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WEARABLE THERMOMETER PATCH
CAPABLE OF MEASURING HUMAN SKIN
TEMPERATURE AT HIGH DUTY CYCLE

BACKGROUND OF THE INVENTION

[0001] The present application relates to electronic
devices, and in particular, to electronic patches that can
attach to human skin for conducting measurement.

[0002] Electronic patches can be used for tracking objects
and for performing functions such as producing sound, light
or vibrations, and so on. As applications and human needs
become more sophisticated and complex, electronic patches
are required to perform a rapidly increasing number of tasks.
Electronic patches are often required to be conformal to
curved surfaces, which in the case of human body, can vary
overtime.

[0003] Electronic patches can communicate with smart
phones and other devices using WiFi, Bluetooth, Near Field
Communication (NFC), and other wireless technologies.
NFC is a wireless communication standard that enables two
devices to quickly establish communication within a short
range around radio frequency of 13.56 MHz. NFC is more
secure than other wireless technologies such as Bluetooth
and Wi-Fi because NFC requires two devices in close
proximity (e.g. less than 10 cm). NFC can also lower cost
comparing to other wireless technologies by allowing one of
the two devices to be passive (a passive NFC tag).

[0004] Bluetooth is another wireless communication stan-
dard for exchanging data over longer distances (in tens of
meters). [t employs short wavelength UHF radio waves from
2.4 to 2.485 GHz from fixed or mobile devices. Bluetooth
devices have evolved to meet the increasing demand for
low-power solutions that is required for wearable electron-
ics. Benefited from relatively longer reading distance and
active communication, Bluetooth technologies allow wear-
able patches to continuously monitoring vital information
without human interference, which is an advantage over
NFC in many applications.

[0005] Wearable patch (or tag) is an electronic patch to be
worn by a user. A wearable patch is required to stay on user’s
skin and operate for an extended period of time from hours
to months. A wearable patch can contain a micro-electronic
system that can be accessed using NFC, Bluetooth, WiFi, or
other wireless technologies. A wearable patch can be inte-
grated with different sensors such as vital signs monitoring,
motion track, skin temperature measurements, and ECG
detection.

[0006] Despite recent development efforts, current wear-
able patches still suffer several drawbacks: they may not
provide adequate comfort for users to wear them; they may
not stay attached to user’s body for the required length of
time; and they are usually not aesthetically appealing. The
conventional wearable patches also include rigid polymer
substrates that are not very breathable. The build-up of sweat
and moisture can cause discomfort and irritation to the skin,
especially after wearing it for an extended period of time.

[0007] Conventional wearable thermometer patches have
the additional challenge of inaccurate temperature measure-
ment due to factors such as thermal resistance between the
temperature sensor and the human skin, conduction loss of
the temperature sensor to the ambient environment, as well
as temperature reduction in the user skin caused by the
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thermal conduction to the wearable patch. Moreover, con-
ventional wearable thermometer patches can also have slow
measurement responses.

[0008] Another challenge for conventional wearable ther-
mometer patches is that the user’s skin may interfere with
their proper wireless communications. For example, the
antenna’s communication range can be significantly reduced
by the adjacency to uset’s skin. The wireless communication
range of an antenna in contact with the skin is less than half
the range for an antenna that is placed 4 mm away from the
user’s skin.

[0009] Yet another challenge is that it is extremely difficult
to measure the surface temperature accurately, especially
when measuring the human skin temperature which being
impacted by the blood circulation under the skin. Several
critical factors can impact the continuous measurement of
armpit temperature: the ambient temperature can impact
temperature measurement when arm is opened; and thermal
contact resistance can change when the contact between the
temperature probe and human skin became loose.

[0010] Still another challenge is that conventional wear-
able patches are usually powered by rechargeable batteries
that typically last a couple of days and require charging for
a couple of hours in between usages. The duty cycles of
these conventional wearable patches are not quite compat-
ible with continuous monitoring human bio-signals.

[0011] There is therefore a need for a flexible wearable
electronic patch that can correctly measure temperatures of
user’s skin at high accuracy, fast response time, and high
duty cycle, while capable of performing wireless commu-
nications in a required range.

SUMMARY OF THE INVENTION

[0012] The presently disclosure attempts to address the
aforementioned limitations in conventional electronic
patches. The presently disclosed wearable wireless ther-
mometer patch that can be attached to human skin to conduct
temperature measurements with high accuracy and faster
respond time.

[0013] In the presently disclosed wearable wireless ther-
mometer patch, temperature measurement errors due to the
thermal noise from the environment are minmimized. In
metrology, accurate metrology instrument is associated with
high Signal-to-Noise Ratio (SNR). In the presently disclosed
wearable thermometer patch, the thermal resistance between
the temperature sensor and the human skin is minimized, so
that the maximum amount of heat can be conducted quickly
from the user skin to the temperature sensor. Moreover, the
heat conduction loss from the temperature sensor to the
ambient is also minimized by the structure design and
thermal material. Furthermore, a perforated protective film
1s placed between the user skin and the body of the wearable
patch to reduce the heat conduction from the user skin,
because the conventional non-perforated film will lower
down the true temperature of the skin due to the attachment
of the wearable patch. In addition, the presently disclosed
wearable thermometer patch is structured to have low ther-
mal capacity which results in faster responding time as well
as higher flexibility.

[0014] Furthermore, the disclosed electronic patches are
also breathable and stretchable. The stretchability and the
breathability make the disclosed electronic patches more
comfortable for the users. The disclosed electronic patches
are capable wireless communication with little interference
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from users’ skins. Moreover, the disclosed electronic
patches can conduct measurements both at users’ skins and
away from the user’s skin. The present application further
discloses simple and effective manufacturing process to
fabricate such wearable electronic patches.

[0015] Additionally, the disclosure teaches a wearable
wireless thermometer patch structure that can be attached to
human skin for the correct temperature measurement with
the double temperature sensors (DTS) and a force sensor.
Using DTS, the temperature under the dermis can be easily
calculated from the Fourier’s Law at the thermal equilibrium
status, which is independent of the ambient temperature
changes when the arm is open or closed. By integrating the
force sensor, the thermal contact resistance can be easily
correlated to the contacting force, from which the armpit
temperature can be calculated more accurately regardless the
arm is lightly or tightly in contact with the thermometer
patch.

[0016] Moreover, the disclosed wearable patches can
include battery holders compatible with easily replaceable
batteries, which enable high measurement duty cycle and
continuous measurements of human skin temperature and
other bio vital signals.

[0017] Another advantageous feature of the disclosed
wearable patches is that the easily removed batteries allow
shipments of the disclosed wearable patches without batter-
ies, which can improve shipment safety of the wearable
patches, as regulations have become stricter to the transpor-
tation of batteries.

