WO 2005/ 123569 PCTI 1JS2005/ 020319 APPARATUS AND METHOD FOR PHARMACEUTI CAL
PRODUCTI ON  BACKGROUND OF THE | NVENTION Field of the Invention [00011 The
present invention relates to the manufacture of pharnmaceutical and

pharmaceutical -1i ke product. More particularly, the present invention
rel ates t dYQARUSA38%r at us and process for manuf act uri ngPERAPETNIWCcal and
phar maceutical -1i ke product, and the resulting product. Description of

Rel ated Art 100QdbrGanienpebauyTieb! &ir MBNUIACEYTTRALPRBOOSTHGE VWet
granul at.ion or direct conpression approaches to add the active ingredient

into the tablet ingredients. After mxing to achieve honbgeneity, tablets
are produced, which are each intended to have the required dosage of active
i ngredi ent. These types_of contenporary batch nanufacturing techniques

suf f er fronﬁ@?gﬁﬁggég QEeTHl INHATIOMhef fi ci ency and inaccuracy. [0003]

Cont enporary batch production, attenpts to honogeneously m x and equally
distribute the active ingredient to each of the tablets in the batch. Wen
the activelilfdPeffeble] BIYSREINN ch is not equal ly distributed, such as,
for exanpl e, an unacceptable concentration, the non-honogeneity of the
active ingredient will be distributed throughout the entire batch rendering
all of thel@098] et s Thecpepsabteinveltiidonzllates tadéhaanennfadingrel WO

2005/ 123569 9, i r .l i ' di i but ed

thr oughout  CRePPERRrr S bah 7 MU PRGs Pachtr STk il taRrR s “Tooosy
Cont enpor ar pagtidhithesly hathergpudserttudavention relates to an

apparatus and process for manufacturing pharmaceutical and

pharmaceutical-like product, and the resulting product.

Description of Related Art

[0002] Contemporary tablet manufacturing methods use wet
granulation or direct compression approaches to add the
active ingredient into the tablet ingredients. After
mixing to achieve- homogeneity, tablets are prodﬁced, which
are each intended to have the required dosage of active
ingredient. These types of contemporary batch
manufacturing techniques suffer from drawbacks due to

their inefficiency and inaccuracy.

[0003] Contemporary batch production attempts to
homogeneocusly mix and equally distribute the active
ingredient to each of the tablets in the batch. When the
active ingredient in the batch is not equally distributed,
such as, for example, an unacceptable concentration, the
non-homogeneity of the active ingredient will be
distributed throughout the entire batch rendering all of
the tablets unacceptable. Additionally, inadequate mixing



pharmaceutical product suffer fromthe drawback of having a |large
footprint. These nmachines nay be broken into a nunber of different units
that handle different steps of the process. The use of separate units adds
| abor and tine to the process, such as, for exanple, requiring the product
to be nmovW@ 2BB(13#6%H di fferent machi nes. [0005] |n addiRGTHFS2005/420319
pharmaceutical product is wusually stored for days awaiting availability of

machines for dhe Mot $8RneE (81 PEOCESS: r (S Aeha¥upReteasgs production
time and increases manufacturing costs. [0006], Contenporar¥ machi nes and
A

t echni ques MGl s &ffiche radbeasn§bant Jwet dri dduadotaPdeERange over to
different products, if the nmachine is capable of doing so at all. To
produce a different pharmaceutical product, these contenporary machi nes
require tho08Rdh cl eGonrrprfrahic machiponehhat tmanwii ek wesnt ami nati on of the

next batch -QqVi o] I 1 gred) 0Q%] nporary
quality co %éﬁmﬁééqiﬁﬁ§ifg?BaBE%r%g§£%€P%%ﬁ8§%%!gﬁ%@#&%&ug?c%%??%fe products
invol ve the lergeoffdsdpstinganplhage teetininprenayTihe backrnsanpbiag

Lechni ques | aale:s APIA% i aRLDBREEES Al: A AP W Gre BUENs1BT5 1 9F OUTN Lhe
use of wet chemstry, after the product has een made. Contenporary batch
sanpl i ng t edimipnemeasse Theeyaenef apepaoris iundd sr aadesmlbhpcharanpl i ng for

various ¢ t.er iS5t he .f,L.ha r h Ao N | e,
qual ity, cgﬁggﬁﬁgggﬁ%%%hﬁggg%ﬁsFé%gnéip mg%%??ﬂ"vﬁéﬁﬁég}?%3 :
PCTI US2005/00@8%kg  tich dse miggedhbetivipe ndfl f tastanitqmeshdaeBer from dr awbacks
because of their inefficiency and i naccuracy. [00081 Batch-sanpling assunes
that all of the product

{0005] In addition, the pharmaceutical preduct is

usually stored for days awaiting availability of machines
for the next step of the process. This delay increases

production time and increases manufacturing costs.

[0006] Contemporary machines and techniques also require
a longer time and added labor to change over to different
products, if the machine is capable of doing so at ali.

To produce a different pharmaceutical product, these
contemporary machines require thorough cleaning of the
components te avoid contamination of the next batch from

the previous production ingredients.

[0007] Contemporary gquality control methods for
pharmaceutical and pharmaceutical-like products involve
the use of batch sampling techniques. The batch-sampling
techniques test samples from batches of the product, such
as through the use of wet chemistry, after the product has
been made. Contemporary batch sampling technigques use
frequent and sometimes random batch sampling for various
characteristics of the final product, such as, for

example, duality, concentration and consistency. However,
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attributes in a particular batch are normally distributed and have the sane
or very simlar characteristics as the sanpled product fromthe batch.
Where the chosen sanples do not neet the required tol erances, an entire
batch can_ be di scarded or re-processed for additional sanpllng and

testing. MOREIZHBsen unacceptabl e sanpl es do not havBCT/P$RO0HEAEY
characteristics as other acceptable product in the batch, then acceptable

product maytheséiseadidashn 190G t\ybhhltgb@sr@hﬂ@électﬁﬂrnmﬁs:b%kat | east need
to undergo nore costly testing. ,Batch-sanpljng can be particularly

i naccur at e RABFESE Hf JReEEAGPRCY haR P r RARDEAEY r andom  non-r epeat i ng
or of a non-linear nature. Such flaws or errors in the manufacturing
process may prOV|de for only a fraction of the froduct of the batch being
unaccept abl B0B8k r esBREChnsamPkNg rasgesh thatngldi € ate Prasiudte-t est ed, as

a result of 5f fg; s6e Of1 DA ¢l r33RhLROpat EQOOS NIy HighihbaaRy dr awback

of batch-sanpling techniques is where the chosen sanp es neet the required
t ol er ances, abdthaiferida Samec Girovesy ﬁh@lb®¥c¢hﬁ%ﬁQU¢ﬁ%§§?05uﬁ§cééﬁtabIe and

not repr eseg%ﬁﬁléd{‘ B de&iﬁtﬁ%ﬁ%ml Batbh. SHLS 13id Walds@R, sURBEespPt abl e

product may pr ovi the consuner because of the inherent flaw in the
qual ity cofleredt meeefodhg oeuyirad hederaners, daddks kabahcRaBanpl i ng

techni ques }g &b@éafcﬂ?d tcﬁstfélg;xlo%egge& gbr thgaand Rl Whgp1RRgCesg and
provides littl I Information for corrective action to be taken with

regard to tﬁ@s’gll‘%l) 20005/t SR SPET AUSP OB} §205 ERIN@fu e PaE R§Ver ocess and
: L s var 't ?gﬁtx;a% epsine T RltE 52308 EBJot BER N S G PRViaderoygr al |

the batch, then acceptable product may be discarded along

with the rejected samples or at least need to undergo more

costly testing. Batch-sampling can be particularly

imaccurate where the error or flaw in the process is

random, non-repeating or of a non-linear nature. Such

flaws or errors in the manufacturing process may provide

for only a fraction of the product of the batch being

unacceptable but result in an entire batch being discarded

or re-tested, as a result of the use of batch sampling.

[0009] Another significant drawback of batch-sampling
techniques is where the chosen samples meet the required
tolerances, but where a fraction of the batch is in fact
unacceptable and not represented in the tested sample. In
such a situation, unacceptable product may be provided to
the consumer because of the inherent flaw in the quality

control method.

[0010] An additional drawback in batch-sampling
techniques is that the testing is done at the end of the
process and provides little, if any, information for

corrective action to be taken with regard te the



sanpl ed product, but does not indicate at which point or which particular
step in the process that a flawis occurring, such as, for exanple,
i nadequat e dosing or detrinental heating. [0011] Another drawback of
bat ch-sanpling technique is that it is done off-line of the manufacturing
process, W@RPWBSH2EAYUs tinme to the overal | nmanuf act uri n@grruse®ss203@nd can
al so be | abor intensive. The cost in tinme and labor is increased where nore
stringent S{AROAIASrahe BPBLESE 400 A LA drichsaktREAUUCTHS Opd i, - ,
bat ch-sanpling technique’ utilizes a higher portion of sanples for testing.
[0012] Accodiddhyg, terBRrédns @amcREPYisie sveappar aRGerEABLCR HRbcess for
manuf act ur i Ryl FReaUEL ¢ abunNdoe PNAUTRGRIUR! aki kBiBROFMLHL that reduce or
elimnate these manufacturing and quality control drawbacks of the
cont enpor ar§pigdy PeEE igkHdar e hAP gire st INMARRY SOELTEE2 | RVENTHON [0013] It is
an obj ect Qfcdifie iRLESERkN BYENESLPNetfnp IR, OUindBcguaBEeq8Eihgi &Nt process
and/ or apparatus for manufacturing pharnmaceuti cal and pharmaceutical -1i ke
products. [WFmdmentalshgabiRgr object of the present invention to provide
such a process. and/ or apparatus that -provides real-tine process nonitoring.
4 WD 2005/ 123569 PCT/ US2005/ 020319 [0015] It is yet another object of the
present inJédtljon tAnghier deaybekkacprbaess-sambldnapeahatgset hat provi des
real -time ftes%dcb%ﬁ;k i%“go%“&%f'—hgﬂet% L5580 R RGUS ol Tty [0016]
It is yet a Ut therf o ject o e present

which adds time to the overall manufacturing process, and

can also be labor intensive. The cost in time and labor
is increased where more stringent standards are applied to
a particular product so the batch-sampling technigque

utilizes a higher portion of samples for testing.

[0012] Accordingly, there is a need for an apparatus and
a process for manufacturing pharmaceutical and
pharmaceutical-like product that reduce or eliminate these
manufacturing and quality control drawbacks of the

contemporary devices and technigues.
SUMMARY OF THE INVENTION

[0013] It is an object of the present invention to
provide a more efficient process and/or apparatus for
manufacturing pharmaceutical and pharmaceutical-like

products.

[0014] It is another object of the present invention to
provide such a process and/or apparatus that provides

real-time process monitoring.



invention to provide such a process and/or apparatus that provides

noni toring of each product that is manufactured. 100171 It is still another
obj ect of the present invention to provide such a process and/ or apparatus
that mnimzes or elimnates off-line quality control inspection and

facilitatVé@2008/4235¢% me rel ease of the product. 10018] PCY/USZ0S0d08d0 a furt her
obj ect of the present invention to provide such a process and/ or apparatus

hat oL IBafsFS, Pr odlGls Wekh AR hBROLLEEL: P Sl QORI sgestiLL anot her

further obj of the present AVent 70 rovi pr 0céss and/ or
appar at us ttrmatprovddel stighes phargmss camir/ Otxo a@ppnrauuet tbat oprravacﬂefa‘ er ent

product. [QQeQ] | (ETFI $eBabilkNGha Jﬁér% o] EQ%e%?B%E% QH%&EW cd O provide

such a process an apparat us't ances uci ng
exci pi ent iquadridgt.i on mnth the active pharmaceutical ingredient (API).
[0021] It is yet another further object of the present invention to provide
a process and/or apparatus that enploys Process Anal ytical Technology to

i mprove t hqoorgpnuf acatwrles q;fetpbalfﬁ&enufi@]@jecﬂr asfliahe pr@Oea@05/ 123569

PCT/ US2005/,020319 022 se and ot her objects and advant ages of the
present |rnﬁ§ﬁﬁq5+°3r OpP 9Vﬂ§% By rﬁzﬂﬁﬁﬁ%ﬁg ZPI PRI maceut i cal

product thgdzpaekshavaidoedhsi 6f esalbHrcahetantad tesAageudicAed.The
apparatus has a dispensing nodul e that di spenses the API dosage onto each

of the carrier substrates. [0023] In another aspect, an apparatus or nachi ne
for [0017] Tt is still another cbject of the present

invention to provide such a process and/or apparatus that
minimizes or eliminates off-line quality control
inspection and facilitates real-time release of the

product.

[0018] It is still a further object of the present
invention to provide such a process and/or apparatus that

eliminates product with an incorrect dose.

[0019] Tt is still another further object of the present
invention to provide such a process and/or apparatus that
facilitates change over to a production of a different

product.

[0020] It is a further object of the present invention
to provide such a process and/or apparatus that enhances
stability by reducing excipient interaction with the

active pharmaceutical ingredient (API).

[0021] It is yet another further object of the present
invention to provide a process and/or apparatus that
employs Process Analytical Technology to improve the

manufacture of pharmaceutical product.
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produci ng pharnmaceutical product is provided where the product each has a
carrier substrate and a dosage. The apparatus has a di spensi ng nodul e, a
hol di ng menber, and a conveyor nenber. The hol di ng nmenber hol ds each of the
carrier substrates. The conveyor noves the hol ding menber along the

appar at usWOe5/@8%Ppensi ng nodul e di spenses the dosageP@EURIGHIBIDI t he
carrier substrates. The holding nenber noves continually along the
apparatus as the dispensing nodul e di spenses the dosage onto each of the
carrier substrates. [0024] In another aspect, an apparatus is provided for
produci ng al082Zlch of Thhsenacewrthst qhicdlct anHaadwashageweot ahsarri er
substrate a s&g% . actjve ; Ty di spensi ng
nodul e thatag?g%gﬁses Iﬁgiﬁgggébgégﬁgge%agiiﬁfggﬁgﬁ%gﬁf?gérgubstrates with a
content unbfoduting frhattssdidticaloprbdest t that 9aqteltwvieve seandard

devi ati on (@?ﬁ%t}é‘?%g MHeferalled eFsabhan %%adgaocrusa n=dosage of |ess than

5 ng. Also, ensi ng nodul e di'spenses osage onto each of the
carrier subdisptrsinginddwlediedndignehsesi the fARI tdnsdgs ontof ehels t han 2%
RSD for a dgsagg.ofless thai Qg 6 WO 2005/ 123569 PCT/ US2005/ 020319

[ 0025] In anothér aspect, a nmethod of producing pharnmaceutical product is
provi ded. The nethod includes, but is not limted to, providing a plurality

o o Lo O 2155, oR P 810, 5 105005 0L BELL VS EML[OTpgach of | the
plurality opreanciey hersiachrdcal] 88a6hct ni anntdeideas paeire ahaget hod of
producing  phaniBceiti,cql, PrOUG1LS BIAYLASA that J ngldides: L 1s

apparatus has a dispensing module, a holding member, and a

conveyor member; The holding member holds each of the

carrier substrates. The conveyor moves the holding member

along the apparatus. The dispensing module dispenses the

dosage onto each of the carrier substrates. The holding

member moves continually along the apparatus as the

dispensing module dispenses the dosage onto each of the

carrier substrates.

[0024] In another aspect, an apparatus is provided for
producing a batch of pharmaceutical product that each have
a carrier substrate and a dosage of active agent. The
apparatus has a dispensing module that dispenses the
dosage onto each of the carrier substrates with a content
uniformity for the batch of less than 5% relative standard
deviation (RSD), and preferably less than 2% RSD, for a
dosage of less than 5 mg. Also, the dispensing module
dispenses the dosage onto each of the Carrier substrates
with a content uniformity for the batch of less than 2%

RSD for a dosage of less than 10 mg.



not limted to, providing a plurality of carrier substrates; providing a
dosage of active agent for each of the plurality of carrier substrates;
noving the plurality of carrier substrates in a direction; and di spensing

the dosag of the plurality of carrier substrates while the
plurality §W82Qgpﬁgﬁpsubstrates continues to nove in t RETB0AEAIMW r ect i on.

[0027] In another aspect, a nmethod of producing a batch of pharmaceutical
product is prsogsped that aneehddesspbit, 4 mdtdlod ol peddueingrovi ding a
plurality of carrier substrates; pIOVIdIDg a dosage of act]ve agent for
each of t he PHREFEPPETIERL cRFOFL shib SHoFHEsd - andhdi BpEMS ng i eSdosage
onto each of piulteipl Hoal 1ini0dd Ced) ifovEldlslyr at pSural 18y o€ @fiteuni form ty
for the batch of less than 5%, relatjve standard, devi ation_(RSD), and
preferably | S¥OSLEREASpoPFRTLIIRG & ARGEQGe Obf 2FREECtPAFNE TRy eé%‘ﬁﬁ‘/&ﬂf with a

content uni f gnheai gmf;alitpeobaéa:fkﬁr | esti-Bans 2% Mo  dpedsimlpsage of |ess
than 10 ng. [0023] In another aspect, a nethod of producing a
t

phar maceut i c&PSEFBAARECT €39k A Maraldéyuadscaptter sSubgiratesi-ted to,
providing a plurality of carrier substrates; providing a dosage of active
agent for each of 7 WO 2005/ 123569 PCT/ US2005/020319 the plurality of
carrier subsi®i@6ks: pAsdaeriierhaspedr madEfticdarppsedecingom the plurality

of carrier subshbabeeient LRGIHOSage Hovaaklvenageic Usddy, HutCqal i nuous
process; and providing quality control for the pharmaceutical product

during the c@®eti AdBisedrbeesRrovidigEnie PAuaAbLhErohspretien pharmceutica
product  COMbSkRELES; AtbVEIAUPH MR 68 hbBIvE WA for Wach of

the plurality of carrier substrates; moving the plurality

of carrier substrates in a direction; and dispensing the

dosage onto each of the plurality of carrier substrates

while the plurality of carrier substrates continues to

move in the desired direction.

[0027] In another aspect, a method of producing a batch
of pharmaceutical product is provided that includes, but
is not limited to, providing a plurality of carrier
substrates; providing a dosage of active agent for each of
the plurality of carrier substrates; and dispensing the
dosage onto each of the plurality of carrier substrates
with a content uniformity for the batch of less than 5%
relative standard deviation {(RSD), and preferxably less
than 2% RSD, for a dosage of less than 5 mg; and/or with a
content uniformity for the batch of less than 2% R3D for a
dosage of less than 10 mg.

[0028] In another aspect, a method of producing a
pharmaceutical product is provided that includes, but is
not limited to, providing a plurality of carrier

substrates; providing a dosage of active agent for each of
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hol di ng the active agent is provided. There is substantially no absorption
of the active agent by the «carrier substrate. [0030] In another aspect, a
pharmaceutical product is provided that conprises an active agent and a

carrier substrate for holding the active agent. The carrier substrate has

a first surVaeWS(R¥HW a first recess formed therein. ThECALSPPEOUIENt i s

substantially in the first recess [0031] The di spensing nodul e nay di spense
t he dosage utiterplrmsisidne ofTeerappar atist ceresgl goddaveng hokdi ng  nenber

t hat hold he . [ [ L6 dul

Ve i th T egBR A A HE o AP CrErabr 1% U Tits” S3pRPRF 08 my al S0 have
a conveyor thstbstonedss tanel frbledidngagenberaciiong ademtappangt 8s. The hol di ng
member can moyg, SN EALINELNE - BPRALAL U AS i EondbaReRsLg, odul &

di spenses t he"dosage onto each’ carrier substrates. The di Spénsi ng
nmodul e may nopieaahareytige X plrokecpathr 18y Whe2 GRB/LE23568¢ BEPLES2005/ 020319

[ 0033] The apparatus can also have a drying systemthat dries or evaporates
sol vent fromthe dosage on each of the «carrier substrates. The hol ding
menber may nojge2ajont i nmmal Aot g deetappaphitfassut ea dmppdicgystem dri es

t he dosage on_each, of the carrier substrates. The dryiggFF%¥gt m can have an

oven that proSPERG-HEE hdhitver PERPE 0PN 4t AT 1iSe B8 stBStrates to

dry the dosageolditey tleyiakgivsskgentiays diotitedlosagerbyigse of heated air,
Infrared or ”é&%é%?ﬁ@igl %Ihgghbsorption of the active agent by the

carrier substrate.

[0030} In another aspect, a pharmaceutical product is
provided that comprises an active agent and a carrier
substrate for holding the active agent. The carrier
substrate has a first surface with a first recess formed
therein. The active agent is substantially in the first

recess

[0031] The dispensing module may dispense the dosage
under pressure., The apparatus can also have a holding
member that holds each of the carrier substrates, and the
dispensing module can move with respect to the holding

member.

[0032] The apparatus may also have a conveyor that moves
the holding member along the apparatus. The holding
member can move continually along the apparatus as the
dispensing module dispenses the dosage onto each of the
carrier substrates. The dispensing module may move along
an X-like path.



[ 0034] The apparatus can al so have a coating systemthat applies a coating
over the dosage on each of the carrier substrates. The coating system nmay
have a first pad- printing device or a sprayer that applies the coating to
each of the_carrier substrates. The hol ding nmenber may nove continually
al ong the aPBABHIESSHs the coating system applies the ®EAUSHYSAW3Wach of
the carrier substrates. The apparatus nay al so have a coating dryer that

dries the cqguBBNg onTaachpphrhbes Cadn i s uhster at asyihhesheot sh nghatrenber
can nove continually along the a paratu% as tge coating dr ci{ %I‘I s the
coating on e&CRESf OFhaVaRPFss at&s™ FBB3RP3a%R %bp%% & ﬁ'gﬁ al so
use interm ti@atiekodubyOtalies At OMeZ ed19pH3YRESHES hHE ahdwe appl y the coating

over the tablet surface where the dosage has been applied. The . sprayer nay
use vol umetr icenﬁaﬁﬁgifxs 3lend i éﬂﬂaﬁagﬁﬁpfi? PE%a‘Pﬂﬁ%‘?ra?%grﬁ% g.rlg\st WO

fluid air-1igueddsbagt zah | @dch SO AR cARY18kSsubst tisesk I 0 Paneigtiaga fine
spray. Alternativelgﬁ an ul trasonic device or ink. je evice may be

spra j et
used to geneF¥EESH FRRMATR AR YWRDBHE5PT9%588S Prar 51623308 TP0036]

The appar at UgabBY ol SBe haer o1 et rRadspEbni POt helevb£ayd hatrhappl i es an
identification nmarker to each of the carrier substrates. The hol di ng nmenber
may nove cofEVARE PYSEEBARY ngyaﬁﬂi’% §0§a95sPY hesee ad?iecf]jﬁﬁrmti ng device
applies the ijdenbiéHcatiicrdfdas Heatgagh of the carrier substrates. The
apparatus can also have an ink dryer that dries the identification marker

on each of the carrier substrates. The hol ding menber nmay nove continually
al ong the appgpaf us agnkhgpbR¥athyCtadl'd®® Hi%e a coating system that

applies a coating over the dosage on each of the carrier
substrates. The coating system may have a first pad-
printing device or a sprayer that applies the coating to
each of the carrier substrates. The holding member may
move continually along the apparatus as the coating system
applies the coating to each of the carrier substrates.

The apparatus may also have a coating dryer that dries the
coating on each of the carrier substrates. The holding
member can move continually along the apparatus as the
coating dryer dries the coating on each of the carrier

substrates.

[0035] The apparatus may also use intermittent, low
volume atomized sprayers to locally apply the coating over
the tablet surface where the dosage has been applied. The
sprayer may use volumetric pumps to intermittently supply
coating materials. A two fluid air-liguid atomization
sprayer may also be used to generate a fine spray.
Alternatively, an ultrasonic spray device or ink jet

device may be used to generate a fine spray.



identification marker on each of the carrier substrates. The identification
mar ki ng can al so be done by |asermarking, inkjet or rotogravure. [0037]

O her and further objects, advantages and features of the present invention
wi |l be understood b;/ reference to the follow ng: BRI EF DESCRI PTI ON OF THE
DRAW NGS [ OW88POSHREES? 1 i s a perspective view of a pref eRGAES25838i%ent of a
phar maceuti cal manufacturing machine of the present invention; [0039] FIG

2 is a schemgppgs]r epr egentAd0ntfs WlG o245 OHBYE O LOMRNYPAUSpRfintNBg
phar maceuti cal manufacturi n%_ machipe of FIG 1; [0040] FIG 2a is a
repr esent at i GiFB#Ce thath 2BPLiggneRnideRt Hovdhdm 8RTkRE 8PsPRARI Al nodul e of

the phar mceutd caly ATRRUEAGEYERBES TROM & Afd IlGnekbeOn¥p ROP5/ 123569
PCT/ U52005/ 020319 [0Q041] _FIG 2b is a representati on of anather path of

conti nuous nmoYAHEMUEdLYt B OBPs hBRSRARR T &Softhen&ecphdr Radaptirtaing

manuf act uri noydEcty r&%qufielél GheliqbRPA2]cdiGn 2arkeratBeLaBRCHE VENYi ew of a
di spenser assenbly of the uQ_har maceuti cal manufacturing machine of FIG 1;
[0043] FIG XRPYELSY SEPSHEELPFe cFBRSARRAAANIFAICAR 8hSEf PavReaRi Spenser

assenbly of FifGer?@hat08¢4LsFiife 28ehSi @ RALTREGlairk@ rVb8WeQEht &€ P nodul e
of the di spenser _assenbl)é of FIG 2c; [0045] FIG 2f is a perspective view
of the notor FHHE SHPSEKatEerspeherhaddithMEmbeIFraY BEVe[ 0046] FIG 29 is

a perspectiVe:dtosRrada¢t h0BaY ¥h8WaPbaratus as the ink dryer dries the
identification marker on each of the carrier substrates.
The identification marking can also be done by

lasermarking, inkjet or rotogravure.

WOSH‘ Other and further objects, advantages and
features of the present invention will be understood by

reference to the following:

BRIEEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 is a perspective view of a preferred
embodiment of a pharmaceutical manufacturing machine of

the present invention;

[0039] FIG. 2 is a schematic representation of the
automation components of the pharmaceutical manufacturing
machine of FIG. 1;

[0040)  FIG. 2a is a representation of a path of
continuous movement of the dispensing module of the

pharmaceutical manufacturing machine of FIG. I1;
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anot her enbodi rent of a nozzle of the pharmaceutical nmanufacturing nmachine
of FIG 1; [0047] FIG 2h is a schematic representation of another

enbodi ment of a di spensing assenbly of the pharnaceutical rmanufacturing
machine of FIG 1: [0048] FIG 2i shows the range of droplets that can be
di spensed fYBHEHEsenbly of FIG 2h; [0049] FIG 2] SKEMS200%82081% pensi ng
assenbly of FIG 2h wth nultiple nozzles or apertures; [0050] FIG 3 is a

pl an vi ew of jeoqipar macend.i ol igr advepresamed Bcdiired dnpie paehi se of FI G
1; 11 WD 2005/123569 PCT/ US2005/ 020319 ,[00511 FIG 4_.is ﬁa i gh speed video
i mage of a dSSETIGHEPFeICFPLpRhsR (HEBSRS R BAgrLS © acturing

machi ne of FlgbarkackQ832hlFh&nubatisudiny ecesdnkl oW dregram for the process
performed by the pharmaceuti cal manufacturing nmachine of FIG 1; [00531
FIG 6 is a graph of the dose droplet neasurenents by video i magi ng and

processing fqgog)run Gfrg.30R Gabhepsrshphle Rlifaw & iaS dd sgeaBBrconparing
dose droplet " nmeasurenents nade by the video imaging, high perfornmance

li quid chr on@Ss§REaNy ©an8heePhhtnateyssialrrenudpct srang rapehvie tafe
volunetric defgerAi.nations by the video imaging and processing conpared to
drug content neasured by high performance |iquid chromatography; [0056]
FIG 6c is a graph of the anbunt of active agent as predicted by the video

| magl ng CO”p166¥§1t° trFfG. 2d is a perspective cross-sectional view of
the dispenser assembly of FIG. 2c;

[0044] FIG. 2e is a perspective view of the pump module
of the dispenser assembly of FIG. Z2c;

[0045] FIG. 2f is a perspective view of the motor mcdule
of the dispenser assembly of FIG. 2c;

[0046) FIG. 2g is a perspective cross-sectional view of
another embodiment of a nozzle of the pharmaceutical

manufacturing machine of FIG. 1;

[0047} FIG. 2h is a schematic representation of another
embodiment of a dispensing assembly of the pharmaceutical

manufacturing machine of FIG. 1;

{0048] FIG. 21 shows the range of droplets that can be
dispensed from the assembly of FIG. 2Zh;

[0049] FIG. 2] shows the dispensing assembly of FIG. 2h

with multiple nozzles or apertures;

[0050] FIG. 3 is a plan view of a pharmaceutical product

manufactured by the machine of FIG. 1;
11



measured by high performance |iquid chromatography for a 1 ng dosage;

[0057] FIG 6d is a graph of the anmpbunt of active agent as predicted by the
vi deo i magi ng conpared to that neasured by high performance |iquid

chr omat ogr a‘%hy for a 2 ng dosage; 12 WD 2005/123569 PCT/ US2005/ 020319

[ 0058] FI G WB20%34236Yr aph of the ampunt of active agent PCIUSISHRS1%d by t he
vi deo i magi ng conpared to that neasured by high performance liquid

chromat ography for a 4 ng dosage; [0059] FIG 7 is a near-infrared chem cal
image of a carrier tablet with the dose droplet as processed by the

phar maceut i ca00¥dnuf actifi iy FmchivghofpEed vide oUBD]e MIGa Peses an

al ternative n%p‘l'é?f roﬁrs%‘én%%%”bﬁ}a*:he'ﬁ%ﬁeu@ci‘&%&r k@huraBtekiMgth the dose
droplet as processed by the pharnmaceutical manufacturing machine of FIG
1; [0061] FI @agtpines of BIG-nddced fluorescence chemical image of a carrier
tablet. with the dose droplet as processed by the pharmaceuti cal

manuf acturing machine of FIG 1; [0062] FIG 7c is a |um nescence inmage of

a carrier talodE] wit hFDRl V5 HRC spresertsantionodiagigen pfocddsi pgrcepd063]
FIG 7d is a ! el |€r t&lgl i.t.h i agent
and HPC pr ese%%%vé}t%ﬁe%le% gé‘hgggg‘églf&%?%‘%?{%bé“ﬂn I &%hg\%é Ié‘gg%%g%ec ive view
of an alternafi&e l:enbodi nent of a pharmaceutical manufacturing machi ne of
the present invention;

[0053] FIG. 6 is a graph of the dose droplet

measurements by video imaging and processing for a run of

300 tablets;

[0054] FIG. 6a is a graph comparing dose droplet
measurements made by the video imaging, high performance

liquid chromatography and weight;

[0055] FIG. 6b is a graph of the volumetric
determinations by the video imaging and processing
compared to drug content measured by high performance

liquid chromatography;

[0056] FIG. 6c is a graph of the amount of active agent
as predicted by the video imaging compared to that
measured by high performance liquid chromatography for a 1

mg dosage;

[0057] FIG. 6d is a graph of the amount of active agent
as predicted by the video imaging compared to that
measured by high performance ligquid chromatography for a 2

mg dosage;
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[0065] FIG 8a is a perspective view of another alternative enbodi nent of a
pharmaceuti cal manufacturing nmachine of the present invention; 13 WO
2005/ 123569 PCT/ US2005/ 020319 [00661 FIG 8b is a schematic illustration of

an alternative enbodi ment of a spectroscopic detection system [00671 FIG
8c is a sch¥RaPt5e236? ustration of one of the control dRATEE06HR3he
spectroscopi c detection systemof FIG 8b; [0068] FIG 8d is a perspective,

assenbly vi e\’\{gﬂétgt he i@nsporis syshepnf ot the SREGhE 0S€ORHG Hetgehion
system of Fl b; [0069] FIG Beils a top planview of the sanpl'e table for

t he spectroscdpiRretEad &y $pst irlee Prayind; corgermd FoGthst is a
sectioned, sigeslady W EeWiQfh bRerosRIREE 18Ry thfdn@to%%aglhgol%é]éeﬂﬁ 8g is

a partial section, sidée plan view of the sanple table of

il lustrating Phedpiad®nent of a pharmaceutical sanple in one of the sanple
tabl e receptacles; [0072] FIG 8h is a bottomplan view of the sanple table
of FIG Be; [0073] FIG 8i is a partial side plan view of the sanple table
of FIG Be; [005Y] FI GIB} Tsiam siderpliadrared ofiemheabogiagomwit able for

PCT/ 820051 0208162 007EE T &LiHk 18 203G LI SN Taray vean B “the

pharmaceutical manufacturing machine of FIG. 1;

[0060] FIG. 7a is an alternative near-infrared chemical
image of a carrier tablet with the dose droplet as
processed by the pharmaceutical manufacturing machine cof
FIG. 1;

[0061] FIG. 7b 1s a UV induced fluorescence chemical
image of a carrier tablet. with the dose droplet as
processed by the pharmaceutical manufacturing machine of

FIG. 1;

[0062] FIG. 7c is a luminescence image of a carrier

tablet with only HPC present and no image processing;

[6063] FIG. 7d is a luminescence image of a carrier
tablet with an active agent and HPC present with image

processing;

[0064} FIG. 8 is a perspective view of an alternative
embodiment of a pharmaceutical manufacturing machine of

the present invention;

[0065] FIG. 8a is a perspective view of another
alternative embodiment of a pharmaceutical manufacturing

machine of the present invention;

13



position table of FIG 8)j; [0076] FIG 81 is a partial top plan view of the
transport system base for the spectroscopic detection systemof FIG 8b;
[0077] FIG 8mis a partial side plan view of the base of FIG 81; [0078]
FIG 8n is a partial sectioned, side plan view of the transport system
assenbl y oWOIE/12856° [0079] FIG 80 is a schematic ill uBEFHPIBW2HIOt he
spectroscopi c detection systemof FIG 8b wth associated display devices
or neans; [0080] FIG 9 is a schematic representation of conponents of the
phar maceuti cal manufacturing machine of FIG 8, [00811 FIG 10 is a

schematic redP®6bnt at iBHE o8k HE ac 6RAEMR BEE | bl wetamtdrn pé é8nponents of the
phar maceut i cali + JFRAYE Y6t UL RAI ABEHI HE é)fsﬁélc%roécoga%Sa&tg&@oﬂl is a plan
view of a preferred enbodiment of a carrier tablet of the present
invention;, [COB¥ET™I G 12 is a cross-sectional view of the carrier tablet
of FIG 11 taken along line 12-12 of FIG 11 with a dose droplet; 15 WO
20051123569 PCT/ US2005/ 020319 "[0084] FIG 13 is a plan view of an
alternative [807di nerRI®f 8 dar mi echenbtt DElutiergiriesedtt oneenfiome and

{aken al ong 11 nsel. SROTFeRT EbE 04 R iacBisr BEFLEE p B s hscm pTi o
OF THE | NVENRION 8b;

[0068] FIG. 8d is a perspective, assembly view of the
transport system for the spectroscopic detection system of
FiG. 8b;

