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SYSTEM AND METHOD FOR ENHANCED ELECTROSTATIC
DEPQOSITION AND SURFACE COATINGS

CROSS REFERENCE TO RELATED APPLICATION

{00017 This application claims priority from UGS, Patent Application No.
12/748,134 entitled "SYSTEM AND METHOD FOR ENHANCED ELECTROSTATIC

DEPOSITION AND SURFACE COATINGS” filed 26 March 2010,

FIELD OF THE INVENTION

{0002} The present invention relales generally to surface coalings and
processes for making. More particularly, the invention relales o a system and
method for enhancing charge of coating particles produced by rapid expansion of

near-critical and supercritical solutions that improves gualily of surface coatings.

BACKGROUND OF THE INVENTION

[G003] A high coating density is desirable for production of continucus thin
films on surfaces of finished devices following post-deposition processing steps.
Nanoparticle generation and electrostiatic collection (deposition} processes that
produce surface coatings can suffer from poor colisction efficiencies and poor
coating densities that result from inefficient packing of nanoparticies. Low-density

coatings are atiributed to the dendritic nature of the coating. "Dendricity” as the term
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is used herein is a gualifalive measure of the extent of particle accumulations or
fibers found on, the coaling. For example, a high dendricity means the coaling
exhibits a fuzzy or shaggy appearance upon inspection due {o fibers and particle
accumulations that extend from the coating surface; the coatling aiso has a low
coating density. A low dendricity means the coaling is smooth and uniform upon
inspection and has a high coaling density. New processes are needed that can
provide coatings with a low degree of dendricity, suitable for use, e.g., on medical

devices and other substrates.

SUMMARY OF THE INVENTION

[G004] Provided herein is a system for electrosiatic deposition of particles
upon a charged substrate to form a coating on a surfacs of the substrate, the system
comprising: an expansion nozzle that releases coating paricles having a first
average eleclric potential suspendsd in a gaseous phase from a near-crifical or
supercritical fluid that is expanded through said nozzie;, and an emitier {e.9., an
auxiiary emitter) that generates a stream of charged ions having a second average
polential in an inert carrier gas; whereby said coating particles interact with the
charged ions and the carrier gas o enhance a charge diffgrential belween the
coating particles and the subsiraie.

[G00GS5] Provided herein is a system for elecirostatic deposition of pariicles
upon a charged substrate {o form a coating on a surface of the substrate, the system
comprising: an expansion nozzle that releases coaling particles having a first

average electric polential suspended in a gaseous phase from a near-critical or
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supercritical fluid thal is expanded through the nozzle; and an emiller {e.g., an
auxiiary emitter) that generates a stream of charged ions having a second average
eleclric potential in an inert carmier gas; whereby the coating particles interact with
the charged ions and the carrier gas to enhance a polential differential between the
coating particles and the substrate.

[GO06] In some embodiments, the coating particles have a first velocity upon
release of the coating particles from the expansion nozzie that is less than a second
velocity of the coaling particles when the coating particles impact the subsirate. In
some embodiments, attraction of the coating particles {o the substrate is increased
as comparad fo altraction of the coaling pariicles {o the substrate in a system
without the emitier.

{6007 In some embodiments, the first average electric potential is different
than the second average electric potential. In some embodiments, an absolute value
of the first average eleclric potential is less than an absclute value of the second
average electric potential, and wherein a polarity the charged ions is the same as a
polarity of the coaling particies.

[G0068] In some embodiments, the emilter comprises an electrode having a
tapered end that extends info a gas channel thal conducts the stream of charged
ions in the inert carrier gas toward the charged coating particles. In some
embodiments, the emiilter further comprises a capture electrode. In some
embodiments, the emiller comprises a metal rod with a {apered tip and a delivery
orifice.

(00069 In some embodiments, the subsirate is positioned in a circumvolving

grientation around the expansion nozzle.
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(6010} In some embodiments, the substrate comprises a conduciive material.
in some embodiments, the substrate comprises a semi~-conductive material. In some
embodiments, the substrale comprises a polymeric material.

(0011} In some embodiments, the charged ions at the second electric
potential are a positive corona or a negative corona positioned between the
expansion nozzie and the subsirate. In some embodiments, the charged ions at the
second electric potential are a posilive corona or a negative corona positioned
between the emitter and the subsirate.

