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We must often design broadband gain blocks
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Transconductance Blocks
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Simple Transconductance Block Model “

| {ng gmvgs
Simple FET model, neglecting R, R, R, ... ~|I: - == *tv, p—
- 8
. . A4 v

Capacitances are proportional to ¥, Ces Cos
g, 1s proportional to ¥,
—> Capacitances are proportional to g ‘ We

in - {Cf. Cout
Cin = ingm \ —
Cout = outgm T W T
C, =7 :

f = rEm
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Transimpedance Block
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Transimpedance block:
Iout :_Iin — I/in zlin /gm
V. -V =1 R

in out in~f

—V,, =271, where Z, =—(R, — g,

out mn

—-R =1/g

m

Output resistance:
I =1,,->V =1 /g

ut ~ Ttest

test
Vo =V, =0 Volts (no current in R )
— I/out — Routltest Where Rout - 1 / gm
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Transimpedance Block: MOTC Port Resistances 6
R =1/g, L st
in, )
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Iin Vin T "
(= 8
[
Rin R|n Rout
Vtest /1 test R)(c)x = Rz'n (1 Tg mRout) + Rout Itest
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Transconductance-Transimpedance Amplifier

. Ry
I/out — _(Rf o gm2)1in2

M
but/, ,=-g V.
Ut Linz Em” in | Vin \lvinz l Vout
— I/ouf - gleTI/in Where ZT - (R}‘ B g;Z) o__gﬁ — 'gm2
[in2

Examples:
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In a multi-stage g, -Z, amplifier, R

=~
O
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-y

analysis cannot isolate into individual blocks

— difficult. eoe

N\ /7
S
e

Let us approximate by neglecting C,

in the g, (not Z,) blocks: AN

This then becomes solvable to give

a per-stage transfer function

I
“H
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g.,-Z, frequency response analysis (2)

a, = R101C1 + Rgzcz + R303C3 = g;llzcl T RfC2 + gn_qlzc3 Rfl\/\'
:(
~ C
Réz :Rf ;R313 :Rf; R323 :gmlz 2
T
d, = R101 CIR;2C2 + R101 CIR;3 G, + Rgz C2R323 G, 12 1(\:
_ _ - 1 3

= ngZCIRfC2 + ngZCIRfC3 + RfC2gml2C3

= gr:z12Rf (C1C2 +CC + C2C3)
where C,=C,,+C,,, C,=Cp,, and (;=C,,+C, E E E E
and Cinl = Tintl’ Coutl = Touthl’ CinZ = TintZ’ CoutZ = Touth2’ Cf2 — TfWgZ’ —| ng —| Wgz —| ng —| Wgz
Giving @, =a,"” and { =a,a;"? /2 R Ry

We can now find the amplifier bandwidth and damping factor _” W, _” W, _” W, _H W,

as a function of the selected transistor sizes
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Nested loop g.,-Z. amplifier

We synthesize an overall resistive feedback amplifier -
satisfying _){
gm4 = (1 _ Av,overall) / Zo
Vv
R

R, =Z,(1-4

v,overall )

So as to give (negative) gain 4, ..,
The overall transconductance g, , 1s synthesized _ IH B
froma g -Z, amplifier (g, ,,g,,) 7 *

and a transconductance block (g, ,). ,v\’

ZO
The nested design permits a large per-state gain, lZ I : '
Rey-1/8

C e e e . . mal )
hence a large R |, minimizing its noise contribution. fz m?

1 and Zin = Zout =Z

Careful loop stability analysis 1s advised " 2
-AN—>

g

8ma=8m38m1(Ri2"1/8m>)



Nested loop g.,-Z. amplifier
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Example design in 45 nm SOI CMOS.

~15 GHz bandwidth, 26 dB gain

Relatively low noise for a broadband design.

A. Simsek, S. -K. Kim and M. J. W. Rodwell, "A 140 GHz MIMO Transceiver in 45 nm SOl CMOS," 2018 IEEE BiCMOS
and Compound Semiconductor Integrated Circuits and Technology Symposium (BCICTS), San Diego, CA, USA, 2018

= B
v
— Wil IO o
TIA It IN
"_r‘_ - \
: 'l }_[_ gy L I Y
RF ) .l ] —)
- - L[_ /_
4 + IN
T TIA EJF_O
) b s I =
o AN
L0
Lo o
28 P T T T SN T T TN N TN T T N T T T N SO T B - 8
26 simulated 5_7 2
. c O,
m 24 "6 0
. .
22 -5 Q
% ] r £
O 20 -4 @
; - o
18 -3 0
16 1 T T T T | T T T T | T T T T | T T T T | T T T T . 2
0 5 10 15 20 25
Frequency (GHz)

ouTt

ouT




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


