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(54) Wearable body sensor and system including the same

(57) A body sensor, a system including the body sen-
sor and a method of transmitting a biosignal are provided.
A wearable body sensor includes a conductive electrode
configured to conduct a biosignal from a body, a main

board comprising a radio frequency (RF) communication
circuit to generate an RF signal based on the biosignal,
and an antenna disposed on the RF communication cir-
cuit to radiate the RF signal.
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Description

BACKGROUND

1. Field

[0001] The following description relates to a wearable
body sensor, a system that includes a wearable body
sensor, and a method of transmitting a biosignal.

2. Description of Related Art

[0002] As the elderly population continues to increase,
the number of patients suffering from heart disease, di-
abetes, and other related diseases is proportionally in-
creasing. Accordingly, medical cost expenditure is in-
creasing for the society. In the field of medicine, a device
used to collect medical information of a patient has been
evolving into an on-body form or an in-body form. These
devices are sometimes referred to as body sensors,
sensing devices, monitoring devices and the like. An on-
body form device refers to a device that is worn on the
body. An in-body form device refers to a device that is
implanted into the body.
[0003] The device that may be worn on the body or
implanted into the body may provide constant monitoring
of a status of the patient, may measure a biosignal, may
transmit data wirelessly, and may receive data wirelessly
from an external source.

SUMMARY

[0004] This Summary is provided to introduce a selec-
tion of concepts in a simplified form that are further de-
scribed below in the Detailed Description. This Summary
is not intended to identify key features or essential fea-
tures of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the claimed
subject matter.
[0005] In one general aspect, a wearable body sensor
is provided including a conductive electrode configured
to conduct a biosignal from a body, a main board com-
prising a radio frequency (RF) communication circuit to
generate an RF signal based on the biosignal, and an
antenna disposed on the RF communication circuit to
radiate the RF signal.
[0006] The body sensor may further include a ground
layer disposed between the main board and the conduc-
tive electrode to reflect the RF signal radiated from the
antenna to the body.
[0007] The body sensor may further include at least
one electrical element configured to electrically connect
the main board and the ground layer.
[0008] The body sensor may further include at least
one electrical element configured to electrically connect
the antenna and the ground layer.
[0009] The at least one electrical element may be pro-
vided in a form of a through-hole via.

[0010] The body sensor may further include an elec-
trode interface configured to transmit the biosignal to the
main board.
[0011] The body sensor may further include at least
one electrical element configured to electrically connect
the electrode interface and the main board.
[0012] The at least one electrical element may be pro-
vided in a form of a through-hole via.
[0013] The main board may be configured in a form of
at least one segmented structure.
[0014] The antenna includes an antenna pattern con-
figured to radiate the RF signal and an antenna layer
disposed at an upper end of the RF communication circuit
to be in a vertical feeding structure.
[0015] The antenna further includes an antenna carrier
configured to support the antenna layer.
[0016] The antenna pattern may be configured to ra-
diate the RF signal in a horizontal direction.
[0017] The antenna may further include an air bridge
configured to electrically connect each ground pattern of
the antenna pattern.
[0018] The antenna layer may further include a ground
plane connected to the antenna pattern.
[0019] The ground plane may include at least one ar-
tificial magnetic conductor unit cell.
[0020] An antenna feeder of the antenna pattern may
be connected to the main board through a coaxial jack,
a C clip, or a pogo pin.
[0021] The body sensor may be configured to measure
at least one of electrocardiogram, electromyogram, body
temperature, pulse rate, electric conduction, vital signs
and blood pressure of the body wearing the body sensor.
[0022] In another general aspect, a system includes a
body sensor wearable on a body, and a host device con-
figured to control the body sensor, in which the body sen-
sor includes a conductive electrode configured to con-
duct a biosignal from a body, a main board comprising a
radio frequency (RF) communication circuit to generate
an RF signal based on the biosignal, and an antenna
disposed on the RF communication circuit to radiate the
RF signal.
[0023] The body sensor may further include a ground
layer disposed between the main board and the conduc-
tive electrode to reflect the RF signal radiated from the
antenna to the body.
[0024] The body sensor may further include a gateway,
in which the host device may be configured to control the
body sensor using the gateway.
[0025] The gateway may be provided in a form of a
portable electronic device.
[0026] In another general aspect, a method of trans-
mitting a biosignal involves: detecting a biosignal of a
user with a body sensor, the body sensor comprising a
main board and an antenna disposed on the main board,
using a radio frequency (RF) communication circuit in-
side the main board to generate an RF signal based on
the biosignal, and transmitting the RF signal to a host
device.
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[0027] The detecting of the biosignal may involve dis-
posing a conductive electrode of the body sensor over a
body of the user.
[0028] A ground layer may be disposed between the
main board and the conductive electrode, the method
further involving transmitting the RF signal generated in
the RF communication circuit through at least one elec-
trical element that electrically connects the antenna to
the main board through a via formed in the ground layer.
[0029] Other features and aspects will be apparent
from the following detailed description, the drawings, and
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

FIG. 1 is a block diagram illustrating an example of
a system including a body sensor.

FIG. 2 is an exploded perspective view illustrating
an example of a body sensor illustrated in FIG. 1.

FIG. 3 is a block diagram illustrating an example of
the body sensor illustrated in FIG. 1.

FIG. 4 is a cross-sectional view illustrating an exam-
ple of a body sensor.

FIG. 5 is a cross-sectional view illustrating an exam-
ple of a conductive electrode in the body sensor il-
lustrated in FIG. 4.

FIG. 6 is a perspective view illustrating an example
of a first layer in the body senor illustrated in FIG. 4.

FIG. 7 is a perspective view illustrating an example
of a second layer in the body sensor illustrated in
FIG. 4.

