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Description

FIELD

[0001] The technology relates to wearable devices that
are configured to monitor physiological parameters
(heart rate, heart rate variability, respiratory rate, etc.) of
a subject and/or physical activity performed by the sub-
ject.

BACKGROUND

[0002] There currently exist small sensing devices that
can be worn by a user to monitor physical activity per-
formed by the user. As an example, the FitLinxx® Ac-
tiPed+ (available from FitLinxx, Shelton, CT, USA) is a
small device that can be clipped to a shoe and used to
monitor walking and running activities by the user. When
a user walks or runs, an on-board accelerometer outputs
data that is stored on the device for subsequent trans-
mission to a computer system. The computer system can
analyze the data to determine activity type, and calculate
various activity parameters (e.g., duration of activity, total
steps, distance traveled, and calories burned). Results
of the data analysis may be presented on the computer’s
display, so that a user may review details of his or her
activity. The results may be stored, so that the user can
maintain a record of exercise regimens and track
progress toward exercise goals, or so that the data may
be used by medical personnel to track recovery from an
illness or injury. Other modern activity monitors perform
similar functions with varying degrees of accuracy. US
2015/0073231 discloses a sensor system comprising a
plane member, a plurality of electrodes within the plane
member, adapted to contact the human body to detect
and monitor human generated voltages. US
2015/0148637 discloses systems, methods and devices
for reducing noise in health monitoring.
[0003] Most activity monitors are configured to be at-
tached to a subject’s clothing or strapped to a subject’s
limb. For example, some activity monitors may clip on
clothing, or be configured to clip on or lace in a shoe.
Activity monitors that attach to clothing are generally not
adapted to sense a physiological parameter of the sub-
ject. Some activity monitors that may be worn on the wrist
or ankle of a subject may be adapted to sense heart rate,
but these monitors generally cannot measure details of
cardiac waveform to obtain information such as heart-
rate variability (HRV) or cardiac abnormalities such as
arrhythmias.

SUMMARY OF EXAMPLE EMBODIMENTS

[0004] An adhesive, health-monitor patch that can be
adhered to the skin of a subject in the vicinity of the heart
is described. In some embodiments, the health-monitor
patch comprises a flexible and waterproof strip, and is
designed to be worn for extended periods of time. Two

monitoring electrodes on the strip may contact the skin
of the subject and be used to collect cardiac waveform
data. At least a third electrode may be included to sup-
press electrical noise and improve the quality of data col-
lected by the health-monitor patch. The cardiac wave-
form data may be analyzed to determine various physi-
ological parameters of a subject, such as heart rate,
heart-rate variability, caloric burn, resting heart rate, re-
covery from a workout, respiratory rate, etc. The health-
monitor patch may further include an accelerometer from
which acceleration data may be analyzed to determine
parameters associated with motion of the subject (e.g.,
body orientation of the subject, type of activity performed
by the subject, intensity of activity performed by the sub-
ject, etc.).
[0005] Some examples of a health-monitor patch may
comprise a flexible strip assembly, which may house
electrical components of the health-monitor patch, and
a replaceable electrode strip that adheres to the flexible
strip assembly. The replaceable electrode strip may pro-
vide replaceable adhesion and electrical connections be-
tween the subject and the flexible strip assembly. Other
embodiments of the health-monitor patch may be single-
use, disposable strips that include electronics and adhe-
sive layers for attaching to a subject’s skin. A disposable
health-monitor patch may be a low-cost device suitable
for single-use applications, such as for out-patient health
monitoring.
[0006] A health-monitor patch may include an accel-
erometer, processor, and machine-readable instructions
that adapt the health-monitor patch to perform a variety
of different functions and data analyses as described, for
example, in U.S. Patent Application Pub. No.
2015-0119728 and in U.S. Patent Application Pub. No.
2013-021 7979.
[0007] According to some examples, a health-monitor
patch may comprise a cardiac sensor comprising two
monitor electrodes that are configured to receive two sig-
nals from two locations on the skin of the subject. A
health-monitor patch may further include a noise elec-
trode configured to receive a signal from the skin of the
subject at a location separate from the two locations of
the two monitor electrodes. A health-monitor patch may
further include an electronic assembly comprising a proc-
essor configured to process signals from the two monitor
electrodes.
[0008] Some examples relate to methods for operating
a health-monitor patch. Some methods of operation may
include acts of receiving two electrical signals at two mon-
itor electrodes of the health-monitor patch, wherein the
two monitor electrodes contact the skin of a subject and
are separated by a distance, conducting electrical signals
from the two monitor electrodes over two conductive
paths to two signal inputs of an electronic circuit mounted
within the health-monitor patch, receiving an electrical
signal from a noise electrode that contacts the skin of the
subject and is located between the two monitor elec-
trodes, and conducting the electrical signal from the noise
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electrode to a conductive shield, such as an ESD shield,
that extends at least part way over the two conductive
paths. The conductive shield may also extend over the
electronic circuit.
[0009] The foregoing and other aspects, embodi-
ments, and features of the present teachings can be more
fully understood from the following description in con-
junction with the accompanying drawings. The invention
is defined by appended claims 1-15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The skilled artisan will understand that the fig-
ures, described herein, are for illustration purposes only.
It is to be understood that in some instances various as-
pects of the invention may be shown exaggerated or en-
larged to facilitate an understanding of the invention. In
the drawings, like reference characters generally refer to
like features, functionally similar and/or structurally sim-
ilar elements throughout the various figures. The draw-
ings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of the teachings.
The drawings are not intended to limit the scope of the
present teachings in any way. The invention is defined
by appended claims 1-15.

FIG. 1A depicts a plan view of a health-monitor
patch, according to some examples;
FIG. 1B depicts an elevation view of a health-monitor
patch, according to some examples;
FIG. 1C depicts an underside view of a health-mon-
itor patch, according to some examples;
FIG. 2A depicts a plan view of a disposable health-
monitor patch, according to some examples;
FIG. 2B depicts an elevation view of a disposable
health-monitor patch, according to some examples;
FIG. 2C depicts an underside view of a disposable
health-monitor patch, according to some examples;
FIG. 3 illustrates electronic components that may be
included in a health-monitor patch, according to
some examples;
FIG. 4 depicts an exploded view of a disposable
health-monitor patch, according to some examples;
FIG. 5 illustrates a noise suppression configuration
and conductive adhesive in a circuit of a health-mon-
itor patch, according to some examples;
FIG. 6 illustrates infused conductors in a flexible strip
assembly, according to some examples;
FIG. 7A depicts an exploded view of components for
a replaceable electrode strip, according to some ex-
amples;
FIG. 7B depicts a cross section of a replaceable elec-
trode strip, according to some examples;
FIG. 8 illustrates a cardiac waveform; and
FIG. 9 illustrates a cardiac waveform obtained with
a health-monitor patch.

[0011] The features and advantages of the present in-

vention, which is defined by appended claims 1-15, will
become more apparent from the detailed description set
forth below when taken in conjunction with the drawings.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0012] An example embodiment of a health-monitor
patch 100 is depicted in FIG. 1A. According to some ex-
amples, a health-monitor patch may be formed from flex-
ible materials and configured to adhere to the skin of a
person. A health-monitor patch may include at least one
accelerometer for sensing motion and/or activities of a
subject, and/or may include electrodes, one or more la-
sers, one or more light-emitting diodes, one or more pho-
todiodes, one or more temperature sensors and/or other
sensors for sensing one or more physiological parame-
ters of a subject. The inventors have recognized and ap-
preciated that a flexible patch-type device that having
electrodes and/or other sensors that can directly contact
a subject’s skin can provide more accurate information
about a subject’s biophysical parameters (such as car-
diac waveform, body temperature, respiratory rate, blood
oxygenation level, blood glucose level, etc.), which con-
ventional pedometers may not be able to provide. To
obtain a reliable cardiac waveform signal, such a patch
device is preferably located in the vicinity of a subject’s
heart and includes two or more electrodes spaced a dis-
tance apart. Accordingly, a health-monitor patch is pref-
erably flexible so that it’s sensing electrodes can remain
in contact with the skin of the subject as the subject
moves.
[0013] The inventors have also recognized and appre-
ciated that a health-monitor patch attached to a subject’s
torso can provide more reliable information about a sub-
ject’s position (lying, sitting, standing) than a convention-
al activity monitor that straps to a subject’s wrist or ankle.
Torso orientation can be helpful when identifying a type
of activity that a subject is performing (e.g., distinguishing
rowing from cycling or cycling from running) or identifying
a resting state of a subject. Torso orientation can also be
helpful when monitoring patients. For example, an in-
creased heart rate accompanied by data indicating the
patient has changed from a lying position to a vertical
and/or walking orientation may be of no concern, where-
as an increased heart rate while the patient remains in a
lying position may require the attention of a caregiver.
[0014] The inventors have further conceived of struc-
tures, circuits, processes, and combinations of materials
that provide a waterproof health-monitor patch, accord-
ing to some examples, and a low-cost disposable health-
monitor patch, according to some examples. Further de-
tails of a health-monitor patch are described below.
[0015] Referring again to FIG. 1A, a health-monitor
patch 100 may include a first end region 110a and a sec-
ond end region 110b. A health-monitor patch may com-
prise a flexible strip assembly 105 that may or may not
have an open center 120. For examples that include an
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open center, one or more flexible ribs 107 may connect
the first end region 110a and the second end region 110b.
For examples that do not have an open center 120, a
center portion of the flexible strip assembly 105 may be
thin or otherwise configured to provide flexible bending
and twisting between the first end region and the second
end region. A width W of a health-monitor patch 100 may
be between approximately 10 mm and approximately 50
mm, according to some embodiments.
[0016] An elevation view of a health-monitor patch 100
is depicted in FIG. 1B. In some examples, a health-mon-
itor patch may comprise enlarged lobes at the end re-
gions 110a, 110b as shown in the drawing. Electronics
of a health-monitor patch may be housed within the lobes.
An overall length L of a health-monitor patch 100 may be
between approximately 50 mm and approximately 150
mm. A height H of a health-monitor patch may be be-
tween approximately 3 mm and approximately 10 mm.
The flexible strip assembly may comprise a flexible pol-
ymer such as, but not limited to, silicone.
[0017] According to some examples, a replaceable
electrode strip 150 may be adhered, temporarily, to a
lower surface of a health-monitor patch 100, as depicted
in FIG. 1B. The replaceable electrode strip may provide
adhesion, electrical connections, and a waterproof seal
between the flexible strip assembly and the skin of a sub-
ject. The replaceable electrode strip may be peeled off
of the lower surface of the flexible strip assembly 105
and replaced with a new replaceable electrode strip 150.
For example, a user may adhere a health-monitor patch
100 to their skin for a period of time (e.g., one or several
days, a week, or more), and then remove the health-
monitor patch, replace the replaceable electrode strip
150, and then re-adhere the health-monitor patch to their
skin for continued monitoring of activity and physiological
parameters.
[0018] A bottom-side or skin-side view of a health-mon-
itor patch having a replaceable electrode strip 150 is il-
lustrated in FIG. 1C, according to some embodiments.
The replaceable electrode strip may include an adhesion
surface 152 configured to adhere to a subject’s skin. The
replaceable electrode strip may comprise two or more
electrodes 160a, 160b that provide electrical contact to
the subject’s skin, and electrically connect with electronic
circuitry inside the flexible strip assembly 105. In some
examples, a first monitor electrode 160a is located at a
first end of the replaceable electrode strip 150, and a
second monitor electrode 160b is located at a second
end of the replaceable electrode strip. A distance D be-
tween the first monitor electrode and second monitor
electrode may be between approximately 50 mm and
approximately 90 mm. The first monitor electrode 160a
and second monitor electrode 160b may comprise hy-
drogel electrodes in examples, or may comprise other
flexible electrodes for contacting a subject’s skin. A width
of the replaceable electrode strip 150 may be between
approximately 10 mm and approximately 50 mm, accord-
ing to some examples.

