OPHTHALM C FLUI D PUMP RELATED APPLI CATI ONS This application clains
priority to U S. Patent Application Serial No. 12/902,603 5filed Cctober
12, 2010 woao11/68347Pr ovi si onal Patent Application Serial PRO/USBMOASB4411
filed Cctober 29, 2009. FIELD OF USE This invention describes a
device for dispensing liquids or msts into the eye, and, nore
specifically, in sone enbodi nents, a device that dispenses a spray or m st
10into the eye based upon detection of a blink. BACKGROUND It has been
known to dispense a liquid or a mist into an eye using nmany different

devi ces. However, although many devices result with a liquid entering the
eye, the experience of getting the quuid into the eye is generally |ess

t han satisfactory. 15Devices f Pﬁkﬁ pauids typically require
that a user hold the eyelids é%in to fi1ght P#nk reflex. This

contention inhibits easy application of the de5|red fluids. Sone autonmated

devi ces pull down on one lid, He %ﬁbﬁtzyﬁﬁﬁﬁfye area to stop the lids
fromclosing. This touch is danagl eup, and can lead to

cont am nati on of ﬂhsagﬂmmnmcwmmpﬂmmymmusdmemmhmmm@mnﬁeu@ybiuzmIbe3dose

nio the seerne @ o0l Ehardpuhi it ARERpSRRoF ofEud, "L Tace

and optinallﬁﬂahnm&ﬂrmeOMDuch the face in a manner that damages makeup or
cont am nates the device. Sone di spensi ng devices sinmulate a 'gun'
and shoot a fluid in at the eye at Eﬁﬁigéiemﬁalculated to beat the blink
refl ex, however the speed and | npac | uid seen1to i nduce di sconfort

in the patient. This 1nvent1 descr ! $E3 ispen 1n ldqulcPs F hided 1ngo fer ent
manner s through touching ?h hee? Qﬂ) ﬁ o, d)Ph dV/range

above the upped, rherd spetcifemll)s pr@ynetelrre)oﬂlhmnd, a dﬁv(cettl’raedley@ses'ﬁhpslyfoonmt ng open

of the | |1%S Iirslto nece(glni)ase %It))onedetecpon &haebhlfllp.l t itself becomes 1

BACKGROUND

It has been known to dispense a liquid or a mist into an eye using many
different devices. However, although many devices result with a liquid entering the
eye, the experience of getting the liquid into the eye is generally less than satisfactory.

15 Devices for self dispensing liquids typically require that a user hold the eyelids
open to fight the blink reflex. This contention inhibits easy application of the desired
fluids. Some automated devices pull down on one lid, or encapsulate the eye area to
stop the lids from closing. This touch is damaging to makeup, and can lead to
contamination of the device and the liquid entering the eye.

20 The dose from the system should consistently, without great user effort,
dispense into the user’s eye, not upon the eyelid or other part of the user’s face, and
optimally should not touch the face in a manner that damages makeup or contaminates
the device.

Some dispensing devices simulate a ‘gun’ and shoot a fluid in at the eye at a

25  rate calculated to beat the blink reflex, however the speed and impact of the fluid seem
to induce discomfort in the patient.

Other devices force the lids open in different manners through touching the
cheek below the lid, and the eyebrow range above the upper lid, then spray the fluid
into the eye. This forcing open of the lids is uncomfortable, and the unit itself becomes
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| arge and unw el dy. Any nmakeup worn by the consuner is snmudged during the
process and sonetinmes contam nates the di spenser and/or the di spensed
liquid. woO2011/0886®i ng of fluid over the entire eye or @cerusthe/ofxad al area
is also feasible, but wets not only the eye, but undesirable surfaces such
as the eyelid, forehead, and nose. 5Application of liquid to the eyelid is
declared to also wet the eye by flowing into the eye, but results fromthis
met hod are m xed, and the wetting of the lid itself is typically

undesi r abl e. SepnERPVIgR: cOmOMAELD Worhy the exswherihyawieedAuingdhudes an

aut omat ed- devi g inhQorferRHTROpMARERL the AU PRI E R el ectri cal
signal to admnister a dose of a liquid into an eye. In sone enbodi nents, a
m crocontrol | er i Mistedf floideyat thepntirheyepupen tBofeelabate i plsp &asibleblodi nent s

| ncl ude a pr &ded & BLORH: BT hdlindl Al RSIRG: Heapans fflnclRie, Pradet er i ned
amobunt may be according to a separate reservoir contarning a 1 st ngl e dose
of |iquidb5t o Aypligadion of Bqud edhoeyeliil & dsplecilfté dscwettthotyedy fdwinginorthof a punp
cycl e which correspo with a predetermn anount of |i.qui.d bei punped.
T some. enbodt i et et R SR e oot Horl B EREG; Pk or
ot her ext ernaindesonldeti on and di spenses the liquid in a tinmely fashion based
upon the external condition. For exanple, a mcrocontroller may receive a
signal that a blink 20has occurred and tinme adm nistration of a liquid

foll owing the bliEE%QQﬁEQJOMIthe liquid to enter the eye before the eye may
bl i nk again. By usi wi ndow just after the blink, the present

i nvention,consistently. proyvides enough tine to dispen into.the eye and
al'so di spdnse at Acratinbihs R et IRt ta e § YRS e 11 i d

