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In 2011, ARA and HRL are collaborating to develop a
circularly polarized conformal AlS.

In 2012, ARA will begin environmentally qualifying the
conformal AlS.
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— Surface waves on AIS produce interference
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— Primary radiation lobe Is developed by
Interference pattern.

— Lobe angle is frequency dependent.
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AlS IS MORE COST-EFFECTIVE AND VERSATILE




1. Microwave holography used to determine
required surface impedance for desired

Conventional body panel

Coverage
Obstacle

/ <

EM Passivated body panel

scattering/radiation.

Antenna Full
Coverage 2. Artificial impedance surface

Obstacle \ realized with printed metal
patterns on microwave substrate.

Approach:

* Use fine (<<\A) metal patterns to create large scale (~A) index variations
— Artificial Impedance Surface

» Large scale (~A) index variations can produce controlled radiation —
Microwave holograph
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Apply AIS on an obstruction to capture

free space wave and wrap energy around &
* Previously demonstrated :

Absorber
. Cylinder

3 dBdiv
+ Less dependent on the excitation source -

« Applicable to larger, fixed obstructions S " “

Use AIS to route excitation surface
wave energy around obstruction and

then radiate it

- *Dependenton the source excitation
-+ Nothing to attach to the obstruction

'Use AIS to route surface wave energy

.~ around surface curvature
; * Previously demonstrated

Radiation

* Dependent on the source excitation
* Can be used to reduce finite ground plane size affects

textured surface _'
smooth metal

All three approaches can be applied to reduce real world structural
obstructions/scattering pattern degradations




B T G A R
-; %‘ﬁt """t.“"-."‘-;",l
™ ALY
s St




n0_1p50 HISA hoard simulations (w/ 10" long board) (-) vs. measurement (---)
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« Compute integral of the fields due to the surface wave currents

B, k)~ | [(I;X,jsw(f))xl;] S
AlE

_ _ T R :'[k_[;nm(f') dr'—ﬁ'f:| -
- For flat AISA can simplify to  E,..(k)~ | [(kxjm (x _})Xk] e d’r
« The field term can be written as a prodﬁct of the surface current's magnitude, j_, (1),
and the field’s angular distribution, f,::[(lngm (f-)}xf{]
« The radiation angular range limitation is

p | cos(g-ﬁ—g-ﬁr)cos(ﬁ)(; —sin(g—d,) c9 M
- [ —cos(0—d,) g — 1o — o, ycos (6) g-;: TE . .
O Approximate """" ; ‘ """"""
- Vertical polarization is practically limited to 75° from || ==-=-- Fastscat : 1
-5 ! : ! : -1

normal by cosine term
- No limitation on horizontal polarization

+ Making some approximations of surface wave decay,
the far field pattern good approximation for
engineering studies

- Implemented approximation integral in Matlab
- Good correlation with FastScat simulation for main
beam angle and firs few sidelobes L
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« Match the surface wave index to the desired plane wave with the AIS grid momentum

- 2r : .
ITCSW = ko s '90 - kp kp == ko (”o —sin 90 ) * _ Radiation

(9

F

- k,is the radiation’s free-space wavenumber at the
design frequency

- 6,is the angle of the desired radiation with respect to
the AlS normal,

- k,=27/%,is the AlS grid momentum where 2, is the AlS
modulation period,

- kg, =n.K,is the surface wave’s wavenumber, where n, is
the surface wave'srefractive index averaged over the Als with modulated index
AlS modulation

- ';\\“: . +Replace kp by integral multiple of the first equations

———1 su&, )=n, —mk, 'k, m=1273, ...]'_llt‘ ki( n+1) ‘
P /

—the beam peaks of all modes can be determined,' m=1is the main lobe
—-This equation can be used to quantify the AISAbeam squint which limits bandwidth

+ The wavenumber k, can be expressed as periodic variation in the surface-wave
propagation index

n,, (F)=n, +dncos(k,nyr-k, T)



- Control surface wave index with a grid of metal patches HHHH
- Values can be computed with analytic expressions in many cases “*""-";J,
» Patch size large relative to substrate thickness :

» Surface wave phase shift per unit cellnot closeto 180 deg.
- Can be computed with unit cell simulation

 Index has strong dependence on frequency, especially for higher indexes; this

domlnates beam Squlnt ABSA#T, Surface Wave Index we . Frequemcy
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+ Experience has shown need for scaling factors to match theory with measurements,
but once determined (for substrate and freq.) can be used for design

— Exact reasons not clear, but think it is related to
» Finite surface affects
» Varying index

— This is topic area for future research
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at k / |
dk cos ( (ﬂc

AlS beam squint can be expressed as

Two components are
- AlS’s index dispersion
— AlS modulation’s Floguet term

To eliminate beam squint would need negative dispersion
. . o dn k
- Possible with active circuits? 2 =—" 2
— Topic area for further research dfe
From our experience the AlS’s dispersion is significant

Most straight forward way to increase bandwidth is to reduce the average AlS index

ARA wilh 12 Average beex

AEAWIN 13 Average Felex

Power, ab.db










Horn separation from strut = 19"
Horn separation from fuselage = 9"
Transmit and receive angle = 0 degrees

Without strut and wheel

With strut, without wheel

With strut and wheel

Received Power (dB)
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Mock-up without HIS \ : J — Mock-up withaut HIS
Mock-up with HIS sudface ' : J — Maock-up with HIS surface

-45°

Wock-up without HIS
— Wock-up with HIS surface

Mock-up without HIS

‘ — Muock-up with HIS surface -30°
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curved AISA I.mat

curved AISA Iw ith gear.mat

curved AISA Il.mat
«« curved AISA Il with gear.mat

0, degrees
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curved ASIA I Ix1p5w g no gear.mat
curved ASIA I 1x1p5w g gear.mat

curved ASIA Il 1x1p5w g no gear.mat
curved ASIA Il 1x1p5w g gear.mat
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12

12.2

12.4

12

- frequency, GHz

0, degrees



165°

11.8GHz 12 GHz

— Aluminum Sheet
— Waveguide Curved AlSA




12.2 GHz 12.4 GHz

— Aluminum Sheet
— Waveguide Curved AISA,
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— Vacuum-forming process forms applique
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« Develop baseline AIS synthesis tools

« Environmentally qualify the AIS
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