[0018] In one general aspect, the present invention relates
to a wearable thermometer patch for continuous wearing by
a user, which includes a circuit substrate comprising an
electric circuit; a battery holder mounted in the circuit
substrate, wherein the battery holder can hold a replaceable
battery to supply power to the electric circuit; a temperature
probe unit in connection with the electric circuit, comprising
one or more temperature sensors in electric connection with
the electric circuit in the circuit substrate, in which the one
or more temperature sensors each can measure temperatures
near the user’s skin to produce one or more temperature
values; and a detachable cover layer on the battery holder.
[0019] Implementations of the system may include one or
more of the following. The wearable thermometer patch can
further include a stretchable and permeable layer below the
circuit substrate and the battery holder, wherein the tem-
perature probe unit is mounted in an opening of the stretch-
able and permeable layer, wherein at least a portion of the
temperature probe unit can be in contact with the user’s skin.
The temperature probe unit can include a thermally conduc-
tive cup having a bottom portion configured to be in contact
with the user’s skin, wherein the one or more temperature
sensors are placed inside the thermally conductive cup and
are in thermal conduction with the thermally conductive
cup. The wearable thermometer patch can further include
one or more spacers on the stretchable and permeable layer;
and a thin film on the one or more spacers, wherein the
detachable cover can be adhesively attached to a portion of
the thin film. The one or more spacers can include a
wedge-shaped spacer that defines varying thicknesses for the
wearable thermometer patch. The wedge-shaped spacer can
include a thinner side and a thicker side, wherein the thicker
side is adjacent to the circuit substrate and the battery holder.
The wearable thermometer patch can further include an
elastic cover layer between the detachable cover layer and
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the battery holder holding the associated replaceable battery
therein. The temperature probe unit can include a housing;
a first plate in the housing; and a first pair of temperature
sensors in the housing, including: a first temperature sensor
attached to a lower surface of the first plate; and a second
temperature sensor under the first temperature sensor and
attached to an upper surface of the first plate. The wearable
thermometer patch can further include a thermally insulating
material in the housing, which encapsulates the first pair of
temperature sensors. The wearable thermometer patch can
further include a second pair of temperature sensors in the
housing, including: a third temperature sensor attached to a
lower surface of the first plate; and a fourth temperature
sensor under the third temperature sensor and attached to an
upper surface of the first plate, wherein the first plate has a
first thickness between the first pair of temperature sensors
and a second thickness between the second pair of tempera-
ture sensors. The semiconductor chip can calculate the
temperature of the user’s skin in part using a difference
between temperature values respectively measured by the
third temperature sensor and the fourth temperature sensor.
The first thickness can be different from the second thick-
ness. The wearable thermometer patch can further include a
second plate separated from the first plate by a gap in a
planar direction; a second pair of temperature sensors in the
housing, including: a third temperature sensor attached to a
lower surface of a second plate; and a fourth temperature
sensor under the third temperature sensor and attached to an
upper surface of the second plate, wherein the first plate can
have a first thickness between the first pair of temperature
sensors, wherein the second plate can have a second thick-
ness between the second pair of temperature sensors. The
semiconductor chip can calculate the temperature of the
user’s skin in part using a difference between temperature
values respectively measured by the third temperature sen-
sor and the fourth temperature sensor. The first thickness can
be different from the second thickness. The first thickness
can be substantially the same as the second thickness. The
wearable thermometer patch can further include a semicon-
ductor chip mounted on the circuit substrate and in electric
connection with the electric circuit, wherein the semicon-
ductor chip can receive electric signals from the one or more
temperature sensors in response to respective temperatures
measured from the user’s skin. The semiconductor chip can
calculate the temperature of the user’s skin in part using a
difference between temperature values respectively mea-
sured by the first temperature sensor and the second tem-
perature sensor. The wearable thermometer patch can further
include a thermal conductive spreader layer attached below
the housing of the temperature probe unit and the circuit
substrate. The wearable thermometer patch can further
include a semiconductor chip mounted on the circuit sub-
strate and in electric connection with the electric circuit; and
an antenna in electric connection with the semiconductor
chip, wherein the antenna can wirelessly send temperatures
measured by the one or more temperature sensors or calcu-
lated temperature values to an external device.

[0020] In a general aspect, the present invention relates to
a wearable thermometer patch that includes a substrate and
a temperature probe unit mounted in the substrate and
configured to measure temperature of a user’s skin. The
temperature probe unit can include a force sensor configured
to measure contact force between the temperature probe unit
and the user’ skin, a plate, a first temperature sensor attached
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to a lower surface of the plate, and a second temperature
sensor attached to an upper surface of the plate.

[0021] Implementations of the system may include one or
more of the following. The substrate can include an electric
circuit that is electrically connected to the first temperature
sensor, the second temperature sensor, and the force sensor.
The first temperature sensor and the second temperature
sensor can be respectively configured to measure a first time
series of temperature values and a second time series of
temperature values, wherein the temperature of the user’s
skin is calculated by discarding at least a portion of the
temperature values in the first time series of temperature
values and the second time series of temperature values
based on the contact force measured by the force sensor. The
substrate can include an opening, wherein the temperature
probe unit comprises a thermally conductive cup having a
bottom portion mounted in the opening of the substrate. The
wearable thermometer patch can further include a thermally-
conductive adhesive that fixes the first temperature sensor,
the second temperature sensor, and the plate to an inner
surface of the thermally conductive cup. The wearable
thermometer patch can further include a thermally insulating
material in a top portion of the thermally conductive cup,
wherein the force sensor is positioned on the thermally
insulating material and the thermally conductive cup. The
wearable thermometer patch can further include a controller
mounted on the flexible circuit substrate and in electric
connection with the electric circuit, wherein the controller
can receive first electric signals from the first temperature
sensor and the second temperature sensor in response to
respective temperature measurements, wherein the control-
ler can receive second electric signals from the force sensor
in response to measurement of the contact force. The con-
troller can calculate the temperature of the user’s skin using
a difference between temperature measurements from the
first temperature sensor and the second temperature sensor.
The controller can segment a time series of the temperature
measurements from the first temperature sensor and the
second temperature sensor based on the second electric
signals received from the force sensor. The controller can
calculate the temperature of the user’s skin by discarding at
least a portion of the temperature values in the first time
series of temperature values and the second time series of
temperature values based on the contact force measured by
the force sensor. The wearable thermometer patch can
further include an antenna in electric connection with the
semiconductor chip, wherein the antenna to wirelessly send
measured temperature values and contact force values to an
external device. The wearable thermometer patch can fur-
ther include electronic components mounted or formed on
the flexible circuit substrate and in electric connection with
electric circuit, wherein the electronic components can
include a semiconductor chip, an antenna, a battery, or a
bonding pad. The wearable thermometer patch can further
include an elastic layer formed on the substrate and the
temperature probe unit. The wearable thermometer patch
can further include an adhesive layer under the substrate, the
adhesive layer configured to attach to human skin.

[0022] These and other aspects, their implementations and
other features are described in detail in the drawings, the
description and the claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 illustrates the usage of a wearable patch
attached to a user’s skin.

[0024] FIG. 2 is a cross-sectional view of a base structure
for constructing a wearable thermometer patch in accor-
dance with some embodiments of the present invention.
[0025] FIG. 3 is a cross-sectional view of a wearable
thermometer patch capable of conducting accurate and fast-
response temperature measurements and effective wireless
communications in accordance with some embodiments of
the present invention.

[0026] FIG. 4 is a detailed cross-sectional view of the
temperature sensing portion in the wearable thermometer
patch in FIG. 3.

