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1.0 Introduction

The use of SCPC (Single Channel per Carrier) equipment in various satellite networks has opened the door to techniques that reduce test time and test equipment setup complexity for several earth station performance tests.

Being of relatively low power and high frequency stability, the SCPC carriers do not require any spreading or dispersal techniques to lower the power density. It is possible to pass them through very narrow filters in a receive terminal to obtain high carrier-to-noise (C/N) ratios with relatively low satellite power. The spectrum analyzer performs quite nicely as a single piece of test equipment for filtering, detecting, and displaying a satellite receive carrier. Such parameters as antenna transmit and receive side lobe levels, and receive system Gain-To-Noise temperature ratio (G/T) may be easily checked with this single piece of test equipment connected to the Low Noise Amplifier (LNA) output. This White paper discusses the technique and boundary conditions for measuring G/T ratio, the “Figure of Merit” for an operating satellite terminal.
This technique, with reference to the Hewlett-Packard Application Note 150-4, entitled “Spectrum Analysis… Noise Measurements”, has been accepted by Intelsat, the world satellite consortium, and most other satellite systems, as an acceptable technique for performance testing earth terminals.

A PDF version of this Application Note is available at;

http://my.ece.ucsb.edu/yorklab/Useful%20Stuff/Tutorials/SpectAnalysis-AN150.pdf#search='hewlett%20packard%20application%20note%201504'
2.0 System Configuration
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PS= Power from the Spacecraft and L= Space Loss   and G/T
The equation for solving the G/T of a satellite station is G/T = [C/NIF}{LkBIF/PS]

Where L is the space loss, BIF = is the actual bandwidth of the filter used for measurements, Ps is the power of the carrier from the satellite, and C/NIF is the measured Carrier-To-Noise (C/N) following the techniques in Chapter 3 of the Application Note 150-4. This includes a 2.5 dB correction factor as outlined in the document. 

NOTE: This paper assumes the analyzer being used is a High Quality HP with known characteristics as defined by the Application Notes.
3.0 TEST CONDITIONS

The following conditions must apply if proper results are to be obtained from this technique.

a) SATELLITE EIRP – The carrier-to-noise-density ratio at the satellite output must be much larger than the carrier-to-noise ratio measured at the spectrum analyzer; i.e. the received thermal noise power must be contributed by the down link only. If this is not possible in the system under test, an alternative method to an SCPC carrier would be to monitor the satellite beacon, which only has a down link. Exercise caution as there may be modulation present on the beacon. (See section 3d)

b) PREAMP NOISE – The preamp gain must swamp out any noise contributions of the spectrum analyzer. A good way to check this is to make sure the analyzer noise level rises at least 15 – 20 dB when connected to the preamp output. The typical spectrum analyzer noise floor is -110dBm.

c) FREQUENCY STABILITY – The RF carrier stability must be sufficient to insure that the carrier is always located entirely in the spectrum analyzer IF Bandwidth. 
d) CARRIER MODULATION – Generally, an unmodulated carrier should be used. However in the case of a satellite beacon, this may not be possible. If the carrier-to-noise ratio of the main carrier (not including sidebands) is measured, the sideband power must be subtracted from the total power of the carrier in the equation.

Total power in n FM signal is constant. If some power appears in sidebands, then the unmodulated carrier would be proportionately greater.

PS = SATELLITE EIRP IN WATTS

L = SPACE LOSS FACTOR

G = EARTH STATION ANTENNA GAIN

T = RECEIVE NOISE TEMPERATURE

G1 =GAIN OF THE PREAMP

The carrier level measured at the input to the spectrum analyzer is  C=PSDG1/L

The noise at the same point is (in the spectrum analyzer bandwidth)  N = TBIFG1
Where 

k = Boltzman’s constant 1.38X10-23 J/oK

BIF = Spectrum Analyzer bandwidth (i.e. 12 kHz)

The carrier-to-Noise ratio is then:

C/NIF = PSGG1/(LkTBIFG1) or G/T(PS/(LkBIF))

For example; consider the beacon and first sidebands of a typical Intelsat satellite:
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Each of the significant sidebands (lower level sidebands ignored) is -6dB below the carrier and the given total EIRP, including sidebands, is +1.8 dBW.

From this the power in the main carrier may be calculated (each sideband has ¼ the power of the carrier):
PC = 1.8 dBW – 10 Log PT/PS  =  1.8 – 10 Log 1.5  = 0 dBW

PC = Power in the main carrier

PT = Total power of the carrier

PS = Power in the sidebands.

So, the power to be used for calculations in this example would be 0dBW.

Michael J Durbin  Ph. D. E.E.
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