100202072 1 PHARMACEUTI CAL DOSAGE FORM AND METHOD OF MAKI NG BACKGROUND
Descri pt i18§}0%72t he Art [0001] Oral adm nistration of pharmaceuticals is one
of the nosS Wdely used nmethods to provide effective therapy for a variety
of illnesses. Many dry nedications ate typically administered orally to a
person in a dosage formsuch as tablets or capsules, while still others
are in liquid form The release of orally adm ni stered nedi cati ons nay
occur in the oral cavity such as for buccal or sublingual adm nistration,
or may occur in the gastrointestinal tract after the oral dosage formis
swal | owed. There are, for exanple, tablets that release drug in the
stomach, enteric coated tablets that release the nedication in the
intestinal tract of the patient, and controlled release dosage forns that
rel ease drug in both the stomach and the intestines. Further, many

I ndi vidual s suffer fromchronic health problens that require the regul ar
adm ni stration of nedicanents. D seases such as diabetes, allergies,
epi | epsy, heart problens, AIDS, and even cancers require the regular

ong. per i ods PHARMACERTHAL CRFSACETEDRI AN B BADR, SFAVAISE ¢ Ui 13T
the mcrogram to mlligramrange of the purified active ingredient or

i ngredi ents. Thus, many pharmaceutical doses in tablet or liquid formare
made in fornulations of a pred@ACKGRQUNDantity of pharnaceutical units

I n each dose. Such pharnmaceutd : frequently available in fixed
different strengths, such as %‘g@ﬁﬁg%%t%gnﬂc. 100202072 2 [0003]

Unf or t unat el y,[000€] Oravadrhinistedtionr fl prosageuticaisris ond bethe hostn a nunber of
di sadvantages. Typically, to effectiyely handle and, .di spense small doses a
consi der 3 elyémﬂrmeﬁpd?&dp prayide @?@GPY%F“%BY Jf%@ Variety of flinesses.

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 formis of a manageabl e size. Thus,
typi cal ?@#BQ for manufacturing include the mxing of the pure drug with
vari ous otner Substances commonly referred to as excipients or diluents
that are therapeutically inert and a&ceptable by regul atory bodi es, such
as the Federal Drug Admi nistration (FDA). Drugs that have a low solubility
or a slow rate of dissolution nmay be m croni zed. M croni zati on decreases

the particle _size and_incregses the surface ar whi ch hel i ncrease the
rate of drug [QR03o| Unfastunatelyesish corven ﬁﬂ%‘aﬁfﬁﬁﬁéﬁam“?ﬁﬁ“éﬂ Ma harsh
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that each suc erial nust be e before use in térms of potential
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precisely o
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 bel ow the range, the
desired efffoh; oM |1 not occur. However, if the drug concentration in the
patient 'I's above the range then the risk of toxic effects increases.
Clinicians assume the dose units mandif actured are uniformand that generic
equi val ents have equal bioavailability. The many FDA fornmul ation
rejections and recalls for pharmaceuticals that have too high or Iow of a
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persist, yuRpy ”ﬁWeEH"rg%F&Pﬁ@é‘ﬁt’rﬂ\dr%’np'thé%aﬁémf&ﬂs b@ﬁjwinew edm@gs will either

be i rrpract I cal hav ectiveness 1n the gé forns currently
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Fig. 2a is an 1sonmetric cross-sectional view of a fluid ejector body
accor di ngqual bivasaiabilityt & hermeUyEaﬂfommuﬂat@npnemlﬁnsamderﬁcaumfor[ 0010] Fig.

2b is a ct f h

Flo. 2a BReaRarRyas IRt i ok Bien atofler s fuistalnBuf BRBYe Y01 R o 5
is a Crowmbltﬁaﬁécdurw 8hd PrédisibA e Sl @hallm@esaf@ﬁpnﬁlm@cém.can al ternate
enbodi ment of the present” invention; [0012] Fig. 4 is a perspective view of

a fluid anampfasiuniggsyst em according to an enbodi nent of the present
I nvention; [0013] Fig. 5a is a perspective view of an exenpl ary enbodi nent
of a dosage formaccording to the present invention; [0014] Fig. 5b is a

cross-sect i ongho06EWifthesd protiems efrgénméw?/wewmd Focentiellydife eadingg to an
enbodi nent of E[t he F;;resent ?nventl?n 100202072 4 [ 0015 Fly . .bc |g a

cr oss- sedenefigial drugs will eithen haiimpeactisal o havedimited effec iveness 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 formshown in Fig. 5b according to an enbodi ment of the present
inventioq' Jo 6] Fig. 6a is a cross-sectional view of a portion of a
dosage f SPYRP2% % or di ng to an alternate enbodi mrent of the present invention;
[0017] Fig. 6b is a cross-sectional vdew of a portion of a dosage form
according to an alternate enbodi nent of the present invention; [0018] Fig.
6C is a cross-sectional view of a portion of a dosage form according to an
al ternate enbadi nent _of the present 6d i
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a dosageinvwantioaccording to an alternate enbodi nent of the present

i nvention; [0Q21] Fig., 8 is a perspegtive, view of a brachyther devi ce
according to 480 ]tegKhIG@ is ApFassnsaetional wigw B¥V€§Qﬁtﬂoﬂﬂ F%ﬂ‘??(%b?ﬂ Fig.
9 is afl : liRGeriondosage form according
Lo an enilpfdi bo?ﬁtaﬁgr'?rfgs%@d{{rﬁggfr}%ﬁ% S ermior g L reeh
EVMBODI MENTS [ OQ@B7] REige16hbiin@ cross-sgctidnal view ot atpodiioneaf a dosage fgrmesent

invention is,,shown in a perspective, view. |In this enbodinent, fluid

ej ect or @gggrdi@g)?o Pﬂaﬂﬁﬁb’geﬁ‘ﬂ?@'@ﬁ@k?@?‘%ﬁﬁ?’fﬁﬁ" Y% ed to be inserted
into enclosin i u i ) 1 i el risrer i ncl udes
nozzl es 130 dﬂgg@edmgd??Faﬁoé?gggﬁéMgg@ ?g%%gnd Tl u%glggg |§&§f)up| ed to

f1 ui d chaccetding t aflaltethate jepthartimant obtherprésentiisventicl; ui d communi cati on
tor ,150 ejects a

wth nozzl es ctivation of fluid.ejector actu
bi oactive fl uijlag‘!)?foh%;%té{r'_ﬁ(?r?%@f)?gév@ ‘ﬁ{;’f cgfa d%eogi"ﬁ'gs_r}%?%m 106. [0024]
For pur pepskariméré ehalaeters Prinfid éMthd iteritratefte ol R tibosge fain term
encl osi ng nedi um may be any solid or sem -solid material wth a shape,
havi ng a acgbediagto anlajternate ¢mbadimenhef theiprgsent inventign; or interi or,
surface and 1%39&]0 7%i95. 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 termsubstantially fixed formis used
to inplx PRLipnence of the interior surface of the object not of the shape
of the o%Jec .- For exanple, a bag may change shape dependi ng on whether it
is open or closed; however, the existence of the interior surface renains
whet her open or closed. In addition, the substantially fixed form al so

I ncl udes at | east one opening having a cross-sectional area |l ess than the
maxi mum cross-sectional area obtainable for that sQa e.. The, encl osi ng

rPgﬁF§ f

medi um mi OUEN Or extanghigsuriaceal g fesmepihsdantially fixed uged {Hsoi dal , or
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[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 physiol ogi cal
condltloq he vertebrate, such as a disease. The term bioactive is
nmeant to |ncF e any type of drug, nedication, nedicanent, vitamn,
nutritional supplenent, or other confound that is designed to affect a
bi ol ogi cal function of a vertebrate. During the "printing" or deposition
process, the bioactive substance or material will be present in a fluid,
ei t her becguse the bhioactjve is jtse|f fluid or bec use the hioactive

has beenSHPS@HFGeHTta%E Bﬂd@ﬁichrﬂs aisp Qﬁltﬁfalﬂ‘ysm qqndg I¥L®'d be noted
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under sto at t egl ons are 1| USt rations gort ion of a
devi ce t imaaterial wditbea;bﬂqseat ina Beiddeitkerdienauseshe lbcqamtlée lswael adluisgl y, these

regions will have thre ons di ng | en W nd dept h,
when fabf P&P@Hs%ﬂ‘ea 'OQEﬁi‘(ﬁ:ﬁ 9?@(9'359&32’ SP\?H "f ﬁ@g%?@gﬁ‘r i nventi on
is illustrated by various enbodinments, it is not intended that these
illustrations be a limtation on the scope or applicability of the present

i nvention. |t [082Fot ltlsﬂnpaldjbel notest thah thecgiawdngmeatesnelitruento gealéent i nvention

be limted.to the Si ca u e es are
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i nventi omale Héfeﬁséxﬁdg)ératéd@ﬁ eslatich eTHMRr dirménsiond 28lder o provideat or  body
120, in this enbodinment, is a tubular shaped structure having an outside

di anet er deaser Wisiation-and ynderstangiag of ths presapt BYERECHEdi um openi ng 108,
such that fluid ejector body 120 is insertable into enclosing nedium
opening 108, along |ongitudinal axis 112, of enclosing medium 106.

