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Key Topics

« Overview of chequerboard development
e Results from the 5x4 prototype

* Progress towards ASKAP and SKA
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Overview — Why Phased Array Feeds?

 Key SKA requirement

 sensitive observations of the sky over large areas (surveys)
» collect more information from the sky per antenna

» Achieve target SKA survey speed with
» order of magnitude fewer antennas

» 20% to 50% lower cost
Chippendale et al. 2007, SKA Memo 92

* Optimise performance for science
» control beam/FOV shape
 control instrumental polarisation
 control spillover
 control baseline ripple
* mitigate interference

@
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Overview — ASKAP Receiver Specifications

Focus package

o frequency range........ccccccceeeeeiiiiieeennnnnee, 700 MHz to 1800 MHz
o field Of VIEW.....cooovviiiiiii 30 deg?

T gy rererseeense e et < 50 K (aspire to 35 K)
o efficienCy 7., unspecified (but ~65%)
* PAF POItS. ..o, 188 (94x2 pol.)
e WeIgNt. ..o, < 200 kg
e continuum dynamic range..........c.......... 106
 spectral dynamic range............cccccun..... 106
* post calibration polarisation purity........ -30 dB

e focus (gain + band select)..................... $150 k
e pedestal (downconversion)................... $120 k
L3 oT010] 1] 2T T $15 k
L G



Overview — Connected Element Array Evolution

S port

Hay et al. 2007, EUCAP _
, approximately

self complementary

- B.— | z.3770

<&

188 port

Advantages
* lower ohmic loss

* lower polarisation
variation

« easy manufacture

* cryo-cooling
integration potential
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Testing — Power Patterns

Simulated and measured port power patterns agree
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Hay et al. 2007, EuUCAP
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Testing — 5x4 Rx block diagram
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Testing — Parkes Single Dish

Single dish
* 0.875 MHz BW
» samples — disk
 software correlation
* Ty/n~ 175K +/-?

e driftscans:

 beamform on GPS
(L2 1227.6 MHZz)

« measure Ty /n on Virgo A
* beamformed:

e n~4xelement n
Tys ~ 0.8 x element T,

CSIRO.
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Individual port power beam scans at 1.2276 GHz
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Beamformed beam scans at 1,2276 GHz
Aperture fit, three beam pointings




Testing — Parkes Interferometer

Photo by Maik Wolleben ‘“m’
10/38 CSIRO.



Testing — Measuring T,/ 7

\ J
beamformed  —,,  _ ZW_V_ 64 m reference |
PAF voltage beam i ol voltage
N i
——

auto + cross-correlations on/off point source

— high SNR measure of T, /7 requiring few assumptions

maximise gain [Wi] = [VI*]

maximise SNR W = R V" covariance matrix [R;]=[<Vv; >] (o)
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Testing — Measuring T,/ 7
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Testing — Modified Groundplane and New LNA

Max SNR Beam - Pol. A
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Testing — Measuring Aperture Plane Array T

Sys

Beamformed on hot microwave absorber
MeasuredY-factor from cold sky to hot load

Ty better than PAF operation if all ports used in beamforming
Poor T, if central 4 ports used

usg INIte absorber size was accounted for GIIIIIID



Testing — Measured vs. Simulated Covariance

Normalised to Cold Covariance

(S-] CO I d Cold covariance f = 1300 MHz H Ot Hot covariance f = 1300 MHz
o o 3dB
(@) ||
(@] 5r -E. .I.
o = n
O 10 10F S
N 3 m s QO
= 15 15 ] %
C m |
Q = =
c 201 Cn —
—
8 25F 2 [im e B DCE
-] = I
% 3o} 3 = . - g D)
. =)
g o Lo - £
[ # N_Em EEm EE 0p)]
40L L 4OLI N, L L | L , DN
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
Simulated cold covariance f = 1300 MHz Simulated hot covariance f = 1300 MHz
T T T T 0
s 6dB
0
5
c
o
; -10
©
E
g -20
0p]
-25

@

15/38 CSIRO. CSIRO




Testing — Measured vs. Simulated Covariance

Normalised to Cold Covariance
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Testing — 5x4 Port Numbering

CSIRO.

5X4 Array

Front View in Simulation
Rear View in Measurement

Elements 1- 20 polarity "H"

Elements 21 - 40 polarity "V"

G



Testing — Hunting Unmodelled Noise

First order candidates

1. Mismatch of active array impedance
* LNA models inaccurate?
« ASTRON measurements to improve models
2. Self interference
* Noise observed at IF from switch-mode power supplies
* Now using linear supplies for 5x4 prototype
» Digital noise from back-end?

