- 1 - RESPI RATORY DEVI CES TECHNI CAL FI ELD [0001] The present

di sclosure relates generally to respiratory devices. Enbodi nents of
the disclosure are related to a respiratory device integrated with
one or nore mcro high pressure piezoglectric air punps to provide
positive airflow within a mask. BACK ND [ 0002] Respirators are
used to protect the wearer frominhaling harnful dusts, funes,

vapors, or gases. A wide ran @RWY% iges of respirators are
i w t hout |ml'%tat

used in various fields includlng ion, mlitary,
i ndustry, and public. Respirators range from cheaper, single-use,

di spos S eusabl e nodels with replaceable cartridges. In
generaﬂ@@dﬁfr i ncl udes a mask seal ed against the face of a

user, an air inlet to permt air into the nask so that the user nmay

breathe, a filter often being used to renove unwanted materials from
the ai 100 1pbdherprasert distlosireoslates generaly fo rerpiasaniidayicesr Embedigients

anbi ent,e ?‘5%%9'6%[1?& aled kg '?Ssaoi'ésﬁrgﬁog\ﬁfa%mcgqnf%rét@@ \ﬁi@fpg% g?'?nore micro

air-purifying respirator or an aifr- ing respirator.

ai r - puhighypregsuregpezcatientripaiopudes tp provide gositive avflow evithirea nadgker
filtering the air through a filter. The air-supplying respirator is
provided with an alternate supply to deliver fresh air to the user.
Each t BxCKGRMINDrator utilizes different techniques to reduce or
el i m nat e noxi ous airborne contents. [0004] In accordance with a
known art, a powered air purifying respirator (PAPR) is used that

i npr ov e i i 8 C:l-AG: 84 i

and suSIQAnNeIpAIcR BRE LEF B Blotget 98 wedtef ROMORAINT harnBl 420 Himes,

respi r aapers, wr ghses. r Apwidesrangiendfytypdes iagdeddzdsoof rasphiratars alre aisdd riediadalis

usage, .are .heavy, cunbersa and.expensjve. Also,  su devices are

neci t 358 1ng R PGS dPaiFRgBn ey RRo TEl <Gy and BieRe Hesilt Siages from

Virus andaperbaimghi-isd) disptisablésmasks to reusable models with replaceable cartridges.
In general, a respirator includes a mask sealed against the face of a user, an air inlet to
permit air into the mask so that the user may breathe, a filter often being used to
remove unwanied materials from the air to be inhaled and an outlet to exit the exhaled

air into an ambient atmosphere.

[0003] Respirators can be of two types, an air-purifying respirator or an air-supplying
respirator. The air-purifying respirator provides purified air to the user after filtering the
air through a filter. The air-supplying respirator is provided with an alternate supply to
deliver fresh air to the user. Each type of respirator utilizes different techniques to

reduce or eliminate noxious airborne contents.

[0004] Iin accordance with a known art, a powered air purifying respirator (PAPR) is
used that improves breathing experience of a user by reducing air resistance and
supplying positive airflow. However, such active masks and respirators with air pumps
mainly designed for industrial and medical usage, are heavy, cumbersome and
expensive. Also, such devices are unsuitable for daily use by general public consumers

against haze, virus and urban air pollutants.



-2 - [0005] In accordance with another art, a typical off-the-shelf
non- power ed air-purifying mask used by consuners such as the Nati onal
Institute for Occupational Safety and Health (NIOSH) filters

ef ficiency grade N95 series of filtered masks. Such nasks are pl agued
by hygi ene, npoisture and dirt probleng which results in increased
breat hi ng resi stance, especially, with prol onged usage. The increased
resi stance reduces the exhal ation efficacy thus, increasing heat and
hum dity trapped within the mask. Al so, prolong usage of such nasks
may cafee0s]r ¢akbeardadcd hithudriotres s & ypicdl aif-inesiseleapepbakled air-putifying

el derly and yo children. This s erpate for _higher

i1t er TSk odEhBY GRSUBeRbBUCNEB0N G N IaEBh e e O euPRRIL ety and
lower HdaiRr N@@SPﬁ 'fﬂ%ré effiRlePey ﬁat% W sérdd Sf ﬂ@éréu GhES&Y JduRhanRse 8k
to S|gn|f|cant y reduce air exchange rate. [0006] A need, therefore,

exi st s plaguednby hpgienedmoisiwier and oyt @e@bleresmlaphuresmitamawreased breathing

f or ol R RIRReFSPAAS, S0 BRRGHERE uPhdk aThe AREhReed odRRee i iden I
of t he exhalatiah ieffcdcgahus, essacwasmgeheat arive hdmﬁtyom@be&hbﬂdinmt maskl Also,
not intended to be a full ription. éull fion

t he .
vari ou®rH8pS cHIAGSK Oﬂchﬂim & fiesee oRiEegthi eﬁj CH ‘ﬁ’sbér@/&f n‘?—:’HZ’%SS
taki ng egpéaamp RS 'ttﬁ’@ét%tl? %nagﬁ,uﬁatdhts@reﬁpwsf.sg@é ) exebéiate fdﬂ rh’r’gﬁéﬁgtﬁer

and abstract “as is, therefore, "one ai m of

di sE | o@é’d:l@myo@tade rfﬂ%g,t N1 @@ @ﬂddH ERA ﬁt@qn masks yvhﬁ:ee/ itiee 1owien ﬂiéﬁrngprasﬁy to
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exchange unit enbedded in the mask such that the air exchange unit

i ncl ud a first hol ding substrate havin | east one ai
t hr ougOOFRIC . ReT e HeralPre, (usH ok &N daer Teloptdevipanehis Sompat,

relati \thbévéf EQS%W 588 ahll (BhsurhBs niEisdal pBWer.or nore exhaust unit
enbedde he mask such that the exhaust unit includes a second

hol di ng substrate including at | east one high pressure piezoelectric
nicro-puqa and a first controller for controlling the high
SUMMARY