Encl osi ng medi c5001:8]06|rrraardltmn 2althowmi somap iegembbdinments nmnhm 110

utilized for delivery. In this enbodinment, fluid ejector cg]

10020207 herein are shown in two dimensional views with various reglons having dept
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

al i gned W@&ﬂ Jongi tudi nal axis 112 of enclosing nedium 106. In alternate
enbodi e 3epend|ng on various paranmeters such as the shape of the
encl osing nedium and the fluid ejectbr body, the fluid ejector body

| ongi tudi nal axis may not be in alignment with the | ongitudinal axis of
the enclosing medium Fluid ejector body 120 may utilize any ceramc,
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ej eCtor head 200 includes fluid eiector body 220
wher ei n bbdyéaﬁtmay piilizé any oeramie, hetsl, ohplastc rr@cte@aig:apab &@loss-section. In
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Fl uid bo ngl t udi nal axi s nd nozzle ejection axis 231 form
predet er mthedlneﬂu;dBhanneln‘gl(boam&késeearmirglty tonozzles 480 s Foresampiéit, nozzle

e oet on sipdat SR 4okl AT oS BRI P ARCE: Geie 0 dogrces from

Fig. 2b. rﬂ\ébﬁﬂrﬁ@ aeturaterstsrtharialmediarital atdtl%tbrma?mesmﬂﬁédlte ejedti gned at
an angle between 0 and 45, and nore preferably nozzle ejection axis 232 is

subst ant ithe bgoqsévcpﬂmf&mmozzlesmﬂ d body Iongitudinal axis 211. In
addition, ejection angles 231" and 231" illustrate that the angle may be
ei t her in a positive or in a negative direction relative to fluid body

normal 211'. [[0030] ﬁhté)dan@gblﬁ érhbbem‘brﬂQﬁafﬂu‘ld bfgctormtmadlieshown id ej ect or
act uat or 250 chanber fluid body houmq}g 280, and nozzl e | ayer

236. I n @ '§0"1@Fﬂ5b@r|0ﬁ§'r$90¥ @reajgfd%frészQar dn thisgmbediment.fluid ejectdl wafer. In
al ternat @ea4 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] Fiuid 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 enbodi nents, other materials may also be utilized for substrate
222, suc 0 202various gl asses, al um num oxi de, polyi m de substrates,
silicon car |Jé, and gallium arsenide. Accordingly, the present invention
is not intended to be linmited to thdse devices fabricated in silicon

sem conductor materials. In this enbodinent, fluid body housing 280 and
substrate 222 formfluid channel 240. Fluid inlet channels 241 are forned

in substrate 222, and provide fluidic  coypli be en i d channel 240
and chanBgibogimentsgothear matgriglssnay @}S%%HF'&QC{%" épégﬁ‘ﬁt@ %’g spgﬁ &Ssposed on
substrate,. ravi idd Qg I i idal a

bi oact i Vga?ﬁ;%%gl’aa@gg% ﬂﬁ#ﬁﬁﬁnaygﬁeg{b%i%fg or %ﬁt]%%’ gé‘!?létﬁ a efrgld];é} gﬁ% from
nozzl e 2g8lliuAsarsenide. badcartimgdy, thé presentjraention és nabintendesitorhey be any

o cct 1 t gt shosedbdees fabricated B anssricondycio Mat8tasy aliar or 250
I ncl udes gidnddim@Re fiid Wg?ﬁéiﬁﬁ 280N $ubSrate D #6rm RaickcHdmielel resistor.

In alternate enmbodi ments, er“fluid energy generating elenents such as
pi ezoel e@40i Fluitllintet chashels 241 are forsned in trate 222 pandipravide uidicat or s nay

al so be utiljzed. For gx | e | ezoel ectri | ement utilizes a voltage
pul se toCBHHtR% EW%@&%EQPO%&@% Sharphgr 2721 d resulting in ejection
of a drop of the fluid. In still other enbodinents, fluid energy

generating el ement 252 may be | ocated sone di stance away, in a |ateral
di rection, fr§003R)zzFidsoergirgenesating elementi2H2-is cispased Aeperfdral® vari ous

par anet ers,such as.th articul s i n ' { cul ar
structur g%gfarld;%rr%@es(;p ,engﬁ%y Fﬁéu'%% ﬁh@%%ﬂg %ﬁgﬂip@%%gge Ppﬁgg%h%nel 240,
to name matbAd, AK, dFotifsrsuithBRIRid Tioen hb2218@i30r oA désaribed dbaviecal |y for ned
as a tantalum alum numalloy utilizing conventional sem conduct

pr ocessi fyicgiecirmetuator 25 may beaey elfibentranable et impartieg sy lgreng{ | oys may
P2 L o SO b B et R PR AE 28, NG gpl e ther
net al i zatfjuejedfr SAMO) 250 ind\edessilid apergy gendratingeterddt 258] avhictonal |y,
various | ayers of protection from . ] .

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



chem cal and nechani cal attack may be placed over the thermal resistor, but
1002020720344 not shown in Fig. 2a for clarity. Substrate 222 al so
includes, 1Th this enbodinment, one or nore transistors (not shown for
clarity) electrically coupled to fl3d energy generating el ement 252. In
al ternate enbodi nents, other active devices such as diodes or nenory |ogic
cells may also be utilized, either separately or in conbination with the
one or nore transisto n r enhadi ment what ..i.s conmmonl y

s. In still othe ,
r ef er r ed 3§ NgEshowgin El&- zérfp(/ﬁ‘a"hf-l ubstrate 224alsR NFTUdRSe IR thiSihst rat e 222

may i ncl e =1 r | t It ki I b
U1 | 3 eqSPhecmef, BrF ihoRERERELRES (ot SHBRI oREldth dlectiealy, | T2 2 Sray®
gener at i cgupledrterfluid ehéigydysrenatingelearent 262. Jaraitemate enshadimests, he

particul ar, application in ich fluid ejectqr head 200 i d, |
t he partioglﬁra%t'f’? %l%@i%%%@?gaspméﬂ%w Ol H51'8 MY allﬁérb}igterg.s \[N(e)034ifjIS

In this %M,%brséaamywm BBbifatiBRRittEtheasHPEEMORE trahBistars! resi stor

rapidly heats a conponent Tn the fluid above its boiling point causing
vapor i zatin still other lembiodiments, what dscomaanly refgrred taasashiegt ddveubbl e  t hat

jects fluid d 214 h in Bg 2a. Eluid. ical l

hel udes MUIbpPERTREad. Bhsre oy BralaiZ22smay Idhde ful SROtAEhERS. Vi ch my
be char agifidut aetivs devieestrnay iso?bd Ltlizbadd e particlldir soniBmatiorest , each
activation of energy generating elenment 252 results in the ejection of a

preci se agtivedevigesfand fluid enargyrgenesating eleseendawilhdeperd pnyiddiolsop; t hus,

t he nunbey, t t | i er gy: | . | hyat ed

cont ol s PAFRBLTB SRCh RS b sttty 8 ublicHRrPivhieR BliF By RegifR00 R CFLy

ej ector headed s Well asdre padtictlatefluid beihgadjectedto eiaenalaapluplesofof a fl ui d,

i ncluding, for exanple, a bioactive substance on the interior surface of
an encl oPar@metaisirate or nediumat controlled or predetermnined | ocations

on the interior surface of the enclosing nmedium For exanple, when the
fluid contains a bioactive solid substance dissolved or dispersed in a