FIG. 8 is a plan view illustrating an example of the
second layer illustrated in FIG. 4.

FIGS. 9A and 9B are graphs illustrating examples of
a relationship between a conductive electrode and
a ground layer in a body senor in which a second
layer of the conductive electrode illustrated in FIG.
4 is configured in a same manner as the second layer
illustrated in FIG. 7 or FIG. 8.

FIG. 10 is a perspective view illustrating an example
of the main board illustrated in FIG. 4.

FIG. 11 is a cross-sectional view illustrating another
example of the body sensor illustrated in FIG. 2.

FIG. 12 is a perspective view illustrating an example
of the antenna illustrated in FIG. 11.

FIGS. 13A and 13B are graphs illustrating examples
of radiation efficiency of the antenna illustrated in
FIG. 12.

FIG. 14 is a perspective view illustrating an example
of the antenna illustrated in FIG. 12.

FIG. 15 illustrates another example of the antenna
illustrated in FIG. 11.

FIG. 16 is a graph illustrating an example of radiation
efficiency of the antenna illustrated in FIG. 15.

FIG. 17 is a diagram illustrating another example of
a system including a body sensor.

[0031] Throughout the drawings and the detailed de-
scription, unless otherwise described or provided, the
same drawing reference numerals will be understood to
refer to the same elements, features, and structures. The
drawings may not be to scale, and the relative size, pro-
portions, and depiction of elements in the drawings may
be exaggerated for clarity, illustration, and convenience.

DETAILED DESCRIPTION

[0032] The following detailed description is provided
to assist the reader in gaining a comprehensive under-
standing of the methods, apparatuses, and/or systems
described herein. However, various changes, modifica-
tions, and equivalents of the systems, apparatuses
and/or methods described herein will be apparent to one
of ordinary skill in the art. The progression of processing
steps and/or operations described is an example; how-
ever, the sequence of and/or operations is not limited to
that set forth herein and may be changed as is known in
the art, with the exception of steps and/or operations nec-
essarily occurring in a certain order. Also, descriptions
of functions and constructions that are well known to one
of ordinary skill in the art may be omitted for increased
clarity and conciseness.
[0033] Throughout the drawings and the detailed de-
scription, the same reference numerals refer to the same
elements. The drawings may not be to scale, and the
relative size, proportions, and depiction of elements in
the drawings may be exaggerated for clarity, illustration,
and convenience.
[0034] The features described herein may be embod-
ied in different forms, and are not to be construed as
being limited to the examples described herein. Rather,
the examples described herein have been provided so
that this disclosure will be thorough and complete, and
will convey the full scope of the disclosure to one of or-
dinary skill in the art.
[0035] FIG. 1 is a block diagram illustrating an example
of a system 10 including a body sensor 100. The system
10 may be a health monitoring system.
[0036] Referring to FIG. 1, the system 10 includes the
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body sensor 100 and a host device 300.
[0037] The body sensor 100 may be a patient monitor,
an electrocardiogram (FCG) device, a respiratory rate
sensor, a pulse rate sensor, a body temperature sensor,
electric conduction sensor, a medical imaging device or
the like.
[0038] The body sensor 100 may be wearable on a
user, for example, a patient.
[0039] The body sensor 100 may monitor the user to
which the body sensor 100 is attached.
[0040] In an example, the body sensor 100 may detect
or measure a biosignal, may process the detected biosig-
nal, and may transmit a radio frequency (RF) signal to
the host device 300 as a result of the processing.
[0041] In this example, the term biosignal may refer to
all types of signals that may be measured, monitored or
detected, in a continual, intermittent or one time manner,
from a biological being. For example, a biosignal may
include a living body signal that may be obtained from a
person who is alive and wearing the body sensor 100. In
another example, the biosignal may be obtained from a
person who is implanted with a body sensor 100.
[0042] The biosignal may include, but is not limited to,
an electrocardiogram, an electromyogram, temperature,
pulse rate, respiratory rate, vital signs, humidity, atmos-
phere, momentum, and/or other information known to
those of ordinary skill in the art that may be obtained from
biological beings.
[0043] In another example, the body sensor 100 may
process the biosignal and may provide, based on a result
of the processing, the appropriate therapy directly or in-
directly to the user to whom the body sensor 100 is at-
tached.
[0044] The body sensor 100 may transmit the RF sig-
nal based on the biosignal to the host device 300 through
an antenna.
[0045] The host device 300 may be provided in a form
of a portable electronic device. The portable electronic
device may include a laptop computer, a mobile phone,
a smart phone, a tablet personal computer (PC), a mobile
internet device (MID), a personal digital assistant (PDA),
an enterprise digital assistant (EDA), a digital still cam-
era, a digital video camera, a portable multimedia player
(PMP), a personal navigation device or a portable navi-
gation device (PND), a handheld game console, or an e-
book.
[0046] The host device 300 may control the body sen-
sor 100. The host device 300 and the body sensor 100
may communicate with one another.
[0047] The host device 300 may continuously monitor,
using the body sensor 100, a state of the user to whom
the body sensor 100 is attached. As an example, the
state of the user may refer to a health state, a physiolog-
ical condition or a medical state of the user. For example,
the host device 300 may receive the RF signal based on
the biosignal output from the body sensor 100 and may
display the state of the user corresponding to the biosig-
nal on a display of the host device 300.

