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Description
BACKGROUND OF THE INVENTION

[0001] This invention relates to a skin patch including
atelesensor, and particularly to a skin patch thatincludes
a temperature sensor.

[0002] As used herein, the term "telesensor" means a
device that allows a physiological parameter to be mon-
itored at a distance and "temperature sensor" means a
telesensor for which the physiological quantity is body
temperature. A temperature sensor includes an element
whose behavior depends substantially on temperature
of the element and that emits a signal from which the
temperature of the element can be derived.

[0003] Skin patches have been proposed for several
purposes. One type of skin patch has been used to collect
small quantities of perspiration in an absorbent pad. After
the monitoring period, the patch can be removed from
the subject’s skin and the perspiration recovered from
the absorbent pad. Through analysis of the perspiration,
the presence and amount of various chemical species
can be determined. For example, U.S. Patent 4,329,999
(Philips) describes a skin patch useful for drug or alcohol
detection. Skin patches have also been proposed in
which chemically active strips are employed instead of
absorbent pads. The strips react to specific chemicals of
interest. For example, U.S. Patent 4,444,193 (Fogt et al)
discloses a skin patch in which two concentric circular
reaction areas of chemically treated absorbent paper re-
active to chloride in the perspiration are used for indicat-
ing cystic fibrosis. U.S. Patent 4,732,153 (Philips) dis-
closes a skin patch containing an active medium such
as charcoal, which traps the perspiration and retains it
during the monitoring period. After monitoring, the active
medium is recovered and analyzed for the presence and
amount of the chemical of interest. Skin patches having
multiple test zones containing different respective active
media, for collection and detection of different chemical
species, have also been proposed. A skin patch com-
prising all the features of the preamble of claim 1 is known
from EP-A-0 417 274.

[0004] Skin patches for administering chemicals
transdermally have also been proposed. Skin patches
have been developed to administer medications for pain
relief and for hormonal and other replacement therapies.

SUMMARY OF THE INVENTION

[0005] In accordance with the invention there is pro-
vided a skin patch comprising a first layer of material, the
first layer having first and second opposite main faces
and the first main face having a coating of skin-compat-
ible adhesive material, a second layer of material, the
second layer having first and second opposite main faces
and the first main face of the second layer being in con-
fronting relationship with the second main face of the first
layer, and a telesensor for emitting a signal that repre-

10

15

20

25

30

35

40

45

50

55

sents a physiological parameter sensed by the telesen-
sor, the telesensor being sandwiched between the first
and second layers, wherein the first and second layers
are made of materials permeable to water vapor at their
first faces and the second layer is resistant to liquid water
exposure of its second face.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] For abetter understanding of the invention, and
to show how the same may be carried into effect, refer-
ence will now be made, by way of example, to the ac-
companying drawings, in which

[0007] FIG. 1is a top plan view of a first skin patch in
accordance with the present invention; the telesensor is
a temperature sensor and FIG. 1 shows the patch with
the cover layer removed and illustrates the layout of the
components of the temperature sensor,

[0008] FIG. 2is a schematic sectional view of the skin
patch that is shown in FIG. 1,

[0009] FIG. 3is a schematic block diagram of the tem-
perature sensor included in the skin patch shown in FIG.
1, and

[0010] FIG.4isaschematic sectional view of a second
skin patch in accordance with the present invention.

DETAILED DESCRIPTION

[0011] The skin patch shown in FIGS. 1-3 includes two
integrated circuit chips 2, 4, two button cell batteries 6
connected to power supply terminals of the chip 2, and
an antenna 8 connected to an output terminal of the chip
2. The integrated circuit chip 4 is connected to a thermis-
tor 12 (FIG. 3) and several passive components (not
shown). The electrical resistance of the thermistor 12 de-
pends substantially on its temperature