[0069] FIG. 8e is a top planview of the sample table for

the spectroscopic detection system of FIG. 8b;

{6070] FIG. 8f is a sectioned, side plan view of the
sample table of FIG. Be;

[0071] FIG. 8g is a partial section, side plan view of
the sample table of FIG.. 8e, illustrating the placement of

a pharmaceutical sample in one of the sample table

receptacles;

[0072] FIG. 8h 1s a bottom plan view of the sample table
of FIG. 8e;

[0073] FIG. 81 is a partial side plan view of the sample

table of FIG. 8e;

[0074] FIG. 87 is a side plan view of the position table
for the spectroscopic detection system of FIG. 8b;
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[0086] Referring to the drawings, and in particular FIGS. 1 through 3, a
preferred enbodi nent of the pharmaceutical manufacturing apparatus or
machi ne of the present invention is shown and generally referred to by
reference nuneral 10. The machine 10 has a plurality of conmponents that are
operably cH8YBR#®Po manufacture a pharmaceutical pr oREKUSBEIR0ANI
preferably a batch of pharnaceutlcal product, as will be described later in

greater deta A bat g &%H?f I u antity of

pr oduct, @hwﬂas been pro ucegP UFII%% fgggg &iagcyc e 6$qﬁg%ufacture
such as, forpe&ehx@matab16|Q¢edTﬁhnﬁ9F or one or nore runs over a fixed tine
period. The machine 10 has various conponents arranged along a straight or
substantially straight |ine. However, the present invention contenplates

ot her arrang@desit s anEIGpo&ltisnﬁrgﬁrhﬁhlthepvpﬁhnuslemnwbnewﬁs such as, for
exanple, in |rcular or..r.ectan hs. 0087 The af fangenent and

posi tioning i ??EP%%ﬁﬂ@ﬂxW{? %8f ﬁﬁc s %f?ﬁ?)c?ﬁi ?ﬁEFIePnfootprlnt for
space savinggstems o®IFIGAS gr;oviding a nore efficient and ergonom ¢ nachi ne
that facilitates operation. Machine 10 16 WD 2005/ 123569 PCT/ US2005/ 020319
can have conponents stacked on each other or at differing heights to take

advant age of [geer]ti cal F§@aC&n 2 qldrd3sl kagkl Elaﬁiﬁge@wf atHeObassuUCh as,
for exanpl e, enablln use of gravity in the process perforned by the
machi ne. [09 8 é%nachlne 10 has a | oading system 100, a holding system
200, a conveyor systen1300 a drug dispensing system 400, a coating system

600, a printing system 700, a product acception-rejection system 800, and
[0078] FIG. 8n is a partial sectioned, side plan view of

the transport system assembly of FIG. 8d;

[0079] FIG. 8o is a schematic illustration of the
spectroscopic detection system of FIG. 8b with associated

display devices or means;

[0080] FIG. 9 is a schematic representation of
components of

the pharmaceutical manufacturing machine of FIG. 8;

[06081] FIG., 10 is a schematic representation of the
communication between the components of the pharmaceutical

manufacturing machine of FIG. 8;

[0082] FIG. 11 is a plan view of a preferred embodiment

of a carrier tablet of the present invention;
[0083] FIG. 12 is a cross-sectional view of the carrier

tablet of FIG. 11 taken along line 12-12 of FIG. 11 with a
dose droplet;
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a control system 900. Each of these systens 100 through 900 are operably
connected to each other to efficiently and ergonomcally provide
pharmaceutical product 3000 that is ready for packagi ng, and which has each
undergone real - tine nonitoring, and preferably real-tinme feedback and

adj ust nent Y 20YRBPE . [ 0089] The nmachine 10 delivers tRET/HRN0FROBAL I cal
product 3000, which is a conbination of a carrier tablet or other substrate

1000 and a | i dos 00 J s I : L. descri bed | ater
in greater dg{bg%t : tﬁgél'i gﬁ. %‘gd% e é}o‘%{"g ég‘eﬁ?‘gﬁ%é{hf‘%g di spensi ng
syst em 400 i ambhdienn of & woydedr dpbéet20060tiisovesdnt Fv@ntdpnthat is
di spensed on%g the carrier tablet 1000. It should be understood that the
| i qui d dose 80 can have a variety of properties, such as, for exanple,
| ow- viscosity, high-viscosity, solution or suspension, such that the term

liquid is not, B ended.to limting. [009Q] The_liqui ose 2000 has an
acti ve, actib@hggent ggb'tﬁgrhie%t?%égﬁ%ﬁgéiﬂﬂﬁgﬁtYlﬁﬁdogsgﬁﬁuﬁﬂﬁE}Qﬁ bei ng
di spensed byttheettachi NEG.10LDHakenhaleayr Lénet adt 4 JHDMAG. Thewtenns acti ve,
active agentdor t ergﬁgutic active agent include, but are not limted to,
drugs, protefR8® 9%°RNF2005/ 123569 PCTI US2005/ 020319 pepti des, nucl eic
acids, nutritional agents, as described herein. These terns include
pharmaceutically acceptable agents, bioactive agents, active agents,

t herapeutic agents, therapeutic proteins, diagnostic agents, or drug(s) as
defi ned her ebATARNED f Dit$CREPTION QUi deki nNYERTDON t he European Union Guide to
Good Manufacturing Practice. Such substances are intended to furnish

phar macol ogi ca

[0086] Referring to the drawings, and in particular
FIGS. 1 through 3, a preferred embodiment of the
pharmaceutical manufacturing apparatus or machine of the
present invention is shown and generally referred to by
reference numeral 10. The machine 10 has a plurality of
components that are operably connected to manufacture a
pharmaceutical product 3000 and preferably a batch of
pharmaceutical product, as will be described later in
greater detail. A batch of pharmaceutical product 3000 is
a quantity of product, which has been produced during a
defined cycle of manufacture, such as, for example, a
fixed number or one or more runs over a fixed time period.
The machine 10 has various components arranged along a
straight or substantially straight line. However, the
present invention contemplates other arrangements and
positicnings of the va;ious components, such as, for

example, in circular or rectangular paths.

[0087] The arrangement and positioning of the components
of machine 10 provide a smaller footprint for space
savings, as well as providing a more efficient and

ergonomic machine that facilitates operation. Machine 10
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activity or other direct effect in the diagnosis, cure, mtigation,
treatnent, or prevention of disease or to affect the structure and function
of the body. The substance may al so include a diagnostic agent, such as an
i magi ng agent and/or a radi oactive | abel ed conmpound. Their use may be in a

manmal , or WRH'$HEIR a human. The pharmacol ogi cal act iRGHYSZAMP2EE

prophylactic, or for treatnment of a disease state. The agents herein
include bot BasnRbte nedm@seientihetapaetl 64, eash Wethe Boent idlEFeattdy

proteins. Th ceuti.cal conpositiagns descrjbed herein may _optionally
conpri se oneg‘SE‘gﬁ%tho é‘?ﬂf?‘r&ﬁfﬁv erC@ﬁFI ?gaX‘EJé teb es%ac??'veasaj’gﬂﬁ, 3Bi oacti ve
agent, acti ¥YecadytbitindesmReitiot,agenh, akhefapettantolpy,Otegiahl ingi agaostic
agent, or drug(s).or_ingredients distributed. wthin. 10091] . It should
Forther ‘be uHBEr&F AT Yhd i SERESS REERTTEH 1Y dUIE PREBHGEA ro be
limted to the use of any particular active agents, formnulations or
resul ti ng pharmaceutical or gharnaceutical-like product. The liquid dose

2000 can be 088 uti oRher maghbeestOiasid lopeinpestiFtegl Yhardraceut i cal ' or

phar maceut i cgbibikg @#@@B&Eonfﬁa% RenieyBdi 3y er&k! BRPe.a raly rel ease, or
controlled release, The |liquid dose 2000 can be aqueous, non-aqueous or
m xtures t hef&8PenNIRY S A0 ufi SRETHRI STEPER | § BHBden9but are not

linmted to, 8u888hC760) VEBHodudd %@%Bg@mbﬁvréjél@ﬁérﬁ%ﬁe%%ﬁ sang ¥phatile
silicons. The 18 WO 2005/ 123569 PCT/ US20Q5/ 020319 termsqphar nmaceuti cal or
phar maceut i c8l SPRRECHr Bl A0 - aFs6hnst thetn et Hd 9% HePHER The

present i nvephpofire COGY LM AR edS o ObadiYoRtedt e aGElcS eaRA{Or
and ergonomically provide pharmaceutical product 3000 that
is ready for packaging, and which has each undergone real-
time monitoring, and preferably real-time feedback and

adjustment or control.

[0089] The machine 10 delivers the pharmaceutical
product 3000, which is a combination of a carrier tablet
or other substrate 1000 and a liquid dose 2000, as shown
in FIG. 3. 2&s will be described later in greater detail,
the liguid dose 2000 is dispensed by drug dispensing
system 400 in the form of a dose droplet 2100 (shown in
FIG. 4} that is dispensed onto the carrier tablet 1000.

It should be understood that the liquid dose 2000 can have
a variety of properties, such as, for example, low-
viscosity, high-viscosity, solution or suspension, such

that the term liguid is not intended to be limiting.

[0090} The ligquid dose 2000 has an active, active agent
or therapeutic active agent, and is capable of being
dispensed by the machine 10 onto the carrier tablet 1000.
The terms active, active agent or therapeutic active agent

include, but are not limited to, drugs, proteins,
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conbi nations of active agents that are suited for dispensing by the nmachine
10. [0092] Dose droplet 2100 preferably fornms a film2200 upon the outer
surface 1100 or substantially along the outer surface of the carrier tablet
1000 (shown in FIG 12). As will be described later, the liquid dose 2000
is prefer¥BR2YPSHRHELd so that excess anounts of |iqui dParas2esamorat ed and
the active agent becones captured in the film2200. The carrier tablet

1000, the |iguiddaseng090:c -&@,S%Jﬂﬁ&igmme@%gcaés PE QUL 3000
undergo real- "tinme nonitoring, feedback an adjustnen{, whi ch 1 nproves
qual ity contheslein.00FBesentenes pinglaide phaiederbarashowicesPiRGe 1,

| 0ading systamntQ) B3sarlpedhfnContAinse apeheBPetndifheka comuni cation
g 120. Ho eferably

wi th a | oading chute 120. pper 110 is pr movabl e so that carrier

tabl ets 100G:dea¥shethrsaBedtiatpretRinfopfdrIargtifendentShopper can be noved
| nto comuniGaly@y Wt Bekhfed ORE Oith S'H;Jr?‘; £b49 0wk 08HE NGu i 88 e dl 2-drS 10

conmmuni cation Wth holdlng.systen1zd conveyor system 300 so that the
carri er tabltées Exiggpegaaninien ngyEde fircomoose MRt uIdng nPra¢HHol di ng

system 200 dph GRY¥ERERAL.3! 2R ANdddUPUaN fﬁ%ﬁ*ﬂﬁﬂ%ﬁé’r&é{cc‘ﬁ‘@&gﬁal conveyor

system 300. [0094] The hopper 110 and |oading chute 120 can use various
devi ces and aftiNddy, csuehhes, dierclegfifsicd, ipohbeediaghesl s, otulifbdges,

powered bel tu&tig,ratgc;ﬁvi£¥ea£f9eﬁ@,\/eo@@gve%ibheo@aaig@éséa&}_e&os 1000 i nto
their designated 19 Wb 20051123569 PCI/ 1J52005/ 020319 positions in hol di ng

system 200. affepdchhgestouchupprandrfungtiosagifnghsysedm 108e s preferably
di sposed abQ{fsance may also include a diagnostic agent, such as an

imaging agent and/or a radioactive labeled compound.
Their use may be in a mammal, or may be in a human. The
pharmacological activity may be prophylactic, or for
treatment of a disease state. The agents herein include
both small molecule therapeutics, as well as peptides and
proteins. The pharmaceutical compositions described
herein may optionally comprise one or more
pharmaceutically acceptable active agent, bioactive agent,
active agent, therapeutic agent, therapeutic protein,
diagnostic agent, or drug(s) or ingredients distributed

within.

[0091] It should further be understood that the present
invention is not intended to be limited to the use of any
particular active agents, formulations or resulting
pharmaceutical or pharmaceutical-like product. The ligquid
dose 2000 can be.a solution or suspension; and the
resulting pharmaceutical or pharmaceutical-like product
can be immediate release, slow release, or controlled
release. The liquid dose 2000 can be agueous, non-agueous
or mixtures thereof. Non-aqueous solutions or suspensions
include, but are not limited to, organic solvents,

propellants, liquefied gases and volatile silicons. The
18



portion of conveyor system 300 to take advantage of gravity, in conbination
with a nmechanical |oading device. [0095 In the preferred enbodi nent,
hol di ng system 200 has a plurality of holding nmenbers or trays 210 with
tabl et positions 220 having a size and shape that allows for hol ding of
each of thWOEMBSHREEY t abl ets 1000. Preferably, each of RCHAIAMBL2EY trays 210
is rectangular, and the tablet positions 220 are arranged in an array of

equi - di st antdafEP2HAGMEeWS t 2RL1 COF UMSrmASuMilch 10 { kexpkahned dader, this
array facilitates operatiaon of the ~ dispensing system 400 in adding the dose
dropl et s 2108-8 nNothdnggpipdr £e dpg ek iMoo - HOREVEFSSERE PRERRNMCR nventi on

cont enpl at ex:driterpi@r@s ehBensstsHCiny ex-1aRe FRkhedsah@yorsecuring each of
the carrier tablets 1000 and the resulting pharmaceutical product 3000 as

they travel WHgatigas RE 30LiTR0EM T dfetabiry, SBAERC0FOYhe hol ding trays

' 210 has twig%iggq b £h¥ LhaBhete POpi tions 220. However, alternative
si zes, capacities and shapes of the holding trays 210 and the tabl et

positions 220 may be used to accommopdate different shapes and/or sizes of

carrier tabl Igﬁdglsﬂllooo m 42 '1récEr g§§80§£%§g%%w.fd{ﬁg9gl f_rilq}ndbggosyst em 200

tracks indi carrier tablet Jesignation in each of the
tabl et posiugaonsh22QutEhi suafionsl it imesubGtestpatiyralongidwes real -tine

noni t ori ng, 1ﬁ§gp ] VAR S Y o] carrier
tablets 10003, os%%grf%%getgg gﬁ%gg%%%&%ﬁ\agrbtr%g%e&tozdgalqsg?ggu% %%%0 and al so
to make 20 i@)200%¥s123389bpCitaiSeD0El 020319 tdet einirhdt done 220Q d.awhet her
each of trnaﬁfggéyﬁﬁiydhggkgﬁsso that excess amounts of liguid are

evaporated and the active agent becomes captured in the
film 2200. The carrier tablet 1000, the liguid dose 2000
and resulting pharmaceutical product 3000 undergo real-
time moniteoring, feedback and adjustment, which improves

quality control.

[0093] In the preferred embodiment shown in FIG. 1,
loading system 100 has a loading container or hopper 110
in communication with a loading chute 120. Hopper 110 is
preferably movable so that carrier tablets 1000 can be
loaded into the hopper and then the hopper can be moved
into communication with the loading chute 120. ILoading
chute 120 is in communication with holding system 200 and
conveyor system 300 so that the carrier tablets 1000 can
be moved from the hopper 110 into the holding system 200
for movement along and through machine 10 by way of

conveyor system 300.

[0094] The hopper 110 and loading chute 120 can use
various devices and methods, such as, for example, powered
wheels or wedges, powered belts, or gravity, to move each
of the carrier tablets 1000 into their designated

19



or resulting product has net the quality control standards that are
designated for a particular pharmaceutical product. The tracking of each of
the carrier tablets 1000, dose droplets 2100 and/ or pharmaceutical product
3000 t hroughout the process carried out by machine 10, allows for

accept anceggfyésthfesi on during the process. The preseq&j'ﬂ%ﬁﬁkhgﬂ,also
contenpl ates tracking of unacceptable tablets for renova y

acception-rejectipn system 800 based on _the real -tine nonitoringno[0098]
g

Vari ous tracRPRgEoPIS qbmt R HAT FYSHeMhE48 - caff PBRCRSEY 1R FolPdERd OBy st em

200 for eachoof 16881 KQ £y S¥ert AlYRlis pkBEArablyt ABspyLierdirsrembodi ment of
machi ne 10, holding trays 210 have a bar code ggo t hat, can be scanned to

L
provi de i denPPFFLaR| Oh GHRIS ¥ ETeHN P8 Eontrbt aF@EARIDEF, and which can

al so be Usedgkgvifﬁpki@n@oﬂmméﬁfoﬂ e thi BdindEHane] c£BarTd i dakleti e 1000, dose
dropl ets 2100 and/or pharmaceutical product 3000 throughout the process. As
W Il be discussed |later in greater detail, the data conpiled throughout the

process is s by n I ; at a.k§+0as e
et dual CLWSE BV, SATERS %%%?*ﬁ%%%°§}?%ﬁ§'2%8%§éﬁ§/ orsﬁ%?rgadgeuti cal
product 3000hagsacppesabity dodtddiagarprgessiey wois d110 mdithods that use

bat ch-sanpl i Rgy1200994: { fod e AThadiimgnt of ;aBehi g, A0, Heldingpystem 200
% of t t o0 that 1S

positions eac e carrier tablets”1000 s ensi ng system 400
can add the deseheidpretodigrh @f fhe garsiesutdltetsi P Y.shown in FIG 11),

which is facbggfef%\@l’yf roey her ft@ﬂed'h%gd&ﬁ?yt;?;&’s e Y eseRl hguegt! on

contenpl ates the. dispensing system 400 al'so addi ng.the dose droplet 2100
to the opposPhf blectaklel esiignsol20t peecarrarged alfl &n FOTOY( 8hown in

FIG 12). Thigufodi&rantly spaced rows and columns. As will be
explained later, this array facilitates operation of the
dispensing system 400 in adding the dose droplets 2100 to
the carrier tablets 1000. However, the present invention
contemplates the use of other structures and methods for
securing each of the carrier tablets 1000 and the
resulting pharmaceutical product 3000 as they travel along

machine 10.

[0096] Preferably, each of the holding trays 210 has two
rows. of thirty tablet positions 220. However, alternative
sizes, capacities and shapes of the holding trays 210 and

" the tablet positions 220 may be used to accommodate
different shapes and/or sizes of carrier tablets 1000 and

to increase efficiency.

[0097] Holding system 200 tracks individual carrier
tablets 1000 by their designation in each of the tablet
positions 220. This allows machine 10 to perform various
real~time monitoring, feedback and adjustment activities
upon each of the carrier tablets 1000, dose droplets 2100
and pharmaceutical product 3000, and also to make
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21 WO 2005/ 123569 PCT/ US2005/ 020319 allow for a greater capacity of liquid
dose 2000 being carried by the carrier tablet 1000 (on both of its outer
surfaces 1100 and 1200), as well as providing a nore uniform and
symmet ri cal pharnmaceuti cal product 3000. [00100] Dosing of both sides of
the carri eVO2eBI2S69000 woul d al so provide the abil it pCras2snfosdent |iquid
doses 2000, e.g., different active agents, to be dispensed upon a single

tabl et, sucfaeac%rml%t%ﬁgpgg t&m‘%@tﬂé}{e i %rfe@he kbeyéésgoe?f&pﬁé&
|nconpat|ble and cannot be nm xed together in liquid formor where the

di fferent |iGuirtgsydsdsgchunpduct peas e éﬂleoﬂutaéétﬁf cepERCbt Hledndamets pr esent

I nvention Gﬂmteréﬁz'eah%lehé%aswﬂ éyﬁéﬁnc%%xagﬁwﬂaeeat%aﬂme di fferent
| i qui d doses 2000 to carrier tab 1000 through layering, through

deposi ti ng d¥sHsdai naheutéackslagf%e%aciw@ &he C20BiemnERBIe®Dt h. [00101]

Machi ne 10 cam el a%s@edyéggeﬁe 5 Lo O LR %%rmﬁééﬁt:%al dPJ:@él@ctlooo any
nunber of times throu di spensi ng system 4 in order to add each of

t he dlfferéﬁﬁnl¢@ﬁP§GB§§§stQQOBIO$Eﬁ§HQﬁiﬁm@dnﬁythHVemaéhﬁm@|%mﬁl di spensi ng

systems 400 41 g 'f%§ 5@@5 %h&ea&@ @%gtl% heidiyf fREepEoLégi d doses 2000
to the carrier tablets 10 [ 00102] | di ng systém 200" can_al ternatively

provide for The §E@ﬁ§ﬂﬁglﬂﬁ§ntiaﬂl@l%®§éﬂQ@@@ gsesdtrpekéng ¢f quid doses) on
both si des QInat&%P%%&b%aB@Q%stﬁoﬂ%d%l @gogbebgglghs,@@mméystem 400

W th access to of the carrier ta anpl es such

al ter nati ve s¥Eod90obagpdpensting Ferltd@e ponispsing: linited to,

inverting holding tray 210 so that each of the carrier
[0098] Various tracking or identification methods can be
used by holding system 200 for each of the carrier tablets
1000. In the preferred embodiment of machine 10, holding
trays 210 have a bar code 230 that can be scanned to
provide identification and information to control system
900, and which can alsoc be used to track and monitor the
individual carrier tablets 1000, dose droplets 2100 and/or
pharmaceutical product 3000 throughout the process. As
will be discussed later in greater detail, the data
complled throughout the process is stored by control
system 900. The data is based upon the individual carrier
tablets 1000, dose droplets 2100 and/or pharmaceutical
product 3000, as opposed to contemporary quality control
methods that use batch-sampling.

[0099] In the embodiment of machine 10, holding system
200 positions each of the carrier tablets 1000 so that
dispensing system 400 can add the dose droplet 2100 to the
outer surface 1100 (shown in FIG. 11), which is facing
away from the holding tray 210. The present invention
contemplates the dispensing system 400 also adding the
dose droplet 2100 to the opposing outer surface 1200 of

the carrier tablet 1000 (shown in FIG. 12). This would
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tablets 1000 are transferred into a second holding tray 22 W 2005/ 123569
PCT/ US2005/ 020319 210 so that the opposing outer surfaces 1200 are now
facing away fromthe second holding tray or using a holding tray that hol ds
each of the carrier tablets around their perinmeters or outer circunferences
so that botWO 2W¥§E®WFOsurfaces 1100 and 1200 are si nul t anBETAKL005/620818Ssi bl e.

[ 00103] The flipping or inverting of each of the carrier tablets 1000 or

their hol di ng1i6aysdd s Cib i rdeagabeat th!?i%\E'ﬂi odd @ qWOERSBgSO that the
opposi ng outer surface 71200 is re-processed t he sane conponents or a

second set BRTEBRPOREMERS Hird SHe tagded %BO%K‘P\‘? REHD 3% IEENOHEEE  the

process w thgpespess 100d RePRRG)NY aQULBL1 SHs F sy i dAdHIL mRal |y, the
inverting of each of the carrier tablets 1000 or their holding tray 210,
can be done ByLiBermif syuietRized phaarpeditifabimeadwier®%lons or

processes to be perfornmed on opposing outer surface 1200, such as, for
exanpl e, coating or printing both sides of the pharnmaceutical product 3000.
[ 00104] Convilgdbllsyst dbrB0w mfowiodds sfidesnof etiphtcaxrigwltdibigtt 1898 210
al ong machin Qughy I vat kol Syst « Of machi ne.
In the pref erﬁgégda%g%%g nenrheo;{%r?ag%ggﬁh?g’%gﬁ%%ﬁ sy_sjiqér%lgogggrggvi des for
movenent of RBPH: ng. ¢+ aydiiXEXegitopgtaveubsennti ald e KhrEpemseal upath.
However, the_.p i i cqnt e a e O i trays
210 in other é??gg%i%%ﬂ%é%cgsggfor%gx%%r%?é{ﬁ n arvegrﬁqegglﬁgg?hﬁg wher e
spaci al econdaguidhdosse axfe grevimpptiblet ded caazyhde suiggestogetiect ate
such a d'recﬁhofi&&i@Qﬁﬁﬁ?Q&'where the different liguid doses cannot

be layered on top of each other. The present invention

contemplates dispensing system 400 adding one or more

different liguid doses 2000 to carrier tablets 1000

through lavering, through depositing on opposing outer

surfaces 1100 and 1200, and/or both.

[00101] Machine 10 can also be used to re-process the
carrier tablets 1000 any number of times through the
dispensing system 400 in order to add each of the
different liquid doses 2000. Machine 10 may have
additional dispensing systems 400 in series that will add
each of the different liquid doses 2000 to the carrier
tablets 1000.

[00102] Holding system 200 can alternatively provide for
dispensing the liquid dose 2000 (or different liquid
doses) on both sides of the carrier tablets 1000 by
providing dispensing system 400 with access to both sides
of the carrier tablet. Examples of such alternative
methods of dispensing include, but are not limited to,
inverting holding tray 210 so that each of the carrier
tablets 1000 are transferred into a second holding triy
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[ 00105] Conveyor system 300 has a drive conveyor 310. Drive conveyor 310 is
controlled by control system 900, 23 WO 2005/123569 PCTI US2005/ 020319

shown in FIG 1, and is preferably variable speed. Holding trays 210 are
preferably renmovably connected to drive conveyor 310. Holding trays 210 are
securely WOAMSHESE to the drive conveyor 310 so that @&FAISMH5M10819 t abl et
positions 220 renains constant with respect to the drive conveyor in order

to provide agclwrs%cxﬁhlara @h@psggbaﬂn a&f&é@@u&%bae ebobhgrgassier tablets
1000, dose droplets p arnaceutlcal product 3000. In the preferred

enbodi nent cﬁEQﬁﬂﬂn%M§Yléroﬁer% eopRRy grolstieg §ray errBELAgi hg conveyor bel t

that traversgs dibg k9agt bnaf noBehi aecHQ@nde BRLe RLEEEHRBLY, addurf Seri al
real -tinme comrunicati ons syst emdrive unit. However, t he pr esent i nvention

cont enpl at esthstiffe Par)PES SR dOREPRERI X GHIVESFGNCRRe SRoFRRAGPRFRYs 210, such

as, for exampi®r RIFakek 1900VEnghBdS ard %Q%%ltﬁﬁbb&s@ wheel s to which
the hol ding trays can be renovably connected. 06] e present invention

al so cont enfA%teESitde-use of a nunber or serles of hol di ng trays 210 that
are pivotally secured to each other to forma belt-like structure or tray
belt, which can be operably connected to the drive conveyor 310. Machine 10
can have a {Mk03]ity Toe filappbeytser wirtterdiiigeoéneashzes ahGIQﬁrEﬂﬁapes of

tabl et posi c i dsQ Qﬁgg
carrier tabfgiﬂyg%§g§%0$hegt?ggygdﬁ%faéyii ﬁnb%% éSﬁIlﬁ%eéo ng trays
210 that is Wonmeck alfl shat poppess nge Ewds tth@ Popesanboopte\heur faue hol di ng

trays 210 argy e ro gpbAGEDeA %y il 1S5l WorBHALARG UL SaloypiuCt 3000,

get of components could be added to machine 10 to continue
the process with respect to the opposing outer surface.
Additionally, the inverting of each of the carrier tablets
1000 or their holding tray 210, can be done by holding
system 200 to allow for other operations or processes to
be performed on opposing outer surface 1200, such as, for
example, coating or printing both sides of the
pharmaceutical preduct 3000.

[00104] Conveyor system 300 provides for movement of
holding trays 210 along machine 10 and through the various
stages or systems of the machine. In the preferred
embodiment of machine 10, conveyor system 300 provides for
movement of holding trays 210 along a substantially
horizontal path. However, the present invention
contemplates movement of the holding trays 210 in other
directions, such as, for example, in a wvertical path,
where spacial economy, the use of gravity or other reasons

suggest or dictate'such a direction of movement.

[00105] Conveyor system 300 has a drive conveyor 310.
Drive conveyor 310 is controlled by control system 900,
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DA A5 !

tray belt is fed along the drive conveyor 310 and then secured at its
opposing ends to formthe belt along the nmachine 10. To expedite the
connection of the second tray belt to drive conveyor 310, the second tray
belt can preferably be connected to the end of the first tray belt 24 WO

20051123569v&ei0i 533605/ 020319 that is being renoved, ascihibooshosio tray
belt is driven along and off of the drive conveyor. [00107] The present

i nvention alsQ conte tes the ,use of. any.nunber of drive. conveyors 310.
For exanple,Sg&VPféPgE#&Syite%ﬁgcﬁsrﬁﬁﬁﬁeﬁé%ié X%ﬁlﬁ%£% THdependent drive
conveyors 3l@ollAahgatlawsf 210 iatepereddentabtontentvably heonsgeadi afo t he drive

conveyors, such_as, for ex e, NOr e _rapi renove th har maceuti ca
o odunt 3000 SR CoRBeERE SI0t hdi b TR E-oFR Qb A SR el e

enbodi ment, eoaheekedyst ethd® Ofr wwell abrpfegber abbyseonhavl eadhen v atieous

I ndependent %ébge conveyors. 3 and ,be abl e di nat e their  novenent.

| t
[00108] I n t HECHEES BPF L Shb ool fr e 1o SEREERR s Lt B SRRF priithBe for t he
addi tion of tdigvki gohdedosei?0ffHd0 teeachvatiet Becaasty ein tai¥peirs 11900, and

provides for real- tine,nonitoring, feedback.apd j ust ment . . To .di spense the
li quid dose f@go?OHFﬁﬁﬁhﬁgnaésQ%?gﬁ?&ﬁﬁrhgégéegan?&98m1 S§ HHORL&CSral 1y
spans above andoaanasghdrmiCewioiyEly @rodilidt 3400, i SIhotige ik feddeyl novabl e
with respect to the dfiv conveyar, The novenent of ntry 410, including
speed and  pEEPLRORSRE OE RN TS by SFaEr BPREFLPEnT 800tS (00108 The gantry
410 has a di sfiesslagingdobevdedr panalihptcanaestedst ties elangthefdi spensi ng
nodul e 420 is vab&s algnqnthe | ongi tudi nal, axi s_of ihe(gﬁq;%y 410,

macnine ana, ore pre ra ¥y 15 & Serlia re —~LTiliae

communications system drive urit. However, the present

invention contemplates other types and methods of moving

the holding trays 210, such as, for example, parallel

drive chains, tracks, belts or wheels to which the holding

trays can be removably connected.

[00106] The present invention also contemplates the use
of a number or series of holding trays 210 that are
pivotally secured to each other to form a belt-like
structure or tray belt, which can be operably connected to
the drive conveyor 310. Machine 10 can have a plurality
of tray belts with different sizes and/or shapes of tablet
positions 220 to accommodate different sizes and/or shapes
of carrier tablets 1000. The tray belt is a length or
line of holding trays 210 that is connectable at opposing
ends to form a loop. When the holding trays 210 are to be
replaced for a different pharmaceutical product 3000, the
tray belt is fed along the drive conveyor 310 and then
secured at its opposing ends to form the belt along the
machine 10. To expedite the connection of the second tray
belt to‘drive conveyor 310, the second tray belt can
preferably be connected to the end of the first tray belt

24



which laterally traverses across the drive conveyor 310. The novenent of

t he di spensi ng nodul e 420, including speed and position, is also controlled
by the control system 900. 25 WD 2005/123569 PCT/ US2005/ 020319 [00110]
Based upon the novenent of the gantry 410, and its own novenent with
respect tovPRMS5YA6Ty, the dispensing nodul e 420 is capsBIUS2¢96/08ement
along X and Y axes with respect to the drive conveyor 310 and the hol ding

trays 210. Agdict ignpkidg tdRoPE@SEH dhateRtren tﬁ@ﬂtﬁm atesqmmmgient of the
gantry 410, the dispensing_ nodul e 420, and/or both, along a Z-axis with

respect to AREIIRPRGFeOEENVEYRE AV FNNEYARSE di ng trays 210. The novenent
of the dispensing nodule 420 allows it to accurately dispense the dose
dropl et 2100 on each of the carrier tablets 1000 that_are in the array of
tabl et posil€0187k 220The poeeknly inwwptipo. adsat Fenteyriaenddicare al so

adj ust the n hge di SPEROSLH RAU 81420 ppd othg,gantry 410 to
acconnndate%gygggrgﬁﬁﬁg%zes and shapeéﬁkbf hol di ng ?r%f%ﬁild, as well as

di fferent acdidferent sxprems pebimddnne2dd eant havholaiependenfs d1igel11] The
use of the Q:%Eﬁ'%zfe%(;?éé%i@ %%?éﬁ? ém@@gepﬁﬁﬁgen@ pl 8014@90?'&“3:% and Y axes

(and the Z axis esired), provi or snmoot h novenent and accurate
al i gnment ofspelgd odi shendrhge neeRiteyoMsyh segehass foe esamels, ttabl ets 1000.

This is espeg.al Legpi £ i t d e I, e f hi ne 10
where the d%ﬁg% géﬁggg ri%@gﬂédﬁﬁ?ﬁ%%gﬂ%%%ﬁﬁgggltﬁggﬂ%ld?%gxfﬁggﬁglo t hr ough
t he di spensithg €pst e thecprecesr ddse sgcdpkat albeonatiee bei ng di spensed.

The  cont i NuQUS IRKATENE o r SRy Hert RRCABLLET ptakl 215140t ro1

the various independent drive conveyors 310, and be able

to coordinate their movement.

[00108] In the preferred embodiment, dispensing system
400 provides for the addition of the liquid dose 2000 to
each of the carrier tablets 1000, and provides for real-
time monitoring, feedback and adjustment. To dispense the
liguid dose 2000, dispensing system 400 has a gantry 410
that laterally spans above and across drive conveyor 310,
and is longitudinally movable with respect to the drive
conveyor. The movement of gantry 410, including speed and

position, is controllied by control system 300.

[00109] The gantry 410 has a dispensing module 420
movably connected thereto. The dispensing module 420 is
movable along the longitudinal axis of the gantry 410,
which laterally traverses across the drive conveyor 310.
The movement of the dispensing module 420, including speed
and position, is also controlled by the control system
900.
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al ong machine 10 as the dispensing step is occurring speeds up the
manuf acturing process. Additionally, snmooth continuous novenent of the
hol ding tray 210 and the <carrier tablets 1000 thereon, as opposed to
di spensing onto the carrier tablets via indexing or discontinuous
nmovenent, PYOUNEEZS60r | ess wear and tear on the machi n@CTB2@H0R0519S
conponents, particularly the drive conveyor 310. Dispensing nodul e 420

el enabl ' gl o2l 28 R E0BLZE0 BT ARSI 0SLg, et 1

accurately di'spense on eac arrirer e ‘st zé and shape
of the X-likétpabvhndegestsntupdrth thespdicspeosilng spwlady arthe he spaci ng of

tabl et posit] 0 I n Fl d.b ugt her
under st ood b?ggﬁgn(g)@%rﬁ%%myv{&koz Iqls ic%%a H%ga&?drpcﬁ‘g%m%ltte%lgﬁsgpgngpﬁggm)dul e
420 can be nexed witngredperndtd \hepdirhve tchaveyrefErGhnd aheow f or

sont| nuous RYGERL elaibo o ool MO0 Auin diapanstos. 00112

The accuracy o ghrent” e I'ng ~ nodul e W each of the
carrier tabl ebst@f@lateamndndtemengf foifcitbrcyantry hél ovidremdisglenishegnodul e, is

facilitated e e recta r ray; of  t.abl et i tions 220
al ong hol di n‘&g%ﬁlﬁ% %%JL% aér%{ad}t({w}g b@%ﬁ‘[’rggggg ?ﬁée %%%/%rr%ln?p IgefsPt%g% tr‘_?f))dul e and
gantry 410 i hhea detvancpiwyoodld ratletheyko ki ndoweasss ,2ltthe fFhesent

i nvention co eset S f .oth u r and ; ods that could
al so be useﬁgﬁgﬁégée ?régﬁﬁéﬁ?r%%sﬁg%ngéﬂﬁéé4§%&mn§h reggggg to each of the
carrier tabl eteutddely adistensdr ithe doreegoopldi X ghtamueesht ofnble t hr ough

the di spensing. aystemydfl.. AN BSe GOL examplerr Ayl il oaxi s robotic
arm and/ or along di fferent coordinat e systens.

positions 220 on holding tray 210. Control system 900 can

also adjust the movement of the dispensing module 420 and

the gantry 410 to accommodate different sizes and shapes

of holding trays 210, as well as different arrays of

tablet positions 220 on the holding trays.

