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SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 12/934,399, filed on Sep. 24, 2010, which is a
National Stage application of International Application No.
PCT/F12009/050265, filed Apr. 8, 2009, which claims prior-
ity based on Finnish Patent Application No. 20085304, filed
onApr. 11, 2008, which are incorporated by reference herein
in their entirety.

BACKGROUND
[0002] 1.Field

[0003] Theinventionrelates to a sensor attachable to abody
of a user. More particularly, the invention relates to transmit-
ting and/or receiving electromagnetic energy by the sensor.

[0004] 2. Description of the Related Art

[0005] Lately technology has provided us with small-sized
radio devices or personal digital assistants (PDA). One
example of such is a wrist computer which is a relatively
small apparatus used by a person on his/her wrist. The size of
the wrist computers creates certain challenges for the design
thereof. One such challenge is the miniaturization of an
antenna to be mounted on it.

[0006] A resonator-type antenna is often used in small-
sized radio devices. The antenna-resonator is a device that
resonates and radiates energy. In other words it oscillates
electromagnetic waves at certain frequencies, called its reso-
nance frequency, with greater amplitude than at other fre-
quencies and the oscillation is based on the dimensions of the
resonator that are integral multiples of the wavelength at the
oscillating frequencies.

[0007] Thesmall size prevents the use of ordinary resonator
antennas where the substrate material is the air because of
relatively big volume requirement. Compression of this type
of antenna causes the bandwidth of the antenna to be small,
increases the carrier frequency of the electromagnetic radia-
tion and limits the gain of the antenna-resonator. Conse-
quently, it is common to replace the air as a substrate with a
dielectric material. Since air is replaced with the dielectric
material, the physical size of the antenna can be decreased in
proportion to the dielectric constant of the substrate material
of the resonator. This property is also known as the permit-
tivity. In ordinary air isolated antennas this property cannot be
utilized. Further, the wave propagation velocity is somewhere
between the speed of radio waves in the substrate, and the
speed of radio waves in air.

[0008] By adjusting the permittivity of dielectric substrate,
the physical length of the resonator may be decreased.
Regardless of the decrease in the physical length, the electri-
cal length of the resonator may be the same. In general, the
electrical length is different from the physical length. How-
ever, they are proportional to each other via the dielectric
constant. This is because the electrical constant affects the
propagation velocity in the substrate, and the electrical length
is the physical length multiplied by the ratio of the propaga-
tion time of an electromagnetic signal through the substrate to
the propagation time of an electromagnetic wave in free space
over a distance equal to the physical length. From another
point of view, it can be said that since the air as is replaced
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with the dielectric material, the electrical length of the reso-
nator can be increased while keeping the physical size con-
stant.

[0009] One way to increase the effective size of a radiation
structure is to include the ground plane as a part of the antenna
structure by enabling the so called “ground plane resonance”.
Generally, this is achieved by forming an electric field
between the open end of the antenna resonator and the ground
plane. This electric field enables surface current on the
ground plane leading to a ground plane resonance. However,
the electric field type of coupling is weak and, therefore, the
gain of the radiation structure is low.

[0010] As the antenna of the wrist computer is generally the
first receiving component in the receiving chain, its role is
certainly significant. The transmitter may be, e.g., a belt worn
by a person around his/her chest and capable of observing the
heart beat rate. Thus, it is important to make the gain of the
antenna as high as possible. Since the size of the apparatus
prohibits the use of a larger single antenna that could increase
the gain, other solutions to improve the antenna gain are
needed.

SUMMARY

[0011] According to an aspect, there is provided a sensor
attachable to a body of a user, the sensor comprising: a heart-
beat sensor, or a motion sensor; and an antenna comprising a
resonator structure configured to interact with a radio fre-
quency signal, the resonator structure comprising a dielectric
resonator element, wherein the dielectric resonator element is
configured to resonate as a response to the radio frequency
signal for at least one of transmitting, receiving electromag-
netic energy wirelessly.

