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How t o Choose Ferrite Conponents
for EM Suppression

| nt roducti on

The folowng pages will focus on Soft Ferrites used in the
application of el ectronagnetic interference (BM) suppressi on.
Athough the end use is an inportant issue and sone appli ca-
tions are nentioned, this technical sectionis not intended to be
a design nanual, but rather, an aid to the designer in under-
standi ng and choosi ng the opti numferrite nateria and conpo-
nent for their particdar applicaion. Ferrite suppressor cores
aesinpletouwe ineathe intid desigs o retrdfits, ad ae
conparatively economical in both price and space. Ferrite
suppressors have been successful |y enpl oyed for attenuating
EM in conputers and rel ated products, swtching pover sup-
plies, el ectronic autonative ignition systens, and garage doors
openers, to nane just a few

Wse of Ferrite Suppressor Cores

The Lhited Sates vas one of thefirst countries torecogni ze the
potentia probl ens caused by el ectronagnetic pollution. As a
result the FGCwvas charged wth the responsibility of proml -
gatingruesandregu ationstocontro and enforce linits on high
frequency interference.

FHoure 1 shows the current radiation linmts as defined by FQC
Riles Part 15, for class A(industria) and cl ass B (nass- narket)
equi pnent .

Qrtrary to the tines when these regulations were first en
forced and designing for BEM protection was often an after-
thought rather than a forethought, a najor portion of today' s
circutry is incorporating BEM safeguards inits initiad design
Miny appr oaches can be used to conply wth design or speci -
ficationlinmts for BM. Atentiontobaesic circuit design, conpo-
nent layout, shielded enclosures and other use of shielding
naterials nay be considered. For reducing or el ininating
conducted EM on printed circuit boards in wring and cabl es,
ferrite conponents have been used very successfully for de-
cades. The ferrite core introduces into the circuit a frequency
vari abl e i npedance, see Hgure 22 The core will nat affect the
| over frequency operating signals but does bl ock the conduc-
tion of the BM noise frequencies. The FHgures 3 and 4 are
photographs of a representative sanpling of the Fair-Rte
Products Qxrp. product line of suppressor cores.

Fair-Rte Products Corp.

Gonduct ed Limits*
Fr equency Qass A Qass B
450 kHz — 1.6 Mz 60 dBuV 50 dBuV
1.6 Mz — 30 ME 70 dBuv 60 dBuv
*Measured using a 50-ohm LI SN
Radi ated Li mts**
30 Mz — 88 M&z 50 dBuV/ m 40 dBuV/ m
88 Mz — 216 Mt 53 dBuV/ m 43 dBuV/ m
216 Mz — 960 Mz 56 dBuV/ m 46 dBuV/ m
above 960 Mz 64 dBuV/ m 54 dBuV/ m

* Measured at a 3-neter distance

Fgue 1l FQCRadiation Limts for class A & B equi pnent.
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Figure 2 Impedance, reactance, and resistance vs.

frequency for a ferrite core in 43 material.
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Fogure 3, 4 Variety of BM Suppression Gres including: (1) Beads on Leads, (2) Solit Round Gabl e Suppressi on Qores and
Gases, (3) Slit Hat Ghle Suppression Qres and Gases, (4) Rinted Greuit (FQ Beads, (5) Toroidal Type Shield Beads,
(6) wrface-Munt (S\) Beads, (7) on Reel, (8) Véund Beads, (9) Gonnector Suppression Oscs and A ates and

(10) Qe of nine BEngineering Kits containing a Large Variety of Sanples of BEM Suppressor QGires.

The Magneti cs

The perneability of a ferrite naterial is a conpl ex paraneter
consisting of area and an inaginary part. The real conponent
represents the reactive portion and the inaginary conponent
represents the losses. These nay be expressed as series
conponents (g p.") o paralle conporents (H,; H,,')-

Fogure 5 is the vector representation of the series equiva ent
circut o aferrite supression core; the loss free inductor (L)is
in series wth the equivalent loss resistor (R). The fdlowng
equations rel ate the series i npedance and the conpl ex perne-
dility:

Z=jwL, + R, =j wL (U'-j 1) ohm

so thet
wL, = wLp,' ohm
R, = wL '~ ohm
vhere: L = 4mN?10° (H istheair coreinductance
C

1

The i npedance of a ferrite suppressor core is a conbi nation of
theintrinsic nateriad characteristicsu adu ", the square of the
turns and of the ferrite core. The conpl ex perneability conpo-
rents p' ad p" vary as a function of frequency. The core
geonetry and the nuniber of turns are frequency i ndependent
contributors to the overall inpedance.