[0027] FIG. 5 is a cross-sectional view of an improved
wearable thermometer patch including a DTS and a force
sensor to assist correct temperature measurements in accor-
dance with some embodiments of the present invention.
[0028] FIG. 6 is a detailed cross-sectional view of the
temperature sensing portion in the wearable thermometer
patch shown in FIG. 5.

[0029] FIG. 7 illustrates time series of temperature and
force measurement data and segmentation of the tempera-
ture measurement data based on the force measurement data.
[0030] FIG. 8 is a cross-sectional view of a wearable
thermometer patch capable of conducting accurate and fast-
response temperature measurements at high duty cycle and
effective wireless communications in accordance with some
embodiments of the present invention.

[0031] FIG. 9 is a cross-sectional view of another wear-
able thermometer patch capable of conducting accurate and
fast-response temperature measurements at high duty cycle
and effective wireless communications in accordance with
some embodiments of the present invention.

[0032] FIG. 10 is a cross-sectional view of another wear-
able thermometer patch capable of conducting accurate and
fast-response temperature measurements at high duty cycle
and effective wireless communications in accordance with
some embodiments of the present invention.

[0033] FIGS. 11A-11C are detailed cross-sectional views
of different implementations of the temperature probe unit in
the wearable thermometer patch in FI1G. 10.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Referring to FIG. 1, one or more dual purpose
wearable patches 100, 101 are attached to the skin of a user
110 for measuring body vital signs. The dual purpose
wearable patch 100 can be placed on the ears, the forehead,
the hands, the shoulder, the waist, the leg, or the foot, under
the armpit, around the wrist, on or around the arm, or other
parts of a user’s body. In the present disclosure, the term
“wearable patch” can also be referred to as “wearable
sticker”, “wearable tag”, or “wearable band”, etc.

[0035] As discussed in more detail below, dual purpose
wearable patches 100, 101 can operate individually, or in a
group to provide certain desired treatment or measurement.
For example, the purpose wearable patch 101 can wrap
around a user’s ear for applying an electric field through
certain location of the ear. Similar, the disclosed purpose
wearable patch can wrap around a user’s wrist for providing
treatment and measurement. Moreover, the dual purpose
wearable patches 100, 101 can be attached to different parts
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of a user’s body such as on the two ears or the two temples
of the user 110, which allows a low electric voltage signal
to be applied across the user’s head.

[0036] As discussed above, wearable electronic patches
face several challenges: the user’s skin may interfere with
their proper operations. For example, the wearable patch 100
may include an antenna for wireless communications with
other devices. The antenna’s communication range can be
significantly reduced when an antenna is placed in contact
with the user’s skin.

[0037] The presently disclosure aims to overcome the
drawbacks in conventional wearable patches, and to provide
highly stretchable, compliant, durable, breathable, and com-
fortable wearable electronic patches while performing more
accurate and more responsive measurements and communi-
cation functions.

[0038] Referring to FIG. 2, a base structure 200 includes
a flexible circuit substrate 205 having an electric circuit
embedded in or formed on. The flexible circuit substrate 205
has a large opening 210 and multiple small through holes
215. A semiconductor chip 220, a battery 225, an antenna
230, and bonding pads 235 are mounted or formed on the
upper surface of the flexible circuit substrate 205. The
semiconductor chip 220, the battery 225, the antenna 230,
and at least one of the bonding pads 235 is connected with
the electric circuit in the flexible circuit substrate 205.
[0039] Stiffening layers 240 are formed on the layer
surface of the flexible circuit substrate 205 at locations
respectively below electronic components such as the semi-
conductor chip 220, the battery 225, the antenna 230, and the
bonding pads 235. The stiffening layers 240 have higher
Young’s modulus than that of the flexible circuit substrate
205, and can protect the electronic devices from being
damaged when the flexible circuit substrate 205 is bent. The
flexible circuit substrate 205 can be made of polymeric
materials and built in with electric circuitry that connects the
semiconductor chip 220, the battery 225, the antenna 230,
and the bonding pads 235. The stiffening layers 240 can be
made of metallic or polymeric materials.

[0040] Referring to FIGS. 3 and 4, a wearable thermom-
eter patch 300 includes a temperature probe unit 400, in
addition to the components in the base structure 200 as
shown in FIG. 2. In the temperature probe unit 400, a
thermally conductive cup 302 has its bottom portion plugged
into the large opening 210 (FIG. 2). The bottom portion of
the thermally conductive cup 302 protrudes out of the lower
surface of the flexible circuit substrate 205. The lips of the
thermally conductive cup 302 near its top portion are fixedly
attached or bonded to bonding pads 235 by soldering or with
an adhesive. The thermally conductive cup 302 can be made
of a thermally conductive metallic or alloy material such as
copper, stainless steel, ceramic or carbide composite mate-
rials. A temperature sensor 301 is attached to and in thermal
conduction with an inner surface near the bottom of the
thermally conductive cup 302. The temperature sensor 301
can be implemented, for example, by a Thermistor, a Resis-
tor Temperature Detector, or a Thermocouple. When an
outer surface of the bottom portion of the thermally con-
ductive cup 302 is in contact with a user’s skin, the thermally
conductive cup 302 can thus effectively transfer heat from a
user’s skin to the temperature sensor 301. A flexible con-
ductive ribbon 303 is connected to the temperature sensor
301 in the thermally conductive cup 302 and one of the
conductive pads 235 on the flexible circuit substrate 205.
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Thus the temperature sensor 301 is connected to the electric
circuit in the flexible circuit substrate 205 and can send an
electric signal to the electric circuit and the semiconductor
chip 220 in response to temperature measured by the tem-
perature sensor 301. The semiconductor chip 220 processes
the electric signal and outputs another electrical signal
which enables the antenna 230 to transmit a wireless signal
to send measurement data to another external device such as
a mobile phone or a computer. The battery 225 powers the
semiconductor chip 220, the electric circuit, and possibly the
temperature sensor 301.

[0041] The temperature sensor 301 and a portion of the
flexible conductive ribbon 303 are fixed to an inner surface
at the bottom of the thermally conductive cup 302 by a
thermally-conductive adhesive 304, which allows effective
heat transfer from the bottom of the thermally conductive
cup 302 to the temperature sensor 301. Examples of the
thermally-conductive adhesive 304 can include electrically-
insulative thermally-conductive epoxies and polymers. A
thermally insulating material 305 is fixed in and fills the top
portion of the thermally conductive cup 302, which fixes the
thermally-conductive adhesive 304 at the bottom of the
thermally conductive cup 302 and reduces heat loss from the
temperature sensor 301 to the elastic layer (described below)
or the environment. The flexible conductive ribbon 303 can
be bent and laid out along the wall the thermally conductive
cup 302.

[0042] A layer of a perforated polymer material 316 is
bonded to the bottom surface of the flexible circuit substrate
205 using adhesive material 315. Suitable material for the
perforated polymer material 316 can include soft materials
such as Polyurethane. The layer of perforated polymer
material 316 can include multiple holes 317: one of them
exposes a bottom of the thermally conductive cup; others
allow sweat and moisture to escape through holes 215 and
holes 325; while other holes 317 help enhance flexibility and
comfort of the perforated polymer material. An adhesive
material is applied to the lower surface of the perforated
polymer material 316 to be attached the lower surface of the
perforated polymer material 316 to the user’s skin, so that
the bottom of the thermally conductive cup 302 can be in
tight contact with a user’s skin for the accurate temperature
measurement of the user’s skin.