[0019] In some cases, there may be one or more noise
electrodes 170 located separately from the first monitor
electrode 160a and the second monitor electrode 160b.
As shown, in some examples, the noise electrode(s) 170
may be located between the monitor electrodes 160a,
160b. A noise electrode may also comprise a hydrogel
electrode or other flexible electrode. For some implemen-
tations, a noise electrode 170 may be located approxi-
mately half-way between the first monitor electrode and
the second monitor electrode. In other examples, one or
more noise electrodes may be placed closer to one or
the other of the first monitor electrode and second monitor
electrode or at other locations on the strip 150. A noise
electrode may provide an electrical contact to the skin of
a subject and further connect electrically to noise can-
cellation circuitry within the flexible strip assembly 105.
[0020] A second example embodiment of a health-
monitor patch is depicted in FIG. 2A. As shown, in some
embodiments, a disposable health-monitor patch 200
may comprise a flexible strip assembly 205 that includes
a first end region 210a and a second and region 210b.
The length L and width W of a disposable health-monitor
patch 200 may be of approximately the same corre-
sponding dimensions for a health-monitor patch 100 de-
scribed above in connection with FIG. 1A. Referring to
FIG. 2B, a disposable health-monitor patch 200 may
have a lower profile, and a height that is between approx-
imately 2 mm and approximately 8 mm. A flexible strip
assembly 205 may be more uniform in height along its
length, and formed from a plurality of flexible layers of
materials. In some examples, it may include bulged end
regions 210a, 210b that accommodate the device’s elec-
tronics (e.g., a PCB assembly and battery).
[0021] A disposable health-monitor patch 200 may not
have a replaceable electrode strip 150, but may include
an adhesion surface 252. A disposable health-monitor
patch 200 may have a release liner (shown in FIG. 7A)
located over the adhesion surface 252 that may be re-
moved just prior to adhesion of the disposable health-
monitor patch to the skin of a subject. A disposable
health-monitor patch may operate between approximate-
ly one day and approximately 14 days on a subject, and
then be removed and disposed.
[0022] A plan-view illustration of an adhesion surface
252 of a disposable health-monitor patch 200 is depicted
in FIG. 2C, according to some embodiments. The adhe-
sion surface 252 may accommodate a first monitor elec-
trode 260a and a second monitor electrode 260b. The
monitor electrodes may be separated by a distance be-
tween approximately 50 mm and approximately 90 mm,
according to some implementations. Between the mon-
itor electrodes, or at some other location on the adhesion
surface 252, there may be one or more noise electrodes
270. The monitor electrodes may provide an electrical
connection to the patient’s skin and to sensing and data
analysis circuitry within the disposable health-monitor
patch. The one or more noise electrodes may provide
electrical connection to the subject’s skin and to noise
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cancellation circuitry within the disposable health-moni-
tor patch 200. In some examples, there may be one or
more openings through the adhesion surface 252 for ra-
diation to pass through from one or more light-emitting
devices 286 (e.g., laser(s), LED(s)), and for backscat-
tered light to pass through to one or more photodiodes
287.
[0023] In operation, a health-monitor patch may collect
physiological data (e.g., cardiac data, temperature data,
blood oxygenation data, etc.) and/or motion data (e.g.,
accelerometer data) from one or more of its sensors. In
some examples, some of the data may be processed or
pre-processed by an on-board processor of the health-
monitor patch. In some implementations, collected data
may be offloaded to a remote device (e.g., a smart phone,
a laptop, a tablet, a computer, etc.) which may process
the collected data. Data accumulated on a health-monitor
patch may be downloaded via a wireless connection. Ex-
amples of data processing and data transfer are de-
scribed in further detail in U.S. Patent Application Pub.
No. 2015-0119728.
[0024] FIG. 3 depicts some components and an exam-
ple circuit 300 that may be implemented in a health-mon-
itor patch, according to some examples. As shown, a
health-monitor patch’s circuitry may, for example, com-
prise a source of power 305 (e.g., at least one battery or
energy-scavenging chip and a wake-up and power-man-
agement circuit 350) that provide and manage power de-
livery to one or more of an accelerometer 330, a digital
processor 310, memory 320, and a transceiver 340. The
processor 310 may be coupled to one or more of the
wake-up circuit, the accelerometer, memory, and the
transceiver. The power source 305 and/or processor 310
may be coupled to additional components, such as one
or more physiological sensors 354.
[0025] The term "digital processor" or "processor" as
used herein may refer to at least one microcontroller,
microprocessor, digital signal processor (DSP), applica-
tion-specific integrated circuit (ASIC), field-programma-
ble gate array (FPGA), or data-processing logic circuitry.
"Digital processor" or "processor" may also be used to
refer to any combination of the foregoing digital process-
ing devices, including more than one of a particular data
processing device.
[0026] The processor may be configured to receive
and process data from one or more sensors on the health-
monitor patch (e.g., from the accelerometer 330 and/or
one or more physiological sensors 354). The processor
310 may further be configured to read and write data to
memory 320, and to send and receive data from trans-
ceiver 340. The wake-up circuit 350 may be adapted to
sense when the health-monitor patch is not in use, and
in response, reduce power consumption of the internal
circuit 300, according to some examples. The wake-up
circuit may be further adapted to sense when the health-
monitor patch is placed in use, and in response, activate
one or more elements of the internal circuit 300.
[0027] In some examples, the processor 310 may, for

example, comprise a low-power, 8-bit processor config-
ured to draw low power in sleep-mode operation, and
capable of operating at multiple millions of instructions
per second (MIPS) when activated. One example of a
suitable processor is the 8051F931 processor available
from Silicon Laboratories Inc. of Austin, Texas. Another
example of a processor is the nRF51822 processor avail-
able from Nordic Semiconductor of Oslo, Norway, though
any other suitable processor or microprocessor may al-
ternatively be employed in other examples. In some im-
plementations, the processor 310 may support radio-fre-
quency communications with other devices. A balun
(e.g., BAL-NRF02D3 available from ST Microelectronics
of Geneva, Switzerland) may be used to match RF sig-
nals between an antenna and the processor, according
to some examples.
[0028] The processor 310 may, for example, include
various types of on-board memory (e.g., flash memory,
SRAM, and XRAM) for storing data and/or machine-read-
able instructions, and may be clocked by an internal os-
cillator or external oscillator. In some examples, the proc-
essor may be clocked by an internal high-frequency os-
cillator (e.g., an oscillator operating at about 25 MHz or
higher) when the processor is active and processing da-
ta, and alternatively clocked by a low-frequency oscillator
(external or internal to the processor) when the processor
is substantially inactive and in sleep mode. The clocking
of the processor at low frequency may reduce power con-
sumption by the processor during sleep mode. The low-
frequency clocking may be at a frequency that is less
than 50% of the high-frequency clocking in some exam-
ples, less than 20% of the high-frequency clocking in
some examples, less than 10% of the high-frequency
clocking in some examples, less than 5% of the high-
frequency clocking in some examples, less than 2% of
the high-frequency clocking in some examples, less than
1% of the high-frequency clocking in some examples,
and yet less than 0.1% in some examples .
[0029] In various examples, the processor 310 may be
configured to receive acceleration data from accelerom-
eter 330 and process the received data according to pre-
programmed machine-readable instructions that are
loaded onto and execute on the processor. The proces-
sor 310 may be configured to receive analog and/or dig-
ital input data, and may include on-board analog-to-dig-
ital and digital-to-analog converters and on-board timers
or clocks. According to some examples, the processor
may also be configured to receive and analyze cardiac
waveform data from electrodes in contact with a user’s
skin. In some examples, the processor may be further
configured to receive power through wake-up and power
management circuitry 350. The processor may, in some
examples, cooperate with or comprise a portion or all of
power management circuitry 350, and facilitate activating
and deactivating one or more circuit elements within the
health-monitor patch.
[0030] In some examples, the processor 310 may be
configured to operate at a number of different clock fre-
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quencies. When operating at a low clock frequency, the
processor will typically consume less power than when
operating at a high clock frequency. In some examples,
the processor may be configured to be in a "sleep" mode
and operating at a low clock frequency when there is no
motion of health-monitor patch, and to be cycled through
several operating states when motion of the health-mon-
itor patch is detected. As one example, when in sleep
mode, the processor may sample data at a rate less than
10 Hz and draw less than about 30 microamps.
[0031] In some examples, accelerometer 330 may, for
example, comprise a multi-axis accelerometer and/or gy-
roscopes configured to sense acceleration along at least
two substantially orthogonal spatial directions. The ac-
celerometer 330 may comprise a three-axis accelerom-
eter based on micro-electro-mechanical systems
(MEMS) technology. In some implementations, one or
more single-axis accelerometers may additionally or al-
ternatively be used. In some embodiments, the acceler-
ometer 330 may be configured to provide one or more
analog data-stream outputs (e.g., X, Y, Z data outputs
corresponding to each axis of the accelerometer) that
are each representative of a magnitude and direction of
acceleration along a respective axis. One example of a
suitable accelerometer is the Kionix model KXSC7 ac-
celerometer available from Kionix Inc., Ithaca, New York.
Another example of a suitable accelerometer is the
LIS2DH accelerometer available from ST Microelectron-
ics of Geneva, Switzerland. The accelerometer 330 may
provide analog output data, that may later be converted
to digital data, or may provide digital output data repre-
sentative of acceleration values.
[0032] The accelerometer 330 may be characterized
by several parameters. Among these parameters may,
for example, be a sensitivity value and a sampling rate
value. The accelerometer’s analog sensitivity may be be-
tween about 100 millivolts (mV) per gravitational value
(100 mV/G) and about 200 mV/G in some examples, be-
tween about 200 mV/G and about 400 mV/G in some
examples, between about 400 mV/G and about 800
mV/G in some examples, and yet between about 800
mV/G and about 1600 mV/G in some examples. When
configured to provide a digital output, the sampling rate
of the accelerometer may be between about 10 samples
per second per axis (10 S/sec-A) and about 20 S/sec-A
in some examples, between about 20 S/sec-A and about
40 S/sec-A in some examples, between about 40 S/sec-
A and about 80 S/sec-A in some examples, between
about 80 S/sec-A and about 160 S/sec-A in some exam-
ples between about 160 S/sec-A and about 320 S/sec-
A in some examples, and yet between about 320 S/sec-
A and about 640 S/sec-A in some examples. It will be
appreciated that in some examples the higher sampling
rates may improve the quality of the measured acceler-
ations.
[0033] It will be appreciated that, in some examples,
an accelerometer 330 may be combined with one or more
analog-to-digital converters to provide digital output data

