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5 xrorp Motivation and Contents

Introduce some of the concepts of
mid-frequency, sparse aperture
arrays

Show that 2-PAD is the perfect test-

Ksse nenserts Review

Sparse Aperture Array Concepts
Effective Area
High-Gain Antenna Strategy
Instantaneous Field of View
Sky Coverage
Dynamic Range
Computational Complexity

2-PAD Sparse Configuration
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B OXrorD Sparse Aperture Arrays

%%ﬁ Dense: d < \/+/2, Sparse: d
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'oxtorp Effective Area

T Dense: A, = A:2/2,  Sparse:
A = A2 /2
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#) oxrorp High-Gain Antenna

3 T “The total cost of aperture array is
strongly correlated with number of

receiver chains” [150K(¢] Memo

If each antenna element has more
forward gain, you can use less
antennas while still maintaining
comparable effective area, but make
drastic cost savings due to the
reduction in receiver ch
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v ‘M
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' oxrOorRD Instantaneous Field of

60m Dish + Phased Array
Feed

18deg >

250deg? \
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' oxrorp Instantaneous Field of

60m Dish + Phased Array
Feed
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Fully Digital Dense A.
Array

120deg >
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Sparse High Gain A. Array

36deg =
1,000deg?

18deg >
250deg?
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#! Oxrorp Overall Sky Coverage

f Earth rotation gives full coverage in
RA
Trick: 3-way 36° switching
mechanism to get a 108° of

declination
Karoo SKA site (SA) 30.5°S
Murchison SKA site (WA) 26.5°S
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nstantaneous Sky

= {1{ Which key science projects require
pointing in opposite parts of the sky?

1 - The Dark Ages

2 - G. Evolution, Cosmology & Dark
Energy

3 - Cosmic Magnetism
5 _ Cradle of Life
6 - Exploration of the Unknown

- b g SRR
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= Sxrorp Dynamic Range

Station beam pattern

AN

Station Beam

Antenna dense fflem
separation:

A A k4

Antenna Element
Separation [SKA Memo
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= Sxrorp Dynamic Range

Station beam pattern
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Power
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= Sxrorp Dynamic Range

Station beam pattern
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#) oxrorp Computational

For a constant processed FoV, the digital processing
complexity increases as the square of the sparseness
factor [SKA Memo 87]
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oxrorp Computational

For a constant processed FoV, the digital processing
complexity increases as the square of the sparseness

-F—\ ~tr v . ~
. OSKAR (1.1:563) E@

File Tools View Simulation Help

4=E & B ® OF &

New Open Save | General te Station Zenith Run  Script Local | Celestial

Station | Simulator y | B s | Output 3D View | 2D View

Editor | Generator OSKAR (1.1:563)

Element Properties

Detector Type: |Type 1 H % o E 9 e
~ elestial

Gain ‘W: an tion Zenith Run Script | Local| Celestial
Phase: [0.00 || +/- | 36.007 utput 3D View | 2D View
Position (x): [ 0.00m
Position (y): ‘ 0.00 m
Apodisation: | None
Apodisation Width: [ 0.00
View Filter
Level: to

Elements: to

Level: 1/2. Element: [716]/ 716.

Reset Filter Load

/home/schediwy/oskar/output/run548

www.oerc.ox.ac.uk/research/
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# oxrorp 2-PAD Aperture Array

Dual-Polarisation All Digital
Aperture Array

Dual Polarisation plug and play
antennas

4x4 antenna array

Various interchangeable antennas
300-1000MHz RF range

Digital backend processing

Multi-FPGA boards, Multi-ASIC
boards

200MHz processed bandwidth
Multiple independent beams

No. of Beam vs. Bandwidth trade-
off

Sascha Schediwy: ® Fermilab: October 2009




UNIVERSITY OF

oxrorp 2—-PAD Aperture Array

B g < e 5

Sascha Schediwy: _ Fermilab: October 2009
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Log-periodic dipole array (LPDA)
antenna
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% oxvorp 2-PAD High Gain Antenna @&

Beam-width = 34.5° (Field of View =
928deg?)