[0043] It should be noted that when the wearable ther-
mometer patch 300 is worn by the user, the antenna 230 is
separated from the user’s skin by the flexible circuit sub-
strate 205 and the layer of the perforated polymer material
316, which minimizes the impact of the user’s body on the
transmissions of wireless signals by the antenna 230.
[0044] An elastic layer 320 is bonded onto the upper
surface of the flexible circuit substrate 205 with an adhesive
material 315 in between. Alternatively, the elastic layer 320
can directly be molded onto the flexible circuit substrate 205
without using any bonding interface material 315. The
elastic layer 320 includes recesses 330 on the underside to
define cavities to contain the antenna 230, the battery 225,
the semiconductor chip 220 and the flexible conductive
ribbon 303. The elastic layer 320 also includes holes 325 that
are registered to the through holes 215 in the flexible circuit
substrate 205, which allows moisture and sweat from the
user’s skin to diffuse to the ambient environment, which
enhances user’s comfort and strength of attachment of the
wearable thermometer patch 300 to the user’s skin. The
elastic layer 320 can include one or more cavities 335 for
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enhancing flexibility (bendable) and stretchability of the
elastic layer 320 and the whole wearable thermometer patch
300. The cavities 335 can have elongated shapes with
lengthwise direction oriented perpendicular to the flexible
circuit substrate 205.

[0045] The elastic layer 320 can be made of a non-
conductive material such as an elastomeric material or a
viscoelastic polymeric material having low Young’s modu-
lus and high failure strain. In some embodiments, the elastic
layer 320 has a Young’s Modulus<0.3 Gpa. In some cases,
the elastic layer 320 and can have Young’s Modulus<0.1
Gpa to provide enhanced flexibility and tackability. Mate-
rials suitable for the elastic layer 320 include elastomers,
viscoelastic polymers, such as silicone, silicone rubber, and
medical grade polyurethane that is a transparent medical
dressing used to cover and protect wounds with breathability
and conformation to skin.

[0046] The disclosed wearable thermometer patch can
significantly enhance measurement accuracy and respon-
siveness, and reduce thermal noise. The temperature sensor
is positioned very close to a user’s skin. The temperature
sensor is placed at the bottom of a thermally conductive cup
and in good thermal conduction with the user’s skin. The
minimized thermal resistance between the temperature sen-
sor and the user’s skin reduces temperature measurement
error and also decreases measurement response time. More-
over, the temperature sensor is secured fixed by an adhesive
to the bottom of the thermally conductive cup such that the
temperature sensor is not affected and detached by user’s
body movements, which improves durability of the wearable
thermometer patch. Furthermore, the temperature sensor is
thermally isolated with the ambient environment by a ther-
mal insulating material in the top portion of the thermally
conductive cup. The reduced thermal capacity helps further
reduces background noise in the measurements of user’s
skin temperature and increase response rate of measurement.
A layer of soft perforated polymer material under the
flexible substrate minimizes heat conduction from the user’s
skin to the wearable thermometer patch, thus reducing the
“cooling effect” of the user’s skin by the wearable thermom-
eter patch.

[0047] Another advantage of the disclosed wearable ther-
mometer patch is that it is stretchable, compliant, durable,
and comfortable to wear by users. The disclosed wearable
thermometer patch includes a flexible substrate covered and
protected by an elastic layer that increases the flexibility and
stretchability. Cavities within the elastic layer further
increase its flexibility and stretchability. A layer of soft
perforated polymer material under the flexible substrate
provides comfortable contact to user’s skin is in contact with
user’s skin. Openings in the elastic layer, the substrate, and
the soft perforated polymer material can bring moisture and
sweat from the user’s skin to the ambient environment,
which increases user’s comfort as well as strength of the
attachment of the wearable thermometer patch to user’s skin.

[0048] Yet another advantage of the disclosed wearable
thermometer patch is that it can significantly increase wire-
less communication range by placing the antenna on the
upper surface of the flexible circuit substrate. The thickness
of the substrate as well as the height of the thermally
conductive cup can be selected to allow enough distance
between the antenna and the user’s skin to minimize inter-
ference of user’s body to the wireless transmission signals.
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[0049] Further details of wearable thermometer patches
are disclosed in the commonly assigned co-pending U.S.
patent application Ser. No. 14/814,347 “Three dimensional
electronic patch”, filed Jul. 30, 2015, the disclosure of which
is incorporated herein by reference.

[0050] In some embodiments, the present disclosure
teaches an improved thermometer patch that can properly
compensate for the status of the physical contacts (no
contact, loose contact, or tight contact, etc.) between the
thermometer patch and the user’s body.

[0051] Referring to FIGS. 5 and 6, an improved wearable
thermometer patch 500 includes a temperature probe unit
550, a substrate 510, and a RF antenna 511, a Bluetooth chip
512, a battery 513, and a controller 514 mounted on the
substrate 510. An adhesive layer formed under the substrate
510 can attach the improved wearable thermometer patch
500 to human skin. The substrate 510 can be implemented
by a flexible printed circuit board (PCB), a printed PET, or
a PCB). The RF antenna 511, the Bluetooth chip 512, the
battery 513, and the controller 514 are electrically connected
a circuit (not shown) in the substrate 510. An elastic layer
520 is formed on the temperature probe unit 550, the
substrate 510, the RF antenna 511, the Bluetooth chip 512
and the battery 513. The elastic layer 520 can be formed by
materials such as silicone, polyurethane, thermoplastic poly-
urethane, a polyethylene foam, or a fabric.

[0052] The temperature probe unit 550 includes tempera-
ture sensors 601A and 601B which are respectively bonded
to the bottom surface and the top surface of a plate 602. The
plate 602 has a known thermal resistance, which can be
formed by materials such as plastic, ceramic, metal, or foam
materials. The temperature sensors 601A and 601B can be
implemented for example by thermistor, a resistance tem-
perature detector, or thermocouple, which are electrically
connected to the circuit in the substrate 510. The tempera-
ture probe unit 550 also includes a metal cup 604 which is
mounted in an opening in the substrate 510. The metal cup
604 can be formed with copper, stainless, ceramic, carbide,
or other metallic alloys. An electrically insulating layer 605
is formed on an inner surface of the metal cup 604. The
assembly of temperature sensors 601A and 601B and the
plate 602 are attached to the metal cup 604 and the electri-
cally insulating layer 605 therein by thermally-conductive
epoxy 603. A thermally insulating material 606 fills up the
metal cup 604 over the thermally-conductive epoxy 603.
[0053] The temperature probe unit 550 also includes a
force sensor 530 attached to the top of the metal cup 604 and
the thermally-insulating material 606 therein. The force
sensor 530 is electrically connected to the circuit in the
substrate 510, and can be implemented by a force sensitive
resistor (FSR), a micromechanical electro (MEMS) strain
sensor, or other types of force or pressure sensors. The
elastic layer 520 is compressible when an external force is
applied to the top of the improved wearable thermometer
patch 500, which transmits a force to the force sensor 530.
[0054] When the improved wearable thermometer patch
500 is attached to a user’s skin under the armpit, it is
desirable to accurately measure the user’s body temperature
under the skin, at the interface between epidermis and
dermis layers 660 and a fatty tissue layer 670.

