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Abstract- This work presents a comparison of parasitic elements
(capacitances and resistances) in a view of their effect on RF
Figures of Merit (FoM) in 28 nm fully-depleted silicon-on-
insulator (FD SOI) ultra-thin body and buried oxide (UTBB)
MOSFETs and their Bulk counterparts. Complete set of small-
signal equivalent circuit elements (both ‘intrinsic”, i.e. device
related and “extrinsic”, i.e. parasitic) are extracted from S-
parameters measurements in a frequency range up to 40 GHz. It
is shown that detrimental/harmful effect of parasitics,
particularly capacitances, is stronger in 28 nm bulk technology
compared to 28 FD SOI.
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L. INTRODUCTION

Low cost, low power and low voltage Silicon MOSFET
technology development has provided the possibility to
produce highly integrated circuits for RF and wireless
applications [1]-[2]. Application of proper and accurate small-
signal model for a Silicon MOSFET allows for not only
process development characterization but also to generate and
verify large signal models [2]-[3]. Thanks to recent advanced
developments in the complementary metal oxide
semiconductor (CMOS) technology, RF CMOS FETs become
an excellent choice for next-generation candidates for radio
frequency (RF) applications [4]-[5]. Widely used bulk
technology fails nowadays to continue developing highly
efficient deeply downscaled devices due to many reasons,
such as e.g. leakage current, parasitic capacitances and latch
up, etc. Actually, the design rules used in SOI technology are
extracted from Bulk technology and developed by including
an oxide layer over the silicon substrate [6]. This, however, is
more appropriate for partially depleted (PD) than fully
depleted (FD) devices. One of the specific advantages of SOI
CMOS technology comparing to Bulk is low crosstalk
between devices such as RF and digital circuits in mixed-
signal integrated circuits (ICs). Moreover, it is possible to
integrate high quality passive elements thanks to effective
reduction of substrate coupling in RF circuits [4], [6]-[8].

II. EXPERIMENTAL DETAILS

Devices studied in this work originate from 28LP and
28FDSOI processes by STMicroelectronics. More details on
the process can be found in [9]. Bulk P-devices feature a thin
SiGe layer for performance enhancement.

For RF characterization CPW (Coplanar Waveguide) feed line
pads are embedded to the multi-finger devices. The effect of
these interconnections on extrinsic capacitances is eliminated
and de-embedded by means of dedicated open structures for
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each device. Studied devices feature gate length (Lg) from 25
nm up to 0.25 pm and a fixed nominal total gate width (W)
of 120 um. The on-wafer measurement is performed with a
VNA, Anritsu 37369A calibrated by LRRM method and S-
parameters are measured in a frequency range from 40 MHz
up to 40 GHz.

III. RESULTS AND DISCUSSION
Fig. 1 shows the small-signal model of a MOSFET
decomposed into “extrinsic” and “intrinsic” parts denoted by
‘e’ and ‘i’ indices, respectively. This model is applicable for
both Bulk and SOI technologies.

Cga= Cgae* Coui

e

Fig. 1. Small-signal equivalent circuit used for modeling the RF behavior of
UTBB and Bulk MOSFETs.

This equivalent circuit keeps valid for MOSFETSs up to at least
55 GHz, allowing us to extract high-frequency parameters as
reported in [10]. The different parameters of this model are
obtained from the S-parameters measurements at different bias
conditions, e.g. saturation (Vg4s = 1 V) and cold (Vg4 =0 V) as
well as different applied gate voltages (Vg) [11-12].
According to the MOSFET small-signal equivalent circuit
(Fig. 1) and Eq. 1-2 [10, 13], it can be seen that fr and fim.x are
affected by intrinsic and extrinsic parasitic components.

f ~ Im ~ Im (1)
T 2”Cg5(1+ng/cgs)+(Rs+Rd)(ng/cgs(gm+gds)+gds) 2nCgq

fmax ~ I (2)

4.n.Cgs(1+ng/Cgs).\/gdS(Rg+RS)+0.chd/Cgs.(Rs.gm+ng/Cgs)

where Cg, gm and g¢s are the total gate capacitance, gate
transconductance and channel conductance, respectively.

In Fig. 2 the variation of gmi, gme and Rsq with L, for SOI and
Bulk technology is shown. As can be seen, L,-dependence of
both gme (as measured) and g (after Rsq withdrawal) is much
weaker than 1/L,, revealing clearly the effect of velocity
saturation in both technologies. Higher g, in Bulk devices is
due to employment of high-p channel. Next to that, Ryq in FD
SOI is lower than in Bulk regardless a thin film channel in FD



SOI. This attests that employed source/drain engineering
techniques tolerate/compensate Ry related issues in thin-film
devices. Thanks to lower Ry in FD SOI the difference
between gme puk and gme sor (~8%) is smaller than difference
between intrinsic parts gmi puk and gmi sor (~17% due to high-
p channel in bulk devices) (Fig. 2).

