CONSTRUCTI ON AND USE of BROADBAND TRANSFORMERS

Br oadband transformers are not difficult to understand. They are comronpl ace
in today's amat eur technol ogy. Mdst broadband transforners are wound on ferrite
toroids or rods. Sone are wound on powdered-iron cores, while others are forned
on pot or cup cores. W will confine our discussion to transforners that are
wound on ferrite toroids or balun cores (sonetines called "binocular" cores.
Basic i nfornmati on on toroids and how to wind themis available in the Gak
Hills Research application note No- T-1A Therefore, | shall not repeat the
fundamental information about toroids in this note.

Basi cs of Broadband Transfornmers

A broadband RF transforner is designed to operate over a wi de range of freq-
uencies with mninmum XL or Xc occurring at one or nore frequencies within
the design range of the transformer. This requires that we use high perneability
cores with relatively small w ndings for the M and HF spectrum As the operat-
ing frequency is increased the core becones |less and | ess evident to the circuit
Only the winding on the core is effective at the upper range of operation.
At the lower end of the frequency range the core is "seen" by the circuit,
and it enables the winding to exhibit the necessary i nductance for the | ow
frequency portion of the operating range. Mdst HF broadband transforners are
wound on ferrite cores that have a u [initial perneability or mu) of 125
or 850. The latter type is the nost comon for coverage from 1.8 to 30 Miz.
The 125 mu cores have the suffix "61" for Amidon or Fair-Rite products. No.
43 material has a nmu of 850. No. 63 and 68 nmaterial is generally used for
VHF broadband transformers (mu = 40 and 20, respectively).

There are two ki nds of broadband transforners. One is known as a "conventional "

type, which has separate primary and secondary w ndi ngs, as do power and audi o
transforners. The other type is called a "transm ssion-line" transforner.

It is believed that the latter variety is the nost efficient of the two. In
any event, all transforners nust have sone | oss, however small. W2FM has
devel oped broadband transforners that have efficiencies in the high 90% range.

This is discussed in his ARRL book, Transm ssion Line Transforners. | recomrend
this book to those who want to | earn nore about broadband-transfornmer design
and application.

Transm ssion-line transforners are wound with twi sted or parall el w ndings
and produce specific integers of inpedance transformation, such as 4:1, 9:1
and 16:1. Conventional transfornmers pernit you to obtain any transfornmation
rati o you need. The windings on a transnission-line transforner exhibit a
characteristic inmpedance of roughly 25 ohns. Sone designers use teflon insul ated
m ni ature 25-ohm coaxi al cable for the windings. Parallel-wire wndings are
laid on the core with the wires for a given turn adjacent to one another.
Twi sted-wire wi ndings generally contain 6 to 8 twi sts per inch.
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Abifilar wi ndi ng has two parallel wires that are wound on the core a4t the
same time. Atrifilar wi ndi ng has three such wires, and a quadrifilar wi ndi ng
has four wires. Fig. 1 illustrates in schematic formhow a conventional and

transm ssion-line transforner conpare.
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Fig. 1 -- A conventional broadband transformer is shown at the left.
The exanple at the right illustrates a bifilar-wound transm ssion-|ine
transformer. The pictorial draw ngs show how the windings relate to

the schematic diagrans. The large black dots near leads 1 and 2 of the
transmission-line transformer indicate the polarity or phase of the
w ndi ngs.

Det er mi ni ng- the- M ni mum Nunber - of - Turns

Once we know the required i npedance transformation ratio for our circuit we
can calculate the turns or voltage r gtio of the transformer. The turns ratio
is the square root of the inmpedance ratio. Thus, for a 4:1 Z ratio we have
a 21 turns ratio. For exanple, we pjght have 10 turns of wire for the hi-

Z winding, and 5 turns of wire for the lowZ winding. This 2:1 turns ratio
equates to a 4:1 Z ratio.

The question now arises concerning the required inductance of the transfornmer
wi ndi ngs. Mst industrial designers followa rule that dictates the XL (i nduct -
ive reactance) of the smallest w nding nust be X4 gf greater the |oad i npedance
of the winding. Therefore, if the smaller winding | ooks into a 50-ohm | oad,
the XL of that w nding nust be 200 ohms gf greater. | use the X4 rule for
all of ny design work. The inductance of the w nding may now be found from
L(uH) = XL/(6.28 X f(Miz). We can now |ook up the AL for the toroid core we
plan to use and | earn how many turns are peeded to obtain the required induct-
ance. Once we |earn the nunber of turns for the small winding we will be able

to wind the larger winding in accordance with the al ready deternined turns
ratio.