[0055] In accordance with the present invention, the
assembly of temperature sensors 601A and 601B and the
force sensor 530 allows accurate measurement of the user’s
skin temperature. When the diameter of a plate is large
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enough, the temperature distribution across the surfaces is
approximately uniform; one-dimensional Fourier’s law can
be applied to describe heat conduction in the thickness
direction of the plate 602:

g=K(T1-T2)/Ax eqn.(1)

where q is the heat flux conducted through the plate; K is the
thermal conductivity of the plate 602; T1 and T2 are
respectively the temperatures measured by the temperature
sensors 601A and 601B at the bottom and the top surfaces
of the plate 602, while Ax is the thickness of the plate 602.
[0056] The epidermis and dermis layers 660, the bottom
layer of the metal cup 604, the electrically insulating layer
605, and the layer of thermally-conductive epoxy 603
between the temperature sensor 601A and the electrically
insulating layer 605 can also be modeled by a stack of plates.
At thermal equilibrium, the heat flux conducted is the same
through all the plates in the stack. The skin temperature
under the epidermis and dermis layers 660 can be calculated
based on one-dimensional Fourier’s law with the following
equation:

T _armpit=gAx/K"+T1 eqn.(2)

where T_armpit (shown in FIG. 6) is the skin temperature
under the epidermis and dermis layers 660; K' is the com-
posite thermal conductivity of the above described layers,
T1 is the temperature measured by the temperature sensor
601A at the bottom and the top surfaces of the plate 602,
while Ax' is the total thickness of these layers.

[0057] Equations (1) and (2) show that when the pair of
the temperature sensors 601A and 601B are used to measure
temperature across the plate 602, the measurement value of
T_armpit is minimally impacted by the thermal environment
above the elastic layer 520. In other words, when arm is
opened, the heat convection in the air has little influence on
the measurement of T_armpit.

[0058] The calculations described in equations (1) and (2)
above can be conducted by the controller 514 or an external
device wirelessly connected with the improved wearable
thermometer patch 500 via the Bluetooth chip 512. The
controller 514 can receive temperature measurement data
from the temperature sensors 601A and 601B via the circuit
in the substrate 510.

[0059] When arm is opened or closed, however, the ther-
mal contact resistance between the bottom of the metal cup
604 and the epidermis and dermis layers 660 may vary. The
integrated force sensor 530 can measure the contact force,
which correlates with the thermal contact resistance. Thus,
using a combination of DTS and a force sensor, a more
accurate temperature can be obtained from the armpit by
eliminating impacts from the ambient temperature and the
compressing force and the variations in the contact force.
[0060] Referring to FIG. 7, the upper curve shows a time
series of temperatures measured without contact force mea-
surement, which shows unknown variations in temperature
values, which are sources of measurement inaccuracies. The
curve in the middle shows a time series of contact forces
measured by the above described force sensor, which shows
variations in the contact force, which is caused by the open
and close of the armpit during measurements. The lower
curve shows a time series of temperature measurement being
segmented according to the open/close status of the armpit
as interpreted by the contact force measurement by the force
sensor: a) the dotted-dashed lines show the status when the
armpit is properly closed and thermometer is ramping to the
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thermal equilibrium; b) the solid lines show that armpit is
properly closed, the temperature have reached thermal equi-
librium, and the temperature measurements are proper; and
¢) the dotted lines correspond to the period when the armpit
is opened, temperature is not properly measured, and the
temperature measurement data should be discarded. The
temperature measurement of user’s skin can thus be drasti-
cally improved by using data obtained from only the periods
when there are good thermal contacts between the improved
wearable thermometer patch 500 and the user’s skin.

[0061] The above described segmentation and selection of
the time series of the temperature measurement data based
on force sensing data can be conducted by the controller 514
or an external device wirelessly connected with the
improved wearable thermometer patch 500 via the Bluetooth
chip 512. The controller 514 can receive temperature mea-
surement data from the force sensor 530 via the circuit in the
substrate 510.

[0062] Insome embodiments, referring to FIG. 8, a wear-
able thermometer patch 800 includes a stretchable and
permeable layer 805 that include openings 810. The stretch-
able and permeable layer 805 can be made of soft foam
material such as EVA, PE, CR, PORON, EPD, SCF or fabric
textile, to provide stretchability and breathability. A tem-
perature probe unit 400, with details described above and
shown in FIG. 4, is mounted in the opening 810. A battery
holder 811 is attached to an upper surface of the stretchable
and permeable layer 805, in which a replaceable battery 815
can be mounted and electrically connected to connectors 816
to power electronic component such as the temperature
probe unit 400. One or more spacers 807 having height
similar or slightly higher than the battery holder 811 are also
attached to the upper surface of the stretchable and perme-
able layer 805 to protect the battery holder 811 and a circuit
substrate 820. The one or more spacers 807 can be formed
by a soft foam material similar to that of the stretchable and
permeable layer 805. A semiconductor chip 825, an antenna
826, an LED indicator 827, and a switch 828 are mounted on
or under the circuit substrate 820. The circuit substrate 820
includes an electric circuit therein that electrically connects
the various electronic components thereon to the connectors
816 and the replaceable battery 815. The LED indicator 827
can indicate the mode and status (e.g. in measurement mode,
off mode, fever warning, etc.) of the wearable thermometer
patch 800. The switch 828 is optional and can turn the power
from the replaceable battery 815 on or off. In one imple-
mentation, the circuit substrate 820 can be implemented
with a printed circuit board. The circuit substrate 820
mounted with the various electronic components is bonded
to the stretchable and permeable layer 805 by an adhesive
layer.

[0063] Referring to FIGS. 4 and 8, the temperature probe
unit 400, as described above, includes a thermally conduc-
tive cup 302 having its bottom portion mounted into the
large opening 810 and fixed to the stretchable and permeable
layer 805 by an adhesive. A temperature sensor 301 is
electrically connected to the electric circuit in the circuit
layer 805 by a flexible conductive ribbon 303. The tempera-
ture sensor 301 is connected to the electric circuits in the
circuit substrate 820 and can send an electric signal to the
electric circuit and the semiconductor chip 825 in response
to temperature values measured by the temperature sensor
301. The semiconductor chip 825 processes the electric
signal and outputs another electrical signal which enables



US 2018/0028072 A1

the antenna 826 to transmit a wireless signal to send mea-
surement data to an external device such as a mobile phone
or a computer. The replaceable battery 815 powers the
semiconductor chip 825, the electric circuit, and possibly the
temperature sensor 301.

