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PCT/ US96/ 09882 ELECTROSTATI CALLY DEPCSI TI NG A MEDI CAMENT
POZDER. 5 The invention relates to dry powder deposition

t echni ques and nore particularly, the invention relates to a technique
for el ect rostaW&M,deposi ting a dry powder nedi carrent,.mmwte
repeat abl e doses upon a dielectric substrate.

BACKGROUND OF THE DI SCLOSURE Powdered nedication is typically
adm nistered orally to a person as a tabl et -1b- or capsule, or as an

i nhal ant. The prior art discloses a nunber of techniques for

adm ni stering doses of inhalable dry powders to the lungs of a patient.
General ly, inhalers are mechanical systens that generate a netered cloud of
medi canment powder for inhalation by a patient. Many of these prior art
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generating a netered cloud 15 of nedicanent for inhalation. However, since
CFCs are no |longer used in consuner products, other techniques for
genefating the Bedi carfm&imémimdrhlawmo drypcb\@endq:opinonmhmquesandmore One
exanpl e of a non-CEC art |nhal Jos atent.
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administering doses of inhalable dry powders to the lungs of a patient.
Generally, inhalers are mechanical systems that generate a metered cloud of
medicament powder for inhalation by a patient. Many of these prior art inbaler
devices use chloroflnorocarbon (CFC) gas to facilitate generating a metered cloud

15 of medicament for inhalation. However, since CFCs are no longer used in
consumer products, other techniques for generating the medicament cloud have
been explored.

One example of a non-CFC, prior art inhaler is disclosed in U.S. patent

4,811,731 issued March 14, 1989 (the "’731 patent”). This patent discloses an

20 inhaler that contains a plurality of measured doses of medicament stored in a
blisterpack. Upon use, one of the blisters in the blisterpack is punctured and a
patient inhales the medicament from the punctured blister via a moumpiece of the
inhaler. In the 731 patent, the medicament dosage is measured and deposited in
cach blister of the blisterpack using conventional, mechanical measuring and

25 depositing techniques. Detrimentally, such mechanical deposition techniques do
not apply repeatable doses of medication into each blister of the blisterpack.
Typically, some of the medicament adheres to the mechanical deposition system

. and, as such, reduces the amount of medication deposited into a given blister.

The degree of adbesion depends upon the environment in which the deposition is

30 conducted, e.g., the ambient humidity, temperature and the like. Since a
mechanical deposition process is used to apply medicament to other orally
administrable platforms, the same dose variation evident in inhaler doses occurs
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t hat has been d@poThareafter, the web passes though a compartment containing 2 medicament
cloud. The medicament in the cloud is attracted to the charged web and becomes

deposited thereupon, i.e., the web becomes "loaded”. A spectroscopic

r

monitoring system determines the amount of medication that has been deposited
on the web and generates a control signal that regulates the amount of

15 medicament within the cloud chamber. As such, the *289 deposition technique
uses an active feedback system to regulate the deposition process. To complete
the process, the loaded web is cut into individual units that can be combined with
one another to define a medicament dose, e.g., a particular number of individual
web units defines a single dose of the medication. The combined units are then

20 encapsulated to form individual, orally administrable doses of medication.

A disadvantage of the *289 technique is the requirement for an active
feedback system to control the deposition process. Such systems are typically
complex and require an integrated medicament measuring system to generate the
control signals, e.g., such as the spectroscopic monitoring system of the 289

25 patent. In using a feedback system, the "289 technique attempts to uniformly
deposit the medicament across the entire web. Dosage control is therefore
accomplished not by changing the deposition quantity upon the web, but rather
by combining a number of web units to form a dose. As such, the dosage
control process is unduly complicated. For example, to generate a uniform

30 deposit of medicament, the electrostatic charge on the web must be uniform, the
rate at which the web passes the charging element and the cloud compartment
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medi cati on was 10ni pasticlar Ideatioss ¢oreal dielectric substrate. Additionally, a need exists in the
art for a technique for quantifying an amount of electrostatic charge accumulated

on the substrate and to use the quantified charge value to regulate the quantity of
medicament deposited on the substrate.
SUMMARY OF THE INVENTION
15 The disadvantages heretofore associated with the prior art are overcome by
an inventive technique for electrostatically depositing dry powdered medication at
specific locations upon a dielectric substrate. Specifically, a conventional
ionographic print head is utilized to charge a particular region of a substrate.
The substrate is a planar, diclectric layer positioned upon a conductive plate. To
20 form a dielectric layer that is in contact with the conductive plate, the dielectric
layer may be deposited upon the plate, the dielectric layer may be in contact with
but independent from the plate, or the plate may be metallic plating deposited
upon a lower surface of the dielectric layer.
In operation, a potential is applied between the plate and the print head
25 such that the plate attracts ions generated by the print head. Consequently, the
ions electrostatically charge a region of the dielectric layer that lies between the
plate and the print head. Selectively positioning the print head relative to the
substrate selects particular regions of the substrate upon which to "print” the
charge. The amount of charge accumulated at any one location depends upon the
30 dwell time of the print head over that particular location and the jon current
between the print head and the plate.
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accurately controlled by controlling the amount of charge accumulated on the
15 substrate.

In one embodiment of the invention, the print head is combined with
charge measuring apparatus for quantifying the charge accumulated on the
substrate. The measuring apparatus measures the DC current (ion current)
between the print head and the conductive plate. Specifically, the plate is

20 connected to an integrator that charges a capacitor as the ions bombard the
substrate. A comparator compares the integrator output signal to a threshold
level. The threshold level represents a specific amount of charge to be
accumulated on the substrate. When the integrator output signal exceeds the
threshold level, the comparator deactivates an AC signal source that generates the

25 ions within the print head. As such, the print head stops generating ions and
charge no longer accumulates on the substrate. Consequently, a specific amount
of charge has been applied to the substrate and, when the medicament cloud is
applied to the charged surface, a particular amount of medicament adheres to the
substrate, In this manner, the charge control process very accurately controls the

30 quantity of medicament that is retained by the substrate.

In a further embodiment of the invention, a reverse development process is
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Once a charge is accunul ated on the substrate, a triboelectric charging .
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substrate. In this rranner e charge control process very accuratel
controls the 15 inan inhaler application, the substrate can be a flat, ceramic disk upon which a
plurality of medicament doses are positioned. A user may selectively remove
and inhale each dose of the medicament from the disk using a venturi effect
inhaler device. Alternatively, the disk may be a fabricated of a woven or
perforated dielectric material. In this case, a user can directly position a delivery
20 tube within the inhaler device over a selected dose of medicament stored on the
disk. The user then inhales air through the delivery tube and the air flow
releases the medicament from the dielectric. The released medicament continues
through the delivery tube into the user’s lungs.
In a further example of the invention being used to produce pharmaceutical
25 substrates, including capsules, tablets, vaginal and rectal suppositories and the
like, the electrostatic deposition technique of the invention is used to
electrostatically deposit specific quantities of powdered medicament upon an
edible or otherwise biodegradable substrate. The substrate is then encapsulated
in an inert material to form a capsule, tablet, or suppository. Substrates useful
30 for this application are typically polymeric substances that preferably self-destruct
or degrade in body fluids and/or enzymes. However, the substrate can be an
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used to el ectrogigiseszal |y deposit nedi cament powder on a sub$itraissenskss a
reverse devel opnent process, a charge is deposited over the entire
substrate surface, except in regions mhﬁre the nedicanent is to be
deposited. To pattern the charge and géeHlérate uncharged regions,
either the print head is selectively 5 nodulated (activated and _
deactivated) as it is noved over the surface of the substrate or a
phot oconductive sybstrate is used such that afte chargin
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dielectric material. In this case, a user can direct|l y position a delivery

10 inside the edges so that the edges of the tablet may be sealed.
BRIEF DESCRIPTION OF THE DRAWINGS
The teachings of the present invention can be readily understood by
considering the following detailed description in conjunction with the
accompanying drawings, in which:
15 FIG. 1 depicts a cross-sectional view of an ionographic print head and a
dielectric substrate supported by a conductive plate;
FIG. 2 depicts a schematic drawing of a charge accumulation control
circuit for use in conjunction with the print head of FIG. 1;
FIG. 3 depicts a cross-sectional view of a triboelectric charging container
20 for charging a medicament powder and a cross-sectional view of a portion of a
substrate upon which the charged medicament powder is deposited;
FIG. 4 depicts a flow chart of the electrostatic deposition process;
FIG. 5 depicts a top, perspective view of a substrate that has been charged
using a reverse development charging technique;
25 FIG. 6 depicts a cross-sectional view of the substrate along line 6-6 in FIG.
5; and
FIG. 7 depicts a perspective view of an illustrative substrate having had dry
powder deposited at a plurality of select locations thereupon and an iftustrative
inhalation device for releasing the medicament from the substrate.
30 FIG. 8 is a graphical representation of the charge density of
electrostatically printed dots in nanoCoulombs on the x-axis versus the left-hand
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the surface of 1& tabl et DETAILED DESCRIPTION
The present invention is apparatus and a concomitant method for
electrostatically depositing a specific quantity of dry powder medicament at select
locations on a substrate. The apparatus contains an ionographic print head, an
AC signal supply for generating ions within the print head, 2 DC signal source
15 for propelling the ions toward a substrate, and a charge accumulation control
circuit for computing the amount of charge accumuiated upon the substrate and
deactivating the AC signal source when a specific quantity of charge has
accumulated. Additionally, a triboelectric charging apparatus is used to charge
the medicament powder and form a charged medicament cloud proximate a
20 predefined region of the substrate that is charged by the print head. The
medicament particles within the medicament cloud electrostatically adhere to the
predefined region. The guantity of charge accumulated on the substrate at the
predefined region and the charge-to-mass ratio of the medicament powder in the
cloud controls the amount (dose) of medicament that is deposited upon and
25 retained by the substrate. Consequently, this apparatus accurately controls both
medicament dosage and deposition location. Furthermore, since the substrate can
be fabricated of any dielectric material that will retain an electrostatic charge, the
apparatus can be used to deposit medicament on many substrates that are
presently used in medicament consumption, e.g., substrate materials used to
30 fabricate suppositories, inhalants, tablets, capsules and the like.
Thus, according to the present invention, specific quantities of powdered
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A tablet, for example, can be tested to determine whether it can retain a corona
charge as follows. The conductivity of a tablet can be determined by measuring
10 the DC impedance, by placing the tablet in an electrical circuit between a voltage
source and a picoammeter. The capacitance of the tablet can be measured by
placing the tablet sample in parallel with a Hewlett Packard 4192A Low
Frequency Impedance Analyzer set for 1 kHz. The tablets are preferably painted
on both sides with a thin layer of conductive silver paint to ensure good electrical
15 comtact.