[0048] Also, the host device 300 may provide a service
to the user attached with the body sensor 100 based on
a result of the monitoring. For example, the host device
300 may provide therapy corresponding to the biosignal,
directly or indirectly, to the user.
[0049] FIG. 2 is an exploded perspective view illustrat-
ing an example of a body sensor 100 according to the
example illustrated in FIG. 1
[0050] Referring to FIGS. 1 and 2, the body sensor 100
includes a top cover 110, a middle case 120, a main
board 130, an antenna 140, a ground layer 150, an elec-
trode interface 160, a bottom cover 170, and a conductive
electrode 180.
[0051] The top cover 110 is disposed on the main board
130 and the antenna 140.
[0052] Components related to computation for the
body sensor 100 may be attached to or mounted on, or
inserted or embedded in the main board 130.
[0053] The components described in the foregoing
may refer to various function blocks used for the body
sensor 100. For example, the components may include
a central processing unit (CPU), a graphics processing
unit (GPU), a memory, a universal serial bus (USB), a
peripheral component interconnect (PCI), a digital signal
processor (DSP), a wired interface, a wireless interface,
a controller, an embedded software, a codec, a video
module including a camera interface, a joint photographic
experts group (JPEG) processor, a video processor, a
mixer, an audio system, or a driver.
[0054] The antenna 140 may radiate or transmit an RF
signal based on a biosignal to the host device 300.
[0055] The antenna 140 is disposed at an upper end
of the main board 130. The antenna 140 may include an
antenna carrier disposed on the main board 130 to sup-
port the antenna 140.
[0056] The middle case 120 may be formed in a phys-
ical supporting form for the body sensor 100. A height of
the middle case 120 may be determined based on heights
of the components of the body sensor 100 disposed on
the main board 130. Also, when the antenna 140 includes
the antenna carrier, the height of the middle case 120
may be determined based on a height of the antenna
carrier.
[0057] The ground layer 150 is disposed between the
main board 130 and the conductive electrode 180. For
example, the ground layer 150 is disposed below the
main board 130 and disposed on the electrode interface
160 and the conductive electrode 180.
[0058] The ground layer 150 may perform a shielding
function. The ground layer 150 may reflect or shield the
RF signal radiated from the antenna 140 to the body. For
example, the ground layer 150 may totally reflect the RF
signal based on a mirror effect.
[0059] The ground layer 150 may reflect the RF signal
radiated from the antenna 140 to prevent the RF signal
from being absorbed in the body of the user wearing the
body sensor 100 and may improve radiation efficiency
of the antenna 140.
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[0060] In an example, the ground layer 150 may be
provided in a form of a printed circuit board (PCB). For
example, the ground layer 150 may be configured with
a copper.
[0061] The electrode interface 160 may provide an in-
terface for the main board 130 and the conductive elec-
trode 180. In an example, the electrode interface 160
may be provided in a form of the PCB. For example, the
electrode interface 160 may be composed of copper.
[0062] The bottom cover 170 may include the ground
layer 150 and the electrode interface 160.
[0063] The conductive electrode 180 may receive the
biosignal generated from the body. The conductive elec-
trode 180 may transmit the received biosignal to the main
board 130 through the electrode interface 160. The con-
ductive electrode 180 may be disposed below the bottom
cover 180. In an example, the conductive electrode 180
may be provided in a removable form.
[0064] The top cover 110, the middle case 120, and
the bottom cover 170 may be provided in a form of ex-
ternal hardware covering the main board 130, the anten-
na 140, the ground layer 150, and the electrode interface
160 that are disposed in the body sensor 100. In an ex-
ample, the top cover 110, the middle case 120, and the
bottom cover 170 may be composed of metal, a synthetic
resin or a combination thereof.
[0065] FIG. 3 is a block diagram illustrating an example
of the body sensor 100 illustrated in FIG. 1.
[0066] Referring to FIGS. 1 through 3, the body sensor
100 may include a control circuit 131, a signal processing
circuit 132, a digital signal processor 133, an RF com-
munication circuit 134, a power supply unit 135, a power
management integrated circuit (PMIC) 136, or an anten-
na 140. The body sensor 100 may further include a mem-
ory 137.
[0067] Individual components indicated as 131
through 137 may be attached to, mounted on, inserted,
or embedded in a main board 130.
[0068] The main board 130 may be provided in a form
of a PCB circuit such as a motherboard, an integrated
circuit (IC), or a system on chip (SoC). The PCB may
include a rigid PCB and a flexible PCB.
[0069] The control circuit 131 may control an overall
operation of the body sensor 100. For example, the con-
trol circuit 131 may control the operation of each of the
individual components indicated as 132 through 137.
[0070] In an example, the control circuit 131 may proc-
ess a detected signal P_DS transmitted from the digital
signal processor 133.
[0071] For example, the control circuit 131 may trans-
mit the detected signal P_DS to the RF communication
circuit 134 so that an RF signal RF_S, corresponding to
the detected signal P_DS is transmitted to the host device
300 through the antenna 140.
[0072] In another example, the control circuit 131 may
store the detected signal P_DSin the memory 137. The
control circuit 131 may read the detected signal P_DS
stored in the memory 137 and may transmit the signal to

