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Introduction — Rationale for Topic

+ EVERYTHING IS GOING WIRELESS

*

From PDAs, to cellphones, to headsets, to NAS (network attached storage),
printers and other peripherals, virtually every consumer electronics application is
going wireless
With greater demands on wireless applications, greater need is placed on the
requirements of the wireless data channel
At the same time, the desired wireless applications are becoming smaller,
permitting less space for antenna architecture client-side

+ Antennas interfacing with single-chip RF systems becoming more common
The ULTRAWIDEBAND option intends to expand signals across a very wide
spectral bandwidth, thus lowering signal power at any one frequency ,and
reducing the need for ‘high gain’ antennas — or does it?
Traditional Wireless infrastructures (BLUETOOTH, 802.11a/b/g/n, etc.) utilize
controlled bandwidth, implying ‘good’ antennas for lower power amplifiers, etc.
Increasing demand for cross-platform usability (like the newest tri-band cell
phones) will continue to require more and more multipurpose antennas

+ Client-side AND infrastructure-side implications for multifunctionality
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Introduction — Antenna Definitions

What is an Antenna?

+ “An antenna is a transition device, or transducer, between a guided wave and a
free space wave, or vice versa.” Kraus, “Antennas”, 2nd edition, p. 18. [1]

+ In other words, an antenna can act as a matching device between a “guided
wave” transmitted along, for example, a 50 O coaxial cable to a “free-space
wave” transmitted through the 377 O ether of free space.

Important Antenna Parameters
+ Input Impedance, Z;,

+ Radiation Resistance, R,

+ Efficiency, e

+ Far Field Pattern

+ Polarization

+ Radiation Intensity, U

+ Directivity, D

+ Gain, G
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Introduction — Antenna Parameters

+« Antenna Parameters

+ Input Impedance: The input impedance, Z;,, of an antenna is the impedance
that the antenna, effectively a two terminal circuit element, presents to a
transmission line. Z,, can be complex, R +jX.

+ Example: ?/2 dipole, Z,, =73 +j42.50

+ Radiation Resistance: Since an antenna radiates, it “loses” energy to a free
space wave. This loss can be effectively considered a resistance term.
+ Example: ?/2 dipole, R, = 73 O =reZ,,.

+ Efficiency: In addition to radiation loss, R,, an antenna can have conduction
and/or dielectric loss. This “ohmic” loss, RI, is additive to the antenna’s Z;, = R,
+ Rl +}X. Thus one can define an efficiency for an antenna:
+ e=R,/(R, + RI). This denotes the percentage of power that radiates to the far field.
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Introduction — Parameters, cont.

+« Antenna Parameters, cont.

+ Far Field Patterns: An antenna cannot have a spherically uniform radiation
pattern. The pattern that an antenna radiates depends on its geometry.

+ Example: z-axis oriented, 0.47? resonant dipole. Radiates uniformly in f but has a
strong dependence in ?. A“donut” of energy around its principle axis.




Introduction — Parameters, cont.

Antenna Parameters, cont.

*

Polarization: A complete understanding of an antennas far field pattern has to
include information on the polarization and relative phase of the radiated field.
It describes the orientation of the electric field vector in the far field and can
dependon ? and f .

» Example: z-axis oriented, 0.477? resonant dipole. Since radiation develops from
acceleration of charges (i.e. electrons) and for such an antenna electron flow is along
the z-axis, it is natural to assume, and correct, that a dipoles polarization is in the ?
direction. (e.g. in the xy plane the polarization is in the z-direction.)

Radiation Intensity: Power radiated per unit solid angle.

» Example: z-axis oriented, 0.47? resonant dipole. Radiation intensity U(?,f ) peaks in
the ? = 90° plane (i.e. XY plane).

Directivity: D(?,f ) = U(?,f )max/ U(?,f )ave
+ Example: isotropic radiator. D(?,f ) = 1, for all ? and f (by definition).
» Example: z-axis oriented, 0.477? resonant dipole. Dmax = 1.64 @ ?=90°
— Note, in general D isdependent on ? andf however asa
shorthand when presented as asingle number it is
understood to represent the peak directivity Dmax .
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Introduction — Parameters, cont.

+« Antenna Parameters, cont.
« Gain: G = eD.

*

*

For a lossless antenna the gain and directivity are identical.

Note this does not include source mismatch!! However in practice most antenna
ranges measure ‘gain’ that includes the effect of VSWR mismatch or input reflection
losses

+ General comments on antennas and antenna parameters:
+ Units: Gain and Directivity are often expressed in decibels.

*

*

D » 10log10D » Dipole D = 10log101.64 = 2.15 dBi. (i stands for isotropic)

There is no such thing as an isotropic antenna with dual polarization and 10 dB of
gain!

Antenna patterns can be isotropic about an axis (dipole) or directional (horn). The
more directional the pattern the higher the directivity. A useful analogy is squeezing a
balloon.

In general, the smaller the antenna, the smaller reZ,, and the larger imZ,,

Antennas, as radiators, coupling strongly to their surroundings. An antenna design
will always require integration to its platform. It can never be consider an isolated
component. Coupling distance to be considered is related to wavelength, not
aperture size
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Introduction — Dipole Example

+ An Ansoft HFSS example: L = 0.47?, L/2r = 100, resonant dipole

+ To develop confidence in the HFSS solution process, simulate a known
antenna structure and compare simulation results to theoretical.

+ An infinitely thin, ?/2 dipole is not resonant (Z;, = 73 + j42.5 O). It is inductive
at its terminals. Making is slightly shorter and/or adding thickness, 2r, makes it
resonant (Z;, ~ 72 + j0 O). Its far field parameters are close to those of a ?/2
dipole.

+ To simulate an antenna in HFSS: (The Antenna Cookbook)
+ Space radiation boundaries at least ?/4 away from the dipole
+ Use PMLs (Perfectly Matched Layers) for the radiation boundary.
+ Seed surfaces of the radiation walls with ?/8 tet elements.
+ Set“Max Delta S Per Pass” =0.01.
+ Set “Refinement Per Pass” = 15%
+  Set“Minimum Converged Passes’ =2
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Introduction — Dipole Results

+ HFSS Results: L =0.47?, L/2r = 100, resonant dipole at 1GHz

+ D=1.6392
« Z,=73+j00 //3

DDDDDD
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Introduction — Reducing the Dipole

« A"Real World” Wireless Client Device antenna. The inverted-F

*

*

At 900 MHz the large size of a ?/2 dipole (~83mm) would tend to make it
unsuitable for many RFID applications. There are an infinite variety of
techniques to reduce an antenna’s size. A few are:

» Add dielectric.

+ Meander the element. e.qg. helix or spiral.

+ Load antenna elements with capacitance.

In general, any change that reduces an antennas size will result in:
+ Reduced bandwidth (typically not an issue with RFID applications)
» Reduced efficiency and therefore reduced gain. (An important indicator of an
antenna’s performance).
A useful “reduced” size antenna is the inverted-F. This antenna can be easily

implemented on many platforms. It can utilize the groundplane of a device
(e.g. PDA) as one half of the radiating element.
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Introduction — Evolution of IFA

+ Evolution of the end loaded, inverted-F

. 1
Dipole Lower Element » Folded Upper Element Add shunt “inductor” Add SMD capacitor at
“groundplane” (realized as a trace) to end of F-element to tune

match
+ Adding shunt “inductance” is a common “trick’ for matching small antennas.

+ The end of the F-element can be loaded with a SMD capacitor for tuning.