[0007] The following summary is provided to facilitate an understanding of some of the
innovative features unique to the disclosed embodiment and is not intended to be a full
description. A full appreciation of the various aspects of the embodiments disclosed
herein can be gained by taking into consideration the entire specification, claims,
drawings, and abstract as a whole.

[0008] Itis, therefore, one aim of the disclosed embodiments to provide a respiratory
device including a mask to be positioned around the mouth and nose of a wearer to
form a relatively closed area sealed from ambient air, one or more air exchange unit
embedded in the mask such that the air exchange unit includes a first holding substrate
having at least one air filter through which ambient air from outside the mask flows into
the relatively closed area within the mask, one or more exhaust unit embedded in the
mask such that the exhaust unit includes a second holding substrate including at least

one high pressure piezoelectric micro-pump, and a first controller for controlling the high



- 3 - pressure piezoelectric mcro-punp, such that the high pressure
pi ezoel ectric mcro-punp draws filtered air fromthe air filter into
the relatively closed area and di scharges expired air out of the
relatively closed area of the mask thereby, naintaining positive
filtered purified airflowinto the mask. [0009] It is another aim of

t he di scl osed enbodi nents to provide a plurality of sensors in
comunipesdsuce piedoelddic micstpurapt soth éhaistheh highapraslserd piexbelectric micro-

" equl apua ey ifaie, S fruf df o5 Riek BB BFleMin v insec iR GGt dp harmes
hum di e¥pisehfr sut dfORE0kIdivelySclysdd ary BetheaasRitheR®ydinfihtamiey positive
enbodi nents to provide the air filter that includes one or nore

funct i Shened rydied aiflew oo theimaskepyl ene felt and/ or activated carbon
fibers to hold back virus, particulate contam nants and odor. [0011]
It is yet another aimof the disclosed enbodinents to provide an

opt i on§OFHN If is dnothdridimitofibé distpsedbshbadiments tohgroaide 2pluhalitgef sendors

0012] .It is yet another aimof the disclos epbodi nents that the .
rmsic | 40 Rt dcat e irs orkfi seboar the T SHRFOle stindersdfen igh
the di pedeps pRIBERICIRYhferé- PuRTPY RQufitd BSPhlr HoW). HEeEn&erd Maly Wt He 8r
mask positioned around the nouth and nose of a wearer to forma

rel at | vedrg tempseadurgrand RWaiddY sepeersanbi ent air, one or nore air
exchange unit conprising of an air filter, a first holding substrate
with a first fastener and a first cover, a fan and a first controller

for driyd r Lef i I ;
throught e R 4TS ke Y i Rt pBOBHERRS BF pludTier ol ucr Bt
mask, amdudeseone sromerexXhactginaumayers onpde sif noplgprepglend felll ahdigr activated
substrate with a rality.of sepsqrs, a.second fastener and a second
cover, CQ‘%ﬂ"@ﬁP%?&Eé@Fjg’aﬁF& Y& %B?‘lﬂeferﬁoéﬁt%“mﬁ% a’?ﬁf‘s%@ r source for
driving the high pressure piezoelectric mcro-punp, and a second
controller for controlling the high pressure piezoel ectric mcro-punp

t hr ouglioe1|t akliy@amotitdr HindiTahs disclosed embodiments to provide an optional fan in

the first holding substrate of the air exchange unit.

[0012] It is yet another aim of the disclosed embodiments that the mask is made of

transparent silicone.

[0013] !t is yet another aim of the disclosed embodiments to provide a respiratory
device including a mask positioned around the mouth and nose of a wearer to form a
relatively closed area sealed from ambient air, one or more air exchange unit
comprising of an air filter, a first holding substrate with a first fastener and a first cover, a
fan and a first controlier for driving the fan to draw ambient air from outside the mask to
flow through the air filter into the relatively closed area within the mask, and one or more
exhaust unit comprising a second holding substrate with a plurality of sensors, a second
fastener and a second cover, a high pressure piezoelectric micro-pump, a power source
for driving the high pressure piezoelectric micro-pump, and a second controlier for

confrolling the high pressure piezoelectric micro-pump through suitable contro! signals