[00111] The use of the gantry 410 to move the dispensing
module 420 alceng X and Y axes (and the 7% axis 1if desired),
provides for smooth movement and accurate alignment of the
dispensing module with each of the carrxier tablets 1000.
This is especially significant in the preferred embodiment
of machine 10 where the drive conveyor 310 continues to
move the holding tray 210 through the dispensing system
400 as the dose droplets 2100 are being dispensed. The
continuous movement of each of the carrier tablets 1000
along machine 10 as the dispensing step is occurring
speeds up the manufacturing process. Additionally, smooth
continuous movement of the holding tray 210 and the
carrier tablets 1000 thereon, as opposed to dispensing
onto the carrier tablets via indexing or discontinuocus
movement, provides for less wear and tear on the machine
10 and its components, particularly the drive conveyor

310. Dispensing module 420 preferably moves in an X-like
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[00113] In the preferred enbodi mrent of machine 10, the dispensing system
400 has a pair of dispensing nodul es 420 connected to gantry 410. The use
of nore than one dispensing nodule 420 provides for increased speed and
efficiency_in dispensing of the liquid dose 2000. Additionally, the use of
nore than awgﬂwﬁggﬁﬁ%ing nmodul e 420 woul d al | ow t he di BpENS1083028318t em 400
to add different liquid doses 2000 to a carrier tablet 1000 w thout

cl eani ng or @amhae$ngc&heaﬂ@ﬂylﬁisﬁe¢m a%, cheh exaﬁnéecaffﬁ?i Gt}éiﬂje?:@ or on
opposi ng out er._sur es 1100 and 1200 27 005/ 123569 PCT/ US2005/ 020319

t hr ough re-pﬁ@@éssiﬁéetﬁézﬁa???e?hﬁgﬂﬂo tSéL%‘?ﬁ#Su@ﬁtPh%ep%ﬁ e¥i™g
system [001i4t Bispensing spded eardlPGldi spansag afdesblet pesitifonsof active

agent onto tgﬁ carrier tablet ﬂ%go. In tha prﬁger ed q?od' q} of nmachi ne

10, the disp Qi'nﬁsnﬁhﬁr’ﬁ 1B Gras 28 Jivh “R2s, FhoLdert ﬁ‘g% &hd a

di spensi ng headieré8bodThe presentotdivaity akicontanphat &st atlsdinglie

@ pump 425 AR eReTFSREcBRPEhSo FhEEra Rs TR A G oRMRT R3S Y AR o pai 1

of di spensi nghatageefd3bblandl Déw ofdicicotibibaki nosepentusbettss of conponents

for any nunber of dispensjng ules,. 10Q1151 The punp 425 is connected to a
li quid dose SEOdrtEE ﬁgage#ﬁ %ﬁ@gﬁ%EFéF¥éﬁsgﬁﬁﬁaPﬁent of the machine 10, the

| i qui d dose source 440 is a novable container 445 that is connected to the
punp 425 via renpvably connectable conduit 447, so that the |iquid dose
2000 can be [}kl y aRBeeRfrerasy IGL (1ds 4ddgnmpnb196] R elbIRASHNT nvent i on

cont enpl at es fldaR18S220f wdth each of the carrier tablets 1000, and the
gfficiency of the movement of the module, is facilitated
by the use of the rectangular array of tablet positions
220 along holding tray 210 and the control of the movement
of the module and gantry 410 in a rectangular coordinate
system. However, the present invention coﬁtemplates the
use of other structures and methods that could also be
used to move the dispensing module 420 with respect to
each of the carrier tablets 1000, as the drive conveyor
310 continues to move through the dispensing system 400,
such as, for example, a multiple axis robotic arm and/or

along different coordinate systems.

[00113] In the preferred embodiment of machine 10, the
dispensing system 400 has a palr of dispensing modules 420
connected to gantry 410. The use of more than one
dispensing module 420 provides for increased speed and
efficiency in dispensing of the liquid dose 2000.
Additionaily, the use of more than one dispensing module
420 would allow the dispensing system 400 to add different
liguid doses 2000 to a carrier tablet 1000 without
cleaning or replacing the module, such as, for example, in

layering or on opposing outer surfaces 1100 and 1200
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| i qui d dose source 440 with repl aceable cartridges, containers or canisters
(not shown) that can be easily inserted in, or connected to, the liquid
dose source. For |ower dosages where only small amounts of the liquid dose
2000 are being dispensed, the liquid dose source 440 with replaceable
cartridges, WOBMSHRHE? s or canisters is especially usef HCIfusz00baz0319 t at i ng
operation of machine 10. [00117] The punp 425,is preferably a netered,

positive di%ﬁ&éﬁgﬁefé— SN HN EhGPer26ab NEO U2 fdh r MYICRhe28 WO
2005/ 123569 PCT/ US2005/ 020319 causes the di spensing head 435 to di spense a

singl e dose d9dFppreing18vsterhe netered, positive displacement punp 425 is
controlled by the control system 900, and facilitates the accuracy and
control of dispensing a single dose droplet 2100 of the desired size so
that the profiiildlosageDispemeinyaaaiydst 428 dildpenses thedapiraceamoabtet 1000.

However, the pr Qgﬁﬂrei erﬂp M S UYL HRLBEES LA5145e Mg, Otherlypes of
punps, such as, for exanple, a tine- pressuré punp or reciprocating piston
punp connect gdeforaeddémspediieng mfdrashtihat 18antpe odd sikendiass mesiudegr ee of

accuracy and e i in h L) abkgt ﬂ%&%ﬁ 425 has
a notor nnduﬁ284§g8 %n ﬁ?%‘b%i%ﬁg u?%lZZQgs’dégg%%ﬁ%iln Ié@?ﬂggdand 2f .
The notor nddale ARSOphesent motwent42B5 coateopbates on $inrgled260 and  an

T

4285 and a I ston I's operabl’y ‘connect ed
to the notor aspoiokecd2BOl ¢ hroygine d@veenidon poew 42BD,43thdhpitsear on

pi ston asse”?%Yfﬂ8§é Eémﬁﬁﬁi@gkfgn(w1t5”8a55§rb8fhdispensing heads
- 435, and/or other combinations or numbers of components

for any number of dispensing modules.

[00115] The pump 425 is connected to a ligquid dose
source 440. In the preferred embecdiment of the machine
10, the liquid dose source 440 is a movable container 445
that is connected to the pump 425 via removably
connectable conduit 447, so that the liquid dose 2000 can
be guickly and efficiently replaced.

[00116] The present invention contemplates the use of a
liquid dose source 440 with replaceable cartridges,
containers or canisters (not shown} that can be easily
inserted in, or connected to, the ligquid dose source. For
lower dosages where only small amounts of the liquid dose
2000 are being dispensed, the liquid dose source 440 with
replaceable cartridges, containers or canisters is
especially useful for facilitating operation of machine
10.

[00117] The pump 425 is preferably a metered, positive
displacement pump (shown in FIGS. 2c¢ through 2f}, which

28



reciprocating and rotary notion to the piston. The nmagnitude of the piston
stroke is manual |y adjustable by the adjustnent nechani sm 4265. The present
invention contenplates automatic adjustnent through use of the real tine
nonitoring,_ feedback and control as described herein. [00119] Punp 425, as
control | ed BY HE286ht rol system 900, can skip sel ect tROIVER2005620319 ons 220,
where the <carrier tablets 1000 contained therein have been designated as

L eJ;c ect edh Naémé@@s %doﬁﬁ\éi ifry hebﬂsﬂ)gsti@adiﬁpér{l;ﬂkd(aalrosrih@ﬂet ablaﬁts 1000

efore they undergo _the dispensin rocess, descri above. In t

preferred e%%%g’ér?tl,‘)(}'he Tﬁ"fol"@Fe%ﬁgpeB‘P?b’?rlY% He-l@rcr‘?&?“gypﬁmgi 312{3 caner a

426 and gantiy @sserdlled M9i tHROWOhLrvhi sPsPeVIaE, 2hdNB22003£328569

PCT/ US2005/ 020319 i mages oi a%} gf ths, carrier tablets 1000 for inspection
‘—%{ t 7V

e
by control s}yB%eRTYHER PP Per Rt PURPSIRETEELE St 888%and net hods

can be usedawbprén detEr me Heheleg@REHt & 0fe Odo titatc aild Propkablebagas wel |
as ensure that 1t js properly positioned in taplet Siti %Q 220. Sel ective
%@ﬁﬁtn& A

di spensi ng b9fp®?ﬁfﬂ-‘®53geir’r1fpr3@\/€éid€‘ﬁf Fei e yCay it y liquid dose
2000 on anyhewévée) Hrablisscshi0@nkBat i6aveont sadit peamedeeaedrt o not neet
the required tol erances of the pharnmaceuti cal roduct 30Q0 or are not

properly posPHI®ReYHGT HeddMPSHg SUPRedBostRTrOA B 2160 E2P60121] The punp

425 is connegt&slstige thipnd law eRlibré38tindhei dt v meld A3Pedetar abngs the
concentration,of the actjve agent in liquld caontained jn container 445 that
is going todbePersshdaits d%‘g"ﬁ FRE HFgﬁe 3 FERF #89T°ewAfch will be
used in the ggahrddpead®niigedd NG AbsiNg €i9Secarrier tablet 1000.

[00118] Pump 425 has a motor module 4250 and a piston
module 4280, as shown in FIGS. 2e and 2f. The motor
module 4250 has a motor 4255, a connection port 4260 and
an adjustment mechanism 4265. The piston module 4280 has
a piston assembly 4285 and a cylinder 4290. When the
piston module 4260 is operably connected to the motor
module 4250 through connection port 4260, the piston on
piston assembly 4285 is driven which imparts beth
reciprocating and rotary motion to the piston. The
magnitude of the piston stroke ié manually adjustable by
the adjustment mechanism 4265. The present invention
contemplates automatic adjustment'through use of the real

time monitoring, feedback and control as described herein.

[00119] Pump 425, as controlled by the control system
900, can skip select tablet positions 220, where the
carrier tablets 1000 contained therein have been
designated as rejected. Machine 10 provides for
inspection of the c&rrier tablets 1000 before they-undergo
the dispensing process described above. In the preferred
embodiment, the tablet inspection is performed by a video

camera 426 and gantry assembly (not shown), which provide
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droplets 2100. This concentration information is provided to the control
system 900.. [00122] The di spensing head 435 has a di spensing nozzle 450
(shown in FIG 2d) through which the pressurized, netered anount of |iquid
dose 2000 is dispensed, and fornms the dose droplet 2100. The dose dropl et
2100 di speNs@20S5/5X64 t he outer surface 1100 of the carr PEF/USHHS/0312000.

[ 00123] Nozzle 450 provides for exact anounts of liquid dose 2000 being

di spensed. ThgaLbaubg £Lose £90G,d %ar&&@freﬁﬁewtyl BOSNSESt: D HR NP eci se,
positive displacenent, piston punp 425 that punps the |iqui t hr ough

tubing to t h&YneeatEcksaystae per selection of |iquid conposition,
viscosity, the materials of 30 WO 2005/ 123569 PCT/ US2005/ 020319
construction and orifice size of the nozzle 450 are significant and/or
critical par&MﬁEﬂrs t Al thexrnateipreo dunsipleicle il oy dévﬁc©@l&n¢;Mahhn§@.cp©0124]

Nozzl e 450 can alag Qﬁl{ﬁgc J.{x‘?@n% ydr aphgbl £, ”%#erfﬂé'ﬂ" have a

hydr ophobi ¢ ¢éating to formati on an spensi ng o dose dropl et
2100 by conpeb3ati ngsfwzll iapicharedls ¢hetcohpDS|perﬂikyrpﬂsmnmomedand

f ' :
novzl o 450 S EAPTAr e Tnas"aSto RS SRR e 15, e
exact annuntlmprbvqﬂleﬁfknneﬁﬁxxby<mc¢nWestmhg agly shepsichglasea @0 4620 under
pressure of BHIPC4RR e AR AP o PHGChd8 10y 1 £ ST LAAGRA By @ Spri ng

4530, or oth bi'asi device;” can beretracie air pressure, such
as, for exanpbe,mbgtatE@IEEquxtaﬂ|bumerapcessufethenph&xméﬂﬁuﬂuoqﬂld dose 2000
IS dlspensedpggdﬂct 3000 or are not properly positioned for receiving

the dose droplet 2100.

[00121] The pump 425 is connected to the flow cell 430.
The flow cell 430 determines the concentration of the
active agent in liquid contained in container 445 that is
going to be dispensed through the dispensing head 435,
which will be used in the real-time monitoring of the dose
droplets 2100. This concentration information is provided

to the control system 900..

[00122] The dispensing head 435 has a dispensing nozzle
450 (shown in FIG. 2d) through which the pressurized,
metered amount of liquid dose 2000 is dispensed, and forms
the dose droplet 2100. The dose droplet 2100 dispenses
onto the outer surface 1100 of the carrier tablet 1000.

[00123] Nozzle 450 provides for exact amounts of liquid
dose 2000 being dispensed. The liquid dose 2000 is
preferably dispensed by a very precise, positive
displacement, pistoen pump 425 that pumps the liquid
through tubing to the nozzle 450. The proper selection of

liquid composition, viscosity, the materials of
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result of the retraction of the plunger 4510. Under automatic control, the
time that the plunger 4510 is in the open position, the pressure maintained
on the reservoir of |liquid dose and the vehicle conposition are

significant and/or critical paraneters to the reproducibility of the

dropl ets foVABS13P6A261 Chamber 4520 is preferably sel QSyussM§HsH ed so
that the chanber and liquid dose 2000 contai ned therein renmain under

pressure. A hef{eiru#248nMBrdaberutitd zed:d or 3@ hkate t1he grection process.
Nozzl e 450 may, have a m cro-adjuster 4550 or ot her agkustnent mechani sm

manual or autiGHEfECapsuBRIAST hEF Mt COhtHHAEEF Y EBnFPBI system 900 with

real -time nmonidgiddaibieedhask angoLd romed.hat provides for adj ustnent
of the anmpbunt of l|iquid dose 2000 31 WO 2005/ 123569 PCT/ US2005/ 020319 t hat

is allowed to exit the dispensing chanber 4520. Nozzle 4560 rmay be a

co-axial air st 4 ahenf j Ly tat I §p j diquid
dose 2000. [dgﬁggr Theﬁggg%gng?%gH%@2$%%{Zg%khégg%zoguﬁpﬂ %%&%EQ%V%
assenbly to fraterded dndgemshavaes dugdrapheblist cpagdngThesfa¢tl ittt ageous

due to the aqﬁﬂ&%gﬁogfahgedggﬂgﬁgfﬂ%ﬁx@Qkﬁgp%&ﬁkgggA?ggUe?ﬁnd the ability to

performreal -tine nonitorin ractiviti : , e di spensing
syst em 400, tdnmpegisagsadofonotifeidsehisrleyicdawogitiphéforanlagion

substantiall&u§p@%&%%@g gﬁégigéoplet 2100, which reduces or prevents

spl ashi ng and overspray. ] To facilitate formation of a spherical
droplet with a well-defined shape, the Iiquid dose 2000 can have additives

) uded, SUiB) ! O 1B TP S By LeoHiline Snol 8RB g,
nozzle 450 has an internal plunger 4310 that is retracted
to allow the exact amount of liguid dose 2000 to enter the
dispensing chamber 4520 under pressure of pump 425.
Preferably, plunger 4510 is spring-loaded by a spring
4530, or other biasing device, and can be retracted by air
pressure, such as, for example, by a solenoid driven
pressure source. The liquid dose 2000 is dispensed as a
result of the retraction ¢of the plunger 4510. Under
automatic control, the time that the plunger 4510 is in
the open position, the pressure maintained on the
reservoir of liquid dose and the vehicle composition are

significant and/or critical parameters to the

reproducibility of the droplets formed.

[00126] Chamber 4520 is preferably selectively sealed so
that the chamber and liquid dose 2000 contained therein
remain under pressure. A heater 4540 may be utilized to
facilitate the ejection process. WNozzle 450 may have a
micro-adijuster 4550 or other adjustment mechanism, manual
or automatic (such as being controlled by control system
900 with real-time monitoring, feedback and contrel), that
provides for adjustment of the amount of liquid dose 2000
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invention also contenplates the use of other additives to be conbined with
the active agent, such as, for exanple, a filmfornmer to facilitate
formation of film 2200 or a marker ingredient to be used with the imaging
techniquesngﬂf cribed herein, such as, for exanple, a surrogate for

chemi cal i ¥3129] The additive or additives, sucPCEES2001208%anpl e,
the polyner, enhances or facilitates the ability of the 1liquid dose 2000 to
lock on to thaatabbeslldined pod yarert ahe dtibpensimd eickinteedtcan al so provide

i quid dose 2000.w t he S|red sur.face, tens n cosity so that

a single drgﬁﬁé} i?69§33%sedéby dﬁgﬁg sPﬁﬁ %y u894%%3{1¥h§bh facilitates

control of tﬁarahennfaciliﬁuxda(ﬂﬂsﬁa@@&ﬁg afdligasdrdment2f0.t he droplet, as
will be described later in greater detail. Exanples of such additives

i nclude, 32 WD 2005/ 123569 PCTI US2005/ 020319 but are not limted to,
hydr oxypr opyfooaef] ul OS'Ehe Y eniRIO RYsERINY b0 Ceb 41l HSumps aimkD xRt By |

cel lul ose, poly ohol YyVvi ny rolldon carr nan kappa,
iota or Ianbééfemb£¥af Ofﬂﬂ AﬁS@ﬁESGI 8Idos%d§ 2%@ oxi d g
pul | ul an, and/soadagﬁyég@@@pme/rmr thiee a@curEUPRAE Thd rao@@msRlas RS, E, L,

S, FSSOE», or. an nmbi nati ons .t hereqf. [00130 he dis sing system 400,
and the use SFSS¥1P?§U?QPYﬁnﬁP 103 Q l&E% t8r8%¥%' {%ﬁm €are di spensed

onto the car mbﬁ&tbﬁbﬂz@toﬁ-olﬂiéiﬁ AP aItageQUSADYES tlc@ruﬁﬂmsamg systens and
processes in th sites where the machi ne 10

ducti on faC|I|t|
is located c&¥® Elénf{&& ‘%159%“9%3@ &: gnOZFiﬁuﬁ’@ PHE19%9Ui% dosage. This
reduces the spapsiedltbe pimsieiticn lysdepheascel i ddsatdigplet 2100,

which reduces or prevents splashiﬁg and overspray.

[60128] To facilitate formation of a spherical droplet
with a well-defined shape, the liquid dose 2000 can have
additives included, such as, for example, a polymer, such
as, for example, hydroxypropyl cellulose. The present
invention also contemplates the use of other additives to
be combined with the active agent, such as, for example, a
film former to facilitate formation of f£ilm 2200 or a
marker ingredient to be used with the imaging techniques
described herein, such as, for example, a surrogate for

chemical imaging.

[00129] The additive orradditives, such as, for example,
the polymer, enhances or facllitates the ability of the
liguid dose 2000 to lock on to the tablet. The polymer or
other such additive can also provide liquid dose 2000 with
the desired surface tension and/or viscosity so that a
single droplet is dispensed by dispensing system 400,
which facilitates control of the amount of the liguid dose
and measurement of the droplet, as will be described later

in greater detail. Examples of such additives include,
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of f-site production and delivery, which decreases production tinme and saves
on costs. Wiere OHC4 conpounds are being used, this is especially

advant ageous in reducing the handling of the conpounds by the workers.
[00131] Dis sing system 400 can alternatively have a nozzle-plate

assenbl y 468’@ 085/B8%Pi on of which is schematically represeusee/iead| GS. 2h
through 2j) to form and di spense the dose droplet 2100. The assenbly 4600

has a p'atebﬂ§19r$‘ﬁBtafléﬁ%%&lgdf<Hydﬁ%%§b§oﬁ?§nb@91&ﬁéﬂa t heret hrough. The
pl ate 4610 i s capabl e of novenent wi th reéspec he supply of liquid dose

2000, as i ndhygredypyoratpreilylesd ludees, rrsaéﬁﬁﬁfm?%%d&l HiRsSs-s not
limted to, $ﬁu95§hy9na950ﬁ8§ 6ﬂf%rﬁ@M@yk@oQﬂgéﬁetObéﬁ%éﬁﬁéhéﬂ“3

di spensi ng. I qui d dose 0 I's di'spéensed t rough nozzl e openlng 4620
when the pl ati&2BB2e istaepectamkda) . ﬁﬁ)@&lﬂomﬁ%geﬂ%l%%;ﬂw% the Tiquid

dose. 33 VIO 2005L1R3568: PCTI452000/ 102051 9.an01 321 o S NOEb Iyhdel G 21, the

si ze of nozz openin 46 can be adjusted or changed to provide for a
range of di fiPefent E4PRRAGIHI® raffss Rlor ResE, dkopf et FPIYY.r Ae @ndbility to

accurately sizepYRLYiSHRI{LoPeH Ngs in plate 4610 and the dispensing
dynam cs of the assenbly 4600 allow for dispensing of very small anounts of

liquid dose 2000, preferably as small as one pico litre. As shown in FIG

2], a nunber 3 zzIenge Qépf@%%?%]ﬁﬁbkz? 'ﬂEé'B% glstEGgglgsso

that array dlspe ing can T e Assenb
advantageousldqaldtdose52®®®|an¢quam1dmbp&enpah@ﬂtthab atmtditdpenesedr e f ewer

materials inogontanl whidsLbec ol do#5es2000antbEeodl ARSI NG OPEration of

t he assenbly 0O1sre
contemporary systems and processes in that the production

facilities or sites where the machine 10 is located can
centrally process} e.g., liquify, the liquid dosage. This
reduces the steps of the production, such as eliminating
off-site production and delivery, which decreases
production time and saves on costs. Where OHC4 ccmpounds
are being used, this is especially advantageous in

reducing the handling of the compounds by the workers.

[00131] Dispensing system 400 can alternatively have a
nozzle-plate assembly 4600 (a portion of which is
schematically represented in FIGS. 2h through 23j) to form
and dispense the dose droplet 2100. The assembly 4600 has
a plate 4610 with an aperture or nezzle opening 4620
therethrough. The plate 4610 is capable of movement with
respect to the supply of liquid dose 2000, as indicated by
arrows 4630. Such movement includes, bul is not limited
to, vibration of the plate 4610 in order to actuate the
dispensing. The liquid dose 2000 is dispensed through
nozzle opening 4620 when the plate 4610 is selectively
moved towards the supply of the liquid dose.
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since there are no narrow channels and the design is insensitive to air
entrapnent. Dispensing through the novenent of plate 4610 makes the
assenbly 4600 easy to |oad and easy to clean. Dead volume for the supply of
i quid dose 2000 is mnimzed or elimnated due to the planar or
subst ant i al WP 30%K369shape of plate 4610. [00134] The prREREVR2005906H2 i on
further contenplates the use of other structures and net hods of di spensing
the liquid 000 qntg r abI % 100Q, ,$URH. 25 QL pxanpl e,
by a pad- prlﬁtlng?deV|§§ é?g %ﬁ ﬁi g g Pnto % e|O lrﬁii(rldge
[00135] Di speﬁrﬁs'aongagybteendzloeth@soza @to'asraadqs:pe@ﬁp@ndesﬁgrem Ze0ye it
provi des realy ng..o dase 4o ¥-0RLE 0 hat 45, to be added
to the carrler t Iets%&%%ﬁ ot Qcrofﬂtfz?{g&i)referre %é%%eg%bof t he machi ne 10,
dose i nspectakudﬁyfstt@rrattsgratetyhasw Sysaed Stmé@,l rgepingaeiggzeatealr opl et
2100 to deter I 3 ggﬁ% adPo69
PCT/USZOOS/Oﬁ@ %eé%pﬁgégcygg é§£Q§ i%%hﬁ%EOEOE?Shégpee Pglgltal canera 465
that is connedtlew tforgdaspyndlogantl vk sniad lakeungst akel igquid glesspeed
i mge 470 (shoyy in El of ceag t I ferred
enbodi ment of  madhi nef%a&t’rw%shl #speec?n% 8’9{% l%%?rgr asﬂs %@{eelused
whi ch corresfiéhd 2je eavhmbért dE newzld speEndingg doddl esn42Ds0 Ho0L36]
Referring to .k 0] ot e.dr t 2100 is
preferably tadegilen%fl%% %E ﬁ??]& gos éﬁsg) F&Egsg %f?gt(ﬁ%éﬁozzl e 450
but before it nakes contact mnth carrier tablet 1000. The machine 10 uses
a |laser dete otr e caner a btain, th e 470 due to
t he hi gh spegﬁﬁgﬁithe §§2558r8 Fet asseﬁgi 4309°18 advangageo@ t
to its minimization of components so that there are fewer

materials in contact with the liquid dose 2000. The

dispensing operation of the assembly 4600 is reliable
since there are no narrow channels and the design is

insensitive to air entrapment. Dispensing through the
movement of plate 4610 makes the assembly 4600 easy to
load and easy to clean. Dead volume for the supply of
liguid dose 2000 is minimized or eliminated due to the

planar or substantially planar shape of plate 4610.

[00134] The present invention further contemplates the
use of other structures and methods of dispensing the
liquid dose 2000 onto the carrier taklet 1000, such as,
for example, by a pad-printing device where the drug is

loaded into the ink cartridge.

[00135] Dispensing system 400 has a dose inspection ;
system 460 that provides real-time monitoring of each dose
droplet 2100 that is to be added to the carrier tablets

1000. In the preferred embodiment of the machine 10, dose
inspection system 460 uses high-speed imaging of the dose

droplet 2100 to determine the volume of the droplet. Dose
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2100 (shown generally in FIG 2d). However, the present invention

contenpl ates the use of other triggering devices and nethods for triggering
canmera 465 and obtaining imge 470. [001371 Image 470 is used by the
control to calculate a volunme of each of ose droplets 2100.
The calcu %?ggggglune of the dose droplet 2100, alonégﬁpg 0Y43es19
concentration obtained fromflow cell 430, is used to determ ne the dosage
of active idggprctinn swstswi g0 brspansighoinaed ki adamli eameabl €651000. Any

dosage thafy,daogs élﬂ%néEﬁc%td Q| EEEEE?%%'%FP%{E% 94 ‘é@b?l@g% gLkor code by

control system 900 so that the“carrier tablet 1000 ‘having that particular
dose dropl @thDalpsresd aags ddfedshopaoiBHIGd)e dfi gash doses of active

agent are GEguiLe gyl a MhanERpeUthEalq RLaMI 300, dispensi g, modul e 420

may di spense a nunber of d oplets or a streamo iqui d dose
2000. Dosetvdsipeghtaness) siiavhta80cametras hasd anee wsid,i whicd capture the i mage

470 of the.sireamal 35 02095123069 PCILLSAUIPHOZLY 4hbaui d dose 2000,

and the vofu dosage cal cul ati ons erefrom [00139]
Di spensing system 400 has a drying system 475 that perfornms drying of the

of “the  melRIR o, BRI, SPokags hat Ry 56 3MASHY 1 Ao moni fors
or oven setisordoskBif{opitets20W0 is deefetadblyhmkenvdmn-48Aghtosftes heat and
2200 10 1 GIREIPEh TP o 85 1EF Rebh 100 TS AL RHT PATP9°arbng the outer
surface ofmiles casrntizart twdlthetarTherovaEin seri(s The machine 10

uses a laser detector to trigger the camera 465 to ocbtain

the image 470 due to the high speed of the dose droplet

2100 {shown generally in FIG. 2d). However, the present

invention contemplates the use of other triggering devices

and methods for triggering camera 465 and obtaining image

470,

[00137] Image 470 is used by the control system 900 to
calculate a volume of each of the dose droplets 2100. The
calculated volume of the dose droplet 2100, along with the
concentration obtained from flow cell 430, is used to
determine the dosage of active agent that is being
dispensed onto the carrier tablet 1000. Any dosage that
dces not meet tolerances will be marked with an error code
by control system 900 so that the carrier tablet 1000
having that particular dose droplet 2100 can be rejected.

[00138] Where higher doses of active agent are required
in a pharmaceutical product 3000, dispensing module 420
may dispense a number of dose droplets 2100 or a stream of
liquid dose 2000. Dose inspection system 460 still has
the ability to capture the image 470 of the stream of
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482 monitor the drying conditions of each of the dose droplets 2100 and
carrier tablets 1000 to ensure that the pharnmaceutical product 3000 neets
the required tol erances. The heating or drying of |iquid dose 2000 may
evapor at eW0EE3F6Anount s of |iquid, causing the acti RAg8Riseid., PECONE
captured in the film2200. The drying process of drylng systen1£55 as
opposed to h q dry’ the carrier tablet
1000, can %ghh9§4??%% §?¢é Lgéﬁ(ﬁ%'wﬁgﬁgggeaﬁ%tﬁ%§9?ﬁ ?ﬁ i°8f of certain
exci pi ent s ¢fino tMed@hém@aﬁéumlcal product (via evaporatlon), such as, for
exanple, a solvent |like nethanol, is desired. [00140] For higher dosages of
phar maceuti cal product, such as, for exanple, above 5 or 10 ny, drying
system 475[00039] dry basiesrssiofg té}%tlemquod Heses 8P dJR%n@lgs - di spensed
on top of ggch oth r and/or can dr§ the liquid ose on opg@ilng si des of

the carrie ?5bP%¥ dEHing of] t9RsApee arepatt e4lQfblameEhet | qui d dose
2000 to beca@aﬁ.éreﬂamets:agrcooer trabkak é@@@exﬁ@d %ﬁ&ﬂ%&@%@me

PCTI US2005/ 020319 %MP1411 EXylng conditions, ch as, for exanple,

t enper at ur BaCBERe 1y HHEWLFYSTER 4r e h%%l%%w%ﬂﬁﬁnﬂQQu§ndo¢éH1§§nsors 482,

and a nunbgenofosChr SEASOEnb@sU28d {(Rot agEaHNti f Qlet@Y)Varirggce in
conditions along the oven 480. The data _gathered by the sensors i's provided

to control °Veys{&in IRV idss beatuanfonisrfigme ?REHWQ)ﬁQﬂe PxeréaErier tablets

1000 and dseo cpl @i 20Q b eeashoof s Nendol s 1f 2990229, | [001421 I

the preferred enbodi nent, the drying conditions are mynitored for the
entire h0|gpﬁ@e@r%9'§§g)outer surface 1100 or substantially along

the outer surface of the carrier tablet. The oven sensors
482 monitor the drying conditions of each of the dose
droplets 2100 and carrier tablets 1000 to ensure that the
pharmaceutical product 3000 meets the reguired tolerances.
The heating or drying of liquid dose 2000 may evaporate
excess amounts of liquid, causing the active agent to
become captured in the film 2200. The drying process of
drying system 475, as opposed to allowing the liquid dose
2000 to ‘air dry'’ on the carrier tablet 1000, can be
particularly useful where reduction or eliminaticn of
certain excipients from the pharmaceutical product (via
evaporation), such as, for example, a soclvent like

methanol, is desired.

[00140] For higher dosages of pharmaceutical product,
such as, for example, above 5 or 10 mg, drying system 475
can dry layers of the liquid dose 2000 as they are
.dispensed on top of each other and/or can dry the liquid
dose on opposing sides of the carrier tablet 1000. This
allows for a greater volume of liquid dose 2000 to be
carried by carrier tablet 1000.
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and error codes can be assigned to the individual carrier tablets 1000 and
dose droplets 2100 contained therein, based upon a holding tray being
affected by an oven condition that does not neet the required tol erances.
Alternativelg ortions of trays can be nonitored for drying conditions by
pl aci ng mY@298ABE% 482 in the oven 480 in strat egi cPPOAISLIOTOEI19
Additionally, the present invention contenplates the nonitoring of other

condi tions 1eri tepias el ; e gryi p e h as, for
ooy tbaﬁg%ﬁgag&g&&wﬁ& Sior B9, PEECeSRamSYE!

exanpl e, conditlons . e nore significant to particular
phar maceut itégPegpset 8000L1lpwoad humigifyessat mpRvEaT¢dnPyl Ee cont enpl at es

oven 480 _bgjel0 aRshAtr 8aed Lid)a WEBHANYOLLAVEBLsarcoubl ool IR

convection, conduction an 7or'nlcromave heating. Drying system 4/5 can
i ncl ude drposemwssr oroad¥t Barianemdin ianslitiopl asongorhexavgt é48d.he surface

t enper at Ur%he?’fdattﬁggﬁﬂﬁéi:sa bRbLt S0 9% Fﬁg{r%éé‘t{w"co ing system

475 may al so inclu a sensor”for turning on tr oven, such as, for
exanpl e, a Edes- 860 fori gyeteaitinn doltdienguadayy ofotkateasrign he oven 480.

37 V0 2005/,3368 RGThUSRH0840203151 MOIAh DrsBEDST 59 SuoNRmAGY has a

dose confirmation system5 that provides real -tine nonitoring, feedback
and adj ust rigstysf 820the |i quid dose 2000 that has been added to, and driéd
on, the carrier tablet 1000. In particular, the dose confirnmation system
500 nonitors the positioning of the liquid dose 2000 on the carrier tablet
1000 and t H{80ld2bunt a@h the preiecratbsmbooitenhedthbedeping Preferably, dose

confi 1 et | o0, SR BH. 500 A0, & S0 I Yhe LHE1 88! LB RSNy Py A
and error codes can be assigned to the individual carrier
tablets 1000 and dose droplets 2100 contained therein,
based upon a holding tray being affected by an oven
condition that does not meet the requi;ed tolerances.
Alternatively, portions of trays can be monitored for
drying conditions by placing more sensors 482 in the oven
480 in strategic positions. Additionally, the present
invention contemplates the monitoring of other conditions
or criteria related to the drying process, such as, for
example, conditions that may be more significant to

particular pharmaceutical product 3000.