{6012} in some embodiments, the coating particles comprises at least one of.
polvlactic acid (PLA); poly(lactic-co-glycolic acid) (PLGA); polycaprolacione {poly{e-
caprolacione)) (PCL), polyglycolide (PG) or (PGA), poly-3-hydroxybutyrate; LPLA
poly{i-lactide), DLPLA poly(di-lactide), PDO poly(dioxclane), PGA-TMC, 85/15
DLPLG p(di-lactide-co-glycolide), 75/25 DLPL, 65/35 DLPLG, 50/50 DLPLG, TMC
poly{irimethylcarbonate), p{CPRP:SAY poly(i,3-bis-p-{carboxyphenoxypropane-co-
sebacic acid) and blends, combinations, homopolymers, condensation polymers,
allernating, block, dendritic, crosslinked, and copolymers thereof.

[0013] In some embodiments, the coaling particles comprise at least one of
polyester, aliphatic  polyester, polvanhydride, polysthylene, polyorthosster,
polyphosphazene, polyvurethane, poiycarbonate urethane, aliphatic polycarbonate,
silicone, a silicone containing polymer, polyolefin, polyamide, polycaprolactam,
polyamide, polyvinyl alcohol, acrvlic polymer, acrylate, polystyrene, epoxy,
polyethers, celluiosics, expanded polytetrafiuoroethylene, phosphorylcholine,
polyethyvieneyerphthalate, polymethylmethavrylate, poly{ethylmethacrylate/n-

butylmethacrylate), parylens-C, polyethylene-co-vinyl acetate, polyalkyl
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methacrylates, polyalkviene-co-vinyl acelate, polyalkylene, polyalkyl siloxanes,
polyhydroxyalkancate, poiyflucroalkoxyphasphazine, poly{styrens-b-isobutylens-b-
styrene), poly-butyl methacrylate, poly-byla-diene, and blends, combinations,
homopolymers, condensation polymers, alternating, block, dendritic, crosslinked,
and copolymers thereof.

{014} in some embodiments, the coaling particles have a size betwsen
about 0.01 micrometers and about 10 micrometers.

{6015} In some embodiments, the second velocity is in the range from about
(0.1 erwwsec to about 100 cmi/sec. In some embodiments, the coating has a density
on the surface in the range from about 1 volume % to about 60 volume%.

{00186} In some embodiments, the coaling is a multilaver coating. In some
embodiments, the substrate is & medical implant. In some embodiments, the
substrate is an inferventional device. In some embodiments, the substrate is a
diagnostic device. In some embodiments, the substrate is a surgical tool. In some
embodiments, the substrate is a stent.

(6017} In some embodiments, the coating is non-dendrilic as compared to a
baseline average coating thickness. In some embodimenis, no coating exiends more
than 0.5 microns from the baseline average coaling thickness. In some
embodiments, no coaling extends more than 1 micron from the baseline average
coating thickness.

(6018} In some embodiments, the coating is non-dendritic such that there is
no surface irregularity of the coating greater than 0.5 microns. In some
embuodiments, the coating is non-dendritic such that there is no surface irreguiarity of

the coating greater than 1 micron. In some embodiments, the coating is non-

(931



WO 2011/119762 PCT/US2011/029667

dendritic such that there is no surface irregularity of the ceating greater than 2
microns following sintering of the coated subsirate. In some embodiments, the
coating is non-dendritic such that there is no surface irregularity of the coating
greater than 3 microns following sintering of the coated substrate.

{8019} Provided herein is a sysiem for enhancing charge of solid coating
particles produced from expansion of a nearcritical or supercritical solution for
electrostatic deposition upon a charged substrate as a coating. The system is
characterized by: an expansion nozzle that releases charged coating particles
having a first potential suspended in a gaseous phase from a near-critical or
supercritical fluid that is expanded through the expansion nozzle; and an emilter
{e.q., an auxiliary emitter) that generates a stream of selectively charged ions having
a second potential in an inert carrier gas stream. Charged coating particles interact
with charged ions in the gas stream 1o enhance a charge differential between the
charged coating particles and the substrate. The substrate is positicned within an
electric field and is subject to that field, which increases the velocity at which the
charged coaling particles impact the substrate. The emitler includes a metal rod
slectrode having a tapered end that extends into a gas channel containing a flowing
inert carrier gas. The emitier further includes a counter-electrode that operates at a
potential relative o the rod electrode. The counier-electrode may be in the form of a
ring, with all poinis on the ring being equidistant from the tapered tip. The counter
slectrode can be grounded or opposilely charged. A corona is generated at the
pointed {ip of the {apered rod, emilting a stream of charged ions. The gas channel
conducts the charged ions in the inert carrier gas into the deposition enclosure,

