PERSONAL HYGIENE PRODUCT WITH A DIGITAL ELEMENT

This application claims the benefit of U.S. Pramisal Application Serial No.
62/121,066, filed February 26, 2015, which is hgnelcorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This relates to personal hygiene products usefddmonal care, primarily for absorption
or containment of bodily fluid, and more particlyato a personal hygiene product with a
digital element that may be utilized to sense amdlessly communicate discharge related data
to the user via a smart hand held electronic device

2. Discussion of the Related Art

The basic structure of a personal hygiene prodastiot varied greatly over time. The
needs of users have also not varied: to prevemage onto the skin, clothing, or external
environment through maximized absorption and pteditity of the personal hygiene product’s
absorption capacity. Personal hygiene productsidectampons; bed pads; disposable adult
diapers; disposable adult briefs; disposable sanitapkins, sanitary napkins with adhesive
strips and wings; and panty liners. Most peoplé atisome point in their life use a personal
hygiene product for a period of time. Personal aggiproducts historically involve a one-size-
fits-all approach.

A woman, for example will use an estimated avei@dgE),000 personal hygiene
products in a lifetime. Even though feminine hygigmoducts come in different sizes and shapes
designed for varying absorbent capacity, no produt00 percent effective in preventing spills
or leakage because variance in menstruation maytdeaversaturation. Each woman'’s
menstrual flow varies over the course of her memasion, with some days being lighter or
heavier than others. Because of menstrual variauoogjents or overflows may occur where the
personal hygiene product becomes oversaturatedmltgloutside of the absorbent area.
Continued use of an oversaturated hygiene prodagtlead to negative health impacts such as

bacterial infections or toxic shock syndrome.



Many women manually track or monitor their mendtayele for predictability to avoid
the unexpected start of menstruation in the absehagersonal hygiene product or accidents of
the sort discussed above. There are over two bdreinart device applications available to
monitor menstruation manually. Users enter datatime application on a smart device, for
example a smart phone or other hand held devicktrenapplication generates data predicting,
for example, menstrual start day, flow pattern, Eemdith of menstruation. Many of these smart
device applications issue alerts when menstruaiexpected to start and end. All available
devices, however, rely on data based on the siNgesshd manual entry of the user and may not
reliably meet the primary needs most female hygmoeduct users have: predictability and
reliability. None of these applications are ablattively monitor the active absorption capacity
of a personal hygiene product while a user is vagaor using it.

Personal hygiene products are also used, for exarpithe elderly, injured, persons
with disability, and persons with incontinence.d2eral hygiene products may be used in a
variety of settings: community, home, hospitald aarsing homes. In particular, hospitals and
nursing home staff have limited resources to cartigtanonitor patients or residents who wear a
personal hygiene product. The result is that pttiand residents risk prolonged wear of a
hygiene product that may result in sores or inectAdditionally, most hospitals and nursing
homes are equipped with a lift team or machinetilifate changing a personal hygiene product
for a person who is not mobile. However, there mialy be one lift team or machine per facility.
As a result, a staff person changing a personakhggoroduct alone risks injury on the job. The
nursing and personal caretaker professions havieighest rates of injury resulting from on-the-
job lifting because of individually lifting and mauavering a patient’s or resident’s body to
change a personal hygiene product during the cairgeriodic checks during their shift.

Current efforts to monitor personal hygiene productthe settings above rely on
periodic check and patient report. There is a feetospitals and nursing homes to have real-
time data and information in order to more efficigmespond to, for example, a personal
hygiene product change, with adequate resources. Sresponse will reduce injury and
increase health safety for both the patient/resided staff.

In addition to the need for predictability and ablility in use of a personal hygiene
product, a personal hygiene product is situatdteeproximate to or inserted into the body and

as a result is able to collect data about pattefrdsscharge and biometrics in a way that a



manual-entry application is unable to capture. Tai& is beneficial, to avoid social
embarrassment, and also for a user’s overall hdaltexample, to provide accurate data to a
physician or to alert the user if there are disons in normal patterns of bodily fluid discharge.