[0012] The button cells 6 are small and of relatively
low profile and are of the type that are commonly used
for hearing aids. The integrated circuit chips 2, 4 and
associated components, the button cell batteries 6 and
the antenna 8 form a temperature sensor. The temper-
ature sensor, when active, periodically measures the
temperature of the thermistor and then transmits the
measurement information via an RF link. A receiving unit
receives the transmission and derives the temperature.
[0013] The chips 2, 4, the batteries 6 and the antenna
8 are attached to an electrically insulating flexible circuit
substrate 14, as are all other electrical components of
the sensor. The flexible circuit substrate is provided on
its undersurface with a coating 16 of an adhesive mate-
rial. A removable protective layer 20 of paper adheres to
the adhesive coating 16. The skin patch further includes
a top or outer protective layer 22 of thermally insulating
material over the temperature sensor and adhesively
bonded to a peripheral margin of the flexible circuit sub-
strate 14.

[0014] In use of the skin patch, the paper layer 20 is
removed to expose the adhesive coating 16 and the patch
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is applied to the skin of a subject. The thermistor tem-
perature equilibrates with skin temperature of the subject.
The temperature sensor, if active, measures the temper-
ature of the thermistor and transmits the temperature in-
formation.

[0015] In order for the skin patch to be physiologically
compatible with the subject, the material of the adhesive
coating should be one that can remain in contact with the
skin for an extended period of time, e.g. four to five days,
without causing an unacceptable reaction.

[0016] For a normal activity level, moisture transpires
through the skin of a human subject at a moisture vapor
transmission rate (MVTR) of about 425 g/m2 per 24
hours. Vigorous exercise produces a higher MVTR while
more sedentary behavior results in a lower MVTR. Mois-
ture that transpires through the skin of a human subject
may adversely affect the electrical components of the
skin patch, i.e. the integrated circuit chips, the cells and
the antenna, and accordingly it is desirable to protect
these components from exposure to such moisture. The
flexible circuit substrate generally has a very low MVTR
capacity, so that if the flexible circuit substrate were im-
perforate, moisture would not permeate through the sub-
strate and affect the electrical components. However, it
is not desirable that moisture should be trapped in contact
with the skin and therefore the skin patch must provide
at least sufficient MVTR capacity for normal activity. This
requirement necessitates that each layer of the skin
patch have an MVTR capacity of at least 425 g/m2 per
24 hours. Moreover, the upper layer must in addition be
resistant to liquid water exposure. A number of commer-
cially available materials have sufficient MVTR capacity
and are resistant to liquid water.

[0017] Referring to FIG. 1, the patch is sufficiently
large, and the electrical components are sufficiently
small, that a substantial proportion of the area of the flex-
ible circuit substrate 14 is not occupied by the electrical
components. Several holes 24 through the substrate al-
low moisture to pass through the substrate. The holes
24 may be spaced away from the more sensitive electrical
components.

[0018] Moisture that passes through the holes 24 in
the substrate and enters the upper layer 22 will tend to
permeate the entire upper layer. A conformal coating 28
of a polyurethane or epoxy material is provided over the
electrical components in order to protect them from cor-
rosion and humidity effects due to moisture present in
the upper layer.

[0019] Referring to FIG. 3, the integrated circuit chip 4
implements a timer 32, and the timer 32, the thermistor
12 and passive components implement an astable mul-
tivibrator 30. The astable multivibrator 30 generates a
periodic output signal in the form of a square wave having
a duty cycle that depends on the resistance of the ther-
mistor 12. The output signal of the multivibrator 30 is
supplied to a microcontroller 34 implemented in the inte-
grated circuit chip 2. The microcontroller includes a coun-
ter 36, which uses a clock signal generated by an oscil-
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lator 38 to measure the length of time in each cycle of
the output signal of the multivibrator for which the output
signal is in the logic high state and the length of time for
which the output signal is in the logic low state, and cal-
culates the ratio of these times. Since the duty cycle of
the output signal depends on the temperature of the ther-
mistor 12, this ratio also depends on the temperature of
the thermistor. The ratio is encoded by an encoder 40 as
a component of a digital transmission packet. The en-
coder supplies the digital transmission packet to a radio
transmitter 42 which is also implemented in the chip 2
and uses the transmission packet to modulate a carrier
and the modulated carrier drives the antenna 8 for radi-
ating the signal.

