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Abstract—This correspondence presents the relationship between
impedance tolerance circles and the input impedance domains (IIDs) in-
troduced and investigated some years ago. We also show the relevance of
IID assessment to select an AMN.

Index Terms—Artificial mains network (AMN), conducted emission,
input impedance domain, power-line filter.

1. INTRODUCTION

The impedance presented by an artificial mains network (AMN) to
an equipment under test (EUT) has an influence on conducted emission
measurements results. A recent paper [1] provides a detailed analysis
of the deviation in measured emission levels caused by a deviation of
the actual AMN impedance (seen by the EUT) from the corresponding
impedance presented by the ideal AMN specified in a standard [2].
This analysis is based on the concept of impedance tolerance circle,
defined as the boundary of a disk which must contain the impedance
seen by the EUT, in line with the definition used in [3].

This correspondence shows that impedance tolerance circles are
related to the concept of input impedance domain (IID) of a power-line
filter, which was introduced and applied to AMNs more than 20 years
before [3] was published. We provide corrections to earlier results on
IIDs, and show that IIDs computed for an AMN may indicate that it is
unsuitable for conducted emission measurements.

II. INPUT IMPEDANCE DOMAIN

The input impedance, denoted by Z/, of a two-port linear filter
depends on the impedance seen by the output port, that is the load
impedance, denoted by Z . At any given frequency, the IID of the
filter, denoted by D, is defined as the set of the input impedance values
obtained when Z, traverses the half complex plane, denoted by C. , of
the complex numbers having a non-negative real part, so that we may
write

where the notation Z/ (Z ) indicates that, in (1), Z] is regarded as a
function of Z; . This definition, mentioned in [4], seems to have been
first introduced in [5] and [6], where the following results were stated.
1) D is either the half plane C, or a half-plane of equation Re(z)
> k, where Re denotes the real part and k is a positive real
number, or a disk contained in C, .
2) D isequal to C; when the filter is lossless.
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Fig. 1. Two-port filter.

More precisely, let us consider the two-port linear filter shown in
Fig. 1, characterized by a chain matrix denoted by A and defined by

()=a()=( ) () e
L s a1 Q22 s
Let us use b;; and ¢;; to denote the real part and the imaginary part
of a;;, respectively. Assuming a passive and reciprocal filter, we can
say that
a) if ay; = 0, then D is the half-plane defined by the inequation
by b
2—£ where —ﬁzo 3)
11 biy

b) if as; # 0 and a;; = 0, then D is the half-plane defined by the
inequation
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¢) ifay; # 0and a;; # 0, then we can define § and ¢ such that
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In the last case (c), D is either the half-plane defined by (3) if

p = +m/2, or a disk of center C' and radius p if ¢ # +7/2, C and p
being given by

e f
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and
1

p= . ®)
2 |ay1az1 cos o
Here, we have presented the result in the form used in [5] and [6],
with a correction of the sign in (6). However, another form is possible
for the last case: if as; # 0 and a;; # 0, D is either the half-plane
defined by (3) if Re(a11 /a1 ) = 0, or a disk of center C' and radius p
if Re(ayy /as1) # 0, C and p being given by
O = ; _ G22
203, Re (411) @

asy

)]

and
-1

= 2 2 a1l '

a3, |Re <021 >
This form is more compact, but it hides the fact that our proof of this
result uses a geometric approach involving line inversion and rotations.
In the case of alossless filter, it can be shown that byo = by = ¢11 =

c99 = 0. Consequently, in this case, D = C, . We see that losses are
necessary to obtain an IID of finite radius.

(10)
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Fig. 2. First AMN considered in Section II.
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Fig. 3. Second AMN considered in Section II.

III. APPLICATION TO ARTIFICIAL MAINS NETWORKS

IIDs were introduced to analyze the performance of power-line fil-
ters, but the concept is also applicable to AMNSs. For an AMN, if we
assume that the uncertainty in the impedance seen by the EUT is only
caused by the effect of the unknown impedance of the power network,
the impedance tolerance circle (at a given frequency) is the boundary
of the IID (at this given frequency).

