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Focusing: a well-known concept in optics
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In Concentrating Photovoltaics (CPV), a large area
of sunlight is focused onto the solar cell

(a) focusing
lens
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(b) defocusing

lens

..... burning ants or paper with a
magnifier glass




From optics to mm-waves / THz regime
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Focusing the electromagnetic field at a point in the antenna near-field
region (the focal point) allows to increase the electromagnetic power
density in a size-limited spot region closeto the antenna/array aperture.



Focusing: from optics to microwaves

The basic idea is to control the phase of the radiation ssuotethe antenna
aperture (array element currents or equivalent surfageis) in such a way that

their field contributions coherently sum at the assignezhfgoint located in the
antenna radiative near-field (NF) region
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Converging equi-phase surfaces of the field radiated bgtelmagnetic sources
that are located on a planar aperture and focused at a foitd) ppin the antenna
near-field region.
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@} Focusing in the radiative NF region

Let us assume L>A

The reactive near-field (NF) region is located
close to the antenna, up to a distance

TNF == 062 L3/7\

\ Radiative near-field region or Fresnel
region: I\g <I <TI

The far-field (FF) region starts at 7w = 2L%/A



Planar NFF array

An 8x8 array of microstrip circularly polarized (CP) patches at 2.4 GHz.
Inter-element distance=\8L=6.4\=80cm, R=8.2A=1m

For the NFF arraythe normalized focal distance is y=R-/(2L%/A)=0.1

(for the unfocused version of the arrgg>1 and all patches are fed in phase).
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Focusing advantages
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Normalized power density (dB) radiated alongRO: distance from the array surface

the direction perpendicular to the array surfacess ihe field amplitude peak (77.5cm)
(on-axis power density). The distance from the

array surface (r) is normalized to the far-field Rr -R,: focal shift (22.5cm)
region boundary (2%1.).

Note: each curve is normalized to its value at r=10x 2L2/ A



@} Focusing advantages

Note: each curve is normalized to its maximum value in the near-field region.
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Near-field at the focal plane (xy-plane at z=RF)
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Unfocused 8x8 array
(all patches are fed in phase)

The focus width, W, is defined as the -3 dB spot diameter at the foc

plane.

For the NFF 8x8 microstrip arrayy=14.7cm and the sidelobe level in the=

focal plane is less than -15 dB.
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Near-field at the transverse plane

For the NFF 8x8 microstrip array, W=14.7cm, and DoF=70.1cm

Unfocused 8x8 array
(all patches are fed in phase)
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NFF-array design criteria

NFF array
EEE Antennas & o '
Propagation -
@lEEE Magazine 1\ o {

Volume 54, No. 1, Fobruary 2012 www.loeanps.org

NFF array_— |-
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A. Buffi, P. Nepa, and G. Manara,
“Design Criteria for Near-Field-Focused
Planar Arrays”, IEEE Antennas and
Propagation Magazine, February 2012
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3D view of the normalized power density radiated by a NFF 8x8
array of x-directed short dipoles (inter-element spacidr0.8A,
L=Nd=6.4\): NFF array withR-=8.2\ (left hand side) and far-field

focused array (right hand side)



NFF-array design criteria

NFF antenna parameters mainly depend on:

- theantenna€lectrical size, L/A

- thefocal distance normalized to the antenna size, R/L , or equivalentlyy=R/(2L?/).
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For a given NFF antenna, both the focal depth and the focus width inareas¢he focal
point moves far from the array plane.

For a given focal distance, focusing performance improves for langgEmraas.

The focal shift vanishes for small valuegyaR:/(2L%/))



NFF-array design criteria

Depth of focus (DoF) as a function of the

DoF/

array size LA=Nd/A, for different values
of y.

-3 dB spot diameter (spot size in tf
transverse plane at the focal distance) a
function of the array size RENd/A for
different values of parametgr 0.1<y<0.25.
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The thick lines represent the numerical data
and the thin lines those obtained from an

approximate analytical equation.

Markers

denote performance of NFF microstrip arrays

simulated with Ansoft Designéf

V=RJ(2L2\)

|

18 20
g: i'l—«=ﬂ 25
8l | & N=4, d=i, =015, 025 | :

B W=, d=07h =05, 0.25
7 ) ) - |r=ﬂ 2
.f"’rpﬂ
L o e s (oot S e S
ol L =015
4 .
L o pmeest =01
3 T e s g
ﬂ"“"‘“ =

2 ...--‘«ﬂlﬁl‘lhL //
1 A"
% 4 6 8 0 12 14 16 18 20

Mdfi.



