RADIO WAVES FROM:
ASTRONOMICAL SOURCES,
- ATMOSPHERE, INTERFERENCE,

BASIC RADIO ASTRONOMY SYSTEM

LOW NOISE MIXER | IF 'SPECTRUM
AMPLIFIER | AMPLIFIER ANALYZER
R _ 2t .
/
LOCAL -
0SCILLATOR
‘PARABOLIC
REFLECTOR
PROBLEM AREAS

1) IN CM RANGE LOW-NOISE AMPLIFIERS LIMIT SENSITIVITY AND TEND TO BE UNRELIABLE.

2) IN MM-A RANGE LOW—NOISE AMPLIFIERS DO NOT EXIST;
3)

EFFiCIENT MIXERS MUST BE DEVELOPED.
MM-A LOCAL OSCILLATORS ARE EXPENSIVE, UNRELIABLE AND DO NOT EXIST FOR SHORT MM-A RANGES.

4) SPECTRUM ANALYZERS COVERING GHZ BANDWIDTHS WITH‘--'J,O4 CHANNELS ARE NEEDED.,
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. Fig. 1 - Noise figure, 10 log F, and noise temperature, Tp = 290° (F-1), vs.
frequency for various 1980 state-of-the-art low-noise devices. The 300°K
bipolar transistor, FET, and paramp values are taken from manufacturers data
sheets [1, 2, 3], the 20°K FET curve is from the data of this paper plus
data of others [4, 5, 6] at 0.6, 1.4, and 12 GHz, respectively. The 20°K
paramp, 4°K maser (including parametric up-converter at lower frequencies),
and 20°K mixer results are from systems in use at National Radio Astronomy
Observatory (NRAO). The natural noise limitations due to galactic noise,
the cosmic background radiation, and atmospheric noise are for optimum con-
ditions and are taken from [9] plus points at 22 GHz and 100 GHz measured
at NRAO. . . ) :
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TYPICAL HETERODYNE RECEIVER

. MILLIMETER  WAVAE
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TYPICAL HETERODYXNE RECHVER

- Main components

feed born: couples §ncoming signal encrgy into a single wavepuide mode.

LO diplexer: cauples the LO power into the same waveguide as the signal. )

band-pass filter: removes noise gencrated at the signal frequency by the LO. This filter is often
n.n intcgral part of the diplexer. )

mixer: uses a nonlincar device to generate an IF (beat frequency) st the difference between sig-
na) and LO frequencics. ) ’

IF mstching transformer: matches the mixer output to the input of the IF amplifier to ensure
maximum power transfer.

IF amplificr: amplifics the IF signal so that the nolse of succeeding stages is negligible,

Each component has some Joss at the signal frequency.

Tbe sensitivity of the recelver §s limited only by its own internally generated noise:

-

-

LO bpoise not recmoved by the band-pass filter,
shot and thcrmal noisc in the mixer dinde,
volsc in the IF amplificr,

" thermal nolsc fn each lossy clement,

A mixer recelver may respond to enly one sideband, or to both upper and lower sidcbands (signal and

image) - hence single sidehund (SSB) and double aidcband (DSB) recclvers.
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The dlndvnnugea of the wafer mount are lu-gely overcome in the block type of mount. [Rel 44]

By using & coaxinl or microstrip RF choke, the mount can be used over tull waveguide bands. A mal.l
coaxial dumbel type of choke (alternate high and low 2 o quarter-wave sections) can be supported ina
" low ¢ dielectric material. .A printed circult microstrip choke can be fabricated op fused quartz and
expoxied in place.” Care should be taken to ensure that the choke structure is small enough not to sup-
. port higher-ordcr modes within the intended RF band.

The stepped waveguide transformer can be fubricsted by electroforming,:as can the main block.

A disadvantage of the block type of mount as shown is the difficulty of seeing the diode while the whisker
13 being pushed into contact with #t. It §s also somewhat difficult to mount the choke and diode inside a solid
block-type mount. '
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