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products must not only be capable of receiving a fine pattern, e.g., 1,000 to 5,000 lines
per mm, and be capable of retaining that fine pattern (be stable), but they must also be
food safe and palatable. Retention requires resistance to mechanical degradation
during routine handling as well as the adverse effects of water, especially air-bormne
humidity and heat. Ingestibles should also be digestible, which typically means they
25  should be water-soluble. (Pharmaceutical delivery systems are known which rely on
stomach acid to dissolve a coating, or which have a substantially indigestible coating
with small holes through which a phannaoeutncally active substanoe is released )
" U.S.-Patent No. 4, 668 523 to Beglelter discloses the first system for applymg a
high resolution diffraction gratings to a food product to produce edible holograms.
- 30 While such diffraction reliefs produced by dehydration in molds have proven to
be able to provide color and other visual effects on candies and other food products,
they have not heretofore been used commercially on dosage forms such as
pharmaceuticals. Indeed, the commercial production of small, holographic-bearing
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-2 introduces problens, enunerated bel ow, not encountered using the known
general nethods for creating hol ographi c foods such as lollipops.
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each provivP pgiod6dknown unit dosage Qf a pharnmaceutical |y ZET{USE0/21149
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powder becones g_' sgllei d core in a_ tablet press. Rapi é wear and
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international borders. Further, it would be desirable to have the capability of producing a
greater variety of colors beyond the few that have regulatory approval-- especially
“rainbow-like” effects produced by the juxtaposition of muitiple colors of gradually varying
wavelength.

Monitoring of storage conditions is important in preserving product integrity.

“Edible Holography: The application of holographic techniques to food
processing”, SPIE, Vol. 1461, “Practical Holography V" (1991) at pages 102-109
discusses the use of a punch die to compress a powder into a tablet while simultaneously
using a metal die plate to impress a microrelief as the powder becomes a solid core in a
tablet press. Rapid die wear and difficulty in releasing the compressed core from the die
are just some of the problems that limit this technique.



More generally, a commercially viable system for hol ographically conveying
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production of diffraction microreliefs on coated products should resist twinning in order to
maintain acceptable yield ratios. Suitable microreliefs should also be formed using
materials that do not require new regulatory approval.
It is also desirable to know if an ingestible product is likely to have retained its
efficacy after it has been manufactured and stored. Stated in other words, it would be
useful to have a readily visible indicator of the environmental history of any given dosage
form. Such an indicator, for example, would usefully indicate whether a dosage form had
been exposed to high temperatures, e.g., over 100°F, and high humidities, e.g., over 80%
relative humidity (RH), for any extended period of time during storage or prior to sale or



-4 use. This problemis comonly addressed by printing an expiration date
on a container for the product. However, it would be better if there was
some visual indication of efflcacy on the product itself. It is therefore
a princi pawoxijiesss of this“invention to provide an edi bl e BEHYSY21149
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- dosage forms.
Still another object is to provide dosage forms with covert identifiers suitable for
use in double blind studies.
Another object is to provide the foregoing advantages without requiring a new
regulatory approval of the dosage form.
Yet another object is to provide color and visual images and effects for food
products and for pharmaceuticals, (1) without the use of FDA regulated colors, dyes, inks,
or metals, or (2) with colors other than those which are FDAapproved, or {3) with the use
of FDA approved colorant only as a contrast color to make holographic effects and
images more readily visible.
Summary of the Invention
Broadly stated, the invention provides pharmaceutical dosage forms and other
edibles products bearing a microrelief, and in particular a high resolution diffraction relief.
The diffraction relief is thermoformed in a layer of a suitable material, and once formed, is
stable. The invention further provides the materials, apparatus and processes whereby



such diffraction reliefs can be applied. By neans. of this invention, a
mcrorelief capable of diffracting |ight nay be applied directly to a
product such as a dosage form The present invention allows nonitoring of
st orage svowiitb46ans to preserve product integrity. Edi blRCRHVSIORES?| ve
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This layer is formed from an aqueous solution of a thermoformable material
selected from the group consisting of modified cellulose, modified food starch, gelatin,
waxes, vegetable gums, and combinations thereof. The preferred material comprises a
modified cellulose, namely, hydroxypropiymethicellulose (HPMC), hydroxypropyicellulose
(HPC), and mixtures thereof.

The material also preferably includes a plasticizer and a colorant. The choice of
plasticizer and/or thermoformable material and the relative portions are adjusted to
control the response of the microrelief over time to humidity. Oils and waxes with varying

~melting points admixed to this layer provide control over the response of the microrelief
over time to temperature. Fading or change of color (due to a change in the
reconstruction angle) of the visual image or effect produced by the microrelief provides a
visual indication of the environmental history of the dosage form and its integrity.



Sui t abl e waxes include paraffin (a low nelting point) and canuba (a high
nmelting point). Suitable hygroscopic plasticizers include sugars such as
dextrose (highly hygroscopic) and proplyeneglycol. Wen the dosage fornms
are made bwopamdebating, t'he cores are configured to resi%QWVﬂWﬁﬁVﬂg by
reduci ng the amount of the flat area 2 the outernpst surface of the

dosage form and by convexly curving the outernost surfaces, particularly

the faces ofSuitablgivwaxss include parasiip (edew meling naint) apcbearpubara highmeltinggaint)
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retains the mcrorélief. Broadly stated, a nmethod of producing a

microrelief 29 PORRNEENCPlor m according to the present invention includes
the steps of: a. vwhei thegiobhige PoMears ihddeby paretoating,ahé beresrafeocamiguired taat er i al
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they are in gerenllyfpthation thakreceivesrang retaingihe suicragliethe first plate surface
into the coated |B”r¥$§5ly E%ltéo‘?alrhﬂﬁé&oftd?&i ot PHARBIE ofl ialdosagd foRh aRadrbimgn 10
the coated | ayer, f. tooling the coat ea) | ayer thus replicated; and g.

denol di ng t h the pregenijinveption inclides the s1aPeIoE” coated 1 ayer. Broadly stated,

apparatus for the contanuolspafintpihe28ieckith #1296 6rd themforablé matenallthaticapn a
core which can cont.ain har r%ﬁ,g%t?b%fa, act 'a¥te subst ance and which is

coated with a tHEAEV&PU reqn g NPaULHk | udes a conveyor that
carriers the coated cases iprovidihg aplatehavicd a bolographigldifiraction patiemiforenea on

hol ogr aphi c Qggs"tg&éb%nt"ﬁg%ﬁ?% i éﬁé&goﬁurface t hereof facing the coated

cores on the corive frovabl e along the first direction

in coordination with the cdrangborting saidicomted cores taa pogitian apposite thatdirstniate d

fromthe coaglﬁ.gge.cores, a heater for rapidly raising the tenperature of one
and t

of the plate he thin |ayer of coating to a |l evel where the coating
layer is formable, apprat J¢aling atjeast one gf theplate and theceated iaver during: o prie

coating | ayefo thé tie wHaf th iéhid pposdd ralatioashkipe di ffraction pattern in
t h_e coating layer, WO gll Oxffgsd'sin% égrssg)g(agelsludface §nzo the coated layer to replicate the
holographic diffraction pattern in the coated layer; _
f. cooling the coated layer thus replicated; and
g. demolding the first plate surface from the coated layer.

Broadly stated, apparatus for the continuous (non-batch) production of a
mircorelief on a core which can contain a pharmaceutically active substance and which is
coated with a thin layer of a thermo-formabile, includes

a conveyor that carriers the coated cores in a first direction,
a plate containing a holographic diffraction pattern on one surface thereof
facing the coated cores on the conveyor, the plate being movable along the first direction
in coordination with the carrying, and with the one plate surface spaced from the coated
cores,
a heater for rapidly raising the temperature of one of the plate and the thin
layer of coating to a level where the coating layer is formable,

apparatus for pressing the one plate surface into the coating layer after the

heating to replicate the diffraction pattern in the coating layer,



a cooler to rapidly Iower the tenperature of the coating |layer to stabilize
the diffraction pattern in the coating |ayer, and apparatus to separate the
one plate surface fromthe coating |ayer. These and ot her features and

obj ects wvblbyinaea eadi | y understood fromthe follow ng dJdeCHUSRIEIsCri ption
of the preferred enbodinents that skhduld be read in |light of the

acconpanyi ng drawi ngs. Brief Description of the Drawings Fig.1 is a viewin

end el evation of a C&@é&&m%ﬁ‘d{fﬂw&%&téraﬁérsﬁxr@&naé%éiﬂgmeimtamrzesent

i nvention; Fi 2is ato an _view of an alternative coated, curved- face
tabl et acche iog patigrp i 'BV'Qchﬂfﬂ"Q'ﬂXFérﬂ'] bn with lettering on one face; Fig.
2Ais a-viewin end a}jpemmst@rsepéramaebﬂ@blete silifavé from the goating ldyeq. 2B is a

view in side elgvatio tsho 2Cis a

et ai 1 od vi ow 1 Trese /A oler learpE oI gote il seter il grn e 108 ot

2C- 2C i n Fuetailed; deBeriptiof of the@refetpeq)émbodnnemsmat sbkayidbelraag in ightofthe2 of an

alternati Vgcﬁﬂﬁgﬂwﬁ?% gﬁgcordl ng to the present invention with flat faces
e

and sl oped is a viewin end elevation of the coated tabl et
of Fig. 3; _Bpﬂgﬂm_nﬁ_ﬁumw side el evation of the tablet shown in Fig.

3; Fig. 3Cis ap.§6$ d ily iH & ééé\raﬁ@r'i bf ﬁ&iat&?‘éhr’v@é‘-fé& thiig dcBériimpitd thet aken

along the line C3Cin kg 3 is a top plan view corfresponding to
Fig. 3 of Bresemdiventitited tabl et accordl ng to the present invention with

flat central fapgs2 &rﬂob@wndmv @r%@ftenﬁtu@ cobfed, Sured-Fe thbleteitborging et i on of
t he tabl et shownt 3; %'@E’q éF%wewm side el evation of the
tabl et shollif AreFeR 'Qve'ﬁ' nith le ggngn% iled viewin vertical section

t aken al ong t heFigi 2&is4CvieMCin endréleyatiarn of thé tablel shawnaintFig 2)1 an vi ew of a

flat-Taced coakgcod Rl fw %&ae@ohaf@gw&%ﬁsm in Y Y Uda%l; Wi L @

central recess afd rounded vation of the
tabl et shown i nFigi 2C is32 detgileg. V@Bnlvgfﬂéa‘\ﬂeéﬂmﬁtm \gtieringdaltan alengdhe finge t abl et .
shown i n Fhg.odm Fi 9 SC is a detailed viewin vertical sect | on taken al ong

the |ine 5C— Cln . Fig. 6|satog\’§lan vi ew of _ an ernatlve
enbodi nent of aFigi %F'Q*&Eé' “"(',%‘E%GSP%HS’I'@* % of ap aligynative Mm% or di ng to
t he pr esenfaccondingiiol thé prebent. inveAtiorewith fldt éazes and sidped edges; on of t he 't abl et

shown in Fig. 6Flgvg% %]g \;lg\ﬁ ﬁ': rﬁc;[évgtcl‘glp éf?tljté'égated éblet of Fig. 3;

