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METHOD FOR ENHANCING AN ANTENNA PERFORMANCE, ANTENNA, AND

APPARATUS

TECHNICAL FIELD OF THE INVENTION

The invention relates to a method for enhancing the performance of communica

tions antennas. The invention also relates to an antenna having an enhanced per

formance. Furthermore, the invention relates to an apparatus comprising an a n

tenna having an enhanced performance.

BACKGROUND OF THE INVENTION

An antenna tuning can be achieved for example by connecting lumped elements

(capacitors, inductors) to an antenna structure or by manually changing antenna

structural dimensions, such as the electrical length of the antenna element or a

distance to a ground.

Moreover, it is possible to use different materials, which have a certain magnetic

permeability or dielectric constant, embedded in between a ground plane and an

antenna element. Also, it is possible to switch between different matching circuit

states for varying an antenna matching band.

Several articles in the open scientific literature describe tuning methods for micro-

strip antenna elements. For example reference [1], wherein especially included

papers [P8] and [P9], and the references therein. Proposals have been made, for

example, to connect a tunable reactance (e.g. tunable capacitor) between an a n

tenna element and a ground plate, to utilise switchable slots, or to utilise a

switchable matching circuit for tuning a matching band location. In addition, in ref

erence [2] is presented an overview of RF-MEMS enabled tunable antennas, in

reference [3], which corresponds to preceding paper [P9], is presented a trans

mission line tuning, and in reference [4], for one, is disclosed a movable dielectric

material together with a tunable planar inverted F antenna (PIFA).

Since the trend in a communications antenna design is towards smaller physical

dimensions and as small as possible number of antennas, the antenna tuning

plays an important role. The efficient re-use of the mobile phone antennas through

a low cost tuning would be highly desirable, particularly if very fast tuning would be

possible.



SUMMARY OF THE INVENTION

One object of the invention is to provide a method for enhancing an antenna pe r

formance, an antenna having an enhanced performance, and an apparatus com

prising an antenna having an enhanced performance.

The object of the invention is fulfilled by providing a method, wherein a property of

an antenna substrate is modified by using an ultrasonic field.

The object of the invention is also fulfilled by providing an antenna, which com

prises an antenna substrate having a property, which is modifiable by an ultra

sonic field.

The object of the invention is also fulfilled by providing an apparatus, which co m

prises an antenna substrate having a property, which is modifiable by an ultra

sonic field.

According to an embodiment of the invention the electrical length of the antenna

element is altered dynamically through a sophisticated parameter modification of

the antenna substrate material for changing the resonant frequency of the a n

tenna.

An embodiment of the present invention relates to a method comprising modifying

a property of an antenna substrate ( 130, 2 10) by using an ultrasonic field.

In addition, an embodiment of the present invention relates to an antenna compris-

ing an antenna substrate ( 130, 2 10) having a property, which is modifiable by an

ultrasonic field.

Furthermore, an embodiment of the present invention relates to an apparatus

comprising an antenna substrate ( 130, 210) having a property, which is modifiable

by an ultrasonic field.

Further embodiments are defined in dependent claims.

According to an embodiment of the invention a property of an antenna substrate is

modified by using an ultrasonic field, whereupon said antenna substrate is ex

posed to the ultrasonic field produced by an ultrasonic transducer.

According to an embodiment of the invention at least a portion of the antenna sub-

strate comprises magnetic particles, which can be metallic particles and/or ce

ramic particles. On the other hand, it is possible that the magnetic particles com-



prise composite particles having metallic cores with electrically insulating coatings

and/or electrically insulating cores with metallic coatings. At least some of these

magnetic particles are submicron particles, i.e. at least some of the particles hav

ing a largest dimension that is less than one micron.

According to an embodiment of the invention at least some of the magnetic part i

cles, which are disclosed in any of previous embodiments, each having a refrac

tive index differing from a refractive index of the at least a portion of said antenna

substrate.

According to an embodiment of the invention at least a portion of the antenna sub-

strate, which is disclosed in any of previous embodiments, comprises a dielectric

fluid, which, for one, includes the magnetic particles. Since the magnetic particles

are surrounded by the dielectric fluid, the particles have a freedom to move if the

ultrasonic field provided by the ultrasonic transducer is applied into the dielectric

fluid.

According to an embodiment of the invention the magnetic particles, which are d is

closed in any of previous embodiments, are arranged into a new arrangement in

the at least a portion of said antenna substrate by said ultrasonic field in order to

modify the property of the antenna substrate comprising the particles.

