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(57) ABSTRACT

A wearable patch is provided for use on the body which
preferably comprises an ultrasound sensor array, a transmis-
sion system coupled to the ultrasound sensor array adapted to
provide signal information for ultrasound transmission into
the body, and a receiver system coupled to the ultrasound
sensor array adapted to receive signal information from the
reflected ultrasound signal received from the body. A control
circuitry is coupled to the transmission system and the
receiver system. The patch is preferably provided with a
wireless communication system to permit external control
and or communication. Applications range from diagnostics
and monitoring, to rehabilitation and wound healing.
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ULTRASOUND PATCH

RELATED APPLICATION STATEMENT

[0001] This application claims priority to and benefit of
U.S. Provisional Application Ser. No. 61/327,875, filed Apr.
26, 2010, entitled “Ultrasound Patch”, the content of which is
hereby incorporated by reference in its entirety as if fully set
forth herein.

FIELD OF THE INVENTION

[0002] The present invention relates to methods, apparatus
and systems for providing a wearable ultrasound solution in
form of a BandAid-type patch for use on a body. More par-
ticularly, it relates to a wearable ultrasound patch that may be
used for diagnosis, monitoring and rehabilitation of various
organs and parts of the body.

BACKGROUND OF THE INVENTION

[0003] Ultrasound waves are utilized in many different
fields, typically as a tool to penetrate a medium to measure its
reflection signature. In medicine, imaging ultrasound devices
are usually used for diagnostic medical imaging of internal
organs, muscles, tendons and even fetus inside the uterus [1].
Other existing medical applications include monitoring dif-
ferent organs, nerve stimulation, wound healing and rehabili-
tation [2], [4]-[9].

[0004] Traditional ultrasound imaging devices are capable
of providing sophisticated live images and enable extraction
of characteristic features using advanced signal processing
techniques. However, they are generally large, stationary and
expensive. Moderate size imaging devices with limited
mobility, such as computer-on-wheels systems, are also avail-
able with performance generally similar to the larger systems
[10]-[11]. More recently, there have been a few introductions
of handheld ultrasound imaging devices, such as the GE
Vscan [12] and Acuson P10 [13] that feed the need of on-the-
go applications. However, none of these devices are wearable
or nonintrusive. In a wide range of medical ultrasound diag-
nostic applications, such as fetal heartbeat monitoring, the
ability to continuously monitor the heartbeat is more signifi-
cant than producing an image of the heart. Fetal heartbeat
sensing devices, using ultrasound Doppler, are available in
large-size, medical-grade instruments [14] and lower cost,
consumer handheld ones [15]-[16]. However, these current
solutions are not wearable (due to size) and therefore do not
enable continuous monitoring without interfering with the
subject’s regular activities. They are also expensive compared
to the price point possible for the patch-type device disclosed
here.

[0005] Current therapeutic and rehabilitation ultrasound
machines are stationary and require regular visits by the
patient due to the gradual and progressive nature of the treat-
ment; sometimes for duration of few months. Patients with
known lesions in the carotid artery should also visit the hos-
pital for taking the ultrasound and being monitored regularly
depending on the risk factors. Such monitoring also occurs
after surgery.

[0006] For decades, ultrasound machines were only avail-
able in stationary locations in hospitals and were operated by
trained technicians for diagnostic applications. Today how-
ever, portable and handheld diagnostic ultrasound machines
enable doctors to examine their patients at the point of care,
whether at bedside or an accident scene [17]. Other types of
applications include therapeutic devices of small size that can
either be applied by a therapist [12], [18] or at home by the
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patient for physical therapy, reducing healing time and reha-
bilitation, or just to reduce pain [19].

