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Goal, Approach and Content

Produce novel, reconfigurable, metal/dielectric surfaces/volumes for adaptive control over EM scattering.

Approach:

Embed tunable materials as periodic unit-cells in a thick metal plate to affect electromagnetic wave
propagation based on electrical configuration.

Variation of unit-cell geometry

Controls Frequency & Angle Dependence

* tapered unit-cells

e compound unit-cells

* sub-wavelength unit-cells

e anomalous transmission

Content:

Progress made in areas -

EM Applications

Variation of unit-cell filling

Radome/Filters

Tunable Absorbers

Meta-Surfaces

Theoretical Experimental VAV ellle=iilo)g
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Addresses Tunability

» changing permittivity
» permeability tensors
» ferrite-based FSSs

* dispersion engineering

@ Sandia National Laboratories




Approach for tunable FSSs
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Bi-static scattering of out-of-band signals

Out of BAND

IN BAND
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Stesbsab

LAp R =27 diag{ny, ..., 0y}

e Phase criterion determines resonance
location

* |Apgr| determines Q of the resonance
and is dependent on the diameter/period
ratio, larger d/p leads to broadband
response
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Dual-polarization large scan angle
broadband thick-metal F'SS

Negar Ehsan', Hung Loni*?, Edward F. Kuester!, and Zoya Popovié!

! Department of Electrical and Computer Engineering, University of
Colorado, Boulder, CO, 80309
2 0rg. 05345, Sandia National Laboratories, Albuquerque, NM
87185-1330

|IEEE AP-S International Symposium 2007:
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New Parabolic
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New Contribution (Compound
Unit Cell)

Current State of the Art
(Simple Unit Cell)
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PRL 95, 217402 (2005)
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Transmission Resonances of Metallic Compound Gratings with Subwavelength Slits

Diana C. Skigin® and Ricardo A. D.epineJr

Grupe de Electromagnetismo Aplicado, Departamento de Fisica, Facultad de Cienciar Exactas v Naturales,

Universidad de Buenos Aires, Ciudad Universitaria, Pabellon I, CI428EHA Buenos Aires, Argentina
(Received 6 May 2005: published 17 November 2005)

Transmission metallic gratings with subwavelength slits are known to produce enhanced transmitted
intensity for certain resonant wavelengths. One of the mechanisms that produce these resonances is the
excitation of waveguide modes inside the slits. We show that by adding slits to the period, the transmission
maxima are widened and, simultaneously, this generates phase resonances that appear as sharp dips in the
transmission response. These resonances are characterized by a significant enhancement of the interior
field.
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© Skigin et al.
this work |4

1.5 2 25 3 3.5 4 4.5
Md

(a) Zero-order TM Transmittance

Relative Magnitude

25

center
20 —e— outer

15
10

o O

|Phase Difference| (rad)

4
@ Ih I=1
3
c g
E
(b) 12 £
=
z
(c) 5
J=3 8
B
e
d a
@ J=4 h
14
(e) J=5
= =
0 T T T
FIG. 1. Scheme of the simple and compound gratings. 1 2 3 4
ad

[}
1.2 1.3 1424 2.45 25 2.55
Md Md

(b) Relative magnitude and phase differences between slits

LDRD Day, 2008

LB G DECTEL T E=E e = DEEL DT R

() sandia National Labortores




PHYSICAL REVIEW E 76, 016604 (2007)

Bandwidth control of forbidden transmission gaps in compound structures
with subwavelength slits

Diana C. Skigin™
Grupo de Electromagnetismo Aplicado, Departamento de Fisica, Facultad de Ciencias Exactas v Naturales,
Universidad de Buenos Aires, Ciudad Universitaria, Pabellon I, CI428EHA Buenos Aires, Argentina

Hung Loui’
Sandia National Laboratories, P.O. Box 5800, Albugquerque, New Mexico 87185-1330, USA