= L, R,
oL V=IzZ s s

— 8

h Z=R HjoL,
= I= y Z:Rs+j(DLou's’
IR z . R
Z=joL, (ijo + )
RS =(L)L()l'lis,, . 5 = Ix}
oL=oL .’ |Z= JOL, (K -jU")
tand = ?)ST - %’ 21079
SRR S =tV (SR
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Figure 5

Mterial Sl ection

Gnducted BEM can occur over a wde range of frequencies,
fromas | owas 1 M to several G&. To provi de protecti on over
such a wde frequency range a nunber of ferrite naterials will
have to be nade avail abl e.

Far-Rtedfersaconpleteline of suppressionferritesthat cover
a gamt of frequencies. Sarting at 1 Mz Mizn ferrites 73 and
31 are used. Begi nning around 20 M¥z up to 200/ 300 ME the
NZn naterial s 43 and 44 are reconmended. For the highest
frequencies the NZn 61 nateria is the chaice
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F gures 6 through 10 showfor these five suppression nateria s
the conpl ex perneabi lities '  ad p"  as afunction of frequency.
For al these naterias a lowfrequencies ' is highest but asthe
frequency increases p', becones the dominant material param
eter whence the biggest contributor to the overall inpedance. A
the I owfrequencies where W', is highest the suppression core is
nostly inductive and rejects BM signals. A the higher frequen
cies vhere p"  becones the nore significant paraneter the
i npedance w | | becone nore and nore resi stive and absorbs the
conducted EM.

Table 1 lists Fair-Rte' s suppression naterial's, suggested oper-
ating frequency ranges and the test freguencies for the five
suppression naterials. The recoomended naterial s wll provide
the highest conbination of the prinary nateria characteristics
W, ad p", over that freguency range.

Table 1
Mterial | Frequency Range | Test Frequencies Coment s
73 1 -25 Mt 10 - 25 M& Sl | parts only
31 1 - 300 Mk 10 - 25 — 100 Mk | Large parts only
43 20 - 300 M 25 — 100 M Wode range of parts
44 20 — 300 Mz 25 — 100 Mz Hohresistivity
61 200+ Mz 100 — 250 Mz For VH desi gns

Mking the naterid sdection is the first step in dimnaing
conducted BEM problens. To nake this nateria selection it is
inperative that the frequency or frequencies of the uwanted
noi se are known. This needs not be an exact figure; an approxi-
nationwl| be sufficient. FFomthe BEM frequency the naterial can
be sel ected. It should be nade clear that severa environnental
conditions wll have to be addressed before this sel ection be-
cones fina .

Condi ti ons

As shown in Fgures 6 through 10, the w'  ad ", wll vary s a
function of freguency. Hwever, several environnental condi-
tionswll a soaffect these prinary nateria paraneters. The nost
significant ones are tenperature and dc hi as.

Envi r onnent al

Changes in the coni nation of p'. and p", due to tenperature is
strictly anateria characteristicwichis nat affected by the core
geonetry. The graphs in FHgures 11 through 15 show the per-
cent age change i n i npedance as a function of tenperature vhen
conpar ed to roomt enperat ure. These typi cal changes in i nped-
ance Wil be applicable for all conponents nade from these
naterials. Designers can use these graphs to eval uate perfor-
nance of specific conponents versus tenperature.

Fair-Rte Products Corp.

