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X-Band Pod Radar Example
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X-Band Pod Radar Example

S

Electronic Scanned Array
(2.5m x 0.25m)

Phase
Centers 0.25m

I ——

[: =)o - " Element Digital
x ||® 000000 { N} PS A y / / 1600 Elements
< il ' 1376 Fixed Beams
. 1 = e e
e - - ' Multiple Beam Cluster
. "ﬂ [ 24 Subarrays
E > 2 e 16 Fixed Beams
e o :J;f TP Beamwidth: 22° x 7.5°
| Conventional ESA 816 GFlops

{ w
./’:}l,’ . d
PP i e S i S G e |

—— |

- 4 Subarrays (1 Beam)

i . o) o) X ] ‘ - - i
_! Efzﬁll\l/glg;h(- 1-4ta?(n;d5) ~ | Multiple Beam Cluster 3
| sustai e G i i ity |
| e G, Gl Eerm et | s Tt Moderate increases in complexity |

— = | Significant additional capability [
F . .?H':__': I-... = —_ — —— - — e — —— = -

MIT Lincoln Laboratory <=
HPEC2006-11
SMD 12/13/2006



K

Outline

7
V
N

* Overlapped subarray overview

MIT Lincoln Laboratory <=

HPEC2006-12
SMD 12/13/2006



Multifunction Array Concept
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Overlapped Subarray Concept

Array Aperture Far Field Pattern

Subarray Length L

Array Sum Beam
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Overlapped
Subarray Outputs

e Overlapped subarray achieves minimum number of
controls required for a given scan volume

e Can be used to form multiple digital beam clusters
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& Overlapped Subarray Concept
Array Aperture Far Field Pattern
Subarray Length L Digital Beam Cluster
Radiating | Overlapped
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controls required for a given scan volume
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Overlapped Subarray Concept
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Array Aperture Far Field Pattern

Subarray Length L Digital Beam Cluster
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Elements > Subarray Pattern

Phase _—
Shifters
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(063000009
Overlapped [S5EEEEEE 3]
Subarray —{ d
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Overlapped
Subarray Outputs

e Overlapped subarray achieves minimum number of
controls required for a given scan volume

e Can be used to form multiple digital beam clusters
* Phase shifters at each element scans subarray pattern
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Array Aperture

RFIC Overlapped Subarray

Far Field Pattern

Subarray Length L

o

Radiating _

Elements
Overlapped __, [2888egsspoq]
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Overlapped
Subarray Outputs

Array Sum Beam

/ Overlapped
.~ Subarray Pattern

A\

\ Sidelobe (clutter)

Suppression

e Overlapped subarray achieves minimum number of
controls required for a given scan volume

 RFIC used to form sidelobe nulls in subarray pattern

HPEC2006-17
SMD 12/13/2006

MIT Lincoln Laboratory ==



)
%,

1D Overlapped Subarray Architecture
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Antenna

Low Noise
Amplifier

—

Phase shifter —~.-<

RFIC—» |
Beamformers

3 — ¥ v v

Combiners Subarray Subarray Subarray
Output Output Output

e 12 element overlapped subarray architecture
— Component redundancy simplifies design

— 3to 1 overlapping
— Weights are adjustable in RFIC implementation (pattern control)
— Weights can be used to compensate for manufacturing errors
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Previous Work —

Passive Overlapped Subarray Manifold
Multilayer Overlapped Subarray Manifold Stackup
| - I- - A
E | Zk 0.5cm
=
6cm = Y
Overlapped Subarray Pattern

—IMeasured
— lIdeal
1ol 10.25 GHz
' g
.% -20¢
U]
3]
£ -30f
. .y o)
e Multilayer stripline board z
. -40¢
e Custom MIT LL design
* In-house assembly and testing 00 50 0 100
Angle (deg)

J.S. Herd, S.M. Duffy, and H. Steyskal, “Design Considerations and Results for an Overlapped Subarray Radar Antenna”,
IEEE Aerospace Conference Digest, Big Sky, MT (March 2005).
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R RF Integrated Chip (RFIC) Beamforming

Current Passive Overlapped Subarray RFIC Approac

4., W

]

0.08”

= ~0.02"

Simple circuit board

11 layer circuit board
(backdrilled vias, buried resistors)

Parameter PCB RFIC on PCB  Scaling
®* RFIC beamformer reduces COSt, Cost $300/element | $35/element X9
weight and volume Mass 36.59 654 X 6
— Dynamic range and noise figure are . -
within 3 dB and 0.1 dB of conventional Volume tin 0-1in X10
* Design has overlapped subarray DC Power 0 °0-100 mW
and integrated LNA on single . SFDR (1MHz) | SFDR (1MHz)
. Dynamic Range
CMOS chip >>100 dB 69 dB
* Beamformer is programmable for Dynarg}jtceﬁange SFDR (IMHz) | SFDR (IMHz) |
optimal performance Downconversion 77 dB 74 dB '
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RFIC Overlapped Subarray Block Diagram