+ Depending on size restrictions, additional meandering of the F-element may be required
to achieve resonance.

- Butin the end, the antenna must still have some reasonable ‘size’ w.r.t. wavelength to
operate

+ Further optimization can only be achieved by other means of boosting efficiency
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Introduction — IFA Results.

HFSS Results: end loaded, inverted-F
+ Copper conductor with lossy FR4 substrate

90

=150 150

-180

0 00 00

-15.00

+ G (dBi), ? polarization atf = 0 and 90°.
Very narrow banded! Efficiency only 55%! T ARSI B
Lots of work to do.
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Introduction — Closing Comments

Wireless applications growing in complexity, but shrinking in
size
Antenna size reduction comes with consequences
+ In general, any change that reduces an antennas size will result
in:
+ Reduced bandwidth (typically not an issue outside of UWB
applications)

+ Reduced efficiency and therefore reduced gain. (An important
indicator of an antenna’s performance).

Therefore, engineers must use any and all ‘tools’ at their
disposal for achieving higher performance from smaller
antennas, including

» Load tuning — element specific

+ Folding/Meandering Antenna Topology — element specific

+ Smart Diversity (Communication System Techniques)

+ Arraying individually substandard antennas to provide
appropriate coverage

+ Efficiency improvements by dielectric or other material
loss reduction (dielectric latticing)

+ Filtering/tuning with FSS
+ PBG applications for reduction of unwanted imaging
currents
The remainder of this presentation will focus on simulation
techniques specific to those applications which involve
repeated lattice structures and which could be of interest to
the Wireless antenna community.
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Outline

Overview of Simulation Approaches for Latticed Structures

+ Single/Analytical, Brute, E/H Walls, WG Sim, Linked Boundaries,
DomainDecomp

Overview of Free-space Termination Options
+ Surface impedance, ‘Radiation’, PMLs, Floquet Mode Port
Simulation Techniques for Electromagnetic Bandgap (EBG) Applications
+ Unit cell approaches
+ Dispersion and Reflection Analysis
+ Metallodielectric (FEM/MOM) and Dielectric (FEM)
Simulation Techniques for FSS Applications
+ Unit Cell Approaches
+ Excitation Definitions
+ FEM and MOM Ramifications (current continuation, etc.)
Simulation Techniques for Array Applications
+ Unit Cell Approaches
“Active S11” and Scan Blindness
“Active Element Pattern” extraction methods
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Simulation Overview: Analytical

000000

a0 w0 + Analytic array solutions
» Perform isolated single-element
experiment
2 N N + Apply mathematical array factor
+ PROS:
o + Simple, not computationally intensive
Pattern of single helical element shown at left + Single-element solution can take
advantage of symmetry
Earray(q’f )=AFQ.f)- Eelement Q.f) + Can be postprocessing step following

any single-element simulation

o KPP - Easily modified by editing single-
AFf,g)=gq We"" element or array factor
n=1 + Can include amplitude and phase

variations per element in array factor

+ CONS: Idealized Array Results only

+ Neglects Edge Effects (significant in
smaller arrays)

+ Neglects mutual coupling effects
(significant in most useful arrays)

+ Cannot predict scan blindnessgactive

element pattern, active S11




Simulation Overview: Brute Force

+ Solve entire array in simulation
+ PROS:

Port1

*

*
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*

Linear-phase fed 16 x 16 patch antenna array. Solvable in Ansoft
Designer PlanarEM (MoM) simulation
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Permits any phase/amplitude
tapers desired

Works even for ‘defected’
arrays

Neglects Nothing

Computationally very
intensive

Requires setting all sources
independently
+ Unless feed network included
in array geometry
Impractical for physically or
‘geometrically’ very large
arrays




Simulation Overview: E/H Walls

+ Solve one unit of the array with E and H
conductor sidewalls

E Fig'd Oftvfclo?lona' + Most basic of the ‘waveguide simulator’
(Green Walls) approaches.

+ E and H boundaries permit plane wave
travel — simulate effect of infinite

Radiation or
output ‘port’

E Field Tangential
(yellow walls)

ot WR90 Waveguide repetition of such cells
(/‘ J— (Endfire element) . PROS:
+ Much more efficient than brute force
Excitation Port —! + Can capture mutual coupling effect for
| circumstances where its use is valid

+ CONS:
+ Only valid for limited set of
circumstances

+ TE modes, rectangular grids, identical
excitation

+ Only provides for ‘boresight’ or all
elements in phase behavior

+ Therefore no scan blindness, active S11
VS. scan, etc.

Vector E Field Animation showing TE10 mode in Waveguide, ‘plane’ wave
in air block portion above array
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Simulation Overview: “Waveguide Simulator”

Output WG
‘port’

Conductive Walls

Ang

Example linearly taper slot
antenna :

eLength = 1.38 cm
*Opening = 1.52 cm
Substrate
*Thickness = 0.1cm
e = 22
eUnit cell: 2.215cm x 4.78cm
eAnalyzed 3.8-5.6 GHz.

SHIA PTOT T
taper_wg_new_feed1

Results Compare to [2].
Further Details on WG
Simulation in [3]

*
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Solve one unit of the array with various
combinations of E and H conductor
sidewalls (‘waveguide’)
+ Solve many ‘modes’ of excitation for the
output port.

- Each ‘mode’ coincides with a specific
angle of incidence, e.g. scan angle out
of the array

PROS:
« Much more efficient than brute force

+ Can capture mutual coupling effect over
specific discrete scan angles

CONS:
+ Only valid for discrete scan angles and
modes

+ User must compute modal to angle
relationships
+ Relative to array spacing, etc.
+ No continuous scan blindness, active
S11 vs scan angle.

+ Pattern computation from results difficult
(output is S-parameters)




Simulation Overview: LBCs

+  Solve a true unit cell surrounded by linked (or
periodic) boundary conditions (LBCs) [4]
+ Boundaries constrain phase relationship between
walls, not E vector orientation
Linked Boundary +  User defines local coordinate systems relating
Pair One (green) ‘master’ to ‘slave’ wall of pair
+ Relative phase can be absolute per pair or

computed relative to an effective array scan
o— angle

Radiative
termination
surface/layer

Linked Boundary
Pair Two (yellow)

WR90 Waveguide * PROS:

//7 (Endfire element) +  Solution efficiency
SR ' +  Most general Unit Cell Approach

+ Computes true active S11 and scan blindness

+  Computes true single element pattern with
mutual coupling terms

Excitation Port

— Jy + Multiply by array factor to get array pattern
ES - e EM +  Can compute ‘active element’ pattern
+ CONS:
Y can be a single fixed value for each master/slave pair, or - Still neglects edge effects — all elements have
computed from an intended scan angle in spherical coordinates same mutual behavior to kin

(f, g), from the vector relationship between the master and slave

v | the ; + While including effects of phase excitation
walls, and their normal vectors or orientation in the spherical

i differences, assumes uniform amplitude
coordinate system.

: : ) - - excitation — no tapering
Fixed values imply frequency scanning or periodic waveguiding i ) )
structures (e.g. corrugated waveguide with Master and Slave on + lterative 50|Ut|_0n3_ one solution per scan angle or
Input and Output faces). LBC phase criteria set.