Phone: (888) FAIR RITE / (845) 8952055 -
(888) 324-7748
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Figure 6 Complex Permeability vs. Frequency
Measured on a 2673000301 bead using
the HP 4284A and the HP 4291A.
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Figure 7 Complex Permeability vs. Frequency

Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A.
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Complex Permeability vs. Frequency
Measured on a 17/10/6mm toroid using
the HP 4284A and the HP 4291A.
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Complex Permeability vs. Frequency
Measured on a 17/10/6mm toroid using
The dc bias is nore conplex. The dc bias wil affect both the p'
and P, but thisis asoinfluenced by the core geonetry, specifi-
BEM suppressi on beads and

the HP 4284A and the HP 4291A.
caly the nagnetic path length. Therefore Fair-Rte provides dc
bias infornation based on a dc Hfield in oersted for nany of its

Figure 8
round cabl e suppression cores listed in the cata og a cal cul ated
Hval ue (H1.256/1 ) that is based on a single turn and one Ap

suppr essi on conponents. For all
direct curent is shom This cacuated value of H shoud be
nodifiedif noretunsareusedor if thecurrent isnat 1A A2 Ap
curent wll of coursedoblethevauelistedfor thepart. Qethe
true dc Hfieldis cacdaed gaphsinHgures 16 through 20 wi
provi de the change i n i npedance i nfornation for the appropriate
naterial, frequency and true Hval ue.
O bias curves are included in this catalog for wund and
assentl ed parts as well as for those conponents for which the
For each individua conponent an

44 Miterial
refer tothe product sections for beads on | eads, pages 29-40 and

1000
Ws
Pz

nagnetic path length cannot be easily cal culated. For instance,

N
™

chip beads, pages 50-73 .
i npedance vs. frequency curve wth the dc bias as a paraneter

100

isincluded Again, this wll provide the designer wth a quick
evaluation on how the dc affects the perfornance of these
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corrponent S.
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Measured on a 17/10/6mm toroid using

the HP 4284A and the HP 4291A.
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Figure 11 Percent of Original Impedance vs. Temperature
Measured on a 2673000301 using the HP4291A.
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Figure 13 Percent of Original Impedance vs. Temperature

Measured on a 2643000301 using the HP4291A.

Fair-Rte Products Corp.
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Figure 12 Percent of Original Impedance vs. Temperature
Measured on a 2631000301 using the HP4291A.
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Figure 14 Percent of Original Impedance vs. Temperature

Measured on a 2644000301 using the HP4291A.
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61 Miterial
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Figure 15 Percent of Original Impedance vs. Temperature
Measured on a 2661000301 using the HP4291A.

Secondary Material Paraneters

Athough W' .and W' arethe nest criticad naterid characteristics
for suppression applications, resistivity and Qrie tenperature
areferritenaterial paraneters that shoul d be considered as vel .

The Grietenperature i s the transition tenperat ure above whi ch
the ferrite loses its nagnetic properties. A this tenperature the
conponent is no longer performng its intended function. Qe
the nateria cods down below this tenperature it wll again
performas before. For all Fair-Rte naterials a mnimmarie
tenperature is specified

As nentioned previously, Fair-Rte nanufactures two cl asses of
ferrite naterials, Mizn and NZn ferrites. The nanganese zinc
naterial s have lowresistivities wereas the nickd zinc nateria s
have high resistivities. For applications that use non-insu ated
wres o for use as comnector suppression plates, a ferrite
naterial wth the highest resistivity is reconmended. Fair-Rte's
24 nateria is an inproved 43 nateria by providing both in
creased resistivity and Qrie tenperature. Gonponents inthe 44
NZnnateria are catal og standard parts for connector plates and
wound parts such as PC beads and wound beads.
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Figure 16 Percent of Original Impedance vs.
Magnetic Field Strength. Measured on a
2673000301 using the HP4291A.
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Magnetic Field Strength. Measured on a
2631000301 using the HP4291A.
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Figure 18 Percent of Original Impedance vs. Figure 19 Percent of Original Impedance vs.
Magnetic Field Strength. Measured on a Magnetic Field Strength. Measured on a
2643000301 using the HP4291A. 2644000301 using the HP4291A.
61 Meterial Common- Mbde Desi gn
100 If the dc currents are so high that the resul ting i npedances are
Y not sufficient to suppress the conducted noise, the conmon-
s 920 N node appr oach nmght sol ve the probl em As shown in FHgure 21,
S \ < i n a cormon- node desi gn both current-carrying conductors wl |
© 80 N pass through the sane hole in the core. The dc fields wil cancel
o 0 N ([ 250MHz and the cormon-node noi se that is pi cked-up on both lines wil |
4 N T~ be attenuated. It should be pointed out that an BM signal that is
£ 60 100MHz — onthelinetothelcad andthenreturns fromthe load Wil not “see”
= ~_ the core and Wil not be attenuated.
= 50
2 I Inapdications wth alarge drect curent inasing e conductor,
) 40 the sol ution mgnt be the use of an open nagnetic circuit core
IS 30 such as a wound ferrite rod. In autonotive designs were the
S goud is used as the return path, this oftenis the only option
3]
o 20 Wen hi gh frequency operating signals, typically above 1 M,
10 are susceptible to BM, the common-node approach might be
used to sol ve that problem Inthis instance conmon-node i s not
0 used for the current conpensation, but rather for the conpensa-
6 1 2 3 4 5 6 7 8 9 10 tion of the high frequency signds. These signel pairs will be not
H(oersted) be suppressed, yet any comnmon-node EM w il be attenuat ed.
The use of round or flat cable cores is a good exanple of this
Figure 20  Percent of Original Impedance vs. application of this type of common-node Suppressi on.