i nto the eye werdimihapainp rdspends nedrt dig@kridahpget toakinfifigerfd doselofuliduinteineye at a
confortable | evel . 25 DESQ;[PTICN OF THE BRAMVN Flcihé iIIus$rates a
di spensi ng déVi¥e LSRLF APOYIRFYS agrigtpeoniode iypieg 1¢ ¢Prlghile BB Pt s of the

present i nveniti@bnal embodimbiss indluldé h prtiétaingsedaanthufdmighid G ispensseNnsi ng an
open eye accqrding to sone 30enbodi nents of the Present i nvention. FIG 3
i|lustrates amceXIRBIARG PP BEY,8e $coprduga PRI VIR fen or cl osed

eye. Figs 4 gidgldifké atiRSid0 BY APtk &I & i PEciBEEINRL B fRIutaAEN 8f PHgEILt er m ned
dose of a liquid to an eye. ) ) o
cycle which corresponds with a predetermined amount of liquid being pumped.
In some embodiments, the present invention automatically senses a blink or
other external condition and dispenses the liquid in a timely fashion based upon the
external condition. For example, a microcontroller may receive a signal that a blink
20  has occurred and time administration of a liquid following the blink to allow the liquid
to enter the eye before the eye may blink again. By using the window just after the
blink, the present invention consistently provides enough time to dispense into the eye
and also dispense at a rate which is an adequately slow application of fluid into the eye

to maintain the inertial impact of the fluid on the eye at a comfortable level.
25

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a dispensing device sensing a closed eye according to some

embodiments of the present invention.

FIG. 2 illustrates a dispensing device sensing an open eye according to some

30  embodiments of the present invention.

FIG. 3 illustrates an exemplary apparatus for sensing a state of an open or closed eye.
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Fig. Sillustrates a mcrocontroller that may be used to inplenent sone
enbodi nents of the present invention. 5DETAI LED DESCRI PTI ON OF THE

| NVENTI ONWO 2011/0534The present invention includes an aut omaras2adewszes f or
adm nistering a predeterm ned dose of a liquid into an eye. The device

i ncl udes a punp, wherein the punp responds to an electrical signal to

adm nister a dose of a liquid into an eye. In sone enbodi nents, a

m crocontroller is used to control the punp. A predeterm ned 10 anount nay
be adni ni st erfégl 4dBesdipgh pgump sutablsAoradaingstefi 2 rredetarined dossypf g fguid to

m crocontrol lgr.,. The control signal may, for exanple, determ ne a voltage
supplied to the punp, wherein the voltage causes one or nore of: a specific
rate of pumpipgs ifuRECH biGoRRiAA 1df rRYBPLAY (PRI AR R &RET VOI T
drawn fromduring a punping action. 15In sone enbodi nents, the

pr edet er m nedftheouesentrentien. according to a separate reservoir containing a
single dose of liquid to be adm nistered or via specific control of a
duration of a punp cycl e which corresEonds with a predeternlned anount of

liquid beiPng punped. | n EIreLERGORRGRIRT OMOFHHE BYYFRT @8 ect or, the device

for dispensing a I|qU|d 200r a mst into an e e includes a det ecti on

mechani sm to det el RESSRhBNCHIOB icidehaise Fé‘iré‘ﬂm“ﬁt"sr}ﬁ‘éﬁm ng is timed
to an intervaleRrpRiledBRB ofa HGLE D ﬂﬁé}leomhmlev\l!@%‘blﬁdés eYemp RiRraingh the
liquid will be dispensed opens and cl oses, such as, for exanple, in a

consci ously invaRce@ordido i Flpgirienl signad iy aminisieyedese philiquih et gk i uti | i zed
to determ ne s%@tefﬁg&hﬁgnt@ﬁqm'm%c&ﬁ&mr it 9?1&3% 9&%1%@3&&9%%4&@%& an be

25di spensed before t atient closes t M Crocontrol |l er:
(al so sorféti me@unteﬁefrbe@dnnmstersd accmderrgd@@ﬁpmmanfbﬁrlg@hmntrom}othep C) as used

herein refersg, 1%c roll B S b &1 §1 1%955& i BlerBfins o‘?t@éé &bgl?erd%ess' ng

unit (CPU) co w t h support unc ion ci CU|try suc rystal
oscil l ator, tthemmmp,, whetcghbogoltgretusesone Dlammamxﬂ aespedlﬁgrate/@pempmg, gr ogr am

memory in the f?frl n[%e%fo%lN%Lﬁpl S'pnd?ﬁo a?[ cugr IeSCLVOlr dr%wgfr%% rltn 0 Ir'ill 1ngded’ as

wel | as sone m crocontr erate at
clock rate fnmmmenC|es as Iom/as 4 kHz, as this is adequate for many

typi cal i cat bl ¢ tt
m or owat 19) . They Toar GeRdpRfisy AR aGE Eia SR B B Rt onal i ¢y

whi | e wai ti ngepavite wsereMecﬁntﬁm@a alagla dsdmafﬁgmla&cab@admlmsteeont viakpeetficor ot her
interrupt. In so gbodl ts the deg»ge i ncl udes features, t& mnimze the
need for 5facPafolO6nI YTl PGPS M SR RIS IHD st Binas 2B di ment s
i ncl ude allgnﬂﬁq&d%aagyﬁﬁﬁxﬁo assure proper allgnnent of the device to the
eye. For exanple, in sone enbodi nents, the dispensin deV|ce i ncl udes
protrusi ons t hat Jlé%qmecﬁwaele@?é’mwhngﬁlateﬁ%&leéeglﬁ%0|r digpwveediandl e f or