Ansoft HFSS™ permits both assignment techniques.
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Simulation Overview: PMM

Specific to surface-type codes, the periodic
moment method (PMM) permits current imaging

rlnﬁnite Array/F55 Setup -\
—Cell Geometry-
Center o Ol e Ornrm
Dimensions a: |Omm b: |Omm

AutoSize

L

— Attributes -
¥ Tum on infinite aray/F55

Skew Angle iElEldeg P
Scan Angle: Theta iDdEEI / En
Phi 1Ddeg { - - [h
r a
Dizplay Color: I |
(] | Cancel ‘

Ansoft Designer Planar EM Array Setup

Detailed Description of the Periodic Moment
Method can be found in [5].

on lattice structures (e.g. for planar arrays)

*

User defined lattice spacing, generally as height,
width, and skew angle a type parameters

Excitation assumed to be uniform in amplitude
with scan angle relations similar to LBC technique
in 3D simulation

+ May also be plane wave, not local ‘ported’ excitation

PROS:

*

For planar circuits, much more efficient than brute
force

Can compute active S11 and mutual coupling
effects w.r.t. scan angle.

Can compute active element pattern, array
pattern.

CONS

*
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Edge effects neglected (all mutual coupling terms
identical)

Amplitude variations still missing

Implementations may not allow for ‘current
continuation’ between cells (not
limitation of method)




Simulation Overview: Domain Decomposition

+ Subdivide model into ‘subdomains’ of
unique behavior, and solve each iteratively
to determine interaction between
subdomain boundaries

»Domains can be identical geometry in non-

identical placements, e.g. array corner,
edge, and center elements

vVvVvVVvVv
VVvVVVvVV

rvvvvvy

vVivvVvVvVvVvvy
vVivVvVvVvVvvy
VveYTVvvVvvy

+ PROs:
+ Solution efficiency better than brute force
b «  Computes true active S11 and scan
Conceptual array with sub- blindness o .
domains color-coded. + Compute all array behavior including scan
T > blindness, active S11, active element
pattern, and array pattern including both
» » > mutual coupling AND edge effects

+ Useful for other large-structure applications
besides periodic geometries (see bottom)

+ Can set excitations for amplitude as well as
phase offsets (Taylor taper, etc.)
+ CONs

+ Iteration between subdomains reduces
efficiency slightly below that of LBC

E Figlalvfiel

approach
» Excitations now individually managed
Rothman Lens (Ansoft, + No known commercial software
under development) currently has this technique :
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Simulation Overview: Final Words

As discussed, each method has its benefits and drawbacks
As a general rule, the fewer the drawbacks, the more usage-intensive a
technique will become

+ E.qg. LBC's requiring local coordinates, PMM requiring lattice definitions, Domain
Decomposition requiring segregation of subdomains.

+ Misuse (incorrect sizing of unit cell as compared to array factor to be applied later)
will result in nonphysical results

For different applications, different methods may prove more useful than others
+ E.g. PMM for planar geometries vs. LBCs for more volumetric ones

Remainder of course will apply a subset of these methods for specific
applications
+ Use of Periodic Moment Method will be illustrated for FSS and PBG applications
using Ansoft Designer (Planar EM level solver)

+ Use of Linked Boundary Condition method will be illustrated for FSS, PBG, and
array applications using Ansoft HFSS
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Free-space Terminations: FIrst Words

+ All antenna analysis of a computational nature
requires some handling of the ‘free space’ into
which the antenna is to radiate

+ Ray tracing methods simply assume infinite open
space outside drawn geometry

+ Finite Element and Finite Difference Time-Domain
methods generally assume fields cannot exist
outside user defined region

+ User defines an ‘air volume’ surrounding radiator
+ Method of Moments can have closed formulation
(assumes cavity dimension surrounds currents
being solved) or open formulation (assumes single
imaging ground plane only)
» Proper definition of the cavity and/or plane can
influence results
+ Therefore, proper treatment of the boundary
where the computational domain ends but real
‘free space’ around the antenna continues is of
paramount importance

+ Following slides will outline some methodsi

B
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*

*

*

*

Free-space Terminations: 37 /W

Intrinsic impedance of free space is given as

h, = |7 =376.73031 » 377W

eO
Therefore, the ‘simplest’ way to terminate a volume with the implication of further free space
outside it is with a 377 W? surface impedance

“WI? * denotes “ohms per square” which is generalized sheet resistance, not to be mistaken as having
any ‘unit’ (such as meters?) implications

+ For conversion, imagine a thin film resistor, | long (direction of current flow) by w wide. Lumped
resistance is related to sheet resistance by

W
R =—Rs
I
+ For a coaxial resistor (annular surface area with inner radius a and outer b) the relation would be:
=0
R =Inc==Rs
eag

(derivation left to the student © )
PROS: Simple to assign; single-value entry; works for eigensolutions too _
CONS: What about terminating volumes other than vacuum? Boundaries between s?




Free-space Terminations: “ Radiation
Boundary”

+ Most 3D simulation software uses a second-order impedance surface termed a “radiation
boundary”

+ Unlike simple 377 W, a radiation boundary is computed for each material touching the
surface and is frequency dependent

(N, E)tan = jkoEtan ) kthan, (Ntan, Etm)+%mtm(mtm ' Etan)

o]
+ PROS:
+ Superior absorption to single-valued impedance boundary, especially with nonhomogeneous
volumes

+ Reasonably absorptive with reflections exceeding 80 dB isolation possible
+ Transparent user setup (ease of use)
+ CONS:
» As a surface termination only, sensitive to angle of incidence and distance from radiator

» Loses some absorption over broad solution frequency ranges using numerical sweep techniques
(e.g. AWE, ALPS)

«  Not functional for eigensolution due to frequency dependence! (k, is wavenumber wQre),
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Free-space Terminations: PMLS

PML Setup Wizard : Cover Objects ﬁ
= Creaie PML Cowe Obpets On Geleched Faces
Lirwlorm Lasser Thicknecs . .
0.1 mm > ‘[iﬁ-‘f\\l
— .,
-, =2
[ i o
fm x]
-
.IJ'Ll. Sotup Wizard - Material Paramotors E
i Pl Cbjecls Accept Fie= Radstion
— Min Freguency: |A GHz =
T PrAL Objeais Covtirwe Guided Waves
I
Wi Fadiaing Dlistan o -
il ]| Ulse Desfault
I Mest 2 I

+ Perfectly Matched Layers (PMLs) are slab absorbers
which can also terminate an interior volume

*

Berenger-type PMLs are used for time -domain codes
[6], while bianisotripic materials are used for frequency-
domain codes [5]

Use Snell's law to refract incoming radiation deeper into
the material for absorption

Material parameters computed based on frequency of
use, distance from radiator, and PML slab thickness

+ PROS:

*

*

Superior absorption vs. surface impedance possible.

