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What is a Phased Array?

Large, single, steerable dish

Array of swall,
discrete elements
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Array

- Waves produced by each
element interfere constructively
in pointing direction
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Comwunication Links

— M

/No antenna radiates isotropically

Pr (W)

Pipe = P,(W) Gtz Power incident on target (W/m?)

4 R?
P. = P, A%t Received Power (W)

Effective area (aTways less than physical s/ 47TAe fif

area) of receive antenna, related to gain: )2
Pm L Pm T Gain/Directivity (subtle difference) is the
Gta: - maximum power density at range R divided
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I ave P Tota,l/ 47 R? by the average power density at range R
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Target has a
cross section
(isotropic) [m?]

T Gia 2
B Wi Power incident on target
/i scat — P, inc9radar )\ scaﬂ'ei’ed pOWGI’
Acty ;
P'rec = Pscat A R2 \\% Kecelved powet’

Gt A ffO0rad
_  p TtzfleffTradar vy Radar equation
. b 16m2R4 |




Hertzian Dipole

far field near field Spherically

expanding
Hp= IdﬁsinO ! !]ko @F ]ej(“’t ko) wavefront
Fetr—=rTdfcos )20 0—{—@ eJ(wt—kor)
7Tk0
. JZ0 k(Q) t—k A mmW Ll A
Ey9 = Idlsiné = e (wt—kor) 20 =4/— = 1207 Q
47Tk0 r €0

2
ko = TW = % W4/ Ho€o
For 7 3> A, keep terms only linear in r - far field approximation.
& Eg
Eg 1 H¢ H S — 1= 120
Hy

Power flow represented by Poynting vector

P=ExH (e — §R{P}——§R{E><H}r W /m?



Hertzian Pipole (2)

far field _near field Spherically
Hy = Idﬁsinei [JﬁJr —+O] o (wt—kor) expanding
dr \r/ \or?
E, = Idecosozf;c’o 0+@,*f _J f(bttor)
. jZ Tk2 ]k ‘ 1 j(wt—kor
Ey = Idfsm047r’20 T r—20+r_3] el (Wt—kor)
Directivity pattern:
D(6, §) = Power Density Radiated In (8, ¢) Direction 2y p Power Density In (6, ¢)
S ANE Average Power Density i Total Power Radiated
1 1
i IEEEEE 2, 2 2 LD 2
(B = —%{E X H - =1tz (dicknsin 9327r2r2 W/m
2T
Idt
R T (b / do / V12 sin Odf = 70 W
SN
Pttl:lI2Rd 3 . o
T Ho T D(8, $) = = sin“ 8
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Hertzian Dipole (2)

far field near field PR Y Y
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Directiv - « . S
D(6,¢) = Y e

wgd.oT

PR T
(Fr) = n
P <415 ™~ N U

total — eyt o u

1
Ptotal = 512Rrad 3
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Directivity Patterns for Dipoles

0

0

Hertzian Dipole
D, ¢) = gsin2 0
HPBW = 90°

Half-Wave Dipole
D(8,¢) = 1.64 [

cos( 7 cos 9)] 5

sin @

HPBW =~ 78°

Full-Wave Dipole 2 e
D(6.6) = 2.41 cos(mcosf) — 1
HPBW = 48°

sin @
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Antenna Arrays

A A Z
.Yf‘l_‘» ;..I\Hf_'

4 Orfanadis [2004] (Zm: Yn)
: It nd
Assumptions: Emit £ Yo/
1. Far field

- parallel rays, 1/r amplitude dependence
2. No mutual coupling between elements (will discuss later)
3. A “reference” element radiates from the origin
4. All elements/radiators are identical, max radiation in z direction (broadside)
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Antenna Arrays .-
T'mn = TmZ + YnY (7’, 0,9)

Reference element at origin will produce a vector electric

field at point (7,6, 9)

Eoo = [00(E09A + Eqség)
s

Constant

Fields due to mnth element is:

B = Ln(Faf ok Ep)e’™ mort (s
= [mn(E9é+Eqbgg)ejk(xmSin0008¢+ynsinesinqs)

Total vector field at (7,6, ¢)
E = (Eof + Esd) ¥, 3o Lun€ ™ot

)

Element Factor Array Factor
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Antenna Arrays -

mn — Lmd

Fa,'r'ray(97 ¢) —-— Zm Zn Imnejkrm"'f

Poynting vector

1 1
P = —R{ExH}=_——|EJ%
2{ 2 } 220| |I‘

/ \ 12
Element Pattern  Array Pattern
Simple Two Element Array (21, 30) = <—2/,0}

Farray = Ioge?™4/2sinbcosé 4 [, e=ik(d/2) Sinec%
d
=(%,0
E Aviecoit 2 2007 CICAAT A /ailnle e T (il?o,yo) (‘2, )



