100202072 1 PHARMACEUTICAL DOSAGE FORM AND METHOD OF MAKING BACKGROUND
Description gfdhsyAyt [0001] Oral administration of pharmaceuticals is one of the most widely used
methods to provide effective therapy for a variety of illnesses. Many dry medications are typically
administered orally to a person in a dosage form Such as tablets or capsules, while still others are in
liquid form. The release of orally administered medications may occur in the oral cavity such as for
buccal or sublingual administration, or may occur in the gastrointestinal tract after the oral dosage
form is swallowed. There are, for example, tablets that release drug in the stomach, enteric coated
tablets that release the medication in the intestinal tract of the patient, and controlled release dosage
forms that release drug in both the stomach and the intestines. Further, many individuals suffer from
chronic health problems that require the regular administration of medicaments. Diseases such as
diabetes, allergies, epilepsy, heart problems, AIDS, and even cancers require the regular delivery of
precise doses of medicaments if patients are to survive over long periods of time. [0002] Most
pharmaceuticals involve dosage units in the microgram to milligram range of the purified active
ingredient or ingredients. Thus, many pharmaceutical doses intablet or liquid form are made in

formulations of P HRRMACENEH CARNDD SABEFTRRUANDUIMETHEBODFMMAKING pharmaceutical
doses are frequently available in fixed different strengths, such as 50 mg, 100 mg, etc. 100202072 2

[0003] Unfortunately, such conventional oral dosage forms suffer from a number of disadvantages.
Typically, to effectively handle and dispengacKaREWIeEDA considerable amount of adjuvant material

must be L
Description of the Art

[0001] Oral administration of pharmaceuticals is one of the most
widely used methods to provide effective therapy for a variety of illnesses.
Many dry medications are typically administered orally to a person in a
dosage form such as tablets or capsules, while still others are in liquid form.
The release of orally administered medications may occur in the oral cavity
such as for buccal or sublingual administration, or may occur in the
gastrointestinal tract after the oral dosage form is swallowed. There are, for
example, tablets that release drug in the stomach, enteric coated tablets that
release the medication in the intestinal tract of the patient, and controlled
release dosage forms that release drug in both the stomach and the
intestines. Further, many individuals suffer from chronic health problems that
require the regular administration of medicaments. Diseases such as
diabetes, allergies, epilepsy, heart problems, AIDS, and even cancers require
the regular delivery of precise doses of medicaments if patients are to survive

over long periods of time.

[0002] Most pharmaceuticals involve dosage units in the microgram
to milligram range of the purified active ingredient or ingredients. Thus, many
pharmaceutical doses in tablet or liquid form are made in formulations of a
predetermined quantity of pharmaceutical units in each dose. Such
pharmaceutical doses are frequently available in fixed different strengths,
such as 50 mg, 100 mg, etc.



added in order that the final dosage form is of a manageable size. Thus, typical methods for
manufacturi%é'lag e the mixing of the pure drug with various other substances commonly referred to
as excipients or diluents that are therapeutically inert and acceptable by regulatory bodies, such as the
Federal Drug Administration (FDA). Drugs that hae a low solubility or a slow rate of dissolution may
be micronized. Micronization decreases the particle size and increases the surface area, which helps
increase the rate of drug dissolution. However, micronization is typically a harsh process that can

destroy some Cher[ﬂO@'iﬂ”“UHf@ﬁLﬁﬁiél?P@lﬂMH%ﬂV@ﬁﬁbﬂbmﬁéﬂE&@E@%ﬂﬁéﬂsﬁﬁ&iﬁribu'ied on the
surface of a carrier to minimize agglomeration, however, immediate and long-term agglomeration is

still a probldfRMithnkmPsRotdisrdyantagase dinicalhute offsrtiMalydhandlerdRfdeterioration by
oxidation, hyigidine8mildoSadadakiiyidambR HIRBNRGIHAIKIAN PhAeFiEPMasfiBgorants, and

identification can be improved bt; the use of colgrants. This mixing process often requires the use of

sophisticate?ddeshipresdexseative finglidrspaeamisainmanagrblr sigedddMSimprove the
flowability ofythe £l e sg feenia el inle iftKiog PRGNRRY Bnthdailies erRiYPIAaSIon equipment.

[0004] These therapeutically inactive or inert materials also have the disadvantage that each such

material mué@RUS AihafstbetaRces SoERRY misrediaasripienitRdiMatRthd dicaments

present. FoppxanepkheaaEay iiBASIA dietiptaiieoh e diEe) bediBY drish B esent problems
concerning the bioavailability of the active |Bared|ent. Further, the certification of new drugs is a

lengthy andReAesabRMAdNRIHglanEPALJRygs hathave aHemisaluhility ®resslekh both the
efficacy andseief/ HELBRASH HRPbSRIGIGHRAPNMBRGREBHSIRENI8E HHeSpaiLlee affected by

changes in manufacturing and/or packaging, the approval process limits the approval to a particular

manufactur$igAndngegsrRsha susfansisse whichhsips inecreasaihs e Rl $ddapeutic range

must also bgigsafitRIN. However, micronization is typically a harsh process that can
destroy some chemical structures and usually requires that the micronized
drug be distributed on the surface of a carrier to minimize agglomeration,
however, immediate and long-term agglomeration is still a problem with
micronized drugs. Excipients may also protect the drug from deterioration by
oxidation, humidity, and light. Palatability can be improved through the
addition of flavorants, and identification can be improved by the use of
colorants. This mixing process often requires the use of sophisticated,
complex expensive machinery. Certain excipients may be needed to improve
the flowability of the drug and diluents through the mixing machinery and
tablet compression equipment.

[0004] These therapeutically inactive or inert materials also have the
disadvantage that each such material must be evaluated before use in terms
of potential incompatibilities with the medicaments present. For example,
some of these materials, such as lubricants or binders, may present problems
concerning the bioavailability of the active ingredient. Further, the certification
of new drugs is a lengthy and costly process involving animal studies followed
by chemical trials to establish both the efficacy and safety of the new drug.
Because a pharmaceutical's characteristics may be affected by changes in
manufacturing and/or packaging, the approval process limits the approval to a
particular manufacturing and packaging process.



dosed. If the drug concentration in the patient falls below the range, the desired effect will not occur.
However, if fagBh#g concentration in the patient is above the range then the risk of toxic effects
increases. Clinicians assume the dose units mangfactured are uniform and that generic equivalents
have equal bioavailability. The many FDA formulation rejections and recalls for pharmaceuticals that
have too high or low of a drug amount; however, are evidence that accuracy and precision are still
challenges for pharmaceutical manufacturing. [0006] If these problems persist, many new and

Eotentialfly life saqogosfne[trqtfﬁjsjmmgvﬂbﬁﬁwnlmﬁpm icticaige hast Astebbgifeciselyess in the
osage forms currently available. BRIEF, DESCRIPTION, OF THE DRAWINGS [Q007] Fig. L aiis a
perspectiv§9%%{01”at%iélré‘ﬁ&@?mﬁagf?@o% &?3%[‘5%%5%%{5@?&%"&%3 invention; [0008]
Fig. 1bis @@gwme@mo 'Ogtwlfw?taaﬁumze]qcmmw MMQQ:?nwmwhﬂomieﬂ dmaalpmﬁemnt of the
present invention; Ig. 2@ IS an ispmetric gross-sectjonal view o uid ejector body according
to an alterriat@%éé%ﬁj@ﬂa&ﬁ@paé%éﬁmR&%&ﬁ g6 f—;r&.afﬁs z§ﬁ%@63gt%3\9ﬂﬁ of a portion
Fg Sgi]ﬂFU_id %ie(‘d@éé)(lﬁb@h%ﬂfébﬁme'l ' af@?aatﬂing mgn?ngedhmémmimemmvemion;

ig. 3 is a cross-sectional yiew of a fluid ejector according to an alternate embodiment of
the presenm%ilﬂm"@&ﬁ%ﬂ"ﬁyrgﬂ'?s@% ﬁ?é@@ﬁﬁBﬁJW&é‘&%%&ﬁ@d&%ﬁj&fﬂ{ according to an
mbodimont o & Sosate form aceording bt present mveion [ODLAL Fig, 60 s & o056-sectonal
embodiment of a dosage form accordjng to the present invention; ig. 5b is a cross-sectiona
view of the%QQBQQJhﬁg[%HHaW ?ﬂ_)d RgéeﬁlﬁlBFHﬂfﬁ ﬁg"éﬁr@ﬁﬁﬁgﬁ%&f dpﬂ?@ﬁ'ﬁﬂ‘gm‘wention;
10020207 2afifd&tliiteg 5S¢ is a cross-sectional view of a magnified portion of the

[0006] If these problems persist, many new and potentially life saving
beneficial drugs will either be impractical or have limited effectiveness in the

dosage forms currently available.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Fig. 1ais a perspective view of a fluid ejector head according
to an embodiment of the present invention;
[0008] Fig. 1b is a perspective view of a fluid ejector head according
to an alternate embodiment of the present invention;
[0009] Fig. 2a is an isometric cross-sectional view of a fluid ejector
body according to an alternate embodiment of the present invention;
[0010] Fig. 2b is a perspective view of a portion of the fluid ejector
body shown in Fig. 2a according to an embodiment of the present invention;
[0011] Fig. 3 is a cross-sectional view of a fluid ejector body
according to an alternate embodiment of the present invention;

[0012] Fig. 4 is a perspective view of a fluid dispensing system
according to an embodiment of the present invention;

[0013] Fig. 5ais a perspective view of an exemplary embodiment of
a dosage form according to the present invention;

[0014] Fig. 5b is a cross-sectional view of the dosage form shown in

Fig. 5a according to an embodiment of the present invention;



dosage form shown in Fig. 5b according to an embodiment of the present invention; [0016] Fig. 6a is
a cross-seqiighguy4sw of a portion of a dosage form according to an alternate embodiment of the
present invention; [0017] Fig. 6b is a cross-sectional view of a portion of a dosage form according to
an alternate embodiment of the present invention;4[0018] Fig. 6¢ is a cross-sectional view of a portion
of a dosage form according to an alternate embodiment of the present invention; [0019] Fig. 6d is a
perspective view of a dosage form showing alphanumeric characters printed on the interior surface of

the dosage form pyge5]ingFig, Brak el triR SBBRIbAE View b reagnifisdqiuition[0pHte Fig. 7 is a

perspective view of a dosage form according to an alternate embodiment of the present invention;
[0021] Fig. 42399 pEpLenow ;i Fig-Dby acRpiidkingip @@\fﬁ!@béggaﬁﬂﬁ&ftg'grpéﬁg?ﬂgte embodiment of

the preseniqguagiign; [0022] Fig. 9 is a flow chart of an exemplary method of making a dosage form
according to an embodiment of the present invention. DESCRIPTION OF THE PREFERRED
EMBODIMENTS [Q938IRJrigriRg I8 RigropssetiansbysMert 8rRAEIRRCE A dRFEIIPTTE Shown in a

perspectiveyiyrdingidsAHRihaaneiivedursiionend pridentindentisng ejector body 120 adapted
to be inserted into enclosin?_medium openir;gﬂlQS. IéJui_d e'e%or head 10 fl&ther inglddes nozzles
d aHenR) Vs A i

130 disposed on A EecfdonBhysi8595§ APAHIT LA LPSAL FNM ejector

actuator 158csofifhgds amanusrsativembbdiveresfthe. pretentionventibig ejector actuator 150 ejects
a bioactive fluid onto interior surface 110 of enclosinimedium 106'-[0024%?1“ puré?ses of this
gEad9

description and thERA8lenfiig,&tilsA Frosgsaactivnab Mg RIAURRHIRY e mi-solid

material WidasTaRRg toharYiakeratb SABEHismbiafa presednmveninsite, or interior, surface and
100202072 5
[0019] Fig. 6d is a perspective view of a dosage form showing

alphanumeric characters printed on the interior surface of the dosage form
according to an alternate embodiment of the present invention;

[0020] Fig. 7 is a perspective view of a dosage form according to an
alternate embodiment of the present invention;

[0021] Fig. 8 is a perspective view of a brachytherapy device
according to an alternate embodiment of the present invention;

[0022] Fig. 9 is a flow chart of an exemplary method of making a
dosage form according to an embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] Referring to Fig. 1a, an embodiment of the present invention
is shown in a perspective view. In this embodiment, fluid ejector head 100
includes fluid ejector body 120 adapted to be inserted into enclosing medium
opening 108. Fluid ejector head 100 further includes nozzles 130 disposed
on fluid ejector body 120 and fluidically coupled to fluid channel 140. Fluid
ejector actuator 150 is in fluid communication with nozzles 130. Activation of
fluid ejector actuator 150 ejects a bioactive fluid onto interior surface 110 of

enclosing medium 106.

[0024] For purposes of this description and the present invention, the
term enclosing medium may be any solid or semi-solid material with a shape,

having a substantially fixed form, including an inside, or interior, surface and



an outer, or exterior, surface. The term substantially fixed form is used to imply permanence of the
interior surfagg,ghths object not of the shape of the object. For example, a bag may change shape
depending on whether it is open or closed; however, the existence of the interior surface remains
whether open or closed. In addition, the substantiaﬁy fixed form also includes at least one opening
having a cross-sectional area less than the maximum cross-sectional area obtainable for that shape.
The enclosing medium may have rectangular parallelepiped, cylindrical, ellipsoidal, or spherical

shapes juship \aee 6rfeutaritnIsuUFRRIBERS Fape SUPRtNAXIREfIKET fSknT & UREMBle, enclosing
medium 106 may be a vial, a capsule, or a tube to name a few articles that may be utilized. In

alternate enffPENREARANANGE ehtgdmigriviceiiaceoef thagbisatnotobitheisharasétheor a vial
having a boBgBcEUFaRBxEHIpIBIF 5 Hay RS SHapinalsisnans os Atetsiatlyid ejection of

the bioactive fluid onto bottom interior surface 109, as well as side interior surface 110' of enclosing

medium 100BeREFRESEiHOWBVRIothy Axisiense st diadntarion ¥iE@ase KBRS includes multiple

bores or nogzithbtbBA 8fkiasBHMATEaRRIA, heigabbtamily fkisdedrifuntatiMelpgesoses only.
The number of nozzles utilized depends on various parameters such as the particular bioactive fluid to

be depositedl! |82SIARBAPERIAGERAYING 8RS BEEORILATE] 18RS BARINS THEXHIEM be generated,
and the parigyby stioh N RFIaRapRs oMtk PshapEz e Thid dhisio3fE1ABBRIT Aider fluid ejector

body 120 or enclosing substrate 106 or both may be rotated about the longitudinal axis 112 of

enclosing maRNEFaeenear BRialis'eriRgeh:sviincsicahdiRiiday @5 spietcal ShaPRAg drug particles

on the insidaArdRIiAE HERERIMEB QBSM%@%&B@@MW’B@QHW@BUQ‘OFOOZG] For purposes
of this description and the present invention, the term "hioactive” as used with fluid, composition,

substance, §¥ag'e; ig%leﬁ'r?l%&ﬁﬁjmh%pgff@éb‘sbaekﬂoYEﬁ:]ic%me@m%’f%Wf‘e@rﬁ%rﬂﬁr@ctly oras a
result of a mgjplapticles eheriy) BodifisalipnIAsIRsIALE BilbdamEHSDIAREediEIsiAg! environment,
An example of a bioactive fluid Is a pharmaceutical 100202072 | _

medium 106 is, for example, a gelatin capsule or a vial having a bottom

surface, fluid ejector head 100 may also include nozzles providing fluid

ejection of the bioactive fluid onto bottom interior surface 109 , as well as side

interior surface 110' of enclosing medium 106 as shown in Fig. 1b.