Can be closer to radiator, reducing overall modeled
volume

Refractive nature makes them far less sensitive to
angle of incidence

+ CONS:

*

_________

Generally have a frequency bandwidth of acceptable
operation

Adds ‘wavelength volume’ by higher dielectric constant
More setup requirements
Still cannot absorb ‘grazing’ incidence rays 4
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Free-space Terminations: Flogquet Mode Boundary

Steered TEOO

TE10,
Propagating

TE10, Cutoff
(surface wave)

*

The modeled space is terminated with analytic
‘port’ at which fields must satisfy the condition of a
superposition of Floguet free-space modes, per:

= 5 6
GdexéE(X,y)- 8 x,W,Ma=0 p=1..,N

port q=1 %)

AX =b_  m=1..,M

+ PROS:

+ Best termination possible assuming sufficient modes
computed, up to and including grazing/surface wave
+ Automatic segregation of radiative incidence angles

into different modes
» Useful for isolating specular vs. grating lobe type effects

+ CONS:
+ For use on single face, not entire model periphery
(e.g. in array unit cell not isolated antenna) &
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Terminations: Final Words

As discussed, each method has its benefits and drawbacks
As a general rule, the fewer the drawbacks, the more usage-intensive a
technique will become

+ PMLs require additional setup yet provide superior absorption

+ Floguet boundaries require additional computational requirements

+ Additional setup may be made transparent to users with commercial software
advances

» But ‘assumptions’ made should always be understood by educated users!!
For different applications, different methods may prove more useful than others

+ E.g. Floquet mode terminations not generally usable for non-arrayed element
analysis

+ Sometimes ‘easiest method is ‘enough’

Remainder of course will apply a subset of these methods for specific
applications

+ Use of Radiation Boundary, 377 ohm Impedance, or PMLs will be illustrated as
applicable for examples from Ansoft HFSS™

+ Examples shown from Ansoft Designer™ Planar EM solver use ‘open’ formulation
Method of Moments (MoM)
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Part Two: Specific Application
Techniques for EBGs

Wireless and Microwave Technology Conference
Tutorial Session RA-2
Thursday, April 07, 2005
Clearwater, FL
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Electromagnetic Bandgaps (EBGs): Description

’ ,

(ol ;nd.;.gx” FEC top and bottorn
' images mi height

PRI sitkia i e Tas:
Wavaguds Paort
for franemisman

Dielectric rod EBG (top) and Sievenpiper
hexagonal plates with via (bottom, [7])
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Electromagnetic Bandgaps (EBGs) formerly
called Photonic Bandgaps (PBGs) are an
interesting new technique for surface wave
reduction in antenna applications

+ A periodic metal pattern or dielectric change

provides a tuned circuit effect with a ‘forbidden
band’, preventing surface wave transmission

» Atthe tuned frequency, the surface has a ‘high
impedance’ effect [7]

» Therefore, unlike a ground plane, it reflects
incoming waves in phase rather than 180° out of
phase

Implication:

+ Ground plane imaging currents will not be
destructively interfering with desired antenna
behavior

» Balanced elements can be made much closer to
such a surface without efficiency penalties, rather
than requiring cavities or voids beneath

+ NOT for use ‘beneath’ patch-like antennas




EBGs: Characteristics for Analysis

+ The features of an EBG construction of interest
to antenna designers are:
Dispersion Diagram — wave propagation vs.

phasel =0 - 180°
phase2 = 180°

2 > frequency, also known as the ‘band diagram’
| 1\ /‘ +  Will show the frequency band(s) over which the
phasel =0 EBG forbids surface wave travel
phase2 = 0 - 180° phasel = phase2 + Reflection Phase Analysis clarifies the subset of
/ =180°-0 the band gap where the surface reflection is
constructive (*90° phase range)
I » Both behaviors are an array or lattice
phasez phenomenon, and will not show up for a single or
even small number of elements
— phasel ——— . .
+ Useful EBGs will have feature size much
smaller than wavelength
+ Otherwise they're too large to assist with a small
P QPhas(Egyee ) - 0S antenna desig)rll ’
e oF- ds + Therefore, solving a ‘brute force’ array of such
s features would become computationally
d demanding
f plate — 180- |_><360 + “Geometrically Dense” — much discretization

+ Perfect application for the Unit Cell Techniques
discussed so far

Df = (f pec = | plate)+180
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Frequency

EBGs: Dispersion Analysis

M

Unit Cell Diagram showing

Brillouin Triangle

phasel =0
» phase2 = 0 - 480°

>
(@]
C
S
= X
TR S)
=Y ®
C
D _ K _
e
® @
&

Plot vs. phase2

phasel =0 - 180°
phase2 = 180°

BANDGAP
- ® & -0-g

Plot vs. phasel

phasel = phase2

M
Wavenumber

*

Dispersion Analysis can be performed with
an LBC Unit Cell approach

Eigensolution is performed over range of
possible phase differences between the
lattice wall sets

+ Phase difference between Master and Slave

wall analogous to an angle of incidence,
therefore a wave number across the cell

+ Resonant frequencies are plotted with
respect to the phase difference and
arranged to replicate a Brillouin Triangle
dispersion curve set

+ Three subsweeps as shown at left, each
corresponding to one ‘leg’ of the triangle

» Solve for a number of modes (TE, TM, etc)
+ Detailed directions in [8]
The “light line” may also be plotted to show
the free space propagation relation (c=fl )

Band Gap is identified by frequencies

where there are no possible eigensolutions
of any mode between the light line:

*
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EBGs: Dispersion Analysis Setup

+ Geometry Setup:
+ Unit cell must include ‘air height’ above the

S e surface under test reasonable to assume tipping
S DA I a phase-front plane to a relatively high angle
:}‘ R R (e.g. 60° or so)
_:}; % | It + Cross-section dimension of unit cell model
.:-.‘"% : ._ 3""1’ 4 f.{ > Phase2 between matches lattice repetition
j;t‘ ﬁ% ~ g% | unpatterned. Top boundary + Distance to absorbing boundary not ‘wavelength
e :{ 'Si:,fg;“cjgﬁgfguﬁg”;;’f related’ as unit cell size often much smaller than
BRSPS e wavelength. Plus simulation bandwidth for
. Eﬂq o eigensolutions will be considerable (10+ GHz
% u.& % range)
w2 5#:* - Resonance effect of the lattice will be proportional
> -;IEE to geometric loading features (capacitance

between plates, etc)
+ Use PML or impedance boundary to terminate top

Example EBG Structure: of air volume (not shown)
2:25mm Square plates with . Define sides of model as LBC Master/Slave
central via on 2.4 mm lattice .
over 1.6mm of e, = 2.2 (per pairs
[7D) + Parameterize the phase modulus between them

as Phasel and Phase2. These are the input
variables to a parametric sweep’

+ LBC should cover side faces of PML if present as
well

HFSS'™

ANSOFT CORPORATION




EBGs: Dispersion Analysis Outputs

+ Solution Techniques:

*

Simulation convergence can be aided
with the use of mesh operations or user-
assisted instructions

Note denser mesh at cell
periphery (gap between

» Adaptive mesh techniques will converge
on proper fields regardless. But if user has
insight into expected behavior, such as

4E+010

3E+010

| :
plates) importance of the narrow gap between
plates from cell to cell, providing instruction
to pre-condition the mesh can speed the
solution process.
+ Results:

2E+010

*

Freq (Hz)

BANDGAP

phase2 [deg]

" 900 13800

" 18000

ANSOFT CORPORATION

After simulation, results can be plotted as
data table or as graphical form

Eigenmodes fall into curves, between
which will be the band gap

Analytical values such as the light line can
be superposed on the same axes using
Output Variable capability.

Results from one leg of the Brillouin
Triangle are shown at right, indicating an
expected bandgap

+ Gap of ~11-17 GHz agrees with
Ref [7] paper :




E Field[¥/m]

Z,B643e+000
. 1. 94AZ2e+EEE
. G161e+8808

| 1. 692@c+606

1, 56792+E00

1, Y4 3Ee+E0E

1, 3197 2+60a
| 1. 1956e+606
| 1.8715e+006
| 9, 4745e-pB1
&, 2336e-601
6, 9927601
= 5. 7518e-B81
. E—
3, 27E@e-E01
2, 8291e-681
2, 2112e-603

HFSS'™

. Reflection Phase Analysis

Unit cell of air with
radiation at top, LBC
sides, and PEC bottom.
Note Total E Field is
strongest | /4 above
surface since metal
reflects out of phase.