For example, menstrual issues and patterns of aligelare one of the most common
reasons for a woman to see a doctor. Generallgctods first response will be for the woman to
keep a “menstrual diary” as a record of the pedates, length of periods, flow, etc.
Menstruation that departs from a normal monthlyleysuch as lasting longer or shorter than
usual or not occurring at all, may indicate an ulyileg health issue. For example, abnormally
long menstrual bleeding may indicate irregularisash as polyps, fibroids, cancer or infection
within the uterus or cervix. A number of conditianay be revealed from menstrual flow data:
dysmenorrhea (painful periods); oligomennorhoeaadular periods); amenorrhea (lack of
periods); and menorrhagia (heavy periods).

The location of a personal hygiene product is &blgather internal and external
biometric data such as temperature or pH. Menstryafior example, also includes discharge
with biometric information. The process of monthignstruation involves process in which
uterus sheds the endometrium to allow a new litongplace it. Menstrual fluid is comprised of
a uterine blood, meaning the endometrial tissuginah secretions, and cervical fluids.
Menstrual fluid also includes information such asmones such as estrogen and progesterone
and enzymes related to pregnancy such as hydrelyigmes and lysosomes.

In the home health setting, for example, individuaceive periodic check-ups by home
health staff ranging from multiple times daily te&kly. Isolated visits may not capture or
accurately give warning if an individual has adthil health issues if those issues do not present
during a check-up. The valuable biometrics that imagleamed from a personal hygiene
product would accurately convey extensive dataitfeatailable electronically to a health
professional would provide a more accurate andgsholunderstanding of the patient’s health.
Additionally, a personal hygiene product with aiigelement may facilitate remote monitoring
either by a health care professional or family memb

The proper combination of a personal hygiene prooheorporated with a digital
element capable of interfacing with a smart harld Beectronic device would meet the ultimate
needs of personal hygiene product consumers. Ti@ldtlement needs to biocompatible and

comprised of an array capable of wireless commuinicaAccordingly, there exists a need for



providing a personal hygiene product capable digratg, processing, and communicating data
about the product’s absorbent capacity and indalidser’s bodily fluid discharge to smart hand
held electronic device of a user. There are alssi®a need for an individual user to be able to

interface with the data once communicated to tharshand held electronic device.

SUMMARY OF THE INVENTION

A personal hygiene product with a digital elemenaccordance with the present

invention overcomes the limitations with the préot as briefly discussed above.

The present invention describes a device compraipgrsonal hygiene product with a
digital element. In some embodiments, the persoygiene product with a digital element
comprises a digital element located on the exterfiar personal hygiene product that comes into
direct contact with body fluid. In some embodimetie personal hygiene product with a digital
element comprises a digital element that is emleadehnin the absorbent core of a personal
hygiene product. In some embodiments, the perdommaéne product with a digital element
comprises a personal hygiene product with digiplabilities that connects to an external digital
element.

In some embodiments, the personal hygiene pradagtbe a feminine hygiene product
used for menstruation or discharges of other bdtlilgs. In some embodiments, the hygiene
product may be a diaper, pad, or material useddbitsato absorb or contain the discharge of
bodily fluids.

In some embodiments, a conductive sensor assembigposed within a core of the
personal hygiene product. The conductor sensenddy may include a sensor array including
one or more moisture sensors. Each moisture semspinclude a moisture sensitive switch
coupled to a resistor where the resistance valtleeofoisture sensitive switch is less than the
resistance value of the resistor.

In some embodiments, the digital element of theq®al hygiene product may comprise
a sensor array within the absorbent core of thegmggproduct that magnetically connects to an
external digital element. The digital element magnprise a battery, communication circuit, and
sensor array.

In accordance with one aspect, the digital element comprise a circuit board and

battery power source.



In some embodiments, the digital element locatedromithin the personal hygiene
product may comprise a sensor array and electaraponents disposed on a substrate
encapsulated by a biocompatible material. In somigogliments, the digital element may be
printed onto the personal hygiene product and ca®ar sensor array and electrical components
located on a substrate.

In some embodiments, the digital element locatedromithin the personal hygiene
device may comprise a sensor array, electrical oompts, and wireless communication device
located on a substrate encapsulated by a biocdoipataterial.

In some embodiments, the sensor array may senadatibormation to the wireless
communication device via a processor in the elegtdomponents.

In some embodiments, the wireless communicatioicdenay communicate with a
smart hand electronic held device.