[0025] In this embodiment fluid ejector body 120 includes multiple
bores or nozzles 130, the actual number shown in Figs. 1a and 1b is for
illustrative purposes only. The number of nozzles utilized depends on various
parameters such as the particular bioactive fluid to be deposited, the number
of different bioactive fluids involved, the particular dosage to be generated,
and the particular size of the enclosing medium to be utilized. In this
embodiment, either fluid ejector body 120 or enclosing substrate 106 or both
may be rotated about the longitudinal axis 112 of enclosing medium106. Fluid
ejector head provides control of drug dosage by controlling drug particles on
the inside or interior surface of an enclosing medium in a controlled manner.

[0026] For purposes of this description and the present invention, the
term "bioactive" as used with fluid, composition, substance, or agent, is a
composition that affects a biological function of a vertebrate directly or as a
result of a metabolic or chemical modification associated with the vertebrate

or its vicinal environment. An example of a bioactive fluid is a pharmaceutical



6 substance, such as a drug, which is given to alter a physiological condition of the vertebrate, such
as a diseasgoJd¥srm bioactive is meant to include any type of drug, medication, medicament,
vitamin, nutritional supplement, or other compou%d that is designed to affect a biological function of a
vertebrate. During the "printing” or deposition process, the bioactive substance or material will be
present in a fluid, either because the bioactive is itself a fluid, or because the bioactive has been
dissolved or suspended in another fluid. [0027] It should be noted that the drawings are not true to

scale. Furdisisteaits)sethmenisdrage whicheergilentotaltredepiisitiogibalawiditiorhelie been
exaggerated in relation to other dimensions inlj)(hc%gr té)ﬁ)rovid?wa clearerni“gstra#o and understanding
i

of the presthft YRIERRER S} 5 AfReRSiH AR IS UBRIPBFINE & BSAM MG A herein are

shgwn in tﬁéimﬁdﬁjgnmefmimﬁﬂm@dmumigﬂ?hﬂminmmhaaadppiéﬂnehtshmuId be clearly
understood that these regions are illustrations of only rtion of a device that is actually a three
dimensionQtEELERMPOUR JME@?W?H@@F@@ '|Pﬁ%féf9%?é‘g¥w}ﬁ§89i8ﬁ§, Yﬁ&ﬁaﬁfﬁgqength, width,

and depth, myfeisicpipding" ot depesidori probéesarerbivhittivespbatantamrention is illustrated by
various embodiments, it is not intended that these illustrations Qe a limitation on the sgope or
applicabilitmﬂﬁ@g‘f‘@@ AR H.qtflg'ﬁo?lﬁ?@ﬁ888?H§?tﬂ]§2?%gi]¥ﬁéﬁtgscﬁ&ﬁeﬁw§5entinvention
be limited & Bwcabyeithé Bloabiias Hisbeirrdisberestorciuspeadedirusiestier flaidonstrate the
utility and application of the present invention to presently preferred embodiments. [0029] Fluid

ejector body 120, in this embodiment, is a tubular shaped structure having an outside diameter less

than the inside digoag] of ltesebesinBeMRABIMERARB ArhWingy drdhsdtitric aiestaaieody 120 is
insertable into enclosing medium op;ennin 108 alongd_lon%i&udina axig 112, of enclosing medium 106.

Enclosing fEBRER YEEOHSSIBMERtS HaURAPhRSSR Ol LRSIANAGBSIN) delivery. In
this embodiigestb8eit! exegigerred RIS To other dimensions in order to provide a

clearer illustration and understanding of the present invention.

[0028] In addition, although some of the embodiments illustrated
herein are shown in two dimensional views with various regions having depth
and width, it should be clearly understood that these regions are illustrations
of only a portion of a device that is actually a three dimensional structure.
Accordingly, these regions will have three dimensions, including length, width,
and depth, when fabricated on an actual device. Moreover, while the present
invention is illustrated by various embodiments, it is not intended that these
illustrations be a limitation on the scope or applicability of the present
invention. It is not intended that the embodiments of the present invention be
limited to the physical structures illustrated. These structures are included to
demonstrate the utility and application of the present invention to presently

preferred embodiments.

[0029] Fluid ejector body 120, in this embodiment, is a tubular
shaped structure having an outside diameter less than the inside diameter of
enclosing medium opening 108, such that fluid ejector body 120 is insertable
into enclosing medium opening 108, along longitudinal axis 112, of enclosing
medium 106. Enclosing medium 106 may be any medium having interior
surface 110 utilized for drug delivery. In this embodiment, fluid ejector body



7 120 also includes a fluid ejector body longitudinal axis 111 that is aligned with longitudinal axis 112
of enclosing gsghg 106. In alternate embodiments, depending on various parameters such as the
shape of the enclosing medium and the fluid ejector body, the fluid ejector body longitudinal axis may
not be in alignment with the longitudinal axis of the enclosing medium. Fluid ejector body 120 may
utilize any ceramic, metal, or plastic material capable of forming the appropriate sized tubular shape.
Fluid ejector actuator 150 may be any device capable of imparting sufficient energy to the bioactive

fluid either 128 fsehasRRIEE S Miith &jBsie PHoY N EtnerEEaxSA 1A chakdHligned withiessed air
actuators, such as utilized in an airbrush, or electro- mechanical actuators gr thermal mechanical

actuators map@udinakads 42 ctsogRsirg mediumdft. oy Rlteingly AMEREnplary

embommerﬂé}ﬁéhﬂﬂ@@ﬁ@ﬁﬁb@@ HFramegrdsuth a8 MHIEhapesefapeliensloskiy Wddiurda. In this
embodiment, fluid ejector head 200 includes fluid ejector body 220 wherein at least a portion of the

body has aﬁ%ﬁ\?ghﬂ‘é‘f’ gisstoc ko the luid-giectanbodileReitudiral REBSMAYHCHRE have a

parallelepipwaﬁ@hﬁwm-Mtﬁdﬁ&infhgmﬂw@?ésai@wm@ﬁﬁmgﬁ@ameﬁmﬁwﬁ&uﬁnerm direction
in which drops are ejected from fluid ejector body 220. Fluid body longitudinal axis 211 and nozzle
ejection ax(BOSY 11 FBNCUHHZR AR FEraEMGNREAb 9 BIASIS FREORA! RARREE Rhodiment, nozzie

ejection aXifo?ﬁtﬂf?'%(é)Q;ﬂWﬁ@ SpanalBligiupapé FdiddjdeweastiiamrMad aesly normal 211" of
u

fluid body longitudinal axis 211 as shown in Fig. 2b. In alternate embodiments, nozzle ejection axis

232 is aligheiai:feyiescapaiie sbimpading siffinisat sracaxdn thebieastivedividxis 232 is
substantiallgiaespanislehihdicraody Praisedinrbnitg 13 8zAE8 1190, arstisRammsies 231" and

231" illustrate that the angle may be either in a positive or in a negative direction relative to fluid body

normal 211 SYOUIBEERALY QAR e rarniilizRIUBARIPRIERPTRIREST 250, chamber layer
266, fluid bepydmaiil 280atdrs BP R IANPMEZRaliIdal aINEFRY. fel EIr2éd 22 éjech portion of a

silicon wafer. In alternate
the bioactive fluid from nozzles 130.

[0030] An exemplary embodiment of a fluid ejector head is shown in
an isometric cross-sectional view in Fig. 2a. In this embodiment, fluid ejector
head 200 includes fluid ejector body 220 wherein at least a portion of the body
has a rectangular cross-section. In alternate embodiments, fluid ejector body
may have a parallelepiped structure. In addition, nozzle 230 has an ejection
axis 231 defining the general direction in which drops are ejected from fluid
ejector body 220. Fluid body longitudinal axis 211 and nozzle ejection axis
231 form predetermined ejection angle 218 (see Fig. 2b). In this embodiment,
nozzle ejection axis 231 may be aligned at an angle between 0° and 60°
degrees from fluid body normal 211' of fluid body longitudinal axis 211 as
shown in Fig. 2b. In alternate embodiments, nozzle ejection axis 232 is
aligned at an angle between 0° and 45°, and more preferablyk nozzle ejection
axis 232 is substantially perpendicular to fluid body longitudinal axis 211. In
addition, ejection angles 231" and 231" illustrate that the angle may be either
in a positive or in a negative direction relative to fluid body normal 211°.

[0031] Fluid ejector head 200 further includes fluid ejector actuator
250, chamber layer 266, fluid body housing 280, and nozzle layer 236. In this
embodiment, substrate 222 is a portion of a silicon wafer. In alternate



100202072 8 embodiments, other materials may also be utilized for substrate 222, such as, various
glasses, alugiagpypxide, polyimide substrates, silicon carbide, and gallium arsenide. Accordingly, the
present invention is not intended to be limited to those devices fabricated in silicon semiconductor
materials. In this embodiment, fluid body housing 830 and substrate 222 form fluid channel 240. Fluid
inlet channels 241 are formed in substrate 222, and provide fluidic coupling between fluid channel 240
and chamber 272. [0032] Fluid energy generating element 252 is disposed on substrate 222 and

provides ther{I@irBHY|SthEr AestéA Aie fhayanRr Beeuinisb & ear aib SRy 2R 2Nkueh @§er suitable
fluid from nozzle 230. As described above, fluid ejector actuator 250 may be any element capable of

imparting sIYRERHR QABSSS «SHIDIBINRPNIEaURPIIBIdE: SUbsSHFAtRS AliseR qarkifee A diment, fluid
ejector actugimAGIReHRRS TAGGmigY IR FEBEIRIRMEREER 7 BIShtdRdedesTBal resistor. In

alternate embaodiments, other fluid energy generating elements such as piezoelectric, flex-tensional,

acoustic, arliniteditadhare gevicasd: agsin sdicansemicanaustas matelials e I8AMS clement

utilizes a veliaBedIEALANELRNBES RotRINB 288 \hiPsedsirdieediadsapLiing dhapigstion of a drop of
the fluid. In still other embodiments, fluid ener%%/ generating element 252 may be Io(ﬁgt d some

distance am%@?in%qﬁé.%‘?t&p@&ﬂﬁ‘,s #6h s 1aEmed inpbSIEate 24 418 PLYIARAHAIE on various
parameters syighiing hetwaeirlat fbHe hrana4lisasaep@nibriparicular structure of chamber 272, and

the structure and size of fluid channel 240, to name a few parameters. [0033] The thermal resistor is
typically formed as a tantalum aluminum alloy utilizing conventional semiconductor processing

equipment. In alte[pag2pmPRiNEiErg P HiERdRAFIG RN TEB20S didFestaush asbéwassten silicon
nitride, or palysilicon. The thermal resistor typically is connected to electrical inputs by way of

metalizatior?é BEARIRYIe sHbeLnRrey snawse Uilized toalaabadicastive fidy sralinirotection from

material, ink, or other suitable fluid from nozzle 230. As described above,
fluid ejector actuator 250 may be any element capable of imparting sufficient
energy to the bioactive fluid to eject it from nozzle 230. In this embodiment,
fluid ejector actuator 250 includes fluid energy generating element 252, which
is a thermal resistor. In alternate embodiments, other fluid energy generating
elements such as piezoelectric, flex-tensional, acoustic, and electrostatic
generators may also be utilized. For example, a piezoelectric element utilizes
a voltage pulse to generate a compressive force on the fluid resulting in
ejection of a drop of the fluid. In still other embodiments, fluid energy
generating element 252 may be located some distance away, in a lateral
direction, from nozzle 230. The particular distance will depend on various
parameters such as the particular fluid being dispensed, the particular
structure of chamber 272, and the structure and size of fluid channel 240, to

name a few parameters.

[0033] The thermal resistor is typically formed as a tantalum
aluminum alloy utilizing conventional semiconductor processing equipment.
In alternate embodiments, other resistor alloys may be utilized such as
tungsten silicon nitride, or polysilicon. The thermal resistor typically is
connected to electrical inputs by way of metalization (not shown) on the
surface of substrate 222, Additionally, various layers of protection from
chemical and mechanical attack may be placed over the thermal resistor, but



chemical and mechanical attack may be placed over the thermal resistor, but 100202072 9 are not
shown in Figggsydgrslarity. Substrate 222 also includes, in this embodiment, one or more transistors
(not shown for clarity) electrically coupled to fluid energy generating element 252. In alternate
embodiments, other active devices such as diode€ or memory logic cells may also be utilized, either
separately or in combination with the one or more transistors. In still other embodiments, what is

commonly referred to as

a "direct drive" fluid ejector head, where substrate 222 may include fluid

ejector genelriaiet SHOWHIARIYE 2EVisesiafyy SaBstrtsibpedaiBhamHRYaPgIRbination of active

devices and flujd e,neé%
s

application BRAEIM

generating elements will depend on various parameters such as the particular

&BE8F RS Memsistase dnat shenvadenclastyd electica@ibeing ejected to name

a couple of d@ﬁfﬁ:@ﬂ@ﬁuia%r@yt@@r@m BRIttt 25270 iFHEHRSIRRiBIdrTentsthe thermal

resistor rapidly heats a component in the fluid above its boiling point causin%\éigorization of the fluid

component PLRENREVE

HRYIGESBHS BSHRIS ATdRRMANYilPEIS F!smRNA

f Fig. 2a. Fluid drop

214 typicallytinedidd ester Rlep AeRely br i ieoniBihalibrrditis Rl bad tnacrblirafstargy be

characterized ag essentially a fluid drop. In this embodiment, each activation of energy generating

element 253N&8H ST

RGOS, Whati i cammaRivoraferier IRAfAm BRI Rl a fluid drop;

thus, the nuifigefictoRhiades WHEre RIS ERE 20 ME feR I dafd ¢jértor Qaflmtassnumber of

drops 214 ejected from nozzle 230. Thus, fluid ejector head 200 may generate deposits of discrete

droplets of MiRUtAGHUHFeMices.dnpYRlgo s atilizeduntisRarticiRE GABRIRRLIPMRLE of an enclosing
substrate ora8i9eideVierPaHA RAERERSE RERBREIhIg R WMIEdBESII sHNRfR@Sthe enclosing

medium. For example, when the fluid contains a bjoactive solid, substance dissolved or dispersed in a

solvent, agPFRR&EBH

#rdheinartcyanapplrationdp yaichhvidRiesiRehead 8P is hindered.