the RF communication circuit 134 so that the RF signal
RF_S corresponding to the detected signal P_DS is
transmitted to the host device 300 through the antenna
140. The detected signal may be a processed digital sig-
nal.
[0073] The signal processing circuit 132 may receive
a biosignal through the electrode interface 160, may
process the received biosignal, and may convert the bi-
osignal to a digital signal DS.
[0074] For example, the signal processing circuit 132
eliminates noise from the biosignal. The signal process-
ing circuit 132 may amplify the biosignal from which the
noise is eliminated.
[0075] The signal processing circuit 132 may refer to
an analog front-end (AFE). The signal processing circuit
132 may transmit the digital signal DS to the digital signal
processor 133.
[0076] The digital signal processor 133 may receive
and process the digital signal DS. The digital signal proc-
essor 133 may detect, based on the digital signal DS, a
pathological event corresponding to the biosignal and
may generate the detected signal P_DS as a result of
the detecting. In an example, the detected signal P_DS
may include the biosignal. The digital signal processor
133 may transmit the detected signal P_DS to the control
circuit 131.
[0077] The RF communication circuit 134 may convert
the detected signal P_DS to the RF signal RF_S and
wirelessly transmit the RF signal RF_S to the antenna
140. The power supply unit 135 may supply power to the
body sensor 100. In an example, the power supply unit
135 may supply the power to the main board 130. For
example, the power supply unit 135 may be a battery. In
another example, the power supply unit 135 may be wire-
lessly charged based on a wireless power transfer tech-
nology.
[0078] The PMIC 136 may control the power to be sup-
plied by the power supply unit 135. For example, the
PMIC 136 may control a power status of the body sensor
100. The power status may be indicated as a power-up
status, a power-on status, a power-down status, or a pow-
er-off status. The power-up status may indicate a status
in which power or voltage of the body sensor 100 is fully
powered. The power-down status may indicate a status
in which the power of the body sensor 100 is powered
off, or the body sensor 100 enters a lower power mode.
[0079] The memory 137 may store the detected signal
P_DS or may store data corresponding to the detected
signal P_DS.
[0080] The memory 137 may be provided in a form of
a volatile memory or nonvolatile memory.
[0081] The volatile memory may include a dynamic
random access memory (DRAM), a static random access
memory (SRAM), a thyristor RAM (T-RAM), a zero ca-
pacitor RAM (Z-RAM), or a Twin Transistor RAM
(TTRAM).
[0082] The nonvolatile memory may include an elec-
trically erasable programmable read-only memory (EEP-
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ROM), a flash memory, a magnetic RAM (MRAM), a spin-
transfer torque (STT)-MRAM, a conductive bridging RAM
(CBRAM), a ferroelectric RAM (FeRAM), a phase change
RAM (PRAM), a resistive RAM (RRAM), a nanotube
RRAM, a polymer RAM (PoRAM), a nano floating gate
memory (NFGM), a holographic memory, a molecular
electronic memory device, or an insulator resistance
change memory.
[0083] The memory 137 may be disposed in the control
circuit 131.
[0084] The antenna 140 may radiate or transmit the
RF signal RF_S to the host device 300. The antenna 140
may radiate the RF signal RF_S based on Wireless Body
Area Network (WBAN). For example, the antenna 140
may radiate the RF signal RF_S at a frequency of 2.4
GHz based on the WBAN. The WBAN may be a medical
WBAN or a non-medical WBAN, but the network is not
limited thereto.
[0085] FIG. 4 illustrates a cross-sectional view of the
body sensor 100 illustrated in FIG. 2. The body sensor
100 has a layered structure including a plurality of layers
that are disposed on top of each other.
[0086] For convenience of description, FIG. 4 illus-
trates an example in which only the control circuit 131
and the RF communication circuit 134 are disposed on
the main board 130.
[0087] Referring to FIGS. 1 through 4, the bottom cover
170 may be disposed on the conductive electrode 180.
The bottom cover 170 may include the electrode interface
160 and the ground layer 150. The main board 130 may
be disposed in the bottom cover 170, for example, dis-
posed on the ground layer 150.
[0088] The antenna 140 may be disposed at an upper
end of the main board 130. For example, the antenna
140 may be disposed on the RF communication circuit
134 to be in a vertical feeding structure.
[0089] A medium 141 disposed between the antenna
140 and the RF communication circuit 134 may indicate
a space. For example, the space may be determined
based on the antenna 140 and the RF communication
circuit 134 disposed on the main board 130, but is not
limited thereto, because the space may include all spac-
es defined as a bottom of the antenna 140 based on
disposition of individual components indicated as 131
through 137 disposed on the main board 130. The space
may be filled with air.
[0090] The medium 141 may be determined based on
a dielectric constant, a dielectric loss factor or a combi-
nation thereof. For example, the medium 141 may be a
material having a reasonable dielectric constant and a
low dielectric loss factor.
[0091] For example, the material may include one of
air, polyethylene, Teflon, polystyrene, nylon, pyrex glass,
and the like.
[0092] FIG. 5 is a cross-sectional view illustrating an
example of a conductive electrode 180 illustrated in FIG.
4. The conductive electrode 180 has a layered structure.
[0093] Referring to FIGS. 1 through 5, the conductive