The digital element may be integrated into or endleeldwithin the hygiene product and
generate output information through a communicasigstem with the ability to interface with a
smart hand held electronic device.

A person may use one hygiene product with a digiihent that communicates
wirelessly with a smart hand held electronic devie@erson may also use two hygiene products
simultaneously where the digital element in oneiéryg product communicates with a
communication system in a second hygiene prodattctimmunicates with a smart hand held
electronic device. The digital element may be at&d by some physical step, for example,
connecting the conductive ribbon to the externgital element, unfolding a pad or pushing a
tampon through the applicator.

In accordance with some embodiments, the digiexheht may comprise a sensor system
including a sensor array to detect fluid levelshi@ product. The sensor system may also include
a system controller configured to sample each sersay to calculate liquid levels and provide
an output control signal, and at least one actuainfigured to receive the output control signal.

In accordance with one aspect, the digital element comprise a sensor system
including a transverse or longitudinal pair of sesdo detect fluid levels in the product. The
sensor system may also include a system contal@igured to sample each sensor array to
calculate liquid levels and provide an output colngignal, and at least one actuator configured

to receive the output control signal.



In accordance with another aspect, the digital elgmmay comprise a sensor system
including a sensor array capable of detecting btaosg for example, pH level and temperature,
and provide an output control signal, and at leastactuator configured to receive the output
control signal.

In accordance with another aspect, the digital efgmay comprise a sensor system
including a sensor array capable of detecting btoose for example, hormonal levels, and
provide an output control signal and at least areador configured to receive the output control
signal.

The present invention relates to a hygiene prothattincorporates a digital element
capable of interface with a smart hand held eleatrdevice, for example, a smartphone. In
accordance with one aspect, the electronic devaeyegather data received from each use of a
hygiene product with a digital element or combioatof hygiene products with digital elements.

In accordance with one aspect, the electronic @ewviay comprise an event notification
mechanism that may notify the user of an eventrttet occur, for example within the hygiene
product or an alert related to a biometric chamgeccordance with another aspect, the
electronic device may analyze and aggregate tleeadshmunicated from the digital element in
the hygiene product to generate a report, sumnslgyt, or visual tool for the user, for example,
reflecting menstrual flow patterns. The electratewice may provide a link for purchase options
of hygiene products based on data, for examplengethealth program ordering weekly hygiene
products for delivery to the user in the home.

In accordance with one aspect, the applicatiorofiware may receive data from the
digital element on the level of saturation of tlygiene product and absorbent capacity of the
product while the user is wearing it. The applaabr software may signal the user through a
warning or alert if and/or when maximum saturatiah occur so the user can change the
hygiene product prior to leakage or spillage.

In accordance with one aspect, the applicatiorofiware may use data gathered from
each use of a hygiene product with a digital eleén®igenerate predictive analytics to advise the
user of information related to the flow or discrar§uch an embodiment may, for example,
provide a woman information about her menstrualecgach as her estimated start day and time
of day. Such an embodiment may also, for exangpt®/ide a woman information on what

hygiene product level of absorbency is recommerided given day in her menstrual cycle.



In accordance with one aspect, the electronic @éaviay receive data from the digital
element that convey personal health informatiorth sicbody temperature for fertility
monitoring or biometrics to indicate infection. cBuan embodiment may, for example, allow a
user to present data aggregated by the exterrataiec device to a primary care physician.

In accordance with another aspect, the applicatisoftware may use data gathered
from the use of a hygiene product with a digitaineént to alert and/or mobilize facility
resources to change the hygiene product. Sucimbondiment, for example, may alert a nursing
station and then a lifting team, that a hygienalpob needs changing. Such an embodiment, for
example, may also allow a facility to more accusai@entify resources needed to best protect

the health of patients, residents, or staff.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantagisonvention will be apparent from

the following, more particular description of pretsd embodiments of the invention, as

illustrated in the accompanying drawings.

Fig. 1 illustrates an embodiment of a cross-seaticen personal hygiene product with
digital element embedded within the absorbent naseof the product in accordance with the

present invention.

Fig. 2 illustrates an embodiment of a cross-seaticen personal hygiene product with
digital element magnetically connected externallyhte personal hygiene product with a
conductive ribbon within the absorbent materialthefproduct in accordance with the present

invention.