By activatings used, as well as the particular fluid being ejected to name a couple of

parameters.

[0034]

In this embodiment, an energy impulse applied across the

thermal resistor rapidly heats a component in the fluid above its boiling point

causing vaporization of the fluid component resulting in an expanding bubble

that ejects fluid drop 214 as shown in Fig. 2a. Fluid drop 214 typically

includes droplet head 215, drop-tail 216 and satellite-drops 217, which may

be characterized as essentially a fluid drop. In this embodiment, each

activation of energy generating element 252 results in the ejection of a precise

quantity of fluid in the form of essentially a fluid drop; thus, the number of

times the fluid energy generating element is activated controls the number of

drops 214 ejected from nozzle 230. Thus, fluid ejector head 200 may

generate deposits of discrete droplets of a fluid, including, for example, a

bioactive substance on the interior surface of an enclosing substrate or

medium at controlled or predetermined locations on the interior surface of the

enclosing medium. For example, when the fluid contains a bioactive solid

substance dissolved or dispersed in a solvent, agglomeration of the bioactive

particles, after evaporation of the solvent carrier, is hindered. By activating

fluid energy generating element a predetermined number of times n, n

bioactive fluid drops are ejected from nozzle 230. This embodiment provides

for optimization of the bioactive substance for dissolution rate and dosage. It



fluid energy generating element a predetermined number of times n, n bioactive fluid drops are ejected
from nozzle,g38h-hhis embodiment provides for optimization of the bioactive substance for dissolution
rate and dosage. It 100202072 10 is further recognized that the fluid may include any solid material
dissolved or suspended in one or more solvents. f(9035] The drop volume of fluid drop 214 may be
optimized by various parameters such as nozzle bore diameter, nozzle layer thickness, chamber
dimensions, chamber layer thickness, energy generating element dimensions, and the fluid surface

tension 10 NRMAGrh &R\ WeddyifizEREtHERRNEFIU A RANIRE RIS BESOIRT FgterAHl @isyolid being ejected as

well as the particular application in which the enclosing medium will be utilized. Fluid ejector head 200
described irPHIRNABHIHRNE CLMYS 8BS and reliably eject drops in the range of from about 5
femtoliters to about 10 nanoliters depending on the parameters and structures of the fluid ejector head
as described above. In alternate embodiments, fluid ejector head 200 can eject drops in the range

form about 5 femtdP@38lo ariHoRvebiae of liididsep Atddnakbaartigizedddtiments, multiple
fluid ejectorappils i dRmtére SRD8Y HEABSIRTaiaMRB Ao R IHEFRidkpeg¥aMPle, two fluid

ejector heads 200 may be formed back to back providing the ability to dispense multiple bioactive

fluids or any BBMBRI-AREISIRnS.FRaMABE 'AYGELRINERS, SRRIGEERNREEHNFBIEMANY ejector head
200 may alsfirign&idha, e thaitia sURFHeS tehBiBAY RatHE al e St 4 harytgsalant or various

combinations thereof. The term fluid includes any fluid material such as bioactive substances, inks,

chemical orVib1BEARR Rtimized dardba padicylanfiid baisssriested asye@lias dbtds in one or
more solveryarieQie] BRI VHIER RS eltaibaphy Hrnart winesdnaifrE@CcE Riigsubstrate 222.

Sidewalls 268 define or form fluid ejection chamber 272, around enerﬁ;y enerating1 element 252, so

that fluid, fr&IRHATNGRhRACSesSiRed it ithis embastinent candgrn: hr@nd Aglieki¥ction chamber

272 eject drops in the range of from about 5 femtoliters to about 10 nanoliters
depending on the parameters and structures of the fluid ejector head as
described above. In alternate embodiments, fluid ejector head 200 can eject
drops in the range form about 5 femtoliters to about 1 microliter. In addition,
according to other embodiments, multiple fluid ejector heads 200 may be
ganged together to form polygonal structures. For example, two fluid ejector
heads 200 may be formed back to back providing the ability to dispense
multiple bioactive fluids or any combination of bioactive fluids, ingestible inks,
and sealants. Further, fluid ejector head 200 may also contain a fluid that is a
mixture of bioactive fluid, ingestible ink, and sealant or various combinations
thereof. The term fluid includes any fluid material such as bioactive
substances, inks, chemical or biological reagents, as well as fluids containing

dissolved or dispersed solids in one or more solvents.

[0036] Chamber layer 266 is selectively disposed over the surface of
substrate 222. Sidewalls 268 define or form fluid ejection chamber 272,
around energy generating element 252, so that fluid, from fluid channel 240
via fluid inlet channels 241, may accumulate in fluid ejection chamber 272
prior to activation of energy generating element 252 and expuision of fluid,
through nozzle or orifice 230 when energy generating element 252 is
activated. The fluid chambers formed along longitudinal axis 211 may be in a
straight line or a staggered configuration depending on the particular



prior to activation of energy generating element 252 and expulsion of fluid, through nozzle or orifice
230 when eqgysppgenerating element 252 is activated. The fluid chambers formed along longitudinal
axis 211 may be in a straight line or a staggered configuration depending on the particular 100202072
11 application, in which fluid ejector head 200 is J lized, a staggered configuration is illustrated in Fig.
2b. Nozzle or orifice layer 236 is disposed over chamber layer 266 and includes one or more bores or
nozzles 230 through which fluid is ejected. In alternate embodiments, depending on the particular

materials utiiggiicitior)anmwhidpyRid efeatst ead 2By difzal, adiagyéréyer may also be utilized to

adhere nozzle layer 236 to chamber layer 266. According to additional embodiments, chamber layer
266 and ndRTdirationdsifustiated inFicsidbie NaggaRIPrliss IRver 3Ad$4i8Po8hmber layer

266, typicalyyds srnbdmagetofBraiiindiiaas st BdreSarngReEs@dgm chamber layer
266 on substrate 222 and then define and develop fluid ejection chamber 272. [0037] Nozzle layer 236

may be fort@eshwhich Biihis sjpsted ol noalteraate.smbadiments, derrndingRg thetis
embodimengggealar avateriafs iftifzel Yo icleaiibe Fhsy@iasn® MvzeléiRl)ereatble nozzle layer
materials include a pol imic!e film available from E. Dqunt ?e Nemaurs & Co. sqld under the name
Kapton", a RNTRNEL BETTEVAsRBR YHIZPE IR AHAELE ROZIS VST 24649 SoAMASIer the name
"Upilex.” In piyéit2emiaesdrame e adiigor emiBy@imeiids CRERSEFRIVeR 2BBlRdICh as a nickel

base enclosed by a thirléold, palladium, tantalum, or rhodium layer. In other alternative

embodimerROZEE YL 230 8EeRINSd RsActingleinisgratad chamber hazdsdayBblyethylene
naphthalateRENbePRYYr 2680typREANRNA [Qﬂgﬁi,ﬁgggﬁmmmmig@t of a fluid ejector head is

shown in a cross-sectional view In Fig. 3. In this embodiment, fluid ejector head 300 includes fluid

ejector bodPRtPEReaLAPhY €quRMERti form ehmberiaveIRerR substatet® @M %hape,
including fluidppdefina @y delates fdill ejection chamber 272.

[0037] Nozzle layer 236 may be formed of metal, pdlymer, glass, or
other suitable material such as ceramic. In this embodiment, nozzle layer 236
is a polyimide film. Examples of commercially available nozzle layer materials
include a polyimide film available from E. |. DuPont de Nemours & Co. sold
under the name "Kapton", a polyimide material available from Ube Industries,
LTD (of Japan) sold under the name "Upilex." In an alternate embodiment,
the nozzle layer 236 is formed from a metal such as a nickel base enclosed
by a thin gold, palladium, tantalum, or rhodium layer. In other alternative
embodiments, nozzle layer 236 may be formed from polymers such as
polyester, polyethylene naphthalate (PEN), epoxy, or polycarbonate.

[0038] An alternate embodiment of a fluid ejector head is shown in a
cross-sectional view in Fig. 3. In this embodiment, fluid ejector head 300
includes fluid ejector body 320 wherein at least a portion of the body has a
cylindrical cross-sectional shape, including fiuid body longitudinal axis 311
projecting in and out of the cross sectional view. In alternate embodiments
fluid ejector body 320 may have a portion having a curvilinear shape. Fluid
ejector head 300 further includes fluid ejector actuator 350, ink ejector
actuator 354, and sealant ejector actuator 358 disposed on fluid ejector body
320. Although the fluid ejector actuators are disposed under the nozzles in



projecting in and out of the cross sectional view. In alternate embodiments fluid ejector body 320 may
have a porti(l)é'b%%gg a curvilinear shape. Fluid ejector head 300 further includes fluid ejector actuator
350, ink ejector actuator 354, and sealant ejector actuator 358 disposed on fluid ejector body 320.
Although the fluid ejector actuators are disposed ulfder the nozzles in 100202072 12 this embodiment,
in alternate embodiments, the fluid ejector actuators may be positioned some lateral distance away
from the nozzles. The particular distance will depend on various parameters such as, the particular

fluid being  gfpeRRSSIRRABTHCAIRISHICLHD AR MRAMRNGIRRE M Yt ARfhyiBe Of the fluid

channels, to name a few parameters. Fluid channel separator 346 is attached to substrate 322 and

separates fIRRSEeRES remedateial distarceavwranfronithedieeden 3Tk RariBHas24, and sealant
section 325 digtHHecaniPadiverit ot FhabasirdfttefesueH BY, it sharupicAaRy ahgortions 346’

and substrate 322; ink channel 342 is formed by fluid channel separator portions 346" and substrate

322; and sefligRepafnthespaticyanstiustyre #f therharsbsssagid thastaishie and sitkstrate 322.
[0039] Fluiddpipiechaansiafddierey iniidifeopHaiameriuce idiehshnengLaapacadmmber 372,

and are formed in substrate 322 within fluid section 323. Fluid inlet channels 343 and 345 provide

fluidic couplif@tirabRb iR iRatedke and Saparates tuid sigstes head3R0ne tiesetively. Fluid
energy gengjgiishe'aNiriseeron 9EPaRREEEIRIPSIAIARd 36a1dnPsuctlen Bsengrthidgmpulse utilized

to eject fluid from nozzle 330. Fluid ener generatln:gjlements 356 and 360 provide the energy

impulses utiffakedimgat: fiuid eearne) isformed Dy fridhanas) sanaratemnpedianst, fluid energy

generating eJagaiig 308sBaf 80d;3AK ararheIBabRYsiadsy fidkl Shmrli asparagient in the fluid
above its boiling point causing vaporization of the fluid component resulting in ejection of a drop of the

fluid. In altePREISSHRRRAguUbstEte dd%and periastehrnerddisdormead by dlidiectric,
flex-tensiongha¢REESEparst GBS IS 4PN e YsoRMIE!322.

[0039] Fluid inlet channels 341 provide fluidic coupling between fluid
channel 340 and chamber 372, and are formed in substrate 322 within fluid
section 323. Fluid inlet channels 343 and 345 provide fluidic coupling
between fluid channels 342 and 344 and chambers 374 and 376 respectively.
Fluid energy generating element 352 is disposed on substrate 322 and
provides the energy impulse utilized to eject fluid from nozzle 330. Fluid
energy generating elements 356 and 360 provide the energy impulses utilized
to eject fluid from nozzles 332 and 334 respectively. In this embodiment, fluid
energy generating elements 352, 356, and 360 are thermal resistors that
rapidly heat a component in the fluid above its boiling point causing
vaporization of the fluid component resulting in ejection of a drop of the fluid.
In alternate embodiments, other fluid energy generating elements such as
piezoelectric, flex-tensional, acoustic, and electrostatic generators may also
be utilized. In this embodiment, fluid energy generating elements 352, 356,
and 360 eject the fluid in a substantially radial direction onto the interior
surface of the enclosing medium (not shown).

[0040] Chamber layer 366 is disposed over substrate 322 wherein
sidewalls 368' define or form a portion of fluid ejection chamber 372 in fluid
section 323; sidewalls 368" form a portion of ink ejection chamber 374 in ink



be utilized. In this embodiment, fluid energy generating elements 352, 356, and 360 eject the fluid in a
substantiall)fd 'g%ﬁrection onto the interior surface of the enclosing medium (not shown). [0040]
Chamber layer Is disposed over substrate 322 wherein sidewalls 368" define or form a portion of
fluid ejection chamber 372 in fluid section 323; sidéwalls 368" form a portion of ink ejection chamber
374 in ink 100202072 13 section 324; and sidewalls 368™ form a portion of sealant ejection chamber
376 in sealant section 325. Nozzle or orifice layer 336 is disposed over chamber layer 366 and

includes ONgeBINEROLRFISIARARS 368" 33An oAk brdeaawhighdliad. dRdhmiiiree sections, is

ejected. In alternate embodiments, depending on the particular materials utilized for chamber layer

366 and no27/IB inyiaaiaet seciancARe INpZZIR AF Srficsdayar 338 IsRRSSh YRS layer 336 to
chamber layAer 16581506 B HRRRLSRaCSTRIE boRaTah oIS 3D ARE2IGHEE layer 336 are

formed as a sin%lgs layer. Such an integrated chamber and nozzle layer structure is commonly referred

toas a chaddetnpreb which Muds inthedhssersestens Arriggtetig saltesRaleiuid ejector body 320
separated i@mﬂ@aﬁﬁéﬂ%{im@mﬁy&eﬁwamﬂﬁ aleriis e apedRieckarmiseriRgler section to

multiple sections depending on the particular application in which fluid ejector head 300 is utilized. For

example, filiB@ROROEAS Bxer33P AR adhesiR layefisnay iRk 0e mtlzed dradNeFaddition, the
fluid chambggsy AerTageraiaradoamivien|syds 388, mRcbRIRG S ERiaRidng isssrReneonfiguration,

or helical configuration depending on the particular application in which fluid ejector head 300 is

utilized. In HAMDEANGSORANE BerAeIaYO DR IRNENGed 88 RSIRARIRYE sk, staggered, or
helical configiitepstd HEMBIPaRBNREE RO BIRLCATERASIMFIIsRIBREA t8adiple bioactive

fluids, inks, and sealants depending on the particular application in which fluid ejector head 300 is

utilized. In h EMEFRAE OBHTR AMMFBAMBEENEREIAYREY eject a fluid having a bioactive component, ink

[0041] Although Fig. 3 depicts fluid ejector body 320 separated into
three sections, alternate embodiments may utilize anywhere from a single
section to multiple sections depending on the particular application in which
fluid ejector head 300 is utilized. For example, fluid ejector body 320 may
have a single section to eject a bioactive fluid. In addition, the fluid chambers
formed along longitudinal axis 311 may be in a straight line, staggered
configuration, or helical configuration depending on the particular application
in which fluid ejector head 300 is utilized. In another example, fluid ejector
body 320 includes six sections having straight, staggered, or helical
configurations, providing for any of the possible combinations of dispensing
multiple bioactive fluids, inks, and sealants depending on the particular
application in which fluid ejector head 300 is utilized. In an alternate
embodiment, each section may eject a fluid having a bioactive component, ink

component and sealant component or any combination thereof.