- 4 - whereby filtered air is drawmn into the relatively closed area
and expired air is discharged out of the relatively closed area of
the mask, thereby drawi ng positive filtered purified air into the
mask. [0014] It is yet another aim of.4he disclosed enbodi ments to
utilize the plurality of sensors for regulating the air flow through
t he exhaust unit and out of the nmask based on tenperature and

hum di Whéf@%‘)efil&réﬂ airlie drabminty e/ retdthendelasebarda08hbxpited dir Brdiddrakged
ai mof the_ disclosed enbodi nents to nake the nask of t,ran?parent

si |'i coilt of Bersfativelyidosearaa of Hiengsk therey skpwiadresiysdilieas Burifipghair
the ai tnihithd §lagkncl udes one or nore functional |ayers nade of

pol ypr opyl eneafelt and/ or activated carbon fibers to hold back virus,
particul ate contam nants and odor. [0017] O her aspects and

advant of,, t he Jnvention w.lJl b pparent from t fol | aw n
det ai | HERT IS 5t BEGRER S Yohe TREP e R he oot ey RrgLt M o
dr awi ngensbrs! fab téqaliathg iy aeflowlthexannhe ddhgugtriricaml est of theh@ask based
i nvention. BRI EF DESCRI PTION OF THE DRAW NGS [ 0001] The summary

above, cademperatyre anbhumidiypyRis Heihgireladvel¥slasegared of illustrative
enbodi nents, is better understood when read in conjunction wth the
appended draw ngs. For the purpose of illustrating the present

di Scl o34 GRTRIR HANA LIALERE8] Bhntlofin it 16 ARKEINE FLaskUWarParent

t he draw nds. However, the disclosure I's not to specific

met hodssiligadei nstrunental i ti es discl osed herein. Mreover, those in
the art will understand that the drawings are not to scal e. \Werever
possi ble, like el enents have been indicated by identical nunbers.

[0016] It is another aim of the disclosed embodiments that the air filter includes one or
more functional layers made of polypropylene felt and/or activated carbon fibers to hold

back virus, particulate contaminants and odor.

[0017] Other aspects and advantages of the invention will become apparent from the
following detail description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0001] The summary above, as well as the following detailed description of illustrative
embodiments, is better understood when read in conjunction with the appended
drawings. For the purpose of illustrating the present disclosure, exemplary constructions
of the disclosure are shown in the drawings. However, the disclosure is not limited to
specific methods and instrumentalities disclosed herein. Maorecver, those in the art will
understand that the drawings are not to scale. Wherever possible, like elements have

been indicated by identical numbers.

[0002] FIG. 1 is an illustration of a schematic front view of a mask of a respiratory
device, in accordance with the disclosed embodiments;



- 5-10003] FIG 2Ais an illustration of a schematic side view of
the mask depicted in FIG 1 on a wearers' face with an exhaust unit,
I n accordance with the disclosed enbodi nents; [0004] FIG 2B is an
illustration of a schematic side viewgf the mask depicted in FIG 1
on a wearers' face with an air exchange unit, in accordance with the
di scl osed enbodi nents; [0005] FIG 3 is an illustration of an

expl oded assenbly view of the air exchange unit depicted in FIG 2B,
i n accordance with the disclosed enbodi nents; [0006] FIG 4 is an

T ust (@60 PG A OFPHIBEFARIG a ¥brth&ic $iB8 vieW 89ﬂ%trﬁgsl§8ébi6{e'driﬁ 6.
the air exChange unit depicted in FIG 3, in accordance with the

di scl ode@nembodiarers stace 00dn] ar exhaustsuaif in | agsordaricen with dlne disclosed
expl Odgpnbao%ﬁﬁ 8Y vi ew of the exhaust unit depicted in FIG 2A, in
accordance w t he di scl osed enbodi nents; [0008] FIG 6 is an

il lustration of a cross-sectional view of the integrated structure of

t he exhaus |t icted in Fl 5, in accordance wth th I scl.o

enbodi E@ﬂn‘é ﬂ{z,dzgeig an iﬁustration of a schematic scl; e view of tWe mask ge&c’ted in SF?&
1 on a wearers' face with an air exchange unit, in accordance with the disclosed
embodiments;

[0005] FIG. 3 is an illustration of an exploded assembly view of the air exchange unit
depicted in FIG. 2B, in accordance with the disclosed embodiments;

[0006] FIG. 4 is an illustration of a cross-sectional view of the integrated structure of

the air exchange unit depicted in FIG. 3, in accordance with the disclosed embodiments;

[0007] FIG. § is an illustration of an exploded assembly view of the exhaust unit
depicted in FIG. 2A, in accordance with the disclosed embodiments;

[0008] FIG. 6 is an illustration of a cross-secticnal view of the integrated structure of

the exhaust unit depicted in FIG. 5, in accordance with the disclosed embodiments; and

[0009] FIG 7 (7a-7d) illustrate the operation of the mask 101 in accordance with the
disclosed embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0010] The particular values and configurations discussed in these non-limiting

examples can be varied and are cited merely to illustrate at least one embodiment and
are not intended to limit the scope thereof.