Fig. 3 illustrates a top down view of an embodimafrthe digital element comprised of a
substrate embedded within the absorbent layetsegbérsonal hygiene product in accordance

with the present invention.



Fig. 4 illustrates a top down view of an embodimainthe digital element comprised of
an external substrate that connects to a condudhigen within the absorbent materials of the

product in accordance with the present invention.
Fig. 5 illustrates a diagrammatic representatiotme personal hygiene product with
digital element detection path utilized to detes#rudata and wirelessly communicate that data to

a smart hand held electronic device in accordanttetie present invention.

Figs. 6A -6C illustrate embodiments of activatihg tigital element prior to use in

accordance with the present invention.

Fig. 7 shows a personal hygiene product coupleddigital element in accordance with

an embodiment of the invention.

Fig. 8 depicts a sensor array in accordance witbnaimodiment of the invention.

Fig. 9 illustrates a sensor assembly in accordaittethe invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A device comprising a hygiene product with a digil@ment capable of interface with a

smart hand held electronic device is disclosetiimdpplication. In the following sections,
detailed descriptions of various embodiments asernilged. The descriptions of various
embodiments are illustrative embodiments, and varioodifications and alterations may be
apparent to those skilled in the art. Therefore,egkemplary embodiments do not limit the scope
of this application. The digital element is desigifier use in or adjacent to the body of a living

organism.

Glossary
In the description and claims below, various temay be used for which the following

definitions will apply:



“Biocompatible” as used herein refers to a matenaevice that performs with an
appropriate host response in a specific applicafon example, a biocompatible device does not
have toxic or injurious effects on biological syste

“Communication System” as used herein, may referworeless communication device
that can be configured to transmit and receivermédion from a processor to a receiver in a
smart hand held electronic device.

“Digital Element” as used herein, may refer to &l@gic components on a substrate.

“Smart Hand held Device” as used herein, may refer smartphone or tablet built on a
mobile operating system and having advanced primgesapabilities.

"Feminine Hygiene Product” as used herein refetsutds not limited to a tampon,
sanitary pad, panty liner, or other product useah®orb or contain menstruation or bodily fluid
discharge.

"Hygiene Product" as used herein refers to anyrélestd material or device used by
adults to absorb or contain bodily fluid dischargeluding but not limited to tampons, liners,
men’s guards and shields, adult diapers and bopatks.

“Microfluidic Analytical Systems” as used herein yn&fer to a low energy consumption
system including one or more pore(s) from whiclualfsample may be collected, and in some
embodiments, moved through a channel or diffusadhie characterization of one or more
properties of the fluid sample. In some embodimehts microfluidic analytical systems can
include microfluidic components, such as micro-parapd micro-valves.

"Power Source" as used herein refers to any dewiteyer which is capable of supplying
energy or placing a logical or electrical devicamenergized state. The power source may
include batteries. The batteries can be formed ftkaline cell chemistry and may be solid-state
batteries or wet cell batteries.

“Sensor Array” as used herein means a sensor lralipy of sensors, which may
include, for example, resistive or capacitive ttedeliquid or moisture.

“Switch” as used herein means a circuit elemertt¢batrols the flow of electrical
current in response to a physical or electricaliinp

Personal Hygiene Product

Referring now to Fig. 1, a cross section of an edithent of a personal hygiene product

101 with a digital element 105 is illustrated. Tdigital element 105 is embedded in the



absorbent core 103 of the personal hygiene pratiatis inserted into or placed against a user’s
body. In some embodiments, the digital elementid0&cated on the body-side exterior surface
of a personal hygiene product that is inserted antplaced against a user’s body. In some
embodiments, the digital element 105 comprisedatsate, comprising, for example, a
biocompatible polymer or other flexible, biocompéi material, incorporated with electronic
components for power, sensing, and communication.

