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Use of Ferrites in Boadband Transfor mer s

| ntroducti on

Mst of the nagnetic infornationinthis cataogis data obtai ned
fromcores wound wth a si ngl e mul ti -turn-w ndi ng whi ch forns an
inductor. Wen a second wnding is added on the core, the
inductor becones a transforner. Depending on the require-
nents, transforners can be designed to provide dc isoation,
inpedance natching and specific current or voltage ratios.
Transforner designed for power, broadband, pul se, or inped
ance matching can often be used over a broad frequency
spect rum

In nany transforner designs ferrites are used as the core
nateriad. This artide wll addkess the properties of the ferrite
naterials and core geonetries which are of concern in the
desi gn of | ow pover broadband transforners.

Brief Theory

Broadband transforners are wound nagnetic devices that are
desi gned to transfer energy over a wde freguency range. Mst
applications for broadband transforners are in tel econmuni ca-
tion equi pnent where they are extensively used at a | ow pover
leds.

Fi gure 1 shows a typical perfornance curve of insertionloss as
a function of frequency for a broadband transforner. The
bandw dt h of a broadband transforner is the frequency differ-
ence between f, adf , o betveenf ) adf ', axdis afuxtion
of the specified insertion loss and the transforner rdl-off
characteri sti cs.

It can be seen that the bandw dth is narrower for transforners
wthastegprdl-of (f,-f ' ) thanthose wthanore gradual ra |-
df (f ,-f,). Asoin Fgue 1, the three frequency regions are
idetified

The cut of f frequenci es are determned by the requi renents of the
i ndi vi dual broadband transforner design. Therefore, f, can be
greater than 10 M or less than 300 Hz. Bandw dths al so can
vary froma few hundred hertz to hundreds of M. A typical
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Figure 1 Typicd Quracteristic Grve of Insertion Loss vs.
Frequency for a broadband transforner.

br cadband transforner design wll specify for the md frequency
range a naxi numinsertion loss and for the cutoff frequencies, f
ad f, naxinum allovable |osses. Fgure 2 is a schenatic
dagramof the lunped el enent equivaent circuit of a trans-
forner, separating the circuit into anided transforner, its com
ponents and equival ent parasitic resistances and reactances.
The secondary conponents, parasitics and the | oad resi stance
have been transferred to the prinary side and are identified wth
a prine.

To sinplify this circuit, the prinary and secondary circuit e
nent s have been conbi ned and t he equi val ent reduced circuit is
a shomn in FHgure 3. The physical significance of the paraneters
are listed below the equivd ent circuits. In the | ow frequency
regontherdl-off intransmssion characteristics is due al over-
ing of the shunt inpedance. The shunt inpedance decreases
when the frequency is reduced, which results in the increases
level of attenuation. The inpedance is nainly a function of the
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Fgure 2 Lunped equival ent of a transforner.
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source resi stance
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open circuit inductance of prinary wnding
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shunt resistance that represents loss in core
Secondary paraneters reflected to the prinary side.

C.' = secondary w ndi ng capaci t ance

resi stance of secondary w ndi ng
secondary | eakage i nduct ance
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Snplified equiva et transforner circuit
Cc,=C, +C;

Fgure 3

R.=R +R)
L=L,+L,
For other circuit paraneters see Fgure 2

prinary reactance X ,wthanegighblecontributionad the equiva
lent shurt | oss resistance R,. The insertionlaoss nay therefore be
expressed in terns of the shunt inductance:

A = 10 log,, (1+ (ﬁ)Z) dB
p

Where R=R xR, IR,= R,

For nost ferrite broadband transforner designs, the only e e
nents that are likely to effect the transmssion at the nid-band
frequency range are the wndi ng resi stances. The insertion | oss
for the nnd-band freguency regi on due to the wndi ng resi stance
nmay be expressed as:

- R
A = 20log,, (1+I?aTC,‘?’) dB

Where R =R + R,

In the higher frequency region the transmssion characteristics
are miny a function of the leakage inductance or the shunt
capacitance. It is often necessary to consider the effect of bath
of these reactances, depending uponthe circuit inpedance. Ina
| ow i npedance circuit the high freguency droop due to | eakage
i nductance is:

A = 10log,, (1+(R(JO 2 ,)2) dB
a+ b

This high frequency droop inahighinpedance circuit, duetothe
shunt capacitance, is as fdlovs:

A= 1000g, (1+(wcr) ) d8

Rviewng the insertion loss characteristics for the three fre
quency regions, it can be concluded that the selection of ferrite
naterial and core shape should result in a transforner design
that yields the highest inductance per turn at the | owfreguency
atdf f,. Thiswll resut inthe required shut inductance for the
low frequency region wth the least nunber of turns. The low
nunber of turns are desirable for lowinsertion loss a the md
band region and al so for | oww ndi ng parasiti cs needed for good
response at the high frequency cutoff f .
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Low and Medi um Frequency
Br oadband Tr ansforners

