Calculation of phased array noise
temperature
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Aperture array
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Outline

= Modeling of an array system with wave
parameters

= Modeling an array system as a combination of
two-ports

m Example of WW-procedure for FARADAY

= Calculation methods (4) for array noise
temperature

m Examples of calculations for some simple arrays
= Conclusion
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A practical array receiver system

Antenna elements

Array receiver
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= Noise output due to internal noise sources

be =c¢ +S5,°S*(1-S,"S8") "¢,

N antennas

stzbeE

fully describes array noise behavior; basis
for array noise calculations with CAESAR

m  Matrix description using active reflection
coefficient does not easily show criteria fo
optimization

Q = WCE + SleRact(I _SlLFASA)_lcl

M beams
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A two-element dipole array

Reflection coefficients in a 2x1 dipole array

(+)
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Ctot=Direct+Refl+Coupl
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Trec as a function of scan angle (results with CAESAR)
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Modeling the array as a combination of two-ports

m Replace the array system by an equivalent single-channel
system

m The single antenna represents the array beam properties

m The single receiver represents the array gain and noise
temperature

= The receiver gain and noise temperature are expressed Iin
the properties of the individual two-port receivers,
embedded In the array environment

= Thus the effects of mutual coupling In the array on the
two-port noise and gains are included, effectively defining
Independent two-port receiver channels
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Embedded two-port noise temperature and

avallable gain formulas

I
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Available gain M= M
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Antenna elements
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Definition of array receiver gain

Replace the array system by an equivalent single-channel

system

Array receiver

=P,G

n=1

25 b, exp(i@n{

»| Output
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Equivalent single-
output antenna

v vy
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Equivalent two-

port receiver

N
2
Grec = Gm Z an
n=1

+—» Output
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2
n




R ER AN DS PO Cs T IO N FOR R ESERRCH TR AS TRORCHY =)

Definition of array receiver noise temperature
Calculate from excess output noise density

of recelver:

Array receiver noise temperature Is
weighted average of the individual
embedded receiver channel noise
temperatures

//—':“-_—__-:Q<, SKADS Marie Curie Technical Workshop,

1" e L
ASTRON SKADS » 12

ASTRON Dwingeloo, November 27, 2007 *



i

=

{ A

i

—0 N/
Tnn}%'_:- W

Netherlands Organisation for Scientific Research

R ER AN DS PO Cs T IO N FOR R ESERRCH TR AS TRORCHY =)

Calculation of equivalent receiver gain and noise,
Including combiner

= Consider simple N-channel array of identical two-ports, formed
by a cascade of two-ports, and one combiner with amplitude
taper. Gain of two-port:

gives noise temperature, according to cascade noise formula for
one channel two-port with a second stage passive lossy two-
port, representing the combiner
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Example of analysis of the FARADAY arréy
with the WW-procedure

FPA elements

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 006 0.08 0.1
r,m

Top view of the array Beam former configuration 2005
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Transforming a ring system into an
equivalent two-port receiver

Ring antenna

elements

T —

ASTRON

LNAs + 4-way combiner

26 dB, 130 K 12 dB, 530 K
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17 dB, 138 K 13.2dB, 146 K
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The equivalent central element

S S

+26 dB, 130 K +13.2dB, 130K +12.8dB, 0K +13.2dB, 143 K
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The central element added, to give the
equivalent FPA receiver

13.2dB, 146 K

-8.2 dB

+13.2dB, 143 K - +13.2dB, 143K -4dB
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Calculation of array noise temperature (Method 1)

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

2
av, Grecn (1_ l_‘actn

Represents noise temperature at array input, as would result
from a measurement with a hot and cold load at the array.

Input
= Calculation method implemented in Excel spread sheet

SKADS Marie Curie Technical Workshop, ckale ™ 20

ASTRON _
ASTRON Dwingeloo, November 27, 2007 *



= e = _I'x':
l'__ ASTHGH

R EHER AN DS PO O T IO N PR R E SRR CH TN AS TROMCIMY S ——— -"L_—_:= 2 -

Calculation of array noise temperature (Method 2)

m CAESAR, numerical tool based on MM for modeling
antenna structures, combined with microwave system
simulator, using noise wave correlation and S-matrices to
calculate array output noise for a certain sky brightness
temperature. Program input includes LNA parameters

= Two calculations are performed to determine the array
noise temperature, as the array response to a sky signal,
thus by definition the noise temperature at the input of the
antenna array P (T =0)

- out (Tsky = 1 Trec - O)
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Calculate array output noise from individual channel two-port contributions,
using 4 noise sources derived from noise wave formulas given by Wedge

TinGn —Tin» Tmin» Uncorrelated sources

T, T = AR0To 1 > correlated sources
‘1+ opt

Correlated output noise density kT G, |I"

opt act

Uncorrelated output noise density (1— )kT
N

i 2
Use array available gainG,, E E G,(1-",, | )to calculate array input noise temperature:
array n
=1

act min n

)T G+T

mln

2
opt _Factn an|
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Calculation of array noise temperature (Method 4)

m Use of Y-parameter models with associated noise sources
(O’Sullivan — CSIRO)

= Different from other three methods, but gives the same
numerical results in comparing calculations for a 7-element
array with other methods
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Avallable array gain and coupling efficiency

= Array coupling and excitation are incorporated in the

active reflection coefficient, which may be >1 in FPAs

N
r ZGmS ITAS
act, —

m=1 p

Coupling efficiency as defined by Kehn et al is also a
measure of array coupling and excitation
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Calculation examples for simple FPAS

= Two-element dipole array with equal weighting gives the
same results with simulator and noise formula calculations

m 3-element array with equal weighting of outer elements

= 5-element FPA at 2.3 GHz also gives consistent results (not
presented here)

m /-element array (Y-parameters O’Sullivan)
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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

—a— Tarray [K]
G_av_array [dB]

Noise temperature [K]
Available gain [dB]

0 10 20 30 40 560 60 70 80

Scan angle
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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)

—a— Tarray [K]
G_av_array [dB]

Noise temperature [K]
Available gain [dB]

30 40 50 60 70 80 90

Scan angle
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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

Receiver Temperature. TminLHf1 00K Gamma =Gamma., Gammal_lmu,‘_wT=Gamma.:,. Gamma =Gamma,

optLkAT optLNA3

— Phase coefficient, Odeg
— Phase coefficient 45deg

110 —— Phase coefficient 90deg
— Phase coefficient 135deg
—+— Phase coefficient 180deg

-30
Amplitude Coefficient, [dB]
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Geometry and configuration of a 7-element array

Dipole length

Dipole width

Distance between dipoles
Distance to ground plane
Frequency

Elements 1, 2 and 3 have LNAs with T_;, =120K,T’

=S,,R =25

opt
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

= Arrays may be described in terms of a single antenna and receiver
chain. (Uncorrelated) gain and noise of the array receiver are found by
replacing the array receiver with a single receiver chain with weighted
properties of the array receiver elements. The antenna gain accounts
f(l)r the phasor summation of signals from the individual antenna
elements

= Receiver element noise and available gain should include contributions
from array coupling, which may be described by the active reflection
coefficient

= Calculation of noise properties of complex FPAs may be done with a
simulation tool (CAESAR), but also easy to use two-port noise
formulas

m Examples of verification with 4 methods for a number of relatively
simple FPAs, with excellent agreement
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