[0012] Embodiments of the invention are defined in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the following, the invention will be described in
greater detail with reference to the embodiments and the
accompanying drawings, in which

[0014] FIG. 1 shows a perspective view of the resonator
structure;

[0015] FIG. 2 shows a side view of the resonator structure;
[0016] FIG. 3 presents the equivalent circuit of the resona-
tor structure;

[0017] FIG. 4 illustrates an embodiment of an apparatus

comprising the resonator structure;

[0018] FIG. 5 presents the directional properties of a radia-
tion pattern of the resonator structure;

[0019] FIG. 6 shows the efficiency and maximum gain of
the resonator structure in a lossy environment without an
extended area of the grounded structure;

[0020] FIG. 7 shows the efficiency and maximum gain of
the resonator structure in a lossy environment with the
extended area of the grounded structure;

[0021] FIG. 8illustrates the process for generating a ground
plane resonance on the conductive grounded structure; and
[0022] FIG. 9 illustrates the method for generating a reso-
nator structure.

DETAILED DESCRIPTION

[0023] The following embodiments are exemplary.
Although the specification may refer to “an”, “one”, or

“some” embodiment(s) in several locations, this does not
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necessarily mean that each reference is made to the same
embodiment(s), or that a particular feature only applies to a
single embodiment. Single features of different embodiments
may also be combined to provide other embodiments.
[0024] FIG. 1 presents a perspective view of the resonator
structure of an electric apparatus, whereas FIG. 2 illustrates a
side view of the resonator structure of an electric apparatus.
The electric apparatus may be any electrical device such as a
wrist computer, a palm computer, a global positioning system
(GPS) receiver, a navigator or a sensor unit of a performance
monitor, where handling of electromagnetic radio frequen-
cies is desired. The resonator structure may be configured to
interact with a radio frequency signal for transmitting and/or
receiving electromagnetic energy wirelessly. That is, the
resonator structure may be used for transmitting electromag-
netic radiation, or it may be used for receiving electromag-
netic radiation at a certain radio frequency from another
device capable of transmitting electromagnetic radio waves.
In an embodiment of the invention, the resonator structure
may be used for both transmission and reception. The radio
frequency signal may exist in the electromagnetic field sur-
rounding the resonator structure as is the case when the reso-
nator structure is used for receiving, or it may be fed through
awire to the resonator to enable the resonance of the resonator
structure in creating radiation for transmission.

[0025] InFIGS.1 and 2 only the logical elements required
for understanding the structure of the resonator structure are
shown. Other components or elements have been omitted for
reasons of simplicity. It is apparent to a person skilled in the
art that the radio device configured for transmitting and/or
receiving electromagnetic energy may also comprise other
functions, components and structures.

[0026] Referring to FIGS. 1 and 2, the resonator structure
may comprise a dielectric resonator element 100, an electri-
cally conductive grounding structure 108 and an electrically
conductive layer 114. The dielectric resonator element 100
may be configured to resonate as a response to the radio
frequency signal for transmitting and/or receiving electro-
magnetic energy wirelessly. It may comprise a dielectric sub-
strate 102 (shown also with diagonal right-leaning solid
lines), a feeding radiator element 104 and a parasitic radiation
element 106. The specific assembly ofthe dielectric resonator
is illustrated in more detail in FIG. 3 and discussed later.
[0027] In general, the dielectric resonator element 100
exhibits resonance for a specific range of radio frequencies.
The frequency of the dielectric resonator element 100 is
inversely proportional to the wavelength of the electromag-
netic wave and the wavelength, on the other hand, is propor-
tional to the electrical length of the resonator. Typically, the
dielectric resonator elements 100 in small devices such as
wrist computers are relatively small with dimensions less
than 1 cm. Consequently the electrical length of the resonator
may have to be increased in other manners than by increasing
the physical size of the resonator.

