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The invention %Is’?;:ﬁ?‘to el ectrostatic material deposition t ' 9and,

5 nore particularly to a substrate containing el ectrodes that provide

el ectrostatic fields for retention of various nmaterials upon the
substrate. BACKGROUMD OF THE DI SCLOSURE

El ectrostatic deposition of materials such as toner powders is typically
acconplished using an ion gun or print head to deposit a charge pattern

upon a 10 dielectric substrate. In operation, the print head scans a
dielectric substrate APPARMUSEORCEL SBATICAELY [DEPRSHINGtANDe a
pattesn of charge. The char gRETAININGPMAT URQMN AcSUBSTERATE a cl oud of
oppositely charged powder particles and the charge pattern attracts

the powder to the subst r Bhecinvéiition pelagte to elddtensttic material deposition techinijuessdnd, vi a
AL e T R
then the substrate fieldgfor reemidn) ofl varidgy fiafeield upsh A fidattatd 0 NElt the toner

powder such that the print pattern pernmanent| adhres to the substrate. As

di scussed above, such prior art BAGROGROUND QFTHERISCIOSURE yse a pri nt
head that is sepagpifostafie FepdiRion trShdéiats suth i Bpicay | Y
scan the head 20 over the subsla?l?ate to prod‘gscseu a?sz%cuﬁg?g&g%gt}ge

pattern. Such mecha#fcemplished using an ion gun or print head to deposit a charge pattern upon a

10 dielectric substrate. In operation, the print head scans a diclectric substrate
and selectively deposits on the substrate a pattern of charge. The charge
pattern is then exposed to a cloud of oppositely charged powder particles and
the charge pattern attracts the powder to the substrate. The powder adheres to
the substrate via electrostatic forces between the charged substrate and the

15 oppositely charged powder. If the powder, for example, is a printing toner,
then the substrate (e.g., paper) is developed using heat to melt the toner
powder such that the print pattern permanently adheres to the substrate. As
discussed above, such prior art material deposition systems use a print head
that is separate from the substrate. The systems mechanically scan the head

20 over the substrate to produce an accurate charge pattern. Such mechanical
scanning requires a complicated head scanning mechanism. Such a mechanism
is generally required where the pattern is constantly changing from one
printing job to the next, e.g., systems that print text or graphics. However,
other printing applications require repeated deposition of a particular charge

25 quantity in a predefined pattern. Such an application includes retention of
powdered drugs (medicament) at predefined locations on a substrate that is a
component of a medication inhaler. Another such application is a printing
stamp requiring a repeated pattern to be generated with each use of the stamp.

. Although in both of these applications, an identical charge pattern is repeatedly

30 deposited on 2 substrate, the use of a prior art print head that robotically scans



scanning requires a conplicated head scanni ng nmechanism Such a mechani sm
Is generally required where the pattern is constantly changi ng from one
printing job to the next, e.g., systens that print text or graphics.
However, cﬂkﬁﬁ%%pri”ting applications require repeated gdgrRed oy Of
a particular cﬂ%rge gquantity in a predefined pattern. Such an
application includes retention of powder ed drugs (nedi canent) at
predefined | ocations on a substrate that is a2- conponent of a

medi cation inhaler. Another such application is a printing st anp
requiring a repeated pattern to be generated with each use of the stanp.

Al t hough in both of e a atlon an, i dentical. char aftern is
repeatedly 30 H{S’sﬁuﬁg’é{““g%ﬂa herupon Feduires § r8€°‘§?‘t print

head that roboti caI |y scTBérefore, a need\éﬁsﬂfiﬂ BR2&bfor a material deposmon technique
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di sadvant ages associ at
prior art. Specifically, the present invention is a substrate having a planar

conductive plating located on a first surface of a dielectric layer and having a
conductive trace (a collection trace) located on a second surface of the
10 dielectric layer such that the conductive plating and the conductive trace have a

parallel, spaced-apart relation with respect to one another. The conductive
trace is charged by supplying a voltage to both the plating and the trace to
establish a voltage differential across the dielectric layer. As such, depending
upon the magnitude of the voltage, polarity of the voltage and the duration for

15 which the voltage is applied to the trace, a particular quantity and polarity of
charge accumulates on the trace.

The material to be deposited is charged to an opposite polarity than that
of the trace and then the deposition material is applied to the trace. Typically,
if the deposition material is a powder, such as a powdered medicament, the

20 powder is charged in a tribo-electric charging gun. If the material is a liquid,
such as an ink, the liquid is charged using corona discharge apparatus within a
liquid atomizer. In either case, the charged material is disposed over the
charged collection trace and is electrostatically attracted to the trace. As such,
the material adheres to the trace. The quantity of material adhered is directly

25 proportional to the charge on the trace and the charge-to-mass ratio of the
particles of deposition material. By determining the charge accummlated on the

- trace and the charge-to-mass ratio, a specific and repeatable quantity of

deposition material is retained by the substrate.