sol vent, aggl oes4f i tmth$ ehibddiment; anwhergpimpulse appliéd ecrossaher at i on of

the solvent carrier, is hindered. By activating, . . )
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 el enment a predeterm ned nunber of tinmes n, n
bloactlv (kb?h% drops are ejected fromnozzle 230. This enbodlnent provi des
for optimzation of the bioactive substance for dissolution rate and
dosage. It 100202072 10 is further rdBognized that the fluid may include
any solid material dissolved or suspended in one or nore solvents. [0035]
The drop volune of fluid drop 214 nay be optim zed by vari ous paraneters

such as nozzl e bore dianeter, nozzle er t hi ckpess hanb r di nensions,
chanber |18a%§hefmmm%%d thak E}weén@y W@%’I‘Séﬁé soheed hd t he
fluid su w. Thus, the drop volune can be
optinizeghsg qéég éﬁ% ?Pﬁh "bei ng eJected as well as the particular
application in mhlch the encI05|ng mediumwi |l be utilized. Fluid ejector

rops.in t ﬁ:ﬁé&,ﬂ o e s B0 OF R Gpp IR oTeY Baatiraes Fino i ¢ ors
depend ngopd S fASRRELEES o3AB2BIHALUIAReR 0P layes bRy head as

descri be ernate e nts e| e tor head 200 can eject
dr ops mchiambeadgnelhmons,aahambér layer thickness, anergy genemtinggiementr. |1 n

addi LI on, aggfgg} In%&}eﬁﬂg%hﬁ%&% di Uengéshglﬁé{ﬁt; leﬁ“ll%c}ﬁ éigector heads 200
may be %-g@i NRYH I e, two
fluid ej ‘%Bﬁﬁﬁe CF'[I e Eﬂzaélfolblﬁefﬁyr[ﬁﬂapﬁ’tﬁh HethdPajektedf &y wilag thee ability

to di spense oactive fluids or any conbination of bioactive
fluids, mgexﬂaltamallcat{en in whighdbelenciasing-medium will beiuilispdcFltid head 200 may

I t t hat tibl K,
na seal gretgrnea plo B B R A bbfinRns R AR Al o Lo any
fluid rrate?édtairopyHIh@&ahg@wWoweabémtsmﬁfers tmhsoumnaﬁaitersr bi ol ogi cal
reagents, as well as flurds containin di ssol ved or dispersed solids in

one or nﬂe@egdln@m the paresmtersanthetructagasrofbe fluid ejertariiepdas di sposed over

t he surf ej ection
chanber SFsofibeg 3HARE.CRL AL as SripiRhe d il ERudfnela pO it ©) rorn
fluid chanogd inthe rargé fointliaBolnd EEmiitars &b abddfl1 nmiesoliterc Umaldaitioni n f 1 ui d
ej ection chanmber 272

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 expulsion 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 el ement 252 and expul si on of
fluid, nozzle or orifice 230 when energy generating el enent 252 is
acti vat ed. e fluid chanmbers formed al ong | ongitudinal axis 211 may be in
a straight I|ne or a staggered confildurati on dependi ng on the particul ar
100202072 11 application, in which fluid ejector head 200 is utilized, a
staggered configuration is illustrated in Fig. 2b Nozzle or orifice |ayer

o221 s SBBICAA MUNigh Hud plaskal ieancb G Foiizp, aistababied crbod mont o,
dependi n%gﬁfg%ﬁogﬁ?ﬂlggﬁé@eﬁrmrﬁgeiﬂ aNBzilé'dr'o?ﬁgefléVer%% Yispodedr 266 and

nozzle la esive yer may al so be ut to adhere nozzle
| ayer 236véocl®dimbberayef aﬁeranﬂﬁﬁcluéesondlomgnmre katds or onztlee@30di nent s,

chanber a er 266 a nozzle | forrred i nt egr at ed
chanber EQBW%H%H“” igeigrted- f%?@?mﬂ ”‘E’Qﬂlrﬁ%”tﬁy (ﬁn%ﬁg ?maglgble
filmt ha@a\’ﬁddlérzrﬁéter% fﬂlz\eﬁW@B&ﬁ&hbeﬁ&?bpﬁﬁTanb%d‘z%fé‘l‘a?éﬁm'ém' ayer 266 on
substrate 222 an efine and deve ej ecti on chanber 272.

[0037] Negdhesivedgyar map alawbe)utlhz&drt@cadbvnererﬁpazle I@mrﬁiﬁto ¢haqsker or ot her
sui t abl e, mat suc In this | ayer 236 is

a polyi mlqyg? I ﬁlA“éﬁ? %ngcer P&MWPOQI'T‘?}“E{:& ggpltaxgggééaﬁgyer materi al s
i ncl ude %oﬁﬂbﬂb?é%é ér‘éﬁo@fﬁ%d'a%bé §|nblé)mtc§3ra‘ted EhEPAPEr A6z Tayers & Co. sol d

under the nane " Kapton" pol yi mat eri al avail able from Ube

| ndustri é)shamhlan:baymZ%ﬁwpa&jollsiammé@lmag&mélm thajytiliges" In an alternate

base. enchhelaitEySRAY fniefih S i She BREF et 2P R Blskwitipaathelor 17

ot her al &I%rﬂééfnﬂ@ané@é@éldﬁﬂné fébﬁéﬁ'dhahﬂwmm% may be formed from
pol ymers such as polyester, yet hyl ene napht hal ate (PEN), epoxy, or

pol ycarbonate. [0038] An al ternate enbodi nent of a fluid ejector head is

SO 1, BT KRR ey 2 R oo 5 RN T, of VL

ej ector head

portion @thémsuitadily materidl su@MlasrUUrém&i mrthisﬁembodmmrﬁj nozxe fayer 286udi ng

fluid body |ongitudinal axis 311
i$ 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 enbodi nents
fluid ejﬁ@£§5§%0dy 320 may have a portion having a curvilinear shape. Fluid
ej ector 0 further includes fluid ejector actuator 350, ink ejector
actuator 354, and seal ant ejector act!ldator 358 di sposed on fluid ejector
body 320. Although the fluid ejector actuators are disposed under the
nozzles in 100202072 12 this enbodi nent, in alternate enbodi nents, the

fluid ejector actuators may be 03|t|onecLs | at er al stance,_away from
he. nos A emimaimant o ahaata eoladBen® ISbUa AR SuAstS TR bier or s

such as h t t f
the. chanBesoRGH oK Bleral Hstartsl Ay fbTPREREZICE THEDARYIT = % hame a

f ew par anistance will depercham nahossaparamuetersssmch as, tlaetpmumtllaltfhud being ate 322

and separates fluid ejector d 300, into three ction fluid._section
323, i nk dishensed. @?Zpg‘rﬁﬁ‘&agﬁté'i‘ameg %W ?Eﬁfﬁ gtru H%ﬁl%ﬁ‘? fluid

Caire, MM G Sl ioB ol s st

rmed by fluid channel separat or
porti ons iSatiacheditossubstrate 322 20d separatea fluid ejenmnmd:&)ﬂ into thseeed by fluid

Channel s S9Ho: JHARSHIR 523 SRR ASCT eI SN dane N8 ang

charber %RbocﬂMn@rfm.& ehamk| 133058 srimigd By flaa dMaHh'el‘sééa’rbtbr goraonon 323

