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Abstract

The design of a completely quasi-optical 1.5 mm aircraft radiometer receiver is discussed

in detail.
zing a reciprocating mirror.

The radiometer beam switching is described as well as a reflection isclator utili-
A quasi-optical local oscillator injection system using a Folded

Fabry-Perot resonator is described and receiver performance levels given.

Introduction

At frequencies above about 150 Ghz it be-
comes difficult to construct receiving systems
with the waveguide technology so well develo-
ped at the lower frequencies. High ohmic loss
per unit length and close physical tolerance
requirements produce real practical limita-
tions on the fabrication of waveguide devices
which have dimensions that are necessarily
fractions of a wavelength. At these higher
fregquencies it has been demonstrated that most
microwave network functions can be accompli-
shed quasi-optically. The quasi-optical tech-~
niques basically involve operations with dif-
fraction limited beams a few tens of wave-
lengths in diameter. Since the energy in such
beams does not interact with any guiding
structure, transmission losses are non exis-
tant. Furthermore, the effect of imperfec-
tions in quasi-optical devices such as beam
splitters, lenses, etc. tend to be averaged
over the large beam area yielding reduced
local tolerance requirements. Generally
speaking, quasi-optical devices tend to be
simpler to construct since their dimensions
are large compared to the operating wave-
length. Interesting design problems do exist
due to diffraction of the gquasi-optical beams
and the difficulties encountered in focusing
the beam energy down into semiconductor devi-
ces. The following paper describes the de-
tails of a 1.5 mm aircraft radiometer recei-
ver which was designed using quasi-optical
techniques exclusively. The receiver is
presently being used at the Jet Propulsion
Laboratory for radio astronomy and the mea-
surement of atmospheric constituents.

Receiver Description

A schematic diagram of the quasi-optical
receiver is shown in Figure 1. OBasically the
receiver receives energy in a 5, 3 db beam-
width from either a _horizontal signal beam
or a sky beam at 30~ elevation depending on
the position of the switching mirror. in oper-
ation the switching mirror nutates at a 4 Hz
rate and synchronous detection is used to com~
pare the signal and sky beam energies. A move-
able mirror is provided to switch all or a
portion of the sky beam over to a liquid ni-
trogen cold loag for balance and calibration
purposes. A 50°C heated load is also provided
for low level calibrations. 1In this case an
ambient load is lowered over the signal beam
and the switching mirror nutates betweeg the
ambient load and hot load to yield a 277K
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calibration signal. The moveable ambient
load and heated load can be seen above and
below the signal beam opening in Figure 2.

After leaving the switching mirror the
energy to be received by the radiometer tra-
vels to the signal mixer via reflections from
a reciprocating mirror and a local oscillator
injection resonator. The energy is focused
into the mixer by means of a teflon lens one
inch in diameter. The reciprocating mirror
is a flat surface which vibrates back and
forth and serves the function of averaging the
effects of energy which leaves the mixer and
returns via an unwanted reflection from the
switching optics or aircraft window. The
standing wave from such reflections can ex-
hibit itself as spurious spectral features in
the radiometer baseline.

The local oscillator injection system is
a novel Folded Fabry-Perot resonator. This
device is a quasi-optical analog of the wave-
guide ring coupler commonly used for local
oscillator injection at the lower frequencies.
It serves the purpose of filtering the noise
from the klystron and diplexing the local
oscillator and signal energies into the
Schottky mixer.

Energy is leaked from the klystron to a
hormonic mixer used for phase locking by
means of a quasi-optical variable power divi-
der. The klystron horn is rotated through an
appropriate angle to generate cross polarized
energy which is reflected from a wire grid
into the phase lock mixer. Figure 3 shows the
arrangement of these components at the bottom
of the receiver.

The Folded Fabry-Perot Injection Cavity

A photograph of the local oscillator
injection cavity is shown in Figure 4. Also
shown are one of the teflon lenses and a
quasi-optical mixer mount previously described
in reference (l). This biconical mixer is
presently under study for use in the receiver
over the frequency range 180-270 Ghz.

The coperation of the cavity can be under-
stood by referring to Figure 1. Energy from
the local oscillator is collimated by the
teflon lens and impinges on the resonator at a
457 angle. In a manner analogous to that of
a waveguide ring coupler the energy resonates
around the four walls of the cavity and final~
ly exists into the signal mixer via a second
lens. At the signal frequency the cavity is



anti-resonant and the signal energy reflects
from the cavity with very little loss. The
cavity is tuned by mechanically varying its
diagonal dimension. The cavity was designed
for I.F. center frequencies which are odd
multiples of 1.4 Ghz. Signal loss of less
than 0.5 db, local oscillator injection loss
of 3-6 db and local oscillator noise rejection
of -15 db have been measured on this device

at 186 Ghz. The resonator is also being used
successfully in a receiver development program
at 671 Ghz.

The Reciprocating Mirror

The reciprocating mirror provides gquasi-
optical isolation of the radiometer from re-
flections. The operation of the mirror can be
described by considering the voltage at the
mixer diode to be of the form

_ -3 (2kL-2)
vy = Vg [l + R e 1)
whege Vo is the diode voltage amplitude and
Rel” is®the undesireable reflection coeffi-

cient from the aircraft window. I is the
additional one way path length introduced by
moving the reciprocating mirror from its
center position. The mirror is constructed
so that this path length varies sinusoidally
with time, i.e.,

(2)
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where d is the peak to peak excursion of the
mirror and the 45° mirror incidence angle has

been taken into account. The power received
by the radiometer is then proportional to

I =

|vd[2 o~ lvolz [1 + 2R cos(sz—mJ (3)

The time average power, averaging over many
cycles of the reciprocating mirror is then

|vo’2 [1 + 2RI (1/2kd) cos;zJ (4)
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Now by choosing the mirror displacement d so
as to make the Bessel function in (4) wvanish
the received power can be made independent of
the frequency sensitive phase @ thereby
stabilizing the radiometer baseline. Measured
improvements of at least a factor of four in
baseline power fluctuations have been observed
with the reciprocating mirror.

The receiver has measgred double sideband
noise temperatures of 1000 K at 170 Ghz. Base-
lines linear_ to within peak to peak fluctua-
tions of 0.1°K over a 100 Mhz bandwidth have
been obtained switching between sky and signal
beams while looking through a two inch thick
polyethylene aircraft window.
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Fig. 2-Front view of the Receiver. Fig. 4-The gquasi-optical injection
system and mixer.
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Fig. 3-Bottom view of the Receiver.
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