where they interact with the coating particles produced by the fluid expansion
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process. The subsirale {o be coated by the coating particles may be posilioned in a
circumveolving orientation around the expansion nozzle. In one embodiment, the
subsirate is posilioned on a revolving stage or platfiorm that provides the
circumvolving orientation around the expansion nozzle. Substrates can be
individually rotated clockwise or counterclockwise through a rotation of 360 degress.
The subsirate can include a conductive material, a metallic material, andfor a
semi-conductive material. The coaling that results on the substrate has: an
enhanced surface coverage, an enhanced surface coating densily, and minimized
dendrite formation.

(G020} Provided herein is a method for forming a coating on a surface of a
substrate, comprising: establishing an eleclric field between the substrate and a
counter slectrode; producing coating particles suspended in a gaseous phase of an
expanded near-critical or supercritical fluid having an first average electric potential;
and contacting the coating particles with a stream of charged ions at a second
average potential in an inert carrier gas o increase the charge differential between
the coating particles and the subsirate.

{60217 Provided herein is a method for coating a surface of a subsirale with a
preselected malerial forming a coating, comprising the steps of establishing an
slectric field between the substrate and a counter electrode; producing coating
particles suspended in a gaseous phase of an expanded near-critical or supercritical
fluid having an first average eleclric potential; and contacting the coating parlicles
with a stream of charged ions at a second average polential in an inert carrier gas {o

increase the polential differential between the coating particles and the substrate,
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(6022} In some embodiments, the coating particles have a first velocity upon
release of the coaling particles from the expansion nozzle that is less than a second
velocity of the coating particles when the coating particles impact the substrate. In
some embodiments, altraction of the coaling particles o the substrate is increased
as compared io atlraction of the coating particles o the substrate in a sysiem
without the emilfer. In some embodiments, the first average electric potential is
different than the second average electric polentiall In some embodiments, an
absclute value of the first average electric polential is less than an absolute value of
the second average eleclric potential, and wherein a polarity the charged ions is the
same as a polarity of the coaling particles.

(0023} In some embodiments, the second velocity is in the range from about
0.1 omisec to about 100 em/sec.

{00241 In some embodiments, the coating particles have a size betwsen about
0.01 micrometers and about 10 micrometers.

{00251 In some embodiments, the substrate has a negalive pdolarity and an
enhanced charge of the coating particles following the contaciing step is a positive
charge; or wherein the substrate has a posilive polarity and an enhanced charge of
the coating particles following the conlacting step is a negative charge.

[0026] In some embodiments, the contacting slep comprises forming a
positive corona or forming & negative corona positioned belwsen the expansion
nozzle and the substrate. In some embodiments, the contacting step comprises
forming a positive corona or forming a negative corona positioned between the

auxiliary emitier and the substrate.
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{8027} in some embodiments, the coating has a density on the surface from
about 1 volume % to about 60 volume %.

(6028} In some embodiments, the coating particles comprise at least one of: a
polymer, a drug, a bioscrbable material, a protein, a peplide, and a combination
thereof.

{0029} in some embodiments, the coaling particles comprises at least one of:
polylactic acid {(PLAY; poly(lactic-co-glycolic acid) (PLGA); polycaprolactons (poly{e-
caprofacione)) (PCL), polyglyeolide (PG) or {(PGA), poly-3-hydroxybutyrate; LPLA
poly(i-lactide), DLPLA poly(di-lactide), PDO poly{dioxolane), PGA-TMC, 85/15
DLPLG p(di-lactide-co-glycolide), 75/25 DLPL, 85/35 DLPLG, 50/50 DLPLG, TMC
poly(trimethylcarbonate), p(CPP.SA} poly{1,3-bis-p-{carboxyphenoxy)propans-co-
sebacic acid) and blends, combinations, homopolymers, condensation polymers,
alternating, block, dendritic, crosslinked, and copolymers thereof. In some
embaodiments, the coatling on the substrate comprises polvlactoglycolic acid (PLGA)
at a density greater than 5 volume %.

