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Abstract—1In this letter, we present the high-frequency per-
formances of polycrystalline silicon (poly-Si) thin-film transistors
(TFTs) with a nominal gate length of 0.22 um. Owing to the short
gate length and adoption of salicide process, cutoff frequency (f 1)
of 17 GHz and maximum oscillation frequency of ~21 GHz are
obtained. The result suggests that the poly-Si TFT technology is
applicable to RF integrated circuits up to 2 GHz. In addition,
we also investigate the effects of channel thickness on the high-
frequency characteristics of poly-Si TFTs. We find that the
variation of f7 with channel thickness is mainly due to the change
in transconductance.

Index Terms— Channel thickness, gate length, radio frequency,
thin-film transistors (TFTs), transconductance.

I. INTRODUCTION

OLYCRYSTALLINE silicon (poly-Si) thin-film transis-

tors (TFTs) were extensively studied for applications to
large area and 3-D electronics [1]-[4]. Nonetheless, a few
researches were reported on studying the high-frequency char-
acteristics of poly-Si TFTs [5]-[7], owing to their relatively
low mobility as compared with the bulk Si counterparts,
as well as the rather large device size even in state-of-the-
art manufacturing (e.g., channel length >3 xm). With low-
temperature processes, the electron mobility of poly-Si TFT
can reach 260 cm?/V-s [8]. In addition, by properly shrinking
the dimensions of TFTs, the device’s RF performance is
expected to improve significantly. From 2-D numerical simu-
lation, the cutoff frequency of poly-Si TFTs can be as high as
40 GHz when the gate length is scaled down to 0.2 xm [9].
It demonstrates that the poly-Si TFT technology is feasible
for low-cost RFIC applications such as RF identification and
RF modules integrated on display panel. In this letter, we
experimentally explore the high-frequency characteristics of
poly-Si TFTs with different channel layer thicknesses. Cutoff
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Fig. 1. Cross-sectional TEM image of an n-type poly-Si TFT.

frequency (f7) of 17 GHz and maximum oscillation frequency
(fmax) of ~21 GHz are achieved, which are much higher
than those reported in [5]-[7]. In addition, we also analyze
the variations of fr and fmax with channel thickness in
terms of the transconductance, gate capacitance, and channel
resistance.

II. DEVICE FABRICATION

First of all, a wet oxide with thickness of 1 um is formed
on a 6-in silicon substrate as the buried oxide. An amorphous
silicon (a-Si) layer is then deposited with low-pressure chemi-
cal vapor deposition to serve as the channel layer. The channel
thickness is either 50 or 100 nm. Solid-phase crystallization
(SPC) method, which is performed at 600 °C in N, ambient
for 24 h, is then used to transform the film from «-Si into
poly-Si to promote the electron mobility. After forming the
active region, a 10-nm tetraethyl orthosilicate (TEOS) oxide
and a 100-nm in situ n* poly-Si are deposited as the gate
dielectric and gate electrode, respectively. Afterward, the gate
is defined by a photolithographic step and etched by reactive
ion etching. Sidewall spacers are formed with an 8-nm TEOS
oxide layer and a 15-nm nitride layer. To reduce the parasitic
source and drain (S/D) resistances, a 15-nm nickel layer is first
deposited and consecutively annealed to form NiSi on the gate
and S/D regions. Afterward, S/D regions are doped by a self-
aligned P;rl ion implant at 10 keV. A vacuum anneal at 600 °C
for 30 min for activation took place at this stage. The implant-
to-silicide technique is used to minimize the dopant diffusion
from S/D region into the channel. Finally, a standard back-end
process is performed to form metal connections. The cross-
sectional transmission electron microscopy (TEM) image of
an n-type poly-Si TFT is shown Fig. 1. The gate length is
~0.22 pm.
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Fig. 2. (a) Transfer and (b) output characteristics of poly-Si TFTs with

channel thicknesses of 50 and 100 nm.

III. RESULTS AND DISCUSSION

The dc characteristics of n-type poly-Si TFTs with nom-
inal gate length of 0.22 um are shown in Fig. 2. The
threshold voltages and subthreshold slopes at drain voltage
Vps = 0.1 V are 1.75 V and 240 mV/decade, respectively,
for the device with 50-nm channel thickness, while they
are 1.28 V and 270 mV/decade for the device with 100-
nm channel thickness. Better gate controllability and less
short-channel effect in devices with thinner channel layer
are primarily due to the reduction in junction depth [10].
In contrast, the device with thicker channel layer exhibits
higher drain current and transconductance. One of the rea-
sons is its higher effective channel mobility (76 cm?/V-s)
compared with the thin-channel device (64 cm?/Vs). In poly-
Si, the grain boundaries can form charge trapping sites that
are capable of creating a potential barrier, leading to the
reduction of the effective channel mobility. The charge trap
densities of thin and thick channels, extracted by Levinson’s
grain boundary trapping model [11], are 6.8 x 10'> and
4.3 x 10'? cm™2, respectively. Lower charge trap density in
thick-channel device is probably due to the larger grain size
than that in thin-channel device after the SPC process [12].
From the SEM analyses performed on samples treated with
Secco etching (data not shown), the grain sizes are ~25 and
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Fig. 3.  Cutoff frequency and maximum oscillation frequency of poly-Si
TFTs with different channel thicknesses (7Tcy).