the user 200 |#@ki{cht048Bye MOBILs bliBtelfAmMAcEardfh & deRrBfR Whih QUEHK ke hol e,
proper align r{)%QrE cor;ﬁapsletel:)deeDnlSI;fjle:(rzlshlInge Yseu?ﬁed to an interval based upon a determination of

when an eye into which the liquid will be dispensed opens and closes, such as, for

example, in a consciously induced eye blink or a natural eye blink. The blink is

utilized to determine whether an eye is known to be open whereby a liquid can be

25  dispensed before the patient closes the eye.
Microcontroller: (also sometimes referred to as a microcontroller unit, MCU or

nC) as used herein refers to an integrated circuit consisting of a central processing unit

(CPU) combined with support function circuitry such as a crystal oscillator, timers,

watchdog timer, serial and analog I/O etc., program memory in the form of NOR flash

30  or OTP ROM is also often included, as well as some amount of RAM. Some suitable

microcontrollers may operate at clock rate frequencies as low as 4 kHz, as this is
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100nce the device is properly aligned with an eye, opening and cl osing of
the eye is automatically determ ned by a sensor. A dispensing apparatus in
| ogi cal cwomoniisat’®on with the sensor is programed to @#CTSaee/083144 qui d or
m st into the eye according to the timng of an open cycle of a blink. The
al i gnment process coupled wth the blink detection elimnates the need for
hol ding the |ids open, touching the 15face, or contam nation associ at ed
with regular facial touch. In addition, by dispensing based upon an opening
motion of an adg@micdor manyi tepien seplicaionsraphimet ey powersprBREON AYdHFAtoN,

consi stent |y Jglisiob i) iy Wil Al veh RGN (FXEh fnQlondiy Laedi ng face.

In the follow ng sections detailed descriptions of enbodinents of the

i nvention wi IWaitg fgi aneqyentFheh dasbrigesiagrmisfochstdiicperetler néetriahd al t er nati ve
embodi ments are ZQﬁ%%E@én’?ofoﬁm?eﬂR%‘é J@R%%c%'eyf @He%’ td nirirSiizH ARG ?& fpd that to
those skilled in the art that variations, Ifications an terati ons may
be appar et . fhdialicentadidnedoiigid f@pbeﬁtmndédéltlcmdi embatimess ickslenfinaeyt

embodi nent s %Oat{llrgg tolalssrlrllré[ t hee alS nn?e%t 8 tht chfw% d r l cie nlgorleQaYrrEf\qt I1r(1)sno eRe}c erring
now to Fig. 1, dhbiodi™ e ? SPEensi ng devi'ce’™oo 25

i ncludes a semmomn&ﬁ&nham@&mangﬁe@@nﬁﬂmgm@nmmmemMBMaﬁeOmﬂw&yﬁhmseddstate of

an eye 105. Ln sone odi t the se es an tter 102 and
2 qet ect or - 109v SHEERRoR 5 Whites SSop e tniede ieh Ui et a8 ST of a
reflecting pahmtghlidhaadhrire klignmehiiers dednechioved].03. As illustrated in Fig.
1, the reflectlnggﬁplnt 104 is on.the e eI d 107 of.the eye. ﬂgﬁ beam 106
may incl dfe, for ERSNHF YRS BroPRbY digged wit ?“r ver ening gt Clo%‘%? b 1ight,
ul trasoni c wayalengichsy dadrmdcl®l aWensel. endispsing apparatusReidpidal ng now to Fig.
2, an open eye 105 provides for a reflectlng point 104 on an open portion

203 of the ey@mipgication wifhhe senserds prgragyReit diteepse e GRSt I8y Sof t he

eye 203 can ip&drsde o hOmEXIMRA Epen'c§Eilk 8€4 HiRk. afub aﬁ’%nrﬁe‘ﬂ? @@és%@p% ot her
portion of the 4 eye. In some enbodinents, a wavelen t% an emtted beam

i s correl at edVifli thyb festaon divapaiestthe ne@@l|f@r§10blﬂnath@ll¢8@ﬂ%éwch@gpleﬁ nt 104.
Refl ectiogn Offaéehgr c%maﬁﬁrﬁlflolp%@&léltgc@w% Pengfar faE‘i@l t@ﬁ(&ll 'Iﬁja(YMltlldn Bﬁ&k&‘ﬁ&m?aCk with

a first set of reflection characteristics and [ ection off of thé open
portion of t HesadygoR@Bopgining mptivr obandeyskd, a@ﬁm@fm @@Qrdmg tGhharadteri stics.

