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Focal Plane Array

Technology Paths for Arecibo
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e Multi-Pixel Cameras: ALFA

» Focal Phased Arrays:
Phased Antenna Arrays in
The focal plane of the telescope

Focal Plane Array

1 Cornell University
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Focal Plane Cameras
New Possibilities

Going BETA...
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BETA Feasibility

CST

Trpe = Wl ield (penk )

Aoniter = hefinld (f=@.9) (10101

Component = Ahs

Mo imum-3d = 2. 30261 fifm at 102963 / -10.8444 / -1843,78
Frequancy = 8.9

Phase = 337.5 degrees
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BETA PIX 1 Cornell University
Calculated Radiation Pattern Cuts
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The Other Path...
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Technology Paths for Arecib ol
Focal Phased Arrays
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Aperture vs. Focal Phased Arrays

FOV
Ms
A Beams
—_— 1
— 1
gnal :

S

—_— MB

B
B
B
B omer
B
B
B

National Astronomy and lonosphere Center |{

FRONTIERS IN ASTRONOMY

with the World's Largest Radio Telescope

© German Cortés M 2007

3 Beam Forming

c

8 Na Me

o Ant+LNA Boams

]

5 % B

= 9’—— ] 1

5 Signal a — -

-cgrs < | Beam — ‘ (e [Gr) 1)
— i Former [|" (SIN),, = pe=m—m—

2 < B e = (@] [Cx] )

S Noise a 9_»__ —-

9 9—»—- =1 M8

g ﬁ Siedl

s o (PP

-% Interference [GF], [CN]

pd

FRONTIERS IN ASTRONOMY

with the World's Largest Radio Telescope

© German Cortés M 2007

| Cornell University

18



National Astronomy and lonosphere Center

FRONTIERS IN ASTRONOMY
with the World's Largesl Radio Telescope

NAIC Beam Former Card

tell University

Eliana Nossa, MsEng Project
May, 2007

© German Cortés M 2007

NAIC Beam Former

Single Path Measured Phase Response |—::
. =

e

-60 £

-120 £
-150 £

-90 %
— ———

-180 —

-210 *y/f_’—//\ﬂ///\,j/

240

-270 f

-300 E Eliana Nossa, MsEng Project
330 May, 2007

-360 F————
3.0 35

National Astronomy and lonosphere Center
Relative Phase Shift [deg]

FRONTIERS IN ASTRONOMY

with the World's Largest Radio Telescope

4.0

45 5.0 55
Frequency GHz

© German Cortés M 2007

19



= NAIC Beam Former

O . .

E Single Path Measured Attenuation Response

O 0

() F

o [

= ST

o r

n

o -10 +

E _ . — 05dB
> 815 L\ an_ — 1.0dB
c = r — 2.0dB
© S 01t 4.0dB
> © t

g 2 , — 8.0dB
o 2 —16.0dB
5 < —315dB
% T ]

<_t Eliana Nossa, MsEng Project

@© May, 2007

c

3= ¥ ‘

= 40

Z 3.0 35 4.0 4.5 5.0 55 6.0

Frequency [GHz]

FRONTIERS IN ASTRONOCMY i )
with the World's Largest Radio Telescope © German Cortés M 2007

Cornell University

NAIC Beam Former
Single Path Measured S Parameters

I NG g

—S21
—Sl11

Eliana Nossa, MsEng Project
May, 2007

15 2.0 25 3.0 35 4.0 45 5.0 5.5 6.0
Frequency / GHz

FRONTIERS IN ASTRONOMY

with the World's Largest Radio Telescope

© German Cortés M 2007

Cornell University

20



“ornell University

Focal Phased Array
Open Issues for Arecibo

1.252 m
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Focal Phased Array

Front End Technologies

ornell University

EMBRACE Specs

*Single Polarization 8x8

2 simultaneous beams
eBandwidth 3:1 (0.5 to 1.5 GHz)
eScanning +45°

eInput Matching < -10dB

*Noise Temp ~ 50K to 100K

Embrace Antenna Design, Michelle Zuliani
URSI Meeting, Ottawa, July 25, 2007
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Focal Phased Array

Front End Technologies
17 Pathfinder: APERTIF (APERture Tile In Focus)

DIGESTIF (“DIGital Early Stage Tile In Focus”)
*Westerbork Synthesis Radio Telescope WSRT
« Dual Polarization 112 elements [2x(7x8)]

« Digitally Processed “off line”

harst spoctrum (E=16U7, =)

— Leader Dwisgeboo Survey
— Diged

DHSEITI bkl g il s of VoI, - 14Z0 ML DV~ Z0M ke
inkogration time: 0,25 o point

Vikms")
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Focal Phased Array
Front End Technologies
ASKAP Specs

*45 dishes, @12m

*Max baseline 8 km
*Frequency 700 — 1800 MHz
*FOV 30 deg2

eBandwidth 300 MHz
*Resolution 5 kHz

eChannels 16k

*Data rate ~1TB/s spectral line

Australian SKA Pathfinder (ASKAP) on
behalf of the ASKAP Team, David DeBoer
Australia, 23 August 2007.
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Checkerboard Array

Broadband array antenna using a self-
complementary antenna array and
dielectric slabs, M. Gustafsson, Lund Inst.
Tech., 2004
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Focal Phased Array

Front End Technologies

Cornell University

FPHA for ASKAP

*Dual Polarization 10x10
*Frequency 0.7 to 1.8 GHz
Input Matching < -10dB
*Noise Temp Tsys goal 35K
sLow Profile, (Cryogenic ?...)

© German Cortés M 2007

g
c
S
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o g
S @ eTechnology is readily available
3 % *Very High Sensitivity
5 % *Excellent Matching: < —-20dB
° -,;_f *Excellent Cross-Pol < -30dB
g £ -Partial/Total Cryogenic
£ = <Very Low Noise Trx ~5K
o
52
*3 g *Simultaneous Multiple beam
f g Systems: Survey Speed.
S @ «Uniform pixel gains
-S g *Beams can be electronically
= 5 scanned inside the FOV
2 *No gaps between beams=> Nyquist
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Multi-Pixel Cameras at Arecibo
Summary

CONS

eLimited FOV available at Arecibo
-Non uniform pixel gains: scanning loss

-Gaps Between beams: Image Scale of
the Optics

-Number of beams in FOV determined by
image scale, horn sizes, & scanning loss.
eLimited Bandwidth

*Technology is not mature ~3 to 5 yr.
eSensitivity... 80% of Multipixel
*Acceptable input match <-10dB
*Acceptable(?) Cross-Pol lev.<-10dB
*Not Feasible Fully Cryogenic

*Tsys ~40K to 100K

© German Cortés M 2007
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