representative of acceleration values at sampling rates
described above. When digital output data is provided
by an accelerometer, the accelerometer’s sensitivity may
be expressed in units of bits per gravitational constant
(b/G). As examples, an accelerometer providing digital
output data may have a sensitivity of more than about 2
b/G in some examples, more than about 4 b/G in some
examples, more than about 6 b/G in some examples,
more than about 8 b/G in some examples, more than
about 10 b/G in some examples, more than about 12 b/G
in some examples, or even higher values in some exam-
ples.
[0034] According to some examples, a health-monitor
patch may include one or more sensors in addition to
motion sensor 352 and accelerometer 330. For example,
a health-monitor patch may include at least one physio-
logical sensor 354 (e.g., cardiac sensor, temperature
sensor, blood glucose sensor, blood oxygenation sensor,
etc.) configured to sense at least one physiological pa-
rameter of a subject. A physiological sensor may com-
prise one or more electrodes configured to provide elec-
trical connection to the skin of a subject in some exam-
ples. Other components that may be used in a physio-
logical sensor include, but are not limited to, pressure
transducers, acoustic transducers, temperature sensing
elements (e.g., thermistors, infrared sensors), light
sources (e.g., LEDs or laser diodes), and photodetec-
tors.) One illustrative example of a physiological sensor
comprises the AD8232 ECG chip available from Analog
Devices, Inc. of Norwood, Massachusetts. Such a chip
may be combined with electrodes arranged to contact
the skin of a subject.
[0035] A physiological sensor 354 may include various
signal-processing electronics and associated circuitry.
For example, a physiological sensor 354 may comprise
input amplifiers and noise filters that process received
signals from monitoring electrodes or other detectors.
Input amplifiers may include low-noise amplifiers and dif-
ferential amplifiers. A physiological sensor 354 may be
disposed, at least in part, in a same package with a
health-monitor patch in some implementations, or may
be formed as a separate monitor to be attached to the
subject at a separate location and wirelessly, or via a
wired link, transmit data to the health-monitor patch ac-
cording to a predetermined communication protocol. In
some implementations, a portion (e.g., a signal process-
ing portion) of a physiological sensor may be incorporat-
ed on a printed circuit board assembly of a health-monitor
patch, whereas electrodes or detectors for the sensor
may be located off the PCB assembly. In some cases, a
central processor of a health-monitor patch may com-
prise a portion of a physiological sensor and process sig-
nals from electrodes or other detectors to determine one
or more physiological parameters. Examples of physio-
logical parameters that may be sensed by one or more
physiological sensors 354 include, but are not limited to,
cardiac waveform, heart rate, heart-rate variability, ar-
rhythmia, skin temperature, core temperature, respira-
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tion rate, plethysmography waveform, EKG waveform,
blood oxygenation level, blood glucose level, hydration,
blood pressure, etc.
[0036] In some examples, a health-monitor patch may
include memory 320 that is external to and accessible to
the processor 310. The memory 320 may be any one of
or combination of the following types of memory: RAM,
SRAM, DRAM, ROM, flash memory. The memory 320
may, for example, be used to store and/or buffer raw data
from accelerometer 330 and/or physiological sensor 354,
machine-readable instructions for processor 310, pro-
gram data used by the processor for processing accel-
erometer data and/or physiological data, and/or activity
data representative of an activity. In some embodiments,
the memory 320 may additionally or alternatively be used
to store diagnostic information about the health of the
health-monitor patch, e.g., battery life, error status, etc.,
and/or technical information about the device, e.g., mem-
ory size, gravitational sensitivity, weight, battery model,
processor speed, version of operating software, user in-
terface requirements, etc. In some examples, the mem-
ory may also be used to store information pertinent to a
user, e.g., user weight, height, gender, age, training
goals, specific workout plans, activity-specific data for a
user that may be used to identify an activity performed
by the user or process data representative of an identified
activity. According to some examples, the memory 320
may store tables of metabolic equivalents (METs), cali-
bration values, and health guideline data that is used to
determine health benefit levels for various activities.
[0037] In some examples, the memory 320 may addi-
tionally or alternatively be used to store data structures
and/or code received from an external device, e.g., via
a wired or wireless link. The data structures and/or code
may be used to update one or more data processing ap-
plications used by the health-monitor patch. For example,
one type of data structure may be data representative of
an activity data pattern that may be used to identify a
specific type of activity not previously recognized by the
health-monitor patch, e.g., a new activity or an activity
that is specific to an individual user of the health-monitor
patch. As another example, a data structure may com-
prise a membership function, described below, defined
for a new activity or redefined for an identifiable activity.
According to some examples, the data structure may in-
clude one or more sample accelerometer traces and
physiological data obtained during performance of the
activity and/or may comprise identification data (e.g.,
membership functions) resulting from the processing of
the accelerometer traces that may be used in an algo-
rithm executed by the health-monitor patch to identify the
activity. Further, in some examples, the memory 320 may
be used to store updates and/or replacements to algo-
rithms executed by the health-monitor patch. The stored
data structures and algorithms may be used to reprogram
and/or expand the functionality of the health-monitor
patch to identify new activities or activities not previously
recognized by the health-monitor patch and/or improve

the accuracy or confidence of results calculated for iden-
tified activities.
[0038] In some examples, the memory 320 may also
be used to store calibration and/or conversion data that
is used by the processor 310 to characterize detected
activities. Calibration data may be used to improve the
accuracy of detected activity parameters (e.g., stride
length, speed), and/or improve the accuracy of fitness
metrics computed from detected activities. Conversion
data may, for example, be used to convert a detected
activity into an amount of expended human energy, e.g.,
calories burned, metabolic equivalents, etc.
[0039] According to some examples, a health-monitor
patch may include a transceiver 340 and/or one or more
data communication ports (e.g., a USB port, an RF com-
munication port, a Bluetooth port) for communicating da-
ta between the health-monitor patch and one or more
external devices such as a computer, tablet, cell phone,
portable communication device, data processor, a sen-
sor, another intelligent sensor, or a versatile sensor, any
of which may be configured to communicate with other
similar devices in a network such as the world-wide web
or a local area network. A health-monitor patch may, for
example, be configured to communicate via the trans-
ceiver 340 through a wired or wireless port to any device
or combination or devices selected from the following list:
a personal computer, laptop computer, tablet computer,
PDA, a watch, an MP3 player, an iPod, a mobile phone,
a medical device such as a blood glucose meter, blood
pressure monitor, or InR meter, an electronic interactive
gaming apparatus, intelligent training equipment, and an
automobile system. Data retrieved from the memory 320
or to be stored in memory may, for example, be commu-
nicated between the health-monitor patch and an exter-
nal device via the transceiver 340. In some examples,
data transmitted from the health-monitor patch may be
configured for routing to a data service device adapted
to process data received from a health-monitor patch.
[0040] In some examples, power for the internal elec-
tronics of a health-monitor patch may be provided by at
least one battery 305 and managed by a wake-up and
power-management circuit 350. The battery may be
small, e.g, a button-cell type, and may, for example, com-
prise one or more lithium-type batteries that may be re-
chargeable or replaceable. As just one example, a single
lithium coin or button-cell, 3-volt battery having a capacity
of about 230 mAh may be used (model CR2032 available
from Renata SA of Itingen, Switzerland). Another exam-
ple of a health-monitor patch may include one or more
model CR1616 batteries, though any suitable type of bat-
tery may alternatively be used in various examples. In
some examples, a health-monitor patch may include
power-generation or energy-harvesting hardware (e.g.,
a piezo-electric material or electric generator configured
to convert mechanical motion into electric current, a solar
cell, an RF or thermal converter). Power that is generated
on board may be stored in a battery or charge-storage
component such as a super capacitor. In some imple-
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mentations, generated electrical current may be provided
to a storage component via a diode bridge. One example
of a suitable energy harvesting device is a microenergy
cell MEC225 available from Infinite Power Solutions, Inc.
of Littleton, Colorado. In some examples, power gener-
ation components may be used in combination with a
rechargeable battery as a source of power for a health-
monitor patch. A voltage regulator chip (e.g., TPS78001
available from Texas Instruments of Dallas, Texas) may
be used to condition power from at least one power
source before delivering the power to components of a
health-monitor patch, according to some embodiments.
[0041] According to some examples, a battery 305 of
a health-monitor patch may be recharged wirelessly. For
example, a health-monitor patch may include a conduc-
tive coil that can inductively couple electromagnetic en-
ergy from an alternating magnetic field. Current from the
coil may be provided to a rectifying circuit that converts
the alternating current into a direct current that can be
used to charge a battery 305.
[0042] In some implementations, wake-up and power-
management circuitry 350 may include a motion sensor
352 that, in combination with the wake-up and power-
management circuitry 350, identifies when a health-mon-
itor patch is being moved in a manner that may be rep-
resentative of an activity to be monitored. The wake-up
and power-management circuitry 350 may, for example,
comprise logic and control circuitry to enable, disable,
reduce and/or increase power to various circuit elements
shown in FIG. 3. Logic and control circuitry for the wake-
up and power-management circuitry may, for example,
comprise machine-readable instructions and utilized
hardware of the processor 310, or may comprise ma-
chine-readable instructions and utilized hardware of an
application specific integrated circuit.
[0043] In some examples, the motion sensor 352 may
comprise one or more force sensitive switches, e.g., a
piezo element configured to generate an electric signal
representative of an amount of acceleration that a health-
monitor patch experiences. In other examples, the mo-
tion sensor 352 may additionally or alternatively comprise
one or more contact switches that close a circuit, or open
a circuit, when the health-monitor patch is subjected to
an acceleration, e.g., a "ball-in-tube" switch. Wake-up
may, for example, be initiated when a frequency of switch
closures exceeds a pre-selected value. In other exam-
ples, the sensor 352 may additionally or alternatively
comprise one or more force-sensitive contact switches
that close only when a health-monitor patch undergoes
acceleration in excess of a pre-selected value.
[0044] According to some examples, a health-monitor
patch may include an electro-optic display (e.g., a liquid-
crystal display, an OLED display, one or more LEDs) and
be configured to recognize one or more tapping sequenc-
es and/or motion gestures (e.g., moving the device in a
figure-8 pattern, a circle pattern, a back-and-forth linear
pattern). Responsive to recognition of a tapping se-
quence or gesture, a health-monitor patch may activate

