
Demonstration of a record high current-gain cutoff frequency( >10 MHz ) in 
organic thin-film transistors 

 
Masatoshi Kitamura1 and Yasuhiko Arakawa1,2 

 
1Institute for Nano Quantum Information Electronics, the University of Tokyo 

4-6-1, Komaba, Meguro-ku, Tokyo 153-8505, Japan 
Phone: +81-3-5452-6291 E-mail: kita@iis.u-tokyo.ac.jp 
2Institute of Industrial Science, the University of Tokyo 

4-6-1, Komaba, Meguro-ku, Tokyo 153-8505, Japan 
 
1. Introduction 

Organic based TFTs have attracted much attention be-
cause of their potentials to provide large area, flexible, 
lightweight, and low cost devices. C60 is one of the promis-
ing materials that exhibit high mobilities. C60 TFTs with 
field-effect mobilities more than 1.0 cm2/Vs have been 
demonstrated [1-3]. In many cases, the mobility of an or-
ganic transistor decreases with reducing the channel length 
even if the length is of the order of µm. The behavior is 
caused by large contact resistance. We have successfully 
fabricated high mobility C60 TFTs with micron order chan-
nel length suppressing contact resistance [4]. In addition, 
we have demonstrated C60 TFTs with low threshold voltage 
using modified drain/source electrodes [5]. The result indi-
cates that the C60 TFTs have potential for high frequency 
operation. In this paper, we report on demonstration of a 
record high current-gain cutoff frequency ( >10 MHz ) in 
organic TFTs. The achievement will open various new po-
tential applications that require high speed performance of 
organic FETs. 
 
2. Experimental 

The cross section of the fabricated C60 TFT is shown in 
Fig. 1. The substrate is a glass substrate. The gate electrode 
is an AlSi layer and the gate insulator is a 200-nm-thick 
SiO2 layer. The SiO2 layer has a unit area capacitance of 20 
nF/cm2. The drain/source electrodes were patterned by 
conventional photolithography and lift off. The electrodes 
consist of a 3-nm-thick Au0.9Ni0.1 adhesion layer and 
25-nm-thick Au layer. The surfaces of the gate insulator 
and the drain/source electrodes were treated using hexame-
thyldisilazane and (dimethylamino)benzenethiol, respec-
tively [5]. Finally, C60 was deposited at a substrate tem-
perature of 120 ºC on the channel region through a shadow 
mask. The channel width is 1 mm and the channel lengths 
(L) are 2, 4, 6, and 10 µm. A photograph of a C60 TFT with 
L = 2 µm is shown in Fig. 2. 

In this study, current gain was obtained from measure-
ment of ac gate current (iG(t)) and drain current (iD(t)). For 
the measurement, ac voltage biased was applied to a gate 
electrode using a function generator. The peak-to-peak 
voltage was set to 2 V. Bias drain voltage (VD) and gate 
voltage (VG) were applied with dc voltage sources; being 
set to 25 V and 20 V. Current probes were used to measure 
iG(t) and iD(t) without electrical connection. For the meas-

urement, C60 TFTs were placed in a dry-nitrogen glovebox. 
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Fig. 1  Cross section of the fabricated C60 TFT. 
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Fig. 2  Photograph of a C60 TFT with L = 2 µm. 
 

3. Results 
Figure 3 shows saturation mobility (µs) and threshold 

voltage (VT) for C60 TFTs with L = 2-10 µm. The µs and VT 
are 0.86-1.12 cm2/Vs and 5.9-8.6 V, respectively. There is 
no large difference in µs. 
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Fig. 3  Saturation mobilities and threshold voltages of C60 TFTs 
with different L. 
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Figure 4 shows waveforms of iG(t) and iD(t) obtained at 
frequencies (f) of 1 MHz and 10 MH for a C60 TFT with L 
= 2 µm. Peak-to-peak drain currents (Iout) at f = 1 MHz and 
10 MHz are 237 and 276 µA, respectively. The difference 
is small. The peak-to-peak current was consistent to the 
static characteristic. On the other hand, peak-to-peak gate 
currents (Iin) at f = 1 MHz and 10 MHz are 12.6 and 137 
µA, respectively. The gate current at 10 MHz is about ten 
times as large as that at 1 MHz. Since gate current passes 
through gate capacitance, the frequency dependence of the 
ac gate current is reasonable. 

From the frequency dependence of the Iout, experimen-
tal gate capacitances are calculated to be 0.95 pF for L = 2 
µm. Subtracting intrinsic gate capacitances from the values, 
we estimate parasitic capacitances to be 0.55 pF. The para-
sitic capacitance corresponds to overlap lengths between 
gate and drain/source electrodes of 2.0 µm. The estimated 
overlap length is consistent with the designed gate width. 

Figure 5 shows current gain of a C60 TFT with L = 2 
µm. The gain is proportional to f. The unit gain is obtained 
at f = 20 MHz.  

Measured cutoff frequencies of C60 TFTs with different 
L are shown in Fig. 6. The dotted line shows fT estimated 
from 
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where Ci and Cp are unit area gate capacitance and parasitic 
capacitance. The measured fT is consistent with the esti-
mated fT.  
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Fig. 4  Waveforms of iG(t) and iD(t) obtained at 1 MHz and 10 
MH for a C60 TFT with L = 2 µm. 
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Fig. 5  Current gain of a C60 TFT with L = 2 µm. 
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Fig. 6  Cutoff frequencies measured for C60 TFTs (closed circles) 
and estimated from the equation (dotted line). 

 
4. Conclusions 
   In summary we measured current-gain cutoff frequen-
cies fT of C60 TFTs with different channel lengths. The fT 
increased with reducing L. The maximum fT of 20 MHz 
was obtained from the TFT with L = 2 µm. The achieve-
ment will open various new potential applications that re-
quire high speed performance of organic FETs. 
 
Acknowledgements 
   This work was supported by Special Coordination Funds for 
Promoting Science and Technology. The authors would like to 
thank S. Aomori, Y. Kuzumoto, and M. Kamura, Sharp Corpora-
tion for useful discussions. 
 
References 
[1] M. Kitamura, Y. Kuzumoto, S. Aomori, M. Kamura, and Y. 

Arakawa, Appl. Phys. Lett. 91 (2007) 183514. 
[2] M. Kitamura, Y. Kuzumoto, M. Kamura, S. Aomori, J.-H. Na 

and Y. Arakawa, phys. stat. solidi (c) 5 (2008) 3181. 
[3] T. D. Anthopoulos, B. Singh, N. Marjanovic, N. S. Sariciftci, 

A. M. Ramil, H. Sitter, M. Colle, and D. M. de Leeuw, Appl. 
Phys. Lett. 89 (2006) 213504. 

[4] M. Kitamura, S. Aomori, J.-H. Na, and Y. Arakawa, Appl. 
Phys. Lett. 93 (2008) 033313. 

[5] M. Kitamura, Y. Kuzumoto, S. Aomori, M. Kamura, J.-H. Na, 
and Y. Arakawa, Appl. Phys. Lett. 94 (2009) 083310.  

-846-

 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /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