Fig. 3B is a view in side elevation of the tablet shown in Fig. 3;

Fig. 3C is a detailed view in vertical section of the lettering taken along the line
3C-3Cin Fig. 3; :

Fig. 4 is a top plan view corresponding to Fig. 3 of another coated tablet according
to the present invention with flat central faces and rounded edges;

Fig. 4A is a view in end elevation of the tablet shown in Fig. 4;

Fig. 4B is a view in side elevation of the tablet shown in Fig. 4;

Fig. 4C is a detailed view in vertical section taken along the line 4C-4C in Fig. 4;

Fig. 5 is a top plan view of a flat-faced, coated tablet according to the present
-invention with a central recess and rounded edges;

Fig. 5A is a view in end elevation of the tablet shown in Fig. 5;

Fig. 5B is a view in side elevation of the tablet shown in Fig. 5;

Fig. 5C is a detailed view in vertical section taken along the line 5C-5C in Fig. 5;

Fig. 6 is a top plan view of an alternative embodiment of a flat-faced, coated table
with a double recess according to the present invention;

Fig. 6A is a view in end elevation of the tablet shown in Fig. 6;



Fig. 6Bis a viewin side elevation of the tablet shown in Fig. 6; Fig. 6C
Is aviewin vertical section taken along the line 6G6Cin Fig. 6; Fig. 7
is aviewin side elevation of a tablet according to the present invention
with a sewbiosmessd a | ayer: containing a mcrorelief patterPCTHMZAered to
a tablet core; Fig. 8 is a perspectived-view of a capsule according to the
present invention with a portion broken away to show a | oose or viscous

core rralter :cal COPiga emaamgﬁrnemae%whnwmetéwatea@minmgteself has? f
mcrorelie patt ornmed t.her S e of a soft
gel capsul e acco i' é'ﬁ%V'PWénﬁ?@g%ﬁFd'qq\{ag '8“9 "Hggeb%(}[l"i%%e%lroken avay
to show a vi scouslgcwris&a meWGm sldb elevatian ofexitablet aetordingitodhepesenttimentiap with e

1ol f has & BLELQUC!bEE SAERRE, HLUBAGRGLE Bho Sifledd dn@ by 11 o1 de

el evation o ogr cor resent 1nvention
where a Iayer caFlgyBrmga aememe@iemf qmpsuleracmrgegftoﬂ'@spr%senbinmmtmefﬂha:al |y

act | Ve Lo REHBAbGen bWEY ® Miorh fbosd br ifcconBrS ASRHbNEnY thirel diéckage o

pl ural dosa or s each ow alternative arrangenents in both
top plan andhgrefbe céP%ﬁ?Qﬁrhi’F a\m@wseheénemfmd thegeitinhi ch is in plan view

only, according- F@ b'?@a Bé@%é&ive vleW&rﬁédﬁrbé(I@é éElIUHdGQJdidgﬂGtﬁé%réélédig of

coated tablets; ew in pers ect | ve
bort -t ypo. afbERIAN g portion Rke BARY (0 %»%%wzso?wem Bierio) OREinedDereip
transfer pl aha where therapsits lﬁelfﬂ%h%mmr@lphp&tkmfmn&ﬁﬂmﬁmcal s aI SO

The_apparat us. shEh (PJF W i 3he Yhvgfiortr aoniciadhc il bl deBarB B e Ve
of the m)vi peesentinyérdion piheteca Iwerecamy_fngrammgorawealbéry itsétbivas & n F! gs. 13 and
14; Fig. f“ﬁ"ﬁaé“m“%’us acﬁ&g é??ﬁj ew of a belt-type, tw n noving

transfer pl appar a e present invention for
manuf act uri ng hol eszgﬂapmwersp@ﬁwﬁu@mﬂamcsagﬁ@@lta%lcﬂ?mq{grm% the present

i nvention; Fig. Fgsl ?PZR-!-Nééi:V\/shaw%lté'rﬁaﬁ}eeéf?édg@HmeﬁE i B&h@dbqlﬁ?r%h@?la@om in
ernatl ve

Fig. 16; Fi t

elngodi m::ntI e‘@?‘mﬂ?i" , \}Q ,.12 W e'gt"lF éﬁgmsﬁwm? palethg Lreselhr di ng
to the presdmientionfontoriroliihgtwinning of eudted iabletd) ol ographl ¢ pharnaceuti cal s;
Fig. 19 i [ vat.| ) ' ' . Fig.
20% s a top pl an s SwedfeViedh Borbettnd BOZhH 3o SbiRihe ecorion e
present i n\peerentinvertiog .\!vlmmm\dngatraﬂs&v plate for enangfactusike holagraphict he | i ne

20A- 20A | N Findrmak@utidiR 924 204AindEThASR AN AR 0r:2

Fig. 14 is a view in side elevation of the apparatus shown in Fig. 13;

Fig. 15 is a detailed view in perspective of the moving transfer plate
thermoforming assembly shown in Figs. 13 and 14;

Fig. 16 is a simplified perspective view of a belt-type, twin moving transfer piate
apparatus according to the present invention for manufacturing holographic
pharmaceuticals also according to the present invention;

Fig. 17 is a view in side elevation of the apparatus shown in Fig. 16;

Fig. 18 is a simplified perspective view of an alternative embodiment of a belt-
type, twin moving transfer plate apparatus according to the present invention for
manufacturing holographic pharmaceuticals;

Fig. 19 is a view in side elevation of the apparatus shown in Fig. 18;

Fig. 20 is a top plan view of a slat-segment conveyor belt according to the present
invention;

Fig. 20A is a view in section taken along the line 20A-20A in Fig. 20;



Fig. 21 is a sinplified view in perspective of a |inear frame-and-transfer
plate type of apparatus for manufacturing. hol ographi c pharmaceutical s
according to the present invention; Fig. 22 is a detailed view in

per spect iw@onfosgsne frane-and-transfer-plate unit shown PAT/ESY21RY; Fig. 23
is a top plan view of an apparatus ud-ng the constructions and a nethod of-
operation according to Figs. 20 and 21; Figs. 24A and 24B are views in side
el evation of t Hig.@igsssimpified oew in pe:Ebgctwa of a livdef rafmbing-tiaRsfel plaRIyptAA- 24A

Al or nat 3 EREAE R et theforaphi e BT PARREM B ioR b

|nvent|on.l0¥mmam| ng on frame-and-transfer-plate units of the type shown in

Fig. 22; Fig. tﬁa\ﬂb@ﬂéd Vieﬂ%g GodivE of)t;\e ér\t(art%%fe\’—glafeoﬁrﬁ{s\ﬁown

f r ame- and- transf te- type apparatus acco
i nvent.i on; infFigy: 1»27 is a viewin side elevation of ‘the apparatus shown in

Fig. 27, Fig. 28gi2i8atsy aaﬂ. Qi@w\ﬁfQWaEBarBﬁ&%SBﬁﬁtthé/&)rﬁfméﬂ&ﬁs BiSPh hrfetidd R

assenbly shown IS a view in perspective of a
rotary die® W@Haéfﬂfgf’ﬁf%égﬁ%'ﬂ’@?g to the present invention; Fig. 30 is
a detail ed vi evigs) 2pR A 24B iaveviels hasidy élbvatibe opma%bﬁaaﬁis@mih Fig. 23 29

vmthapl en ect .a.tablet; Fig. 31 is a flow
di agram sh V\?nnaglg%gt&u‘fagﬂﬁ/f@éﬁgg ﬁ?ég%&g?'o%ﬁ%esd‘é%%ordl ng to the present
i nvention for tRigr25ds aiviemin pgrspectiveob ar biterhatjvatemizodinent ef switary appavatue d

d f -
oo g Tecordrigio tntprbserf i RfEmefauh SH Mo aRel r ey BRAGHE 15

according to t resent Irec
di ffracho'-ih%l"ﬂﬁ'ﬂ Pittern in an outer coating |ayer of a dosage form and

Fig. 33 is a vimydels QQfeﬁlnﬁ@)bisbéctﬂE ofBn ahérﬁéﬂ%e%t&@ fRIMRAATR-ransRGpRiteli ng to
the present invention Egrates in the style of a high speed printer.

Det ai | ed Iﬁg"c?‘?'ﬁ'?tﬁ?]awr "fQﬁQt Bﬁeé?’l’té'?}'eEmfbdl ments Wiile the present )
i nvention can [Rig.27dslaviewdin eile@ievatioredfiné apparatas siedwn infFig. 2gest i bl e - dosage

on " phar naeut |28 S AN view Juberat it i TR pdart Shoyif Bl 1 ° °°

regul ar pa®&and2%f grooves and ridges or the |ike that displays optical
ioﬂ %Z@Z i on o [JS% gﬁgknewf.ﬁ gﬁEpe&ns Bf S¥ARF Y Puhch Appataiug aeed#a;ﬁeto m¥\0
present invention; : : :
Fig. 30 is a detailed view in perspective of several die punches shown in Fig. 29
with a pivoted central tab operable to eject a tablet;
Fig. 31 is a flow diagram showing a highly generalized process according to the
present invention for thermal forming a microrelief pattern on a solid, coated dosage form;
_ Fig. 32 is a schematic view in perspective of an apparatus according to the
present invention for direct laser imprinting a diffraction relief pattern in an outer coating
layer of a dosage form; and
Fig. 33 is a view in perspective of an alterative apparatus according to the
present invention that operates in the style of a high speed printer.
Detailed Description of the Preferred Embodiments
While the present invention can be used to create reliefs in a variety of ingestible
dosage forms, including confections, it is described primarily with respect to use on
pharmaceutical products.
As used herein, “microrelief” means a regular pattern of grooves and ridges or the
like that displays optical information or a visual effect, when exposed to suitable radiant



energy. "Diffraction relief' or "grating"” and "mcrorelief include both (1)
patterns of the grooves and ridges produced through |aser |ight
interference, with ruling engines, and wth other known techni ques which
can be subMQOEWHed transferred to the dosage form by a ndICA/US02HA ant
energy and (2) visual information, ineldes and effects produced by these

patterns of grooves and ridges when properly illum nated. A true hol ogram
records theerefgye r“bﬂfr&ﬂi%ﬁ rmr'td? P@amg@ 4Hg erﬂncf&r@lf@fﬁnél@&@l’ioftﬁ eODBREREof #Haeg ht
se

source with its out he image or effect 1s its
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i P]E en Sled t otwmcdnude«fom techpitiues uvﬂmh@hn ?B&UBﬁquehﬂ}f tfh'ri%fé;rﬂeﬁfto ther@a8e ﬂﬂ?h
effects on as well as the constructi,on, .usin er
Caser T gnt - Sp (RES Saqiat Ry e .l gl rasdaand et pesioed b
diff Irac_t i on these pstterns of gnoayks mad ddgesi whendirbperiydiiuntinated. e)g:treia ho!o?-?h reco;d_s
ution" abl e iffractin
Ueibie | grneierodbetbatel ool leSor fopfirend per SRS i 4= sphE”" | e
per mm (a 1/eampspiit, rmértmmqsn@s effetit isjtsdasarndigint re€ongtrattiong As uSed helieirensi ons
of the diffragpham rae.awﬁsno@ash,@rée@feﬁédd@a%.nkmgegtbgprgmgc%ﬁe edglcgnf the light