electrode 180 may include a first layer L1 and a second
layer L2. In an example, the conductive electrode 180
may further include a conductive tape CT. The first layer
L1 and the second layer L2 may be disposed as shown
in FIG. 5.
[0094] The conductive electrode 180 may be in contact
with a bottom cover 170 using the conductive tape CT.
The conductive tape CT may increase a bonding strength
between the conductive electrode 180 and the bottom
cover 170 due to embossing effect. Also, the conductive
tape CT may conduct or transmit a biosignal to the elec-
trode interface 160 on the bottom cover 170.
[0095] FIG. 6 is a perspective view illustrating an ex-
ample of the first layer L1 illustrated in FIG. 4.
[0096] Referring to FIGS. 1 through 6, the first layer L1
may include one or more domains such as, for example,
a first domain DM1 and a second domain DM2. A first
domain DM1 may be filled with a hydrogel. For example,
the hydrogel may conduct a biosignal, for example, an
electrical signal generated from a body. A second domain
DM2 may be provided in a polyethylene form.
[0097] FIG. 7 is a perspective view illustrating an ex-
ample of the second layer L2 illustrated in FIG. 4.
[0098] Referring to FIGS. 1 through 7, the second layer
L2 may include one or more domains such as, for exam-
ple, a third domain DM3 and a forth domain DM4, and
an electrode pattern PAT.
[0099] The electrode pattern PAT may be formed in
the fourth domain DM 4 corresponding to a first domain
DM1 of the first layer L1. In an example, the electrode
pattern PAT may be formed with silver chloride (AgCl).
[0100] The conductive tape CT may be disposed in the
middle of the second layer L2. The electrode pattern PAT
formed in the forth domain DM4 may be connected to
the conductive tape CT disposed in the middle of the
second layer L2. Due to the electrode pattern PAT being
connected to the conductive tape CT, electrodes of the
conductive electrode 180 that are used to transmit a bi-
osignal may be concentrated at a center of the second
layer L2.
[0101] The third domain DM3 may be composed of a
polyethylene terephthalate film.
[0102] FIG. 8 illustrates a plan view of an example of
the second layer L2 according to the example illustrated
in FIG. 4.
[0103] Referring to FIGS. 1 through 6 and 8, the second
layer L2 may include one or more domains such as, for
example, a third domain DM3 and a forth domain DM4,
and a electrode pattern PAT.
[0104] The electrode pattern PAT may formed in fourth
domain DM4 corresponding to first domain DM1 of the
first layer L1. In an example, the electrode pattern PAT
may be formed with silver chloride (AgCl).
[0105] The conductive tape CT may be disposed on
the electrode pattern PAT formed in the fourth domain
DM4. Due to the conductive tape CT being disposed on
the electrode pattern PAT formed in the fourth domain
DM4, a form in which electrodes of the conductive elec-
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trode 180 used to transmit a biosignal are dispersed may
be formed.
[0106] The third domain DM3 may be composed of a
polyethylene terephthalate film.
[0107] FIGS. 9A and 9B are graphs illustrating an ex-
ample of a relationship between a conductive electrode
180 and a ground layer 150 when a second layer of the
conductive electrode 180 illustrated in FIG. 4 is config-
ured in a same manner as the second layer L2, illustrated
in FIGS. 7 and FIG. 8.
[0108] Referring to FIGS. 1 through 9B, as shown in
FIGS. 7 and 8, electrodes of the conductive electrode
180 may be concentrated or dispersed.
[0109] In the graphs illustrated in FIGS. 9A and 9B, a
frequency may be indicated on an x axis and a reflection
coefficient on a y axis.
[0110] When the second layer of the conductive elec-
trode 180 is configured in the same manner as the second
layer L2 of FIG. 7 in which the electrodes are concen-
trated, the relationship between the conductive electrode
180 and the ground layer 150 may be as shown in the
graph illustrated in FIG. 9A.
[0111] When the second layer of the conductive elec-
trode 180 is configured in the same manner as the second
layer L2 of FIG. 8 in which the electrodes are dispersed,
the relationship between the conductive electrode 180
and the ground layer 150 may be as shown in the graph
illustrated in FIG. 9B.
[0112] As shown in the graphs illustrated in FIGS. 9A
and 9B, the reflection coefficient of the ground layer 150
may be essentially identical, irrespective of an electrode
form of the conductive electrode 180. For example, in a
2.4 GHz frequency band, the reflection coefficient of the
ground layer 150 may be essentially identical.
[0113] FIG. 10 is a perspective view illustrating an ex-
ample of the main board 130 illustrated in FIG. 4.
[0114] Referring to FIGS. 1 through 10, the main board
130 may be configured in a form of at least one segment-
ed structure. For example, the main board 130 may in-
clude a first main board 130-1, a second main board
130-2, and a third main board 130-3.
[0115] Individual main boards illustrated as 130-1
through 130-3 may be provided in a form of a PCB circuit
such as a motherboard, an IC, or a SoC. In an example,
the PCB may include a rigid PCB and a flexible PCB
(FPCB).
[0116] The power supply unit 135 and the PMIC 136
may be attached to or mounted on, or inserted or em-
bedded in the first main board 130-1. The control circuit
131, the signal processing circuit 132, and the digital sig-
nal processor 133 may be attached to, mounted on, in-
serted or embedded in the second main board 130-2.
The RF communication circuit 134 may be attached to,
mounted on, inserted or embedded in the third main
board 130-3.
[0117] The antenna 140 may be disposed on the third
main board 130-3. For example, the antenna 140 may
be disposed on the RF communication circuit 134.