HHHAB] The present invention also contemplates oven 480
being an infrared (IR} oven and/or having a combination of
IR, convection, conduction and/or microwave heating.
Drying system 475 can include dry sensors to detect
conditions, such as, for example, the surface temperature
of the carrier tablets 1000, or IR radiation. Drying
system 475 may also include a sensor for turning on the
oven, such as, for example, a photo-cell triggered by

holding trays 210 entering the oven 480.
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2000 on the carrier tablet 1000. Additionally, the dose confirmation system
500 can nonitor for other substances, such as, for exanple, identifying
contam nants present on the carrier tablet 1000, as well as the anmount of
such other substances. [00145] The data obtai ned by the dose confirmation
system 500 W@2008/02556%ed to the control system 900. The sepuERbsSysLEM 900

w Il assign error codes to individual <carrier tablets 1000 and their liquid
doses 2000 bﬂﬁ 0 not neet,ther U|r§ﬁb%olerances of th har maceut i cal
product 300 %‘80146] Dispening egfye'ar 4 AF nBnteF ¢ iH?& 10, dose

confirmati oBysyshesdd0bhdaspioWials ¥ealOtfemnbad tdoindgamdedbdld descri bed
above) wth_a pairt charge c l.ed evi ce ). .C ras 520 that obtain
i mges 525 8pd 38%“5%me?%égﬁéﬁgﬁg gegg %0 @&Pfﬂgggﬁﬁﬁ%gj are provi ded
to control aamatieﬂrbs)oﬂncﬂoarfecdeirgr rdheatchenietr taeleosiddon afm the liquid
dose 2000 with respect to t carrier tablet 1000. {gé)0147 Dos%f_1

Wi L% "Yfhat is used

conflrnatloﬁa§§§FB E00-BF < ?ﬁﬁFQQQﬁQWB 10B38YFEHB
for deternm poBatlbeing8oFB1REHON/RAIDGDsBCTOUS260 SR 0O i a@amuahllett ype

and/or distrihution of the |iqui 200 on the carrier tablet 1000. In
t he preferréagﬁ F%ﬁtam?ﬁnﬁnﬁﬁiﬁég iéqug dB?%b%p%%ﬁnﬁﬁggﬂﬁﬁanlnfrared
g NI R) Chemﬁeatferaﬁgyn]gd@ghe ulsbnﬂm:ae:dohl goEEeRENCE @aheraraih moni’QirNg tobI
etermne t anmount of the ui ose, 2000 res on the carrier tabl et
1000. [0014§§epﬁ8’5é"%3®9%‘é E%&Péﬂﬂ%%ﬁé UEigR hﬁanﬁl C8% i magi ng
on each of gheocanrtee ¢abtids tHHIQH n000. Addn.tlonally, the dose
confirmation system 500 can monitor for other substances,
such as, for example, identifying contaminants present on
the carrier tablet 1000, as well as the amount of such

cther substances.

[00145] The data cbtained by the dose confirmation
system 500 is provided to the control system 900. The
control system 900 will assign error codes to individual
carrier tablets 1000 and their liquid doses 2000 that do
not meet the reguired tolerances of the pharmaceutical
product 3000. ' .

[00146] In the preferred embodiment of the machine 10,
dose confirmation system 500 has a gantry 510 (similar to
gantry 410 described above) with a pair of charge coupled
device (CCD) cameras 520 that obtain images 525 of each of
the carrier tablets 1000. The imeges 525 are provided to
control system 500 for a determination of the position of
the liquid dose 2000 with respect to the carrier tablet
1000.

[00147] Dose confirmation system 500 also has a probe
530 (shown in FIG. 2) that is used for determining the
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hol di ng tray 210, such as, for exanple, fiber optics, focal plane array
(FPA) detectors, and/or charge coupled device (CCD) detectors.

Additionally, liquid crystal tunable filters can be used as wavel ength
selectors for the NIR chem cal inmaging. The use of such conponents, in

conj unct i owowmobsmzesseh other or alternatively, is faciljdpt@gosi¥oside
positioning of the active agent along or near the surface of the carrier

tabl et 1000._100149) The NL.R chem cal. i.magin ovi des, good.  p ration
Lo (he |1 FEICH G5 TBOBRARE pHEr KR At 501 T8 BFSRHE 8475 1] abl et 1000
for an accurai e¢henmeastutiepebabbét tI0QUarin ttheoprelierkeduenbaiaentThi s

techni que is especi,ally.useful far t preferred dosin S where film
2200 is posfFf&%&}lSﬁ gﬂé B%e?réhﬁfigﬁausffoﬁegf %ﬂ%ﬁ?a%?igﬁﬂy on t he upper
surface of cavemiiernl tiabbehglEO0UV [{0hERd Iflublesperter ceembrdbdi ment of
machi ne 10, ,prohe 530 .uses a focal plane arr detector .to jn a signal
from every dﬁpﬁﬁnﬁh§9hge§3ﬁ%+%§aﬁgﬁfﬂﬁﬂglsgépﬁéea Y- r%?%ﬁgghﬁjincludes
the entire hedieng phayh@lBzsoiéhatabladd 10f00t.he carrier tablets 1000 are

bei ng sinmultaneously neasured, which further inproves the efficiency of the
39 WD 2005/ 123569 PCT/ US2005/ 020319 process. The focal plane detector is

abl e to obt gogu48pi Mul bapBeUS3S PELd rdmddHeRi@RLhAR ahreyesyt fNveguency for
the sanpl e area., Probe 530 can rapid and non- destructively neasure the

| .
liquid dose D6H6CRIr 1BRBUAT, O0 r¥ATIH i1 SAIFOPTdFEPIPBRELTY o acti ve
agent, as weldidiag ®RRit 2100 sEleh efd, dfrexonPsbaneebesosp@ided in, or on
the carrier tablet _ 1000.
ocal plane array (FPA) detectors, and/or charge coupled ‘

device (CCD) detectors. Additionally, liquid crystal

tunable filters can be used as wavelength selectors for

the NIR chemical imaging. The use of such components, in

conjunction with each other or alternatively, is

facilitated by the positioning of the active agent along

or near the surface of the carrier tablet 1000.

[00149] The NIR chemical imaging provides good
penetration into the liquid dose 2000 and upper surface
1100 of the carrier tablet 1000 for an accurate
measurement of the guantity of the liquid dose. This
technique is especially useful for the preferred dosing
step where film 2200 is positioned on the upper surface
1100 or substantially on the upper surface of carrier
tablet 1000.

[00150] In the preferred embodiment of machine 10, probe
530 uses a focal plane array detector to obtain a signal
from every point in the sample area. The sample area
preferably includes the entire holding tray 210 so that
all of the carrier tablets 1000 are being simultaneously

measured, which further improves the efficiency of the
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[ 00151] The present invention contenplates the use of other nethods and
devices for determ ning the presence, type, distribution and/or anmount of a
particular liquid dose or doses 2000 on the carrier tablet 1000, such as,
for exanple, spectroscopy and/or chem cal inmaging utilizing Raman and W
refl ectancwp 2esdi2ysap 1 ous ot her types of inmaging, chemé‘@llmgz %iz&gg and/ or
spectroscopy, such as, for exanple, UV/visible absorption, udrescence,

| aser-i nduced fl uorescence, | .um nescence, hot ol ym nescence, terahertz, and
md-1 R ThePPreetht I éﬁﬁa&npééﬁﬁeﬂ%F%$E%£n4ﬁaqgi? & 92F?6Bs devi ces or
conponent s §hadl fatddud aipecitha1usareinspesi ras eopyryarbeafienehesbeal i magi ng
for anal ysis of the pharmaceuti cal roduct 3000, such as, for exanple,

| asers (e.g?@erﬁﬁ@RQGIa§§§¥s)?Foﬁgaﬁﬁgp???tQQR% B4 PR free environments
(e.g., nitragerehiionds) meoRlireakhdel aysid eddse 20M0 &olre amophtgal del ays),
ant ennas and/ or seni-conductors. The fresggt i.nvention conte L tes the use
of room t enpeFHitaAteorns ncd ot JEstyLbPrEtoR © rﬂﬁ?ﬁ”ep@ﬁﬁg&'tﬁﬁegg ed

t echni ques a@NEbHIIMORANIERLcTRE oPheS eHlh S feidd Qorceiheaphiat 65 bhe - use of

t echni ques for analysiséﬁg thg Bharnaceutical product 3000 that are

non-i oni zi ngte e iRadiabPd etndfCest ructi ve and/or require | ow power.

[ 00152] The present invention contenplates the use of any regions of the

el ectromagneti c spectrum which allow 40 WO 2005/123569 PCT[ US20051020319
for anal ysi B06¥1lt he & ipxeseall anvepbbornePntielateéss&he2088, 0Bs wel | as
vari ous techph o HuhsS QUL BRvEBEs BIFT 4ad A i ISHRI phgeRaEL i cul ar type

of spectroscopy. The present invention also contenplates the use of other
type, distribution and/or amount of a particular liqguid

dose or doses 2000 on the carrier tablet 1000, such as,
for example, spectroscopy and/or chemical imaging
utilizing Raman and UV reflectance, and various other
types of imaging, chemical imaging and/or spectroscopy,
such as, for example, UV/visible absorption, fluorescence,
laser-induced fluorescence, luminescence,
photoluminescence, terahertz, and mid-IR. The present
invention contempiétes the use of various devices or
components that facilitate the use of spectroscopy and/or
chemical imaging for analysis of the pharmaceutical
product 3000, such as, for example, lasers {e.g., pulse
lasers), beam splitters, water-vapor free environments
{e.g., nitrogen shrouds), optical delays (e.g., variable
optical delays}, antennas ana/or semil~-conductors. The
present invention contemplates the use of room temperature
solid state detectors and/or pulsed time-gated technigues
and components. The present invention contemplates the
use of techniques for analysis of the pharmaceutical
product 3000 that are non-ionizing, non-invasive, non-

destructive and/or require low power.

[00152] The present invention contemplates the use of

any regions of the electromagnetic spectrum which allow
40



techni ques and conponents for digital imaging to allow for wuse of chem ca
i magi ng of the tablet 1000 and |liquid dose 2000. It should be further
understood that dose confirmation system 500 al so contenpl ates the use of
surrogate detection in any of the spectral ranges. 100153] The coating

syst em 600wqf z00884g9e 10 provides a coating 2300 (sho | ) over
the liquid dose 2000 in order to prevent possible abr:g?%fﬁsfgﬁsgﬂzgﬁé

resulting |oss of any active agent. The coating 2300 may be a sealant. The
coati ng 230059F ARdeSi® @i foenfappear amelet dlUhanghadRédutiPeal product

3000 by hi dingnd head in#itild asdgse; 3000t edhng: e Gaurbeschegen to closely
resenble the color, of the carrier tablet 1000 or be another color, such

as, for exarpfeltabighimadsing EBroPa bl R doPedioff SPERLTEBRARY ¢i al

i mages. Any MAOPrHddterienentiBn 5066 chetgan tidhe thaalisByo238Pnhand carrier
tabl et 1000 is  "accounted for by having the perineter of the coating align

with the eddgeedmidiesand sompabeats f00 151 tedatiRgisgstantbbov pFef er abl y

has a pad- prigy id® criemice 648qgiagCORIERG SMIae 1020 and 2igad4I agsLryer
630. The paqgfrlntlng device fransfers the coatln%éto t he upper surface
1100 of the €¥¢%1 erlt &bcekld1bgofurhbepatndristqody thadyvreee610 is

advant ageouscheciamsa i@ isystehf obealsd raisitip ik sheneoakkngrt o the carrier
tabl et without any waste, e.g., no overspray. 41 WD 2005/ 123569

2. 9.
PCT/ US2005/ 020W D GEEISFLART AR PRESRF ridif SRSSH REnTaBFSRuchi ne 10, pad-
printing device 610 is connected to or positions adjacent to the machine 10

to print an array of tablets with each reciprocating stroke. Pad-printing
devi ce 610 cipt The coating system 600 of machine 10 provides a

coating 2300 (shown ip FiIG. 12) over the liquid dose 2000
in order to prevent possible abrasion and the resulting
loss of any active agent. The coating 2300 may be a
sealant. The coating 2300 provides a uniform appearance
for the pharmaceutical product 3000 by hiding the liguid
dose 2000. The coating can be chosen to closely resemble
the color of the carrier tablet 1000 or be another color,
such as, for example, a contrasting color to provide
different commercial images. Any minor difference in
color between the coating 2300 and carrier tablet 1000 is
accounted for by having the perimeter of the coating align

with the edge of the carrier tablet.

[00154] Coating system 600 preferably has a pad-printing
device 610, a coating source 620 and a coating dryer 630.
The pad-printing device transfers the coating to the upper
surface 1100 of the carrier tablet 1000. The pad-printing
device 610 is advantageous because of its efficient
transfer of the coating to the carrier tablet without any

waste, e.g., no overspray.
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novably connected to a gantry 615 or other simlar device to facilitate
novenment of the pad-printing device with respect to the holding tray 220.
The hol ding tray 220 continues to nove as the coating 2300 is being applied
by the pad-printing device 610. However, the present invention

cont enpl at &0 1h#i2ase of ot her devices and nethods of '/{Iéz%@/ﬂ?nﬁ he
pad-printing device 610 with respect to each of the tablet positions 220 so
that the Cfaiing 2300 is accurately applied. [00156] The gad-printing

devi ce 610 I08133[ casd yhec prpéeragt onpordinaitt My "s6hice 690. PRA~t he

preferred grpoeideMewicd @ 0MEhEBANdOsed heo CRALIIRA tSRMECad§20ehs A _
novabl e container 625 that is connected to the pad- prlnthg devijce 610 via

renovabl y cbPnetd dR@idenddi £osPFInt 53N 1 FKEAY deklietg wakhpeeERi ckly and

efficientlyreépptatrdng @Rk .A beangtivelng Rewwjea1devhaeper ink jet
device (not shown) can be used to spray_the coatlngsgggn the carrier

tabl et 1000MO¥HRLY Fof et @ £ocBuPBREFE o e omAksYy AE8¢t B8VEES gantry 615

t o pass ovetpepsdi Dftdifte movdble@t BESthé Ofed-3A0ntie Plegest wiayention
contenpl ates the use of other devices_and nethﬁgﬁ-for a a coating

: . pplyin
2300 to thet@SReFertq et olddss WRrEnZEdverds dﬁ“&uiteraéfog%gzooo, such

as, for exaﬁﬂhﬁinﬁﬁblﬂdlﬁﬁﬁ@nh%_tﬁboabiﬁing1iﬁﬂﬂﬂkﬁibéin@V&bPMl@QObﬁaﬂ use
intermttent, |low volune atom, zed sgrayers to locally apg y the coating

2300 over the RIFTRICEGNG SEVeCe1668- Wit e e dESaFEef§8theen 42 WO

2005/ 123569 PedMNSZR0 YW @atd ateRPLhedusd hef sqirayedefYedSanyol unet ri ¢ punps
to |ntern1ttentég suppgy coating materials., Atwo fluid %lr-,

metho of positioning the pad-printing device 610 with

respelt to each of the tablet positions 220 so that the

coating 2300 is accurately applied.

[00156] The pad-printing device 610 is releasably
connected to the coating source 620. In the preferred
embodiment of the machine 10, the cocating source 620 is a
movable container 625 that is connected to the pad-
printing device 610 via removably connectable conduit 627,
so that the coating can be quickly and efficiently

replaced.

[00157] Alternatively, a spray device or ink jet device
(not shown) can be used to spray the coating upon the
carrier tablet 1000. The spray device could also be
movably connected to gantry 615 to pass over each of the
tablet positions 220. The present invention contemplates
the use of other devices and methods for applying a
coating 2300 to the cérrier tablet 1000, which covers the
liguid dose 2000, such as, for example, an ultrasonic
atomizer. The coating system 600 can use intermittent, low
volume atomized sprayers to locally apply the coating 2300
over the surface of tablet 1000 where the dosage has been
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liquid atom zation sprayer may al so be used to generate a fine spray.

[ 00158] As described above with respect to dosing of the carrier tablet
1000 in layers or on opposing sides, the coating systemcan provide the
necessary coating depending upon how the |iquid dose or doses 2000 have

been added @ dsigsgarrier tablet, such as, for exanple h sides or
between | ayers. This can facilitate the use of higher 38?8ﬁggggwiﬁosages

for the pharmaceutical product 3000, such as, for exanple above 5 or 10 ng.
[ 00159] Coat eRgléeger B39 rrdvwgmmsadr ywisagveluneertedeimigs 2800 t hat has been

applied to tQﬁt@fﬁi%@%ﬂﬁf@bﬁ%ﬁﬁ%ﬁ%O@%@ngﬁM%EefD@léiQQquﬂpﬁﬂu%QQQithe

coating dryer 630 prefera an ov 0 and oven sensors 650 (not
shown in dett&Rn}d Fhembiainl GuGOFEYErdBgYhedso dpel wsed fioweangratieacoati ng
2300. The ovepnsepspis 650, similar to the oven sensors 482 discussed
above, nonitor the drglng conditions of the coatings 2300 to ensure that
the pharmaceutical product 3000 neets the required tolerances. [00160] The

printing sys 00 of hi ne .10, pravi de ap | ificati, rker on the
coating 23001@%%‘ pr i%g?%egs%ﬁ/%ht]eéima%%gﬁ eWiEPyP%%éggé p%‘%j-%ﬁlg’tr‘l’i % ggei ce 710
t hat transfecartrhermpalkbst ti10Gherrcdayieng 2800n obppdeing arirdear, tabl et 1000

and a pair of video caneras. 720 that apn i 7, of, each.of the
Menti 1 oat | SROKGRer L Lh Sl Ty VaRe Gha PEse st ey 58aEiBhanl <
tablets w | upbe hdenthéilkinbid tdevesecomt Hobesy20@in D0 fren swbisdqtuent

rejection by st.em 800. WO 200 /1235%9 PCT/ 1352005/ Q20319 . [001611 In
t he preferre&ﬁén%% Fﬁ%ﬁttéga%%ﬂﬂﬁq$ f&f SE-EXAng%’ On(%é%% Sldgs or
between layers. This can facilitate the use of higher
volumes of dosages for the pharmaceutical product 3000,

such as, for example above 5 or 10 mg.

[00159] Coating dryer 630 performs drying of the coating
2300 that has been applied to the carrier tablet 1000 and
over the liquid dose 2000. The coating dryexr 630
preferably has an oven 640 and oven sensors 650 (not shown
in detail). The oven 640 provides heat and air flow to
the cecating 2300. The oven sensors 650, similar to the
oven sensors 482 discussed above, monitor the drying
conditions of the ceoatings 2300 to ensure that the

pharmaceutical product 3000 meets the required tolerances.

[00160) The printing system 700 of machine 10 provides
an identification marker on the coating 2300. The
printing system preferably has a pad-printing device 710
that transfers the marker to the coating 2300 of the
carrier tablet 1000 and a pair of video cameras 720 that
cbtain an image 730 of each of the identification markers
to verify the quality of the image. Unacceptable tablets
will be identified by the control system 900 for

subsequent rejection by system 800.
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printing device 710 and canmeras 720 are novably connected to a gantry 735
(simlar to gantries 410, 510 and 615) to facilitate novenent of the
pad-printing device with respect to the holding tray 210 that continues to
nove as the identification marker is being applied. However, the present

i nvention g es the use of other devices and/or t hods for
positioniﬁg ?ﬂgﬂgg -printing device 710 or alternativgcggﬁ?@émﬁFyh respect
to each of the tablet positions 220 for accurate application of the
identification markers, such as, for exanple, |asermarking, inkjet or

rot ogravure. of the nmarker_ | es. 730 is. provided.to ntrol system
900 for iné%ﬁ@?ron and FQFCE%%ﬁ?ﬁW? iePbPﬁémSPFn?gdm? e%é?fida F%n mar ker
neets the requntédgt déetesnces) aind hamglrasnie8uare ahovay by usinrid@@ed Al so, the
present invention_contenplates ., machine 10 havi an.i nk_dryer..(not shown),
such as, for® ExgﬁB?EY EEéOL% b at Qaﬁﬁpgg§eﬁeggohn%;@ra 4ré%ﬁhm30to t he
identificatiferidatkee hovemgnt tof Bleepbdwbelstispedeticalwith ndi cated canera
means a videa/digital ,recordin evic [001621 The acception-rejection
Syetem 800 SESVRAESCS thRaTHAE (RaY BASURT CS0o0 LRI AL e Fone

real -time rohe tdehhifbest bholp usdriet ifsobedngl apyliedt r dioweveansihe t hat
each product _neets the required.tol erance Based _upon the r.eal-tine
nonitoring 6%?&8“?0%??%%%@%?yc?ﬁﬁ%¥§iﬁ§§5 gpevg??oﬁg @?@%%éﬁﬁ?‘¥ﬁ% process by
machi ne 10, anoiibrohetkyds efio®Gibdias cod wigghhtedadaghi mnthe \dervwi gghdiddaceut i cal
product 3000 _as.either.acceptable .qr rejected, 44 2005/ 123569
PCT/USZOOS/GEOﬁ% er?@%ﬁ%%] é&%ﬁﬁnﬂﬁ%herﬁﬁgF cgat?%%%)%go J%ﬁxggﬁﬁ passes

positions 220 for accurate application of the

identification markers, such as, for example,
lasermarking, inkjet or rotogravure. Each of the marker
images 730 is provided to control system 900 for
inspection and to determine if the printed identification
marker meets the required tolerances of the pharmaceutical
product 3000. Also, the present invention contemplates
machine 10 having an ink dryer (not shown), such as, for
example, an oven, that applies heat and/or air-flow to the
identification marker to dry it. Except where
specifically indicated camerz means a video/digital

recording device.

[060162] The acception-rejection system 800 provides a
pharmaceutical product 3000 that has undergone real-time
monitoring and adjustment for gquality control to ensure
that each product meets the required tolerances. Based
upon the real-time monitoring being continuously performed
at various stages of the process by machine 10, control
system 900 has designated each and every pharmaceutical

product 3000 as either acceptable or rejected.



through to the delivery area (not shown in detail), preferably under
pressure that is selectively controlled by the control system 900, while
rej ected product drops into a scrap area, preferably under the force of
gravity. However, the present invention contenplates the use of other

structures ds of separating the har naceuti c 000 t hat
woos/iBised P g P %ﬂqﬁﬁﬁﬂﬁ%@ﬁ

I s designated by control system 900 as acceptable fro 1 that has
been designated by the control systemas rejected. [00164] The control
syst em 900 q¥63] nat eBcaeptalimathaomaresittice lvarodust sBGQ@ soaambssyst ens of

t he machi ne n.th r qp% di t o1 tegl m 900 is a
distributedtﬁ%%ggést%o§¥$o$é§£é$%ﬁl a (ﬁgg ghﬁﬁﬁbég %%yé%f%?oprocessors 910
that. contr gretffleeatiiff endatr pysisme dhatmichisnéeddivdhe edrropiledessors are

preferably 0 i h rkst.ation. pr esent
I nvention cg t%@%|§?é§98 h%fg@§%3¥ﬂ§f%§§§%e%$3§§g?9g?¥§%§ %d%%%méentral and
regi onal cormtol a2 suchpasreaf gprabeargilly, uadsirnghe fwrceprbomssarty?10

cont rol 1119 il lred! Lhe SYSLEIP Qfalil.aroAYshers.bel ngo cpniral | ed by one

of several mcroprbcess he m croprocessors and
wor kst at i on c82@rastruchucesmami geetilomiswictth sepehabiher ther ef erably t hrough a

net wor k 930 i r | t al.C . al-time
nDnitoring,Fﬁ%g g%Etgﬁgfaﬁﬁﬁgsﬁgﬁﬁﬂg?%ﬁﬁgmq%rggggég%g?%gg%é%$§?%§d by the
machi ne 10. spsdepr 898nts acvepitalwre doepkapesdtubt tlsat diathdeem structures

cont rol - oysTsmigne aFeRy nEht Jonuti BvcerChs KaTBLEsd. 0T L'l or Pan 940,

which is used to 45
[00164] The control system 900 coordinates and
synchronizes the various stages and systems of the machine
10. In the preferred embodiment, control system 900 is a
distributed process control system that has a number of
microprocessors 910 that. control the different systems of
machine 10. The microprocesscors are preferably
coordinated through a workstation 920. However, the
present invention contemplates other types of system
control including central and regional control, such as,
for example, a single microprocessor 910 controlling all
of the systems or similar systems being controlled by one

of several microprocessors 910.

[00165] The microprocessors 910 and workstation 920 are
in communication with each other, preferably through a
network 930 using an Bthernet switch 935, which allows for
the real-time monitoring, feedback and adjustment of the
process being performed by the machine 10. The present
invention contemplates the use of other structures and
methods for communication, such as, for example,
hardwiring. The control system 900 also has an archive

microprocessor or historian 940, which is used to
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A

WO 2005/ 123569 PCT1t JS2005/ 020319 centrally store the |arge anount of data
that is conpiled for each and every pharnaceutical product 3000 that is
processed by the machine 10. However, the present invention contenplates
ot her nmethods of storage of the process data, such as, for exanple,

M Cr opr ocesgghgysidsdeo i Ndi vidual |y storing the data that onpi | ed.
[ 00166] The control system 900 preferably has a nunber ]%ﬁﬁ%%ﬂgﬁﬁPﬁ’PSO t hat
provide displays of the data, portions of the data, summaries of the data,
and/or  cal c@eatiraAd varoeenkhaslaige maos@tupdndehe Barh, iscamniled he

wor kers can nRpl k@enaRHEO0Lvaf, USta it RFQCRIS p@salibt| S00QCEMY Ing. Mre
preferably, the nonitors 950, tthrough use of the various m croprocessors
910 and/ or wHRSEESFEnbY2bhe Baghirg ddt-i vELyeyrEpl B)ctRESIRT, portions of
the data, sSURRRLFE3NOLohBEmIREfes (Al BlitBRBsPasCH YRR the Wit a, and
concl usi ons based upon the data. Preferably, control syStem 900 records
data for evelyosesgudatsposuchmaeh fah@xaaedcri RECTPRFOFRFSeRDIBL st at us,
dose dropl et i‘fﬁik!r'&[ﬁual@?sﬁtgfi?ﬂé; Btnd QHIANEHAL! ReyOMEPet ESRSIRI4Ir €, oven
hum dity, oven air flow, dosage | ocation on tablet, dosage quantity and
acceptability. [00167] The operation of the machine 10 is shown in the flow
chart of FIG The p e | inAU e e, and
provi des a pﬂgﬁﬁg euti2§§ %?%gggpEh%ﬁ%§p?ﬁ§tBgéfﬁg§§§§f§?§§%c‘g%%%b. In

addi tion to tdfemoadtamtafbélothzogprande idiepdaysng$, the odatss, 5000 mini m zes
wor ker cont act. . t [ agents, .;actiye d,.lpactl of the

phar maceutic 0%%#? 309%3%35,8%ﬁ?th redﬁ%%sogoFgﬁtgg gbo% %ﬁ%%alion, as wel |
as providi ng cadafideyivost Ardworkelssionsdbalkiedguppnhtpet @nta aldoy thartnf ul

the workers can monitor and/or adjust the process as it is

occurring. More preferably, the monitors 950, through use
of the various microprocessors 910 and/or workstation 920,
can selectively display the data, portions of the data,
summaries of the data, calculations based upon the data,
and conclusions based upon the data. Preferably, control
system 900 records data for every product 3000, which
includes time, iﬁitial tablet status, dose droplet volume,
.dose droplet concentration, oven temperature, oven
humidity, oven air flow, dosage location on tablet, dosage

guantity and acceptability.

[00167] The operation of the machine 10 is shown in the
flow chart of FIG. 5. The process 5000 is continuous
between each stage, and provides a pharmaceutical product
3000 that is ready for packaging. In addition to the
advantage of cost and time savings, process 5000 minimizes
worker contact with the various agents, active and
inactive, of the pharmaceutical product 3000, which
reduces potential contamination, as well as providing
safety to the workers in dealing with potentially harmful
active agents or other substances such as, for example,

occupatiocnal hazard category 4 {OHC4) compounds.
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active agents or other substances such as, for exanple, occupational hazard
category 4 (OHC4) conpounds. 46 WD 20051123569 PCT/ US2005/ 020319 [00168]
The ability of machine 10 to mnimze or elimnate worker contact with the
product 3000 (including the addition of a packaging step as will be

descri bed rovides a great advantage over cont rar rocesses
S h s POkt

and machi n contenporary processes require spec Peatures,
such as, for exanple, dust containnment devices and special handling by
wor kers, where OHC4 drugs are being produced. The special safety features

and speci al i ng wor.ker.s of .th cont rary. . i nes and processes,
i ncreases thgﬁgggt onﬁb 5%3’1% n?fa?gﬁ%f?eagﬁF%%lFVH% %% %&oduce t he
product. Maehimendife avatlts: swnttactswstanthe euicmdsct DG dducfladnngt i e,

through its o] , real-1i nt.rol e k n r Lustment. The
pr esent inveﬁ#%o%\@%fgloon cogéntae f‘g]%gé gé.th%t%éef%?& ?rla%#ngz{e%@r?%gg
ni t rogen- enr Lehed) , g viciewert greadr ddvatbagedeoer arordiamporatrg any oxi dative

degr adati on, iLch i i ] by E %fﬁé? géaé; r rker
i nterventi onPi nc?%seegpr%%sf&sa%’g%’%g'j 08& g] é%% %h r%rc(?@\eg%é 5000 in
conbi nati on weghireraouesisds HIRAyanda?00€sf osutthesvamdracxamplet the carrier
tabl et 1000 d.the liquid.dose. .2000 e Y Proces Q_requires
t he use of cgg?Feéb E&ﬁﬁﬁ%&?ﬂﬁ%ylggg aP?q%ﬁgg%%ggggéﬁﬁﬁfg ﬁ%ﬁ%@gggr?he carrier
tabl ets 1000whade OCHGCHLIdkudrs esre?2@@l@ngaprbéunedhuf dtairssedcdaloshErtyaciliti es
and delivere? hj 10, .AlisQ, " IO es. C used to
manuf act ur e ﬁée%ggr%iéeﬂr}?tsfﬁcéﬁa% %l.%%ﬁgﬁé )E e‘ﬁoefq?%%sl doaf(;é:g% 2000 that are
di fferent froommtéogserashowndhines and processes, increases the cost of
production, as well as the time to produce the product.
Machine 10 aveids such costs and reduces the production
time, through its automated, real-time control, feedback
and/or adjustment. The present invention also
contemplates the use of machine 10 in a nitrogen-enriched
environment in order to reduce or eliminate any oxidative

degradation, which is facilitated by the lack of need for

worker intervention in the process 5000.

[00169] FIG. 5 shows pfocess 5000 in combination with
processes 6000 and 7000 for the manufacture of the carrier
tablet 1000 and the liquid dose 2000, respectively.
Process 5000 requires the use of carrier tablets 1000 and
liquid doses 2000. However, the carrier tablets 1000 and
liquid doses 2000 can be manufactured at other facilities
and deiivered to machine 10. Also, other processes can be
used to manufacture the carrier tablets 1000 and the
liguid dose 2000 that are different from those shown in
FIG. 5.

[00170] Feeding step 5100 provides an array of carrier
tablets 1000 that will remain securely positioned as they
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FIG 5. [00170] Feeding step 5100 provides an array of carrier tablets 1000
that will remain securely positioned as they 47 WO 2005/123569

PCTI US2005/ 020319 proceed through nachine 10 to ensure accurate di spensing
of the liquid dose 2000, coating 2300 and identification marker. The

f eedi ng st apo2@dQz23sep perforned by the | oading, holding syst ens
100 through 300 as described above, and is subject to ?ggﬂg%ﬁﬁﬁ% nitoring,

f eedback and adjustnent by the contyol system 900. [00171] The feeding step
5700 nol u0dY SAAts Leaanor Mo RBLag pHEd SIeriiAe SC5HYESBr BTRCBRUED on a

number of fasd el 1igued assef 200@xadlteing PS0dr wnAgitbneirecutigd for the

| i quid dose 20Q0 or t%g gnnant of tigﬁﬁkﬁﬂfired to. dgspeﬂse t he dose

dropl ets 2108TNF -t héBfr EFEFFRY SRt S PEREOLPEddP¥ titi ve conveyor 310
dictates theoc=liee] avddpag bhentét@vefortldy=atdhrr 100veReatghi Bomaghi ne 10,

such as, for_exanple, synchronization of gantries 410, 510 and 615 based
upon the spe‘iﬁf‘iﬁln?ieﬁleagpiv?e EBﬂvé@o?u%Jqﬁé'\Perr,e REIBPBRRE EP A i on

cont enpl at esfecsaIN @fldz atifaBteént hey uisd efmthellngybasrdoobf of ot her
conponent's novenents or other factors, which provides accuracy in the
various di spensing steps of process 5000. [001721 The present invention

al so contemybgfAp thernapeedqohqt Meers MURY M AYRE8Md0sLRENY &diust abl e
based on the real-time nonitoring of the position of "the liquid dose 2000

that has beefPafids gdnsedvencrpEera¥ r3k} Ragsdern fooombas gésEr¢EEE -above, the
dose confir r@fdPsSY $o@MexaRB1 Pt B YRGS 1305 rabueach Pby tige POSI tions of
the |iquid dose 2000 on the carrier tablets 1000. Control

liquid dose 2000 or the amount of time required to

dispense the dose droplets 2100. In the preferred

embodiment, the speed of drive conveyor 310 dicitates the

speed and positioning of all other movements in machine

10, such as, for example, synchronization of gantries 410,

510 and 615 based upon the speed of the drive conveyor.

However, the present invention contemplates

synchronization of the systems being based off of other

component’s movements or other factors, which provides

accuracy 1ln the various dispensing steps of process 5000.

[00172] The present invention also contemplates the
speed of the conveyor system 300 being adjuétable based on
the real-time monitoring of the position of the liguid
dose 2000 that has been dispensed on the carrier tablet
1000. As described above, the dose confirmation system
500 obtains images 525 of each of the positions of the
liquid dose 2000 on the carrier tablets 1000. Control
system 900 could adjust the speed of the drive conveyor
310 with respect to subsequent holding trays 220 based
upon this data, such as, for example, where the
positioning of the liquid dose 2000 is consistently off
center in the same direction. Also, the feeding step 5100

includes real-time monitoring of the guality of the
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system 900 coul d adj ust the speed of fﬁécdfiVe conveyor 310 with respect to
subsequent hol ding trays 220 based wupon this data, such as, for exanple,
where the positioning of the Iiquid dose 2000 is consistently off center
in the sane direction. Also, the feeding step 5100 includes real-tine

noni t ori ng o 26oke23géval ity of the 48 WO 2005/ 123569 PCT/ 1

carrier tablet 1000, such as for exanple, a chipped orpéé&g%@%%ggﬁlet o)
that the carrier tablet cgg desi gnat ed as rg%ected whi ch prevents the
di spensi ng GRFTLRE HRRESHr ?)EP%'t 0 36m £RAL SHAFPTRUI ArcRERS %R P abl et .
[00173] Dosbrgkehepab28P, i so padtordRd chyrdegpeasiag caysem 400, and, in
particular, by the pair of dl ensi nodul es_420. ntrol Syst 900
provides a gﬁﬁ&HPﬁﬁQQeﬂs Eﬁﬂ%% ﬁ@&@PeBrB ﬁﬁtﬁZ%h? Jéy gm

pressuri zedthdi 8pe8SHAGp DéL LIy WQse tihaepbatrt 2¢00ar Honeyas; Hdig opr.esent

i nvention contenplates the use of other signals and techniques to actuate
di spensing modul e 420 for dosing. [001741 Calibration of the dosing step
5200 is promi?s‘] by 8o &fﬁ@%@é‘ﬂ's%ﬁ“gér%%@dlﬁy% fhdnsinthi ch nonitors

t he accurac t he di spensi ng ‘nodul I'n operation, gantry 410 is
posi ti oned @V@ﬁemhéOQe|QWﬂ(xﬂn prEgicgdara prebet Pt BISREISANdr opl et s
2100 are di fnaﬁﬁigg 30 t@@nt 9, iRk 969rp | 988 s "BASHH GRS eqThi S data

i s conpared ata collected fromeach o e 1 nmages 470 of the di spensed
dose dropl eP¥l3g0b0 TreckeMBEIR 42 dm QG@Uéﬁﬁ thaaprestybizade t he

di spensi ng aysheRL A9 HAsEsk URL WRlaTRL SEHEUS MEHOMr CURA 3QRs (0! the

preset nunber of dose droplets 2100. [001751 Dose |nspect|on step 5250 is
performed byn¥aation contemplates the use of other signals and

techniques to actuate dispensing module 420 for dosing.