[0007] The importance of a lighter weight, user friendly
and inexpensive ultrasound device for such applications is
compelling [7]-[9]. With continuous monitoring of the arter-
ies with an easy-to-apply, wirelessly-powered adhesive
patch, the patient can be monitored more closely all the time,
eliminating the need for frequent visits to the hospital. In
addition, such a device can save lives by detecting the onset of
stroke as changes in the shape and size of the lesion is
observed. An ultrasound patch, similar in form factor to a
medical adhesive patch (e.g., an appropriately-sized Ban-
dAid), can be worn by a subject without interfering with the
subject’s routine activities, allowing continuous monitoring
or therapy. The ultrasound data can be recorded on the patch
for subsequent download/transmission and/or transmitted in
real time (wirelessly) to a nearby portable device, such as a
mobile phone, personal digital assistant, or personal com-
puter. In addition to serving as a relay station to (wirelessly)
transmit the acquired data to a network of backend servers,
analytics and visualization can be made available on the por-
table device for the benefit of the subject. A network of
backend servers usually supports the healthcare providers for
further analysis of the data/information or for archiving of the
data/information in electronic records. Benefits of such elec-
tronic recording, analysis, transmission, and archiving of
ultrasound signals is compelling in many settings, including
ambulatory, home, office, hospital, and trauma care.

SUMMARY OF THE INVENTION

[0008] A wearable patch is provided for use on the body
which preferably comprises an ultrasound sensor array, a
transmission system coupled to the ultrasound sensor array
adapted to provide signal information for transmission into
the body, and a receiver system coupled to the ultrasound
sensor array adapted to receive ultrasound signal information
reflected from the body. A control circuitry is coupled to the
transmission system and the receiver system. The patch is
preferably provided with a wireless communication system to
permit external control and or communication. The ultra-
sound sensor array preferably has at least 2, and more pref-
erably 4 or 8, transducer elements. The transmission system
preferably includes an amplifier adapted to receive an input
from the control system, and optionally includes a digital to
analog converter disposed between the control system and the
amplifier, and an upstream digital signal processor. The
receiver system preferably includes an amplifier, most pref-
erably a low noise amplifier. The receive system preferably
further includes an analog to digital converter coupled to the
amplifier, and a digital signal processor coupled to the digital
to analog converter. Preferably, the system includes a switch,
such as a multiplexor, disposed between the transmission
system, the receiver system and the ultrasound sensor array,
and is coupled to the control system.

[0009] The adhesive patch preferably incorporates a wire-
less ultrasound system that is enabled by a miniaturized array
of piezoelectric transducers. Such a device provides a wear-
able, continuous ultrasound solution for different applica-
tions such as diagnosis, monitoring the diagnosed body
organs, rehabilitation and wound healing. In the diagnosis
and monitoring mode, the system has the capability of record-
ing and transmitting the characteristics of the medium/object,
in the form of the amplitude, frequency and phase of the
signal. These signals can further be interpreted as either an
image or a sound signal. The resulting data can also be
recorded on the patch for subsequent wireless or wired down-
load/transmission and/or transmitted in real time wirelessly
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to a nearby portable device (e.g., mobile phone, personal
digital assistant, personal computer, etc.) to perform analytics
and visualization, and transmit the original data and/or ana-
lyzed information (wirelessly) to a network of backend serv-
ers for dissemination, analytics and visualization, and/or
archiving. The patch’s wireless communication capability
also provides for bypassing the utilization of a nearby por-
table device and connecting directly to backend servers. Such
an ultrasound patch can be utilized in a variety of applications
depending on the required power, configuration, size and
characteristics of the ultrasound transducers, which in turn
dictate the depth of the ultrasound signal penetration, detec-
tion sensitivity and resolution, and system complexity. One
key application area of interest for such an ultrasound patch is
medical diagnostics and therapeutics. By its nature, the adhe-
sive ultrasound patch is wearable and nonintrusive, thus pre-
senting a significant advantage over existing medical ultra-
sound imaging and sensing devices.