The reflecti gft?veﬁn@{ @ﬁﬁs%{ehﬁ{% (SR i dvk v@rﬁoﬁ%ﬁ gtgery%ie{}&ogs%%&m{ s In

anot her aspe ent 1 nventi on, t he e gOS with the
l'i quid dispen5|nghdéwﬁdbwmﬁﬁwﬂgmﬂd@mkﬂuhﬂgmﬂbw(ﬁhmbWhQQMdOHmspEﬂswng

devi ce. Accordj t n ent enltter
102 o al i gnedreh®y DRBAERRNN AL OERHAR o d RO o8

exanpl e: 20he eaahﬁa@,embbdmenam)dlypum it 1smﬁddrheodllﬁﬁy@thosﬁd skgledi@nthe aarthabe
acconpl i shed, f.or nbodi nent s,

o e o g9t R G tor e R P B ArerBhT e Bigo Bl rooy 1011 s

al so properl ymae}:rbtgdikeﬁlaﬁs@ld&&aﬁﬁa@rbnﬂp&ﬂmeﬁfsa{bﬁhoﬂlﬂdlt tcctgsedistualelydfs t he eye
105. For exa in sone enbodi nents, when a patient aligns to a tubular
cutout conpri Wﬂbmh line of sight 201in the di spensing device, it creates a

coaxi al al i gnment ReeiMBaRdW B&ig. 1, in some embodiments, a liquid dispensing device 100
25  includes a sensor 101 capable of sensing an open state or a closed state of an eye 105.
In some embodiments, the sensor 101 includes an emitter 102 and a detector 103. The
emitter 102 emits a beam 106 which reflects off of a reflecting point 104 and back to
the detector 103. As illustrated in Fig. 1, the reflecting point 104 is on the eyelid 107
of the eye. The beam 106 may include, for example one or more of: infra red light,
30  visible light, ultrasonic wavelengths, or other wavelengths.
Referring now to Fig. 2, an open eye 105 provides for a reflecting point 104 on
an open portion 203 of the eye 105, as opposed to the eyelid 107. The open portion of
the eye 203 can include, for example, reflection off of the sclera or other portion of the
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15 line of sight and the center of the tube. The alignnent establishes an
angul ar and X-Y location of the pupil relative to the dispensing device
100, wherwOro/083479rrel ate to a vertical and horizont al ppirarsas1opssid i on at
a given distance fromthe eye. In sone enbodi nents, a line of
sight can be conbined with a positioning device which includes one or nore
alignnent | egs which press against the face and/or 20forehead. In addition,
in some enbodi nents, a sensor neasures the distance of the device fromthe
eye and si gnabe {ngersapsodipert.iackavelspgth@f arpgmiftpdboany ipgordlated with is within
an accept abl %h?sl&@%Mréc@éi‘éhcsro@%‘%eﬁefcﬁﬁg ;%]d}ﬁ 18 ERERLBNORE bfRkr HlaRE opher ei n
the Z dinensioh correlates with a di stance fromthe eye. It is
expect ed t hatoff ¢fitke yshdwgbreflpgt bactkeVlﬂ?eﬂr fanst seepfyrefigctien ¢liarpctenistic3agd nm r ange) so
any of the s | d al so be
dsed 1o det edt 2 sh SF LR BRAYERR RHlelt B0y FhF L b ARt BB 1 B0
Referring 5nowhm@ctﬁ11&ylcs ﬁheaeﬂhcgged@raq@rlmzwllébeﬁbjlsamnlylthaﬂe&q@mné% aliquid via
sprays 302 or tI é‘n eraspe ft é[ed en‘[\/\lﬁr}\gerr]ltlghe Sneng]esn 8f{1ieeye i tflhat the
eye 105 is in an 3G open-s d% Prhe open s a e ern1ne3’ y the nature
of the beam Jlialﬁ1dsmﬂpsmhg1;eviche0(uetfmﬂttaed APte 11ﬁ>u1dfdapered1gelahoﬂun®ntmg di spense

aliquid spr 302 sed on.timn at _indicate the eyelid 107 is
i nvol ved in 3%“&6@?9%&“@9‘ﬁbaﬂf?gﬁﬁﬁggﬁﬁe '?%%@?§6§gﬁg“Pwﬁ’an openi ng cycl e
of an eye camprhRteatinodprtishetthstiehsuchal, farearsit: tehiclda, Ganaat puphysieal |y
blink to close th e before the liquid is disp nse T ra nay be a
l'i qui d st@ear?P'BrAﬁgﬁeé’f can be accony r PRE*ATH: f”é‘ Inﬁ Ogﬂghtgﬁl Cary

punpi ng devi Genbollimésls! @hedch quﬂ hwlsrmgﬁbdrvﬁﬁﬁﬁymaof%h 208, hOSEMGr Foeser voi r
402, an electrically contr ed punping mechanism5 403 and an_eye orifice

nozzl e 404. \WHERTINSEY phighs W@W&ﬁ&ﬁ%%ﬂ@@ g dosedpatrpf s Ve 19 alie’ from one

or both of thgalRkNnEGREEHVIITmARL wABHa bARNODBhING o BSLI ol ABPrisiAdapunps a
liquid spray 405 or liquid mst into an eye proximate to the eye orifice

nozzl e 404. Tiwe oftiel 20 by dho/dinendgideyign. ibgprtes acoaxip ignacht fetyecyihs pensed
into the qgye. 11ny8?s1%19'2111&“11'6@619@1%1‘"[1{&{115@efhe aﬁénn@ﬁ@%bﬁshe@aﬁ%éﬁa‘rgﬁh wseful for

treating dryness of other condition in the eye, a nedicament, a nutrient or
ot her subst arlewatief ¢f thepunsluslatics to e dagpensing device 160, srEieXPodime 92 a S| ngl e

dose 1 eser VOl Qub Spldtlal sk y LS TR TRG b g ectly from che

mai n reservoir e sin ose res oir isinliquid
comuni cati on wi t fn tdnee ambiodimeatses bnwd of sibicaarbd combingdwith b pexdtionirigh an