If the tablet, as formulated, cannot retain a corona charge, the tablet is
preferably coated, for example, with a surface coating that retains a corona
charge on the surface of the tablet. For example, an edible polymer can be used
for the surface coating, such as natural or chemically modified starches and

20 dextrins including lactose; other polysaccharides such as pectin, acacia, xanthin
gum, guar gum and algin; phospholipids such as lecithin; proteins such as
gelatin; cellulose derivatives such as sodium earboxymethylceilulose,
hydroxypropylmethylcellulose and hydroxyethylcellulose; synthetic polymers such
as polyvinylpyrrolidone and polyviny! alcohol; or other edible polymers, and

25 preferably those which are hydrophobic. See also U.S. Patent No. 4,197,289,
which is incorporated by reference herein in its entirety.

Once the medicament is deposited on the tablet, the medicament is
preferably sealed onto the tablet by coating the tablet. In certain embodiments,
the tablet has an indentation for deposition of medicament, the indentation

30 preferably being filled when the desired amonnt of medicament is deposited.
The tablet is preferably sealed after deposition.



y-axi s which shows the dianeter of the dots in mls, with the data points

shown as open squares; and the right-hand y-axis which shows the

wei ght of the dots in m crograns, with the data points shown as

cl osed squares. FIGS. 9A-C are optical mcrographs of

deposi tions of w@ dgRgdsganent upon a 5 2 cnferr] pol ypropyl engrusdshdssd €
using ion printing. Figure 9A shows dots having a di aneter of about
75 ml; Figure 9B shows dots having a dianmeter of about 45 mls, and
Fi gure 9C shows dots having a dianeter of abéut 37 mls. To

facilitate understanding, identical reference nunerals have been used,
where possible, to designate identical elenents that are common to the
figures. 10 . . DETAI LED DESCRI PTI ON ) The
present invention is Jpphrthe pEesephinvantionRisthen pravides-a msthod of manufacturing a

el ectrostati cal |y pigRRciisufst e birh e bowdlt acholrddMHElREn, Al RAHR"

at sel ect | 6cat1 ons on a substrate. e ‘apparafus contarns an
i onogr aphi ¢ pri nt elestrostatically depositingthei medicamanp poyddrom the substraten dnicerain

ithin th i nt i gpal f LLj he. i

Foward & subst r at STaef sbodindle mé phirfieeuta syfifrall SPfk ekl 1 18y
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eactivatin t he S na our ce en a speclirtl guan Q cnar ge a

eatmil at ea” Add: deasufier B mefEeE donirs O parenie paionit Joe ROSGEE SRR

charge the BB oPR\MBRYE IR tﬁ@eagbeassm&mdg@mmmet%@%
u

proxi mate a 20 predefined region of the substrate that is charged by the
print head. The sealed.nedi canent particles within the nedi canent cl oud

2L L 08 NS ey SR s SRR o

charge accumul ated on 't strate a
char ge- t 0- nasslQ atpaticyiar tiérationeda 8 dinertriqsubeteate it £0.t Bpecifically, e apphratun16®| s

t he amount (dose) . ' t ' [ 0 I, | ned.by
the oupstrat e. - oot oo SR el Aiysh forpHRAZ sbERed BT BDRpratip bitht
medi cament dosage 1920 AQeqnd<IDCisiznall soares 004 ahdi 106 for nise print hexnd, & ¢haegesaopaadl at e
can be fabri cat%g gfn(fm)é. iig&el (;gtril}éorm‘h)eri % that will retain gn

el ectrostatic charcgeuit dfR and adiclecme Jayer 110 (ybs e_?@ﬁ"‘i“’_g ehERPER CEnent
on nmany substrat eq12haNfore specifically, the§rbhead 102abniaths HERlsCEERINde JaAsSUNpPt i on,
e.g., substrate materials used to 30 fabricate suppositories, inhalants,

tablets, caps u*%sfﬁ?f’d“?‘h&ﬂ % gecond electrode 116y, an insplatgy 18 (TheoACRIENH esent
i nvention, specifisguieaos kjpi@Ry Ybpphiey'd 8" Uz RF signal of approximately 1500

peak-to-peak voits across the first and second electrodes. The second electrode

contains an aperture that forms an ion generation region 120. The AC signal
causes an electric field between the electrodes to form a plasma in region 120.
20 Specifically, the air within this region becomes ionized forming the plasma. To
remove the ions 121 from the region and propel them towards the substrate, a
screen grid 122 is positioned in a spaced-apart parallel relation to the second
electrode 116 and the grid 122 contains an aperture 126 that is coaxially aligned
with the region 120. Insulating layer 124, located between the screen grid 122
25 and the second electrode 116, maintains the screen grid 122 in this spaced-apart
relation with respect to the second electrode 116.
Typically, to control ion extraction from region 120, a DC voltage source
128 is connected between the screen grid and the second electrode. However,
empiricai study indicates that a voltage of zero volts applied between the second
30 electrode and the screen grid permits effective extraction of ions from region
120. As such, the second electrode can be electrically connected 1o the screen
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PCT/ US96/ 09882 medi canent can be deposited onto a substrate. The
substrate can then be encapsul ated, for exanple, to forma tablet. In
addition to encapsul ation, a pharmaceuti cal substrate having an

el ectrost ati caylowsa@Rpsi t ed powder thereon can al so be fpeir/iRok/doys2

el ectrostatic deposition onto the pharmaceutical substrate itself 5

provi ded that the pharnaceutical substrate 03\@ retain a corona charge for
deposition of the medicanent. In certain préfefred enbodi nents, the
pharmaceutical substrate is an inhaler substrate, a tablet, capsule or
suppository. A tablet, for exanple, can be tested to determ ne whet her

it can retain a co ar The conductivit a tabl et
can be deternined M%&Q&ﬁeﬁg’Yfgﬁl@ﬁ@e%@ %&Tﬁﬂcg‘e ?R?“R“é?ﬁr?%‘ %"rﬁlemt abl et
in an electrical ciceénd dlediRidéRBHagd a4 Vat epending HPYH B BFen Frilibie er.

The capacitance of the tablet can be measured by pl aci ng the tab et
sanple in parallel %%V@%mm‘l‘l‘@é&m thqnazmwtmcmre o g demenpitter.

| npedance Anal yzermgt ef gl d

on both sides with a't |rn F‘JaT;?er bgﬁctlve &efp%s%?&l%‘éﬁix%@e good

el ectrical 15 &onoptimize ionextraction If t he tabl et as formul at ed, cannot
retain a corona charge ref er f or arrpl e,
with a surface coati ngAtb ag%o%é)aﬁ?fg a;l)(c'gp%lﬁlosource ﬁ?ﬁé%"g %ﬁop}q Yace of
the tablet. For expiaglld? and thedichden grid 122erTheaowiee 106 eapplies a biagivoldpe ofur f ace
coating, such as natural oiy le}aﬁ al I\é gl fied starches and 20, dextrins

i ncl udi ng | act ose; SPFHRPatEy) COrRFR 56‘!‘?‘8@5 fheough the sgregn; grid apsriveg; |,
gum guar gum and gdekoWardoihe siRhicPi10S Adifitonaty éﬂahaia%eoa PofiffiorPHEN as
gelatin; cellul ose derivatives such as sodi um car boxynet hyl cel'| ul ose,

hydr oxypr opy| me@hyTesiied from bias yvaltagps %W&WI@@Q@P V01§?y nTRecions fasmiay er s

ol ymers, and 25 PPt BEFAGSoRhe et S0 TR Xile sPlonle efneif o ©

Pat ent No. 4, 197, 2®feen grid and the plate. The gap between the grid and the substrate is
approximately 20 mils. Also, the screen grid, by having this bias voltage applied

thereto, selects the polarity of ion that is propelled to the substrate, e.g., a
15 negative biased screen grid propels positive ions toward the substrate, while a
positive bias propels negative ions toward the substrate. Typically, the screen
grid is negatively biased and the conductive plate is maintained at a ground (0
volt) potential. In this manner, the screen grid assists in the propulsion of the
negative ions to negatively charge the substrate at a location on the substrate that
20 is directly below the print head.

The ion current that flows from the screen grid 122 to the plate 112, during
any given unit of time, and returns through DC source 106 is equal to the
amount of charge accumulated on the substrate. As such, to measure the charge
accumulation and control the amount of charge accumulated on the substrate, a

25 charge control circuit 108 is connected in series with the DC signal source. The
charge control circuit (which is discussed in detail below with respect to FIG. 2)
measures the current flowing between the plate 112 and the screen grid 122.
When the current attains a predefined level, the charge control circuit deactivates
the AC signal source and, consequently, halts the flow of ions to the substrate.

30 In essence, the charge control circuit modulates the AC signal from the AC
signal source. Upon cessation of the ion flow, no further charge accumulation



which is incorporated by reference herein in its entirety. Once
the nmedi canent is deposited on the tablet, the nedicanent is
preferably sealed onto the tablet by coating the tablet. In certain

enbodi nent s, the tabl et has an indentation for deposition of

medi cament, t hgyd sii@sdyati on 30 preferably being filled when tphepgesiobss
anount of nedi canent 1s deposited. The tablet is preferably seal ed
after deposition. WO 96/ 39257
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Thus, the present invention further provides a nethod of manufacturing a
phar maceuti cal substrate with nmedi canent powder deposited thereon,

conpri si ng el ectrostatically depositing the nmedicanent powder on the
substrate. In cert8fyrs on thesudacsof dhe shs@ete nehhus, the subsats atains gpd mgjntains

substrate is, for ' i I psul e or
PRI gt By o § piSl i 8 il

suppository. Prefer ] tatic eposition ] .
medi cament occurs on almpthe deregoingidisenssion, G printheadiyeasdiscussed ag being an ios t he

senl oq O % 20! ChuhtF naRnd R BEARRGS ad oIl B 356k Bhghli S} Bl "
quantity of chaisgeawidilable b® mqdal 101852 Zunamefactined by Delphad) kelvcated i Tornigt e
coronly ref err e CaMAE: 3h Sicalsl Sdersiod vk GaRcuar cmitep SARSSINGE B
signal sources 104npRst td®€ ifnBrativican thitl oth@ ¥ibetradE Bl G ft?ﬂ%éﬂknts are

circuit 108 and a dielectric layer 110 (substrate) suppo by a

conductive plate availablein thaprethawenldipreducy the neeessary decalizadchatee cont ains a
first electrode 11&%@9@%@&:&5@&‘ the SE6AEE. CF&RHeRAGS, thkGnRttetn also