it is tointeract wth nf or mati on recor onve
microrelief B Neig1ages apd giiects prihgcdosagn fosmiasovellas thaly remnetruqhnmtusmg

effect. Fi gSexthérleerSIbﬁt/br\WfﬂeohéoﬂéPéﬁthgﬁsage forms 10 for the delivery of
phar maceuti cal s ' fa &ﬁ é{ (aﬁ?maceut i cally active substance"
refers to ethi cal'gPiFfREEY GMPRdiment. fhe difrpptiondeligf ifed high sesojutign Aiffredicar ed,

i nggst ed pr oulisft “Highresolation) vefersitt a-difiaciion relieftat i&lcaﬁébkle lENIﬁracﬁﬁgevéﬂé'ﬁbhtS g
used in |ts euti ca ti.ve compoun
or mxture %@fﬁéugg%ktf%dp”?ﬁ &?Fg@?pn%@%%‘g’aﬁl%s&%@"ﬁ 1’2% RGN~ The
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formof a sféwdvélesqner fh@rllﬂ?'nt rﬁgﬁﬁ'ﬂ 5&? (Mﬂﬁ 'Fﬁéhlhfo;rﬁglldnrl'ewﬁed EWJE%%I ngd

i nclude all of the current known as conpressed

tabl ets, codi¥dbe rugsprefief CPE;S’SI%)dePWaWQ&n@t%Nata Q@F‘a’[ Brk"'l%t@sm@s as wel |
as n;aw f orms suc ang?ss1-nBJsﬁ§w vaibumhldadsa@e%ﬁﬁb ‘I@ﬁa}fﬁi‘et%ﬁh@é??oﬁ afmaéét%ﬁﬁé
"sections" S n 0se 0 i s 1nvention
dosage forms” QI% 'Qﬂﬂs aﬂgaéieuﬁlx ?gh"ﬁ SPE’Q‘?’%% friem;tp pthicghpharmageylials
[ ﬁf e (rj red t ofasodféllastoﬂmloyaltyladp'hryste&d ‘hgestagﬂ-oﬂmsu?h ést%v'ef—tﬂém?;ﬁi- Oﬂi t hat
e dosage ’ ou ar magceut i ¢
active conporﬁéh s&%; gqséjﬁr{ﬁp acebos &g‘ g%trogat)ﬁnﬁaq lgng?réa Bﬁ acaliticall
conf ect i ons)acﬂvmnﬁyeé@r n@amred:@gqg@omds for theetfreatmentof a disessg or émditiohhat
includes a maémls&ﬂféﬁo AGtkioHI éﬁ@&l@pé@gfeme-ﬁw&cﬁ Qr%gﬁ fﬁm‘l ﬁf; uded

within the sc I nvention and can manuf act ur e

di scl osed nespﬁ‘gg%sagﬁ@rﬁb posage forms utjiigeq indhe iaventiendraitdesall of herurmently t abl et

hard or sof tkngeh &ring stetpasibempressédi paiwaes bRty BbA184 tabletd (cﬁplefsﬁ"'?llaﬁ{ ?ﬁooédﬁs

thte h pc\g g?f %% jéﬁ %%}@f.l)%g ta%%rgliégf gé oﬁugtsuc ! asI .?1 ct?gr;-%gltdzd 2traﬁch ta Iletcsaan thm- xed
layer “sections” as shown in Fig. 10. For the purpose of this invention the dosage forms
10 which are useful within its scope will sometimes be referred to coliectively simply as
“dosage forms”. It is understood that the dosage form core can be created with or without
pharmaceutically active compounds (such as in placebos, double blind tests and
confections). “Pharmaceutical dosage form” refers to a dosage form that includes a
pharmaceutically active ingredient. These forms are included within the scope of the
invention and can be manufactured with the disclosed methods and apparatuses. In the
pharmaceutically active tablet, hard or soft gelatin capsule, and injection molded starch
tablet forms, the pharmaceutically active ingredient or ingredients are typically mixed with



a carrier conprising. excipients that do not react with the active

i ngredient. A core can contain conventional pharmaceutical excipients
associ ated with naking solid dosage forns of the type previously

menti onesvo@poyddl | as others known to the art. Thus suchPCEUSHIBIMALS may,
dependi ng on the exact fornula, incl udésne or nore bi nders, flavorings,
buffers, diluents, colors, lubricants, sweetening agents, thlckenlng

agents, angdcHiditdRpRising. Meﬁéfl‘la%@%@reﬁé\%ﬁﬁﬁé@ct%||r¥g'réﬁné1th'BGr%'cQHS for

exanpl e as both a binder and disintegrant. Carriers and excipients are
“wel | docurfeptaiticqnyeqtigpalpharmageuticgl SFC'@QQ%P@C'W%PB ing sel} @@uti cal
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applied to the dosagep orm pan coati ng p@g or |l am nating

own
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Cor oo st ple AREES, 1h BatdBUEE 1thag Bood Blundfhel i haBAHE LSThe: (Hpftda '
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or bond at a temperature lower then that which will adversely effect the core, can retain a

' grating with a phase displacement on the scale of the wave length of light, are palatable,
will not interfere with the release of the cores contents, and have controllable heat and
water stability in storage so as to accurately control the fading or color. This controliable
changes seen as a fading or color provides a readily visible indication of the
environmental history of the dosage form, and its quality.

Reference to a thermoformable “layer” 10 shall be understood to include plural
thermoformable layers coated and/or deposited adjacent to each other, for example a



More specifically, food grade materials which can function to sone degree,
albeit wth varying degrees of stability, as a thernoformble outer
coating to receive and retain diffraction relief include: food grade
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starches such as EdRE . | . f o A | parti.cul arly
where it -is desi r%gmto ag%égfrogﬁ t1.EgHﬁ'§3)é%&fgWgnhfntéhrgg%&@gﬁ?lgp&mgpg a

| abel of thdayeny@is preferaplyfognedingwo coata of tilamolar saatingr iayerofdnsmyeotdisr m

The ol I owi regiufishbftnb nfiea XBNIMSEHFE aRBPHPRICS o Hishitizdl iy DEGHEE xed i1 an
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Prastici zer duetiies and célehethe Coibsidat.Ul Ab colorght @tised] eithér intthMEorBr fhe
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can function in the nature of a watermark in quality papers. Such holograms, usingno -
colorant in the core and a clear layer 12, can function to control counterfeits and provide
the advantages of covert information.
For the holographic pharmaceutical 10 of the present invention, adherents such as
a water-based shellac, and gum starches such as gum acacia, are used in some
formulations, particularly where it is desired to adhere the layer 12 to a core 14 or to
adhere a label of the layer 12 to a core or to an outer coating on a dosage form.
The following Table I are examples of materials which have been mixed in an
aqueous solution and tried as high resolution relief-containing layers for the
pharmaceuticals dosage forms 10:

TABLE 1 .
Modified Cellulose Plasticizer Colorant Other Constituent
Ingredient
1. HPMC P5/6 Maltodextrin DE 40
2. HPMC P5/6
HPC LF

3. HPMC 606




5. HPMC Triacetin SpectrasprayTM Pu | e (0-340) 6. HPMC nonodi gl yceri de

(surfactant)
| ong D360a, 8g.

14. 8g

Shel | ac (adherent)
(surfactant) Water,
Peg 400, woolneaeg 1072, 8g (surfactant)

Wat er,

169

7. HPMC 606, Spectraspray red Peg 400,
51.8g 8. HPMC 606, Spectraspray

9. PERDSERN]49

Triacetin, 2g Spectraspray Water, 14g -%%0 1072 8 10. HPMC 606, 50g
Myracet, 2g nonodi Spectraspray Marcoatt- 125 gI yceri de 1072, 8g Shell ac,
20g (surfactant). Aspartarre 0. 015g (svveetener) a. Undercoat Titanium

di oxi de LggtHpEc Etis HPMC DF&ECbtue#Z—(fTavor o) T3m nnum | ake
b. Overcogat Triacetin HPMC 12. HPMC P910 Pol yet hylleneéhesegl Ti t gni um
di oxi de 33561’1&0 Under cpEriaceiy| yet hyl| ejn@rgfyaspiay™i t ani um di oxi de 13. HPMC
e-5 3350 bl ue #2 L al umipum-t-akel BIPENP30h ¢ | obyethvl-ene—gHycol  PHVC
e-5 3350 1% "e4Fating, P50 Yes Corn syrup Bl oom st|/™® n°; 89¢ endt hener)
in The HPVC grades (e.g}, "P5/6") above those of i t|sshemiguf acturer|, Dow
Cheni cal ¢ " Sré)ectras ray" is atr 'red' £ d001 g ' ol orant of
- 4 C Spectraspray eg 400, 14.8g :
Var ner - JehKi !108‘1)%, P&, o O rfaiant
) Water, 51.8¢g
8. HPMC 606, Spectraspray Peg 400, 2g -
100g 1072, 8g {surfactant)
: Water, 16g
9. HPMC 600, Triacetin, 2g Spectraspray Water, 14g
100g 1072, 8g
10. HPMC 606, 50g | Myracet, 2g monodi | Spectraspray Marcoattm 125
glyceride 1072, 8g Shellac, 20g
(surfactant)
Aspartame 0.015g
: (sweetener)
a. Undercoat Titanium dioxide Lactose
11. HPMC DF&C blue #2, (flavoring)
Lactose aluminum lake
b. Overcoat Triacetin
HPMC :
12. HPMC 2910 Polyethyleneglycol | Titanium dioxide
3350
- a.Undercoat Polyethyleneglycol Titanium dioxide
13. HPMC e-5 3350 FD&C blue #2,
' o ‘aluminum lake
b. Overcoat Polyethylene glycol .
_ PHMC e-5 3350
14. Gelating, 250 Yes Corn syrup
Bloom strength (strengthener)
glycerin

‘The HPMC grades (e.g., “P5/6") above those of its manufacturer, Dow Chemical Co.
“Spectraspray” is a trade description of a liquid colorant of Warner-Jenkines, Inc.
“Marcoat” is a trade description of an aqueous shellac solution of Emerson, inc. “DE 40
means “dextrose equivalency of 40%”".

