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Antenna Design Goals

e Objective: build alow cost, high performance, broad band
multi-beam with large scan angles print circuit board
dipole phased array antenna

o Challenges

— Difficult to analyze the dielectric loading effects on the active
Impedance and radiation pattern using expansion of ordinary space
modes

— Difficult to design the phased array with large scan angles
— Difficult to predict antenna blindness due to surface wave




Antenna Specifications

Frequency:
Number of Beams:
Beam Directions:

Antenna Gain:
— 1.71 GHz:
— 1.8 GHz:
— 1.9 GHz:
— 1.99 GHz:

Azimuth Beamwidth:
— 1.71 GHz:
— 1.8 GHz:
— 1.9 GHz:
— 1.99 GHz:

Elevation Beamwidth:

Polarization:

1.71 —-1.99 GHz
7 ssmultaneous multi-beam
-530, -32°, -15°, (O°, 15°, 32°¢, 53°

18 dB center beam, 16 dB edge beam

18.4 dB center beam, 16.4 dB edge beam
18.8 dB center beam, 16.8 dB edge beam
19.1 dB center beam, 17.1 dB edge beam

14.5° center beam, 23.4° edge beam
13.8° center beam, 22.3° edge beam
13.1° center beam, 21.1° edge beam
12.5° center beam, 20.1° edge beam
90

Linear, vertical




Antenna Description

Substrate: FR-408 (e = 3.7, losstangent = 0.01)
Substrate thickness: 0.03”
8X8 array

Element separation: 0.7 inelevation, 0.5 inazimuth




Equivalent Circuit of Isolated Dipole Balun
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Model of Broad Band Printed Circuit Board
Dipole in HFSS
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Comparison of Reflection Coefficient before and
after Optimization Design
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Set-up Parameters in HFSS Macro

Ansoft Macro Editor

File

Edit Search Wiew Help

(& G| @] [ ]

NewObjColor 0 0O 255

EBox [-0.015, -2.5, -1.875] 0.03 5 Z.75 "substrate™

FitillViews

WETiEgEEleE B35 0 0 Edit Parameters
Rectangle Pos3 0.015 armSBase¥ armSBaszeZ

MewlbjColor 255 0 0O
Rectangle Pos3 0.015 armdBase¥ armdBaseZ
MewObjColor 255 0 0O
Rectangle Pos3 0.015 arm3BaseV¥ armiBaseZ

MewlbjColor Z55 0 0O

e 1,01
HewlbjColor 255 0 0O
Bectangle Pos3 0.015 armlBaseV¥ armlBaszseE
Tnite { "rectl™ "rectZ’™ "rect3” "rectd™
Helect { "Hrectl™ )

DupMirror [0, O, O] [O, -1, O]

Thnite { "rectl™ "rect2’™ }

HewlbijColor 0 128 0O

Eellame "rectl™ "arm™

NewObjColor 0 Z55 255

Box [-4, -4, -4] 8 8 & Tair"
FitkllViews

NewObjColor 123 0O 0O

Fitall

Select { "-air”™ }

SelClear

NewObjColor 125 0O 0

Rectangle [1, -4, -1.625] 2 -2 § "rectll
NewObjColor 125 0O 0

Rectangle [0.015, -0.475, -1.625] 2 -0.0
Subtract { "rectll™ } { "rectl3” }
Fitall