[0028] One way to do this is to replace the air as a substrate
with a material with a high dielectric constant, i.e., dielectric
substrate 102. The dielectric constant indicates the extent to
which the material concentrates electrostatic lines of flux. In
other words, it implies the amount of stored electrical energy
in the material relative to the vacuum. In an embodiment, the
dielectric constant of the dielectric substrate 102 of a dielec-
tric resonator element 100 is above 30. Due to the high dielec-
tric constant of the substrate material, the radio wave propa-
gation velocity is somewhere between the speed of radio
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waves in the dielectric substrate 102, and the speed of elec-
tromagnetic radio waves in the air. The dielectric constant of
the dielectric substrate 102 may be matched with the dimen-
sions of the resonator structure. The electrical length of the
resonator structure must be less than one half of the wave-
length of the radio frequency electromagnetic field. With
small electric apparatuses, such as wrist computers, the
dimensions are typically very small. Accordingly in one
embodiment, the dielectric constant of the substrate of the
dielectric resonator element 100 is selected in such a manner
that a quarter of the wavelength of the radio frequency elec-
tromagnetic field in the dielectric resonator element 100 is
less than one centimeter.

[0029] Another way to increase the electrical dimensions of
the resonator structure may be to connect the mechanisms or
casing of the electric apparatus to the resonator. This can be
achieved by enlarging the effective size of the resonator by
magnetically coupling at least a portion of the casing of the
electric apparatus to the dielectric resonator element 100. The
at least a portion of the casing may be electrically grounded
and, therefore, called the conductive grounding structure 108.
The conductive grounding structure 108 may be further con-
figured to resonate with the dielectric resonator element 100.
Since the structure is grounded and it is configured to reso-
nate, the phenomenon may be called a ground plane reso-
nance. The conductive grounding structure 108 may further
comprise the at least a portion of the casing, wherein the
portion of the casing may be the back cover of the electric
apparatus.

[0030] As the conductive grounding structure 108 may be
comprised by at least a portion of the casing of the electric
apparatus and due to the fact that the size limitations for the
casing of the electric apparatus are not as strict as they are for
the dielectric resonator element 100 inside the electric appa-
ratus, the effective size of the resonator structure may be
increased which leads to an enhanced resonator structure
performance. The wavelength proportional to the electrical
length of the resonator structure may be increased and the
resonance frequency may be decreased closer to the desired
frequency range.

[0031] Generally, regarding resonators, the electromag-
netic field flux is significantly larger on the surface of the
dielectric resonator element 100 than on the surface of the
corresponding resonator with air as a substrate. This is
because a resonator with dielectric substrate tends to bind the
electromagnetic fields to itself or in the vicinity thereof,
called a near field of the resonator/antenna. For this reason,
the conductive grounding structure 108 may comprise an
empty space 110 below the dielectric resonator element 100
to ensure that the conductive grounding structure 108 would
not bind the energy flux placed on the surface of the dielectric
resonator element 100 to itself and consequently prevent the
radiation from emerging. The empty space 110 may be
obtained by removing the metal coating below the dielectric
resonator element 100 as shown in FIGS. 1 and 2 with diago-
nal right-leaning dashed lines and reference number 110.

[0032] In an embodiment, the magnetic coupling between
the dielectric resonator element 100 and the conductive
grounding structure 108 may be achieved by the dielectric
resonator element 100, as an exiting component, generating
an oscillating (alternating) surface current 112 on the conduc-
tive layer 114, on which the dielectric resonator element 100
may be placed. The conductive layer 114 may be, e.g., a
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printed wiring board including an integrated electrical circuit
116 comprising electrical components such as resistors,
capacitors and coils.

[0033] InFIG. 1, it is further shown that the surface current
112 may form a current at least partially surrounding a portion
of a dielectric material 118. The conductive layer 114 may
comprise the portion of the dielectric material 116 shown also
with diagonal lefi-leaning solid lines. Further, a predeter-
mined surface area of the portion of the dielectric material
118 may be used to tune the resonance properties of the
resonator structure. The resonance properties of the resonator
structure may include, e.g., the resonance frequency of the
resonator structure. The resonance frequency increases as the
surface area of the portion of the dielectric material 118
decreases because the electrical length of the resonator struc-
ture decreases. The opposite happens when the size of the
portion of the dielectric material 118 is increased.

[0034] The surface current 112 may alternate and generate
a strong alternating magnetic field on the edges of the dielec-
tric resonator element 100. These locations on the conductive
layer 114 are shown in FIGS. 1 and 2 with references 120a
and 1205. The strong alternating magnetic field may enable a
strong coupling to the ground plane resonance at the conduc-
tive grounding structure 108. This strong coupling may
improve the performance of the resonator. This way the con-
ductive grounding structure 108 may be electrically coupled
with the conductive layer 114. The conductive grounding
structure 108 may be coupled to the high-density surface
current area 120a and 1205 of the conductive layer 114.
[0035] Inother words, the dielectric resonator element 100
1s configured to generate the surface current 112 on the con-
ductive layer 114, thus providing magnetic coupling between
the dielectric resonator element 100 and the conductive
grounding structure 108.

