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WIRING DESIGN FOR THE CONTROL OF ELECTROMAGNETIC INTERFERENCE (EMi)
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. WIRINGDESIGNISONLYONEIMPORTANTASPECTOFFill CONTROLOTHER
IMPORTANTAREASFORBill CONTROLARE:

-' - CIRCUITDESIGN

- FILTERING

- GROUNDING

- BONDING

- SHIELDING

- OTHERAREASUKE;LIGHTING,ELECTROSTATICDISCHARGE(ESD),
, TRANSIENTSUPPRESSION,ANDELECTROMAGNETICPULSE(EMP).

* AWIRECARRYINGCURRENTGENERATESMAGNETICANDELECTRICRELDS
DESCRIBEDBYBAXWELL'SEQUATIONS,ANDFUNCTIONSASANANTENNA.
THECABLEEFRCIENCYOFTHEANTENNADEPENDSONITSLENGTItCOMPARED
TOTHEWAVELENGTHOFTHESIGNAL

* LOWFREQUENCYEMISSIONSARECONSIDEREDWHERE'tl'IELENGTH
OFTHEWIREISLESSTHAN10%OFTHESIGNALWAVELENGTH,WHICHIS
NORMALLYTHECASEWITHPOWERCABLES.

• COUPUNGMACHEI_ ARE:

- CONDUCTIVE,E.G.,COMMONMODENOISE

- INDUCTIVE(RADIATINGMAGNETICFIELD),E.G.,CURRENTINA CABLE

t - CAPACITIVE(I:IADIA_NGELECRICFIELD),E.G..HIGHTENSIONUNES

231

1986109911-226



. WIREMAGNETICFIELDEMISSIONSATLOWFREQUENCIES

s SINGLEWIRE B(Weber_=).Magne_RuxDensity
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• WIREP,ADIATm_DMAGNETICFIELDEMISSIONSATLOWFREQUENCIES

__l._,d TWISTEDp__AIRCABLE
BraE= qlo(q)e"_'_ q : _..._d
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WIREDESIGNGUIDEUNESFOREMICONTROL

' _,IREDESIGNAPPROACHESFOREMICONTROL

- PARELLELWIREPAIR

- WIREPAiRTWISTING

- COAXIALDESIGN

i - BALANCEDLINES
Et

- FLATCABLE

J • THEOlSTAIICE"r"ISAGEOMETRICALORSPEClRCATIONCONS_, THENd"CANBEMADEASSMALLASTHEWIREPARALLEL_*/IREPAIR,ASSUMINGTHECURRBfrISAPERFORMANCEREQUBBIBCrANDCANNOTBECHANGED,AND

! INSULAllONWILLALLOW.THISIS/iNEFFECTIVEWAYOFREDUCINGMAGNETICREIDEIi;SSIONFROMAWIREPAIR,IFr
CARBECHANGEDTHENATTENUATIONIS40¢18PERDECADEOFDISTANCECHANGE.

• IDEALLYTHECOAXCABLEHAS140MAGNETICREIDEMISSIONS,BUTBECAUSEOFMAHUFACTU_IGTOLERANCES
SOMEC:CCENTRICITIES"8"WILLBEPRESENT.THECOAXCANBEREPLA_EDFORANALYTICALPURPOSESBYAWIFIE

, "-';RSEPARATEDBYTHISECCENTRICrrY"8".

• THE,_iGLEWIREWITHAGROUNDPLAHERETURHISTYRCALEXAMPLEOFDCPOWERCHAIRCRAFT,WHERETHE
AIRCRAFTSIOHFUNCTIONSASTHERETURN.USINGTHEIMAGETHEORYTHISARRANGEMENTCANBEREPLACEDBYA
WIREPAIRSEPARATEDBYADISTANCE"2ti".COHTROLUNGTHISDISTANCE,KEE_ ITTOAMINIMUM,W_U.UNITTHE
MAGNETICRELD.

i , FORTHETWISTEDPAIR1TIEDIREC11OflOFCURRENTFLOWINADJACBICrLOOPSISOPPOSITE.ATANOBSERVATION
POINT,SITUATEDSYMMETRICALLYBETWEENTHELOOPS,THEMAGNETICFIELDVECTORSFROMEACHLOOPCANCEL
EACHOTHER.ASEACHLOOPCANCELSTHEFIELDFROMITSNEIGHBOR,THEONLYUNCAI/CELLEDLOOPSWILLBEAT
THEEXTREMEENDS.