[00174) Calibration of the dosing step 5200 is provided
by a weigh cell 455 (not shown in detail)}, which moniteors
the accuracy of the dispensing modules 420. In operation,
gantry 410 is positioned over the weigh cell 455, and a
preset number of dose droplets 2100 are dispensed onto the
weigh cell for weight measurements. This data is compared
to data collected from each of the images 470 of the
dispensed dose droplets 2100. The control system 900 can
then calibrate the dispensing system 400 based upon volume
versus weight comparisons of the preset number of dose
droplets 2100.

[00175] Dose inspection step 5250 is performed by the
dispensing‘system 400 and, in parﬁicular, by the dose
inspection system 460. The dose inspection system 460
provides a guantitative measurement of the dose droplet
2100 prior to it being added to the carrier tablet 1000,
and allows for rejection of those tablets receiving
droplets that do not contain the required amount of active
agent.
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di spensi ng system 400 and, in particular, by the dose inspection system
460. The dose inspection system 460 provides a quantitative neasurenent of
the dose droplet 2100 prior to it being added to the carrier tablet 1000,
and allows for rejection of those tablets receiving droplets that do not
cont ai n t hewoeapsitzseh anount of active agent. 49 WO 200

PCT/ US2005/ 020319 [00176] To calibrate the dose inspec?ilcéﬁ%g@glg‘zoglfSO,
vision reticle (not shown) and calibrated volume (not shown) are provided.
The vision reticle allows for the determnation of a position where the

vi deo camner JogkGE] can TBechligsStEtHO et UngpkheibAagesd 782 0d, the dose
droplet 210Q. ' The calibrated volune allows for calibration of the dose

i nspecti on SYStem A66ICLR 6Pt athIm) Gkt cpliboared pokiBe ofRRF over the

vision reti @tewniharsabkbtabied. vornue i dison’ ebeased andofet£et athdy the dose
i nspection system, 460, and the control system 900 conpares the cal cul ated
vol une (frofetRagénatdPnt 6ft RePRFowP t ANcEeateq Vorenecs®Bsra ¢l 538 i on of

the dose ingpe¢tiighes¥dt 88 cdhLurs alidridligen 45608eNER: Cabsded & 1duri ng the

run periodically, such as, for exanple, every 15 mnutes, or by the nunber
of tablets Hd¥iOng BBEncplbbrated valilorldans ferserliprasien qhdhest andard,
which is perdfadi 6n@pecOiBR ¥ S€em [AXDL7 7TIInTRRPEESBA] 4aVERY i LI Gentenpl at es

real -time adjustment of the dosing and dose |nsgect|on steps 5200 and 5250
based upon tREiEAPRBAaPTEE ERE i GEs el rped TREHEFLIDTHERE THW™STr at i on

st elosds:ant be d He8eRa88daR8t MEEH- LW I RAhet HA%E 238peffo’ 08 dim syst em 900
can adj us

460, and the control system 900 compares the calculated
volume (from image 470) to the known calibrated volume for
calibration of the dose inspection system. The
calibration sequence can be set during the run
periodically, such as, for example, every 15 minutes, or
by the number of tablets having been processed, and/or can
be set by some other standard, which is periodic or

otherwise.

[00177] The present invention contemplates real-time
adjustment of the dosing and dose inspection steps 5200
and 5250 based upon the calibration techniques described
above, These calibration steps can be interposed between
holding trays 220, and control system 900 can adjust
dispensing system 400, such as, for example, adjusting the
image volume calculation, based upon discrepancies between
the calibrated values and the measured values.
Additionally, the present invention contemplates real-time
adjustmént of the dosing step 5200 based upon the real-
time monitoring data obtained by dose inspection step
5250, such as, for example, adjusting the piston stroke of
the pump 425 to account for dose droplets 2100 having too

large or too small of a volume.

50



di spensi ng system 400, such as, for exanple, adjusting the image volune

cal cul ati on, based upon di screpancies between the calibrated values and the
nmeasured val ues. Additionally, the present invention contenplates real-tine
adj ustment of the dosing step 5200 based upon the real- tine nonitoring data

obt ai ned bwodesehdspection step 5250, such as, for em§5@g$#§ti ng the

pi ston stroke of the punp 425 to account for dose dro avi ng too
| arge or too small of a volume. 50 WD 2005/ 123569 PCT/ US2005/ 020319 [00178]
The hi gh- spd@t7] deo hagbigktspdedesiciddhdthagebmethbdr ddeceiimdci ng t he

vol unme of d r e . UPYed Lo i ryedis e Li quid
Chronatogra%ﬁ%m%nggko§25§%%8n5p§2?6%t aﬁ%ﬁy5&5d§2g2828§%%$§tor.'As shown in
FI GS. 6 throuwghcéepatrkd Sanpl Bigh Fesidimangsi bdqihmdgékromaOogmabityhe

al gorithns r.faor . he_i e det.er mi u P jded an
accurate de?%#ﬁ%ﬁgﬁgéﬁa %fﬁ?%gﬁgo Léé§%%$ %sglggg%gg?gg%og?%% %§8QQ; bei ng

di spensed. [00FZGB.Abt ehnatgheby, Uusesdmppectti onssytsens U6 oempesutili ze

optical profj r (o] el i.tor . control. The
conponent s u'*fgggd¥8% ééégng%%%E%%loﬁ&§§g?%n?§gol%%sg§?§§ out the optica
prof i | onet r Wedregminewsheovohenskipradided e agctiratactiebgrnidaricexanpl e, a
| aser and c ra. chpi o) ti.cal-~~proflonetyy.is especially
useful for ?gfééﬁ &gﬁﬂﬁgsggf88??d%?§%§g§?1£808g ggcﬂgaé¥1¢%r exanpl e,

greater thardik@ensiedroliters , where the dispensing system400 is
di spensing a stream-' as opposed to the dose droplet 2100. [00180] For the
optical profilonetry techni que, dose

[00179] Alternatively, dose inspection system 460 can

utilize optical profilometry for real-time monitoring and
feedback control. The components utilized by dose
inspection system 460 to carry out the optical
profilometry are known to one skilled in the art, such as,
for example, a laser and camera. The technique of optical
profilometry is especlally useful for larger volumes of
liquid dose 2000, such as, for example, greater than 10
micreliters , where the dispensing system 400 is

dispensing a stream, as opposed to the dose droplet 2100,

[00180] For the optical profilometry technique, dose
inspection system 460 performs a first scan of the carrier
tablet 1000 prior to dispensing of the ligquid dose 2000 in
order to obtain a first profile of the carrier tablet. A
second scan 1s then performed by the dose inspection
system 460 to obtain a second profile of the carrier
tablet 1000 with the liquid dose 2000 thereon. The
difference in the first and second profiles provides the
measurement of the veolume of liquid dose 2000 that has
been dispensed onto the carrier tablet 1000. The present
invention further contemplates the use of optical

profilometry of the carrier tablet 1000 after the liquid
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i nspection system 460 perforns a first scan of the carrier tablet 1000
prior to dispensing of the liquid dose 2000 in order to obtain a first
profile of the carrier tablet. A second scan is then perforned by the dose
i nspection system 460 to obtain a second profile of the carrier tablet
1000 with twe:2dos/psse9 dose 2000 thereon. The differencepipukiies t and
second profiles provi des the neasurenent of the volune o Fﬂ'/&%ﬁﬁose 2000

t hat has n di nsed onto the carrier tabl et 1 The esent
i nvention f gﬁﬁ) %@ﬁpgs?gsdfﬁ% © A" 6%8? ?9 of'% he
carrier t ablﬁrsitDQ&o&fltLer miebki ]qals@ld %m&m&z&sﬁgnemﬁwmo&momg

d 2000 h b d d t b t. th f t fi
bgsgased upo e %%%Fﬁ%%egagé?ﬁﬁ 1§§0 & e t?anlegr?g%%%t% 806 ?Onay

expedite thea:\nrnmm aheé nektntoatewd h@:md for two scans. [00181] Drying
step 5300 and drying air preparation step 5325 are perforned by the drying
system 475 and provide for drying of the dose droplet 2100 on the carrier

tabl et  100Qogss1y he h@tg'lﬁg &taps%?@@ amy@ﬂﬁm@ughr%sge?é@@tloﬁlaﬁws dryi ng
conditions are nonitored for acceg%gnce or ‘rejectign of the holding trays

320, The pr &R 456 PREEGATCAORY o AREIh SYREA 4 e aREnPTRTAHR of t he

drying condid: Qs i Q‘E epedqbes cﬂﬁ%léﬂ mo@dlolﬂﬁttﬁ@nbaﬁhébetakﬁié’d ng system
475, such as, for "exanple tenperatu air- flow rate and/or humdity being

adj usted by T e %stl@prfjlggo B%ﬁé%dz%d??vcfett@&f’ﬂlﬁﬁ 8¥eBLABY nal i ties in
these conditd@ns:s [RYE83] cbpget comd | dr@tnan tofre $320abEepeih@s nd by the
dose confirmatjon system 500 and provides for real-tinme

rejection of the holding trays 220. The present invention

contemplates the real-time monitoring of the drying

conditiong to be used for real-time adjustment of the

drying system 475, such as, for example, temperature, alr-

flow rate and/or humidity being adjusted by control system

900 based upon detection of abnormalities in these

conditions.

[00182}] Dose confirmation step 5350 is performed by the
dose confirmation system 500 and provides for real-time
monitoring of the position, type, distribution and amount
of the liquid dose 2000 that is on the carrier tablet 1000
through use of video images 525 and near-infrared chemical
imaging. A sample of results of the NIR chemical imaging

method are shown in FIGS. 7 and Ta.

[00183] A unique spectrﬁm is collected for each pixel on
the focal plane array detector, which results in
individual carrier tablet data consisting of both
spatially resolved spectra and wavelength dependent
images. The output can be seen as a series of spatially
resolved spectra (one for each point on the image) or as a

series of wavelength resolved images, as shown
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. M . e gz - o L T T
nonitoring of the position, type, distribution and amount of the liquid
dose 2000 that is on the carrier tablet 1000 through use of video i mges

525 and near-infrared chemical imaging. A sanple of results of the NIR
chem cal imaging nethod are shown in FIGS. 7 and 7a. [00183] A uni que
spectrum i swoabdsaedsesl for each pixel on the focal plang s@?fos ﬁCt or,
which results in individual carrier tablet data conS|st|n

spatially resgpl ved speqtra a | engt ndent i mage The output can
be seen as a® ]g Gt e C]s‘r’p&ﬂ Equsga ?e@%&vﬂ%‘ spett PR e © % ilggt‘:ﬂ poi nt on

t he i mage) odoss H0Eeezentl onaeabengitr i@salarddd M@PEs caasbshown 52 WO
20051123569 PCT/ US200 /02031 Iter ati and a The anmount

of liquid d%cg ‘%Pé’sgr?ln &‘ﬁeﬁgﬁ %Iﬁrgf(gybﬁseocfé’tpofo%&ecﬁ BE*VGet er mi ned
by control syﬁi@mﬂ@ﬂxéoasmhhdeﬂommhbe o2l ete VELqusicz eloske the thduced inage of
the i qui d dose an, b"}o i, Nt egl? dat the i d| vi dual pixels. [00184]

However, as URETHTH ¥ Bt HOtEtan  be interchanged with the NIR

cheni cal |nag|ng for the anaIyS|s of the anmpbunt of active agent. For
exanple, FIG 7h shows an image derived from fluorescence where enissions

vere i nducedO8184 up; ECﬁqWtheaéntjﬁﬁﬁrW%vaet'r &FPEEOTEEPOGS | P

excitation. e VisidhhaaRRe iMhCER: fEREBEReNGS USeRdiog FBgethle carrier
tabl ets 1000 and each of their |iquid doses 2000. Based upon the area of

the liquid 3RBSHHORF 4H¢ eRerptgPhyackhY® a9ftnsi BPraf*alrRdevi Bl pi xel s,

the amount ofp escdid iGH1i6ha@RS BeedRederr SRt EriB Rk dNtCQRkLal system 900.

FIG 7c shows a Jum nescence imge of a carrier tablet wth_only HPC
emissions were induced by subjecting the entire holding

tray 210 to UV light excitation. A visible spectrum CCD
camera was used to image the carrier tablets 1000 and each
of their liquid doses 2000. Based upon the area of the
liquid doses 2000 and their gray scale intensity at
individual pixels, the amount of each liguid dose can be
determined by control system 900, FIG. 7c¢c shows a
luminescence image of a carrier tablet with only HPC
present and no image processing, in contrast to FIG. 7d
which shows a luminescence image of a carrier-tablet with

an active agent and HPC present with image processing.

[00185] The present invention also contemplaﬁes the use
of the real-time monitoring to provide real-time feedback
and adjustment to the conveyor and dispensing systems 300
and 400, such as, for example, adjusting the speed for
better positioning of the dose droplet 2100 on the carrier
tablet 1000 or adjusting the pump 425 and/or nozzle 450 to
increase or decrease the volume of the dose droplet, which
increases or decreases the amount of active agent that is

ultimately dried on the carrier tablet.
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—— _ . e
present and no i nmage processing, in contrast to FIG 7d which shows a

| um nescence inmage of a carrier tablet wwth an active agent and HPC present
with inmage processing. [001851 The present invention also contenplates the
use of the real-tinme nonitoring to provide real-tine feedback and

adj ust ment g 2d38253eveyor and di spensing systens 300 h as, for
exanpl e, adjusting the speed for better positioning ofﬁpgg%%%ggﬁgﬁoplet

2100 on the carrier tablet 1000 or adjusting the punp 425 and/or nozzle 450
to increasell¥l8Gecr eaBe ture vl wee lotimbemdoseoxinpl @t  thehidsse i ncreases or

arrier & abl SFOPEHE G PYn A HARER shdhsbEr IR PR ne use of
real -time noreroiengtaplethel Hikse algoopbeld2ablohofdr hefes efdid¢ighter contact
with the Ca%EESﬁnE?@ée%oﬂ' fﬁ§§%QNQHkgrgkﬁgmﬁﬁfﬁniggﬁé ﬂedas%nt

accounting for any ses occurring during t proce or exanpl e, but
not linmited For ekampbeddyet gunif ilimdttiedntost &p BBSosrlicatiddmaidpnt here i s
far | ess dos p n han. i,.ndi ed.b i i step
5250, the dgg?ﬁgggﬁg %ﬁ%ﬁng S ep§t5§8%§%ngs5%%%“%?%9§§x% a $§%§ggﬁd

adj usted to &bsouwasfbpdicriswl ysdbe d0e6187fratieienationy SA5%p 5460 is

performed by C i t 0 d oxkales tJ 0 er the

| i qui d dose géggn?hgﬁgdﬂgﬁééfo ghggﬁ?n??ﬁgg%ggi%%bé%%E%#gy%%%eﬁﬂ i spensi ng
devi ce. FIG a8jshbed P oxesmurB0G®n rhesenbpaseson with process 8000 for the
manuf acture of the coating. Process 5000 uses an over coat for the coating
2300 but the coating can be manufactured at other facilities and delivered

to machi ne 1{00187]so, Oriercoating step 5400 is performed by the
coating system 600 and provides a coating 2300 over the
liquid dose 2000 through use of pad-printing device 610 or
other dispensing device. FIG. 5 shows process 5000 in
combination with process 8000 for the manufacture of the
coating. Process 5000 uses an over coat for the coating
2300 but the coating can be manufactured at other
facilities and delivered to machiﬁe 10. Also, other
processes can be used to manufacture the coating, which

are different from the steps shown in process 8000,

{00188} The coating drying step 5500 and drying air
preparation step 5525 are performed by the coating dryer
630 and provide for drying of the coating 2300 that has
been applied over the ligquid dose 2000. Similar to the
real-time monitoring, feedback and adjustment described
above with respect to the drying system 475 of the
dispensing system 400, the coating drying step 5500 can
provide real-time control of drying of the coating 2300.

[00189] The coating inspection step 5550 is performed
based on the images 730 obtained by cameras 720 of the
printing system 700. Alternatively, a separate image
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processes can be used to manufacture the coating, which are different from
the steps shown in process 8000. 100188] The coating drying step 5500 and
drying air preparation step 5525 are performed by the coating dryer 630
and provide for drying of the coating 2300 that has been applied over the

|'i qui d dosgya?s@bhzafemi | ar to the real-tinme nonitoring, d
i pCEEORRIAART |\

adj ust nent described above with respect to the drying sy
di spensi ng system 400, the coating drginqvgtep 5500 can provide real-tine
control of JRARRFGPR KEaG8at ShBL230000 Fipp IWHPOTRE S0 aRANGORREPECt i on step

5550 is perfesdedhy haced-0nting s9Bg8s 7RP, duraiRednbyueanesdsng20 of the
printing system 700. Alternatively, a separate imge 54 WO 2005/ 123569

PCT/ US200510303aie i1ds gddeirofnet AgLIing nirays 13 O ResSsotpsRBARStARd cont r ol

used by the @84t @Spust %GU?OOThSa@o@@irig“cﬂr}@%ét%bﬁngt%gagbs@ex_:é@s after the
hol di ng trays 210 pass through the coating dryer 630._ The coating
i nspection TP BHEE g9adtordnf- P nEhefRachd 380 erRelEBEL PTRL 28D appl i ed

over the |inouhdderRe20000f ehrageepbrdiee: Ur RljRekion ok 8ash
pharmaceuti cal product, 3000. The present invention also contenplates the

. p . C
use of real -RhdEFEIdEsEl REQIHEF u3PPEnt THY RUFEEGalnPNgnEYSReM $D0 and, in

particul ar, ddiecdpgatits RheNdsdeyt CeHL0 Ofe HRba@kSRRAShAYuSENSBE, such
as, for exanple, adjustnment to speed, posjtioning, quantity and/or
pressure. [ORLIGIe Av@tAPEnEYE§est BRO arftl RAd i§d BEnstRY PRI step 5625

are perfor st e deiviiRbl BAOSYSt PP U WEnRMQViddeibBe kdentid) cation
mar ker on the coatln%_2300_'throu h use of another pad-printing device or
ot her for example, adjustment to speed, positioning, quantity

and/or pressure.

[00190] The printing step 5600 and the dispensing ink
step 5625 are performed by the printing system 700 and
provide the identification marker on the ccating 2300
through use of another pad-printing device or other

dispensing device.

[00191] The printing inspection step 5650 is also
performed based upon the images 730 obtained by the
cameras 720 of the printing system 700 and determines the
accurate positioning and clarity of the identification
marker. The printing inspection step 5650 uses real-time
monitoring of the identification marker applied over the
coating 2300 for acceptance or rejection of each
pharmaceutical product 3000. The present invention alsc
contemplates the use of real-time feedback and adjustment
of the printing system 700 and, in particular, the pad-
printing device 710 or other dispensing device, such as,
for example, adjustment to speed, positioning, quantity

and/or pressure,
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di spensi ng device. [001911 The printing inspection step 5650 is al so
performed based upon the i mages 730 obtai ned by the caneras 720 of the
printing system 700 and deternm nes the accurate positioning and clarity of
the identification marker. The printing inspection step 5650 uses real -tine
moni t or i ng Yo 2eob@23sebent i fi cation marker applied over thecrgRafsMi;©¥300 for
acceptance or rejection of each pharnmaceutical product 3000. The present

i nvention al ont enpl at.es,the use of al-tine_feed nd adj ust nent
of the pri nt[ﬁﬁ'&zgyste%?oéeiﬁﬁerYnStp%ﬁ t‘?ﬁﬂ ar, pﬁﬁgoﬁgaga%Yﬁtﬁ? ng device 710
or other di spergitigndewteetishChysiSem a‘cmr sxampbeidad) ast nent to speed,
positioning, ,quantity . and/or res VWO 2005/ 123569 PCTI US2005/ 020319
[00192] The qmﬁﬁ%?*&?é g?@ iﬁﬁﬁa rFﬁg igﬁe 2ro6net i ect i on
system 800 airdh pam\dhdassaunabagm@exéamumm mdn:osﬁzﬁg,tﬁaédmck%dy for
D ot ront to RREE H Ra: BALRE cFhth Pb Aot e BERSPRE hogfi T
t ol erances. f=ratiraad telekynpbalr NekLch i el ev@m@dphbrﬁﬁaéuhasabeen deﬁignated
as either acce rej cted, and conjraol ten1900 ts the
sel ect ed/ ac ‘%ﬁgbﬁgﬁﬁaééﬁt BER PToARAt éﬁ?&ﬁ y. 2CFED %%Fgfﬁé rejection
step 5800|:iﬁﬁdﬁ&e@@rbﬁﬁnednbyolhﬁysaﬂmeﬂﬂl@ﬁceptscthen system 800 and
rejects the har ceutlc% product 3000 t hat et the required
t ol erances AoERRT At BRRFPRT S CHh RS 8 taFHSI ?%% s by the
real -time nonitoring, feedback and adjustnment of the machine 10.
[00193] The rejection step 5800 is alsc performed by the
acception-rejection system 800 and rejects the
pharmaceutical product 3000 that does not meet the
required tolerances based upon the data obtained
throughout the process by the real-time monitoring,

feedback and adjustment of the machine 10.

{00194} Referring to FIGS. 8 through 10, another
embodiment of a pharmaceu;ical manufacturing apparatus or
machine of the present invention is shown and generally
referred to by reference numeral 20. The machine 20 has
components that are similar to the components described
above with respect to the preferred embodiment of FIG. 1
and are similarly numbered, such as, conveyor system 300,
drug dispensing system 400 and control system 900.

Machine 20 is a scaled-down version of the preferred
embodiment but still provides real-time monitoring for the
process. Each of these systems 300, 400 and 900 is
operably connected to each other to efficiently and
ergonocmically provide pharmaceutical product 3000 that has
each undergone real-time monitoring, and, preferably,

real-time feedback and adjustment.
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[00194] Referring to FIGS. 8 through 10, another enbodi nent of a

phar maceuti cal manufacturing apparatus or nachine of the present invention
is shown and generally referred to by reference nuneral 20. The machi ne 20
has conponents that are simlar to the conponents described above with
respect toWPRAMSHRES®rred enbodinent of FIG 1 and are RITMis2enslogosmunber ed,
such as, conveyor system 300, drug dispensing system 400 and control system

900. Machi ng)éﬁQS]i S a @&ﬂ%%svgﬁ?iﬁ?e%aﬁ@ﬁﬂ ?gleéﬂfé%p One?ﬁ?qgnent but

still provides real-tine n r the proce Each of these systens
300, 400 andopveyds 3bpertre Wensecrédrt bakbehs otHEl hagief theilent |y and

er gonom cal lﬂ¥s@éﬂt\.’iﬁ?r<§%§{ rfPaﬁﬁ-!fitdeC%:O.prﬁgHﬁthoo’P@&r# tel?ﬁfaﬁo gach under gone

real -time nonitoring, , preterably, real-tine and adj ust nent.
56 WD 2005/ 19858605 Pt/ Usxoos) 02E3 DS theokas] ce#g dF 3y ar &ihe Zravaredmanual |y

pl aced on dui gﬁal#g%ﬁvgs)_r %%a\gﬁq{]dgpghgrg?gréf@ tablgts 100Q Regin their

descent throug ine 20 ing tray 210 1s identified through use
of the bar eédag2rachine RO tarw) pasé thrseahnee Uss diFppenadingi systemys 210

continue to,[RBV o {%?%}I p t ; dJhe i $pensi ng system
400 where a4 |s§%%€+ n%gdrm u eﬁi‘%&o\%}?%h@?g' rr@iijir)#gglgtgn ar‘la?‘{r 38410,
di spenses degsatyyopl et AsmBnans cdask orophets cak(l e tegisiletod £D60. Vi deo

carer a 465 gkes.andgnae, ofaoPach:dasecdnopl efcbeinm dispansed apd, in

conjunction Wt concentration data obtalne romflow cell , the real-
ti me nonitoekal é¢se ndromimintbesincadispenagemndei ity caispartdes withrs.

[00196] AfteL,passigid g e ndB0er¥CE forl N 11 WA the reai-
time monitoring of the amount of active agent being

dispensed occurs.

[00196] After passing through oven 480, where the liquid
dose 2000 is dried into a film 2200 on the outer surface
1100 or substantially along the outer surface of the
carrier tablet 1000, each of the carrier tablets undergoes
real-time monitoring of the position and amount of the
liquid dose. Video camera 520 (shown in FIG. 9), which is
mounted on gantry 510, obtains an image 525 of each of the
carrier tablets 1000 and liguid doses 2000 thereon. The
images 525 are processed by control system 900 for the

location and quantity of the dose.

[00197] Under NIR or UV induced fluorescence, camera 520
captures the image 525 of the deposition spot left after
dosing and drying. Image analysis software uses gray
scale to tabulate the number of pixels and relative
intensity of the pixel to develop an image of the dried
spot left behind. High doses will give either a greater

. area of coverage or a higher intensity of gray scale.
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dose 2000 is dried into a film 2200 on the outer surface 1100 or
substantially along the outer surface of the <carrier tablet 1000, each of
the carrier tablets undergoes real-tine nonitoring of the position and
amount of the gwd dose. Video canmera 520 (shown in FIG 9), which is
nmount ed on¥ obtains an i mage 525 of each of PRCEUSWevnixay tablets
1000 and I|qU|d doses 2000 thereon. The imges 525 are processed by control

system 900 fakelihen tREA!10F0 ANk QaNthkY deket 88 ERSCrabBOI9d Under NIR or
WV induced fluorescence, canera 520 captures the inmge 525 of the

deposi ti on $§&ETMéRedafter dosing and drying. Image anal ysis software uses
gray scale to tabulate the nunber of pixels and relative intensity of the
pi xel to devel op an image of the dried spot |eft behind. H gh doses wll

gi ve either [%Nggleat er The arebdig dotear #3€ 68 thangheruahiyrmarest gray

scal o, 57 VQ,2005(123569 PLHLIERO0S020313. Bsed o iy ALoramt Ton, the

dose on the ta is determ ding tray 210 1s then
manual | y reﬁ@@édphﬁrmﬁ¢@¢@ﬁQﬁl\R?QﬂnﬁweﬁﬁﬂOSI@gaEﬂ}@gh@%omkﬁﬂ1dﬂﬁﬂm6bed for

each pharma lé%l 5gglgiﬁﬁiuc ppcioioien qgardgls@g %flgp%g%lg%gs use q)%%e posi ti on,

quantity of ose Ying con |t| ons. y control
syst em 900 ﬂblﬁrd&tdela.U%Eﬁlkwunqnﬂrﬂﬂoﬁyeaem BP0t he phevidcautical s as

ei t her acc?gégghgtgg rgﬁgcé &h“neq¥gp%mhgen§??y§g lgeggngﬁﬁgl§canners 235

at differen €s 0 Icatton of t i ndi vi dual
carrier tabla@tcgptab@e of 00d D9}t &l s edbred makhénaal § vesesberbiamsite of t he

phar maceut i gal, gBOUT 265 ULL Ngs AARALAY US .9bot BR PRESEMnine for

identification of the individual carrier tablets 1000.

[00199] A second alternative embodiment of the
pharmaceutical manufacturing apparatus of the present
invention is shown in FIG. 8a and is generally represented
by reference numeral 20’. Similar to the embodiment
described above with respect to FIGS. 8 through 10,
machine 20’ is a scaled down version of the preferred
embodiment of machine 10 shown in FIG. 1. Machine 20’ has
many features similar to machines 10 and 20, and such
features are similarly numbered, such as, conveyor system
300, and drug dispensing system 400. Machine 20
exemplifies the modularity of the present invention as it
includes the features of machine 20 and additionally has
gantry 510, which is readily available for connection with

dose confirmation system 500.

[00200] Referring now to FIGS. 8b through 80, there is
shown a schematic illustration of an alternative exemplary
embodiment for a spectroscopic detection system or device,
which is generally represented by reference numeral 8020.

The spectroscopic detection system 20 generally comprises
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invention is shown in FIG 8a and is generally represented by reference
nunmeral 20'. Simlar to the enbodi nent described above wth respect to
FIGS. 8 through 10, machine 20" is a scal ed down version of the preferred
enbodi ment of nmachine 10 shown in FIG 1. Machine 20' has nmany features
simlar tOVHHEHIREY 10 and 20, and such features are BCHUBZWI/MzOsIaNDer ed,
such as, conveyor system 300, and drug dispensing system 400. Machi ne 20

exenpl i fi esat heedmdular Iﬁa)alahbﬁet%@&ﬁmsﬂy%t% 892bt anding! udes the
features of pachi ne 20 _and additiona gantry 510, which is readily

Lo L anT o [ o T rocavda SPERT BBSE. cotiT SO ERsTat o880, ST obsb0)

Referring noypd o S ldapt@l thr 999%&@ of NeFhdrSi ¢ SheWaedtSehemRtisdn
illustration of an alternative exenplary enbodi ment for a spectroscopic

det ect | on sf/%t‘fé-m o cdeipnde radhRt AN | BUbEert 13F A€FSEseRted by ref erence

nurer al N RRGH! 386 g@é08§§©e§ﬁdcﬁb§%§§Q%bZQmQ%@§6ﬁ||y conprises 58
WO 2005112 69 PCTIU82005/02 at |l east one radiation transm ssion system

8022 and a T3f¥afirumrrditesy Srem Bbossanein f£41dh t Aendmlvsreategsiem 8022

is adapted #f;pray, 40k itkansBhirbNCE fodm rﬁﬁ'ﬁ@f@i‘abﬁ? dnc1hfes dent
radi ati on pul se) t'o at [ east one pharmaceutical sanple 8010 and detect the

eni ssi on rRHIRE | HEs €08 ﬁpénpm‘él%m@esmlmg "evgderatedefn FIG

8b, the firsigoonls aln3¥RheM-241REEEET 8O dhd NGdides o thhBBhisosce 8026 for
provi di ng the desired wavel ength of |light or incident radiation to the

radi ation t§&HeR s%ql‘orlrlgWsPéﬁPGbr8@?%}h‘f3—§3r%¥5@)ta$(}2’21 vitaeeRBL8at i®h |ine
8023a, an analyZaF 9338 rher aﬁaﬁwzﬁggtﬁ@eeﬁrgs%%no&aaaalt%hon detected by
the radiation transm ssion systeim 80

detected by the radlatlon transmission system 8022, which

is communicated to the analyzer 8028 via collection line

23b, and storage or memory system 8027 for storing

emission characteristics of selected (or desired) actives

for subsequent comparison with detected emission radiation

from the sample(s) 8010. Preferably, the excitation and

collection lines 8023a, B023b are contained within a

single optical line (e.g., fiber optic cable).

[00201] According to this alternative embodiment, the
light source 8026 is adapted to generate and provide at
least one incident radiation pulse. 'More preferably, the
light source 8026 is adapted to generate and provide a
plurality of incident radiation pulses. As discussed in
detail below, the spectroscopic detection system 8020
further includes second control {or synchronizing) system
8029 preferably in communication with the first control
system B024 (and, hence, the light source 8026, analyzer
8028 and memory system 8027) and transport system via line
8023d for (i) positioning a respective sample 8010
proximate the light probe 8022 and (ii) synchronizing the
movement of the samples 8010 on the transport system 8030

with at least the incident radiation generating system,
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is comuni cated to the anal yzer 8028 via collection line 23b, and storage
or nmenory system 8027 for storing em ssion characteristics of selected (or
desired) actives for subsequent conparison with detected em ssion radiation
fromthe sanple(s) 8010. Preferably, the excitation and collection |lines
8023a, 802310 018 ai ned within a single optical |inectaszosiodiioer optic
cabl e). [00201] According to this alternative enbodinent, the |I|ight source

8026 is adaphsek t@raanenate and pheYhdEr atadi £2%n ANQsitisdenh tadi ation
pul se. More preferably, the |ight source 8026 is adapted to generate and

provide a phef L9Eseioon R d66t cPAEPAPT oFPPATER TASWitHeuS8BRLER detai |
bel ow, the spechr osLOR+ e defcgction system 8020 further includes second
control (or synchronizing) system 8029 preferably in conmunication with the
first control system 8024 (and, hence, the |light source 8026, analyzer

8028 and ”E”@bi’ozzy“e.’ﬂ@%ﬁhsﬁ’}%[g?gﬂﬁpﬁé. S, edHt%Vis%éldgLaecoﬁggé’iﬁ for (i)

posi tioning respective sanpl e pr oxl mat'e. e | t probe 8022 and
(ii) synchrosygieny 8042 iroweredetrabdilyt Aeswanyy L1800 compohentr afispla?t system

8030 with at, S i ng) t i at} r.at-i.ng S 9 WO
2005/ 123569 %’c‘%‘%&‘tzodf)%fo&z%?fggﬂhgpggbr pefeitRr 0 e seBnd 1 0
transm ssi oncontrahcwidteacttiog’® é6 sheepaiasd aronpadicati.on Redoatide sanpl es

8010 (e FIGofi)so[092Gleosy GbUSLLAUS 1L ENG Hhed Batecpgd control

system 8029 I's pré%era -Systém or conponen the  frrst control
syst em 8024. empieygrhttio/elffectimateetbadt ramimisdigy stfehigh29tbsthe separ at e

component . Ragll Al Qe AL AN YT$316Q0) SHEE 6MAP%% GABD Ahli QU ohyPes that are

radiation therefrom, such as, for example, a conventional
light probe (e.g., an n-around-1 fiber light probe).
Preferably, the incident radiation provided by the light
probe 8022 comprises light (or pulse thereof} in the
ultraviolet-visible spectral range. The light thus
preferably has a wavelength in the range of approximately
200 - 800 nm. In one alternative embodiment, the light
has a wavelength in the range of approximately 225 - 600
nm. In a further alternative embodiment, the light has a
wavelength in the range of approximately 300 -~ 450 nm,

The wavelength of the light is preferably active specific,
i.e., based on the spectral or reflectance characteristics

of the selected active agent.

