
RADIO WAVES FROM:
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ATMOSPHERE, INTERFERENCE,

BASIC RADIO ASTRONOMY SYSTEM
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AMPLIFIER AMPLIFIER - ANALYZER

LOCAL
OSCILLATOR

'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; EFFICIENT MIXERS MUST BE DEVELOPED.
3) MM-A LOCAL OSCILLATORS ARE EXPENSIVE, UNRELIABLE AND DO NOT EXIST FOR SHORT MM-A RANGES.

4) SPECTRUM ANALYZERS COVERING GHZ BANDWIDTHS WITHU 104 CHANNELS ARE NEEDED.
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. Fig. 1 - Noise figure, 10 log F, 'and noise temperature, Tx = 290 ° (F-l), vs.
frequency for various 1980 state-of-the-art low-noise devices. The 3000K
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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VLA FRONT-END CONFIGURATION
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TYPICAL HETERODYNE RECEIVER

./nitt re-4C t u/Avf.

IF OUT
SIGNAL
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LLa

FREQUENCY
4

U SB --

LSB-*
*LO

DOUBLE -SIDEBAND RX :

SINGLE- StDEBAND RX :

USB & LSB SIGNALS EOUALLY

CONVERTED TO IF

ONLY ONE SIDEBAND

CONVERTED TO IF

-- IF

1-3

TYPICAL IIETER OD' E R ECEDV'ER

Main components

- feed horn: couples incoming signal energy Into a single wavegulde mode.

- LO diplexer: couples the LO power into the same waveguide as the signal.

- band-pass filter: removes noise generated at the signal] frequency by the LO. This filter is often

an intel part of the diplexer.

- mixer: uses a nonlinear device to generate an IF (beat frequency) at the difference between asig-

nal and LO frequencies.

- IF matching transformer: matches the mixer output to the input of the IF amplifier to ensure

m ximumn power transfer.

I- F amplifier: amplifics the IF signal so that the noise of succeeding stages Is negligible.

Each component has some loss at the slgnal frequency.

The sensitivity of the receiver is limited only by Its own internally generated noise:

- LO noise not removed by the h nd-pass filter,

shot and thermal noise in the mixer diode,

- noise in the IF amplilficr,

- thermal noise in eanch lossy element.

A rnLxer receiver may respond in uonly one sldieband, or to both upper and lower sidebands (signal and

image) - hence single Eidelumtd (SSIJ) and double sideband (DSI) receivers.
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The disadvantages of the water mount are largely overcome in the block type of mount. [Ret 4-8).

By using a coaxial or microstrip RF choke, the mount can be used over full waveguide bands. A small

coaxial dumbcl type of choke (alternate high and low Z 0 quarter-wave sections) can be jupported in a

low a dielectric material. A printed circuit microstrip choke can be fabricated on fused quartz and

expoxled in place. Care should be taken to ensure that the choke structure is small enough not to sup-

port higher-order modes within the Intended RF band.

The stepped waveguide transformer can be fabricated 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

is being pushed into contact with it. It is also somewhat difficult to mount the choke and diode inside a solid

block-type mount.
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