[0036] An embodiment enables freedom in locating the
conductive grounding structure 108 in the electric apparatus.
The dielectric resonator element 100 may interact with the
conductive layer 114 through an electric mechanism by form-
ing a surface current 114 on the conductive layer 114. The
conductive layer 114 and the conductive grounding structure
108 may interact with each other though a magnetic mecha-
nism as explained above. The outcome is that the conductive
grounding structure 108 and the dielectric resonator element
100 may interact through magnetic coupling as well.

[0037] 1In order to utilize the ground plane resonance and
the reflector effect of the conductive grounding structure 108,
the conductive grounding structure 108 is grounded and the
surface current 112 from the surface of the conducting layer
114 is lead properly to the conductive grounding structure
108.

[0038] Accordingly, in an embodiment, the coupling of the
conductive layer 114 and the conductive grounding structure
108 may be obtained by applying at least one coupling mem-
ber 122a and 1224 configured to couple the at least a portion
of the conductive layer 114 and the conductive grounding
structure 108. In other words, a galvanic coupling between
the at least a portion of the conductive layer 114 and the
conductive grounding structure 108 may be obtained. The at
least one coupling member 1224 and 1225 may be located in
such a way that the conductive grounding structure 108 is
coupled to the high-density surface current area 120a and
1205 of the conductive layer 114. The at least one coupling
member 122q and 1225 may be configured to lead the surface
current 112 from the conducting layer 114 to the conductive
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grounding structure 108 in order to enable the ground plane
resonance by activating the conductive grounding structure
108 to resonate in parallel with the dielectric resonator ele-
ment 100. The conductive grounding structure 108 may be
open in both ends and, therefore, resonates with a half wave-
length of the radio frequency electromagnetic field.

[0039] Further, the enlargement of the grounded area
obtained by coupling the conductive grounding structure 108
as a part of the grounded area with the at least one coupling
member 122a and 1225, may be performed in such a way that
the electrical length of the grounded area parallel to the place-
ment of the dielectric resonator structure 108, is increased.
This is because the direction of the ground plane resonance in
the resonator structure is parallel to the placement of the
dielectric resonator element 100. Since, in an embodiment,
the dielectric resonator element 100 may be placed crosswise
in relation to the casing of the electric apparatus, the electrical
length of the grounded area may denote the width of the
grounded area. According to an embodiment, the largest
dimension of the conductive grounding structure 108, ori-
ented equally to the dielectric resonator element 100, is
designed in such a manner that the electrical length is maxi-
mized in order to reach a half of the wavelength of the elec-
tromagnetic field, still keeping the physical dimension less
than four centimeters.

[0040] Theincrement of the physical width of the grounded
area may be obtained by placing the at least one coupling
member 1224 and 1225 in such a way that they couple the
conductive layer 114 to the edges of the conductive grounded
structure 108. Further, the at least one coupling member 1224
and 1225 may be parallel to the conductive layer 114 without
any dramatic curves, twists or bends. The coupling members
122¢ and 1224, in a case where there are two coupling mem-
bers, may be located at the conductive layer 114 in such a way
that the physical distance between the coupling members is
maximized. For example, the coupling members may be con-
nected to the opposite edges of the conductive layer 114.
[0041] Moreover, the at least one coupling member 1224
and 1225 may be integrated into the at least a portion of the
casing of the electric apparatus to form the electromagnetic
coupling between the at least a portion of the conductive layer
114 and the conductive grounding structure 108. The at least
a portion of the casing of the electric apparatus may be the
conductive grounding structure 108. The integration of the at
least one coupling member 122a and 1225 into the at least a
portion of the casing ofthe electric apparatus may be obtained
by forming stubs or similar contact areas on the conductive
grounding structure 108 in locations that correspond to the
high-density surface current areas 120a and 1205 of the con-
ductive layer 114.

