WD 00/ 00144

PCT/ US99/ 14 ROSABLE ARTI CLE HAVI NG A 5
DI SCONTI Nucﬁgélg@g‘ﬁéﬁg VE SYSTEM 10 15 FIELD OF THE | NVENTI ONPGHUS99/14661 e
present invention relates to disposable articles and, nore particularly, ‘to
di sposabl e articles having a discontinuous responsive system BACKGROUND OF
THE | NVENTI ON 25 Today, disposable articles, such as diapers, adult
i ncontinence briefs, sanitary napkins and tanpons, are widely used in
infant and toddler care and in the care of incontinent adults as a neans of
containing, isolating and disposing of bodily wastes. These articles have
general ly replaced reusabl e, washable cloth garnents as the preferred neans
for these applications becaddEPOSARLEARTIChESIAYING Aand reliability. 30
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preferred over conventional cloth garnents, a nunber of problens stil

exi st. Anong the probl ens experienced with these di sposable articles are

| eakage of bodily waste (e.g., urine, feces, 35 nmenses), skin rash and
irritation, contam nation of |arge areas of the wearer's skin with feces,
difficult cleanup of bodily wastes such as feces, waste odor, |ack of
custom zation to individuals (e.g., fit), etc. WO 00/ 00144
PCT/USgé/14661 2 Attenpts have been made to address these probl ens. Super
absor bent polyners, for exanple, have been used to increase the ability of
an absorbent article to absorb and
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FI F NV 1ION

20 The present invention relates to disposable articles and, more particularly, to
disposable articles having a discontinuous responsive system.

BACKGROUND OF THE INVENTION

25 Today, disposable articles, such as diapers, adult incontinence briefs, sanitary
napkins and tampons, are widely used in infant and toddler care and in the care of
incontinent adults as a means of containing, isolating and disposing of bodily wastes.
These articles have generally replaced reusable, washable cloth garments as the preferred
means for these applications because of their convenience and reliability.

30

While many advancements have been made in the field of disposable articles for
both infants and adults, which have enabled them to become widely preferred over
conventional cloth garments, a number of problems still exist. Among the problems
experienced with these disposable articles are leakage of bodily waste (e.g., urine, feces,

35 menses), skin rash and irritation, contamination of large areas of the wearer’s skin with

feces, difficult cleanup of bodily wastes such as feces, waste odor, lack of customization
to individuals (e.g., fit), etc.



retain urine. Barrier leg cuffs have also been used to inprove fit and
reduce | eakage. 5 United States Patent No. 3,860,003, entitled
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20 5,520,674, entitled “Disposable Absorbent Article Having a Sealed Expandable
Component,” issued to Gary D. Lavon et al. on May 28, 1996 describe disposable
absorbent articles having a component that is expandable at the point of use or expands in
response to an activating liquid such as water or urine. These expandable components,
however, are problematic in that they either require action by the caregiver to activate the

25 components or operate continuously and require too much of a liquid activator to fully
expand because the expansion is proportional to the amount of the liquid activator. In
addition, self-contracting leg gathers have been disclosed that react with a liquid activator
such as water or urine. For example, United States Patent No. 4,246,900, entitled “Diaper
Including Moisture-Responsive Seal Means,” issued to Friedrich-Wilhelm Schroder on

30 January 27, 1981. Again, these self-contracting gathers have the problem that they either
require action by the caregiver to activate the components or operate continuously and
require too much of a liquid activator to fully contract because the contraction is
proportional to the amount of the liquid activator.

35 SUMMARY THE INVENTION



proportional to the amount of the liquid activator. 35

SUVMMARY OF THE | NVENTI ON WO 00/ 00144
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a conponent of bodily waste, e.g., to inhibit enzyne activity of 5 the
waste, or pressure, notion, other actions or conditions of the wearer,
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stored in the article until necessary in order to reduce the size and/or bulkiness of the

15 article.

BRIEF DESCRIPTION OF THE DRAWINGS

20 While the specification concludes with claims that particularly point out and
distinctly claim the present invention, it is believed that these claims will be better
understood from the following description taken in conjunction with the accompanying
drawings in which:

25 Figure 1 is a plan view of the article made in accordance with the present
invention in a flat-out state with portions of the structure being cut-away to more clearly

show the construction of the article, wherein the article is a diaper.

Figure 2 shows a perspective view of a bodily waste isolation device of the present
30  invention in a compressed state before activation.

Figure 2A shows a sectional view taken along line 2A-2A of Figure 2.

Figure 3 shows a perspective view of one embodiment of Figure 2 after activation.

35



Figure 2 shows a perspective view of a bodily waste isolation device of the
present 30 invention in a conpressed state before activation. Figure 2A
shows a secWDda@P4¢i ew t aken al ong |ine 2A-2A of Figure 2. R@uUU$9IB4eshows a
per spective view of one enbodi nent of |i| gure 2 after activation. 35 WO
00/ 00144 PCT/ US99/ 14661 4

Fi gure 3A shows a sectional view of Figure 3 taken along |ine 3A-3A of
Figure 3. Figure 4 shows a perspective view of an alternative enbodi nent of
Figure 2 after activation. Figure 4A shows a sectional view of Figure 4

taken al ong Liggu@a s £ deBiim Yiew ot3HEfe3 IR o RE SASA! dMGek8Y Of an
ﬁ %‘& Tl & ¢Apsut'e 848

enbodi nent of tHhe present 1 nvention i ncl ng a so | Fi gure
6A shows a bl ock diagram of an exenpl ary open | oop responsive system

Figure 6B shovigigarel] Sokvsd RISRENRS viet PHRMNeAa%vE LABSEneRPBr ngﬁ&oi‘ﬁhéée

system 15, Figure 6C shows a bl ock diagram of an exenpltary open | oop
responsi VUMD m i ncl uding a controller. Figure 6D shows a bl ock di agram
of an sexenpl ary cl osed | oop responsive systemincluding a controller. 20

Figure 7A shows an jdeal output functi of di scont . nuous responsi ve

syst em of thevglgg?e gl’f"ﬁ’\'ﬁﬁe%‘?f“ﬁuéﬂﬁ“h dg‘éﬁeﬁgiﬂé"r‘t ?%“Rﬂ ‘ggf‘é\/ itigwedure 78

shows an ideal output function of a discontinuous responsive system of 25

the present inyept. i L | vel s.. Figure 8A shows an

exenpl ary out pnyﬁlgﬂéeusr)lgw‘g% a&% rgﬂéétﬁ%egg%ﬁ ﬁlﬁgﬁg mrbgcsi%rger@io\%ethe esent Invertion
including a soluble capsule.

10

Figure 6A shows a block diagram of an exemplary open loop responsive system.
Figure 6B shows a block diagram of an exemplary closed loop responsive system.

15 Figure 6C shows a block diagram of an exemplary open loop responsive system
including a controller.

Figure 6D shows a block diagram of an exemplary closed loop responsive system
including a controller.
20
Figure 7A shows an ideal output function of a discontinuous responsive system of
the present invention having a single threshold level.

Figure 7B shows an ideal output function of a discontinuous responsive system of
25 the present invention having multiple threshold levels.

Figure 8A shows an exemplary output function of a discontinuous responsive
system of the present invention along with the first, second and third derivatives of the
output function.

30

Figure 8B shows a transfer function of a control system having a series of first

order lags having an equal time constant.

Figure 9A shows a sectional view of an embodiment of a responsive system
35 including a mechanical pump of the present invention.



system of the present invention along with the first, second and third

derivatives utput function. 30 Figure 8B shows a trapsfer function
of a controlvgéyaslptgﬁ]l?havi ng a series of first order |ags hav?%%T/§§?9@3ff I

time constant. Figure 9A shows a sectiopal view of an enbodinent of a

responsi ve system 35 including a nechanical punp of the present invention.
WO 00/ 00144 _ .

PCTI US99/ 14661 5 Figures 1 OA and 1 OB show an enbodi ment of a responsive

system of the present invention including an electrically sensitive gel. 5
Figures 1 1A, 11B and | | C show anot her enbodi nent of a responsive system

of the present ' ' | an.ekectrigcally sensitive | . Figure 12
shows apperspegﬁgym‘%\g\}l %?G%EH%“P?%FWQP nﬁﬂﬁ%&ﬁsﬁ%‘m"eﬁstsmbﬁgﬁw te

i sol at i on iekeptiewrinstudingeanmieotricallyisensitiveigeh. 10 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON As used herein, the term"absorbent article" refers to devices
whi ch absorb and contain body exudates, and nore specifically, refers to
devi ces whi ch AP8Us hbbdl 1iyand 51C seow grother gabodiment\of tacrespomsive dysterh afhe

vear er t o tidsresdat iventtddihauding BB eleakicANpseaXudarqs di scharged from the body.
The term "di sposable” is used herein to describe absorbent articles which

generally are not intended to be |aundered or otherw se restored or reused
as an absor benfFiguré i1gl silo(vk.depers%d&ﬁye afetv bNbgndiehatite BRALAIRRAN I£d WdlGr A

singl e us t ef er abl to be recycled, conposted or otherw se di sposed
of in an &a%3%°r%%é°§‘t°gvﬁ§°§ﬂ‘epé%sﬁ5%7’ Onanner). (As used herein, the term

"di spoged” is used to nean that an elenent(s) of the diaper is forned

(joined and positionegpyiyfr RPFESCRYPFOR!GF Tl IRVENTION

As used herein, the term "absorbent article” refers to devices which absorb and
contain body exudates, and more specifically, refers to devices which are placed against
15 or in proximity to the body of the wearer to absorb and contain the various exudates
discharged from the body. The term "disposable” is used herein to describe absorbent
articles which generally are not intended to be laundered or otherwise restored or reused
as an absorbent article (i.e., they are intended to be discarded after a single use and,
preferably, to be recycled, composted or otherwise disposed of in an environmentally
20 compatible manner). (As used herein, the term "disposed" is used to mean that an
element(s) of the diaper is formed (joined and positioned) in a particular place or position
as a unitary structure with other elements of the diaper or as a separate element joined to
another element of the diaper. As used herein, the term "joined" encompasses
configurations whereby an element is directly secured to another element by affixing the
25 element directly to the other element, and configurations whereby an element is indirectly
secured to another element by affixing the element to intermediate member(s) which in
turn are affixed to the other element.) A "unitary" absorbent article refers to absorbent
articles which are formed of separate parts united together to form a coordinated entity so
that they do not require separate manipulative parts like a separate holder and liner. A
30  preferred embodiment of an absorbent article of the present invention is the unitary
disposable absorbent article, article 20, shown in Figure 1. As used herein, the term
"diaper" refers to an absorbent article generally worn by infants and incontinent persons
about the lower torso. The present invention is also applicable to other absorbent articles
such as incontinence briefs, incontinence undergarments, absorbent inserts, diaper holders

35 and liners, feminine hygiene garments, wipes, mops, bandages and the like.



