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Calculation of phased array noise 
temperature

Bert Bert WoestenburgWoestenburg
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THEA
Aperture array
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Digestif
Focal Plane Array
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Outline

ModelingModeling of of anan arrayarray system system withwith wave wave 
parametersparameters
ModelingModeling anan arrayarray system as a system as a combinationcombination of of 
twotwo--portsports
ExampleExample of  of  WWWW--procedureprocedure forfor FARADAYFARADAY
CalculationCalculation methodsmethods (4) (4) forfor arrayarray noisenoise
temperaturetemperature
ExamplesExamples of of calculationscalculations forfor somesome simplesimple arraysarrays
ConclusionConclusion
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A practical array receiver system
Antenna elements

Array receiver

OutputnG

1G

NG

1eG

enG

eNG



SKADS Marie Curie Technical Workshop,            
ASTRON Dwingeloo, November 27, 2007 6

Array modeling with wave parameters

Noise output due to internal noise sourcesNoise output due to internal noise sources

fully describes array noise behavior; basis    fully describes array noise behavior; basis    
for array noise calculations with CAESARfor array noise calculations with CAESAR
Matrix description using active reflection Matrix description using active reflection 
coefficient does not easily show criteria for coefficient does not easily show criteria for 
optimizationoptimization
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TrecTrec as a function of scan angle (results with CAESAR)as a function of scan angle (results with CAESAR)
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Modeling the array as a combination of two-ports

Replace the array system by an equivalent singleReplace the array system by an equivalent single--channel channel 
systemsystem
The single antenna represents the array beam propertiesThe single antenna represents the array beam properties
The single receiver represents the array gain and noise The single receiver represents the array gain and noise 
temperaturetemperature
The receiver gain and noise temperature are expressed in The receiver gain and noise temperature are expressed in 
the properties of the individual twothe properties of the individual two--port receivers, port receivers, 
embedded in the array environmentembedded in the array environment
Thus the effects of mutual coupling in the array on the Thus the effects of mutual coupling in the array on the 
twotwo--port noise and gains are included, effectively defining port noise and gains are included, effectively defining 
independent twoindependent two--port receiver channels port receiver channels 
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Embedded two-port noise temperature and 
available gain formulas
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Definition of array receiver gain
Replace the array system by an equivalent single-channel
system
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Definition of array receiver noise temperature

CalculateCalculate fromfrom excessexcess output output noisenoise densitydensity

of of receiverreceiver: : 

Array receiver noise temperature is Array receiver noise temperature is 
weighted average of the individual weighted average of the individual 
embedded receiver channel noise embedded receiver channel noise 
temperaturestemperatures
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Calculation of equivalent receiver gain and noise, 
including combiner

ConsiderConsider simplesimple NN--channelchannel arrayarray of of identicalidentical twotwo--portsports, , formedformed
byby a cascade of a cascade of twotwo--portsports, and , and oneone combinercombiner withwith amplitude amplitude 
tapertaper. . GainGain of of twotwo--portport::

ExcessExcess output output noisenoise densitydensity
givesgives noisenoise temperaturetemperature, , accordingaccording toto cascade cascade noisenoise formulaformula forfor
oneone channel channel twotwo--portport withwith a a secondsecond stage stage passivepassive lossylossy twotwo--
portport, , representingrepresenting the the combinercombiner

, with, with
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Example of analysis of the FARADAY array
with the WW-procedure

Top view of the Top view of the arrayarray BeamBeam formerformer configurationconfiguration 20052005
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Transforming a ring system into an
equivalent two-port receiver
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Combination of the weighted rings
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The equivalent central element



SKADS Marie Curie Technical Workshop,            
ASTRON Dwingeloo, November 27, 2007 19

The central element added, to give the 
equivalent FPA receiver
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Calculation of array noise temperature (Method 1)

Weighted average of embedded twoWeighted average of embedded two--port noise port noise 
temperatures, using active reflection coefficientstemperatures, using active reflection coefficients

Represents noise temperature at array input, as would result Represents noise temperature at array input, as would result 
from a measurement with a hot and cold load at the array from a measurement with a hot and cold load at the array 
inputinput
Calculation method implemented in Excel spread sheetCalculation method implemented in Excel spread sheet
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Calculation of array noise temperature (Method 2)