Second order sources discovered

1. LO distribution noise

* Not significant if RF input level to mixer set appropriately
2. Blockage and scattering

* Not expected to be significant if LNA models correct

» Ongoing modelling by Stuart Hay

@
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Testing — Practical Issues

19/38

Practical sources of angst
 press-fit connectors + planar couplers in LO distribution
insufficient headroom in LO distribution
unreliable stepped attenuator control
broken tracks in regulator PCB
aggressive timeline
poor heat dissipation from focus package

Lessons learned
» keep prototype as simple as possible
« make minimum sufficient demonstration of key technology only
« allow more time to cogitate results between tests
 plan testing during design
* test subsystems before integration
* integrate early and often
« don’t unlearn lessons learned (see Doug Hayman’s presentation)

Future directions (parallel)
 refurbish and retest existing 5x4 array + receiver

» implement simplified 4-port receiver
e 5x4 array + BPF + gain + 4 port oscilloscope ‘“m
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Testing — Hi Spectrum from Single Port

S9

S9 profile (=358, b=-4) for 1 deg FWHM beam

LAB Galactic HI Survey
Smoothed to 1 deg

P. Kalberla et al., 2005
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Testing — Beamformed Power Pattern
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Testing — Next Steps

June 2010

 Hot/Cold measurements at Parkes
with linear power supplies

August 2010

* Repeat hot/cold measurements
with simplified back-end

Late 2010
» Start testing 188 port ASKAP PAF
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Progress — ASKAP Receiver Block Diagram

Antenna/LNA

Receiver
elements

700-1800 MHz

CSIRO.

23/38

Focus

Sub-octave
band selection

700-1300 MHz

=iy
.

1000-1800 MHz

Amp

RF
Cable
40 m

Mixerl

5850-6650 MHz

T

(High side LO)

LO1

»@ IF1

LO1=5850-6650MHz

Pedestal
Conversion
module
570 MHz IF
BW=300MHz
Digital
BPE Attenuator Mixer2 Anti Alasing filter

f\_%@—b]—\_ - _»To ADC

IF=5GHz IF=570MHz
BW=300MHz BW=300MHz
Gain control
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(Low side LO)

LO2
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Progress — ASKAP Focus Package Assembly

» Designed for rigidity, EMC/weather-tightness, thermal control

G
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Progress — Focus Package Enclosure

* Double Aluminium skin 40mm EPS foam and PVC flange

assembly images
c/- Russ Bolton

First prototype enclosure ‘mm’

25/38 CSIRO.



2
e
Q.
<))
)
©
o
al
<
V%
N
<

Progress

» Single largest component: 33 kg weight, 1350 mm diameter

e Qutsourced: CNC machined 9.

5 mm aluminium tooling plate

CSIRO

G
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Progress — Gain Card

T T

'”“i' a .. ‘f:&‘ ‘__.Jt_"f‘

@

CSIRO. CSIRO




Progress — Gain Card + Shield

G
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Progress — Gain Card EMC Test

Linear vs. Switched Power Supply

c/- Peter Axtens

Gain-Noise [Amp-Filter module]
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Progress — Prototype ASKAP LNA pair

] ASKAP pair rev3, "horiz", 9310

* Noise

. 40K T ]
« Gain a0 1 :

g B [

« 28 dB c G0 \ //I
« Input Impedance g —— [

 balanced 300 Q 30

« SE T, close to 150 Q fg

» thankyou ASTRON for L

measuring noise parameters a00 a0 1000 12580 1500 1750 2000
Frequency (MHz)

* Frequency Range

e 0.7 GHz to 1.8 GHz
Transistors

* Avago ATF-35143
Design

« 2 SE amplifiers + balun
and equaliser

c/- Rob Shaw

@
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Progress — Assembly

sarray feed line

3138  csiko -6 unltFllter card mserts iInto LNA
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Progress — Conversion Module Prototype

e passband with 40 m RF cable

» Located in shielded rack in pedestal
« alias rejection >65 dB

424.00

10 dB per

bl

i " .50 dB -

-100dB -

L a—

Cantae=s 710 MH: 142 bHz [ L

c/- K. Jeganathan
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Progress — 30 deg? FOV Achieved

188 port ASKAP PAF
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Progress — 30 deg? FOV Achieved

x(m)

172 port ASKAP PAF
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Progress — ASKAP & SKA

» Test 188 port PAF this year
* real-time 192 port digital back-end
 hot/cold Y-factor measurements
* interferometry with 64 m

 PAF Port Gain Calibration
« multi-point noise injection
» astronomical sources

 Towards SKA
« modelling with offset dish
» cost reduction

\
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Progress — Antenna Delivery Schedule

Antenna delivery

Jan-2012 =
Oct-2011 XX X )
L X X
Jul-2011 p— R R
Apr-2011 *Y
Jan-2011
Oct-2010

Jul-2010 = N— BETA — Test platform for PAFs
Apr-2010 AND wide field science

Jan-2010 7
Oct-2009 > —r—<
0 4 8 12 16 20 24 28 32

Antenna number

;

Site inst. complete

W
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Discussion — Noise Model Components

LNA noise -3dB Unexplained Noise -3dB Spillover -5dB

Simulated LNA noise covariance f = 1300 MHz Unexplained noise covariance f= 1300 MHz

Array Losses -16dB 2nd Stage RX noise -18dB Matching Net Loss -35dB

Simulated loss covariance f = 1300 MHz Simulated 2nd stage RX noise covariance f = 1300 MHz Simulated matching loss covariance f = 1300 MHz
5 10 15 20 25 30 35 40
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Discussion — Analog Connectors

G
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Discussion — Pedestal Configuration

e o AN B

@
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