I nsul ator 118. The AC signa
10 be an electron beam emitter that propels a stream of electrons toward the

substrate to locally charge the surface of the substrate. As such, the invention
described herein encompasses all possible forms of charged particle emitter that

can conceivably charge the surface of a dielectric substrate in a localized manner.
Although an "off-the-shelf” ion emitter will sufficiently charge the
15 substrate, empirical study indicates that superior charge deposition is achieved
when using a smaller screen grid aperture 126 than is generally available in an
off-the-shelf emitter. As such, to reduce the size of the charge accumulation area
when using the model 1013527 Delphax emitter, the standard emitter is fitted
with a conductive plate (a retrofit screen grid) that reduces the typical 6 mil
20 diameter screen grid aperture to a 1-2 mil diameter aperture. In other words, the
retrofit screen grid having a 1-2 mil diameter aperture is coaxially aligned with
the standard screen grid aperture to form a composite screen grid with a 1-2 mil
diameter aperture. The screen grid bias voltage is applied to the retrofit screen
grid. Of course, rather than using a retrofit screen grid, the emitter could
25 merely be fabricated with a 1-2 mil screen grid aperture.
FIG. 2 depicts a schematic diagram of the charge control circuit 108. The
circuit contains a low pass filter (LPF) 200, an integrator 202, a comparator 204
and a threshold level source 212. The integrator further contains a capacitor
206, a capacitor discharge component such as a mechanical, electro-mechanical,
30 or solid state switch 208, and a high impedance amplifier 210. Specifically, an
input port of the filter 200 is connected to the conductive plate 112 that supports



source 104 typically supplies a 5 MHiz RF signal of approximately 1500
peak-to-peak volts across the first and second el ectrodes. The second

el ectrode contains an aperture that forns an ion generation region
120. The AC signal causes an electric field between the el ectrodes to

forma plasnma igpbgph&n 120. 20 Specifically, the air wthi rpdispenssg on
becones ionized formng the plasma. To renove the ions 121 fromthe

region and propel themtowards the substrate, ,a screen grid 122 is
positioned in a spaced-apart parallel relatidfi to the second el ectrode
116 and the grid 122 contains an aperture 126 that is coaxially aligned
with the region 120. Insulating |ayer 124, |ocated between the screen grid

122 25 and the secqnd,.el ectrqde 1 intains the screen grid 1 in this
spaced- apart ﬁ?l d&%’l’%ﬂc W%FWUF ig?yeg?‘e ?%te’f W@@E%mdﬁﬁﬁﬂ%glf 871%”%%.%“]
Typically, to cont fin the ACKikhal Ghiree) thitdsctgiidofonh 2Rk erittBiCl 020fot the plagoLI; e
128 i s connected between the screen grid and the second el ectrode. However,

enpi rical study i nifa¥Rgoaly; the DG sigral & Eerspsents thy WBIW‘_HpﬂlPéH‘RS‘éP%@ﬁ t he
second 30 el ectrogg fpd il BapRATGHE @pacoP 2061 T @%ﬁa@ﬁ&a"ﬁ’@mﬁ\é&gé@ﬁ&h@&x ik
28 “R8 t fedtro e

ions fromregion such, e second e e can
el ectrically codneoutput post andegrounde eAs such, the capagitop ehiagg@ea3qd a voltage that
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grid as indicated BC)Precfg%éhcf rf’?%mi%%f thf?k?\/\%\siiérrlél p{?]dém%dpw %rﬁhgfcrzéée)‘n%? idto
second el ectrode voagaeiyer disthiarge compenent 208y copreotet feroscihe eapagiterdfobi as
O LR9e, ot he ol PR Ve B e g it
source 128 shoul d RetypRAY ic@omplkshed BétvEiZ Geposifio®dfrmaédidaiidnt to remove the
10 residual charge from a previous deposit. The high impedance amplifier 210 is
connected to the capacitor and output port of the filter such that the signal
accumuiated on the capacitor is amplified to a useful level.
The output of the integrator 202, the integrated signal, is applied to one
port of the comparator 204. The magnitude of the integrated signal is directly
15 proportional to the amount of charge accumuiated upon the dielectric substrate
110, e.g., as the charge accumulates more ion current flows and the magnitude
of the integrated signal increases. A second port of the comparator is connected
to a threshold voltage source 212. The source 212 provides a threshold signal to -
which the comparator compares the integrated signal. When the integrated signal
20 exceeds the threshold level, the charge control circuit 108 deactivates the AC
signal source driving the print head. Conversely, as long as the integrated signal
magnitude is less than the threshold level, the AC signal source remains activated
and the charge accumulates upon the substrate.
The charge accurmnulation on the substrate is proportional to the size of the
25 region that is charged by the print head. In accordance with ionographic printing
terminology, this region, which is typically circular, is commonly referred to as
a "dot size”. The dot size is related to the accumulated charge by the following
equation:

30 dot size = (dot sizey) (,l _qCL)

where:

1)



A bias voltage froma DC signal source 106 is applied to the conductive
plate 112 and the screen grid 122. The source 106 supplies a bias voltage
of approximately 1200 volts that propels the ions through the screen
grid aperture 126 toward the substrate 110. Additionally, acceptable
charge deposi t\%{ﬁ%ﬂf’;’%‘l 10 resulted frombias voltages in thedriRggosssz 400
to 600 volts. e tons forma path that generally follows the
electric field lines of force spanning between the screen grid and
the plate. The gap between the grid and the Bubstrate is

approximately 20 mls. Also, the screen grid, by having this bias voltage
applied thereto, selects the polarity of ion that is propelled to the
substrate, e.g., a 15_ negative biased screen grid propels positive, iagns
toward the substrate, dghsifeisa diameter ofpseircular rpgign llpwbﬁgwbara%w@“iaﬁﬁs
toward the substrate. o\ GRkiate: the screen grid is negatively biased
and the conductive plate I's mal ntained at a ground (0O vol t)
potential. In this naqriethe achemgated charge quantitysfogpredicn atpadicplapdot sikesrandf t he

negative ions to negatiyvely.char t he sq@?r te at | ocatjo t he
substrate that 20 isqﬁlllsrae{eﬁnff%ﬁgﬁﬁfﬁﬂ%n ﬁonse"ﬁ’éa gre eresid€ ot Sie ?dhﬁé’zf‘%‘n
current that fl5OwThereferenbe clktgecquanttyi ahd HoP sibe atehempiticilly ptedetertiitied for a
any given unit of tine

nd returns . through DC source, 106 i s equyal to the
amount of charge QBEGH@FEF&?WW?HQQ&%&%‘%U@W% ﬁ)é‘ﬁg e the

char ge accumitfefenedcliigt Gabiitynd irbRreRE® U6t siZef ar€ DeeASinas; Cdiitiohl @¥ison.
the substrate, a 25 charge control circuit 108 is connected i'n series with

the DC signal soufsed tofempute the dpfsizpcfor gny giyen chargeiiquantihi This, shegtheasheld ed
in detail bel ow Wlﬁ@ﬁﬁgﬁg%ﬁé Qoﬂﬂo?tirg\)it g cfgfmstgr&e\ﬁié Hﬁ,{ia&rsﬂg& f oW ng

between the plate screen gri e curren
attains a preddFi such, the/thrgsholddevehisrsgbtocdeactivate the 1AL signal sawtt whers t he

AC signal source ap ent | h t he f Jons to t

substrate. 30 In %%giecnu%g?&?ﬂg e@%??‘%’esu%gﬁﬁ%l pagép@agdg %ngg{%—gte?ﬁgr %

signal fromthe Athreshold kewvelnaFurthet|raried pp seleesbiathredhold fleveR&cah de prdvaded No

further charge accunu ation WO, 9163/r 9237 ,

PCT/ US96/ 09882 such that a user can select a particular dot size to be generated for a particular
medicament being deposited at that time. Thus, this form of medicament

15 deposition is very flexible and very useful in controlling the medicament dose

that is deposited upon the substrate.

Once the substrate is charged, the medicament must then be deposited upon
the charged region of the substrate. In this regard, a medicament cloud is
provided proximate the charged region of the substrate. The medicament

20 particles in the cloud, being positively charged (if the substrate is negatively
charged), are attracted to the negatively charged region of the substrate and
electrostatically deposit themselves on the charged region of the substrate. Of
course, the medicament cloud is negatively charged if the substrate has been
positively charged.

25 FIG. 3 depicts a cross-sectional view of apparatus 300 for charging the
medicament particles and depositing the charged particles upon the substrate.
Specifically, the invention uses 2 triboelectric charging technique to charge the
medicament. Such a technique effectively charges the medicament particles such
that, when dispersed into a cloud, the charge-to-mass ratio on each particle is

30 substantially uniform throughout the cloud. Consequently, given a repeatable
quantity of charge on the substrate and such a'repeatable charge-to-mass ratio on



- 11 - occurs on the surface of the substrate. Thus, the substrate
attains and mai nt ai ns a predefined charge quantity at a particul ar
| ocation on the substrate. In the foregoi ng discussion, the
print head was di scussed as being an ion emtter having two el ectrodes

and a screen QOkdghendagh emtters are commercially 5 avail ablperassewssl
1013527 manuf actured by Del phax, Inc. located in Toronto, Canada. It

shoul d be understood that this particular em/tter arrangenent is

meant to be illustrative and that other eleéé ode and grid arrangenents are
available in the art that would produce the necessary |ocalized charge
accunmul ation on the surface of the substrate. Furthernore, the emtter can

also 10 be an electron.beam en.tter that, propels st.ream of el ectron
Foward tho St oG Eer pattites PyeReRapE Tt ol PPl S AT o
As such, the invenjen®ins electrostafcaily afiefed oI the Buldiae TR eRftradtiticdEstioh ®r

forms of charged papticle emtter that can_concei vably charge the
surface of a diele IE“SE‘U?F?QF@‘?WPW%W the sHbstrate remains, without

Al t hough an " Off'tﬁgniﬁhﬁhfdggfé&%iﬁoﬁ,”?o}hf‘ohtﬂé’! Il sufficiently charge the 15

substrate, enpirical study Tndicates that superior charge deposition is
achi eved vhen usMedicamentwhirging apd deposifioncdippareims 0@ cantdns: ftriboelectric

general ly avail abl g : = : I; F@] ce
the size of the chargé ?@%Uwﬁ?lgﬁ%nﬁlpéﬁ%g%m’ tghﬁg%q %S%T%%}@PB%%E3527
Del phax emitter, tigponsd eomdactiveqpiate 182. The Subistratel has a charged tegion 300 ddattsizel
plate (a retrofit gcree rid) .that reduces the.typical. 6 ml| 20 dianmeter
screen grid apertuﬁﬁi%%g&iofgw M@r@t%?“%&?‘%&%%?%ﬁ@nthe
retrofit screen gresitenYThe tdbobledtriti charge BB RBra @ilidddical, Colhss coMamecd06)
aligned with the standard screen grid aperture to forma conposite

screen grid wi tl!q aCopginine  plurality ofiglase peplasticcheads 208 (rige, four beads)nddhei as
voltage is appli ed?é\@deﬁ'&?mEﬁHtﬂéxﬁ 804 CNifikRatively, thtgﬁéla 3 izlge accﬁhiﬁftgr %t; BeWEn

than using a retrofit screen grid, the emtter cou S nere
fabricated with a 30 and200 migrewsrangrareifabicatediofoone of the followinghhaeridls Teflomst s a

schemati ¢ di agram C | £ ' lLcuit
contains a | ow pasg#’lh&m%%e’ %B@%R%@%%‘%&@‘?“’%%g%%%ﬁ%t or 204
and a threshol d | eaminostreated eglf38,2polyshyaerien whire atilikenf andttheclikes oOTheaconsainer 306
capaci tor 06, a capacit.