Same cell, with PMC
bottom face. Total E
Field is strongest at the
surface because an ideal
‘magnetic conductor’ or
‘open’ reflects in phase.

ANSOFT CORPORATION

Construct a unit cell of the
lattice structure as before
(options described in
following pages)

A scattering solution of
response to a normal
plane wave excitation is
computed

Phase of the reflected
wave w.r.t. a metal plate
reflection is extracted

Band Gap identified by
frequencies where the
reflection is not £180°

+ Procedure defines most

useful subset of bandgap
(*90° range)




EBGs: Reflection Phase Setup 1

+ Method One

+ For unit cells which do not constitute simply
‘planar’ geometries in stratified dielectric media,
volumetric solution is required.

+ E.g. Dielectric woodpile or rod lattice

+ If lattice is square or rectangular, the E/H wall
“waveguide simulator’ may be sufficient

+  CAUTION: Although E/H walls are appropriate
for plane wave symmetry, response of the
circuit may not be E/H symmetric!!

+ See example at left
+ May limit polarization cases for this method

Consider the same patch
array shown before.

Patterned sides force E
orthogonal, plain sides
force E parallel.
Generates TEM port
excitation.

+ Construct unit cell with reasonable height
above surface to be evaluated

+ |1 /10 minimum at lowest frequency to be tested,
or 3-4 times the unit cell cross-section
dimension is sufficient, whichever is smaller

+ Define two parallel sidewalls as Perfect E

...but would fields be
‘parallel to narrow
channels between plates
on two sides vs. the
other two? NO. Yet
approximation might be
acceptable for single
polarization assumption.

conductor, two as Perfect H conductor

+ Define a port excitation at the top of the
model. The boundary conditions will enforce a
plane-wave type wave distribution

+ Extract results from S11 phase.

H F S S o | + “De-embed” to top of surface

ANSOFT CORPORATION




EBGs: Reflection Phase Setup 2

Method Two
- If lattice is nonrectangular, and structure still
requires 3D solution, use Unit Cell with LBCs

+ Or rectangular, with field behavior of lattice not
permitting E/H wall pairs

+ LBC sets can define many nonorthogonal
lattices as shown at left. Example below is of
: hexagonal patch lattice per Sievenpiper [5]
) Unit cell dimensional requirements are the
same as for Method One

+ Add a radiation boundary condition to the top
face
+ PML not necessary for normal
incidence/reflection
+ Excite model with plane wave input and
compute scattering response
+ Normal incidence plane wave

+ Post-process reflection phase by evaluation of

/N the local field solution

A = e + E.g.In HFSS™ by using the supplied Vector
Field Calculator

*

HFSS '™

ANSOFT CORPORATION




EBGS:

Edit Layers - PlanarEM1

Layers Stackup ]

I aterial ] Drag Mode | Thickness

- EI.@E:'?.... zignal gold middle align  Omil
Dielectrc dielectrc Taconic TLY [tm] 1.Emm
Ground | metalizedsignal qald middle align | Ol

‘ MHame ] Type i

using Ansoft Designer.

Infinite Array/F55 Setup |_Lﬁ1
Cel Baomelry |
Corlet ®. [imm v [omm
Dimensions a:  [Zdmm bi [2dnn aver... Remove Layer Mumber of Sublayers: ]1_
Size i consistent elevations and ordered layers
Al ez
% Tun oninfinils anap S5
ShewAngl [0 .
Scandngie  Theta  |0dsm / -
o [ |4 = - -
r { Setup Plane Wave Excitation
Driplap Color: I
|ncident Angles:
0K I Coarcsad .
Theta fram z-axiz [degrees): JDdeg
Phi from =-axiz [degreez]: ]Ddeg
Setup steps shown for
planar EBG simulation ok, ] Cancel I

*
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Reflection Phase Setup 3

For ‘planar’ circuit, can
take advantage of method
of moments and solve
unit cell in PMM

Draw single unit metal
pattern in layout
+ Depending on treatment

of current continuation in
your code of choice,
consider if pattern cell
should be connected or
not

Define lattice constants
for array

Specify plane wave
excitation and frequencies
of solution.

+ Normal direction only

+ Multiple polarizations if
desired
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180.00

EBGs: Reflection Phase Results

90.00

0.00

-90.00

cang_deg(S{WavePort1,WavePort1)) [deg]

-180.00

Ansoft Corporation 14:36:37
XY Plot 1
reflection phase 1
T | |
I |
\ | |
| |
i F——
\: !
I
i I
I I
| N
I |
[ |
I
[ I
[ |

USEFWL BANDGAP:

Approx }3.5 - 1|6.5 GHz

0.00

HFSS

TM

|5.':'D ¥ T ¥

10.

:'DI T ¥

Freq [GHz]

*
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A scattering solution of response to
a normal plane wave excitation is
computed

Phase of the reflected wave w.r.t. a
metal plate reflection is extracted

Band Gap identified by frequencies
where the reflection is not £180°

+ Procedure defines most useful
subset of bandgap (*45° range)

Results at left from HFSS E/H wall
technique; Designer solution for
same structure is identical.

+ Compare to [7]

+ For polarization case where E field
lies parallel to lattice orientation,
E/H wall assumptions are sufficient

+ Would not work on other
polarization, hexagonal lattice, etc.



Part Three: Specific Application
Techniques for FSSs
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Frequency Selective Surface (FSS): Description

*

Different FSS

|:||:||:| element types [5]

Notional cellphone
antenna: dielectric rod
with FSS pattern on
sides modifying beam
shape and tuning. [9]

A frequency selective surface is essentially a ‘filter’ for plane
waves in space

It intends to provide either a passband or stopband at certain
frequencies

» Reduce out-of-band noise; limit bandwidth of a broader-band,
lower-Q antenna, provide frequency-domain ‘splitter’ reflector
(dichroic surface)

» For military applications, FSS provide for ‘stealthing’ of the
antenna at out-of-band frequencies

+ Novel applications of frequency-selective behavior (see left)
Construction:

» Generally constructed of a lattice of repeating metal patterns or
nonmetal apertures on a layer.

+ Often accompanied by different dielectric layers for matching
+ Sometimes 3D dielectric structures
Important Parameters of an FSS:

» Bandwidth — the band of any desired stop or passband behavior

+ Measured by measuring the FSS’s transmission and reflection
characteristics over frequency and angle of incidence.

« |Insertion Loss — the attentuation in the band of interest
» Polarization — the polarizations for which it is useful

+ Refraction/Grating — for more detailed ‘radome’ designs, the
effects of beam squinting, spreading, or lobing as the
through an FSS structure become important




FSS: Nonplanar Cell Analysis 1

*

Non-rectangular
lattice of
incompletely
dielectric-filled holes
in thick metal plate.
This type of FSS is
used in some
avionics applications
due to high
structural strength.

More details of FSS
analysis using HFSS
can be found in [10].

Using a volumetric code like HFSS™, set up unit
cell model with linked boundary conditions
+ E/H walls also useable for limited cases (normal
incidence only, rectangular lattice)
Source excitation is plane wave at angle (f,q)
+ Can be varied in parametric fashion for analysis w.r.t.
incidence angle
LBC boundary setup uses “scan angle” of
(f+180°,q)
» Boundary condition reinforces ‘specular’ reflection
direction
FSS is a transmissive surface so unit cell requires
radiation termination of some form on both top and
bottom of modeled cell!

