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OutlineOutline

� Mid-frequency (300MHz-1000MHz) aperture array 
design roadmap

� Verification of infinite aperture array scan 
performance based on the measurements of finite 
elements arrays

� Summary
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Aperture array antenna Aperture array antenna 
design roadmap (UK)design roadmap (UK)

Phase 1

Phase 2

Phase 3

2007 2008

Conventional Vivaldis

•Mini array Simulations

•Verifications

•Vivaldis with a single slotline

•BECA

•ORA

Finite Array Studying

Triangular grid 
investigation

1st generation 2nd and 3 rd generation 4th generation

June
2009
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Prototypes studiedPrototypes studied

FLOTT BECA ORA

Photo Courtesy 
ASTRON

3-D Tapered slotline structure Planar structure
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The pattern measurement The pattern measurement 
environment  at SELEX Galileoenvironment  at SELEX Galileo

Video courtesy SELEX
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Finite BECA Array StudyFinite BECA Array Study

The size of array is 16x16, for scanned array pattern 
measurement,  8x8 in the centre become active with the rest of 
the elements terminated with matched loads
•Immersed Element Pattern
•Scanned patterns using simple analogue RF beamformer 
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BECA 16x16 arrayBECA 16x16 array

Active sub-panel
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Immersed element pattern Immersed element pattern 
EE--plane, measuredplane, measured
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Immersed element pattern Immersed element pattern 
HH--plane, measuredplane, measured
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Immersed element pattern Immersed element pattern 
for the 45for the 45 oo plane, measuredplane, measured

-80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80
-45

-40

-35

-30

-25

-20

-15

-10

-5

Angle (deg)

L
og

 M
ag

 (
dB

)

 

 

1 GHz, X-Pol
1GHz, Co-Pol
700MHz, X-Pol
700MHz, Co-Pol
500MHz, X-Pol
500MHz, Co-Pol



Prof. A. K. Brown and Dr. David Zhang 115th SKADS workshop, Limelette05/11/2009

Array pattern, Broadside (BS)Array pattern, Broadside (BS)
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8x8 1GHz BS, CST 
8x8 1GHz BS, Measured

The size of the array is 16x16, 
8x8 in the centre are active

The size of the array is 8x8, all active
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Scanned array pattern, BSScanned array pattern, BS

-80 -60 -40 -20 0 20 40 60 80
-60

-50

-40

-30

-20

-10

0

Angle (deg)

Lo
g 

M
a

g 
(d

B
)

 

 

4x4 1GHz, CST
4x4 1GHz, Measured

The size of the array is 16x16,
4x4 in the centre are active

The size of the array is 8x8, 4x4 are active
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Octagon Rings Antennas (ORA)Octagon Rings Antennas (ORA)
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Finite ORA array studyFinite ORA array study

The size of array is 16x16, 8x8 in the centre are active with 
the rest of the elements terminated with matched loads
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16x16 ORA measured at 16x16 ORA measured at 
SELEX Galileo, EdinburghSELEX Galileo, Edinburgh
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ORA array in the chamberORA array in the chamber
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ORA 8x8 1GHz, Broadside    ORA 8x8 1GHz, Broadside    
CoCo--PolPol pattern, measuredpattern, measured
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Immersed element pattern Immersed element pattern 
EE--plane, measuredplane, measured

-80 -60 -40 -20 0 20 40 60 80 100
-70

-65

-60

-55

-50

-45

-40

-35

-30

-25

Angle (deg)

Lo
g

 M
a

g
 (d

B
)

 

 

1GHz X-Pol
1GHz Co-Pol
700MHz X-Pol
700MHz Co-Pol
500MHz X-Pol
500MHz Co-Pol



Prof. A. K. Brown and Dr. David Zhang 195th SKADS workshop, Limelette05/11/2009

Immersed element pattern Immersed element pattern 
HH--plane, measuredplane, measured
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Immersed element pattern Immersed element pattern 
for the 45for the 45 o o plane , measuredplane , measured
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Scanned array pattern, BSScanned array pattern, BS
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Scanned array pattern, 1GHzScanned array pattern, 1GHz
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1 GHz E-plane scan, CST
1GHz E-plane scan, Measured
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Scanned array pattern, Scanned array pattern, 
700MHz, 45700MHz, 45oo scan scan 
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700MHz E-plane, CST 
700MHz E-plane, Measured
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FLOTT MeasurementsFLOTT Measurements

Courtesy 
ASTRON
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RollRoll --off profile of the immersed off profile of the immersed 
element pattern in the finite arrayelement pattern in the finite array
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Loss of gain with scans for Loss of gain with scans for 
BECA 1GHzBECA 1GHz
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Loss of gain with scans for Loss of gain with scans for 
ORA 1GHzORA 1GHz
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Loss of gain with scan for 8x1 Loss of gain with scan for 8x1 
FLOTT in the FLOTT in the EplaneEplane
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Cross Cross polpol performance in the 45performance in the 45 oo

plane for the immersed element plane for the immersed element 
at 1GHzat 1GHz
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SummarySummary

-2dB-5dB-5.1
Minimum pattern 
level respect to 
peak over±45 o

sector

73.4665.378.125Number of elements 
per m 2

� -15dB� -10dB� -8 dBCross polarization 
(0o to 45 o scan)

165175160Element spacing 
(mm)

ORABECAFLOTTParameters
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ConclusionsConclusions

� Different roll-off profiles of the scanned element pattern are shown, 
which is associated with loss of gain with scans. Within the ±45o scan 
volume, ORA shows a minimum pattern level change.

� Tapered slot types of antenna shows a good impedance matching for 
a larger element spacing than ORA, however it exhibits a fast gain 
drop characteristics with scan angles.

� Cross-polarisation performance over the entire scan volume varies 
significantly dependant on antenna type, which affects the calibration 
complexity

� The scanned element patterns for the built finite arrays show ripples in 
the scan range, more detail analysis of the data is needed to 
understand the precise frequency/angular characteristics. 
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Thank you!!Thank you!!