[0020] The skin patch is used in conjunction with a re-
ceiving unit (not shown) which includes an antenna for
receiving the signal radiated by the transmitting antenna
8, an amplifier for amplifying the received signal, a mi-
crocontroller for decoding the received signal and recov-
ering the ratio value and calculating temperature based
on the ratio value, a memory for storing calculated tem-
perature values, and a readout device for displaying the
calculated temperature values.

[0021] In order to prolong shelf life and operating life
of the skin patch, the microcontroller controls supply of
power to the multivibrator 30 and the transmitter 42. The
microcontroller 34 further controls its own power con-
sumption by use of low-power sleep and suspend modes.
[0022] The microcontroller 34 is initially activated to its
normal active mode by applying a specific signal se-
quence to contact pads 54, which are exposed on the
paper layer and are connected to the microcontroller
through vias that pass through the flexible circuit sub-
strate and the paper layer 20. In the normal mode, the
multivibrator and transmitter are powered. When the mi-
crocontroller has been activated, it periodically returns
to and exits from the suspend mode. In the suspend mode
of the microcontroller, the multivibrator and transmitter
are not powered.

[0023] When the skin patch is first assembled, the mi-
crocontroller enters a calibration mode and then enters
the low-power sleep mode. In the sleep mode, the mul-
tivibrator and the transmitter are not powered. From this
time until the skin patch is activated, the only power con-
sumed is that which is required to maintain the microcon-
troller in the sleep mode. When the device is to be put to
use, an activator circuit, which may be incorporated in
the receiving unit, applies the wake-up signal sequence
to the contact pads 54. If the proper wake-up signal se-
quence is detected by the microcontroller, the microcon-
troller enters the normal operating mode, in which it sup-
plies operating current to the multivibrator and the trans-
mitter for measuring temperature and transmitting tem-
perature information. The active mode alternates with
the stand-by mode to conserve power when not meas-
uring or transmitting.

[0024] When the microcontroller detects the proper
wake-up signal sequence, it also powers the multivibrator
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and the transmitter in order to measure the temperature,
as sensed by the thermistor, and send a short repeated
sequence of measurement data, which includes a unique
identifier for the temperature sensor. This data, transmit-
ted using the antenna 8, is interpreted by the receiving
unit, which provides the user with an indicator that suc-
cessful activation has been achieved. The user can then
disconnect the skin patch from the activation circuit. The
paper layer is then removed, thereby also removing the
contact pads 54 and effectively rendering the activation
terminals of the microcontroller inaccessible. The patch
is ready to be applied to the subject’s skin.

[0025] After transmitting the measurement and identi-
fication data, the microcontroller removes power from the
multivibrator and transmitter 42 and enters the standby
mode. While in this standby mode, a timer 58 in the mi-
crocontroller continues timekeeping functions and after
a predetermined interval wakes the microcontroller into
active mode. The microcontroller activates the circuits
when appropriate and performs the operations described
above in connection with measuring the ratio and trans-
mitting the encoded data. The microcontroller then re-
moves power, re-enters the standby mode, and repeats
the cycle.

[0026] Further details regarding the operation of the
temperature sensor are disclosed in copending Patent
Application No. 10/017,098 filed December 12, 2001.
[0027] FIG.4 llustrates a modification of the skin patch
described with reference to FIGS. 1-3. In accordance with
FIG. 4, the coating of physiologically compatible adhe-
sive material is not provided on the undersurface of the
flexible circuit substrate. The skin patch includes an ad-
ditional layer 60 adhesively bonded to the undersurface
of the flexible circuit substrate 14 and the adhesive coat-
ing 16 is provided on the undersurface of the layer 60.
The layer 60 is made of a material having an MVTR ca-
pacity of at least 425 g/m? per 24 hours.