, - THERELDDROPSOFFATARATEOF60dB/DECADECHAkGEINDISTANCE
- ATCLOSEDIS'rANCETHELOOPDIAMETERORPITCHOFTW1STHAVEDOMINATEEFFECTS
- PRACTICALLIMITIS60dB
- ATHIGHFREQUENCIESAT'rENNA_DROPSOFFWHENTHEREISPHASEDIFFERENCE

Oi::THECURRENTINTHEWIRE.
- HIGHFREQUENCYUMITA'nON

IHI. N_.__, Sin(xShr.Z) Ho-MagnitudeofF_ldotUnlwimdPair

- REDUCTIONOFPICKUPDUETO1Y/ISTINGCOMPAREDTOAPARALLELWIREPAIRISEXPRESSEDINTERMS
OFTHERATIONOFTHEIRAREAS

- hNISTINGHASLITrLEEFFECTONTHEREDUCTIONOFELECTRICRELDEMISSIONS.THESESHOULDBE
SUPPRESSEDBYANOVERALL,_HIB.D.
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WIREDESIGNGUIDELINESFOREMICONTROL

• BALANCEDWiREPAIRSEFFECTIVEINLMIT_ COMMONMODEI_P ANDBiBSSlONS

BALANCEDf_S CAUSESEOUAL4CLTAGEDROPSONEACHWiRECANCELINGEACHOTHER

• DEGREEOFL_IBAIANCEISCHARACTEFtlZEDBY± & RLWTTHITIEFOLLOWING_ALERT CIRCUIT

RLARL

J l ()P Ae s^ CMRR= 20log VcEA 2
T t

1 ® 7
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• FLATCABLE,BASICCHARACTERIS11CRELATIVETO_ ISTHATR AGTSASLOWPASSRLTE&NOTALLOWING

i! CURRENTATHIGHFREOUENCIESANDASSOCIATEDRED_ INMAGNLrRCREIDEMISSIONS

!

i

l

, \\\\\\\\ B. UNBALANCEDTWISTEDI"AIR
o d8 Jt_E_NC_ t_2 dt (; Idll

C. SHIELDGROUNDEDATBOTHENDS

D. TWISTEDPAIR

' ="" ' "" ' "" E. COk,,INTOABALANCEDLOAD

\_\_%_____\_\ F. TWISTEDHALANCEDPAIFI .._G. TWISTEDPAIR
G t._ N ?tdE i _

H. SIMILARTOG
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[ RELATIVESUSCEPTIBILITYTOMAGNETICINTERFACE
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HIGHFREQUENCYEMISSIONSFROMCABLES

• ATI'I]GHFREQUENCIESSOURCESOFRADIATIONAREDIVIDEDINTO_ BASICTYPES,ELECTRIC
DIF_LEANDMAGNETICDII_LE

• * ELECTRICDIPOLESRAVEHIGHIMP_kNCE,LOWCURRENTS,WHEREMkGNETICDIPOLESHAVELOW
, IMPEDANCE,HIGHCURRENTS

• THELI I:CTRICALDIPOLE_"TRENGTHISPFiOPORTIONALTO'CVL',WHERE'C'ISTHECAPACITANCE
B_THE ELEMB_T.OFDtpoLE,'V"ISTHEVOLTAGEERMNGTHEDIPOLE,ANO'L'ISTHE
DISTANCEBETWEENTHEDIPOLEELEMENTS.

• THEMAGNETICDIPOLESTRENGTHISPROPORTIONALTO'IA',WHERE'r ISTHECURRENTTHROUGH
THEMAGNETICDIPOLEAND'A'ISTHEAREAOFTHEMAGNETICDIPOLELOOP.

REDUO_GTHESTRB'iGTHOFTHEELECTRICDIPOLEISIMPORTANTTOMINIMIZEITSAREA(LENffrH
OFWIRESA]_)THBRSPACING)REDUCINGTHEAREAOFTHEMAGI"TICDIPOLERESULTSIN
REDUGT_ 18EMISSIO_ INADDfflONREDUCINGHIGHFREOUENCYCOMPONENTSOF'V'ARD'1'
REDUCI__ BECAUSEBOTHDIPOLESACC_UATEHIGHFREQUENCY.THEDISTANCEFROM
THEDIPOLEISANOTHERCONTROLPARAMETER.

PULSEFREQUENCYSPECTRA

• DECREASINGHIGHFREQUENCYCOMPONENTSINTHECABLEVOLTAGEBY
INCREASINGPULSERISETIMESORINSTALLINGFILTERSIFTHATISANOPTION

I
p

":_o '_1 Ib/ decade "-'i_ J-'-t . ,'

t f_ f'_ ' -

! DATASIGNAL: Ap= 2_ log(2Ad• 10' ) f_ = 1 / _ d, A- inp V
CLOCKSIGNAL: Ap= 20log(2Ad• 10' ) fc2= 1 / _ t
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