el ect r onechani al , P&t &3 “19 ygvlpgefg?é%ﬁteﬁﬁ%%%h%gé%%%%ggﬂ il
anplifier 210. Spefiefh sadeny thafPermit the medRbineRPowdef tol Hifress drdgredd Gronfthe
connected to the condyctive plate 112 that supports .
contamer. In use, medicament is added to the container, the mesh ends of
the container are closed off and the beads and medicament mixture is shaken for
1 to 10 minutes. During the shaking process, a charge accumulates on the
20 particles of the powder. Once charged, a gas (e.g., air or nitrogen) is blown
through the container and medicament particles form a cloud proximate the
surface of the substrate.
The amount and polarity of the charge on the medicament particles depends
upon the fabrication material of the beads. By measuring the charge-to-mass
25 ratio of the powder using a faraday cage, the inventors have found that by
selecting a particular bead material the charge characteristics are controflable.
For example, charging a mometasone furoate (MF) powder in a glass container
using four beads having 50 to 100 micron diameters at 70 degrees Fahrenheit and
45% relative humidity, resulted in the charge-to-mass ratios for various bead

30 materials shown in Table 1.
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the dielectric substrate 110. The filter
fromthe AC signal

si gnal
to the plate 1
current.

such,
of the DC signal

The output port of
206. The capacitor
the capacitor charges to a voltage tha
produced by the filter 200. The
conponent 208 is connected across the capacitor for
di schargi ng the signa
typically acconpllshed betmeen dep03|t|ons

12 -
renoves any .RF energy (e.g., AC
source) that is coupled fromthe emtter 102
| eaving only the DC signal that represgiitsettyssd on
the filter is coupled to the capacitor
i s connected between the out put port and ground. As
represents the magnitude
capaci tor di scharge
intermttently
The di scharge i's
%kmcammttoremwethelo

accunul ated in the ca aC| tor.

resi dual charge f resm-a—prevous—depest—rre—ivgh ifier 210
is connect ed oRatid@u/gm) efl such t hat
t he signal ad [ fi seful
| evel . %bﬁhgé 204, t he gt egratjed signal,
Is applied to one port of the c¢nparator 204.] The nagni tudd of the
I ntegrated signal | %ﬁrectly 15 pr portlgﬂgé to the a nt of {charge
accurul at ed upon tjhe electric subsfraté 110, e.g”, as thle charge
accumrul at es nnrg ifop .curren OWS amjd tnhe gnltqde of 1fle
integrated signal fj RAYRIB¥EDE A second porROSEE( he corrpar%?or i s lconnect ed
to a threshol d vol source 22— Tire—sourcte— 212 jprovirdes—atimeshol d
signal to g%hﬁﬂﬂ?QﬂﬂWﬁmmaPor conp@sitizet he Ji ntegr®ed sidnal . Wen
the integrated si Jpal—20—exceeds—i-hé—i-hreshotd—-dvel—ihe—echarde contro
circuit 108 deact i|vEero-trémed glass 4i gnglosisiverr ce [dri vi 13.& he prfi nt head.
Conversely, as |lo as the inteqgrated signal
Glass negative 6.5
Amino-treated glass negative 35.8
10 I[ Polystyrene negative 42.7
H White miliken negative 7.7
By appropriate selection of the bead material, the charge-to-mass ratio can be
varied form 6.5 to 43 uC/gm and the charge is either positive or negative.
15 When accurately depositing a medicament, a low microgram quantity of
medicament (e.g., 20-40 ug) requires a relatively high charge-to-mass ratio and a
high microgram quantity of medicament (e.g., 20-40 pg) requires a relatively
low charge-to-mass ratio. Using the triboelectric medicament charging technique
in combination with the electrostatic substrate charging technique, a 10 to 200 ug
20 quantity of medicament can be accurately positioned on the substrate.
Furthermore, the adherence of such quantities of medicament to a 2 mil thick,
polypropylene substrate is strong enough to withstand a 48 inch drop test without
dislodging any of the medicament from the substrate. This substantial adhesion
" property is attributed to electrostatic and short range van der Waals forces.
25 Once deposited, the substrate is positioned near a vacurm system to

remove any medicament powder that has not electrostatically adhered to the



magni tude is |less than the threshold | evel, the AC signal source remains
activated and the charge accunul ates upon the substrate.

The charge accunul ation on the substrate is proportional to the size of the
25 region that is charged by the print head. In accordance w th ionographic

printing WwElofe 09y, this region, which is typically Cpéfisonkssss S
comonly referre 0 as a "dot size". The dot size is related to the
accurul ated charge by the foll ow ng equat i on:

(1) 30 dot size = (dot size[e}®]) [err] wher e:
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dot size is a dianmeter of _a circular region in which charge. is flccurml at ed

on the substrate; substrate. In a practical mppdicament dosing é@sﬁrﬁt&_r 3 @hgalith of {opatiqys on
produce a particul @ sefdira® a#€ chAB and then medican%?fsrdepJ])s)?xteéaf elcRlopifee charge

quantity to generate reference dot size (dot size[err]). 5 The reference
charge quantity ancharped ledatiensar Eheseadier.i thevacumy sysiemJEMPYRSANY GKCESS

L e I AR B B o

ref erence charge quan eference Si1ze ar
(1) is used to coxlphaivelye sisiod the iunadhbred medjcagienepowdea (opekgromamlt i ty.
T T Sl g is Sy e A0 P, e b ol ™
deactivate the AC pfi®Rahe Sfbéfras. \IN ks dpproach isABEd, @b hmbuhtOfehargs deposigried
such that a particular dot size is generated for that_ .
should be slightly reduced such that slightly less medicament is adhered to the
substrate.
10 FIG. 4 depicts a flow chart summarizing the process used to
electrostatically deposit medicament onto a substrate. Deposition process 400
begins, at step 402, by positioning the print head over a particuilar location on a
substrate. At step 404, a user selects the dot size to be "printed” by selecting a
threshold level for the charge control circuit. The process, at step 406, activates
15 the print head and begins bombarding the selected location on the substrate with
jons. The process queries, at step 408, whether the threshold level has been
exceeded by the accumulated charge on the substrate. If the query is negatively
answered, the print head remains active and charge continues to accumulate on
the substrate. When the query of step 408 is affirmatively answered, the
20 process, at step 410, deactivates the print head. At this point in the process a
"dot" of charge having a diameter commensurate with the dot size selected in
step 404 has been deposited at the selected location upon the substrate. Of
course, rather than a single dot, the print head could be moved relative to the
substrate to form a charged pattern on the substrate, ¢.g., a line, a square, a
25 circle, and the like.
Once the charge is deposited, the triboelectric charging apparatus produces
a charged cloud of medicament proximate the surface of the substrate.
Specifically, the process, at step 412, produces this cloud of medicament as
described above with respect to FIG. 3. A predefined dose of medicament
30 adheres to the charged dot on the substrate. As discussed above, the quantity of
medicament in the dose depends on the charge accumulated on the substrate and



threshold level. Further, a series of selectable threshold | evels can be
provi ded such that a user can select a particular dot size to be
generated for a particul ar medi canment bei ng deposited at that tine. .
Thus, this formof nedicament 15 deposition is very flexible and very

useful in contgr)ddaaskst he nedi canent dose that is deposigegusspedass he
substrate. Once the substrate is charged, the nedi canment nust

t hen be deposited upon t he charged regi ? of the substrate. In this

regard, a nedicanent cloud is provi ded‘g Oxi mate the charged region of
t he substrate. The nedi cament 20 particles in the cloud, being positively
charged (if the substrate is negatively charged), are attracted to the

negatively charged regi on of the, substrate and el ectrostatically
deposit thensel ve@%ﬁ&'ﬁf‘é‘%ﬁﬁsg@&’ pleghanse o the medicament, pawder. oAt step 41dor se,

the medi cament cl Qudeds ncARAMEM'E inGlRa! 83 Exhihplk 6y 2 YaSiuhbyRteRAS TREBktess
positively charged. 25 FIG 3 depicts a cross-sect’ional view of
appar at us 300 for Taeficagienycanihe recycledniodidepasition ap anathes|time. ahastiye post¢n 436y t he
char'ged particles SM}F I ically, the invention uses
a triboelectric chtg‘lr;)g‘l;bng é‘?: ﬁ%@%’ge‘éﬁ‘a’w@q‘?ﬁé& medi canment. Such a

t echni que ef fechi vel y Thedomgsing lelecrestiticadepoditioneprocess ean firther be usedtihathat when
di spersed into a cl ?#Jld t he charqﬁ-to-mass rati o on each particle is 30

P4 BB R e thg,

substanial l'y unifdf B8 R ClEPIHCTH Prosssis S B RET feyerse deyelopment 1 o

qu?_nt ity of char 9%@3‘6 ftgggglgﬁmah@dmr e Colibstrate’ @P AR sBktPaté BAT Bmo%edTBSS
rati o on
PCT/ US96/ 09882 past the print head) to deposit charge at all locations on the substrate except thoset he

medi cament parti cligStiofls WhE HWRbic AN N 1o%e ({gsggiﬁa.rrent is attracted to and
10 FIG. § depicts a top view of a disk-shaped substrate 500 having a plurality
of medicament deposition locations 502. The gray area on the substrate indicates
the area in which a charge is deposited by the print head. Conversely, locations
502 contzin no charge.
As depicted in the cross-sectional view of a portion of the substrate 502 in
15 FIG. 6 taken along line 6-6 in FIG. 5, if the substrate charge is negative, the
conductive plate 112, positioned beneath the substrate 500, is positively charged
across its entire surface that contacts the substrate 500. The medicament 504 is
negatively charged using, for example, the triboelectric charging technique
discussed above. The negatively charged medicament electrostatically adheres to
20 the substrate 500 in uncharged region 502, i.e., the negatively charged
medicament is attracted to the positively charged plate. Additionally, the
negatively charged medicament is repeiled from the negatively charged surface of
the substrate. Consequently, medicament only accumulates and adheres to the
uncharged substrate regions 502. To release the medicament, the plate is
25 discharged, typically by grounding. Such discharge removes the electrostatic
force maintaining the medicament upon the substrate. Consequently, once the
charge is removed, the medicament can be easily removed from the substrate
. using a venturi or direct inhalation device (as discussed below with respect to
FIG. 7). To facilitate release of single medicament doses, the conductive plate is
30 segmented (or patterned) and each plate segment is located below each region
502. As such, each plate segment can be individually charged and discharged.



remai ns el ectrostatically adhered to the substrate. The electrostatic
attraction or adhesi on between the nedi canent powder and the substrate
remai ns, wthout significant degradation, for nonths. 5