Fair-Rte Products Corp.

Magnetic Field Strength. Measured on a
2661000301 using the HP4291A.
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Common-Mode Design

EMI

/

EMI

Figure 21

Gre Sl ection

Once the proper ferrite naterial for a specific suppressi on appli-
cation has been decided the required ferrite coreis the next step
insoving the BM problem The core contribution to the i nped-
ance is expressed in the formil a

41N?10°

Lo= . G)

Fomthisfomlait is evident that theinpedanceis proportional
to the square of the nunber of turns and the core geonetry
shown by the core constant C,. The advantage of the proportion-
dityd N2 is often overl ooked and yet can enhance the overall
i npedance significantly for arather minor cost. H gure 22 shows
t he i npedance versus frequency curves for one of Fair-Rte' s 43
nateria cable cores wound wth one, two and three turns. By
increasing the nuniber of turns the wnding capacitance is in
creased resulting in a shift in the naxi numi npedance to | over
frequencies. |f aninprovenent of the | owfrequency i npedance
perfornance is needed, this increase in turns can be very
bereficid for the 43 nateria applicaions.

The core geonetry nost often used i n suppressi on appl i cations
isthetorodal core. WWenthe di nensions areininches, the Lo for
the toroidal core shapeis 1.17 NP Hlog,) Y ID 10%(H. O the
three core dinensions A IDand H (height), the His the nost
signficat. Thisdinensionis proportiona tothe toroida Lo and
hence of the inpedance of the core. Doubling Hw il doubl e the
vol une and al so the inpedance. Doubling the core vol une by
changing the @and or the IDwII only increase the i npedance
by approxi nately 40%

Qrerall the process of selectingabead or cable core that fits the
wre or cable is nainly a nechanical eva uation, but the | onger
the sel ected core the hi gher the i npedance for a gi ven vol une of
ferrite naterid.
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Figure 22 Impedance vs. frequency for a 14/6/28mm

cable core in 43 material wound with one,
two, and three turns.

Suppression Materials
[ | 44
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]
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1000

Figure 23 Available Fair-Rite Suppression Materials

vs. Frequency
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Suppressing Common-Mode Noise Suppressing Differential-Mode Noise
—— ——

Small Currents Small Currents
———] =

Large Currents

77777 Large Currents

HF Signals ’*

Economical Figure 25

Figure 24

Summary

1 Miteria S ection 2. Qre Slection

The gaph in Agre B ads intheintiad nateriad seection for 1O nake a final core selection, the type of EM, common-

suppressi ng conducted BM frequenci es. node or differential -node, wll affect the choi ce of the core
configuration.

DC bias, core size, operating tenperature and resistance re- ) ) )
quirenents might affect this choice. Fgures 24 and 25 provide an overview of the available core

shape options for differet levds of input curents.

A though the catalog lists hundreds of suppression conponents, we at
Fair-Rte Products Qxrp. wll nanufacture parts to fit custoner specific
applications. Gntact one of our representatives or our sales office in
Vel [kill, NYwth your requirenents.
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