PUNCTAL PLUG W TH ENERG ZED CONTAI NVENT ARRAY FI ELD OF USE Thi s
invention relates to a sem conductor device, punctal plug and a 5
manuf acturing nmethod. Further disclosure relates to nethods and
apparatus for dispensing one or nore materials, such as a nedi canent,

froma punctal pPUNCESEPIUG WITHANBRCIZED EONTAINPEIVTARRAY a
form conduci ve to programred rel ease by electronically controlled

i ndi vidual dose rel ease froman energi zed contai nnent array.
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orally or by injection, but such administration routes are disadvantageous in that, in
oral administration, the active agent may reach the eye in too low a concentration to

20  have the desired pharmacological effect and their use is complicated by significant,
systemic side effects and injections pose the risk of infection.

The majority of ocular active agents are currently delivered topically using eye
drops which, though effective for some applications, are inefficient. When a drop of
liquid is added to the eye, it overfills the conjunctival sac, the pocket between the eye

25  and the lids, causing a substantial portion of the drop to be lost due to overflow of the
lid margin onto the cheek. In addition, a substantial portion of the drop that remains on
the ocular surface is drained into the lacrimal puncta, diluting the concentration of the
drug.

To compound the problems described above, patients often do not use their eye

30  drops as prescribed. Often, this poor compliance is due to an initial stinging or burning
sensation caused by the eye drop. Certainly, instilling eye drops in one's own eye can

be difficult, in part because of the normal reflex to protect the eye. Therefore,
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sonetimes one or nore drops mss the eye. Oder patients may have

additional problens instilling drops due to arthritis, unsteadiness,
and decreased vision. Pediatric and psychiatric patient popul ations
pose difficulties as well. Prior topical sustained rel ease systens
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It is known to use devices that may be inserted into one or more of an orifice of
an individual's eye, such as a lacrimal punctum, to deliver active agents. One
disadvantage of using such devices to deliver agents is that much of the agent may
delivered in an initial, large bolus upon insertion of the device into the eye rather than
25  amore linear delivery of the agent over time. Other methods allow for the eluding of a

medicament over a period of time. However, some medicaments are most efficacious
when periodically delivered in a predetermined dosed amount. Accordingly, alternative
methods and devices for delivering medicaments to an ophthalmic area may be

beneficial especially if discrete dosage amounts may be delivered over significant

30  periods of time.



The present disclosure relates to devices for the discharge of
medi canent into 5 the eye environnent through the use of an
energi zing elenent and circuits energized by the el enent and

contained within the body of a punctal plug. There may be
provi ded a sem conductor device conprising an array of contai nnent
cells, wherein each containnment cell is configured to contain a

medi canent and each contai nnent cel | SEMMARSes a cel |l activation
el enent configured 10to rel ease the nedicanment within the contai nnent
cell upon receipt of an activation trigger. The sem conduct or
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to output a count to the multiplexer, and the multiplexer is configured to decode the
count to an address of a said containment cell.

The semiconductor device may comprise interconnection circuitry configured

to route the activation trigger to a said containment cell selected by the control
20  circuitry.

The interconnection circuitry may comprise a plurality of word lines and bit
lines defining an addressable connection to the cell activation element of each
containment cell.

The interconnection circuitry may comprise a unique output line for the cell

25  activation element of each containment cell.

The control circuitry may be operable to configure the interconnection circuitry
to route the activation trigger to the said selected containment cell.

Each cell activation element may comprise a fusible covering configured to
contain the medicament within the cell and to release the medicament when fused.

30 Each fusible covering may form a hermetic seal over or around the respective

containment cell.



The fusible covering nmay conprise a bioconpatible conductor, for
exanpl e a bi oconpati ble netal, such as stainless steel,
cobalt-chromum a titaniumbased alloy, Nitinol, or gold, preferably
gol d. The sem conduct or device may conprise fusing circuitry

configured to pagge ﬁlsfbfw@duaﬁngmaweintpﬁbé YIRoMmP&HIY SbitiRtoE ML EXANDIO
a said containnent cell selecfed 'bf/ he control circuitry, the fusing
current defbintergpatibde metal.sueh arstaiplegyieel, cobalt-cipanivon & Higiniwn-bessidtallpy,

may be confj.gured to, sw t.ch ,on e fusing current at the

pr edet er m nlg o ’r?§§.°1d§pretfergbl¥t$8wusi ng circuitry nmay be configured to
accumul at e char geh@ghiténduefomdeviee Aaf Wompdscfiking Rircaitly@bnAg B BAtOHaRY a
i nterval, the chargi ng{i nterval thereby defining the predeterm ned