Exampies Nos. 11 and 13 use two complete coatings; both can be applied using
conventional rotating drum “pan” coaters on tablets. The undercoat preferably carries
colorant; the overcoat is clear and shiny as well as highly stable on holding and
maintaining a microrelief pattern. Strengthehers such as shellac, low conversion glucose
syrup, and other such high molecular weight, highly cross-linked materials can be added
to toughen the layer, both to retain the pattern during release from a thermal-forming die,



"Marcoat" is a trade description of an aqueous shellac solution of Enmerson,
Inc. "DE 40" neans "dextrose equival ency of 40% . Exanples Nos. 11 and 13
use two conpl ete coatings; both can be applied using conventional rotating
drum " pan" wapgine4ed. on tabl ets. The undercoat preferably caPCTalS00/2134%r ant ;

the overcoat is clear and shiny as well -34-highly stable on hol ding and

mai ntaining a mcrorelief pattern. Strengtheners. such as shellac, |ow

crose 11 kel AR el Nanorl sl and 8, I kPR 50 ol s kepula'c, ), |

t he pat t er nweight. highiydressslinked oraterialsasidratiengthrandragabdiite fo ti©miarpreiefarying

PCT/ US00/ 2114, ' ' 0 »
géneral, | orﬂlaé' %L%@%ﬁ%P%EVH&M| gﬂ%ﬁ Hﬂtlhgh ngggrs‘%f%#Egge%t rials
add strengt h andCalogts pioflueesa dasiregibapkaresndser contrasticaler far fiagosage form

Sur f act ant s gh@ tHedRiddraphidliniaRe dr bAGR bRIAUBEd by the! rAikRirelib? : CoIBRYItsCARMidKe the

"beadi ng". Cql orants produce a desired background or contrast color for the
dosage f or ntelighmorefeatily hsevAPlec i mage or effect produced by the

mcroreli ﬁf : Col Béealrsez tnaiaymzidgezteﬂaha iﬁl‘(taﬁérL By theankutly, t?\&ﬁ?ﬁﬂmahl -also ,
Because t he, er 12 is inge and is taken by the ut the | ayer 1
oan o S0 IneiR ewaglehsrs 18 RERGE pikinal ahalcd SSReHing e dERE0S ormef (Rhng ¢ ho
dosage fornpmduEibod product. Exanple 1 This exanple illustrates practicing
a preferred enbodi nent using standard } al s and coating equi pnment. A
first solution for applying a first ( ayer using a standard,
side-vented rotating pan coater (avail able under the registered trademark
ACCELACOTA from T eBmplenflishaRs pRitticikd b &e&%b&d’%ﬁtn{ﬁﬁ%@iﬂ M xi ng the
fol |l ow ng conponents; g_orrporgent pArmﬂﬁ. %I\f % aqueouls sol utl on gont ai ni ng
10% 78% by Makrigitandeneting eaniment (pl asticizer) 1.6% Bl ack FD&C col or,

]lj_D&Cl Blue 2 6. 4%|A ﬂ:sxlselutiaeﬂaréﬁplgiaga,ﬁrdf@%rm érqygég éatl&ﬁdarmé&ﬁ-vé.fér{p TSE f
i nal coating_solution. containe r oxi yat e 0 | : t. go
conpr essed 5‘%@‘3‘&"%"61‘?6’?&%’?%"83%@3 8’[’&? rEgister %?#Wﬂﬁ&c&ﬁé%ﬁ# di anond
shape, 0. 40Zboinas Engineeririgy Cbicagol dll.) washmadanby mixihgothe fidlio@ing4dmiponénts:hi ck at
Its

Component Amount, wat %
aqueous solution containing 10% 78%

by weight HPMC

triacetin (plasticizer) 1.6%

Black FD&C color, FD&C Blue 2 6.4%

Lake, Red 40 Lake, FD&C Yellow 8

Lake

Water o 14%

The final coating solution contained approximately 12% solids by weight.

2kg of compressed powder tablet cores of the type shown in Fig. 3 (an arc
diamond shape, 0.4020 inch wide by 0.5540 inch long and about 0.243 inch thick at its
center) and described further below were coated in the aforementioned ACCELACOTA
rotating pan cooling machine with a 15 inch rotating pan and operated under the
operating conditions shown in Table 1, wherein the conditions designated in the Table
are those commonly understood in the art.



center) and described further bel ow were coated in the aforenentioned
ACCELACOTA rotating pan cooling machine with a 15 inch rotating pan and
oper at ed under the operating conditions shown in Table 1, wherein the

condi ti orwo oeMignated in the Table are those commonly uPEEESOBEASIi n t he
art. WD 01/10464 PCTIUS0021149 -15- TabPe | Tinme Inlet Exhaust Atm Air
Spray Mnute W./m Tenp C Tenp C RPM CFM PSI glmin O 0 70 52.5 12 240
45.9 0 5 §9p€Q 51 12 240. 45.9 17.8 10 185 70 50.5 13 240 46.2 19.2 '15.
280 70 50. 9_171_240 45.7 19 20 381 69 51 15 240 45.5 20.2 25 481 68 50.5
15 240 45. ; PExBadst 4D. 8 L17. 71 1N EXa ir W“"‘N/M"

is the acq Sﬁmgkl:l’l g keAE panq:gﬂtl g9 pBY ocegm,nl n the
dosage f of or— - i!i1f2°r" ?- aYals Jc?i_e_mel ght
measur-e if a m 3 wat er “weilgh nelgr®® ihle

outlet. Tenp G arle t8 air il et anél1 out !l et’2t enpper@®ur ¢s #&° and ¥8m { he

coater injdgriees |Cem8bgr §de.70 "(GFMS06s ¢ubi1d feet 28@er m nekR of tBRS @ir

f1 ow t hr oggiryghe CO 70/ AishoPS L] The AabT resgs;ure Migoater in
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- whi c efdrumo %_c.aat_e.r_x_o.t.a.t_esg__ NaT =1V e_ratle 1 n grans:
' Rat It né®hqueouPBsol lut i%8A. of t'Re nmt c—ﬁ"?al bef¥y doat®d i s

per mnute t _
sprayed into3he |[dr MPof | tHE coat &P2 " Ti nd5ni nut €40 s|t htb&e| gpsdd7dufi ng
operation of the pancoating for that coating. + After applyrng the Tirst

coat, a Se¢PEthrifiéSRhnd b Wﬁwl”‘i@t?:e %E&Huﬁ&eﬁ %I&ﬁnér@hb@ UiSHhg thPartoltifgd the

foll ow ng conponents, the_coat Dei ngt under the pan coater
a

operating PEGESS N JesREGFPrNS being caated, @r%dﬁ@ﬂ?ﬂm" appreximgte yypighd s |
sol uti on ceidagirgiimgraiid’giver tnﬁtonéwcoﬂ\fvatbﬂwghg bﬁ&%’bmﬂ IRlefdfnd olibETenig!iC5% The

[0)
]I;IC'rI]'? |u538} gtfl?z e %lcl)' rllnlc-:‘at ang %uﬁleqqgr%peSra/ u?e% to and P vat\ﬁe er in gr%%sl 4]hgrade

“CFM" is cubic feet per minute of this air flow through the coater and “Atm Air PSI” is the
air pressure in coater in bounds per square inch. “RPM” is revolutions per minutes, the
speed at which the drum of the coater rotates. “Spray g/min” is the rate in grams per
minute that the aqueous solution of the material being coated is sprayed into the drum of

the coater. “Time minute” is the elapsed during operation of the pancoating for that
coating. +

After applying the first coat, a second (clear) layer was applied from a solution
containing the following components, the coat being applied under the pan coater
operating conditions shown in Table 2:

Component | Amount, wat %
aqueous solution containing 10% by wgt  45%

of HPMC

triacetin 0.5%

water 54.5%

The final solution contained about 5% solids by weight.



-16- Table 2 Tinme Inlet Exhaust. Atom Air Spray Mnute W./m Tenp C Tenp
CRPMCFM PSI 9/nmin 4 53 68 50.2 15 240 45.8 13.3 8.5 117 68 51 16 240
45.9 15.5 The final weight for color |ayer was 3% based on the wei ght of
the final tedbwrtoses(i.e., the core coated W th both:|ayers) PCTRISONZIA4]

wei ght gain for clear layer was 0.25% b¥ed on the weight of the final
tablet. A mcrorelief was thermally transferred to the tablets using an
apparatus 69 gnd, transfer plate 76 as shown and described in Figs. 21-24
at the prefgrredzv lues given in the specification, the thernoforned
microrelief{ W8¢ng applied |®Bletabo]iExbeustechnds at pr esgifom. AF BBRsat  1(
Kgl t abl et ariingte a | Wahpler af Tenge Of |[JewpC 1P5 REM Thie @FMt eq t ®81 et sa/miar e

stored for B WeeksTar &35 F[ang@go>o0 T o AL 1 t y24o( Rr-l“) Ty g e ) t{gg T™Hr ee

L] reatbai oo d = oel.oane

week peri odF—tHhe—tabt-gis—stHggtetarnge—ah 909 e+ efHeizenecy.
Tablets stored-at dimlar grrrgcszxrnfnrp@, hlit m‘e R(ﬁmg—l rcmri%?‘if Pfg§i ntl at

which the mcrorelief started to fade, i.e., the poi nt at which changes in
the i mage on ef fEhstfinal wpightforealoriaxes was 3 ibesed omtheoveight obthedipbitabl&k anpl e

2 As describgg {r%edga‘é%ﬁt@d Jmh Botf'\'l fs C?h@?nél?\)égﬂ ‘éﬁﬁféﬁﬁé&%eﬁpw&%zg*/s of

the type descri an coat a~sol ution ntarning’the
fol | owi ng co‘?ﬁ?@ﬁ@ﬁt‘@ewe'ebh?félﬂ%ﬁﬂa nt, wgt% aqueous sol ution contai ning

10% 68% by wei gh4 Ms&?MénéfrW@Qﬂém&uPtréﬂéfe.Fmo% %leﬁﬂ:éﬁgré’n aébaﬁtnyﬁs ana

| ake) | actose 1,6 % ni um di o wat er 24. 9% final solution
cont ai ned apfE R@%?@aiﬁ% Qdageﬁﬁf’b%'"g S a§'24\ﬂ5"'89ﬁ_f®5{%ql"wmﬁ 21149
;jl? 2. (ijg ﬁfthe specification] thatheahsfomied mierdratiee béxhguilaplieﬂ fbri agaoui 2 §&ddnas thl'it e

i anon S 540 |.nc approxi mat el y
0.198 inch t Qe épgq%d ?ﬁﬂaﬁée ?Eia%a%’?? %edatﬂges%fﬁ Bgﬁfﬁ t her bel ow were
coated int he s arfB'lel@aﬁed:taprt;nNQreamd fae3 weeks at 85° F and 65% relative humidity

: (RH). After the three week period, the tablets still retained an 80-90% defraction

efficiency. Tablets stored at similar temperatures, but at 80% RH, reached the point at

which the microrelief started to fade, i.e., the point at which changes in the image on
effect it produced became visible and/or detectable.