The IIDs of two different AMNs were investigated in [7, Sec. II1].
Since the numerical results and plots on IIDs contained errors in [7], we
shall revisit this question and consider the first AMN of Fig. 2 and the
second AMN of Fig. 3, which are the “50 €2/50 pH + 5 © V-network”
and the “50 /50 H V-network” defined in [2, Annex A], respectively.
Assuming ideal circuit elements, their IIDs can be computed using the
theory of Section II. As an example, boundaries of the IIDs obtained at
five frequencies with the first AMN are shown in Fig. 4. We shall also
consider a third AMN, which is identical to the second AMN, except
that the 1 uF capacitor, instead of being an ideal circuit element, has
an equivalent series resistance of 10 pf2.

In the case of an AMN connected to a mains outlet of unknown
impedance, the radius of the IID is a measure of the uncertainty in the
impedance seen by the EUT. We have plotted in Fig. 5, the radius of the
IID of the first, second, and third AMNSs versus frequency. We see that
the radius of the IID is less than 1 € at frequencies higher than about
8 kHz in the case of the first AMN, and at frequencies higher than about
2.3 MHz in the case of the third AMN. At frequencies below 2 MHz,
the losses in the third AMN are insufficient to guarantee a small IID
radius. Having less losses, the second AMN is such that the radius of
its IID is greater than about 24 € at any frequency.

On this basis, it is possible to conclude that the second and third
AMNSs seem inadequate for measurement in the frequency range
150 kHz to 30 MHz, in an implementation where the impedance of
the mains is not controlled. Losses in the coil and capacitors of an
actual AMN built according to the schematic diagram of Fig. 3 will
reduce the radius of the IID, as evidenced by a comparison between
the second and third AMNSs. Such losses are therefore desirable, up to
a certain point, even though they are not specified in [2, Annex A].
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Fig. 4. Boundaries of the IIDs of the first AMN at five frequencies.
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REFERENCES

[1] C.F. M. Carobbiand M. Stecher, “The effect of the imperfect realization of
the artificial mains network impedance on the reproducibility of conducted
emission measurements,” [EEE Trans. Electromagn. Compat., vol. 54,
no. 5, pp. 986-987, Oct. 2012.

Specification for Radio Disturbance and Immunity Measuring Apparatus
and Methods — Part 1-2: Radio Disturbance and Immunity Measuring
Apparatus — Ancillary equipments — Conducted Disturbances, Edition
1.2, International Electrotechnical Commission, CISPR 16-1-2, 2006.
Specification for Radio Disturbance and Immunity Measuring Apparatus
and Methods— Part4-2: Uncertainties, Statistics and Limits Modelling—
Measurement Instrumentation Uncertainty, Edition 2.0, International
Electrotechnical Commission, CISPR 16-4-2, 2011.

F. Broydé and E. Clavelier, “Some issues on the characterization of power-
line filters and related standards,” IEEE Trans. Electromagn. Compat.,
vol. 51, no. 3, pp. 876-877, Aug. 2009.

F. Broydé and E. Clavelier, “Minimum attenuation and input impedance
domain of a linear filter,” in Proc. 8th Int. Ziirich Symp. Electromagn.
Compat., Mar. 1989, pp. 261-266.

[6] F. Broydé and E. Clavelier, “Atténuation minimale et domaine
d’impédance d’entrée d’un filtre linéaire,” in Proc. 5éme Colloque Int.
sur la CEM, Sep. 12—14, 1989, Paper BII-3.

F. Broydé and E. Clavelier, “Designing power-line filters for their worst-
case behaviour,” in Proc. 9th Int. Ziirich Symp. Electromagn. Compat.,
Mar. 1991, pp. 583-588.

[2

—

[3

=

[4

[inary

[5

=

[7

—



	Title page
	Abstract
	I. INTRODUCTION
	II. INPUT IMPEDANCE DOMAIN
	III. APPLICATION TO ARTIFICIAL MAINS NETWORKS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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

  /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


