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Engineering the AA Concepts ™\

* AA-low
— Pathfinders
— Engineering issues
— Summary

* AA-mid
— Pathfinders
— Engineering issues
— Summary

April 2011 Engineering the AA Concepts AA-CoDR
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AA-low Pathfinders "\

« LOFAR
* Murchison Widefield Array (MWA)
« (Long Wavelength Array (LWA), Paper)

April 2011 Engineering the AA Concepts AA-CoDR




NS
A
' SKA-AAVP k

Pathfinder: LOFAR \

SQUARE KILOMETRE ARRAY .

« 33 Dutch stations ready
* 7 International stations ready
* First science results

Clean YY map. Array: LOFAR
BEAM_D at 0.239 GHz 2011 Mar 05
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Pathfinder: MWA R W

« Low Frequency spectroscopic Imaging of the Sun

« 32 Tiles
2010 March 27 04:26:38.5UT
Oberoi ApJ Letters 2011
MWA left SOHO right
April 2011 Engineering the AA Concepts AA-CoDR
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From AA-low Pathfinders to sl
SKA;

« Extended (instantaneous) Frequency range

* Improved T,

* Improved dynamic range
« Improved Field of View

« Cost reduction

April 2011 Engineering the AA Concepts AA-CoDR




Sparse AA Dense AA Cor I

Array (High) Array Distribution

Receplors Receptors |/
Visitor centre L

Beam

Beamformer omar

Beam management Beam m&ﬂagenﬂnt.
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Issues SKA-AAVP ﬁ\

* Tier 3: Array Concepts
« Tier 4:

— Antenna

— Low Noise Amplifier

— Receiver + ADC

— Tile Signal Processing
— Station Processing

April 2011 Engineering the AA Concepts AA-CoDR
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SAUARE lII.IIMETIi.[ LLLL

» Regular Lattice grid

 Random Sparse

« Golden Ratio Spiral 7ol Srowake Grid: 2401 clamert
« Snow flake

Y (m)

April 2011 Engineering the AA Concepts AA-CoDR




SAUARE KILOMETR

£ ARRAY

) Antenna Array Concepts: xarray“"

)

u Xarray - Phased Array Simulation Tool o= G|
D= 9w 0= -
— General Parameters — Grid Generstion — Element YWeights
Frequency (MHz): 130 Grid Type: Golden Ratio Spiral v: Element YWeighting: Uniform v:
Steering (deg): Theta | 20 Grid Penimeter: Circular [7] square Errors (% up to):  Amplitude Elass
Celestial Fhil 20
‘ Wake Grid | | Draw Grid ‘ | Import Grid ‘ ‘ Rotate | — Beam Computation
Wax. Diarneter (m): 13
Spacing (Lambda): 0s ‘ Help ‘ Deleta Grid ‘ | Save Grid ‘ ‘ Stats | | Calculate Load Image ‘ gText | | Advanced ‘

GRS Grid: 258 elems., dmin = 1.34m, dmeax =545
25|_ 1 1 1 1 1 1 1

Y (m)

m, Diam =471m

Array Response (dB), Dir = 3247 dB, Aeff = 74812 e




* This example:

— Medium gain antenna (+/-45 degree Beam width)

April 2011
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» Antenna Array Concepts: xarra N

Sensitivity for various sparse/semi-sparse SKA antenna configurations (Ant. Beamwidth = +/-45)
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Antenna Array Concepts: xarray“**

« Ratio between Low gain (45 degree) and High gain (30
degree) Antenna

Spw=30 deg/SbW= s5deq for AAlo element

Freq /MHz

0 10 20 30
oL

April 2011 Engineering the AA Concepts AA-CoDR
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SKA-AAVP ﬁ\\

SQUARE KILOMETRE ARRAY %

Antenna Array Concepts

Deployment | Freq Aei/Tsys | Dynamic range
cost bandwidth

Random elements High Good Optimal Optimal
Random tiles Moderate Good Good Good
Regular grid tiles  Low Optimal Good (strong gratings)

-LOFAR, MWA, AAVP will need to confirm/complete
the trade-offs and array simulations

-More: Filling factor, uv coverage, calibration, FoV,
redudant baselines

AA-CoDR

April 2011 Engineering the AA Concepts
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10
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< 4 / ) /
or S S/ / 2m
— — LOFAR tiles
D — L 1 T T
50 100 200 400
frequency (MHz)

