Measuring Phased Array
Feeds at CSIRO .
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Summary

* Measuring on-dish performance without the dish

» Referencing beam weights to a broadband calibration noise wave
* Separating noise and antenna efficiency

e Compactly summarising measured PAF performance




ASKAP Mark Il Phased Array Feed

(Hampson et al., ICEAA 2012)
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AS KAP M k I I SySte M (Hampson et al., ICEAA 2012)

600 MHz (x 188 ports)
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(Chippendale et al., PASA 2014)

Y-factor measurement (Hayman et al., EuCAP 2014)
(Warnick et al., Submission to IEEE Standard

Test Procedures for Antennas, 2016)

H
y — Phot W Ryow
P, cold WHRcoldW

- 1 L yps — YText,sky(A)
TI] = =
T)rad Y —1

Tn — Text,sky(B) + Text,gnd + (Tloss + Trec)/nrad
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6 | Measuring PAFs at CSIRO | Dr. Aaron Chippendale %




Measurement contexts

Aperture array In-reflector
(Chippendale et al., ISAP 2015) (Chippendale et al., ICEAA 2015)

* Receiver performance ¢ DeplOYQd system performance
* Ml = Tn/nrad /.IVIZ - TSys/Urad ap
\ Phot WHRhotW
ep M @ V)/ i Peold WHRcoldW
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Signal and noise depend on weights!

Measurement
Maximise SNR for boresight beam
coupled to wave from

from reference antenna
L

1
R = 7 Z x(n)x (n)

n=1

. —1
W = Rcoldr$d

H
. Phot w Rpow

Peold whH Rolgw

Y

Design *
SNR= f(YA’Tmin’Yopt’N’W) IjYL ®< "
S A / i

Maximise SNR with Y, , and w free Yopt

N
Find global optimum over many beam Z
directions in FOV ¢

(Hay, IIMOT 5,6,2010 & ICEAA 2010)




Calibration source
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Array calibration wrt. source

(Hayman et al., ICEAA 2010)
(Chippendale et al., EuCAP 2016)

dj — <Uj@cal> / <U*chal>

D = diag(d)
Noise gen
” B = DRX
R=D 'RD!
Ref =
Ucal A

A s L S . Rtn |« -
w = R7'§ where § is the 0. // i

. . ¥, ;
dor[unant glgenvector PAF < 188 ] Pedestal
Of RDI] — Rnﬂ

*is areference PAF port
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MaxSNR PAF beam at 835 MHz
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(Chippendale et al., EuCAP 2016)
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MaxSNR AA beam (uncalibrate
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MaxSNR eam (calibrate
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System temperature (AA welghts via dish)

80
— AA welghts wiR,, W
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T,/ 7 on ASKAP antenna 29 (prototype)

nho calibration calibrated w.r.t. noise

500 Prototype Mk Il PAF on ASKAP Antenna 29 ASKAP MKII PAF on ASKAP Antenna 29
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(Chippendale et al., ICEAA 2015)

Note: calibrated and uncalibrated measurements made at different epochs
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SEFD (Jy)

Residual (Jy)

Separating noise and efficiency: mk 1 PAF at 1390 MHz

(McConnell et al., ACES Memo 5, 2015) http://www.atnf.csiro.au/projects/askap/ACES-memos
(McConnell et al., PASA 2016)
(Chippendale et al., EUCAP 2016)
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http://www.atnf.csiro.au/projects/askap/ACES-memos

Receiver noise eigenvalue spectrum:

Exploring receiver performance and design optimality
(Warnick, Chippendale, Hayman & Dunning, draft whitepaper 2016)

ASKAP PAF on Parkes at 1.4 GHz
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Performance trends towards noise eigenvectors

Seeking noise-parameter-like summary of PAF performance

(Warnick, Chippendale, Hayman & Dunning, draft whitepaper 2016)
(cf. Warnick et al., TAP 2010)

ASKAP PA on Parkes at 1400.0 MHz ASKAP PAF on Parkes at 1400.0 MHz
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Conclusion

* ASKAP Mk Il PAF noise temperature may be up to 10 K higher with
in-reflector beam weights than with aperture-array weights.

— need to quantify back-end noise contribution

— need to make all measurements on a single array

— include spillover change between in-dish and aperture array measurements
 Calibrating via a “plane-wave” gives weights physical meaning

— makes weights smoother in frequency/space

— simplifies weight interpolation

— makes weights real-valued (sparser)

— easier to apply a-priori knowledge (simulations or range measurements)

* Generating a nascent framework for comparing PAFs
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