[0064] Referring back to FIG. 8, an elastic layer 832 is
formed on the one or more spacers 807, and the circuit
substrate 820 mounted with various electronic components.
A thin film 833 is formed on the elastic layer 450 with an
adhesive for protection and cosmetic purposes. In an open-
ing of the elastic layer 832, an elastic cover layer 834 is
placed over the battery holder 811 and the replaceable
battery 815, and on portions of the one or more spacers 807.
The elastic cover layer 834 can be removed to allow removal
or replacement of the replaceable battery 815. The elastic
cover layer 834 is sealed and held in place by a detachable
cover layer 836 with a ring-shaped detachable water resis-
tant adhesive 835.

[0065] The elastic layer 832 and the elastic cover layer
834 can be formed by soft stretchable foam and permeable
materials such as EVA, PE, CR, PORON, EPD, SCF, or
fabric textile. Thus the circuit substrate 8§20 mounted with
the various electronic components, and the replaceable bat-
tery 815 are sandwiched between and protected by the
stretchable and permeable layer 805, and the elastic layer
832 and the elastic cover layer 834. The spacers 807 provide
extra cushion and protection to the temperature probe unit
400 and the above mentioned components.

[0066] The semiconductor chip 825 processes the electric
signal and outputs an electrical signal which enables the
antenna 826 to transmit a wireless signal carrying the
measurement data to another external device such as a
mobile phone or a computer. The wireless signal can be
based on using WiFi, Bluetooth, Near Field Communication
(NFC), and other wireless standards. When the wearable
thermometer patch 800 is worn by a user, the antenna 826 is
separated from the user’s skin by the thickness of the circuit
substrate 416 and the stretchable and permeable layer 805,
which minimizes the impact of the user’s body on the
transmissions of wireless signals by the antenna 826.
[0067] In some embodiments, referring to FIG. 9, a wear-
able thermometer patch 900 includes a stretchable and
permeable layer 905 that include openings 910. The stretch-
able and permeable layer 905 can be made of soft foam
material such as EVA, PE, CR, PORON, EPD, SCF or fabric
textile, to provide stretchability and breathability. A tem-
perature probe unit 400, with details described above and
shown in FIG. 4, is mounted in the opening 910. A battery
holder 911 is soldered into a circuit substrate 920 and
attached to an upper surface of the stretchable and perme-
able layer 905. A replaceable battery 915 can be mounted in
the battery holder 911 and electrically connected to connec-
tors 916 to power electronic component such as the tem-
perature probe unit 400. One or more spacers 907 and a
wedge-shape spacer 908 are also attached to the upper
surface of the stretchable and permeable layer 905 to protect
the battery holder 911 and the circuit substrate 920. The one
or more spacers 907 and the wedge-shape spacer 908 can be
formed by a soft foam material similar to that of the
stretchable and permeable layer 905. The wedge-shape
spacer 908 defines a varying thickness for the wearable
thermometer patch 900. The thicker side of the wedge-shape
spacer 908 can be adjacent to the circuit substrate 920 and
the battery holder 911 to provide a thicker space. The
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wedge-shape spacer 908 can advantageously reduce the
thickness of the wearable thermometer patch 900 in the
unnecessary areas, and can therefore improve flexibility of
the wearable thermometer patch 900.

[0068] A semiconductor chip 925, an antenna 926, an LED
indicator 927, and a switch 928 are mounted on or under the
circuit substrate 920. The circuit substrate 920 includes
electric circuits therein that electrically connects the various
electronic components thereon to the connectors 916 and the
replaceable battery 915. The LED indicator 927 can indicate
the mode and status (e.g. in measurement mode, off mode,
fever warning, etc.) of the wearable thermometer patch 900.
The switch 928 is optional and can turn the power from the
replaceable battery 915 on or off. In one implementation, the
circuit substrate 920 can be implemented with a printed
circuit board. The circuit substrate 920 mounted with the
various electronic components is bonded to the stretchable
and permeable layer 905 by an adhesive layer.

[0069] Referring to FIGS. 4 and 9, the temperature probe
unit 400, as described above, includes a thermally conduc-
tive cup 302 having its bottom portion mounted into the
large opening 910 and fixed to the stretchable and permeable
layer 905 by an adhesive. A temperature sensor 301 is
electrically connected to the electric circuit in the circuit
layer 905 by a flexible conductive ribbon 303. The tempera-
ture sensor 301 is connected to the electric circuits in the
circuit substrate 920 and can send an electric signal to the
electric circuit and the semiconductor chip 925 in response
to temperature measured by the temperature sensor 301. The
semiconductor chip 925 processes the electric signal and
outputs another electrical signal which enables the antenna
926 to transmit a wireless signal to send measurement data
to an external device such as a mobile phone or a computer.
The replaceable battery 915 powers the semiconductor chip
925, the electric circuit, and possibly the temperature sensor
301.

[0070] Referring back to FIG. 9, an elastic layer 932 is
formed on the one or more spacers 907, and the circuit
substrate 920 mounted with various electronic components.
A thin film 933 is formed on the elastic layer 450 with an
adhesive for protection and cosmetic purposes. In an open-
ing of the elastic layer 932, an elastic cover layer 934 is
placed over the battery holder 911 and the replaceable
battery 915, and on portions of the one or more spacers 907.
The elastic cover layer 934 can be removed to allow removal
or replacement of the replaceable battery 915. The elastic
cover layer 934 is sealed and held in place by a detachable
cover layer 936 with a ring-shaped detachable water resis-
tant adhesive 935.

[0071] The elastic layer 932 and the elastic cover layer
934 can be formed by soft stretchable foam and permeable
materials such as EVA, PE, CR, PORON, EPD, SCF, or
fabric textile. Thus the circuit substrate 920 mounted with
the various electronic components, and the replaceable bat-
tery 915 are sandwiched between and protected by the
stretchable and permeable layer 905, and the elastic layer
932 and the elastic cover layer 934. The spacers 907 provide
extra cushion and protection to the temperature probe unit
400 and the above mentioned components.

[0072] The semiconductor chip 925 processes the electric
signal and outputs an electrical signal which enables the
antenna 926 to transmit a wireless signal carrying the
measurement data to another external device such as a
mobile phone or a computer. The wireless signal can be



US 2018/0028072 A1

based on using WiFi, Bluetooth, Near Field Communication
(NFC), and other wireless standards. When the wearable
thermometer patch 900 is worn by a user, the antenna 926 is
separated from the user’s skin by the thickness of the circuit
substrate 416 and the stretchable and permeable layer 905,
which minimizes the impact of the user’s body on the
transmissions of wireless signals by the antenna 926.
[0073] It should be noted that the wearable thermometer
patches 800, 900 are compatible with other configurations of
temperature probe units. For example, the wearable ther-
mometer patches 800, 900 can respectively incorporate the
temperature probe unit 1050 (FIGS. 11A-11C below) by
mounting it in an opening of the stretchable and permeable
layer 805 or 905. The flexible and conforming wearable
thermometer patches 800, 900 are suitable for measuring
skin temperature over soft tissues such as under the armpit.
[0074] In some embodiments, referring to FIG. 10, a
wearable thermometer patch 1000 includes a circuit sub-
strate 1020, a battery holder 1011 is mounted into an
opening of the circuit substrate 1020, and a temperature
probe unit 1050 attached to an underside of the battery
holder 1011 or the circuit substrate 1020. A semiconductor
chip 1025, an antenna 1026, an LED indicator 1027, and a
switch 1028 are mounted on or under the circuit substrate
1020. A replaceable battery 1015 can be mounted in the
battery holder 1011 and electrically connected to connectors
1016 to power electronic component such as the temperature
probe unit 1050, the semiconductor chip 1025, the antenna
1026, the LED indicator 1027, and the switch 1028. The
circuit substrates 1020 respectively include electric circuits
therein that electrically connects the various electronic com-
ponents thereon to the connectors 1016 and the replaceable
battery 1015. The LED indicator 1027 can indicate the mode
and status (e.g. in measurement mode, off mode, fever
warning, etc.) of the wearable thermometer patch 1000. The
switch 1028 is optional and can turn the power from the
replaceable battery 1015 on or off. In one implementation,
the circuit substrate 1020 can be implemented with a printed
circuit board. The circuit substrate 1020 mounted with the
various electronic components is bonded to the stretchable
and permeable substrate 1005 by an adhesive layer.