the display to communicate information or a summary of
information stored on the patch. A tapping sequence or
gesture may correspond to a particular information query,
to which the health-monitor patch may respond by indi-
cating with the display relevant information. According to
one example, the health-monitor patch may be tapped
in a particular manner, and in response activate a number
of LEDs to indicate that a user has reached an approxi-
mate percentage of an activity goal (e.g., illuminating 8
of 10 LEDs to signal approximately 80%). An activity goal
may be preprogrammed into the health-monitor patch by
a user of physician using another electronic device such
as a computer or smart phone that can communicate
wirelessly with the health-monitor patch. Information
about progress toward one or more activity goals can be
communicated by the device (e.g., walked 30% of a goal
of 3 miles, ran 60% of a goal of 8 miles, swam 90% of a
goal of 60 laps, achieved 70% of creditable health-ben-
eficial activity for the day, achieved 50% of a recommend-
ed number of health credits for a week, etc.) A display
may also be used to communicate other information re-
sponsive to particular tapping sequences or gestures,
e.g., battery life, pace comparison (ahead of, or behind,
best pace for an activity), heart rate, calories burned, etc.
[0045] Data may also be communicated to and from a
health-monitor patch using a wireless communication
protocol (e.g., Bluetooth, BluetoothLE, Bluetooth Smart,
a modified Bluetooth protocol, Wi-Fi, etc.). For example,
a wireless transceiver and antenna may be included with
a health-monitor patch and used to transmit and receive
data to and from a remote device such as a smart phone,
smart watch, computer, tablet, etc.
[0046] According to some examples, a health-monitor
patch may include at least one light source 286 and at
least one photodetector 287. The at least one light source
and photodetector may be used, for example, for sensing
one or more physiological parameters of a subject, e.g.,
blood oxygenation level, plethysmography waveforms,
blood glucose level, blood flow rate, etc. In some exam-
ples, the light source 286 may comprise a high-bright-
ness infrared (IR) photodiode and a shorter wavelength
photodiode. In recent years, progress in indium-gallium-
nitride LED technology has yielded devices with both low-
ered junction voltage and increased radiated intensity.
Using InGaN technology, and applying power manage-
ment techniques described in U. S. patent application
No. 13/840,098, to which this application claims priority,
may provide a health-monitor patch capable of measur-
ing heart rate and/or other physiological parameters that
can run for a week or more on one or more coin-cell silver-
oxide batteries. The photodetector 287 may be any suit-
able photodetector (e.g., one or more silicon photodiodes
that may include a wavelength filter), and may be mount-
ed to detect light from the light source that is scattered
or reflected from the subject.
[0047] FIG. 4 depicts an exploded view of a disposable
health-monitor patch 400, according to some examples.
A flexible strip assembly of a disposable health-monitor
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patch may include a first PCB assembly 405, a battery
305, and a plurality of flexible materials. At least some
of the flexible materials or layers may comprise a sheet
formed from solid material (e.g., a plymer film, cloth, pol-
ymer or cloth mesh, etc.) that provides tensile strength
and shape retention for a health-monitor patch. For ex-
ample, one or more layers may comprise flexible adhe-
sive tape or films. Some layers may be deposited as a
liquid or gel, according to some examples. In some cases,
the PCB assembly may comprise a flexible PCB.
[0048] According to some examples, a battery strap
445 may provide a connection between a first terminal
of the battery 305 (e.g., the positive terminal) and a bat-
tery conductor 480. The battery strap and conductor may
be formed from a conductive metal and/or conductive
polymer (e.g., a conductive carbon vinyl film which may
or may not be coated with a film comprising silver. The
battery 305 may be a coin-cell type battery having a di-
ameter between about 10 mm and about 20 mm, and
may be located adjacent to an insulating ring 410 that
helps to electrically isolate the two terminals of the bat-
tery. A second terminal of the battery may electrically
connect to a noise/ground conductor 470. The
noise/ground conductor may also connect to a noise
electrode 270 on the disposable health-monitor patch
400. According to some implementations, the
noise/ground conductor 470 may further connect to a
ground contact (not shown) located on the PCB assembly
405.
[0049] There may be additional conductors that con-
nect to the monitor electrodes of a disposable health-
monitor patch. For example a first monitor conductor
460a may provide electrical connection between a first
monitor electrode 260a and a first signal input pad (not
shown) of the PCB assembly 405. A second monitor con-
ductor 460b may provide electrical connection between
a second monitor electrode 260b and a second signal
input pad (not shown) on the PCB assembly 405. The
first monitor conductor 460a, the second monitor con-
ductor 460b, the battery conductor 480, and the
noise/ground conductor 470 may be formed from a con-
ductive polymer which may or may not be adhesive. In
some examples these conductors may be formed from
a carbon vinyl polymer or coated vinyl polymer. An ex-
ample of a coated vinyl polymer that may be used for a
flexible conductor is model 6355, available from Coveris
Advanced Coatings of Matthews, North Carolina. In
some implementations, one or more of the conductors
may be formed from a flexible PCB. In some examples,
the first monitor conductor 460a, the second monitor con-
ductor 460b, the battery conductor 480, and the
noise/ground conductor 470 may be cut or punched from
a film of the conductive polymer.
[0050] Below the conductors may be a conductor ad-
hesion layer 425 to which the conductors may be ad-
hered. The conductor adhesion layer 425 may retain the
conductors in place as the disposable health-monitor
patch flexes on a subject. In some examples, the con-

ductor adhesion layer 425 may be a silicone adhesive
layer that is electrically insulating. According to some im-
plementations, the conductor adhesion layer 425 may
have adhesive surfaces on opposing sides (e.g., double-
sided adhesive). An example of a conductor adhesion
layer 425 is model 96022 silicone adhesive, available
from 3M Corporation of St. Paul, Minnesota. According
to some examples, the conductor adhesion layer 425
may be cut and/or punched from a film of the adhesive
material.
[0051] According to some examples, there may be
conductive adhesive elements 415 located above the
battery and signal conductors. The conductive adhesive
elements may have adhesion surfaces on opposing
sides. These elements may be formed in a similar shape
to the conductors 460a, 460b, 470, 480 from a flexible
conductive adhesive film. The conductive adhesive ele-
ments 415 can provide electrical connection between the
underlying conductors and contact pads on the PCB as-
sembly and terminals on the battery 305. The conductive
adhesive elements 415 can also adhere the underlying
conductors, PCB assembly, and battery together into a
flexible assembly. A conductive adhesive element may
be formed from adhesive film, model 9719, available from
3M Corporation of St. Paul, Minnesota, according to
some examples. The conductive adhesive elements 415
may be cut or punched from a film of conducting adhe-
sive.
[0052] In some cases, an insulating layer 430 may be
located below the conductor adhesion layer 425. The in-
sulating layer 430 may provide some stiffness to the lower
layers and help retain the monitor electrodes 260a, 260b
and the noise electrode 270. In some cases, insulating
layer 430 may comprise a foam material having an ad-
hesive surface on one side, an example of which is model
1774W, available from 3M Corporation of St. Paul, Min-
nesota. The adhesive surface may be facing the conduc-
tors 460a, 460b, 470, 480, for example. The insulating
layer 430 may be cut or punched from a film of the ma-
terial.
[0053] In some examples, there may be a surface ad-
hesion layer 435 that adheres to the insulating layer 430.
An example of a surface adhesion layer 430 is model
96022 silicone adhesive, available from 3M Corporation
of St. Paul, Minnesota, though other suitable adhesion
layers may be used. According to some embodiments,
the surface adhesion layer 430 may be cut and/or
punched from a film of the adhesive material.
[0054] According to some aspects, a skin adhesion lay-
er 490 may be attached to the insulator layer 430. The
skin adhesion layer 490 may include an adhesion surface
252 that provides a durable adhesion to the skin of the
subject. Any suitable skin adhesive material may be used
for the skin adhesion layer 490. According to some ex-
amples, a suitable acrylic skin adhesive available from
Avery Dennison of Glendale, California may be used as
a skin adhesion layer 490. One example of a skin adhe-
sion layer 490 is a Tegaderm adhesive, model 1626W,
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available from 3M Corporation of St. Paul, Minnesota,
though other biocompatible adhesion layers may be
used. In some implementations, a hydrocolloid adhesive,
model H011, available from Adhesive R&D of Eau Claire,
Wisconsin may be used for the skin adhesion layer. A
skin adhesion layer 490 may include a release liner (not
shown) over the adhesion surface, that is removed prior
to adhering the disposable health-monitor patch 400 to
a subject. An example release liner is model 1361 liner,
available from 3M Corporation of St. Paul, Minnesota. In
some implementations, a skin adhesion layer 490 may
be cut and/or punched from a film of the material.
[0055] Upper layers of a disposable health-monitor
patch 400 may include an insulating adhesive layer 450
and an electrostatic discharge (ESD) shield 455 that ex-
tend over the battery 305, the PCB assembly 405, and
a majority of the conductive adhesive elements 415. In
some cases, there may be a hole or notch in the insulating
adhesive layer 450 that allows the noise/ground conduc-
tor 470 to electrically connect to the ESD shield 455,
which may be located adjacent to the insulating adhesion
layer 450. The insulating adhesive layer 450 may have
adhesive surfaces on opposing sides, or may have a sin-
gle adhesive surface. An example insulating adhesive
layer is adhesive model 9474LE, available from 3M Cor-
poration of St. Paul, Minnesota, though other insulating
adhesive layers may be used in other examples. An ex-
ample double-sided, insulating, adhesive layer aving dif-
ferent adhesion properties on opposing sides (e.g., a dif-
ferential adhesive) include adhesive model 9425, avail-
able from 3M Corporation of St. Paul, Minnesota. The
insulating adhesive layer 450 may be cut and/or punched
from a film of the adhesive material.
[0056] In some examples, an ESD shield 455 may ex-
tend over at least a portion of the first monitor conductor
460a and at least a portion of the second monitor con-
ductor 460b. The ESD shield may further electrically con-
nect to the noise electrode 270 via the noise/ground con-
ductor 470. The ESD shield may be insulated from the
first monitor conductor and the second monitor conduc-
tor, but be located in close proximity (e.g., less than about
2 mm) to the two conductors (e.g., arranged as parallel
plates in some locations). The ESD shield may be formed
from a conductive polymer, according to some examples.
An example conductive polymer is coated carbon vinyl
film, model 6355, available from Coveris Advanced Coat-
ings of Matthews, North Carolina, though uncoated con-
ductive films may be used.
[0057] According to some examples electrical noise
transmitted across the skin of the subject may be picked
up by the noise electrode 270 and conducted to the ESD
shield 455. This noise may then couple into the first mon-
itor conductor 460a and the second monitor conductor
460b from the ESD shield due to the close proximity of
the ESD overlying the first monitor conductor 460a and
second monitor conductor 460b. In some examples, the
amount of signal coupled to each monitor electrode may
have similar amplitudes (e.g., within about 6 15 %). A