Referring now to Fig. 2, a cross section of a peasbygiene product 201 with an
external digital element 209 is comprised of a seassembly 205, comprising, for example, a
sensor array, running through the center of therlesit core 203 of the personal hygiene
product 201 with an external digital element 208e Eensor array 205 may be, for example,
comprised of metalized fiber of ribbons or may beprised of conductive ink utilized in the
thread within the hygiene product. In some embedits, the conductive ink may be printed on
a substrate within the personal hygiene product Z8& sensor array 205 may be capable of
sensing conductive and ionic properties bodilydtuabsorbed by personal hygiene product 201.
The sensor array 205 may capture resistive chantieihygiene product as it becomes saturated
with bodily fluids. The sensor array 205 is elezty coupled to external digital element 209 via
signal transmission conduit 211. In some embodimamgnal transmission conduit 211 may be
magnetically connected to digital element 209. é&@mple, signal transmission conduit 211
may include a magnetic coupling 213 on a first and digital element 209 may include a
mating magnetic coupling 215, which, when joinextnf secure coupling 207.

Digital Element

In Fig. 3, an embodiment of a digital element 3illustrated. In some embodiments,
the substrate 303 is encased or encapsulated waithimcompatible polymer layer 305. In some
embodiments, a power source 307, which may bee¥ample, an activation element or a
battery, is attached to the substrate 303. Theisues8303 may be comprised of, for example,
polyimide, cellulose nanofibrillated fiber, or oti@ocompatible polymer or silicon. In some
embodiments, conductive traces 309 may electricaigrconnect the power source 307 with the
electronic components 311, 313, 315, and 317 dolkdy.

In some embodiments, the electronic componentsintdyde a sensor array 311 that
comprises a single sensor attached to the poweces307 and a processor 315 capable of data

collection. The sensor or sensor array may, fongie, include an optical sensor, an oximetry

10



sensor, an electrical sensor, a chemical sensoechanical sensor, a MEMs sensor, a
nanosensor, a biochemical sensor, an acousticrs@amsionmunologic sensor, a fluidic sensor, or
a “lab on a chip” type sensor.

In some embodiments, the electronic componentsintdyde a sensor array 311
attached to the power source 307 and a procesSoirBdome embodiments, the first processor
315 that collects data from the sensor array 3hinconicates with a second processor 317 that
is capable of wireless communication with a smartchheld electronic device, which may be,
for example, a smartphone or tablet. ProcessdaBd 317 are preferably implemented in a
single microprocessor.

In some embodiments, the electronic componentsinadyde a microfluidic analytical
system 313 attached to a power source 307 that coicates with a first processor 315 that
collects data. In some embodiments, the first msae315 communicates with a second
processor 317 capable of wireless communicatioh avgmart hand held electronic device,
which may be, for example, a smartphone or tablet.

In some embodiments, the electronic componentsintiyde a sensor array 311 that
may capture data regarding the liquid absorptigracily and saturation level of the personal
hygiene product and communicate that data to aegeme 315. In some embodiments, the sensor
array may capture data regarding the absorptioaaigpof the personal hygiene product and
communicate that data to a processor 315. A fistgssor 315 may aggregate the collected data
generated by the sensor array 311 and transmiiollected data to the second processor 317
that may wirelessly communicate the collected tmt&smart hand held electronic device.

In some embodiments, the electronic componentsintiyde a sensor array 311 that
may capture biometric data, including but not ledito, for example, temperature of the body,
pH level, blood oxygen saturation, blood glucoselg, chemical composition, hormone levels,
and body motion, and communicate that data to egssor 315. A first processor 315 may
aggregate the collected data generated by the fhoiiclic analytical system 313 and transmit the
collected data to the second processor 317 thatwmalessly communicate the collected data to
a smart hand held electronic device by, for exanipile power blue tooth wireless
communication or near field wireless communication.

In some embodiments, the electronic componentsindyde a microfluidic analytical

system 313 that may capture data regarding biooseiricluding but not limited to, for example,
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the presence of harmful bacteria, hormone levelsjcal and uterine health indicators, or any
cancerous markers, and communicate that datarocagsor 315. A first processor 315 may
aggregate the collected data generated by the fhoiiclic analytical system 313 and transmit the
data to the first processor 315 and then to procesk/ that may wirelessly communicate the
collected data to a smart hand held electronicadevi