For broadband transforner applications the optimumferrite is
the nateria that has the highest initia pernesbility a the | over
cutaff frequency f .. Minganese zinc ferrites, suchas Fair-Rte 77
or 78 naterial, are very suitable for |owand nedi umfrequency
broadband transforners designs. As stated before, the trans-
forner paraneter that isnost critica isthe shut reactance ((wl)
vwhich wll increase wth frequency as long as the naterial
perneability is constant or dnminishing a a rate less than the
increase in frequency. This holds true even if a transforner is
desi gned usi ng a nanganese zinc ferrite where f  isa thehiger
end of the flat portion of the perneability vs. frequency curve.
Athough the vhol e bandpass lies in the area vhere the initia
perneabi lity i s decreasing, yet the bandpass characteristics wil
be virtually unaffected. For broadband transforners that use a
nanganese zinc ferrite nateria the core geonetry shoul d be
such as to mininze the R /Lraio Inaher verds, theraiod oc
resistance to the inductance for a singe tun shoud be a
nmninum The range of pot cores, standardized by the Interna
tional Hectrotechnica Gnmissi on i n docunent | BEC 60133, has
been desi gned for this nininumR, /L ratio.* Qher core shapes
such as the BEP cores and PQ cores can also be used in the
design of these broadband transforners. Qten the fina core
sel ection wll a so be influenced by such consi derations as ease
of wnding, termnating and other nechani cal design constraints
o the transforner.

Broadband Transforners wth a
Superinposed Satic FHeld

In transforner designs that have a superinposed direct current,
gapped cores can be enpl oyed to overcone the decrease in the
shunt i nduct ance. Hanna curves can be used to ai d i n the design
of inductive devices that carry adirect curent. For noreinforna:
tion see section “The BEfect of Drect Grrent on the I nductance
of a Ferrite Qxe” on page 165.

H gh Frequency Broadband Transf or ners.

Athough there is no clear division between the frequency re-
gows, for this aticle it is assuned that the high frequency
broadband transforner designs use nickel zinc ferrites as the
preferred core nateria. This wil typicaly occur for transforner
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desi gns vhere the bandpass |ies whal | y above 500 kHz. A these
higher operating frequencies it becones nore inportant to
consi der the conpl ex nagneti c parangters of the core naterial,
rather than use the sinple core constants, such as A, recom
nended for |ow frequency designs.

Another inportant consideration is that high frequency trans-
forners are generally used in |lowinpedance circuits, which
neans that these designs require | owshunt inpedances. This
can often be acconplished wth a few turns, hence w nding
resi stances are no | onger an issue, and the design concept of
mninzing R./Lis nolonger required. The designwll instead
becone focused on core shape and naterial for the required
shunt i npedance at f, al ong with reduci ng | eakage i nduct ance
of thewnding. Sncethe nateria characteristics perneability
and | osses affect the shunt i npedance t hese par aneters need
to be considered in high frequency broadband transforner
designs. Hgures 4, 5and 6 are typical curves of inpedance Z,
equivalent parallel reactance X, and equivaent parallel |oss
resistance R, as a function of frequency. They are neasured
on the sane nul ti-aperture core 28-602302, in 73, 43, and 61
naterial, wound wth a singl e turn through both hol es. For high
frequency broadband transforners the toroidal core shape
becones an attractive core geonetry. The fewturns that are
often required can easily be wound on the toroid. Hwever,
wndings that require only a fewturns nay give rise to prob-
lens in obtaining the desired i npedance ratios. To mininize
| eakage inductance it is suggested that the prinary and sec-
ondary w ndi ngs be tightly coupl ed and vhere possible abifilar
w ndi ng be used.

A inprovenent in core performance over toroids can be
obtained by the use of multi-aperture cores, which can be
consi dered as two toroi dal cores side by side. This core shape
has a lower single turn wnding length than the equival ent
toroidal core wth the sane core constant C,, andwll resut in
a w der bandw dth of the transforner design. Many broadband
transforners have been designed utilizing nickel zinc ferrite
toroids wth good results. |f bandw dth requirenents cannot be
net using toroids, nulti-aperture nickel zinc cores should be
consi der ed.

The nul ti-aperture cores listed inthis catal og on page 84, are
availadeinthenicked zinc ferrite naterials 61 and 43 as vl |
in the nanganese zinc ferrite 73 naterial .
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Summar y 100

The lowcutoff frequency f isthesinge nest inportant factor in
theferritenaterid sdection Thenaterid wththe highest intia i
perneshility at f is the recommended choi ce. L

I\

Minganese zinc ferrites, 77 and 78, can be used to a cutoff 13| P ed
frequency f , of 500 kiHz. Above this freguency use a ni ckel zinc o a4
ferrite, agai n depending upon the frequency f , sdect 6l or 43
nateria.

r4(0)]

10 ¢/ 7

For | ow and nedi umfrequency transforners the opti numcore L/
shape should provide the lowest DC resistance per unit of /
inductance. If there is a superinposed dc present the use of 4
gapped cores and Hanna curves is suggested. For high fre- /
quency designs, use nickd zinc ferrite. The toroidd and nol ti-
aperture cores are the reconmended core configurations.

The nuniber of turns should be kept to a mininumto reduce 1 /
| eakage i nduct ance and sel f - capaci tance of the w ndings. Wnd 10° 107 108 10°
prinary and secondary wndings tigntly coupled or as bifilar
w ndings to | over |eakage i nductance.

Frequency (Hz)

The Bead, Balun and Broadband Kit |1, part nunber 0199000011, Figure 4 Inpedance vs. frequency for part nunber
contains a variety of conponents suited for broadoand trans- 28-602302 in 73, 43 and 61 material .
forner design eval uations, see page 92
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Fgure 5 Paralel resistance vs. freguency for part nunber Figure 6 Paralle reactance vs. frequency for part nunber
28002302 in 73, 43 and 61 naterial . 28002302 in 73, 43 and 61 naterial .
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