[0042] Now let us consider the dielectric resonator element
100 in more detail. FIG. 3 illustrates an equivalent circuit of
the dielectric resonator element 100. As described earlier, the
dielectric resonator element 100 comprises the dielectric sub-
strate 102 (shown also with diagonal right-leaning solid
lines), the feeding radiator element 104 and the parasitic
radiation element 106. The feeding radiator element 104 may
be fed from the feeding point 300 and the parasitic radiation
element 106 may be grounded from the other side 302 of the
dielectric resonator element 100. There may also exist a nar-
row gap 304 between the feeding and the parasitic radiation
elements 104 and 106, respectively. There exists a capacitive
connection between the radiation elements over the narrow
gap 304. Further the radiation elements are spaced below the
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dielectric resonator element 100 by a large gap 306. There
may also exist the portion of the dielectric material 118 on the
conductive layer 114. This way there may not be any direct
galvanic connection between the radiation elements 104 and
106 below the dielectric material, but the only galvanic con-
nection beside the connection on the top of the dielectric
resonator element 100 is via the edges of the portion of the
dielectric material 118.

[0043] Dividing the dielectric resonator element 100 into
the feeding radiation element 104 and the parasitic radiation
element 106, as shown in FIG. 3, may generate the surface
current 112 that generates the ground plane resonance of the
resonator structure. The surface current 112 may create a loop
in which electromagnetic energy flows through the dielectric
resonator element 100 and via the edges of the conductive
layer 114, and more particular, via the edges of the portion of
the dielectric material 118 back to a feeding point 300 of the
dielectric resonator element 100.

[0044] The electromagnetic energy may be fed to the
dielectric resonator element 100 from the feeding point 300.
As the energy flows through the dielectric resonator element
100, it first enters the feeding radiation element 104. From the
feeding radiation element 104, the electromagnetic energy
drifts through a capacitive coupling to the parasitic radiation
element 106 over the narrow gap 304 between the feeding and
the parasitic radiation elements 104 and 106, respectively.
Since the parasitic radiation element 106 is electrically
grounded to the conductive layer 114 from the other end 302,
the energy drifts to the conductive layer 114 and further back
to the feeding point 300 via the edges of the portion of the
dielectric material 118. This high density electric current 112
may generate strong ground plane resonance in the conduc-
tive grounding structure 108 via magnetic coupling or via the
at least one coupling member as explained earlier.

[0045] The narrow gap 304 between the feeding and the
parasitic radiation elements and the strong electric field that
may be generated over it, together with a ground plane reso-
nance, may form an efficient resonator structure, which may
be configured to radiate. Most of the energy fed into the
dielectric resonator element 100 may be bound to the dielec-
tric substrate 102 of the dielectric resonator element 100 or to
the field in the vicinity thereof. Consequently, the electric
field may be strongest at the top of the dielectric resonator
element 100 where the narrow gap 304 generates a strong
radiation with a symmetric radiation pattern that is directed
outwards of the resonator structure 100.

[0046] Further, thenarrow gap 304 between the feeding and
the parasitic radiation elements may offer another way to tune
the resonance properties of the resonator structure such as the
resonance frequency. By increasing the gap 304, the intensity
of the capacitive coupling changes and this affects the reso-
nance frequency of the resonator structure.

[0047] The other components in FIG. 3 may be for match-
ing the impedance of the system and for representing losses of
the system. Further, the feeding and parasitic radiation ele-
ments have their own natural inductances represented by L
in FIG. 3. R, , represents the radiation of the resonator struc-
ture.

[0048] Thecreation of the ground plane resonance is shown
as a flow diagram in FIG. 8. The process starts in 800. In step
802, energy may be fed to the resonator from the feeding point
300. The energy may alternatively be received from the elec-
tromagnetic fields in the surrounding environment.
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[0049] 1Instep 804, the energy may flow across the feeding
radiation element 104 and via a capacitive coupling to the
parasitic radiation element 106 over the narrow gap 304
between the feeding and the parasitic radiation elements. This
way the energy may drift through the dielectric resonator
element 100.