[0042] In addition to having various humbers of sections each section
may also be independently optimized for performance. For example, the
energy generating elements of each section may be optimized for the
particular fluid ejected by that section. Further, the dimensions of the ejection
chambers and nozzles may also be optimized for the particular fluid ejected
by that section. Energy generating elements as well as chamber and nozzle



component and sealant component or any combination thereof. [0042] In addition to having various
numbers of gaetiRgsach section may also be independently optimized for performance. For example,
the energy generating elements of each section may be optimized for the particular fluid ejected by
that section. Further, the dimensions of the ejectio?14 chambers and nozzles may also be optimized for
the particular fluid ejected by that section. Energy generating elements as well as chamber and nozzle
100202072 14 dimensions within a section may also be varied providing ejection of different drop

sizes of the gpRAdURSIA/IRIFIS e BATRY A8 BovaRad E%i@ﬁﬁj@jéiﬁf@ﬁ BYdifrérent an

exemplary embodiment of bioactive fluid dispensing system 404 of the present invention is shown in a
perspectivedURREIFE SRS thasamadiiditbaeie eve fuid ajosternead i38Rides enclosing
medium tray 484 having an n x m array of enclosing medium holders 486 adapted to accept insertion

of enclosing medium parts 406. Bioactive fluid dispensing system 404 further includes an i x j array of
fluid ejection cartr hoRefarming inFige daneyenariat smpedineptahbigastive fHithclosing

medium opeiEh4Y SRIEPATISGMIRY HRIBIREM GBS SHOWY MGAsbrsgediiay of holders

containing enclosing medium parts and a 2 x 2 array of fluid ejector bodies wherein the tray is

effectively difYéd Rihisemeodimentbisactivrilid dianeasingsyiem HiBsdeRserted in the
enclosing m@ﬁ’@l’é@iﬁérfﬁéﬂiﬁﬁ?ﬁ&?qt'ﬁlf‘hﬁm@sé?mpﬁmytaﬁéﬁ@dsm%‘%dﬂﬁﬁ“o” cartridges 402

Is mounted to dispensing bracket 488. Fluid ejector actuators (not shown) are operably coupled to fluid

ejector bodibsldetsARP adaniedte irgcept insrrianefienclasing ledivopatsd88iuid the ejector
acualors, LRigEN 8 I BRI AESIHB ILIbAGRRLP IS loB aK Pl BipAHdpRans onlo the

interior surface of enclosing medium parts 406. In addition, fluid controller 490 is operably coupled to a

rotation meBIRSHRM@BHdE8% APdithriips U sigdRBedieaArIRdanted 4o Saipsariadjector bodies
420 about ajpigbRBRSINGIHEEINA BleringsHO8YNFor example, a system may utilize a

tray having a 4 x 4 array of holders containing enclosing medium parts and a
2 x 2 array of fluid ejector bodies wherein the tray is effectively divided into
four sections of 2x2 holders and the fluid ejector bodies are inserted in the
enclosing medium parts in each section. In this embodiment, the array of fluid
ejection cartridges 402 is mounted to dispensing bracket 488. Fluid ejector
actuators (not shown) are operably coupled to fluid ejector bodies 420 and
fluid controller 490, such that fluid controller 490 activates fluid the ejector
actuators, to eject, for example, a bioactive fluid at controlled or
predetermined locations onto the interior surface of enclosing medium parts
406. In addition, fluid controller 490 is operably coupled to a rotation
mechanism (not shown) disposed on fluid ejection cartridges 402 to rotate

fluid ejector bodies 420 about a fluid body longitudinal axis (not shown).

[0044] Transport mechanism 492 is coupled to either dispensing
bracket 488 or enclosing medium tray 484 or both depending on the particular
application in which dispensing system 404 is utilized. Transport mechanism
492 is operably coupled to transport controller 494, and provides signals
controlling movement of enclosing medium tray 484 to align enclosing
medium openings 408 to fluid ejector bodies 420 as well as insert and
withdraw fluid ejector bodies 420 from enclosing medium parts 406. For
example, transport mechanism 492 may move enclosing medium tray 484 in



[0044] Transport mechanism 492 is coupled to either dispensing bracket 488 or enclosing medium tray
484 or both gapesEisg on the particular application in which dispensing system 404 is utilized.
Transport mechanism 492 is operably coupled to transport controller 494, and provides signals
controlling movement of enclosing medium tray 482 to align enclosing medium openings 408 to fluid
ejector bodies 420 as well as insert and withdraw fluid ejector bodies 420 from enclosing medium parts
406. For example, transport mechanism 492 may move enclosing medium tray 484 in 100202072 15

X and Y lateqad ftraclnaranitedibrs WhTE lavsitanddomenagg. bR metitesttns)Zlispensing
bracket 488 to withdraw and insert fluid ejector bodies 420 into enclosing medium parts 406 as shown

in Fig. 4. In WEERHOR) dspRRRIngREeckRtAEE I withdravbantbinser it alpelotRRARSand controlled
by transpory?e ahenéHBldSAgveE v PiaHe 306 QIRCEPRING ediyra. iy A4rrheut a central axis to

provide additional alignment motion. In this embodiment, fluid controller 490 and transport controller

494 may utifFPYMEsMSHAthRSFembipRtionsPE pRYrMeRis ey ke uilitizedaed) microprocessors
and prograrsginfifdady eaHsprimiednioiozasgss dynetinrmafbididisingneiagisistem 404. The

particular devices l%ilized will depend on the particular application in which fluid ﬂlas ensing system 404
[

is utilized. IFRYARHACHLR SRR Rxishiuprrvids Badiienr) fligngeent meRessig Fium loader 498
to load enclgpipa R RAIE RIS 400CkRRineamasirre dietdsmisr 483, nahanizismepsing system

404 may also include enclosing medium rotator 485 to rotate enclosiné medium parts 406 around an

enclosing miRIMPINRLiRK Gl RRPIsRAtipa-epegifie intearatemheiecHita AE Bherior surface of the enclosing
medium arogietppolEssIRCIDEErFIRRILRITIgR ehRREIRSIS L ) BRY SafidRe" rotation of fluid

ejector bodies 420 or both can be utilized to generate a two-dimensional array of discrete deposits

dispensed dHRFtiRmeSAid digpensinghaysiaty AdiueRaticHiar devices utilized will

depend on the particular application in which fluid dispensing system 404 is
utilized. In addition, dispensing system 404 may optionally include an
enclosing medium loader 498 to load enclosing medium parts 406 into
enclosing medium holders 486. Further, dispensing system 404 may also
include enclosing medium rotator 485 to rotate enclosing medium parts 406
around an enclosing medium longitudinal axis (see Fig. 1a and 1b) thus rotate
the interior surface of the enclosing medium around the fluid ejector body.
Either rotation of enclosing medium parts 406 or rotation of fluid ejector
bodies 420 or both can be utilized to generate a two-dimensional array of
discrete deposits dispensed onto the interior surface of enclosing medium
parts 406.

[0045] Optional inspection unit 496 may be utilized to provide on-line,
non-destructive quality assurance testing of the manufactured dosage forms.
Monitoring the amount of active substance deposited onto enclosing medium
parts 406 may be carried out. For example, near infrared or other optical
technique may be utilized to perform a rapid in line assay of the active agent
or agents onto enclosing medium parts 406. Such in line testing can be
performed before various excipients, if desired, are added, and thus removes
overlap or interference of the excipient signal in the assay measurement. In
addition inspection unit 496 may also be utilized to optically monitor the
quality of characters generated on the interior surface of enclosing medium



[0045] Optional inspection unit 496 may be utilized to provide on-line, non-destructive quality
assurance tegting phthe manufactured dosage forms. Monitoring the amount of active substance
deposited onto enclosing medium parts 406 may be carried out. For example, near infrared or other
optical technique may be utilized to perform a rap?& in line assay of the active agent or agents onto
enclosing medium parts 406. Such in line testing can be performed before various excipients, if
desired, are added, and thus removes overlap or interference of the excipient signal in the assay
measuremeparis 4@ndition inspection unit 496 may also be utilized to optically monitor the quality of
characters generated on the interior surface of enclosing medium 100202072 16 parts 406. [0046]
Referring to Fig. 5a, an exemplary embodiment of enclosing medium 506 of the present invention is

shown in a perspepiiygeyieRasctriRgasTRge BHCaIeRaaD R LAMb ARl MbRaisaaY, dosage form
500 is a gelatin cafggulglon which dlascrete deposits 514 are deposited on inside surface 510 of dosage

form 500. DiReRitTHePEHfthe Prasgidnmantian iFshambinABarSRE Hvenisw 8% Fnay be in any
desired twogHdhiRR:eiieasiisRIga feme SDe NiRARREMBYAINRSRN CasR e TurmuseyMeamaterial that

dissolves or degrades in body fluids, or enzymes or both. Dosage from 500 alsg may be insoluble or

relatively inSSIANR ERRMSPEMRICH AisHHRS fernsitePlfigre JPoRSerQAMRMYeThe liquid may then
promote drugy FrRisass! i disRsieIdAMTSER0 eiikerehy diHeyRse S1£7sapoEwPIaBShatRErforations.

Typically dosage form 500 is hydrophilic and readily disintegrates in water, and in other embodiments,

the dissolutidTerMiSPRSIRS A% TIQWBaGE MRS BNk GesiesitworrE thresrdHaenFNgl the stomach
or upper intaﬁm@&@éagm@agéf&m@m@%m%@w BN O sttt iR digbRiespecific sites in

the gastrointestinal tract. In addition, ingestible materials that minimize unintended interactions with

the bioactivTHRPERSSSERORAYHSSe 6 /RZYHES QT BothaiiosPaRHEIMRAL AR M&¥rials that
minimize thggqleasiaméar relatively insoluble but allow entry of liquids by either diffusion

or via perforations. The liquid may then promote drug release from dosage
form 500 either by diffusion or escape through the perforations. Typicaily
dosage form 500 is hydrophilic and readily disintegrates in water, and in other
embodiments, the dissolution or disintegration of dosage form 500 is
enhanced at the pH of the fluids in the stomach or upper intestine. Dosage
form 500 may be coated to promote or resist dissolution at specific sites in the
gastrointestinal tract. In addition, ingestible materials that minimize
unintended interactions with the bioactive fluid dispensed in dosage form 500
are desirable. Further, ingestible materials that minimize the release of a
component, that would cause unintended interactions with the bioactive active
agent, included in the dispensed fluid, upon dissolution of dosage form 500
are also desirable. The ability to remain stable over extended periods of time,
at elevated temperatures, and at high or low levels of relative humidity are
additional properties of dosage form 500 that are desirable. In addition, in still
other embodiments, gelatin capsule 508 is generally a poor medium for the
growth of microorganisms to reduce spoilage. Three examples of exemplary
dosage forms are capsules made of gelatin, capsules made of
(hydroxypropyl) methyl cellulose (HPMC), or capsules made out of enteric
coating materials. The dosage forms may be coated over the outside surface
with one or more materials as is useful, or desirable, to improve appearance,
or function, such as ease of swallowing, or to modify, or influence release of



component, that would cause unintended interactions with the bioactive active agent, included in the
dispensed flyi d48%4 dissolution of dosage form 500 are also desirable. The ability to remain stable
over extended periods of time, at elevated temperatures, and at high or low levels of relative humidity
are additional properties of dosage form 500 that Yre desirable. In addition, in still other embodiments,
gelatin capsule 508 is generally a poor medium for the growth of microorganisms to reduce spoilage.
Three examples of exemplary dosage forms are capsules made of gelatin, capsules made of

(hydroxyprapgbipadtileaigdnse Thnbal, gerrseissilabosH#y snisttcgianatenaterials. The

dosage forms may be coated over the outside surface with one or more materials as is useful, or

desirable, t8hEh[R09E Hom Ao mMUis@bauLleMB.hrweyesdeerndingar thedify, or influence
release of 1007k IReDIRA BISAE SRR SIoHHI R B RS R diameter in

the range from about 3 mm to about 12 mm, however, depending on the particular bioactive fluid
being dispeP%amBiRclaEaRISIAaS AreonamNEdD. ederiemediaifr sizes are common in veterinary
medicine. [0047] In this embodiment, discrete deposits 514 are deposited, in predetermined locations
forming an array of bioactive agent particles, on inside surface 510 of enclosing medium 506. The

deposition of soluti9Q48t a |BithisRBLe@meats disrrateidoresits Asat erregitt bivent or mixture

of solventspiaditerfithe8neskticrisHeRnfgas HF@@PBFB@H@W@E#?E?S@&@I@%K dhe solvent has been
ati

removed or absorbed by the capsule. A cross-sectional view of gelatin capsule 508 is shown in Fig. 5b

illustrating dngifecsutace:d 10 andeningirssiney 306 uihederasitionof selstiars of @apsule 508.
In an am”ﬁ?ﬁh@fﬂ’@éﬁ@ﬁﬂd@%f\%@,%EB&M%W&@W@@@Y@@%&W 8f Hifteirnbpioactive

agents. For example, the capsule may contain four different bioactive agents dispersed so that every

fourth discréRMEIBSsIn diserat dgpsin S idgansratrsmisieraticHiatelisRaIons aitekain the
same agenther sulyeitrRBE BERn aicldarerapasties b théesapshieadieoss-sectional

view of gelatin capsule 508 is shown in Fig. 5b illustrating a row of discrete
deposits 514 deposited around the inside circumference of capsule 508. In
an alternate embodiment, discrete deposits 514 may form several arrays of
different bioactive agents. For example, the capsule may contain four
different bioactive agents dispersed so that every fourth discrete deposit
contains the same agent or every fourth row or column would contain the
same agent, or any combination with different amounts of different bioactive
agents. Another example would be where capsule 508 contains four sections,
each section containing discrete deposits 514 of a particular bioactive agent.
An expanded cross-sectional view of discrete deposits 514 is shown in Fig. 5¢
showing microparticulates 516 formed on inside surface 510 of capsule 508
after the solvent has been removed or absorbed by the capsule. In an
alternate embodiment, capsule 508 may be, for example, an enteric coated
capsule for those applications in which the bioactive agent or agents
deposited are to be released in the intestine.