as a unitary structure with other elenents of the diaper or as a separate
el ement joined to another elenent of the diaper. As used herein, the term
"j oi ned" eNtQPMi4es configurati ons whereby an el enent is dPFEUSPY1466ur ed
to another element by affixing the 25 elenent directly to the other
el ement, and configurations whereby an elenment is indirectly secured to
anot her elenent by affixing the elenent to internedi ate nenber(s) which in
turn are affixed to the other elenent.) A "unitary" absorbent article
refers to absorbent articles which are fornmed of separate parts united
together to forma coordinated entity so that they do not require separate
mani pul ati ve a sep%[ate hol der. and liner. A 30 _preferred
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opposed to the first waist region 36 and a crotch region 37 |ocated between

the first waist region and the second wai st
The chassis 22 of the article 20 comprises the main body of the article 20. The

chassis 22 comprises at least a portion of the absorbent core 28 and preferably an outer
covering layer including the topsheet 24 and the backsheet 26. If the absorbent article
20 comprises a separate holder and a liner, the chassis 22 generally comprises the holder and
the liner. (For example, the holder may comprise one or more layers of material to form
the outer cover of the article and the liner may comprise an absorbent assembly including
a topsheet, a backsheet, and an absorbent core. In such cases, the holder and/or the liner
may include a fastening element which is used to hold the liner in place throughout the
25 time of use.) For unitary absorbent articles, the chassis 22 comprises the main structure
of the diaper with other features added to form the composite diaper structure. While the
topsheet 24, the backsheet 26, and the absorbent core 26 may be assembled in a variety of
well known configurations, preferred diaper configurations are described generally in
U.S. Pat. No. 3,860,003 entitled "Contractible Side Portions for Disposable Diaper"
30 which issued to Kenneth B. Buell on January 14, 1975; U.S. Pat. No. 5,151,092 issued to
Buell on September 9, 1992; and U.S. Pat. No. 5,221,274 issued to Buell on June 22,
1993; and U.S. Pat. No. 5,554,145 entitled "Absorbent Article With Multiple Zone
Structural Elastic-Like Film Web Extensible Waist Feature" which issued to Roe et al. on
September 10, 1996; U.S. Pat. No. 5,569,234 entitled "Disposable Pull-On Pant" which
35 issued to Buell et al. on October 29, 1996; U.S. Pat. No. 5,580,411 entitled "Zero Scrap



region. The periphery of the article 20 is defined by the outer edges of

t he articledgﬁ 'p whi ch the | ongitudi nal edges 50 run generaILéHg%;allel to
t he | ongi t udi 3 %Wéhterline 100 of the article 20 and the enBC run
between the |ongitudinal edges 50 generplly 15 parallel to the |ateral
centerline 110 of the article 20. The chassis 22 of the article 20
conprises the main body of the article 20. The chassis 22 conprises at

| east a portion of the absorbent core 28 and preferablyy an outer covering
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Articles” Wm CE\ry Bie ’Slable matenaﬁs may include materials such as woven webs, nonwoven

webs, composite materials such as film-coated nonwoven webs, and microporous films
such as manufactured by Mitsui Toatsu Co., of Japan under the designation ESPOIR NO
and by EXXON Chemical Co., of Bay City, TX, under the designation EXXAIRE.
20  Suitable breathable composite materials comprising polymer blends are available from
Clopay Corporation, Cincinnati, OH under the name HYTREL blend P18-3097. Such
breathable composite materials are described in greater detail in PCT Application No.
WO 95/16746, published on June 22, 1995 in the name of E. . DuPont and copending
U.S. Patent Application Serial No. 08/744,487, filed on November 6, 1996 in the name of
25 Curro. Other breathable backsheets including nonwoven webs and apertured formed
films are described in U.S. Pat. No. 5,571,096 issued to Dobrin et al. on November S,
1996. Each of these references is hereby incorporated by reference herein. In some
embodiments such as an insert for article 20, however, the backsheet may be liquid
. pervious and may, for example, include the same materials as described with respect to

30  topsheet 24 below.

The backsheet 26, or any portion thereof, may be elastically extensible in one or
more directions. In one embodiment, the backsheet 26 may comprise a structural elastic-
like film ("SELF") web. A structural elastic-like film web is an extensible material that

35 exhibits an elastic-like behavior in the direction of elongation without the use of added



al . on Decenber 3, 1996; and U.S. Patent Application Serial No. 08/ 915,471
entitled "Absorbent Article Wth Miulti-Directional Extensible Side Panels"
filed AugusVOIH00I4697 in the name of Robles et al.; each of REF/E$P914661

i ncorporated herein by reference. 5 Thg backsheet 26 is generally that _
portion of the article 20 positioned adjacent the garnent facing surface 45
of the absorbent core 28 which prevents the exudates absorbed and contai ned
therein fromsoiling articles which may contact the article 20, such as
bedsheets and undergarnments. In preferred enbodi nents, the backsheet 26 is

i mper Vi Ogasti® miterils quhQSSEEF Gveb H{chﬁﬁé 28I AsHID rﬂeae&kahéd"ﬁ% aPliast itgrog i 'mml )

such as a thernoplastic fjlm.,havin sof abouyt O 12mn

to about G% %P“ﬁﬁ@he yng, ﬁﬁ ssimdar febig &%&Eﬁg toffthe pegipni-is ronfignsd so
m;]muf acéI uhadt Will érﬂﬁhiemtstwaﬂueésrmees bgsz: 6to@i1 app ﬁé@:dﬂﬁt&kgalgahgh &ilzﬁidﬁrédﬂénunder
the tra ngd X1 abl.e backshee

mat eri al 3’%? %%g%%ggﬁé\%agﬂsg’ %ﬁ?gfﬁ% \%}P%ﬁo‘bgﬁh tk’féﬁf‘ﬁ'gn F%"ei‘g’éape
from 55 significant iresistive (foroes ite thet appliegrelongatiomgAticastatres of thenegimns ihag a
through ts'ﬂﬂ”aa?ﬁ V\g&x viifich E??ngélatﬁé(n ﬁfa?@f @thfér %ﬁ sallnéa q?e\ﬁéupg‘ngr%{

materi al s SU ven we nonwoven e mat eria JCK as
film coatF@Eﬁ Hnihedanedgtasminesaxiswvhile the @e@nﬁh 1snrn asumﬁpnagmn@nmchmru ¢ by

M t sui i5H es;plbnu@fthé e blﬁfiﬁ &%@ﬁ% &ﬁin@ﬁ'ﬁ&é O SrROl R AR n O WhiEXON

Chem cal | on EXXAIRE. 20 Suitable
br eat hab!%¥ %nﬁ?@?ethﬁaﬁlé‘?‘? Qf dhe, |‘§g¥’?§ F pVeh g3hibite af\lgast 4Woe from

g oEagj Cmig;tﬁﬁeetmlgrdlffaeﬁcsmgbatdf coﬂi-blwadeslsﬁ\heromrtg ewﬁﬁaﬁbn tbloﬂ g!tt Eéh&&ﬁ97PCT
uc reath COMNO el s are I N er I N
Applicati‘o o &R%%“Wg& %'%fgpbj | sﬁ%appé Jeu% g‘i‘n ml@ F?ntmaﬁfiﬁ%ﬂ&f E.

| . DuPo ntpradﬁuemnp@hdqm dhe, %Lﬁvacbnthpqaﬁrstmnsum Recdsdd tlmappmed Elongain,
filed on gy gn tioh95¥0tht Webi§ AR dﬁ'fto %éuseqjg tan{:i):al rt1 %?ttm

backsheets | nc nonwoven webs an ure orne ns are escrlbed
in US. F*@fvm%e @%17 surfryg-nathiength foemtens mla@s of japplisd ﬂemé; whereumog
Each ¢f tthheSEIRHebRAEDRs lsscdnarxegymenMe@qa %ﬂﬁkrlmoﬂg%eﬁ ePke tdidl Rbibtivel N

may be | LEHeS W eleiiie i b Bon e RLALYE forR sEloh R LRV et BY 1R o
descri bedfinst telgione SEEEt webs saﬂable fpsthe presut ibedntion are more completely described
in U.S. Patent No. 5,518,801 entitled Web Materials Exhibiting Elastic-Like Behavior,
which issued to Chappell, et, al. on May 21, 1996, which is incorporated herein by
20 reference. In alternate embodiments, the backsheet 26 may comprise elastomeric films,

foams, strands, or combinations of these or other suitable materials with nonwovens or
synthetic films.

The backsheet 26 may be joined to the topsheet 24, the absorbent core 28 or any

25 other element of the article 20 by any attachment means known in the art. For example,
the attachment means may include a uniform continuous layer of adhesive, a patterned
layer of adhesive, or an array of separate lines, spirals, or spots of adhesive. One
preferred attachment means comprises an open pattern network of filaments of adhesive

as disclosed in U.S. Patent 4,573,986 entitled "Disposable Waste-Containment Garment",

30  which issued to Minetola et al. on March 4, 1986. Other suitable attachment means
include several lines of adhesive filaments which are swirled into a spiral pattern, as is
illustrated by the apparatus and methods shown in U.S. Patent- 3,911,173 issued to
Sprague, Jr. on October 7, 1975; U.S. Patent 4,785,996 issued to Ziecker, et al. on
November 22, 1978; and U.S. Patent 4,842,666 issued to Werenicz on June 27, 1989.

35 Each of these patents are incorporated herein by reference. Adhesives which have been



The backsheet 26, or any portion thereof, may be el astically extensible in
one or nore directions. In one enbodi nent, the backsheet 26 may conprise a
structural EVO9PPU44|jke film ("SELF') web. A structural el aREVESIEOti|m .
web is an extensible material that 35 gxhibits an elastic-like behavior in
the direction of elongation w thout the use of added WO 00/ 00144

PCT/ US99/ 14661 8 el astic materials. The SELF web includes a strainable
network having at |east two contiguous, distinct, and .dissimlar regions.
Preferably, of the regions is configured so that it will exhibit resistive
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Material s Exhibiting Elastic-Like Behavior, which issued to Chappell, et,
o oonil ok RSt o eI, Nerery A prebbugits e
wearer's skin. Further, at least a portion of the topsheet 24 is liquid pervious, permitting
liquids to readily penetrate through its thickness. A suitable topsheet 24 may be
manufactured from a wide range of materials, such as porous foams; reticulated foams;
apertured plastic films; or woven or nonwoven webs of natural fibers (e.g., wood or
20 cotton fibers), synthetic fibers (e.g., polyester or polypropylene fibers), or a combination
of natural and synthetic fibers. If the topsheets include fibers, the fibers may be
spunbond, carded, wet-laid, meltblown, hydroentangled, or otherwise processed as is
known in the art. One suitable topsheet 24 comprising a web of staple length
polypropylene fibers is manufactured by Veratec, Inc., a Division of International Paper

2s  Company, of Walpole, Massachusetts under the designation P-8.

Suitable formed film topsheets are described in U.S. Pat. No. 3,929,135, entitled
"Absorptive Structures Having Tapered Capillaries”, which issued to Thompson on
December 30, 1975; U.S. Pat. No. 4,324,246 entitled "Disposable Absorbent Article

30 Having A Stain Resistant Topsheet", which issued to Mullane, et al. on April 13, 1982;
U.S. Patent 4,342,314 entitled "Resilient Plastic Web Exhibiting Fiber-Like Properties”,
which issued to Radel, et al. on August 3, 1982; U.S. Pat. No. 4,463,045 entitled
"Macroscopically Expanded Three-Dimensional Plastic Web Exhibiting Non-Glossy
Visible Surface and Cloth-Like Tactile Impression", which issued to Ahr, et al. on July

35 31, 1984; and U.S. Pat. No. 5,006,394 "Multilayer Polymeric Film" issued to Baird on



foans, strands, or conbinations of these or other suitable materials with
nonwovens or nthetic filnms. The backsheet 26 may be joined to the

t opsheet ZWOQ‘%@I“ébsorbent core 28 or any 25 other el enentPOVUBHA4Rcle .
20 by any attachnent nmeans known in t art. For exanple, the attachment _
means may i nclude a uniform continuous | ayer of adhesive, a patterned |ayer
of adhesive, or an array of separate lines, spirals, or spots of adhesive.
One preferred attachnent neans conprises an open pattern network of
filaments of adhesive as disclosed in U S. Patent 4,573,986 entitled
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19 found to be satisfactory are manufactured by H B. Fuller
Conpany of St. Paul, M nnesota and marketed as HL-1620 and HL- 1358- XZP.