times. The fsingcugemrdbroush thy fusible oyerag obrsadeantynment eed selsaied by e
fusing curr om. ' ' H!Pﬁ : - covering of
the said seﬁ%glt(t:rtdeé&(ir:ﬂé%?’glﬁ%\#%ir#%élgljleflt.c élygs%fgna%tkc}%(%é}ét%ﬂ o@egevi ce may
conprise tim ng The edtiol yiraony ngybedohfigwed tcdwildhafif the issidgusirregt at the
current after a predeterm ned peri od. Each contai nnment cell may
conpri se a Pfeddemiasd BMEsyer containi ng the medicament within the

cont ai nment cell : ' gﬁfédi ' '
configured to f o?%@ghgﬁlgb%tﬁw I{slé}glfé:gd\#g t hég g%%%@%%@% gll;/(gtro, fogﬁ éh et o]
expose tthe flismgahiratl aftel aybkarging itteeva uhe changing intemvel therebe definipgthe

recei pt of the activation trigger. 20The sem conductor device nmay
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15  off the fusing current after a predetermined period.

Each containment cell may comprise a dissolvable layer containing the
medicament within the containment cell, and wherein the cell activation element is
configured to form a hermetic seal over the dissolvable layer, and to expose the
dissolvable layer to the surrounding environment upon receipt of the activation trigger.

20 The semiconductor device may comprise engagement circuitry configured to
enable the semiconductor device upon the detection of one or more predetermined
conditions.

There may be provided a punctal plug configured to release discrete doses of
medicament at predetermined times.

25 There may also be provided a punctal plug comprising control circuitry
configured to activate one or more containment cells in an array to release medicament
contained within the containment cells at predetermined times.

Further, there may be provided a punctal plug comprising interconnection
circuitry configured to route an activation trigger to one or more selected containment

30  cells in an array to release medicament contained within the containment cells at
predetermined times.

There may be provided a yet further punctal plug comprising:

a punctal plug body with a cavity within;
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configured to activate one or nore containment cells in an array to
rel ease nedi canent contained wthin the contai nment cells at
predeterm ned tines. Further, there nmay be provided a punctal

pl ug conprising interconnection circuitry configured to route an
activation trigggf edePsiof@ devicadre sel ected containment 30cells in an
array to rel ease nedi canent contained within the contai nnent cells at
predet er m ned ti aeengaferoent ohyenivéo ptiveicdeeicenngetionf afithhrenerpametdgvicplag

conpri sing: ;a punctal. .pl bo ith a cavity within; an energizing
devi ce; thecgrﬁm 65@59@%?“@%&3‘1% to activate the connection of the
energi zi ng devi cgtiling lement’t6 ebiust f¥# 4 Pichetbhinpdififlederipd;ug; a tim ng
element to count for a predeterm ned time period; 5a nultiplexer to
decode thhe ti m ngmediniexer i decedel disi tyning saur anoAi designated spntaingeat cell;
a cont ai nmept, array wherein the individual elenents are covered by a

thin hernetiC sealing film Any punctal plug described or
cl ai med herei n nayogifichSars Wigdteiaohsindivadual SldphBarasovdasiy DHtich
her ei n. A et hod of manufacturing a sem conductor device may

conpri se presgingealingdimay of containment cells, wherein each
Cont et ! AR L £ G S Al B S
rel easel @ hedeveet asaleraribeddhtivim t he contai nment cell upon receipt of an
activation 15tri Rgnr%thod of manufacturing a semiconductor device may comprise providing
an array of containment cells, wherein each containment cell is configured to contain a
medicament and each containment cell comprises a cell activation element configured
to release the medicament within the containment cell upon receipt of an activation
15  trigger.
The semiconductor device as described herein may be adapted for
subcutaneous use.
Other embodiments are included within the scope of the following specification
and claims and accompanying drawings.
20

DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a punctal plug with energized containment array.
FIG. 2 illustrates a close up depiction of medicament release features in an
25  energized containment array.
FIG. 3 illustrates an exemplary processing flow for forming the electronics and
containment array of an energized containment array.
FIG. 4 illustrates an exemplary assembly flow for assembling an energization
source with electronics and a containment array into a punctal plug body.
30 FIGS. 5 illustrates an exemplary design for interconnections to individual
medicament containers in a containment array.
FIG. 6 illustrates an exemplary design for timing circuits for medicament

delivery.