[0010] The adhesive ultrasound patch, placed appropri-
ately on a subject, enables continuous monitoring of the
heartbeat without interfering with the subject’s routine activi-
ties. Another example is nonintrusive monitoring of patients
with known at-risk lesions in the carotid artery prior to, or
post-heart surgery by placing the patch on the neck. Yet
another application is for detection of the on-set of a stroke
with electronic spatial scanning techniques while the patch is
attached to the neck to monitor the lesions in the carotid
artery. Another application is for continuous fetus heartbeat
monitoring (especially for high risk pregnancies) when the
patch is adhered to mother’s belly. In addition, equipping the
patch with dry electrodes enables recording the EMG signals
associated with uterine contraction to enable synchronous
monitoring of fetal heart rate and uterine contraction [23].
Therapeutic and rehabilitation examples would be placement
of the patch over target nerves or painful joints (rheumatoid
arthritis) for stimulation using the incident ultrasound wave
energy. These measurements and diagnostics are enabled by
using one or more ultrasound transducers. Transducer array
architectures are often desired because they provide redun-
dancy, ensuring functionality even if a subset of the trans-
ducer elements fails.

[0011] Today’s technology trend is toward low-cost, min-
iaturized and user-friendly ultrasound devices. Having a non-
intrusive, wearable, preferably low-cost ultrasound device is
the subject of this disclosure. Such an ultrasound device,
implemented as an adhesive patch, can be used for electronic
spatial scanning using Doppler technique (e.g., for monitor-
ing heart or carotid artery), virtual focusing and noise rejec-
tion (e.g., for fetus monitoring), as well as therapeutic and
wound healing applications. While ultrasound techniques are
utilized in modern ultrasound devices [12], [18] but a nonin-
trusive, wearable embodiment is not available. The ultra-
sound patch can also be used to monitor and hasten the heal-
ing of venous leg ulcers or internal wounds after surgery; in
such an application, high-resolution imaging is not required.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a perspective view of a wearable patch
incorporating aspects of the invention.

[0013] FIG. 2A shows waveform amplitude of pulses as a
function of time.

[0014] FIG. 2B shows the progression of waveforms result-
ing from the pulses of FIG. 2A.

[0015] FIG. 3 shows simplified block diagram of the ultra-
sound analog front end circuitry.
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[0016] FIG. 4A shows a wearable adhesive patch compris-
ing a top patch and a bottom patch and integrating both
ultrasound transducers and microphones.

[0017] FIG. 4B shows a top view of the top patch having the
user interface and optional mode selectors.

[0018] FIG. 4C shoes a bottom view of the bottom patch
including both ultrasound transducers and microphones.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Common issues with ultrasound devices are the
larger the size, the higher the power consumption and cost. In
addition to the miniaturized size and ease of use of the pro-
posed patch, the applications that this patch address are com-
pelling in the sense that they do not necessarily require a
high-resolution image, but rather characterizing the condi-
tions of the tissue or medium under investigation or just
providing ultrasound energy for therapeutic, rehabilitation,
and assisting in the healing process.

[0020] InFIG.1, an adhesive-patch embodiment is shown.
The ultrasound device 10 is placed on a designated location
and held in place tightly through a special bio-compatible
adhesive. Strategic use of the adhesive optionally eliminates
the need for application of a gel. For example, in case of
monitoring arteries (FIG. 1, right hand side), continuous-
wave Doppler ultrasound uses a processing technique to mea-
sure the speed and direction of blood flow in the monitored
area. It first transmits a known signal, such as a pulse, and then
receives the reflected waves and measures the Doppler shift,
which is the change in frequency and phase of the reflected
ultrasound signal, to determine the direction and rate of blood
flow in vessels, veins, and arteries. This measurement tech-
nique more accurately diagnoses vascular conditions, or
faulty valves and arteries in the heart. In FIG. 1 (left hand
side) an ultrasound patch is used to monitor the fetal heart
beat using the same Doppler Effect and measuring the
changes in the frequency and phase of the reflected signal.

[0021] FIG. 1 shows the concept of utilizing a linear array
11 of miniaturized ultrasound transducers 15a-/ built into an
adhesive patch 10. FIG. 1 on the right shows monitoring the
carotid artery 22 by positioning the ultrasound device 10 on
the patient’s neck 21; and on the left monitoring a fetal heart-
beat by placing the ultrasound device 10 on the mother’s
stomach 31.