If there is too little inductance jn the transformer wi nding we will experience
| osses and SWR probl ens because of the to-Z transformer wi nding placing a
low value XL in parallel with the resistive |oad.
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Transforners on Bal un Cores

Many designers prefer to use balun or binocular cores for broadband transform

ers that nust acconobdate RF power For the nost part, these transforners are
of the conventional type shown in Fig. 1. Balun cores are made from ferrite

The perneability of the core material Ls 850 to 900 for applications from
1.8 to 30 MHz.

You may create your own balun cores by using two rows of ferrite toroids,
side by side. For exanple, you want to build a 50-W broadband RF anplifier
You can use two rows of 6 each FT-50-43 ferrite toroids. The cores are gl ued
toget her by nmeans of quick-setting epoxy cement to formtwo separate tubes
of toroids. Wen the glue has dried, cenment the two rows together (side by
side) with epoxy. This results in a binocular type of core assenbly. Additional
toroids can be added to the two rows if higher power is anticipated. Fig.
2 shows an exanple of a one-piece balun core and one that has been fashi oned
fromtwo rows of toroids.
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Fig. 2 -- Examples of broadband RF power transformers. Two rows of toroid

cores (ferrite) are forned by gluing the toroids to one another. The
two roWws of cores are then glued together, side by Sside. a balun core
is shoan at the right. It can be an Ami don Associates BN 43-7501 or
similar unit. The lowZ winding is generally a single, U shaped turn
of wire. The larger winding has as many turns as are needed to provide
the desired impedance transformation. The BN-43-7501 has an A. factor
of 6000. L

The transformers in Fig. 2 are configured for unbal anced circuits. If a push-
pull anplifier is used, nmerely place a center tap on the U shaped, one-turn
wi nding. Locate it at the center of the U bend of the winding, as shown above.
The 1-turn primary winding gshould be made from heavy-gauge wire or small copper
or brass tubing since it pust carry considerable do and RF current for the
transistor or transistors in the power anplifier. The | arger wi nding, which
feeds the harmonic filter, pmy pe fashioned fromsmaller wire. Use the |argest
wire gauge practicable, consistent with fitting the winding in the holes of
the core. The larger the wire dianmeter the |ower the |osses.

Br oadband Bal un Transforners
Bal un (bal anced to unbal anced) transforners are used in test equi pnent, m xers,

receivers, transnmitters and antenna circuits. Circuits and wiring information
concerning baluns is available in The ARRL El ectronics Data Book and The Radio
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Amat eur' s Handbook, plus the WLFB book, Ferronmagnetic Core Design 8 Applicat-
i ons Handbook (1). Therefore, that infornmation will not be repeated here.

Bal uns are transmi ssion-line transfornmers. The greatest commpn m suse of bal un
transfornmers is when they are used in antenna systens. A balun is designed
to interface between specific inpedances. It cannot accommpdate a w de range
of inpedances, irrespective of its transformation ratio. For exanple, a 4 . -1
balun transforner is normally used between a 50-ohm unbal anced |ine and a
200-ohm bal anced line or termnation. It npay be used also for joining a 75-
ohm unbal anced line to a 300-ohm bal anced one. The inportance of bal un design
and application is clearly explained in the W2FM book, Transm ssi on Line
Transformers (ARRL). Broadband transforners are not effective at i npedances
above approxi mately 600 ohns. Therefore, when they are included in the circuit
of an Transmatch (antenna tuner) for use with "any inpedance," they can't
performproperly -- especially at high inpedances. The phase beconmes questi on-
abl e and they can saturate and burn up easily under certain conditions. An
i deal environnent for a balun is one that presents input and output inpedances
that are suitable for the transforner design. These inpedances should renmin
constant over the operating-frequency range of the balun. A worst-case exanple
of a balun in an inproper environment is one that is used at the teed point
of a dipole that is nmeant for nultiband use. |If sufficient RF power is fed
through the balun, it will saturate or burn up on sone frequencies. This is
because the antenna i npedance may be several thousands of ohns at sone freq-
uencies. This results in extrenely high RF voltages within the balun. Core
saturation is dependent upon the cross-sectional area of the core, the nunber
of turns on the wi ndings and the current (ac and dc) flow ng through the w nd-
ings. Add to this the peak-peak voltage in the wi ndings. H gh val ues of RF
vol tage can al so cause arcing between the w ndings and the transformer core. A
situation of this type is common al so when a balun is used at the feed point
of a single-band dipole, where the SWR is |ow at the design frequency, but
hi gh above and bel ow the design frequency. Should you attenpt to use the antenna
at a frequency where the SWR is high (1.5:1 or greater), the balun finds it-
self in a very hostile environnment. Not only is there a m smatched conditi on
at the balun, but high RF voltage will be present at the feed point. Evi dence
of core saturation is noted when the transforner becones hot to the touch.
This assunes that the wire used for the windings is | arge enough to prevent
heating of the w ndings. Core saturation al so causes the generation of square
waves, and these are rich in harnonic energy. Therefore, a saturated core
can cause TVI and RF Equations for calculating the core size versus saturat-
ion are given in the books listed at the end of page 3 and the start of this
page