Al ternativel YPreTéi‘Qol?t ihéecbﬂi%@ét mar}ﬁadéwfac 6 1%%1@%@%&#&969%&%&{5%@
bonds, hc{ra oni, c. bot c nmecha or anﬁéot er. syitable

n
att achne 4C Y oF g%l‘ﬁé?‘ie %WGP“’E?\ 8 ‘?i‘ﬂH’rﬁ’érﬁ‘P“ n ghe ghsorent | nown
in the acdre Z8Bh elﬂmasbmeam issmpdeeb aa@ﬂmghesictmmﬁﬂﬁl @ﬁBfa@Blyt att16ast ikkely

backenectPase S5 BE t Bl 2 e IR S o et B8 B e e
means ar throkghathe bmhtaabmnee vapidiy r &”bpehmmshe& the lileeliheod that padyrixndatediwill
e
are j oi nagporbed by the absorbent core 28. The topshee 24 can be rendered hydrophilic by
15 treating it with a surfactant or by incorporating a surfactant into the topsheet. Suitable
methods for treating the topsheet 24 with a surfactant include spraying the topsheet 24
material with the surfactant and immersing the material into the surfactant. A more
detailed discussion of such a treatment and hydrophilicity is contained in U.S. Pat. No.
4,988,344 entitled "Absorbent Articles with Multiple Layer Absorbent Layers" issued to
20  Reising, et al. on Jan. 29, 1991 and U.S. Pat. No. 4,988,345 entitled "Absorbent Articles
with Rapid Acquiring Absorbent Cores" issued to Reising on Jan. 29, 1991. A more
detailed discussion of some suitable methods for incorporating surfactant in the topsheet
can be found in U.S. Statutory Invention Registration No. H1670, published on July 1,
1997 in the names of Aziz et al. Each of these references is hereby incorporated by
25 reference herein. Alternatively, the topsheet 24 may include an apertured web or film
which is hydrophobic. This may be accomplished eliminating the hydrophilizing
treatment step from the production process and/or applying a hydrophobic treatment to
the topsheet 24, such as a polytetraflouroethylene compound like SCOTCHGUARD or a
hydrophobic lotion composition, as described below. In such embodiments, it is preferred
30 that the apertures be large enough to allow the penetration of aqueous fluids like urine
without significant resistance.

Any portion of the topsheet 24 may be coated with a lotion as is known in the art.
Examples of suitable lotions include those described in U.S. Pat. Nos. 5,607,760 entitled
35 "Disposable Absorbent Article Having A Lotioned Topsheet Containing an Emollient and



directly to each other in some |ocations and are indirectly joined together
in other locations by directly joining themto other elenents of th
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portion of the topsheet 24 is liquid pervious, permtting liquids to
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Curro et al. on Septenber 2, 1986 and

The absorbent core 28 may comprise any absorbent material which is generally
compressible, conformable, non-irritating to the wearer's skin, and capable of absorbing
and retaining liquids such as urine and other certain body exudates. The absorbent core
28 may be manufactured in a wide variety of sizes and shapes (e.g., rectangular,

20  hourglass, "T"-shaped, asymmetric, etc.) and may comprise a wide variety of liquid-
absorbent materials commonly used in disposable diapers and other absorbent articles
such as comminuted wood pulp, which is generally referred to as airfelt. Examples of
other suitable absorbent materials include creped cellulose wadding; meltblown polymers,
including coform; chemically stiffened, modified or cross-linked cellulosic fibers; tissue,

25 including tissue wraps and tissue laminates; absorbent foams; absorbent sponges;
superabsorbent polymers; absorbent gelling materials; or any other known absorbent
material or combinations of materials.

The configuration and construction of the absorbent core 28 may also be varied

30  (e.g., the absorbent core(s) or other absorbent structure(s) may have varying caliper zones,
a hydrophilic gradient, a superabsorbent gradient, or lower average density and lower

average basis weight acquisition zones; or may comprise one or more layers or

structures). However, the total absorbent capacity of the absorbent core 28 should be

compatible with the design loading and the intended use of the article 20.
35



Decenber 16, 1986, respectively, and both of which are incorporated herein
by reference. Such forned filnms are available from The Procter & Ganbl e
Conpany of WPAMHALti , 5 Ohio as "DRI -WEAVE" and from Tr ed ®§AfUSI4561 at i on.
of Terre Haute, Indlana as "CLIFF-T." eferably, the topsheet 24 is nade
of a hydrophobic material or is treated to be hydrophobic in order to

I solate the wearer's skin fromliquids contained in the absorbent 10 core
28. If the topsheet 24 is made of a hydrophobic material, preferably at

| east the upper surface of the topsheet 24 is treated to be hydrophilic so
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20  issued to DesMarais et al. on July 22, 1997. Each of these patents is incorporated herein
by reference.

The article 20 may also comprise at least one elastic waist feature 34 that helps to
provide improved fit and containment. The elastic waist feature 34 is generally intended
25 to elastically expand and contract to dynamically fit the wearer's waist. The elastic waist
feature 34 preferably extends at least longitudinally outwardly from at least one waist
edge 62 of the absorbent core 28 and generally forms at least a portion of the end edge 52
of the article 20. Disposable diapers are often constructed so as to have two elastic waist
features, one positioned in the first waist region 36 and one positioned in the second waist
30 region 38. Further, while the elastic waist feature 34 or any of its constituent elements
may comprise one or more separate elements affixed to the article 20, the elastic waist
feature 34 may be constructed as an extension of other elements of the article 20, such as

the backsheet 26, the topsheet 24, or both the backsheet 26 and the topsheet 24.



Exanpl es of suitable Iotions I ncl ude those described in U S Pat. Nos.
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comprises tape tabs and/or hook and loop fastening components, although any other

15 known fastening means are generally acceptable. Some exemplary fastening systems are
disclosed in U.S. Patent 3,848,594 entitled "Tape Fastening System for Disposable
Diaper" issued to Buell on November 19, 1974; U.S. Patent B1 4,662,875 entitled
"Absorbent Article" issued to Hirotsu et al. on May 5, 1987; U.S. Patent 4,846,815
entitled "Disposable Diaper Having An Improved Fastening Device" issued to Scripps on

20 July 11, 1989; U.S. Patent 4,894,060 entitled "Disposable Diaper With Improved Hook
Fastener Portion" issued to Nestegard on January 16, 1990; U.S. Patent 4,946,527 entitled
"Pressure-Sensitive Adhesive Fastener And Method of Making Same" issued to Battrell
on August 7, 1990; and the herein before referenced U.S. Pat. No. 5,151,092 issued to
Buell on September 9, 1992; and U.S. Pat. No. 5,221,274 issued to Buell on June 22,

25 1993. The fastening system may also provide a means for holding the article in a disposal
configuration as disclosed in U.S. Pat. No. 4,963,140 issued to Robertson et al. on
October 16, 1990. Each of these patents is incorporated herein by reference. In
alternative embodiments, opposing sides of the garment may be seamed or welded to
form a pant. This allows the article to be used as a pull-on type diaper, such as a training

30  pant.

The article 20 may also comprise side panels 30. The side panels 30 may be
elastic or extensible to provide a more comfortable and contouring fit by initially
conformably fitting the article 20 to the wearer and sustaining this fit throughout the time

35 of wear well past when the article 20 has been loaded with exudates since the elasticized



ot her suitable absorbent materials include creped cellul ose waddi ng;
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cross-1i nkedoowbdigd osi c fibers; ti ssue 25 including tissu®Cifigd%/1466

ti ssue | am nates; absorbent foans; %% rbent sponges; superabsorbent

pol ymers; absorbent gel ling naterlals or any ot her known absorbent

mat eri al or conbinations of materials. The configuration and construction
of the absorbent core 28 nay al so be varied 30 (e.g., the absorbent
core(s) or other absorbent structure(s) may have varying caliper zones, a
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U S. Pat ovaistsegien 3831Thensifle paels mmyb@wor@u@em ARYy smtabtmqrﬁgu@érym
i ssuef t G ARGHAsH dige rPa&tﬁréPfshc&@d stieGaneltar dlEélbsedNﬂ US. baenP4858067,t | ed
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Article FRat. No. 5,151,092 issued to Buell on September 9, 1992; and U.S. Pat. No. 5, 221,274
15 issued to Buell on June 22, 1993; U.S. Patent No. 5,669,897 issued to LaVon, et al. on
September 23, 1997 entitled "Absorbent Articles Providing Sustained Dynamic Fit"; U.S.
Patent Application Serial No. 08/915,471 entitled "Absorbent Article With Multi-
Directional Extensible Side Panels" filed August 20, 1997 in the names of Robles, et al.;
each of which is incorporated herein by reference.
20
The article 20 preferably further includes leg cuffs 32 which provide improved
containment of liquids and other body exudates. Leg cuffs may also be referred to as leg
bands, side flaps, barrier cuffs, or elastic cuffs. U.S. Patent 3,860,003 describes a
disposable diaper which provides a contractible leg opening having a side flap and one or
25 more elastic members to provide an elasticized leg cuff (a gasketing cuff). U.S. Patent
Nos. 4,808,178 and 4,909,803 issued to Aziz et al. on Februnary 28, 1989 and March 20,
1990, respectively, describe disposable diapers having "stand-up" elasticized flaps (barrier
cuffs) which improve the containment of the leg regions. U.S. Pat. Nos. 4,695,278 and
4,795,454 issued to Lawson on September 22, 1987 and to Dragoo on January 3, 1989,
30 respectively, describe disposable diapers having dual cuffs, including gasketing cuffs and
barrier cuffs. In some embodiments, it may be desirable to treat all or a portion of the leg
cuffs with a lotion, as described above.

Embodiments of the present invention may also include pockets for receiving and
35 containing waste, spacers which provide voids for waste, barriers for limiting the
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et al. on Novenmber 9, 1993; U.S. Pat. . 5,387,207 entitled
"Thin-Until-Wt Absorbent Foam Materials For Aqueous Body Fluids And
Process For Making Sane" issued to Dyer et al. on February 7, 1995; and
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i ssued $0 BYRb!149Nensfied @ABSIrbéht AMHSE ’Wﬁli‘@',la{én@hfe@‘l’or N2asteSV@#ialkd1atissyed
issued to Freeland on February 5, 1991; U.S. Patent 5,62,840, entitled "Disposable
Diapers", issued to Holt et al on November 5, 1991; and U.S. Patent 5,269,755 entitled
"Trisection Topsheets For Disposable Absorbent Articles And Disposable Absorbent

aIS

Articles Having Such Trisection Topsheets", issued to Freeland et al on December 14,

20 1993, Examples of suitable transverse barriers are described in U.S. Pat. No. 5,554,142
entitled "Absorbent Article Having Multiple Effective Height Transverse Partition" issued
September 10, 1996 in the name of Dreier et al.; PCT Patent WO 94/14395 entitled
"Absorbent Article Having An Upstanding Transverse Partition” published July 7, 1994
in the name of Freeland, et al.; and U.S. 5,653,703 Absorbent Article Having Angular

25 Upstanding Transverse Partition, issued Aug. 5, 1997 to Roe, et al. All of the above-cited
references are hereby incorporated by reference herein.

The article 20 preferably also includes at least one sensor 60. As used in this
application, the term “sensor” refers to a device that is used to detect an event or a

30  parameter that is associated with an event. A parameter associated with an event is any
measureable signal that correlates with the occurrence of an event within the frame of
reference of the system (i.c., a signal caused by the waste, the wearer, or a component
thereof). Sensors include anything that responds to one or more specific inputs.
Examples of inputs that may be detected by the sensor of the present invention include,

3s  but are not limited to, attitude, pressure, motion, moisture, enzymes, bacteria, pH,



5 to Buell on June 22, 1993. O her suitable waist configurations may

I ncl ude wai stcap features such as those described in U S. Pat. No.