The sem conduct or device as described herein may be adapted for
subcut aneous use. O her enbodi nents are included within the
scope of the follow ng specification and clainms and acconpanyi ng

drawi ngs. 20 DESCRI PTION OF THE DRAWNGS FIG 1 illustrates a punctal
plug with energi zrel TiOR§tAIEYERbClRdIag@Mm of a punctal plughbith erdrgibédiSdntahment
a close up depiction of nmedicanent rel ease features in an 25

energi zed c@mai nnment array. FIG 3 illustrates an exenplary
processing flow for form ng the el ectronics and contai nnment array of
an energi zed containment array. FIG 4 illustrates an exenplary

assenbly flow for assenbling amENENEZ BESORIBOIONEe W th el ectronics
and a containnent array into a punctal plug body. 30FIGS. 5
illustrdtes an exenplary design for interconnections to individual

e R A
FIG 7 ill usloréteesntty thephdvetiahgdancaiorafopusccisalrugtieltveny §Btetmaafbgiheed
contai nment tl‘g‘é{tl‘i‘lggf Of%EIL'EAl\l’ I&iggasggi%%oﬁgtggs.%everal challenges exist with formulating
a drug to release at the desired daily rate and/or dose that will give efficacy while
10  limiting adverse events. An alternative or supplementary release strategy may involve
the use of energized electronics to control and enact the delivery of individual dose
amounts.

Diffusion based drug delivery systems are characterized by the drug release
rate which is dependent on its diffusion through an inert water insoluble membrane

15 barrier. There are basically two diffusion designs: reservoir devices and matrix
devices. Reservoir devices are those in which a core of drug is surrounded by
polymeric membrane. The nature of the membrane determines the rate of release of
drug from the system. The process of diffusion is generally described by a series of
equations governed by Fick’s first law of diffusion. A matrix device typically consists

20  of a drug dispersed homogenously throughout a polymer.

Reservoir and matrix drug delivery systems are considered diffusion based
sustained release systems and constitute any dosage form that provides medication
over an extended period of time. The goal of a sustained release system is to maintain
therapeutic levels of a drug for an extended period and this is usually accomplished by

25  attempting to obtain zero-order release from the sustained release system. Sustained
release systems generally do not attain this type of release profile but try to
approximate it by releasing in a slow first order manner. Over time, the drug release
rate from reservoir and matrix sustained release systems will decay and become non
therapeutic,

30 Zero-order drug release constitutes drug release from a drug delivery system at
a steady sustained drug release rate, that is, the amount of drug that is released from the
drug delivery system over equal time intervals does not decay and remains at the

therapeutic level. This “steady sustained release drug delivery system” is referred to as
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Punct al plugs have been in use for decades now to treat conditions of
dry eye. More recently they have gained attention for use as drug
delivery systens for the treatnent of ocul ar di seases and conditions.
Several challenges exist with formulating a drug to rel ease at the
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20  agent, wherein the active agent is linearly present in a pulsatile dosing bead. The
punctal plug may additionally comprise a defined area, such as an opening in the
punctal plug, which is more conducive to elution or other dissemination of the active
agent from the punctal plug cavity to an area proximate to the punctal plug. The
punctal plug may include an area conducive to dissemination of the active agent

25  comprising an opening with a diameter which is smaller than a diameter of the cavity
containing the active ingredient.

There may be provided devices, and methods for their use and manufacture,
that can be used to deliver active agents into an array of cavities located at the surface
of a punctal plug in a controlled manner. Through the incorporation of energization

30  elements into the main punctal plug cavity, which are operant to energize electronic
circuits also contained within the punctal plug; novel delivery of medicament doses

may be realized.



Anot her drug release profile is referred to as pulsatile drug
delivery. Pulsatile drug delivery is intended to rel ease a

t herapeutic anount of a therapeutic agent at 5reqgular intervals. A
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wi thin the punctal plug body wherein the reservoir conprises an
active agent-containing nmaterial and an active 20agent, wherein the
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cont ai nment g@l Pjgl may l’)gﬁ?or rred in> gric may
be one or more of porous, semi-porous, permeable, semi-permeable, and

25  biodegradable.

Energized Punctal Plug

Referring to Fig.1, item 100, an energized punctal plug is depicted. The punctal
plug 100 depicted has both the elements of energization as well as components that

30 may be energized by the energization elements. Item 135 shows an exemplary body of
a punctal plug. It has a typical shape as has been described in prior disclosures. The
cavity within this punctal plug body is filled with the energization elements and the

medicament dispersing elements.