[0048] The bioavailability, or in other terms the rate and extent of
absorption, of a bioactive agent is often related to the rate of dissolution of the
bioactive agent. The rate of dissolution is dependent on particle size and
typically given similar conditions the rate of dissolution of a particular agent
increases as the particle size decreases. Thus by utilizing a fluid ejector head



agents. Another example would be where capsule 508 contains four sections, each section containing
discrete depgiig 34 of a particular bioactive agent. An expanded cross-sectional view of discrete
deposits 514 is shown in Fig. 5¢ showing microparticulates 516 formed on inside surface 510 of
capsule 508 after the solvent has been removed dPabsorbed by the capsule. In an alternate
embodiment, capsule 508 may be, for example, an enteric coated capsule for those applications in
which the bioactive agent or agents deposited are to be released in the intestine. [0048] The

bioavailabili g5t Skt HsestieiFEtAE & SN f alz%?mi@rs&ﬁﬁd@ig,aers\@mné,i%ﬁften related
(0]

to the rate of dissolution of the bioactive agent. The rate of dissolution is dependent on particle size

and typicalSMSRERsiANTAT @ hinastiverrgentoaviReslenssitad auivididroprif fofReases as the
particle sizerdigebpRarasuibies o wdisingd Wekricekpdigad (HOP dMtodimaramMedizgebe inserted into

the opening of a capsule solutions, dispersions, or suspensions of a bioactive agent may be deposited

as fluid drofd theseiiuididens can fecontiplied  BscdeasciRedakare. AndidretwIarlE MR the size of
these fluid dfRpeaprie BRAPEBEEY RericHEINEGBEAYG0ahalkbEidMivHTdhespoaadem about 5

femtoliter to about 10 _nanoliters, which corresponds to microparticulate d?fosits In the picogram to

microgram rRHJORRIHEHIAR IRPRRLS s RIRCIFAAULR BIETE9ERTL 585 Y6 REBARA AR of solvent in a
drop. In a“‘?ﬁ'éaftﬁti%"@?‘fﬁé’%ﬁﬁé%ﬁth%?@a%ﬁiV@%QéMméﬁmﬁ?dﬂd@ﬁéﬁﬂﬁ?afﬂ?ﬁbabom 5

femtoliter to about 1 microliter, which corresponds to micrOé)articulate deposits in the picogram to

milligram rahyaltespatripgedinentiidhs gize-phHipse flBid LRRS S8 REIMBRFRNIR of solvent in a
drop. DepogiianLydlies fiemenerts abur!saiitighter2asieReEHespBhdgiegoparticulates 516. [0049]

The bioactive fluid may be formulated so discrete deposits 514 on inside surface 510 of capsule 508

may be knol¥Fippastiouiata deresitadnl Reminagrme o miligramdanos Jereadingeprie, emulsions,

ratio of the amount of bioactive agent to the amount of solvent in a drop.
Deposition of discrete deposits 514 also hinders agglomeration of

microparticulates 516.

[0049] The bioactive fluid may be formulated so discrete deposits
514 on inside surface 510 of capsule 508 may be known types of
pharmaceutical formulations such as eutectic mixtures, liposomes, emulsions,
amorphous co-precipitates, micronized drug particles, solid-in-solid solution,
glassy state powders, co-solvent solutions, and solutions in polymers as only
some examples. Further, for bioactive agents that are released in the
stomach the dosed capsule 508 does not require being filled with excipients
and will then float on gastric contents while the capsule and bioactive agent
dissolve, increasing the amount of bioactive agent released in the stomach.
For example, a hydrophobic excipient, may include a waxy sealant with a
density less than 1.0 gram per milliliter, which may be applied over discrete
deposits 514, this “inside liner material” will help the capsule float in the
stomach, and release drug in the stomach, while the capsule shell and
bioactive material are dissolving. In still other embodiments an excipient or
"inside liner material" may be other polymeric materials such as a diffusional
resistant membrane or an enteric coating membrane. In addition, the
utilization of such an excipient "inside liner material" may also be used to
generate three-dimensional arrays of, a bioactive substance or multiple



amorphous co-precipitates, micronized drug particles, solid-in-solid solution, glassy state powders,
co-solvent q%g{?a% and solutions in polymers as only some examples. Further, for bioactive agents
that are released in the stomach the dosed capsule 508 does not require being filled with excipients
and will then float on gastric contents while the caﬂ)%ule and bioactive agent dissolve, increasing the
amount of bioactive agent released in the stomach. For example, a hydrophobic excipient, may
include a waxy sealant with a density less than 1.0 gram per milliliter, which may be applied over

discrete depipsitind dutbitsiessSANRSHRRIIRSCWH 1iebT BirrasmeymBaniin 08, sEamach, and

release drug in the stomach, while the capsule shell and bioactive material are dissolving. In still other

embodimer@X3MRIgi e RRFIosRGIeAMMARYRe A IFBUNFRRSHA MR RIQRCHYE such as a

diffusional W@ﬁ@m%}?tﬁéméﬁ&r&ﬁ%ﬁr& therelpyife lArrpgidAnihgntehigzation of such an
excipient "inside liner material’ may also be used to generate three-dimensional arrays of, a bioactive

substance &ORtingHRS 108 2inside lineypatanial’ Jeresited-avenibriBicaste 838Nt enclosing medium

506. For exfspbiitshagnelpshtihg i prabaydR ptaelasiraPaumbeion diereliygagsat deposited
on the interior surface of the capsule and then an enteric coating as the "inside liner material”

deposited ofRlpase mbihgibioaglive ageptmaysheghtaingd (as frbexemwleti®RSFad number of

doses a pulgpfbtie @aRfrén tor Riearivas Rt onaLReniained, as for example in hyper- kinetic
children for Ritalin(r) as just one example. [0050] An alternate embodiment of the present invention in

an expanded cross-sectional view of a portion of dosage form 600 is shown in Fig. 6a. In this

embodiment, sealggbBwerighHsihARNTIERMPNERCHTARIDrdeBABIRERfioH s ere deposited on

inside surface 610 of enclosing medium 606 forming dosage form 600. Discrete deposits 614 generate

micropartic@XRaNded dpstpestinnabyusyistd RetiRy of desaas rEuAlY is=henA B0 acts to seal
the bioactiveigagat fiaRhise RIBAAMBRNsealant material 620 is deposited over discrete

deposits 614 which were deposited on inside surface 610 of enclosing
medium 606 forming dosage form 600. Discrete deposits 614 generate
microparticulates 616, similar to that described for Fig. 5. Sealant or barrier
material 620 acts to seal the bioactive agent from the environment.
Depending on the particular bioactive agent dispensed, and the particular
dosage form material used, the barrier material provides various protective
properties, such as humidity protection, protection from oxidation, inactivation,
or contamination. The sealant or barrier material also further limits
agglomeration. The sealant or barrier material is an edible coating made from
a suitable polymeric material such as, for example, a water-soluble

polyoxyethylene or cellulose ether derivative, or waxy material.

[0051] An alternate embodiment of the present invention in an
expanded cross-sectional view of a portion of dosage form 601 is shown in
Fig. 6b. In this embodiment, the deposition of multiple deposits of the same
or different bioactive agents on dosage form 601 is illustrated. Discrete
deposits 614 generate microparticulates 616 and sealant material 620 is
similar to that described above. Discrete deposits 614' forming
microparticulates 616' and sealant material 620" are deposited after sealant
material 620 is deposited. Thus, microparticulates 616' and sealant material

620" create a dosage form having either an increased dosage of a particular



Depending on the particular bioactive agent dispensed, and the particular dosage form material used,
the barrier {ggsghigiprovides various protective properties, such as humidity protection, protection
from oxidation, inactivation, or contamination. The sealant or barrier material also further limits
agglomeration. The sealant or barrier material is an edible coating made from a suitable polymeric
material such as, for example, a water-soluble polyoxyethylene or cellulose ether derivative, or waxy
material. [0051] An alternate embodiment of the present invention in an expanded cross-sectional
view of a pbidactivedagegediosdé8dges firawhavingign@tiple bidaetivecaijartst dbpoditedsition of
multiple deposits of§he same or different bioactive agents an dposage formfﬁ‘}Ol is illustrated. Discrete
deposits G&etj@ﬁbr HGhia-BRGRSSISRR Begﬁ@t?ég?ﬁrﬂr Pﬁ’é{g&i'glcé%ﬁ@gs F208° R4t described

above. DisgaifhRSPASEaFE OMRIEWiIth Mg Moasivéesdekts anitistiaasamaleriaiffsenare deposited
after sealant, material 620 is deposited. Thus, microparticulates 616' and lant rial 620’ create
a dosage fEPIRFRE ARPAPELRYAP H%jgh@é%f%’b%‘?ﬁ&ﬁiﬂ%%ﬁ@bé%@@”é@ﬁive agent or a
dosage forgahaydngensainedridiftsien bgeptndimpeitcthetiparticul Suapplicationsis eenidie repeated to
provide increasing gosa or.,com dosage forms,with many. bioactive agents. with the same or
different r38§§8%ﬁ8{%%§3p¥¥8ﬁb&ﬁﬁ%§ |H%QH&@ﬁi%%l%ﬁ%ﬁi@ﬁé@‘%ﬁﬁ’ﬁﬁq@meéan be the same
or differentstepersisuctive e ont irwgeanpbehigusedvhRdr dxsagicosenatiit miteralslized as well as
the properties and compatibilities, of the bigactive agent or agents being used. For example, sealant
e aies nleae o 2 il

materials &Z9 7 MR (e TMHIAIRE 0 BN EHA" bioactive
agent. AnoBigaéias ident/onlsotser BRERrRE| b IR tssi VA érélsaathiinatentaleccZOnntited to

provide separation of a particular active ingredient frgm other bigactjve agents that are physically or
chemically rﬂﬂtiﬁf’e?off‘a#ﬁ@ééoré’l@é’g S eRRAYRR @Rﬁ&'ﬁé’ 'éaé%d\é%ﬁogrg !ﬁﬂ%issolution

rate or reldps Gtitertipdetiiashgenis thattarecohysicallyest dhemigaigrineompatible.
Controlled release in this context is where the bioactive agent dissolution rate
or release rate may be fast, slow, sustained, or pulsed. Thus, pharmaceutical
dosage forms may be generated that release an increasing, decreasing,
constant, pulsed at uniform times, or pulsed at varying times, amount of a

bioactive substance over time, after being ingested.

[0052] An alternate embodiment of the present invention in an
expanded cross-sectional view of a portion of dosage form 602 is shown in
Fig. 6¢. In this embodiment, ink deposits or dots 622 are deposited on inside
surface 610 of enclosing medium 606 in patterns using dot matrix
manipulation or other means to generate an image, alphanumeric characters,
or a machine understood code such as a one or two dimensional bar code, on
enclosing medium 606. Discrete deposits 614 and sealant material 620 is
deposited over ink deposits 622. For example, ink deposits 622 generate the
alphanumeric characters "agh3" printed on the inside of enclosing medium
606 in reverse letters to be legible from the outside, as shown in Fig. 6d.
Such characters can be utilized to meet Federal Drug Administration
requirements for drug capsule identification by printing on the inside of
enclosing medium 606, such characters or images are not as easily rubbed
off or washed off as for conventional dosage forms printed on the outside
surface. In alternate embodiments ink deposits 622 may be deposited after or



dosage forms may be generated that release an increasing, decreasing, constant, pulsed at uniform
times, or pqasgo%yf\rying times, amount of a bioactive substance overtime, after being ingested.
[0052] An alternate embodiment of the present invention in an expanded cross-sectional view of a
portion of dosage form 602 is shown in Fig. 6c¢. Irfthis embodiment, ink deposits or dots 622 are
deposited on inside surface 610 of enclosing medium 606 in patterns using dot matrix manipulation or
other means to generate an image, alphanumeric characters, or a machine understood code such as

a one or tWREHRESIFIRRHERS FO6sIN6FAAR K AISKHARIGEI BIUTaie sipRpSits 614 and sealant

material 620 is deposited over ink deposits 622. For example, ink depaosits 622 generate the

alphanumeﬁt‘f@%"&‘&%}@#'Hﬁﬂﬁpﬁ%mgﬁq}?@ﬁﬁﬁﬂ‘ayéﬁ%gﬁﬁ&%ﬁﬁﬁ’ beferie AERIIEE letters to be
legible fromgReRISS. G225 EHASEIFRS SHCBUR HARIS SRR Z R dHareleBRderal Drug

Administration requirements for drug capsule identification by rinting on the inside of enclosing

medium 606F SuEficientiyfarsear FHr_hsesKe ink WhaAdHiem: & for conventional

dosage formpR,RERRAREHITANSIES b ifRATI4A HIEKBaHK IGPRRALTSAT dEsHBROSIts 622 may be
deposited after or 100202072 21 between discrete deposits 614 and sealant material 620. In other

embodiments, multiple bioactive agents may also be deposited before or after ink deposits 622.