[0028] It will be appreciated that the invention is not
restricted to the particular embodiment that has been de-
scribed, and that variations may be made therein without
departing from the scope of the invention as defined in
the appended claims and equivalents thereof. For exam-
ple, in one alternative embodiment the microcontroller
may be activated by transmitting the wake-up signal se-
quence from the activation unit optically instead of elec-
trically. Further, it would be possible to provide sufficient
memory in the temperature sensor to record temperature
measurements over several days, in which case the
stored data could be retrieved after the measurement
period and it might not be necessary to include a trans-
mitter and an antenna in the temperature sensor. Al-
though the invention has been described with reference
to a temperature sensor, the invention is also applicable
to other telesensors, for example telesensors that emit
signals representative of heart rate, heart rate interbeat
interval, activity level, including activity level at the sensor
location, and blood oxygen level. Unless the context in-
dicates otherwise, a reference in a claim to the number
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of instances of an element, be it a reference to one in-
stance or more than one instance, requires at least the
stated number of instances of the element but is not in-
tended to exclude from the scope of the claim a structure
or method having more instances of that element than
stated.

Claims
1. A skin patch comprising:

a first layer (14) of material, the first layer (14)
having first and second opposite main faces and
the first main face having a coating (16) of skin-
compatible adhesive material,

a second layer (22) of material, the second layer
(22) having firstand second opposite main faces
and the first main face of the second layer being
in confronting relationship with the second main
face of the first layer,

atelesensor for emitting a signal that represents
a physiological parameter sensed by the tele-
sensor, the telesensor being sandwiched be-
tween thefirst (14) and second (22) layers, char-
acterised in that said first layer (14) is made of
a material that is permeable to water vapor
present at its first face and the second layer (22)
is made of a material that is permeable to water
vapor at its first face and resistant to liquid water
exposure at its second face.

2. A skin patch according to claim 1, wherein the first
layer (14) is a flexible circuit substrate of electrically
insulating material and the telesensor is attached to
the flexible circuit substrate.

3. Askinpatchaccording to claim 2, wherein the flexible
circuit substrate is formed with through holes (24)
spaced from the telesensor.

4. A skin patch according to claim 3, wherein the tele-
sensor includes at least one electrical component
attached to the flexible circuit substrate (14), and
wherein the holes (24) are spaced from said electri-
cal component.

5. A skin patch according to claim 1, wherein the tele-
sensoris atemperature sensor thatincludes an asta-
ble multivibrator (30) incorporating a thermistor (12),
the astable multivibrator (30) generating a square
wave output signal having a duty cycle that depends
on the temperature of the thermistor (12), and the
temperature sensor further comprises a microcon-
troller (34) that receives the output signal of the mul-
tivibrator (30) and generates said temperature sig-
nal.
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A skin patch according to claim 5, wherein the tem-
perature sensor further includes a radio transmitter
(42) connected to the microcontroller (34) for receiv-
ing the temperature signal and encoding a carrier
signal with the temperature signal, and an antenna
(8) for radiating the encoded carrier signal.

A skin patch according to claim 6, wherein the tem-
perature sensor includes a means (40) for encoding
the carrier signal with identifying information.

A skin patch according to claim 1, including a flexible
circuit substrate (14) having first and second oppo-
site main faces, the first main face of the flexible cir-
cuit substrate being in confronting relationship with
the second main face of said first layer and the sec-
ond main face of the flexible circuit substrate being
in confronting relationship with the first main face of
the second layer (22), and wherein the telesensor is
attached to the flexible circuit substrate (14) at the
second main face thereof.

A skin patch according to claim 1, wherein the sec-
ond layer (22) is a conformal coating over the tele-
sensor.

A skin patch according to claim 1 further comprising
a conformal coating (28) of electrically insulating and
water impermeable material over the telesensor.

A skin patch according to claim 1, wherein the tele-
sensor is a temperature sensor and the second layer
(22) is made of a thermally insulating material.

Patentanspriiche

1.