differential amplifier may be arranged at a signal input of
the PCB assembly 405 to amplify signals received from
the first monitor electrode 260a and second monitor elec-
trode 260b. Since the noise is coupled into the two con-
ductors and inputs of the differential amplifier, it may be
reduced or cancelled via common-mode rejection.
[0058] According to some examples, there may be an
adhesive cover layer 402 attached over the ESD shield
455 that covers the disposable health-monitor patch 400.
The adhesive cover layer 402 may comprise cloth, foam,
a flexible polymer (such as silicone), or any other suitably
flexible material. In some examples, a cover layer 402
may comprise a second layer of the same material used
for the insulating layer 430. The cover layer may be cut
or punched from a film of the material. In some instances,
the cover layer 402 and insulating layer 430 may com-
prise sealed foam or a suitable water resistant or water-
proof material to reduce ingress of water to the PCB as-
sembly 405 and battery 305.
[0059] Some components of a disposable health-mon-
itor patch are depicted in the elevation view of FIG. 5,
according to some examples. The depiction shows a
PCB assembly 405 that connects to the first monitor elec-
trode 260a via a conductive adhesive element (depicted
as a gray line) and the first monitor conductor 460a. The
PCB assembly 405 also electrically connects to the sec-
ond monitor electrode 260b via a conductive adhesive
element (gray line) and the second monitor conductor
460b. The battery 305 and its conductors are not depicted
in FIG. 5 to simplify the drawing.
[0060] In some implementations, the ESD shield 455
is disposed over the PCB assembly 405, the first monitor
conductor 460a, and the second monitor conductor 460b.
There may be an insulating adhesion layer 450 between
the ESD shield 455 and the conductive adhesive ele-
ments. The insulating layer may include an opening 452
(also depicted in FIG. 4) between the ESD shield 455
and the conductive adhesive element 415 that is located
over the noise/ground conductor 470. The opening al-
lows an electrical connection to be made between the
ESD shield 455 and the noise electrode 270 when the
layers of the health-monitor patch are all pressed togeth-
er.
[0061] Further details of a repeated-use health-moni-
tor patch 100 are depicted in the elevation view of FIG.
6, for some implementations. The illustration shows an
arrangement of components for the device illustrated in
FIGS. 1A-1C, according to some examples. Within the
flexible strip assembly 105, there may be a PCB assem-
bly 405 and a battery 305. The flexible strip assembly
105 may further include conductive elements (not all
shown) that provide electrical connection between termi-
nals of the battery and power/ground pads on the PCB
assembly and one or more noise electrodes or sensing
components, and between signal inputs on the PCB as-
sembly and monitor electrodes 160a, 160 b. The noise
electrode and monitor electrodes may be located on the
replaceable electrode strip 150, which is shown separat-
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ed from the flexible strip assembly.
[0062] According to some 2. examples, there may be
electrical onnections between various components of a
health-monitor patch. For example, a patterned flexible
PCB may be used to form electrical connections between
a monitor electrode and a PCB assembly 405. The in-
ventors have recognized and appreciated that linkages
between a flexible conductor (e.g., a flexible PCB) and
a more rigid electrical component (e.g., a PCB assembly
405) can be improved by adding strain-relief material at
an interface of the flexible conductor. For example, sili-
cone, polyimide, or a thermal set adhesive may be added
to reinforce and provide strain relief at a junction between
a flexible conductor and a more rigid electrical compo-
nent.
[0063] In some examples, the flexible strip assembly
105 may be formed in part from flexible silicone. For ex-
ample, the silicone may be applied in gel or liquid form
into a mold to cover electronic components of a health-
monitor patch. The resulting silicone casing 605 may ex-
tend entirely around the battery 305, the PCB assembly
405, and the associated conductors. The silicone may
then be cured, so that the assembly 105 can be highly
flexible and completely waterproof. A waterproof enclo-
sure may allow the health-monitor patch to be worn on
a subject and immersed in water. Further, adhesives
used for the replaceable electrode strip 150 form water-
tight seals with the silicone casing 605 and skin of a sub-
ject. The inventors have recognized and appreciated that
conventional activity monitors that sense heart rate do
not perform well or at all when immersed in water. The
silicone enclosure may allow the health-monitor patch to
monitor activity and physiological parameters of a swim-
mer, surfer, windsurfer, kiteboarder, etc.
[0064] Since, in some implementations, the on-board
battery may be fully encased in silicone, wireless charg-
ing may be used to recharge the on-board battery. In
some examples, a coil and rectifying circuit may be in-
cluded in a health-monitor patch so that electromagnetic
energy may be wirelessly coupled to the coil from a wire-
less charger. Energy coupled to the coil may be rectified
and used to charge the battery.
[0065] Although silicone provides a flexible and robust
environmental seal, it is an electrical insulator. The in-
ventors have conceived of locally modifying the silicone
so that electrical connection through the silicone to the
monitor and noise electrodes of the replaceable elec-
trode strip 150 can be achieved. According to some ex-
amples, the electrical connections do not require metal
wires or inflexible metal pads at the surface of the silicone
casing 605.
[0066] According to some examples, the silicone cas-
ing may be infused with carbon or other conductive ma-
terials at surface locations that correspond to locations
of the monitor electrodes 160a, 160b and noise elec-
trode(s) 170 on the replaceable electrode strip 150. For
example, the flexible strip assembly 105 may include a
first infused monitor electrode 660a and a second infused

monitor electrode 660b. The flexible strip assembly may
further include one or more infused noise electrodes 670.
[0067] The carbon-infused electrodes may be formed,
according to some examples, using a double-injection
process. For example, a first injection of uncured, carbon-
infused silicone may be used to form the infused elec-
trodes 660a, 660b, 670 at the correct locations. Conduc-
tive carbon powder may be premixed into the silicon to
make the silicone conductive. A second silicone injection
may then be used to form the remaining casing 605 of
the flexible strip assembly. The second silicone injection
may comprise insulating silicone. The first injection may
be uncured, partially cured, or fully cured prior to the sec-
ond injection.
[0068] Internal conductors 672 (e.g., conductors on a
flexible PCB or conductors made from a flexible conduc-
tive film) may electrically connect to a corresponding in-
fused electrode. (Not all conductors are shown in FIG.
6.) For example, the carbon-infused silicone may be in-
jected around an exposed end of a conductor. The con-
ductor may then provide an electrical connection to a
signal input on the PCB assembly 405 or to the ESD
shield 455. The infused electrode may provide electrical
conduction between a conductor and another conductive
element on the replaceable electrode strip.
[0069] An example showing further details of a replace-
able electrode strip 150 is illustrated in FIG. 7A. The com-
ponents are shown in an exploded elevation view in FIG.
7A and depicted in an assembled elevation view in FIG.
7B. In some implementations, a replaceable electrode
strip may comprise a first release liner 710 sealing a top
adhesive surface of the replaceable electrode strip and
a second release liner 712 covering a skin adhesion sur-
face 152 of the replaceable electrode strip. In some im-
plementations, the first and second release liners may
be release liner model 1361, available from 3M Corpo-
ration of St. Paul, Minnesota, though other liners may be
used in other examples. The first release liner may be
removed prior to adhering the replaceable electrode strip
150 to the bottom (skin-side) surface of the flexible strip
assembly 105. The second release liner may be removed
prior to adhering the flexible strip assembly and replace-
able electrode strip to the skin of a subject.
[0070] A replaceable electrode strip 150 may further
include a patch adhesion layer 720 that provides adhe-
sion of the replaceable electrode strip to the flexible strip
assembly 105 (e.g., to the silicone casing 605). The patch
adhesion layer may comprise adhesive surfaces 722,
726 on opposing sides in some cases. In some imple-
mentations, the adhesive surfaces may be formed of a
same material. In other examples, the adhesive surfaces
may be formed of a different material. Examples of dou-
ble-sided adhesives formed of same materials may in-
clude adhesive models 96042 or 9474LE, available from
3M Corporation of St. Paul, Minnesota. An example dou-
ble-sided adhesive having different adhesion properties
on opposing sides (e.g., a differential adhesive) include
adhesive model 9425, available from 3M Corporation of