Enclosing mediuny6@5ain (s s eRsaliai dearpRa Hisieial desaagedaiiv sietect or

observe ink dots 622. In addition, a bioactive agent can also be included in the ink formulation if
desired. [005¢] Rig S8R IMENIR G BREM I PEFFRSCIVEHPYOIRGfdm!BRRISe present invention is

shown in 2 Ba{ERAFHEAYIBIRTAcIdpdRitsi? 18RO disRRIEHS TR RelRAERTMBNAGESRPROSIted, in

predetermined locations forming an array of bioactive agent particles, on interior surface 710 of

capsule 7068 aMBUEAHET BiaAstvessgent pRiticlearansintsiQIgHfaes: 71870has discrete deposits
714" depositegh8iERIEhS YEAEPHEP FO6VEENd shown in Figs. 5 and 6. Dosage insert

707 has discrete deposits 714' deposited on interior surface 710’ forming a
second array of bioactive agent particles. Dosage insert 707 has an outer
diameter less than the inside diameter of capsule 706 so that dosage insert
707 is insertable into capsule 706. Dosage insert 708 has discrete deposits
714" deposited on interior surface 710" forming a third array of bioactive agent
particles. Dosage insert 708 has an outer diameter less than the inside
diameter of dosage insert 707 so that dosage insert 708 is insertable into
dosage insert 707. As described above dosage inserts 707 and 708, in
alternate embodiments, may have multiple bioactive agents deposited in
various combinations as previously described. In this embodiment, the
combination of capsule 706 and dosage inserts 707 and 708 form dosage
form 700 having a bioactive substance gradient in the radial direction of the
dosage inserts and capsule 706. In this manner by varying the areal denisty
of bioactive substance deposits in each insert, dosage forms may be
generated, that after being ingested the gradient in the amount of bioactive
substance released over time may increase, decrease, remain constant,
pulsed at different times, or pulsed at constant times. In an alternate
embodiment, dosage inserts 707 and 708 may include a bioactive agent or
agents deposited on the outer surface as well. Further, multiple inserts
greater than three can also be utilized. And in still other embodiments,



second array of bioactive agent particles. Dosage insert 707 has an outer diameter less than the
inside diamgjgygeheapsule 706 so that dosage insert 707 is insertable into capsule 706. Dosage insert
708 has discrete deposits 714" deposited on inteégor surface 710" forming a third array of bioactive
agent particles. Dosage insert 708 has an outer diameter less than the inside diameter of dosage
insert 707 so that dosage insert 708 is insertable into dosage insert 707. As described above dosage
inserts 707 and 708, in alternate embodiments, may have multiple bioactive agents deposited in

various corsapaiierr0es ag\tesalyel rrsie 0 hiF08drdiyauntbination thexeoh mayapsule 706
and dosage inserts 707 and 708 form dosage form 700 having a bioactive substance gradient in the

radial direcR8rPBIRHE GARSHIES X IRANCERSUIRS 706. In this manner by varying the areal denisty of

bioactive substance deposits in each insert, dosage forms may be generated, that after being

ingested the gradient.in.the arfﬁount of b‘i_oacé::/e substance released ovir ?’me ma?/ increase,
A

decrease, remain Lt RERLARGIOfHE, ?ﬂ:ﬁé%['tﬂrﬂm&ﬁ BIALAT 60COSIA%n alternate
embodimemhedRsRUSOBSETthe Bresent/indentiyrinslsHevwrbinacieespeetiveviegeassadeposited on the

outer surface as,well. Further, multiple inserts . greatey than three can, also be,utilized. And in still other
embodimeﬁ%ﬁﬁﬁ@ﬁﬁﬁ%@e@éﬁgmeségs,Iﬂrﬁ'ﬁc?ég 8an§8% BOMEMIND, combination
theLeC:jf mabléx?@ittle(bo %mmébé ehagich disprelesdpO5is Beleofirorindiogctiveneateniglary
embodiment of enclosing medium 806 of th esent inyention |s, shown ip a perspective view as a
radiation-eMiiAGRAS PQdﬂtqﬂ%ﬁué'%%aﬁéerﬁfqéﬁéign'-réﬁhﬁr‘?&%?éﬂﬁ@#‘%é% is a tube on which
discrete deggsialflésy merdisiitve Mt aianietde st es pitkyiar metdiasughGsTube 812, in this

embodiment, is_ typically less than about 1 mm in diameter, and is typically a metal such as titanium.
&lisly dis

A predetertfRBWEmA RIeRISTRIBed 380NNk GNd\PaRR L 23 RreY IS6USRRENY, of a
radioactive disifemémbedisrpiEcefN radaNG fluid may be deposited on the interior

surface of enclosing medium 806. Such a device may be utilized in the
localized treatment of tumors and other medical conditions by the interstitial
implantation of radiation-emitting element 800. Such radioactive implants
may be utilized to provide radiation therapy to destroy, reduce, or prevent the
growth of tumors. The direct implantation of such radioactive sources directly
into solid tumors is generally referred to as brachytherapy. The radioisotope
to be deposited may be either dissolved as a salt or suspended, in an
appropriate solvent or solvents. Examples of radioisotopes that may be
utilized are palladium-103, iodine-125, gold-199, ytrium-90 iridium-192 and
americium-241 to name a few. After the particular dose and pattern have
been generated, the solvent is removed typically by heating and then the ends
of tube 812 are sealed. For example, the ends may be crimped or welded
closed. In alternate embodiments, a sealant material by be applied with or

over the radioisotope.

[0055] An exemplary embodiment of a method for generating a
dosage form where the bioactive substance is deposited onto the inside
surface of an enclosing medium is shown as a flow diagram in Fig. 9.
Loading enclosing medium process 970 is utilized to position the enclosing
medium to accept insertion of the fluid ejector body into an opening of the
enclosing medium. Typically, this process may utilize any of the conventional



surface of enclosing medium 806. Such a device may be utilized in the localized treatment of tumors
and other mﬂfg@&(ﬁnditions by the interstitial implantation of radiation-emitting element 800. Such
radioactive implants may be utilized to provide radiation therapy to destroy, reduce, or prevent the
growth of tumors. The direct implantation of such Ritlioactive sources directly into solid tumors is
generally referred to as brachytherapy. The radioisotope to be deposited may be either dissolved as a
salt or suspended, in an appropriate solvent or solvents. Examples of radioisotopes that may be

utilized are pRidAly fediiqlrstingidR asasick R -plEeE 88HABINGIes 3 wilizing & IRbPpet4 1 to name a
few. After the particular dose and pattern have been generated, the solvent is removed typically by

heating and@Rgshakentables todeashhe englesing madivananto srallehOriERYna%IMAhEd or welded
closed. In agijtestraRefipIes SIrPaRABIMbERIREAL Rrd pARR LMo ANBA RaiFR s otope.

[0055] An exemplary embodiment of a method for generating a dosage form where the bioactive
substance i$heBioatiye disRABSINGRYsteracEwvamesnin natesrmPrIIMEMS as a flow diagram in

Fig. 9. Loa‘?jéﬁé‘f&ik&@ﬂ 1REPHAIGNBF BIS SN ST ZhSErRAS i spstasnannioendoaifly m to accept
insertion of the fluid ejector body into an gpening of the enclosing rpedium. Typically, this process may

utilize any o AAPSHIE S P58989% 970 13y RerRerdennrA eXtereal ie helbiprcivece technologies
or utilizing efigRPERIpERSHTGBYStdAbIantPURasIEE RagBFPaIBEdAIBPRIRG PRlIRGRN tray, as just a

couple of examples. In one embodiment, the pallet or tray is loaded in-line on the bioactive dispensing
system. HoWiISRENHNARYSIBB'embodiments, depending on the particular bioactive fluid dispensing
system utilized, loading enclosing medium process 970 may be performed external to the bioactive

fluid dispensing system, and the filled tray or pallet loaded onto the fluid dispensing system. [0056]
Aligning enclosing i9@8RIm pYigning ensiasing mediumypiiosess 972 is used to align the

opening in the enclosing medium to the fluid ejector head so that the fluid
ejector body may be inserted into the enclosing medium. The tray holding the
enclosing medium is typically under the control of a tray position controller or
transport controller. Any of the conventional techniques for aligning parts may
be utilized. For example, an electric or pneumatic motor or other actuator
may move the tray in an Xand Y direction to establish proper alignment of the
enclosing medium to the fluid ejector head. In addition, typically a theta or
rotational alignment about a Z-axis will also be provided. Further, sensors
located on the tray, or an optical vision system or combination thereof will,
typically, be utilized to provide feed back that the tray and the enclosing
medium is properly aligned to the fluid ejector body. In alternate
embodiments, tray position controller may be linked to a cartridge or fluid
ejector head controller, or to a dispensing bracket holding the fluid ejection
cartridges or fluid ejector heads, providing movement of the fluid ejector body
or both the fluid ejector body and the tray to properly align the enclosing
medium to the fluid ejector heads.

[0057] Inserting fluid ejector head process 974 is utilized to insert the
fluid ejector body into the opening of the enclosing medium. The fluid ejector
head is typically under the control of a cartridge or a fluid ejector head position
controller or transport mechanism and transport controller. For example, in
one embodiment, an electric or pneumatic motor may raise and lower, in the Z



opening in the enclosing medium to the fluid ejector head so that the fluid ejector body may be
inserted intq 4hsysgelosing medium. The tray holding the enclosing medium is typically under the
control of a tray position controller or transport controller. Any of the conventional techniques for
aligning parts may be utilized. For example, an eléttric or pneumatic motor or other actuator may
move the tray in an X and Y direction to establish proper alignment of the enclosing medium to the
fluid ejector head. In addition, typically a theta or rotational alignment about a Z-axis will also be

provided. FditaeticpenRerfiulgcsirtior i tprpviding thietivRivaaen it amsdartingritiariiidn thereof will,

typically, be utilizec&g)qgr_ovide feed back that the tray and the encloilﬁgl medium is properly aligned to

the fluid ejeBIBF196 inteAhaonsaingRh g enERsNA MEILR: AAEDRIR linked to a cartridge or

fluid ejectophrsdirRBHRIte A9 SréisismBiRgtsAdhacIlip@HEHEifBiEelisttor adadges or fluid
ejector heads, prowdln%movement of the fluid ejector bod?;'@or both the fluid ejector body and the tray

to properly afgimareshiadasryt thedivid fiestonfiveddete the apeningsa] theehp9#IE cjector head
process 974aditilged to insert the fluid ejector body into the opening of the enclosing medium. The
fluid ejector head is typically under the control of a cartridge or a fluid ejector head position controller
or transport mechanism and transport controller. For example, in one embodiment, an electric or

pneumatic motor ry@e’58]se Akl EtiKrey fllidhs ettt @edza0? Brocdisecdpe ishatiflislaisejechead
providing the movement for _inser_tingﬂthe fluid r?e[i'ector body into the opening of the enclosing medium.

In alternate FInSEHRIEN R BiRastye fuid framakisastane negas dighosetiidbefHidid are moved to
insert the fligeigetsdteadypieding _ngiﬁﬁﬁ‘mﬂém fRdsBRtiORRShAkEvating fluid ejector

actuator process 976 is utilized to eject, for example, a bioactive fluid from at least one nozzle
disposed orPiPRdYR fluid AisRRAsING syRiRN,; souBisditpdheivid riestar igdraeiatrsine

the fluid ejector actuator, of the fluid ejection cartridge or fluid ejector head, to
eject fluid drops containing the bioactive substance. For those embodiments,
utilizing a fluid energy generating element, such as piezoelectric or thermal
resistor elements, the drop firing controller will typically activate a plurality of
fluid energy generating elements to eject essentially a drop of the bioactive
fluid for each fluid energy generating element activated. Thus, by activating
fluid energy generating element a predetermined number of times n, n
bioactive fluid drops are ejected. In this embodiment, the fluid energy
generating elements can reproducibly and reliably eject drops in the range of
from about 5 femtoliters to about 10 nanoliters. However, in alternate
embodiments, the size of these drops can be controlled, in the range from
about 5 femtoliters to about 1 microliter. Such a drop size corresponds to
microparticulate deposits in the picogram to milligram range depending on the
ratio of the amount of bioactive substance to the amount of solvent in the fluid

drop ejected.

[0059] Dispensing bioactive fluid process 978 is utilized to dispense
and control the location of the ejected bioactive fluid drops on the inside
surface of the enclosing medium to form the discrete bioactive substance
deposits. Depending on the particular fluid ejector head utilized the bioactive
fluid drops may be ejected through the nozzles along a nozzle ejection axis at
a predetermined ejection angle from a fluid body normal. During dispensing



bioactive fluid dispensing system, coupled to the fluid ejector head, activates the fluid ejector actuator,
of the fluid ejgglipiy£artridge or fluid ejector head, to eject fluid drops containing the bioactive
substance. For those embodiments, utilizing a fluid energy generating element, such as piezoelectric
or thermal resistor elements, the drop firing contrditer will typically activate a plurality of fluid energy
generating elements to eject essentially a drop of the bioactive fluid for each fluid energy generating
element activated. Thus, by activating fluid energy generating element a predetermined number of

times n, n it iudidsrisesEcoTgaiRsifilid e Brmummalaiidifirelidaee idrmsnerating elements

can reprodl&%bly arlg reliably eject drops in the range of from about 5 femtoliters to about 10

nanoliters. HREDEIO NG RRAIMARS SYbstantialyonaraligh Frudting \p e bieactivedINg, in the range
from about §répaieéiagsdealeeaflaprsabiamSnel arfflerts BreclirRa® Rdtal BitHe particulate

deposits in the picogram tQ milligram range depending on the ratio of the amount of bioactive

substance t§TRO8ING Medioa; Ihenrerabadinesh e reezlp sisstior sxissiaalignediat fluid process

978 is utilizeghtg ﬁ’ﬁ@ﬁﬁeéﬂ%ﬁ%ﬁrgbtgﬁd%mf’tﬁ@rﬁjﬁféeﬂhmm%ﬂmr%s on th? inside
surface of the enclosing medium to form the discrete bioactive substance deposits. Depending on the

particular fl@HefRRt8 eRBedIMERS iAdHid fiactonnnpd RdngR PRZEIERIRFHIAB@®Sthe nozzles along

a nozzle ejeskigedift ah amIRIBEWBER ASiRALT AN BOrase bR/ MAgBEPUring dispensing
100202072 25 bioactive fluid process 978 the fluid body normal and the surface ngrmal of the
enclosing rrfé?ﬁmﬁléF@)é@Ss%ﬁ?&Qﬂb Frefrsabhs @dhideieeterhgad withi@ eegzeRisdiekcted at a

predetermingd AagiRtarBaISEERAGCIRIAbIET FISRIRS BSEYUBhdRRIIRAAR-dYNent the nozzle
ejection axis is aligned at an angle between about 00 and about 60 from the fluid body normal. In

I
alternate erttia ents, a fluid ejector head having a nozzle ejection axis aligned at an angle between
about 0 and about 45 from the fluid body

[0060] In addition, depending on the particular fluid ejector body
utilized dispensing bioactive fluid process 978 may also include an optional
rotational displacement process. The rotational displacement process is
utilized to create rows of the discrete bioactive agent deposits for those
embodiments utilizing fluid ejector heads having a single column of nozzles
for a particular bioactive fluid. By utilizing rotation, dispensing bioactive fluid
process 978 may generate a two-dimensional array forming an areal density
of bioactive agent deposits on the interior surface of the enclosing medium. In
addition, alternating between deposition of discrete deposits of bioactive fluid
and deposition of discrete deposits of a barrier material over the dispensed
bioactive fluid a three-dimensional array may be generated. Further by
modifying the areal density in each layer a gradient in the dispensed bioactive
substance, in the radial direction of the enclosing medium, can be formed. In
addition, for those embodiments utilizing fluid ejector heads having multiple
columns of nozzles the rotational displacement may be utilized to form rows of
the discrete bioactive agent deposits having a smaller spacing between
deposits than obtained with the same fluid ejector head without rotation. The
rotational displacement may be accomplished by any of the conventional
techniques utilized for rotation such as electrical or pneumatic motors, or

piezoelectric motors to name just a couple of examples. The rotational



normal may be utilized. Preferably, a fluid ejector head with a nozzle ejection axis substantially
perpendiculggqliysofyid ejector body longitudinal axis is utilized. [0060] In addition, depending on the
particular fluid ejector body utilized dispensing bioactive fluid process 978 may also include an
optional rotational displacement process. The rotational displacement process is utilized to create
rows of the discrete bioactive agent deposits for those embodiments utilizing fluid ejector heads
having a single column of nozzles for a particular bioactive fluid. By utilizing rotation, dispensing

bioactive fluigsiEReshet fRdyDedmpprBiadweedbmeIBsiAgahedrRM{Cfe A8 fldiars@lctsnsity of
bioactive agent deposits on the interior surface of the enclosing medium. In addition, alternating
between dePRKiRH SPASFOrBbIBAtIoRtBeMBECtive fluid and deposition of discrete deposits of a
barrier material over the dispensed bioactive fluid a three-dimensional array may be generated.
Further by modifying the areal density in each layer a gradient in the dispensed bioactive substance,

in the radial directiffP8flie RifDEESIIRIaRGHVR ANidPracRER 978 snaKialsadehKi® &nbodiments
utiizing luichgiRsEr EAREIRINECBHBAIE RIS WEARS B FRisiMahEBIGseEnent may be

utilized to form rows of the discrete bioactive g?ent deposits having a smaller spacing between

deposits thARBLPEALlzeehtereatrcalimBR efdhRiacrfisRiPastYe 9rRt deRs#sal displacement
may be accRAVMghEeraxIRPSphEIREBEKFEEATRPISRAHATUHTAN Ebtalms®waHaRES electrical or

pneumatic motors, or. piezoelectric motors to name just a couple of examples. The rotational

100202072%“8@&'90%@9{ﬁ%?do\@’im%f@’dtlﬁ% isplacrmehe iU #%Ruid ejector body, or
some combguirsliiaiRitalRPEdhirbRp BRS SHaR iR A beharac Aowd (8 naryeplamateciude an optional

vertical displacement process. The vertical displacement process may be utilized to create columns of

the discrete9BHellE RgyRlae R tilizadinG o sxampleptheflviddrer srirRiesmanbsormally

obtained wighififled to the tray position controller or the fluid ejector head controller or
both to generate the appropriate vertical displacement. In alternate
embodiments, separate controllers and motors or other actuators may be
utilized to generate the appropriate vertical displacement. A dosage form is
generated when the required number of fluid drops of the bioactive fluid, to
create the desired pharmaceutical dose, have been dispensed on at least a
portion of the enclosing medium. Depending on the particular fluid ejector
body utilized, the dosage form may contain a two or a three-dimensional array
of the discrete deposits of the bioactive substance on the inside surface of the
enclosing medium. However, other arrangements can also be utilized, such
as overlapping deposits forming essentially a layer, or a different geometrical
arrangement of the deposits. For example a three dimensional array of
discrete deposits may be generated by alternating between deposition of a

bioactive fluid and a sealant material.