[0022] A linear array 11 of 2, 4 or 8 transducer elements
15a-h (e.g., Lead Zirconate Titanate (PZT) may be used to
sweep the targeted area with ultrasound waves. The penetra-
tion depth is dependent on the frequency of the signal. Hence
for a few centimeter penetration depths (e.g., monitoring the
carotid artery), a 1 MHz signal will be low loss and provides
enough resolution, while keeping the measurement noise to a
reasonable level. The maximum depth of penetration for this
application is not more than a few centimeters and hence, this
will provide enough information for monitoring. However,
for fetal heartbeat monitoring, a higher frequency signal
(about 2 MHz-10 MHz) is used, as it needs to penetrate deeper
into the body, resulting in much more signal attenuation. Such
an ultrasound patch can be utilized in a variety of applications
depending on the required power, configuration, size and
characteristics of the ultrasound transducers, which in turn
dictate the depth of the ultrasound signal penetration, detec-
tion sensitivity and resolution, and system complexity [3].
Table 1 summarizes the absorption rates for ultrasound waves
going through different medium/tissue.
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TABLE 1
Absorption coefficient (dB/cm-MHz) for different body organs [3].
Blood 0.18
Fat 0.63
Liver 1
Muscle 1.3-3.3
Bone 20
Lung 41

[0023] In a Doppler ultrasound, the measured shift in the
frequency/phase of the received signal in comparison to the
transmitted signal is of interest, even though it may be very
small. This method is called continuous-wave (CW) Doppler,
where the change in frequency and phase of the reflected
ultrasound signal is measured. This technique is different
from the traditional sonographic techniques and does not
require the generation of an image. Preferably, it measures the
flow in blood vessels, veins, and arteries (i.e., to help physi-
cians in evaluating the body’s circulatory system and assess-
ing various conditions such as formation of blood clots,
detection of narrowing or widening of vessels, etc.). In the
case of carotid artery for example, sweeping a distance of
about 2 cm on the artery using a sweeping angle of +45° with
about 15 times-per-second sampling rate is preferred (FIG.
2). Since the target is about a few centimeters deep and the
loss of the signal traveling in the body is in the range of 1
dB/cm-MHz, the sensor delivers milli-watts of power at the
desired frequency (1 MHz in this case).

[0024] As shown in FIG. 1, the ultrasound patch 10
includes a power source 13, such as a battery. The power
source 13 may be of any kind known to those skilled in the art
suitable for the instant purpose, whether rechargeable,
replaceable, operating by direct connection or power scav-
enging, such as an inductively charged capacitor. A transmis-
sion system 14 is coupled to the ultrasound sensor array 11 to
provide signal information for transmission to the patient’s
body. A receiver system 16 is coupled to the ultrasound sensor
array 11 to receive signal information from the patient’s body.
The data can be recorded and subsequently downloaded via
wireless link 17, or alternatively, the data may be transmitted
in real time to an external device such as a nearby portable
device via wireless link 17. In some embodiments, the patch
10 may further include electrodes 18 or other dry electrodes,
for example to record bio-potentials such as electromyogram
(EMGQG), electrocardiogram (ECG) or monitor tissue fluid
retention.

[0025] FIG. 2A shows the waveform (ping) 25a-% on the
eightultrasound sensors 15a-% (e.g., PZT). FIG. 2B shows the
creation of the wave front 35 by sweeping the waveform on
the sensors 15a-A.

[0026] Inchoosing the transducer elements (e.g., PZT), the
thickness of the material is important so that the element does
not resonate at the frequency of operation (e.g., thickness
should preferably be about A/2; hence, for a PZT operating at
1 MHz, a thickness of about 2 mm would preferably be used).
[0027] FIG. 3 shows a block diagram of the analog front
end for the continuous wave (CW) ultrasound system, where
a switch 45 will select between the transmit 40 or receive 50
paths. In the transmission path 40, digital signal processing
(DSP) 41 generates the digital signals to drive each transducer
element 15a-4. These signals are converted to analog signals
by a digital to analog convertor 42 and transmitted out using
a power amplifier 43. In the receive path 50, the signals
coming from each transducer element 15a-/ are first recon-
ditioned by a low-noise amplifier 53, next digitized by an
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analog to digital convertor 52 and then processed in digital
domain by a digital signal processor 51 to produce the final
results. This architecture may be implemented based on vari-
ous implementation known to those skilled in the art of deal-
ing with transmit (TX) and receive (RX) components. Each
application will set the load requirements and needed actua-
tions, hence choosing the power levels and the technology to
implement the circuitry is case-based [20].

