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Once Upon a Time in the North Pole...
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Pictures from “Polar explorers struggle across Arctic ice to measure impact of
global warming”, available online at www.dailymail.co.uk (March 2009)
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Presentation Notes
Disadvantages:
Resource intensive
Time Consuming
High Risk
Limited sampling coverage: each sample is taken at discrete point
Main Advantage: high accuracy at the sampling sites
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Near Future Goal (Concept)
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Unmanned Air Vehicle Survey Results: 3D
with lightweight phased model of the ice layer
array for radar surveying Source: National Geographic

Source: nasa.gov
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Presentation Notes
Replace current heavy and high power consumption systems
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9.5 GHz
(This Work)

v'To develop a high-performance, low-cost and
lightweight transmit/receive (Tx/Rx) phased array for
efficient unmanned ice-survey studies in X-band

v’ X-band radar will be part of sensor suite
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Presentation Notes
Replace physical steering of the beam by electronic/automated
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— Multilayer Organic Technology
— Embedding of Low Cost SiGe and RF MEMS Electronics
— Back-end Electronics and Control Using FPGA Technology

Filter Antenna
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» Lower Cost
 Smaller Size/\Weight
» Better Performance
* Multi Functionality

Hybrid Solution

“Best of Breed™ Solution
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Agenda

*SiGe RF Circuits

* Phased Array Features

* System Components
*Performance Test Results
* Conclusions
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Integrated High Performance
‘ Ve . p
transmit || LOW Energy Consumption
Receive N
Operation : i
i [ < || LOW Cost, Lightweight
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Phased Array Design Radio
Frequency Specifications

* Center Frequency 9.5 GHz
* Target Bandwidth: >500 MHz

* Equal-gain Beam Steering
Range: + 26°

* Transmit/Receive Capability
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Radar Block Diagram i crvechnelogy
GT team is developing the entire radar system 1 SiGe+MEMS chip per array
SlGe Chlp column (=8 antennas)
Antennass @000 O ™~ T T O T | - =T _|
Spe | Phase | Front End
(i _shifter )
MEMS T/R |
T/R Switch dup|exer _ET g | D r RF
Beamformer chip - ' () |
x i : Layers
S & T - |
e .. T
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Presentation Notes
Digital Control: controls the steering orientation and the operation mode, switches between Transmit and receive
Power supply Module: to feed the circuit 
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Self-bilased PA i

e Class AB PA with self-bias network

e 15 dBm Pout at 9.5 GHz
» Designed for robust, uniform performance across array

SV
0.98 mm

35V
PA enable
CTAT -_—
@ RFout
Q3 0.12x 18 x 8 HB

RFin @ H H 0.12x6x4 HP

0.92 mm
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SiGe T/R Chips

Integrated T/R
LNA, PA, duplexer switch IBM 8HP Process

CMOS phase shifter, and digital logic

O ' |
spc

O OI

/R ' |

Block Diagram
TR Module

Photo of the TR Module
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Layout of T/R Chip | TTechrcloay
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GND : | -

GHD

TX out

GHD

TH out
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Antenna Board: Overview

. ROW #8

- Power

* Amp.
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PATCH ANTENNAS
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~<—""MEMS SWITCH

Phase BiCMOS Low Noise
Switch

Shifter

Amplifier
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Patch-Antenna Side

et 0
'Beam Steering!
“ Direction =

P PRI |

Beam-former Side
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Presenter
Presentation Notes
Describe each row of components, point out in the actual board
Phase shifting occurs over an entire row, which allows scan in the azimuthal direction for both, transmit and Receive modes
Element Spacing, Vertical:
Horizontal:



Dimensions:

A
30.4cmx 25.4cm

[11.9 in x 10 in]

Thickness:
1.52 mm
[60 mil]

Weight:
184.7 g
[6.5 0Z]

Antenna Board Dimensions

30.4cm
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Patch Antennas (Duroid)
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Width, Height, Thickness, Weight
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* Beam former: Rogers 3850 Liquid Crystal Polymer
(LCP)

* Patch Antenna Substrate: RT/Duroid 5880 LZ

4 LCP (Beam Former)

= WIRE BONDS
TRIC
[ I L
GROUND PLANE COUPLING
*DUROID APERTURES
PATCH
ANTENNAS [ J

Slide 17


Presenter
Presentation Notes
LCP Relative permitivity = 2.95, TanD = 0.0025
Duroid Relative permitivity = 1.96, TanD = 0.002
Vertical stackup advantages
Mention Height
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13 Antenna Board: Integrated Circuits

* Silicon Germanium (SiGe) ToPATCH BICMOS Switch
Transmit/Receive IC ANTENNAS INA__|FS
(TRIC): '

* Low Noise Amplifier (LNA)

* Phase shifter (PS)
* Tx/Rx BiCMOS Switch

* SiGe Power Amplifier (PA)

* Commercial Micro
Electromechanical System
(MEMS) switch —
RadantMEMS
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Presentation Notes
LNA Gain�3 Bit phase shifter specs
Commercial mems switch insertion loss
PA Gain
All components except for the commercial MEMs switch were developed by our team at Georgia Tech
The main disadvantage of mems Switch is its high activation voltage, but with a very low insertion loss
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Digital Control and Power Supplies ! “ e e