5, 026, 364 iweW@Id Robertson on June 25, 1991 and U. S. Pat pAYwsod1&&6, 025
i ssued to Foreman on March 28, 1989. | of the above nmentioned references

are incorporated herein by reference. o The article 20 may al so

i ncl ude a fastening system 40. The fastening system 40 preferably naintains
the first waist region 36 and the second wai st region 38 in an overl appi ng

configuration so as to provide |lateral tensions about the circunference of
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article ARVCRUGR dpAYsalso dnfaveisible o riravertiblec| s digsoliing, Bm parcapswe is12063, 140
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si des of '3 AESHET PR WealST Jiay Jecememutiplgseaatiolinpy sig %@ﬁt’ is repsrsibla)y ows
the article to be used as a pull-on type diaper, such as a training 30
pant.,.The arti B | ' . Jhe .si panel.s 30
may blé el asti édg Odr?sch)g(st .ensp%%,%%%?%ﬁ)éftﬁgi?@%g?@%@%ﬁ g‘? alB{;\_gd% @%@%g?@jrl ng
fit by i AFPPadsip awmecibicriapity Hor exampies the sensor 60 of 2 presephinveatioreman bd
sust ai ni RYeraithE ndchartifdlOsleqtapdl, &Be Al EHEiR seor WRG redBhll 1@ BRmBCAdIRe
article 20 tﬂas.l%iaen Ioadeﬁj Wit h exudat.es1 since theé elfilstlm zed
lochemical nputs such as enzymes typically present in bodily wastes, pH, water,
biological inputs such as bacteria, blood or any one or more other components of bodily
20 wastes such as feces, urine, or menses, etc. A chemical sensor may use a chemical
reaction as a detection means or may involve a dissolution of a material soluble in an
input material of interest. Examples of chemical or biological sensors include dissolving
or rupturable films, capsules, cells, seals, etc. that dissolve or rupture in response to a
specific chemical, biochemical or biological input or to a specific class of chemical,
25 biochemical or biological inputs. A mechanical sensor may also respond to motion,
attitude, pressure, etc. An example of a mechanical sensor is a bellows-type in which
when a baby sits on the sensor the weight pushes down on the bellows to inflate a portion
of the sensor. A mechanical sensor may also include a sensor or a portion of the sensor
that is broken or separated under a pre-defined applied pressure. An electrical sensor may
30 also be used to respond to moisture, urine, feces, menses, pressure, resistance,
capacitance, inductance, etc. An electrical sensor may, for example, include a sensor in
which a conductive input such as urine or feces completes an electrical circuit; a sensor in
which the input such as pressure or tension closes an electrical contact to complete a
circuit; a piezoelectric sensor that generates a signal via pressure induced by the wearer or

35  a part of the wearer (e.g., from motion or muscle tone); a sensor in which the resistance,
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openi ng h?r\l/clh?cge tyrosmase basgcp elf:ctrodgsn gr polyphenol oxidase enzyme electrodes described in

15 U.S. Patent No. 5,676,820 entitled “Remote Electrochemical Sensor,” issued to Joseph
Wang et al. on October 14, 1997 and U.S. Patent No. 5,091,299 entitled “An Enzyme
Electrode For Use In Organic Solvents,” issued to Anthony P. F. Tumner et al. on February
25, 1992, respectively.

20 Optionally, the sensor 60 may be a “proactive sensor” that is capable of detecting
changes or signals in or on the body of the wearer, in the article or in the waste, i.e.,
inputs that directly relate or, at a minimum, correlate to the occurrence of an impending
event such as a defecation, urination or other discharge of bodily waste. A proactive
sensor, for example, may detect an impending event such as a defecation, urination or

25 discharge or a parameter that correlates to such an event. The impending event may be
related to the bodily waste, the wearer, the article, or a component or components thereof.
A parameter that correlates to an event is any measurable input signal that correlates with
the occurrence of the event within the frame of reference of the system (i.e., a signal
caused by the waste or the wearer). The proactive sensor may, for example, predict the

30 occurrence of a defecation, urination or discharge of bodily waste or may detect signals
that may precede skin rash or irritation. Proactive sensors in an article may measure
many different inputs in order to predict an event. For example, the proactive sensor may
monitor the external anal sphincter muscle for a relaxation in the anal sphincter that
precedes the release of feces and/or urine, a separation of the buttocks, a pressure change

35 in the abdomen, a gas concentration in the article, or any other indication that may be



25 nore elastic nmenbers to provide an elasticized leg cuff (a gasketing
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February 28VO¥¥344,q March 20, 1990, respectively, descrleCaﬂgﬁﬂkééle

di apers having "stand-up" elasticized {gl aps (barrier cuffs) which inprove
the containment of the leg regions. U'S. Pat. Nos. 4,695,278 and 4, 795, 454
i ssued to Lawson on September 22, 1987 and to Dragoo on January 3, 1989, 30
respectively, describe disposable diapers having dual.cuffs, including
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Appl | cat g@ﬁ_él{g 93/ 25172 published Decenber 3, 1993, 10 entitled "Spacers

For gl eni c Absorbent Articles And Di sposabl e Absorbent Articles
Havi ng Such Spacer"; and U.S. Patent 5, 306,266, entitled "Flexible Spacers

For Use In D gpesalbeedin 'b@%po@écflh%%r ogéré&t%fc&ﬁl E{eﬁ?t%@dp@'ﬂoé‘gf hl 26,

1994. Ex es. of .conpart ose
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Khan 1on Rov érbpurpbses Zkﬂ&ﬁe ptésént inaéretivh, the term “operatively connected” refers to a

means of communication such that the sensor 60 may signal some portion of the article 20
when the sensor 60 detects an input. The sensor 60 may be separate from and operatively
connected to another portion of the sensor 60, another sensor 60, an actuator 70, a
controller 80 or some other portion or component of the article 20. “Operatively
20 connected” may, for example, include a means of communication such as an electrical
connection via a conductive wire or member, via a transmitted signal such as radio
frequency, infrared or another transmitted frequency communication. Alternatively, the
sensor 60 may be operatively connected via a mechanical connection such as a pneumatic
or a hydraulic connection.
25
In article 20, for example, the sensor 60 may be located in the front waist region
36, the rear waist region 38 or the crotch region 37 of article 20, and may be integral with,
disposed adjacent to, joined to, or comprise a portion of the chassis 22, the topsheet 24,
the backsheet 26, the absorbent core 28, side panels 30, leg cuffs 32, a waist feature 34, a
30  fastening system 40, the longitudinal 50 or end 52 edges, etc. The sensor 60 may be
integral with the article 20, or may be installed by the caretaker or the wearer. The sensor
60 may be external to the article 20, may have a portion located outside the article 20, or
may be completely contained within the article 20. For example, the sensor may have a
receiving portion located in the article such that it will come into contact with the desired
35 input and another portion such as a transmitting portion located either in the article or
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MmN M ZI NG nsmits a signal to another part of the sensing system that is joined to or disposed in the
article 20.

The article 20 preferably also comprises an actuator 70. As used in this

20 application, the term “actuator” refers to a device that comprises “potential” and a means
of transforming that potential to petform or activate a “responsive function.” The
potential of the actuator 70 may comprise either stored or potential energy or stored
material. The actuator 70 thus may perform or activate a responsive function by
transforming potential energy to kinetic energy or by releasing or delivering a stored

25 material. A “responsive function” is defined for the purposes of this application as a
function performed upon the bodily waste, the wearer, the article, or a component thereof.

A device that merely provides a signal indicating that an event has occurred, however, is

not considered an “actuator” as defined for the purposes of this application. A component

of bodily waste may include, for example, moisture, electrolytes, enzymes, volatile gases,

30  bacteria, blood, etc. A component of the wearer may also include skin, genitalia, the
anus, the anal sphincter muscle, etc. A component of the article may also include leg
cuffs, waist cuffs or other waste barriers and/or containment components, side panels,
ears, a chassis, an absorbent core, an acquisition component, a fastening system, the
longitudinal or end edges, etc. Potential energy may be stored as mechanical, electrical,

35 chemical or thermal energy. “Kinetic energy” as used in this application refers to the



5 the possibility of an environnmental condition triggering the sensor

I nstead of the sensor detecting an input caused by the waste, the wearer,
or a conpoN¥MPOMe4 cof . An el ectrical or biological sensor REJ/USPYI4661
exanpl e, detect an elimnation of bodijyy waste event such as a defecation,
urination or discharge of nmenses by sensing a conponent of the waste. A
sensor may detect one or nore events or one or nore paraneters associ ated
with an event 10 and provide an input to an actuator _or a controller.
Further, a sensor of the present invention may al so be reversible or
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An actuator 70 of the present invention may release potential energy to perform or

activate a responsive function upon the waste, the wearer, the article, or a component

25 thereof. The release of potential energy may transform mechanical, electrical, chemical
or thermal potential energy into mechanical, electrical or chemical kinetic energy to
perform the responsive function. Actuators may be triggered by a threshold level of an
input to release potential energy to perform a responsive function or may respond
continuously to an input as described below. Potential energy may be stored in any

30 manner sufficient to maintain/restrain it until it is required. Examples include batteries
and/or capacitors, elastically, torsionally, compressively tensioned materials or structures,

in the form of unreacted reagents, and materials capable of performing physical or
chemical functions (e.g., absorbents, emollients, pH buffers, enzyme inhibitors, feces
modification agents; compressed gases, etc.). For example, a compressed foam has stored

35 compressive mechanical potential energy and may provide mechanical kinetic energy



35 a part of the wearer (e.g., fromnotion or nmuscle tone); a sensor in

which the r , WO 00/ 00144

PCT/ US99/ 142@5&@ Capaci tance or inductance varies in the prgng(s,%g”dfﬂt he
input to which the sensor responds; or g sensor that receives electrical
signals fromthe body (e.g., fromthe subcutaneous nuscles) of the wearer

t hrough a contact such as a skin contact sensor. Optionally, the sensor may
be a biosensor as known in the art (e.g., an enzyne sensor, organella
sensor, 5 tissue.sensor, m croorgani smsensor, or electrochem cal sensor).
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urination nddification agents, enzyme inhibitors, pH buffers, dyes, etc. In certain preferred
embodiments, the material may be delivered by an actuator 70 such as an expanding
resilient material, a released high pressure gas, etc.

20 In alternative embodiments, the sensor and/or actuator may comprise a closed
system liquid transport member. A “closed system liquid transport member” or “transport
member” comprises a liquid filled member having an inlet port and outlet port, which
upon receipt of even a little amount of liquid at the inlet port practically immediately
releases liquid at the outlet port. The liquid released from the outlet port may serve as an

25 input signal to a sensor. For example, the liquid may be water, which is released when
the transport member imbibes urine at an inlet port, which acts to dissolve a seal to
release stored mechanical energy to create a feces void space. Alternatively, the transport
member may itself trigger an actuator (e.g., mix with agents to perform a chemical
reaction), or may perform at least a portion of the actuator function (e.g., the released

30 water is imbibed by a super absorbent polymer arranged in a particular geometry, which
swells and forms a feces void volume). Liquid transport through such transport members
is based upon direct suction rather than on capillarity. The liquid is transported through a

region into which no significant quantity of air (or other gas) may enter. The driving



25 discharge or a paraneter that correlates to such an event. The

I npendi ng event may be related to the bodily waste, the wearer, the
article, or"9%M%nent or conponents thereof A parameter t PET/EWPH6AL oS
to an event is any neasurable input signal that correlates with the
occurrence of the event within the frame of reference of the system (i.e.,
a signal caused by the waste or the wearer). The proactive sensor may, for
exanpl e, predict the 30 occurrence of a defecation, urination or discharge
of bodily waste or may detect signals that may precede skin rash or '
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In one embodiment, the voids of the inner region are essentially completely filled with an

15 essentially incompressible fluid. The term “essentially completely” refers to the situation,
where sufficient void volume of the inner region is filled with the liquid such that a

continuous flow path between inlet and outlet ports can be established.

The port regions of the transport member comprise materials which are permeable

20 for the transport liquid, but not for the ambient gas (like air) once they are wetted with the
transport liquid. Often, such materials are described as membranes, which are defined as
regions that are permeable for liquid, gas or a suspension of particles in a liquid or gas.

The membrane may for example comprise a microporous region to provide liquid
permeability through the capillaries. In an alternative embodiment, the membrane may

25 comprise a monolithic region comprising a block-copolymer through which the liquid is
transported via diffusion. Exemplary membranes for the port regions include
celluloseacetate membranes, such as also disclosed in United States Patent No. 5,108,383
entitled “Membranes For Absorbent Articles” issued to White on April 28, 1992, PET

films as disclosed in EP-A-0451797, nitrocellulose membranes, cellulosenitrate



15 For the purposes of the present invention, the term"operatively

connected" r a neans of communi cation such that the may
si gnal sone ‘gé?’?@%‘%gof the article 20 when the sensor 60 det 28?@%{5319#64?%1put.