Fluid inlet channel's 343 and 345 provide fluidic coupling between fluid
channel s 3!-62aladldubswat&ri122: lirkrohannet 342 ds foraTest bseﬁwdcqhaneeyseparatﬂrd ener gy

generati eI e " i,s .di,s ed on t he
Gnoray | DS T4 v altefes 337 nd SaBRE h A % 8 Bomdt BYREEE | 07
generati waﬁhemﬁa?at%‘i@oﬂmm"pambdsstme 322ergy inpulses utilized to
eject fluid fromnozzles 332 and 334 respectively. In this enbodi nent,

fluid energy generating el enments 352, 356, and 360 are thermal resistors

Vanor i vart on’ dD038L > FRETRAEESanrbd 351 blolidk AR e drtipBHernBenBRidTt SauP 00
fluid IgnahbE34®bARd SRERMETBTLS an@bhe forfriad ifl stibetrate S22 witair fgdel ement s

such as piezoelectric, flex- tensi onal, acoustic, and electrostatic
gener at orsectialy 32Bs d-luid 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 enbodi nent, fluid energy generating el enents 352, 356,
and 360 q&g@% he fluid in a substantially radial direction onto the

i nterior ce of the enclosing nmedi um (not shown). [0040] Chanber |ayer
366 is disposed over substrate 322 wiérein sidewalls 368 define or forma
portion of fluid ejection chanber 372 in fluid section 323; sidewalls 368"
forma portion of ink ej ection chanber 374 in ink 100202072 13 section 324,

and sidewal s 368"' forma portiaon of seal an ection chagb 376 in
seal ant §@@t@0rb%2‘$2@d sigewalls 368 foim agqriion P g%%ian%elﬁr:@?)%g mb% chanber
| ayer 36%{7“ Chs?ﬁféh't'ggétld?f%@r hl%%l% AYrie Yyeioad @%I Ser and 334

t hr ough ree sections,” 1s e In alternate

enmbodi meghambee 8/edi366 and inbiides aniecar morenbcbresmalrmzztaslmﬂhc%ﬂoand hanber

| ayer 366 and nozzle | ayer 336, an adhesive |a SQ be utilized to
adher e ﬁaézh@ugay@lmcbélelq dn thexfhses seetions. 3%@90%6{: d’%i 8 addi ti onal

erbodi MeAhhodihBALD BepbAdifh otPhedRHidnar hibtebie Lttt féfr%héﬁfb@%yé? a single

| ayer . chan |nfegPate nozzl e [ayer structure is comonly
ref err ed 366 amal nazzié taylee 836y an adbesive mmeay alsohecutilizedrto gdbera] Al t hough
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ej ector hggﬁ?ﬂeg@ésﬂ Utl||d;ed Fodﬁéxarrplre, | ui d ﬁ? d 320 may have

a si ngl e andoteigratedcchejmbar andonexzzle layer strufpture |sncqumombﬁefertr ta agi d
chanbers _forned al.on L,t udi na 311 may be in a straight line,
st aggere(‘fi1 P}%‘H?? gq}fgsp%{rp%agqbq{é]nglg I%%'f\f iguration depending on the
particular application in which fluid ejector head 300 is utilized. In
anot her exanple, fluid ejector body 320 includes six sections having

straight, st 2§804Hd, Nihoﬂ@m Figai3 denietsifiyid aiectarPodyr3Af sepAjates)| th of the
D0 k< AR A Thed SRBRT ATy P EE RS Yot Rl | 11, o7
head 300 gestitt td idtble b@cﬁﬁhs’a‘dﬁé;ﬁmﬁﬁ@oneﬁ@pdnmm applicatioreirt whichmay ej ect a
fluid having a bioactive conponent, 1nk

fluid ejector head 300 is utllized. 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 numbers 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



conponent and seal ant conponent or any conbi nation thereof. [0042] In
addition16 ogﬁ&ing various nunbers of sections each section my al so be

i ndependently Optim zed for performance. For exanple, the energy
generating el enents of each section Ay be optinized for the particular
fluid ejected by that section. Further, the dinensions of the ejection
chanbers and nozzles may al so be optim zed for the particular fluid ejected
by that section. Energy generating el enents as Mell_as,chaﬂg, aqd nozzl e
10020207 dimansippe Mithishd seEtien may alse beorigg\praviding,gecton @ %ﬁ&n di ng
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nedi um part's oactive i spensing system 404 turther includes
an i x | view.ajn this émbiodimentehioactiveciiuid dispgasingosystemt404niociudesej ect or

bodi 420 adapted t ' ted int | osi di [ 408.
exanpl e, eRoBFITReRyn dav {Ehaving abt £ 20 PgY 5" S1KCRNG PRIREE hol ders
cont ai ni g ENELABRI Db HEH S0 iscHidh Bf ofoisiAFhédiinPhartd 408, ef ect or

bodi es wherern the tray i1s effectively divided“into four sections of 2x2
hol der s #Bioadtive fiuididispeneingsysterdi4@4 furtber includesdn i j arsay efilluidsi ng nedi um

parts in each section. | his odi nen the Is | ection
cartri dg@ée 1§ qaé%rﬁ@&ﬁt‘@é tih'@{ W%n@?ﬁgr bpglggeﬁ@%@ptgﬂ ltf}; ége'ﬁqse% or

act uat or sntorHcl ediif chieifdy 408 0P6H @)@hr’hFlef, hwydtem esdyoatillzeda es 420 and
fluid controller 490, such that fluid controller 490 activates fluid the

ej ect or . tegythaving 8,4 x 4 arraycef halderscsantgining endlesing medium parts aRd dont r ol | ed
or pre e, ned cation . i, ' . . asing nmedi um
o S SRS o A8 R SR WIS ) 5 BBy i 00, T
rot at i on fodesdtionsBf ORQthoidersindctthe Mk ejeetoriodiat ajecinsented frathier | dges 402
torotate fluid ejector bodies 420 about a fluid body |ongitudi n%l axi s
(not shomclosing medium parts in each section. In this embodiment, the array of flui

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 encl os} 261;3di umtray 484 or both depending on the particular
applicationtn which dispensing system404 is utilized. Transport mechani sm
492 is operably coupled to transport 1€ontroller 494, and provides signals
controlling novenent of enclosing nediumtray 484 to align enclosing

medi um openi ngs 408 to fluid ejector bodies 420 as well as insert and

wi t hdraw fl uid e{qerctrér bodi es .420, from encl osi ng medi um par.ts_ 406. For
exanpl o, X anthydeterakaliachans whilsaisng Aoy waringden eravemenhia 18 2454 i n
10020207 ;4 5¢i : ' ' hh8 ikeHrbt bk N i.e.
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application in which uid dispensing system404 is utilized. In addition,
di spensi myjceypsoedssode and progranynableyogissionirellens togentrebthepcariauisum | oader

498 to | gad | Qs nmedi ' ' A | d 486.
Furt her, T iy CgEBERH TSN 492, ThbharilaeLRenEer B ot ot or
485 10 I QfepbAdtthesidrdculadapiioativh n 4Bfch Muie dishensing systemnnanedi um

| ongi tudi nal axis é‘%{_e Fig. 1a and 1b)thus rotate the interior surface of

the encl okilizef.mitiaddition.clisensieg system p4mayroniamally irEi“ﬂ‘I’%?“r otation of
can be Rt i dgdtr oe 154 SBeEhisdog A palPH0gB 22 Gonosi s
di spenseenefdsing Arediurh ¢ioldars 286f Faethedr, ¢ispérsing gystedt 404 nuay &ilso406.

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-destq&ﬁ%%%e qual ity assurance testing of the manufactured dosage forns.
Moni t ori ng e ‘anount of active substance deposited onto encl osing nedi um
parts 406 may be carried out. For exdfple, near infrared or other optical
technique may be utilized to performa rapid in |line assay of the active
agent or agents onto enclosing nediumparts 406. Such in line testing can
be perfornmed before various excipients, if desired, are added, and thus
removes P8UEAOSn or interference of the excipient signal in the assay
measurenent. In addition inspection unit 496 may al so be utilized to
optically nonitor the quality of characters generated on the interior

surface of en¢de46]ngRettiingtd GRG0 3R ei@npelatyseribédinjerd4f enBlelsing i ng t o

Fig. 5a, an exenplary enbodi nment of enclosi.n nmedi um 506 of the present
i nvent i oMeuRHHIHOF %eé”ﬁﬁ?%td@&?ri‘t{%‘ @isi\ﬂwé%'“% PHIRRPHACEVENCAT @dosage form

200. 1N pHafnSEBatiNBBSagd RIANSA Ol Embbdinetotstade fARFSOGISOA whi ch

di screte deposits 514 ar posited on inside surface 510 of dosage form
500. Di sgetdtin chnsots o8 wiieh disgrate dieposits1534 are Hepositadoeminsidgi ng as shown,

be i desj red . i i, | . f
200 oin” Suttars BinuE ddsEe oiin Bpa bisirale dERGNR IRt mBl BRI TRR Wi pade 'O
fluids, %ifsnﬁxs?sggilngraéogﬁ&,lvn,%ﬁgfbtermh Qfdsitb8 BwORY thiee difrPisivlat or

relatively inso but allow entry of liquids by either diffusion or via
per f or at iaprangement| Dosage fean 50 napberanydndestiple maledel thabdisgelyage form