[00203] Although the spectroscopic detection system 8020
illustrated in FIG. 8b shows one light probe 8022 and
associated excitation and collection lines 8023a, 8023b,
it is to be understood that a plurality of light probes
and associated lines can readily be emploved within the
scope of this alternative embodiment. As discussed above,
the emission radiation emitted by a pharmaceutical sample
(or each of a plurality of pharmaceutical samples) is

detected by the radiation transmission system oxr light
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enployed to effectuate the transm ssion of light to the pharmaceutical
sanpl e(s) 8010 and recei pt of em ssion radiation therefrom such as, for

exanpl e, a conventional |ight probe (e.g., an n-around-1 fiber |ight
probe) . Preferabl \ the i ncident radiation provided by the light probe
8022 conpri SYE2005/41669 or pul se thereof) in the ultravi oPET/USIEAMBISpect r a

range. The light thus preferably has a wavel ength in the range of

appr oxi mat el ypra98 soB0Qdinat neaRe al kersat & venAnbiodimntivet lae kight has a
wavel ength in the ran e f a prOX|nateg¥ 225 - 600, nm In a fuyrther

alternative efB¥RFTER IR mﬂ%%e?%&&ﬁ%?ﬁr?qﬂﬁﬁcFﬁﬁéétb?s

appr oxi mat el y130@omm1ﬂ5£batr§d "Etaﬁtwevehemgteroéozme ITtghteniis spoaf er ably active
specific, i based on the spectral reflec Ee char.acteristics of

t he selected 5@@?%%1%@eﬁt1jFﬁbéﬁ§PaﬁF hBﬁg &t tFHSEISe det ecti on

system 8020 thhustted s ids HfGse3bcsbaveconfed I@ttdétreltmn%oaz agdst
associ ated excjtation and cc%lectl n lines 8023a, 8023b, s to be

under st ood t ke PIFIFHG &R -ﬂﬁ%P& tYpPEpHRR a%ﬁk?%ﬁﬁﬂﬂﬁ%%ﬁ%ﬂ EFPn8E f@n

readi ly be enpl pygseadivd nanipie 220RBOAbibhSe a1 %frﬂ%ldt\iereeﬁhod!:nﬁﬂta As
di scussed above, the em ssion ragéatlon emtted pgarngﬁeutlcal sanpl e
(or each of arﬁFﬁ?%Fttﬁlﬁﬁm uFPREFT e EHpt ‘E%) 8da651The

radi3 at |8 822t ragém §'I§s@rb§>tféfte;mmeldl ght:oﬁ@ré Vﬁ&&oﬁéﬁaﬁﬁ@&ﬁ%l U§_a8195é920319
probe and at east a first I nadl catl ve respective
phar maceut i caFPsahpretiahion ¢ s Eﬁ&%&gte?lgt?%%?tﬁéﬁb nicated to the

anal yzer 8028chdhen&ft S&¢HN a raditdob®) Dt hethdomaried scaehbe shared
en ssi on characterlstlcs of sele%%ed actives to detern ne at | east
Technology, Vol. 8), which is incorporated by

reference herein.

[66204] Referring now to FIG. 8d, there is shown an
alternative embodiment of a transport system generally

. designated by reference numeral 8030 that is usable with
the spectroscopic detectlon system 8020. As illustrated
in FIG. 8d, the transport system 8030 includes a sample
table 8032, a position table 8040 and a base 8050.

[00205] Referring now to FIGS. 8e'through 8g, the sample
table 8032 includes at least one, and more preferably a
plurality of, recessed sample receptacles (or holders)
B034 on the top surface with each receptacle 8034 being
adapted to receive a respective pharmaceutical sample
8010. Referring to FIGS. 8h and 8i, the sample table 8032
further includes at least two substantially parallel “I-
shaped” slots 8036 on the bottom surface that are adapted
to slideably receive the position table tracks 8042 (see
FIG. 8d).
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the presence and identity of an active contained in or on a respective
sanpl e or the absence of an active in or on a respective sanple. The
concentration of a detected active can also be determ ned through known
formul ations, such as the formulation disclosed in Massart, et al.,
Cheroner t ri &9 2858330 hook, Data Handling in Science and POBESMEVEHNS Vol . 2
(1988), which is incorporated by reference herein. [00204] Referring now to

FIG 8d, therpoags]showacaBrddhbetbathye £IodidEmRte @fbddindAspoike System
generally designated by referénce nuneral 8030 that is usable with the

y I )
spect r oscopi cSHEREC 1536 Ss PEBEnT8D200MREL§¢ | (itiosse§1288 EPG 8d, the

transport sysiemmibiltdehedassirsaMhfoert P & LL32acaeBO80BLON gabl e 8040
and a base 8050. [00205] Referring now to FIGS. 8e through Sg, t he sanpl e
al

tabl e 8032 i NEANIRS dlusézstisne, TantNPot e Prsrtdgh PRI IBrRF al TS of

recessed sanpigndreepiAac €9300halokdessdin 884 RFNGaeRySUEfAgea W th each
receptacl e 8034 beug? adapted to receive a respective pharmaceutical sanple

8010. Ref erri%fkh off GBProFinagedy, tHe anthpinetugsse 28038eCenEafE®s i ncl udes
at | east two gehst antealshnpnar alaia@é §032 shapAdret-0us 8036tencthe bottom

surface that are adapted o slideably receivge the position table tracks
8042 (see FI& WPrt gpt@HisdesFoRssd TR AUS2008YDEDSEF t6620629Accor di ng

to this alterfgdiiae AMAKAENLo biBst S B @@@&O%Eecgasgmﬂ@ﬁ various
sizes to accommpdate the desired nunber of receptacles 8034. By way of

i | 1ustration, OF noiee FRTERCRabiiE ERBOET FRFLSU® SarpPbTt 58I 878032 has a
I ength of appsmpdddrelaf 16 WM &rom the samples 8010 contained in the

receptacles 8034. In an alternative embodiment, the
sample table 8032 comprises a two-plece member, with a
light-weight base portion (e.g., aluminum) and a top
receptacle portion (having the receptacles 8034 formed on
the top surface) constructed of an inert material that is

secured on the base portion.

[00207} Referring now to FIGS. 8d and 8j, there is shown
the position table 8040 of the transport system 8030. As
iliustrated in PIG. 83, the position table 8040 includes
at least two “T~shaped” tracks 8042 that preferably extend
across the top surface of the position table 8040.
According to this alternative embodiment, the position
table tracks 8042 are configured and positioned for
slideable entry into and through the sample table slots
8036.

[00208] Referring now to FIG. 8k, the position table
8040 similarly includes two substantially parallel “T-
shaped” slots on the bottom surface that are adapted to
slideably receive the base tracks 8052 (see FIGS. Bd, 81
and 8m). The position table 8040 and base 8050 can be
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wi dth of approximately 9 nmm and i ncludes 200 receptacles 8034. The sanple
table 8032 is preferably constructed of an inert material, such as Teflon
TM stainless steel and coated alum num to substantially reduce the

possi bilit interference wwth the transm ssion of light to and

em ssi on OX"Q?"QW 2p%®om t he sanpl es 8010 contained in thBCTEEWEM28HPes 8034.
In an alternative enbodi nent, the sanple table 8032 conprises a two-piece
menber, wt hc@lsﬁﬂ‘tgiﬁed/\&hﬂhtofb&aelbﬁét 1 Ogin { -ewegll ghtalmaderda)l sanduaht ap

Construct o GFUBHh A ALy | £FSPRRRELY: Wet ot O R8s 0B EPbn. )

[ 002071 beebﬁ$éKBGEDNdﬂbIBdSStr&dtaadoﬁt,offEﬁ&Mﬂnnnahomn the position table
8040 of the transport system 8030. As illustrated in FIG 8j, the position
table 8040 includes at |east two "T-shaped" tracks 8042 that preferably

extend acroppaid]e ! ORSHErAGY but B8 POSS!idD diRDlge 8QdRorAcagrebng to this
alternative enbodi nent, the position table tracks 8042 are conflgured and

posi tioned fbRe HVenidinne éﬁﬂﬂ?apﬁ?oeﬁﬂﬂg?mﬁQﬁmﬂi1ﬂﬂ§%§%ﬁm &aPéBl e sl ots

8036. [ 002081, Referdd4r oW1kl GanBk, sw@s s d 1T ARl es8040 simlarly
i ncl udes two substantially parallel "T- shaped" slots on_the bottom surface

that are adapélestantialilividdpessr segppent nef vee Saudies tadse 842 9 Gs. sd,

81 and 8m. cdbeipasididn RblecB0s) ARrbbase A5G can ke, Gand 2005/ 123569
PCT/U82005/020319 constructed out of various g ht - wei g materi als, such
B

as al unmi nunPaf B3 Pr eﬁé@aﬁwletwmqrﬁtoﬁft Bé Bﬁﬂekﬁn%%%é‘éb 8050 are
constructed gusiOforltHBINLots 8044 effectuates substantially linear

movement of the position table 8040 in the directions
denoted by arrows Y and Y' {i.e., sample path “SP»”). As
will be appreciated by one having ordinary skill in the
art, various conventional system can be employed within
the scope of the invention to provide the noted movement
‘of the transport system 8030 and, hence, samples 8010. 1In
a preferred alternative embodiment, a pair of motorized

shafts or screws 8060a, 8060b are pxrovided.

[00210] As illustrated in FIG. 8d, the first shaft.8060a
is preferably in communication with the sample table 8032
and provides motive forces in the X' and X directions.

The second shaft 8060d is preferably in communication with
the position table 8040 and provides motive forces- in the
¥' and Y directions. As will further be appreciated by
one having ordinary skill in the art, various alternative
transport systems can be employed within the scope of the
invention. Such éystems include a conventional conveyor,
which would provide a single sample path. As indicated
above, the spectroscopic detection system 8020 is further
adapted to be in synchrony with the transport system 8030
of the invention. In a preferred alternative embodiment,

the detection system 8020 includes second control system
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[ 00209] Referring now to FIGS. 8d and Sn, according to the invention,

sl i deabl e engagenent of position table tracks 8042 in sanple table slots
8036 effectuates substantially |inear novenent of the sanple table 8032 in
the directions denoted by Arrows X and X (i.e., sanple path "SP1").

Sli deabl e eW§28WHRHE? of base tracks 8052 in position tATALNSHLIBO44

ef fectuates substantially linear novenent of the position table 8040 in the

directions denotegabyi Ar{oOEommaiGa¥iohl weth SRETEE-PatdontIR2"). As will
be appreciated by one having ordinary skill in_the art, varjous

convent i onal S¥y5EBnF¢ah 3 EABREF tWSYRFR™ 8120 scoPle gtedie k&Rl on to

provide the aobedmn@yZIEId d&idhel bhanspeptedyss et 8 sabrfience, sanples
8010. In a preferred alternative enbodi nent, f.@glr of, motarized shafts or
I

screws 8060arP8060bl A PridrdePrsiod310FORETP | bt (RATF iR PEGOT8d, t he

first shaft-g@ffae b6 MMRIREAWOLO ByCORBURLSAEHORE W dtdnhaosa)plieit abl e 8032
and provides notive forces in the X and X directjons. The second shaft

8060d i s prePPABFYN % TRTRAMI IR iS6HPHt RO1P ner Yo eta i Fieariieh8040 and

provi des not E‘f@bé%@?@ {n.dhe iMuida¥idhr 8651 006n) A | {iifiyrther be
appreci at ed one having ordinary skil] 1n the art, various alternative
transport sySYBRBIeRHZ® e RPIRRRE Chi AREhB2EREP OISR ST §Peft PBn. Such

systens incl yde frsesyent i SNAlert YUY QLLh WP thay@ UKL pirMidata single _
sanple path. As indicated above, the spectroscopic detection system 8020 is
further adapRE#RESOHISMEIMAT GFHFERM K1t Rier t AR FATVSR 1BIRCB088  of the

invention. iBha PhesREiss, ahdRy r}ﬁtéf\éQagmgpdi:H@ninuﬂmﬂi@r%tfi @Rgsystem 8020

i ncl udes secaqond control _system 63 WD 2005/123569 PCT/ 1752005/ 020319
detection of émission radiation from each sample 8010 as
it traverses a respective sample path (i.e., SP;, SP3).
The noted synchronized sample transport, illumination,
detection and analysis ils preferably accomplished at a
minimum rate (or speed) in the range of 1-5 samples/sec.,
more preferably, approximately 1 sample/sec. Thus, the
method and system of the invention provides high speed,
accurate, in-situ analysis of pharmaceutical formulations,
and, in particular, drug candidate samples that is

unparalleled in the art,.

[00211] Referring now to FIG. 8o, the spectroscopic
system 8020 prefsrably includes a display system to
visually display-the sample I.D., system and test
parameters and, most importantly, the results achieved by
virtue of the spectroscopic system and method described
above, e.yg., the presence, identity and concentration of
the active present in a sample. As illustrated in FIG.
8o, in one alternative embodiment, the display system
comprises at least one monitor 8065 that is in
communication with the second control system 8029 and,
hence, first control system 8024 via line 8023c. In a

further alternative embodiment, the display system
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8029 that is in conmunication with the first control system 8024 and
transport system 8030. The second control system 8029 is designed and
adapted to at |east perform the following functions: (i) control the

posi tioni nQYof a sanple or sanples 8010 by the transport system 8030, (ii)
position a ‘é%‘}%’&:"ﬁﬁ?e sanpl e 8010 proximate the |ight PECHHS2089RB3BI . e.
illumnation position), and (iii) synchronize the novenent of the sanple or

sanpl es 8010;ihy1ntibe éfaiwto@m,@su%agosyst&uaér | masgotcheahatci dent
radi ati on gener atl ng system e., light sourée 8026), of .~ the invention,

nore pref er abRGLUERHR ?ml%ﬁﬁ%é}f@ﬁi Frndhar Be{ectifoh BllehSsion radiation

fromeach sagppbee89dfedspy idnd ﬁﬁ%‘h@e%ralﬁ§§99§kiyﬁ Bamte mt htge. e., SPir
SP2). The noted sy nchronlzed sanpl e transport, |IIU¢£ Qﬁ det ection and
RIPSE

anal ysis is ﬁP@PBF%BI%Y%E%%H%YV% fprEher; e RfAR GIMER t he

range of 1- 5t§aﬁl?b€§éléaﬂilrecm ﬁ%@freeaiatyola@@rm@ rmagiﬁdw ahayarpl e/ sec.
Thus, the nethod and s sten1o g |nven%|on rovi des H gh speed,
accurate, inS8FPRYaFARYEes Bt leutPedt f rﬁﬁ%ﬂq hefnd, in

particul ar, dnugrgantvsadoSamies that dh.SpléJﬁp@y@iiérﬂﬁitld’dietsh%tart (002111
Referring nowto FIG 8o, the s ectroscopl c system 8020 preferably includes

a display sydfesttene ey &iespeag phelsafbl ¢ . PUPERT SYSERR t est

paraneters aggyonpost inportantly, the results achieved by virtue of the
spectroscopi ¢ system and net hod descri bed above, e.g., the presence,
identity and concentration of the active present in a sanplé. As

i1lustrated ipEhG  Bfhe ifbiGnRy aéotrerﬁagwe 890Gk BNty orf N dinspl ay system

conpri ses at Ieast one nonitor 8065 t I's In comunication with the
second contr 8FesyREen®BORD anfdive agent in a pharmaceutical sample in

accordance with one alternative embodiment of the
invention thus comprises providing at least one
pharmaceutical sample, moving the pharmaceutical sample
along at least one sample path, generating at least cne
incident radiation pulse having a wavelength in the range
of approximately 200 — 800 nm, illuminating the
pharmaceutical sample with the radiation pulse when the
sample is moved proximate the probe 8022 (i.e.,
illumination position), detecting the emission radiation
emitted from the pharmaceutical sample, and comparing the
detected emission radiation with stored emission
characteristics of selected actives to determine at least

the presence or absence of an active.

[00213] In a further alternative embodiment, the method
for in-situ determination of the presence of an active
agent in pharmaceutical samples comprises providing a
plurality of pharmaceutical samples, moving the
pharmaceutical samples along at least one sample path,
generating a plurality of incident radiation pulses, each
of the radiation pulses having a wavelength in the range

of 200 - 800 nm, illuminating each of the pharmaceutical
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hence, first control system 8024 via line 8023c. In a further alternative
enbodi nent, the display system 64 WO 2005/ 123569 PCT/ US2005/ 020319 i ncl udes
at | east one conputer system or PC 8070 that includes an associated nonitor
8072. As w || appreci ated by one having ordinary skill in the art, the
conput er syg%?‘ﬂ %’b’?g"pcan further be adapted and prograrmﬁ@TfUS@ﬂf;ﬂQZ@&ﬂPde
direct operator control of the first and/or second control system 8024,
8029. In yet gaﬁpudéuwhenahtﬁkﬂatbvaneﬂimm&i&ﬁﬁioﬂbesﬂtibhawisysaen1includes
at | east one nnq:tor 8065 ,and at thone ter tem 8 [002121
The nethod fofS§H sﬁtﬁ?%ﬁﬁﬁ&ﬁﬂ?nﬁ??oﬂ of ?rﬁ?cﬁﬁgggé “8R BE F%%’agent in
a pharnaceutldé&eéﬁﬂﬂ@(thenemaQGdeaﬂaﬂlamidh(HMiﬁﬁddEEh@MJEecﬁnbﬁdtment of

t he |nvent|o thus ¢ rlses oviding at |east qne arnaceutlcal sanpl e,
novi ng the ph& ﬁﬁﬁ ©Sa1 34 %Rmﬁﬁﬁﬁﬂg'%ﬁg § ®Bath, generating
at | east one rarﬂtﬁtﬂh&ﬁi emadﬂtatﬂj &momuéseh h@&/itnga ephmelcemgh.ba&ns&ﬂnﬁlé@nge of

approximately 2 800, nm, |Ilun1n utlcal sanpl e mnth t he
DR a1 on pul SE RS Rak S ARGPE FaChobER FhaA e Lo ot B 08052 (I

i |l umination @@&ﬁmmna)d sdgtigelsi Rg tbtetmissitie rp&@s@wc@noreabfséﬁdefdspm t he
phar maceutic sa aring.the tect en1s nra on with
st or ed en155|t% %giﬂygb &FSPFC dGFgég?%%téii Egag%gﬁ he %ﬁ | east

t he presence mtéibmcbfln&ﬂualé‘sl Vﬁe $062 15 siymcmxfowltzlieg atteeaetive

enbodi nent, the thod . for .in eterm at n of r ence of an
active agent“}:1h ﬁﬁ%gEWFégl g%ﬁmﬁﬁﬁﬁ) e&lﬁ ﬁ ohie

step of generating the incident radiation pulses.

[00214] Referring to FIGS. 11 and 12, a first embodiment
of the carrier tablet 1000 and the resulting
pharmaceutical product 3000, after being processed by
machine 10, are shown. The carrier tablet 1000 preferably
has a recess or reservoir 1150 disposed centrally along
outer surface 1100. Reservoir 1150 provides a basin for
the dose droplet 2100 to land after being dispensed to
avoid spillage. The reservoir 1150 has a volume that is
sufficient to hold the liquid dose 2000. Depending on the
viscosity of the liquid dose 2000, the volume of the
reservoir 1150 may be less than the volume of the liquid
dose (where the wviscosity allows the liquid dose to:curve
above the open end of the reservoir) or may be equal or

slightly more than the dose volume.

[00215] The reservoir 1150 is preferably smoocthly
concave to minimize or avoid splashing. However, the
present invention contemplates the use of other shapes,
sizes and positions for reservoir 1150 to facilitate the
dose droplet being added to the carrier tablet 1000. The
present invention also contemplates the outer surface 1100

not having any reservoir where the liquid dose 2000 has a
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plurality of pharmaceutical sanples, noving the pharnmaceutical sanples al ong
at | east one sanple path, generating a plurality of incident radiation

pul ses, each of the radiation pulses having a wavel ength in the range of
200 - 800 nm illum nating each of the pharmaceutical 65 WO 2005/ 123569

PCT/ US2005M288Y235@anpl es when noved to an il um nati oACHUSIo0s/@031i t h at

| east a respective one of the incident radiation pul ses, detecting the

eni ssi on radyan Qﬁsezmstlttgd o @Reeachsoftthiey AhadRCcehissah saapl es, and
conparing the em ssion rad |at|on emtted fromeach of the harnaceutlca

sanpl es  wi tPFEIB R S956n Trami atidhre mih@leing |Cé‘§r61erp?:@ 1gkt er i ned
actives to dedmym ne the presence or absence of the active. In an
additional alternative enbodi nent, the noted nmethod includes the step of
synchroni zing at least the step of nobving the pharmaceutical sanples with

the step oflggﬂﬁ;atlqgm;Qﬁﬁkggkdggglé?g fpdd”bﬂgﬁé%%%lg[gg%é4] Referring to

FIGS. 11 and first e i ment carrier tablet 1000 and the
resul ting ph%ﬁ&ﬁﬂnﬂnﬂ(%ﬂ50pﬁ@au§ﬂ dooothfewrehaEurFaseodd§9edndythemchi ne

10, are Sho‘é\égp Jé‘ﬁagc%fﬁe? Suehel 1909, proaf £ aat{}og.dsh%%vén eEgsSsS or reservoir

1150 di spos Rentral al ong outer surface 110 Reservoir 1150 provides a
basin for tm?éo‘dkﬂbﬁe ‘fd)eomr@pezm@l@ntahmn A& ethep ey igics pehdeld 1900 avoi d

spi |l | age. r r h aVvol t u i ol d the
i quid dose %%%@ﬁféggiﬁé%%gggngﬁﬁg V|§%%g%$€w€#ﬂEt% be% Sgﬁoégsgooo t he
vol une of thee Preswaadiad LPSEreagnbeabeexrtitn ﬁ%éh@(‘ﬂ ﬁihﬁ §L1nheé299 qui d

dose {Wer @ LDl SCaSida oal LoWe ! BeckAcu! £161PSs: INE 128B0VE1ERE OPen
end of the reservol be equa
outer surface 1100. However, for certain liquid doses

2000 and carrier tablets 1000, this may be unnecessary,

where there is no absorption by the carrier tablet.

[00217] The preferred embodiment of pharmaceutical
product 3000 provides the liquid dose on outer surface
1100 or substantially along the outer surface. This
prevents the active agent from damaging the structure of
the carrier tablet 1000. This also facillitates various
methods of real-time monitoring, such as, for example, NIR
chemical imaging that has the ability to analyze through
some depth but not through the entire carrier tablet.
However, the present invention contemplates dispensing the
liquid dose 2000 into the matrix of the carrier tablet
1000, where the tablet absorbs the dose but is not de-
stabilized, such as an orally disintegrating tablet that
is frequently uncoated and has a lesser hardness than that
of a conventionally compressed tablet. For active ajents
that will not damage the structure of the carrier tablet
1000, such as, for example, dissolving of portions of the
tablet, this type of dispensing is sufficient. The
present invention further contemplates a combination of

absorption of the active agent into the matrix of the
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slightly nore than the dose volune. [00215] The reservoir 1150 is preferably
snoothly concave to mnimze or avoid splashing. However, the present

i nvention contenpl ates the use of other shapes, sizes and positions for
reservoir 1150 to facilitate the dose droplet being added to the carrier
tabl et 1003Y0 3@123%esent invention al so contenpl ates t RETAEeH0MULT ace 1100
not having any reservoir where the liquid dose 2000 has a 66 WD 2005/ 123569

PCT/ US2005/ 0293d% r Rizgh et 9009, t ¥h9letABS® frofitdORY FSURf 36echgnsi on t hat
prevents the dose frOﬁls|IdIE%?Off of the carrier tablet 1000. [002161 The

carrier tabl ¥'T G IHE &fa Faveler e dirs 1150 formed in both outer
surface 1100 and the opposing outer surface 1200. This avoids having to
provi de the proper orientation of the carrier tablet 1000 during the

| oadi ng st agl0218kr r i eRatfeixdng t008I€an bt suid Hed pPesg€6aned to prevent

absorption st tmetd?:e dd 14 mc%%?Qer' %a%?é@t%d@%rﬁ“ £t %sa.be&&ﬁge 1100 or

substantially a outer surtace . However, for certain I'iquid doses
2000 and car?h%ﬁmQQﬂﬂﬁﬁﬂﬁkumm@du?hl§0hﬁy Qﬁiﬁﬁhﬁé@é&BéﬁVCﬁSﬁﬁérbYthere is no

absorpt i on bﬁ{?éﬁlﬁlec ff |%r§ *B'o% 1@981?71&»3{ ! 9808"BodEgENL 1 P

phar maceuti ca product 300 prOV|des t |qU| dose on outer surface 1100
or substant il e deaRPS v geserveurf At difppsest epapralikeaberyve agent

from damagi ng,{de sﬁfffé%te“(r) So%‘; kQEFE\%H &1 J R 110Q04 EQg@n

facilitates various real -tine nmonitoring, such as, #or exanpl e,

NI R chemi cathe rdafenginomdiethad OPheoabend tafttar deding; dichenagh teone depth
but not throyghs § he, 8L CaALIBLohaPI P! -a second reservoir (not

shown) can be used to surround reservoir 9150, which
provides a basin for the coating to land after being
dispensed to avoid spillage and to provide a more uniform

appearance.

[60219] Tt should be understood that alternative sizes
and shapes for carrier tablets 1000 and %000 can also be
used. For example, but not limited to, machines 10, 20
and 20’ could dispense liquid dose 2000 into gelatin,
Hydroxy Propyl Methyl Cellulose (HPMC) or injection molded
polymer capsule shells, where the shell is used to hold
the dose.

100220] It sheould further be understood that some of the
components and/or systems described with respect to
machines 10, 20 and 20’ may not need to be utilized for
certain pharmaceutical product. For example, but not
limited to, pharmaceutical product that are vitamins or
cosmetics may not require the same rigorous guality
control for all of the criteria as compared to more
powerful active agents. In such instances, control system

900 will not apply any unnecessary real-time monitoring -

63



However, the present invention contenplates dispensing the 1liquid dose 2000
into the matrix of the carrier tablet 1000, where the tablet absorbs the
dose but is not de- stabilized, such as an orally disintegrating tablet that
is frequently uncoated and has a | esser hardness than that of a

convent i on¥MA 30¥BA¥Pessed tabl et. For active agents thetT/wsdés/metiy danage
the structure of the carrier tablet 1000, such as, for exanple, dissolving

of portions a%ftﬁ,@%legablﬁammﬁaf[ edafnt%ipeg}gt@e bgoswificient. The
present invention further conte es a conbi hation of absorption of the

active agentsm«v@@orlhéeﬁathexobtﬁeﬂt rﬁarser;emﬁobzeee/ 1P38 6D e[ &5 20315620319
carrier tablgt c%?fegz% ngwgeﬁéSOwﬁfEH“»ﬁQlafh'rltmei?nm&ﬂfmli’é‘t@{eSurface of the

carrier tablet erring t and 14, a second enbodi nment
of a carri ercfitisiencygood bhe P?@pﬁﬁﬁmnﬂﬂQHgasphépﬁa@é@mp%ﬁﬂ Wrestuct 3010,

after belng iAegssedehy cBRENLRGA0.cianooshane. 17081 suslerad@pliel 9000

preferably recess or reservolir 0 dlspo central al ong outer
surface 910@unR@§ér9elﬂoglsquﬂtﬁd(kﬁﬁea0§§§¢naF§FVlth@Sd@@e]ﬂﬁoplet 2100 to
| and after e%@l mggasg avoid spillage. Additionally, a second
reservoir (rot o] be used to surround reservoir 9150, which

provi des a baS|n for the coating to |land after being dlspensed to avoid

Spi.L| age andedep! OVl g Ao MRLE UL OL: APRSALANSPac LOORIA]1ds shoul d De

under st ood [ter ST zeés carfti'er 55?ets'1000 and
9000 can al 8 bed aséd. aﬁurthaamﬁﬁxnusmmpmponehtalaad spstemchi nes 10, 20

and 20’ COU@%e%EiRenﬁgl qu gufose %93% %@ﬁ? gﬁhg%iﬂachines 10, 20
and 20’ to carry out only the necessary activities for a
particular pharmaceutical product 3000 by removing
selected unnecessary ccmponents, and will provide time
saving, such as, for example, avoiding passing holding
trays 220 through the coating dryer oven 630 where no

coating is being applied.

[00222] The present invention contemplates the
interchangeability of different components to perform the
various activities of machines 10, 20 and 20', such as,
for example, probe 530 that performs NIR chemical imaging
being interchangeable with other probes that perform other
types of analysis, such as, for example, spectroscopy and
chemical imaging, such as, for example, utilizing Raman,
UV reflectance, fluorescence, and/or terahertz. Machines
10, 20 and 20" can utilize the type of analysis, and hence
the components that perform that analysis, which are most
efficient and accurate for a particular pharmaceutical
product 3000. The present invention also contemplates
control system 900 indicating which types of analysis and
their corresponding components are to be used for a

particular pharmaceutical product 3000.
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Hydr oxy Propyl Methyl Cellulose (HPMC) or injection nolded polyner capsule
shells, where the shell is used to hold the dose. [00220] It should further
be understood that sonme of the conponents and/or systens described with
respect to_machines 10, 20 and 20' may not need to be utilized for certain
phar maceut W00 I8ect . For exanple, but not |imted tBCT/ESRAPIEHALI cal
product that are vitamns or cosnetics nmay not require the sanme rigorous

quality Con@?isrlfor e grefs%tcahxz@ﬁtfo@sf&paﬂw%nttgm 5%espowerful

active agent such 1 nstances, control system not apply any

unnecessary peegess RO OforincddAno6e B benbId 28569 spcth@;t,z@bsl 912@319
activities. Addiiy onald >pro<a%ttr@bo§y§$§£n§§0fé@d9 £03Y REAL \Mg@hﬁes the ot her

systens based upon the use certain systens, will further
maxi mi ze theesmcma:llemc«ghe@fe tfﬁélp?é@@séel%iﬁ,% Qafs Phreéﬁna@fé&mpél where drying

of the Ca”'}?foch?é’é 3500760(1% %%91&%8{:!' d 5i0s €20 iahg H?oﬁh'.’[&h% §pt required,

t he ot her Ivities can be greatly sped up. 100221] The preSent invention
contenplatesmﬂ@k#ﬂaﬁﬂiohozo 20d3R8" @aCl%ﬂﬁﬁﬁQﬁaﬁhﬁ' tdenpofiedt s and

syst ens ﬁ? %%lfgargl Yl at-ocdBissyhg ] al l ow machines 10, 20 and 20" to

carry out o e necessary activities for a particular pharmaceutica
product 3000 by r enovi ng selected unnecessary conponents, and will provide

through 1 he B8 s 585 TBao?ariie 407 BT D IEe e hha e

[ 00222] The poesh&ﬂgalpnadudnnononbeapdzif&m&dﬁapharmaceutical product
3000 in a fraction of the time that it takes to make a
similar adjustment to a contemporary machine. The
cleaning of the machines 10, 20 and 20’ for a change of
production to a different pharmaceutical product 3000
requires only the cleaning of the dispensing module 420,
which can be quickly disassembled. Dispensing modules 420
are relatively low-cost which allows for their replacement

rather than a time-consuming repair.

[00225] Machines 10, 20 and 20’ and process 5000 improve
efficiency in manufacturing the pharmaceutical product
3000 based upon the manufacturing steps as well as the
quality control steps. The continuity of process 35000
quickly and efficiently provides the product 3000 that is
directly ready for packaging, without the need for any
quality control testing, e.g., wet chemistry, being
performed on them. Also, machines 10, 20 and 20’ provide
the process 5000 that can be run continuously without the
need for stopping as in contemporary devices and

techniques.

[00226] The real-time monitoring, feedback and

adjustment of the present invention avoids unnecessary
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i nterchangeability of different conponents to performthe various
activities of machines 10, 20 and 20', such as, for exanple, probe 530 that
performs NIR chem cal imaging being interchangeable with other probes that
performother types of analysis, such as, for exanple, spectroscopy and

chem cal i swapiodgi2aswch as, for exanple, utilizing RamanperidsebhbAst ance,
fl uorescence, and/or terahertz. Machines 10, 20 and 20' can utilize the

type of anal ysis nd hence the conponents that perfaorm.tha a is,
W en ar o oRER ARG ShRPhdGuPar LR OPSaS B (e IS FAGLEEE ba

prgduct 3003?]na'hhﬁr@fﬂ$@é1tqdd1\&ft®t ic@ﬁt@la&Obﬁ@@cﬂedepH&té?Sindgﬁrﬂdluah_ system 900

i ndi cati ng ich types of analysis.an their corre i,ng onents are
to be used fBFORETLEER| I%?r&pf?fr RS RPFEBRCF btfith Y5 B OWD: 2005/ 123569
PCT/ US2005/ Oﬁﬂéll?reé&ﬁ)@?2ﬁ‘]veﬂlzﬁow gésenbst nwf\éd;méh Luetdzagrsecqmt leﬁm_k,at es .
process 5000 i ncl udi ng a agi ng st SO t,the e result 1s_a product
D000 that 1 ot 8Sapt oih e ved pepaBet Pp00 i Ehied it pbrate bf
phaLmaceut iocag%t@ﬁoyl%%,t r?él(lﬁaf lxi T hidhi H&Lﬁedrgﬂi@ Sesign tamiﬁmk ukar ihya of

machi nes 10, an ' facilitates t addi tion_o ac I step to
process 5000P2F8B2223t mi%es&gf@%lﬁéngnﬂu ra?fsdiepffle&fla’g ?’%hggﬁﬂity to
change produgsipp éonterbdiareethbasnBeeptodadt Hp®IGng.3000 in a fraction

of the time that it takes to make a simlar adjustnment to a contenporary
machi ne. The cleaning of the machines 10, 20 and 20" for a change of

product i on t pogali 1 erepleiarmeeytl pakepootuicly % cilpuikesnanl v the
cl eaning of the dispensing nodule 420, which can be quickly di sassenbl ed.
Di spensi ng nBaefieatyom of low dosage pharmaceuticals, e.g., less than

5 mg of active agent. Process 5000 provides for the

depositing of precise amounts of the active agent and is
thus particularly useful at the lower dosages, e.g., 1 ug
to 1000 pg. Although, machines 10, 20 and 20’ and process

5000 can produce pharmaceuticals with higher amounts of
dosages, e.qg., greater than 5 mg, as well as
pharmaceutical-like products, such as, for example,

vitamins.

[00228] The dispensing performed by process 5000 results
in a dosage of active agent for the product with a content
uniformity  for the batch that is preferably less than 5%
relative standard deviation (RSD), more preferably less
than 3% RSD, and most preferably less than 2% RSD. The
accuracy in dispensing of the active agent by processvSOOO
is over any range of dosage. The advantage of process
5000, and the resulting accuracy of the dispensing, is
especially evident at lower dosages compared to

contemporary manufacturing processes.