19 20 



EP 3 370 598 B1

12

5

10

15

20

25

30

35

40

45

50

55

St. Paul, Minnesota. The patch adhesion layer may be
configured to adhere to silicone on a first adhesive side
722 and an underlying layer of the replaceable electrode
strip on a second adhesive side 726.
[0071] In some examples, the patch adhesion layer
720 may include vias 725 that expose conductive adhe-
sive disks 730 when the first release liner 710 is removed.
The vias 725 may have a diameter between about 5 mm
and about 20 mm, according to some examples. The
conductive adhesive disks 730 may have a diameter ap-
proximately 2 mm to approximately 6 mm larger than the
diameter of the vias 725.
[0072] In some implementations, the conductive adhe-
sive disks 730 may be formed from conductive adhesive
model 9713, available from 3M Corporation of St. Paul,
Minnesota, though other conductive adhesives may be
used in some cases. The conductive adhesive disks 730
may adhere to infused silicone electrodes 660a, 660b,
670 on one side and to conductive disks 740 on an op-
posing side and provide electrical connections between
the infused electrodes and conductive disks. The con-
ductive adhesive disks 730 may also adhere to the patch
adhesion layer 720 and retain the conductive disks 740
in a desired location (e.g., aligned to electrodes 160a,
160b, 170). The flexible conductive disks 740 may be
formed from a conductive polymer, such as a carbon vinyl
film model 6355, available from Coveris Advanced Coat-
ings of Matthews, North Carolina, though other conduc-
tive films may be used in some cases. A diameter of the
conductive disks 740 may be between approximately 1
mm and approximately 6 mm smaller than the diameter
of the conductive adhesive disks 730, according to some
examples. In some examples, a diameter of the conduc-
tive disks 740 may be equal to or larger than the diameter
of the conductive adhesive disks 730.
[0073] A replaceable electrode strip 150 may further
include a skin adhesion layer 750. The skin adhesion
layer 750 may be electrically insulating and include vias
745 that expose the conductive disks 740 to underlying
electrodes 160a, 160b, 170. The diameter of the vias 745
may be less than or greater than the diameter of the con-
ductive disks 740. An example of a skin adhesion layer
750 is a Tegaderm adhesive, model 1626W, available
from 3M Corporation of St. Paul, Minnesota, though other
biocompatible adhesive layers may be used. In some
implementations, a hydrocolloid adhesive, model H011,
available from Adhesive R&D of Eau Claire, Wisconsin
may be used for the skin adhesion layer 750.
[0074] The vias 745 of the skin adhesion layer 750 may
accommodate the monitor electrodes 160a, 160b and
the noise electrode(s) 170, according to some examples.
These electrodes may be formed from a hydrogel, e.g.,
X863 Hydrogel available from Adhesive R&D of Eau
Claire, Wisconsin, though any other suitable hydrogel
may be used. The diameter of the electrodes may be
between approximately 5 mm and approximately 20 mm,
in some cases. In some examples, the diameter of the
electrodes may be between approximately 8 mm and ap-

proximately 16 mm.
[0075] In some implementations, one or more of the
electrodes 160a, 160b, 170 may be surrounded laterally
by an adhesive ring 765. The adhesive ring may be in-
sulating, according to some examples. The adhesive
rings may be formed from adhesive model 1774W, avail-
able from 3M Corporation of St. Paul, Minnesota, though
other adhesives may be used to form adhesive rings 765.
[0076] FIG. 7B shows components of a replaceable
electrode assembly 150 pressed together to bond the
different layers and components into an assembly. In
some examples, the hydrogel may be injected after
pressing the layers and other components together and
prior to applying the second release liner 712. According
to some examples, the flexible layers and components
of the replaceable electrode assembly 150 (apart from
the hydrogel electrodes) may be cut and/or punched to
a suitable shape when manufacturing the assembly. Re-
ferring again to FIG. 4, flexible layers and components
of a disposable health-monitor patch 400 (apart from the
hydrogel electrodes, PCB assembly, and battery) may
be cut and/or punched to a suitable shape when manu-
facturing the assembly. The inventors have recognized
and appreciated that multiple layers and components of
a replaceable electrode assembly 150 and a disposable
health-monitor patch 400 may be formed and assembled
using reel-to-reel or "converter" manufacturing process-
es. This can greatly reduce manufacturing costs for pro-
ducing a health-monitor patch or replaceable electrode
strip.
[0077] In some examples, two or more "levels" of a
disposable health-monitor patch or replaceable elec-
trode strip may be assembled using a converter process
to form a first composite. Separately, two or more addi-
tional levels may be assembled using a converter proc-
ess to form a second composite. Then, the two compos-
ites may be assemble using a converter process.
[0078] For example and referring to FIG. 7A, a first
composite may be assembled in a converter process by
unrolling a release liner 710 from a first roll (level 1),
punching vias 725 in a sheet from a second roll compris-
ing patch adhesion layer 720 (level 2), and perforating
conductive adhesive disks 730 from a third roll compris-
ing a conductive adhesive (level 3). Perforating a layer
may allow the disks 730 (or other component) to be weak-
ly retained in the sheet of material, and subsequently
broken or torn free from the sheet when bonding to an-
other layer.
[0079] The three levels may then be pressed together
to form a first composite, and excess material from the
conductive adhesive roll may be removed. Similar
processing may be used to assemble the conductive
disks 740 (level 4), skin adhesion layer 750 (level 5), and
adhesive rings 765 (level 6) to form a second composite.
The first and second composites may then be aligned
and pressed together in a converter process. Subse-
quently, the hydrogel electrodes 160a, 160b, 170 may
be injected and the second release liner 712 applied.
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Finally, the replaceable electrode assembly 150 may be
punched from the assembled composites and packaged.
Other suitable manufacturing processes may be used in
other examples.
[0080] When placed in operation, a health-monitor
patch (repeated-use or disposable) may detect full
PQRST waveform profiles or portions of PQRST wave-
form profiles of a subject continuously or intermittently,
according to some implementations. An illustration of a
PQRST waveform profile is depicted in FIG. 8. The de-
tected waveforms may be processed (e.g., by processor
310, digital signal processing circuitry, or any suitable
signal processing circuitry) to determine one or more
physiological parameters. Physiological parameters that
may be determined by a health-monitor patch from car-
diac waveforms may include heart rate, inter-beat interval
(IBI), heart rate variability (HRV), arrhythmia, and respi-
ration rate, for example.
[0081] According to some examples, electronic filter-
ing may be used to pre-process a cardiac waveform. For
example, filtering may be used to reduce noise, pass or
block certain frequency components, or emphasize as-
pects of a PQRST waveform so that a particular param-
eter (e.g., heart rate, HRV, arrhythmia, etc.) may be de-
termined by a processor 310 more accurately, for exam-
ple. A cardiac waveform 910 recorded by a health-mon-
itor patch of an example embodiment is plotted in FIG.
9. The signal has been pre-processed by on-board cir-
cuitry to emphasize aspects of the R wave, so that heart
rate may be determined more accurately. According to
some examples, different signal processing schemes
may be employed to emphasize selected aspects of a
cardiac waveform, so that a recorded or analyzed wave-
form may be different from those shown in FIG. 8 and
FIG. 9.
[0082] According to some implementations, power
conservation for a health-monitor patch may, at least in
part, be based on cardiac data received from a cardiac
sensor and/or motion data received from an accelerom-
eter. Power conservation methods based on cardiac data
may run in parallel with or in combination with power con-
servation methods based on motion data. In some cases,
a power conservation mode of operation may be deter-
mined in part based upon a health condition of the sub-
ject. For example, recovering patients or individuals pre-
senting a health impairment may need more continuous
and/or full monitoring of cardiac waveform and/or activ-
ity/motion data, whereas less monitoring of cardiac wave-
forms and activity data may be needed for fit individuals.
Selection or setting of power-conservation mode options
may be made via wireless communication with the
health-monitor patch or via a tapping sequence or ges-
ture recognizable by the health-monitor patch.
[0083] To extend battery life, a health-monitor patch
may cycle through one or more operational modes that
consume different amounts of power depending on the
state of the subject. As just one illustrative example of
power conservation, motion data may be analyzed by a