16030} In some embodimenis, the coating particles comprise at least one of
polyester, aliphalic polvester, polyanhydride, polyethylene, polyorthoester,
polyphosphazene, polyursthane, poivcarbonate urethane, aliphatic polycarbonale,
silicone, a silicone containing polymer, polyolefin, polyamide, polycaprolactam,
polyamide, polyvinyl alcohol, acrylic polymer, acrviate, polystyrens, epoxy,
polyethers,  celluiosics, expanded polyitetrafluoroethylene, phosphoryicholing,
polyethyiensyerphthalate, polymethylmethavrylate, poly({ethylmethacrylate/n-
butylmethacrylate), parylene-C, polvethylene-co-vinyl acetate, polyalkyl

methacrylates, polyalkylene-co-vinyl acelate, polyalkylene, polyalkyl siloxanes,
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polyhydroxyalkanoate, polyflucroalkoxyphasphazine, polv{styrene-b-iscbutylene-b-
styrene), poly-bulyl methacrylate, poly-byla-diene, and blends, combinations,
homopolymers, condensation polymers, allernating, block, dendritic, crosslinked,
and copolymers thereof,

(6031} In some embodiments, the coating particles include a drug comprising
one or more of: rapamycin, biolimus (biclimus A8), 40-0-(2-Hydroxyethylyrapamycin
{everolimus}, 40-C-Benzyl-rapamycin, 40-C-(4-Hydroxymethylbenzyl-rapamycin,
40-C-[4'-(1,2-Dihydroxyethylibenzyl-rapamycin, 40-C-Allyl-rapamycin, 40-0-{3-{Z,2-
Dimethyl-1, 3-dioxolan-4{8)-yi}-prop-2-en-1'-yil-rapamycin, (27E,4'8340-0-{4",5-
Dihydroxypent-2-en-1-yi}-rapamycin 40-O-(2-Hydroxyjethoxycar-bonyimethyl-
rapamycin,  40-O-(3-Hydroxyjpropylkrapamycin - 40-0O-(6-Hydroxyhexyl-rapamycin
40-0-[2-(2-Hydroxyjethoxylethyl-rapamycin 40-0-[{35)-2,2-Dimethyldioxolan-3-
yvliimethyl-rapamycin, 40-0-[(25)-2,3-Dihydroxyprop-1-yil-rapamycin, 40-0-(2~
Acetoxyjethyl-rapamycin 40-0-{2-Nicotinoyioxy)ethyl-rapamycin, 40-0-{2-(N-
Morpholinojacetoxylethyl-rapamycin  40-0-(2-N-Imidazolyvlacetoxy)ethyl-rapamycin,
40-0O-2-{N-Methyl-N'-piperazinyhacetoxylethyl-rapamycin,  38-0-Desmethyl-35,40-
0,0-ethylene-rapamycin, (26R}-26-Dihydro~-40-O-{2-hydroxy)ethyl-rapamycin, 28-0-
Methyl-rapamycin,  40-0O-(2-Amincethyl}-rapamycin,  40-0O-(2-Acetaminocethyl)-
rapamycin  40-0O-(2-Nicotinamidosthyl}-rapamycin, 40-0-(2-(N-Methyl-imidazo-2'-
yvicarbethoxamidojethyl-rapamycin, 40-0-(2-Ethoxycarbonylaminoethyl}-rapamyein,
40-0-(2-Tolylsulfonamidosthyl)-rapamycin, 40-0-2-(4" 5'-Dicarboethoxy-1",2", 3"
trigzol-1-yhi-ethyll-rapamycin,  42-Epi-(tetrazolylirapamycin (lacrolimus),  42-[3-

hydroxy-2-{hydroxymethyl)-2-methyipropancatelrapamycin (temsirolimus), (425)-42-
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Deoxy-42-(1H-tetrazol-1-yi}-rapamycin {(zotarclimus), and sails, derivatives, isomers,
racemates, diasterecisomers, prodrugs, hydrate, ssier, or analogs thereof.