A FF-like pattern around the focal point

An 8x8 array of microstrip circularly polarized (CP) patches dt@Hz.
Inter-element distance=QA\8L=6.4\=80cm, R=8.2A=1m
For the NFF arraythe normalized focal distanceis y=R:/(2L%/A)=0.1

Normalized Power Density (dB)

2/(2L%15)

The far-field radiation pattern of a conventional unfocused array can be
achieved in the near-field region of the focused antenna



A FF-like pattern around the focal point
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@} The conjugate-phase approach
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The source phase profile has to compensate for the phase
delay introduced by the path difference between each
2 source point on the antenna/array aperture and the
oL g targeted focal point
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@} The quadratic phase approximation

If the focal distance is enough larger than the
| T— antenna size (RL), the phase tapering

required for focusing at the focal point can be
. approximated by the sum of a linear phase shift

e =1,
' plus a quadratic term (Fresnel approximation)
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The linear phase shift (first term at the right hand side) corresponds tphhse
excitation required to point at the focal point directiqd.,¢¢)  when the focal point
Is beyond the FF-region boundary (parallel ray approximation).



The focal shift
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When moving from the focal point toward the antenna aperture, array contributions does
not sum in phase anymore; on the other hand, the expected amplitude reduci@mn-is
compensated by the fact that each element contribution exhibits a higherwataptibse

to the antenna aperture, as the spreading faidt)oir—[n\ Increases.



Equi-phase surfaces

Near-field phase around the focal point: a quasi-planar equiphase surface is achieved
while passing from concave to convex equiphase surfaces.
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Radio Frequency ldentification Systems

Field focusing in UHF-RFID reader antennas can help to betluce the interference between
adjacent RFID portals in large warehouses and limit the eeadterrogation volume at a
specific section of a conveyor belt along which the taggech& move.

A NFF antenna can limit the false positive readings (crosslirggs), as well as the personnel
radiation hazards.

By reducing FF-radiation the multipath phenomena will deraiated.



Radio Frequency ldentification Systems
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An 8x8 array of CP patches (interelement distance equabfg O.
Array size: 80cmx80cm (6Mk6.4\ at 2.4GHZz)
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T

Maximum field position at 1.5m from the array surface (noahin
focal distance=2.7m)

r 430

r 135

-3dB focal width: 20cm at 1.5m form the array surface

Depth of Focus=1.4m Measured normalized power density in a 3mx3m
square area at a distance of 1.5m (focal distance)
from the surface of the array prototype

A. Buffi, A. A. Serra, P. Nepa, H. T. Chou, and G. Manara, “A Focused Plafiarostrip Array for 2.4 GHz RFID ReadersTEEE
Transactions on Antennas and Propagation”, March 2010



Industrial Microwave Applications

In non-contact non-destructive microwave material inspections, a focused field is effective to
increase the sensor sensitivity when either measuring | sepatial variations of the material
characteristics in large samples or testing small matsaahples (as for example, when measuring
variations of moisture content during a drying process).

m i A 4x4 array (15cmx15cm) of LP coaxial-fed U-slotted patc{ié12 GHz)
Eg@ -3dB focal width: 3cm (focal length=12.6cm) and 7.6cm (foca
(

length=30cm)

150

Measured normalized power distribution magnilf)udetrﬁe
4x4 array with 12.6cm focal length

M. Bogosanow and A. G. Williamson, “Microstrip Antenna Array with a Beam Focusadthe Near-Field Zone for Application in
Noncontact Microwave Industrial InspectiodEEE Transactions on Instrumentation and Measurements, December 2007



Industrial Microwave Applications

NFF arrays can also be used temperature sensing by microwave radiometry (12.5GHz).
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An 8x8 array (18.5cmx18.5cm; 6\46.4\ at 12.5GHz) made of sixteen subarrays.
Each subarray is a 2x2 array of LP inset-fed patches.

The -6dB spot width is 6.6cm at 30cm from the array surface.

A 20dB-Taylor amplitude tapering is used to reduce the siokelevel.