Hautpflaster, aufweisend:

eine erste Materialschicht (14), welche erste
Schicht (14) eine erste und zweite Hauptseite,
die einander gegeniberliegen, hat, und die er-
ste Hauptseite eine Beschichtung (16) aus haut-
vertraglichem adhasiven Material aufweist,
eine zweite Materialschicht (22), welche zweite
Schicht (22) eine erste und eine zweite Haupt-
seite, die einander gegeniberliegen, hat, und
die erste Hauptseite der zweiten Schichtin kon-
frontierender Beziehung zu der zweiten Haupt-
seite der ersten Schicht steht,

einen Telesensor zum Emittieren eines Signals,
das einen physiologischen Parameter darstellt,
der durch den Telesensor gemessen wird, wo-
bei der Telesensor sandwichartig zwischen der
ersten (14) und zweiten (22) Schicht aufgenom-
men ist,

dadurch gekennzeichnet, dass die erste Schicht
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(14) aus einem Material gefertigt ist, das fur den an
ihrer ersten Seite vorliegenden Wasserdampf per-
meabel ist und die zweite Schicht (22) aus einem
Material gefertigtist, das fir den anihrer ersten Seite
vorliegenden Wasserdampf permeabel und an ihrer
zweiten Seite fur flissiges Wasserexponat wider-
standsfahig ist.

Hautpflaster nach Anspruch 1, wobei die erste
Schicht (14) ein flexibles Schaltkreissubstrat aus
elektrisch isolierendem Material ist und der Telesen-
sor an dem flexiblen Schaltkreissubstrat festgelegt
ist.

Hautpflaster nach Anspruch 2, wobei das flexible
Schaltkreissubstrat mit Durchgangsléchern (24) ver-
sehenist, die von dem Telesensor beabstandet sind.

Hautpflaster nach Anspruch 3, wobeider Telesensor
mindestens eine elektrische Komponente aufweist,
die an dem flexiblen Schaltkreissubstrat (14) festge-
legt ist, und wobei die Locher (24) von der elektri-
schen Komponente beabstandet sind.

Hautpflaster nach Anspruch 1, wobeider Telesensor
ein Temperatursensor ist, der einen Oszillator (30)
mit einem Thermistor (12) aufweist, wobei der Os-
zillator (30) ein Rechteckwellen-Ausgangssignal ge-
neriert, das einen Arbeitszyklus in Abhangigkeit von
der Temperatur des Thermistors (12) hat, und der
Temperatursensor Uberdies einen Mikrokontroller
(34) hat, der das Ausgangssignal des Oszillators
(30) aufnimmt und das Temperatursignal generiert.

Hautpflaster nach Anspruch 5, wobei der Tempera-
tursensor ferner einen Funk-Transmitter (42) auf-
weist, der an dem Mikrokontroller (34) zum Aufneh-
men des Temperatursignals angeschlossen ist und
ein Tragersignal mit dem Temperatursignal codiert,
sowie eine Antenne (8) zur Funkiibertragung des co-
dierten Tragersignals.

Hautpflaster nach Anspruch 6, wobei der Tempera-
tursensor Mittel (40) umfasst, um das Tragersignal
mit einer Identifikationsinformation zu codieren.

Hautpflaster nach Anspruch 1, aufweisend ein flexi-
bles Schaltkreissubstrat (14) mit einer ersten und
einer zweiten Hauptseite, die einander gegeniber-
liegen, wobei die erste Hauptseite des flexiblen
Schaltkreissubstrats in konfrontierender Beziehung
zu der zweiten Hauptseite der ersten Schicht und
die zweite Hauptseite des flexiblen Schaltkreissub-
strats in konfrontierender Beziehung mit der ersten
Hauptseite der zweiten Schicht (22) steht, und wobei
der Telesensor an dem flexiblen Schaltkreissubstrat
(14) an der zweiten Hauptseite hiervon festgelegt ist.
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Hautpflaster nach Anspruch 1, wobei die zweite
Schicht (22) eine konforme Beschichtung Giber dem
Telesensor ist.