[00229] The present invention contemplates the use of

coatings and/or additives in combination with the liquid
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are relatively lowcost which allows for their replacenment rather than a
ti me-consum ng repair. [00225] Machi nes 10, 20 and 20' and process 5000

i mprove efficiency in manufacturing the pharnmaceutical product 3000 based
upon the manufacturing steps as well as the quality control steps. The
cont i nui t yW&r20¥138¥8s 5000 quickly and efficiently proRGTAesoaskeosr oduct
3000 that is directly ready for packaging, wthout the need for any

qual ity contyfie @%bl Rer €nd- pu¥ds&hBMRIntto1behgotneerios ed on them
Al so, machines 10, 20 and 20' provide the procesS 5000 that can be run

conti nuous| y¥ekieessuett hae Hééﬁm¢%ﬁu%&QﬁﬂmHﬂ§d&§tlﬁ1€6ﬁtEh%o$%§9nﬂeV|ces and

techni ques. "{0226hathectoatrAtRe Middided apdback,gade adj ustrent of
the present invention avoids unnecessary 70 WO 2005/ 123569

PCT/ US2005/ (A0S ES 1 tia Rt AEEEVE i ieh < o O SPeAREPeABE AGCRREHY ect ed

tablets) andmevides,ddakht ¥s CoRds Axhasedpgnibheringi ¥idyal properties of
each of the pharnaceutlcal tabl ets 3000. The present invention is cost

ef fecti ve bEPRRSENTt SAAPY Ofi SRBRFIRT thfd1dr d00PvetproBBteaz®n0?f itdenti fied by

control  sysfieh-300+ bathee L§am:4liseandl Rendkbiobat be @é@@ycattl n a batch
that has a sjgnificant nunber of defective tablets, as by contenporary

net hods of plesdEed §§ﬁﬁﬁ|ﬁé°ﬂ?0@2?1¥[ﬂ@66$5§h5899hl§5%a?¥|%m$arly efficient

at the produsiiiegsobnkowrdesage; phar maceuticals, e.g., less than 5 ng of
active agent. ProcCess 5000 provides for the depositing of precise anmounts

of the active agent and is thus particularly useful at the | ower dosages,
.9, 19 YepbeP0 9 rhbt POUGENt BRSS! Ron?QmBRdrel’ + 0 L ¥FESS.

individual systems or combinations of systems of machines

10, 20 and 207 in combination with other devices, to

provide one or more of the steps described in proccess

5000. For example, but not limited to, dispensing module

420 (including pump 425, flow cell 430 and dispensing head

435) and dose inépection system 460 can be operably

connected to a blister filling machine (not shown).

[00231] The combination of dispensing module 420 and
dose inspection system 460 with the blister filling
machine would allow for tablets that are held in the
thermoformed pockets of the blister package to receive the
liguid dose 2000 from the dispensing module. Similar to
the real-time monitoring, feedback and control described
above with respect to machines 1C, 20 and 20, the
positioning of dispensing module 420 with respect to the
blister package, and, in particular, each of the tablets,

would be adjusted to provide for accurate dispensing.

[00232] The combination of dispensing module 420, dose
inspection system 460 and the blister filling machine

would further provide for quality control assessment of
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5000 can produce pharnmaceuticals wth higher anounts of dosages, e.g.,

greater than
exanpl e, i

5 ny,
tam ns.

as well as pharnmaceutical -1ike products, such as, for

[ 002281 The di spensi ng perfornmed by process 5000 results

in a dosage of active agent for the product with a content uniformty for
t he bat ch WRa005/1835¢ ef erabl y |1 ess than 5% rel ative st agdarsdogewssti on
(RSD), nore preferably less than 3% RSD, and nost preferably |less than 2%

RSD. The a a
SaEaky

over any ran

BofLPEpeiag o hpaco uopsuonily ISR 00 15

osage.

e advantage of process

accuracy of bihstdrspenkiog, wése fpetital nptempebnthatré@werediosages conpared
to Conte”pQ%§E¥aHEQHfaEﬂéﬁ'€HbFHH¥1 S%iis%%?f?Q&kJ@@ {éﬁ;ﬁ”ﬁe' nvention

contenpl ates t

e use of coatings and/or a

ves 1n nation with the

liquid 71 Wej20084123889e®CRAUSIIGS5/g20320Y 66sdlspausing ndtwlsur pose of

controllin e 3 : f ' al ong the
Gastro In?ggpfngﬁg?gf§l%¥g%ﬁgéﬁgpébbgﬁyggg&gg%s%%ﬁﬁﬁgf@ﬁgg p urali?y of
active agenttgbdegsdi themsedshtsfiddr biserp combeeciablp, viakle as, for exanple
95c893.0p39§é£§h%%ﬂ§.df%gﬁfggbﬁéttéﬂé€twéé“¥%'éé%%?i%'ease of the

by | ayering

di fferent agilve agents can

to occur at” ‘desired areas al ong

the G trackovhdobghremeved fimn thsabligseandiokageidind vepldBoR3g] The
present '”V%BB?BErCQQﬁfaP'€ﬁ£§ &Jgfﬂ%ﬁ%ﬁo%ﬁ8h“9'¥é% oﬁy%%gns or
of "systens of nachi nes , and

conbi nati ons

In conbination with

ot her devi cescepbabpeovakiketthe or nore of the steps described in process

[00233]
ordinarxy skill in the art that the degree of real-time

It should be further understecod by one of

monitoring and/or feedback can be varied depending upon

the particular product being manufactured and/or based

upon other factors. For example, but not limited to, the

machine 10, 20 and 207 may only utilize the high-speed

imaging for detection of whether the dose droplet 2100 has

accurately been dispensed upon carrier substrate 1000.

Preferably the volume calculation of dose inspection

system 460 is also utilized to calculate the amount of
liquid dose 2000 in the dose droplet 2100. However, the

use of contemporary quality control techniques is also

contemplated, such as batch sampling. Also, the present

invention contemplates the use of contemporary quality

control techniques, such as, for example, batch sampling,

in parallel with the real-time monitcring and/or feedback

described herein for machines 10, 20 and 207.

[00234]

ordinary skill in the art that the various devices,

It should be further understood by one of

technigques and/or systems described herein for machines

10, 20 and 207 can be utilized by themselves or in

combination with one or more of the cther systems of
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5000. For exanple, but not limted to, dispensing nodule 420 (including
punp 425, flow cell 430 and di spensing head 435) and dose inspection system
460 can be operably connected to a blister filling nmachine (not shown).

[ 002311 The conbi nati on of dispensing nodul e 420 and dose inspection system
460 with tWE2M5(13356% filling nmachine would allow for teaiyuseersotais are hel d
in the thernoformed pockets of the blister package to receive the liquid

dose 2000 fromnthesdigpensi fogy MUl S 19 BokBink@iohh@ifgal -time nonitoring,
f eedback and control described above wth respect to machines 10, 20 and
20', the posionteRPAgasy deehessify Fodwieciroingt RPrERYeRtIFR Y 58D bl i ster

package, anghparfaRalithe a1 keashbdfct.ne roabbehfple Wouhe Mo adjiisleed to
provide for "accurate dispensing. [00232] The conbi nation of dispensing
nodul e 420, t@eséhej highceperd simrEnueodangline spricekrtieon 19fhgasgchi ne

woul d furthgg Vit a¢d Hd 3o138588SHBNYE Ofnten 5/ 123569
PCTIUSZOOS/%%@ %8 hggc%9§%%HeJ%r¥m§§blet% | f oneﬂgr nnr% o#wfﬁég?ablets of a

bl i ster paclagebwepapldngdteNHsiuadEr cHelisgurpRbredl @F diftes, then the
entire insq%;u@@ggggghg@%g 08 cdLeihcledt Baggd upon the accuracy of
le 420, I

di spensi ng nngu whi ch w provide a very low rejection rate of
tablets, this would still be a comercially viable process. Alternatively,

any tabl et S rejec e . I r . b i ackage
and repl ace &@%S anotﬁég %éﬁ%%ﬂl@%ﬁ$ﬁadﬁidtgggﬁﬁgr%%$%&$%§%$£éﬁé%%?e
accept abl e tizasbetsioh0823B¢m|46Gmdvides frerthelleandesbtvotk by one of

ordinary skilh;,B-40§ 8R4 F0ddE Ae9:RS @hr' ERL - bhiFnaceutical
product 3000. This type of guality control is not
dependent on the particular formulation of the active
agent in the liquid dose 2000, as opposed to some forms of

chemical imaging which have such dependency.

[00236] The present invention contemplates the use of
other technigues for real-time monitoring and/or feedback
control for machines 10, 20 and 20’ including both contact
and non—contéct methods. Alternative non-contact
monitoring techniques include measurement of change in the
capacitance before and after dispensing, measurement of
electrical field produced by liguid dose 2000 due to
magnetics, and micro-electro-mechanical-systems, such as,
for example, utilizing plezo-resistive pressure sensors.
An alternative contact monitoring technique includes
measurement of the conductance of liquid dose 2000. The
present invention contemplates these alternative contact
and non-contact techniques being used instead of either or
both of the dose inspection system 460 and the dose
confirmation system 600, as well as in combination with
elther or both of the systems, where such alternative
techniques are able to appropriately monitor the

pharmaceutical product being processed, as desired.
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nonitoring and/ or feedback can be varied depending upon the particular
product bei ng manufactured and/ or based upon other factors. For exanple,
but not limted to, the machine 10, 20 and 20" may only utilize the

hi gh- speed irragi ng for detection of whether the dose droplet 2100 has
accur at el yW9S8/13%hensed upon carrier substrate 1000. P@Ereszersabisy t he

vol une cal cul ation of dose inspection system460 is also utilized to

cal cul ate the amount of |iquid dose 2000 in the dose droplet 2100. However
the wuse of contenporary quality control techniques is also contenplated,
such as bat d#023Fhpl i ngt shevldthbspresantted mheht tha termenpiinwd’,t he use of

cont enpor ar Y QUalidy «eRpLLEel + £ 'l,gues‘up%g_,.h asy of, 0k~ exanplie,, bat ch

sanpling, in parallel with the real-tine nkforlng and/ or feedback
descri bed héridien foe maehli hesel®, t@Ornctify202rip06284¢ment sholllbdse furt her

under st ood f rgdipa ill.d.the ar i .§ he_yarious devi ces,
t echni ques gﬁgﬁgﬁegﬁsggngbgeg%%f%e% ﬁéeatr%é'ltdg’f %Fhﬁéﬁﬁﬁﬁ%g °10, 20 and 20' can
be utilized Herdrehdechlesrderipo tonisiodtfiied wileheohe erlesze of the ot her

systenms of 73 fﬁgg%%Z%gggengl US20051020319 nmachi nes 10, 20 and 20" or
in conbination wfh Ccon

enporary devices for manufacturing pharmaceuti cal
and pharmaceutical -1i ke product. For exanple, but not limted to, the

et or | oved HPRET 2ont BRESF aF5e BETEtrts dyioRtd *heahAP Giek S HUSRED contr ol
of the resulitthhgeffleacnacetdi cnd g athiet e3@0P1akH0&ROdThentd deic | magi ng and
vol ure cal cyl,ati o1 of doge o LrisPastian S¥IHeM 480, RL oyl deg yersatile

various changes may be made and equivalents may be

substituted for elements thereof without departing from

the scope of the present invention . In addition, many

modifications may be made to adapt a particular situation

or material to the teachings of the disclosure without

departihg from the scope therecof. Therefore, it is

intended that the present invention not be limited to the

particular embodiment(s) disclosed as the best mode

contemplated, but that the invention will include all

embodiments falling within the scope of the appended

claims.
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nonitoring and feedback control for the pharmaceutical product 3000. This
type of quality control is not dependent on the particular formulation of
the active agent in the liquid dose 2000, as opposed to sone forns of
chem cal imagi ng whi ch have such dependency. [00236] The present invention
cont enpl at W@ 20045823562 of ot her techni ques for real -ti nPGFIFH2005/0203¢p and/ or
feedback control for machines 10, 20 and 20' including both contact and
non-cont act net-hods. Alternative non-contact nonitoring techniques include
measur enent of change in the capacitance before and after di spensing,
measur ement WﬁATeﬂsegﬁﬁﬁMEP &l d produced by |iquid dose 2000 due to
magneti cs, and m cro-el ectro-nechani cal -systens, such as, for exanple,
utilizing piezo-resistive pressure sensors. An alternative contact

noni toring technilgue PickPpBasathealerF eatucena RaagHagaEtafet of |iquid dose

2000. The presee itheeNELeR RABL NP4 ALES- [ig3e rdlkennat hvsog.&g@,act and
non- cont act 't echni ques being used instead of either or both of the dose

i nspecti on shk& ARANEEH tAFd COMBY#BERI: confirmati on system 600, as well as in

combi nation with g &iitdien9hgbabluol e WishRMesRRECIBYEH: abhes Nat i ve
techniques are able t0 appropriately nonitor the pharnmacedtical product

bei ng procestH ofs tdesicegdier4svips bousysi2 3derepaTsasdodsFpenSiYy [ 00237] It

shoul d al S0 ReunQt o daRkebhent eagBagd illen presagead”, "third", “fourth®,
"upper”, "lower”, and'the |I|ike, are used hefein to nodify various el enents.

These nodifiers do not inply a spatial, sequential, or hierarchical order
to the nodified e enerie WRbesarusSPEEIdiLdl Iy, hakedn said

digpensing module has a positive digplacement pump.

3. The apparatus of claim 1, further comprising a
helding member that holds each of the carrier substrates,
wherein said dispensing module moves with respect to said

holding member.

4. The apparatus of claim 3, further comprising a
conveyor that moves said holding member along the

apparatus.

5. The apparatus of claim 4, wherein said holding
member continues to move along the apparatus as said
dispensing module dispenses the dosage onto each of the

carrier substrates.

6. The apparatus of claim 4, wherein said

dispensing module moves along an X-like path.
7. The apparatus of claim 1, further comprising &

drying system that dries the dosage on each of the carrier

substrates.
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[00238] Wiile the present invention has been described wth reference to
one or nore exenplary enbodinents, it w1l be understood by those skilled
in the art that various changes nay be nade and equival ents may be
substituted for el enents thereof w thout departing from the scope of the
present inY@ARISARS6? | n addition, many nodifications mBETHBSeMaH31% adapt a
particul ar situation or naterlal to the teachings of the disclosure w thout

departing fromthe scope jheleofus Breraboney, i Fukhet Né %M@ata the
present invention not be limted to the partlcular enbodi ment ('s) di scl osed

as the best heddéngceamesd| thaly haksts gk PhethaveRtTHor URStLCSde al |

enbodi ment s yhakkiAg9sue & héh 4y %ﬁé?lﬂféIOfcohEQnﬁcQEeﬂ@%v@'ﬂdfﬁg the WO
2005/ 123569 PCT/ U52005/ 020319 " WHAT | S CLAIMED | S . An apparatus for

produci ng pRRPEEEEUE| 88l Sadi cHUEING FYSteRcAThas Eh%a???%ﬁeéﬂb§¥¥%he and a

dosage, thesappar ah¥siSPPibSiFies. @ di spensing nodul e that dispenses the
dosage onto each of the carrier substrates, wherein said dispensing nodule

di spenses the dosage under pressure. 2. The apparatus of claim1, wherein

sai d di spensi nggodulge hgsp - A8 (dsv @14 APk ACRRBRE 1 RS d Jrylikg apparatus
of claiml1, further conprising a holding menber t hat_ hol ds each of the

carrier subsvFieBshas wRreyen sdiak ALSYeASEnEeAb R bk eBLal (49 FéSpect to
sai d hol di ng FBEDEErrfer T ADRATA 43 aﬁ:ychawaésa@élrther conprising a

conveyor that noves said hol ding nenber along t
10. The apparatus of claim 8, wherein said drying

system dries the dosage by use of infrared radiation.

11. The apparatus of claim 1,'further comprising a
coating system that applies a coating over the dosage on

each of the carrier substrates.

12. The apparatus of claim 11, wherein =said coating
system has a first pad-printing device that applies said

coating to each of the carrier substrates.

13. The apparatus of claim 11, wherein said coating
system has a spraying device that sprays said coating onto

each of the carrier substrates.

14. The apparatus of claim 12, further comprising a
holding member that holds each of the carrier substrates,
wherein said holding member continues to move along the
apparatus as said coating system applies said cecating to

each of the carrier substrates.

15. The apparatus of claim 12, further comprising a
coating dryer that dries said coating on each of the
carrier substrates.
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apparatus. 5,. The apparatus of claim4, wherein said holding nenber
continues to nove along the apparatus as said dispensing nodul e di spenses

t he dosage onto each of the carrier substrates. 6. The apparatus of claim
4, wherein said dispensing nodule noves along an X-like path. 7. The

appar at us Y@ 2005423591, further conprising a drying sysPemuskmsomsides t he
dosage on each of the carrier substrates. 76 WO 2005/ 123569

PCTI US2005/ 020319 8. The apparatus of claim7, further conprising a holding
menber that holds each of the carrier substrates, wherein said holding
menber continuesléo rﬁh@eQﬂRﬂﬁ?tmﬁeOfaﬁéai@théva%u%%hQFcﬁqu%}5§@§tén1dr|es

the dosage §B1886h nfpdNE1RAL HoAlusSUSH! Bt cehe LadhiARRRIALUR 0F ol a1 m

wherein said g%sten1has an oven that provides heat and air flowto
each of th@h@éiﬁﬂle-?a Bxalchings Megibgiry CORElERSRge MIe FHergppherat us of

claim8, \msffgheaﬁe @b dadrad ng co%m@m%éfsdw@s dosadeduk 4L off ehphr ared

radi ati on apparatus of cllaim'l, further conprising a coating
systen1thatOépbhﬁe@a%Fkﬁﬁuﬁqﬁfﬁﬁﬂéesthe dosage on each of the carrier
substrates. 12. The apparatus of claim 11, wherein said coating system has
a first pad-printing device that applies said coating to each of the
carrier substratdd: 1Bre BRPaRYasards cdpigl hi nfuntheh ey isding goating

system has RaSRIAY! Gy ALY 1Gat RYp19REAYA $4bsk CRRLANG P M KkesER Of the
carrier substrates.
each of the carrier substrates, wherein said marking
device is chosen from the group consisting of a second
pad-printing device, a laser marker, an inkjet device or a

rotogravure device.

18. The apparatus of claim 17, further comprising a
holding member that holds each of the carrier substrates,
wherein said holding member continues to move along the
apparatus as said marking device applies said

identification marker to each of the carrier substrates.

19. The apparatus of claim 17, further comprising an
ink dryer that dries said identification marker on each of

the carrier substrates.

20. The apparatus of claim 19, further comprising a
holding member that holds each of the carrier substrates,
wherein said holding member continues to move along the
apparatus as said ink dryer dries said identification

marker on each of the carrier substrates.

21. An apparatus for producing pharmaceutical
productthat each has a carrier substrate and a dosage, the
apparatus comprising:

a dispensing module;
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14. The apparatus of claim 12, further conprising a holding nmenber that

hol ds each of the carrier substrates, wherein said holding nenber continues
to nove along the apparatus as said coating systemapplies said coating to
each of the carrier substrates. 15. The apparatus of claim 12, further
conpri si ngV2 208456y dryer that dries said coating on PSTAS2QE/02088 carrier
substrates. 77 WO 2005/ 123569 PCTI US2005/ 020319 16. The apparatus of claim

15, further conpai abNgidgheéAbdg tRIDALIWBaLaBRl 85 caehcfridie carrier
substrates, wherein said _holding nenber continues to nove along the

appar at us asU®stgaEEafi Ag%dryer dries said coating on each of the carrier

substrates. 17. Rheoapeasat tita®imstadl Mald hultieg semPpér SAgha thwar ki ng
device that applies an Jdentification narker to ch, of the carrier

) C acn,
Substrat es, ARREFELRSsalBCREIKi 710 (HAPEB LY RALREE T HbIREIE LTSy consi sting

of a seconddopadePbhbbi 88cHeEyt Cthe &draSelr Babkeratas, i fkd ethdlevirce or a
rotogravure device, 18. The apparatus of claim 17, further conprising a
hol ding. mentier o ASLORBH EBEEH AN TINRISSalP BPVEUBLORG BRS SRRRIAE sai d

hol di ng nmenker seaat BAYESNS On N Al O shBAsedPPRE alitSags Gl amhki ng devi ce
applies said identification marker to each of the carrier substrates. 19.
The appar at & &PecFaFm-8Y, SERFt¥RFSSonprising an ink dryer that dries said
identification marker on each of the carrier substrates. 20. The apparatus

of claim19, further conprising a holdi nber that hoJ ds each of the
carrier substrat&€- hgpappara us of é%ag% g?, wﬁerefh saig

dispensing module moves with respect to said holding
member and said conveyor when dispensing the dosage onto

cach of the carrier substrates.

23. The apparatus of claim 22, wherein said

dispensing module moves along an X-like path.

24, The apparatus of claim 21, wherein said

dispensing module dispenses the dosage under pressure.

25. The apparatus of claim 21, wherein said dispensing

module has a positive displacement pump.

26. The apparatus of claim 21, further comprising a
drying system that dries the dosage on each of the carrier

substrates.
27. The apparatus of claim 26, wherein said holding
member continues to move along the apparatus as said

drying system dries the dosage on each of the carrier

substrates,
28. The apparatus of claim 27, wherein said drying
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wherein said hol di ng nmenber continues to nove along the apparatus as said
ink dryer dries said identification marker on each of the carrier
substrates. 21. An apparatus for produci ng pharnaceutical productthat each
has a carrier substrate and a dosage, the apparatus conprising: a

di spensi ng wipskgiss@d8 WO 20051123569 PCT/ US2005/ 020319 Pernghﬁyggggenber
that holds each of the carrier substrates; and a conveyor that noves said
i spenaes. t haYs BRR A5 o deh OO FESE o FPEI LT ArEE A kB e sai d
hol di ng menbes &8¢k | Afieshd GamVie ralsobgt Ehte apPArdtt T heaHosdigd . di spensi ng
nodul e di spenses the dosage onto each of the carrier substrates. 22. The
apparatus of claim 21, wherein said dispensing nodule noves with respect to
said holding nenper ark sgiphre@deydr cihen 2 spanstdic 96 adasggagonto  each
of the carrhgéﬁfégsﬁrate§#6%3k§%B§ Epgg%tg fgﬁﬁgfﬂ 22,. mggéein sai d

di spensi ng - Pk ath. . %ﬁﬂi%t s of claim 21,
wherein said dispensing nodul e di spenses the dosage under pressure. 25.
The apparatus of ¢laim. 21, wherein said_dispensin nodul e has ;a positive

di spl gcr:)errent punp3.026.T%@P£ﬁ¥é’ﬁ%‘tsu§%o?l%’lrr&?%'2fu %ﬂné%onb%l’rﬁﬁpggoﬁg a
drying systeab&ﬂeﬁi iy Qfert RO1d0SRP2 168 gagha®ind NEreiaryHeLdosaybSbhat es. 27,

The appar atus of clai.m 26, erein said holdin
PP each of the carfgér substrates. 9

31. The apparatus of claim 30, wherein said coating
systém has a coating device that applies said coating to
each of the carrier substrates, and wherein said coating
device is chosen from the group consisting of a first pad-

printing device or a spraying device.

32. The apparatus of claim 30, whereln said holding
member continues to move along the apparatus as said
coating system applies said coating to each of the carrier

substrates.

33. The apparatus of claim 30, further comprising a
coating dryer that dries said coating on each of the

carrier substrates.

34. The apparatus of claim 33, wherein said holding
member continues to move along the apparatus as said
coating dryer dries said coating on each of the carrier

substrates.

35. The apparatus of claim 21, further comprising a
marking device that applies an identification marker to
each of the carrier substrates, wherein said marking
device is chosen from the group consisting of a second
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menber continues to nove along the apparatus as said drying systemdries
t he dosage on each of the carrier substrates. 28. The apparatus of claim
27, wherein said drying 79 WO 2005/123569 PCUUS20051020319 system
conprises an oven that provides heat and air flow to each of the carrier
substrates to dry the dosage. 29. The apparatus of claim 27, wherein said
dryi ng syatieprdnicesgt devdesgge hnsese mafrkienfr ated nkaditatdesrice3®r Ehe
apparatus of claim 21, fyrther conprising a coating systemthat applies a
coating ov@FCPREVHEEaGEVIFe each of the carrier substrates. 31. The
apparatus of claim 30, wherein said coating systemhas a coating device
that applies said coating to each of the carrier substrates, .and wherein
sai d coating dévi c&hes apregatusr h Cchelgr dop MESTEIHY FGISt PRIGing: pad-

Printing dewiee ebndiSRiaYitdd it 68 ond? thEN@RRRARIS L0l m 30, wherein
said holding nenber continues to nove along the apparatus as said coating
syst em appkirgd ngaidgvicat iapp li@seseh dofi deing 1dacaitdion sgrdiarattes ea83. The

appar at us @f .¢l ai o r rising a coating dryer that dries said
coating oﬁ%egc ggk%ﬁgr %&%&ﬁgﬁ&gh'strates. 34. The apparatus of claim 33,

wherein said holding nenber continues to nove along the apparatus as said

coating dryer dries _said coating on each of the carrier suhst.rates. 35. The
appar at us of cggrnlg%P PRRET &t oﬁ%ri @ﬁ§‘§5’n§ %mfﬁkgﬂqﬁ¥%%ﬁﬁgéﬁblies an

identificankogriRikehalo dries said identification marker on each of

the carrier substrates.

38, The apparatus of claim 37, wherein said holding
member continues to move along the apparatus as said ink
dryer dries said identification marker on each of the

carrier substrates.

39. An apparatus for producing a batch of
pharmaceutical product that each has a carrier substrate

and a dosage of active agent, the apparatus comprising:

a dispensing module that dispenses the dosage onto
each of the carrier substrates, wherein a content
uniformity for the batch is less than 5% RSD where the
dosage of active agent is lesgs than 5 mg, or wherein the
content uniformity for the batch is less than 2% RSD where

the dosage of active agent is less than 10 mg.

40. A method of producing pharmaceutical product,
the method comprising:

providing a plurality of carrier substrates;

providing a dosage of active agent for each of said
plurality of carrier substrates; and

dispensing said dosage onto each of said plurality of

carrier substrates under pressure.

81



each of the carrier substrates, wherein said marking device is chosen from
the group consisting of a second 80 pad-printing device, a | aser marker, an
i nkj et device or a rotogravure device. 36. The apparatus of claim 35,
wherein said holding nenber continues to nove along the apparatus as said
mar ki ng device applies said identification marker to each of the carrier
substrates. 37. The apparatus of claim 35, further, conprising an ink dryer
that dries said%ldentis &gttt e 1682 1gh %ac heF eith SisRenemS ulftticat es.

38. The appRisaljes i&f qIdl B3 a ehensive saidhieldida Jiggher continues to

nmove al ong the apparatus as said Iink dryer dries said Identification marker
on each of the «carrier substrates. 39. An apparatus for producing a batch

of _phar maceuti g3l Pradule il £AGH 1P b CALdAL PUISIHALE nand, @ dosage

of active agent e ‘apparatus conprising: ‘a dispensing no a
di spenses thsades dge damico whddeh eafclt e cardrd erl vsaatisittnataefs ,carigrasi N a cont ent

uniformty for t%& batchtys Ies%:than 5% RSD where the dosage of active
agent is | SYOSHLT S ﬁﬁn(ﬁHW%%ré1ﬁKPﬁ% content uniformty for the batch is
| ess than 2% RSD where the dosage of active agent is less than 10 ng. 40. A

met hod of produci.ng pharnaceutjc roduct,, he nmet hod conprisin
provi ding a pl ufali t?h@f “@ﬁ?qcieroaijs %t‘g@s; w. -rhicﬁg%pg e d active
agent for er@df igAigbriiried idy aofc}ics%féﬂsqrngwtbﬁﬂai egiatigbwlispensi ng said

dosage onto each of said plurality o
along an X-1like path.

44, The method of claim 41, further comprising
drying said dosage on each of said plurality of carrier

substrates.

45, The method of claim 40, further comprising
applying a coating over said dosage on each of said

plurality of carrier substrates.

46. The method of claim 40, further comprising
applying an identification marker to each of said

plurality of carrier substrates.

47. A method of producing pharmaceutical product
comprising:

providing a plurality of carrier substrates;

providing a dosage of active agent for each of said
plurality of carrier substrates;

moving said plurality of carrier substrates in a
direction; and

dispensing said dosage onto each of said plurality of
carrier substrates while said plurality of carrier

substrates continues to move in said direction.

48. The method of claim 47, wherein dispensing said
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carrier substrates under pressure. 81 41. The nethod of claim 40, wherein

di spensing said dosage is done by a positive displacenent punp. 42. The

nmet hod of cl aim40, wherein dispensing said dosage is done while each of
said plurality of carrier substrates continues to nove. 43. The net hod of
claim42, wherein dispensing said dosage is perfornmed by a di spensing
nmodul e t halosmaees s adlcowy vadleX: Indespateh. 44. The nethod of claima4l, further
conprising drying said dosage on each of said plurality of carrier
substrates. 45. The nethod of claim40, further conprising applying a
coating over saiod dategenevh@AGt aflasian d7 pluiteatditry difsmoargirgy sailbtrat es.

46. The net hod of, claim40, further, conprisin applying an identification
mar ker todté’é(?lgeoflss ¢ YuraaIRQthfvecggﬁp;ﬂc%?&I&Pé%/@' 47. A nethod of
produci ng pharnmaceutical product conprising: providing a plurality of

carrier substrates; _providing a dosage of active agent for, each of said
plurality of cadi eMhuBaFaELt RIAWY Sai AALRE I HPRANTRT (S Subst r at es

ina direddn antdliapensd 19, stidh 4ospose Pridneas i splwbpl urality of

carrier substrates while said plurality of carrier substrates continues to
move in s&lerng eecti-diketPatihe met hod of claim47, wherein dispensing said
82

51. The method of claim 47, further comprising
drying said dosage on each of said plurality of carrier

substrates.

52. The method of claim 47, further comprising:
applying a coating over said dosage on each of said

plurality of carrier substrates.

53. The method of claim 47, further comprising
applying an identification marker to each of said

plurality of carrier substrates.

54. A method of producing a batch of pharmaceutical
product comprising:

providing a plurality of carrier substrates;

providing a dosage of active agent on each of said
plurality of carrier substrates; and

dispensing said dosage onto each of saild plurality of
carrier substrates with a content uniformity for the batch
being less than 5% RSD where the dosage of active agent is
less than 5 mg or with the content uniformity for the
batch being less than 2% RSD where the dosage of active

agent is less than 10 mg.

55. A method of producing pharmaceutical product

comprising:
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~dosage 15 done under pressure. 49. The nethod of claim 47, wherein

di spensing said dosage is done by a positive displacenent punp. 50. The
met hod of claim47, wherein dispensing said dosage is perforned by a

di spensi ng nodul e that noves along an X-like path. 51. The method of claim
47, further conprising drying said dosage on each of said plurality of
carrier substrates.. 52. The nethod of claimA47, fyrther conprising

appl yi ng a coat ¢ S& & YR leddt ot a4Psiahedity of carrier

substrates. 53. pk inEtrpd Hoddd B hctfidfd hefertOMYt ddth AP an
identification marker to each of said plurality of carrier substrates. 54.

A net hod ofPp¥Edudivh®la P OIS YRERTA&S Ut i cal  product conpri si ng:

providing a pl ugdlddue ¥y Gald igHa SHR&GAIES: priicMddi b ogage of active
agent on each of said 51urallty of carrier substrates; and dispensing said
dosage ont ®lageEd idly i FgUrel ixypsoirates rnst spushtderage i Retistnt ent

uni form tylafeg%;n% %ﬁl}? ch C&Eﬁq?hdﬁ?fm;%m where the dosage of active

agent is ng or content uniformty for the batch being
| ess than 2% RSPpmwherdindendosiage afmtastli vieor dgentphisrnassutiznl 10 ng. 55. A
met hod of produci.n har maceuti cal, product _conprising: 83 providing a
plurality g:}r cag G4 girlprgu%tsraajt esc;ontplrrbl*ﬁucﬁ r‘?groa_ce oss'age of active agent for

each of said
56. The method of claim 55, further comprising
dispensing under pressure said dosage on each of said

plurality of carrier substrates.

57. The method of claim 55, further comprising
dispensing said dosage on each of said plurality of

carrier substrates by a positive displacement pump.

58. The method of claim 55, further comprising
drying said dosage on each of said plurality of carrier

substrates.

59. The method of claim 55, further comprising
applying a coating over said dosage on each of said

plurality of carrier substrates.

60. The method of claim 55, further comprising
applying an identificaticon marker to each of said

plurality of carrier substrates.
61. The method of claim 5%, wherein the
pharmaceutical product has a batch that is produced with a

content uniformity for said batch of less than 5% RSD

where the dosage of active agent is less than 5 myg.

62. The method of claim 55, wherein the
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plurality of carrier substrates; producing the pharnmaceutical product from
said plurality of carrier substrates and said dosage of active agent using
a continuous process; and providing quality control for the pharmaceuti cal
product during said continuous process. 56. The method of claim55, further
conprising dispensing under pressure said dosage on each of said plurality
of carrier substrates. 57. The nethod of claimy55, further cogprisin
dispensingZéERQW%ﬁﬁﬁﬁﬁpéthﬁﬁ:u%ﬁ %ﬁﬁcFmF?ﬁéﬁiT@a%flsc%f?é%?e d%%??a%es by a
positive disgtiogenanti P cypSfod hea i@t hwekiof o £1 Bé 4’ SShah UR% hRgD Cconpri si ng
drying said dosage on_each of said, plurality, of carrierql sgbstrates. 59. The
n

met hod of CTRETR 551 fIRT3SF BT iLTRP I §F NS ¢ ng® Ner sai d dosage

on each of said plurality of carrier substrates. 60. The nethod of claim
55, further corrprisir}g%I applying an identification marker to each of said
plurality of car®}er AubaRrafabus 680r PECHE HYY PRaETaFPEECahherei n the

phar maceut j od ha ; i u WL L ent
unifornitybggbuggde%chhﬁg rP%E%HFEE%ESQ?%%%?gwﬁggéthg Sgggggkof active
agent is | esbsthanesand. ac2osThe mét hotive ebanth S5hewasperatilse 84
pharnaceutkﬁﬁ#rggggagt has a batch that is produced with a content
uniformty Tor Said”batch of |less than 2% RSD where the dosage of active

agent is |ess thandidpaysing. syt appbonat dissiets pugdice ndopdae nateut i cal
active agent onto each of the carrier substrates; and

a dosage monitoring system for determining a first
amount of the dosage of active agent for each of the

pharmaceutical product.

64. The apparatus of claim 63, wherein said dosage
monitoring system comprises a dose inspection system for
determining a second amount of the dosage of active agent
that is being added to each of the carrier substrates by

said dispensing system.

65. The apparatus of claim 64, wherein each of the
carrier substrates moves continually along the apparatus
as said dose inspection system determines saild second

amount of the dosage of active agent.

66. The apparatus of claim 64, wherein said
dispensing system dispenses the dosage of active agent as

a droplet.
67. The apparatus of claim 66, wherein said dose
inspection system comprises a camera or video recording

device and a flow cell,

68. The apparatus of claim 67, wherein said dose

inspection system further comprises a trigger operably
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product, each pharnmaceutical product having a carrier substrate and a
dosage of active agent, the apparatus conprising: a dispensing systemfor

di spensi ng the dosage of active agent onto each of the carrier substrates;
and a dosage nonitoring systemfor determning a first anmount of the dosage
of active agent for each of the pharmaceutical product. 64. The apparatus

of cl ai m @@¥nneaeed itosaad desapd dmm'ztagr i@l S§strert ergird sas gyadose
i nspection s%éﬁen1for determ nin second Eﬂfunt of. the dosage of active
agent t h&CHQYESE F§180 FFE S4c Qq FECHITE <GS e LHPI & d

di spensi ngig¥%t 8Magkd ofThe iapRB1wE: din-ghdightt4, wherein each of the
carrier substrates noves continually along the apparatus as said dose

i nspection system determ nes said second amount of the dosage of active

agent. 66. The s@ppaﬁ@fél%ﬁﬂarcét%smoff‘l’cl‘é(‘l?r[ %'8“ R nd SREGSNG Ry $f em

di spenses the dosage of acCtive agent as droplet. 67. The apparatus of
cl ai m 66, haisiigion mexberddee Halshest |€@¢1‘S)Psft drhec s ises salsdm@tesor  vi deo

recordi ng i f T A wherein
sai d dose i népg% C%ySCHM/ #fﬁ%?égékggigggﬁéa%#ﬁﬁﬁirqégi a y 85

connect ed a@@a&mt@hsw ol resie rsa, 1 carimb Iwtierce imersedd mavigpy erontactusdiles sai d
canera or video.recaordin deV|ce to in.a flrst i ma of said dropl et
in-f1ight 21689 FE 459 % &pgﬁ%gﬁ%a hol di ng
menber forde}t@xdiim@se&tafid)fsetdwld:armmﬂft ﬁﬂDSiIreiaRRBsage of active

agent.