The present invention provides a cost effective apparatus for repeatedly



prior art. Specifically, the present invention is a substrate having a
pl anar conductive plating located on a first surface of a dielectric
| ayer and having a conductive trace (a collection trace) |ocated on

a second surfa e 10 dielectric layer such that the gﬁg
pl ati ng and thgﬁ?:%fﬁaa%%tive trace have a parall el, space apar%zSs

relation with respect to one another. The conductive trace is
charged by supplying a voltage to both the pl-@t+ng and the trace to
establish a voltage differential across the dielectric ayer. As such,
dependi ng upon the magni tude of the voltage, polarity of the voltage
and the duration for 15 which the voltage is applied to the trace, a
particul ar quantity genefating awell-defided charge patitrarwithontusimg ih sobesically scamnetdr ace.

of the trace and t ndeet Ao bicRh AaEeR BhcREP BRf offtbBlle tor ™

Typi cal ly, i fdry bewdhmmgstv'vidﬁnammg irthbler ancha pabsttate foStetdiniag itk or
powdet ed nedi canment, the |s charged in a tribo-electric
charging gun. 1f thd&® %?’é??&qgl?’@n such as an ink, the

liquid is chargsd using coronapBRIBE ¥ -, ; q;pl,ﬂmbm\mgs liquid
atom zer. In either case, the charged materla IS di sposed over the

charged col | ection tracemhmg,sl the presentiievention mm‘bbf wnslerstandibyace.
As such, _ t he chRddkin glm@ghg&%% w%ﬁé“{' &mT&QWMcef mat eri al

adhered is directly 25 roportioffal to t and the
char ge-to- nass rati@cmnanﬁngdrawmgspmwhmhes of dep05|t|on materl al . By

determ ning the charge a l.at.ed on th . e and t
charge-to-nass rati o, Q’B@Tf‘%“‘%ﬂa’eﬁ Fé’fﬁ“éoﬁﬁ ‘ﬁis xgpccordance with the

deposi ti on nat @0i al pi-esemahme;q by the substrate. The present

i nvention provides a cost{_effective apparatus for repeatedly
FIG. 2 depicts a cross-sectional view of the substraté of FIG. 1 taken

along line 2-2;
FIG. 3 depicts an illustrative application for the present invention;
namely, a powdered medicament inhaler;

15 FIG. 4 depicts a substrate for use in the inhaler of FIG. 3;

FIG. 5 depicts a cross-sectional view of an element in the substrate of
FIG. 4 taken along line 5-5; and

FIG. 6 depicts a second illustrative application for the present
invention; namely, a programmable dot-matrix printing stamp.

20 To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures.

DETAILED DESCRIPTION
The present invention is apparatus for electrostatically retaining a

25 ' deposition material upon a substrate. In general, the apparatus contains a
conductive plate, a dielectric layer located upon the plate, and a conductive
trace located upon the dielectric layer in a parallel spaced-apart relation with

, respect to the conductive plate. In use, a voltage is temporarily applied

between the plate and the trace to charge the trace. Thereafter, deposition
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generating a well-defined charge pattern without using a robotically

scanned EHAE head. Applications for such apparatus i H%@mﬁdw
substrate for Wa‘?al |5r?g dry powder drugs within a druﬁn al er and

a substrate for retaining ink or toner in a progranmable printing
stamp. 5 ’ BRI EF DESCRI PTICA- OF THE DRAW NGS

The teachings of the present invention can be readily understood by
considering the follow ng detail ed description in conjunction with the
acconpanyi ng draw ngs, I, I,ch: ) FIG 1 depicts a, .,

per spective vi ew of %‘Eﬂgs%‘%ﬁ‘gﬁ Fhargg- eRROgils that of the charge 2@)8“’ trage o isesligposed

i nventi on; upon the Elafged4radEP ThE Thik Ed@%)%i‘iﬁ@&iﬂa%ﬁii is\duPated to'the
substrate of FIG 1 tpgken afg al ong IPng 2-2; FIG 3
depi cts an il | ustr atdharged trace and is slectrostatically pdhesasitheretov eAs such, the apparatus

nanely, a powdered | ca .inhaler; 15, El depicts a
substrate for use i nrm{ﬁﬁés ?ﬁ‘ﬂé‘vgﬁ' X -;?lglttéxmg}ze for electrostancafl%z 'é‘?l&'.“%éﬁ%epi cts a
cross-sectional 5vi ewlepbsiion mhterizinvitiiont tidifg & wethdnidally 6¢anned print Hehd>to forinaken
along line 5-5; and . SELG 6 depicts a second illustrative
application for the cﬂ?’@géﬁ{‘m in the subspats,; | on; nanely, a progranmmable
dot-matrix printing stanMordGpecifically, FIG. 118epici€ h pbhspecive Pid@ 6Tt AE Sivefition,
i dentical reference nuneral s have been . used, where possible, to
desi gnate identical EplengIG 2 depicts aprosceestiondl view ofca substrate 164 alopg dine 2-2 of
DETAI LED DESCRI PTI O¥YG. 1. To be o ' ' for
el ectrostatically retaini ngoa s%gﬁm%p@é%odﬁg{egﬁ%%e?%%%%%g%ﬁat e.
In general, thdOappdil&: dsand@whileweading the following detailed description of the invention.
Apparatus 100 is designed to electrostatically retain a predefined
quantity of deposition material 102 within a well-defined area upon a substrate
104. The apparatus contains the substrate 104, a voltage source 112, an
ammeter 118, and a switch 114. The substrate 104 contains a conductive plate
15 106 and a conducive trace 110 (also referred to herein as a collection trace)
separated from said conductive plate by a dielectric layer 108. The dielectric
layer is typically alumina of thickness 5 micrometers. The conductors are
typically created using a conventional thin film deposition process.
The collection trace 110 and plate 106 bave a parallel spaced-apart
20 relation with respect to one another. One terminal of a DC voltage source 112
is connected, through switch 114, to trace 110. The other terminal of source
112 is connected through connector 118 to plate 106. By temporarily closing
the switch 114, the voltage source charges the collection trace with respect to
the plate. The amount of charge accumulated on the trace during a specific
25 period of time is directly proportional to the voltage differential applied
between the plate and trace, i.e., the larger the differential, the greater the
accumulated charge during a given time period. Typically, the current
magnitude indicated by the ammeter 118 is monitored to determine a quantity
of charge accumulated on the plate during a specified period of time that the