5 hard substrates where each containment cell is capped by a sealing
means that can be made porous by the action of an applied electrical
signal. This array and its associ ated energi zation, electronics and
ot her conponents may be inserted into a punctal plug in a simlar
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bi odegr adabl e. E i zed, Punctal. P R ing to Fig.1, 1|
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that 30 nay be energi Zed by t'he energi zation elenents. Item 135 shows

an exenpl ar theipoustalgflumbedynehizh npiviagt ad enctgzatimntelgmantd insliding fasexaawple,
been described .in prdor discl res. .The.cavit ithin this punctal
ol ug body. | 957 PesPRALEROS Tieregs GRS shbid ey sletetiNcanent
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contain the energization elenent. In this exanple, the energization

el enent is Geprecteldlug withisaengised confginmenbaspedivideeal |y may be nodel ed
as an al kaline .Cﬁlel en%géxi%ﬁlro?ﬁ'elélﬁgnmngagl%e%}{%&?%g%[r{&f a{'utl] 1 1@3“ R ¥th§ch
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cat hode, which in an ary sens ysica I’sposed’ upon
and i n cont@ay bbwh ilerdomfRtodlbmentc ASndybem@heédted inlehrietyusit thshions tb iitien

the batter yéne?I .enent 145 may de?i ct
gization element contacts 120 and 130. There may be many ways to connect the

20  interconnect element to these contacts including solder connections, conductive
epoxies, and wire-bonding for an exemplary sense. The interconnect element may
optionally include a power storage element which may be charged by the energization
element,

Depicted upon the interconnect device, item 180 may represent a

25  semiconductor element which contains within its body an array of containment cells,
item 190. As will be described in later description, these containment cells may be
topped with a mechanism which may allow for the electrically mediated release of the
material within the containment cell. There may be numerous ways to connect this
semiconductor element to the interconnect element it is mounted upon, including

30  solder ball connections that connect through vias in the semiconductor device or as is
shown in Fig. 1, item 195 the interconnection may be formed through the use of a
flexible connection that is run along the side of the semiconductor device and connects

to interconnection positions on the top of semiconductor device.
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a separating element with an electrolyte function. Next, item 160 may
t hen depict the anode of the battery where an el ectrical contacting

el emrent to the anode may be depicted as el enent 130. In an anal ogous
fashion, item 120, nay represent the top | ayer cathode contact. And
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represent a Sg%ﬁﬁe@&ﬁﬂ%’t“iﬁ’rm@f B rnelemantd at&éﬁfsalflr?éﬁ\ﬂf wpﬂtlp¥ duiRgly an
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descri ption ese containnent cells nmay be topped a mechani sm
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inter connec@ﬂvmnmyt that qo@tamdn@ﬂﬁmglﬂ pavecularly ionicdons wasere where, for
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(2%
connects to )i m 1ons on op O sem con
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that is connected upon the body of the punctal pl ug]ll This sealing |lid
el ement naydgyies &5 i rRGtat Bheds nseried Bieitgluman kost dhedryige used to insert the

i nt er coppec; A L3 AN SETHAAWMELAT mG) STEWbnthAd PocptadnPAS deOR the

engagement device in some manner that then engages the device.

The engagement device may comprise a battery switch to put the timing and
control circuits into a storage mode, a condition where as little current as possible is
drawn from the battery. The engagement device may support visible and infrared

25  detection through an on-chip photodetector, so one method to activate the battery
switch involves incident light. Other methods include mechanical (pinching, bending),

and radio frequency (RF).

Medicament Containment Array

30 Proceeding to Fig. 2, item 200, a close up of the top surface of the
semiconductor device, item 210, with the containment array is depicted. As discussed
previously, the silicon piece may contain the circuitry important to controlling the
containment array and ensuring that each containment cell is engaged and caused to
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wi thin the punctal plug. There may be nunerous manners to position
and fix the 5sealing lid including for exanple the application of an
epoxy seal ant, or other sealant types. The |id may be fornmed so as to
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switch to pg tﬁe"t%nhédﬁoﬁ%f?xﬂﬂvﬁﬂ?ﬁtrﬁé%h i3] lﬁy'érE onitdl @f the é&xﬁﬁﬁ%n{@%’qsa

condition where as little current as pOSSI e is drawmn fromthe
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Cont ai nment Array 30Proceeding to Fig. 2, item?2 a cl ose uP of the
top surfacearep cohvél@@nn@ﬁﬁagnmﬁaldws 620,52 ebad2amg, S23). twhieh for illustration

contai nment,, array .l 8: A€ol ofe flashlon 1§}k toul m% 359 8LG c%H? %H&%{Eﬁaesﬁﬁe& gon

plece_nay C%n aln e Clrcurtry 1 npo to cortro
cont ai nnment “agrdaneaNTheresid 118§ 4 tvbicakElag (§30)5a1 ,/83RRIhd 688) ddpictehgaged
and caused to 10 o . . . .
subset of the “bit lines™ in the array. By arranging the cells into a configuration where
20  bit lines and word lines are capable of addressing all the containment cells an efficient
scheme may be realized. For example, if it were desirable to release the medicament
located under cell 510, then current may be allowed to flow through item 530, then

through the cell cap 510, and then out 520.