Referring now to Fig. 4, an embodiment of a reusalternal digital element 401 is
illustrated. The digital element attaches to thessearray in the personal hygiene product by
interlocking magnetic connection, such as that iesd above in connection with Fig. 2. The
digital element 401 may be comprised of a subs#@ewith electronic components 411. The
substrate 403 may be comprised of, for examplgjimpale, cellulose nanofibrillated fiber, or
other biocompatible polymer. The digital element #8ay be encapsulated in a biocompatible
material, for example, silicone. The electronic poments 411 may be comprised of a
communication circuit 405, processor circuit 407 @ power source 403. The communication
circuit 405 and processor circuit 407 may be, f@araple, a flexible or rigid thin printed circuit
board. The communication circuit board 405 maylitaté wireless communication with a smart
hand held device by, for example, low power blughamr near field communication. The
communication circuit board 405 may include an anéecomprised of, for example, graphene
or a bioabsorbable or biologically inert conductink. The processor circuit board 407 may
include a sensor array capable of processing datargted by the user’s wear of the personal
hygiene product. The power source 403 may be Xamele, a battery, fuel cell or any other
power source suitable for powering microelectraumponents. Such suitable devices include,
but are not limited to, lithium manganese dioxidenaells.

Smart Hand Held Device

Referring now to Fig. 5, a diagrammatic repred@meof the digital element 503 and the
interface with a smart hand held device 505 andrteeface of the smart hand held device 505
with a user 501 and/or an internet-based consuemeice 511 is illustrated. The smart hand
held device 505 may comprise a hand held perséectenic device such as, for example, a cell
phone or tablet.

In some embodiments, the digital element 503 islokgof wireless communication with

a smart hand held electronic device 505 that hraseiver 507. In some embodiments, the
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receiver 507 is capable of transmitting user-baksd to a processor in the external device that
may include, for example, a software applicatio@ 68pable of quantifying the user-based data.
The user 501 may then interface with the exterlegtenic device 505 and receive in some way
the user-based quantified data.

In some embodiments, the software application 5@@tfons, may include, for example,
an interface that quantifies the user-based dawved and generates a visual representation of
guantified data for the user 501, including but livatted to, for example, generation of a chart,
display, or alert for the user 501.

In some embodiments, the software application 589 be able to provide the user with
visual representation of the level of absorptiorth®/ personal hygiene product based on liquid
absorption capacity and actual body fluid absomptio some embodiments, the software
application 509 may be able to provide the useh tuthe frame for absorbency and anticipated
saturation points. In some embodiments, the so&waplication 509 may generate an alert
signal to the user if saturation of the persondgiiérye product is impending or reached. In some
embodiments, the software application 509 may ggeex visual representation of the quantified
data, including but not limited to, for exampleg thser’s rate of bodily fluid discharge or
historical data of bodily fluid discharge.

In some embodiments, the software application 589 be capable of accumulating data
generated over time from use of multiple persongidne products. In some embodiments, the
software application 509 may be able to generat@phic, chart, or other interface to illustrate a
baseline for the body fluid discharge based orhtsrical data. In some embodiments, the
software application 509 may be able to generadigtive analytics and communicate that
information to a user. Such information may alline user 501 to anticipate start and end dates,
for example, if the personal hygiene product wittigital element is used for a menstruation
cycle. Such information may allow the user 501nderstand the course of a cycle, including
days or time periods of heavier or lighter flow.

In some embodiments, a software application 509 gesnerate information on a
consumable usage rate for the user, predictingmany personal hygiene products are needed,
including but not limited to, for example, per dagr week, or per cycle. In some embodiments,
a software application 509 may generate a remiadesarning for a user to purchase personal

hygiene products, including but not limited to, &ample, where a start date for menstruation
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has been identified. In some embodiments, a soétapplication may provide the user an order
guantity estimation based on historical data ofuber’s bodily fluid discharge. In some
embodiments, the interface of the software appboa09 may provide a direct link to an
internet-based consumer service where a user 59 brdar and purchase additional personal
hygiene products for direct delivery. In some embnathts, the software application 509 may be
capable of automatic direct order placement basetbasumable usage rate for delivery direct
to user 501. The software application 509 may itatd purchase of additional personal hygiene
products. The software application 509 may contiecuser to internet-based consumer

services.

