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Emssions killers trap conmon-node currents

GLEN CHENIER, FuJiTsu NETWORK COMMUNICATIONS, RICHARDSON, TX

M unshiel ded twisted-pair cable that is transforner-coupled to
a dgta systemcan easily act as a radating atenna, not
because of the dif ferentid analog signd the cad e carries, but
because of conmon- node currents i nduced by unwant ed stray
coupling fromthe digita portions of the system These currents
fromfast digita transitions contain harnonics in the hundreds
of negahertz and can be a ni ghtnare to desi gn engi neers who
have to nake systens conformto radi ated-enissions |inits.

If the coupling transforner has a center tap on the wnding
to which the cabl e attaches, you can use this tap to reduce the
level of these nasty common-node currents on the cable. Gn-
nectingthetaptoa qiet earth ground provi des a path to shunt
these currents harnhessly to earth before they can sneak out
the cable ad radiate (FHgure 1). Acapecitor in the comnection
provides the sane RF groundi ng function but presents a high
i npedance to any 60-Hz ground | oop currents if the far end of
the cable al so connects to a ground-referenced transforner
wnding. This capacitor should be only a few hundred pi co-
farads, nust have short | eads and circuit traces between trans-
forner tap and good earth ground, and nust have a suf fidet -
lyhighvatageratingtowthstand hi gh-vo tage transi ents as the
end narket requires.

The technique works as follows: The opposite ends of the
transforner wnding are bal anced wth respect to ground; that
is, the wndings push and pull wth equal anplitude but oppo-
site pd arity on each and every transmtted data syniol . The
center of thetransforner isthe pivat onwnichthe wnd ng bal -
ances. As such, thispivat paint is neutrd relaivetogoud an
actual connection to ground nakes no dif ference to the df fe -

etid infornation sigd .

If a common-node signal inpresses both conductors, the
resuting curents at opposite ends of the wndng flow bath
tovard and anay fromthe center tap in the sane phase. This
fl ow causes nagnetic cancell ation between the two hal ves of
the wnding, and the resulting inductance is very low, resuting
only inthe residua |eakage inductance. In this way, bath con-
ductors have a | owinpedance path to earth ground wthout
dfecting the vented df ferertid sigd. Nte thet filtering esch
conductor wth an RC network al so provides the | owinped-
ance path to ground; unfortunately, thisfilter dso destroys the
df feretid sigd inhgrht-rae gicaios.

The technique in Fgure 1 d so hel ps reduce susceptibility to
comnmon-node currents that external fiel ds i nduce; the unvant -
ed currents pass harnhessly through each half of the trans-
forner wnding and cancel each other out. Interw nding capac-
itance the usual nechani sm by which comron- node
voltages can af fect transforner-coupl ed receiver inputsis
less critical because both conductors have a | ow i npedance
path to ground, resulting in nini numconmon- node vol t age on
each conductor .

Using a conmon-node choke in addition to the center-tap
trap resuts in area common-node killer. The two techni ques
conpl enent each other, and it can be helpfu to use bath
together in stubborn cases. As Fouwe 1 indicates, you can
pl ace the conmon-node choke virtually a transforner on its
sideinlinewththecabe preferddy a apont just before the
cable exits the (ided ly) shie ded encl osure to avoi d stray-noi se
pi ckup on the cabl e dte the choke. Asinilar but opposite nag-

COMMON-MODE

’ o>

CHOKE
DIGITAL AANS
DRIVER
]

CENTER-TAP
CAPACITOR (=470 pF WITH

SUFFICIENT VOLTAGE RATING)

>

UNSHIELDED TWISTED-PAIR CABLE

&

OPTIONAL =10- TO 301-pF CAPACITORS FOR
ANY HIGH-FREQUENCY DIFFERENTIAL-MODE EMISSIONS

A center-tap capacitor connected to earth ground i npl enents a conmon-node current trap and reduces RF enissions. A conmon-node choke

inaddtiontothis ceter-taptrap resuts ina comoen-node killer.
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netic nagic takes place in the common-node choke, which
nust present a high series inpedance instead of a | ow shunt
i npedance to conmon-node currents. The wnding turns ratio
is1tol adthe pdarity is suchthat the nagnetic fie ds from
thedf ferentid signa nowcancel, resutingina nost zero aten-
uation other than that resuting fromthe | eakage i nductance.
n the other hand, the common-node currents cause nag-
netic addition, whichresults in highinpedance and reduces the
level of uwanted currents.

You can al so nake a conmon-node choke by slipping a
large ferrite sl eeve over the tw conductors of the twsted pairs
o by wnding one or nore turns of the twsted pairs through a
large toroid doughnut. My ferrite suppliers nake these

sleeves and toroids just for this purpose. Aso, wel | -bal anced
common- node chokes of the nore conventional transforner -
like construction are also readily availab e from dat aconm
transforner suppliers.

Two capacitors follow ng the common-node choke can
reduce high-freguency dif ferential -node ennssi ons caused by
non- conmon- node currents. (O #2160)
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