{8032} In some embodiments, the second velocity is in the range from about
0.1 emfsec to about 100 cmisec.

(6033} In some embodiments, the method further includes the step of
sintering the coaling at a temperature in the range from about 25 °C o about 150 °C
to form a dense, thermally stable film on the surface of the substrate.

(G034} in some embodiments, the method further includes the step of
sintering the coating in the presence of a solvent gas to form the dense, thermally
stable film on the surface of the substrate.

[0035] In some embodiments, the producing and the contacting steps, at
least, are repeated o form a multilayer film.

{00361 In some embodiments, the substrate is at least a portion of a medical
implant. In some embodiments, the substrale is an interventional device. In some
embodiments, the subsirate is a diagnostic device. In some embodiments, the
substrate is a surgical fool. In some embodiments, the subsirate is a slent. In some
embodiments, the substrate is a medical bailoon.

{6037} In some embodiments, the coating is non-dendrilic as compared to a
baseline average coating thickness. In some embodimenis, no coating exiends more
than 0.5 microns from the baseline average coating thickness. In some
embuodiments, no coaling extends more than 1 micron from the baseline average
coating thickness.

(0038} In some embodiments, the coating is non-dendritic such that there is

no surface irregularity of the coating greater than 0.5 microns. In some
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embodiments, the coating is non-dendritic such that there is no surface irregularity of
the coaling greater than 1 micron. In some embodiments, the coaling is non-
dendritic such that there is no surface irregularity of the ceating greater than 2
microns following sintering of the coated subsirate. In some embodiments, the
coating is non-dendritic such that there is no surface irregularity of the coating
greater than 3 microns following sintering of the coated substrate.

{6039} Provided herein is a method for coating a surface of a8 substrate with a
preselecied material, forming a coaling. The method includes the steps of
establishing an electric field between the substrate and a counter electrode;
producing solid solute {(coaling) particles from a near-critical or supercrifical
expansion process at an average first sleclric polential that are suspended in a
gaseous phase of the expandsd near-critical or supercritical fluid; and contacting the
solid solute (coating) particles with a stream of charged ions at a second potential in
an inert carrier gas to increase the charge differential between the particles and the
substrate, thereby increasing the velocity at which the solute particles impact upon
the subsirate. The charge differential increases the attraclion of the charged
particles for the subsirale. The solid solute particies are thus accelerated through the
eleciric field, which increases the velocity at which the solule particles impact the
surface of the subsirate. High impact velocily and enhanced coaling efficiency of the
coating particles produce a coaling on the substrale with an oplimized
microstruciure and a low surface dendricity. The charged coating particles have a
size that may be belween about 0.01 micrometers and 10 micrometers. In one
embodiment, the substrale includes a negalive polarity and the enhanced charge of

the solid solute particles is a posilive enhanced charge. In ancther embodiment, the
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substrate includes a positive polarity and the enhanced charge of the solid solule
particles is a negative enhanced charge. The increase in charge differential
increases the velocity of the solid solute particles through an electric field that
increases the force of impact of the parlicles against the surface of the subsirate.
The method further includes the step of sintering the coating that is formed during
the deposition/collection process o form a thermally stable continucus film on the
substrate, e.g., as detailed in US. patent No. 6,749,802, Various sintering
temperatures and/or exposure 1o a gaseous solvent can be used. In some
embodiments, sintering temperatures for forming dense, thermally stabile from the
collected coating particles are selected in the range from about 25 °C to about 150
°C. In one embodiment described hergafter, the invention is used to deposit
biodegradable polymer and/or other coatings to surfaces that are used {o produce
continuous layers or films, e.g., on biomedical and/or drug-eluting devices {e.qg.,
medical stents), andior portions of medical devices. The coalings can aiso be
applied to other medical devices and components including, e.g., medical implant
devices such as, e.g., stents, medical balloons, and other biomedical devices.

{00407 Provided herein is a coatling on a surface of a substrale produced by
any of the methods described herein. Provided herein is a coating on a surface of a
substrate produced by any of the systems described hersin.