[0062] Optional printing information process 980 is utilized to print
information on the enclosing medium. The information may be printed either
on the inside or outside surface of the enclosing medium. By utilizing an
insertable fluid ejector body as described above information may be printed
on the inside surface of the enclosing medium. In one embodiment, a mixture
of a bioactive fluid and an ingestible ink; may be utilized. However, in

alternate embodiments, a separate set of ink ejector actuators or ink energy



same fluid ejector head without vertical displacement. The fluid drop controller typically controls the
vertical displgeggs, however a separate controller may also be utilized. For example, the fluid drop
controller may be coupled to the tray position controller or the fluid ejector head controller or both to
generate the appropriate vertical displacement. In Hiternate embodiments, separate controllers and
motors or other actuators may be utilized to generate the appropriate vertical displacement. A dosage
form is generated when the required number of fluid drops of the bioactive fluid, to create the desired

pharmaceutifsn életingemeers SHFRRNABH Ajertdraddy RSBl baautingsstaosfeetium. Depending
on the particular fluid ejector bady utilized, the dosaae form may contain a twa or a three-dimensional

array of theliRRS Qb AL NasatiblerRkyitdapo st ink BhRAREH R heRSIgrRUMaREIosing

mediur_n. HQWQHSVeﬁHI@éi_ %@@Kﬂ%’)%ﬁ&ﬂl%ﬁ%‘?‘é#ﬁﬁ%%é\l@b s@ﬁé’t‘éﬂé&’ﬁﬁ@éjé@msm forming
essentially a layer, or a different %e_ometrlcal arrangement of the deposits. For example a three

dimensionah§?ds grayiaise:beupbizad.fer e afithey before-angfissderasitionefion of a
bioactive f|U!'Hévlﬁlbao%ﬁ%'fmﬁdf,‘ﬂﬁ%ri?éy{@@@h@m@%ﬁdﬁmﬁ%%@@mﬁﬂﬁézmé%éﬁ%&dmi”Z€d to print
el

information on the,enclosin%&edium. The information may be printed er on the inside or outside

surface of tH8 BrRIBLAY FRERMAm A8 INRIRFRENG-StAteR AR I RIESIOLBPRY M2Ysfescribed above

information megrisinritieHe GpEarigfeneLsiasio Shihmeaklasagdraedinknejscieaetuasiment, a
mixture of a bioactive fluid and an ingestible ink; may %E utilized. However, in alternate embodiments,

a separate {SAGFHYAGRSeLtAERNS oF dNRgRFHDIedBs 0 et omatriy NaPRHE RN ¥Ents on the fluid
ejector bodyothay riean; ssliprediwvRierstatioRaRbispingastiplRHikal URPRSENTENEaTal Patterns on

the inside seli)rface_ of the enclosing medium. In still other emhodiments, separate fluid ejector heads

may also be’GHIZEEL? gaRTAlE BRRIAgSAPHRRHEISIISRAUBRIBISIYY BiITRENAuId, the tray
holding the gneleriftsbineddsrsavly Ed'aheRMtRS-dimensional bar code, on the

enclosing medium.

[0063] In printing information process 980, information may be
printed either in a machine understood form or it can be printed in a human
perceptible form or in some combination thereof. Appropriate manufacturing
information, such as required by the FDA may be printed on the enclosing
medium. User or patient information, such as the name of the user or patient
and the date and time for administering the dosage form, may also be printed
on the enclosing medium. Depending on various parameters such as the
particular bioactive agent or agents being deposited, the particular
composition of the enclosing medium, as well as the composition of the
ingestible ink, printing information process 980, may be carried out at various
times in the process of generating a dosage form. For example, the ingestible
ink may be deposited before the bioactive fluid and covered with a barrier
material. Another example would include depositing the bioactive fluid,
covering the bioactive fluid with a barrier material and then printing over the
barrier material. Still another example would include the bioactive fluid

deposited directly over the ingestible ink.

[0064] Optional sealing bioactive fluid process 982 is utilized to cover
or seal the bioactive fluid deposits with a barrier material that protects or



to a printing station. At the printing station an ink ejector body may be inserted into the opening of the
enclosing mgglisgrpyand an ink ejector actuator is activated to eject drops of an ingestible ink. Dot matrix
manipulation or other means, coupled with rotation and optionally vertical displacement, may be
utilized to generate an image, alphanumeric chara%ffers, or a machine understood code such as a one
or two-dimensional bar code, on the enclosing medium. [0063] In printing information process 980,
information may be printed either in a machine understood form or it can be printed in a human

perceptible fypaeitgs IREBiI6acINE aiNtheragbme pepvsied v ietieriageniownation, such as

ired by the FDA be printed on th |losi di U tient inf tion, h as th
name of the TRV AIRHEAHE 16 ASRPIRA L 1oPLEAIBIEAGIRERINIRR Tk, may alsobe

printed on i@snhesiflesinBpecspBsiticprditiae Anbieseisenagantetaispaied ol tharticular bioactive

agent or agents being deposited, the particular compos&ion of the enclosin nﬁf& m, as well as the

compositiorS8MBAR ¥dieieimeashRRNHS seRARHSH E%'E‘stbg(ﬂt%ﬁ)ﬁﬂg t at various times
in the procegg pegRstaNaN AdBRsICiRIMplok AnaMRacHIR el tikigaehrierosited before

the bioactive fluid and covered with a barrier material. Another example would include depositing the

bioactive flURioasyerfiydirrossas AR tadiapesit BharishmetrliaRVaIANINAESYRISdP e barrier
material. St \R8eHIRIGEX RIS WHdREBLIOSH? RigRGiEWitHAhdanasikchiAteriy, de¥aige ingestible

ink. [0064] Optional sealing bioactive fluid process 982 is utilized to cover or seal the bioactive fluid
deposits witlEIFRY FRAEIAI mﬁ%ﬁ%\’fﬁé’%ﬂ?Bﬁl@@ﬁ@ﬁ%?ﬁ'%‘%@bﬁa‘f@?Wgaiﬁﬁactive agent or agents

deposited fripggoptbaripgents or materials included in the dosage form. For example, dosage forms may
contain multiple deposits of different bioactive agents dispensed over the same area wherein each
agent is separated from the other agents by the

[0065] The barrier material provides various protective properties,
such as humidity protection, protection from oxidation, inactivation, or
contamination. The barrier material is an ingestible coating made from a
suitable polymeric material such as a water-soluble polyoxyethylene or
cellulose ether derivative, waxy material or other suitable substance. In
addition, typically the barrier material is an inert material, which will not
interact with the deposited bioactive fluid. However, in alternate
embodiments, the barrier material may be designed (i.e. will contain additives)
to specifically interact with the bioactive fluid dispensed. For example, the
barrier material may contain an ion that will form a salt with the bioactive
substance. In another example, an additive in the barrier material may
interact or react with a solvent or multiple solvents to solidify the dispensed
solvents but not interact or react with the active ingredient. In this
embodiment, the fluid ejector actuators activated may be a different subgroup
of fluid ejector actuators on the fluid ejector body used to dispense the
bioactive fluid as shown in Figs. 3-4, or a different fluid ejector body may also
be utilized. For example, a fluid ejector body containing fluid ejector
actuators, ink ejector actuators, and sealant ejector actuators may be inserted
into the opening of the enclosing medium wherein the bioactive fluid, the
ingestible ink and the sealant are all dispensed in a predetermined sequence
depending on the particular application in which the dosage form will be
utilized. Another example, is where separate bioactive fluid, ingestible ink,



barrier material. Another example is that described above utilizing sealing bioactive fluid process 982
to deposit a fgyiepFaterial over an ingestible ink. By sealing a bioactive agent or other material with
the barrier material, dosage forms may contain bigactive agents that are physically or chemically
incompatible. [0065] The barrier material provides“arious protective properties, such as humidity
protection, protection from oxidation, inactivation, or contamination. The barrier material is an
ingestible coating made from a suitable polymeric material such as a water-soluble polyoxyethylene or

cellulose ethgiesrRMRIi¥RASIAG ISHAICHSCARS LB R aRdssRACSishermsl Al atativpi ¢y the barrier

material is an inert material, which wil] not interact with the deposited bigactive fluid. However, in
alternate efAfbtg-sigroHRoRY OrPorigs fadicaiala A RARIGHIA MAtRRkain additives) to specifically

interact with the bioactive fluid dispensed. For example, the barrier material may contain an ion that
will form a salt with the bioactive substance. In another example, an additive in the barrier material

may interact or reAPP8Rh aQBtRNAl delesronRg MrsHMedYmiRcES S8R B8vents but not
interact or regifizudtionghast\apipitaaeY Whdhisit sisiiatnetidheithid giBrRacmesuagerst activated may

be a different subgroup of fluid ei)ector actuators on the fluid ejector body used to dispense the

bioactive flufY BRUERIG AGeRIS 40 Da relegspddraantdled ey mEg LX3MRIe#Sed. For example,
a fluid ejectanbasyiRFIRIBIRGIMCaIRsRts ARy BtiIeQIRS HoIdHA PR AOR FaMaAL ejector

actuators may be inserted into the opening of the enclosing medium wherein the bioactive fluid, the
ingestible in@!ﬁﬁf%"e”‘?eaf%’n?'é’?@%’ﬂ@@ﬂs%ﬁwﬁ'ﬂleeé‘@ﬁmﬁiﬁaatégaé{éﬂﬁ@%ending on the

particular appiisriive Irerhih donstasros:BepiurdbacovEiigab. AMgiRalp dsnsieosingere separate

bioactive fluid, ingestible ink, 100202072 29 and sealant dispensing stations are utilized, and each

dispensing mediumRreesss: S8R Pe sl daithat Htilized ferileadingaterial.

enclosing medium process 970. In one embodiment, insert medium is loaded
or telescoped into the enclosing medium, after the deposition of the bioactive
agent, optional ingestible ink and optional sealant material is completed, and
before a bioactive agent is dispensed onto the interior surface of the insert
medium. In alternate embodiments, separate telescoping and dispensing
insert stations may be utilized wherein the desired bioactive fluid is dispensed
onto the interior surface of the insert medium before the insert medium is
telescoped into the enclosing medium at still another assembly station. In
addition, telescoping insert medium process 984 is utilized to position the
insert medium to accept insertion of a fluid ejector body into an opening of the
insert medium. Typically, this process may utilize similar techniques as that
described above for loading enclosing medium process 970.

[0067] Optional aligning insert medium process 986 is used to align
the opening in the insert medium to the fluid ejector head so that the fluid
ejector body may be inserted into the insert medium. Typically, this process
may utilize similar techniques as that described above for aligning enclosing
medium process 972. Optional inserting insert fluid ejector body process 988
is utilized to insert the insert fluid ejector body into the opening of the insert
medium. Typically, this process may utilize similar techniques as that
described above for inserting fluid ejector process 974. Optional activating
insert fluid ejector actuator process 990 is utilized to eject a bioactive fluid



