[image: image1.png]would be applicable to microwave frequen-
cies using microstrip or stripline layouts
1t could also be expanded to accommodate
more than two mutually isolated ports or
to increase isolation even further, but the
rowth of complexity and insertion loss
seems to limit those possibilities. This type
of combiner/splitter is now a standard part of
ARRL IMD procedures.
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Atypical hybrid combiner/splitter has four
ports. Whether splitting or combining, the
‘goal s to provide isolation between two of the
ports and litle isolation between those two
ports and at least one of the other ports.

Begin with a basic 0° combiner/splitter
— the so-called “Magic T" Refer to Figure
AL The Magic T s a very simple thing * It
‘may be just acenter-tapped winding on a bin-
ocular bead. Designing the split winding as a
transmission line enhances performance. See
Figure A2. Physical construction i illustrated
in Figure A3. Because it has only three ports,
it really a sort of hal-hybrid or half-bridge
circuit. It provides reasonable port-to-port iso-
lation when termination resistances are close
10 optimal. When the common port is termi-
nated in 50 ©, the ideal termination resistance
for each of the two mutually isolated ports is
100 02 The ballast resistor is 200 O

‘To use the Magic T asa splitter, drive the
common port and get two in-phase signals
at the mutually isolated ports. Input power
is split equally, yielding a minimum 3-dB
loss between the input port and each output
port. As a combiner, apply two signals to
the isolated ports and obtain a two-tone at
the common port. Loss is again at least 3 dB
for each signal through the combiner. Figure
Ad reveals that the flux induced in the core
‘material (if any) is theoretically zero when
the two signals being combined are equal in
amplitude and phase and when all termina-
tion impedances are ideal.

Details of how the Magic T achieves its
isolation deserve explanation here, since they
expose the key o the improved isolation of
my final circuit. When everything is perfect,
isolation is theoretically infinite; but what
happens when things are imperfect? More-
over, what's the relative phase of the signal
appearing at one isolated port when the other
is driven in combiner operation?

How It Works

Refer to Figure Ad. In it the Magic T is
a three-port network and the common port
i terminated with a 100 © variable resistor.
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Figure A1 — The Magic T.
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Figure A2 — Alternate representation of
the Magic T.
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Figure A3 — Physical construction.



[image: image7.png]a7

200

Stgral
ac
0703 Srans

Figure A4 — Magic-T voltage diagram.
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[image: image8.png]Assume that the source impedances of the
‘generatorand the termination at the other port
are exactly 100 + j0 Q. When the variable
resistor is exactly 50  and the transformer
is ideal, isolation is perfect.

In the figure, voltage V1 induced onto the
bottomside of the winding is equal to voltage
V2across the top side of the winding. Polari-
ties of those voltages are indicated by the plus
and minus signs. It's not easy to see at first,
but analysis shows that the voltage across the
variable resistor (set to 50 ©)is half the gen-
erator's output voltage. The power appearing
there is one half of the input power because
of the impedance transformation. Because
the 200 O resistor is connected across both
windings, it’s effectively transformed to
509 0n both halves of the winding. The volt-
age across the variable resistor is therefore
equal to V1 and in phase with the generator.
“The voltage at the undriven port s zero be-
cause the voltage contribution caused by the
200 Q resistor (in-phase) precisely cancels
voltage V2 (out of phase).

‘The 200  resistor dissipates half the
power and the variable resistor dissipates
the other half. Power in the variable resistor
is V1%/50 and power in the 200 Q resistor is
the same: (2V1200.
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Figure A5 — Block diagram of hybrid combiner-splitter.



[image: image10.png]The 200 Q resistor dissipates half the
power and the variable resistor dissipates
the other half. Power in the variable resistor
is V1%/50 and power in the 200 Q resistor is
the same: (2V17/200.

Now consider what happens when the
variable resistor is set to less than 50 Q.
Voltage V' isstill equal to voltage V2, but the
voltage across the variable resistor is less than
that. Voltage V2 dominates at the undriven
port over the contribution from the 200 O
resistor. The voltage at the undriven port is
nonzero and 180° out of phase with respectto
the generator. T haven't ol ved for that voltage
in terms of the variable fesistor, but I suppose:
it would be easy enough to do.

Finally, adjust the variable resistor to
some value greater than 50 Q. Again, V1
V2, but the voltage across the variable resistor
is higher than that. Voltage V2 isless than the
contribution from the 200 € resistor and the
voltage at the undriven port is nonzero and in
phase with the generator. Those properties of
the Magic T lead directly to my idea.