{6041} The final film from the coating can be a single layer film or a mullilayer
film. For example, the process steps can be repeated one or more times and with
various materials to form a multilayer film on the surface of the substrate. In one
embuodiment, the medical device is a stent. In ancther embodiment, the substrate is

a conductive metal stent. In vel another embodiment, the substrate Is a non-
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conductive polymer medical balloon. The coaling parlicles include materials that
consist of: polymers, drugs, bioscorbable malerials, proteins, peptides, and
combinations of these malerials. In various embuodiments, impact velocities at which
the charged coating particles impact the subsirate are from about 0.1 cm/sec
about 100 cm/sec. in some embodiments, the polymer that forms the solute particles
is a biosorbable organic polymer and the supercritical fluid solvent includes a
fluoropropane. In one embaodiment, the coating is a polvlactogiyeolic acid (PLGA)
coating that includes a coating density greater than (>} about § volume %.

{0042} in one embodiment, the charged ions at the selected potential are a
positive corona positioned bebween an emission iocation and a deposition location of
the substrate. In ancther embodiment, the charged ions at the selected potential are
a negative corona posilioned between an emission location and a deposition
location of the substrate,

(6043} While the invention is described herein with reference to high-densily
coatings deposited onto medical device surfaces, in particular, stent surfaces, the
invention is not limited therelo. Al substrates as will be envisioned by those of
ordinary skill in the arl in view of the disclosure are within the scope of the invention.

No limitations are intended.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FiG. 1 is an optical micrograph showing an embodiment dendritic
coating produced by the e-RESS process thal does notl include the emitler and

charged ions described herein.
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[6045] FiG. 2 is a schemalic diagram of one embodiment of the invention,
[0048] FIG. 3 is a top perspective view of a base plafform that includes a

RESS expansion nozzle, according to an embodiment of the invention.

[0047] FIG. 4 shows an e-RESS system that includes an embodiment of the
invention.
[G048] FiIG. 5 shows exemplary process steps for coating a subsiralg,

according to an embodiment of the process of the invention.
[G049] FiG. 6 is an oplical micrograph showing an embodiment non-dendritic

coating produced by an enhanced e-RESS coating process as described herein.

DETAILED DESCRIPTION

{00501 The invention is & system and method for enhancing slectrostatic
deposition of charged particles upon a charged substrate o form nanoparticle
coatings. The invention improves collection efficiency, microstructure, and density of
coatings, which minimizes dendricity of the coating on the selected substrate. Solid
solute (coaling) particles are generated from near-critical and supercritical solutions
by a process of Rapid Expansion of {near-critical or) Supercritical Solutions, known
as the RESS process.

[6051] The term "e-RESS" refers to the process for forming coatings by
slectrostatically coliecting RESS expansion particies.

[6052] The term “near-critical fluid” as used herein means a fluid that is a gas

at standard temperature and pressure (i.e., STP) and presently is at a pressure and
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termperature below the critical point, and where the fluid density exceeds the critical
density {pc).

(6053} The term “supercritical fluid” means a fluid at a temperature and
pressure above its critical point. The invention finds application in the generation and
efficient collection of these particles producing coalings with a low dendricity, e.g.,
for deposition on medical stents and other devices.

[0084] Various aspects of the RESS process are detailed in US palents
4,582,731, 4,734,227, 4734,451; 6,749,802; and 6,756,084 assigned to Batlelle
Memorial Institute.

[G055] Solid solute particles produced by the invention are govemned by
various electrostatic effects, the fundamentals of which are detailed, e.g., in “Aerosol
Technology: Properties, Behavior, and Measurement of Airborne Particles” {William
C. Hinds, Author, John Wiley & Sons, Inc., New York, N.Y., Ch. 15, Electrical
Properties, pp. 284-314, 1882).