Example 2

As described in Example 1, a first color layer was formed on tablets of the type
described in Example 1 by pan coating a solution containing the following components:

Component Amount, wat%
aqueous solution containing 10% 68%

by weight HPMC

triacetin 0.5%

FDA color (Blue 2 aluminum 5%

lake)

lactose 1%

titanium dioxide 0.6%

water 24.9%

The final solution contained approximately 12% by weight of solids.



described in Exanple 1,
Exhaust Atom Air
70 53.2 11 240 44.3 0 5 102 70 50.7 11 240 44.3 20.4 10 201 70 50.8 12
240 44.5wWdoho04ss7 335 69 50.7 12 240 44.8 20 25 494 69 BATUSP2IF43. 1 19.5

33 650 68 52 13 240 44.5 19.8 After appi%ing the first coat,
| ayer was applied froma sol ution

S AP

(clear)

conponent s,
condi ti ons shown

the2

Spray Mnute W./m Tenp C Tenp C RPM CFM PSI

operated as shown in Table 3. Table 3 Tinme Inlet
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g/m

a second
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on the wei ght of the final

Iayer (expressed as wgt

% was about 2% based

tablet. T al weight gain for clear |ayer was 1.25% based on the
wei ght of ?Pée inal tablet. WO 01/10464 PCTIUSOO 21149 -18 A microrelief
was t hernglily transferrednied theEkigestets usl ng|an appalAtomsAic Sarayl
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an 80-90% di M ragti 8% efffi cFency. S%hbllet s'Stofjed2#® over4P000 F'¥hded. In
t he above| pr ¢t er fed3ssxanpl esd t h¢ -otk2r [coat2 ng|l22400npfi1 s¥8 tWwo cdnpliete

25 494 69 51 13 240 431 195

33 650 68 52 13 240 445 | 198

After applying the first coat, a second {(clear) layer was applied from a solution

containing the following components, the coat being applied under the pan coater
operating conditions shown in Table 4:

Component Amount, wat%

agueous HPMC (10% solution) 42%

triacetin 0.5%

water 57.5%

Table 4

| Time inlet Exhaust Atom. Air | Spray

Minute Wt./mi Temp C Temp C RPM CFM PSI g/min
0 0 69 536 13 240 443 0
10 159 69 525 13 240 43.8 15.9
20 324 69 51.2 14 240 43.5 16,5
35 618 70 51 14 240 44.2 19.6

The final weight gain for the first layer (expressed as wgt %) was about 2% based
on the weight of the final tablet. The final weight gain for clear layer was 1.25%, based
on the weight of the final tablet.



coatings, both being applied using conventional rotating drum "pan" coaters
for tablets. Colorants in the first coating produce a desired background
color for the dosage formand provide contrast for the hol ographic inage
or effect OO by the ticrorelief. It _is also  possibl s 18l or to
the core before conpression... Oten the"&irticle size of the alum num

| akes and titaniumdioxide utilized in the first coating-if not fine

enough-can interg ﬁﬁ&crwiéfbvdshﬁ‘erﬁﬁﬁf'ﬁér%?er@d% ?@E‘éﬁ%’@éﬁﬂ?@iﬁ? ?}w 69 ?R& o
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particularly hel pful i ontrolling cracking. |n general, a plasticizer
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pl asti ci zer .ar r.0scopi c.i nglu ol ye ene col s.

Pl astici zer gint%%r%rWﬁatS%p%@%?f '?'B%r‘?ﬁ by 5&5‘@‘@8@’% Olﬂyéjpggggld}%dr_\ SPOYe| ude

pol yhydr ol i dneftelctivehpstternsg I Thos,rpreferabiydl obly treagidercoat$tGhe sonetanrids\a0doisamtpi C

t han HPMC, qnga&é}@ogt@ﬂ&&%&@t?nﬁ@s@aﬂ{eva“ ous proportions to vary in a
abi ity o

correspondi ng manner the's he grating structure in response to
humidity. Ols arfdPiaglicizer indhe prerceat has besn found tothet particulglybelpfid ineédntroliing of

héat, insteagadking. MWhEASkiICa pRBHAZP phAIHRS fiddbi r 400 PRistiGiber LisGa ' €S-
Sone suitable >!<;es Pncl u aé:)%\(ﬁ) 01/ 10464 PCTNS goR%ZaQ‘;&ﬁ?Qp%sgﬁéer%?sgf | ow

mel ting poi MOYSRaMey tp JFSPRBSS, PMY e, pf the laven A IwaikBermemaisiurean  be
added duri nghtrhigdity)a Plastieizérs such aspdpylese Gifdotindisheebis sigh peidtiosef t he

diff ti . ' L) ed | h t - I just. th

i xturos, © ala Sl BB EBE oty ol Pelavee 7 and R iR donipT i SHaeboBy over
time, in redpofingthe emosntanddyns of suth hygresdopigenatdrials, onacan cxzillpdargitieco a cor e
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section or as a | am nated section. . out” a separ ere | ayer,
mat eri al s i Mofadaboye.Ave@l hygrossaris swaling£f the cpating:en the sgaledf the wavetengih dfhe

light will change the relief pattern sufficiently to be visible through changes in the effect
produced by the diffraction relief. Control over the response of the layer 12 to humidity
can also determine the choice and proportion of the thermoformable materials. Some
suitable other plasticizers which are hygroscopic include polyethyleneglycols.
Plasticizers which have been found to be not as hygroscopic., include polyhydrolic
alcohols, glycerin, and triacetin.

HPC is more hygroscopic than HPMC, and the two can be mixed in various
proportions to vary in a corresponding manner the stability of the grating structure in
response to humidity.

Oils and waxes can be used similarly but to show the effects of heat, instead of
moisture, on the layer 12 and the microrelief it carries. Some suitable waxes include



ability of the layer to adhere to a core, or to a capsule, or to another
coating on the core. Wen heated, HPMC wil|l flow into and adhere to HPMC
The sane is true of HPC. The |ayer 12, when used as a fully-enclosing
coating fwoomdsebdl et, is in the approxi mate range of 0. PEVUSH21148% of the
total weight of the dosage form The f-a®qul ations identified above.can be .
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Layers 12 formed of these materials are used to enclose the cores as in pan
coating, or partially enciose a section of the core, as when they are applied using known
printing or lamination techniques. If the layers themselves are formed into sections, the
sections themselves can be used as dosage forms after being made to absorb therein the
contents of the pharmaceutically active agent, as described below in more detail with
reference to Fig. 10.. o



described below with respect to Figs. 13-33. The mcrorelief is shown as
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functional test of the appropriate degree of pattern reconstruction, preferably diffraction
efficiency should be not less then 80%. Increase of pan-coating rotation speed (RPM),
spray rate (g/min), run time, as well as inlet and exhaust temperature and air pressure in
the coater, all affect the amount of flat area and/or degree of shallowness of curvature
that can be used before twinning affects limit yield. Preferred speeds rates and
temperatures are described in the above examples.
Figs 2 - 2C show an alternative curved-face dosage form (coated tablet) 10 where
both faces 18 are curved to resist twinning, but curved to an enhanced degree as
compared with the shallow face curvature shown in Fig. 1. This tablet 10 is also fully
covered with a thermoformable outer layer 12. Both curved faces terminate at a straight



according to the present invention which is fully coated with a |ayer 12
and carries lettering 22. In this enbodi nent, the hol ographic pattern is
applied only to a generally flat, central portion 18a of the upper and
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Fig. 4 - 4C show another alternative embodiment of a tablet form of a dosage form
10 according to the present invention that is fully coated with a layer 12 over a core 14. A
principal difference between the Fig. 4 and Fig. 3 embodiments is that the shoulder
portions 18b surrounding the flat central portion 18a are curved, preferably along a
circular arc when viewed in vertical cross-section or side or end elevation. The shoulders
18b, 18b have depth, for a dosage form 10 with the illustrative shape and size described
above with respect to Figs. 3 - 3C, of 0.06 inch. They each extend laterally for a distance
of approximately 0.10 inch. This amount of rounded shoulder embodiment has also

~ proven to be effective in controlling twinning despite having flat face portions 18a, 18a.



flat faces 18a, 18a. The recesses 24 each have a depth substantially equal
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as the dosage forns shown |
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particular val ue,Figy, 62\ sibwét anbthBPEmBSdimiiit!ibtS dosage form 10 in the form of a
tablet with a core 14 coated with a layer 12 and having rounded shoulders 18b and a
central recess 24 to control twinning, all according to the present invention. The Figs. 6 -
6C embodiments differ from the Fig. 5-5C embodiment principally in that the lettering 22
projects down rather then up in the central recess 26. Fig. 6C is a detailed sectional view
taken along line C-C in Fig. 6 to illustrate the configuration of the recesses and the
relative heights thereof. A microrelief 16 is typically formed in the layer 12 covering
section 24. It may also be thermoformed in the surrounding bottom surface as well as the
flat surface 18a surrounding both recesses 24 and 26. While the double recess dosage
form configuration is more complex, it has the advantage of providing a flat surface 26 to
receive a diffraction relief 16, while at the same time accenting the area around lettering



Fig. 7 shows a tablet in which a section has been applied through
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11 shows a tabepewilh refereneritoenample 2. control | ed container for nultiple
dosage Fig. 8 shows a hard capsule 10 that carries a core 14 within the capsule as a
- powdery, granular or viscous mass. The capsule shell contains and protects the core
material, but in accordance with the present invention, it is also formed of a heat-formable
layer 12 that can be thermal-formed with a microrelief pattern 16 directly into the inner or
outer surface of the capsule. Suitable materials for the formation of the capsule include
gelatin, starch, and HPMC, or mixtures therof.

Fig. 9 illustrates a soft gel capsule 10 according to the present invention which is
simitar in function to the hard capsule described with respect to Fig. 8, The hard and soft
capsules are preferably formed of a gelatin material, preferably with a Bloom strength of
200 to 250, according to the present invention.



fornms 10. It contains sections for storage 29 and a backing |ayer 27 which
can include a thermal and hygroscopic humdity barrier to further control
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Fig. 12B shows the same tablet 10, but with a series of concentric grooves 19'.

Fig. 12C shows a table 10 using a combination of the grooves 19 and 19'.

Fig. 12D shows a tablet 10 with a coating 12 with two central, generally flat faces
18, 18 surrounded by an eight-sided, diamond-like array of flat-faced, inclined, shoulder
portions 18b".

Fig. 12E shows a tablet 10 with a coating 12 carrying lettering 22 cut into at least
one face 18 together with a set of depressions 21 also formed in the otherwise generally
flat faces 18, 18. Twinning is reduced in proportion to the combined surface area (at face
18) of the lettering 22 and the depressions 21.