The sensor 60 may be separate from andogperatively connected to anot her

portion of the sensor 60, another sensor 60, an actuator 70, a controller
80 or sone other portion or conponent of the article 20. "QOperatively 20
connected" may, for exanple, include a means of communi cation such as an
el ectrical nnect via a conductive wire or nmenber, via a transmited
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wai st region 36, the rear waist region 38 or the crotch regi on 37 of

article 2@witzedanday be integral with, disposed adjacent to, joined to, or
conprise a portion of the chassis 22, the topsheet 24, the backsheet 26,
t he absorbent core 28, side panels 30, Ieg cuffs 32, a vvai st feature 34, a
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control l er 80 and/or an actuator
sh?mkage may be induced 1n a portion of the gel, e g one s;de of a gel element, by

Is  concentrating positively charged surfactant molecules on the negatively charged gel
polymer in an electric field. Changing the intensity and/or the polarity of the field
induces a movement in the gel as one side decreases in length (e.g., a gel formed in a strip
may curl). Electrically sensitive gels may comprise variable geometries such as
rectangular, circular, reticulated grid, etc. patterns in order to provide a valve to release a

20 material, allow a bodily waste to flow through, prevent a bodily waste from flowing
through, encapsulate a bodily waste, etc. as they change volume and/or geometry. An
electrically sensitive gel formed in a strip, for example, may be bent to transport feces
when fecal moisture is detected. In Figures 10A and 10B, for example, a strip of
electrically sensitive gel is shown in a circuit in which fecal moisture may bridge the

25 contacts 485 and allow current to flow to the electrically sensitive gel either bending or
straightening the strip. Alternatively, an electrically sensitive gel formed in a reticulated
grid pattern, such as shown in Figures 11A, 11B and 11C, may be electrically induced to
swell or shrink when urine is detected to form a valve that allows and/or prevents urine
flow to another portion of the article 20. Figure 11A, for example, shows a circuit

30  including a reticulated grid pattern of an electrically sensitive gel. Figures 11B and 11C
further show a microscopic view of the grid in a shrunk and in a swelled configuration,
respectively. * An exemplary material is a weakly cross-linked PAMPs gel
(poly(acrylamido-2-methyl propane) sulphonic acid). This type of gel may perform
various functions such as the creation of a void space for feces, wiping the skin, applying



sensor may be separate fromthe article, e.g., separately applied to sone
portion of the 5 wearer, and/or may have one or nobre conponent separate
fromthe aQWWI4The sensor 60 nmay further conprise a sensPEHUSSYE6EHT

including two or nore sensors, each ohywhich may- detect the same or _
different signals fromthe same or different sources. The sensing system
may include conponents that are |ocated inside, external to 10 and/or

separate fromthe article. For exanple, the sensing systemmay include a
sensor inside the article that detects electrical signals in the external
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20  prevent or minimize skin irritation; preparing a bodily waste management device by
activating a fecal void spacer; opening a valve to allow urine to flow into a storage
device; releasing an enzyme inhibitor, skin care composition, pH control agent, or other
skin treatment aids as known in the art.

f

25 The actuator 70 may be disposed in and/or operatively connected to any portion of
disposable article that will allow the actuator to perform a responsive function upon the
bodily waste, the wearer, the article, or a component thereof. In article 20, for example,
the actuator 70 may be located in the front waist region 36, the rear waist region 38 or the
crotch region 37 of article 20, and may be integral with, disposed adjacent to or joined to

30 acomponent of the chassis 22, the topsheet 24, the backsheet 26, the absorbent core 28,
side panels 30, leg cuffs 32, a waist feature 34, a fastening system 40, the longitudinal 50
or end 52 edges, etc. The actuator 70 may also be completely contained within the article
such as article 20, may have a portion located in the article and a portion located outside
the article 20, or may be completely external to the article 20. An actuator 70 or a portion

35 of an actuator 70 may be operatively connected to one or more sensors 60, one or more



35 chemical or thermal energy. "Kinetic energy" as used in this
application refers to the WO 00/ 00144
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as described above (e.g., expansion of 4§ conpressed device, rotation of a
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function € \iear er nmponent
having a compressed plastic foam material encapsulated and restramed unc{ér vacuum by

15 a moisture soluble bag, the sensor 60 may comprise the moisture soluble bag. The
physical and chemical characteristics of the film, i.e., the type of polymer, the thickness,
etc., that determine how much of the input must be present before the film will dissolve
act as the controller 80 and determine the threshold level of input that must be met before
the controller 80 allows the actuator 70 to release stored energy to perform a responsive

20 function. The actuator 70 is the combination of the compressed foam and the loss of
vacuum, which allows release of the stored mechanical energy of the compressed foam.
In this example, the controller 80 acts as a one-time switch. An electrical controller 80
that receives signals from the sensor 60 such as electrical activity of muscles of the
wearer, however, may receive and monitor multiple electrical signals and may repeatedly

25 trigger the actuator. The controller may be integral with the sensor component, integral
with the actuator component, or a separate component of the system.

The controller 80 may be disposed in and/or operatively connected to any portion

of a disposable article that will allow the controller 80 to receive a signal from the sensor

30 60 and to provide a signal to the actuator 70. In article 20, for example, the controller 80
may be located in the front waist region 36, the rear waist region 38 or the crotch region

37 of article 20, and may be integral with, disposed adjacent to or joined to the chassis 22,

or a component of the topsheet 24, the backsheet 26, the absorbent core 28, side panels

30, leg cuffs 32, a waist feature 34, a fastening system 40, the longitudinal 50 or end 52

35 edges, etc. The controller 80 may be integral with the article 20, or may be installed by
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stored mcRidsdet@! thdt @teiflind h% murhSr the input must be present before the film will

dissolve act as the controller and determine the threshold level of input that must be met
before the controller allows the actuator to release stored energy to perform a responsive

function. In another embodiment, the responsive System may comprise a closed system

20 liquid transport member that may receive an input such as urine at the inlet port and
discontinuously deliver an agent such as a skin care composition, a pH control agent or an
enzyme inhibitor at the outlet port of the transport member. In this embodiment, the
transport member both acts as the sensor, i.e., receiving urine, and the actuator, i.e.,
actively delivering the agent to the waste, the wearer, the article or a component thereof to

25 be treated. In addition, the closed system liquid transport member may further act as a
controller that determines the necessary threshold level of the input. In an embodiment in
which the closed system liquid transport member receives urine at the inlet port and liquid
such as water exits from the outlet port to dissolve a soluble film holding a compressed
resilient material, for example, the closed system liquid transport member may act as both

30 the sensor and the controller. In this embodiment, the transport member acts as a sensor
by receiving the urine and the permeability of the inlet port or the outlet port may
function as the controller and determine the threshold quantity of liquid that is required
before the transport member delivers liquid to the soluble film.
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by an actuator 70 such as an expandi ngapesilient material, a released high
pressure gas, etc. 20 In alternative enbodi nents, the sensor and/or

actuator may conprise a closed systemliquid transport nenmber. A "closed
system |liquid transport member" or "transport nember” .conprises a liquid
fill ed menber having an inlet port and outlet port, which upon receipt of
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transport pﬁ%}pﬁran absorbent core of an article, for example, provides a continuous response in

which the output is quantitatively dependent upon the quantity of the input, i.e., as

increasing quantities of liquid waste contact the super absorbent polymer, an increasing

amount of the polymer contains that liquid until the capacity of the polymer is exhausted.

20 A stoichiometric chemical reaction is another example of a system having a continuous
response to increasing output. In the reaction A +excess B — C, for example, the
amount of excess B converted to C is stoichiometrically and, therefore “continuously,”
related to the amount of A available in the system. One example of a continuous
responsive system in which an inflatable spacer inflates to provide a void volume to store

25 feces via a stoichiometric chemical reaction when a liquid such as urine contacts a gas
evolving material, i.e., a continuous responsive system, is described in United States
Patent No. 5,330,459 entitled “Disposable Absorbent Article Having An Inflatable
Spacer,” issued to Gary D. Lavon et al. on July 19, 1994. Another example of a
continuous responsive system in which a disposable article that improves the fit on the

30 wearer by a liquid such as urine dissolving a film to release a leg cuff that has been held
in an expanded state is described in United States Patent No. 4,246,900 entitled “Diaper
Including Moisture-responsive Seal Means,” issued to Schroder et al. on January 27,

1981. A responsive system that passively releases a stored material, however, generally
provides a continuous response regardless of how the material itself is released because

35 the actual responsive function performed upon the bodily waste, the wearer, the article, or
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15 as shown in Figure 7A. In this embodiment, the rate of change in the output with
increasing levels of input (d(output)/d(input)), i.e., the slope or first derivative f’(x) of the
output function f(x), is preferably essentially zero when the amount of input is above or
below the threshold level. At the threshold level, however, the d(output)/ d(input) rate of
change preferably approaches infinity. Thus, in the ideal discontinuous response, the

20 limit of the function f(x-€) as €0 is not equal to the limit of the function f(x+€) as e—0,
i.e., lim f(x-g) # lim f(x+¢).

£—0 -0

The present invention, however, recognizes that in the physical world an ideal

25 instantaneous step change at the threshold level is not necessary and may not even be
possible in many instances. In a preferred embodiment, it is only necessary that the
output function have a virtual step change with very little change in the input at or around

the threshold level of the input. Thus, the present invention contemplates a discontinuous
responsive system of the present invention having an output function that responds in a

30 sufficiently discontinuous manner in the transition region such that the output function

has at least a minimum relative degree of steepness in the transition region. While not
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—_— l = {.

dr | 1=,

The comparison of the slope of the output function at the inflection point to the slope of a
line between the first and the last points of the transition region can be described by the
20  equation:
dr | ( AR;)
— ] =x
da =, (AL)

In this equation dR/dI at the inflection point is the first derivative of the output function at
25 that point. The term Al is the change in the input to the responsive system between the
first, 1,, and last, I,, points of the transition region, i.e., I, - I, and the term A R; is the
change in the response of the output function between the first and last points of the
transition region, i.e., R(I;) - R(I;}). The coefficient k is a proportional constant that

describes the relative steepness of the slope of the output function at the inflection point,
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aids as s CRehfifl Bhfineers’ Handbook, Sixth Ed., Chap. 22 (McGraw Hill, Inc. 1984).
As shown in Figure 8B, the relative degree of steepness of an output function may be

15 approximated by the formula: KG(s) = K/(Ts + 1)" in which KG(s) is the transfer
function, K is a proportional element, T is the time constant of the system, and n is the

integer number of first order time lags. In this model, as the number n increases, the

steepness of the output function in the transition region increases, and the model begins to
approximate a discontinuous responsive system. Certain discontinuous responsive

20  systems of the present invention preferably may be modeled by the above formula when n

is greater than or equal to about 25, with n being greater than or equal to about 50 being

more preferred, and n being greater than or equal to about 100 being the most preferred.

As shown in Figure 7A, a responsive system of the present invention may include

25 asingle threshold level at which the responsive system may release all of its stored energy
to perform a specific responsive function or may include multiple threshold levels at
which the system may release a pre-designated portion of its stored energy to perform one

or more specific responsive functions at each of the threshold levels. In an embodiment

having a single threshold level, for example, the responsive system may release all of its
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responsive function may be performed and/or different independent responsive functions

15 may be performed in response to different threshold levels being met. For example, a
responsive system may monitor a fecal enzyme and when each threshold enzyme level is
met may deliver an equal or unequal quantity of enzyme inhibitor(s), or may inflate or
expand a storage component of the article or deliver a pH buffer at the first threshold level
and perform another responsive function such as delivering a quantity of enzyme

20 inhibitor(s) at the second threshold level. In each transition region, the responsive system
responds essentially the same as the transition region in the single threshold embodiment

described above.

