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Inadvertentymagneticyandyelectricyfieldycouplingyamongy
circuitsylimitsytheydynamicyrangeyofyamplifiers,ylowersy
noiseymarginsyandycreatesyunwantedynoise.yWhileyeveryy

engineeryknowsythatyshieldingycanypreventycoupling,yforymanyy
shieldingyisyayvaguelyyunderstoodyconcept.yPerhapsypartyofy
theyreasonyisytheywayythatyshieldingyconceptsyareytraditionallyy
taughty–yphysicist’syconceptyofyfieldsyandyfluxyisyusuallyyused.y
Ityisypossibleyhoweverytoyexplainyshieldingytheoryyusingymorey
familiarycircuityconcepts.y

Foryexample,yFigurey1(a)yshowsyaycircuityinywhichyany
alternatingycurrentyelectricyfieldyisycreatedybetweenytwoy
platesycalledythey“source”yandy“receptor”yplatesyrespectively.y
Ayvoltageysourceyisyshownyconnectedytoytheysourceyplatey
throughyimpedanceyZ1.yTheyelectricyfieldyproducedyisycoupledy
capacitivelyytoytheyreceptoryplate.yCoupledyvoltagesycreatey
coupledycurrentsywhichyflowythroughyZ2.y

Weycanyprovideyayshieldybyyplacingyaymetalyplateybetweenythey
twoyplatesyasyshownyinyFigurey1(b).yIfytheyplateyisylargeyenoughy
itywillyinterceptytheybulkyofytheyelectricyfieldylinesybetweeny
sourceyandyreceptoryplates.yTheycircuityequivalentyisyshownyiny
Figurey1(c).yIfyimpedanceyZ3yisylowyenough,ylittleyvoltageywilly
beytransmittedyfromytheyvoltageysourceytoytheyloadyZ2.y

Foryelectricyshieldingytoybeyeffectiveytwoyfactorsymustybey
present.yFirst,yasynoted,ytheyshieldyhasytoybeyphysicallyylargey
enoughytoyinterceptymostyofytheyfluxybetweenysourceyandy
receptor.yAyshieldycompletelyysurroundingytheysourceyory
receptoryworksybest.yPartialyshieldsylikeythatyshownyinyy

Figurey1(b)ycanyoftenybeyeffective,ybutymustybeyconnectedy
toyeitherytheysourceyoryayloadyreturnytoywork.ySecondly,y
impedanceyZ3yhasytoybeysmallyenoughytoyshuntycurrentsyawayy
fromytheyload.y
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Figure 1: Electric field coupling is capacitive in nature� Placing 
a metal plate between the source and receptor interrupts the 
capacitive coupling� To be effective the shield plate must be 
large enough to intercept substantially all the flux generated 
by the source and must be connected to either the source or 

receptor circuit through a low impedance connection� 
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Magneticyshieldingyoperatesythroughyaydifferentyprincipley
illustratedyinyFigurey2(b).yThereyayhighlyyconductiveymetaly
plateyisyplacedybetweenyaysourceyandyreceptorycoil.yThey
changingymagneticyfluxycreatedybyytheysourceycoilycreatesy
circulatingycurrentsyinytheyshieldyknownyasyeddyycurrents.yIfy
theyshieldyisyconductiveyenough,ytheyfrequencyyhighyenough,y
andyshieldylargeyenough,ytheseyeddyycurrentsywillycancelythey
sourceyfieldyatytheyshield’sysurface.yThey“skinyeffect”ykeepsythey
magneticyfieldyfromypenetratingyveryyfaryintoytheyshield.y

TheycircuityequivalentyisyshownyinyFigurey3.yTheyshieldycanybey
thoughtyofyasyaykindyofyshortedysecondary,yshortingyoutysignalsy
thatyotherwiseywouldybeycoupledytoytheyload,yZ2.y

Toybeyeffective,ymagneticyfieldyshieldsyofythisytypeymustybey
largeyenoughytoyinterceptysubstantiallyyallytheylinesyofyfluxy
betweenysourceyandyreceptor.yTheyyalsoymustyhaveylowy
impedance.yForyexample,yifytheyshieldyinyFigurey2(b)ywasy
splitydownytheymiddleythereywouldyveryylittleyshieldingyeffect.y
Currentsyattemptingytoycirculateywouldynotybeyableytoycrossy
theysplityportionyofytheyshieldyandywouldynotybeyableytoycreatey
aymagneticyfieldysufficientytoycancelytheysourceyfieldyatyitsy
surface.yThisywouldybeyequivalentytoyreplacingyZ3yinyFigurey3y
withyanyopenycircuit.yAnythingywhichyraisesytheysurfacey
resistivityyoryincreasesytheyinductanceyofytheyshieldywillyalsoy
limityitsyeffectiveness.yAlongywithysplitsyinytheyshield,ylongy
thinygapsyinytheyshieldycanyhaveythisyeffect.y

Figure 2: This magnetic field shield relies on the generation 
of eddy currents within the metal plate to cancel the source 

field at its surface and prevent it from coupling to the 
receptor coil� 
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As with electric field shields, best performance requires 
a shield that completely encloses the source or receptor. 
However, as the circuit models make clear, magnetic shields 
do not have to be connected back to the source or load to be 
effective unless, as described below, such connections are 
required to provide the complete current loop needed for flux 
cancellation. 

The application of these principles to wire shielding is 
illustrated in Figure 4. Figure 4(a) shows two wires over a 
common ground plane. Currents in the source wire can couple 
electrically (capacitively) and magnetically (inductively) 
to the receptor wire. To provide for electric field shielding 
it is only necessary for the shield over the receptor wire to 
be connected to a return at one end. To provide magnetic 
shielding, however, connections at both ends are required in 
order to provide for the “shorted secondary” effect. 

Keep in mind that we are dealing with near field effects here. 
Circuit models of this sort are really only useful when the 
source and receptor are near one another. Where they are not, 
simple plates will rarely do the job -- far fields just bend right 
around them. For effective far field shielding, one really has 
no choice but to completely enclose the source or receptor in a 
conductive box. n
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Figure 4: Here we apply the principals of electric and 
magnetic shielding to the case of a wire suspended over a 

return plane. An electric field shield only requires a grounded 
connection at one end, whereas a magnetic field shield must 

be connected at both ends to be effective. 
Figure 3: The magnetic field shielding employed in Figure 2 
can be understood using the “shorted secondary” concept. 