BeName "rectll™ "groundl™

NewObjColor 0 255 0

Eox [0.015, 0.0045, -1.875] -0.3 0.33 -0
Select { "+bhoxl™ }

BeName "boxl™ "capl™

Fitall

MewlbijColor 0 128 0

Rectangle Pos3 -0.015 tracelBase¥ tracel
MewlbijColor 0 128 0

Rectangle Pos3 -0.015 tracezZBase¥ tracel
MewlbijColor 0 128 0

Rectangle Pos3 -0.015 trace3Base¥ trace3l

===
=1oOl x|
Obiect type: REectangle
il Cch name: rectd
MName Value Exprezsion
t point:
armlBaseZ -1.875 -1.875 Jo.o1s
armlii=e¥ -0.475 -0.475
arml3izeZ 0.125 0.125 Eece
arnzEase¥ 0.475 armlEase¥ |armzBaszez
armsBases -1.75 armlBases+tarml3i=zes
arm23i=e¥ -0.375 -0.375 Le: vz
arms3i=zes 1 1
armiBase¥ 0.475 armlBase¥ T
armsBkasez -0.75 arm2EaseZ+arn2iizes
armisize¥ -0.4375 -0.4375 eruzsizey
armisizez 0.z5 0.z25 IMm%lmZ
armd4Base¥ 0.1 0.1
arm<dEaseZ -0.5 armiBaseZ+armiiizeZ Lred:  Yes
armdiize¥ 0.0625 0O.0625
armdii=zez 0.125 0.125
armSEase¥ 0.1 armdFase¥ o
armiBaseZ -0.375 armdBaseZ+armndiizez
arm5ii=ze¥ 2.3 2.3
armb3izeZ 0.95281 0.952581
tracelEBase¥ 0.2205 0.z2205
tracelBases -1.875 -1.875
tracel3i=ze¥ -0. 0686 -0.066 -
4| | 3
jarmlBasey = |o.47s
Tpdate Lodid elete
Help... Dataset Done
v Single T Multiple Accept Prewiew Cancel
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Set-up Variables in Optimetrics

I A T
Setup Optimization |
Juasi Newton Optimi=er jl Cost Functiomn: 2ll mag *
-
Cost Function MNoise: ID.DDDl
-
Design Variabhles: Add. .. Edit... Removwe
Wariable Mirndmuam Masimuam Min. Step Max. Step
arm553ize¥ 1.5 2.12 o 0.1
arm53izeZ a.7 1.2 u} 0.1
tracelBase¥ 0.15 0.4 u} a.z2
traceliize¥ -0.08 -0.04 o .02
tracelZizeZ 1.17 1.25 u] 0.04
Add ¥Yariable |
Constraints: Add. ..
Select Variable: traceidizez # F—
Minimuam: I—D.? I

Maximam: I—El.-’-l
Min. Step: IEI
Stopping Criteria:
Max. LStep: ID.Z
Acceptable Cost: o.c
Max Iterations: IE-’-I
0K | Cancel | Heln

[ Sawe Fields

(0)24 | Cancel | Heln |




Setup

setupl
setup2
setupd
setupd
setups
setupb
setup?
setupd
setupd
setuplO
setupll
setuplz
setupl3
setupld
setupls
setupla
setupl?
setupls
setupls
setupzl
setupzl
setup22
setupz3
setupz4
setupzhs
setupZa
setupz?
setupzZd
setupzd
setup30
setup3l
setup3z
setup33
setup3d
setup3s

setup3a

Optimization Output Table

L

armsi3izey armsSizes tracelBase¥ traceliize¥ traceliizez trace3idizeZ | Solwed| Sensitiwvity Save Solwe COSL =11 _mag
Done Fields

1.575 0.75 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0713968 0.zZ67202
1.59593 0.75 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0753092 0.274425

1.575 0.7584973 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0703962 0.2Z65323
l.55402 0.75 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05802195 0.253231

1.575 0.715027 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.07915356 0.251396
1.57897 0.772Z6822 0.zz05 —0.066 1.217 —-0.617 T b ) ) 0.0569095 0.=235358557
1.85=295 0.795545 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0593318 0.263309
1.85032 0.780556 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05873117 0.z259445
1.89263 0.77z2822 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05830503 0.zZ60922
1.575897 0.504097 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05859079 0.256725
1l.86532 0.77z2822 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0723127 0.z255891
1.575897 0.741545 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05873652 0.z259554
1.858074 0.776523 0.z2z05 -0.068 1.217 -0.617 s N n n 0.0811154 0.z247z221
1.87915 0.773193 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0560023 0.236545
1.588012 0.775156 0.zZz05 —0.066 1.217 —-0.617 T b} n ) 0. 0797345 0.z252391
1.55504 0.773193 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05874095 0.2595834
1.87915 0.755544 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05867098 0.2Z558282
1.87326 0.773193 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0712704 0.Z656965
1.87915 0.757541 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.0700394 0.25465