conductive plate, a dielectric layer |ocated upon the plate, and a

conducti ve trace located upon the dielectric layer in a parallel
spaced-apart relation with respect to the conductive plate. In use,
a voltage is tgggress! Y applied bet ween the pl ate ancpdgassobiigase t O
charge the trace. Thereafter, deposition WO 96/ 39256
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mat eri al, having a charge opposite that of t he tharge on the trace, is

di sposed upon the charged trace. The charged deposition material is
attracted to the charged trace and is electrostatically adhered
thereto. As such, the_apparatus utilizes a relatively sinple

techni que for el ect %?lh%si‘%my retaining the 5 deposition materi al

wi thout using a mechani chlgtadiely) iR rite’ i bordiRekd k@ HeQiobkive terminal of far ge
pattern in the substrate. More specifically, FIG 1 depicts

a perspective vi ew sfurcehand theaegatiya terminal of theygonree (grogndyis gepegted 1e the
cross*sectional vie S Jin - I .
To best understand p/ﬁgef'i %3%#%’5)‘&81& ?‘ﬁ’%&?é’g er&sf auﬁlg%ﬁ%ﬁg%ﬂm%gtpﬁm%:&?m G
1 and 2 whil e r8adi nggpediao thel plares rQf cbatsa; the plate sould beicharged nedadvelywetht | on.
Apparatus 100 is design o electrostatically retain_a predefined
quantity of deposit F%ﬂeﬁg?i‘ﬁ@?‘efe ol ‘?%‘?Iﬂe‘ga%e?&w&@? ittﬁ"e‘g’eéﬁ%gﬁc’g&?n a
substr at1 iz 1 @ventivecappRindisat THe VolBiehsed té BRarpe! Bt it §s 4 AdativelyViowt age
source , an

voltage, i.e., the voltage is typically on the order of tens to hundreds of volts.

Given a dielectric thickness of 5 micrometers and a collection trace having a

10 diameter of .040 inches, the capacitance between the trace and the plate is
approximately 5 pF. With such a capacitance, the time required to charge the

plate is approximately 50 picoseconds. To more easily monitor the charging
process, the charge duration can be increased by adding a series resistor
between the plate and the voltage source.

15 Once 2 particular charge is accumulated on the trace, a deposition
material 116 is disposed over the charged collection trace. The material 116 is
either a powder, such as a medicament or a printing toner, or a liquid, such as
a printing ink. Whether a powder or a liquid is used, the material is
electrically charged before being disposed over the trace. To facilitate

20 electrostatic attraction between the material and the trace, the charge on the
material is opposite the charge on the trace.

Typically, a powder deposition material is charged using a conventional
tribo-electric charging technique (e.g., using what is commonly known as a
tribo-electric charging gun) that provides a substantially uniform

25 charge-to-mass ratic on the powder particles. The powder is charged at an
opposite polarity to the charge on the trace. Once charged, the powder is
expelled from the tribo-electric charging gun by a flow of air or some other

. gas. The expelled powder forms a cloud of charged powder particles

proximate the charged collection trace. The trace attracts and retains the



ameter 118, and a switch 114. The substrate 104 contains a conductive
plate 15 106 and a conducive trace 110 (also referred to herein as a
col l ection trace) separated from said conductive plate by a

dielectric | aygndéddasstne dielectric | ayer is typical 'i‘cﬁbtmg%s)()f
t hi ckness 5 mcroneters. The conductors are typically created using

a conventional thin filmdeposition process. The coll ection
trace 110 and plate 106 have a parall el space‘cFs apart 20 relation with
respect to one another. One termnal of a DC voltage source 112 IS
connected, through switch 114, to trace 110. The other term nal of source
112 is connected through_connector 118 to _plate 106. By tenporarily closing
the switch 114, the Shareed pewder, r Assugiing & sbsaptiallyinifopnicharse-to;mass fatie on the

respect to tg?ovmeggﬁﬁclmq?@maﬁmo?fpoﬁa&r REEHIeAbA theQtack he trace

during a specific 25 riod of time is“directly proportional to the
vol t age differenti aldiveotly peaportional to the chasgendembity pit diegragnd Rurthemmore,.the | t he

e o ot e 5 L e ara in AR RS R0, 2
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accunmul ated on the pla%&c%laglﬁni n gf So%v%%irf i ed period of tine that the

WO 96/ 39256 P ouitt ol p .

EVCM_T { gﬁ9i6ls Ogﬁgged On the other hand, if the material to be deposited is a liquit, the liquid
is typically charged by conventional corona charging apparatus within a liquid
atomizer device. The liquid is typically charged as it is atomized within the

10 atomizer. The atomizer expels the atomized liquid proximate to the charged
collection trace. The trace attracts and retains the charged liquid. As such,
the particular dimensions of the trace define an area in which the liquid is
retained.