Overlapped Subarray RFIC Beamformer
Network Implementation
4 Input
< LNAS }

[IE=I =
12 Variable
gain
amplifiers< —ﬁ —ﬁ —ﬁ ]
(Gilbert

5 |y
A A

* Gilbert cell gain controlled by

Wiy
MMV

e 7 port network
- 12 independent weights two control currents

» Gilbert cell also provides 180°
phase adjustment
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&l Amplitude and Phase of Variable Gain Amplifier
; Output
Control Normalized Amplﬁude
Current 1 Current Phase
Control 1 1 1.0
Control 2 0
Differential Differential | Control 1 0 1./180°
Input — Output Control 2 1
Control 1 0.25 ~0.8./180°
Control 2 0.75
Control Control 1 0 0
Current 2 Control 2 0
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S RFIC Probe Testing
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14 port DUT
Switch Matrix
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Measured Data from RFIC Test Chip

Measured and Simulated Results

10

— Measured
“©" Simulated

2.3 mm

S-Parameters (dB)
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Frequency (GHz)

* Proof-of-concept RFIC beamformer

—TSMC 0.18 um RF-CMOS process
— 284 mW (158 mA at 1.8V bias)

®* Demonstrates successful implementation
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Rev 2 RFIC Design

Simulated Results
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= -20 Match
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Frequency (GHz)

* RFIC beamformer with integrated serial-parallel converter and LNA
—IBM 0.13 um RF-CMOS process
— 156 mW (120 mA at 1.3V bias {RF section})
— Predicted noise figure ~ 3.6 dB

* Fully integrated RF front-end
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Beam Pattern Agility

* Gain control of RFIC beamformer provides pattern agility

— Dynamically control subarray pattern
Fixed weights
Adaptive control

* Pattern synthesis — desirable fixed weight patterns
— Sector beams
Alternate projections method
Convex optimization method

— Common beam patterns

Uniform illumination (maximum gain)
Monopulse

MIT Lincoln Laboratory ==
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Alternating Projections Design —
Low Average Sidelobes

PRI
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Optimized Pattern Weighting Coefficients
0 T 04 — — — — —
If = '\ w
I Pattern W, "5
-10 [: | masks We
20 L
:I L 2
_30 N II A 6
|
= e ihnn :
AR11IERERIAN'S
-50 I I ]
I |
—60 . O
=50 0 50 1 2 3 4 5 6 7 8 9 10 11 12
Azimuth (deq) Subarray Coefficients

* Optimal overlapped subarray design
— Best pattern obtained by -50 dB max sidelobe mask
— Weighting coefficients are asymmetric due to power pattern synthesis

J.S. Herd, S.M. Duffy, and H. Steyskal, “Design Considerations and Results for an Overlapped Subarray Radar Antenna”,
IEEE Aerospace Conference Digest, Big Sky, MT (March 2005).
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Sector Beam Pattern Measurements —
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& -
Low Average Sidelobes
Measurements
SRR - Subarray Patterns
E‘\... _ 1ol — |dea|
= e — Measured
4 S
= o -20f
©
=
?// \\\ S -30t X
S
<
40}
1 ﬁ%@\i% & Ideal 5 . ﬂ . . . [\ .
% 0.8} Q N —#~ Measured | % 60  -30 0 30 60 90
= o o8 /7 & Angle (deg)
2o g g
5 04} Y
8%‘ K4 §%
Ng o0z @ %
— @© b,
EE of N » Adjust variable gain amp settings
S 02 &P to arrive at desired low average
< » | | | | ¥ sidelobe weighting function
"0 2 4 6 8 10 12

Subarray Element Number
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Convex Optimization —
Maximum Beamwidth

Spectral Factorization (FIR)

[0
. . 5
Quasi-convex formulation K B85
. ;: e ST
— A series of convex problems s -~
. . . 5 P L
e &
Solved by bisection as a series s o
f feasibili bl S
OT 1easlipl |ty prO ems Q e 45y 455
T KRSEessy S :
L = RS
Stopband attenuation is 25dB 7 RS o8 S
s
0 5 Pty o o
i i < 5 S5 S5 s
Passband ripple is 2 dB SR S ] 5
D e 5 %
S 5 e, ey e
S 5 S5 el s
S S
SRS S
- - Pttty s S
while( bounds < desired accuracy ) o) .35 i
e e PO ’0" )
minimize 1 :::f
subject to: AT + # < upper bound :::3
Af:j #r = lower bound . ”:‘
if (the problem was feasible) lower the upper bound S0 60 70 80 90 100 110 120 130
if (the problem was infeasible) raise the lower bound look angle

end
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Sector Beam Pattern Measurement —
Maximum Beamwidth
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Measurements
NG/ Subarray Patterns
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& Uniform and Monopulse Beam Patterns
Uniform Illlumination Monopulse lllumination
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RF System Test Facility (RFSTF)
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Summary

K

* Demonstrated first RFIC implementation of overlapped subarray

* RFIC beamformer has significant advantages for ESA radar
— Highly integrated T/R module — lowers cost
— Reduced beamformer board complexity — lowers cost
— Agile beams — more capability

* Measured pattern weights demonstrate beam agility

MIT Lincoln Laboratory ==

HPEC2006-38
SMD 12/13/2006