Zoya Popovic’ and Edward F. Kuester®
Department of Electrical and Computer Engineering, University of Colorado, Boulder, Colorado 80309-0425, USA
(Received 20 December 2006; published 16 July 2007)
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‘lectrical Discharge Machiniﬁg R

" Photographed by: Daryl Reckaway

« Stress relief by oven curing is
necessary before Wire EDM

» Oxidation in small holes
prevents electrical discharge

[Clarenf_:e D. ESqUibeﬂ-:m—g};q Org. 024312 Project Machining & Rapid Turn  3-hrs of machine time per slit
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In-house microwave aspheric lens design code

I

MATLAB code

3D skew ray \,

Aspheric lenses e

Dynamic movement

Spot diagrams i i _
Beam tracing* 280mm f-1 Hyperbolic Lens and its holder |

I LDRD Day, 2008 I R
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Enables active amplitude, phase and

polarization control
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Current controls magnetic bias HO

HO changes permeability tensor

which affects pro

M,

-H¢
Partially e r

pagation constant

V\\\
7 Fully
= > saturated

saturated =
case L
Ao

J \ case
Hc
M,

There are two models for

the permeability tensor:

1. Fully saturated based on

physical arguments.

2. Partially saturated based on

empirical data.

3. Problem: they don't agree
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gyro-magnetic ratio
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*;, ) Infinite ferrite medium (Partially Saturated)
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Saturated Ferrite under Z bias

Partially Saturated Ferrite under Z bias
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Freq: Ku-Band

Bias=0.00V
200} B!as=0.03V
Bias=0.06V

Measures permeability

—— Empty Waveguide

tensor of partial & saturated
cylindrical ferrite samples
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How do we put ferrite inside the unit-cells?
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for simple structures
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M WASHINGTON

Edge-Based Eigen Mode Solver — Inhomogeneous [Tensor]
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 Dispersion engineering

» Tunable materials [dispersive tensor]
* Periodic structures

* In homogeneously filled waveguides
» Material measurement capabilities
» Quasi-optic measurement techniques

Fields of research involved:
 Electromagnetic scattering
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Active ferrite-based FSS concept

CaoMPACT

LIGHTWEIGHT

HEAT SINK

ACTIVE ABSORBER

ACTIVE SHUTTER

ACTIVE FS§S5 FILTER

ACTIVE POLARIZER

PHASE CHANGER

MICROWAVE LENS

Top COVER

MAGNETIC CoOILs

FERRITE PINS

CiIRcuiT BoarD

BortTtomMm CoDOVER
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Summary & Conclusions

Goal:

Produce novel, reconfigurable, metal/dielectric surfaces/volumes
for adaptive control over EM scattering.

Approach:
Embed tunable materials into the periodic unit-cells of a thick

metal plate to affect electromagnetic wave propagation based on
electrical configuration.

Significance:

1.
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This work satisfies the strategic intent of the Truman
fellowship.

. [multiple orgs., 3 universities, 2 graduate students,
6+ publications (one in physical review, 3 journal,
3 conference), 3 TAs, 4+ Sand Reports, 1
additional LDRD for SAR, and supported the
efforts of GC-LDRD in meta-materials]

Provided Sandia a firm footing (tools & infrastructure) in
the area of sub-wavelength EM scattering and RF ferrite
based innovations.

Multi-morphic surfaces open new venues for low-
observables and benefits both Strategic Partnership and
Defense Assessment Investment Areas.

LDRD Day, 2008

Accomplishments:

Theoretical:

. Explained the origin of anomalous transmission

. Showed via net-work theory the mechanism that
governs scattering from thick FSSs

Numerical:

. MM-EGSM method for analyzing anomalous and
extraordinary transmission problems

. High-Order 2D FEM Eigen mode solver

. 3D — skew ray tracing lens design software

. CST script for design corrugate horns

Experimental:

. Gaussian beam measurement system

. Ferrite tensor characterization system

Application:

. Ferrite based thick-metal FSSs for radome
applications

. Ferrite based devices for beam steering (SAR
related)

@ Sandia National Laboratories
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