[0118] FIG. 11 is a cross-sectional view illustrating an-
other example of the body sensor 100 illustrated in FIG. 2.
[0119] Referring to FIGS. 1 through 11, the electrode
interface 160 may be disposed on the conductive elec-
trode 180.
[0120] The electrode interface 160 and the main board
130 may be electrically connected through at least one
electrical element. The electrode interface 160 may
transmit a biosignal transmitted or conducted from the
conductive electrode 180 through the at least one elec-
trical element to the signal processing circuit 132 of the
main board 130. For example, the at least one electrical
element may be provided in a form of a through-hole via.
[0121] The ground layer 150 may be disposed on the
electrode interface 160. The main board 130 may be dis-
posed on the ground layer 150. For example, the ground
layer 150 may be disposed between the conductive elec-
trode 180 and the main board 130.
[0122] The main board 130 and the ground layer 150
may be electrically connected through at least one elec-
trical element. The main board 130 may be connected
to the ground layer 150 through the at least one electrical
element. For example, the at least one electrical element
may be provided in a form of the through-hole via.
[0123] The antenna 140 may be disposed at an upper
end of the main board 130. For example, the antenna
140 may be disposed on an RF communication circuit
134 to be in a vertical feeding structure.
[0124] The antenna 140 may include an antenna layer
143, an antenna carrier 145, and an antenna feeder 147.
[0125] The antenna layer 143 may include an antenna
pattern to radiate or transmit an RF signal, for example,
RF signal RF_S. For example, the antenna pattern may
include a ground pattern to be connected to a signal pat-
tern to radiate the RF signal RF_S.
[0126] The antenna carrier 145 may support the an-
tenna layer 143. The antenna layer 143 may be disposed
on top of the body sensor 100 through the antenna carrier
143 and thus, the antenna layer 143 may be disposed
farthest from a body.
[0127] Accordingly, the body sensor 100 may prevent
the RF signal RF_S transmitted from the antenna layer
143 from being absorbed in the body and increase radi-
ation efficiency or transmission efficiency of the antenna
140.
[0128] The antenna 140 may receive the RF signal
RF_S transmitted from the RF communication circuit 134
through the antenna feeder 147 of the antenna pattern.
[0129] The antenna 140 may be disposed on the RF
communication circuit 134 to be in the vertical feeding
structure and thus, the body sensor 100 may prevent a
loss of the RF signal RF_S transmitted from the RF com-
munication circuit 134.
[0130] The antenna 140 and the ground layer 150 may
be electrically connected through at least one electrical
element. The antenna 140 may be connected to the
ground layer 150 through the at least one electrical ele-
ment. For example, the antenna 140 may be connected
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to the ground layer 150 through the antenna feeder 147
of the antenna pattern and the at least one electrical el-
ement. For example, the main board 130 and the ground
layer 150 may be electrically connected through the at
least one electrical element, and the antenna 140 may
be connected to the main board 130 through the antenna
feeder 147. Thus, the antenna 140 may be connected to
the ground layer 150. For example, the at least one elec-
trical element may be provided in a form of the through-
hole via.
[0131] In an example, the antenna feeder 147 may be
connected to the main board 130 through a coaxial jack,
a C clip, or a pogo pin or a spring pin.
[0132] FIG. 12 is a perspective view illustrating an ex-
ample of the antenna 140 illustrated in FIG. 11.
[0133] Referring to FIGS. 1 through 12, an antenna
140-1 illustrated in FIG. 12 is an example of the antenna
140 illustrated in FIG. 11.
[0134] The antenna 140-1 may include the antenna
layer 143 and the antenna carrier 145.
[0135] The antenna layer 143 may include an antenna
pattern, for example, 143-1, 143-3, and 143-5, and an
antenna feeder 147.
[0136] The antenna pattern may radiate or transmit an
RF signal RF_S. For example, the antenna pattern may
radiate the RF signal RF_S in a horizontal direction. For
example, the antenna 140-1 may be a Zeroth Order Res-
onator (ZOR) antenna.
[0137] The antenna pattern may include a signal pat-
tern 143-1 and ground patterns 143-3 and 143-5. In an
example, the antenna pattern may be composed of gold,
silver, or copper.
[0138] The signal pattern 143-1 may be a pattern used
to radiate the RF signal RF_S. Both patterns, for exam-
ple, 143-3 and 143-5, may be the ground patterns to be
connected to the ground layer 150.
[0139] The antenna feeder 147 may include a signal
feeder 147-1 and ground feeders, for example, 147-3
and 147-5. The signal pattern 143-1 may receive the RF
signal RF_S transmitted from the RF communication cir-
cuit 134 through the signal feeder 147-1, and may radiate
the received RF signal RF_S. The ground patterns 143-3
and 143-5 may be electrically connected to the ground
layer 150 through the corresponding ground feeders
147-3 and 147-5. For example, one ground pattern 143-3
of the ground patterns 143-3 and 143-5 may be connect-
ed to the ground layer 150 through one ground feeder
147-3 of the ground feeders 147-3 and 147-5 and the
other ground pattern 143-5 of the ground patterns 143-3
and 143-5 may be connected to the ground layer 150
through the corresponding ground feeder 147-5 of the
ground feeders 147-3 and 147-5.
[0140] FIGS. 13A and 13B are graphs illustrating an
example of radiation efficiency of the antenna 140-1 il-
lustrated in FIG. 12.
[0141] Referring to FIGS. 1 through 13B, the antenna
140-1 may radiate or transmit an RF signal RF_S, in a
horizontal direction.