Fig. 3 shows “extrinsic” and “intrinsic” parts of total gate
capacitance Cg in both technologies. Total and extrinsic Cgg
in bulk devices are larger than in FD SOI. Thus, according to
Eq. 1 and 2, higher cut-off frequencies can be achieved in FD
SOI. Furthermore, the extrinsic gate capacitance, Cge in FD
SOI devices becomes dominant over intrinsic one for the
devices with L, < 45 nm whereas in bulk counterparts this
happens already for L, < 120 nm.
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Fig. 2. Normalized gumi, gme and Ry (R+Ry) versus gate lengths (L) for We
=2 pum, Ny (number of the fingers) = 60 in SOI and Bulk technologies.
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Fig. 3. Normalized Cggi, Cygge, Cyy (CgitCoqe ) versus gate lengths (L) for Wy
= 2um, N¢ (number of the fingers) = 60 in SOI and Bulk technologies.

Fig. 4a compares the output conductance (gqs) in SOI and bulk
technologies. As can be seen, ggs in bulk technology is much
higher than in SOI due to stronger short channel effects and
implication of HALOs in bulk technology. Higher gqs degrades
both cutoff frequencies fr and finax, according to Eq. 1 and 2.
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Fig. 4b compares extrinsic source-drain capacitance Cgse in
bulk and FD SOI technologies. One can see that Cgs. is higher
in bulk technology than in FD SOI attesting strong coupling
between drain and source through the substrate in bulk
technology. This will induce more losses and non-linearities in
RF circuits based on the bulk technology.

Finally, as a result of better tolerated effect of parasitic
elements on RF FoM in FD SOI technology, about the same
value of cut-off frequencies fr > 270 GHz was obtained in
both FD SOI and bulk devices, despite the high-p channel
engineering employed in bulk.
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Fig. 4. (a) Channel conductance, (b) Extrinsic source-drain capacitance in SOI
and Bulk technologies versus gate length (L,) for Wy =2 um, N¢ (number of
the fingers) = 60.



IV. CONCLUSION

In this paper, based on the small-signal equivalent circuit
extraction, parasitic elements of 28 nm FD SOI and Bulk
MOSFETs were comparatively analyzed. Lower values of
output conductance, extrinsic gate and drain-to-source
capacitance, as well as lower series resistance were revealed in
FD SOI devices comparing to the bulk counterpart and
explained in terms of improved short channel effect control,
device architecture and well tolerated process. As a result
regardless high-u channel employed in bulk process,
comparable fr values of more than 270 GHz (close to the
ITRS requirements for LSTP applications) have been obtained
for both in bulk and FD SOI. By applying further device and
process optimization in SOI technology, e.g. high-pu channel to
obtain higher gn, even better RF performance is expected.

ACKNOWLEDGMENT

This work was partially funded by FNRS (Belgium) and Eniac “Places2Be” projects.

REFERENCES

[1] G. Dambrine et al., “What are the Limiting Parameters of Deep-
Submicron MOSFETs for High Frequency Applications?,” I[EEE
Electron Device Lett., vol. 24, pp.189-191, March 2003.

[2] D. Lovelace et al., ‘Extracting small-signal model parameters of silicon
MOSFET transistors,” IEEE MTT-S International Microwave
Symposium digest (Cat. No.94CH3389-4), pp. 865-868, 1994.

[3] J. Costa et al., “Modeling a New Generation of RF Devices: MOSFETs
for L-Band Applications,” [EEE MTT-S Digest, vol. 1, pp. 293-296,
1992. [4] S. C. Wang et al., IEEE Microw Lett., vol. 17, pp. 364-
366, May 2007.

[5] W. Choi et al., “Scalable Small-Signal Modeling of RF CMOS FET
Based on 3-D EM-Based Extraction of Parasitic Effects and Its
Application to Millimeter-Wave Amplifier Design,” [EEE Trans.
Microw. Theory Tech., vol. 57. Pp. 3345-3353, Dec. 2009.

[6] B. Vanada., “Study of Floating Body Effect in SOI Technology,”
International Journal of Modern Engineering Research., vol. 3, pp. 1817-
1824, Jun. 2013.

[7] J.-P. Raskin et al., “Substrate crosstalk reduction using SOI technology,”
IEEFE Trans. Electron Devices, vol. 44, no. 12, pp. 2252-2261, Dec. 1997.

[8] E. Zencir et al., “Modeling and performance of spiral inductors in SOI
CMOS technology,” in Proc. IEEE Can. Conf. Elect. Comput. Eng., May
2002, pp. 408-411.

[9] N. Planes et al., ‘28nm FDSOI Technology Platform for High-Speed
Low-Voltage Digital Applications,” in Symposium on VLSI Technology,
pp.133-134, 2012.

[10] J.-P. Raskin et al., ‘High-Frequency Noise Performance of 60-nm Gate-

Length FinFETs,” IEEE Transactions on Electron Devices, vol. 55, no.
10, October 2008.

[11] J.-P. Raskin et al., ‘Accurate SOI MOSFET Characterization at
Microwave Frequencies for Device Performance Optimization and
Analog Modeling,” IEEE TED., vol. 45, no. 5, pp. 1017-1025, May
1998.

[12] A. Bracale et al., ‘A new approach for SOI devices small-signal
parameters extraction,” Analog Integrated Circuits and Signal
Processing, vol.25, no.2, pp. 157-169, 2000.

[13] H. L. Kao et al., ‘Limiting Factors of RF Performance Improvement as
Down-scaling to 65-nm Node MOSFETs,’ in Korea-Japan Microwave
Conference (KJIMW), April 2009 (CGU).

978-1-5090-0259-7/15/$31.00 ©2015 IEEE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile 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 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