K. D. Stephan, J. B. Mead, D. M. Pozar, L. Wang, and J. A. Pearce, “A NeaFBmlsed Microstrip Array for a Radiometric Temperature
Sensor” | EEE Transactions on Antennas and Propagation”, April 2007

Other applications are about industrial microwave heatisgbsurface probing, concealed weapon
detection, foreign object detection inside lossy mediasmla heating, non-lethal microwave weapons,
short-range high-data-rate point-to-point communicegtio



Further Applications

In biomedical engineering, to improve spatial resolutionimaging systems or to increase the
temperature in size-limited spot regions.

In microwave hyperthermia applicators, the deposited paleasity must be maximized in a limited
spot area around the diseased tissue, without overhebaegngutrrounding healthy tissues.

Communication/tracking systems for wireless endoscom@psuales or in antennas for remote
monitoring of vital signs.

In non-radiating wireless power transfer systems, bothréoeiving and transmitting antennas are
required to have a size comparable to the operating distd8ii@, in those applications where the
above distance cannot be sufficiently small, a radiatingping is a mandatory solution, and a NFF
antenna can increase the power transfer efficiency at tbeiviag antenna when compared to a

conventional FF-focused antenna. L DR —

e T
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mobile electronic devices, or in smart antennas fér o @ Bl _-j;'“ 5 F(-44, -51,82)
simultaneous wireless information and power ., :5@ fh **:D zﬁéé' sl
transfer. - e

k‘l 23" P
27

27
24

'35“‘?_' faa | B ™~ Flos

A 24
| . 3 |2
-ﬂ?é-' TAA i - 1 et
475 05 0B 0 025 05 075
x [m)



Further Applications

NF-focusing of large phased arrays has been proposed ftorpeng adaptive array nulling tests by
conveniently resorting to interference sources locatetherantenna NF-region instead of interference
sources located in the far field of the unfocused phaseg.arra

DESIRED SIGNAL

SIGNAL OUTPUT

INTERFERENCE

P 4
~ 4
BEAMFORMER WEIGHTS
Figure : Smart Antenna [3]

Plane-wave generators used for antenna testing and radar cross section measurseimeocompact
anechoic chambers belong to the class of NFF antennas engibispecific near-field shaping, namely,
a local plane wave field in the targeted quiet zone
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@} Advanced Design Criteria

o=+ 201 = 20l —x )+ (e )45 = 2R 2R,

In the conjugate-phase approach, the phase of the excitation of each antenna
radiation source is set to compensate for the phase delay introduced bwatthe p
between the source and the assigned focal point.

A proper tapering of the amplitude of the excitation can be chosen to contrievéle
of the secondary lobes around the focal spot region.



Excitation tapering

Synthesis of the amplitude of the array excitation (excitation taperingdpmtrol the level
of the lateral lobes around the focal spot.

f=10GHz

4x4 patch array (8cmx8cm)
Dolph-Chebyshev amplitude tapering plus a
guadratic phase profile

Maximum field amplitude at 6.2cm from the
array surface (targeted focal point at 20cm)
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(b)
Normalized electric field distributions

along perpendicular directions onto the
focal plane: (a) E-plane and (b) H-plane

S. Karimkashi and A. A. Kishk, “Focused Microstrip Array Antenna Usibphoh-Chebyshev Near-Field DesighEEE Transactions

on Antennas and Propagation, December 2009



..... beyond the conjugate-phase method

Multi-objective optimization techniques: both the amplitude and phase of
the source excitations are simultaneously determinedugiroad-hoc
optimization techniques.

They are much more general and flexible, in that they allowaiacurrently
optimize many NFF antenna parameters, for almost arbitearienna
configurations and complex application scenarios.

They can be applied to the synthesis of:

NFF arrays with unequal elements, NFF antennas radiatihgssy and/or
non-homogeneous media, antennas radiating in presenceatierers in
their NF region, NF/NF or NF/FF multi-focus antennas, plarave
generators.