[0050] In step 806, the energy drifts to the grounded end
302 of the parasitic resonator element 106 and enters the
conductive layer 114. In step 808, the surface current 112 may
form a loop at least partly surrounding the portion of the
dielectric material 118 on the conductive layer 114. The elec-
tromagnetic energy flows via the edges of the portion of the
dielectric material 118 back to a feeding point 300 of the
dielectric resonator element 100. In step 810, the high density
electric current 112 may generate strong ground plane reso-
nancein the conductive grounding structure 108 via magnetic
coupling or via the at least one coupling member as explained
above. The process ends in step 812.

[0051] FIG. 4 represents one possible embodiment of the
electric apparatus comprising the resonator structure. The
resonator structure may be comprised in a wrist device such
as, e.g., a heart rate monitoring receiver 410. In FIG. 4, a
person 400 wears the heart rate monitoring receiver 410 and
a transmitter 402 that may be configured to measure a pet-
son’s heart beat and possibly other metrics such as an elec-
trocardiogram. The receiver 410 of the user-specific heart rate
monitoring system may be further configured to transmit
information regarding the measurements through an electro-
magnetic connection 420 between the transmitter 402 and the
heart rate monitoring receiver 410. The electromagnetic con-
nection 420 may be wireless and it may utilize the Blue-
tooth® standard, or any other suitable standard/non-standard
wireless communication means utilizing electric and/or mag-
netic fields.

[0052] Asseen from FIG. 4, the first element in the receiver
chain in this case is the antenna of the wrist device comprising
the resonator structure of the embodiment. Thus, to obtain a
strong gain with the desired frequency range and bandwidth
for the resonator structure is certainly an important task.

[0053] When analyzing the performance of an antenna, the
location in which it will be eventually placed should be taken
into consideration. For example, if the location of the reso-
nator structure is in a wrist computer placed on top of a
person’s wrist 500 as shown in FIG. 5, the absorbing tissues
of the wrist 500 should be taken into account. In general, the
performance of an antenna decreases when placed in the
vicinity of an absorbing tissue.

[0054] In FIG. 5, the resonator structure comprising the
dielectric resonator element 100, the conductive layer 114
and the conductive grounding structure 108 may generate a
first radiation pattern 502 directed in the desired direction
opposite to the absorbing tissue of the wrist 500. The conduc-
tive grounding structure 108 may comprise a portion of the
back cover of the electric apparatus. By incorporating the
conductive grounding structure 108 that is wider than the
dielectric resonator element 100 or the conductive layer 114
to the resonator structure, most of the second radiation pattern
504 generated by the resonator structure and directed in the
undesired direction towards the absorbing tissues of the wrist
500 may be reflected in the opposite, desired, direction by the
conductive grounding structure 108. Hence, the absorbing
tissues of the person’s wrist 500 may not absorb as much of
the total radiation of the resonator structure as it would in a
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case where the back cover of the electric apparatus was made
of plastic or another non-reflecting or -conducting material.

[0055] As the conductive grounding structure 108 may
affect the radiation by reflecting a portion of the radiation
towards the desired direction, it may be applied to tuning the
total radiation pattern of the apparatus. Radiation herein may
denote the transmitted and/or received electromagnetic
energy. In other words, the conductive grounding structure
108 is configured to provide directionally sensitive interac-
tion with the transmitted and/or received electromagnetic
energy. With the directional effect of the conductive ground-
ing structure 108, a type of a transmission or reception beam-
forming may be obtained. This may be advantageous in situ-
ations where, e.g., it is desired that the receiving beam be
directed to the sky. This may occur in situations, where the
resonator structure is comprised in a navigator, such as a GPS
receiver. Furthermore, in the case of transmission, the direc-
tional sensitivity reduces the propagation of the electromag-
netic radiation to the human tissue, thus reducing possible
health risks.