Improving Port Isolation

‘The port-to-port isolation of the Magic
Tis theoretically infinite when everything is
perfect; but leakage inductance, inter-winding



[image: image11.png]capacitance, imperfect lerminations and other
effects tend to diminish it. Broadband values
0f 30 10 40 dB are typical. Armed with four
Magic Ts, however, we can do a lot better.

While my hybrid works just as well as a
splitter, Tl use terms relating to combiner
operation to explain it. Refer to Figure AS.
Each solated port signal (Port 1 or Port 2) is
splitusing a Magic T. Those Ts are labeled Z1
and 72. A pair of outputs from Z1 and 72 is
combined in Z4, another Magic T. The other
pair of outputs s combined in Z3. Al hybrids
are identical except for the variable resistor on
73. Imagine that the termination at the final
output of Z4 and the source impedances at
Ports 1 and 2 are exactly 50 + j0 Q.



[image: image12.png]As you read this, remember that isolation
between Port 1 and Port 2 is what matters.
Here’s what happens in the circuit. A signal
applied at Port 1 appearsat the outputs of Z1..
One of the outputs of Z1 goes through Z4 to
the final Common output port along Path 1.
That signal has passed through two Magic
Ts, incurring a 6-dB attenuation. The other
Z1 output goes along Path 3, through 73 to
the variable resistor.

Because of imperfect isolation, a small
amount of the signal on Path 1 leaks across
74 10 Path 2. As demonstrated, the leaked
signal may have phase 0° or 180° with
respect to the generator, depending on the
load. The leaked signal appears at a port of
72 and propagates o Port 2 through that T
with an additional loss of 3 dB. At the same
time, a small amount of the signal on Path 3
leaks across 73 to Path 4, where it appears
at a port of Z2 and propagates to Port 2 with
an additional 3-dB loss,

The Path 4 leaked signal may have phase
0° or 180° with respect to the leaked signal
on Path 2. Its amplitude and phase may be ad-
justed using the 100 Q2 variable resistor until
the leaked Path 2 and Path 4 signals cancel





[image: image13.png]at Port 2. Note that 72 acts as a combiner for
those two signals.

Of course, 72 also acts as a splitter for
signals applied to Port 2, and asimilar thing to
‘what I described above occurs i the other di-
rection toward Port 1. Thus,isolation between
Port | and Port 2 may be greatly improved over
what a single Magic T would achieve alone.
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With careful construction and shield-
ing, T built some of these units that exhibit
90dB or more of isolation. Transmission-line.
techniques are necessary in the windings to
obtain good broadband performance, but the.
ability 10 adjust the variable resistor on Z3
tends to compensate for imperfections there.
T believe the optimal line impedance would
be about 70 © for 50-0 systems.”

Even with relatively few turns, the trans-
former tends to be overcompensated as fre-
quency is increased. I used seven twists per
inch of 24 AWG enamel wire as a good ap-
proximation to 70-Q transmission line. Mini-
Circuits ADTL~4-75 units may be used."®

Tobained isolation of 60 dB over several
octaves inthe HF range. Adjusting the variable
resistor made the isolation “sweet spot” go up
and down the spectrum. With fingernail-sized
binocular beads (Fair-Rite 43 or 61 material)
and two turns, units showed 40to 50 dB isola-
tion even at 300 MHz The lower frequency
limit with Fair-Rite 43 material is about
2 MHz. Matching of the hybrids among the
four units seems critical for best results. Each
must resemble the otheras closely as possible.
Fixed resistors used in the hybrids were 1%,
1206-type surface-mount components.

Test equipment available to me lacked
sufficient third-order IMD dynamic range
to accurately measure third-order input
IP3, but 1 found a lower limit of +60 dBm
£2 dBm. That was a surprising result given



[image: image15.png]the small size of the beads. Since I also could
not measure the units’ second-order distor-
tion, T established a lower limit for P2 of
+90 dBm 5 dBm. | measured insertion loss of
6.5 dB =1 dB over the range 2 to 300 MHz.
‘When reaching for 90-dB isolation num-
bers, shielding and other construction details
are critical. My unit was constructed on regu-
lar fiberglass circuit board, 0.062 inch thick,
using microstip lines where appropriate.

Future Possibilities

Note that in spliter operation when the
input signals have identical amplitude and
phase, no flux is produced in the ferrite
cores. When combining signals at different
frequencies and amplitudes, though, core flux
is not zero and IMD effects should become
evident. I'm tempted to postulate that some
cancellation of even those effects i occurring
but further analysis would be required before.
T'd put my neck out.

‘With some additional work, the technique
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