Fig. 12F shows a tablet 10 with a coating 12 that has raised, enlarged portions 23,
23 at both ends of the tablet. The end portions 23, 23 control twinning by physically
interfering with a face 18 to face 18 contact between tablets 10.



coordination wth an array-of the dosage fornms 10 each carried in suitable
aligned depressions 33 on a conveyor belt 34. As shown, the dosage forms
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across t he W ¥ng belt 34.in a series_gf. nutually- spaceggrﬁ%@%ﬁﬁg li ke
pattern of the depressions 33 each receives one of the tablet or capsule
types of the dosage forns 10 to establish this array. One of the rolls
36a, 36b that carFig 12kds aedatia®bn tbe Flgr 12/ embodisenianuan tha eaisesenybpdriomas’

(rane 38a, - ATPURNY B8Hbs pifh e bbiiir helobes of it Ak ofdiniofei i gokord 2374410 2
rolls carr y t he cﬁ!ﬂ}t‘lﬂhiﬁh%lsl?épthet P@h@ﬁl@ﬁn‘pﬂfﬂl@aa@t 10\!‘"“]' geraralyflat égces ABse

rolls is felarl 4 Y&l %eﬁ&’éﬁ’y hélfis ﬁé‘i’&élf Skje%éﬁﬁbéhe?ﬁﬂrdihfé?éd S eddH fAce
nmovemnent of the bel't 347 The trans tagf ate pr ef ér abl é?for med as a

thin, tenpertuthe R"@J§?f$q"a§7t°a§h€feﬁ°ufﬁe ﬁ‘ﬁ‘?&?‘b’eﬂf 5'149&? apd fan Be 4p9d i7 Riyrgh
resol ut i on nfofh Bk ehdtefacguch as a dlffractlon pattern on its outer surface,

which is prefera thermal |y conduc and able to flex sufficjept to
Canster Che rer i Bmig Wi g gie b lpchnific 4 Hedsd  arocestng 9La510 e
face 18 (Fi gwoducingltheldosdgedosag €0, fFig“snnaeﬂswhsﬁ'ate anapparatistionghitiousdsa senipe.
The preferre L 3l uf | {of LV ce.c 0 of an

el ect of or mad‘9 %%@téf&%?orﬁége{ pféééld’&a%hbglg?ig{%gel‘?glafgpa;&ﬁjﬁ O M ckness in
t he range of cdordimatidnmithsin antay of thesdosage forms 80 eacnedrded iplsaitabi@alignedduces  a
downwar d pre%?dﬂés%ndﬁﬁ%b%ﬂat&% drbeit 84l ef pattern on the transfer plate to

be replicate I'n t on the dosage forns as they pass through a

nip defined by tHs $hewn, the dosage fores 19 have begn earded, st leaplin pad. withra layer &

the transferand b Grrdyed J&a@s&ﬁabbmy.ha bb& 3Depd QQ'lestf ittt spaded3ne L CAGKE
and/ or durin th| Sr‘%‘?al i catio softens 1t sufficiently

to receive tHReR & ?qrgs';snoqﬁ :ﬁ&ﬂcb é?cef"@gﬁﬁ? g @péang,t or Gapsuletypes afthe, . 5 quced
by this heatdosggé foring 10h®estali[$h this aR@. One 6ﬁtﬁ€rollal36am6ﬂ‘ thatedarry tiidbelt 34 i$25C.

It can be ef d t tran Iate 0 coatin

12, or bot hérﬁ'grhgo ﬁééépoggﬁlrdéga "B% ngntio L %%\F’Fﬁeﬁ%r@ﬁ n{'?q c '

r &si st ance membl,ya&nmm@ fcémma)bhdﬂ#wrdﬂWBMaaﬁ/aBdBB@ jourdlled il theer , a
£ \

o o KT ) oSl BRSSPl .

38b i s heat RISO djygn to move the iransfen platesincrardinations with npvement qf the hait %‘os age

formis heated, ithedfihshe pta&aszs piSTerablyIBieRd asQ thite finffbratlieteSisaRtSHeat dred

o e it DB b P e g Ao
14. The tr amséresurfate, Whichrie bre@érablamemallyrconﬂucawé aAg hbleto féx sufficiartipgde Wi t h
O 101 F O i s e R bl AR 12 IR IR AR 0L
rapidly cool 2H)ohdesagetforen 10 whiler adcommodatingte its shape. Thélpreferree rederial k= a
signi ficant g@aefferburidcsbdribdidd SPSNEBLEDhed R 8Y £ HedtPesifthhtpiddhE, fi ¢

With a thickness in the range of 1 to 5 mils. The tension in the transfer plate 32 produces

a downward pressure urging the microrelief pattern on the transfer plate to be replicated

in the layer 12 on the dosage forms as they pass through a nip defined by the belt 34 (at

the roll 36a) and the opposed portion of the transfer plate 32.

The coating 12 is heated, preferably just before and/or during this replication, to a
degree that softens it sufficiently to receive the microrelief. A typical temperature of the
layer 12 produced by this heating is in the range of 90°C to 150°C, and preferably about
125°C. It can be effected by heating the transfer plate, the dosage form coating 12, or
both. The heat source can be a stream of hot air, an electric resistance heater, a pulse of




that holds the dosage formarray to the side effecting the rel ease. Again,
a wde variety of cooling techniques can be used such as jets of chilled
air, cold rolls, anbient air and radiant cooling, or the action of the
cool corewbdrfdsgs. 1-12H) as a heat sink. In the appar CHAISAMIINFP,
preferably roll 38d and 36a are cool ed;2%hi ch cools the transfer plate 32,
and the dosage forns carried on the belt 34. The cooling al so aids the
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35a that guide the jogging movements. Springs 39 hold the slats in a normal position. A

fixed cam plate 41 at th'e side of the belt 34 engages the slats as they travel and

produces the jogging movement in oppossition to the spring force.

The dosage forms 10 transfer to an array of depressions 33’ in belt 34'. It carries

them to a second print assembly 38' that transfers a diffraction microrelief on the opposite

face of each dosage form 10. The assembly 38' has the same construction as the

assembly 38. The microrelief pattern, of course, may differ. The presenting coated

dosage form face or surfaces are heated, the microrelief pattern thermally transferred,

cooled, and released, as with the assembly 38, as they are continuously carried through
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generally unifo
dosage forms to facilitate the transfer on to irregularly shaped sections. The microrelief

pattern on the transfer plate can aiso be optically predistorted to accommodate for the
reconstitution of an image on dosage forms with curved irregularly shaped sections. The
dosage forms are thus simultaneously and continuously replicated with a microrelief
‘pattern on both sides of complexly shaped surfaces and are carried around roll 58a and
held in the holes 48 by a cdnforming guide member 40a. As the dosage forms clear the
guide, they fall onto a take away conveyor 44a.

Figs. 18-19 show a twin moving belt-like transfer plate apparatus 59 according to
the present invention, which is an alternative embodiment employing features of the Figs.
13-15 and Figs. 16-17 apparatus 30 and 45 but which avoids the dosage form transfer
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is placed in the frame. The transfer plate 76 is registered on pins or surfaces (e.g., the
interior surfaces of the sidewalls of the frame 70) if it is desired to have precise
registration between the relief pattern and the dosage forms. An elastic base 77 also
held in the frame 70 supports the dosage forms from the bottom. It can have depressions
aligned with the openings to accommodate curved or thick dosage forms and to protect
the supported surface from mechanical abrasion. The apparatus carries the paliet 71
along a generally linear processing path that includes intermittent stops at a series of
stations.

The frames are carried on a continuous conveyor belt, as best seen in Fig. 23,in
two stages that each transfer a microrelief pattern 16 onto one face 18 of each dosage
form 10. At a second station 82, a pick-and-place mechanism 84 transfers plate 76 on a



pill wth about 10kg/per pill being preferred. After inprinting, the heat

transfer element 90 noves and lifts fromthe transfer plate and the pallet

71 noves through several air cooling stations 92 (e.g., regions under
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closes - as the apparatus rotates the dosage
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pallet is then transported to a position 112 where it is gripped between a pair of members

114, 116 each supported on the end of an arm 118 rotated by a hub 120. At least one

arm 118 of each pair of pivots to open, close, and press the transfer plate towards the

dosage forms. As the hub rotates, a gripped assembly is heated and pressed at angular

position 119, cooled at position 120, and released by opening the members 114, 116 at

position 122 where the assembly is transported to a de-molding and transfer plate

removal station 124.

Figs. 26 and 27 show a rotary apparatus 126 according to the present invention
that receives an intake of dosage forms 10 that are fed vertically into a registration frame
128. An associated shuttle apparatus 130 moves both upper microstructure (relief)



heat ed dosage formlayers 12, and/or facilitates the rel ease of the dosage
formse fromthe MIE' s. Also, pressing can utilize a separate pressure
and/ or heat applying nenber operating in the manner of the thermnal
transf er woamesd 90. Figs. 29 and 30.show anot her appar RGIEUSIR114L cor di ng
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most die in Fig. 30. Alternatively, a small, movabie clamp (not shown) can grip and
move the dosage into, and hold them in position in, the dies 14, and then remove them
from the dies 14. : :

In the apparatus 138 the dosage form 10 itself, not the punch or the die, is heated
to soften the layer 12 before it is introduced to the apparatus 138. The heated dosage
form is then fed into the die through the slot 150 with the tab in position 148b. Movement
of the dosage form fully into the die is effected by rotating the tab 148 to position 148a.
The apparatus then rotates to index the die, with the hot dosage form loaded therein, to a
position where the cold punches 144, 146 are driven axially to transfer the microrelief
pattern to the layer 12. Because the punches are relatively cold and have a large mass
as compared to the heated dosage form, they quickly cool the layer 12. The punches are
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directly, to a degree sufficient to receive the mcrorelief. At block 156,
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the interference pattern occurs over a region, it automatically adjusts to variations of the

layer 12 from a perfectly flat condition.

Fig. 33 shows a further alternative apparatus 170 according to the present
invention that transfers a high resolution microrelief into the outer coating 12 of dosage
forms 10, particularly tablets. This embodiment is similar in its construction and mode of
operation to known high speed printing apparatuses. The dosage forms 10 are fed to an
intake hopper 172. A feeding apparatus 174 takes the dosage forms from the hopper
172, orients and aligns them, and presents them for transfer to a first conveyor wheel
176. An array of depressions in the outer layer of the wheel 176, or other known
arrangements, carry an array of the dosage forms on the outer periphery of the wheel
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variety of nmachines and processes for the production of these dosage
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a second heated cylinder 192 that rotates in registration with the wheel 190 to replicate a

microrelief on a second face of the dosage forms in the manner described above with
~ respect to heated cylinder 186 at nip 194. After replication of the microrelief at the nips
184 and 194, the layer 12 is cooled in any of the ways discussed above to retain the
microrelief in the layer 12 and facilitate a demolding from the transfer plates 32°,32'.
Having been embossed with a microrelief 16 on two opposite faces, the dosage:
. forms 10 leaving the nip 194 are carried on the conveyor wheel 180 to an output chute
196 where the demolder dosage forms fall off the wheel 190 assisted by the force of
gravity and slide down the chute 196.
There has been described a dosage form that can selectively retain and
reconstruct optical information and effects while being compatible with modern high-
speed production techniques. The dosage form can take a variety of configurations,



VWhile this invention has been described with respect to its presently
preferred enbodinents, other nodifications and variations will occur to
those skilled in this art. For exanple, those skilled in the art wll
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processes described hereincan al so be a@é&pted to“the production of non-
phar maceuti cal cores such as placebos and i nclude cores made of naterials
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from an aqueous solution of a thernoformable material selected fromthe
group of nodified cellulose, nodified food starch, gelatin, waxes or

veget abl e guns and conbinations thereof. 12. A pharnaceutical dosage form
accor di ngvoo/mhedi m 11 wherein said nodified cellul ose iBCHESORIMY fromt he
group consi sting of hydroxypropyl net hyd®el | ul os (HPMO), .
hydr oxypropyl cel lul os (HPC), and m xtures thereof. | 1TI1LFLIEL FLHEELD THEL
11111 11 LIl CL MS W 01/10"4 PCT/USO0/ 21149 -36 13. A pharmaceutical .
dosage f oWeLECHTBPHE to clai m'12 wherein said |ayer constitutes in the |
~range of 0.25 - 5.0% by weight,. of said pharnaceutical dosage form 14. A

phar maceut i ca sage fo m accordi n out er
| ayer is? app*‘ g B?cia ??sﬁ‘aeg‘ff"‘l %PH59§3%%E?,‘8'“%@ %ar macqguﬁIl Fﬁbéosage
f or m accor di niat eoneéys infioiniationtisaic matesial iwbllmmgmndfmb'el and sfalter ed to said
core by a, hea rmp%g BRGEH esides form
accordi ng ‘to élpé%%cv?ﬁ% sal grgr?é%gélnngggﬁ from%ﬁﬂl—rﬂé/c or HPC
contact | ayerglosags fomﬁgmqumpgma easel comprpingd Bharmareuticallyactive xt ur es

thereof. 17. ﬁ@H&:a%brﬂ%st&aiecwaha@s.%améngcbﬁrﬁb%béﬂné or 11,
wherein said ayer orns an edible capsule t hqgl ds said core. 18. A

phar maceut i caPVQﬂ'M@agé'dfcé’F?ﬁm Wfomgatiqn is Pép‘?ﬂﬁm\cd'ﬁa%?fs? essentially
of 'said bayep phBfhaceliicil Besh bhﬁmd@ordmgpheamz ouhefelresdid microrelief irssdidt ance.