According to an embodiment of the invention, in the re-arranging of the magnetic

particles, which is disclosed in any of previous embodiments, the ultrasonic field is

applied into the at least a portion of the antenna substrate and that induces the

concentration of the magnetic particles in areas of a high pressure. When the u l

trasonic field is shut off, the magnetic particles will distribute evenly in the at least

a portion of said antenna substrate.

According to an embodiment of the invention, in the re-arranging of the magnetic

particles, which is disclosed in any of previous embodiments, a standing wave is

established into the antenna substrate portion or the antenna substrate, where

upon it is achieved the concentration of the magnetic particles (one or more mag

netic particle layer) into one or more nodal planes of the standing wave.

According to an embodiment of the invention, in the re-arranging of the magnetic

particles, which is disclosed in any of previous embodiments, a frequency of the

ultrasonic field provided by the ultrasonic transducer is adjusted in order to control

a number of the nodal planes of the standing wave in the at least a portion of the

antenna substrate.



According to an embodiment of the invention the property of the antenna sub

strate, which is disclosed in any of previous embodiments, is a magnetic perme

ability or dielectric constant.

According to an embodiment of the invention an antenna, which has an antenna

substrate having a property modifiable by an ultrasonic field according to any of

embodiments described in this document, is a patch antenna. The antenna can

also be any other microstrip antenna type such as a stacked microstrip antenna.

According to an embodiment of the invention an apparatus, which has an antenna

substrate having a property modifiable by an ultrasonic field according to any of

embodiments described in this document, is a mobile communications device

such as a mobile station. The apparatus can also be a smaller unit than the mobile

communications device. It can be e.g. a component having an antenna substrate

with a property modifiable by an ultrasonic field, which can be installed inside the

mobile communications device.

The method offers a simple approach to the antenna tuning and enables the use

of a single antenna at different frequencies. The method further provides a low

cost and fast antenna tuning method. Also, this method provides the accurate spa

tial control of the nanoparticles in an antenna substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

Next, the aspects of the invention will be described in greater detail with reference

to exemplary embodiments in accordance with the accompanying drawings, of

which

Figure 1 illustrates a schematic diagram of a patch type antenna,

Figures 2a-2c illustrate an exemplary view of the control of the magnetic parti-

cles according to an advantageous embodiment of the invention,

and

Figure 3 illustrates an exemplary flowchart of the method for modifying an

antenna substrate according to an advantageous embodiment of

the invention.



DETAILED DESCRIPTION

Figure 1 illustrates a possible setup in case of a patch antenna 100, with a thin ra

diating patch 110 on one side and a ground plane 120 on another side. Between

the patch 110 and the ground plane 120 is an antenna substrate 130. The an-

tenna substrate 130 is a dielectric material having a certain dielectric constant,

which defines the electric features of the antenna substrate 130.

In addition, the patch antenna 100 comprises a feed line 140 and a probe feed

150 (of a coaxial cable) for coupling electromagnetic energy into the patch 110

and/or out of the patch 110 . Naturally, in patch type antennas, coupling can be

provided either by contacting feeds (e.g. the aforesaid coaxial cable or a microstrip

line) or by non-contacting feeds (e.g. an aperture or a proximity coupling).

Although the patch antenna 100 has been chosen as an example, it must be no

ticed that the antenna tuning method according to the embodiment of the invention

is not limited to this particular antenna type.

In order to execute the antenna tuning method according to the embodiment of the

invention, the antenna substrate 130 is constituted in a known manner so that said

antenna substrate 130 comprises a dielectric fluid including added magnetic part i

cles having a freedom to move if an ultrasonic field provided by an external ultra

sonic transducer is applied, or the portion of the antenna substrate comprises the

dielectric fluid including the magnetic particles having a freedom to move if an u l

trasonic field provided by an external ultrasonic transducer is applied (not shown

in the figure).

In Figures 2a-2c are represented in principle how the fluid of the antenna sub

strate, which comprises added magnetic particles, can be modified for changing

the resonant frequency of the antenna.