[0142] In the graphs illustrated in FIGS. 13A and 13B,
a frequency is indicated on an x axis, and a total radiation
efficiency of the antenna 140-1 is indicated on a y axis.
[0143] The graph of FIG. 13A indicates a total radiation
efficiency of the antenna 140-1 when the body sensor
100 is not worn on a body. That is, FIG. 13A indicates
the total radiation efficiency of the antenna 140-1 taken
while the body sensor 100 is in a free-space. A dotted
line 191 does not reflect a structure of the antenna feeder
147 of the antenna 140-1, and a solid line reflects the
result of implementing the structure of the antenna feeder
147 of the antenna 140-1. When the body sensor 100 is
not worn on the body, the radio efficiency of the antenna
140-1 in a 2.4 GHz frequency band may correspond to
the graph illustrated in FIG. 13A.
[0144] The graph of FIG. 13B indicates a total radiation
efficiency of the antenna 140-1 when the body sensor
100 is worn on the body. That is, FIG. 13B indicates the
total radiation efficiency of the antenna 140-1 taken while
the body sensor 100 is on the body. A dotted line 193
does not reflect the structure of the antenna feeder 147
of the antenna 140-1, and a solid line reflects the result
of implementing the structure of the antenna feeder 147
of the antenna 140-1. When the body sensor 100 is worn
on the body, the radio efficiency of the antenna 140-1 in
a 2.4 GHz frequency band may be as illustrated in FIG.
13B.
[0145] FIG. 14 is a perspective view illustrating an ex-
ample of the antenna 140-1 illustrated in FIG. 12.
[0146] Referring to FIGS. 1 through 14, the antenna
140-1 may further include an air bridge 144.
[0147] The air bridge 144 may be electrically connect-
ed to the ground patterns 143-3 and 143-5. Due to the
ground patterns 143-3 and 143-5 being connected to
each other through the air bridge 144, the antenna 140-1
may prevent resonance caused when an operating fre-
quency or a resonant frequency of an RF signal RF_S is
similar to a length of the main board 130. Also, the an-
tenna 140-1 may not operate in an odd mode.
[0148] Thus, the antenna 140-1 may prevent the res-
onance and the odd mode using the air bridge 144, and
may increase radiation efficiency of the antenna 140-1.
[0149] FIG. 15 illustrates another example of the an-
tenna 140 illustrated in FIG. 11.
[0150] Referring to FIGS. 1 through 11 and 15, an an-
tenna 140-2 illustrated in FIG. 15 is another example of
the antenna 140 illustrated in FIGS. 11.
[0151] The antenna 140-2 may be an antenna based
on a metamaterial structure. For example, the antenna
140-2 may be an artificial magnetic conductor (AMC) an-
tenna.
[0152] The antenna 140-2 may include the antenna
layer 143 and the antenna carrier 145. For convenience
of description, the antenna carrier 145 is not illustrated
in FIG. 15.
[0153] The antenna layer 143 may include, for exam-
ple, an antenna pattern PAT2. The antenna pattern PAT2
may include a signal pattern and a ground pattern. For
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example, the antenna pattern PAT2 may be a planar in-
verted F antenna (PIFA) or a patch antenna.
[0154] The antenna layer 143 may further include a
ground plane 149. The ground plane 149 may include a
ground pattern PAT3. In an example, the ground pattern
PAT3 may be formed with at least one artificial magnetic
conductor unit cell. The antenna pattern PAT2 and the
ground pattern PAT3 may be composed of gold, silver,
or copper.
[0155] The antenna 140-2 may block an influence of
the RF communication circuit 134 disposed below the
antenna 140-2 through the ground plane 149 and thus,
increase radiation efficiency.
[0156] FIG. 16 is a graph illustrating an example of
radiation efficiency of an antenna illustrated in FIG. 15.
[0157] FIG. 16 is a graph illustrating an example of
radiation efficiency of the antenna 140-2 illustrated in
FIG. 15.
[0158] Referring to FIGS. 1 through 11, and 15 and 16,
a frequency is indicated on an x axis and a total radiation
efficiency of the antenna 140-2 is indicated on a y axis
of the graph illustrated in FIG. 15.
[0159] The graph of FIG. 15 indicates a total radiation
efficiency of the antenna 140-2 while the body sensor
100 is worn on a body. In the event that the ground plane
149 of the antenna 140-2 exists, the radiation efficiency
of the antenna 140-2 in a 2.4 GHz frequency band may
be shown as a third dotted line 195. The ground plane
149 may be formed with at least one artificial magnetic
conductor unit cell. In the event that the ground plane
149 of the antenna 140-2 does not exist, the radiation
efficiency of the antenna 140-2 in a 2.4 GHz frequency
band may be shown as a third dotted line 196.
[0160] FIG. 17 is a diagram illustrating another exam-
ple of a system 20 including the body sensor 100. The
system 20 may be a health monitoring system.
[0161] Referring to FIG. 17, the system 20 may include
the body sensor 100, a gateway 400, and the host device
300.
[0162] The body sensor 100 and the host device 300
may communicate through the gateway 400.
[0163] The gateway 400 may be provided in a form of
a portable electronic device. The portable electronic de-
vice may include a laptop computer, a mobile phone, a
smart phone, a tablet PC, an MID, a PDA, an EDA, a
digital still camera, a digital video camera, a PMP, a per-
sonal navigation device or a PND, a handheld game con-
sole, or an e-book.
[0164] The host device 300 may be a medical system
used by a medical institution.
[0165] The units described herein may be implement-
ed using hardware components and software compo-
nents. For example, the hardware components may in-
clude microphones, amplifiers, band-pass filters, audio
to digital convertors, and processing devices. A process-
ing device may be implemented using one or more gen-
eral-purpose or special purpose computers, such as, for
example, a processor, a controller and an arithmetic logic