In some applications of the inventive substrate, it may be necessary to

15 coat the substrate surface, including the collection trace, with a dielectric
material. Such coating is typically required to ensure that the collection
trace metal or the dielectric layer material of the substrate do not chemically
react with the deposition material. A coating of this type should have little or
no impact upon the operation and usefulness of the invention as described

20  herein.

FIG. 3 depicts a specific application for the invention. In particular,
the apparatus of FIG. 3 is a dry powder drug (medicament) inhaler 300 that is
designed to retain a dry powdered drug at specific locations upon a substrate
302. As such, a powdered medicament is deposited in well defined doses in

25 the manner discussed above and retained at particular locations upon the
substrate until removed by an external force. The collection traces 304 that
define the location and area upon which the medicament is retained typically
have a diameter of .040 inches. In such an inhaler, a plurality of circular
collection traces 304 are located on the substrate 302 to enable multiple doses

ot




Illustratively, the trace is connected to the positive termnal of the
source and the negative term nal of the source (ground) is connected to the
pl ate. As such, upon closure of the switch, the trace is charged positively
W th 5 r the plate. O course, the plate couldré)

negatively w fﬁl%%ésg respect to the plate w thout detrine %’ﬁé}%}"gﬁg
affecting the operation of the I nventive apparatus. The vol tage
used to charge the trace is a relatively low-7- voltage, i.e., the
voltage is typically on the order of tens to hundreds of volts.

G ven a dielectric thickness of 5 mcroneters and a collection trace having
a 10 di aneter of .040 inches, the capacitance between the trace and the
plate is apf she mediednyent tepbe rediindd muwedli-defined dovhtians apon tahsinglé me

requived to charge t | a I s.appr.oxiatel y 50 .pi coseconds,, To

nore easily nonitor spﬁ%m?ha‘r&&"n n 306 enclo%?@ueggg;mpn%%rsam%ﬂpﬂ €can
be increased by addidelivedy aubei 308. 'E@isibsifate is rotatableowSL BertrdPaXit 314 wathd t he
vol taje source. 15 a particular charge is accunul ated on

nce
the trace, a deposi (FBFct 1o the housing apd g defivery; wheyi 45 sucdy the wbstrate cahbe ged
collection tracg. ThewaiB46hligl a pdfichidr medicament‘?g%gfe.,aa PRUERAr colteCtbnitacd)

medi canent or a printing toner, or a liquid, s S a printing
i nk. Wether a powd&¥ithon inlet eed 310 ofthe slelivery taber08erWhen & patient inhales through

electrically charge ' ' S Eg trace To facilitate 20
el ectrostatic attra?ﬁb‘gfntﬁggzd.\j\giefn&t eﬁ%ngt g:%:g%ﬁa QFﬁé??@S%B%g’e@Hh € on
t he mat er i aland carvipgh byiatreflawie thedugs ofthd petieht. 3T promote sufficient air

Typically, a powderél?) 0SJ.L1 on terial is_ch ed using a. conventional,
tribo-electric char _ﬁ’g“’tdé%?ffﬁe&ﬁ‘sz Fﬂ??mug?ﬁgﬁﬁ%ﬂﬁmie_@g’c‘?fﬁ%ma? d& a
tribo-el ectriciBhar geviora@dryith & plurdlity 6f Ofehiris thil akAShAIR} khanUhd sRANEsE S
charge-to-nass ratio qn the ovuilgr particles. The powder is charged at an
opposite polarity t& nA gach, air-Bowsthrqugh e dose locatien,defader i s
expel I ed fromthe t iirbgutPpedfordtions f'de HollcbtidH taby, fé?hrﬂf ]S

ot her gas. The expelled powder ?orms a dltgﬁgieo chlaa)?egégapt)%es g?’
particl es pidSaTRhthe madicamient igdbie patfenbct i on trace. The trace

attracts and retains tNegyG, 4 depicts a perspective view of another embodiment of the

15 inventive substrate for utilization in a dry powder medicament inhaler such as
the inhaler of FIG. 3. FIG. 5 depicts a cross-sectional view of the substrate in
FIG. 4 taken along line 5-5. To best understand this embodiment of the
invention, the reader should consult both FIGS. 4 and 5 while reading the
foliowing detailed description.

20 Apparatus 400 contains substrate 402, charging plate 404, an ammeter
405, and voltage source 406. Each medicament dose location contains
an opening 408 through a dielectric layer 410. The opening has deposited
therein a collection trace 412 that plates the surface of the opening as well as
an area on a top surface 414 of the dielectric layer 410. Underlying the entire

25 dielectric layer 411 is a conductive plate 416. The plate contains apertures 418

. that are coaxial with, but slightly larger in diameter than, the openings 408
through the diclectric layer 410. Furthermore, the apparatus contains a
’ charging plate 401 fabricated of a conductive material and having a plurality of

cone-shaped protuberances 420. The protuberances are aligned with the
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charged powder. Assuming a substantially uniformcharge-to-mass ratio on

t he po
trace is
Furt hernore, the

%Wicles, t he amount of powder t hat accu%ﬁﬁ%;m%gthe
Irrectly proportional to the charge density on the trace.

di nrensions of the trace define an area in which

the powder is retained. 5 Consequently, us8ng the invention, a
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I ncl udi ng the col
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react wwth the deposition material. A coa

little or

eClhén 4 PitibelRLES @b cﬂérﬁnggﬂag%' @ﬁ]té&é fhe @&&ﬁbn F‘EE"{E?' 'y

I's type shou
no dhargeaccwmulates onethopracat iSuch chrilging d accomaplished by inving

invention as descri Rgd opllying pid Giiwkirds in a direction indicated by arrow 422. The charge
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15

25

accumulated is directly proportional to the voltage applied between the trace
and the conductive plate. Once a particular charge is accumulated, the
charging plate is removed from contact with the collection trace by mbving the
charging plate downwards in a direction indicated by arrow 424.