[0075] A soft detachable cover layer 1060 is attached to
the top side top and around the edges of the circuit substrate
1020 and components mounted thereon, the battery holder
1011 and the replaceable battery 1015. The soft detachable
cover layer 1060 can be made of an elastic, sticky, and water
resistant material such as silicone. The soft detachable cover
layer 1060 can be easily detached for the replacement of the
replaceable battery 1015. A thermal conductive spreader
layer 1070 is attached under the circuit substrate 1020 and
the temperature probe unit 1050. The thermal conductive
spreader layer 1070 can be bonded to a lower surface of the
circuit substrate 1020 by an adhesive 1035 such as Epoxy.
Thus, the circuit substrate 1020 and associated electronic
components, and the temperature probe unit 1050 are pro-
tected from physical abrasion and impact, and moistures, by
the soft detachable cover layer 1060 above and the thermal
conductive spreader layer 1070 below.

[0076] Referring to FIGS. 10 and 11A, the temperature
probe unit 1050 includes a housing 1051 that can be imple-
mented with a separate unit or an integrated unit as the
battery holder 1011. The temperature probe unit 1050
includes a plate 1052 having a known thermal resistance and
temperature sensors 1055A-1055D (respectively measuring

Feb. 1,2018

temperatures T1-T4) bonded to the top and bottom surfaces
of the plate 1052. The plate 1052 can be formed by materials
such as plastic, ceramic, metal, or foam materials. The
temperature sensors 1055A-1055D can be implemented for
example by thermistor, a resistance temperature detector, or
thermocouple, which are electrically connected to the circuit
in the circuit substrate 1020 via conductive lines 1017. A
thermally insulating material 1057 such as Epoxy fills up the
housing 1051 and encapsulates the plate 1052 and the
temperature sensors 1055A-1055D. When the thermal con-
ductive spreader layer 1070 is in contact with an epidermis
and dermis layers 1080 of a human skin, the temperature
sensors 1055A-1055D can effectively exchange heat with
the human tissue through the thermal conductive spreader
layer 1070.

[0077] The pair of temperature sensors 1055A, 10558 is
respectively attached to the upper surface and the lower
surface of the plate 1052 with the temperature sensor 1055A
positioned over the temperature sensor 1055B. Similarly, the
pair of temperature sensors 1055C, 1055D is respectively
attached to the upper surface and the lower surface of the
plate 1052 with the temperature sensor 1055C positioned
over the temperature sensor 1055D. The plate 1052 has
different thicknesses (and thus different thermal resistances)
at portions between the temperature sensors 1055A, 1055B
and between the temperature sensors 1055C, 1055D.
[0078] The temperature sensors 1055A-1055D are electri-
cally connected to the electric circuits in the circuit substrate
1020 and can send an electric signal to the electric circuit
and the semiconductor chip 1025 in response to temperature
measured by the temperature sensor 301. The semiconductor
chip 1025 processes the electric signal and outputs another
electrical signal which enables the antenna 1026 to transmit
a wireless signal to send measurement data to an external
device such as a mobile phone or a computer. The replace-
able battery 1015 powers the semiconductor chip 1025, the
electric circuit, and possibly the temperature sensors 1055A-
1055D.

[0079] Referring to FIG. 11B, in another implementation,
the temperature probe unit 1050 includes the components
and their functions that are similar to what’s shown in FIG.
11A and described above except for the plate 1052 (in FIG.
11A) is replaced by two plates 1052A, 1052B separated by
a gap in the planar direction. The plates 1052A and 1052B
have different thicknesses and are sandwiched respectively
between the pair of temperature sensors 10554, 1055B and
between the pair of temperature sensors 1055C, 1055D.
[0080] Referring to FIG. 11C, in another implementation,
the temperature probe unit 1050 includes the components
and their functions that are similar to what’s shown in FIG.
11A-11B and described above. The plate 1052 (in FIG. 11A)
is replaced by two plates 1052C, 1052D separated by a gap
in the planar direction. The plates 1052C and 1052D have
different thicknesses and are sandwiched respectively
between the pair of temperature sensors 10554, 10558 and
between the pair of temperature sensors 1055C, 1055D.
[0081] Referring to FIGS. 10 and 11A-11C, the semicon-
ductor chip 1025 processes the electric signal and outputs an
electrical signal which enables the antenna 1026 to transmit
a wireless signal carrying the measurement data to another
external device such as a mobile phone or a computer. The
wireless signal can be based on using WiFi, Bluetooth, Near
Field Communication (NFC), and other wireless standards.
When the wearable thermometer patch 1000 is worn by a
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user, the antenna 1026 is separated from the user’s skin by
the thickness of the circuit substrate 416 and the stretchable
and permeable substrate 1005, which minimizes the impact
of the user’s body on the transmissions of wireless signals by
the antenna 1026.

[0082] In accordance with the present invention, the
assembly of the temperature probe unit 1050 allows accurate
measurement of the user’s skin temperature. When the
diameters of the plates 1052-1052D are large enough com-
pared to their respective thicknesses, the temperature distri-
bution across the surfaces is approximately uniform; one-
dimensional Fourier’s law can be applied to describe heat
conduction in the thickness direction of the plates 1052-
1052D (see discussion above in relation to equation (1)). At
thermal equilibrium, the heat flux conducted is the same
through all the plates and layers in the stack at each planar
location. The skin temperature T _core (shown in FIGS.
11A-11C) under the epidermis and dermis layers 1080 can
be calculated based on one-dimensional Fourier’s law with
the following equation (see discussion above in relation to
equation (2)):

(I -1y, -T)
K(Ty-T3)- (1, -Ty)

eqn. (3)
Toore=T1 +

T,-T, are respectively temperatures measured by the tem-
perature sensors 1055A-1055D at the bottom and the top
surfaces of the plates 1052-1052D respectively, while K is
the ratio of the thermal resistance in the portion of the plate
1052 between T, and T, (or the plate 1052A in FIG. 11B or
1052C in FIG. 11C) over the thermal resistance in another
portion of the plate 1052 between T, and T, (or the plate
1052B in FIG. 11B or 1052D in FIG. 11C). The calculations
of the skin temperature T_core can be conducted by the
semiconductor chip 1025 and sent to an external device. The
skin temperature T_core can also be calculated by an exter-
nal device which receives temperature measurement data
from the wearable thermometer patch 1000 via wireless
communications.