Loamount gener. gLl ngauRlu0uR WA £uBR 19L iHl s LOuPE RGN gher o0 Lo

t he eye. rom one or 0Se reservoir
402 and tXe rfaneheaxieservm r 401. The punp can include a piezo electric punp,

SRR RN I B RO A
preferred entragh fierBySandaigphle Zeri@peby click, foyipd opHilifation) that it is within an
acceptable Z positional range from the eye for an optimal dose wherein the Z
dimension correlates with a depth or distance from the eye. It is expected that this
25  range will be relatively wide (in the 2-5 mm range) so any of the sensors noted above
as able to detect the blink could also be used to detect a distance from the eye to the
dispensing device 100.
Referring now to Fig. 3, a dispensing nozzle 301 will dispense a liquid via
sprays 302 or mist (not illustrated) when the sensor 101 senses that the eye 105 is in an
30  open state. The open state is determined by the nature of the beam 106 sensed by the
detector 103. Preferred embodiments, dispense a liquid spray 302 based upon timing
that indicates that the eyelid 107 is involved in an opening cycle. Dispensing sprays
302 during an opening cycle of an eye can be accomplished such that the patient
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20general ly used to adm ni ster specific amunts of liquid on a regul ar
basis, such as for exanple, a piezo electric punp used to punp

phar macewoDcal 195840 a an i ntravenous feed, nmay be adaptet/useoposi4q | i quid
fromone or both of the reservoirs 401-402, through the eye nozzle orifice.
Typical ly, a pharmacy adm nistering punp would need to be adapted to punp
with a shorter duration and higher pressure action in order to 25provide
the pulsatile delivery required to admnister a liquid to an eye. This is a
change from tcR@nog Bistcaths blindio shoecethic cypefare Bigdiayid doditncatade dharstniay f ed int o
an intravenoys ,fig6l«rofB: SRREI fic exanpl es can include the M35 and MP6
offered by Bartels Mkrotechni k GrbH. A functional diagram of how a

m cropunp may opeRafearingsion 9 dig. Acinteplaomunpdgpisrict ilvatrdtehsithapainne| ude,
for exanpl e: -t i oY i fhactuators 2
D nensi ons vvirt#g}&tlr %g’%ngéﬁg?‘%leggﬁéb%ggfﬁ% gﬁﬁ%gﬁ%w{d &gﬁ% H%C@E%ﬁjdi C
connect or $ t 108 and upeyeotfies naladbé.e Whenghaymmplingrgedha@sis 40 aBfiveetdrii ¢
connector flex connector ./ lex ECC 1:25 i.tch Power co ion < 200
556l 1 pr 1 ang DRECH s Ryt R TR AR PG ROY B per at f ng

t enper at ur e GQumpy @ Gqdd kprhe 4@ oreigbldGistint® ah Ry cordeinlalR33 the 10 ofifideatozdb s i n
contact with %gdi a pol yphenyl ene sul phone (PPSU) Suitabl e eval uation

controller rrﬁ‘- and np6- OEM Typi cal val ues of flow and back pressure for
sel ected nedi a (vahoegindedehadioMcihcompika li@dhdto\be dBR&)sed into the eye. The
10  liquid can include, for example, a solution useful for treating dryness or other
condition in the eye, a medicament, a nutrient or other substance efficacious to the eye.
In some embodiments, a single dose reservoir 402 is included. Other
embodiments work directly from the main reservoir 401. The single dose reservoir
402 is in liquid communication with the main reservoir 401 and can be filled with an
15 amount generally equal to a single dose of liquid to be administered to the eye.
The pump draws from one or both of the single dose reservoir 402 and the main
reservoir 401. The pump can include a piezo electric pump, a diaphragm type pump, a
positive displacement type pump or other device capable of pumping specific amounts
of a liquid into the eye. In some preferred embodiments, a piczo electric type pump
20  generally used to administer specific amounts of liquid on a regular basis, such as for
example, a piezo electric pump used to pump pharmaceuticals into a an intravenous
feed, may be adapted to pump a liquid from one or both of the reservoirs 401-402,
through the eye nozzle orifice. Typically, a pharmacy administering pump would need
to be adapted to pump with a shorter duration and higher pressure action in order to
25  provide the pulsatile delivery required to administer a liquid to an eye. This is a
change from the constant low speed, but tightly controlled amounts fed into an
intravenous feed. Some specific examples can include the MP5 and MP6 offered by
Bartels Mikrotechnik GmbH. A functional diagram of how a micropump may operate
is also included 406.
30 Specifications may include, for example:

Pump type piezoelectric diaphragm pump
Number of actuators 2

Dimensions without connectors 30 x 15 x 3.8 mm?
Weight2 g



Gases Max. flow on request 15 Max. back pressure on request Liquids Water
Max. flow 6 m/mn +/- 15% (100 Hz) Max. back pressure 550 nmbar +/- 15%
(100 Hz) wodntiosee® exanpl es of punp specifications mayPChaiSade/05384 Punp
type piezoel ectric diaphragm punp Nunber of actuators 1 D nmensions w thout
connectors 14 x 14 x 3 5 mB Wight 0.8 g Fl uidic connectors tube clip
(outer dianeter 2 mm 25 length 3 nm Electric connector flex connector /
phone jack Power consunption < 200 mW Sel f-prim ng yes 2 Punping nedi a
| i quids or gddwdicgonnepiersduberrdip erpetianmaigrd comm, lepgth BiSfemy i me 5000 h 3 IP
code | P44 MatlBeqtiag eonpestes dlex senegipt MMpledFaCpol yphenyl ene sul phone (PPSU),
pol yi mi de ( PI25 mintpitch e but adi ene 35 rubber (NBR) Suitabl e eval uation
control | er npowenemhsympBioa <3XPine¥l val ues of flow and back pressure for
sel ect ed Fediwlf{pratinggesdef i ned with np-x: 250 V, SRS): Gases Max. flow 15
m/mn (300 Hampag ra¢dwelaruidsagrges @d-migurgh/ min @0 - 50 Hz

Operating temperature 0 — 70°C 3

Life time 5000 h 3

IP code P33 4

10  Materials in contact with media polyphenylene sulphone (PPSU)

Suitable evaluation controller mp-x and mp6-OEM

Typical values of flow and back pressure for sclected media

(values defined with mp-x: 250 V, SRS):

Gases Max. flow on request

15  Max. back pressure on request
Liquids Water Max. flow 6 ml/min +/- 15% (100 Hz)
Max. back pressure 550 mbar +/- 15% (100 Hz)

Additional examples of pump specifications may include:

20  Pump type piezoelectric diaphragm pump
Number of actuators 1
Dimensions without connectors 14 x 14 x 3.5 mm?
Weight 0.8 g
Fluidic connectors tube clip (outer diameter 2 mm,
25  length 3 mm)
Electric connector flex connector / phone jack
Power consumption < 200 mW
Self-priming yes 2
Pumping media liquids or gases
30  Operating temperature 0 — 70°C
Life time 5000 h 3
IP code P44
Materials in contact with media polyphenylene sulphone (PPSU),
polyimide (PI), nitrile butadiene
35  rubber (NBR)
Suitable evaluation controller mp-x and mp5-a
Typical values of flow and back pressure for sclected media
(values defined with mp-x: 250 V, SRS):
Gases Max. flow 15 ml/min (300 Hz)
40 Linear range 0 - 5 ml/min @ 0 — 50 Hz
Max. back pressure 30 mbar (300 Hz)
Liquids Water Max. flow 5 ml/min (100 Hz)
Linear range 0 — 3 ml/min @ 0 — 30 Hz
Max. back pressure 250 mbar (100 Hz)
45  Repeatability
(30 Hz, 250 V, SRS)
<12 %
Viscosity <~ 120 mPas



Max. back pressure 30 nbar (300 Hz) Liquids Water Max. flow 5 m/mn (100

Hz) Li near

Hz) 45Repeatabiissty (30 Hz,

range 0 - 3 mM/mn @O0 - 30 Hz Max. back pressure 250 nbar
250 V, SRS) < 12 % Vi scosi t yCTAIS20100280441Pas

Typi cal val ues. Values can vary under application conditions. Content

subj ect to changes w thout notice. 2 Conditions: suction pressure < 10

(100

S

nmbar, DI water, settings np-x: 100 Hz, 250 V, SRS, the max. flow rate can
be reached by manual primng. 53 Conditions; DI water, roomtenperature,

settings np- X Typgw!

Ytues guay caisray upder gpsatipnepedifieny. eoriadisrebied ot he punp

wi || provide ‘eregghithrueseisee’ to spray into an eye from a di stance of about
15 mi | | i met eronditeys: Bicsioa peesirara ) mhay Bf oeter. Bettipgstpesnl 056GV fRSand 45

mm | n addi t itehmaxydlogregsen bf reaghedhy shougl prim®se control | abl e within about 5
mcro litérs of addionditigns: PIantsumown temporstuie eeitiBesanptx3M0tz 2 Vi $Rky.s, and

preferably about 15 micro liters.

Accordi ng to sone enbodi nents of the

1

present invention, the detector is placed in |ogical conmunication with the

aut omat ed punp 403 sapgitferraf crchodpemss, thg pamp Spi poetde cnougb graasmenst  of  a

l'iquid through the eye
Fig. 5 amorBESALP &l T
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therefore be between about 5 mm and 45 mm. In addition, an amount of spray should
be controllable within about 5 micro liters of accuracy in amounts of between 3 and 30

micro liters, and preferably about 15 micro liters.

According to some embodiments of the present invention, the detector is placed
in logical communication with the automated pump 403 capable of dispensing a

predetermined amount of a liquid through the eye orifice nozzle and into the eye.

Referring now to Fig. 5 a microcontroller 500 is illustrated that may be used in
some embodiments of the present invention. The microcontroller 500 includes a
processor 510, and one or more processor components and/or support function
circuitry 511-514 such as a crystal oscillator, timers, watchdog timer, serial and analog
I/0O etc.; program memory in the form of NOR flash or OTP ROM is also often

included, as well as some amount of RAM.