As with the previous embodiment, to retain a medicament powder, a
cloud of charged medicament is generated proximate the collection traces. By
having 2 medicament charge that is opposite that of the trace charge, the trace
retains the medicament in a quantity that is proportional to the accumulated
charge on the collection trace. Thus, the location and quantity (dose) of the
medicament dose is strictly controlled.

Once medicament is deposited at all the locations on the substrate, the
substrate 402 is used in an inhaler such as that described with respect to FIG.
3. In this embodiment, as a patient inhales through the delivery tube, air flow
passes through the opening 408 in the dielectric layer 410 and disiodges the
medicament from the trace 412. The airflow carries the dislodged medicament
powder to the patient’s lungs.

FIG. 6 depicts another alternative embodiment of the present invention
that permits each collection trace to be selectively and individually charged.
Specifically, the substrate 616 contains the collection traces 412 shown in FIG.
S arranged in an array 602 upon a dielectric layer 600. The traces for this



FIG 3 depicts a specific application for the invention. In particular,
the apparatus of FIG 3 is a dry powder drug (medi canent) inhaler 300 that

i's designed to retain a dry powdered drug at specific | ocations upon
a substrate wooeneidé: AS such, a powdered nedi cament is depgsitRepsde Vel |
defined doses in 25 t he manner di scussed above and retai ned at

particul ar | ocations upon the substrate until renoved by an external
force. The collection traces 304 that -ffine the location and area
upon which the nmedicanent is retained typically have a di aneter of
.040 inches. In such an inhaler, a plurality of circular col l ection
traces 304 are located gn the substrate 302 to enable nultiple doses

VO 96/ 39256 embodiment may or may not have an opening extending through the trace, i:e.,
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of the medi canent to boé r egétioﬁé%ayi ?\e %ﬂ Wl&%f?l}\dgﬁmfeo%‘%tf’i"agr%atucp?glﬁnéess%gI e
substrate. A housi ngoli®tor trateodlds Theeclanging phicc6(®i) in the bnsboytiment of FIG) 6xisbl e
del i very tube 308. . rate is rotatable 0 a.central axis 314 with
respect to the hous}:%gmg%%fﬂ‘é"ﬁga%éﬂ?n@&tﬂ‘.ﬂ‘ﬁg glf@ﬂ‘,lucf‘ﬁ"epm"rnﬁ?se&lﬁan be
5 rotated to5al i gepait@iupondits stiface d The PRIMbAIGE drk cOnnecdd RG Ebrdubiive

collection trace) ] tﬂeﬁn inlet end 310 of the delivery tube 308.
When a patient i nhaltrégestqqﬁmﬁ to an edgg gonnseior 610 logatedsatonsredgp of thene, t he

medi canent is di sl odpagingphie.t BectSpldsibeainge 606 js angxx@a_f\@m?aﬁ hisoCiattd cBlibctiohOW
to the lungs of the patient. To pronote sufficient air
trace 412 of the substrate 616.
In use, one terminal of a DC voltage source 612 is connected to the
10 conductive plate of the substrate, while the other terminal is connected,
through an ammeter 618, to selected ones of the protuberances 606. Switching
logic 614 such as programmable array logic (PAL), is used to select the
protuberances that are to be connected to the voltage source. Once the
selection is made, the charging plate is moved upwards along arrow 620 into
15 contact with the substrate such that each of the protuberances 606 contact their
associated collection trace 412. As such, the protuberances that are selectively
connected to the voltage source 612 facilitate charging of their respective
collection traces.
Once charged to a predetermined charge quantity as measured on the
20 ammeter 618, a deposition material is deposited on the collection traces. As
discussed above, a powder, such as a printi_ng toner, may be charged and
deposited using a tribo-electric charging technique, or a liquid, such as a
printing ink, can be deposited using a corona charging technique in conjunction
with a liquid atomizer. In either case, the charged deposition material adheres
25 to only those collection traces that are charged. Thus, the material adheres in
2 pattern defined by the collection traces that are charged. Thereafter, the
traces coated with deposition material can be used in various applications such
as repetitive printing onto paper or other material.
For example, if the traces are selectively coated with ink to form a



flow to dislodge the nedi canent, the substrate at each of the trace

| ocations is 10 perforated with a plurality of openings that are smaller
than the snall est medi canent particle. As such, air flows through
the dose | ogal| i.e., through perforations int ,ﬁ@k}@@ i on
trace, the %P@%ﬁﬁ c layer and the plate, to carrgélt‘ e rred?carrent
to the patient. FIG 4 depicts a perspective view of another
enbodi mrent of the 15 i nventive substrat@dfor utilization in a dry powder
medi canment i nhal er such as the inhaler of FIG 3. FIG 5 depicts a
cross-sectional view of the substrate in FIG 4 taken along |ine