« Sensitivity as function of unit spacing

April 2011 Engineering the AA Concepts AA-CoDR




™ ;
20+ h
| |
o
2 | \
= 15} |
| |
@ |
£ 10} J x
[=] |
m / | \
| AN
5- | \u“ \
’. H*xh.,_..
0 I I I --h
50 ) - 400

—1m

frequency (MHz)

filling factor

i~
I

o
oo

e
D

o
)

o

N

lk\n
SKA-AAVP R AN

—
T

oy \
', LY
\\ W,
"
\-\ o
~ _
—~—

—3m
\| —— LOFAR tilesH

—1m
2m

e

— —

50

100

200

frequency (MHz)

400

« The number of 5sigma sources in a 10 sec snapshot
observation
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SKA-AAVP ﬁ\\

Demo redundancy monitoring: 24h obs at
| CS302, LOFAR HBA zenith tile beam is formed

SQUARE KILOMETRE ARRAY %
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When redundancy assumption holds for
HBAS, its calibration algorithm works well

April 2011 Engineering the AA Concepts
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FAR Low Band Antenna N

SQUARE ull.llﬂtu'l:; l.nlt-ltl\‘ -
96 LOW Band Antennas per station
Station diameter: 45 — 85 m (LBA)
Sparse pseudo-random configuration

Engineering the AA Concepts AA-CoDR
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SOUARE KILOMETRE ARRAY .

High Band Antenna
768 x 2 dipoles per station
Sparse rectangular grid

Analog beamformer per tile
(4x4 elements)
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SOUARE KILOMETRE ARRAY .

High Band Antenna
768 x 2 dipoles per station
Sparse rectangular grid

Analog beamformer per tile
(4x4 elements)
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Station rotation T

- -
- 2 o ';:.
Fage\v'
2 o
210 H"»-{q____ l_..---" 150

« HBA tiles have a different orientation in every station
 The product beam suppresses grating lobes
 Individual dipoles are rotated back for calibration purpose

April 2011 Engineering the AA Concepts AA-CoDR
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Array Concepts: MWA S -\

« MWA 512 tile configuration
« Active Tile placement (controlled random)

— uv Coverage

— Beampattern
— Landscape
— Cabling

April 2011 Engineering the AA Concepts AA-CoDR
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e Array Concepts: xarray et |7 IR,
' Pattern (e.g.
CST, HFSS)
. . . Complex .
. Station
« Extend the simulations with: Ariea | peamommer
— Sky model t
Station Location (Lat, Long)
_ Source Direction (RA, Dec)
Anten na pattern Time of Observation
Simulated / Convolution
o Measured |—— o i — TA
Source Tracking in0, ¢ Sky peration
%0 &0
120 _— | 60
40
30 : Senstivity for various sparse/semi-sparse SKA antenna configurations (Ant. Beamwidth = +/-35)
3000 T T T I I
150 / 30 pEm —— GRS (Tapering Factor = 2.5)
. 20 ----- GRS (Tapering Factor = 2.0)
/ ) True Random (d,vg = 1.8m)
10' —— Snowfiake (d = 1.5m)
g 2500 Snowfleke Random (d = 1.5m)
| | Spars:e[d= 1.5m
T / < 2000
\ { A E
210 / 330 E 1500 \
240 ~ i "300 ooy IR i . ________ \‘
270 : : :

50090 100 110 120 130 140 150 160 170 100 & A-COD R
Local Sidereal Time (degrees)
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Antenna Concepts T N

MWA / LOFAR antenna concepts are not sufficient for
the large bandwidth requirement

 ‘Enhanced’ Dipole
« Conical Spiral
* Vivaldi

April 2011 Engineering the AA Concepts AA-CoDR
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SAUARE KILOMETRE ARRAY ’

\3&
Conical Spiral e DR\

« Single polarization well known
* Very Benign impedance

« Limited dual polarization
results

 Equal E and H plane

April 2011 Engineering the AA Concepts AA-CoDR
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» Large bandwidth
* Well known concept

» (Good polarization
behavior

G| o= ,'-:;‘: =
| eholei auter conductor o
| the coaxialcable
Probe # Inner Conductor of the coaxial cable
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=i Antenna Concepts e B

* Antenna Gain, Directivity -- A4

« Antenna gain -- Sky Coverage

Enhanced Log Spiral Vivaldi
Dipole Periodic

Gain / sky Low/ Good High/Low Medium Medium
coverage

Impedance  Medium Good Good Good
Cost Low High? Medium High?