25 Timing and Control Circuits

Referring now to Fig. 6, a depiction is made of an exemplary circuit to activate

a particular containment cell. The circuit has a power source, 630. This power source
may be an alkaline battery for example. The power may be routed from the power

30  source to the engagement element 620. This element may be set to an “on” state when
the punctal plug is placed into the eye environment. When it is set to an on state, then
the power source may be routed through element 620 and out to other circuit elements.
Items 621 and 622 may be the routing to an oscillating circuit element (610). Items 623
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di sperse its nedication at an appropriate frequency. In regions of
the silicon which does not contain electronics, pores or vias may be
formed into the silicon which may be filled with the nedi canent. On
the top side of the silicon where the circuits are |ocated,
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through the cell cap 510, and then out 520. 25 Ti mng and Control

Circuits  Whemrafparticulag wq)@c\‘vvhn@lsrapgvat@i like fiap661.iibmay Srpgte rewvean
exenplary cjrcu ivate Rar ar nt ai nment . ¢
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exposing the dosed medicament to the eye environment.

25 There may be numerous variations that are possible with this type of circuit.
For example, it may be possible to use the charge up time of item 650 in concert with a
resistive element to determine the timing from one cell exposure to another replacing
the need for an oscillating circuit. Other variations that may be possible, include for
example that the multiplexing element addresses a unique output line for every

30  containment cell. In addition, the circuit may deliver a single cell at a particular time
period. It may be apparent to one skilled in the art that various diversity may derive
from an electronic controlled disbursement; including in a non-limiting sense
delivering discrete drug doses from cavities at different programmed rates and
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Once the power is engaged in the energized punctal plug, the
oscillating circuit 5 may begin its oscillation at a particular
frequency. The output of elenent 610 may be passed to the counting

el enent as itens 611 and 612. The counting el ement may have a duty
cycle that %ﬁnfn%rmﬁtlgﬁrcta@i'n@s RUERGEr RfseSHE RtiQiarithige pdHlin aindR-
612. In an exenplary sen t he conbi nation of the frequency of

osci | | ati onlimmthg dxemptamsensequi red before the out put of the counting
el enent increnments by one may correspond 10to a tinme period of one
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@ne
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cell and then exbmssu’mgequlaat p:toe&ssinget;tp(tlamlﬂnhn&sanmmbe Bymee fronr osevend .

25There may be arlatlons that are si bl e th this. type.
oo et maty EE W iR ShRec Bt P ed Sidlhéretedntiid i
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tlnlng fromone cell exposure to anothér replacing the need for an
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| et o evip et tad e RN EL 1P a Sk B SRERORE pfratl s NEFe Y A min
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del i verdg t. A d
ot es 2017 REEOGEHS AORBI AR PRI TR a0 AY Bl AT
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with a flat surface. Next through silicon vias may be imaged, at step 303, and then
etched to define the array of containment cells. The etching process may be processed
in such a way as to etch completely through the silicon and then through insulator

25  layers ultimately stopping on the metallization square above the particular cell.

In an next step 304, the opened through silicon vias may be subjected to a
chemical etch that is capable of etching the metal layer (M1) that is exposed under
each through silicon via. The etch chemistry may be chosen to be selective to the
metals in M1 layer but not effective in etching the metal of the thin film layer.

30 Proceeding to step 305, the sidewalls and thin layer of metal present in or under
the through silicon via may next be coated with a dissolvable coating. This can serve
the purpose of isolating the silicon material from the medicament and also isolating the
medicament from the thermal effects of the thin metal layer when it is melted or
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Form ng El ectronics for Energized Contai nment Arrays b5Referring to
Fig. 3, a generalized process flowto formthe control elenents and
the nmedi canent filled containnent array is depicted. In step 301, the
sem conductor circuits are processed with nmetal |ayers to connect to
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component and the interconnect layer may be electrically connected to each other
through the use of flexible couplings. The resulting component which has been formed
from the multiple elements may next be inserted into the cavity of a punctal plug as
described in step 405. Thereafter in step 406, a top holding piece may be placed upon

25  the punctal plug and may be useful in holding all the elements in a fixed location.