Two-element Array

a=0.25x, |, =1, 1, =1 d=0.254, 1, =1, 1, =1 a=0.25, |, =1, |, =0+1i
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Two-element Array

oo™

ad=0.52, | =1, 1, =1 d=0.54, I =1, 1, =1 a=0.5h, 1=1, 1 =0+1i
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Two-element Array

d=th, I=1, 1, =1 d=1h, 1 =1, |, =1 d=1h, I,=1, 1, =0+1i

o)
: -15-10-5|

M




Two-element Arra
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Array Steering

F 9 @ I E,JL (m sin 0 cos ¢+yx, sin 0 sin @)
e ay E E mn

It the element constants have no phase angles, beam maximum will be in direction:
Ty SINBcos o+ vy, sinfsing =0 = =

Say we want to point in direction (90, @0)

T, Sin By cos ¢g + Yy, sin Oy sin ¢g + (¥, + Vp) =0

| . [ Z
WV = —kx,,, sin 6y cos ¢g (1,6, )
Y, = —ky,, sin 0y sin ¢g

Direction cosines: /
COS g =S "

sin Hg cos g
cos 1,0 = sin 6 sin g

, 7 COS Vg
‘ 7 S
EiAugust 22007 - EISCAT Workshop " COS U



Array Steering

Fm R ay 9 (é E E Imn ejk(fm sin 6 cos ¢+yn sin 0'sin @)

Fogey = Inmej’“‘l’m@s'd-’w—cos'¢’wo>ejkyn<cos1/-)y—coswyo>

m,n

Say we want to point in direction (00, @0)

T, SIn 6y cos ¢g + Yy, sin g sin g + (Y, + ¥y) =0

. . R
Y, = —kx,, sin O cos dg | (r.0.6)
WV, = —kvy,, sin 6y sin ¢g :

Direction cosines: / T

cos 1,0 = sin By cos ¢g
cos 1,0 = sin Oy sin Qg

ElsAugnst, 2, 2007, - FISCAT Waorkshon



Directive Gain of Antenna Array

Recall:
D(8, ) = Power Density Radiated In (9,.(:')) Direction A R2 Power Density In .(9, )
Average Power Density Total Power Radiated
P) = R{E x H} - £ = —|E|?|Farray|? = Pt| Farray|?
< 7‘> == § { X } J WE== 95 | I ‘ a7’7’a.y| = el| a.7‘7‘ay|
~0

2 73
7 Zamnm; :/ d(,f)/ Pel]Fa,w,ﬁay]QTQ sin 6do
0 0

Pel’Far?’ay’Q

D(0,¢) = 4nr? ———
|, do fo Bl el 22 singdy

0
If element pattern is much broader than array pattern, Eleme nt paffer“
i # doesnt matter.
D(8,6) = anr?—.— Harrasl e
fo do fo [ orrdy - sinddd
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Directive Gain of Antenna Array

Normalized Array and Element Patterns

T T

T

T

S —
— Array
Element |

n

Power Density In (6. ¢)

— 47 R?

Total Power Radiated

Normalized Array and Element Patterns
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Visible Region and Grating Lobes

Recall Z i kdm cos 1 Z im

= fji e T — J- TR

(1d array pointed Farmy T [’m6 T Ime
broadside): m m

Can see that: | —kd < Y < kd

Visible Region
d<A/2 >~ <27
Values of Faray repeat -
d > /\/2 Y>> 2T Grating Lobes

Grating lobes are analogous to classical undersampling (spectral aliasing).
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Steering and Grating Lobes
For arbitrary steering direction:

Farray mN Z Imejkdm(cos Yo —COSPzo) _ Z Imejm(’)’—’)’o)

—kd(]. + €Oos wa) <7< kd(l — COS %:0)

Modified Visible Region
For no grating lobes,
<127 d < 2
Hos — 14| costyo

Also note that beam
broadens as sin g
as beam is steered

ElouAa1 sunivul cu v
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Steering and Grating Lobes

A /2 spacing 0.67\ spacing

Steering Angle O° Steering Angle 0°
- UU - DU
L T
P
i o
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o8/ 90 W, RO Y
/89777, ARNE
IS8 sy ,4%,/,/ N &\.x,. RN
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FiES IV F 7y RS
{fF & " 5 :’- N\ \\\'ﬁ "'l.'lﬁ,l" I.\l

EIQUI‘\I OUIIVUI LV 1V






Mutual Coupling / Impedance

® Array gain - related to gain of individual element.

® Gain of isolated element very different from element gain within array.
® Element pattern will also vary across array.

¢ Actual element gain usually not known - must be simulated/measured.