[0028] A control circuitry 46 is coupled to the transmission
system 40 and the receiver system 50. The control system
may include analytical or analysis functions. A processor may
be provided, either within the patch, or external to the patch,
to perform analytical or analysis functions.

[0029] Optionally, additional ultra-miniature and low-cost
sensors or electrodes are integrated into the platform for
expanded diagnostic capabilities. For example, microphones
113, 114 to hear other body sounds, such as heartbeat and
lung sound, as well as fetal heartbeat monitoring, such as
described in R. R. Lahiji, M. Mehregany, “Microphone
Arrays for Listening to Internal Organs of the Body”, U.S.
Provisional Patent No. 61/258,082, filed November 2009,
incorporated herein by reference as if fully set forth herein,
may be incorporated into the patch 100, as shown in FIG. 4C.
See also [21]. In addition, electrodes 18, preferably dry elec-
trodes, to record bio-potentials such as electromyogram
(EMG), electrocardiogram (ECG) or tissue fluid retention
may be incorporated into the patch 10, for example as shown
in FIG. 1.

[0030] FIGS. 4A-C show a possible configuration for a
multi-purpose adhesive patch 100, integrating both micro-
phones positioned to hear heart sounds 113a-e, microphones
positioned to hear lung sounds 114a-c, and an array of ultra-
sound transducers 115 in a wearable patch 100. As shown in
FIG. 4A, the ultrasound patch 100 may comprise a top patch
110 with the user interface 111 and a bottom patch 120
including the ultra sound sensors 115 and microphones
113a-/ and 114a-c, for listening to heart sounds or lung
sounds. In some embodiments, the circuit components and
wiring 130 may be positioned in between the top patch 110
and bottom patch 120. Alternatively, a flexible printed circuit
board 140 may be included on the bottom patch 120. As
shown in FIG. 4B, the top view of the patch 110 is the side that
faces the user and includes a user interface 120. Depending on
the needed functionality, the user can turn the device On/Off
117a, b and select between the modes: auscultation of sounds
of'the body 118 or listening to the heartbeat 119, for example.
Temperature sensors and accelerometers are among other
possibilities, e.g., in a wearable, adhesive patch, one or more
accelerometers can additionally capture the activity level of
the person to help in additional assessment of health and well
being.

[0031] In one implementation of the patch, the wearable
patch for use on a body is in the form of a planar pad. The
preferred dimensions of the patch are 80 mmx25 mm and
thickness 5 mm or less, and most preferably 60 mmx20 mm
3.5 mm or less. The patch should be light-weight, about 16
grams or preferably weighing 8 grams or less.

[0032] Inyet another aspect, the wearable patch for use on
abody may transmit or receive signal information to and from
the body (respectively) to communicate data, control signals
and/or power to an implant or transient device within the body
or receive data from such device; namely ultrasound radio.
Exemplary implants include a pacemaker or an implanted
pump. A transient device through the body, like a device
incorporated in/on a pill swallowed, would be another
example, in place of an implant.
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[0033] Inyeta further aspect, the wearable patch 100 may
be removable from the remainder of the components. In this
way, the outer portion (shell) 110, 120 comprising the patch
100 is disposable, while the inner (electronic and sensor)
components 130 may be removed to possibly recharge, down-
load the saved data or just reused using a fresh outer shell and
adhesive. The patch may optionally include electrically con-
ductive regions adapted to contact the body. The electrically
conductive regions are adapted to contact electrically conduc-
tive regions within the patch.