[0056] FIGS. 6 and 7 show that the performance of the
resonator structure may be improved significantly by incor-
porating the conductive grounding structure 108 into the reso-
nator structure. FIG. 6« represents the radiation efficiency of
the resonator structure in a lossy environment without an
extended area of the grounded structure as a function of
frequency. The lossy environment may be, for example, in the
vicinity of a person’s wrist with loading and absorbing tis-
sues. The extended area of the grounded structure may be at
least a portion of the back cover of the electric apparatus,
comprising the conductive grounding structure 108. In FIG.
6, the conductive grounding structure 108 has not been incor-
porated as part of the resonator structure. It can be seen that
the measured radiation efficiency of the resonator structure
without the conductive grounding structure 108 may be only
8%. FIG. 65 shows that the maximum gain of the resonator
structure without the conductive grounding structure 108
may be close to -6 dBi. dBi represent the measured gain
compared with an isotropic antenna.

[0057] FIG. 7 shows similar measures when the back cover
of the electric apparatus, comprising the conductive ground-
ing structure 108, has been incorporated as part of the reso-
nator structure. That is, the measures have been conducted
with an extended area of the grounded structure. Now it can
be seen from the FIG. 7a, that the measured radiation effi-
ciency of the resonator structure with the conductive ground-
ing structure 108 may be increased to 26% from the previous
8%. Similarly, the maximum gain of the resonator structure
with the conductive grounding structure 108, shown in FIG.
7b, may be close to -2 dBi instead of -6 dBi.

[0058] Themethod for generating the resonator structure is
shown in FIG. 9 as flow diagram. The method starts in step
900. In step 902, the dielectric resonator element 100 may
resonate as a response to the radio frequency signal for trans-
mitting and/or receiving electromagnetic energy wirelessly.
The dielectric resonator element 100 may further create a
current circuit loop in step 904 on the conductive layer 114.

[0059] Instep 906, the method may verify whether there is
the at least one coupling member 122a, 1225 attached to the
conductive layer 114 or not. If there does not exist the at least
one coupling member 1224, 1225, the method moves to step
908 in which the coupling between the rest of the resonator
structure and the conductive grounding structure 108 is a
magnetic coupling. If, on the other hand, there does exist the
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at least one coupling member 1224, 1225, the method moves
to step 910 in which the coupling between the resonator
structure and the conductive grounding structure 108 is per-
formed with the at least one coupling member 1224, 1225.
[0060] Instep912,the ground plane resonance is generated
to the conductive grounding structure 108, wherein the con-
ductive grounding structure 108 resonates in parallel with the
dielectric resonator element 100. Further, the conductive
grounding structure may provide a directionally sensitive
interaction with transmitted and/or received electromagnetic
energy. The method ends in step 914.
[0061] Theresonator structure may be comprised in several
electric apparatuses. In an embodiment the resonator struc-
ture may be comprised in a navigator device. A person may
wear the navigator device on his/her wrist may wear the
navigator device. The navigator receiver, such as GPS
receiver, on a person’s wrist may provide the person with
information about his/her speed, distance and other informa-
tion that can be obtained through satellite positioning.
[0062] In an embodiment of the invention, the electric
apparatus is a sensor of a performance monitoring system.
The sensor includes a heart rate transmitter, an external GPS
receiver or a motion sensor attachable to the user’s body. In an
embodiment, the electric apparatus is a wrist device, which
may be coupled wirelessly to a sensor.
[0063] In an embodiment of the invention, the electric
apparatus is a receiver and/or transmitter unit connectable to
a computer or another external computing device. In such a
case, the electric apparatus may be connectable to a USB
(Universal Serial Bus) or other standard interface.
[0064] Even thought the invention is described in many
parts as a transmitting element wherein energy is fed through
a wire to the feeding point to make the dielectric resonator
element resonate and radiate electromagnetic energy, a pet-
son skilled in the art will readily acknowledge that the inven-
tion can be applied to a receiver that receives electromagnetic
energy from the electromagnetic fields in the surrounding
environment. In a case where the resonator element is applied
as a receiver, the energy received may be forwarded to the
printed wiring board 116 on the conductive layer 114. The
printed wiring board may process the received electromag-
netic energy and show information to the user via a liquid
crystal display or viaa similar viewing instrument. The infor-
mation may contain, e.g., navigation coordinates, speed,
heart rate to mention only a few.
[0065] Even though the invention is described above with
reference to an example according to the accompanying
drawings, it is clear that the invention is not restricted thereto
but can be modified in several ways within the scope of the
appended claims.
[0066] Further, for a person skilled in the art, it is clear that
the described embodiments may, but are not required to, be
combined in various ways with other embodiments to further
improve the performance of the resonator structure.
1. A sensor attachable to a body of a user, the sensor
comprising:
a heartbeat sensor, or a motion sensor; and
an antenna comprising a resonator structure configured to
interact with a radio frequency signal, the resonator
structure comprising a dielectric resonator element,
wherein the dielectric resonator element is configured to
resonate as a response to the radio frequency signal for at
least one of transmitting, receiving electromagnetic
energy wirelessly.
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2. The sensor of claim 1, wherein the heartbeat sensor is
configured to measure heartbeat of the user.