The microcontroller 500 may also include a communication device 520. In
some embodiments, a microcontroller 500 can be used to receive a logical indication
that an eye is in a first state or a second state and transmit energy to a liquid dispenser
at a time appropriate to dispense a liquid or mist into the eye, based upon the transition
from a first state to a second state. Other logic may also be programmed into the
microcontroller and provide for flexibility of function. By way of non-limiting
example, such functionality may include monitoring how much fluid is currently stored
in one or both of the main reservoir and the dose reservoir; duration of pump actuation
which correlates into an amount of liquid administered to the eye, which reservoir is
being drawn from; periodic timing of liquid disbursement; duration of liquid

disbursement and almost any other functionality related to the operation of the pump.

Referring now to



sonme enbodi nents of the present invention. The microcontroller 500 includes
a processor 510, and one or nore processor conmponents and/or support
functi on WORoUW®sB479511- 514 such as a crystal oscill ator pCriuses1s/0539a¢ chdog
timer, serial and analog 20 I/O etc.; programnenory in the formof NOR
flash or OTP ROMis also often included, as well as sone anmount of RAM
The m crocontroller 500 may al so include a comruni cati on device 520. In
some enbodi nents, a mcrocontroller 500 can be used to receive a |ogical

i ndi cation that adhegee qrenqrapigcespers candegpuplent tog compnniFadanedeaicaddl t ransmi t
energy to a |d,giheeddh SPRRtRkae Rtlg?yih h BBmARREARN cRifel AhdcSRRDFatRn! 1 qui d
or mst into the eye, based upon tThe transition froma first state to a
second st at e.dedchmpy boysicd thelsctiphiseleonpplotpr axemerde, ione or mére ofiitioneceint r ol | er
and provide far. fl.exihili ACt | . - LA Ling: exanpl e,
such functio&gpwfgﬁﬁggk%%%%B@%n%gﬁﬁ%%@ﬁﬁaﬁﬁb%@%ﬁgﬁlgﬁEﬁh&ﬁg&éﬁgpghtIy

st or ed i nSoneragkinpenmbdr of Hieparsing act@ee trdiing emonol dgecatidispensies paticgisroy
duration of PYMD q&%ygﬁ&&ﬂ:%g%ﬁg%%hgorrelates into an anount of |iquid
admini stered Yo the eye, wWhich PeServoir is being drawn from periodic
timng of liquid disbursement; duration of |iquid disbursenment and al nost
any ot her functi ofat progess@!Sdf eschltoan téremopestmnivath asforadealepuar{30. The The
one or nore SSOr e J: ' i.ce 520

conf { gured 8 Sbte e AR B RPN b B RGN LA S8R5,

comuni cat i onndelingfer peynplhe sasiechdiaoehendnyalavicalshgh sdndaoh Actas exanpl e,

one or re qf. tim f liquid di spensing; unt of |iquid dispensed,
a duratrgg oﬁ”%nﬂ?g%gﬁgﬁﬁﬁ“ﬁoP?gﬁ?f@@Yaé%? (a n ﬁ%@?&of di spensi ng
actions; tracking-.¢chronol ogical,.di spensin a ns or .ot her actions
felated to the di dBeHar g TS0 Chill Gl RSN Gorfion Rl I nrfof

comuni cat i ors 104 The prosdsarr age paéwing ésbabionsldfehsjrograges6demt derdd30 may

conprise any appropriate info tion storage device, includin or exanpl e:
o conduct srorRaIro A meRe T SRR ACE STy el My dovi Ces
and Read Onl ymdvabaiw iffhtiod @vicEipsve ofiguid t®ba@spcdaM| diepehsSh sasungt ore a
program 560 f or controllinﬁ4th% grocessor 510. The processor 510 perforns

i nstructi’ nszPmWH§FBPQB%& B8dkCand t hereby operates in accordance with
the present inventi &itidnOthe Kﬁ&@hﬁmﬁbﬂ%m@ﬁ&%ﬂ&%ﬁ@né%?SB@%GSﬁE@kMQS
information descriptive of liquid to be dispensed, dispensing anounts,

15di spensi ng 3PatocErdemicas!ionBatienkas. thq Horagrameans for tharacisy eseitsoMavent i on may
i nclude an Enefid¥imefl! GRapRe@iiorSdahs@RioR 0f fik BRtdagREMpS@he GEELeQy battery as
t he storage neans for the energy and in sone enbodi nents, encapsul ati on and
i sol ation of SoMec At calisonsmbiniosiigh athephiekmig puisp irieced.r Bk Bier@nvi r onment
I nto whi gl a%oﬁﬁ@%?@&iﬁ'&ﬁoxﬁ&’e{ ?b\x;eftooicﬁ{;ﬁgtheﬁ]@rogﬁ?rﬁg&. %Ps%%reﬁgzoéé%n&an
provide power to activate the mcrocontroller. In some enbodi ments, power
consunpt i on gbwar ¢ansymeiontof o iespconhplies while slpépieg (CEPUledkaok mapid nost

peripherals %feIigheWOI{?)emi)}'%tjuﬁ ANARLL S

Conclusion

25 The present invention, as described above and as further defined by the claims
below, provides apparatus and methods of providing a pump for dispensing a liquid
into the eye and in some embodiments, a pump coupled to a blink detecting

mechanism to time administration of a liquid into the eye.