[0034] Optionally, the wearable patch 100 may include a
flexible printed circuit board 140. The flexible printed circuit
board 140 permits more intimate contact of the patch 100 with
the person, more easily conforming to the shape of the body.
[0035] All publications and patents cited in this specifica-
tion are herein incorporated by reference as if each individual
publication or patent application were specifically and indi-
vidually indicated to be incorporated by reference. Although
the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity and
understanding, it may be readily apparent to those of ordinary
skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto with-
out departing from the spirit or scope of the following claims.
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What is claimed:

1. A wearable patch for use on a body, comprising:

an ultrasound sensor array,

a transmission system coupled to the ultrasound sensor
array adapted to provide signal information for trans-
mission into the body,

a receiver system coupled to the ultrasound sensor array
adapted to receive signal information from the body,

control circuitry coupled to the transmission system and
the receiver system,

a wireless communication system,

an integrated power source, and

a patch adapted to maintain the ultrasound sensor array in
an operative relationship to the body.

2. The wearable patch for use on a body of claim 1 wherein

the ultrasound sensor array has at least 2 transducer elements.

3. The wearable patch for use on a body of claim 1 wherein

the ultrasound sensor array has at least 4 transducer elements.
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4. The wearable patch for use on a body of claim 1 wherein
the ultrasound sensor array has at least 8 transducer elements.

5. The wearable patch for use on a body of claim 1 wherein
the transmission system includes an amplifier adapted to
receive an input from the control system.

6. The wearable patch for use on a body of claim 5 wherein
the transmission system further includes a digital to analog
converter disposed between the control system and the ampli-
fier.

7. The wearable patch for use on a body of claim 6 wherein
the transmission system further includes a digital signal pro-
cessor between the control system and the digital to analog
converter.

8. The wearable patch for use on abody of claim 1 wherein
the receiver system includes an amplifier.

9. The wearable patch for use on a body of claim 8 wherein
the amplifier is a low noise amplifier.

10. The wearable patch for use on a body of claim 8
wherein the transmission system further includes an analogto
digital converter coupled to the amplifier.

11. The wearable patch for use on a body of claim 10
wherein the transmission system further includes a digital
signal processor coupled to the digital to analog converter.

12. The wearable patch for use on a body of claim 1 further
includes a switch disposed between the transmission system,
the receiver system and the ultrasound sensor array, and is
coupled to the control system.

13. The wearable patch for use on a body of claim 12
wherein the switch is a multiplexor switch.

14. The wearable patch for use on a body of claim 1
wherein the patch is an adhesive patch.

15. The wearable patch for use on a body of claim 14
wherein the adhesive patch includes a biocompatible adhe-
sive.

16. The wearable patch for use on a body of claim 1
wherein the ultrasound sensor array includes piezoelectric
transducers.

17. The wearable patch for use on a body of claim 16
wherein the piezoelectric transducers are lead zirconate titan-
ate piezoelectric transducers.

18. The wearable patch for use on a body of claim 1
wherein the received signal information is measured for Dop-
pler shift.

19. The wearable patch for use on a body of claim 18
wherein the Doppler shift is continuous-wave (CW) Doppler
shift.

20. The wearable patch for use on a body of claim 1
wherein the received signal information is analyzed for blood
flow within the body.

21. The wearable patch for use on a body of claim 1
wherein the received signal information is analyzed for a
stroke.

22. The wearable patch for use on a body of claim 1
wherein the received signal information is analyzed for
carotid artery status.

23. The wearable patch for use on a body of claim 1
wherein the ultrasound sensor array provides rehabilitating
ultrasound to the joints and nervous system.

24. The wearable patch for use on a body of claim 23
wherein the rehabilitating ultrasound is for wound healing.
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25. The wearable patch for use on a body of claim 1 further
including at least one microphone.

26. The wearable patch for use on a body of claim 25
wherein the microphone is adapted to receive auscultator
sounds.

27.The wearable patch for use on a body of claim 1 further
including at least one for detection of biopotentials.