5-5. To best understand this enbodi ment of the i nvention, the reader
shoul d consult bdlornmirxpattern; the trasgn can-be prssed ggeinst paper, clothy, sandbegrd gr

detail ed descri ptd.on. : mﬁ&g e trate 402,
charging plate 45&?@%}%2%%&' Abso %@E%ﬂx\%%age sdgabf'@g%%%a Each
medi cament dose |remevdsahe inknframmse collection teaces p Asisnch, 4RBsubbtrate) firma a

dielectric layer 410. Thg openi has de(Posi ted trtJerei n 3 col Lection
trace 412 that plPipgFammable stamp,that prints fdqfmuatiiy, gattens, oTo facllitate release of o o5

on a top surfsce :ﬂétﬂxkpihetérﬂrgﬁgﬁls&tdahﬁemed%qhe bbiefidnirites Whge et i re 25
nau

dielectric layer 411 1s a co ctive plate 416. The plate contains
apertures 418 meprombaranaqsearecggm&#mqhﬁm@%wmwwg#ﬁ di anet er
than, the openi NggmAQAR from the coldEbiPRaced SucH s G fxﬂcccah%flﬁl? lﬂe]tgmsf]grr%d.

ate 401 tabricated

Furt hernore, the apparatus contalins a charging p
of a conductive ranenifade, zmech & aon-absorptive sarfidcet y  of cone- shaped

pr ot uber ances 420. Theqg 0L UPSE 3AGER Mrrle B8 $bgtahdbatil Stamp, a user VO
PCT/ US96/ 094RP  merely needs to clear the previous pattern by grounding all the collection
traces and then, by altering the switching logic, redefine which of the
collection traces are to be charged. Once charged, the user may redeposit the
ink. This same process also works for deposition of powdered toners.
However, for printing with toners, one further process step is necessary. Once
15 the toner is deposited on a material to be printed, that material is heated to fix
the toner. Alternatively, rather than use a charging plate to charge the
collection traces in any of the foregoing embodiments of the invention, the
collection trace is charged using a conventional ion emitter or electron gun.
As such, the emitter or gun is positioned proximate to the collection trace,
20 activated, and, in response to bombardment by ions or electrons, the collection
trace becomes charged.

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

25 incorporate these teachings.



-8 - respective openings 408 and 418 in the dielectric |ayer 410
and t he conductive pl ate 416. The protuberances are sized to enter
t he openings 408 in the dielectric layer and contact the trace
plating 412 w thi h openi ng 408 Wi t hout contactin

conductive pl a@gﬁf@%he charging plate is connected 5 tgcglﬁg%{og?srgﬁ nal
of a DC voltage source 406 and the conductive plate is connect ed

t hrough an anmmeter to the other term nal of t$hE source. As such,

when a protuberance of the charging plate contacts the collection trace, a
charge accunul ates on the trace. Such charging is acconplished by noving
the charging plate upwards in a direction indicated by arrow 422. The
charge 10 accunul Whatlisi cJainied éct |y proportional to the voltage applied
bet ween the trac and t he conductive. nl _.Once articul ar.
charge is accurrufat ed, th%’ APP*“?%@F&"HS"‘%?‘E feéa‘?‘gﬁﬁ%?‘}%ﬁ%ﬂ%ﬂ?]act
with the collect2on tpacesibstrare,vsaitbappaatus comprisinghar gi ng pl ate downwards in
a dirkction indigated by arrow 424. | As with the previous
enbodi nent, to r:gt ain a medi cahURECHBIIBE; a 15 cl oud of charged

medi canent is geperated proxi '?éo%dﬁ&ﬁe?ﬂtéﬁﬁ oh 2¥SSsurfB¥e of said diekdiic'd a
nmedi canent charge that is opposite that of the trace charge, the trace
retains the neditamelyefin a quantity that is proportional to the

accumnul at ed charge on t |,OR; I j
quantity (dose) 6of t he arr]r{@oél?%}éir?en ceﬂglsséés?‘gggta}%FfL{:}%cﬁt%ﬁde&oi egtgiq
Once nedi canent 7s diapersiwhert said edndudtive plate ahd said colfectibretracetisive atparallehe
substrate 402 isgused in, an inhaler such as that described with respect to
FI G 3. 1% t nfRece aI BHOW o5 4 patient inhal es through the

delivery tube, &8r flow aviGgesourty, Cofieciedto eii@ RbidicdSplate dndSaid
dielectric |ayer,.410 z% d.di sl odges_t he nedi canent fromthe trace

412. The airfi ot car PellestiqmEacs; Lr shirgine i eclieghinn tace at a Siag pbarge pofasisy; and
patient's |ungsy a ép&iti&)ﬂﬁféfﬁ%.ﬂg?ﬁgta%éonﬁl E3ola¥fy that is

enbodi ment of the present invention . erm ts each col I'ection
trace to be sel ¥t i vepppsitgtheifirstcharge polayity, ey gaid collection trace electrostatically

13 attracts and retains said deposition material.

2. The apparatus of claim 1 wherein said voltage source is
connected to said conductive plate and said collection trace through an
ammeter.

3. The apparatus of claim 1 further comprising a switch means,
connected between said voltage source and said collection trace, for controlling
the quantity of charge accumulated on said collection trace.

4, The apparatus of claim 1 wherein said deposition material is a
powder.

5. The apparatus of claim 1 wherein said deposition material is a
liquid.

6. The apparatus of claim 1 wherein said dielectric layer defines an
opening and said collection trace is disposed on said first surface proximate
said opening and into said opening, and wherein said conductive plate defines
an opening that is coaxially aligned with said opening defined by said dielectric

UV B WO o N RN =W ON R WON

layer.