[0083] It should be noted that the wearable thermometer
patch 1000 is compatible with other configurations of tem-
perature probe units. For example, the wearable thermom-
eter patch 1000 can incorporate the temperature probe unit
400 (FIG. 4) by mounting it in an opening in the circuit
substrate 1020.

[0084] The flexible and conforming wearable thermom-
eter patch 1000 is suitable for measuring skin temperature
over flat skin surface such as.

[0085] The disclosed wearable thermometer patches have
one or more of the following advantages. The temperature
probe unit is integrated with a circuit and a battery holder for
holding replaceable battery, which makes the wearable ther-
mometer patches very compact, conforming user’s skin,
capable of maximum continuous monitoring of user’s tem-
perature. The measurement data can also be wirelessly
communicated with external devices.

[0086] The disclosed wearable thermometer patches can
also include electronic components such as the semiconduc-
tor chips, resistors, capacitors, inductors, diodes (including
for example photo sensitive and light emitting types), other
types of sensors, transistors, amplifiers. The sensors can also
measure temperature, acceleration and movements, and
chemical or biological substances. The electronic compo-
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nents can also include electromechanical actuators, chemical
injectors, etc. The semiconductor chips can perform com-
munications, logic, signal or data processing, control, cali-
bration, status report, diagnostics, and other functions.
[0087] While this document contains many specifics, these
should not be construed as limitations on the scope of an
invention that is claimed or of what may be claimed, but
rather as descriptions of features specific to particular
embodiments. Certain features that are described in this
document in the context of separate embodiments can also
be implemented in combination in a single embodiment.
Conversely, various features that are described in the context
of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable sub-combination.
Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can
in some cases be excised from the combination, and the
claimed combination may be directed to a sub-combination
or a variation of a sub-combination.

[0088] Only a few examples and implementations are
described. Other implementations, variations, modifications
and enhancements to the described examples and implemen-
tations may be made without deviating from the spirit of the
present invention.

What is claimed is:

1. A wearable thermometer patch for continuous wearing
by a user, comprising:

a circuit substrate comprising an electric circuit;

a battery holder mounted in the circuit substrate, wherein
the battery holder is configured to hold a replaceable
battery to supply power to the electric circuit;

a temperature probe unit in connection with the electric
circuit, comprising one or more temperature sensors in
electric connection with the electric circuit in the circuit
substrate, the one or more temperature sensors each
configured to measure temperatures near the user’s skin
to produce one or more temperature values; and

a detachable cover layer on the battery holder.

2. The wearable thermometer patch of claim 1, further
comprising:

a stretchable and permeable layer below the circuit sub-
strate and the battery holder, wherein the temperature
probe unit is mounted in an opening of the stretchable
and permeable layer, wherein at least a portion of the
temperature probe unit is configured to be in contact
with the user’s skin.

3. The wearable thermometer patch of claim 2, wherein
the temperature probe unit includes a thermally conductive
cup having a bottom portion configured to be in contact with
the user’s skin, wherein the one or more temperature sensors
are placed inside the thermally conductive cup and are in
thermal conduction with the thermally conductive cup.

4. The wearable thermometer patch of claim 2, further
comprising:

one or more spacers on the stretchable and permeable
layer; and

a thin film on the one or more spacers, wherein the
detachable cover is adhesively attached to a portion of
the thin film.

5. The wearable thermometer patch of claim 1, wherein
the one or more spacers include a wedge-shaped spacer that
defines varying thicknesses for the wearable thermometer
patch.
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6. The wearable thermometer patch of claim 5, wherein
the wedge-shaped spacer includes a thinner side and a
thicker side, wherein the thicker side is adjacent to the
circuit substrate and the battery holder.

7. The wearable thermometer patch of claim 1, further
comprising:

an elastic cover layer between the detachable cover layer

and the battery holder holding the associated replace-
able battery therein.

8. The wearable thermometer patch of claim 1, wherein
the temperature probe unit comprises:

a housing;

a first plate in the housing; and

a first pair of temperature sensors in the housing, includ-

ing:

a first temperature sensor attached to a lower surface of
the first plate; and

a second temperature sensor under the first temperature
sensor and attached to an upper surface of the first
plate.

9. The wearable thermometer patch of claim 8, further
comptising:

a thermally insulating material in the housing, which

encapsulates the first pair of temperature sensors.

10. The wearable thermometer patch of claim 8, further
comprising:

a second pair of temperature sensors in the housing,

including:

a third temperature sensor attached to a lower surface
of the first plate; and

a fourth temperature sensor under the third temperature
sensor and attached to an upper surface of the first
plate,

wherein the first plate has a first thickness between the

first pair of temperature sensors and a second thickness
between the second pair of temperature sensors.

11. The wearable thermometer patch of claim 10, wherein
the semiconductor chip is configured to calculate the tem-
perature of the user’s skin in part using a difference between
temperature values respectively measured by the third tem-
perature sensor and the fourth temperature sensor.

12. The wearable thermometer patch of claim 10, wherein
the first thickness is different from the second thickness.

13. The wearable thermometer patch of claim 8, further
comptising:

a second plate separated from the first plate by a gap ina

planar direction;
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a second pair of temperature sensors in the housing,
including:

a third temperature sensor attached to a lower surface
of a second plate; and

a fourth temperature sensor under the third temperature
sensor and attached to an upper surface of the second
plate,

wherein the first plate has a first thickness between the
first pair of temperature sensors, wherein the second
plate has a second thickness between the second pair of
temperature sensors.

14. The wearable thermometer patch of claim 13, wherein
the semiconductor chip is configured to calculate the tem-
perature of the user’s skin in part using a difference between
temperature values respectively measured by the third tem-
perature sensor and the fourth temperature sensor.

15. The wearable thermometer patch of claim 13, wherein
the first thickness is different from the second thickness.

16. The wearable thermometer patch of claim 13, wherein
the first thickness is substantially the same as the second
thickness.

17. The wearable thermometer patch of claim 8, further
comprising:

a semiconductor chip mounted on the circuit substrate and
in electric connection with the electric circuit, wherein
the semiconductor chip is configured to receive electric
signals from the one or more temperature sensors in
response to respective temperatures measured from the
user’s skin.

18. The wearable thermometer patch of claim 17, wherein
the semiconductor chip is configured to calculate the tem-
perature of the user’s skin in part using a difference between
temperature values respectively measured by the first tem-
perature sensor and the second temperature sensor.

19. The wearable thermometer patch of claim 8, further
comprising:

a thermal conductive spreader layer attached below the
housing of the temperature probe unit and the circuit
substrate.

20. The wearable thermometer patch of claim 1, further

comprising:

a semiconductor chip mounted on the circuit substrate and
in electric connection with the electric circuit; and

an antenna in electric connection with the semiconductor
chip, wherein the antenna is configured to wirelessly
send temperatures measured by the one or more tem-
perature sensors or calculated temperature values to an
external device.
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