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1. Introduction

As nanoscale CMOS technology wildly be used to
implement RF and high-speed integrated circuits (ICs) [1],
the semiconductor nature of silicon substrate introduces the
undesired parasitic capacitance between the substrate and
input pad, which will disturb the high frequency signals,
induce RC delay in the signal path, and cause other
degradation on the circuit performances [2]. The parasitic
capacitance at the input pad must be minimized. For a
5-GHz low-noise amplifier in an RF receiver, the typical
specification on the total input loading capacitance is in the
order of 100 fF, including the bond pad and input
electrostatic discharge (ESD) protection devices [3]. The
specification is even stricter for the circuits applied to
higher frequency band. However, the dimensions of ESD
protection devices and bond pad can not be shrunk in
advanced CMOS process due to the considerations of
reliability and bondability; namely, the parasitic effects of
ESD protection devices and bond pad can not be reduced
with the shrinking process. Therefore, the implementations
of low-capacitance bond pad and ESD protection device are
strongly requested by RF and high-speed ICs.

2. Low-Capacitance and Low-Loss Bond Pad Design

The low-capacitance bond pad with embedded inductor
has been presented [4]. In some bond-pad patterns with
embedded inductors, the insertion loss may increase
significantly. Therefore, the low-capacitance bond pad with
embedded inductor must be optimized to lower the
insertion loss.

The device structure and circuit model of the
low-capacitance bond pad with embedded inductor are
shown in Figs. 1 and 2, respectively. The circuit model for
the bond pad consists of three parts, which are the parasitic
capacitance between the support metal and the overlapped
substrate, the coupling effect between the support metal and
stacked inductor, and the stacked inductor model. In order
to lower the insertion loss of the low-capacitance bond pad,
a simple approach is to shift the embedded inductor in the
bond pad to the lower metal layers, which can reduce the
loss through the parasitics between the support metal and
stacked inductor. The bond pad with the lower-metal-layer
inductor is implemented to improve the insertion loss from
that with the higher-metal-layer inductor.

In this work, a 65-nm one-poly ten-metal (1P10M)
CMOS process is used. The reference pad 1 without

-372-

embedded inductor is implemented with the top three metal
layers (metal 8~10) and the lower metal layers (metal 1~7)
are removed to reduce the bond-pad capacitance. Other
bond pads with two kinds of inductors, which are the
reference pad 2 with embedded inductor using metal 5~7,
and the optimized pad with embedded inductor using metal
1~5, have also been implemented in the same test chip for
comparison. The effective thickness of the inductors in
these bond pads are about 0.7 um and 0.9 pm, respectively.
Both inductors are drawn with 4-um track width, 2-um
track spacing, and three turns. The polysilicon layer as the
patterned ground shield is used to reduce the energy
dissipation in substrate and increase quality factor of the
inductor [5]. All the inductors are implemented within the
region of bond pad, and each bond pad occupies silicon
area of 52 um x 64 pm. One-port ground-signal-ground
(G-S-G) pads are adopted to facilitate on-wafer RF
measurement. The layout top view of one test pattern used
to measure the s-parameter is shown in Fig. 3.

3. Experimental Results

Figs. 4 and 5 show the extracted capacitance and
insertion loss of the fabricated bond pads under different
frequencies. The bond pads with embedded inductors have
very small capacitance around the specific frequency band.
The optimized pad with lower-metal-layer inductor has the
lower loss, and the lower loss is more tolerable for RF and
high-speed ICs. Therefore, the optimized low-capacitance
bond pad is much suitable for RF and high-speed
applications. The frequency at which the capacitance of the
bond pad is minimum can be shifted by adjusting the
resonant frequency of inductance and capacitance, which
can be achieved by changing the track width, spacing, turn
numbers, or other dimensions of the embedded inductor.

4. Conclusions

With carefully design on the embedded inductor under
the bond pad, the optimized bond pad can perform both low
parasitic capacitance and insertion loss. The optimized
bond pad can be realized in any bulk CMOS technology,
and widely used for RF and high-speed ICs.

Acknowledgements

This work was supported by Faraday Technology
Corporation, Taiwan, and National Science Council,
Taiwan, under Contract of NSC 97-2221-E-009-170.



References

[1] C.-Y Lin, M.-D. Ker, and G.-X. Meng, IEICE Trans. Electron.

E91-C (2008) 1321.

[2] M.-D. Ker and C.-Y Lin, IEEE Trans. Microwave Theory and

Techniques 56 (2008) 1286.

[3]1 M. Natarajan, D. Linten, S. Thijs, P. Jansen, D. Tremouilles,
W. Jeamsaksiri, T. Nakaie, M. Sawada, T. Hasebe, S. Decou-
tere, and G. Groeseneken, /EEE Int. Physical and Failure

Analysis of Integrated Circuits Symp. (2005) 59.

[4] Y.-W. Hsiao and M.-D. Ker, IEEE Electron Device Lett. 28

(2007) 68.
[S]T. Cheung and J. Long, IEEE J. Solid-State Circuits 41 (2006)
1183.
--; Aluminum
=< Transfer

Support
Metal

Stacked
Inductor

Substrate

Fig. 1 Low-capacitance bond pad with stacked inductor.
Ce
fm=————————-
(o] R
Support ! ?1 ¢
Metal

Coupling Between
Support Metal and
Stacked Inductor

Stacked Inductor Model
Fig.2 Circuit model of bond pad with embedded inductor.

-373-

Fig. 3
pads.

Capacitance (fF)

Fig. 4

Ground Pad

Guard Ring

. Signal Pad
(Low-C Pad)

52 ym

Ground Pad

Layout top view of one test pattern with one-port G-S-G

70

60 | —»— Reference Pad 1
—4A— Reference Pad 2

50l —— Optimized Pad

40 p¢d6¢ ¥

30+

20

10 1 1 1 1 1 1 1

3 4 5 6 7 8 9 07 N1
Frequency (GHz)

Extracted bond pad capacitance of each fabricated bond

pad under different frequencies.

Insertion Loss (dB)

2.5
20} —— Reference Pad 1
—A— Reference Pad 2
15k —v— Optimized Pad
1.0+
08 %
0.0
-0.5 I 1 . 1 . I 1 P | N 1
3 4 5 6 7 8 9 10 1
Frequency (GHz)

Fig. 5 Extracted insertion loss of each fabricated bond pad under
different frequencies.




<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 1
  /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>
    /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 "Suggested"  settings for PDF Specification 4.01)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