45 nm, respectively, for 50- and 100-nm-thick films. Another
possible reason for the higher current drivability in thick-
channel device is its lower S/D resistance. Through plotting
the on resistance measured from the linear region of output
characteristics versus gate length, we can extract the S/D
resistance roughly [13]. The extracted S/D resistances of
thin- and thick-channel devices are ~2.4 and 1.8 Q-mm,
respectively. Though the NiSi depths are similar in devices
with different channel thicknesses, the fully silicided S/D
region in 50-nm channel device (from TEM image) would
suffer from additional current crowding effect [14], [15] and
thus increase the S/D resistance. Our results suggest that,
to obtain better current drivability and RF performance, the
channel thickness needs to be increased. It should be, how-
ever, careful to keep the leakage current at a reasonable
level when increasing the channel thickness. To address this
issue, excimer laser annealing method [16] can be used
instead of the SPC scheme to improve the crystallinity of the
poly-Si and accordingly reduce the leakage of the fabricated
devices.

To examine the high-frequency performances of poly-Si
TFTs, S-parameters are measured on chip from 100 MHz to
20 GHz. The devices under test have a multifinger gate con-
figuration featuring eight fingers with a total width of 64 um.
The nominal gate length is 0.22 um. After de-embedding
the parasitic pad effects from measured S-parameters, the
ac current gain (H»;) and unilateral power gain (U) are
calculated to extract fr and fpnax, respectively. As shown
in Fig. 3, the device with 100-nm channel layer exhibits
higher fr and fpax compared with those with 50-nm channel
layer. In addition, the peak fr and fp.x are obtained at a
lower drain current for thick-channel device, showing that
the dc power dissipation could be lower in the thick-channel
device. Therefore, better high-frequency performances could
be achieved in poly-Si TFTs with a thicker channel layer.
The peak fr and fmax are 17 and 21 GHz, respectively, for
devices with a channel thickness of 100 nm, implying that the
poly-Si TFT technology has a potential for RF applications up
to 2 GHz.

Generally, the cutoff frequency is given by g,/2w(Cgs +
Cga), where g, is the transconductance, C,s is the gate-
source capacitance and Cgy is the gate-drain capacitance.
Thus, we extract g,;, Cgy, and Cgq from two-port admittance
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Fig. 4. Extracted transconductance and gate capacitances of poly-Si TFTs

with different channel thicknesses.

parameters [17] to study the dependence of fr on channel
thickness. The results are shown in Fig. 4. The transconduc-
tance of poly-Si TFT increases with increasing channel layer
thickness, whereas the gate capacitances are nearly unchanged.
Hence, the variation of fr with channel thickness is mainly
due to the change in g,. The enhancement of peak fr is
56% when the channel thickness is changed from 50 to 100
nm, closing to the peak g, enhancement (~61%). In Fig. 3,
we also observe that the maximum oscillation frequency is
higher than the cutoff frequency at low drain currents for both
devices. It, however, decreases more rapidly with increasing
gate biases and eventually becomes lower than the cutoff
frequency at high drain currents. This is because Cyqq increases
and the channel resistance decreases gradually with increasing
gate biases.

IV. CONCLUSION

High-frequency characteristics of poly-Si TFTs with dif-
ferent channel thicknesses were investigated. With short gate
length (~0.22 um) and salicide process, high current drivabil-
ity and transconductance were obtained. Because the device
with a thicker channel exhibited larger grain size, its drain
current and transconductance were higher than those of thin-
channel devices. Better high-frequency performance was also
achieved for the device with thicker channel layer owing to
the higher transconductance. Finally, the poly-Si TFT with a
channel thickness of 100 nm exhibited cutoff frequency of
17 GHz and maximum oscillation frequency of ~21 GHz,
suggesting that the poly-Si TFT technology was applicable to
RF integrated circuits up to 2 GHz.

IEEE ELECTRON DEVICE LETTERS, VOL. 34, NO. 8, AUGUST 2013

ACKNOWLEDGMENT

The authors would like to thank the National Nano Device
Laboratories and the Nano Facility Center of National Chiao
Tung University for their assistance in device fabrication.

