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a bias magnetic field is applied along the axis of the 
rod, the polarization plane of a linearly polarized 
TE11-mode will rotate as the wave propagates along 
the rod. The amount and direction of the rotation can 
be controlled by the magnitude and direction of the 
bias magnetic field; however, the relative insertion 
phase of the wave depends only on the magnitude of 
the applied bias field. A matched pair of rods both 
biased to produce 90 degrees of rotation will have ex-
actly zero insertion phase difference if the rotation 
directions are the same, and, because of the rever-
sal of the polarization plane, exactly 180 degrees of 
insertion phase difference if the rotation directions 
are opposite. Such a matched pair of rods can be as-
sembled into a microwave bridge circuit using folded 
hybrid tees to form a reciprocal switch. High isola-
tion between the outputs and operation at high peak 
and average power levels are possible with this type 
of switch. Figure 2 shows a block diagram of a basic 
switch bridge circuit configuration.

As noted above, the insertion phase difference be-
tween the matched pair of rods will remain constant; 
this applies even though the amount of Faraday ro-
tation may change from the optimum 90 degree val-
ue. Such deviations may be caused by frequency and 
temperature variation, and result in a small amount 
of cross-polarized power at the output of the rotator 
sections. This crosspolarized power is typically ab-
sorbed in a film load or in a high power load placed 
in the side arm of an orthomode transducer (OMT). 
Thus the basic switch isolation is fairly insensitive to 
changes of frequency and temperature, with the main 
effect of shifts of rotation away from the optimum 
value being a small increase of insertion loss.

Electronic Control

The state of each Faraday rotator is determined by 
the magnitude and direction of the magnetic bias 
flux along the axis of the rotator ferrite rod. External 
ferrite pieces placed in contact with the rotator rod 
form a closed magnetic path so that the bias flux can 
be maintained as a remanent condition with no con-

Figure 2 - Basic Switch Block Diagram
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tinuous power required. State changes are command-
ed by voltage pulses applied to a coil wound around 
the rotator rod in the space between the rod and the 
external magnetic return path pieces.

The hysteresis loop shown in Figure 3 represents 
the B-H characteristic in the rotator rod with exter-
nal return path elements. In this drawing, STATE 1 
and STATE 2 are the remanent (“latched”) operating 
points that provide equal magnitudes and opposite 
directions of bias magnetic flux. Note that the total 
magnetic flux is the flux density B integrated over the 
transverse-plane area of the rotator rod. These states 
should correspond to clockwise and counterclock-
wise rotations of 90 degrees in the rod. To switch be-
tween the two states, a voltage of the correct polarity 
is applied to the coil and the flux in the rod changes at 
a rate directly proportional to the instantaneous ap-
plied voltage and inversely proportional to the num-
ber of turns in the coil.

The coil current is proportional to H integrated over 
the length of the closed magnetic path. Since H=0 at 
STATE 1 and STATE 2, no steady current is need-
ed in the quiescent case. Current will flow during 
the switching transient because H is nonzero.  The 
magnitude of the current waveform versus time will 
generally have the shape shown in Figure 4, with the 
points a through e matching the designations on the 
hysteresis loop of Figure 3. The voltage pulse ends at 
point d when the current reaches a preset level.

Although one of the two rotator channels of the ba-
sic switch remains at the same state, its coil is pulsed 
with the same voltage polarity during each switching 
operation. Because the flux density level of the ferrite 
for this channel is already at the knee of the hyster-
esis loop, the current will rise rapidly to the preset 
value for terminating the voltage pulse. Sensing of 
the current rise to the preset limit in both channels 
is typically used as an indication that the ferrite is be-
ing switched normally, and a built-in-test (BIT) error 
signal is generated when the desired current limit is 
not sensed in a channel.

Figure 3 - Hysteresis Loop
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Figure 4 - Current Waveform

CURRENT

TIME
a

b
c

d

e






