3. The sensor of claim 1, wherein the transmitted electro-
magnetic energy comprises information provided by the
heartbeat sensor, or by the motion sensor.

4. The sensor of claim 1, wherein the heartbeat sensor is
configured to measure electrocardiogram of the user.

5. The sensor of any of claim 1, wherein the sensor is
configured to wirelessly transmit information related to heart
rate of the user.

6. The sensor of any of claim 1, wherein the sensor is
configured to wirelessly transmit information provided by the
motion sensor.

7. The sensor of claim 1, further comprising:

a display; and

a printed wiring board configured to process the received

electromagnetic energy into information describing
physical activity of the user, and display said informa-
tion to the user via the display.

8. The sensor of claim 7, wherein the displayed information
comprises at least one of navigation coordinates, speed, heart
rate.

9. The sensor of claim 1, wherein the sensor comprises a
GPS receiver, and wherein the electromagnetic energy com-
prises satellite positioning information.

10. The sensor of claim 9, wherein the sensor is configured
provide information, based on the received satellite position-
ing information, about at least one of a speed of the user, a
distance of the user.
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11. The sensor of claim 1, wherein the sensor is wearable
on a wrist of the user.

12. The sensor of claim 1, wherein the electromagnetic
energy is transferred utilizing Bluetooth standard.

13. The sensor of claim 1, wherein the resonator structure
further comprises a conductive grounding structure magneti-
cally coupled with the dielectric resonator element and con-
figured to resonate with the dielectric resonator element,
wherein the conductive grounding structure is comprised by
at least a portion of a casing of the sensor.

14. The sensor of claim 1, wherein the resonator structure
further comprises a conductive layer on which the dielectric
resonator element is placed.

15. The sensor of claim 13, wherein the conductive ground-
ing structure is configured to provide directionally sensitive
interaction with the transferred electromagnetic energy.

16. The sensor of claim 15, wherein the directionally sen-
sitive interaction comprises generating, by the resonator
structure, a first radiation pattern directed away from a wrist
tissue of the user.

17. The sensor of claim 16, wherein the directionally sen-
sitive interaction further comprises generating, by the reso-
nator structure, a second radiation pattern directed towards
the wrist tissue of the user, and wherein the conductive
grounding structure is configured to reflect the second radia-
tion pattern to same direction in relation to the first radiation
pattern.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RHEA
IPCH %S

CPCH¥S

L 5E4X

H AT SOk
S\EREERE

BEX)

THHEEIR S S BB aE LR BEREH L BE KA aEEE ]
B | REEEENREEN SHAESAEER, BRSNS
AREERTM . NREFEETAREE N ONTSIESTHER , B
FRA B % RN SRR RNE D — A,

=

US20150223693A1 K (aH)A
US14/695779 % A
BrEBEF AT

Polar Electro Oy 7]
Polar Electro OyZ: &)
SORVALA JUHA
SORVALA, JUHA

A61B5/00 A61B5/0408 A61B5/11

patsnap

2015-08-13

2015-04-24

A61B5/0022 A61B5/681 A61B5/0408 A61B5/1118 H01Q1/2283 HO1Q1/273 H01Q9/0485 H01Q9/42

H01Q19/005

PCT/F12009/050265 2009-04-08 WO
2008005304 2008-04-11 FI

US9757033

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/f0e3bafa-d769-491a-b9d0-7a04f94ad274
https://worldwide.espacenet.com/patent/search/family/039385932/publication/US2015223693A1?q=US2015223693A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150223693%22.PGNR.&OS=DN/20150223693&RS=DN/20150223693