Electrically Controlled Release of Medicament
Referring now to Fig 7, item 700 the utilization of an exemplary punctal plug

with energized containment array may be described in some detail. As mentioned in
30  the previous paragraphs the formed energized punctal plug may contain all of the
elements shown in Fig. 7 as items 710, 720, 730, 740, 750, 760 and 770. It may be

instructive to consider how these elements may function in practice.

14



evaporated. In step 306, each of the cells is filled with an
appropriate anount of nedicanment. Then, the cell may be capped with
the dissolvable material. A subsequent polishing step may be used to
pl anari ze the backsi de surface down to bare silicon. Then the

backsi de may be goghedi Yub1d, il be iApladted (A8 thd EcHRROR Ik of Ppatient’
other 5 hernetic ggalin%h%%ané ngy ggﬁenﬁlpyed. I% thi's exen%la?@ln °
fl ow t he el &t hothe psocassbfifiecindiie punetelmluganr thy cyaihelsagdgementiclementzy
be apparent to,one skilled in.the arts.that nunero alternatives may
b poso bl €™ PRI AR TE e ARLYS Tt BRVFiOH Pe A IHaT PR BaIEL

Plugs W t h &aaesti7200tc@Nha btHeP BlemPhis 2Yie dlillator and BehRIng dlén Ry ifets 2,
4 an exenplary process flow for assenbling the conponents of a

Punct al 9Pl ugawbegin msterispyitingd Aflena diy tesngouatingglemeniapy srdes a pAsitigs ep

ol ast i mol o FpBaResRe o, i RnBe a5tlele PR Bl Tug BRI

may be prodem@dcti direntTERR&Onibnatidh Wahidefind ar arka}t QerBleUitetia theodginment
cavity. Next, in step 403, an interconnect |ayer nmay be attached to

t he batt er yargyerdrind thhepeenglowhsaneanse bgdhinsimal cap tormeltagoyshis first
attachnent, , =it

bal | connec??@ﬁﬁﬁgéx%%ﬁ%gﬁgxﬁggaggHhPﬁé ggéﬁgﬁ%gk%gﬁggggaf%ﬁﬁﬁgﬂgéep
404, tH&® cosmpankatell mfd dibsoivythddistclvattelmaierinhevpr. dkesthe20ddi@ment may be
depicted in Fig. 3, is next connected to the_ interconnect |ayer. The
silicon conﬁaewgshlfeleéﬁ%ﬁ infrothe gye pREFARENt in well Freplated mapaner 4 ségopg counter
connected t 1 of L i

resul ting g@ﬁggﬁgﬁgégﬁﬁﬁﬁﬂﬁggﬁgggﬁgFgﬁﬁgﬂC?ﬁgﬁé%E%gﬁﬁﬁﬁﬁgﬁgggfgﬁgﬁﬁgy
may next beelemeris pot disthergeti sh@dd i tfyiluwé ofithp tino tidin tpimalt Gesazsasiaped

in step 405. Thereafter in step 406, a top hol ding piece may be

pl aced upor®8h¥a¥unctal plug and may be useful in holding all the

el ementyg; in a fixed |location. Electrically Controll ed Rel ease of

Medi cament Referring nowto Fig 7, item 700 the utilization of
an exenplary punctal plug with energized contai nnent array may be
described in sone detail. As nentioned in 30 the previous paragraphs

the formed energi zed punctal plug nay contain all of the elenents
shown in Fig. 7 as itenms 710, 720, 730, 740, 750, 760 and 770. It may
be instructive to consider how these elenents may function in
practice. A punctal plug, 710, may be inplanted into the

| acri mal punctum of a patient's eye. In the process of placing the
punctal plug in the eye the engagenent el enent 770
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may be set to an "on" state. This allows for power to be sent from an
energi zation el ement 740, to all the other elenents. The oscill ator
and counting elenents, itens 720, 5 may begin to start counting.

After a day, the counting elenment nmay i ndex a position and then the
mul tipl exer, 730, may configure a singfgry@d line and a single bit
line to conduct current. This conbination wll define an array

el enment within the contai nnent array 750 and the current flow may
cause the thin tal.cag to |t above. this first contai nnment .
elenent. The opefisABGoRCYRIar divice FoBIPEingn sy oF FRRIARBINL L. Yhered ¢ o
10 enter thgchebhtafitbntltPRIcRIEIIEd B SnpliY 8 PheRlidaRIcRt Al caBi@¥ntaidiieht cell
the nmedi canent may be rapidly released into the eye environnent in a
wel | redul atwuprirennaeell Actsetiondlensuntoafigneey tolrdeasg dypanedieament tWithlirether
after a certain cqﬂntuhas been rgacQﬁd ﬁo hat the battery elenment is
not di schar YEG SR G- APPAFTGIPE LT 32U WEEFT m t o nelt cause a
constant current draw. 15 CLAIMS 1. A sem conductor device
conprising an array of containnment cells, wherein each contai nnent