500 either by diffusi , h ' Typical |
dosage f of ARBGAGNRAP IRlios ek e e aPoRabe iofh S80I MR Yy
ot her  empeqagso@bleSer feltivéiysiasblubliedbutadliot entay epliquids by efthdpdifigsionor m 500 i s

enhanced at the pH of the fluids in the stomach or upper intestine. Dosage
f or m 500 Ofiia perferations. Thediqgitbinaydhen psorgptedrug elaass T dosegeri ¢ sites

o o YO SRD BBk b Bl b sk b e RSB, TRpeaheL o L0
?ﬁ: a?gl Lgfsdghgfe@%rn@"s@m@ﬁyﬂﬂiﬁhﬂic dnid idaeily disiretegidtes th water| and i dthet i ni m ze
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



conponent, that woul d cause unintended interactions wth the bioactive
active q&%%ni ncluded in the dispensed fluid, upon dissolution of dosage
form 500 “are al so desirable. The ability to remai n stable over extended
periods of tinme, at elevated tenperdfures, and at high or low |levels of
relative humdity are additional properties of dosage form 500 that are

desirable. In addition, in still other enbodinents, gelatin capsule 508 is
general ly a poor nmediumfor the row h of m croorganis to,reduce
spoi | agei/hel'hp@ét"@(QﬁﬁmtesTm'C?HWeQﬁ%ﬁmPapéé@a% %% %@%QW@E made of

gel atin, I I ; PMC), or
capsul est@%@%ﬁoﬁ?é@r#érm@%co@ﬁﬂﬁa@P@v?’ %Hglg{gg@ﬂé‘grm may be
coat ed oparticuler ioctiveeld beingadispérisedonthensizes neayralsertealitilizad. iForusef ul ,
or desirable, to inprove appearance, or, function, such as ease of

swal | owi Byamete,1argekh §izes are Corpne dhveteripaRedising; 00202072 17 t he

bi oactive agent. Typically, gelatin capsule 508 has an outer dianeter in
the range fromabout 3 mMmto about 12 mm however, depending on the
particul ar bi §e@47]velrfthis embediment; discrete depobits 514 2es dapgsiteds in be
utilized. For, exanple,.larger.sizes are _co n in veterinary medicine.
L0047] 1 RredeterBngadprAtions fHmeingeTbaney 6t Poachve adeht narligeR: da i

pr edet er msﬁw‘&sbﬁﬁéé 590'f BAEIBSIMY MBI 8¥6 OTThii RaRisition GraNitidpeldfizc! es, on
i nside surface 510 of enclosing nedi um 506. The deposition of solutions of
a bi oacbiosstivgagent, dlissoivedk dispérsed rarstispended ipa sabvent ar gdureeht or

m xture of, solvents, .in, discr e ' . t ] icul ate
di sper si 3%’3&%’& 'St‘;h%esd(ﬁp\?ﬁ? %E\g@%ﬂggﬂ‘% i’?ﬁ?@’&ﬂﬁ‘ﬁ‘%gsﬁ%%ﬁ%%é capsul e.
A cross- $es5bI0BAL hay bedh 8meeéd bl Bbsabed! sy theGadpsuRhAverdss-sedtionab
illustrating a row of discrete deposits 514 deposited around the inside

ci r cunf eviaveef gelansappulesyi isishowanindtig 5 Hlustrating airawaf diggrete et e

excal o, BREsTERL4 AP bR hBYTHEC irfylaics opaRRIC S082M6 " i cer s
so that %Yneélterﬁ@tbrér’ﬁbddiiﬁférﬂ,tcﬁsd@ﬁ@&éﬁosit@%\t@mfbhﬁ seqsral agays ofr every
fourth row or colum would contain the sanme agent, or any conbination with

di f f er endiffarnhbioasliveiagents e for sxaapie. fae 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¢c
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. Anot her exanple would be where capsul e 508 contains four sections,
each seci’ 2(5‘,'Qntaining di screte deposits 514 of a particul ar bioactive
agent . n expanded cross-sectional view of discrete deposits 514 is shown
in Fig. 5c show ng nicroparticul ated8516 formed on inside surface 510 of
capsul e 508 after the solvent has been renoved or absorbed by the capsule.
In an alternate enbodi nent, capsule 508 nmay be, for exanple, an enteric

coated capsule for_ those app]ications in which tllgj(ta bi oacti ve agent
agents adgptactedeinsertedisoytap ReBd of 3 FaPIUlE seliings. qigearsionenar

bi oavai | afi L. LR i i rption, of a
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bons | e fhaseie Sromcarmbe confoled o siene aboti ot sl BiedviE &' £
ej ector hﬁ%rﬁﬁ@@%ﬁﬁo&% RARBIEAI Sod\ft 10'8@dIRsrs] Whithi dtradponidgdoof a

capsul e s persions, or suspensions of a bioactive agent may be
deposi t edniapdricuaterdeposits in thenpicagran pami¢rograin éangs dependingofice of t he
capsule. In this, enbodi ment the size hese flui r e

control | éf@,e rafio ﬂfetEErq'B%lﬂr}ﬁﬁa}%ath'é(ﬁ@gﬁng{q | GAPHYL qfﬁlﬁoﬁi\{qﬁﬁﬁq §3§88f rom about
o femol i Sltofriaté BitodiReRNMe Li26 of thbYecHia Ar6EPEaNES if the frgeopar ti cul at e
deposits in the picogramto mcrogramrange depending on the ratio of the
anmount offrdpn abhout § femtpditer to@bouié 1anistoliterowhiah eerrespandg tarop. I n alternate

enbodi nent.s, th Ize of these fluid dr . ' om about
o0 e Storai e iast b e oSl RSOk b bBer g By he 0™ 2P
deposi t s rhfio btheParhBanBoR Bibadtivd AgEr D e amodapenshlogntdn ddep. ratio of the
amount of bioactive agent to the anount of solvent in a drop. Deposition

of di scr Aepasiiprsofidisarete depesits fidealso hipdessagatareerabien oki cr oparti cul at es
516. [0049. The.bilo%%té(#)e fluid may be formul ated so discrete deposits 514
on insidé" [99358%“% "capsul e 508 nmay be known types of pharnmaceuti cal
formul ati ons such as eutectic m xtures, |iposones, enul sions,

[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



anor phous co-precipitates, mcronized drug particles, solid-in-solid
solutionﬂomﬁ5&asy state powders, co-solvent solutions, and solutions in
pol ymers as only sone exanples. Further, for bioactive agents that are
released in the stomach the dosed cdPBsul e 508 does not require being
filled wth excipients and wll then float on gastric contents while the
capsul e and bi oactive agent dissolve, increasing the anount of bioactive

agent released in the stonmach. For exanpl.e, hydr ophobi ¢ _exci pi ent, may
i ncl ude Riogskye substancesioninside gupare p10afenc gln@dwfarﬁ%ﬁer SFililiter,
whi ch ma ' i | % A hids\ I i ner

mat eri al %Xgmﬁpl?é)ﬁh#%gf @éﬂ&%gﬁﬁénﬁfa&ﬁ@?ﬁl%@ é%é%"r!%g) r'ﬁ' %H Fg\lﬁ‘%ase drug in
t he st onmagbnt idypdsitedron thepistarior shefate afithe tapsaule and then aniesiteris e

di | vi o till oth nbadi. t i pj ent. ot i,de i
mat or | al oA B8 1ok HepIdsdnprERAterian deppaited QYRIING PIOAGVEAE b nal 1 esi stant
menbr aned%@o@i!f's.egyﬁlé%(galtmwﬁro%g?f&ﬁﬁe deBired fuhitt of de8es atpulsedt i on of

such an excCl pi ent Iner material” may also be used to generate
t hr ee- di melease vhthaabioagtveragent may hetdbtainedhas foraxapmplenin hypeére 100202072 19

bi oacti ve, subs ces, on..i nsgde .syrface 510 of encl osi ng nedi um 506. For
exanpl e, i{ﬂ?@l%ﬁﬁ@ﬂ&] %%@Puﬁ?d‘é %@%?(adﬁﬁﬁti n capsule with a bioactive

agent deposited on the interior surface of the capsule and then an enteric
coating as the "inside liner material" deposited over the bioactive agent
deposits. By 1[ep%Q} i Ag altersateresvkedinfent of the presentinvaotiiein @ doses a

| sed I f the hi t ) ' , . le i
T e e L T U e Y S
al t er nat i@ dinipiY edbobiifSeit! S688At MARTH 620 i$ depositekadrdiiscrete
cross-sectional view of a portion of dosage form 600 is shown in Fig. 6a.

