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The transmission-phase properties of parametric am-
plifiers are tantamount to gain, bandwidth, excess noise
temperature, and pump power in argular detection systems
such as monopulse radars and interferometers. These an-
gle detection systems employ antenna and hybrid junction
labyrinths which derive even and odd spatial components of
the antenna diffraction pattern. The labyrinth ports usually
supply even, elevation odd, azimuth odd, and quadrupolar
components. The source signal or target echo, differential
amplitude and differential phase, between labyrinth ports con-
tain spatial information of position, extent, and shape of the
target. Consequently, to employ the potential of parametric
devices in monopulse detection systems requires an under-
standing of the transmission phase properties of parametric
devices. It is the purpose of this paper to delineate these
properties.

The analysis follows the matrix representation of a non-
linear capacitive reactance, four-frequency device wherein
due note is taken of the phases. The phase properties are
analyzed for the four-frequency devices because they encom-
pass both negative resistance andfrequency conversion am-
plification mechanisms. The four-frequencies considered
are:
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The expressions for transmission phase include the effects
of non-zero port susceptances and nonlinear reactance ele-
ment losses. At midband without losses, the equations re-
duce to easily-remembered equations which are significant
to application of parametricdevices in phase-sensitive sys-
tems and distinguish the parametric process from conven-
tional nonlinear resistive frequency mixing. At midband
without losses the transmission phase relations are:
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The sign of 7/ applies for a nonlinear capacitive re-
actance and will change for a nonlinear inductance., These
phase relations are to be distinguished from the relations
for the propagation constants for traveling wave structures .
The simple transmission phase relations above will be gen-
eralized to include the effects of nonzero port susceptances
and nonlinear reactance elementlossesbyincludingan arc-
tangent function. The dependence upon diode cutoff fre-
quency, circuit Q's, mode spectrum frequency, and devia-
tion from midband is shown.

These transmission phase relations show that the non-
inverting up-conversion process of parametric amplifica-
tion differs from other parametric processes such as non-
inverting down-conversion and the inverting negative con-
ductance amplifier. By way of illustration, thetransmission
phase relations are applied to show nonreciprocal or uni-
lateral properties of certain parametric devices.

When parametric devices are used in monopulse sys-
tems, the transmission phase relations have proved useful
in system analysis in the same mammer as the transmission
phase rules distinguish differences between the various mi-
crowave hybrid junctions used in the design of monopulse
labyrinths. Parametric devices that are used to amplify
and process spatialposition and extent information in mono-
pulse systems must preserve the coherence between the
even and odd channels. The basic mechanisms to preserve
the coherencebetweenthe even and odd channels. Thebasic
mechanisms to preserve coherence together with experi-
ments are indicated.