In addition, a responsive system may monitor multiple inputs such as moisture

25 and/or one or more fecal enzymes and perform one or more responsive functions when
the threshold levels of the different inputs are met or may perform one responsive
function only when two or more of the threshold levels of the different inputs are met.
Thus, a controller may monitor multiple different inputs and perform a different

responsive function when the threshold level of the different inputs are met.



15 a noisture soluble bag, the sensor 60 may conprise the noisture soluble
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may be placed in the article 20 adjacent to the anus of the wearer so that when it is
allowed to expand it may capture bodily wastes such as feces and store the waste away
from the skin of the wearer. Alternatively, the compressed material may be an absorbent
material that functions as a pump by drawing fluid into its body as it expands. As shown
20 in Figures 9A through 9C, for example, a compressed, high porosity, large cell, resilient
foam as described above may be contained in a film, envelope, bag or capsule having at
least a soluble portion 392 and an insoluble backing 393. Figure 9A shows an exemplary
mechanical pump of the present invention. Figure 9B shows feces on the structure, and
Figure 9C shows the structure after the feces is absorbed. Preferably, the compressed
25 foam is held under vacuum. When a liquid such as urine, menses or fecal moisture
contacts the soluble film, the film dissolves and allows the compressed foam to expand
and draw fluid into the foam as it expands. In one embodiment, the absorbent material

may include multiple cells that are individually vacuum sealed in order to maintain a
suction with overlying waste.
30

In the bodily waste isolation device embodiment shown in Figure 2 and 3, the
compressed material 94 may comprise any elastic foam that has suitable compression and
recovery properties so that it is capable of being compressed and held within the bag 92
and also capable of recovering a substantial proportion of its original height, preferably at



5 or nore actuators 70, another portion of the controller 80 or another
portion of the article 20. The controller 80, for exanple, may receive a
signal fromVR&%¥4dor 60 and provide a signal to the actuat BETHSIVMGE = py.
a radio frequency (rf) transm ssion. Afhough distinct structural elenments
may performthe sensor 60, actuator 70 and 10 controller 80 functions, the
sensor 60, actuator 70 and/or controller 80 functions of the present

i nvention need not be performed by distinct structural. el ements. The sensor
60 and controller 80 functions, for exanple, may be perforned by the sane
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issued to DesMarais et al. on July 22, 1997 may be used as the feces capture compression
20 material 94. As shown in Figure 2, the compression material 94 may include an aperture
that is open when the compression material 94 is compressed. When the compression
material 94 expands, the aperture may be enclosed by the perimeter of the compression
material 94 as shown in Figure 3. This allows the waste to be captured or encapsulated
away from the skin of the wearer inside the aperture of the compression material.
25 Alternatively, as shown in Figure 4, the compression material 94 may have an open
aperture that acts as a spacer and provides a void space having a sufficient volume to store
bodily waste deposited in the article 20. This allows the compression material 94 to

receive multiple bodily waste insults after the compression material 94 has expanded.

30 The bag 92 may be soluble in the presence of one or more different types of input,
such as water, urine, fecal enzymes, a pH level, etc., and may have physical and/or
chemical characteristics (e.g., thickness) that may be designed to set a threshold level of
that input required to dissolve the bag. The sotuble bag 92 may, for example, comprise a
plastic film that is soluble to water such as a PVA film supplied by Chris-Craft Industrial

35 Products, Inc. of South Holland, IL. as MONOSOL M7031 film, or H. B. Fuller Company
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function as an actuator to capture the bodily waste. Thus, the bodily waste isolation

device 90 acts as a one-time discontinuous switch that releases the stored mechanical
energy of the compression material 94 when a threshold level of a given input is detected.

20  The useful energy of the responsive system includes: (stored energy) - (hysteresis loss).
The compression material 94 used preferably has a minimal hysteresis loss and a
maximum recovery. More preferably, the compressive hysteresis loss is less than about
25 % so that the recovery upon release is at least about 75 %.

25 In another embodiment of the present invention, a foam such as described in the
above example or another resilient material may be twisted creating torsional mechanical
potential energy and enclosed in a soluble film, envelope, bag or capsule as described
above. Preferably, the twisted resilient material is held in the twisted position in the
soluble film, envelope, bag or capsule under vacuum. In this embodiment, when a

30  threshold level of moisture, pH, etc. is detected the film or capsule dissolves,
discontinuously releasing the vacuum, and releasing the foam. The stored torsional
mechanical potential energy causes the foam to unwind and may perform a responsive
function such as storing, capturing or entrapping bodily waste such as feces, urine or

menses, wiping the skin of the wearer, applying a skin treatment agent to the skin of the
35 wearer, etc.
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I nfl at abl e acer " |ssued to Gary D. Lavon et al. on July 19, 1994.
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present i AYehflefesation issomvenisnt for thecweaser, f(x), includes a "step" function 15

as shgwn in Figure 7A. In this enbodinent, the rate of change in the out put

with increasing |evel s of i nput (d(output)/d(| nput)), i.e., the slope or
first derivativeYft 59 thegsembadiment, a discontinuous responsive system of the present

invention may deliver, i.e., actively transport, an agent to a bodily waste, a wearer, an
article, or a component thereof to perform a responsive function. In this embodiment, for
example, the actuator 70 may comprise a compressed resilient foam or a closed system

20 liquid transport member that delivers an agent when the sensor detects a threshold level of
the input. The agent, for example, may include a skin care composition, an enzyme
inhibitor, a pH control agent, etc.

In another embodiment, a sufficient quantity of water containing electrolytes (e.g.,
25 from urine or feces) may be detected by an electrical sensor when the electrolytic water
completes a circuit, i.e., as a switch, causing current from a stored energy source such as a
battery to initiate a chemical reaction such as a phase transition, etc. For example, the
current may be applied to an electrically sensitive gel and cause it to change geometry and
create void space for feces in the article.
30
In a further embodiment of the present invention, an absorbent material that swells
when absorbing a liquid may be used as a sensor that, when a threshold level of swelling
has occurred, mechanically closes a pair of electrical contacts in order to complete an
electrical circuit. In this embodiment, the electrical circuit may trigger an actuator in a
35 discontinuous manner to perform a responsive function on the bodily waste, the wearer,
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function f(x-[err]) as [err] is not eggﬁl to the limt of the function
[err] as [err] i.e., limf(x-[err]) [err] Iimf(x+[err],). [err] The
present invention, however, recognizes that in the physical world an ideal
25 instantaneous step change at the threshold level is not necessary and
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Lerr](x )contract in a discontinuous manner and cover the void space to isolate the feces from the

skin of the wearer. Alternatively, a discontinuous responsive system may improve the fit
on the wearer by including an elastic material such as a leg or waist cuff that is held in an
expanded state at two distinct restraint points by a soluble restraining material such that

20  when the restraining material at one or both of the restraining points dissolves, the elastic
material may contract and form a seal with the skin of the wearer.

In yet another embodiment, one or more fecal enzymes may be detected by a

sensor such as an enzyme-degradable film or capsule, or a biosensor as described above to

25  trigger a separate actuator, e.g., an electrically operated valve, to deliver an enzyme
inhibitor to treat the skin. Exemplary enzyme inhibitors are disclosed in United States
Patent Application Serial No. 09/041,266 entitled “Disposable Absorbent Article Having

A Skin Care Composition Containing An Enzyme Inhibitor” filed on March 12, 1998,
which is incorporated by reference herein. In yet another embodiment, certain pH

30  conditions may be detected by the use of a pH sensitive gel, which may open a valve to
release a pH control agent to treat the skin. In another embodiment, a pre-defined
pressure threshold is detected, resulting in the rupture of a capsule or “bubble,” effecting

the release of a skin care treatment agent or composition. Exemplary skin care
compositions (or lotions), are disclosed in United States Patent Nos. 5,607,760 entitled

35 “Disposable Absorbent Article Having A Lotioned Topsheet Containing An Emollient



of the output function, f(x). The relative maxima. R([err]), and the
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i.e., 15 [err] The conparison of the

sl ope of the output function at the inflection point to the slope of a line
between the first and the last points of the transition region can be
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and scope of the mvenuon For example, although the present invention is illustrated and
15 described primarily with respect to a disposable diaper, the present invention is not
limited to this embodiment. The present invention may also be used, for example, in
articles that are applied directly to a wearer prior to the application of a disposable diaper
or in place of a disposable diaper, in a pull-on diaper, a diaper insert, a sanitary napkin, a
tampon, etc. It is therefore intended to cover in the appended claims all such changes and

20  modifications that are within the scope of this invention.



present invention as the ratio of the Laplace transfornms of the out put
(respondi n%arl able) to the input (disturbing variable). See, e.g., Robert
H Perry & &P Perry's Chem cal Engi neers' Handbook, @mggﬁ%ﬂ
Chap. 22 (MG aw H|II Inc. 1984). As shown in Figure 8B, the relative
degree of steepness of an output function may be 15 approxi mated by the -
formula: KEs) = K/ (Ts + 1)" in whi KQ's) is the-transfer function, Kis
a proportional element, T is the tirfe constan stem "and n is the
i nteger nunber of first order tine lags. In t W nurrber n
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system PEARG cont i nuous responsi ve 20 systens of the present
invention preferably may be nodel ed by the above fornula when n is greater
than or equal to about 25, with n being greater than or equal to about 50
bei ng nhre pAediesdsable @Hele I r, @ L bout ,100 bei ng
t he m)storﬁﬁreferrqsed As Sho&tﬂoﬁf‘éﬂﬁ&%&?g& g’s\a}eg%g%rgbw 9‘?‘6 iclehe

pr esent ¥i on may i nclude 25 a single threshold | evel at vvhi ch the
responsive séa)staeespnngtveeysmﬁmmdhn f |ts stored energy to performa
specific respozﬁn ve function .or cé}/ ude nul tlfe’ e threshold | evel s at
whi ch the syst nfy’ ?Sé’lreoé’@t‘é(elb'r n&E"stP fasald wéele sridosensarsadaptedetd ener gy

to performone or detect agpmmitfdnd responS| ve functl ons at each of the
threshold | eve D) avin | e threshold | evel, for
exanmpl e, the rgspolrltﬂ;l \@/@a@y g}a% FEY g% t‘é %gtseqs% said pgtuptor hongs

PCT/ US99/ 14661 31 adapteddtoepenforn orepomive nfuhbiore i ial @isERHRMAOS ¥fnhanCti on

when that thr esholdhg@yﬁasérﬁop&ttectg&l@ﬂl? Iy a single threshold enbodinment, In
this exanple, the discontinuous responsfrvé systemincludes a systemt hat

has two states such as on or off. Wen a threshold quantity of an input

such a2.bodiThe &ispnsebre artmesﬁmalﬁm fubtBeP b rRGTY a gﬁ%lhgkﬁpﬁ&d?@to@%}% nsive

system5 [ OI’ISI ve f ncilo ’t he
wearer, t hga%ttr)% 156 tig dst %’d‘gﬁ%‘ﬁf‘ fthandap %%E‘FW&‘@@Q\?EN?Q begwedneatnast e
away fromt Heasgkpnrtmh aflsaid yepsheet Bhd at least apomon of said backsheet.

C

3. The disposable article of any of the preceding Claims, wherein said sensor is
proactive and/or is adapted to be affixed to the wearer.

4, The disposable article of any of the preceding Claims further comprising a
controller, said controller being adapted to receive a signal from said sensor and to

allow or to activate said actuator to perform said responsive function when a
threshold level of said input has been met.

5. The disposable article of any of the preceding Claims, wherein said sensor, said
actuator and/or said controller are distinct components.

6. The disposable article of any of the preceding Claims, wherein said actuator is
adapted to perform a second responsive function in a discontinuous manner when
said sensor detects a second threshold level of said input.