[0009] FIG 7 (7a-7d) illustrate the operation of the mask 101 in
accordance wth the disclosed enbodi nents. DETAI LED DESCRI PTI ON OF

| LLUSTRATI VE EMBODI MENTS [0010] The particul ar val ues and
configurations discussed in these non_-d_i mting exanples can be varied
and are cited nerely to illustrate at 1east one enbodi nent and are
not intended to limt the scope thereof. - 6 - [0011] The present

di scl Oﬂblﬁﬁ]pl’-ﬁl\él geseht fi EI%E;B%G@ B,reo\r(ﬂ)o%s% ‘Fé’sﬂ?l%‘(drpgdé%eahéwﬁﬁ%ggig%%(ﬁﬂgéﬁge

and exhaust unit integrate ded 1'n a respirator
air exchiras mhausmeHdegrated oeepthedded fro atrhepitatery t:a]aelk altepaitlexobange

t he expen ded exhaust, unit vents the nmask as .heat. d
ur f P totrevgen Brekiar tohdd8RE SR 4Pp bR The' PRadTRiBh. AL OCRN fhe
dr aws felxhélﬁ?ét%it&lernts thleimbsteas Bkat andehymlitIrfld ubedittie tvesask. AW air §usip
face and the mask through the air exchange unit, and punps out

expi r ed’ 19 expaushanitdraws Jikpipdcaip e tag ativaly, glpsed r?ée%iaﬁmﬂ anyqarers’
The spggd, HH tﬁ li ﬂ&- agh th QA Qiééﬁa*?mgfa t;'af?%deﬁurhé xghflabl Gy Brhgw
e s. The alr exchang

air punp t roug control sign unit an
exhaustrelatively m:lm;edmrka jtiriongh the exhadst pavitd éhe lspeed gndoasmdentpafraif fled may
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devi ce elxﬁﬁér:?ii ot Qn@%ﬁkad&l&mf?h%%ﬂkpm%l oriadéstericatly & providgmiRd air
e

unit 102 an xhaust unit 103 e air exchange unit 102 and exhaust
uni t l@ﬂddﬁﬁmﬁmf@grté*ﬁ‘é‘éraiﬁdreeﬁﬂfbﬂdmtﬂj'tNt‘W‘Wﬁath‘?d'ﬁﬂS'io1 I n an

enbodi nent, the air exchange unit 102 and exhaust unit 103 are

| ocated on the nask 101 such that once the mask 101 is worn, the air

excha“g@g‘&;' F18034 g R aRbmA btwéxpﬁfaérf’e eh\% B8ndrR0r 4 NEsHIRRSH ddvice

and nout rea of the wearers' I'sS strategli c positioning
of t he irtludieg chaagk 10di (TheoRaskhd0dxihdudes ani air 28Gharideowsit 402 amdi @dmmst

nostr A b Sehahe s 40ZERRR0A0R, Y 1087 nfelidd of Bbeced in

Al t er naté wedsk, 1ahen &inr embcdinm th@lélr éﬁéhaﬁt@é Lm{thmtand rixhadétSunpyodbare
| ocated on one side of the nms Such variations are within the

scope &FCaeE Opriaednes f‘n%rﬁJPBrﬁhat[ @ﬂ?@ﬁh%ﬁé%ﬂp‘* % APIAgHeAT Exelange unit

pr ovi deﬁ)zférlot exes, st %ﬁH'ﬁﬁ&eWébéd fdaPg ﬁéé{@lsadrfd BuBNSEaCorSINB Adhrers’
i nhal ati on and exhal ati on. The exhaust unit 103 draws out

expi r edaek dhisey thisf steategineasiioringDet tiel ajr @xchameaimt 92 paa gxhaust urippo3

and ex a OMi n_..Fl tjvely.
XA bRt ro;'fr@%ghregn@ﬁ@ e RSB s o

f or ex amstrés ahd anmnhrafm f@‘l !iéttem rbeeathmgrmxpemenee vA!&naatn@tys tthel @tri exchange

offer %n?to%é) )%aus{) un; E)e tlocatgg' o%eg%eersu?e 0?({he mask 101. Such

variations are within the scope of the present invention.

[0013] The air exchange unit 102 provides filtered regulated purified positive air to
ensure smooth inhalation and exhalation. The exhaust unit 103 draws out expired/dead
air from the mask. Details of the air exchange unit 102 and exhaust unit 103 are
provided in FIGS. 3 and 5 respectively. The mask 101 may be made of a transparent
and easily moldable material for example, transparent silicone, to minimize visual

obstruction and offer a comfortable, conforming fit fo the wearer’s face.

[0014] FIGS. 2A and 2B depict exemplary placement of the mask 101 on a wearer's



- 7 - face 104. In this enbodi nent, the mask 101 covers the centra
part of the wearer's face 104 around the nose and nouth to forma
relatively cl osed space 105 catering to filtered purified air for
inhal ation. Alternatively, the mask 1G1 can be designed to cover the
entire face 104 including the eyes as a full facial mask piece.

