Low-Cost RF Gain for H-Line Receivers

Introduction

Hydrogen line receivers using the RTL2832U SDR require some 60dB of RF amplifier gain to ensure that the sky and system noise best utilise the SDR 8-bit ADC dynamic range even when the SDR internal gain itself is set to its maximum of 49.6dB. Using two or three expensive low noise amplifiers (LNA) is an option. 

In this note, the use of low-cost satellite receiver amplifiers is explored. 

System Noise Temperature

Noise temperature is related to LNA noise figure F, by the relation,
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where, Tambient is usually taken as 290ºK.

Table 1 provides some sample LNA noise figures with the equivalent temperatures.

	Noise Figure (dB)
	0.2
	0.3
	0.4
	0.5
	0.6
	0.8
	1
	2
	3
	4

	Temperature (ºK)
	13.7
	20.7
	28.0
	35.4
	43.0
	58.7
	75.1
	169.6
	288.6
	438.4


Table 1 Sample of Noise Figure-Temperature Equivalents

Cascading amplifier stages affects the observed noise figure dependant upon the component amplifier gains and noise figures and is calculated from,
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Subscripts 1,2,3, etc: refer to the amplifier, first, second and third amplifiers in the receiver chain.

Table 2 lists some example cascaded amplifier temperature increases = T2 /G1. 

	Noise

Figure
	0.2
	0.4
	0.6
	0.8
	1
	2
	3
	4

	Noise Temperature
	13.7
	28.0
	43.0
	58.7
	75.1
	169.6
	288.6
	438.4

	G1 = 10dB
	1.37
	2.80
	4.3
	5.87
	7.51
	16.96
	28.86
	43.84

	G1 = 15dB
	0.43
	0.886
	1.36
	1.86
	2.38
	5.37
	9.13
	13.87

	G1 = 20dB
	0.137
	0.28
	0.43
	0.59
	0.75
	1.70
	2.89
	4.38

	G1 = 30dB
	0.014
	0.028
	0.043
	0.059
	0.075
	0.17
	0.29
	0.44

	G1 = 40dB
	0.001
	0.003
	0.004
	0.006
	0.008
	0.02
	0.03
	0.04


Table 2 Cascaded Amplifier Noise Temperature Increase v First Stage Gain

Examination of Table 2 indicates that a first stage amplifier with a noise figure of  0.6dB is minimally affected by a following amplifier of noise figure 4dB providing the first stage gain exceeds about 30dB. Even with a first stage gain of 20dB (highlighted in bold font in Table 2) and 0.6dB noise figure, the noise temperature increase is only about 10% when followed by a 4dB noise figure amplifier.

Using Satellite TV RF Amplifiers for Post Preamplifier Gain

Satellite TV amplifiers/signal boosters can be procured for less than £5 and have specifications suitable for H-Line receivers. Typical specification is,

Frequency range: 47 – 2400MHz

Noise Figure: 4dB

Gain: Nominally 20 dB, (13-20dB, frequency slope)

Connectors F-Type female.

Power: 12V inline.
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Figure 1. Satellite TV Amplifier Chain

An arrangement is shown in Figure 1. It is a feature of satellite TV amplifiers that the power is fed through the RF ports so that for Radio Astronomy use it is necessary to add a power inserter (~£7) and DC block (£3) as shown. In the illustration, the 12v power supply (~£5) was obtained from redundant network router unit. 

In principle, further booster amplifiers can be connected to ensure receiver gain requirements are met.

Discussion

Inspecting of Table 2, it can be concluded that for H-Line work, that for preamplifier noise figures less than 0.6dB, at least 25 to 30dB of low noise amplifier gain is required before the use of 4dB satellite booster amplifiers can be considered. The penalty is expensive high gain low noise amplifiers or two moderate gain, low noise amplifiers in series.

Before choosing amplifier chain options, it may well prove more economic to assess other contributors to the radio telescope system temperature. Antenna inefficiencies and sidelobe noise contributions (explored in the next section) may, for example, be significant and outweigh the advantages of choosing the best theoretical solution to minimise amplifier chain noise.

Antenna Noise Evaluation

A 22 element Yagi antenna tuned to 1420MHz is used as an example for assessing sidelobe and backlobe noise and follows the method outlined in reference 1.

Figure 2 shows the computed (from YagiCAD6(3)) yagi antenna pattern from which sidelobe regions and levels are approximated and included in the noise evaluation table of Table 3.
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Figure 2. 22-element Yagi Antenna Pattern
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Table 3 Antenna Sidelobe Noise Evaluation Table(1)

Table 3 assumes the antenna is located within a black body at a temperature of 290ºK and analyses the temperature portions received in the antenna main lobe and sidelobes. 

Summing the last four entries in the final column indicates that in the rear hemisphere, if illuminated by the ground and local construction at 290ºK that thermal noise level of 37.1deg K is received and adds to the receiver system noise. This is equivalent to about 0.5dB added to the system noise figure.

Conclusions

The choice and performance of the antenna is a key driver for choosing the noise figure performance of the first RF amplifier stage. 

In the case of the 22 element Yagi for the low cost H-line radio telescope(2), it seems that a moderately good first amplifier noise figure of 0.6dB is suitable and with a gain of 20dB, it is feasible to use low-cost 4dB noise figure satellite TV amplifiers to raise the RF chain gain to more than 60dB. The system temperature with this arrangement (43 + 4.4ºK) and 0.2dB antenna feed and connector loss (13.7ºK) plus antenna rear hemisphere noise (37.1ºK) totals 88.2ºK. The corresponding system noise temperature using more expensive amplification (two 35dB gain 0.3dB noise figure amplifiers may improve this by 16.4ºK to around 71.8ºK.

Other system noise contributors that should be considered are antenna resistive loss and antenna – LNA input match.  
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