» Radiation boundaries or even simple 377 Wsufficient
for normal incidence case

+ But FSS analysis implies angle of incidence range as
well as frequency range of interest. Therefore more

robust absorption offered by PML and/or Floquet ports

are preferred
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FSS: Nonplanar Cell Analysis 2

+ Results extracted from scattered and total field data

+ Integration surfaces drawn into model (inner face of PML or
interior to ‘air’ height between PML and FSS)

- Integrate Poynting vector flux on evaluation surfaces

Evaluation — N\ , *
planes for Pt - dEtot H tot >dS
integration of s
power flux
(unnecessary in — N\ , *
HFSS™v10) P, — dEinc H inc| >ds
S
a0
T :1OIogg L
Plof] i
+ Integration of Total fields on outgoing side provides
1 S— S—— . Transmitted power.
S o P + Integration of Scattered fields on incoming side provides
| ". || e Reflected power.
N E e \ f." ~ | + Integration of Incidentfields on either plane provides
k- T T Incident power.
af \u f + Ratios of above provide transmission and reflection
\ coefficients
i -
af L]
”; '\ [ +  HFSS™v10 has automated these postprocessin
- y routines as if they are S-parameters
i 3
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FSS: Planar Analysis 1

Dx Dx
+ L + 4+ —E
+ + & + &
Dz Dz
4 v + +4+
+ + 4 T+ + 4
n=1 n=2
Dx
+ 4 —l Lattice spacing is Dx
by Dz. Yet elements
g 4= MdE pack closer by
Dz spanning across
lattice ‘cells’ for
+ oy T higher-orders Dy =
n=3 4 T+ o+ —
TR — -
... ENEEBE : £ = LT = 138
b ] Annol Corparation - Aneol Dasigher L0 |
Ll Typa 2 Gangbusis: 59':‘::"" ';'

S

(1]

i8] E8] b
F |G

Ral[1] AsflecSon = 133 SHe

As with planar EBGs, planar FSS
structures are most efficiently solved with
the PMM method

*

*

Define array lattice

Define incident wave orientation and
frequency

Draw unit cell pattern

Setup identical to EBG, just no solid ground
surface

Unit cell geometry CAN exceed ‘cell size’
for some array types

*

*

E.g. “Gangbuster” array shown at left [5]
Parameterizing the geometry (vertex points
of rectangle) based on rules of Gangbuster
order can permit variation of design state as
well.

Results post-processed from near fields

*

ANSOFT CORPORATION

Ansoft Designer™ performs automated
results extraction for user




FSS: Planar Analysis 2 — Gangbusters, cont.

= &g
i ' L | -
En=oft tmwm;::ﬂﬂﬂlwrﬂ.ﬂ dBth:H.H:"A‘
o : Yi——
d BRI
£10)
|
it
= 25 e e T Tl B
5 LR =]
i = =
) =
B {1} Fvm= 11 6 G H Angaft Corporation - Ansoft Deskgrer 9.0 =]
250 1‘; Refecton 1 dB(RH, HI)
§ L]
i
L b} fr
2 L) Wit
-.w%w 3 080 [T Q /’—_ BRI
F [GHE] i
[Ki=1300GHz | f\ A ! ! !
[¥1=-18.30 | ' ¥ "
<) -
Example results of -
additional E
Gangbuster Arrays. e e A = |
Higher order results i ' "
in flatter reflection
coefficient out of
band, slight el 1| Pt 1275 ]
reduction in resonant
frequency. Per [5]
¥1= 12 50GHE
¥i=-40,12

Noto:: ANSOFT CORPORATION




FSS: Planar Analysis 3 — Current Continuation

+  While unit cell ‘geometry’ can extend beyond
lattice, metal may not be permitted to ‘connect’
between cells

+  PMM method implementation may or may not
include the effects of ‘current continuation’
between cells

+ Example at left — ring array does not touch.
Inductive grid screen, however, does.

+ In MoM simulators which permit magnetic
current modeling, drawing cell pattern as
‘negative’ on a ‘ground plane’ layer provides
easy workaround

» Rather than drawing the inductive grid on a
‘trace’ layer, draw the holes in the grid on a

A NROER] ‘plane’ layer
IAAZ + Magnetic current in each cell is confined and
AT AR does not continue

ANSOFT CORPORATION




Part Four: Specific Application
Techniques for Antenna Arrays
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Antenna Arrays: Characteristics for Analysis

+ Geometric Characteristics of Array:
+ Element type
+ Element size
+ Array lattice spacing

+ Array feed type (e.g. fixed per left, or
variable as in a switched or phased

Portl arr ay)

#  Array characteristics for analysis:
.+ Active S11

+ Scan Blindness

+ Active Element Pattern

+ Array Pattern

+ Array Patterns have several
. contributors:
}\v + Single element pattern
+ Mutual Coupling between elements
+ Array Factor (Lattice spacing)
+ Feed weightings (mag and phase)

ANSOFT CORPORATION




Antenna Arrays: Definition of Active S11

= + o
bl Sllal Slza? + S-parameters assume no excitation except at each
b. = + port being measured. They are therefore excitation-
2 SZlai 322&2 independent after derivation
+ The insertion loss between 2 ports of a 4-port coupler
does not vary with respect to excitation on the other 2
ports, for example
+ In an array environment however, mutual coupling
b, effects can’t generally be measured foran N x N
g matrix.
2,=0 + Would require alternately loading all other ports to
measure in pairs on 2-port VNA — tedious and time
& consuming
+ However, measuring response from an active port
when all others are active is easier.
+ “Reflection” measured at tested port is really
composed of both true reflection from the excitation at
a,=0 that port and energy from mutual coupling from other
excited ports
Active % — b1 - Slzaz + Thisis Active S11
1 a + In general, Active S-parameters are the passive S-
parameters multiplied by an excitation weighting
vector set describing the inputs to all ports

Active S,=9;- ?2 TP +  2-port derivation at left
a,

5,02

a,=0

S,

520 o
S, 0%

D

S ko
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Antenna Arrays: Definition of Scan Blindness

+ As an array beam is scanned to greater
and greater angles from boresight, mutual
coupling will eventually generate so much
“reflection” cross-fed into adjacent
elements that the array is no longer usable

+ Effect is not simply gradual degradation off
boresight but may have strong interaction at
specific angles

+ This characteristic is obviously related to
Active S11

| + As Active S11 increases, more and more

power is being coupled back toward the

transmitter in adjacent elements and not
radiated

+ Therefore a plot of Active S11 with respect
to excitation vector sets representing
increasing beam scan angles will display

+ Scan Blindness is defined as the angles
over which an array is ‘blind’ because
mutual coupling effects prevent scanning of
a usable pattern in that direction

+ Ifyou can’t transmit in that direction, neither
can you receive due to reciprocity ,

ANSOFT CORPORATION




Antenna Arrays: Definition of Active Element Pattern

T T~ S + Another antenna array characteristic often referred
K \ to is the antenna pattern of one sample element in
/ ' the condition with all other elements match loaded
! \ .
/ . and quiescent
’ - - . -
! ! + Relatively easy to measure in real life (single setup)
/
l / + Generally performed for ‘middle’ elements of large
‘ , yp g
- \ ! arrays
2N
// AN ‘\ ,l + Mutual coupling of that element to neighbors fairly
/ . \ I’ generically-relatable to most other elements
: NN ) =77 + Results in a pattern which can be multiplied by an
s 4 . . . . .
'\ *\ ‘\ / /’ U’ array factor including magnitude weighting to produce
S N L. 7 a reasonable result for the complete array