Figure 2a illustrates an undisturbed fluid 2 10 comprising added magnetic particles

220 having sub-micron physical dimensions, in other words said particles 220

have a largest dimension that is less than one micron. So, these magnetic part i

cles can be called as nanoparticles. These nanoparticles 220 have a refractive in-

dex different to the refractive index of the fluid 2 10 and the particles 220 are ex

tended throughout the fluid 2 10 . The particles 220 can comprise metallic and/or

ceramic particles. The metallic particles can comprise e.g. cobalt, iron, manga

nese, nickel, niobium, tungsten, vanadium, or rare earth metal particles. Further

more, the particles can be composite particles having metallic cores surrounded



by electrically insulating coatings or electrically insulating cores surrounded by me

tallic coatings [5].

An ultrasonic transducer 230 is installed in close contact with the fluid 2 10 . Be

tween the transducer 230 and the fluid 2 10 it is possible to use a suitable medium

(not shown in the figure) in order to enable a fluent propagation for an ultrasonic

signal.

The magnetic nanoparticles 220 in the fluid 2 10 are re-arranged by means of an

acoustic standing wave produced by the ultrasonic transducer 230 in a known

manner.

The acoustic standing wave in a fluid has a varying energy density in its nodal

planes, which locate normal to the axis of the propagation of the standing wave.

The particles of the fluid, which are responsive to an acoustic energy, will concen

trate in the nodal planes and this affects a particle distribution in the fluid [6].

Thus, the antenna tuning method according to the invention utilises the above-

mentioned standing wave by applying an ultrasonic field to the fluid 2 10 and e s

tablishing the standing wave for piling up (concentrating) the magnetic nanoparti

cles 220 at nodal planes.

Next, in figure 2b, is illustrated a situation, wherein the ultrasonic transducer 230

produces the ultrasonic field into the fluid 2 10 (turning on the ultrasonic field). A

box 240 on the right side of the figure depicts the pressure fluctuations of the u l

trasonic field so that dark sections 250 represent the areas of the high pressure in

the fluid 2 10 and white sections 260, for one, represent the areas of the low pres

sure in the fluid 2 10 .

Once the ultrasonic field is applied into the fluid 2 10, the magnetic nanoparticles

220 concentrate to the areas of the high pressure 250 as layers 270, if the fluid

2 10 supports a standing wave at the ultrasonic frequency and the refractive index

of the nanoparticles 220 is different from that of the antenna substrate material

2 10 .

Generally speaking, switching the ultrasonic field on will lead to the periodic struc-

ture of the magnetic properties of the medium and this, in turn, will lead to the d if

ferent tuning frequency of the antenna, particularly if the RF magnetic field distri

bution in the active space is non-uniform, which is normally the case.



Figure 2c illustrates how the controlling of the frequency of the ultrasonic excita

tion allows controlling number of nanoparticle nodal planes 270. As one can see

from the figure, the number of nanoparticle nodal planes 270 is increased by in

creasing the frequency of the ultrasonic excitation.

When the ultrasonic excitation is turned off, the nanoparticles 220 distribute again

uniformly in the fluid 2 10 .

The re-arranging of the magnetic nanoparticles 220 in a fluid 210 changes the

properties of the fluid 210. For example, the relative magnetic permeability can a l

ter by a factor of two or more. When the modified fluid 210 is placed on or near an

antenna element, and a property that has been modified is either a magnetic pe r

meability or a dielectric constant, the resonant frequency of the antenna will

change.

Figure 3 represents a flowchart according to the method in discussion. In first step

300, an ultrasonic transducer is installed in touch with a fluid, which comprises

magnetic particles, so that it can provide an ultrasonic field into said fluid.

Then, according to step 320, the transducer is turned on for producing the ultra

sonic field into said fluid. The magnetic particles arrange to layers as shown in f ig

ure 2b since a standing wave establishes in the fluid.

In step 340 the frequency of the ultrasonic can be adjusted in order to control the

number of the layers of the magnetic particles. If the frequency is increased, the

number of the particle layers (nodal planes) increases.

Since the ultrasonic field is turned off in step 360, the magnetic particles spread

out again uniformly in the fluid. As a result from the above-presented particle ma

nipulation, the properties of the fluid, preferably a magnetic permeability or a di-

electric constant, have changed, and if the modified fluid is placed on or near an

antenna element, it will present a change in the resonant frequency of the an

tenna.

An antenna having an antenna substrate, which is modified by the tuning method

according to the invention, can be applied to various kind of devices such as mo-

bile phones, laptops, GPS devices, and so on.

The invention has been now explained above with reference to the aforesaid e m

bodiments and the several advantages of the invention have been demonstrated.

