kim, S. Y. Ryu, J. H. Noh,
H. K. Baik, S. J. Lee, and Y. S. Kim, Appl Phys.
Lett., 91 063503 (2007).

[10] Bert Nickel, Matthias Fiebig, Stefan Schiefer, Martin
Gollner, Martin Huth, Christoph Erlen,
Lugli, Phys. Stat. Sol., 205, 526 (2008).

[11] S.-Y. Kwak, C. G. Choi, and B.-S. Bae, Electrochem,
and Solid State Lett., 12, G37 (2009).

[12] 1. El Houti El Jazairi, T. Trigaud, and J.-P. Moliton,
Micro and Nanosystems, 1, 46 (2009).

[13] J. Jo, T.-M. Lee, J.-S. Yu, C.-H. Kim, D.-S. Kim,
E.-S. Lee and Masayoshi Esashi, Sensors and Mater.,
19, 487 (2007).

[14] M. Leufgen, A. Lebib, T. Muck, U. Bass, V.
Wagner, T. Borzenko, G. Schmidt, J. Geurts, and L.
W. Molenkamp, Appl. Phys. Lett., 84, 1582 (2004).

[15] I. Pang, H. Kim, S. Kim, K. Jeong, H. S. Jung, C.-].
Yu, H. Soh, and ]J. Lee, Organic Electronics, 11, 338
(2010).

Musubu Ichikawa, Shimpei Kato,
Phys. Stat.

and Paolo




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