Hautpflaster nach Anspruch 1, ferner aufweisend ei-
ne konforme Beschichtung (28) aus elektrisch iso-
lierendem und wasserundurchldssigem Material
Uber dem Telesensor.

Hautpflaster nach Anspruch 1, wobeider Telesensor
ein Temperatursensor ist und die zweite Schicht (22)
aus thermisch isolierendem Material gefertigt ist.

Revendications

1.

Emplatre cutané comprenant:

une premiére couche (14) de matériau, la pre-
miére couche (14) ayantune premiére et deuxie-
me face principale I'une contre I'autre et la pre-
miére face principale étant munie d’un revéte-
ment (16) en matériau adhésif compatible avec
la peau,

une deuxiéme couche (22) de matériau, la
deuxiéme couche (22) ayant une premiére et
deuxiéme face principale I'une contre I'autre et
la premiére face principale de la deuxiéme cou-
che étant en situation d’affrontement avec la
deuxiéme face principale de la premiére cou-
che,

un télécapteur destiné a émettre un signal re-
présentant un parameétre physiologique ressenti
par le télécapteur, le télécapteur étant pris en
sandwich entre la premiére (14) et la deuxiéme
(22) couche, caractérisé par le fait que ladite
premiére couche (14) est constituée d’'un maté-
riau perméable a la vapeur d’eau présent sur sa
premiére face et la deuxiéme face (22)) est
constituée d’'un matériau perméable a la vapeur
d’eau sur sa premiére face et est résistante a
I'exposition al'eau liquide sur sa deuxiéme face.

Emplatre cutané selon la revendication 1,

la premiére couche (14) étant un substrat de circuit
souple en matériau électriquement isolant et le téle-
capteur étant relié au substrat de circuit souple.

Emplatre cutané selon la revendication 2,
le substrat de circuit souple étant formé de trous dé-
bouchants (24) éloignés du télécapteur.

Emplatre cutané selon la revendication 3,

le télécapteur comprenant au moins un composant
électrique relié au substrat de circuit souple (14), et
les trous (24) étant éloignés dudit composant élec-
trique.
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5.

10.

1.

10

Empléatre cutané selon la revendication 1,

le télécapteur étant un capteur de température com-
prenant un multivibrateur astable (30) incorporant
une thermistance (12), le multivibrateur astable (30)
générant un signal de sortie sous forme d’'onde car-
rée ayant un facteur d’utilisation dépendant de la
température de la thermistance (12), et le capteur
de température comprenant de plus un microcontro-
leur (34) recevant le signal de sortie du multivibrateur
(30) et générant ledit signal de température.

Emplatre cutané selon la revendication 5,

le capteur de température comprenant de plus un
émetteur radio (42) reli€ au microcontroleur (34)
pour recevoir le signal de température et codifier un
signal modulé avec le signal de température, et une
antenne (8) pour émettre le signal modulé codifié.

Emplatre cutané selon la revendication 6,

le capteur de température comprenant un moyen
(40) de codage du signal modulé a I'aide d’informa-
tions d’identification.

Emplatre cutané selon la revendication 1,
comprenant un substrat de circuit souple (14) ayant
une premiére et deuxiéme face principale I'une con-
tre l'autre, la premiére face principale du substrat de
circuit souple étant en situation d’affrontement avec
la deuxiéme face principale de ladite premiére cou-
che et la deuxiéme face principale du substrat de
circuit souple étant en situation d’affrontement avec
la premiere face principale de la deuxiéme couche
(22), etle télécapteur étant relié au substrat de circuit
souple (14) sur la deuxieme face principale de cet
emplatre.

Emplatre cutané selon la revendication 1,
la deuxieme couche (22) étant un revétement con-
formé recouvrant le télécapteur.

Emplatre cutané selon la revendication 1,
comprenant de plus un revétement conformé (28)
en matériau électriquement isolant et imperméable
a l'eau recouvrant le télécapteur.

Emplatre cutané selon la revendication 1,

le télécapteur étant un capteur de température et la
deuxiéme couche (22) étant constituée de matériau
thermiquement isolant.
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