[00661 Optional telescoping insert medium process 984 may be utilized for those applications where it
is desirable fagR5@$ a bioactive agent or multiple agents to be released in a controlled manner. For
example, as shown in Fig. 8 multiple inserts may be utilized to provide a predetermined release rate,
for either an agent or multiple agents, that may inctease, decrease, remain constant, or be pulsed over
time. Typically, telescoping insert medium process 984 may be similar to that utilized for loading
enclosing medium process 970. In one embodiment, insert medium is loaded or telescoped into the

enc:osing rrredjlhclir_atm‘a@tltmedmd déi@lﬁfpbﬁvﬂl_@iﬂ&ﬁé\mid%é_btg_pﬁ@@al idﬂwﬁ'blﬁ,imhignd 0pti?nal f
sealant material is completed, and before a bioactive agent is dispensed onto the interior surface o
the insert nPEBfFHRS IW%@IME@ ¥ 8&&?@?&@‘&%%@%&3&%&% Qﬁa‘fﬁs?ﬁér?ﬁ%\jaﬁwgert stations may
be g_tilizetc)i \;mm?je&tg,cm'r,%@bbipmgglsfwe_is(?gﬁ@f?@kpfﬁ@_iﬁgamggﬁcmgg&qﬁemiitrllwe insert "
medium before the insert medjum is telescoped into the enclosing mediym at still another assembly
station. In &JARRES AAESSHHigandadise Andceruteiihe Tﬁﬁ%@%”t&lﬁp’&ﬁtﬁiﬁq insert medium to

accept_:nsetjieal@fv@ ﬂrl]aira Qiﬁ%@r&r?ﬂiécilliﬁgié_g Qémgh@d?ftﬁijﬁﬁ;?éﬁfﬁm@lmmﬂ&gﬁ@ﬂ& this pr0967eoss
may utilize sjmilar techniques as that, described above for Joading enclosing medium process :
10067] OpSHSFRIG RRARAG3REBR ARRASLE S YIS Vbie BTaNG S SRR P SMIEnsert medium
to the fluid eisshaidiradasotizatdeschibidd eibelas frdigpaidmeg ieseul e fuid prosessgrdum. Typically,
this process may.utilize similar techniques as that described above for aligning enclosing medium
process 9729@‘;5%&51%%%%%%@@?%0(@%?@& ISBRECBIBRERIOGEES RS utilized to insert the insert fluid

ejector body into the opening of the insert medium. Typically, this process may utilize similar

techniques % criped above éor_inserting fluid ejector process 974. Optional activating insert
fluid ejector@& ﬁo?%@ &%a@m’se tifized to eject a bioactive fluid 100202072 30 from at least one

nozzle disposed on the fluid ejector head. Typically, this



process may utilize similar techniques as that described above for activating fluid ejector actuator
process 9761@26%]73' dispensing insert bioactive fluid process 992 is utilized to dispense and control
the location of the ejected bioactive fluid drops on the inside surface of the insert medium to form the
discrete bioactive agent deposits. Typically, this process may utilize similar techniques as that
described above for dispensing bioactive fluid proeggs 978 including the rotational and vertical
displacement processes. [0068] What is Claimed is: 100202072 31 What is Claimed is: Claims 1. A
method of making a pharmaceutical dosage form, comprising: inserting a fluid ejector body into an
opening of apRafReCutsEr ignclosing medium; and activating a fluid ejector actuator to eject a
bioactive fluid onto at least a portion of an interior surface of said pharmaceutical enclosing medium at
controlled locations on said interior surface. 2. TR€#thod in accordance with the method of claim 1,
wherein inserting a fluid ejector body further comprises inserting a fluid ejector body into an opening
of a capsule. 3. The method in accordance with the method of claim 2, wherein said capsule has a

diameter in the rande fronf'dBSIRATRIIMAING BoPRsecEYinRhriasrgeslormle GRS RPaccordance
with the method of p{gisnihgvshiiiRinejaetbrabibgysmie HHbpiasiay ackplearivdBelgeanprises dispensing

said bioactive fluid substantially perpendicular to said interior surface of said pharmaceutical
enclosing m&ARIATBI TRRAHEINGASH accordance with the method of claim 1, wherein activating said

fluid ejector actuateydttificcamaidsefe cispanaiatoraifleftiepatiedtitiddraigresetetmiage angle to the
surface normal of said = ) . . .
portion of an interior surface of said pharmaceutical_enclosing medium at

controlled locations on said interior surface.

2. The method in accordance with the method of claim 1, wherein
inserting a fluid ejector body further comprises inserting a fluid ejector body

into an opening of a capsule.

3. The method in accordance with the method of claim 2, wherein
said capsule has a diameter in the range from about 3 millimeters to about 12

millimeters.

4. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises dispensing said
bioactive fluid substantially perpendicular to said interior surface of said

pharmaceutical enclosing medium.

5. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises dispensing said
bioactive fluid in a predetermined angle to the surface normal of said

pharmaceutical enclosing medium.

6. The method in accordance with the method of claim 5, wherein
said predetermined angle is in the range from about minus sixty degrees to
plus sixty degrees about the surface normal of said pharmaceutical enclosing

medium.



pharmaceutical enclosing medium. 6. The method in accordance with the method of claim 5, wherein
said predete i%gzl gle is in the range from about minus sixty degrees to plus sixty degrees about
the surface normal of said pharmaceutical enclosing medium. 100202072 32 7. The method in
accordance with the method of claim 5, wherein said predetermined angle is in the range from about
minus forty five degrees to plus forty five degrees ggout the surface normal of said pharmaceutical
enclosing medium. 8. The method in accordance with the method of claim 5, further comprising
printing information onto said pharmaceutical enclosing medium. 9. The method in accordance with

the method of clainy8, whetRinRstRiais aECHYQAMES QtH A AR ISE eI RIM I Qusrifacturing
information onto said pharmaceutical enclosing medium. 10. The method in accordance with the

method of clafHy PraFERIMINGMENG 1SR IR FRRLR P RBRARLBANUPHHRI: S H8EESSEnting said

manufacturing iR forkon eie GRIEPAREMAFRUSGAREBHRPNEI BESHdRATAsEtRGUNderstood form.
11. The method in accordance with the method of claim 9, wherein printing said manufacturing

information f&RHEF ESHPBRL_EThrinting said manufacturing information onto said pharmaceutical
enclosing medium in a human-perceptible form. 12. The method in accordance with the method of
claim 8, wherein printing said information further comprises ejecting an ingestible ink from at least

one ink ejector ont@at leadl's PRHIRIINSGGHHERGE iR daeoMeiP hRE tikdficlosing
medium. 13.chagmaHpgrintarF HRRERIVITIDIE Saihskheelesntibal wherihinednghsaid ingestible

ink further comprises ejecting said ingestible ink onto at least a portion of said interior surface of a
capsule.

9. The method in accordance with the method of claim 8, wherein
printing said information further comprises printing manufacturing information

onto said pharmaceutical enclosing medium.

10. The method in accordance with the method of claim 9, wherein
printing said manufacturing information further comprises printing said
manufacturing information onto said pharmaceutical enclosing medium in a

machine understood form.

11. The method in accordance with the method of claim 9, wherein
printing said manufacturing information further comprises printing said
manufacturing information onto said pharmaceutical enclosing medium in a

human-perceptible form.

12.  The method in accordance with the method of claim 8, wherein
printing said information further comprises ejecting an ingestible ink from at
least one ink ejector onto at least a portion of said interior surface of said

pharmaceutical enclosing medium.

13. The method in accordance with the method of claim 12, wherein
ejecting said ingestible ink further comprises ejecting said ingestible ink onto

at least a portion of said interior surface of a capsule.



100202072 33 14. The method in accordance with the method of claim 8, wherein printing said
information ffjggé?%&&mprises printing patient information onto said pharmaceutical enclosing medium.
15. The method In accordance with the method of claim 1, further comprises sealing said dispensed
bioactive substance on said pharmaceutical enclosing medium. 16. The method in accordance with
the method of claim 15, wherein sealing said dispgased bioactive substance further comprises
activating a sealant fluid ejector to eject a barrier component fluid over said dispensed bioactive
substance. 17. The method in accordance with the method of claiml6, wherein said barrier component

fluid reacts with saiglgispense saigreine subsage Win The method § aemordanaroyéh the method

of claiml6, wherein said bioactive active fluid further comprises at least one solvent component,

wherein saicPPAHE! S3Ih HURERAIG fedbed GRMBHRPANEANNERAUBNERICEDMIRINEAC19. The method

in accordancgyithhdienaeinaeHleraissihg/hetrimm activating said fluid ejector actuator further
comprises activating a fluid energy generating element a predetermined number of times n to eject

essentially n drops of said bioactive fluid onto said interior surface of said pharmaceutical enclosing

medium. 20. The mpghod imacerrgicR Wisbhdhtameihmehahelaah8dwhersim activateg said fluid
energy generating element further comprises dispensing said bioactive fluid in a two-dimensional

array forminGRRIIESE FERY SRAIGICIRIRRSEGENPaSPYSiRVBRIBNCS PPt Abaimateigasing
medium. 10@Q2285iAg3thethurhne method in accordance with the method of claim 20, further
comprising:
16. The method in accordance with the method of claim 15, wherein
sealing said dispensed bioactive substance further comprises activating a
sealant fluid ejector to eject a barrier component fluid over said dispensed

bioactive substance.

17. The method in accordance with the method of claim16, wherein

said barrier component fluid reacts with said dispensed bioactive substance.

18. The method in accordance with the method of claim16, wherein
said bioactive active fluid further comprises at least one solvent component,
wherein said barrier component fluid reacts with said at least one solvent

component.

19. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating a fluid energy
generating element a predetermined number of times n to eject essentially n
drops of said bioactive fluid onto said interior surface of said pharmaceutical

enclosing medium.

20. The method in accordance with the method of claim 19, wherein
activating said fluid energy generating element further comprises dispensing
said bioactive fluid in a two-dimensional array forming an areal density of

bioactive agent deposits onto said pharmaceutical enclosing medium.



activating a sealant fluid ejector to eject a barrier component over said areal density of said bioactive
agent depos'lt&dé' %ting said activating said fluid energy generating element and said activating said
sealant fluid ‘ejector multiple times to generate a three- dimensional array of bioactive agent deposits
on said pharmaceutical enclosing medium. 22. The method in accordance with the method of claim 1,
further comprising: inserting an insert fluid ejectorf)pdy into an opening of an enclosing insert
medium having a radial direction; activating an insert fluid ejector actuator to eject an insert bioactive
fluid onto at least a portion of an interior surface of said enclosing insert medium; and telescoping

said enclosing insegymedivApifiethaidl iARatBedaheaidvifNHeSRSARABIBIAR. JNaRgdiod in -
accordance with the method of claim 22, wherein activating said insert fluid ejector further comprises
dispensing sefiPdeIbioactive fluid in an insert two-dimensional array forming an insert areal density

of insert biog@iKRAEG SCRBPIHT ORI BRIG ERFKIE I BspHeMEStHForeht Diemaihagtéaaccordance
with the method of claim 23, wherein activating said fluid ejector actuator further comprises activating

a fluid energeBeleRiRRERIAAGHY @IRBRALARPSSI bioactive fluid in a two-dimensional array, forming

an areal den‘@'b@@ﬁh@aatwgmk@eﬁaatﬁmwgygr@waﬁﬁgtiﬂéhm@h@'&ﬁ'tngambedium, and wherein
said insert areal density of said insert bioactive agent deposits forms a bioactive agent gradient in said

radial directfSi VUSSR RGN ERIE SIEGIORMBIIBIeSE SN RHNSSn accordance with
the method efiplgisiddavdrripior Brid divaciyenadepbsradientispgratathteatieride a dosage form

wherein after being ingested a discrete amount of said bioactive substance released is
enclosing medium.

22.  The method in accordance with the method of claim 1, further
comprising:

inserting an insert fluid ejector body into an opening of an enclosing
insert medium having a radial direction;

activating an insert fluid ejector actuator to eject an insert bioactive fluid
onto at least a portion of an interior surface of said enclosing insert medium;
and

telescoping said enclosing insert medium into said opening of said

enclosing medium.

23. The method in accordance with the method of claim 22, wherein
activating said insert fluid ejector further comprises dispensing said insert
bioactive fluid in an insert two-dimensional array forming an insert areal

density of insert bioactive agent deposits onto said enclosing insert medium.

24.  The method in accordance with the method of claim 23, wherein
activating said fluid ejector actuator further comprises activating a fluid energy
generating element, dispensing said bioactive fluid in a two-dimensional array,
forming an areal density of bioactive agent deposits onto said pharmaceutical
enclosing medium, and wherein said insert areal density of said insert
bioactive agent deposits forms a bioactive agent gradient in said radial

direction of said enclosing insert medium.



pulsed at varying times. 26. The method in accordance with the method of claim 22, wherein

activating sgﬁdgggﬁluid ejector actuator further comprises activating a second insert fluid ejector
actuator to dispense a second insert bioactive fluid onto said enclosing insert medium. 27. The
method in accordance with the method of claim 22, wherein said second bioactive fluid is deposited
onto said interior surface of said enclosing insert medium. 28. The method in accordance with the
method of claim 22, wherein telescoping said enclosing insert medium further comprises telescoping
a plurality of enclosing insert mediums into said enclosing medium. 29. The method in accordance

with the method of glaim IrndgigiRoacH RS Saie duistieipRionaslbaler SMIRED £0Mmsiegs activating a
fluid energy generating element depositing essentially a drop of said bioactive fluid onto said interior

surface of sARPIICRRIMGAESNE SERSIRTY Malariedrir R Vids GterRseslEIMH& R gy generating
element. 30.afie FRaAOH J2 SeePiidiserY thrifIMeIN9si @ LitRIFN ¢ suibsiaidesRid 4keR i§ in the range

from about five femtoliters to about one microliter. 31. The method in accordance with the method of
claim 29, wHeHSIRS ZidVarse B8R range from about five femtoliters to about ten nanoliters. 32. The
method in accordance with the method of claim 1 wherein activating said fluid ejector actuator further
comprises activatinéﬁsaid fluid 100202072 35a ejector actuator to dispense said bioactive fluid in

overlapping depositd-formifg SEIhIR 2CRR/SPReRiIvAR I TReIMsEhATke fBR %, ¥81818 method in
accordance ¥ithvEimg s ehet Alaing lejatrereir tasidrating Spib MpAsiecdetigatingter further comprises

activating a second fluid ejector to dispense at least a drop of a second bioactive fluid onto said

interior surfREEYILHFPRAMIhISHRLPEHARIG FISBRMAC 4 SeeRNGhIASH PICREDBAN with the
method of clgfifolsarherfildsing insert medium.

27. The method in accordance with the method of claim 22, wherein
said second bioactive fluid is deposited onto said interior surface of said

enclosing insert medium.

28. The method in accordance with the method of claim 22, wherein
telescoping said enclosing insert medium further comprises telescoping a

plurality of enclosing insert mediums into said enclosing medium.

29. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating a fluid energy
generating element depositing essentially a drop of said bioactive fluid onto
said interior surface of said pharmaceutical enclosing medium for each

activation of said fluid energy generating element.

30. The method in accordance with the method of claim 29, wherein
said drop is in the range from about five femtoliters to about one microliter.

31. The method in accordance with the method of claim 29, wherein

said drop is in the range from about five femtoliters to about ten nanoliters.

32. The method in accordance with the method of claim 1 wherein

activating said fluid ejector actuator further comprises activating said fluid



activating said fluid ejector actuator further comprises activating said fluid ejector actuator to dispense
a mixture of f]gdg B%ctive fluid and an ingestible ink. 35. The method in accordance with the method
. Q L ) S ) o . A
of claim 1, wherein activating said fluid ejector actuator further comprises activating said fluid ejector
actuator to eject a radioactive fluid, said radioactive fluid including a radioactive isotope. 36. The
method in accordance with the method of claim 3&gaherein said radioactive isotope is selected from
the group consisting of palladium- 103, iodine-125, gold-199, ytrium-90 iridium-192, americium-241,
and combinations thereof.

ejector actuator to dispense said bioactive fluid in overlapping deposits
forming essentially a layer of bioactive substance deposits.

33. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating a second fluid
ejector to dispense at least a drop of a second bioactive fluid onto said interior

surface of said pharmaceutical enclosing medium.

34. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating said fluid
ejector actuator to dispense a mixture of said bioactive fluid and an ingestible
ink.

35. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating said fluid
ejector actuator to eject a radioactive fluid, said radioactive fluid including a

radioactive isotope.

36. The method in accordance with the method of claim 35, wherein
said radioactive isotope is selected from the group consisting of palladium-
103, iodine-125, gold-199, ytrium-90 iridium-192, americium-241, and
combinations thereof.