[ 0015] As shown, the air exchange unit 102 and exhaust unit 103 are

pl acedisieafod. hﬁttﬁ?@%ﬁﬁﬁdo@m@ﬁt tREMABRMOA - co%Fseﬂh@Qién‘tiﬁl ?art bhﬁwe@&@éﬂéﬁ% face
unit 103 can al so | ocated near the |ower part of the mask

bet weerl O sourslithe rm@ 6l mostheta form @H@laﬂa@ly cicoﬁﬁdt&pa@aﬂ@@tqak@mg to filtered
di sch d
) on SRR B PR ARG et etk "0, PRI e e

t han oeeati@ faced0lhamgedingitiie é@& and felkfmuaﬂsmaymmedéJS to provide

stronger air flow and exchange. [0016] The air exchange unit 102
provides filtered regulated purified positive air into the relatively

cl osedl[ gowrs}e AShdvat %@@lrr@@haﬁé\@ uRR982Y¥Hd ScHduet BXiha0S tard! BldcedFar the
draws the éxpired/ dead air fromthe relatively cl osed space 105 near

t he no@@stnés phtheawbarencAligoatively thaexmaskt Wl 103 wansalsq bedeeatad diear the

t hod
et g BoRSSIRAROL RESAR A ol G AR 3004 o
FI GS. éffeﬁld.leh/ dilsolWa@B exdplisidedirede, anfclcisagsbee dioxtigaand imiéture rich and
102.. The air _exchange unit 102

res ectlve I exc ni t
nel adderaole reelingy gieﬁyegthq@@? 404 ™man als3 hayg ot R e af ixpbandeadnit
a 17 SHogapicbnbad @t 68 1d frolideRnadrar 18w dHaitnafge! G 3. all of

t he conponents of the air exchange unit 102 are stacked i n sequence
and |ntegrated or enbedded onto the mask 101. Dependi ng upon

[ ; t
Conpon 0T 1° 70l it BERERISLfit 1B AEUHES Botdlodtendl funfied Bokye i o
hol ﬁi nghes cﬁigﬁxreﬁ} eloded spatye hes diﬂﬁt%liadsét theaidsewlvh;m E@r@%hauett orit }13@ dedws
ange unit or exa e e 1T1rs (0]
ouberr S tnedida A fotlheeriuay cletet srca s iedk i bt Lo tidyaipbigeee
fit i nbatdidee B ilaskoba. ﬂa.@ sftidcﬁire@iddm%%ow@ﬁhfé&rétﬁgzénd 'é@rﬂb%@lﬁ\goﬂ\% air

or nore suitably sized perforations 1 for easy air passage.
first KselANge $iibie? ane emausiaﬁltﬂmrmaéit@traterddn asgampraying IGS 3 6.
acrylonitrile butadi ene styrene (ABS), polycarbonate (PC),
pol ypropyl ene (PP), polyvinyl chloride (PVQ). - 8 -
[0017] FIGS. 3 and 4 show an exploded view and cross-sectional view respectively of

the air exchange unit 102. The air exchange unit 102 includes a first holding substrate
121, a fan 122, an air filter 123, a first gasket 124 and a first cover 125. As shown in
FIG. 3, all of the components of the air exchange unit 102 are stacked in sequence and
integrated or embedded onio the mask 101. Depending upon requirements, it is
possible to include plurality of the above components, for example, air filter 122 or
gasket 124, etc. The first holding substrate 121 may be designed to allow integration of
the air exchange unit 102 onto the mask 101. For example, the first holding substrate
121 has a circular cross-section and is slightly curved to fit into the mask 101. The first
holding substrate 121 includes one or more suitably sized perforations 129 for easy air
passage. The first holding substrate 121 can be made of, for example, acrylonitrile
butadiene styrene (ABS), polycarbonate (PC), polypropylene (PP), polyvinyl chloride
(PVC).



[0018] The air filter 123 is used to supply filtered purified air
continuously into the space 105 for breathing. In the depicted

enbodi nent, the air filter 123 is circular in shape and is of such

di mensions that it can be placed withiyh the first holding substrate
121. The air filter 123 may contain one or nore functional |ayers,
such as pol ypropyl ene felt and/or activated carbon to hold back

virus, particulate pollutants and odor. The air filter 123 nay be of
di sposabl e or repl aceable type, in which case, the air exchange unit
102 rra3[0@)’h‘3]rrﬂ'dwl air filter 1123i isi usade te supplyi fdtered pew§ed sird contjsiuauelyeinto die

the air fiIt e air filter 123 . i 0 . of . .
appr opPars 05,2 Brea g 18 bk doplard FePRREn L TG Bt 1285 Srogie
exhaustshepé fanﬂsi(B ofidéiodirhamsidi2thas ftadzd e blaved kiithgn thad first howrigrﬁ@saﬁcé
out of the_pask 101 through the air filter 123 is sufficient. [001
The fard21p3he girfilighd &8 Ny ¢andain gnegraparerfanclional QiSHCR ﬁﬁ(ﬂ&’@fﬁ’ re

air fil r
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(not shown) for power and control signals. The first controller can

be carried in the wearer's pocket, strap onto the wearer head, ear,
neck of001%bsTheNanet2iis mumedtmma substrate 24| toedrawaair Bwough the air filter
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used with the present invention The first cover
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- 10 - the anbience through the first perforation 137 and a second
perforation 136 on the second cover 134 of the exhaust unit 103 when
power is supplied to it by the battery nodul e 135. The pressure of
the air punp 132 is sufficiently highdgo prevent external anbient air
fromflowng into the mask, even when the user inhales. The air punp
132 can be attached directly to the mask 101 by nounting it on the
second thotshBguisstintdsathat diddasiet Bbe aB¥d WitheRe pRSLCRE AWBNtidre. pPower
fromthe battery nodule 135. The air punp 132 can be for exanple, a
m cro-el ectro-nechani cal systenms (MEMS) |ike a high pressure

pi ezoel ectric_m cro-punp which has the advantages of ultra-|ow power

consumb@@eN], Tregiimst ag‘@rps)ﬁ&ﬂwr@ngﬂcﬁfs;ha tagnef (ei apsembhy ob e fan b42, air
b e j _