19. A pharmaceutica a | d
outer layer BYRSER o555 B 580 re 3pa Py BB oA el BB T "
control | aby da sisibaycﬁahge tresfa‘idEMIsgra;bhmmgemndﬁent israminditatipn of expasure to

mcrorelief. 20. dosage formaccording to claim 19 wherein
said at |east )6cﬁgé\'$nggt%gaph+@@ll Is is alownelti nﬂ@pm nt_wax., 21. A

phar maceuti cah phiessapeutical dosage form angordingde slaim 29r 3 the fama af atablet| east one
food grage ny (?%Eh@éoghﬁéa?ads% Eb&nﬂi&éﬁi@ t@f:laii@ﬂforsrinmerohﬁbmmblec l mege .
ce

Pt aceuf i RIaTRRRE U Hosase e srsoiade B 160 g o el o, 2o 1\
outer | ayer bigrravhoh gfatihgtod grade naterials selected to controllably - g
dosage f ofim abEBvEAE s MeRbRIT Rl o274t °| cast one Taod grade
material t hat arcernwiichs camprisies plphamaceutidaliyactive sebsignce@pda@ on t he :
hol ogr aphi c pharmaceutically acceptable carrier;

a thermoformable solid outer layer overlying said core, and a microrelief in said

layer..

8. A pharmaceutical dosage form according fo claim 7, wherein said microrelief is a
diffraction grating.

9. A phammaceutical dosage form according to claims 8 wherein said outer layer
completely covers said core.

10. A dosage form according to claims 8, wherein said outer layer partially covers said
core. '

11. A pharmaceutical dosage form according to claim 7 wherein in said layer is formed
from an aqueous solution of a thermoformable material selected from the group of
modified cellulose, modified food starch, gelatin, waxes or vegetable gums and
combinations thereof.

12. A pharmaceutical dosage form according to claim 11 wherein said modified
cellulose is selected from the group consisting of hydroxypropyimethylceliulos

(HPMC), hydroxypropyicellulos (HPC), and mixtures ther_eof.
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I mage or effect produced by said mrcrorelief is selected fromthe group

consisting of a highly hygroscopi c sugar and such as dextrose or a

pl asticizer such as propylene gtycol. 24. A pharnmaceutical dosage form

accordi ng woahedém 22 wherein said food grade naterial rePETUSOWNE%ffects

of noisture and conprises. a | ow hygroscepbe nodi fired cellulose. 25. A

phar maceuti cal dosage form according to cI aim4 in which the outer

conflguratlon of the core reduc S tw nnj duri n% an-coat.in L I
i\

I 1 1 1 | | | Aphprmpaceufical d?squl Oorm gccen i oSiRp Fwhereip said G@?sé'ﬂ%‘g
35 f2_6. A pha_r mﬁeltar@_alofdasageogﬁ cuyrw@@ﬂpéﬂbangpﬁaarnabmn]galﬁésagtmhnch theh
nodi ficati o IS 0 1 re ctlon | nt o at S.on the
Tore, 5o s> eifdelice: BotebR S Stotdind BT B oiinersid 5ol SRR 19 ( e
nodi fication cisrappliestly printidg colemiradingng at | east one convexly curved face

of not._| ess 1bhep oy Al Bosdt forh ALK EHiAs, ARSRREAPOIAGHSTLI N0 tO

cl aim 26 wherein e cor as a ., sal f ecess
havi ng a gener agdRered torsaid ease by mheat-flusecdor chemicalbpad.nod of producing a

mcrorelief 4gn @ hhﬁﬁé‘o%ht.é&aogggs%é&waﬁ@wwmaw% W e bdridls Iaai n a

phar maceuti cal | épactlve subst ance and a pharmaceutically accepta
carrier, conpri ¥PM@nhiRMGos HPGrontagt layer waxgvegatablecgie mﬁd!ft?dzi‘)q%?@’lc“cﬁf
therrm-forrrabl em‘m@@gtﬁgredfhat can receive and retain a hol ographic

di ffraction_pattern; .oV di n | at n hi |ffract|on
pattern ford &hP hdo{P JA’ B#PFB%"B?’S'QQ? '??" 2BF ﬂad’&"’f&@?@ﬁ? ayegforms
transporting. sanddnbteﬂapshlemabolﬂssadpom tion opposite said first surface;

d. h I ' t
the t1me ahdf ¢ Ad)enpalbulitel BBttt Sorlind @ ol FvchboRbbb a8 Bt 1t
surface into sabaddayar andy absorbedtherein, @ phamiacauticallyragtive subdhahée action

pattern in fgi dapRamhdtutidal d&é&?é'f&?ﬂi a?ﬁbl%l@qgthS Pk 13%@.&&?@% outdPd 9

denol ding said first plate surface froms ographi c

coat |
dosage form pr o@¥RtGoRIPriRes #depss pne fogd grads fﬂh"éf‘%‘lsﬁ'%gﬁd" eenifoflaRy display,the
coating and f ur gffsets SFERt arfd/thubriidity DheRidrhicksailefol | i ng tw nning of said

coat ed 20. A pharmaceutical dosage form according to claim 19 wherein said at least one of
said materials is a low melting point wax.

21. A pharmaceutical dosage form according to claim 18 wherein said at least one food
grade material retards the effects of heat on the holographic image or effect
produced by said mircorelief a high melting point wax.

22. A pharmaceutical dosage form according to claims 8 or 9 wherein said solid outer
layer formed of food grade materials selected to controliably display the effects of
moisture on the microrelief.

23. A pharmaceutical dosage form according to claim 22 wherein said at least one food
grade material that responds to display the effects of moisture on the holographic
image or effect produced by said mircrorelief is selected from the group consisting
of a highly hygroscopic sugar and such as dextrose or a plasticizer such as
propylene glycol.

24. A pharmaceutical dosage form according to claim 22 wherein said food grade
material retards the effects of moisture and comprises a low hygroscopic modified
cellulose.

25. A pharmaceutical dosage form according to claim 4 in which the outer configuration
of the core reduces twinning during pan-coating.
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tablets. 31. The hol ographi c dosage form producti on nethod of claim30
wherein said twinning control conprises formng said core with at |east
one curved face that receives said coating and said pressing. 32. The

hol ogr aphwve otmaemge form production nethod of claim 31 wheEHDS0023148
curvature is sufficient to resist twi-Afifng, but not sufficient to di stort
the hol ographic image pressed into in said coating. 33. The holographlc

dosage 1 OB PluiHihlh el uB0theib® hétoMirtfic lith O WA viehinBafi it o

generally Circ as an l'ein Re face
t he curvatur@°m§"$3$&l'f$éu¢t!§>ngéth§fa"my0mfﬂet€e%@ﬁ\‘PQO@ about 0.9 rad| an.

Li 111 111151l dehddold b 6 ool 086 whf e ddiRgh 21149 34,

The hol ographi ¢ dosage_ form producti on net hod claim g wher ever said
twi nni ng cont PSW’REWF%‘&‘* haying afdeash P EQH”@”V\F‘?."'HG%\W@ ot legsithehBat | east
one face -of gadighg;oat, said recess having a generally flat bottom that

recei ves s |d C ng .layer. 35.  The holoqgraphic dosage form production
et hod of 24 aiiemaghutestfossge 18im dedulie BYUAR B Srerar He ol FRERETRL oo o
pressing tr ansémss fomed tevéay saip ecesphaving aigererallytplianar baitom Siréackol ogr aphi ¢
dosage forjp pro re! €ss than
about O. Olégn’mA %%Hfﬁpprgg#'% FI' cr&Je osgcbi%é Eﬁtﬁé Ho%%%??rgrﬁﬁﬁﬁm of claim
29 wher ei n saiwhighenicagtain mnlha!mege%laﬁ“u apmmsmom 2 pharmaeewicallyondi ng
reliably with éﬁ#ﬁgﬁeﬁ&m%ﬁwg%b€mi c dosage form production nethod
er np-

of claim 29 or ereln sail ormabl e materi al selected fromthe
group consi sting of & gel £P#ting saidyc@reWith? [RyeN fdthermodertatie materphipst
hydr oxypr opl y%ahkede%%nelra%aﬁﬂwbrépmunﬁrbem pHttefghes, waxes, vegetable

guns and conbi nations therep ol ogr a e duction
met hods of cl ai m 38 Bwher T 'ﬁtﬁ-;’@?"f’ﬁf"h R’Hﬁaﬁ’ﬁ cgéirg%’o% ?ﬁ rpg'%??%aq"f i ed
cellul ose, a MmsazpmnOMSQMMenebf 40. The hol ographi ¢ dosage form,
producti on net hod of cla [ . yer in the
range of 0.25%to 7. 50 (&)@h%@%@%&ﬁ d@at%? cgaﬁggg%gggtlorp§’8§rl‘rénﬁg§ﬂq‘ﬁ&$he

hol ogr aphi c d@ydg@ form production nmethod of claim29 wherein said plate

providing conprises gcont h@&ﬁfgfdtkaamérwsﬁa piitdshd said cabting Blridd 6Ppribt ©
material containing said pattern on at st pne surface thereof in

coordi nati ng g ¥me G“Wzﬁ‘%ﬁ@?{q‘ﬂ’@"ﬁd ’?? NsPPat ed dosage forms. 42. The
hol ogr aphi ¢ dosage feor m pressivg saidfirstedrfaed intd said batingXo véplicate saidai d sem -

holographic diffraction pattern in said coating;
f. cooling said coating thus replicated; and
g. demolding said first plate surface from said coating.

30. The holographic dosage form production method of claim 29 wherein said coating is
pan coating and further comprising the step of controlling twinning of said coated
tablets.

31. The holographic dosage form production method of claim 30 wherein said twinning
control comprises forming said core with at least one curved face that receives said
coating and said pressing.

32. The holographic dosage form production method of claim 31 wherein said curvature
is sufficient to resist twinning, but not sufficient to distort the holographic image
pressed into in said coating.