Practi cal Exanpl es of Broadband-Transforner Use

Fig. 3 shows exanpl es of sone common uses for broadband transforners. Circuit
A illustrates the use of a broadband transforner at the output of an active
m xer. The resistor bridged across the transforner primary hel ps to establish
a constant inpedance. This makes it less difficult to calculate the turns
rati o when the | oad i npedance is known. Another advantage of Rl is that it
hel ps to i nprove the I MD characteristic of the nixer. Typical Rl values are
from4700 to 12,000 ohns for | M i nprovenent.

Fig. 3B shows how you can use a broadband transforner for matchi ng a 50- ohm
antenna to a grounded gate RF anplifier in a receiver or converter. The input
i npedance (source) of the JFET is on the order of 200 ohns, which calls for
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Fig. 3 -- Exanples of how to use broadband RF transfornmers. An untuned

m xer output circuit (Tl) is seen at A. R inproves the | M perfornance

and hel ps establish the T1 primary | oad i npedance. The 10:1 Z ratio
permts the use of a 500-ohmIF filter. A typical transformer for the
m xer m ght have a prinmary with 25 turns of no. 28 enam w re on an

an FT-50-43 toroid. A 10 turn secondary would be used for a 500-ohm
load. Circuit B shows a commpn-gate JFET RF anplifier. T1 provides a
mat ch between a 50-ohm antenna and the 200-ohminput Z of QL. Amplifier
Cis a push-pull Cass Ctype for RF power service. Tl matches the 50-

ohminput line to the bases of QL and 2. Balun cores of the type in

Fig. 2 may be used at Tl and T2 of this circuit. T2 matches the collector

i npedance to a 50-ohm harmonic filter.

a Tl inpedance ratio of 4:1. Fig. 3C shows a push-pull RF power anplifier
t hat uses two broadband transforners of the type in Fig. 2. Tl matches 50
ohnms to the QL/ Q2 base i npedance (generally less that 10 ohns). T2 is wound
to transformthe QL/ @ coll ector inpedance to a 50-ohm harnonic filter. The
center tapped wi ndings of 11 and T2 are shown at the center of Fig. 2. Nunerous
practical exanpl es of broadband transformers and associated circuits are found

in The WFB QRP Not ebook, The ARRL Handbook and Solid State Design for the
Radi o Amat eur.

Toro idal transformers may be used in place of 11 and T2 in Fig. 3C The ngjor
di sadvantage of using a toroidal transformer in a push-pull circuit is that
it is difficult to provide a precise electrical center for the tapped w nding.
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Physi cal and electrical symetry are inportant for any bal anced circuit. The
transforners in Fig. 2 Il end thenselves nore readily to effective bal ance.

Bits and Pi eces of |Information

: Check
your Decenber annual indices in QST for articles about toroids A nunber of
good articles on the subject have been published in QST during the past 20
years.

Use caution when winding ferrite cores. They break easily if dropped on a
hard surface. Also, nany ferrite cores have not been tunbled to provide snooth
edges. These sharp surfaces can easily strip the enanel insulation fromthe
wire used for the wi ndings. This can cause shorted turns that ruin the trans-
former performance. It is wise to wap large ferrite cores with 3M gl ass tape
or plunber's Tefl on tape before applying the wi ndings. This hel ps to protect
the wire from abrasion.

A broken ferrite core may be repaired and used again if the halves are gl ued
firmy together with epoxy cenent. | once shattered a huge 20-kWtoroid (used
as a balun core for comrerci al broadcast) by applying too much power in a
situation of high RF voltage. It broke into flour pieces. It was glued and
used successfully in a high-power application

In order to avoid confusion when building transforners with nmultifilar w ndings
you can spray paint the wires with different colors before putting the w nding
on the core. Also, be on the | ookout for nagnet wire with different colors
of enanel insulation (green red, brown and gold, which are standard col ors).

Ferrite is not a perfect insulator. Rather, it is a seni conductor type of
ceramic. Bare wire should not, therefore, be used on an untaped ferrite core.

If you have ferrite or powdered-iron cores of unknown characteristics you
may | earn the A factor by winding a few turns on the core, neasuring the
wi ndi ng i nduct ance and applying this equation: AL =(L(uh) X 104 1/N2  where
N i s the nunber of turns on the core.