Medi cament chargi ng and deposition apparatus 300 contains a triboelectric
charger 302, Rpdbg&saent powder 304, and the charged substr atgcrdédepsssport ed
upon a conductive plate 112. The substrate has a charged regi on 310 (dot

si ze) that has been locally charged as greviously di scussed with an
ion or electron emitter. The triboel etd#ic charger 302 is a
cylindrical, glass container 306 10 containing a plurality of glass or

pl astic beads 308 (e.g., four beads) and the povvdered rredi canent 304.
[Ilustratively, beads hav a_di anet er  of bet d 200
mcrons and are fEE‘PSrE%?g B‘ﬁ‘é‘%"”?ﬁ%“?’%m“\rﬁy ﬁ"d?aé?qm quagate

kynar, polypropyl ene, A%ﬂﬁﬁﬁ MHFHV@E&!B@[S&moBH%ﬂné ftts QoA bod ihedE S

am no-treated gl ass, pol ystyrene white mliken and the |ike. The container

306 15 has a mes#Hf the yayention. yThis mvmwmmlmm@ommmu ngs
(e.g., 400 mgg nt {MQ I ngress
and egress from i‘mﬁﬁ&-ﬁ@ k?%ggfé:pl?ﬁe{ﬁe{l}g ?&hegggar%n sél%\dtgeed to the
cont ai ner, the Srrepllnmdnmcnffe disk is 4 pelymeri¢ aitseate somed vith @jphotobomiudtivelwindeads
and nedi canment m'xt.reissaknf r. 1.to. 1 nut es ng..t he

shaki ng process, TEREHESR 14?85‘“%‘??3? Q"rfgl’ﬂ‘%fse"?e‘gfj ?%g“?&uer.
Once charged, a gélargecthd entiréistirfide crflthéaﬂnn)rhmatbdrpmgh: masktHaving GhpliaBty

cont ai ner and medlfament %c;il’tld es . forma cloud proximte the sur.face

of the substr at e. Of apertures l“°ﬂ‘?ﬂj°"§5m§rﬁ“l’ andrthe gk ibadidt e
medi canment partic,ﬂq%hg E%Jeml mﬂ-ﬁ@é %édoga [ f the
beads. By rreasurlk e charge- oﬂ#%ggs%%e ratl% 0 he DO%V?AUEI ng a

f araday cage, wheam@aumﬂxc maskds flischmadgadhefithdpegative chargee cAftergthe mask i5i cul ar
bead material the S

exanpl e, chargi ngre%%%%%&%@%l:ﬁzsc h%?%egt'é%(’ﬂ)ﬁgngb% (H?!h% thﬁ F‘é@gatgo‘ﬁ?lﬁeﬁé%

usi ng four beads FHvi%d. émmeheaepasnwmmmioﬁs except 166utidagwhere thahr enhei t

and 450/relat| e hum,dit result in the char to-mass ratios for
vari ous be ado 30 m, %teqr.aglﬁ)@ nfgauvely char; ggmedxcament powder is

deposited in !hc uncharged regions in the same manner as described above with
15 respect to FIG. 6. The medicament powder is released from the substrate by
exposing a selected dose of the medicament and an area surrounding the selected

dose to light. Such light exposure discharges the electrostatic force and releases
the medicament powder from the substrate. Thereafter, the medicament can be
inhaled using a venturi or direct inhalation device as discussed below.

20 FIG. 7 depicts an illustrative substrate having medicament deposited at
predefined locations using one of the electrostatic deposition processes discussed
above with respect to FIGS. 4, 5 and 6. The substrate 110 of FIG. 7 is a disk
shaped dielectric that contains a plurality of locations 310 to which medicament
304 electrostatically adheres. A central hole 700 is provided to permit the

25 substrate to be supported within an inhaler device 702, This exemplary inhaler
device 702 uses the venturi principle to extract the medicament from the
substrate. The inhaler contains a housing (not shown) that surrounds the
substrate and supports the venturi inhaler apparatus 704 and the substrate 110.
The venturi inhaler apparatus contains a main air flow tube 710 having a

30 mouthpiece 706 and an inlet end 708. Approximately mid-way along the main
air flow tube is a2 medicament tube 712 that orthogonally intersects and is
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Table 1 Bead Materi al Charge Polarity Ratio
([err]C/gm Tefl on positive 35
Kynar WO 96/39257 positive 30 5 RenydoEndsEs ene
positive ' 6.5 Mar oon pol ypropyl ene . positive

10 Fl uoro-treated gl ass positive 17.8 d ass
negative 6.5 Am no-treat éa9gl ass negative

39.8 10 Pol ystyrene negative 42. 7

VWiite mliken negati ve 7.7

By
appropriate selection of the bead material, the charge- nmass r?tio can be

varied form6.5 toc%ggeﬂ(ﬁb&}ﬁ%tﬂ%?l@na%qulﬁ@cﬂé %P‘?ﬁé“ A& i ve.
15 Vihen accur at el ypgfiint 1dakich SH0rky ARl el sdb@tin 150 MHIVELE Wi Venbuti ©f

medi canent (e.g., 20-40 pg) requires elatively high charge-to-nass ratio

and a hi gh i anparpusiO4u ok patiept then inhplesthiongh the mouthpiere /06 dgawing @iri r es
a relatively through inlet end 708 of the tube 710. As air flows toward the mouthpiece 706,
5 the venturi effect also draws air through tube 712. As air is drawn through mbe
712, the medicament is dislodged from the substrate and carried to the patient’s
mouth. When another dose is required, the patient rotates the substrate to the
next dose on the disk and again inhales the medicament.
To permit a substantial air flow along tube 712, the substrate, rather than
10 being a solid layer of dielectric material, may be a woven or perforated
substrate. Such substrates include a metallic mesh coated with a dielectric
material such as Teflon, a textile such as silk, a perforated solid dielectric layer,
and the like. The perforations are small relative to the particle size of the
medicament, but large enough to allow air to pass therethrough. As such, when
15 a patient inhales on the mouthpiece, air passes through the substrate 110 and
along tube 712. The air flow carries the medicament to the patient.
Additionally, when using a perforated substrate, a venturi effect inhaler is
not necessary and can be substituted with a simple inhalation tube. Such an
inhaler device contains a flexible inhalation tube supported by a housing and
20 having an inlet end located proximate a medicament location. In essence, this is
the venturi inhalation apparatus without a main air flow tube 710, where the
patient merely inhales on the medicament tube 712. In use, an inlet end of an
inhalation tube is positioned proximate a medicament location by rotating the
substrate within the housing. Thereafter, the patient simply inhales the
25 medicament directly from the perforated substrate, through the inhalation tube
and into their lungs. The perforated substrate significantly increases the velocity
of the air flow that removes the medicament from the substrate over that of a
venturi effect device used in combination with a solid substrate.
Those skilled in the art will realize that many other forms of inhaler
30  devices can be employed to dislodge the medicament from the substrate,
including those that employ compressed gas or air to remove the medicament and



| ow charge-to-mass ratio. Using the triboel ectric medi canent chargi ng

t echni que i n conbination with the electrostatic substrate charging
technique, a 10 to 200 pg 20 quantity of medi canent can be accurately
positioned on the substrate. Furthernore, the adherence of such
quantities of wpdkaseent to a 2 ml thick, pol ypropyl engcprbssioogze | S
strong enough to withstand a 48 inch drop test w thout di sl odgi ng any

of the nmedi cament fromthe substrate. This substanti al adhesi on
property is attributed to electrostatic and Zor t range van der Waal s

forces. 25 Once deposited, the substrate is positioned near a vacuum
systemto renove any nedi canent powder that has not electrostatically
adhered to the VO 96/ 39257

PCT/ US96/ 09882 generate a inhalable cloud. Any of these inhaler devices are to be opgsidered

substrate. In a prvﬁgﬁﬁgﬁlsc@cyfmgmggm ng substrate, a plurality of
| ocati ons on the substrate are ch%ged and then nmedi canent is

deposited at each of {meach of the foregoingembodimantsof therinwention; the subsirate/mayium

system renoves any, %&'ﬁ’i‘%g of Teﬂo%ﬁ@ﬁﬁt P&gﬁ‘ﬂﬁﬁe&hﬁhtﬁ 1ROt 1284 nr%dm&o

t he charged | ocations since the unad

medi canent powder mdnmaltgmowﬂﬂtetam an ejeotnokeatic ahargny)sufﬁd:lém dlhecdubstrases [yays mal |

uantity of medi canent, n t subst rate | f
?hls ap%roach is PERPY %he%ﬁ Hg?g@??gﬁ'é’gal i e’gr gﬂet!hegﬁ e
slightly reduced sfiketissed@ov8. | ﬂhtﬂxﬁhér%'iﬁmﬂédﬂfm%mbﬁbéﬂg%@lmtp}odxﬁe

substrate. 10 FI G, 4 depicts fl ow chart summari zi ng the process

used to el ec?ﬁldgﬁd&afl%l’F@%S@Wewl%n@ﬂweﬁa%%ﬂﬁﬂaﬂﬁ
Deposi tion processydfid, theelectllaﬁi%@a?oi‘ﬁmﬁtté’cﬂmﬂﬁpaf H ieffidd Rs&iot e print

head over a particular |ocation on
10 electrostatically deposit specific quantities of powdered medicament upon an

edible substrate such as cellulose. The substrate is then encapsulated in a inert

material to form a capsule, tablet, or suppository. Substrates useful for this
application are typically polymeric substances that preferably self-destruct or are
degraded in body fluids ;nd/or enzymes. However, the substrate can be a

15 non-destructible substance that is readily eliminated from the body once the
medicament kas been released into the body from the substrate.

Although various embodiments which incorporate the teachings of the
present invention have been shown and described in detail herein, those skilled in
the art can readily devise many other varied embodiments that still incorporate

20 these teachings.

The accuracy of deposition using methods and apparatus of the invention is

further illustrated by the following non-limiting example.

Example 1. Accuracy of Depaosition of Medicament onto Inhaler Substrate

The correlation between the amount of charge generated in the substrate
and the amount of medicament deposited was determined by measuring the
current applied, the time in which the current was applied, the total charge
deposited, and the average maximum weight for a charge:mass ratio of 10 uC/g.

30 The results are shown in Table 2 below.



substrate. At step 404, a user selects the dot size to be "printed" by

sel ecting a threshold I evel for the charge control circuit. The
process, at step 406, activates 15 the print head and begi ns bonbardi ng
the selected |location on the substrate with i ons. The process

queries, at st%%g whet her the threshold | evel has been perufggResed
by the accumul ated charge on the substrate. |If the query is negatively
answered, the print head renmmins active and charge continues to accumul ate

on the substrate. Wien the query of st@b‘408 is affirmatively
answered, the 20 process, at step 410. deactivates the print head. At
this point in the process a "dot" of charge having a di aneter
commensurate with the dot size selected in step 404 has been
deposited at the sel ected Iocatlon upon the'r@%trate O cour se,
rat her than a si nges=det=r—t=tepni—te frel—e-Si-a—e—rpeag—i-ai et 0 t he

substrate to formi sl]‘oate, qaye.mxll le, a

|l e, and th¢g

square, a 25 cir§ ' .Once tlhe .ch elis
depoSited, the trifjpoelectric r(é‘?‘@ﬁ‘ﬁ"@ %ﬂeatusnﬁ%ﬁﬁ'éeswe‘gha{" achar ged
cl oud of nedi canenf proximatejthe surflpggyof th AYDSt Nag/m = 10
Specifically, the jprocess, produces this dl oud of mfidi canent
as descri bed i to FIG B. A predefGiged dofe of
medi camrent 30 adheres—te—theteharged eR—~t-pe—sHbstrat-e—As—dHlscussed

3.6f lianenfonﬁ the Gmse depeﬁlﬁls on t
nd WD 9f/ 39257

above, the quantit r“
accunul ated on the
PCT/ US96/ 09882 12 0.13 1.56 45 22 - 17 -J]
the charge-to-massjratio of charge on the nedi canent pdwder. At dtep 414,
excess medi camegt | g kenoved, fd?f3 exanipﬁ.% by R s acuum|system Tr“e excess

19.5 0.13 2.54 60 37
40 0.13 5.7 75 73
40 0.13 17.1 99 140 J
10 The data in the foregoing table is depicted graphically in Figure 8, which

provides a y-axis on the left side of the graph showing the diameter of the dots in
mils, with the data points shown as open squares; a y-axis on the right side of
the graph showing the weight of the dots in micrograms, with the data points
shown as closed squares; and an x-axis showing the charge density of the dots in

15 nanoCoulombs. The data. as depicted in the graph in Figure 8, shows that the
relationship between the charge density of the dot and the diameter of the dot is
substantially linear, and the relationship between the charge density of the dot
and the weight of the dot are also substantially linear. Thus, the charge density
can be used to accurately determine a precise amount of medicament to be

20 deposited upon the inhaler substrate using the ion printing method. Using this
methods, small dosages from 10 pg to 100 ug of medicament were accurately
deposited, within + 10%.