7. The disposable article of Claim 6, wherein said second responsive function is
different than said responsive function.



t he di scontinuous responsive systemmay performa one-tine "sw tch I I ke"
function that changes fromone state to—another in the ﬁﬁesence

75, “The respanatve aystem iy nave ot 1 AR A" b«

each threshold level is nmet the syst may* r € ebse” a g| ven "quanta" of
energy or deliver a given quantity o materlal to performa specific

responsive function. In this enbodinent, hr-eshol d | evel &s met ,
a portioh of Theedispasable apticlgofanyiaf the pre¢eding %W%E“%E‘r FOIRRRSPEHHEP

di f ‘;e][ ?nt ' nd%%@di%ﬂloﬂa%‘é&ﬁﬂsdcuﬁt&r Lkﬂﬁérbmrssldls'écoﬂﬁ&)tnm ipadabtedrtedetent 2 esponse
to different threshol d el s, bei For 0 ystem
may nonitor aSecERGMPEh ?Vﬁ%r “C&}‘?g% ‘gaséﬁi ﬁeﬁ?réf?‘lcg\?%& TS ;\?nét&f[)o E%!f:ﬁ;n %et may
deliver an egggbndfesp mafunqumnm 4 yisobntampysrmanmdri whenosaid pecopd samspr i nf | at e
or expand a s e c f e fiara at t he
first threshohﬁe&gvsé dog% g '% ﬂ#g (ﬁeﬁftghﬁrgssgéor?g %/égi‘?ﬂsﬁ%t ?dggr?gg%c
delivering a disestinhyusofmanmer ywhen2@id senbortletests( & pecand tireshodd davel Pﬁﬁfé@ hol d

| evel . In each tugany tion region, the responsive system responds

essentially t F¥%ame as the transition region in the single threshold
enbodi nent described above. In addition, a responsive system nmay nonitor

mul ti pl egi npu"'["fle% ggsa%ﬁa zﬁﬁ&léb%ﬁy ithe ﬁﬂa@écﬁﬁ ONEme) whepéia shidcdidcoatizyones and

perform one or responsi ve, f'uncti ons when he threshold |evels of the
different i npmwo%ﬁl\?% WP&&?eﬁ)%?tFFbFW(S?FBO’F%Wﬁ@F\/e function only when

two or nore of the threshold |levels of the different inputs are net. Thus,

ecponsi - 1 uribbi Brpeatih afle oS o TrEpaineo e Tl Abbubhe! 27 211

met . WO 00/fOftliéd comprises one or more of the group selected from: transforming
PCT/ US99/ 14661 32 .Alternatiyv 0 léd Qﬁz{tg&[}naa Vel GnOR- gat e
type functi onPSHY Hﬁlt %efgyamrt%g%éﬁg eggrg ’uﬁécl{\'%hg ﬁ& iyettne

i on° nay tper or ned. whén one or
nor e t hr eshol dctieyviagediEnt, trﬂﬂlvmgaptbtﬁdlmﬁm@ toths Siﬁ%’to N AHGTIPE R may

al so perform g, |.001 GteANPo%Ab Sy Wikt BitEdppRiy fettserichisulating feces, providing

a void space, and pumping a liquid bodily waste.

11.  The disposable article of any of the preceding Claims, wherein said actuator is
adapted to transform a potential energy in order to perform said responsive
function, said potential energy being selected from one or more of the group of:
stored mechanical energy, compressive mechanical energy, torsional mechanical
energy, stored chemical energy, stored electrical energy, and a battery.

12.  The disposable article of any of the preceding Claims, wherein said sensor is
selected from the group of: an electrical sensor, a mechanical sensor, a chemical
sensor, a water soluble film, a water soluble pH sensitive film, and a closed
system liquid transport member.

13.  The disposable article of any of the preceding Claims, wherein said actuator is
selected from the group of: release of a vacuum, a compressed resilient material, a
compressed resilient material constrained in a vacuum sealed water soluble film, a
plurality of individual vacuum sealed cells, an electrically sensitive gel, a pH
sensitive gel, a salt concentration sensitive gel, and a closed system liquid
transport member.



a responsive function may be perfornmed when each threshold | evel of two or
nore 5 different inputs is net. In one enbodinent..of .the.present

i nventi on, “@Wi“!“y wast e i sol ation device co segb/14861 | i ent
material that is held in conpression within a m Ihﬂl}mmlgortl on of
which is water soluble. Preferably, ,{the corrpr terial is 10

hel d i n vacuum conpression within t bag When a threshold | evel of
noi sture, i.e., _the input, dissolves portion of the water soluble region

and di ééont iTheotispasable| articlesof; any oﬁdhmmeccdmgc@apnsaswhﬂemasm|1ﬁﬂ>utempands
i.e., the l%@le@t%&%okﬁ‘th\é%tr)élgﬁ‘oﬂ dsSre QW CeridBVa Ons've
function on one or nore bo |Iy§)\7\/§stes tQﬁEHégﬁpressggﬁ%%@%%F

exanple, may be a resilient plastic foamthat has a shaped void that when

15 exdandedhehdisposalsle faficlé emtan Sfuhe p ieaecﬁagtciaﬁxsf Sfffein SR E@;ﬂdk yevast e
i sol ation d% e 20 ad acent to tthe anus of

e artic

the wearer sO %qf?g ﬁﬂg‘?{“&? aPW\EBeSP‘H‘Sé‘SFstﬁW’! ]?asmu&}}itfmcéloﬁdbﬁtl y
wast es such may beomedelethbly theeqeatidne waste away fromthe skin of the wearer.
Al ternatively, thedRorIrpr essed ARL§rial may be an absorbent material that
functions as a punp bg drawing fluid into its body as it expands. As shown
20 in Figures 9A thrbugk &C—fe+ exanpl e, a conpressed, high porosity,

| arge cell, resilie ﬁglam as descri bed above may be contained in a film
envel ope, bag or caﬁ L ohavi nélwal | east a sol ubI e portion 392 and an

i nsol ubl e bagkds, of the
present |nvent|§ﬁ séﬁ%&ﬂ{éﬁ&@ﬁéﬁ%eégg&uﬁﬁﬁ ‘{eyﬁﬁﬂ%ffgg%%%‘g%re 9C
shows the staboutdi0,abahit %0, dbbat rm@wab@tmorbed Preferably, the conpressed

25 foamis held under vacuum Wen a |iquid such as urine, nenses or fecal
noi sture contacts the soluble film the filmdi ssol ves and all ows the

conpr egged luid thef am.as it expands. In
one ents)lgdl ne’ﬂ%rﬁl% Eaag'rg% ?arﬂ;%?’grtflapreﬁﬁé} fR ﬁF’g E&@ISVPhat are
i ndi vi dual | M@mﬁp@@m@d sheh thatisaid raspmwtsysmnahmmtomut\ﬁmdmcn\tMtl yi ng
waste. 30 |fnj sekmbiea w&&m&%&a&m% Y4 BEnGUPRALART be H0Matilhy T 9UT € 2

and 3, the g@g ﬁﬁ ma{ erial 94 rrse any e t has
sui t abl e coﬁg $ifd r’e‘{f]é‘?f@i“ysafﬁlr%ﬁéllu?ll%grf‘é@r o1 equiak tcayaleeofof bei ng
conpr essed abduts, dbonit Shion abdie 10ag 92

17.  The disposable article of any of the preceding Claims, wherein said article selected
from the group of: a diaper, a training pant, a sanitary napkin, a tampon, and a
colostomy bag.

18.  The disposable article of any of the preceding Claims, wherein said sensor
comprises a water soluble film and said actuator comprises compressed
mechanical energy of a compressed vacuum sealed resilient material.

19.  The disposable article of any of the preceding Claims, wherein said sensor is
adapted to detect an input associated with a bodily waste; and said actuator
includes a compressed resilient material constrained in a vacuum sealed film

adapted to absorb or encapsulate said bodily waste when said sensor detects said
bodily waste.



and al so capabl e of recovering a substantial proportion of its original

hei ght, preferably at WO 00/ 00144

PCTI US99/ 14e810@B1d44cast about 75 % after rel ease of a const"r(éq"t'ﬁs’?@‘“’ﬁbrce.
At | east a portion of the bag 92 conprises a soluble region or a soluble
seal. The soluble region or seal may dissolve in contact with, for exanple,
wat er, urine, fecal enzynes, etc. The bag 92 preferably retains the
conpressed material 94 in a vacuum conpression state until a portion of the
soluble 5 region of the bag 92 dissol ves enough (i.e., a threshold |evel

of water is detected) to discontinquﬁl el ease the vacuum Once expanded,
the foamis also preferably rigid enough to withstand the wei ght of a baby,
for exanple, so that the foamw || not conpress significantly, preferably

| ess than about 50% and release the captured waste if the baby sits on the
device. An EVA foam for exanple, such as the ones avail abl e from Foanex 10
Corporation of Eddystone, Pennsylvania identified as SIF/ 210PP1 or Aquazone
80A foam or from Sentinel Products Corporation of Hyannis, MA identified
as MC 1900 EVA 2 I b/ft[err], or a foam as descriggd in United States Patent
No. 5,260,345 entitled_”Absorbent Foam Matgpi ak’s”For Agygous Body Fl uids
and Absor ben?0A(ti cl esd nt ai ni ng2uch Materi gl s" issued”to DesMarais et

al . on Novenber 1993; United Staes ent {No. 15 , 387,207 entitled
"Thin-Until-Wet Abgor bent \Foam Mat er\ al $ For ueous B El_ui
Process For Making Sanme" 1g5sued SRBEEES Febmgguary |7, 1995; a#d
United States Patent {No. 5Y625, pe28saaas fetfldefisbr bent Foarth Materi al s|For
Aqueous Fl ui ds Made i at—phas 'Eﬂﬂ?§f0ns Havijng Very H
Water-To-O | Rati os” irai s et gl.{on buly 22,0 1997 may
used as the feces capture co t-28-—mgtreritpt—94. As ghown in Figure

2, the conpression ‘ ncl gﬁ?e aperture th i's open en

t he conpression materi baness \ gﬁ’ﬂme co ession materijal 94
$ d by thdiper fimet e of the conpresdion

i

is jllovqlthiﬂl te to be capture? or
I f

] il Lo {li
m-——50

|

94 | sﬂﬂlﬂl:
expands, the aperture may\be amf
material 94 as shown in Fi il

encapsul at ed
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away fromthe skin of the wearer inside the aperture of the conpression

mat eri al . Al ternatively, as shown in Figure 4, the conpression nateri al
94 may have QHWQHéﬁ aperture that acts as a spacer and prov@@qgﬁ@gyg%ﬂ
space having a sufficient volume to store bodily waste deposited i n the
article 20. This allows the conpression material 94 to receive multiple
bodily waste insults after the co zggﬁ)on mat eri al 94 has expanded. 30
The bag 92 may be soluble in the E? seffce of one or nore different types of
i nput, such as water, urine, fecal enzynmes, a pH Ieggl, etc., and may have
physi cal and/or chem cal characteristics (e.g—"thiTKness) that nmay be
designed to set a threshold | evel of that s#/hput required to dissolve the
bag. The sol uble bag 92 may, for exanple, conprise a plastic filmthat is
soluble to water §%Ch as a PVA i swppl i e@by Chris-Craft Industrial 35
Products, Inc. of”S0 MONOSOMgM703 1 film or H B. Fuller
Conpany WO 00/ 00144\ =777l >
PCTI US99/ 14661 34 of