/~< /)/ <<% //( . This is referred to as the Active Element Pattern

e < ?//é* %// < i; « In Simulation, this is harder to obtain

+ Most lattice-friendly analysis methods discussed earlier
assume some sort of periodicity where the adjacent
elements are excited with equal weighting and a phase
delay, not left quiescent

ANSOFT CORPORATION




Antenna Arrays: Unit Cell Analysis with LBCs

Use PML absorber
layer good over
multiple scan
angles

Linked Boundary
Pair Two (yellow)

Waveguide
Excitation Port

paid
Jf/

+ Produces Active S11 results

» Linked boundary periodicity provides effect
as if all surrounding elements excited with
equal magnitude weighting, known phase

Linked Boundary We|ght|ng

Pair One (green) . ] ) .
» Result of single solution is Active S11 for
that condition

_+ Swept vs. scan angle generates Scan
WR90 Waveguide

(Endfire element) Blindness results
+ Set up as parametric sweep and solve
sequentially to plot Active S11 vs. scan

+ Computed pattern at any given scan angle

e includes element pattern and mutual
General Data  Phase Delay ] Defaults] cou pl I ng
" se Scan &nales To Calculate Phase Delay ) .
~ScanAngles + Coupling specific to scan angle
s ::t }t”heta }deg j .+ Specific to equal magnitude weights
/ [&pplies to whale model, in the global coordinate syztem) . ThIS IS NOT the Same a.S the ACtIVG
i et Element Pattern
Slave boundary e e ' +  Multiply by appropriate array factor to
setup with scan B | produce array pattern neglecting only ‘edge
angle settings — this : e effects’ 4
example provides for
scanning in theta Use Detauts |
only.
I
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$11 (dB)

Antenna Arrays: Example Array Results

WR90 WG in 0.5 x 1
inch lattice. Scanned
in E-plane from 0 —
90 degrees.
Animation at left
shows 40 degree
scan angle

$11 vs. Array Scan Angle in Theta

HFSSModell

10:59:38

10.00

0.00

-10.00

-20.00

-30.00

-40.00
0.00 20.00

40.00 60.00 80.00
theta_scan [deg]

100.00

*

*

Example JRM Array [4]

*

*

*

WR-90 endfire in rectangular array
0.5 x 1.0 inch lattice

Scannable in E or H plane. Example is E-
plane scanning.

Results demonstrate Active S11 vs. E-
plane Scanning

*

ANSOFT CORPORATION

Reasonable match at boresight (endfire
WGs do couple) improves with some
scanning

40 degrees is ‘optimum’ scan angle.

Return Loss breaks -10 dB at about 67
degrees scan angle, indicating effective
Scan Blindness beginning about here.

Similar scans of both phi and theta
simultaneously can demonstrate loss of
scanning earlier at the ‘corners’ (e.g. can
scan further in phi or theta when other angle
IS non-scanned)




Antenna Arrays: Example Array Results, cont.

’%ﬂo’c’«\ + 25x 25 element array, 40 degree scan
’ N ] . .
\‘\‘\“ﬂlm;%‘:zﬁ;\\ = . Beam Peak 33.6 dBi (Realized Gain)
NN 470 7 2R

sﬁ\‘\‘\\‘\\\}!@;"&}"v « Beam Peak on 40 degrees exactly
" %QQ\LE,{;"“‘ +  Field animation shows good field

2= SESNREY B propagation

+ (Pattern shows behavior below azimuth as
this is simply an analytical array factor
applied to the single contribution surface
data present, thus knows nothing about
ground plane location).

+ 25 x 25 element array, 80 degree scan

- Beam Peak degraded over 6 dB to 26.8dBi
(Realized Gain)

+ Beam Peak actually at 76 degrees, not 80
% degrees

» Field animation shows visible standing wave
component in waveguide, resulting from
coupling to adjacent elements permitting
energy back into the WG.

|
I
O

/]
X7
-“s*

7
7l .
S }
[T S

1-9; _‘;:‘_‘-
Al
N
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Antenna Arrays: Active Element Pattern —
Method 1

+« The Active Element Pattern is related to the Active S11

» Asscan angle increases and mutual coupling pushes energy ‘back’ into an array element,
the element pattern will suffer since that power is not radiated

+ Therefore a semi-analytical Active Element Pattern can be computed simply using
Active S11 scaling
+ Define a nominal element pattern as some standard ‘blob’ shape such as cos(q)/q
+ Or for planar array, compute from analytical aperture assumptions, as:

DD
G5t ) =" = cos)

+ Multiply by the Active S11 output from a parametric sweep analysis of scan angle

. D,D
G"E(f L) =%COS(CI)[1- |G .a)FT [11]

+ Post-processing can be performed within HFSS™ as an Output Variable operation
upon the S11 results
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Antenna Arrays: Active Element Pattern — Method 2

+ Consider unit cell as power contribution of one element with
others also powered.
+ Near-field sampling is on evaluation surface above only one cell of
array
+ Infinite array assumption must compute far fields from only a
planar near-field distribution above the array
+ Atthe intended scan angle for any iteration, all elements add
coherently, yet power contribution of only one is present.

+ Therefore this single point corresponds to the equivalent point
of the Active Element Pattern

+ This suggests a technique for computing Active Element
Pattern from field results directly:
+ Compute parameterized sweep, and compute the antenna pattern

for Realized Gain from each scan angle
+ “Realized” Gain includes mismatch loss, thus is S11-scaled.

+ Assemble diagonal components (g=q.,, t0 get active element
pattern
+ Use this technique rather than semi-analytical one for passive
element patterns not easily approximated by size

E Field[¥/m]

5. BEE8 e +8603

. 4, GEE76e+@E3
4, 3751e+@03

. E+EE3

E+ABS
E+EE3
E+EE3
E+HARS
E+EE3
E+ABS
E+HARS
E+ABS
E+EE3
E+EEZ
E+ARZ
E+AR2
E+EEE

| /2.5 dipole in | /2

array spacing. - Directive elements like Quasi-Yagi, Powder Horns, Y-U, etc.
CSUTERI S IenE .« Fan patterns like sectoral elements
MagE as scan angle . .
sweeps O - 80° + Wideband antennas with frequency dependence

to pattern shape
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Antenna Arrays: Active Element
Example

IEEE THANSACTIONS £ ANTERTAS AND PROPAGATIIN, ¥IA. 12 0L 8, ALGUST 150

Communication

.....

rrrrr

he posi
demes

uuuuuu

+ Classic Pozar paper [11] derives
relationships for Active Element
Pattern from base principles

+ Uses dipole antenna as example
+ Shown prior page
+ Construct unit-cell pattern in HFSS

and compare to supplied plot of linear
gain vs. scan angle in E-plane

+ Paper references all dimensions with
respect to wavelength

+ Select one such configuration and
simulate
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Antenna Arrays: HFSS Project

\

<>
>

L 4

HFSS Project constructed to match that in
the paper as best as possible

*

Arbitrarily picked 3 GHz solution for easy
wavelength (100 mm)

| /30 used as dipole ‘width'.