system processor to determine that a subject is in an
inactive state (e.g., sitting, lying, riding in a vehicle, etc.).
A health-monitor patch may then determine that at least
power to an accelerometer may be reduced. In some
examples, circuitry and processing algorithms associat-
ed with the accelerometer may enter a sleep or reduced-
power mode. In some examples, a cardiac sensor of the
same health-monitor patch may also enter a sleep mode
in which a full cardiac waveform is not recorded. Instead,
portions of a cardiac waveform (e.g., only R-wave por-
tions), or none of a cardiac waveform, may be recorded
and/or processed. In some implementations, portions of
the cardiac waveform may be recorded and processed
intermittently (e.g., skipping one or more beats between
recordings). In other examples, a cardiac sensor may
continue to sense a full cardiac waveform while an inac-
tive state of the subject has been detected (e.g., to mon-
itor a cardiac parameter for a patient).
[0084] In some examples, a full-power continuous de-
tection mode may be automatically activated when the
health-monitor patch determines that the subject is active
based on data from the accelerometer. In some imple-
mentations, a power management circuit of a health-
monitor patch may place a cardiac sensor in a power-
conserving state when a subject is active. For example,
a health-monitor patch may determine that a subject’s
heart rate is stable during an activity, and may then place
the cardiac sensor in a power-conserving state in which
portions of the cardiac cycle are monitored continuously
or intermittently.
[0085] Additional examples of power-conserving
modes include, but are not limited to, a beat-detect mode,
a QRS-detect mode, and a full-wave mode. In a beat-
detect mode, a heart monitor may sleep for a period of
time between each heartbeat of a subject and awake in
time only to determine a point or timing in the cardiac
waveform that is sufficient to indicate an inter-beat inter-
val (IBI). For example, the cardiac sensor may awake in
time to detect a portion of the cardiac waveform corre-
sponding to an R wave. In some implementations, the
cardiac signal may be fed to a comparator or processor
configured to detect a threshold crossing or change in
slope (e.g., location of a peak) of the R wave. A compa-
rator may require less power to operate than circuitry
needed to capture and analyze a portion of the cardiac
waveform.
[0086] In a QRS-detect mode, a cardiac sensor may
sleep for a period of time between each heartbeat of a
subject and "awake" in time to capture a QRS waveform
for subsequent analysis. The QRS waveform may, for
example, be analyzed by a processor for arrhythmia,
heart rate variability, and/or respiration rate, according
to some implementations. In some examples, respiration
rate may be determined from an envelope of the R-wave
over multiple cardiac cycles.
[0087] In a full-wave mode of operation, a heart monitor
may operate continuously to capture a full cardiac wave-
form for multiple beats. A full-wave mode of operation
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may be executed periodically to ascertain the timing of
P or R waves, for example, and determine an interval of
sleep for a cardiac monitor between heartbeats. In some
implementations, a full-wave mode of operation may be
executed when a subject becomes active, or may be ex-
ecuted when a subject’s activity is found to be moderate
and/or vigorous. In some implementations, a user may
command continuous monitoring of a cardiac waveform
and/or other physiological parameters irrespective of the
user’s activity by communicating wirelessly with, or tap-
ping a sequence on, the health-monitor patch that can
be detected by the motion sensor, processed, and rec-
ognized by the health-monitor patch’s processor as a
command to record full-wave, continuous data.
[0088] Additional examples of power-conserving
modes and processing cardiac signals are described in
U.S. Patent Application Pub. No. 2015-0119728.
[0089] The invention is defined by appended claims
1-15.

Claims

1. A health-monitor patch (400) configured to be ad-
hered to the skin of a subject, the health-monitor
patch (400) comprising:

a cardiac sensor (354) comprising a first monitor
electrode (260a), which is configured to receive
a first signal from a first location on the skin of
the subject, and a second monitor electrode
(260b), which is configured to receive a second
signal from a second location on the skin of the
subject;
a third, noise electrode (270) configured to re-
ceive a third signal from the skin of the subject
at a third location, separate from the first and
second locations;
an electronic circuit comprising a processor
(310) configured to process signals from the first
and second monitor electrodes (260a, 260b);
a battery (305) configured to provide power to
the processor (310);
a first conductive path between the first monitor
electrode (260a) and the electronic circuit;
a second conductive path between the second
monitor electrode (260b) and the electronic cir-
cuit; and
a conductive shield (455) that extends over at
least a portion of the first and second conductive
paths, wherein the conductive shield (455) is
electrically connected to each of the third, noise
electrode (270) and a terminal of the battery
(305).

2. The health-monitor patch (400) of claim 1, wherein
the third electrode (270) is configured to receive the
third signal from the skin of the subject at a third

location between the first and second locations.

3. The health-monitor patch (400) of claim 1 or claim
2, wherein the conductive shield extends over the
electronic assembly.

4. The health-monitor patch (400) of any preceding
claim, wherein the conductive shield and first and
second conductive paths are arranged such that
noise detected by the third electrode (270) couples
from the conductive shield (455) to the first and sec-
ond conductive paths.

5. The health-monitor patch (400) of any preceding
claim, wherein the processor (310) is disposed on a
printed circuit board (PCB) assembly (405) and the
conductive shield comprises an electrostatic dis-
charge (ESD) shield (455) that extends over the PCB
assembly (405).

6. The health-monitor patch (400) of claim 5, wherein
the ESD shield (455) is insulated from and located
less than about two millimeters from the first and
second conductive paths (460a, 460b).

7. The health-monitor patch (400) of claim 5 or 6,
wherein the health-monitor patch (400) is formed as
a flexible strip (105) and the ESD shield (455) com-
prises a conductive polymer film.

8. The health-monitor patch (400) of any preceding
claim, further comprising a silicone casing (605) sur-
rounding the processor (310), wherein the first and
second monitor electrodes (260a, 260b) and the third
electrode (270) comprise conductive silicone re-
gions at a surface of the silicone casing (605) that
are infused with a conductive material.

9. A method for detecting a cardiac waveform with a
wearable health-monitor patch (400), the method
comprising:

receiving a first electrical signal at a first monitor
electrode (260a) of the health-monitor patch
(400), the first monitor electrode (260a) contact-
ing the skin of a subject at a first location;
receiving a second electrical signal at a second
monitor electrode (260b) of the health-monitor
patch (400), the second monitor electrode
(260b) contacting the skin of the subject at a
second location that is separated from the first
location by a distance;
conducting the first electrical signal from the first
monitor electrode (260a) over a first conductive
path to a first signal input of an electronic circuit
mounted within the health-monitor patch (400),
the electronic circuit comprising a battery (305)
and a processor (310) configured to process sig-
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nals from the first and second monitor electrodes
(260a, 260b);
conducting the second electrical signal from the
second monitor electrode (260b) over a second
conductive path to a second signal input of an
electronic circuit mounted within the health-
monitor patch (400);
receiving a third electrical signal from a third,
noise electrode (270) of the health-monitor
patch (400), the third electrode (270) contacting
the skin of the subject at a third location that is
separate from the first and second locations;
conducting the electrical signal from the third,
noise electrode (270) to a conductive shield
(455) which is electrically connected to each of
the third, noise electrode and a terminal of the
battery (305), wherein the conductive shield
(455) extends over at least portions of the first
and second conductive paths.

10. The method of claim 9, wherein the conductive shield
extends over the electronic circuit.

11. The method of claim 9 or 10, wherein the third elec-
trode (270) is contacts the skin of the subject at a
location between the first and second monitor elec-
trodes (260a, 260b).

12. The method of claim 9 or claim 10, further comprising
coupling the third electrical signal from the conduc-
tive shield to the first and second conductive paths.

13. The method of any one of claims 9 to 12, wherein
the processor (310) is disposed on a printed circuit
board (PCB) assembly (405) and the conductive
shield comprises an electrostatic (ESD) shield (455)
that extends over the PCB assembly (405).

14. The method of claim 13, wherein the ESD shield
(455) is less than two millimeters from the portions
of the first and second conductive paths.

15. The method of clam 13 or 14, wherein the wearable
health-monitor patch (400) is formed as a flexible
strip (105) and the ESD shield (455) comprises a
conductive polymer film.

Patentansprüche

1. Gesundheitsüberwachungspflaster (400), das dazu
konfiguriert ist, an die Haut einer Person geklebt zu
werden, wobei das Gesundheitsüberwachungs-
pflaster (400) umfasst:

einen Herzsensor (354), der eine erste Überwa-
chungselektrode (260a), die dazu konfiguriert
ist, ein erstes Signal von einer ersten Stelle auf

der Haut der Person zu empfangen, und eine
zweite Überwachungselektrode (260b), die da-
zu konfiguriert ist, ein zweites Signal von einer
zweiten Stelle auf der Haut der Person zu emp-
fangen, umfasst;
eine dritte Rauschelektrode (270), die dazu kon-
figuriert ist, ein drittes Signal von der Haut der
Person an einer dritten Stelle zu empfangen, die
von der ersten und der zweiten Stelle getrennt
ist;
ein elektronischer Schaltkreis, umfassend:

einen Prozessor (310), der dazu konfigu-
riert ist, Signale von der ersten und der zwei-
ten Überwachungselektrode (260a, 260b)
zu verarbeiten;
eine Batterie (305), die dazu konfiguriert ist,
dem Prozessor (310) Energie bereitzustel-
len;
eine erste Leiterbahn zwischen der ersten
Überwachungselektrode (260a) und dem
elektronischen Schaltkreis;
eine zweite Leiterbahn zwischen der zwei-
ten Überwachungselektrode (260b) und
dem elektronischen Schaltkreis und
eine leitende Abschirmung (455), die sich
über mindestens einem Abschnitt der ers-
ten und der zweiten Leiterbahn erstreckt,
wobei die leitende Abschirmung (455) mit
jeder von der dritten Rauschelektrode (270)
und einer Klemme der Batterie (305) elek-
trisch verbunden ist.

2. Gesundheitsüberwachungspflaster (400) nach An-
spruch 1, wobei die dritte Elektrode (270) dazu kon-
figuriert ist, das dritte Signal von der Haut der Person
an einer dritten Stelle zwischen der ersten und der
zweiten Stelle zu empfangen.

3. Gesundheitsüberwachungspflaster (400) nach An-
spruch 1 oder 2, wobei sich die leitende Abschir-
mung über der elektronischen Baugruppe erstreckt.

4. Gesundheitsüberwachungspflaster (400) nach ei-
nem vorhergehenden Anspruch, wobei die leitende
Abschirmung und die erste und die zweite Leiter-
bahn derart eingerichtet sind, dass sich Rauschen,
das von der dritten Elektrode (270) erkannt wird, von
der leitenden Abschirmung (455) zu der ersten und
der zweiten Leiterbahn koppelt.

5. Gesundheitsüberwachungspflaster (400) nach ei-
nem vorhergehenden Anspruch, wobei der Prozes-
sor (310) auf einer Leiterplattenbaugruppe (PCB-
Baugruppe) (405) angeordnet ist und die leitende
Abschirmung eine Abschirmung gegen elektrostati-
sche Entladungen (ESD-Abschirmung) (455) um-
fasst, die sich über der PCB-Baugruppe (405) er-
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streckt.

6. Gesundheitsüberwachungspflaster (400) nach An-
spruch 5, wobei die ESD-Abschirmung (455) von der
ersten und der zweiten Leiterbahn (460a, 460b) iso-
liert ist und sich weniger als etwa zwei Millimeter
davon befindet.

7. Gesundheitsüberwachungspflaster (400) nach An-
spruch 5 oder 6, wobei das Gesundheitsüberwa-
chungspflaster (400) als ein flexibler Streifen (105)
geformt ist und die ESD-Abschirmung (455) eine lei-
tende Polymerfolie umfasst.