cel | is condi gur€ee semieendugion devipeell damehtcomprisiogehnicominghimesentigered
scompri ses @ 6ol Lo ALt Al on, SLATRN £OREL A SR Lo rel ease the

medi cament Wi LhI i e LNt himeTit T e upon recéipt of an activation
triggerm0 2. The sem conductor device of claim1, conprising control
circuitry configured to activate the contai nment cells at )
predet er m nedd ti Fessemicondyctordevieepd daRHAcTsrein 8y eoatre} cigquifryiegmprises
wherein the,c i i i Ll . and
il 1 pl xSl Ot B 1SR R BB ok e TR R IO
counter, thacement e cosntegiifd @uniedist@nfigiedto autpotnéounotd the multiplexer,
mul tiplexer, and the nultiplexer is configured to decode {he count to
A addr ess B o RPINSE i fomnREAo EtoNle THEoTHS 0GREHAETEN devi ce
of claif® 2 Qhima3am&RWRfI Si ng i nterconnection circuitry configured to
route the activation trigger to a said containment cell selected by
the control circuitry. 20

4. The semiconductor device of claim 2 or 3, comprising interconnection circuitry
configured to route the activation trigger to a said containment cell selected by the

control circuitry.

20
5. The semiconductor device of claim 4, wherein the interconnection circuitry
comprises a plurality of word lines and bit lines defining an addressable connection to
the cell activation element of each containment cell.

25 6. The semiconductor device of claim 4, wherein the interconnection circuitry

comprises a unique output line for the cell activation element of each containment cell.
7. The semiconductor device of any of claims 2-6, wherein the control circuitry is

operable to configure the interconnection circuitry to route the activation trigger to the

30  said selected containment cell.
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5. The sem conductor device of claim4, wherein the interconnection
circuitry conprises a plurality of word lines and bit |ines defining
an addressabl e connection to the cell activation el enent of each
contai nnent cell. 256. The sem conductor device of claim4, wherein

the i ntercognect jl“{?@seqliliE&{'&fuuo)‘ dﬁﬂ&%f r@ceﬂﬂiﬁ%m?%@i#in LicA@ef QbtidABn
cell activation elenent of each contarnnment c¢ell. 7. The sem conduct or
devi ce of aelymefit wimgirises 2fufibleverceng cotfegurahtorcohtadi the madicament within the

operabl e to configure the interconnection circuitry to route the
activation ?‘?i]i ﬁﬁégr?lﬁasieﬁée@ 8?‘86@é7%8tf%§:?dcont ainnent cell. 8.The
sem conductor device of any preceding claim wherein each cell

activation elenent conprises a fusible covering configured to contain
t he medicangnt wlhdsemitdmslucer Hedpelof dainmed culswein lkechiudibbeasrantingframs a

fused. 5 9. The seni ¢conduct or vice of. claim 8, wherein each fusible
Coveri ne 1 oeteR af RRGHeR il e Esotive paamenttiL e ot r v

cont ai nnent cel | . 10. The sem conductor device of claim8 or 9,
wherei n each fusible covering conprises a bi oconpati bl e conductor.

11. The ser&ondlke samigendueior deviemgf daial fror 8- tleerdin eactuepdlrienyeriog any
of clainms 2-7 i sing. fusin prcuitry configured to pass a
fusing curr%oﬁ?prfﬁ%?ghlg §° %m?qug?%ué{o@overi ng of a said containnent
cell selgected by the control circuitry, the fusing current defining
the activation trigger. 12. The sem conductor device of claim1]1,

Ll

wher ei n t hel kont Pt segiigengugtoy deyce ofranyglaing 8 ) when dapendent pw apy,ef ¢laims
. ; ! . .
of ol ai m 11 SRRt eI B gured b pal PG S GORAVBE AR HRle

accunul at e alvarigg obuskid corteihmenhe:llf whicted byuthe enttrodtiraritry, thé frspigi@urrent
interval, the char gr:antg interval thereby defining the predeterm ned
times. 14.dé%r?é“%@ PEOHYAR (8¥88evi ce of any of clains 11-13 when
dependgmt upon any of clains 4-6, wherein the interconnection
circuitry is configured to route the fusing 25current fromthe fusing
circuitry tB.t heThasnbterdoooedevice af clathel § athgree thecpetiol circuitry is

configured to switch on the fusing current at the predetermined times.