April 2011 Engineering the AA Concepts AA-CoDR
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g AA-low Dual band Concept A

Receiving the AA-low 70-450MHz band with two
receptors

— AA-low,: 70 — 200 MHz

— AA-low,: 200 - 450MHz

AA-low, doable with LOFAR / MWA stile antenna
AA-low, requires better (impedance) antenna

Station processing could be shared

More antennas, LNAS, infrastructure etc.

April 2011 Engineering the AA Concepts AA-CoDR
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- Rece|ver AA—IOW SKA-AAVPR\\

o« T
* Requires T ya ~ 20K

requirement: T,.. = 10%Ty,, + 40K

system sky

10" I | I | | | | I . | I | | | L1 1 1 1 I T T
107 10° 10° 10"
Frequency [Hz]
April
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SOUARE KILDMETRE lll'hl\‘ - R e C e I V e r AA = I O W

 7:1 band width

Noise performances

— GaAs PSHEMT = Lo
aa \\ —nFliEl| o6
~ SiGe BJT 09 N
2C S Rt
— ShOU|d nOt be a prOblem 50 150F 250 350 450
requency [MHz]

with stable antenna
impedance

April 2011 Engineering the AA Concepts AA-CoDR




Receiver AA-low

SQUARE KILOMETRE ARRAY %

 First stage beamforming

— Analogue beamforming: Time delay
« Reduces signal processing load
« Reduces power consumption

* ‘Quantization’ side lobes

— Digital beamforming

* High level of integration
 ‘full’ control, high accuracy
« High NRE

Digital
Fabric

ody | Odv | OdVv | OdVv

April 2011 Engineering the AA Concepts
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=i Receiver AA-low ADC "\

 RFI: 2005 data

— Max hold combined South-Africa and Australia

April 2011
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Receiver AA-low ADC T N

After pre-whitening and linear addition of RFI| powers
(assuming 3dB antenna gain):

22dB dB ratio between RFI and noise power
— 4 bit for RFI headroom
— 2 bit for gain variations/setting

— 2.2 bit for noise sampling (quantization)
— 0.5 Noise floor ADC

8 bit should be fine
6 bit only if SKA site is much better

April 2011 Engineering the AA Concepts AA-CoDR
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SAUARE I'.II.IIME..'I-:E LI SKA'AAV IJ \\.

/ \
: Elements: :
| 70-450MHz :
: I
: Solar panel ADC: 1GS/s :
: I
[
| A 3 |
| \l T § felo| ——#— | Data
[
[ » I
I 0N = elo Za » | Control
I Power ‘>< S :] :
: conditioning ‘ e |
: Eneray Analogue T :
: storage T elo : 7 ® | Sync.
'\\ )
« Can be expended to tile level
April 2011 Engineering the AA Concepts AA-CoDR
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Receiver Power N

e For 24 hour operation 2 Watt receivers need a 10-15 W
Photo Voltanic panel: 40x30cm and battery
— 100mW LNA
— 1400mW REF fibre link

(W.hr/day)
1057
791 ’ total (Pveext)
5’ * solar input (W
m ° generator (ext)
26" =’ Usage (W.hrida

O I I I 1 | I I | I | I
April 2011 jan feb maraprmay jun jul augsep oct novdec
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Recelver AA-low sm-wpﬁ\

SOUARE KILOMETRE ARRAY L

* Photonic RF transmission
— Current cost ~100 euros
— 60mW power each side
— 0dB gain
— Kilometers range

— (20x15cm panel?)

April 2011 =gle
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e AA-low Station processing i\

 To generate 160 beams out of the 700 inputs
— Requires 170 TMAC/sec

« 1stgeneration Uniboard requires 84 boards

* Or much less when e.g. PChip
technology can be used

Uniboard

April 2011 Engineering the AA Concepts AA-CoDR
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Calibration

SAUARE KILOMETRE ARRAY -

« Combination of modeling, selfcall, measurement
equation..LOFAR / MWA

Embedded Element
FPattérn

(Mom3D, C5T, HFSS)

Sky Mode|

April 2011

Higrarchical Statson
Beam Formation

(OSKAR)

Arrav Factor Station
Beam Formation

(Xarray)

I nterfercmeatry

(CASA OSKAR)

Imaging

Meqtrees, CASA)

Time Stream Data
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AA-low summary I N

Array configuration
— Tiled Golden Ratio Spiral?
— Optimization Criteria to be determined

Antenna element choice
— No favorite yet

Single band / dual band

— Design effort focuses on single

Analogue beamforming / Digital tile beamforming

April 2011 Engineering the AA Concepts AA-CoDR
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SKA-AAVP k\x

« Electronic Multi-Beam Radio Astronomy Concepit:
EMBRACE

!