Figures 9A-C are optical micrographs of depositions of a medicament upon

a 2 cm? polypropylene substrate using ion printing. Figure 9A shows dots

25 hbaving a diameter of about 75 mil; Figure 9B shows dots having a diameter of



medi cament can be recycled for deposition at another tine. Lastly, at step
416, the substrate and its nedi canent are packaged. 5 The
foregoing el ectrostatic deposition process can further be used in what

is known as a reverse devel opnent process. In general, the reverse

devel opnent wopes2ess scans the-print head over the SUbStrﬁEﬁU&&é?h e
substrate can be noved past the print head) to deposit charge Il

| ocations on the substrate except those | ocati ons where the nedi canent
is to be deposited. 10 FIG 5 depict§23'top vi ew of a di sk-shaped
substrate 500 having a plurality of nmedi canment deposition |ocations
502. The gray area on the substrate indicates the area in which a
charge is deposite print. he g% Conversel y, |ocations 502
contain no char ge.ﬂmﬁy‘é B ‘mﬂgg‘é‘é‘ﬁiag g’&‘”ﬁr‘i‘%ﬁ@‘%@éﬁmﬁcﬂb&m 37 mils.of a
portion of the substrate 502 in 15 FIG 6 taken along line 6-6 in FIG 5,
if the substrate charge is negative, the conductive plate 1 12,

positi oned beneath the substrate 500, is positively charged across its
entire surface that contacts the substrate 500. The nedi canent 504 is
negatively charged using, for exanple, the triboelectric charging techni que
di scussed above. The negatively charged nedi canent el ectrostatically
adheres to 20 the substrate 500 in uncharged region 502, i.e., the

negati vely charged medi canent is attracted to the positively charged
pl ate. Additionally, the negatively charged nedi canent is repelled
fromthe negatively charged surface of the substrate. Consequently,
medi canment only accunul ates and adheres to the unchar ged substrate
regions 502. To rel ease the nedi canent, the plate is 25 discharged,
typically by grounding. Such discharge renoves the electrostatic force
mai nt ai ni ng the nedi canent upon the substrate. Consequently, once the
charge is renoved, the nedicanent can be easily renoved fromthe substrate
using a venturi or direct inhalation device (as discussed below wth

respect to FIG 7). To facilitate release of single nmedi canent doses,
the conductive plate is 30 segnented (or patterned) and each pl ate segnent
is |located bel ow each region 502. As such, each plate segnment can be

i ndi vi dual Iy charged and di schar ged.
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Thus, each d L can be individually released fromthe

substrate. A variation of the reverse deposition technique forns
anot her enbodi of the invention. This alternative i 6609882
utilization ofagﬂ%ﬁ%Féconductive di sk as a substrate upgh whi ch the
medi cament is deposited. Illustratively, the 5 photoconductive disk is a
pol yneric substrate coated with a photocondu#tve zinc oxide in a
resin binder. A print head charging technique is used to negatively

charge the entire surface of the disk. Thereafter, a |ight nmask having a
plurality of apertures therethrough is positioned over the substrate
and the mask is b ds claimedjigs | i ght. Consequently, the substrate surface

exposed to the light iat LdioSiatid E?Q&s ' @"%&’E of the
negative charge. Afte\ri'thenﬁg%gmls2&%l rgtétrlr%‘\i}g , tﬁlﬁfﬁfgﬁdﬂ S C gégg% in a
manner that resenhipes stlbatedszegions af e sdbsuiatet said apparatus cdBip@ising; i . e., charge
is deposited in all locations except. | ocatigns where the .redi cament is
to be deposited. The negat?\‘/'g‘we‘gﬂ ige ““"(Jriofng‘élgfé‘ﬁ'fmﬁ%\%ga@eq gam&gs, deposi t ed
in the unchargesl regions ij sitidGateaiacedtipae Trods s£id epiteP and Reaée upbi & 15

respect to FIG 6. The nedjcanent powder is released fromthe substrate by

exposi ng a sel ect Eqnapstye platey wheresHd-chissged PaFHiFles uRAnJmPact Vith  gredsfingde

selected dOSGedign bf 83hrface'df Raid! sdbdirafX AQAHY Ehtke Gl biRRatk A€ said
el ectrostatic force and rel eases t he nmedi canent powder fromthe
substrate. Ther eafprefefinedeegiondanhment can be i nhal ed using a venturi

or direct inhalation devi cglgg@%éeyﬁ&%s ir%%ga‘ﬂsgcgrggeg?raﬁng E'cl%’ud%édepi cts an

Il lustrative substrate havi I"camen eposl predefi ned
| ocati ons usi n@0 oneedidaniehepavder proaximatt isgid pegiefinéd w@piop roncarisabstoits cwiese d

above with respect_to.FlGS. 5 and 6...The, substrate 110 .of., Fl 7.1s a
Giok. " shaped. MRS ST ROWBHRRrEOR K SHO TR oegrtsaly 1ea 00 | o
whi ch nedi canent said prédinéd fepionOstisaid sibbtrdte.adheres. A central hole 700 is
provided to permt the 25 substrate t{q be_ supported within an_inhaler

devi ce 702. This exengr aryTP?lﬂﬁ?aéﬂms of claigy §jwhereisaid, sybstraty ds Beéfﬂrﬂf‘ih
principle to extract t3he megi apdiRiths bf Ot I.i‘%vhere;]n the WSstra il 8 2 Wwi\Rnindif! er
e

contai ns a housing (not shown) 'that surrounds t substrate and
supports the véht opted Ny adielggrpgmaterial.704 and the substrate 110.

4. The apparatus of claim 1 wherein the substrate is a tablet.
s. The apparatus of claim 1 further comprising:

a charge comtrol means, coupled to said emitter and said conductive
plate, for comparing the charge accumulated upon the substrate to a threshold
20 charge value and for deactivating said emitter when said comparison generates 2
deactivation signal.

6. The apparatus of claim 5 wherein said charge controt means further
comprises an integrator for integrating the charge accumulated upon said
substrate and for generating a voltage value indicative of the accumulated charge

25 on the substrate.

7. The apparatus of claim 5 wherein said charge control means
controls a size of the charged region on the substrate by measuring the
accumulated charge on the substrate relative to a reference charge value that
corresponds to a reference size of he charged region.

30 8. The apparatus of claim 6 wherein said charge control means further
comprises a low pass filter connected between said conductive plate and said



”'us contains a main air flow tube 710 having a 30

The vent urjmi
nout hpi ece“ g ﬂ“‘ﬂ@ﬂ’ I end 708. Approximately m d-way al ong the nmain
e

air flow tube ¢s 1a Iscarent tube 712 that orthogonally intersects and is
WD 96/ 39257 ,
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coupled to the main tube 710. The nedi canent tube 712 is positioned over a
medi cament | ocation 310 by rotating the subgtrate 110 relative to the

vent uri apparatus 704. A patient then”i“fihal es through the nout hpi ece
706 drawing air through inlet end 708 of the tube 710. As air flows
toward the nout hpiece 706, 5 the venturi effect also draws air through
tube 712. As air i§ drawn through tube 712, the nedicanent is

di sl odged from t h¥ W™ ate and carried to the patient's nout h. Wen

anot her dose is requig9ed, THeapparatu€df clafth atveierdih Said Posilérdicud forhih@ means
next dose on the disk_and again jinhales the nedi canent. To

pernit a substant isa tribpeleqirio Ghargisg gPRATMUS. 712, the substrate, rather than 10

being a solid | ayer ofp di C‘IE’F’L“@ o witdhk %‘% : ?ﬁﬁ%ﬁe?d
substrate. Such substif%it eghlE u %lgg%err%?glbl‘rc rr%lsgﬁdcoa ‘é%&\l/(\:n tpﬂaga%l electric
mat eri al such &s Tahprises a phirality iof beasis climt are fabtitatedaofiresclasted traateriad thagl
dielectric |layer, e.like. Th erforations are smld relative to
the particle si zeg%}erﬂ%gﬁ&éwgﬁc%wgﬁﬁ?&ﬁﬁ? T rré’ﬁoZ%roﬁglﬁp? °15I°fow air to
pass t her et hr oughmedisament powdérewittib said chagedtoud ofaledisarient pbwderput hpi ece,

air passes.through the suhgtrate 110 d along tube 712. The, air flow
carries the nedi camanfl't 0 eapﬁérla’f"éﬁf%ﬂm 1 wherein salﬂdﬁ%%’ﬁm‘&y{dﬂmen usi ng

a perforated subsigmkited A a\hivalify of PrddRfihed RBRNE bpdrSsaid substigdé, necessary and
can be substituted with a sinplé inhalation tube. Such an
10 12.  The apparatus of claim 1 further comprising means for releasing
said medicament from said substrate.
13.  The apparatus of claim 12 wherein said releasing means is a venturi
effect inhaler.
14.  The apparatus of claim 12 wherein said releasing means is a
15 inhalation tbe for inhaling said medicament directly from the substrate.
15.  The apparatus of claim 14 wherein said substrate is perforated.
16.  The apparatus of claim 14 wherein the substrate is a woven mesh
coated with a dielectric material.
17.  Apparatus for electrostatically depositing a medicament powder
20 upon selected regions of a substrate, said apparatus comprising:

a charged particle emitter for generating charged particles;

a substrate spaced apart from said emitter and located upon a
conductive plate, where said charged particles, upon impact with a predefined
region of a surface of said substrate, locally charge said substrate at said

25 predefined region; and

a powder cloud forming means for generating a cloud of
medicament powder proximate said predefined region on said substrate, where a
plurality of powder particles within said cloud are electrostatically adhered to any
region other than said predefined region of said substrate.