Concl usi on 25The present invention, as described above and as further
defined by the clains below provides apparatus and nethods of providing a
punp for WOLpPEMSB4Tg a |iquid into the eye and in sone emrbddiSa®ntsil4a punp
coupled to a blink detecting mechanismto tinme admnistration of a |iquid
into the eye. CLAIMS 1. A apparatus for dispensing a liquid in an eye, the
apparatus conprising: one or nore reservoirs; an autonmated punp
capabl e of being actuated based upon receipt of a control signal, said punp
in liquid comunication with one or nore reservoirs; a signa
generator for generating a signal to aghwate the automated punp; and

an eye orifice nozzle through which the automated punp will punp liquid
contained in the one or nore reservoirs based upon a signal generated by

t he signal generaty . Gl ai it .conprising a
sensor, whi cﬁl'v\herj?%ﬂjggggfc?%% %@u‘“@?‘c}ﬁﬁ“ﬁﬁl&% g}aet}gl%g agéﬁ%ggoéﬂqygﬁ unctional to
detect a i rst state obénecammeyeresardoim; second state of an eye and generate a
si gnal indicating that arit Quet\or% t&d il? ! Qamablz ogfbe%aiagtu];tie@ %gseétuagnere%‘cgdt 0 a{ d
second state eye. The appara usPofP &tharm® “Rhelsi'h &S Ehdore nprises an
emtter emtting aomstoyrighalisaidgpupipan Gtpad nomeadnivaive wethghb or he regppairat us of
claim3 wherein the sensor additionally c rises a detectqgr capabl e of
detecting a signal in ?ﬁ@nﬂr%ﬁg?gFﬁgﬁg%mﬁéggl%ﬁﬁ?ﬂ.mT%%m%bﬁﬁrﬁgﬁgg%f clai m
4 wherein the sengampgaoerates the signal indicating if the eye is in the
first sta e or the second state. Tge ﬁ@ﬁ ra%ug f claim5 additionally
conpri si @ a ni cr ocont PbFY%eP G YEEd ﬁbw I8 185 gHamatcd AURRVIPYTP t he eye
is in the first stighi@ cOftaihPinIREQRGDr Hload @sel%irsébﬁgbdglﬁﬂﬁﬁ Sighd) Geder&QNbyr Ol
signal to the punp to operate the punp based upon the signal indicating if
the eye is in the T sSpl PP or the second state. 7. The apparatus of
claim6 additionally conprising an alignnent apparatus for 5aligning an eye
with the eye orifice nozzle. 8. The apparatus of claim7 wherein the

al i gnnment apparatus conprises a |ine of sight.

15 2. The apparatus of claim 1 additionally comprising a sensor, which when placed
in position proximate to an eye is functional to detect a first state of an eye and
a second state of an eye and generate a signal indicating that the eye is in one of

said first state and said second state eye.

20
3. The apparatus of claim 2 wherein the sensor comprises an emitter emitting a
signal in a predetermined wavelength.
25 4. The apparatus of claim 3 wherein the sensor additionally comprises a detector
capable of detecting a signal in the predetermined wavelength.
5. The apparatus of claim 4 wherein the sensor generates the signal indicating if
30 the eye is in the first state or the second state.
6. The apparatus of claim 5 additionally comprising a microcontroller for

receiving the signal indicating if the eye is in the first state or the second state

10



109. The apparatus of claim8 wherein the alignnment apparatus additionally
conprises an alignnent fixture. 10The apparatus of claim6 additionally a
dose resewoanri/osagabl e of storing a predetermnm ned anountcofusaoibiosgivd t o be
adm nistered into an eye. 11. The apparatus of claim®6 wherein the

m crocontrol l er conprises a storage device storing executable code for
controlling the punp to dispense a predeterm ned dosi ng anount based upon
the indication of the first state or second state of the eye. 12. The
appar at us of cl ai avdgengraEngs pontiebsighad odbe PRI Weratedhppimkbased wronrthye
device storing exgeuhallie rodthd 8t ilih AkNG R QubGEapisdoses admi nistered
during a tine period. 2513.The apparatus of claim6 wherein the

m crocontrol l er conprises a storage device storing executable code for

operating the, pu r .er m i oy -%ﬁﬁ i gnal
i ndi cating a?'ex?gpggIm%%%ﬁ@ﬂﬁ%ﬁ{g%%ﬁ&%%ﬁgﬁg%P%%ﬂ%hgﬁl a?ﬂﬂ%ggaﬁgpiin t he
ext ernal éondi ti onligorgmi eyesvith tiBOayowefrentozde. an eye to an open position.

8. The apparatus of claim 7 wherein the alignment apparatus comprises a line of
sight.
10 o. The apparatus of claim 8 wherein the alignment apparatus additionally

comprises an alignment fixture.

10 The apparatus of claim 6 additionally a dose reservoir capable of storing a
predetermined amount of a liquid to be administered into an eye.
15
11. The apparatus of claim 6 wherein the microcontroller comprises a storage
device storing executable code for controlling the pump to dispense a
predetermined dosing amount based upon the indication of the first state or
second state of the eye.
20
12. The apparatus of claim 11 wherein the microcontroller comprises a storage
device storing executable code for tracking a number of doses administered

during a time period.
25 13. The apparatus of claim 6 wherein the microcontroller comprises a storage
device storing executable code for operating the pump for a predetermined

period of time based upon a signal indicating an external condition.

14. The apparatus of claim 13 wherein the external condition comprises a

30 movement of an eye to an open position.

11