13.  The semiconductor device of claim 11, wherein the fusing circuitry is
20  configured to accumulate charge and to form the fusing current after a charging

interval, the charging interval thereby defining the predetermined times.

14.  The semiconductor device of any of claims 11-13 when dependent upon any of
claims 4-6, wherein the interconnection circuitry is configured to route the fusing
25  current from the fusing circuitry to the fusible covering of the said selected

containment cell.

15. The semiconductor device of any of claims 11-14, comprising timing circuitry
configured to switch off the fusing current after a predetermined period.

30
16.  The semiconductor device of any preceding claim, wherein each containment
cell comprises a dissolvable layer containing the medicament within the containment
cell, and wherein the cell activation element is configured to form a hermetic seal over

17



contai nment cell. 15. The sem conductor device of any of clains
11-14, conprising timng circuitry configured to swtch off the
fusing current after a predeterm ned period. 30 16. The

sem conduct or device of any preceding claim wherein each contai nnent

cel | conpri gesiQoNLERYUyeRNE 16 BYS ﬁ-fé'&i%io DR 1418 (S BLISGROERingM ¢ hi n
the contai nrn::nt1 8%??, a?)r{?d wﬁer el nS(t3 e cel aact%ﬁtl on Se errenl%éN: S
confi gur ed ¢nvifoomenbujvareetipteof sleadctivetion ttigget he di ssol vabl e | ayer,
and to expose the dissolvable |layer to the surroundi ng environnent

upon receipt of the activation trigger. 17. The sem conductor device

of any precefli NgTRE nfieofdRORE 481iBJoLABARE MMy il 64inpFiYing e dpBiERd
to enabl e the sem conductor device upon the detection of one or nore
pr edet erdni ngetucion donttigures, to EBablAthewent cindpétogdeyarepimosithedat¢nsion of one or

sem conduct or devéeie of (gmci\’l/_l ﬁr eceding claim 1019. A punctal plug
confi gured PEGRIFASEIIReA oS oses of medi canent at predet ermi ned

tines. 20. A punctal plug conprising control circuitry configured
to activate one or nore containnent cells in an array to rel ease_
nmedi canent Ebnt adriwéacil pIvE sompasias thesicpiennduatgedavies oftany pexsediag wlgiad
times. 21. A punctal plug conprising interconnection circuitry
configured to route an activation trigger to one or nore sel ected

cont ai nigent 1el | & puictahplag cayfidifed ®l reRas ditdete doaRtofemdicaratatwi t hi n

the containnment cells at predeterm ned tines. 20
predetermined times.

20. A punctal plug comprising control circuitry configured to activate one or more
containment cells in an array to release medicament contained within the containment

15 cells at predetermined times.

21. A punctal plug comprising interconnection circuitry configured to route an
activation trigger to one or more selected containment cells in an array to release
medicament contained within the containment cells at predetermined times.
20
22. A punctal plug comprising:
a punctal plug body with a cavity within;
an energizing device;
an engagement element to activate the connection of the energizing device to
25  the circuits within the punctal plug;
a timing element to count for a predetermined time period;
a multiplexer to decode the timing count into a designated containment cell;
and
a containment array wherein the individual elements are covered by a thin

30  hermetic sealing film.

23.  The punctal plug of any of claims 19-22, comprising the semiconductor device
of any of claims 1-17.
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22. A punctal plug conprising: a punctal plug body with a cavity

wi thin; an energizing device; an engagenent elenment to
activate the connection of the energizing device to 25the circuits

wi thin the punctal plug; a timng elenent to count for a
predeterm ned tine period; a nultiplexer to decode the timng count
into a designated contai nnent cell; and a contai nment array
wher ei n t he24.ndi Xirethdbd ef esmithGuaniga saneosdichy davickithe Bithed eiipeising
sealing film  23. The punctal plug of any_of clainms 19-22,.

conpri si ng PR¥dRgABRYRIContagENsng £k WhRFITH¢ach |camﬁ@n¥n§9§f is ggnfigured to
met hod of - agliAs it SRR RGMEenf €Nl Ginprlddea I RANGAMDERRAN
provi ding an array of contai nnent cells, erei'n each contal nnent

cel |l is &onédardigned to ocleasnttlzs medicammelit o thim theandtadaednt cdhtigommeesipt afein
conprises a cell activation element 5 configured to rel ease the

medi canent  UVREPP ¥¥E%%Cont ai nnent cel | upon recei pt of an activation
trigger.
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