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Design of Core Chip for 3.1Gb/s VCSEL Driver in 0.18um
CMOS
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ABSTRACT

We propose a novel driver circuit design using 0.18um CMOS process technology that drives a 1550 nm
high-speed VCSEL used in optical transceiver. We report a distinct improvement in bandwidth, voltage gain and
eye diagram at 3.1Gb/s data rate in comparison with existing topology. In this paper, the design and layout of a

3.1Gb/s VCSEL driver for optical transceiver having arrayed multi-channel of integrating module is confirmed.
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Fig. 1. System level topology of the VCSEL Driver.

Specifications Single channel 2.5Gb/s 4channel 5Gb/s 4channel 10Gb/s
Technology 0.18umCMOS Process 0.13um CMOS Process 0.13um CMOS Process
Data rate (Gb/s) 2.5 5 10
Bandwidth(GHz) 2.5 5 10
Voltage gain(dB) 10 10
Ibias(mA) - 4 20
Imod(mA) - 13 20
Supply voltage core 1.8Vdc, I/O core 1.8Vdc, I/O core 1.8Vdc, I/O

3.3Vdc 3.3Vdc 3.3Vdc
Power Dissipation 24mW 1025uvV 374mW
Chip size(um’) 750 1,740%1,500 2,050%830
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Table 2. Performance specifications of the proposed VCSEL
driver

CMOS Technology 0.18um
Supply Voltage 1.8Vdc/33Vdc
Data Rate 3.1Gb/s
Bandwidth (-3dB) 3.24GHz
Voltage Gain 6.3dB
Vout 796 mV
VCSEL Max. capacitance 0.8pf

dc current  consumption < 40mA
Chip Area(um) 960x760

a: EdBQ@EVFE"/neM&’)) — dBZBIVF(/VINNTY = VE(TATNE))

15p o (dB2B(VFneta™)) — dB2O(F{AANNT = VF(VINET )N

13.¢

3.46 10.7d8 w/o PAD

1.4

9.0d - —em—m—m—— R

(dB)

7.4 L S

5.4 [

il
168M 1G 186G
freq ¢ Hz )
:} BXOFEM T .5893{ deffar {Z 116726 —Z0T433]
B: (3.380683C 10.6859 slope: —967.150

8 14 AEg 237 wjel =2jolne] Tl b 2 Al
3 ol =4,

Fig. 14. Bandwidth and voltage gain of Main Driver with
PAD.



=4t/ 0.18uCMOS 3.1Gbjs VCSEL Driver Fo} 3 AA 4 +3

v. 2 B

B =Fox+= 0.18 ym CMOS 7] 7|4k
HelAd  ofdlelo]l Ayt AlE Ade] 3.1Gb/s
CMOS VCSEL xzloln] Fo} & AAsisch
A Z|E Hx3Ele A HH A2RE 9 &
5Gb/s ~10Gb/sF 3] 2] ALESl= Aol S
Z7] e vZbEE $5E 2= 5F I )
357 Y FEE ARl AFEeEE 7S
2 3= FeRE X8 ais FEVE AL
slo] 7] Fxel| vl Y F o]5e] cHEI
AIgE 3.1Gb/sw VCSEL Ezfol¥] Fx25 AdA|,
TSMC 345 53 Fo} & FHslsick & A
of A%l EEEA= As5F7] 7Nk FeRE
TZoln 5Gbjs 7HAe] 3 AR o]5¢] gz}
7Fs8tsich AekE 0.18 ym 3.1Gb/s CMOS 34
718} VCSEL Ezlo]H= CMOS FAS o]&3te
2] F UESIZ Fobo] A qlEetE FE vk
9= UWB(ultra wideband) 38 718 Fupal
3.1GHz ~4.95GHz cﬂdoﬂ ke okl ofdle]
= 9J&F VCSEL Z=z}e]H, 10Gb/s VCSEL E2}o]
=2z 223 Ay 35 FAl A S8 S
3 A wE 2 AHY 29E AT s AS
2 7|h=lc)

35 10Gb/sm VCSEL Tzl AAZ ¢34
= 2 HYE 2 2 A oSS 98 == Qg
Al 55 EFEe AR EEEA], 5 Ad9H
e o ASAEY s JAlEka Lﬂﬂﬂﬂ
A BHARS 98 5F AR ), 2%
AGC 55 F7Ho& aresfodo} & Zlolct

References

[11 J. P. Thibodeau, C. Murray, and D. V.
Plant, “A 24 mW 2.5Gb/s VCSEL driver in
0.18 pm CMOS,” in Proc. IEEE 2004
Digest of the LEOS Summer Topic
Meetings, pp. 61~62, Jun. 2004.

[2] Patent US6272160, “HIGH-SPEED CMOS
DRIVER FOR  VERTICAL CAVITY
SURFACE EMITTING LASERS,” 7 Aug.
2001.

[31 A. T. Phan, “Low power 4x5-Gb/s VCSEL
driver array in 0.13 pm CMOS,” in Proc.
The IEEE Int. Conf. on Electron., Circ.,

and Syst. (ICECS), pp. 816~819, Dec.
2009.

[4] W. S Oh, K. Y. Park, and S. Y. Lee “A 4
CH 10Gb/s CMOS VCSEL driver array
with adaptive optical power control,” in
proc. Int. Conf. on Adv. Commun. Technol.
(ICACT), pp. 826~829, Feb. 2010.

[5] Heungjun, Park, CMOS Anaolg Integrated
Circuit (1), Sigmapress, pp.391-403, 2010.
(FE5, CMOS oPdEaAlAs| =4, Al
ukZ#E| 2, pp.391-403, 2010.)

& & g (Choong-reol Yang)

1983 ZA=oigha Axlg-st
I} AL

1998 Zujskw  AxlEat
I} FeAAL

g ) 2007 Edesta s}
N Fehaat

3}
T 19929 6% 20134 14 A
FHAAEADTY AT A1

T ATl
<A Hop FEAl, ATl
g2 37 A3

v}

, AU, o}

[e=

Ol & 2= (Sang-soo Lee)

19881 <alalhstw  #x}g3st
I} AL

1990 olsleiEtnl  HAl-g3t
I AL

2001 elslEln A=}t
3 Fehaat

FaAA-gAlAdTd 19904 7
4-~2013 1¥ A Flejlad5 ozt
T 9%

<3l Fol> A2, WDM-PON, ellui#] &8
W), ohdEa 3= A#3}

9




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 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 300
  /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 300
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