It is clear that the invention is not only restricted to these embodiments, but com-



prises all possible embodiments within the spirit and scope of the invention

thought and the following patent claims.
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What is claimed is :

1. A method comprising:

modifying a property of an antenna substrate by using an ultrasonic field.

2 . The method according to claim 1, wherein at least a portion of said antenna

substrate comprises magnetic particles of which at least some of said magnetic

particles each have a largest dimension that is less than one micron.

3 . The method according to claim 2, wherein at least some of said magnetic

particles each have a refractive index differing from a refractive index of said at

least a portion of said antenna substrate.

4 . The method according to claim 3, wherein said magnetic particles are sur-

rounded by a dielectric fluid, which constitutes said at least a portion of said a n

tenna substrate.

5 . The method according to claim 4, wherein said method further comprises:

arranging said magnetic particles in said at least a portion of said antenna

substrate by said ultrasonic field for modifying said property of said at least a po r

tion of said antenna substrate.

6 . The method according to claim 5, wherein said arranging magnetic particles

in said at least a portion of said antenna substrate comprising

applying said ultrasonic field into said at least a portion of said antenna sub

strate for concentrating said magnetic particles in areas of a high pressure and

removing said ultrasonic field for distributing said magnetic particles evenly in

said at least a portion of said antenna substrate.

7 . The method according to claim 6, wherein said arranging magnetic particles

in said at least a portion of said antenna substrate further comprises:



establishing a standing wave into said fluid constituting said at least a portion

of said antenna substrate for achieving at least one nodal plane in which said

magnetic particles concentrate.

8 . The method according to claims 7, wherein said arranging said magnetic

particles in said at least a portion of said antenna substrate further comprises:

adjusting a frequency of said ultrasonic field for controlling a number of said

nodal planes of said standing wave in said at least a portion of said antenna sub

strate.

9 . The method according to claim 1, wherein said property of said antenna sub

strate is a magnetic permeability or dielectric constant.

10 . An antenna comprising:

an antenna substrate having a property, which is modifiable by an ultrasonic

field.

11. The antenna according to claim 10, wherein at least a portion of said a n

tenna substrate comprises magnetic particles of which at least some of said mag-

netic particles each have a largest dimension that is less than one micron.

12 . The antenna according to claim 11, wherein at least some of said magnetic

particles each have a refractive index differing from a refractive index of said at

least a portion of said antenna substrate.

13 . The antenna according to claim 12, wherein said magnetic particles are sur

rounded by a dielectric fluid, which constitutes said at least a portion of said a n

tenna substrate.

14. The antenna according to claim 13, wherein at least a portion of said a n

tenna substrate is capable of establishing a standing wave at an ultrasonic f re

quency.



15 . The antenna according to claim 14, wherein said magnetic particles in said at

least a portion of said antenna substrate are arranged by said ultrasonic field for

modifying said property of said at least a portion of said antenna substrate.

16 . The antenna according to claim 11, wherein said modified property of said

antenna substrate is a magnetic permeability or dielectric constant.

17 . The antenna according claim 11, wherein said antenna is a patch antenna

comprising said modified antenna substrate between a patch and a ground plane.

18 . An apparatus comprising:

an antenna substrate having a property, which is modifiable by an ultrasonic

field.

19 . The apparatus according to claim 18, wherein at least a portion of said a n

tenna substrate comprises magnetic particles of which at least some of said mag

netic particles each have a largest dimension that is less than one micron.

20. The apparatus according to claim 19, wherein at least some of said magnetic

particles each have a refractive index differing from a refractive index of said at

least a portion of said antenna substrate.

2 1 . The apparatus according to claim 20, wherein said magnetic particles are

surrounded by a dielectric fluid, which constitutes said at least a portion of said an-

tenna substrate.

22. The apparatus according to claim 2 1 , wherein said at least a portion of said

antenna substrate is capable of establishing a standing wave at an ultrasonic f re

quency.

23. The apparatus according to claim 22, wherein said magnetic particles in said

at least a portion of said antenna substrate are arranged by said ultrasonic field for

modifying said property of said at least a portion of said antenna substrate.



24. The apparatus according to claim 18, wherein said modified property of said

antenna substrate is a magnetic permeability or dielectric constant.

25. The apparatus according to claim 18, wherein said apparatus comprises a

patch antenna comprising said modified antenna substrate between a patch and a

ground plane.

26. The apparatus according to claim 18, wherein said apparatus is a mobile

communications device.

27. An apparatus comprising:

an antenna substrate,

means for modifying a property of said substrate.
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