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Aparticular class of RF transformers with excellent
bandwidth and low loss is the transmission line
transformer. This note provides an engineer’s first

description of such transformers and points out the dif-
ferences between transmission line transformers and
conventional flux-coupled transformers.

The value of transmission line transformers in RF
circuits and systems is that extremely low losses (a frac-
tion of a dB) can be obtained over bandwidths of two or
more decades. Other transformer types may match the
low loss over a narrow bandwidth, or they may exhibit
wide bandwidth, but have 1 dB or more loss. The low
loss of transmission line transformers makes them espe-
cially useful in high power circuits.

The transmission line transformer operates by trans-
mitting energy via the transverse transmission line
mode. It does not rely on the coupling of magnetic flux
lines like a conventional transformer. Figure 1 shows
the simplest illustration of this difference. In the trans-
mission line transformer, the purpose of the windings is
to eliminate (reduce as much as possible) common-mode
currents from the input to the output. With input and
output isolated in this manner, the voltages at the input
and output can be treated as being independent of one
another.

Figure 2 shows a simple transformer which
has an impedance transformation ratio of 4:1
[1]. This is a Ruthroff design [2], one of the clas-
sic transmission line transformer types. In this
circuit, two voltages are summed to get twice
the voltage at the output. Since we must have
conservation of energy in any system, RL must
be four time the value of RS in order for the volt-
age ratio to be two.

Also, for this transformer to operate satisfac-
torily, the phase difference of the voltage fed
from terminal 2 to terminal 3 must not differ
much from the incident voltage. This means
that the physical length of the transmission line
must be very short in terms of wavelength.

We also need to maintain the required isola-
tion from input to output in order add the
delayed voltage at 2 “back on itself” at 3. This
isolation is obtained by forming the transmis-
sion line (coaxial cable or closely spaced parallel
wires) into an inductance. Inductance is maxi-
mum with a magnetic core of iron powder or fer-
rite material, as shown in Figure 2(c) and (d).

This short introduction cannot fully explain the oper-
ation of transmission line transformers, but it illus-
trates its basic properties and operating principles. ■
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■ Figure 1. A conventional transformer (left) compared to
the basic transmission line transformer section (right).

■ Figure 2. Four diagrams of a Ruthroff type 1:4 unbalanced-to-
unbalanced transformer: (a) schematic, (b) coaxial cable schemat-
ic, (c) rod core pictorial, and (d) toroid core pictorial (from [1]).
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