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Stability and Frequency Compensation

H. Aboushady University of Paris VI
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Condition for oscillations

Bode Plot & Root Locus

H. Aboushady University of Paris VI

Bode Plot:
(1) The slope of the magnitude plot changes by
+ 20 dB/dec at every zero frequency
 - 20 dB/dec at every pole frequency
(2) For a pole (zero) frequency of ωm , the phase begins to fall
(rise) at 0.1ωm , experiences a change - 450 (+ 450) at ωm , and a
change of -900 (+900) at 10ωm .

Root Locus: ppp js ωσ +=
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One-Pole System
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A single pole cannot contribute to a phase shift greater than 90°
the system is unconditionally stable.

We plot
and at s=jω
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Bode Plot:

Root Locus:

)1( 00 Asp βω +−=

We plot the location of the poles
as the loop gain varies

Two-Pole System
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Bode Plot:
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Two-Pole System
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Root Locus:
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Three-Pole System
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Additional poles and zeros impact
the phase much more than the
magnitude
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Phase Margin
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GX: Gain Crossover
PX: Phase Crossover

To ensure stability must drop to unity before
crosses -180°.

)(sHβ )(sHβ∠

How far should PX be from GX ?
Small Phase margin High Phase margin

Frequency Response:

Step Response:

High
peak

underdamped overdamped

Example
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A two-pole feedback system is designed such that
and     .

1)( 2 =pH ωβ
21 pp ωω << What is the phase margin ?

Since   reaches -135° at

The phase margin is equal to 45°.  

)(sHβ∠ 2pωω =
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How much phase margin is adequate ?
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Frequency Compensation
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Solution 1 Solution 2

Modify )(sHβ∠ Modify )(sHβ

Poles ↓ ⇒ Stages ↓ ⇒ Gain ↓ Reduces bandwidth
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Example: Telescopic op amp

University of Paris VI

Dominant pole:
(highest small signal resistance)

outp,ω

1st Non-Dominant pole:
(highest capacitance:)

Ap,ω

336565 2 GDDBGDDBGSGS CCCCCC +++++
2nd Non-Dominant pole: Np,ω
3rd Non-Dominant pole: Xp ,ω

Example: Telescopic op amp

Frequency Compensation:
- lower the frequency of the dominant pole

increase the load capacitance

How much     must be shifted down ?
Assume:
1-
2- required PM=45°

NpAp ,, ωω << °=∠ 135)( ,ApH ωβ

outp,ω

-The load capacitance must be
increased by a factor outpoutp ,, '/ωω

-The new dominant pole: outp,'ω

Op-Amp GBW = 1st non dominant pole

H. Aboushady University of Paris VI
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Is it possible to compensate using Rout ?

The answer is NO !

Lout
outp CR

1
, =ω

Although,

H. Aboushady University of Paris VI

Compensation of 2 stage Op-Amps
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Total capacitance at node E:

CvE CAC )1( 2++
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2nd Stage
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Common Source Amplifier:

Pole Splitting
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Common Source Amplifier:

Pole Splitting

Before compensation:

( )( )99
1 1

1

GDLmES
p CRgCR ++

≈ω

After compensation:

( )( )[ ]99
1 1

1

GDCLmES
p CCRgCR +++

≈ω
LE

m
p CC

g
+

≈ 9
2ω



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