Tt winer, 128 @bt ool A28 En? ISThshed GRS, st AN Mubapile 121
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ower and.control, signals to draw filtered. air intp.the relatiyel
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a mask (RBhmehginybeblatide figVeXperi ence. A second controller (not shown)
is required to drive the air punp 132 for power and control signals.
The second controller can be the same as the first controller of the
air ex{oRR]e FIGSt 516ad & showli drf expiotied oniéw ddricee edrrasipopdiogi cless-pogtamal
and control .sjgnals to the fan 122.of the air excha unit 102. The
connectlah AhPEERUS HhE o Berrertfii The rhelSt BT e Delugps 2 s505n
aest hehbRiig asissiratd 181 3@8PHGk 6PR0relehffedean seas6@ bheft pump B2, a second
wearer's pocket, strap onto the wearer head, ear, neck or 1inbs.

The
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101 is sealed and fully isolates the relatively closed space 105
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123 of the air exchange unit 102 and pump out expired air from within the mask 101 into



[0026] FIG 7 (7a-7d) illustrate the operation of the nmask 101. The
air exchange unit 102 and exhaust unit 103 may work jointly or

i ndependently to provide purified air and regul ate the tenperature
and humdity within the mask 101. FIG;da depicts a graph 202 show ng
a breathing cycle. The abscissa depi cts ti me conmponent while the

ordi nate depicts the volune of air inhal ed/exhaled. In each breathing

cycle, (@ anisiehdt @6 P@%hé'??é’t‘béﬁbrg% 187hHELd Shond RHARA96%n the

short period during here 1s a pause 208 before the next
br eat hisggory epeer ik pﬁ@emxhau@t units1G3nwher powes e suprliedhie ¥ bl dhe bettery

air in S i
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Gopi ct SanTe AiAcBen PR e Tatk 101 PAMtna dierribs Sepad baliisubsirate
cont r ol4kq Iyt tahyQQ@és HNE didvis Ry %w%?ﬁohptr@r@éﬁérﬂ%cfddé ¢85 0TI Birighh®
the relatively cldosed area of the mask 101 through the air exchange

unit 1022 can diséornt Rkamale, 1@ Mice- pheeg@rmnecnan@af isysteneso HMEMS e tikeregy high

PR R U R R
expi r edgoasumptiorm smail dend fs&rrnal&keri@dns slighi ckeidhtirmddbpefatiogegliotmess.dn
unit 10 in addition to the air

th k 101. Th
132, alglien: e %&S@%ﬂgxaﬁgg PV aiverkfov fiew SRieavhich san gracisses bing o
Thi s Maa8snd EBArolldiCTRERALAMIAY lnicRRTediY nflbYpuR) ts HEYSY d8ndhkting

punp 132 but also through the air filter 123 in the air exchange unit
102. Tierrent (Anpovigansliegyra stonalsetoedrpivr fdigred alrﬁmtor&hwelatf\rely plosad skea

101 i ntep ({06, 200K ENGEcl B GHAN | BESRERNTPTRE AR bAloIAR SBEAC of the

second ex aust ani I'n“an a rrent
onl y omelatifely hﬁ)%vkareaaﬁrﬁm@' nMdsi H01 theawdratigeexhaust 162 108. The regthiaimitalr

t 103, thin the mask i Ln thi
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regul at ed by enbedded sensors according to the tenperature and

humi di twvnw@%coqsgmlgmlﬁcajﬁb’ lesshbenvaehen mﬁée@m@bsymwb@ ity the
mor et qEPRKALILE 3? ﬁQf aﬁr%aeébb@sfﬁ%o%‘ﬁgn ih@gecr aé aS@rhfhct and

t enperature during t I on phase eln

t enper giouabled Thie ragy nLh'ep mﬂwbaturmﬂ phat éhtehe, Fineughengh Erealbneathing cycle.
sensor(s) detect the tenperature increase during the exhal ati on phase
206 and feed it to the second controller which in turn may trigger

one or [0D24 Cﬁﬂirﬁlﬂhbéﬂ @l SurhPs 182 Br eRhARE uAitMoBUNEY BE Ihdildddatdto increase
exhal ati on. Conversely, {)on sensing tenperature decrease during
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the fan 122 of the air exchange unit 102. The connecting wires are integrated within the
mask 101 for safety and aesthetic reason. The second coniroller can be carried in the
wearer's pocket, strap onto the wearer head, ear, neck or limbs. The second controller
can also be miniaturized and contained in the second cover 134 of the exhaust unit 103.
The second controller controls the sensors and the air pump 132 such that on sensing

heat and humidity beyond a predefined limit, it triggers the air pump to exhaust the



- 13 - High humdity levels are not desired as high noisture |evels
reduce perneability and effectiveness of the air filter 123, hence
making it nore difficult for hot, hum d exhal ation to escape outside
the mask 101. The second controller may_trigger one or nore control
signals to turn on the air punp 132 once a humdity threshold is
reached. The hot and humd air within the mask 101 is then let out.