1.58 0.775466 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.05892426 0.268314
1.57924 0.77342 0.2zZ05 -0.066 1.217 —-0.617 T N N i) 0.07001352 0.z645
1.87915 0.773193 0.2369758 -0.066 1.217 -0.617 T N N N 0.0683719 0.261458
1.87915 0.773193 0.2zZ05 —-0.05833636 1.217 —-0.617 T N N i) 0.0474547 0.z21791
1l.5791% 0.773193 0.zZz05 —0.066 l.22227 —-0.617 T ) ) I 0.0867595 0.z258379
1.87915 0.773193 0.2zZ05 -0.066 1.217 —-0.597227 T N N i) 0.05827792 0.z250558
1.87915 0.773193 0.zZ04022 -0.066 1.217 —-0.617 T N N i) 0.0521574 0.249314
1.87915 0.773193 0.2zZ05 —0.05856364 1.217 —-0.617 T N N i) 0.0744954 0.27=2939
1.87915 0.773193 0.2zZ05 -0.066 1.21173 —-0.617 T N N i) 0.05881452 0.261048
1.87915 0.773193 0.2zZ05 -0.066 1.217 -0.6368773 T N N i) 0.05884168 0.Z61566
1.57956 0.774196 0.z217827 —0.058158672 1.21715 -0.5614197 T N N i) 0.0570566 0.2358928
1.57954 0. 77367 0.219:z2z27% —-0.0540324 1.z21707% -0.615665 T b ) ) 0. 06736 0.259538
1.85163 0.773193 0.2zZ05 —-0.05833636 1.217 —-0.617 T N N i) 0.0557145 0.25563458
1.87915 0.780009 0.2zZ05 —-0.05833636 1.217 —-0.617 T N N i) 0.0564=99 0.253572
1.87915 0.773193 0.225757 —-0.05833636 1.217 —-0.617 T N N i) 0.0995145 0.315934
1.87915 0.773193 0.2zZ05 —-0.05833636 1.21938 —-0.617 T N N i) 0.05832597 0.251515
1.595871 0.773193 0.2zZ05 —-0.05833636 1.217 —-0.617 T N N i) 0.05190359 0.z245505
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Set-up Scan-angle Parameter
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Solvefieldson 4
frequencies
and 7 scan-
angles using
Optimetrics

7 hours and 30
minutes to run
the 4X7=28
smulations

Edit Variables in Optimetrics

opt-workshop-final

Jetup frequency Fcanangle Golwed | Sensitiwvity Save Golwe
Done Fields
setupl 1.71E+00% -53 T H T H
Fetupz 1.71E+00% -52 ) ) ) )
setup3 1.71E+009 -51 i) i) i) i)
setupd 1.71E+009 -50 i) i) i) i)
setup s 1.71E+00% -49 H H H H
FetupG 1.71E+00% -45 ) ) ) )
setup? 1.71E+009 -47 i) i) i) i)
setups 1.71E+009 -45 ) ) ) )
setupd ﬂ
setuplo Project Variahle Used by Nominal Value
setupll
setuplz frequency Optimetrics 1.9E+4005 ;I
scanangle Optimetrics 30
setupl3
setupld
setupls
setupls
setupl? -
setupls _I
setupls 0E |
setupZi
setupzl 1.71E+00% -33 H H H H
setupzz 1.71E+00% -3z T ) T )
setupZ3 1.71E+009 -31 i) i) i) i)
setupzd 1.71E+009 -30 i) i) i) i)
setupZs 1.71E+00% -29 H H H H
FetupZe 1.71E+00% -25 ) ) ) )
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Antenna Array Gain pattern at . /1GHz,

Phi=0

A0

20

-20

1

-40

-60

oy ——

scanangle = 0 degree

-80

=100

scanangle = -5 degree
scanangle = - 32 degree
scanangle = 53 degree

scanangle = 15 degree

scanangle = 3¢ degree
scanangle = 53 degree
| | I I |

=120
-0

0

- 150

-100 -50 0 S0

Theta: degree

100

150

200




dB

40

Antenna Array Gain Pattern at [.B8GHz,

Phi=0
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dB

Antenna Array Gain Pattern at 1.99GHz, Phi=0
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Antenna Array Gain Paftern af 1. 71GHz, Phi=90 degree
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Antenna Array Gain Pattern af 1.88GHz, Phi=90 degree
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Antenna Array Gain Pattern at 1.99GHz, Phi=90 degree
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Final Antenna Array Design Results

Frequency | AntennaGain | Azimuth AntennaGain | Azimuth
— center beam | Beamwidth— | —edge beam | Beamwidth —
center beam edge beam
1.71GHz 23.65 dB 13.7° 21.5dB 21.35°
1.88GHz 24.44 dB 12.34° 22.24 dB 19.62°
1.99GHz 24.92 dB 11.7° 22.6 dB 18.86°




Conclusion

* Printed Circuit Board Dipole Phased Array —
Broad band

e HFSS - accuracy
e Optimetics— saving time
best design performance




