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Low Noise Amplifier fundamentals

Bert Bert WoestenburgWoestenburg
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WSRT
Synthesis Array
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MFFE

WSRT Multi Frequency FrontWSRT Multi Frequency Front
End (MFFE), showing two End (MFFE), showing two 
single pixel feeds and a twosingle pixel feeds and a two--
element dualelement dual--polarization polarization 
arrayarray
The WSRT covers a frequencyThe WSRT covers a frequency
range from 110 MHz to 8.7 GHzrange from 110 MHz to 8.7 GHz
in 9 different bandsin 9 different bands
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THEA
Aperture array
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EMBRACE
Aperture array
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Digestif
Focal Plane Array
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- The Receiving Array Systems should be sensitive to process 
weak signals, obscured by noise added by the receiver system 
components
- Common to all array systems is a number of single receiver 
chains, with an LNA as a first stage
- To properly design wideband low noise array systems 
understanding of relevant noise fundamentals is required
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Outline

IntroductionIntroduction toto noisenoise quantitiesquantities and and qualityquality factorsfactors
DescriptionDescription of LNA of LNA signalsignal and and noisenoise propertiesproperties
NoiseNoise matchingmatching
NoiseNoise temperaturetemperature measurementmeasurement
ModelingModeling of of arrayarray receiversreceivers
NoiseNoise couplingcoupling in in densedense arraysarrays
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Introduction to noise quantities (1)
Noise is added by receiver system components, which Noise is added by receiver system components, which 
produce current (shot) noise or noise of thermal nature produce current (shot) noise or noise of thermal nature 
with available power with available power 
S/NS/N--ratios at LNA inratios at LNA in-- and output determine LNA and output determine LNA 
quality, giving a noise quality factor, based on the quality, giving a noise quality factor, based on the 
concept of noise figure, defined by Harold concept of noise figure, defined by Harold FrissFriss ((’’44):44):

Relation between noise figure and noise temperature:Relation between noise figure and noise temperature:
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Introduction to noise quantities (2)
Noise temperatures in a singleNoise temperatures in a single--channel antenna/receiver systemchannel antenna/receiver system

LNAT

α

Arecsys TTT +=
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Introduction to noise quantities (3)
Noise Figure (dB): NF = 10 log F           (0.1 dB ~ 7 K)Noise Figure (dB): NF = 10 log F           (0.1 dB ~ 7 K)

FriisFriis’’ formula for noise temperature of cascaded twoformula for noise temperature of cascaded two--portsports
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Description of LNA signal and noise properties 
as a two-port device

Signal behavior may be described with various sets of Signal behavior may be described with various sets of 
parameters: Zparameters: Z--, Y, Y-- or Hor H--parameters, related to controlled parameters, related to controlled 
voltage and/or current sources, or voltage and/or current sources, or S(catteringS(cattering))--parameters, parameters, 
related to waves. We will use Srelated to waves. We will use S--parameters, which describe parameters, which describe 
the twothe two--port with a set of four complex parameters. The Sport with a set of four complex parameters. The S--
parameters can be converted into any of the other sets of parameters can be converted into any of the other sets of 
parametersparameters
Similarly the noise behavior may be fully modeled with four Similarly the noise behavior may be fully modeled with four 
noise parameters, related to noise current and noise voltage noise parameters, related to noise current and noise voltage 
sources or noise waves, characterized by a noise sources or noise waves, characterized by a noise 
temperature  temperature  
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Two-port S-parameters
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Two noise representations in linear two-ports  
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Noise parameters based on noise waves
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Noise matching
Noise circles in SmithNoise circles in Smith--chart: constant noise temperature chart: constant noise temperature 
as a function of impedanceas a function of impedance
Distance between    and   Distance between    and   
determines noise increasedetermines noise increase
with respect towith respect to
Noise matching (N1)Noise matching (N1)

Minimize Minimize RnRn by transistor by transistor 
design/technology and LNAdesign/technology and LNA
circuit designcircuit design

minTTnopts =⇒Γ=Γ
sΓ optΓ

minT
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Noise measurement (1)

Absolute measurement of available output power, Absolute measurement of available output power, 
requires accurate gain calibrationrequires accurate gain calibration

YY--factor method, using factor method, using ‘‘hothot’’ andand
‘‘coldcold’’ reference noise sourcesreference noise sources

Use of diode noise source; microUse of diode noise source; micro--
wave resistors at 300 K and 78 K; absorber in front of wave resistors at 300 K and 78 K; absorber in front of 
array and cold skyarray and cold sky
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Noise measurement (2)
Regression line method: larger number of Regression line method: larger number of 
points increases accuracypoints increases accuracy
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Modeling of array receivers (1)
Definition of array gain
Replace the array system by an equivalent single-channel system
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Modeling of array receivers (2)
Definition of array noise temperature

ExcessExcess output output noisenoise densitydensity of of receiverreceiver:      ,:      ,

Antenna related noise:Antenna related noise:

Total output noise density:Total output noise density:
defined at the input of  equivalent conventional    defined at the input of  equivalent conventional    
receiverreceiver
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Noise coupling in dense arrays

DescriptionDescription
Active reflection coefficientActive reflection coefficient
Effect on noise and available gainEffect on noise and available gain
Use of the modified twoUse of the modified two--port noise formulaport noise formula
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Noise coupling and active reflection coefficient
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Noise formula for array two-ports, including noise coupling
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With these formulas the array may be considered With these formulas the array may be considered 
to consist of independent twoto consist of independent two--ports, resulting ports, resulting 
in an equivalent single channel twoin an equivalent single channel two--port port 
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TrecTrec as a function of scan angleas a function of scan angle
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The effect of noise coupling
Noise coupling generally increases the effective input   Noise coupling generally increases the effective input   

noise temperature of an LNA, which becomes dependant on noise temperature of an LNA, which becomes dependant on 
array weighting factors.array weighting factors.

For an infinite array with equal elements this will lead For an infinite array with equal elements this will lead 
to a similar increase in system temperature, that can only be to a similar increase in system temperature, that can only be 
compensated by noise matching to the active reflection compensated by noise matching to the active reflection 
coefficient of individual array elements.coefficient of individual array elements.

For finite arrays or infinite arrays with unequal For finite arrays or infinite arrays with unequal 
elements, the weighting factors may be corrected to elements, the weighting factors may be corrected to 
maximize S/Nmaximize S/N--ratio. ratio. 
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In summary relevant noise related items for the 
‘Design of Wideband Receiving Array Systems’

Basics for twoBasics for two--ports: Noise figure/temperature, Sports: Noise figure/temperature, S-- and noise waves, and noise waves, 
Noise parameters, TwoNoise parameters, Two--port noise formula, Noise matching, Noise (Yport noise formula, Noise matching, Noise (Y--
factor) measurementsfactor) measurements
Gain and noise modeling of array receiver by replacement with anGain and noise modeling of array receiver by replacement with an
equivalent single channel system, as a combination of independenequivalent single channel system, as a combination of independent t 
twotwo--portsports
Noise coupling in arrays, Active reflection coefficient, modificNoise coupling in arrays, Active reflection coefficient, modification of ation of 
twotwo--port noise and available gain formulas for individual twoport noise and available gain formulas for individual two--portsports
This shows that effect of coupling may be incorporated in indepeThis shows that effect of coupling may be incorporated in independent ndent 
twotwo--ports, which are combined to find the equivalent array twoports, which are combined to find the equivalent array two--portport
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