For an N element array:

Vi Z11 iz ... ZiN I

o Vo i Zo1 oo ... Zan I

VN ZN1 ZN2 ... 4NN In

Mvutuval impedance Self impedance

e Solve for |
e Compute Poynting vector
e Use this to compute radiation pattern

® Important to minimize mutual coupling -> Can cause problems (standing waves “hot spots”, etc.
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AMISR (3)

e Recall: Grating lobes will appear when beam is scanned far enough - makes it impossible
to do incoherent scatter science beyond certain scanning limj ‘

® Recall: Gain pattern will vary with scan direction

Should have seen an equation like:
p _ P, KL N,
. r2 N1 + k222)(1 + k203 + T, /T)

System Constant becomes
dependent on look direction

350km, 1x 10", 10% 150km, 1 x 10", 10% ‘ -
~ - o Y60 \ |
| 7, Theorgtical

3grating lobe

(sasind Jo Jequuny)bo]
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Avalilable beam positions

63221 -21.51 61.46 1.361447e-19
63227 -18.77 66.16 1.346832e-19
63239 -16.23 58.68 1.324891e-19
63245 -13.89 57.260 1.293195e-19
63261 -11.73 55.69 1.266172e-19
63257 -9.72 54.13 1.229166e-19
63263 -7.85 52.53 1.187336e-19
63269 -6.11 56.98 1.141255e-19
63275 -4.48  49.24 1.89130Ze-19
63281 47.85 1.837957e-19
63287 45.84 9.81741%-20

93 44.18 N.232658e-20
3299 69.25 9.356377e-20
63385 69.66 9.845681e-28
63311 69.92 1.0831870e-19
63317 76.00 1.87471Qe-19
63323 69.92 1.1158838¢19
63329 69.66 1.151791e-19
63336 69.7R 1 _1R84474,-19
63341 68 .

B Cod « Elevation (El)
eam Code

66.19 1.268598e-19
65.14 1.277260e-19
63.99 1.280215e-19
62.76 1.277695e-19

63371
63377
63383
A3389 A2.R1 A1.4A 1.2A9ABFe-19

Azimuth (AZ) &2

3e-19
63413 52.73 55.69 1.184336e-19
63419 5@8.72 54.13 1.158558e-19
63431 48.85 52.53 1.112323e-19
63437 47.11 58.90 1.870412e-19
63443 45.48 49.24 1.824§§8e-19
63449 43,95 47,55 9,7474%98e-20

63455 7

http:amisr.sri.com/portal == System “constant”

63809 -159.50  76.00 9.499506e-20
~— | — 63905 -159.50  78.90 1.823999e-19

EISCAT school 2010 + ~400 more...



(az,el)=(15.00,74.00),th0=(0.00,-0.00), ph0=(0.00e+00,0.00e+00)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2



Some benefits of phased
arrays...
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Plasma Parameter Profile

Raw N_ Temperature Vi
800F T T T TTTITI} AW HH[\‘ T TTTTTT] i T[Tt }
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Changing Pointing Direction

Photo: Mike Lockwood
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Plasma Parameter Maps
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Plasma Parameter Maps

1500 PULSES A%

|||||||||||||||||||||

ALTITUDE (km)

GROUND DISTANCE (km)
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Plasma Parameter Maps
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Plasma Parameter Maps
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Plasma Parameter Maps

1500 PULSES
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Parameter Maps

1500 PULSES
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1500 PULSES
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Plasma Parameter Maps
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Imaging - the traditional way...

Sporadic E Evolution

21:43-21:48 21:48-21:50

Mag. North
12

21:50-21:56
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Imaging with AMISR
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Imaging with AMISR
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Imaging with AMISR

1 pulse
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Imaging with AMISR

1 pulse

>
1 pulse
\ L
1 pulse
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Imaging with AMISR

1 pulse

1 pulse

2 pulse 7\
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Imaging with AMISR

2 pulse
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Imaging with AMISR

2 pulse

, 2 pulsw
_—
2 pulse
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Imaging with AMISR

...until “enough” pulses
- in each direction
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Imaging with AMISR
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Imaging with AMISR

14 March 2007, 05:01—05:14 UT

Ne at 100 km

|
20

-20 0

Ground distance (km)
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Imaging with AMISR

14 March 2007, 05:01—05:14 UT
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Vector Velocities 1-19-2007

V perp east (m/s)

V perp north (m/s)
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Monostatic E Field
Estimation

s

...................
- -

E-FIELD (¥ m-Y
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lon Velocity (E-field) Maps
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hoto: Craig Heinselman
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E-fields with AMISR
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Some other benefits of
phased arrays...
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Peak Power 1791 KW (3582/453/61)

2010-07-29 14:17 UTC

600W

300w 400w 500W

00w 200w
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No moving parts

Photo: Mike Lockwood
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Photo: Craig Heinselman
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Photo: Craig Heinselman
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Word of warning...
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Tirpe
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Tirpe
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Tirpe
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Timq
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Tirpe
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