In this slepogitebid whichwene depesitechon gmide sudiagm81@ efienelepingi scret e
deposits 614 whi wer.e deposite I RSl S 0 cl osi ng
medi um 6@e$UMQ€f%H§%§O_ %9‘%7}%81)86'9) @iércgéjtg %éé%%@gtﬁgaﬁﬁ{eé%r%er ate
M cr opar trhigkdptrBsul&tEs. 619, Birhifdr tbahathddscrbed foorid. 501Sdalgnt dr-.bakéal ant or
barrier material 620 acts to seal the bioactive agent fromthe
envi r onngnaterial 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



Dependi ng on the particul ar bioactive agent dispensed, and the particul ar
dosage f%dgo%a?tzeri al used, the barrier material provides various protective
properties, such as hum dity protection, protection from oxidation,

i nactivation, or contamination. The28ealant or barrier material also
further limts aggloneration. The sealant or barrier material is an edible
coating made from a suitable polyneric material such as, for exanple, a
wat er - sol ubl e pol yoxyet hyl ene or cel | ul ose, et.her,.derivative, .or, waxy
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bi oactive agents, with the sane or different release and absorption
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bi oact i vEQiieied ralegsadn this gaplext iswhe® the bipastiveagant disseitionrales 620 and

020"y HFelSEAVARLEy L8 BECUAI? SSPARGY dblled? P i acBtit

\ ; al€
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I nconpat idelsage féioms iyl Rslgesératstbthat rélbase anm@sasing, dbereasinge bi oacti ve
agent dissolution rate or release rate ma¥ be fast, slow, sustained, or
\

pul sed. TROstanbHuHsed atiuniferm 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 forns may be generated that rel ease an increasing, decreasing,

const ant % d at uniformtines, or pulsed at varying tinmes, anmount of a
bi oacti ve subst'ance over tine, after being ingested. [0052] An alternate
enbodi ment of the present invention i2h an expanded cross-sectional view of
a portion of dosage form602 is shown in Fig. 6¢. In this enbodi nent, ink
deposits or dots 622 are deposited on inside surface 610 of enclosing
medi um 606 in patterns using dot matrix rmani pu éﬁl(DqW%r ot her neans to

gener at e §M¢%Q§CTGA¢&$&Q§%6% apReakant materigh §E under st ood code
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requirenen rug capsule | ication by printing on the inside of
encl osi ng nedi um 606, such characters or inmages are not as easily rubbed
of f or washed as for co ventlo al forms ri ted on the outside
surface. In allé)éé:ﬂaté éﬂ@é@ﬁﬁtﬁml&o 'mgngQEB% gmgg@uﬁa,ﬁ 33%8‘%@? Phd after
or 10020 ?ﬁwé%ﬁ Kévih & 4 dctive Ve iFRe ! antth.gaterl al 620. In
ot her eﬁ‘g%élre?r?ej?r?ts t| p?e bi oacﬁé\??a I\e/nts may ;'éle be deposited before
or after ermbddMepbsinscsre@dep@rtsWd%argdMSUadﬁomredetemirtedelﬂb@mnﬁent i s
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dosage form of present invention is shown in a perspective view in

Fig. 7. |7@7tha3s,dlsermden@$1ts 7t siepesitediep dterier suface e1QidpwRinged, in
D e o e B9 i A HA YaBlad BB bl % "
5 and 6. dixnaeR lésSPiah thé Msita didthsier 6f Sapktile 706 Sothat dossgesinserd on
nterior 7%%]; Elir(1:seer’c7allc>(|)e lnftg rc?pgl?le 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
di anet er 15@2%?07tzhan the inside dianeter of capsule 706 so that dosage insert
707 is insertable into capsule 706. Dosage insert 708 has discrete deposits
714" deposited on interior surface 788" formng a third array of bioactive
agent particles. Dosage insert 708 has an outer dianeter |ess than the

I nside dianmeter of dosage insert 707 so that dosage insert 708 is
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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 nmedium 806. Such a device nmay be utilized in the
Iocalizeqoaﬁﬁgﬁﬁent of tunors and other nedical conditions by the
interstitra I'mpl antation of radiation-emtting el ement 800. Such

radi oactive inplants may be utilized®3to provide radiation therapy to
destroy, reduce, or prevent the growh of tunors. The direct inplantation
of such radi oactive sources directly into solid tunors is generally
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the encl ofdKhsinE&stmt 0 accept insertion of the fluid ejector body into an
openi ng of the “enclosing nmedium Typically, this process may utilize any
of the conventional 100202072 23 | oadi ng techni ques such as pick-and-pl ace

t echnol ogi es I li,zing a h er and. s e . to | e encl osi ng
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di spensi ng system However, in alternate enbodinents, depending on the

parti cul £edpobedy mayrbeingerrd patedha gnslosingmedium.; dhe travshelding tBeci osi ng
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g : isgﬁnts Ih gﬁarsmhqmntubﬂeﬁfﬂ\ny\bf fHe cehventibaali teshmigdes forligairspatmay used to
be utilized. For example, an electric or pneumatic motor or other actuator
may move the tray inan Xand Y directibn 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 nediumto the fluid ejector head so that the fluid
ej ect or &ﬂ%z&&y be inserted into the enclosing nedium The tray hol di ng
the enclosing nmediumis typically under the control of a tray position
controller or transport controller. 2Any of the conventional techniques for
aligning parts may be utilized. For exanple, an electric or pneumatic

not or or other actuator may nove the tray in an X and Y direction to

tabl i sh. i t of the .enclosi di to the fluid eject
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or to a ﬂr;e%g@rrﬁsi ng bracket holding the fluid ejection cartridges or fluid
ej ector heads, providing novenent of the fluid ejector body or both the
fluid ejector body and the tray to properly align the enclosing nediumto

the fluid eje heads. .1 0057] lnserting flui ' ar ss 974 is
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head ar €lefbfibid dropseostainingdhe bipartive supstangeadrar hese a@bOFEREMS: of t he
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fluid controller in the . .
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



bi oactive fluid dispensing system coupled to the fluid ejector head,
activate%Jib&%éfluid ej ector actuator, of the fluid ejection cartridge or
fluid ejeé% r head, to eject fluid drops containing the bioactive
substance. For those embodi ments, wutPlizing a fluid energy generating

el ement, such as piezoelectric or thermal resistor elenents, the drop
firing controller will typically activate a plurality of fluid energy
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ej ect or laxisdsuhstamtiadly pempendicalar tosa fluid gieatod bogy lergitusinaljaxisisd t hrough t he
nozzl es al.ong,a nozzle ejection axis at a predeterm ned ejection angle
froma fluﬁ'ﬁﬁgq)ody normal . During di spensing 100202072 25 bioactive fluid
process 978 the fluid body normal and the surface nornmal of the encl osing
medi um are substanti al Ié@igaral lel, resulting in the bioactive fluid drops

bei ng ej ect ed [806@] pir-additipf drrpnsing eniie Pﬁ@icé'lﬁ*ff%’&eﬁﬁmfﬁloc’gﬁ the
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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



nor mal may be utilized. Preferably, a fluid ejector head with a nozzle
ejection substantially perpendicular to a fluid ejector body
Iongltudlna aX|s is utilized. [0060% I n addition, depending on the
particular fluid ejector body wutiliZ8d dispensing bioactive fluid process
978 may al so include an optional rotational displacenent process. The
rotational displacement process is utilized to create rows of the discrete

bi oactive, agent deposits . for thos nbod t tili f t
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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



sane fluid ejector head wthout vertical displacenent. The fluid drop
control | gpodo¥esocal Iy controls the vertical displacement, however a separate
controller may also be utilized. For exanple, the fluid drop controller may
be coupled to the tray position contfoller or the fluid ejector head
controller or both to generate the appropriate vertical displacenent. In
alternate enbodi nents, separate controllers and notors or other actuators
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ej ector actuators or ink energy 100202072 27 generating el enents on the
fluid ej EOCISINDLMEIHHY. al so be utilized to eject drops of an ingestible
ink, to deposit ink dots in patterns on the inside surface of the
enclosing nedium In still other enbodinments, separate fluid ejector heads
may al so be ut[0063)dIn printirexmiginestion prbees$H88@rinfovmatibnenaylbeosi ti on of
the bioactjve fluid, the tray hol di ng t he epcl osin .megi.um may be
t r anspor tREpted either in a machine’understoo form or it can be 8rlnte 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 nmay be
inserted1b&&@bﬁpe openi ng of the enclosing nmedium and an ink ejector
actuator 1s activated to eject drops of an ingestible ink. Dot matrix
mani pul ati on or other neans, coupled®with rotation and optionally vertical
di spl acenent, may be utilized to generate an inage, al phanuneric
characters, or a machine understood code such as a one or two-di nensional
bar code, on the