't may eRpertticesir bORt ug wieiheahask@f. tenmperature and hum dity
sensors can be used and are within the teachings of the present

i nvention. [0032] FIG7d illustrates that in the pause stage 208, the
air pu ?LIOln I t %
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cl ai ns.
[0026] FIG 7 {7a-7d) illustrate the operation of the mask 101. The air exchange unit
102 and exhaust unit 103 may work jointly or independently to provide purified air and
regulate the temperature and humidity within the mask 101. FIG 7a depicts a graph 202
showing a breathing cycle. The abscissa depicts time component while the ordinate
depicts the volume of air inhaled/exhaled. In each breathing cycle, air is inhaled as
shown by 204, exhaled shown by 206 and a short period during which there is a pause
208 before the nexi breathing cycle. During 204, air is inhaled therefore the volume of
air in the lungs increases while in 206, due to exhalation, volume of air in the lungs

decreases.

[0027] FIG 7b depicts the air flow during the inhalation phase 204. During this phase,
the ambient air flows into the air exchange unit 102 through the air filter 123. The arrow
depicts the direction of air inflow in the mask 101. The second controller may trigger the
air pump 132 to draw the filtered air into the relatively closed area of the mask 101

through the air exchange unit 102. In case the fan 122 is present, the first controller may



- 14 - [0036] Although enbodi nents of the current disclosure have
been descri bed conprehensively, in considerable detail to cover the
possi bl e aspects, those skilled in the art woul d recogni ze that other
versions of the disclosure are also pgsgsible. -15- CLAIMS Wiat is
claimed is: 1. Arespiratory device conprising: a mask to be
posi tioned around the nmouth and nose of a wearer to forma relatively

cl osed neal heapedd iof B RMTbediawind the required quantum of air.

[0028] In the exhalation phase 206 depicted in FIG 7¢, the expired air from inside the
mask 101 is sucked and discharged outside the mask 101. The air exchange unit 102,
in addition to the air pump 132, allows the expended air to exit at the exhalation phase
206. This means, that the exhaled air does not only exit through the air pump 132 but
also through the air filier 123 in the air exchange unit 102. The air pump 132 pumps out
the expired air from within the mask 101 into the ambience through the second
perforation 136 on the second cover 134 of the exhaust unit 103. In an alternate
embodiment, only one of the two, namely the air exchange unit 102 or the exhaust unit
103, may discharge the air within the mask 101 ouiside. In this way, a positive
continuous air flow is built up within the mask 101. The air flow through the exhaust unit
103 and out of mask 101 is regulated by embedded sensors according to the
temperature and humidity levels.

[0029] In one embodiment, the sensor may be one or more temperature sensors that
are able to detect the increase in temperature during the exhalation phase 206 and the
decrease in temperature during the inhalation phase 204. The temperature sensor(s)
detect the temperature increase during the exhalation phase 206 and feed it to the
second controller which in turn may trigger one or more control signals to turn on the air
pump 132 during exhalation. Conversely, upon sensing temperature decrease during
inhalation 204, control signals may sent to turn off the air pump 132. This serves to

conserve power.

[0030] In a second embodiment, the temperature sensors may activate the pump if a
set first threshold temperature of, for example, 33degC is reached. Once the
temperature drops below a second threshold temperature of for example 32.5decC, the

air pump 132 may be turned off.

[0031] In a third embodiment, instead of using temperature sensors, one or more

humidity sensors may be used that can detect relative humidity within the mask 101.



at | east one air exchange unit enbedded in the nask, wherein the at

| east one air exchange unit conprises a first holding substrate
having at |east one air filter through which anbient air from outside
the mask flows into the relatively cleged area within the mask;

at | east one exhaust unit enbedded in the mask, wherein the at | east
one exhaust unit conprises a second hol ding substrate including at

| east efieh RUBHIBS @$§|‘ér@‘epﬁ(ﬁ%ﬂ%@téé figh fMofstiréniBieldN@duce permeéblflﬂyréﬁd
controller for controlling t hi gh pressure piezoel ectric
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dlscharges Xpi re cl os a of
t her eb;a,gna’m umttarmongh@am purve 1BEIdreea1 hpmldlifg,n tarkshiold isawacidd ThHeehot and

K. h i at | 1, wh t haust
Covmr bdoid 5 IR 08 v SR uF S il a6 8 i Shat b
cont r okdrRperathte fd htihfdiy éér‘isd%@ 'Hahoﬂ)é Qfseﬂrér&g%Fé w.m ffﬁ@ %W be the

pi ezoel ectric mcro-punp'to regulate the air

r espi r grasept dyentien.of claim 2, wherein the sensors corrprl ses one or
nore tenperature and hum dity sensors. 4. The respiratory device of
claim1, wherein the air filter conprises one or nore functional

| ayer s[00832} FIGFal Ypsiomtph et ih ehé panslé etam(ia(am@dwqmnh]mnazm@y stilt be in
hol d b?hcekor\w/ Is{alfg to Per%veCHLljn%}de ty%tgor}\tl ere gt%vsely (r:]losecgi area 1051 Ei:)ue to very little air

in the relatively closed area, there may be no air flow through the air exchange unit 102.