REFERENCES

[1] S. Zhang, C. Zhu, J. K. O. Sin, et al., “Ultra-thin elevated channel poly-
Si TFT technology for fully-integrated AMLCD system on glass,” IEEE
Trans. Electron Devices, vol. 47, no. 3, pp. 569-575, Mar. 2000.

[2] T. Serikawa, S. Shirai, A. Okamoto, et al., “Low-temperature fabrication
of high-mobility poly-Si TFTs for large-area LCD’s,” IEEE Trans.
Electron Devices, vol. 36, no. 9, pp. 1929-1933, Sep. 1989.

[3] L-C. Lee, T.-C. Tsai, C.-C. Tsai, et al., “Vertically-stacked bottom- and
top- gate polycrystalline silicon TFTs for three dimensional integrated
circuit,” in Proc. IEEE Int. Nanoelectron. Conf., Jun. 2011, pp. 1-2.

[4] E.-K. Lai, H.-T. Lue, Y.-H. Hsiao, et al., “A multi-layer stackable thin-
film transistor (TFT) NAND-type flash memory,” in IEDM Tech. Dig.,
2006, pp. 41-44.

[5] N. Saputra, M. Danesh, A. Baiano, et al., “An assessment of u-
Czochralski, single-grain silicon thin-film transistor technology for
large-area, sensor and 3-D electronic integration,” IEEE J. Solid-State
Circuits, vol. 43, no. 7, pp. 1563-1575, Jul. 2008.

[6] J. L. Botrel, O. Savry, O. Rozeau, et al., “Polysilicon high fre-
quency devices for large area electronics: Characterization, simulation
and modeling,” Thin Solid Films, vol. 515, no. 19, pp. 7422-7427,
2007.

[71 Y.-J. E. Chen, Y.-J. Lee, and Y.-H. Yu, “Investigation of polysilicon
thin-film transistor technology for RF application,” IEEE Trans. Microw.
Theory Tech., vol. 58, no. 12, pp. 3444-3451, Dec. 2010.

[8] G. K. Giust and T. W. Sigmon, “High-performance thin-film transistors
fabricated using excimer laser processing and grain engineering,” I[EEE
Trans. Electron Devices, vol. 45, no. 4, pp. 925-932, Apr. 1998.

[9] S. Y. Kim, W.-F. Loke, B. Jung, et al., “High-frequency modeling of

poly-Si thin-film transistors for low-cost RF applications,” IEEE Trans.

Electron Devices, vol. 59, no. 9, pp. 2296-2301, Sep. 2012.

S. G. Shahidi, C. A. Anderson, B. A. Chappell, et al, “A room

temperature CMOS on SOI,” IEEE Trans. Electron Devices, vol. 41,

no. 12, pp. 2405-2412, Dec. 1994.

[11] J. Levinson, F. R. Shepherd, P. J. Scanlon, et al., “Conductivity behavior

in polycrystalline semiconductor thin film transistors,” J. Appl. Phys.,
vol. 53, no. 2, pp. 1193-1202, 1982.

[12] T. W. Little, K. Takahara, H. Koike, et al., “Low temperature poly-Si

TFTs using solid phase crystallization of very thin films and an electron

cyclotron resonance chemical vapor deposition gate insulator,” Jpn. J.

Appl. Phys., vol. 30, no. 12B, pp. 3724-3728, Dec. 1991.

S. Luan and G. W. Neudeck, “An experimental study of the source/drain

parasitic resistance effects in amorphous silicon thin film transistors, *

J. Appl. Phys., vol. 72, no. 2, pp. 766-772, Jul. 1992.

[14] K. Suzuki, T. Tanaka, Y. Tosaka, et al., “Source/drain contact resistance

of silicided thin-film SOI MOSFET’s,” IEEE Trans. Electron Devices,

vol. 41, no. 6, pp. 1007-1013, Jun. 1994.

C. Lavoie, C. Murray, C. D’Emic, et al., “Extendibility of NiPt silicide

contacts for CMOS technology demonstrated to the 22-nm node,” in

IEDM Tech. Dig., 2007, pp. 1029-1031.

C.-H. Kuo, H.-C. Lin, I-C. Lee, et al., “A novel scheme for fabricating

CMOS inverters with poly-Si nanowire channels,” IEEE Electron Device

Lett., vol. 33, no. 6, pp. 833-835, Jun. 2012.

[17] D. Lovelace, J. Costa, and N. Camilleri, “Extracting small-signal model

parameters of silicon MOSFET transistors,” in Proc. IEEE MTT-S Int.
Microw. Symp., May 1994, pp. 865-868.

(10]

[13]

[15]

[16]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