30 18.  The apparatus of claim 17 wherein said substrate is a tablet.
19.  The apparatus of claim 17 further comprising: a charge control



i nhal er d ' fl exi bl e i nhal ati on tube supported by a housing
and 20 hgm@ﬁngﬁn ;“ﬂjug'b | ocat ed proxi mate a nedi canent |ocation. In
essence, t ¢St H enturi inhalation apparatus without a nmain air
fl ow tube 710, where the patient nerely inhales on the nedi canent tube
712. In use, ' end of an i nhal ation tube is posithiag

proxi mate a rreag'idcdyr?g}rﬁ | ocation by rotating the subst ratlta W t?}ﬂi"g&t he
housi ng. Thereafter, the patient sinply inhales the 25 nedicanent directly
fromthe perforated substrate, through the i%hal ation tube and into
their lungs. The perforated substrate significantly increases the velocity
of the air flow that renoves the nedi canent fromthe substrate over that of
a venturi effect device used in conbination with a solid substrate.
Those skilled in tmeansrcoupled to said pmitter ahd saidrgendugiivecplate ofarompatingiiter 30
devices can be e | (or-To: =Ta1oR te,

I ncl udi ng those tha gmﬁ%@wﬁgggg%ﬁgﬁgal r t"](i)(i ?%%galﬁgﬁrr@gi canent
and WO 9alea@ivating said emitter when said comparison generates a deactivation signal.
PCT/US96/ 09882

generate a inhal abl e Poud TPaAPPagImg pEelaim 1T wherein said B‘évédeéfk“ﬁgo@g“g

consi det ed 5 Wirhdang ist @ iveeleatfic @harghi@ dpparass.i on. I n each of
t he foregoing enbodi nents of the invention, the substrate nay

b
fabricated of Teflon, Z!BOI y@??@?&}mﬁaﬁf cAaimy, W@?Fé“hﬁéfi F'i?@elfﬁ’tk’é.a?l’%atg%ﬁer al,
any 5 material thaherifes kuﬁsahamg B8 s&hE Ehdr@Siothhss rati it ®atiF partibibiofi ent . The

substrate, nmay or may not be perforated to enable inhalation of air
t hrough the subst riagdicagent powdeg vdthans saidi chasgedecloudrofzmedicanient pewdarpl e of t he

i nvention being used t,g9 pr qﬂg&g%a&t}l% gfr)a%n T‘?gv‘h&%id S84 &m%wg&%ul es,

tabl ets, vaginal and réctal I'es an
10 deposited upon said substrate at a phirality of regions other than said predefined

region.
23.  The apparatus of claim 17 further comprising means for releasing
said medicament from said substrate.
24.  The apparatus of claim 23 wherein said releasing means is a venturi
15 effect iphaler.
25.  The apparatus of claim 24 wherein said releasing means is an
inhalation tube for inhaling said medicament directly from the substrate.
26.  The apparatus of claim 25 wherein said substrate is perforated.
27.  The apparatus of claim 25 wherein the substrate is a woven mesh
20 coated with a dielectric material.
28.  Apparatus for electrostatically depositing 2 medicament powder
upon selected region of a substrate, said apparatus comprising:
a charged particle emitter for generating charged particles;
a photoconductive substrate spaced apart from said emitter and
25 located upon a conductive plate, where said charged particles, upon impact with
" asurface of said photoconductive substrate, charge the surface of said substrate;
' a light mask, applied to said charged substrate surface, for
selectively applying light to cause discharging of any region of said
photoconductive substrate not covered by said light mask; and
30 . a powder cloud forming means for generating a cloud of
medicament powder proximate said predefined region on said substrate, where a



the Iike I ¢ deposition technique of the invention is used
to 10 e“m mg gm”;mﬂ“ deposit specific quantities of powdered nedi canent
* ce ke sU

upon an strate such as cellul ose. The substrate is then
encapsul ated in a inert material to forma capsule, tablet, or
suppository. SuBsksakes useful for this appl i cati on ar ep¢ifpiosadssy

pol ynmeric substances that preferably self-destruct or are degraded in

body fluids and/or enzynmes. However, the substrate can be a 15
non-destructi bl e substance that is readil y‘@ﬁi‘rri nated fromthe body once
t he medi canent has been rel eased into the body fromthe substrate. |
Al t hough various enbodi nents which incorporate the teachings of the
present invention have been shown and descrjbed, in detail cgﬁ)rlei n, those

skilled in t Reality ot pewdes particies uun it elad axerflsctrostatically adheErdi Ry
that still incor pdiinorkd tid's SRark&PfeBionBF said substrate. The accuracy of
deposi tion using nethods and apparatus of the invention is further
il lustrated by the fo??-ow Fep srpacaisfclaing 28 ¥heptin said substratefiy a fgbles. 1.
Accuracy of Depositi og, of ' pnt %ﬁ!- t .

The correl ation bet weéek?i th'gﬁegé unmc?ff%c[:h?grzge geﬁérsggggaﬁﬁﬁ%@gﬁ%s rate
and t he anount 5f meenk is aneiboclabtyivochargiog wgparatiest er m ned by neasuring the

current applied, the tjnme n which the current was., lied, .the total
char ge deposi t ed?i'and FPPatFys é’l%@r?{}m%isﬂﬂ%%fecgmﬁg?@@.s nass
ratio of 10 pC g. gaferatésesubantially thy Qnfehuhfze itémheddtatio Folo&kch particle of WO

96/ 39257
PCT/ US96/ 09882  medicament powder within said charged cloud of medicamens powder.

32.  The apparatus of claim 28 wherein said medicament powder is
10 deposited upon said photoconductive substrate at a plurality of uncharged
regions.
33.  The apparatus of claim 28 further comprising means for releasing
said medicament from said substrate.
34,  The apparatus of claim 33 wherein said releasing means is a venturi
15 effect inhaler.
35.  The apparatus of claim 34 wherein said releasing means is an
inhalation tube for inhaling said medicament directly from the substrate.
36. The apparatus of claim 34 wherein said substrate is perforated.
37.  The apparatus of claim 34 wherein the substrate is a woven mesh
20 coated with a dielectric material.
38. A method of electrostatically depositing a medicament powder upon
a selected region of a substrate, said method comprising the steps of: positioning
a charged particle emitter proximate a selected region of a substrate; activating
said emitter to cause charged particles to propagate from said emitter to said
25 substrate, whereby said selected region of said substrate becomes charged;
deactivating said emitter when a particular quantity of charge has accumulated
upon said substrate; and generating a medicament cloud proximate said selected
region of said substrate, where medicament particles in said medicament cloud
electrostatically adhere to said selected region of said substrate. _ _
30 39.  The method of claim 38 wherein said activating and deactivating
steps further comprise the step of controlling a signal source that drives the ion



Table 2 Ti me Tot al Dot ave. max.

(seconds) umgﬂ“ mw wei ght for

(nC 3.5 0.13 0. 45
0.13

1.56 45
22 16 5 0. 13 2.15 54 30 perusenogs?. S
0.13 2. 5?096’39257 60 37 40 0.13
5.7 75 73 40 0.13 17.1 99
140 10 The data in the foregoing tab¥e is depicted graphically in
Figure 8, which provides a y-axis on the left side of the graph _
showi ng the dianeter of the dots in mls, with the data points shown
as open squares; a y-axis on the right side of t he graph show ng the
wei ght of the dot s EHteF crograms with the data p0| nts shovvn as cl osed
-squares; and an X-axi sy Wéﬁg SHishdr)e n]ésm'ng
nanoCouI onbs. The data as p{ﬂg?ﬁg m%ﬁe graph i E%‘g re 8, sdgovxs th ta
t he rel at i onsiehgrgbdpaticla ﬂmaltcﬁmvlggbmsa)dmtﬁhendjsmd suhstrate go

di aneter of the dot st an r, and the relationship

bet ween the charge d&%ﬁ"g}“{’ﬁ”‘g Bﬁgﬁﬁ %mtyo%éhqg&t he wei ght of the dot are
al so substantialsy |indds. Themettiodafchinge mnantsa&d measuringrstépefurthed t o
accurately determne a gqséﬁ%se anpunt of ne ame t t, be ZOaﬁge osi ted

upon the inhaler sfS%PH SERSPIIRESrAgRE S ﬁ Hm?ﬁl wpying the
met hods, small dos aﬂ@%mfea QRarg&y partitle chientoéihi2fto m&ﬁtm WAlu¥PHa€ iPinichivedty

dep05|ted within + 10%
said particular quantity of charge.
42. The method of claim 40 wherein said medicament charge generating
10 step further comprises a step of activating a triboelectric charging apparatus,

43.  The method of claim 42 wherein said triboelectric charging
apparatus activating step generates a substantially uniform charge-to-mass ratio
within said clond having a charge polarity that is opposite a charge polarity of
the charge accumulated in said predefined region of said substrate.

15 44. A method of electrostatically depositing a medicament powder upon
a sefected region of a substrate, said method comprising the steps oft
positioning a charged particle emitter proximate a substrate;
activating said emitter to cause charged particles to propagate from
said ion emitter to said substrate, where said selected region of said substrate
20 becomes charged and a non-selected region remains uncharged;
deactivating said emitter when a particular quantity of charge has
accumulated upon said substrate; and
generating a medicament cloud proximate said non-selected region
of said substrate, where medicament particles in said medicament cloud
25 clectrostatically adhere to said non-selected region of said substrate.

45. The method of claim 44 wherein said activating and deactivating
steps further comprise the step of controlling a signal source that drives the
emitter.

46. The method of claim 44 further comprising the steps of measuring a

30 charged particle current flowing between sakl emitter and said substrate to
determine said particular quantity of charge.



F| gures m crographs of depositions of a medicament upon

2 cnje mmmlmm&m[ substrate using ion printing. Figure 9A shows
ots 25 havirg a ter of about 75 ml; Figure 9B shows dots having a
di anet er of WD 96/ 39257

PCT/ US96/ 09883yg og/30287 - 2PCTIUS96/09882
about 45 mls, and Figure 9C shows dots having a diameter of about 37 mls.

WO 96/ 39257 28
PCT/ US96/ 09882 e -23 -
VWhat is clained is:

47.  The method of claim 46 wherein said measuring step further
comprises the steps of integrating said charged particle current and comparing the
integrated charged particle current value to 2 threshold value that is indicative of
said particular quantity of charge.

5 48.  The method of claim 44 wherein said medicament charge generating
step further comprises a step of activating a triboelectric charging apparatus.

49.  The method of claim 48 wherein said triboelectric charging
apparatus activating step generates a substantially uniform charge-to-mass ratio
within said cloud having a charge polarity that is identical to a charge polarity of

10 the charge accumulated in said predefined region of said substrate.

50. A method of manufacturing a pharmaceutical substrate with
medicament powder deposited thereon, comprising electrostatically depositing
said medicament powder on the substrate.

51.  The method of claim 50 wherein the electrostatic deposition of the

15 medicament occurs on a predefined region of the substrate.

52.  The method of claim 50 wherein the substrate is selected from the

group consisting of a tablet, capsule, suppository and an inhaler substrate.