8. Gesundheitsüberwachungspflaster (400) nach ei-
nem vorhergehenden Anspruch, weiterhin umfas-
send eine Silikonumhüllung (605), die den Prozes-
sor (310) umgibt, wobei die erste und die zweite
Überwachungselektrode (260a, 260b) und die dritte
Elektrode (270) leitende Silikonregionen an einer
Oberfläche der Silikonumhüllung (605) umfassen,
die mit einem leitenden Material infundiert sind.

9. Verfahren zur Erkennung einer Herzwellenform mit
einem tragbaren Gesundheitsüberwachungspflas-
ter (400), wobei das Verfahren umfasst:

Empfangen eines ersten elektrischen Signals
an einer ersten Überwachungselektrode (260a)
des Gesundheitsüberwachungspflasters (400),
wobei die erste Überwachungselektrode (260a)
die Haut einer Person an einer ersten Stelle be-
rührt;
Empfangen eines zweiten elektrischen Signals
an einer zweiten Überwachungselektrode
(260b) des Gesundheitsüberwachungspflas-
ters (400), wobei die zweite Überwachungselek-
trode (260b) die Haut der Person an einer zwei-
ten Stelle berührt, die um einen Abstand von der
ersten Stelle getrennt ist;
Leiten des ersten elektrischen Signals von der
ersten Überwachungselektrode (260a) über ei-
ne erste Leiterbahn zu einem ersten Signalein-
gang eines elektronischen Schaltkreises, der in-
nerhalb des Gesundheitsüberwachungspflas-
ters (400) montiert ist, wobei der elektronische
Schaltkreis eine Batterie (305) und einen Pro-
zessor (310) umfasst, der dazu konfiguriert ist,
Signale von der ersten und der zweiten Über-
wachungselektrode (260a, 260b) zu verarbei-
ten;
Leiten des zweiten elektrischen Signals von der
zweiten Überwachungselektrode (260b) über
eine zweite Leiterbahn zu einem zweiten Sig-
naleingang eines elektronischen Schaltkreises,
der innerhalb des Gesundheitsüberwachungs-
pflasters (400) montiert ist;
Empfangen eines dritten elektrischen Signals

von einer dritten Rauschelektrode (270) des Ge-
sundheitsüberwachungspflasters (400), wobei
die dritte Elektrode (270) die Haut der Person
an einer dritten Stelle berührt, die von der ersten
und der zweiten Stelle getrennt ist;
Leiten des elektrischen Signals von der dritten
Rauschelektrode (270) zu einer leitenden Ab-
schirmung (455), die mit jeder von der dritten
Rauschelektrode und einer Klemme der Batterie
(305) elektrisch verbunden ist, wobei sich die
leitende Abschirmung (455) über mindestens
Abschnitte der ersten und der zweiten Leiter-
bahn erstreckt.

10. Verfahren nach Anspruch 9, wobei sich die leitende
Abschirmung über dem elektronischen Schaltkreis
erstreckt.

11. Verfahren nach Anspruch 9 oder 10, wobei die dritte
Elektrode (270) die Haut der Person an einer Stelle
zwischen der ersten und der zweiten Überwa-
chungselektrode (260a, 260b) berührt.

12. Verfahren nach Anspruch 9 oder 10, weiterhin um-
fassend ein Koppeln des dritten elektrischen Signals
von der leitenden Abschirmung zu der ersten und
der zweiten Leiterbahn.

13. Verfahren nach einem der Ansprüche 9 bis 12, wobei
der Prozessor (310) auf einer Leiterplattenbaugrup-
pe (PCB-Baugruppe) (405) angeordnet ist und die
leitende Abschirmung eine elektrostatische Abschir-
mung (ESD-Abschirmung) (455) umfasst, die sich
über der PCB-Baugruppe (405) erstreckt.

14. Verfahren nach Anspruch 13, wobei die ESD-Ab-
schirmung (455) weniger als zwei Millimeter von den
Abschnitten der ersten und der zweiten Leiterbahn
ist.

15. Verfahren nach Anspruch 13 oder 14, wobei das
tragbare Gesundheitsüberwachungspflaster (400)
als ein flexibler Streifen (105) geformt ist und die
ESD-Abschirmung (455) eine leitende Polymerfolie
umfasst.

Revendications

1. Patch de contrôle de santé (400) configuré pour ad-
hérer à la peau du sujet, le patch de contrôle de santé
(400) comprenant :

un capteur cardiaque (354) comprenant une
première électrode de contrôle (260a), configu-
rée pour recevoir un premier signal d’un premier
emplacement sur la peau du sujet, et une
deuxième électrode de contrôle (260b) configu-
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rée pour recevoir un deuxième signal d’un
deuxième emplacement sur la peau du sujet ;
une troisième électrode de bruit (270) configu-
rée pour recevoir un troisième signal de la peau
du sujet, sur un troisième emplacement, distinct
des premier et deuxième emplacements ;
un circuit électronique comprenant un proces-
seur (310) configuré pour traiter des signaux
provenant des première et deuxième électrodes
de contrôle (260a, 260b) ;
une batterie (305) configurée pour fournir de
l’énergie au processeur (310) ;
un premier trajet conducteur entre la première
électrode de contrôle (260a) et le circuit
électronique ;
un deuxième trajet conducteur entre la deuxiè-
me électrode de contrôle (260b) et le circuit
électronique ; et
un écran conducteur (455) s’étendant sur au
moins une partie des premier et deuxième tra-
jets conducteurs, l’écran conducteur (455) étant
connecté électriquement à chacune de la troi-
sième électrode de bruit (270) et d’une borne de
la batterie (305).

2. Patch de contrôle de santé (400) selon la revendi-
cation 1, la troisième électrode (270) étant configu-
rée pour recevoir le troisième signal de la peau du
sujet en un troisième emplacement situé entre les
premier et deuxième emplacements.

3. Patch de contrôle de santé (400) selon la revendi-
cation 1 ou la revendication 2, l’écran conducteur
s’étendant au-dessus du module électronique.

4. Patch de contrôle de santé (400) selon une quelcon-
que des revendications précédentes, l’écran con-
ducteur ainsi que les premier et deuxième trajets
conducteurs étant agencés de sorte que le bruit dé-
tecté par la troisième électrode (270) couple de
l’écran conducteur (455) aux premier et deuxième
trajets conducteurs.

5. Patch de contrôle de santé (400) selon une quelcon-
que des revendications précédentes, le processeur
(310) étant disposé sur un ensemble de carte de
circuit imprimé (PCB) (405), et l’écran conducteur
comprenant un écran de décharge électrostatique
(ESD) (455) s’étendant au-dessus de l’ensemble
PCB (405).

6. Patch de contrôle de santé (400) selon la revendi-
cation 5, l’écran ESD (455) étant isolé des premier
et deuxième trajets conducteurs (460a, 460b), et si-
tués à moins d’environ deux millimètres de ces der-
niers.

7. Patch de contrôle de santé (400) selon la revendi-

cation 5 ou 6, le patch de contrôle de santé (400)
étant composé d’une bande flexible (105), et l’écran
ESD (455) comprenant un film polymère conducteur.

8. Patch de contrôle de santé (400) selon une quelcon-
que des revendications précédentes, comprenant
en outre une boîtier de silicone (605) entourant le
processeur (310), les première et deuxième électro-
des de contrôle (260a, 260b) et la troisième électro-
de (270) comprenant des zones de silicone conduc-
teur sur une surface du boîtier de silicone (605), in-
fusées avec une matière conductrice.

9. Méthode pour la détection d’une forme d’onde car-
diaque à l’aide d’un patch de contrôle de santé (400)
portable, la méthode comprenant :

la réception d’un premier signal électrique à une
première électrode de contrôle (260a) du patch
de contrôle de santé (400), la première électrode
de contrôle (260a) étant au contact de la peau
d’un sujet en un premier emplacement ;
la réception d’un deuxième signal électrique à
une deuxième électrode de contrôle (260b) du
patch de contrôle de santé (400), la deuxième
électrode de contrôle (260b) étant au contact de
la peau d’un sujet en un deuxième emplace-
ment, séparé du premier emplacement par une
distance ;
la conduction du premier signal électrique de-
puis la première électrode de contrôle (260a)
sur un premier trajet conducteur jusqu’à une pre-
mière entrée de signal d’un circuit électronique
monté dans le patch de contrôle de santé (400),
le circuit électronique comprenant une batterie
(305) et un processeur (310) configurés pour
traiter des signaux provenant des première et
deuxième électrodes de contrôle (260a, 260b) ;
conduction du deuxième signal électrique de-
puis la deuxième électrode de contrôle (260b)
sur un deuxième trajet conducteur jusqu’à une
deuxième entrée de signal d’un circuit électro-
nique monté dans le patch de contrôle de santé
(400) ;
la réception d’un troisième signal électrique de-
puis une troisième électrode de bruit (270) du
patch de contrôle de santé (400), la troisième
électrode (270) étant au contact de la peau d’un
sujet en un troisième emplacement séparé des
premier et deuxième emplacements ;
la conduction du signal électrique de la troisième
électrode de bruit (270) à un écran conducteur
(455) connecté électriquement à chacune de la
troisième électrode de bruit et d’une borne de la
batterie (305), l’écran conducteur (455) s’éten-
dant sur au moins des parties des premier et
deuxième trajets conducteurs.
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10. Méthode selon la revendication 9, l’écran conduc-
teur s’étendant au-dessus du circuit électronique.

11. Méthode selon la revendication 9 ou 10, la troisième
électrode (270) étant au contact de la peau du sujet
en un emplacement situé entre les première et
deuxième électrodes de contrôle (260a, 260b).

12. Méthode selon la revendication 9 ou la revendication
10, comprenant le couplage du troisième signal élec-
trique de l’écran conducteur aux premier et deuxiè-
me trajets conducteurs.

13. Méthode selon une quelconque des revendications
9 à 12, le processeur (310) étant disposé sur un en-
semble de carte de circuit imprimé (PCB) (405), et
l’écran conducteur comprenant un écran électrosta-
tique (ESD) (455) s’étendant au-dessus de l’ensem-
ble PCB (405).

14. Méthode selon la revendication 13, l’écran ESD
(455) étant situé à moins de deux millimètres des
parties des premier et deuxième trajets conducteurs.

15. Méthode selon la revendication 13 ou 14, le patch
de contrôle de santé (400) portable étant composé
d’une bande flexible (105), et l’écran ESD (455) com-
prenant un film polymère conducteur.
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