Tampon

In accordance with one embodiment of the inventigrersonal hygiene product 701 in the form
of a tampon with a digital element is providedfeRang to Fig. 7, personal hygiene product 7@bigpled
to an external digital element 709 via a signaktnassion conduit 706. Disposed within persongigme
product 701 is a conductive sensor assembly (netrghfor example, running through the center ef th
absorbent core 703 of the personal hygiene pr@@dact

In at least one embodiment, as illustrated ing;igonductive sensor assembly 805 generally
comprises one or more moisture sensors 807 thabenegpable of sensing conductive and ionic piepert
of menstrual fluid by, for example, measuring tasise. Moisture sensors 807 are disposed onteegeibs
that may comprise PET, polyimide, cellulose namééted fiber, or other biocompatible polymer or
silicon. In some embodiments, the substrate mapesea flexible circuit board. Each moisture sens
includes a moisture sensitive switch 810 coupledrésistor 812. Moisture sensitive switch 810 is
configured to conduct or “turn on” when in wettzantact with menstrual fluid and thus generatgraasi
indicative of the saturation level of the persdyaiene product.

Fig. 9 illustrates a conductive sensor assembdiydimg resistors 912 connected to moisture
sensitive switches in the form of interdigitateetebde patterns 914. The presence of salt hadiohic
constituents of the menstrual fluid between andratanterdigitated electrodes 914 facilitates cotraty
between interdigitated electrodes 914 in the poeseimenstrual fluid where there is no statidyical
significant conductivity between interdigitatedotiedes 914 when they are dry. A signal transomssi
conduit 920 is provided to carry the signal trattechby the moisture sensitive switches to theadligi

element. In some embodiments, signal transmissiaduit 920 may be a cable connected to a digital
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element such as that described above in connegtiofig. 4. In some embodiments, transmission
conduit 920 may comprise conductive ink deposited fiexible substrate. Resistors 912 may be fdrme
from conductive ink deposited on substrate 925oine embodiments, where substrate 925 is a #éexibl
circuit board, resistors 912 may be on board cesist

It is believed that the constituents of mensftuial vary widely from subject to subject.
Accordingly, conductivity of menstrual fluid may leary by as + 50% or more from subject to subject
due at least in part to differing ionic contenivadl as other factors. This conductivity incoresisty across
subjects may cause moisture sensors to behavewdiffdor different subjects. For example, dutheo
differences in menstrual fluid conductivity, a nmie sensor may indicate that a personal hygiemipr
used by a first subject is saturated and faildia@te that a personal hygiene product used lyoade
subject is saturated when both personal hyigiemdipts are exposed to identical amounts of mehstrua
fluid. In order to provide more consistent resutimn subject to subject, in some embodimentsaesie
values for resistors 812 and moisture sensitivielseg 810 are selected so as to minimize the frapac
menstrual fluid conductivity variation. Accordigigthe resistance of resistors 812 is preferablyhmu
greater than the resistance of moisture sensititehges 810. In some embodiments resistors 812 may
have a resistance value betwee2 dkd 10K2. However, these resistance values can be tucadde the
personal hygiene product to behave in a spedgfidaiired manner.

In some embodiments, conductive sensor assembin@@&xtend generally the entire axial
length of the tampon so as to detect saturatizeriatus points along the axial length of tampaensdme
embodiments, conductive sensor assembly may inchilge single moisture sensor positioned at point
along the tampon which indicates full saturatiotieftampon. In other embodiments, moisture sensor

may be positioned at various points along the &exgth of the tampon, e.g., 10%, 50%, 75% and 90%.

OPERATION

Referring now to Fig. 6, a diagrammatic repred@maof the activation of the digital
element in the personal hygiene product is illusttaln operation, a user may use the personal
hygiene product in a manner consistent with ingusse, including but not limited to, for
example, insertion into the body 6A, placementdiyeagainst the body 6B, or adhesion to an
undergarment and placement directly against thg 6&d The user may, prior to placement or

insertion of the product near or in the body, atgvthe digital element by unfolding or pushing
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the product through an applicator (FIGS. 6A, 6B] 8&). When the digital element has been
activated, the user may then place or insert thgopal hygiene product.

A personal hygiene product with a digital elemeant be, for example, in the form of a
tampon, sanitary napkin, panty liner, and diaped, the like. Specific examples have been
described to illustrate embodiments of the devitese examples are for said illustration and
are not intended to limit the scope of the claimany manner. Accordingly, the description is
intended to embrace all embodiments that may barappto those skilled in the art.