[0033] Through the above description, one can understand that this respiratory device
with integrated or embedded air exchange unit 102 and exhaust unit 103 provides the
wearer with an improved breathing experience by drawing fresh filtered purified air,
removing expired air within the relatively closed space 105 of mask 101 and vents the
mask 101 in every breathing cycle. This technique is highly efficient, low power
consumption and compact.

[0034] The invention may be preferable for users who need to stay in hostile
environment with air pollution or contamination for a prolonged period of time. The
invention can be used for normal respiration, and does not provide any supplied/

pressurized air for breathing per se, due to low air flow from the air pump.

[0035] It will be appreciated that variations of the above disclosed and other features
and functions, or alternatives thereof, may be desirably combined info many other
different systems or applications. Also, that various presently unforeseen or
unanticipated alternatives, modifications, variations or improvements therein may be
subsequently made by those skilled in the art which are also intended to be

encompassed by the following claims.



5. The respiratory device of claim1, wherein the air exchange unit
further conprises a fan nounted on the first holding substrate. 6.
The respiratory device of claiml, wherein the nask is nmade of

transparent silicone. 7. A respiratogy_device, conprising: a
mask positioned around the nmouth and nose of a wearer to forma
relatively closed area seal ed from anbi ent air; at | east one air

eXChanqgoi&ﬁ]i IAIFRIBRT Shibbgfthe®B T tHd 'élﬁfentadfsbfo%ﬂréor#é#en%e%ﬁb%dséfiﬁed
with afirst fasténer and a first cover, a fan and a first controller
for driceimyehénsively inconsigerabieidetail toi eoviar dhe possibieaspastndbise skifledin
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substrate with a plurality of sensors, a second fastener and a second
cover, a high pressure piezoelectric mcro-punp, a power source for
driving the high pressure piezoelectric mcro-punp, and a second
controller for controlling the high pressure piezoelectric mcro-punp
t hrough suitable control signals whereby filtered air is drawn into
the relatively closed area and expired air is discharged out of the
relatively closed area of the mask, thereby drawi ng positive filtered
purified air into the nmask. 8. The respiratory device of claim7,
wherein the plurality of sensors are utilized for regulating the air
flow t hrough the exhaust unit and out of the mask based on
tenperature and humdity levels in the relatively closed area. 9.
The respiratory device of claim7, wherein the nask is nade of
transparent silicone.



10. The respiratory device of claim?7, wherein the air filter
conpri ses one or nore functional |ayers nmade of pol ypropyl ene felt
and/ or activated carbon fibers to hold back virus, particul ate
cont am nants and odor. _45-

CLAIMS

What is claimed is:

1. A respiratory device comprising:
a mask to be positioned around the mouth and nose of a wearer to form a
relatively closed area sealed from ambient air;
at least one air exchange unit embedded in the mask, wherein the at least one
air exchange unit comprises a first holding substrate having at least one air filter
through which ambient air from outside the mask flows into the relatively closed area
within the mask;
at least one exhaust unit embedded in the mask, wherein the at least one
exhaust unit comprises a second holding substrate including at least one high
pressure piezoelectric micro-pump; and
a first controller for controlling the high pressure piezoelectric micro-pump,
wherein the high pressure piezoelectric micro-pump draws filtered air from the air filter
into the relatively closed area and discharges expired air out of the relatively closed

area of the mask thereby, maintaining positive filtered purified airflow into the mask.

2. The respiratory device of claim 1, wherein the exhaust unit comprises a plurality of
sensors in communication with the first controller, wherein the first controller triggers the

high pressure piezoelectric micro-pump to regulate the air flow.

3. The respiratory device of claim 2, wherein the sensors comprises one or more

temperature and humidity sensors.

4. The respiratory device of claim 1, wherein the air filter comprises one or more
functional layers made of polypropylene felt and/or activated carbon fibers o hold back

virus, particulate contaminants and odor.
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5. The respiratory device of claim 1, wherein the air exchange unit further comprises a
fan mounted on the first holding substrate.

6. The respiratory device of claim 1, wherein the mask is made of transparent silicone.

7. Arespiratory device, comprising:

a mask positioned around the mouth and nose of a wearer to form a relatively
closed area sealed from ambient air;

at least one air exchange unit comprising of an air filter, a first holding substrate
with a first fastener and a first cover, a fan and a first controller for driving the fan to
draw ambient air from outside the mask to flow through the air filter into the relatively
closed area within the mask; and

at least one exhaust unit comprising a second holding substrate with a plurality of
sensors, a second fastener and a second cover, a high pressure piezoelectric micro-
pump, a power source for driving the high pressure piezoelectric micro-pump, and a
second controller for controlling the high pressure piezoelectric micro-pump {hrough
suitable control signals whereby filtered air is drawn into the relatively closed area and
expired air is discharged out of the relatively closed area of the mask, thereby drawing

positive filtered purified air into the mask.

8. The respiratory device of claim 7, wherein the plurality of sensors are utilized for
regulating the air flow through the exhaust unit and out of the mask based on

temperature and humidity levels in the relatively closed area.

9. The respiratory device of claim 7, wherein the mask is made of transparent silicone.

10. The respiratory device of claim 7, wherein the air filler comprises one or more
functional layers made of polypropylene felt and/or activated carbon fibers to hold back

virus, particulate contaminants and odor.