L



Specifically, the substrate 616 contains the collection traces 412 shown in
FI G 5 arranged in an array 602 upon a dielectric |layer 600. The
traces for this WD 96/ 39256

PCT/ US96/ 09439 - 94~

enbodi nent may ‘g(r)%rr%yfssnot have an openi ng extendi ng t hrough tﬁ(é'r’tuﬁgasfsngf”i e.,
the opening 408 may be filled with conductive material that conprises the
collection trace 412. The charging plate 60412 the enbodi nrent of FIG 6,

i S. fabricated of an insulator having a plurality of conductive
pr ot uberances 606 5 deposited upon its surface. The protuberances are
connected to conductive traces 608 that | ead to an edge connector

610 | ocated at dne edge of thdhe apparatus felaigs 6 gvhorein & firstserminal of a4id valiage

Cubstrate G16. 2 RS hinklfclald Gl pie pod o MeBREGRRAEPE AT,

612 is connected t o voltegel Sburce is oomhected wea phaging platé.he substrate, while the

other term nal i,s connected, t hr ough, mmet er,, 618, to, sel ected
ones of the pr otluber ance§'606n§mmgga‘mayw yaisgharging plate; further

progranmabl e aray |coftpgisésF brotubkindtS@feridtpSRbl &l sutf& of said chal¥ifd gQFJ fHaces
that are to be connected to the voltage source. Once the sel ection
i s made, the chargi rR§ing fermed to intsuliaidnpening im said dielectriplay2 3o icontact 1s5id
contact wi th the SublisdoR e Wihbid'coRBbhg i QRaRkRE aG) ances 606 cont act
their
1 9. The apparatus of claim 8 wherein said dielectric layer has
disposed on the first surface a plurality of collection traces, and wherein said
charging plate further comprises a plurality of protuberances, each of the
protuberances being coaxially aligned with a respective opening defined by said
dielectric layer.
10.  The apparatus of claim 1 further comprising:
a deposition material that is a powdered medicament; and
means, positioned proximate said collection trace, for extracting
said powdered medicament from said collection trace.
11.  ‘The apparatus of claim 10 wherein said extracting means is a
delivery tube providing for inhalation of said powdered medicament.
12.  Apparatus for electrostatically retaining a deposition material
upon a substrate, said apparatus comprising:
a dielectric layer defining a plurality of openings;
a conductive plate, disposed on a first surface of said dielectric
layer, defining an opening that is coaxially aligned with said opening defined
by said dielectric layer;
a plurality of collection traces, disposed on a second surface of
said dielectric layer proximate and into each of said openings defined by said
dielectric layer;

W0 s B W e = R W N W AW

fu—y
o

a voltage source having a first terminal connected to said
conductive plate and a second terminal connected to a charging plate, for

b
—
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associ ated collection trace 412. As such, the protuberances that are

sel ectively connected to the voltage source 612 facilitate charging -
of their respective col l ection traces. Once charged to
a predeternm nggoohshge quantity as nmeasured on the 20 ampgfustelod4zod
deposition material I's deposited on the collection traces. As ’

di scussed above, a powder, such as a printing toner, may be charged and
deposited using a tribo-electric charging teckhi que, or a liquid, such as a
printing ink, can be deposited using a corona charging technique in

conj unction with aliquid atom zer. In either case, the charged
deposition material adheres 25  to only those collection traces that are
charged. Thus, the gkarging sachoefisaidceplipetion traces atn figst eharge prlpnityeandyy t he
collection tracgs that are c . el ﬁﬁﬁ% t ed

W th depositiongnaterial can égﬁgggggﬁhsgpﬁgﬁ@ggpp fgﬁ??%%gkéuc tabd as
repetitive prin8ingoppusite thefirst charget polarityewhere edch of said collection tracéor

examfle, 11 the, T agas A5 I SEL EhY R 8 Ml lnakeal 07 2 vo
PCT/ US96/ 09439 1 13.  The apparatus of claim 12 wherein said charging pldte further

dot-matrix pattern, the_ traces can be pressed against paper, cloth
cardboard or 2  comprisena pipaliy of profberansenextending wemamirtags of sid ¢ he

R R
to contact one of said collection traces without contacting said conductive
plate.

14.  The apparatus of claim 13 wherein said deposition material is a
medicament powder.

15.  The apparatus of claim 14 further comprising:

means, supporting said dielectric layer, for selecting a collection
trace from said plurality of collection traces;

and means, positioned proximate said selected collection trace,
for extracting said powdered medicament from said selected collection trace.

16.  The apparatus of claim 15 wherein said extracting means is a
delivery tube providing for inhalation of said powdered medicament.

17.  The apparatus of claim 12 wherein each of said collection traces
fill each of said openings defined by said dielectric and form a dot matrix array
of printing elements.

18.  The apparatus of claim 17 further comprising switching logic,
connected between said voltage source and said charging plate, for selecting
specific ones of said protuberances for connection to said voltage source.

