The 180° Hybrid Coupler

The 180° Hybrid Coupler, has a scattering matrix with a
different form than either the directional or quadrature
coupler:
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Thus, it uses the other solution for a matched, lossless,
reciprocal 4-port coupler.

Like the quadrature coupler, however, we find that:
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Thus, the scattering matrix for this device is:
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Hence, this coupler is likewise a 3dB coupler—the power into a
given port (with all other ports matched) is equally divided
between two of the three output ports.

Note the relative phase between the outputs, however, is
dependent on which port is the input.

For example, if the input is port 1 or port 3, the two signals will
be in phase—no difference in their relative phase!

However, if the input is port 2 or port 4, the output signals will
be 180° out of phase (/™ = 1)

An interesting application of this coupler can be seen if we place
two input signals into the device, at ports 2 and 3. Note the
signal out of port 1 would therefore be:
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while the signal out of port 4 is:
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Note that the output of port 1 is proportional to the sum of the
two inputs. Port 1 of a 180° Hybrid Coupler is thus often
referred to as the sum (X) port.



Likewise, port 4 is proportional to the difference between the
two inputs. Port 4 a 180° Hybrid Coupler is thus often referred
to as the delta (A) port.

There are many applications where we wish to take the sum
and/or difference between two signals!

The 180° Hybrid Coupler can likewise be used in the opposite
manner. If we have both the sum and difference of two signals
available, we can use this device to separate the signals into
their separate components!