70. The apparatus of claim 66, wherein said dose
inspection system obtains a first image of sailid droplet
in-flight and determines said second amount of the dosage
of active agent that is being added to each of the carrier

substrates based at least in part on said first image.

71. The apparatus of claim 63, wherein said dosage
monitoring system comprises a dose confirmation system for
determining said first amount of the dosage of active
agent that has been added to each of the carrier
substrates by said dispensing system, and wherein said
dose confirmation system performs spectroscopy on each of
the carrier substrates to determine said first amount of

the dosage of active agent.

72. The apparatus of c¢laim 71, wherein said
spectroscopy is taken from the group consisting
essentially of near infrared, mid-infrared,
ultraviolet/visible, fluorescence, laser induced
fluorescence, Raman, terahertz, and any combinations

thereof.
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and a conveyor for noving said holding nenber along the apparatus, wherein
sai d hol di ng nenber noves .continually along the apparatus as said dose
i nspection system determ nes said second anmount of the dosage of active
agent. 70. The apparatus of claim®66, wherein said dose inspection system
obtains a first imge of said droplet in-flight and determ nes said second

amount of the dgsagghedfargeivateisagaiclziad 7i1s keidigiadded & @gach of the
carrier substrates based at |east in part on said first inmage. 71. The

appar at us SOPEFTRHET SMFdET) hagaiad CERGTA Y Vg AR ERASHR ses a

dose conf igeRAldc0F o3y PRifing GetRidind Nehatrl G if idaxih IWUHe fartlierdosage of
active agent that has been added tqo each of the carrier substrates by said

di spensi nFUpEaReSan@Nth etEne ignis@ 1 dd 650s & o firama top s \Btss@ber f or ns
Spect r 0SC Ry : h_o : ryd Ly t i jd first
anount of tegﬁl glg%gg gﬁ‘ostggﬁio\q/g Cgéggcahté%.a ?a&%a%g%ﬁﬂoﬁcﬁgiié?n 71,
wher ei n saicsagspedt thec@uciive tealemt foromadie off dlie eensiisti ng  essential ly

of near infrared, md-inf req%. | travipl.et/visible, fluorescence, |aser
i nduced %Iutﬁ?%’rtgggeen@c%,as%adn%ﬁ aelrdajlﬁeer {l,doéﬁl gaen'y conbi nati ons thereof. 86
73. The apparatus of claim 71, wherein said dose confirmation system has a

second canera qQr, video recordin vi.ce f obt ai ni,ng a secq i mage of
each of the ca%réli_'e_r%%seuﬁﬁgaftae@“,% f%%rb%rﬁ 'sé{‘fth(?%gecaéﬁ}ior%eon system
det er m negaa ey Suds tefatldie dinRAGRIY B e RURL g the Hasaeswf the
active agent on each of_the carrier |, ) , .

as sald second camera or video recording device obtains

said second image.

75. The apparatus of claim 63, further comprising a
drying system with drying monitors, wherein said drying
system dries the dosage of active agent on each of the
carrier substrates and said drying monitors obtain drying

conditions for the carrier substrates.

76. The apparatus of claim 75, wherein said drying
conditions are taken from the group consisting essentially
of temperature, alir-flow rate, humidity, radiation,

product surface temperature, and any conmbinations thereof.

77. The apparatus of claim 63, further comprising a
printing system for applying an identification marker to
each of the carrier substrates, and a third camera or
video recording device for obtaining a third image of said

identification marker for inspection.
78. The apparatus of claim 77, wherein each of the
carrier substrates continues to move along the apparatus

as said third video camera obtains said third image.

79. The apparatus of claim 63, further comprising a
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substrates based on said second inage. 74. The apparatus of claim73,
wherein each of the <carrier substrates sontinues to nove al ong the
apparatus as said second canmera or vidgo recording device obtains said
second i mage. 75. The apparatus of claifm 63, further conprising a drying
systemwi th drying nonitors, wherein said drying systemdries the dosage of
active agéntldimeeaintefr t ke corarevic ssitbs riatasianghrsatad alf yirgeooni tor s

obtain dryin cond iaons for the carr,ier supbstrates. 7. The apparatus of
& m 75, HRHERS ALY fpe i Ao B R B G
consi sti ngfeggRNtdaaidier fuliarad Ungherdliir fd0W rdtdrfseJidmnghdas radi ation,
product surface tenperature, and any comnbinations thereof. 77. The appar at us

of clai m 62id Raldng SHeFey g o &h%ﬁ%%%mw hareighISAlY a
i dentificatdon w%ra!ﬁ%dré Qr QAP d - Ldld 'cferm%@%ﬂ@él% @%Lﬁré}h' rd camera

or video recording device for obtaining a th i mage of said
i dentifi cdmiage e leaclf @t m@awmmr ‘ﬁslbsmt@moafrcm m@&ﬁeqﬂmnn 77, wherein

each of t [ %HB t atus as
said thir %d §r§§mra 0 tal ns llggﬁ%cfl%ﬁfsd o%ég{‘ﬁ%a;‘é ihe appara us of claim
63, furt hehsqmnsmr@ rsgr:ﬂ:enB?adamrg‘ ity doevdey | ofa acomivey grgeartd ta fourt h

canera or Vvideo cord deV| rein said hol di ng nenber hol ds each
of the carfi< g? éhﬁg} égqF%g%qf ‘conveyor noves said hol di ng nenber

al ong the apparatus, mhereln said fourth canera or video recording device

obtains a fourth 1image of each of the carrjier substrates for Jinspection,
80. An apparatus for producing a pharmaceutical

product, the pharmaceutical product each having a carrier
substrate and a dosage of active agent, the apparatus
comprising:

a dispensing system that adds the dosage of active
agent to each of the carrier substrates; and

a dosage confirmation system that performs real-time
monitoring of said dispensing system to determine a first
amount of the dosage of active agent for the

pharmaceutical product.

81. The apparatus of claim 80, further comprising a
dosage inspection system for performing real-time
monitoring of said dispensing system to determine a second
amount of the dosage of active agent that is being added

to each of the carrier substrates.

82, The apparatus of claim81l, further comprising a
control system for performing real-time control of said
dispensing system based at least in part on said real-time

monitoring.

83. The apparatus of claim 82, wherein said real-

time control comprises adjusting said second amount of the
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and wherein said fourth inage is obtained prior to said dispensing system
addi ng the dosage of active agent to each of the carrier substrates. 80. An
apparatus for producing a pharmaceutical product, the pharnmaceuti cal

product each having a carrier substrate and a dosage of active agent, the
apparatus conprising: a dispensing systemthat adds the dosage of active
agent to each of the carrier substrates; and a dosage confirmation system

t hat perfo@ﬁ%aQ%antﬁﬁElvﬁDﬁQ?BFiHbaéfl§ab@lﬁgsﬁéﬁggnéos?§€En9fothéternine a

first amougt,.of.tbendpsagesof active agent for the pharmaceutical product.
81. The appargtug %?bcﬁa?n1§0, further conprising a dosage inspection

systemfor performng real-tine nonitoring of said dispensing systemto

determ ne a secgpd u S . of ,act ] nt._.tRhat Ls_being added
o oach of the earri CH8oTbefrabls 328958 a3t B R0A b kent -2l (e
conpri si ngtémecoohtoblsyshpmifes péitietimggarpakitior odnthel dokagai d

di spensi ng_system based at least _in t on_said real-ti nonitoring. 83.
The appar aPheabr L KFandrab, a0AeRerR S2FA PRaFict FAETAGH! POPSEORBFFses
adj usting said second anount of the 88 dosage of active agent that is being

added to each of the_ carrier substrates. 84._ The apparatus of claim 82,
wherein said re8P: tRnBeEBAE, 8F PERPIFERE FURLEEYNGORTEBSI £PEN20f the dosage

of active gagphaaddedch? Rachinb thepeakihgt substrates. 85. A nethod of
providing quality control for a .
determining an amount of a dosage of active agent
that is being added to each of a plurality of carrier
substrates that is processed by the pharmaceutical

machine.

86. The method of claim 85, further comprising
obtaining an image of a droplet of said dosage of active
agent that is being added to each of said plurality of
carrier substrates by the pharmaceutical machine and
determining said amount of said dosage of active agent
that is being added to each of said plurality of carrier

substrates based at least in part on said image.

87. The method of claim 86, wherein said image

is taken in-flight.

88. A method for producing pharmaceutical product
comprising:

providing a plurality of carrier substrates;

providing a dosage of active agent for each of said
plurality of carrier substrates;

adding said dosage of active agent to each of said
plurality of carrier substrates; and

performing real-time monitoring of said adding of

said dosage of active agent to determine a first amount of
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pharmaceuti cal machi ne conprising: determ ning an anount of a dosage of
active agent that is being added to each of a plurality of carrier
substrates that is processed by the pharnmaceutical machine. 86. The net hod
of claim85, further conprising obtaining an inage of a droplet of said
dosage of active agent that is being added to each of said plurality of

carrier substrates by the pharnmaceutic hi ne _and det.ermini ng said
arount of SArY §9SAYE 5’% EGHVE SFERT %Jt%gt%%ies pg’&rﬂ"ﬁlcfd%&(fa?o each of said
plurality @fkodaktki.er substrates based at |east in part on said image. 87.

The met hod of claim 86, wherein said image is taken in-flight. 88. A nethod
for produci ng pharmaceutical product conprising: providing a plurality of

carrier substraiges; TROVISHNRE »dRI3de @fs, agldrfdradent e -edel of said
plurality of carrier substrates; adding said dosage of active agent to each

of said  pFOPAIOETSr ofasriel aiHag afesaishdosedconh fFtiom adams
moni tor i g of geRlllrAdd RO dlcortpihORAGE YaiddNRAIYE ddtidel ermine a

first amount of 89 sai osage of active agent for the pharnaceuti cal
product. 8@gecTite tngtthdd deigicniadidgg teecobnialg sedal plivnal ivohiafori ng of
said addin f .sal f active agent to determ ne a second anount of
sai d dosag%agflggi%yg%%gégﬁ%'that is being added to each of said plurality
of carrier substrates.

90. A monitoring system for a pharmaceutical machine
which produces pharmaceutical product, the pharmaceutical
product each having a carrier substrate and a dosage of

active agent, the system comprising:

a dose confirmation system operably connected to the
pharmaceutical machine, said dose confirmation system
determining an amount of the dosage of active agent that
has been added to each of the carrier substrates by the
pharmaceutical machine, wherein said dose confirmation
system performs optical profilometry on each of the
carrier substrates to determine said amount of the dosage

of active agent.

91. The gystem of claim 20, wherein said dose
confirmation system performs said optical profilometry
while each of the carrier substrates continues to move

along the pharmaceutical machine.

92. A pharmaceutical machine which produces
pharmaceutical product, the pharmaceutical product each
having a carrier substrate and a dosage of active agent,
the machine comprising:

a dispensing system for adding the dosage of active

agent to the carrier substrate; and
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90. A nmobnitoring systemfor a pharmaceutical machine which produces

phar maceuti cal product, the pharmaceutical product each having a carrier
substrate and a dosage of active agent, the system conprising: a dose
confirmation system operably connected to the pharnaceutical nachine, said
dose confirmation system determ ning an anmount of the dosage of active

agent that has been added to each of the carrier substrates by the

phar maceutical fa Sﬁb°Qﬁ%&§¥%¥%ﬁ¥(f%ﬁiﬁ?(ﬁ%ﬁ|QQﬁﬁrWﬁP1§§§?b e or s
optical preff toreldosaeR ATkt ddhagesal et sty sddaedeierddde said
anount of the dosage .of active agent. 91. The system of claim90, wherein

sai d dose OdofFier FREEHPTs PishEsdFor hesgia @ﬁt%dcﬁosﬁ’r SIGHRRARE Otwhi | e

each of the Gl SerFHRSly FRS ANHES R tTRY &n &L Jihahar maceut i cal
machi ne. 927 A phar maceuti cal machine which produces pharmaceutical

product , W@reh@rnﬁ@é@tﬁr@é]esprt@daﬁteéf&eﬁle [F@dich g ugdr dferthausasemee and a
dosage of a %gfgg, d he machine conprising: a dispensing system for
addi ng t he osage ctive agent to the carrier substrate; and 90 a dose
confirmation system for determning an armunt of the dosage of active agent

t hat has been a each t ar.ri St es,_.wherei n said dose
confirmation g@tem e%'f%’lrc optoir}ﬁzﬁ abllmo |2I ‘orfe ?}rfy}eltéln S,eaéLV%ju 6T he carrier
substrat es domfdetrertmdﬁe s':gmuénammrﬁomfs e A esadgealofprachileneagent . 93. The
machi ne of im92 n sai d dose., confirmatign system performs sai d
Opti cal pr q&Tﬁa[c;p e carriler substrates continues to mov

along the pharmaceutical machine.

94. A method of providing gquality control for a
pharmaceutical machine compriging:

performing optical profilometry on pharmaceutical
product that is processed by the pharmaceutical machine;
and

determining an amount of a dosage of active agent
that has been added to a plurality of carrier substrates
by the pharmaceutical machine based on said optical

profilometry.

95. A pharmaceutical product comprising:

an active agent; and

a carrier substrate for holding said active agent and
having a first recess, wherein said active agent is
disposed substantially in said first recess, and wherein
there is substantially no absorption of said active agent

by said carrier substrate.

96. The product of claim 95, wherein said active

agent is formed into a film on saild carrier substrate.
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whil e each of the carrier substrates continues to nove along the

phar maceuti cal machine. 94. A nmethod of providing quality control for a
pharmaceuti cal machi ne conprising: performng optical profilonmetry on
pharmaceutical product that is processed by the pharnaceutical nachine;
and determ ning an anount of a dosage of active agent that has been added
to a plurality qQf caryier supstrates . hy the pharnmaceuti.cal chi ne based on
sai d opti cal p%gf‘i | St Wo%t ngﬁ&ﬂ?éb@gt’i SRS Ft (?r‘r%‘rilivsq ng: an
active ageiigentnd sa e@dzicRied Ubsta alod viverr Hdlldi ro SRiid acddnieragent and
having a first recess, wherein said active agent is disposed substantially
in said fiF?%SFé@§§§, and wherein there is substantially no absorption of
said active agent by said carrier substrate. 96. The product of claim 95,
wherein said active agent is forned_into a filmon said carrier substrate.

91 97. The proddét ofthe FHAVEL WHercdicdMsdicd aTRREn £fddt 3% 18R rapped in a
pol ymer fi ljp-0n 3 d ﬁﬁfx'aq‘rity“bﬁtarcacti%e Wrenthe diAduGle FHorGld M,

wherein said active agent iIs a urality of active agents that are forned
into a pla alurgldfeyf idfms ilagerled aned and sead i@r Eiass taudistrad® . The
product of claim95, wherein said active agent is first and second active
agents, wherein said carrier substrate has first and second surfaces that
are opposite t@%aciThet parodartdt hefy e faims 19 Sgnavhsereomd sredck ssesive

agent is first and second active agents, wherein said

carrier substrate has first and second surfaces that are
opposite to each other and have first and second recesses,
respectively, wherein said first active agent is formed
into a first film substantially in said first recess, and
wherein said second active agent is formed into a second

film substantially in said second recess.

100. The product of claim95, wherein said first

recess is substantially smoothly concave.

101. The product of claim 99, wherein said first and
second recesses define volumes that are substantially

equal to each other.

102. The product of claim 99, wherein said first and

second recesses are substantially smoothly concave.

103. A pharmaceutical product comprising:

an active agent; and

a carrier substrate for holding said active agent,
saidcarrier substrate having a first surface with a first
recess formed therein, wherein said active agent is at
least partially disposed in said first recess, and wherein

said active agent is formed into a film.
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respectively, wherein said first active agent is fornmed into a first film
substantially in said first recess, and wherein said second active agent is
formed into a second filmsubstantially in saird second recess. 100. The
product of clainm5, wherein said first recess is substantially snoothly
concave. 101. The product of claim99, wherein said first and second

recesses define vo] unes .t hat., ar ubst anti al | to each. ot her. 102.
" The product of c]tf% 9% b%‘él?e?ﬁ @?ﬁlﬁnaﬁ?‘é %Jd pj&%@%ﬁﬁ CRIREERL Y e
substantial ly sraihiyaTdhgaye. cdfBieA PGS MBLELE | ot peQdbiChaeengri si ng:

an active agent; %ﬁg a carrier substrate for holdlng sajd active_agent,
sai dcarri erdQ{aEe r ARV RPIERE r HRERFRR GRPRECAL FiRETOrPLREEO or med

therein, wheieighsah diacidys agentss SRad whepsttpardbshyy dispesesein said
first recess, and wherein said active agent is formed into a film 92 104.

A batch of Wt?rab%uﬁ%%l thaducdtYconprising: a plurality of carrier
substrates that each have a dosage of active agent, wherein a content
uniformty for the batch is |ess than 5% RSD where the dosage of active
agent is |less thadb5 Pe hﬁﬁthmﬁ bheth P4 clweherdaDa, eatleref nsa@adh of said

blural ity ofy cArTies sHbstinles hos.a (Listnsurtage, and, yheLel g gai d

active age n1d|spose on” sail surface. 106. The
product of wheﬁenﬂiﬁhldWEmEﬂvesagdntais|Emrms@bsmtata hakmadispssedecess,

and wherein sald(gcéjve i s disposed substantially in said first
r ecess. on sal irst s ace

106. The product of c¢laim 105, wherein said carrier
substrate has a first recess, and wherein said active

agent is disposed substantially in said first recess.

107. A batch of pharmaceutical product comprising:

a plurality of carrier substrates that each have a
dosage of active agent, wherein a content uniformity for
the batch is less than 2% RSD where the dosage of active

agent is less than 10 mg.

108. The batch of claim 107, wherein each of said
plurality of carrier gubstrates has a first surface, and
wherein said active agent is formed into a film disposed

on said first surface.
109. The product of claim 107, wherein said carrier
substrate has a first recess, and wherein said active

agent is disposed substantially in said first recess.

110. A method of delivering an active agent to a

patient compriging:

providing a carrier substrate that holds the active
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~107. A batch of pharmaceutical product conprising: a plurality of carrier
substrates that each have a dosage of active agent, wherein a content
uniformty for the batch is |ess than 2% RSD where the dosage of active
agent is less than 10 ng. 108. The batch of claim 107, wherein each of said
plurality of carrier substrates has a first surface, and wherein said
active agent is forned.,intgo a filmdisposed .qn said_ first surface, 109. The

product of 28FREm THRL Siffe F&iST S diSd SPhSHARE Laddiys BCa CERIP T Y o ess,

and wher ei Rcsaived aglnte bya@enly icsrdiisRosestHascantandl hihdrikigaiskifd r st
recess. 110. A nethod of delivering an active agent to a patient
conprisingﬁcﬁﬂﬁﬁiéﬁﬁ@tal@aﬁﬁ@ﬁap§ﬁ%%ﬂpa@eppﬁépeﬁbﬁﬁéﬁtHéléb#ﬁ@@t 93 agent,

wher ei n t hee fhgSWRStanty alshy-iRe- %%&%%E%k%ﬂ of the active agent by said
carrier substrate, and wherein sai active agent is entrapped in a polyner

filmon a first surface of said carrier substrate. 111. The nethod of claim

110, further conpki si f ! inn i ri ate and

di sposi ng saidqg%fi32Q35§%%ﬂ%£g§§fg%§§§2§33 %%f%hﬁgaé#ﬁgﬁ§%$§%gnufacturing
a batch of fophmdarwmeecutticeals prodedtd cenpriiesi sgbsftoraren gineh el ggleesrimaceut i cal
pr oduct mﬁth.%.do age of ctiveagﬁgnt of less than 5 ng, wherein a content
uni f or mi ty °P3F Bt 8RS 11§ A S59%°R3D. 113. The method of claim 112,

further conprising providing a carrier substrate that holds said active
agent,  whereln tgr el 5 SRRl A LAY A5 O WY o
pharmaceutical product comprising:
forming each pharmaceutical product with a dosage of
active agent of less than 5 mg, wherein a content

uniformity for the batch is less than 5% RSD.

113. The method of claim 112, further comprising
providing a carrier substrate that holds said active
agent, wherein there is substantially no absorption of

said active agent by said carrier substrate.

114. The method of claim 113, further comprising
forming said active agent into a film disposed on a first
surface of said carrier substrate to hold said active

agent.

115. The method of claim 113, further comprising
forming a recess in said carrier substrate and disposing

gsaid active agent in said recess.

116. A method of manufacturing a batch of

pharmaceutical product comprising:
forming each pharmaceutical product with a dosage of

active agent of less than 10 mg, wherein a content

uniformity for the batch is less than 2% RSD.
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said active agent by said carrier substrate. 114. The nethod of claim 113,
further conmprising formng said active agent into a filmdisposed on a
first surface of said carrier substrate to hold said active agent. 115.
The nethod of claim 113, further conprising formng a recess in said
carrier substrate and disposing said active agent in said recess. 116. A

nmet hod of manufacturi a batch o har npceut j cal. product coppri si ng:

formi ng each phg]r]_rr—gt:eﬂ?? é&?&’)‘?‘goﬂétc :_trﬁnﬁlgos %tlae?r RARPVE Hént of |ess
than 10 ny,py¥ReI@iny & CoMtendr sibd OFatd Vehdf hdeadatghai sctess than 2% RSD.
94 117. The met hod of c|aim 116, further conprising providing a carrier

substrate t3R8Nho|WREERIR HReTGels Fjeh tahkrbln BheplesPerimat@htial Iy no

absorption Of; 3 saidh RCtd yen @aeNt s DY S@h B Lo ré @b SEbstrate. 118. The net hod
of claim 117, tfurther conprising formng said active agent into a film

di sposed on a first surface of said carrier substrate to hold said active

agent. 119. The hogd, of g%ﬁé&1&g7cléfmp%?ifCfﬁg%ﬁéfngo?%gég}% a recess in

said carrier substrate an I Sposi ng sai ct1ve agen recess. 120.
A phar maceufoomingromiuttadvivedadsnia priocesstibonrssongd ohspehsiany under

Clbstrat eo, S ISECARKE PTG Of LEF o i 00 Corer dREdar - Aokt F e ori ed on

each of saiaggitirality of carrier substrates by a

119. The method of claim 117, further comprising
forming a recess in said carrier substrate and disposing

said active agent in said recess.

120. A pharmaceutical product formed by a process
comprising:
dispensing under pressure a dosage of active agent

onto each of a plurality of carrier substrates.

121. The prbduct of claim 120, wherein said dosage is
dried on each of said plurality of carrier substrates by a

drying system that provides heat and air flow.

122. The product of claim 120, wherein said dosage on
each of said plurality of carrier substrates is covered by

a coating.

123. The product of claim 120, wherein said dosage
is at least partially absorbed into a matrix of each of

said plurality of carrier substrates.
124. The product of claim 120, wherein each of said

plurality of carrier substrates has an indentification

marker applied thereto.
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drying systemthat provides heat and air flow 122. The product of claim
120, wherein sai.d dosage on each of said plurality of carrier substrates is
covered by a coating. 123. The product of claim 120, wherein said dosage

is at least partially absorbed into a matrix of each of said plurality of
carrier substrates. 124. The product of claim 120, wherein each of said

plurality of carrier subst.rates has an indentification  marker applied
Pher et o, " 95 158128 b FEOERG 0% CURTRBH T2 R e IR S G i ch
produces phairhc gebidtidlesp phdittdacdutd dalapiackidt, calhe pieduciceeadaiavi ng a

carrier substrate and _a _dosage of active agent, the system conprjsing: a
dose confi PFREVGH §7sPem] a@lfaéﬁﬁﬁ§b§éggﬁﬁaﬁﬁbaﬂﬁﬁgrﬁﬁ@@ﬁﬁi@ | machi ne,

sai d dose @gERfiNBR S ¥t By A dorgialy .anount of the dosage of active
agent that has been added to each of the carrier substrates by the

pharmaceuti cal machine, wherein said dose confirmation system performs
Spect r 0Scopy 0N se3el Ot AR syt 8 Bq dRBIENR S drmount of
the dosage of active agent. 126. A nonitoring systemfor a pharmaceuti cal
machi ne  wiphelrmgcetirdes lomacringr & 3pkadesce ondalrmradc sysdagh of  the
phar mceut WEleAI00UE DIUGAR G3 Y e ale ANy dasaog.al act] ve
agent, the system conprising: a dose conflrmation system operably connected
to the phaarabesn eadldathdu rachs aifd tihes eagorifanr matkhisoraest oy tdhet er m ni ng
an anount of the dosage.of _act.ive agent .that . been ded .t.0 t he
phar maceut Ip rw&a%&%,almélﬁlegai erein sa:.dhadsose conliirmation

gystem performs spectroscopy on each of the carrier

substrates to determine said amount of the dosage of

active agent.

126. A monitoring system for a pharmaceutical machine
which produces one or more pharmaceutical product, each of
the pharmaceutical product having a carrier substrate and

a dosage of active agent, the gsystem comprising:

a dose confirmation system operably connected to the
pharmaceutical machine, said dose confirmation system
determining an amount of the dosage of active agent that
has been added to the pharmaceutical product, wherein said
dose confirmation system performs near infrared
spectroscopy on at least one of the pharmaceutical product

to determine said amount of the dosage of active agent.

127. A pharmaceutical machine which produces one or
more pharmaceutical product, each of the pharmaceutical
product having a carrier substrate and a dosage of active
agent, the machine comprising:

a dispensing system for adding the dosage of active
agent toc the carrier substrate; and

a dose confirmation system for determining an amount

of the dosage of active agent that has been added to each
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dose confirmation system perforns near infrared spectroscopy on at |east
one of the pharmaceutical product to determ ne said anount of the dosage of
active agent. 127. A pharnaceutical nachine which produces one or nore
pharmaceuti cal product, each of the pharnmaceutical product having a carrier
-substrate and a dosage of active agent, the nmachine conprising: a

di spensi ng em for ,addi ng the dosage of .active ent to . the carrier
substrate; 0%% E@gél@&nﬁu%?ﬁa&?ssy S S(i’étdelﬁarﬂ P BRSEAE of the
dosage of agisivem a@eiFornhatsdias Merppdded daeteagh t1R6 @frdike carrier
substrates, wherein said dose confirmation system perforns spectroscopy on
each of th&YEEtEREes SehASTREE NS SFte FRME s A Wik isade tHe dosage of

active ageRi-t;ii2Baddgrhar maceuti cal machi ne which produces one or nore
pharmaceuti cal product, each of the pharnmaceutical product having a carrier
substrate and a dosage of active agent, the nachine conprising: a

di spensi ng syst f or; ?@%fﬁé Qan fs ! t rier
substrate; and E@ldsg' on irﬁ%?ﬁgh o%%'efg%§$ﬁ¥%gl n anﬁ%%ﬁ 0 ﬁﬂé dosage
of active agerwt phizamdrasties] adusticto tdeeh pHarbhec etdmescqurtoidisdt , wherein
sai d dose fdrmatiqQn . syste rfor r. infrared spectrascopy. on at

| east one %%f%dtuhcgaplﬁl rrace it iccrgétf} perrodgglg}sr}t%o t@e{é&%ang'ioss% f%snuar#lg?e t he
dosage of agfante adentmactd®he Aoweidiedref: providing quality control for a

phar mceut | cal RGN e, GO 1My RN TG VUSSP LSS
agent to the carrier substrate; and
a dose confirmation for determining an amount of the
dosage of active agent that has been added to the
pharmaceutical product, wherein said deose confirmation
system performs near infrared spectroscopy on at least one
of the pharmaceutical product to determine said amount of

the dosage of active agent.

129. A method of providing quality control for a
pharmaceutical machine comprising:

performing spectroscopy on each pharmaceutical
product that is processed by the pharmaceutical machine;
and

determining an amount of a dosage of active agent
that has been added to each of a plurality of carrier
substrates by the pharmaceutical machine based on said

spectroscopy.

130. The method of claim 129, wherein said
spectroscopy is taken from the group consisting
essentially of near infrared, mid-infrared,
ultraviolet/visible, fluorescence, laser induced
fluorescence, Raman, terahertz, photoluminescence, and any

combinations thereof.
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product that is processed by the pharmaceutical machine; and deternining an
anount of a dosage of active agent that has been added to each of a
plurality of carrier substrates by the pharnaceutical nachi ne based on said
spectroscopy. 130. The nethod of claim 129, wherein said spectroscopy is
taken fromthe group consisting essentially of near infrared, md-infrared,
uItraV|oIetIV|S|bIe fl uorescence, | aser induced quorescence Raman,

terahertz, phot &Pdni A&ScEREEoG Rf §H@1“béﬁﬁvnaﬁﬁﬁﬁ§Jtﬁ%@ébf 97 131. The

met hod of ghai-mrb2opiheleigeFRirthed REALOIGRARY JFS RS Qﬂrtﬁ%l‘mﬂy' g@reach of
sai d plurallty of carrier substrates continues to nove al ong the

pharnaceutﬂ@éﬁlﬁﬁcﬁuﬁ§tr§$?s Toa tdEesd tef TeVa mlpP® U@ t her conpri si ng

perform ng. gl A sai d spectroscopy with a focal plane
array det ebt E%%b%%gt e net Eﬁgf claim 129, further conprising obtaining

an image of each of said plurality of carrier substrates and deternining a

position of sai qtﬁos%@l% feth%%lt' \, cq_%%lﬂt 1%%4eqf%%t exs% 2“ H%g ty of

carrier substra based on sai netho m 133,
wher ei n sap@nfmgﬁmgs chdnttauadedmle@c Imsatngs mad@layaﬂuxtqscmfpycanmhera

substrates ues to nov Io t he pharnmaceutical nmachine. 135. A
moni t ori ng T&¢ HFEF &4 ﬁgtﬁﬁgﬁﬁﬁtéél machi ne that produces one or nore
phar maceut i cal product each of the pharnaceutical product having a carrier

substrate and , o
133. The method of claim 129, further comprising

obtaining an image of each of said plurality of carrier
substrates and determining a position of said dosage of
active agent on each of said plurality of carrier

substrates based on said image.

134, The method of claim 133, wherein said image is
obtained as each of said plurality of carrier substrates

continues to move along the pharmaceutical machine.

135. A monitoring system for a pharmaceutical machine
that produces one or more pharmaceutical product, each of
the pharmaceutical product having a carrier substrate and

a dosage of active agent, the system comprising:

a dose confirmation system operably connected to the
pharmaceutical machine, said dose confirmation system
determining an amount of the dosage of active agent that
has been added to each of the carrier substrates by the
pharmaceutical machine, wherein said dose confirmation
system performs optical profilometry on each of the
carrier substrates to determine said amount of the dosage

of active agent.

136. The system of claim 135, wherein said dose
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a dosage of active agent, the system conprising: a dose confirmation system
operably connected to the pharnmaceutical machine, said dose confirmation
system determ ning an anount of the dosage of active agent that has been
added to each of the carrier substrates by the pharmaceutical machi ne,
wherein said dose confirmation system perforns optical profilonetry on each

of the carrier, substrates to determ ne said anmount, of t dosage of active
Sgent . 136 oM B G SIS HEEHS i &Pich B o 80 D IR ot 1 on

syst em per iiiTe SRich H it Refidomibdt rattd eachuds tdhe neard i er
substrates continyes to nove along the pharmaceutical machine. 137. A

phar maceut e IESR REAFRRACPOFFce F8SHE S nore phar maceuti cal product ,
each of the pharnaceutical product having a carrier substrate and a dosage
of active agent, the machine conprising: a dispensing systemfor adding the
dosage of acti véd37agéntthagmareutaaslemesiiigte fhet DIPBARFS O r mat i on

system f of lgter ghiy g A AT Rladihe osAqs A AGhIAGAIENG diat has

been added to ea Carrirer su strates, wherein sal e

confi r mat i @rodeydt ehaperion aTs:aoptiicrals yhradfrid ety corloessgte off teheicmr ri er
substrates to rmne said anmount. of the dosage of active agent. 138. The
machi ne ofq§%§% %?ﬁ TRfer'dish SART 'Fod€ confirmati on system perforns said

et
I Th
optical profil oretdigpaertsirey eacdtear fidre eghtimicertisubkigaaie o attiinees to nove
al ong the pharnaceutical mnmachine. ;139. A net rg)d of providing quality control
for a agent to the carrier substrate; an
a dose confirmation system for determining an amount

of the dosage of active agent that has been added to each

of the carrier substrates, wherein said dose confirmation

system performs optical profilometry on each of the

carrier substrates to determine said amount of the dosage

of active agent.

138. The machine of claim 137, wherein said dose
confirmation system performs said optical profilometry
while each of the carrier substrates continues to move

along the pharmaceutical machine.

139. A method of providing guality control for a
pharmaceutical machine comprising:

performing optical profilometry on each
pharmaceutical product that is processed by the
pharmaceutical machine; and

determining an amount of a dosage of active agent
that has been added to each of a plurality of carrier
substrates by the pharmaceutical machine based on said

optical profilometry.

140. The method of claim 139, wherein said optical
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pharmacedtical machi ne conprising: performng optical profilonmetry on each
phar maceuti cal product that is processed by the pharmaceutical nachine; and
determ ning an anount of a dosage of active agent that has been added to
each of a plurality of carrier substrates by the pharnmaceutical machine
based on said optical profilonmetry. 140. The method of claim 139, wherein
said optical 99 profilonetry is perfornmed while each of said plurality of

carrier sub¥ofidenctant ilfuPSTiorede willdfy SaFe ofh St alurediitvaddi ne. 141,
A appar al us Lol PLAMEL I NG Bl IBIE RNFHORRSGalproduct each having a
a

carrier substrate an osage, the apparatus conprising: a dispensing
nodul e t harhdirgpesydd cele ngedage .onto each of the carrier substrates,
wherein said dispensing nodul e dispenses the dosage by novenent of said

di spensing nodule. 142. The apparatus of claim 141, wherein said novenent
of sai d di spensildd .magula@pasatdsr dtaroprofdusding cdies pensiong nodul e. 100

pharmaceuticalproduct each having a carrier substrate and
a dosage, the apparatus comprising:

a dispensing module that dispenses the dosage onto
each of the carrier substrates, wherein saild digpensing
module dispenses the dosage by movement of said dispensing

module.
142. The apparatus of claim 141, wherein said

movement of said dispensing module is vibration of said

dispensing module.
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