F mfﬁnggg-x. The film

t hi ckness, for ex e - a desired
activation. The f??ﬁbb “f oy —eXanpl e, al sd\have a_thi ﬁ*ness in the
range from about 0.0 | . NHL | m havi ng a

t hi ckness of about 0.00 e) with a noisture
5 content of abfhiég.q§9 grsTs per squareg” [ @7 ment, the
bodi |y waste isol atn device Q0 O

di sconti nuous responsi ve system\Jhey= on of the bag 92 acts as

a sensor that responds to a speci f} —The sensor may, for exanple, be
responsive to 10 water in urine or enzynme in feces. When any sol uble
portion of the bag 92 contacts a threshold |level of urine, fecal noisture,
or a fecal enzyneggihe sol uble portion of the bag 92 dissolves and rel eases

t he conpression material which &dds to capture, surround or envel op the
feces deposited upon the ticlg 20. The physical and chem cal
characteristics of the materi used to foppg the ba 93 define the
threshold | evel of the inpu act _as/a
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15 controller that determ nes when the conpression material 94 is to be
rel eased. Wen the bag dissol ves, the rel ease of vacuum and t he expansi on
of the conmpweswioor#4mat eri al 94 function as an actuator to cgﬁ?ﬂFﬁwﬂﬁ@
bodily waste. Thus, the bodily waste isolation device 90 acts as a one-tine
di sconti nuous switch that rel eases the stored nechani cal energy of the
conpression material 94 when a threshold |level of a given input is
detected. 20 The useful energy Eﬁ/ggy responsi ve systemincludes: (stored
energy) - (hysteresis loss). The cofipression material 94 used preferably
has a mnimal hysteresis |oss and a maxi numrecovery. Mre preferably, the
conpressive hysteresis loss is |l ess than about 25 % so that the recovery
upon rel ease is at |east about 75 % 25 I n anot her enbodi nent of the
present invention, a foam such as described in the above exanpl e or anot her
resilient material may be tw sted creating torsional nechanical potenti al
energy and enclosed in a soluble film envel ope, bag or capsul e as

descri bed above. Pref bly, the twisted resilient material is held in the
tw sted position in the sol e film envel ope, bag or capsul e under
vacuum In this enbodi nent, wh a 30 threshold-l/@gel of noisture, pH,
etc. is detected the film or capsul e di ssgkves, discontinuously rel easing
t he vacuum and rel easing the foam syored 4 or si onal nechani cal
potential energy causes the foam 0 and“gy perform a responsive
function such as storing, ec® J ent r appi ng~podi |y waste such as
feces, urine or nenses, N J plying a skin

treatment agent to the § 00/ 00144

PCT/ US99/ 14661 35 I¥ an sensor may detect
changes in the el ectfycal W , nal sphincter
nmuscles to predict an ) { i.e., a
proactive sensor. Upon d 98

el ectrical activity of the nu may, for

exanpl e, trigger the Flg 4

196 194
g

%ty //

198 %ii;;

Fig. 4A
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opening of a valve to release water to dissolve a water soluble portion or
seal of a gﬁg t hat hol ds a conpressed foamin vacuum conpressi on as

descri bed oQPéo,Ol‘i“n preparation to capture waste of the i Mmpoemkodiskgiati on
and/ or defecation. Alternatively, the switch may effect the rel ease of a
skin care conposition to treat the skin surface prior to feces contact 10
of the skin. In this enbodi nent, the responsive systemconprises a

di sconti nuous systemthat responds A]ﬂBe electrical activity of the
wearer's external anal sphincter nuscle when that electrical activity .
reaches a threshold signal |evel. ternatively, the controller may trigger
the actuator to send an el ectpical” actuating @& to the anal sphincter
to close it until defecatioris convenient fgr the wearer. 15 In yet

anot her enbogj t, aldi jpuolis repponsi ve syjtem of the present

i nvention nag%ﬁgriver, i§g3¢§géti réﬁE@ATUﬁyaﬁ—&gent to a bodily
waste, a wearer, an arttcte—oer—a conp )f to performa responsive
function. In this enbodinent, for exanple, the actuator 70 nay conprise a
conpressed resilient foam or agngqied stem20 liquid transport nenber
that delivers an agent when th enso tects a threshold | evel of the

i nput. The agent, for exanple, may include a skin care conposition, an
enzyme inhibitor, a pH control agent, etc. In another enbodi nent, a
sufficient quantity of water containing electrolytes (e.g., 25 fromurine
or feces) may be detected by an el ectrical sensor when the electrolytic

water conpletes a circuit, i.e-6@s a swtch, cauiipg current froma stored
energy source such as a battgfy to initiate a efiem-cal reaction such as a
phase transition, etc. For ¢xanple, the curgﬁﬁfﬁ;gy be applied to an
electrichby ensitive use it _to change geonetry and create void
space for i ki 3p In aw&#fthﬁé efbodi nent of the present

i nvention, an abporbent §§¥§$$3I Fhat” |s | A nfabsorbing a liquid may be
used as a sensor|that, whena threshol d¢—+evet—ef—swel | i ng has occurred,

mechanically cloges a pair of electrical contacts in order to conplete an
electrical circult. _In this enbodinent, the|electrical circuit may trigger
an actuator in a 35 discontinuous manner to performa responsive function
on the bodily waste, the wearer,FIG 6B
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WD 00/ 00144

PCTI US99/ 14661 36 the article or any conponent or conponents thereof

t h& R4

exanpl e, or

anot her portion of the article,

article, initiate a c
change geonetry and c
pH control 5 agent

nonwoven or ot her  d®l
configuration by a ng
or a conponent of thg
restrai ning material,
nonwoven or ot her cel
fromthe wearer's sk

For
may open a valve to allowthe liquid FETHYSSYA4681

punp the liquid to another portion of the.
hange in geonetry in an electrically sensitive gel to
reate a void s ()release a skin care conposition, a
or a deodorant, etc. A material such as a fiber, film
| ul ar structure may also be restrained in a given
terial that responds to a bodily waste such as feces,

t bodily waste. When the bodily waste contacts the 10
the restraining material may release the fiber, film
| ular structure to capture or isolate the waste away

at two restraint poi
t hat di ssol ves,
f ecal
15
the elastic barrier

voi d space to isolatel the feces fromthe skin of the wearer.
a di sconti nuous respo

including an elastic
an expanded state at
mat eri al
restraining points di
seal wth the skin of
fecal enzynes nay be
or capsule, or a bios
actuator, e.g., an el
inhibitor to treat th
United States

weakelns,
enzynme. \Wen thle feces has been deposited in the void space,
restraining materij al

such that 20

n. An elastic barrier, for exanple, may be restrained
ts away froma void space in an article by a materi al
etc. in response to urine, fecal noisture or a
and the
at one or both of the restraint points dissolves,
y contract in a discontinuous manner and cover the

Al ternatively,
wear er by

sive system
at erial such @§s a leg or waist cuff that is held in
fwo distinct restraint points by a soluble restraining
when the regtraining material at one or both of the
5sol ves, the ellastic material nmay contract and forma
the wearer. In yet another enbodi nent, one or nore

det ected by a gensor such as an enzyne-degradable film
ensor—as—descri bed above to 25 trigger a separate
bctrically operated valve, to deliver an enzyne

skin. Exenplary enzyne inhibitors are disclosed in

I

I7
Fig. 7A
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a pH sensitive gel
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articles that are applied directly to a wearer prior to the application of
a di sposabl e diaper or in place of a disposable diaper, in a gull-on

di aper, a dV@Pe00isert, a sanitary napkin, a tampon, etc. PET/USYMEHlef ore
intended to cover in the appended clains all such changes and 20 :
nodi fications that are wthin the scope of this invention. WO 00/ 00144
PCTI US99/ 14661 38 What is clained is: 1. A di sposable article to be
fitted to a wearer characterized in that said article.conprises: (a) a
responsi ve systemincluding: (i) a sensor operatively connected to said
article, said sensor adapted to detect an input, and (ii) an actuator
operatively connected to said sensor, said actuator being adapted to
perform a responsive function in a discontinuous nanner when said sensor
detects said input. 2. The di sposgbyq @rticle of Aaim1 further
conprising a liquid perneable topsheet, "a backsheet joined to said
topsheet, and an absorbent core di sposed between at | east a portion of said

topsheet and at | east a portion of said backsheet. 3. The di sposabl e
article of any of the preceding C ains, wherein said sensor is proactive
and/or is adapted to be affixed to the wearer. 4. The di sposable article

of any of the preceding Clains further conprising a controller, said
controller being adapted to receive a signal fromsaid sensor and to all ow
or to activate said actuator to perform said responsive function when a

threshold | evel of said input has been net. 5. The di sposable article of
any of the preceding Cains, wherein said s 90 sai uator and/or said
control ler are disfilnct conponents. n3
n-2
n=/
O } |
0 TIME

Fig. 8B



6. The di sposable article of any of the preceding C ains, wherein said
actuator is ada ed to performa second responsive function in a

di scont i nu¥@9% er when said sensor detects a second thr extwsUsboligssel of
said input. 7. The di sposable article of Caim®6, wherein said second
responsive function is different than said responsive function. WO

00/ 00144 PCT/ US99/ 14661 39 8. The

di sposabl e article of any of the preceding Clainms further conprising a
second sensor and/or a second {? wherein said second sensor is
adapted to detect a second inpu /or said actuator or said second

actuator is adapted to performa second responsive function in a
di sconti nuous nmanner when said second sensor detects said second input or
to performa second responsive function in a discontinuous manner when said

sensor detects a second threshold | evel of said input. 9. The di sposabl e
article of any of the preceding C ains, wherein said discontinuous
responsi ve system conprises a step-type responsive system 10. The

di sposabl e article of any of the preceding O ains, wherein said responsive
function conprises one or nore of the group selected from transformng
potential energy into kinetic energy, delivering a stored materi al,
delivering an active ingredient, delivering a stored mater+382to the skin
of a wearer, delivering a stored material to a bodilgﬁmégfe, ent rappi ng

feces, encapsulating feces, providing a void space, d punping a liquid
bodily waste. 1 e d m E precedfgy C ai ns,
wherein said acs@i @@ :@;;@ LU@L @. @ @ & i energy in order
to performsaid responsive function, said pofentiral energy being sel ected
fromone or nore of the group of: stored neghani cal Jyg3conpressive

mechani cal energy, torsional nechant§§g

Fig. 9A

/////*392
AMANNANAAANANANNAY, 399

\393

394
Fig. 9B

395

— 1| v
&

Fig. 9C




energy, stored chem cal energy, stored electrical energy, and a battery.

12. The di sposable article of any of the preceding C ains, wherein said
sensor i s s¥QMYWH4rom the group of: an el ectrical sensor, PLIASOMIMEEL Al
sensor, a chem cal sensor, a water soluble film a water soluble pH
sensitive film and a closed systemliquid transport nenber. 13. The

di sposabl e article of any of the preceding C ains, wherein said actuator is
selected fromthe group of: rel eﬁzﬁg a vacuum a conpressed resilient
material, a conpressed resilient t al constrained in a vacuum seal ed
water soluble film a plurality of individual vacuum seal ed cells, an
electrically sensitive gel, a pH sensitive gel, a salt concentration

sensitive gel, and a closed systemliquid transport menber. WO 00/ 00144
40 S99/ 14661 40 14. The di sposable article of any of the
preceding Cains, wherein said input is selected fromthe group of:
pressure, water, pH, electrical activity and an enzyne. 15. The

di sposabl e arficle o 4999 precedi ng C ai ns, ggerein sai d responsive
function is pgrforne uch that said responsive syg

function that| may be|nodel ed by the equation: dR err] ( [err] -

[ eer] =k d | =l ([err]l[err]) wherein said cg is greater
than or equal{to a value selected fromabout 2.0, ) out 5.0,
about 10.0 or 00. 16. The di sposabl e artA4 t he
preceding C a| ns, wherein said responsive functyon is perforned such that
sai d responsi Ve syst¢m has an out put function ed by a
control syste
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K&s) = KI(Ts + I)[err], wherein said n value is greater than or equal to a
val ue of about 25, about 50 or about 100. 17. The di sposable article of
any of th&vQpuwedd#t ng Cl ai ns, wherein said article sel ect edPCTarsovids6gr oup
of: a diaper, a training pant, a sanitary napkin, a tanpon, and a col ostony
bag. 18. The di sposable article of any of the preceding Cainms, wherein
sai d sensor conprises a water soluble filmand said actuator conprises
conpressed mechani cal energy of a conpressed vacuum seal ed resilient
material . 19. The di sposable article of any of the preceding d ains,
wherein said sensor is adapted to detect an input associated with a bodily
waste; and said actuator includes a conpressed resilient nmateri al
constrained in a vacuum seal ed_fil m adapted to absorb or encapsul ate said
bodi |y waste when said sensoﬁ@@flﬁs sai d bodily waste.
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