28. The wearable patch for use on a body of claim 27
wherein the biopotential is an electromyogram (EMG).

29. The wearable patch for use on a body of claim 27
wherein the biopotential is an electrocardiogram (ECG).

27. The wearable patch for use on a body of claim 27
wherein the biopotential detects tissue fluid retention.

28. The wearable patch for use on a body of claim 1 further
including at least one temperature sensor.

29. The wearable patch for use on a body of claim 1 further
including at least one accelerometer.

30. The wearable patch for use on a body of claim 1 further
including at least one mode switch.

31. The wearable patch for use on a body of claim 1
wherein the patch is a planar structure.

32. The wearable patch for use on a body of claim 1
wherein the thickness of the patch is 3.5 mm or less.

33. The wearable patch for use on a body of claim 1
wherein the weight of the patch is 8 grams or less.

34. The wearable patch for use on a body of claim 1
wherein the ultrasound array is a linear array of transducers.

35. The wearable patch for use on a body of claim 1
wherein the signal information transmitted to the body pro-
vides information to an implant within the body.

36. The wearable patch for use on a body of claim 35
wherein the implant is a pacemaker.

37. The wearable patch for use on a body of claim 35
wherein the implant is an implanted pump.

38. The wearable patch for use on a body of claim 35
wherein the implant is a transient device such as a swallowed
pill with built-in electronics.

39. The wearable patch for use on a body of claim 1
wherein the patch is removable from the remainder of the
components.

40. The wearable patch for use on a body of claim 38
wherein patch is disposable.

41. The wearable patch for use on a body of claim 40
wherein the electrically conductive regions are adapted to
contact electrically conductive regions within the patch.

42. The wearable patch for use on a body of claim 1
wherein the patch includes electrically conductive regions
adapted to intimate and conformal contact to the body.

43. The wearable patch for use on a body of claim 42
wherein the patch includes a plurality of electrically conduc-
tive regions.

44. The wearable patch for use on a body of claim 43
wherein the plurality of electrically conductive regions mea-
sure electromyogram (EMG) potentials.

45. The wearable patch for use on a body of claim 43
wherein the plurality of electrically conductive regions mea-
sure electrocardiogram (ECG) potentials.

46. The wearable patch for use on a body of claim 1
wherein the patch includes a flexible printed circuit board.

Ed sk Ed Ed Ed



THMBW(EF)

[ i (S RIR) A ()

patsnap
ULTRASOUND PATCH

US20120065479A1 NI (AE)E 2012-03-15

US13/094678 RiEH 2011-04-26

LAHIJIROSA - [R

ROHAMG 7518
MEHREGANY & =%
BRiF(E R AGE) LAHIJI ROSAR.
ROHAME, 754
MEHREGANY & fifi==
LEERB(ER)AGE) GARYHIE A EEZEAT
[#R]& A LAHIJI ROSA R
ROHAM MASOUD
MEHREGANY MEHRAN
KA A LAHIJI, ROSA R.
ROHAM, MASOUD
MEHREGANY, MEHRAN
IPCH %S A61B8/00 A61B5/11 A61B5/01 A61N7/00
CPCH¥E= A61B5/02411 A61B8/565 A61B5/4325 A61B5/4362 A61B8/02 A61B8/0866 A61B8/0883 A61B8/0891
A61B8/4236 A61B8/4427 A61B8/4472 A61B2560/0412 A61N7/00 A61B8/06 A61B8/488 A61B8/5207
A61B5/04882
k54X 61/327875 2010-04-26 US
H At 0 FF 30k US10238362
SAEBEE Espacenet USPTO
FEGR) 120
REATFEANTEBM S 4kt aEEs £ 2880 , BERE 1134 L
- > I - = o= Imaginary circle for placement of
FERBSEMINERRS  HETREHATES AR BAHNESE micraphones for Heart sounds
B, URBEEENNEFEBESMEINERERSE. NEKRB SEH Adhesive

RABFEESEBRESER. BHBRKBEIAERRENZRERS.
ik , WA ERAELBERGEUAAVFINDEFIN/ERF. NAEEM
VRSN , REMEORS,

Adhesive gel (ideal for 113

Imaginary circle for
ultrasound medium)

placement of microphones
for Lung sounds

114b

Flexible/compatible
material


https://share-analytics.zhihuiya.com/view/b51ddc02-81be-48e0-b7a1-7d921b3747df
https://worldwide.espacenet.com/patent/search/family/045807348/publication/US2012065479A1?q=US2012065479A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120065479%22.PGNR.&OS=DN/20120065479&RS=DN/20120065479