unit, a digital signal processor, a microcomputer, a field
programmable array, a programmable logic unit, a mi-
croprocessor or any other device capable of responding
to and executing instructions in a defined manner. The
processing device may run an operating system (OS)
and one or more software applications that run on the
OS. The processing device also may access, store, ma-
nipulate, process, and create data in response to execu-
tion of the software. For purpose of simplicity, the de-
scription of a processing device is used as singular; how-
ever, one skilled in the art will appreciated that a process-
ing device may include multiple processing elements and
multiple types of processing elements. For example, a
processing device may include multiple processors or a
processor and a controller. In addition, different process-
ing configurations are possible, such a parallel proces-
sors.
[0166] The software may include a computer program,
a piece of code, an instruction, or some combination
thereof, to independently or collectively instruct or con-
figure the processing device to operate as desired. Soft-
ware and data may be embodied permanently or tempo-
rarily in any type of machine, component, physical or vir-
tual equipment, computer storage medium or device, or
in a propagated signal wave capable of providing instruc-
tions or data to or being interpreted by the processing
device. The software also may be distributed over net-
work coupled computer systems so that the software is
stored and executed in a distributed fashion. The soft-
ware and data may be stored by one or more non-tran-
sitory computer readable recording mediums. The non-
transitory computer readable recording medium may in-
clude any data storage device that can store data which
can be thereafter read by a computer system or process-
ing device. Examples of the non-transitory computer
readable recording medium include read-only memory
(ROM), random-access memory (RAM), CD-ROMs,
magnetic tapes, floppy discs, optical data storage devic-
es. Also, functional programs, codes, and code segments
that accomplish the examples disclosed herein can be
easily construed by programmers skilled in the art to
which the examples pertain based on and using the flow
diagrams and block diagrams of the figures and their cor-
responding descriptions as provided herein.
[0167] As a non-exhaustive illustration only, a terminal
or device described herein may refer to mobile devices
such as a cellular phone, a PDA, a digital camera, a port-
able game console, or an MP3 player, a portable/person-
al multimedia player (PMP), a handheld e-book, a port-
able laptop PC, a global positioning system (GPS) nav-
igation, a tablet, a sensor, or devices such as a desktop
PC, a high definition television (HDTV), an optical disc
player, a setup box, a home appliance, or the like that
are capable of wireless communication or network com-
munication consistent with that which is disclosed herein.
[0168] A number of examples have been described
above. Nevertheless, it should be understood that vari-
ous modifications may be made. For example, suitable
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results may be achieved if the described techniques are
performed in a different order and/or if components in a
described system, architecture, device, or circuit are
combined in a different manner and/or replaced or sup-
plemented by other components or their equivalents. Ac-
cordingly, other implementations are within the scope of
the following claims.
[0169] While this disclosure includes specific exam-
ples, it will be apparent to one of ordinary skill in the art
that various changes in form and details may be made
in these examples without departing from the scope of
the claims. The examples described herein are to be con-
sidered in a descriptive sense only, and not for purposes
of limitation. Descriptions of features or aspects in each
example are to be considered as being applicable to sim-
ilar features or aspects in other examples. Suitable re-
sults may be achieved if the described techniques are
performed in a different order, and/or if components in a
described system, architecture, device, or circuit are
combined in a different manner and/or replaced or sup-
plemented by other components or their equivalents.
Therefore, the scope of the disclosure is defined not by
the detailed description, but by the claims and their equiv-
alents, and all variations within the scope of the claims
and their equivalents are to be construed as being in-
cluded in the disclosure.

Claims

1. A wearable body sensor comprising:

a conductive electrode configured to conduct a
biosignal from a body;
a main board comprising a radio frequency (RF)
communication circuit to generate an RF signal
based on the biosignal; and
an antenna disposed on the RF communication
circuit to radiate the RF signal.

2. The body sensor of claim 1, further comprising:

a ground layer disposed between the main
board and the conductive electrode to reflect the
RF signal radiated from the antenna to the body.

3. The body sensor of claim 2, further comprising:

at least one electrical element configured to
electrically connect the main board and the
ground layer; or
at least one electrical element configured to
electrically connect the antenna and the ground
layer, in particular wherein the at least one elec-
trical element is provided in a form of a through-
hole via.

4. The body sensor of any one of claims 1 to 3, further

comprising:

an electrode interface configured to transmit the
biosignal to the main board.

5. The body sensor of claim 4, further comprising:

at least one electrical element configured to
electrically connect the electrode interface and
the main board, in particular wherein the at least
one electrical element is provided in a form of a
through-hole via.

6. The body sensor of any one of the preceding claims,
wherein the main board is configured in a form of at
least one segmented structure.

7. The body sensor of any one of the preceding claims,
wherein the antenna comprises an antenna pattern
configured to radiate the RF signal and an antenna
layer disposed at an upper end of the RF communi-
cation circuit to be in a vertical feeding structure.

8. The body sensor of claim 7, wherein the antenna
further comprises an antenna carrier configured to
support the antenna layer; and/or
wherein the antenna pattern is configured to radiate
the RF signal in a horizontal direction; and/or
wherein the antenna further comprises an air bridge
configured to electrically connect each ground pat-
tern of the antenna pattern; and/or
wherein the antenna layer further comprises a
ground plane connected to the antenna pattern, in
particular wherein the ground plane comprises at
least one artificial magnetic conductor unit cell.

9. The body sensor of claim 7, wherein an antenna
feeder of the antenna pattern is connected to the
main board through a coaxial jack, a C clip, or a pogo
pin.

10. The body sensor of any one of the preceding claims,
wherein the body sensor is configured to measure
at least one of electrocardiogram, electromyogram,
body temperature, heart rate, electric conduction,
and blood pressure of the body wearing the body
sensor.

11. A system, comprising:

a body sensor wearable on a body; and
a host device configured to control the body sen-
sor, wherein the body sensor comprises:

a conductive electrode configured to con-
duct a biosignal from a body;
a main board comprising a radio frequency
(RF) communication circuit to generate an

17 18 



EP 2 859 839 A1

11

5

10

15

20

25

30

35

40

45

50

55

RF signal based on the biosignal; and
an antenna disposed on the RF communi-
cation circuit to radiate the RF signal.

12. The system of claim 11, wherein the body sensor
further comprises a ground layer disposed between
the main board and the conductive electrode to re-
flect the RF signal radiated from the antenna to the
body.

13. The system of claim 11 or 12, further comprising a
gateway, wherein the host device is configured to
control the body sensor using the gateway, in par-
ticular wherein the gateway is provided in a form of
a portable electronic device.

14. A method of transmitting a biosignal, the method
comprising:

detecting a biosignal of a user with a body sen-
sor, the body sensor comprising a main board
and an antenna disposed on the main board;
using a radio frequency (RF) communication cir-
cuit inside the main board to generate an RF
signal based on the biosignal; and
transmitting the RF signal to a host device.

15. The method of claim 14, wherein the detecting of the
biosignal comprises disposing a conductive elec-
trode of the body sensor over a body of the user;
and/or
wherein a ground layer is disposed between the main
board and the conductive electrode, the method fur-
ther comprising transmitting the RF signal generated
in the RF communication circuit through at least one
electrical element that electrically connects the an-
tenna to the main board through a via formed in the
ground layer.
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