Gain = 13.2dBi (20.9x isotronic)

Antenna Co- and Cross-Polarisations
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#) Sxrorp Jodrell Bank RFI

Jodrell Bank - Calibrated RFI Spectrum
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Dual Polarisation All Digital Aperture Array




855%5'8%13 Antenna (ANT) & Balun
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oxrorD LoOw Noise Amplifiers

Component: Mini-Circuits ZX60-33LN-S+
Low Noise Amplifier

Quantity: 32
Volt : 3-
LNAO0O1 oltage: 3-5.5V DC @ 70mA

- Input: SMA (male)
o

Output: SMA (male)

Schematic: Front and Back

FRONT

IN

S21 Transmission and Time Delay

°

S$21 Magnitude (dB)
Time Delay (ns)

12
02 04 06 08 10 12 14 16 18 20 22 24 26 0 15 20 25

1.
Frequency (GHz) Frequency (GHz)
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wrorp Filter Module (FIL)

Component: Filter Module

Quantity: 32

Voltage: 3-7.5V DC @ 100mA

RF_OUT2 RF_OUT1

oo Input: SMA (male)

Output: SMA (male)

Schematic: Front and Back

FRONT

S21 Transmission and Time Delay

Attenuator Filter
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A o
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oxrorp Gain Chain Module (GCM)

Component: Gain Chain Module
Quantity: 8
Voltage: 7.5-15V DC @ 183mA
Input: 4x SMA (male)

OUT Output: 1x Cat-7 TERA

Schematic: Front and Back

FRONT

S21 Transmission and Time Delay

60

Channel 1 Channel 1

50 Channel 2 \ Channel 2
Channel 3 t Channel 3

—— Channel 4 —— Channel 4

40

30

Time Delay (ns)

20

S$21 Magnitude (dB)

10

oL — 89 L J
0.2 0.4 06 08 1.0 1.2 1.4 16 1.8 20 2.2 24 26 02 0.4 06 08 1.0 1.2 1.4 1.6 1.8 20 22 24 26
Frequency (GHz) Frequency (GHz)

Nb: Graph data are GCM, CAT and SPL as combined measurements

SPL
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OXFORD Category 7 Cable (CAT)

i — | — .__ Y
- - Component: Gain Chain Module
: 4/ Quantity: 8

Voltage: 7.5-15V DC @ 183mA

Input: 4x SMA (male)

Output: 1x Cat-7 TERA

Schematic: Front and Back

FRONT

S21 Transmission and Time Delay

60

Channel 1 Channel 1
4 50 Channel 2 Channel 2
Channel 3 \ Channel 3

—— Channel 4 1\ —— Channel 4
40

30

Time Delay (ns)

20

S$21 Magnitude (dB)

10

oL J 89l -
0.2 0.4 06 08 1.0 1.2 1.4 16 1.8 20 2.2 24 26 02 0.4 06 08 1.0 1.2 1.4 1.6 1.8 20 22 24 26
Frequency (GHz) Frequency (GHz)

Nb: Graph data are GCM, CAT and SPL as combined measurements

GC | CAT | SPL
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oxrorp Splitter Balun (SPL)

N - \

Component: Gain Chain Module
Quantity: 8
Voltage: 7.5-15V DC @ 183mA
Input: 4x SMA (male)

ouUT Output: 1x Cat-7 TERA

Schematic: Front and Back

FRONT

S21 Transmission and Time Delay

60

Channel 1 Channel 1
50 Channel 2 Channel 2
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40
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Frequency (GHz) Frequency (GHz)

Nb: Graph data are GCM, CAT and SPL as combined measurements

SPL
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Component: Signal Conditioning Module
Quantity: 16
Voltage: +8V DC in series with -8V DC;
8-15V DC
Input: SMA (male) x2 channels

Output: SMA (male) x2 channels

Schematic: Front and Back

FRONT

ah

( X 3

INOUT INOUT

S21 Transmission and Time Delay

Lowpass + Cable EQ Bandpass + Cable EQ

521 Magnitude (dB)
521 Magnitude (d8)

03 o4 06 o7 o0a 08 10
Frequency (GHz) Frequency (GHz)

Time Delay (ns)
Time Delay

03 04 06 07 08 08 10
Frequency (GHz) Frequency (GHz)
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=) Oxrorp Translator Board (TLB)
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