encl osing nedium [0Q63] .In printjing information process
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i nclude depositing the bioactive fluid, covering the bioactive fluid with

a barri eingaiopatitde. and then printing over the barrier material. Stil

anot her exanple would include the bioactive fluid deposited directly over

the ingestible ink. [0064] Optional sealing bioactive fluid process 982 is

utilized to cqgees5] oTheddrriém@atiripidvided Variclisdeptsdtive propértisspar ri er
material that protects or 100202072 28 separates the bioactive agent or
agents dépebiasdumidiinpsetestiomguntestion framoxidatirs. NAEINAIGA. Ph t he dosage
L one B ESor TRRGRaL TRl o SRRAB bgpindgaseii a ol T oren
separ at eduftabla pdlgmetib enategainguchbgs a mater-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 exanple is that described above utilizing sealing
bi oactivqogéoy(%ﬁ process 982 to deposit a barrier material over an

i ngestible 1 nk.” By sealing a bioactive agent or other naterial with the
barrier material, dosage forns may @8ntain bioactive agents that are
physically or chemcally inconpatible. [0065] The barrier material

provi des various protective properties, such as humdity protection,

protection from oxjdation, inactivation, m nation..The barrier
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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



[ 0066] Optional telescoping insert nmedium process 984 may be utilized for
those apppipadions where it is desirable for either a bioactive agent or
mul tiple agents to be released in a controlled manner. For exanple, as
shown in Fig. 8 multiple inserts may38e utilized to provide a predeterm ned
rel ease rate, for either an agent or multiple agents, that may increase,
decrease, remain constant, or be pul sed over tine. Typically, telescoping

i t di 98 b iml .to.that utjlized J oad
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bi oactiv agent,” option ingestible ink and optional seal ant material is
conpl et efluidegjdctopactuatorpriocess O7 6 e Qpfional dispensipgirsart bivastive\Buidnt er i or

f f the insert.. ' [ | t t di: ) t
el cacopPrRPeRA% Sticp e donense oo FRRCRICRST ot e ARORHE: ci n ¢ ne
desi red %i&a%@iv%miaawp@ drpthdl iRBIABSEMacedf thd Meltthediufi toforinape of the

insert medium before the insert mediumis telescoped into the enclosing
nedi um adissretel bieadtivecagent seppsifs.sTupically, this pracess mey utilize siaildsi ng i nsert

medi um progess 984 1S i it o nedl ccept

i nserti oﬁe n@ueﬁ ar @%}&gg{;lﬁﬁ&%8h§v$ﬁq§0&|§éﬁgﬁgﬁpﬁaeg\g t"ﬁ'g% nggéér @%edi um
Typi cal | yncliidihg the potasienamshdiérticaalisplatéraent potesspws as that  descri bed
above for | oading enclosing nmedi um process 970. [0067] Optional aligning
insert medium process 986 is used to align the opening in the insert

medi um t LR PV 19 e YT =Ye {bead so that the fluid ejector body nay be
insertedT?ﬁﬁg tﬁ@hﬁﬁggﬁﬁhﬁ%U?Unl Typically, this process may utilize
simlar techniques as that described above for aligning enclosing mnedium
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 nmedium Typically, this process nmay utilize simlar 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 100202072 30 from at | east one nozzl e di sposed on the
fluid ejector head. Typically, this



process may utilize simlar techniques as that described above for
activating fluid ejector actuator process 976. Optional dispensing insert
bi oactive fluid process 992 is utilized to dispense and control the

| ocation of the ejected bioactive fluid drops on the inside surface of the
insert mediumto formthe discrete b3bactive agent deposits. Typically,
this process may utilize simlar techniques as that described above for

di spensi ng bioactive fluid process 978 including the rotational and
vertical displacenent processes. [0068] What is Clained is: 31 Wiat is
Claimed is: Cains 1. A nmethod of making a pharnmaceutical dosage form (500,
600, 601, 602, 700), conprising: inserting (974) a fluid ejector body
(120, 220, 320, 420) into an opening (108, 108', 408) of an encl osing
medi um (106, 106', 406, 506, 606); and activating (976) a fluid ejector
actuator (150, 250, 350, 354, 358) to eject a bioactive fluid onto at |east
a portion of an interior surface (110, 110', 510, 610, 710) of said

encl osing nedium at controlled | ocations (514, 614, 714) on said interior
surface. 2. The nethod in accordance with the nethod of claim11, further
conprises activating (982) a sealant fluid ejector to eject a barrier
conponent fluid (620) over said dispensed bioactive substance. 3. The

met hod in accordance with the nmethod of claim1l, wherein activating said
fluid ejector _actuator, further conprises activating a fluid energy
generating el\Bhahis %@ﬁ?dﬁz, 356, 360) a predeterm ned nunber of times n
to eject essentially n drops of sapghipgoactive fluid, in a two-dinmensional
array, form ng an areal density of bioactive agent deposits onto said
interior surface of said enclosing nedium 4. The nethod in accordance

with the method of ol & L making o phazmagabtical dodage form (500, 600,
601, 602, 700), comprising:
inserting (974) a fluid ejector body (120, 220, 320, 420) into an opening
(108, 108', 408) of an enclosing medium (108, 106', 406, 506, 606); and
activating (976) a fluid ejector actuator (150, 250, 350, 354, 358) to
eject a bioactive fluid onto at least a portion of an interior surface (110, 110,
510, 610, 710) of said enclosing medium at controlled locations (514, 614,

714) on said interior surface.

2. The method in accordance with the method of claim 1, further

comprises activating (982) a sealant fluid ejector to eject a barrier component
fluid (620) over said dispensed bioactive substance.

3. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator, further comprises activating a fluid
energy generating element (252, 352, 356, 360) a predetermined number of
times n to eject essentially n drops of said bioactive fluid, in a two-dimensional
array, forming an areal density of bioactive agent deposits onto said interior

surface of said enclosing medium.

4, The method in accordance with the method of claim 1, further



Inserting (988) an insert fluid ejector body into an opening of an

encl osing insert nedium (707, 708) having a radial direction; activating
(990) an insert fluid ejector actuator to eject an insert bioactive fluid
onto at |least a portion of an interior surface (710", 710") of said

encl osing insert nedium dispensing (@bZ) said insert bioactive fluid in an
I nsert two-di nensional array formng an insert areal density of insert

bi oact i weniiRiHg:deposits onto said enclosing i nsert nmedium wherein said

i nsert areal denS|ty of said insert active agent .depqsits forns a

bi oactive agdnserting(9&8xan inseHiftyig 91%’%9" ogly,igto; 3 ﬂp?ﬁ'"géﬁ?@nencl osing insert
medi um e@?ﬂ)s@ @igﬁ%g&uﬁ?% nfhéﬂﬁg%sﬂaﬂihl idite8fién;medi um i nto said

openi ng 0s1 ng' med harmaceuti cal dosage form (700)
produced by tdetivamnid (@d0)fan inkert fluid ejéctoAaptuatomtoegjea:tcaﬂ ingedage f orm (500,

600, 601, 602, 700) produced b od of cl ai ) m L thod in
accor daMWﬁHM%@"We@HSGS@ pe&ﬁﬁnrﬁff” lﬁPfé}Oélerfaﬁ%{ﬂét?ﬂ%)Sgsa' | ui d

ej ect or onprises activating a fluid energy generatin

el ement & @%@%@W@E&h\ggo) depositing essentially a drop of said :

bi oactive fl isberrsing (892) said imsedbicactivediidin mlmeddmmﬁjlsml um f or
each actlvatlon of said flujd en 4 rat in said drop
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said fluid ejector actuator further conprises activating said fluid
ej ector bamacia!ecagem depOSIts formscn bivactive:agenti gradieat in saidiradial i ve f1uid

i ncludin . e i sot o 3 9 brachyt her apy devi ce (800)
pr oducedﬁr@? 'Pﬂé’ ?jﬁ B?'ngl"éﬁq%@e har maceut i cal dosage form (500,
600, 601, 603¢le6aBpingYQBRY s&it'dhclosing msert medium into said opening of

said enclosing medium.