No dipole length given, arbitrary length of
| /2.5 selected to fit inside | /2.5 unit cell

+ Linked Boundary Conditions applied on sides
Lumped port placed in center, 50 W
normalized

Substrate constructed to appropriate
thickness and er = 2.55 per reference

Air height left at 150mm, 50mm thick PML
constructed on top

Dipole aligned parallel to Y axis, so “E-plane”
is =90, q varying.
Parametric sweep requested for scan angle
of every 2° from g = 0 to 80° :
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Antenna Arrays: HFSS Raw Results

10.00

0.00

-10.00

] Theta [dea]

Realized Gain vs.
Theta for each Scan
angle (dB). One point
of each curve
contributes to Active

Element Pattern.

-20.00

RealizedG ainTotal RealizedGainTotal
scahtheta=0deq, Fr... | scantheta=2deq, Fre...
Setup2 : Lastidapti.. | Setup2 : Lastidaptive

RealizedGainT otal
scantheta=4deq, Freq...
Setup2 : Lastidaptive

RealizedG ainT otal
zcantheta=Gdeaq, Fr...
Setup2 : Lastidapti...

RealizedGainT atal
scantheta=8deq, Freg=..
Setup? : Lasthdaptive

0.000000
2.000000
4.000000
£.000000

-30.00

8.000000
10.000000
12.000000
14.000000
16.000000
T T 18.000000

0.00

20.00

40.00

Theta [deg]

60.00

20.000000
22.000000

24.000000
26.000000
28.000000
30.000000
32.000000
34.000000

Same data, tabular
format, linear (not
dB). Can right-click
data table for easy
export to Excel or
other programs.

2.886275 2883754
2.881698 2884521
2.867862 2876739
2.844523 2.859467
2813165 2833165
2772934 2738139
2.724892 2754577
2.668973 2703334
2.606387 2645819
2.537596 2581087
2463313 2510483
2.384277 2434728
2.301280 2354572
2.214338 2270772
2126279 2184087
2.035833 2095262
1.944372 2.00507
1.862563 1.914041
1.761052 1.822381
1.670399 1.732434
1.581130 1.642347
1.493707 1.555008
1.408533 1.469047

2.876357
2.883255
2880543
2.869174
2.848407
2.818805
2.780728
2.734827
2.681033
2.620547
2.553824
2. 481566
2.40450%
2.323389
2.238974
2152007
2.083215
1.973233
1.882321
1.792700
1.703204
1.614347
1.528385

2.864113
2.876698
2.879333
2.873333
2.858304
2.834838
2.801304
2.760702
2.711840
2.655763
2533104
2524539
2.450782
2.372563
2.290648
2.205765
2.118654
2.030023
1.940550
1.850871
1.761575
1.673193
1.586225

2.84708:
2.86526:
2.87422
2.87357
2.86428,
2.84559
2.81807
2.7g208)
2.738058
2.68653;
2.628094
2.56340.
24934
2.41803
2.33831
2.25623
217102
2.083399
1.99554:
1.90661
1.81772
1.72943
1.64223




Antenna Arrays: Selected Results

Theta [dzg]

RealizedGainT atal
scantheta=0deg, Fr.
Setup2 : Lasthdapti..

RealizedGainT aotal
scantheta=2deg, Fre...
Setup2 : Lasthdaptive

RealizedGainT atal
scantheta=4deq, Freq...
Setup2 : Lasthdaptive

RealizedG ainTatal
scantheta=Edeq, Fr...
Setup2 : Lastidapti

RealizedGainT atal
scantheta=Sdeq, Freg=..
Setup2: Lasthdaptive

0000000

2.000000

4000000

6.000000

6.000000
10.000000
12.000000
14.000000
16000000
16.000000
20.000000
22,000000
24000000
26000000
26000000
30.000000
32.000000
34.000000
36000000
36000000
40.000000
42.000000
44000000

2886275
2881698
2867962
2844929
2813165
2772934
2724692
2668973
2606387
2537596
2463313
2384277
2301250
2214938
2126279
2035833
1.944372
1.852569
1.761052
1670399
1.581130
1.433707
1.408533

2883754
2884321
2876769
2.850467
283365
2798199
2754377
2703394
2645819
2581087

2876357
2883255
2880843
2869174
2848407
2818805
2780728
2734627
2681033
2620547

2864113
28766958
2879933
2873993
2.858204
2834638
2.801204
2760708
2711240

2.84706:
2 BB526:
2.874221
2.87387
2.86428,
2.84555,
2.67807.
278200
273805

2 B55763

2 BEER3,

Diagonal points
selected for transfer
to additional page of
Excel Worksheet for

2 plotting.

i Eﬂ pozar_comparison.xls

A | A e e e T e e ek

2 1 |Theta [degReslizedG RealizedG RealizedG RealizedG Realizedis Realized’ Realized Realized’s Realizeds Realizer
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11 18 2637596 24881087 2.B20547 2BS557E3) 2BBES3Z 2712654 2733918 275008k
12 200 243313 2510483 2653524 2593104 2 BAE093 2BABAE3 | 2.B845325 2 70506Y sl
13 ¢ 2384277 2434728 2481866 2524538 2AR3404 | 2897915 26527819 2BAVE3Y 2672R11 2.B3ET
14 24 230125 2354572 2404505 2 AS07E2) 2493141 243132 2.8R5044 0 2554008 2 E1785 2E361
15 26 214898 2270772 2325388 2372568 2418032 2459501 2496681 X AVYZS D AREEXY 2578
16 28 2128279 2184087 2238974 2200648 23538816 2383183 2.423442 2459264 2490221 251558
17 30 2035833 2095262 2152007 2206765 2256233 2303104 2346055 2384734 2418729 2 4475
15 3¢ 1844372 2006017 2063215 21186584 2171021 2218983 2260262 2306416 2343069 2 3746
19 34 1.852569 0 1.914041 ) 1. 5973298 2050023 2083895 21345860 2181754 222507 226396 229600
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Antenna Arrays: Final Excel Plot

Active Element Pattern (HFSS)

« Final Active Element Pattern from Excel is

| shown at right with Pozar plot below [11]

? WN\ + Agreement is good considering known limits

\ of comparison example
= 2 + Element at | /30 width is not ‘purely linear’
s \ P analytical dipole, therefore slightly lower peak
8 / \ gain than theoretical

! [ » Element length not provided in reference,

/ \/\ assumed uncoupled by analysis while
" \/ _ simulated model may have displayed end-to-
0 end coupling
Theta (deo) + Array-factor resultant scan blindness at

Element Galn

approximately 45 degrees well matched

Simulation was not independently converged
for each scan angle and stopped at Q.4 =

*

vo : ———— Figure from [11] 800
R + Faster simulation
I + Option to solve adaptively at each scan angle
Lok Is available for additional accuracy.
0.5 -

—- M
40. 50. 60. 70. 80. 20, |

30. o}
Theta (degrees)
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Closing Remarks

Frequency Selective Surfaces (FSS), Electromagnetic Bandgaps (EBGS),
and Antenna Arrays all represent a periodic or latticed type radiation or
scattering structure

The same type of simulation techniques therefore apply to all such
applications

Today’s Wireless products are demanding more of their designs, such that
lattice techniques for improving antenna performance may be of interest to
both client-side and host/infrastructure level designers.

» This morning’s Antenna Session, RB, contained three papers involving Antenna

Array applications and one involving EBGs. That's four out of five in the
session.

Knowledge of modern simulation techniques for these applications is but an
additional weapon in the designer’s arsenal

We hope that this information may prove useful to you in the future, and
thank you for your attention.
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