1. Apparatus for electrostatically depositing a nmedi canent powder
upon sel ected regions of a substrate, said apparatus conpri sing:

a charged particle emtter- for generating charged particles; 5

a substrate spaced apart fromsaid emtter and | ocated upon a

conductive pl a%%e sai d charged particles, upon inpact 9882
pr edefi ned regron of a surface of said substrate, |locally charge said
substrate at said predefined region; and a powder

cloud form ng nmeans for generating a clou f 10 medi canent powder

proxinmate sai d predefined reg said s trate, where a ﬂal [ W
of powder particl sai d cloudsare el ectrostatically adhefe o] 8
egi on of ? ? f

sai d predefined

claim1l whereip»4aid subsfrate is § %§

appar atus of cf aiim 1 wher e oo mes

di el ectric matleri=at V. The appdsR us of %Igl’moi wher h
substrate is e t abl et . 104 ‘130 \ appag @t ug, e cP al m1l fu i
conpti si ng: k 1243 control gedhs, o caupPeeipd sai
emtter and saj d|conductiye @ ti chargs

accumul at ed uaon t he subs to*> -gg IueM
deactivating said enitter fwhen said conp Tl sg@gﬁ@g 888
deactivation sjgnar. & \—106 6. ap & wherein S;?g
charge control| nmeans f urt her colff ses 580@@@@@@8@ g@rg i ntegrating
t he charge acclumjl at ed up§n said subst r gb@ ahdob@rogeperat i ng a

vol tage val ue findicative ¢f t accumul at ed g@%%ggggo 0@@% substrate.

7. The apparafus of cl er sai d QH%QQMQWOMnS

control's a size Gk rged regi theog 8&88}8!088£sur| ng the
accunul ated charge on the substrat AN NN

-. (& (A )
2O %1 VAY mm “‘L&\A‘. NAN

t hat correspondd : *M/M ///f'a'u./:@/m;y////
8. The appar atus of | nfsai d charge control means further
conprises a | ow pass f1| S &~ bet ween sai d conductive plate and
said

FIG. 1

112/

t
200

! v 104

1

§ il / :

! E

i L 212 I
i 202 L1
18— Y S |

: 210 i 110~
E . Hzzrn2
5 :

i i

' i

: :

! i

' i

FIG. 2

SUBSTITUTE SHEET (RULE 26}



WD 96/ 39257

PCT/ US96/ 09882 -24 -

i nt egrator. 9. The apparatus of claim 1l wherein said powder
cl oud form ng means is a triboelectric charging apparatus.

10. The appar avoise/mbscl aim 9 wherein said triboelectric appaE ?t us further
5 conprises a plurality of beads that are fabricated of a sele i al
t hat generates substantially the sane charge-to-nmass ratio for each
particle of medi cament powder within z?id charged cl oud of nedi canent
powder . 11. The appar at us of /é?n11 wherei n said nedi canent
powder is deposited at a plurality of predefined regions upon said
substrate. 10 12. The apparatus of claim 1l further conprising nmeans
for rel easing sai d nmedi canent from said substrate. 13.

The apparatus of claim 12 wherein said releasing nmeans is a venturi

ef fect inhaler. 14. The apparatus of claim 12 wherein said

rel easing means is a 15 inhalation tube for inhaling said nedi canent
directly fromthe substrate. _________._ 15.___ The apparatus of claim 14

at ed. B S Y
#1s a woven mesh
17. Appar atus f

PO upon selected i o
RN

N 308,

7¥he appar a808 of

fed with a
: tro;LgLLca{Iy
of substrat e,

garticle emtter for

gat e spaced apart

it e, where said
y2gi on of a surface

g 25 predefined

ghns for generating a
bd regi on on said

wherein said substrate is perf
cl aim 14 wherein the substrat
dielectric material.
depositing a nedi canent powder
sai d apparatus conpri sing:
generating charged particl es;
fromsaid enitter and308cated
charged particles, upon inpact
of said substrate, locally chg
regi on; and
cl oud of medi canment powdgr
substrate, where a
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plurality of powder particles within said cloud are electrostatically

adhered to any regi on other than said predefined region of said
substrate. 30 18. The apparatus of claim 17 wherein said substrate
is a tablet. 19. The apparatus of claim 17 further conprising:
a charge cont ngh ogs39257 WO 96/ 39257 PCT/US96/09882
PCT/ US96/ 09882 -25 -

nmeans, coupled to said emtter and said conductive plate, for conparing the
charge accumnul ated upon the substrate tCngq;hreshold charge val ue and for
deactivating said enmtter when said conparfi®€on generates a deactivation.

si gnal . 20. The appafatus of claijm 17 wherei n said powder cloud
formng 5 mneans is a triboelecfric chargind—app4ogtus. 21
The apparatus of claim 20 wherei i i |l ectri c apparatus

genérates substantially the sane charg¢-to nass ratio for each particle of
nmedi canent powder within said charged of nedi canent powder.

22.  The apparatus of claim17 Wherein said }medi canent powder4@@ 10
deposited upon said substrate at{a plurality loi—+dflons other Than said

pr edef i ned regi on. —the-dappar at us of claim 17 further
conprising neans for releasing saild nedi cament from said substrate.
24. The apparatus of clarm28—where™) said rel easing means is a venturi
15 effect inhaler. 25. The apparatus of claim24 wherein said
rel easing nmeans is an i nhal 3tion tube fc;_LE?aling sai d nedi canent
directly fromthe substrate. 406
408
_—410
y
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L 4
L4
} —418
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26. The apparatus of claim?25 wherein said substrate is perforated.

27. The apparatus of claim25 wherein the substrate is a woven nesh 20
coated with a dielectric material. 28. Appar atus for

el ectrostatically depositing a nedi canent powder upon sel ected region
of a substrat ey 335 sAppartus conprising: PCTRRIPER2
particle emtter tor generating charged particles; a

phot oconducti ve substrate spaced apart fromsaid emtter and 25 |ocated
upon a conductive plate, where said chargﬁ&sparticles, upon inpact with
a surface of said photoconductive substra charge the surface of said

substrat e; a light mask, applied to said charged
substrate surface, for sel ectively apcl ing light to cause discharging
of any region of said phot ocondu ate not covered by said

l'i ght mask; and 30 g nmeans for

generating a cloud of medi caatent powder proxi mateNgai d predefined
region on said substratg wher e/a O 96/ 3
PCT/ US96/ 09882 00 26 -

plurality of powder parti‘slesfy 5@?
adhered to any regi on otfher than a cremged [ egion of ski trate.

29. The apparatus of clai m{28 wherein saigd=sBBstrate |s a ablet
30. The apparatus of clain}28 wherein said powder cl qr ming 5 neans
is a triboelectric charging ppp it . 31. dppar at us of

claim 30 wherein said triboellectric aﬁgzgatus generateg substantially

the sane charge-to-nass ratia for each)article of
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medi canment powder within said charged cl oud of nedi canent powder.

32. The apparatus of claim 28 wherein said nedi canent powder is 10
deposi ted upon said photoconductive substrate at a plurality of uncharged
regi ons. 33. The apparatus of claim28 further conprising
means for rel eawmgensszsy said nmedi canent from said substrate.

34. The apparatus of claim 33 wherein said rel easi ng neans i RCT{USNG(09882 |

15 effect inhaler. 35. The apparatus of claim 34 wherein said
rel easing nmeans is an i nhal ati on tubgsap i nhal i ng sai d nedi canent
directly fromthe substrate. 6 The apparatus of claim 34

wherein said substrate is perforated. 37. The appar at us of
claim 34 wherein the substrate is a woven nmesh 20 cog d with a dielectric
mat erj al . 38. A met hod o 7@§pctr atlc I'y depositing a

medi cament powder upon a selecaﬂL g%f’ d‘%zstrate sai d nmet hod
conprising the steps of: p ionin char ge articl Ltter
proxi-mate a sel ected regio a sjubstrate’ actrvaring said emtter to
cause charged particles to pNgpagate fromsardle ai d

substrate, whereby said sel ect gion of saig qubstrate becones} charged,
deactivating said emtter when a particular qudntlity of charge hds

accunul at ed upon said substratg generfatfi ng-&l2edi carepggc! oud
proxi mate sai d sel ected regi on gggWald suljstir at e, wher e nedi canent
particles in said nedi canment cloud ] [ atic §E9here to said
sel ected region of said substr <;§$ 3 e nethod of claim 38
wherein said activating and act | I ng S t her conprise the
step of controlling a signal {gourse th yes the—g WO
96/ 39257
PCT/ US96/ 09882 o — > -27 -
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emtter. 40. The met hod of claim 38 further conprising the
steps of neasuring a. charged particle current flow ng between said
emtter and said substrate to determ ne said particular quantity of
char ge. 5 41. The net hod of cl aim40 wherein said nmeasuring step
further CWOREBRSS the steps of integrating said charged ppgfisbédoss:
current and conparing the I ntegrated charged particle current val ue
to a threshold value that is indicative of said particular quantity
of charge. 42. The met hod of claim40 wherein said nedi cament
charge generating 10 step further corrprléfé a step of activating a
triboel ectric chargi ng appar at us. The nmethod of claim42
wherein said triboelectric charging apparatus activating step
generates a substantially uniformcharge-to-nmass ratio within said
cloud having a charge polarity tha arge polarity of

the charge accunulated in said pre said substrate. 15
44, A nmet hod of electrostaticall li canent powder upon

a selected region of a substrate, sing the steps of:
positioning a charged particle em substrat e;

activating said emtter to cause c 0 propagate from

said ion emtter to said substrate ted region of said
substrate 20 becomes charged and i on remai ns unchar ged;
deactivating said emtter when a p y of charge has
accunul at ed upon sai d substrate; ajs generating a

medi canment cl oud proxi nate said nof* of said
substrate, where nedi canem particles in sald nedlcanent cloud 25

el ectrostatically adhere to said non- SE?!OS% g’ on of said substrate.

45, The nmet hod of claim44 wherein s t1 vatt ng and deactivating
steps further conprise the step of controlling a signal source that drives
t he emtter. 46. The met hod of claim 44 further
conprising the steps of neasuring icle current flow ng
between said emtter and said subs ermne said particul ar
guantity of charge.

FIG.9b
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Apparatus and a method for electrostatically depositing doses of medicament powder (304) at selected Iocations on a substrate (110),
such as those that are used to fabricate suppositories, inhalants (704), tablets, and capsules. The apparatus contains a charged particle emitter
{102) for generating charged particles that charge a predefined region of a substrate (500) and a chnrge accumulation control circuit (108) for
computing the amount of charge accumulated upon the substrate (500) and deactivating the emitter (102) when a selected quantity of charge
has sccumulated, A triboelectric charging apparatus (302) charges the medicament powder (304) and forms a charged medicament cloud
(412) proximate the charged region of the substrate (500). The medicament particles within the medicament cloud (412) electrostatically

adhere to the charged region. The quantity of

charge accumulated on the substrate (500) at the predefined region and the charge-to-mass

ratio of the medicament powder (304) in the cloud (412) control the dose of medicament deposited and retained by the substrate (500),

»

(Referred to in PCT Gazette No. 08/1997, Section II)