5. A pharmaceutical dosage form (700) produced by the method of
claim 4.

6. A pharmaceutical dosage form (500, 600, 601, 602, 700)
produced by the method of claim 1.

7. The method in accordance with the method of claim 1, wherein
activating said fluid ejector actuator further comprises activating a fluid energy
generating element (252, 352, 356, 360) depositing essentially a drop of said
bioactive fluid onto said interior surface of said enclosing medium for each
activation of said fluid energy generating element, wherein said drop is in the
range from about five femtoliters to about ten nanoliters..

8. 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.



an encl osi ng nedi um (106, 106', 406, 506, 606) having an interior surface
(110, 110", 510, 610, 710) including at |east one discrete deposit surface
(110, 110', 510, 610, 710) of a bioactive substance dispensed on said
interior surface of said enclosing nedium 11. The pharnaceutical dosage
formin accordance with claim10, wetein said enclosing nediumis a
capsul e (508, 706), said capsule having an outer dianeter in the range
from about 3gri | | iABthytHierappdevicé 2800) prodeced by the methed phakaimceut i cal
dosage formin accordance with claim 10, further conprising a seal ant

mat eri alB. (620) deposited over said at |east one discrete deposit of said
bi oactive substance. 13. The pharnmaceutical dosage formin accordance with
claim10, further conprising at |east one insert nediun1é707, 708) havi ng
a two di mensignalA phaayacduticabdosagt foeme66016YRHAs 662, €8PH bi oacti ve
substance dispensed on either an interior surface (710", 710") or an outer
surface COMIHINP- at | east one insert medium wherein said at |east one

i nsert medi ugy énclbghszﬁecﬂiaﬁm {1060 1681, 408'508)606Y hawitiglan imeriory a t wo
di mensional array o Iscrete deposits of said bioactive supstance,

wher ei n ssfaget(W6001 1@n§10,6:40, 740) includingiptleast eneidisseetedeposai d bi oact i ve

substance pn sai.d | nt.eLior I f ' ' ' sai d

o o mavetegran 0y 119510 6 8L 7105 Bra Bl sEBSteRe ientiicet b &8, 021 €
subst anGgtefiondlFate bR said' atieding Medidrmon of said encl osing nedium 14. The
phar maceuti cal dosage formin accordance with claim 10, 34 wherein said at

| east one discrete deposit of said bioactive substance further conprises

at | east one jjcr ' ' ); RS [ i e from
about 1 picogldm ?@ﬁébbé%gg&#gfgééréﬁé%}@én%Egmgﬁg?rr“gtci%l?llnﬁgpgdosage form
I N accorgpRére Yhiderdicsing hibdiumtis aciapsale (508 76Y), sai capssienhavings a

radi oactive material. 16. A pharnmaceutical dosage faorm canprising: an

encl osi ran outergiametss in thesrangedsomabout é@@'}""l'%t@?sr@ a&?f’qtﬂ rior

millimeters.

12.  The pharmaceutical dosage form in accordance with claim 10,
further comprising a sealant material (620) deposited over said at least one

discrete deposit of said bioactive substance.

13. The pharmaceutical dosage form in accordance with claim 10,
further comprising at least one insert medium (707, 708) having a two
dimensional array of insert discrete deposits of said bioactive substance
dispensed on either an interior surface (710', 710") or an outer surface of said
at least one insert medium, wherein said at least one insert medium is
telescoped into said enclosing medium having a two dimensional array of
discrete deposits of said bioactive substance, wherein said two-dimensional
array of discrete deposits of said bioactive substance on said interior surface
of said enclosing medium, and said two-dimensional array of insert discrete
deposits forms a bioactive substance gradient in a radial direction of said

enclosing medium.

14.  The pharmaceutical dosage form in accordance with claim 10,



surface (110, 110', 510, 610, 710); and nmeans for generating at |east one
di screte deposit of a bioactive agent on said interior surface of said
encl osing nedium 17. The pharnmaceutical dosage formin accordance with
claim 16, wherein said neans for generating at |east one discrete deposit
further conprises nmeans for generatidfy a two-di mensional array of discrete
deposits of said bioactive substance on said interior surface of said

encl osi mhereiti said al BasTbae disoretectapasitaif sdiskhigactiver substaneaturthefice with

laim 17, wh ' i d f . - di '
Furt her CBIRISRS L least she mgporaiguA i sepant g P) YERIIEFeddRoeli et 1 n
212l SenPebotr Slockfhdl oUkRI0MCTEIaME 19, A bl oactive Tluid

di spensing system co at | east” one bioactive fluid ejector head
(100, 100', 200, 300) conprising: a fluid ejector body (120, 220, 320)

adapted to be_inserted into n_openin ! :

phar maceut i cap- enc|'@s&?@%”§%'(%@93?8@?§ﬁ6@836%? %6%? é,mg?i?’d

phar ”BCg\H{é'?ré 0's£&?>|id§dti0€ sUBgianee g uiragioadtiveiretényl. sur f ace (110, 110',
a

510, 610, 710), | east one nozzle (130, 230, 330, 332, 334) disposed on
said 35 fluid ejector body, and a fluid ejector actuator (150, 250, 350,

354, 358) in t]ui Q | ' & ' .l east one nozzle, wherein

activation of1 sai g'\pﬁ?{ﬁrvn%@éélfc@%l @&sa@cet@gf\gdro%éj?ﬁe%é > a bioactive fluid through

sai d at | eastarpéeclosing shediani (108, d06'c 406 508, €06) bawingeah interiari on on sai d

interior surface of sali acmaceutjcal enclosing nedium a fluid

control Isélffa@é@;oob&? agi‘i fg&?ﬂab atr[gll said fluid ejector actuator; and at

| east one en | ' i i '
gf@ﬁh?ﬂ)ggéﬁgﬁrﬁeﬂa%ﬂ%s &@alsé@é’géﬁ?tﬂfoﬁ@ bibathive agent

phar maceutic enc um erelrn sal d controll el activates
said on said interior surface of said enclosing medium.

17. The pharmaceutical dosage form in accordance with claim 16,
wherein said means for generating at least one discrete deposit further
comprises means for generating a two-dimensional array of discrete deposits

of said bioactive substance on said interior surface of said enclosing medium.

18.  The pharmaceutical dosage form in accordance with claim 17,
wherein said means for generating a two-dimensional array further comprises
means for creating a bioactive substance gradient in a radial direction of said

enclosing medium.

19. A bioactive fluid dispensing system comprising:
at least one bioactive fluid ejector head (100, 100, 200, 300)
comprising:

a fluid ejector body (120, 220, 320) adapted to be inserted into
an opening (108, 108', 408) of a
pharmaceutical enclosing medium (106, 106', 406, 506, 606), said
pharmaceutical enclosing medium having an interior surface (110, 110',
510, 610, 710),

at least one nozzle (130, 230, 330, 332, 334) disposed on said



fluid ejector actuator to eject a bioactive fluid onto said interior
surface of said pharmaceutical enclosing nmedium 20. The fluid di spensing
systemin accordance with claim19, wherein said enclosing nedi um hol der
and said fluid controller dispense said bioactive fluid in a

t wo- di mensi onal array onto said interfdr surface of said pharnaceutical
encl osi ng nmedi um

fluid ejector body, and
a fluid ejector actuator (150, 250, 350, 354, 358) in fluid
communication with said at least one nozzle, wherein activation of said
fluid ejector actuator ejects a bioactive fluid through said at least one
nozzle onto a discrete predetermined location on said interior surface
of said pharmaceutical enclosing medium;
a fluid controller (490) operably coupled to said fluid ejector actuator;
and
at least one enclosing medium holder (486) adapted to hold said
pharmaceutical enclosing medium, wherein said fluid controller activates said
fluid ejector actuator to eject a bioactive fluid onto said interior surface of said
pharmaceutical enclosing medium.

20. The fluid dispensing system in accordance with claim 19,
wherein said enclosing medium holder and said fluid controller dispense said
bioactive fluid in a two-dimensional array onto said interior surface of said
pharmaceutical enclosing medium.