1 'r

‘I \.
"il ; h

April 2011 Engineering the AA Concepts AA-CoDR
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Pulsar B0329+54

go

Welocity (krnts)
o

-50

-100

-150

-200

160 140 120 100 a0 g0 40 20 i}
Galactic Longitude {Deg)
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4 elements building block RF beam former [C
Y ! ! ! |
W \\/ N/ \\/ A /£
LNA : ’\/ N /7 S : A
\'/ \’ [1:2) [1:2 1:':. | 11:3 |
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5 bt g A 7
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. ] EEE
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Analogue links GPS disciplined

clock

AA Station Back—End

v
Receiver
& < Clock Subsystem
AJ/D Conversion |
T Ty t
Filter bank ¥ Control Subsystem

AA

multi—beam T 3 7
tile

. Digital
o 2 —— = Beam Former+
R =
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S £
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April 2011
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" EMBRACE Costs SKA-AAVP IR

Center-board
BFC 2%

Coaw 2%, assembly 5%

Sub Frarme 8%

Hex-board
3%

Antenna 9%

profile 3% Test setup 4%
Feed-board 6% EMBRACE cost evaluation

« Material bill only!

April 2011 Engineering the AA Concepts AA-CoDR
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AA-M | d i SKA-AAVP &\
from EMBRACE to SKA

. T

sys

Receiver bandwidth (eq. to AA-low)
FoV processing (eq. to AA-low)
Cost!

April 2011
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AA-mid Antenna Array e DR\

* Dense

* N2 frequency
— 1000MHz: reduced performance at 1450MHz
— 1200MHz: EMBRACE, nearly full performance at 1450MHz
— 800MHz not considered

* Antenna element
— Besides Vivaldi ORA element considered

Q0000000
« Better polarization characteristics? O O O O
» Lower costs? 80803080
Q0000000
O O O O
Q0000000
O O 0 O

April 2011 Engineering the AA Concepts AA-CoDR
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AA-mid Receiver T\

* T4 budget

Aperture Array
Spill-over 0K
Antenna feed loss 4 K
Low Noise Amplifier 25 K
Noise mismatch / coupling /2"9 stage 7 K
Sky 3 K
Total 39 K

April 2011 Engineering the AA Concepts AA-CoDR
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=i AA-mid Receiver T\

Aperture Array noise temperature for a broadside
beam with 25 active elements
100
« Small array tests | _
< 90
©
580
©
270
g 4
g 50 \(/\ o
% w
£ 40 : ‘
<
1 11 192 12 14 1K 1A 17 1R

50 ohm measurements

T\\

:

—+— Apertif LNA
—a&— CGY 2106
—s»—MGAG33P

S T (ST IV I ¥
a
II
i
I
|

]

Noise temperature [¥

o m =

1000 H00 2000
April 2011 Engineeri Frequency [M Hz]
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SKA-AAVP k\x

MID connector
replacement

EPS tile concept

April 2011 Engineering the AA Concepts AA-CoDR
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g AA-mMid Receiver Integration  sewr RS

1. Filtered 2 Analog 3. Analog digital converter 4. Serialiser "
- . . back end
Low noise amplifier beamforming
Beamn 1 ] :
= H Digﬂ:ﬂ.l
_F\_ _ _\_ T B beamformer
Channel 1 ' A i i
) 4 E o | F X o1 a1 I
Canal 2 I i —_ 5 | Image .
H Y i - 6.8 bits 1 bit processing
Il
i , ii
n channels Beam &
1 Tuile 64 antennes

« Time delay analogue beamforming
« >3Gs/s ADC

April 2011 Engineering the AA Concepts AA-CoDR
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AA-mid summary I N

. TSyS to be demonstrated for full AA-mid bandwidth

— Requires low RFI environment
* Dual polarization
* Receiver bandwidth increased
* Dynamic range
* Integration / industrialization

* As in AA-low signal processing back-end to be scaled up

April 2011 Engineering the AA Concepts AA-CoDR