19.  The apparatus of claim 18 wherein said deposition material is
printable substance.
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progranmmabl e stanp that prints in dot - mat ri x patterns. To facilitate

rel ease of 5 the ink, the charging plate can be reapplied to the
collection traces while all t he protuberances are grounded. In this
manner, the el awb9emoissti c charge is renmoved fromthe C A’Q@@?’gon
traces such that the ink can easily be transferred

even a non-absorptive surface. To change the prlntlng pattern
of the programuabl e stanp, a user /;ely needs to clear the previous
pattern by grounding all the collectlon traces and then, by altering
the switching | ogic, redefine which of the collection traces are to
be.charged. Once charged, the user may redeposit the ink. This sane

ajer ed toners. However, for
ep i s necessary. Once 15 t he
terial is heated to

process al so works for deposition of pg
printing with toners, one fut@Ger pr
toner is deposited on a naterlal 0 be printes
fix the toner. g4 ely, rather tha
charge the traces in_any of the 1

t he invention, the -ct [ trac- chargeo MSi Nng a conventiona
ion emtter or el ecisOn gun Q emitter™ gun is
positioned proxipete to the coIIectr ce, activateqd, and, in

response to bonpsgdnment by |on Iés{ , BT Iectlon trace
beconmes char ged H ho o e g.; --nts dh
i ncor porate the Rgs of the | e-feen shown

and descri bed i - R .
devi se nmany ot he S i r i ) € at e t hese
t eachi ngs.
PCT/ US96/ 0943904
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- 11 - VWhat is clainmed is: 1 1. Appar atus for

el ectrostatically retaining a deposition materi al 2 upon a substrate,
sai d apparatus conpri sing: 3 a dielectric |layer; 4

a conductive phveosss9essposed on a first surface of said dielectric 5

| ayer; 6 a collection trace, disposed on BCHEM§HM39
surface of said dielectric:- 7 | ayer, where said conductive plate and
said collection trace have a parall el cé? spaced apart relation; 9

a voltage source, connected to said con ¢£1ve pl ate and said 10
collection trace, for charging said collection trace at a first charge
polarity; and 11 a deposition material, having a second
chargg polarity that is 12 opposite the first charge polarity, where
said collection trace electrostatically 13 attracts and retains said
deposition material. 1 2. The apparatus of claim 1l wherein
sai d yol tage source is 2 connected to qaid conductive plate and said
collection trace through an 3 afper. .y 1 3. The

apparatus of claim1 further conprising a sw 2 connect ed

bet ween said voltage source and said colleg : gqgntrolling 3
the quantity of charge ad00rul at ed on 3 I ace. 1
4, The apparatus of claNm 1 wher g éhgl is a 2
powder . 1 5. ppar atus.-pf_cl ai sai d
deposition material is a Ligard. __Ls = = appar at us
of claim1l wherein said die egpric,LaxeK dé?ineE‘q f Qpeni ng and sai d
collection trace i s diggbsed,on sdid fi rs‘:.\t‘i: suffaee) "

! ~ao S L

306

FIG. 3
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3 sai d opening and into said opening, and wherein said conductive plate

defi nes 4 an opening that is coaxially aligned with said opening
defined by said dielectric 5 | ayer. W) 96/39256

PCT/ US96/ 09439 wo 96/39256

7. The apparatus of claim6 wherein a first term nal of SNWF'P%Q% 2
source is connected to said conductive plate and a second term nal of said
3 vol tage source is connected to a chargi ng pl ate. 1 8.

The apparatus of claim7 wherein said cHafging plate further 2
conprises a protuberance extending froma surface of said charging plate

and 3 being formed to interfit said opening in said dielectric layer
to contact said 4 coftldew| on trace without nt actl ng sai d conductive
pl at €’ 1 402 9. Th appar at us of clﬁﬁ& n said
dielectric lay has 2 Jposed t surfacra plurality of
collegtion trace ape Wn sai «@ char-4 Me~pl ate further conprises
a plurality of pratluberange each ‘si_¥he 4 _4pr ot Dker ances bei ng

coaxi al ly aligne@ a respective openi ng s ed _hy sad 5
dielectric la r 10. The appar at cI alm1 further
conpri si ng: a dep05| tion mat -W t hat\is a powdered

medi canent ; nd@ l )

420

424~} 220
I S«

FIG. 5
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3 means, positioned proximte said collection trace, for
extracting 4 sai d powdered nedi canent fromsaid collection trace. 1
11. The apparatus of claim 10 wherein said extracting neans is a 2

del i very tube wooeswtseg for inhalation of said powdered nedi ¢eFRI’b6/094391
12. Apparatus for electrostatically retaining a deposition materi al 2
upon a substrate, said apparatus conprising: 3 a
dielectric layer defining a plurality of gopenings; 4 a
conductive plate, disposed on a first sd?yghe of said dielectric 5

| ayer, defining an opening that is coaxially aligned wth said opening

defi ned 6 by said dielectric |ayer; 7 “aplurality
of collection traces, disposed on a second surface of 8 sai d
dielettric layer proximate and into each of said openings defined by said
9 dielectric layer; 10 a voltage source having a first
term pal connected to said 11 conductive plate and a second term nal
connected to a charging plate, for WO 96/ 39256

PCT/ US96/ 09439 - 13 - 1

chargi ng each of said collection traces at a first charge polarity; and 2
a deposition material, having a second charge polarity that is
o

SUBSTITUTE SHEET (RULE 26)
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(57) Abstract

106

A substrate (104) having a planar oonduehve plating (106) located on a first surface of a diclectric layer (108) and having a conductive
collection trace (110) on a second surface of the diclectric Iayer (108) such that the conductive plating (106) and collection trace (110) have
a parallel, spaced apart relation. The collection trace (110) is charged by supplying a voltage to the plating (106) and the trace (110) to
establish a voltage differential across the dielectric layer (108). The material to be deposited (116) is charged to a polarity opposite that of
the trace (110) so that the deposited material (102) is electrostatically retained.