CAESAR, numerical tool based on MM for modeling CAESAR, numerical tool based on MM for modeling 
antenna structures, combined with microwave system antenna structures, combined with microwave system 
simulator, using noise wave correlation and Ssimulator, using noise wave correlation and S--matrices to matrices to 
calculate array output noise for a certain sky brightness calculate array output noise for a certain sky brightness 
temperature. Program input includes LNA parameterstemperature. Program input includes LNA parameters
Two calculations are performed to determine the array Two calculations are performed to determine the array 
noise temperature, as the array response to a sky signal, noise temperature, as the array response to a sky signal, 
thus by definition the noise temperature at the input of the thus by definition the noise temperature at the input of the 
antenna arrayantenna array
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Calculation of array noise temperature (Method 3)
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Calculation of array noise temperature (Method 4)

Use of YUse of Y--parameter models with associated noise sources parameter models with associated noise sources 
(O(O’’Sullivan Sullivan –– CSIRO)CSIRO)
Different from other three methods, but gives the same Different from other three methods, but gives the same 
numerical results in comparing calculations for a 7numerical results in comparing calculations for a 7--element element 
array with other methodsarray with other methods
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Available array gain and coupling efficiency

Array coupling and excitation are incorporated in the Array coupling and excitation are incorporated in the 
active reflection coefficient, which may be >1 in active reflection coefficient, which may be >1 in FPAsFPAs

Coupling efficiency as defined by Coupling efficiency as defined by KehnKehn et al is also a et al is also a 
measure of array coupling and excitationmeasure of array coupling and excitation
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TwoTwo--elementelement dipoledipole arrayarray withwith equalequal weightingweighting givesgives the the 
samesame resultsresults withwith simulator and simulator and noisenoise formulaformula calculationscalculations
33--element element arrayarray withwith equalequal weightingweighting of of outerouter elementselements
55--element FPA at 2.3 element FPA at 2.3 GHzGHz alsoalso givesgives consistent consistent resultsresults ((notnot
presentedpresented herehere))
77--element element arrayarray ((YY--parametersparameters OO’’SullivanSullivan))

Calculation examples for simple Calculation examples for simple FPAsFPAs
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Noise temperatures and available gains as a function of scan angle for the 
two-element array (method 2) for methods 1 and 3, showing overlapping 
results
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Two-element array noise temperature as a function of amplitude 
coefficients for five different phases (Methods 1 and 3)
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Noise temperature and available gain as a function of scan angle for a 
three-element array (Methods 1 and 3)
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Three-element array noise temperature as a function of amplitude 
coefficient for the outer elements, at five different phases (Method 1 and 3)
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Results obtained with CAESAR for the three-element array for 
comparison with previous picture. Results are exactly the same for 
Methods 1, 2 and 3
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Geometry and configuration of a 7-element array

2
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Dipole length                            0.150 m
Dipole width                              0.001 m
Distance between dipoles        0.152 m
Distance to ground plane         0.075 m
Frequency                                  1 GHz

  Elements 1, 2 and 3 have LNAs with
Equal weights for elements 2 and 3

             Elements 4, 5, 6 and 7 have loads at 300 K
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Results with Methods 1, 2 and 3 for the 7-element array, compared to 
noise temperature calculations with Method 4 (blue dots)

Array gain and noise temperature as a function of amplitude 
coefficient for the 7-dipole array with equal phases
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Detailed comparison of noise contributions for ASTRON and CSIRO 
calculations

Our results for John's 7-element array noise temperatures and 
coupling efficiency as a function of amplitude coefficient
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Conclusions

ArraysArrays maymay bebe describeddescribed in in termsterms of a single antenna and of a single antenna and receiverreceiver
chainchain. (. (UncorrelatedUncorrelated) ) gaingain and and noisenoise of the of the arrayarray receiverreceiver are are foundfound byby
replacingreplacing the the arrayarray receiverreceiver withwith a single a single receiverreceiver chainchain withwith weightedweighted
propertiesproperties of the of the arrayarray receiverreceiver elementselements. The antenna . The antenna gaingain accounts accounts 
forfor the the phasorphasor summationsummation of of signalssignals fromfrom the the individualindividual antenna antenna 
elementselements
ReceiverReceiver element element noisenoise and and availableavailable gaingain shouldshould includeinclude contributionscontributions
fromfrom arrayarray couplingcoupling, , whichwhich maymay bebe describeddescribed byby the the activeactive reflectionreflection
coefficientcoefficient
CalculationCalculation of of noisenoise propertiesproperties of complex of complex FPAsFPAs maymay bebe donedone withwith a a 
simulationsimulation tooltool (CAESAR), (CAESAR), butbut alsoalso easy easy toto useuse twotwo--portport noisenoise
formulasformulas
ExamplesExamples of of verificationverification withwith 4 4 methodsmethods forfor a a numbernumber of of relativelyrelatively
simplesimple FPAsFPAs, , withwith excellent excellent agreementagreement
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