* Power Supply Module

- 2.5V for antenna-board logic
- 3.5V for RF circuitry
- 5.0 V for MEMS Driver Card

* Digital Control

- Field Programmable Gate Board
Array (FPGA) controls RF

- Computer program: human
interface for FPGA SiGe C

Board
* Additional power supply
for MEMS actuation (80 V)
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Presentation Notes
Point out to each element

Each module is smaller than the actual Antenna Board (Stackable)
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DC/Digital
Module

Fully Automated
Anechoic Chamber
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Presentation Notes
Simple setup, 
Arm scans elevation, post scans azimuth
Custom made cable assemblies, and antenna mounts
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= Azimuthal Steering angles (Co-Pol, Rx)
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Azimuth Angle
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Presentation Notes
Mention maximum gain, range of equal power
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Presentation Notes
Mention Maximum Gain, Gain at Boresight, range of equal power.
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Phased Array Performance (1) ! meeheier

Elevation Scan Results

30 ;
_ —RX
« 3 dB Beam Width at bore 20} STy -
sight : 7.5° (Tx), 7.5° (RX) m I
Z 10t ro .
e Max. Side Lobe Level from -% ‘. |'.'ﬂ‘
Peak Gain: O 0', 3 Nf=)l.
-12.81 dB (Tx) o ¥ AR
-12.65 dB (Rx) | \ .,' v

-40 -20 0 20 40
Elevation (°)
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~ QfT R —
L) —
o ~ 2.52 GHz m
» =10 = O
o N
- -
c \ k=
5 ~20r (‘g
o -H. ---TX . |
N YT T 9 10 11
8 9 10 11
Frequency (GHz) Frequency (GHz)
* Antenna bandwidth: * Bore sight gain
2.430 GHz (Rx) at 9.5 GHz:
2.625 GHz (Tx) 27.28 dB (Rx)

2.52 GHz (Average) 18.24 dB (Tx)
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Phased Array Performance (3) SRR

Parameter Measured (Rx) Measured (Tx)
Bandwidth 2.430 GHz 2.625 GHz
Beam-Steering +28.0° + 28°
Range

Energy 601.3 MW

Consumption

Max. Cross- <30 dB <30 dB
Polarization level

Estimated EIRP -- 41.33 dBm
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Embedded design (under way) jj crrechaology”
e Wire Bond Package SiGe TRM
* 2-Dpackaging RFIN  ai 2= RFOut
e Convenient 4 mil LCP
e High parasitic inductance |
e Standard Flip-Chip Package RF In RF Out

e Reduced parasitics compared | ]\ 4 mil LCP | |

) = w- -w
* Increased I/O density
* Smaller footprint SiGe TRM

v" Embedded Flip-Chip Package 20 mil LCP
e 3-D packaging
e Near Hermetic
e Low form factor

Recessed Cavities on LCP = Wire-Bond

/ B = Solder Bump

LCP

Substrate Stack-up showing buroid 250 im

IC placement /
Embedded Cavity

8x8 Transmit Receive
32 Embedded T/R SiGe chips Slide 26



Flip-Chip Package Comparison (1)
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Standard Embedded
10 | s sdaeitttett 10 ........
5 -‘H"‘Q.. 5 F \
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_ P ™ I _ .
T-15 3 oT-15 7% 7
0 N 7 Y 20 N Y
‘\~ - \ </ \\
-25 ‘ -25 =
30 \/ L \ / X
8 10 12 14 16 18 20 8 10 12 14 16 18 20
Freq (GHz) Freq (GHz)
-==-Chip_S11 — =Chip_S22 - Chip_S21  =-=--Chip_S11 — =Chip_S22 - Chip_s21
Pckg S11 Pckg S22 Pckg S21 Pckg S11 Pckg S22 Pckg S21
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e Flip-Chip Package

* Negligible change in return loss ar
e 0.4dB added loss from FC 25
interconnects '
3 "i"‘
e Embedded Flip-Chip Package = | _pggdeeas
* Negligible change in returnloss 7 2.5[sv=. 3
e 0.6dB added loss from FC “ | —Chip NF__
interconnects and via transitions ---ChipNF__
* 0.3 dBincreasein NF correlatesto ] Pckg NF__
input package loss ---Pckg NF__
. Mlnlmum and 50 Q NF show o : - - -
package is well matched Frequency (GHz)
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Tx Stage 1

HMCTT3C3B_Tx

RF Back-End Development

Tx Stage 2

ﬁ
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Summary

*The T/R operation of an organic 64-
element phased array was demonstrated
for the first time using SiGe ICs at 9.5 GHz.

* Measurements showed:
- Rx gain of 27.28 dB
- Tx gain of 18.24 dB
- Beam Steering of 60 degrees
- EIRP of 41.33 dBm

* Further research will focus In bringing
SiGe ICs closer to the patch antennas
through innovative Packaging Techniques
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Presenter
Presentation Notes

The TR operation of an organic 64-element phased array was demonstrated for the first time. 

A maximum receive gain of 27.28 dB was measured in the broadside and a total radiated power of 41.33dBm was estimated. 

Future efforts will focus in increasing the output power of the SiGePA, as well as moving the SiGeICs closer to the antenna element by innovative packaging techniques.




Georgiallnsifiuie
o Technclogy/:

[=———

Thank You

Questions?
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