Although shown and described is what is believeletthe most practical and preferred
embodiments, it is apparent that departures froeciBp designs and methods described and
shown will suggest themselves to those skilledhenart and may be used without departing from
the spirit and scope of the invention. The pregarention is not restricted to the particular
constructions described and illustrated, but shbeldonstructed to cohere with alll

modifications that may fall within the scope of gygpended claims.
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What is claimed is:

1. A personal hygiene product with a digital elemesrhprising:

a personal hygiene product having an axial lengthprising an absorbent core in a form
suitable for insertion into a user’s body to absodnstrual fluid;

a conductive sensor assembly disposed within teerbbnt core including one or more
moisture sensors disposed on a sensor substrake@asture sensor being located at a select
position along the axial length of said personaiége product, each moisture sensor including
a moisture sensitive switch connected to a resighare a resistance value of the moisture
sensitive switch is less than a resistance valukeofesistor, said conductive sensor assembly
generating a signal indicative of saturation leMedaid personal hygiene product when said
conductive sensor assembly is in wetting contatit tie menstrual fluid;

a external digital element coupled to said condectiensor assembly including a
substrate having a communication circuit capablicfless communication with a smart hand
held electronic device, a processor, a power samdea first mating connector;

a signal transmission conduit extending from saigdtictive sensor assembly and

interconnecting said conductive sensor assemidgitbexternal digital element.

2.  The personal hygiene product with a digital elen@dr€laim 1 wherein said conductive

sensor assembly extends substantially the entia¢ laxgth of said personal hygiene product.

3. The personal hygiene product with a digital elen@dr€laim 1 wherein the one or more

moisture sensitive switches include an interdigiagtlectrode structure connected to a resistor.

4. The personal hygiene product with a digital elenedraiaim 1 further wherein said
signal transmission conduit includes a magneticeotor and said external digital element
includes a mating magnetic connector such thatesditnal digital element is magnetically

connected to said signal transmission conduit.

5.  The personal hygiene product with a digital elenadrdiaim 1 wherein the resistors are
between 1R and 10K.
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6. The personal hygiene product with a digital elenwr€laim 1 wherein the conductive

sensor assembly is capable of sensing biometrecafahe user.

7. The personal hygiene product with a digital elen@dr€laim 1 wherein the conductive
sensor assembly is capable of sensing pH levéleobodily fluid discharge of a user and

surrounding environment.

8. The personal hygiene product with a digital elenwr@€laim 1 wherein the conductive
sensor assembly is capable of sensing temperdttie aser.

9.  The personal hygiene product with a digital elen@r€laim 1 wherein the conductive

sensor assembly is capable of sensing hormoneslevel

10. The personal hygiene product with a digital elen@r@laim 1 wherein the
communication circuit is capable of low power btaeth wireless communication with a smart
hand held device.

11. The personal hygiene product with a digital elen@r@laim 1 wherein the
communication circuit is capable of near field Wess communication with a smart hand held

device.

12. The personal hygiene product of Claim 10 or 11 wimethe smart hand held device

comprises a hand held personal electronic devipalia of interface with a user.

13. The personal hygiene product with a digital elen@r€laim 12 wherein the smart hand
held device includes a receiver and a softwarei@an.

14. The personal hygiene product with a digital elenar@€laim 12 wherein the smart hand
held device includes a software application capabkgnaling or alerting a user-based

quantified data received from said conductive seassembly.
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15. The personal hygiene product with a digital elen@r€laim 12 wherein the smart hand
held device includes a software application capabbiirect order and purchase of additional

personal hygiene products through an internet-basesumer services.

16. The personal hygiene product with a digital elen@r€laim 12 wherein the smart hand
held device includes a software application capabbstimating order quantity based on
historical data of bodily fluid discharge.

17. The personal hygiene product with a digital elen@r€laim 12 wherein the smart hand
held device includes a software application capabf@edicting time and rate of bodily fluid

discharge.

18. The personal hygiene product with a digital elenerdiaim 1 wherein said signal

transmission conduit includes a cable.

19. The personal hygiene product with a digital elenerdiaim 1 wherein said signal

transmission conduit includes conductive ink dejgolson a flexible substrate.

20. The personal hygiene product with a digital elensdrdiaim 1 wherein said signal

transmission conduit is magnetically coupled tal shgital element.
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