Synthesis techniques for multi-focus antennas
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J. Alvarez, R. G.Ayestaran, G. Leon, L. F.
Herran, A. Arboleya, J. A.LopezFernandez,
and F. Las-Heras, “Near field multifocusing on
antenna arrays via non-convex optimisation”,

IET Microwaves, Antennas & Propagation,
2014

Optimization framework based on the
iterative Levenberg-Marquardt algorithm
to minimize a cost function related to the
required shape of the near-field
amplitude around each focal point.
Amplitude and phase of the array
excitations are the unknowns (phase-only
synthesis can be used).

f=12GHz, an 8x8 array of inset-fed patches
Two focal points (at 12cm and 16cm from the
array surface, out of the array axis)

[El]’, z P, =160mm

1 B (a) Simulated results (phase-only
_ l 06 synthesis)
.. (b) Prototype measurements



Power Transfer Efficiency Optimization

Synthesis techniques accounting for the presence of destacd non-uniform materials between the NFFA and the
focal point, as well as for the mutual-coupling effects agtme array elements.

A ©6x6 array at 2.45GHz.

_ Interelement distance=7cm, focal

= b distance equal to 20cm. Maximum
| [ermmmmmmmmmene a,. power transfer efficiency: 27.7%.

Antenna array | . Portntl
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Portn ,_— Receiving antenna 3007, J g 8 kJ 4
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antenna (for any distance between the g
two antennas). Its solution gives the  Contour plot of simulated -.
array excitation coefficients. normalized electric field at the | o Memared |

maximum field intensity plane e

(15cm from the array surface)

L. Shan and W. Geyi, “Optimal Design of Focused Antenna Arrdi&E Transactions on Antennas and Propagation, November 2014



Circular arrays for focus scan

Only one phase shifter for each array ring is required, abealarray elements
on the same ring are equidistant from the focal point. TloeeeN-1 phase
shifters are needed for a circular array made of N rings.

/
|

.,

The array is made of three circular rows of radii
10, 30, and 50 cm; eight printed dipoles per row.
Working frequency: 5.8 GHz

Panel size: 1.1mx1.1m

Quter circular row
A

) Middle circular row

RF Power ‘ /% I {1—>8‘
Source /— 3
il 154 | ‘

Power (a.u.)

Power (a.u.)

—150Q

Inner circular row
= X,
1538

R. Siragusa, P. Lemaitre-Auger, and S. Tedjini, “Tunable near-fielbédccircular phase-array antenna for 5.8-GHz RFID applications”,
|EEE Antennas and Wreless Propagation Letters, 2011



Field polarization at the focal point

A 4 dB improvement in terms of field amplitude increase atftieal
//‘\fz : spot region has been obtained by using a colinear orientafidhe
. Jke f dipoles instead of the radial orientation
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Near-field focused reflectarray
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reflectarray antenna for 2.4 GHz RFID reader apgibms”, | EEE Transactions on Antennas and
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Near-field focused transmitarray

TRANSMITARRAY L=11.93mm
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S. H. Zainud-Deen, S. M. Gaber, H. A. Malhat, andHKAwadalla, “Multilayer dielectric resonator anha
transmitarray for near-field and far-field fixed RFeader”,Progress In Electromagnetics Research C, 2012



NFF Fresnel Zone Plate Lens (FZPL)
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|EEE Transactions on Antennas and Propagation, May 2011



2D NFF “Curved” Leaky Wave Antenna

B(X)! B, =sin@. = constan

g is the radiation angle of the rays emitted by the

portion of the LW structure at the abscissa

z

/
/ Far-field focused

S/ / / / LWantenna

Yoo S -/ VAR,

RECTILINEAR UNIFORM LW ANTENNA

TE o VAVEGUIDE(WR)-10)

L
Fig. 1. Equiangular spiral slosted rectangular waveguide (SSRW) radiator and a coordinate system. Slot is located in the xy-plane.
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14
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Fig. 2. Contours of radiated power intensity near the focus in the xy-plane. The intensity is normalized to unity at power maximum.

(a) Calculated. (b) Measured.