33. The holographic dosage form production method of claim 32 wherein said core face
is generally circular and, measured as an angle in a plane through the face, the
curvature is in the range of about 0.6 radian to about 0.9 radian.
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flexible material is selected fromthe group consisting of. a thin sheet
nmetal, rubber, a lamnate of thin sheet netal and a | ayer of a resilient
backi ng mat er i aI posite said first surface, and a rubber

conposi te. QW PhoI ogr aphi ¢ dosage fotggproduction met hdt @Wso@ﬁ%ﬁ&m 42
wherein said thin sheet netal is a nickel conposite with a thickness of 1
mls to'5 mils, and said holographic diffraction pattern is el ectroformed
on said firs34.suftfehniographic dusagh foropragiition dnestxgieof folainm3P mbetaver said net hod  of

claim 29 and 4luiriishnaRih ngésafagaﬂgfshfa%?é Rt 885 whfih & g &b ey oS-

45. The hol ographi c_dosa I on net
wherein said cdisad sk éa'f’&%‘ﬁﬁ 3ving ageperallyfiatinegomihal rg:;eggg,sg@ gosting
non- pl anar, and|5 rdbeItIIIIIIIIII~IIIIII'III~III CLMSW

01/ 10464 -3 SO0 1 |b|||t,|s sufficient to allow said belt
to conform t%f’ sg’}#}fgﬁ‘ﬂ ]hé a@% on methpd-oficipim B4 wWherRin saig receggis
hol ogr aphi ¢ dos asgﬂ‘demtlyrsmmblmétlsam préessiitratisfars éalmhéfbg%ﬁk@aﬁeﬁl&éﬁhbly

= par ot el | 3 ol R okaPe i g L et i A2 e el 6 prcess B
novi ng sai d bel tlessthanebouwtOtdtmmn wi th said conveying. 47. The hol ographic
dosage formgso t i Ls.a rapid,
| ocal i zed hegf'zl ﬁgg gﬁ%%g%% #’Pd Yy dm[g)r eggf‘%%ﬂ{ %@ﬁ%&@ﬂ%& Ia%hl c
dosage form pr odG@'ﬂ¢Q§r$aF¢eﬂ1ﬁ@!P-f@ﬂn@biamﬂterhl benging reliably witthesid corg. r ai ses t he
tenperature 4, Smedwditoq*régrﬁ&adsag e Ritn{g#5dLciBn ﬁ@trg;dhﬁ'ciam? 99 8r fs? S:feﬁ{ééﬁ

the range of 9Q - he hoIo raphlc osage formp uctlon rret hod
of claim 47 wherBeFnasiorpable matarighsel frera dle gropp F@ﬂs'ﬂég PEGFPBIPL of said

heat ed belt thathyamympﬁmeﬁyléeimd@qummpaﬁdresfylardplrycemdsé (APBY, Msdifigy Create
said repli catlor)f J said di ffractlo%patte I n. said cgatlpg 50. The

hol ogr aphi ¢ dosa FRISIPS MR- VeaRRRig GHaI Y oMbinationsihereal. 47 wherei n sai d
pressi ng occif s Trerhaidgoaphidddsage fodmpradiuctionl mefhbds dhelaihodsoghierpini saidinaes

form production lﬁ@ﬁt%gds cies Sflaq'héﬁlfdéﬁidémﬁlﬁgé Y @%‘ét%nz%?%h& Q%gfo?a a rapid,

| ocal i zed coolin I NS I mre SSi g has forned
said diffractQon QQ‘?PWW@&QQ”QE’D@NWIO&BEMWM hlainmgﬁ whesiein shidsaapting or m

production net hQﬁ‘odﬁceﬁ 'af!éyé\' Pikh 8 'O@O%%jto 7‘%5‘79 lofjfhg gve??ﬁm éaﬁf&oé%lge form.

resunption o 1 a,‘é.'g%}lt ual I%%osgace relationsh tp e'é]wee sal c?a !

sai d coated ‘@nd S%i g lprepreductien msthed\k claim 2 whereinaaichpl: o after

sai d cool i ng hasprddding comprises continuously advancing a belt of a semi-flexible material
containing said pattern on at least one surface thereof in coordinating with said
transporting of said coated dosage forms.

42. The holographic dosage form production method of claim 41 wherein said semi-
flexible material is selected from the group consisting of: a thin sheet metal, rubber,
a laminate of thin sheet metal and a layer of a resilient backing material opposite
said first surface, and a rubber and metal composite.

43. The holographic dosage form production method of claim 42 wherein said thin
sheet metal is a nickel composite with a thickness of 1 mils to 5 mils, and said
holographic diffraction pattern is electroformed on said first surface.

44. The holographic dosage form production method of claims 29 and 41 wherein said
transporting also aligns said coated cores.

45. The holographic dosage form production method of claims 41 or 43 wherein said
coated core facing said plate during said pressing is non-planar, and said belt

-
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53. Apparatus for the continuous production of a hologramon an ingestible
dosage formhaving a core which can contain a pharmaceutically active
substance and which has been coated with a thin layer of a

t her no- f ovoredzsioes4 conpri sing, a conveyor that carriers theCEUN0BH4Rores in a
first direction, a plate containing a 'ﬁgrographl c diffraction pattern on
one surface thereof facing the coated cores on said conveyor, said plate

bei ng novabl eﬂak.simg iSaufkidrit wauoméar.@sauereohﬁnﬁ%éia A&H-biaRarto %{h gaid
carrying of s convgxtl’or and with said one surface spaced from said

coat ed cores, %ﬁs'ﬂ'é%f% F&SPiNG-api di y raising the tenperature of one of said

pl at e and 4sai dhemmgrapgnctd@sagé mrﬁ brd&helidh raéthed 60sMimND witeréifsambl e,
apparatus for d. coa af.ter

[essing sa 0 s n
heating to r eﬁ'?’P%Pa Jiing, q?ﬂ?"ﬁ?? ?9“%(83('?%8 ?)ﬁlefié?'ﬁayo?afsla‘dl ‘?°P¥ "gﬁsl"l’ I"’Ipl"‘Tal ?'111110
~1J1 GL MS \iosely 5auea-relatéhshPOHHUBMIIGN 6748id I, and-mavingigaid dekmol er {0

rapidly | ower &%ﬁglntaﬁmﬁl‘% gorR;e ﬁgl d coating to stabilize said

diffraction pattern in sal coat and apparatus to separate said one
surface friddm Jhphologeaphicglosaoe form pradpetiananetbodof Qtalm%mrmnemélhaatmgl d plate

conpri ses an @QFépW%I:ié@'hbaﬂf_ﬁnﬁsammhh %iécl < rial with said one

surface faci ng{lout war d ar at us 54 wherein said

diffracti & p ?@Phgfa?h'Fé’Pﬁiﬂf form HPdP@!?g'tmetb‘éﬁ ofi v 4Jrwhessin) said seatingf ace.

56. The appar éises thé terhpiratule/of ShIBdifractiDA IpEt6rA IBNRRRI beit6 b teHRSeraBR A tHe !

hol di ng said _coat ggog%@g in a.pre-selected array and said diffractive
pattern is fo td or recessed portions of said belt that align

wi t h sai d 48oafTée hologmaphiduosane fean frodpctisnsnetiod & &lainhldF vetepsin said pressing! ai m 54

wher ei n sai d l&anhnéeg t;}{ &.e% Eﬁ{ aﬂd 'tﬁéi g[e; gﬁg‘qﬁx‘gﬁ‘tz‘i?r%ﬁ’(é@égkl ng

consi sting of
layer of ar e§P'F1|CQﬁ1!n9rfm°@ai%$ald mphmtm Qfmd dlﬁactm patteg) inBhid copting. at us of

clai m 54 wper qha haﬁgﬁépﬁﬁmagﬁg}éfaﬂn ﬁﬁﬁ%ﬁh%t ok Jﬂ%‘ﬁfngm{l §Pwhe m%ogw de

menber positioned to direct | east one and sal conveyor to
separ at e frompéﬁﬁ‘f’ﬁ@f"cqr%f‘?‘iép‘ﬂi‘wr?"&e’%?‘iﬁ%& 59. The apparatus of claim 53

wherein sd&1d Thahelgraphipidos®se foms protactionimethst ¢fitiaim @b iefeinad eddliig RNer gy -
Fayer Fact o TR, QR A e ol o
conpri ses a | seidgiffractionpaiierairsaidicddtingd
52. The holographic dosage form production method of claim 51 wherein said
demolding comprises a resumption of said mutually spaced relationship between
said coating as said coated and said belt as they continue to move in coordination,
after said cooling has begun.
83. Apparatus for the continuous production of a hologram on an ingestible dosage
form having a core which can contain a pharmaceutically active substance and
which has been coated with a thin layer of a thermo-formable, comprising,
a conveyor that carriers the coated cores in a first direction,
a plate containing a holographic diffraction pattern on one surface thereof
facing the coated cores on said conveyor, said plate being movable along said first
direction in coordination with said carrying of said conveyor and with said one
surface spaced from said coated cores,
a heater for rapidly raising the temperature of one of said plate and said
coating to a level where said coating is formable, apparatus for pressing said one
surface into said coating after said heating to replicate said diffraction pattern on
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directed onto said belt followi ng said pressing. 61. The apparatus of claim

53 wherein said pressing apparatus conprises belt guides that deflect a

portion of said belt into said thin layer follow ng passage through said

heater. 62WOd0d@par at us of clai m53 wherein said pressi n§CIHFAVRA
conprises an actuator disposed after sai'd heater to reciprocate into and
out of contact with said bel.t opposite said first..surface to print said

di.ffraction patstaﬁrdibaiting,said:coating. T U U T 1 A I O I Y I

C- LS a cooler to rapidly lower the temperature of said coating to stabilize said
diffraction pattern in said coating, and '

apparatus to separate said one surface from said coating.

54. The apparatus of claim 53 wherein said plate comprises an continuous belt of a
semi-flexible material with said one surface facing outwardly.

55. The apparatus of claim 54 wherein said diffraction pattern is formed on' at least
portions of said one surface.

56. The apparatus of claim 54 wherein said conveyor includes means for holding said
coated cores in a pre-selected array and said diffractive pattern is formed on
raised or recessed portions of said belt that align with said coated cores during said
pressing.

57. The apparatus of claim 54 wherein said belt is formed of a material selected from
the group consisting of: thin shéet metal, rubber, thin sheet metal with a backing
layer of a resilient material, or mixtures thereof.

58. The apparatus of claim 54 wherein said separating apparatus comprises at least
one guide member positioned to direct at least one of said belt and said.conveyor to
separate from another to help in demolding.

58. The apparatus of claim 53 wherein said heater comprises a source of radiant
electromagnetic energy directed before said pressing apparatus at one of said belt
and said thin layer facing said belt.

60. The apparatus of claim 53 wherein said cooler comprises a jet of a refrigerated fluid
directed onto said belt following said pressing.

61. The apparatus of claim 53 wherein said pressing apparatus comprises belt guides
that defiect a portion of said belt into said thin layer following passage through said
heater.

62. The apparatus of claim 53 wherein said pressing apparatus comprises an actuator
disposed after said heater to reciprocate into and out of contact with said beit

opposite said first surface to print said diffraction pattern in said coating.
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