A uniform narrow slot realized into the narrow Contour plot of the radiated field at the H-plane. A focalfsakists
wall of a bent rectangular waveguide (at 10GHz) between the pole of the spiral (selected focal point) andfitie
maximum point.

|. Ohtera, “Focusing properties of a microwave a#af utilizing a slotted rectangular waveguid&EE Transactions on

Antennas and Propagation, January 1990



2D-NFF “Tapered” Leaky Wave Antenna

Hr (X) . position-dependent radiation angle of the rays echilty the portion of the LW structurexat

B B, =sing, ()= (% =x) I{(x —x)° +2.2

K(X) 1 By = B(X) — Ja(X)

RECTILINEAR TAPERED FORWARD LW ANTENNA A proper tapered LW structure (geometric and
electrical parameters) has to be designed to
synthesize the required complex propagation
constant of the leaky-mod@#Xx)-ja(x) (phase
constant and leakage rate)

B()=~dg(x)/dx=B,siNG () $(x) = By/(% = x) + 2.2 = BR(X)
é(x) - B,R(x) =0 All ray contributions sum in-phase at the focalrpdi

R(X) is the distance between the focal point and thetpn the LW antenna at the abscigsa



2D-NFF “Tapered” Leaky Wave Antenna

6. (x) : position-dependent radiation angle of the rays echilty the portion of the LW structurexat

: FOCAL POINT

Xp,Zp)
BO)1 B, =sing, ()= (% —x) 1(x = %)+

RECTILINEAR TAPERED FORWARD LW ANTENNA ! k(X) / /80 = ﬁ(x) - Ja(x)

Cross-section

Hybrid waveguide printed-circuit LW - /
antenna technology (20guiding structure o dtant

J. L. Gomez-Tornero, F. Quesada-Pereira, A. Alvarez-Mel€&. Goussetis, A. R. Weily, and Y. J. Guo, “Frequency
Steerable Two Dimensional Focusing Using Rectilinear kéalave Lenses”|EEE Transactions on Antennas and
Propagation, February 2011



3D-NFF Modulated Leaky-wave antenna
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= v An array of eight 12cm-long and radially orientadn-uniform

sinusoidally modulated half-mode microstrip lines (f=15 GHz,

o g focusat 110 mm from the array surface).

- v' The array is feed at its center and radiates a LP field (foadghw

W varies between 15 mm and 20 mm, when considering different
e longitudinal planes, the measured focal depth is 60 mm)

E-field polarization

A. J. Martinez-Ros, J. L. Gbmez-Tornero, V. Losada, F. Mesa, F. Medina,
“Non-Uniform Sinusoidally Modulated Half-Mode Leaky-WavLines for

Near-Field Focusing Pattern SynthesiEZEE Transactions on Antennas and
Fig. 8. E-field polarization arrangement for each element of the array (red ar- .
rows). and resulting array polarization (black arrow). PI’OpagatI On, M arCh 20 15




3D-NFF Waveguide Antenna

v Ten X-band slotted waveguidesles arranged
in a star-configuration allow to 0 achieve a
3D focusing

v To avoid a field null at the antatenna axis,
> the left-half and the right-haxalf of the

@ ® planar array are the mirror imagage of each
b ing o BIRAC AV ol OB 0 €S i TR, other with respect to the E-plane ne (Fig. 1b)
b) symmteric slot configuration with respect to z—axis. The parameters are:

M =10, z0 = 10 em, w = 12.2 mm, so = 0.425 mm, wo = 0.4 mm,
lo =11 mm, l; = 3/4)4, and total length of the structure #; = 36.84 cm.
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Fig. 3. Power density distribution along in the x — y plane, which is parallel with the plane of the structure, at different locations zp

M. L. Chen, S. Gupta, Z. L. Ma, and L. J. Jiang, “Linearly patad near field focused slot-array
waveguide”, IEEE Antennas and Propagation Symposium, 2014



Concluding Remarks 1/2

v’ Parameters used to characterize NFF antennas: size of i feal spot,
focal shift, level of the secondary lobes around the focat spgion

v' The antenna gain and radiation patterns can also be impantaome near-
field applications (low far-field radiation is often reged in addition to
Intensification of the field around the focal point)

v" A non-uniformorientation of the radiating element of an antenna array can
be effective to improve the focusing performance

v Strong dependence of the antenna near-field on the surnroynd
objects/materials (synthesis in free-space could lead redaction of the
systenperformance)



Concluding Remarks 2/2

v Synthesis techniques should include the above environmeupling
effects in the near-field focused antenna optimizatiorcess

v The conjugate-phase technique remains the basic destgnaifor near-
field focused antennas (effective starting solution of engeneral multi-
objective iterative optimization techniques)

v Implementation of the required focusing source excitatieguires for
proper modifications of the unfocused antenna layout @dgistment of

the feeding network in microstrip arrays, tapering of thelgg structure
In leaky wave antennas)
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