{00586} Embodiments of the invention comprise an emitter {e.g., an auxiliary
emitter) andfor a process of using the same that enhances charge of RESS-
generated coating particles, the colleclion sefficiency, and the deposition of the
coating particles that improves the microstructure, weight, andfor the coating
density, which minimizes formation of dendrites during the deposition process. Thus,
the quality of the electrosialically collected {deposited) coating particles and particle
coating on the substrale is enhanced. In parlicular, the emitter delivers a corona that
enhances the charge of the solid solute particles. The ferm "corong” as used hersin
means an emission of charged ions accompanied by ionization of the surrounding

atmosphere. Both positive and negative coronas may be used with the invention, as
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detailed further herein. Fundamentals of electrosialic processes including formation
of coronal discharges are delailed, e.g., in the "Encyclopedia of Electrical and
Electronics Engineering” (dohn Wiley & Sons, Inc, John G, Webster (Editor),
Volume 7, Electrosiatic Processes, 1999, pp. 15-38). The emilter has particular
application {o e-RESS coaling processes, which coalings previous to the invention
have been susceptible to formation of dendritic features. The enhanced charge
further increases the velocity of impact of the coating particles on a sslecled
substrate, improving the collection efficiency on the coating surface. The term
‘coating” as used herein refers 1o one or more lavers of electrostatically-deposited
coating particles on a substrate or surface.

{00571 When sintered, the coating particles subsequently coalesce o form a
continuous, uniform, and thermally siable film. The invention thus produces
high-density coatings that when deposiied on various substrate surfaces are
amenable 0 sintering into high quality films. The term “high density” as used hersin
means an electrosiatic near-critical or supercritical solution-expanded (RESS)
coating on a substrate having a coating density of from about 1 volume % (o aboul
60 volume %, and the coaling has a low-surface dendricity rating at or below 1 as
measured, e.g., from a cross-sectional view of the coating and the substrate by
scanning-electron micrograph {SEM). The ferm “volume % is defined herein as the
ratio of the volume of solids divided by the total volume times 100,

(6058} Anocther definition of a coating that is “high density” as described herein
{or systems comprising such coatings, or processes producing such coating)
includes a test for packing density of the coating in which the coating is determined

to be non-dendritic as compared {o a baseline average coating thickness for
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substrates coated at the same setlings. That is, for a particular coating process set
of setlings for a given substrate (before sinlering), a baselineg average coating
thickness is determined by determining and averaging coaling thickness
measurements at multiple locations {e.g. 3 or more, 5 or more, 9 or more, 10 or
more} and for several substrates (if possible). The baseling average coating
thickness and/or measurement of any coated substrate prior 0 sintering may be
done, for example, by SEM or ancther visualization method having the ability {o
measure and visualize {o the coating with accuracy, confidence and/or reliability.

{00597 Once the average is determined, for coalings on substrates coated at
such settings can be compared o the average coating thickness for these settings.
Multiple locations of the subsirale may be tested {0 ensure the appropriate
confidence and/or reliability. In some embodiments, a “‘non-dendritic” coating has no
coating that extends more than 1 micron from the average coating thickness. In
some embodiments, a “‘non-dendrilic” coating has no coating that extends more than
(0.5 microns from the average coating thickness. In some embodiments, a “non-
dendritic® coating has no coaling that extends more than 1.5 microns from the
average coating thickness. In some embodiments, a "non-dendrilic” coating has no
coating thal extends more than 2 microns from the average coaling thickness. In
some embodiments, a “dendritic” coating has coating that exiends more than 0.5
microns from the average coating thickness. In some embodimenis, a “dendritic”
coating has coaling that exdends more than 1 micron from the average coating
thickness. In some embodiments, a “dendritic’ coating has coating that extends

more than 1.5 microns from the average coating thickness. In some embodiments,
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a “dendritic” coating has coating that exiends more than 2 microns from the average
coating thickness.

{8060} in some embodiments, the number of sample locations on the coated
substrate is chosen {o ensure 90% confidence and 80% reliability that the coating is
non-dendritic. In some embodiments, the number of sample locations on the coated
substrale is chosen {0 ensure 85% confidence and 80% reliability that the coating is
non-dendritic. In some embodiments, the number of sampie locations on the coated
substrale is chosen {0 ensure 85% confidence and 85% reliability that the coating is
non-dendritic. In some embodiments, the number of sampie locations on the coated
substrale is chosen {0 ensure 99% confidence and 85% reliability that the coating is
non-dendritic. In some embodiments, the number of sample locations on the coated
substrate is chosen to ensure 98% confidence and 98% reliability that the coating is
non-dendritic.

{6061} In some embodiments, at least 9 sample locations arg reviewed, three
at about a first end, 3 at about the center of the subsirate, and 3 at about a second
end of a substrate, and if none of the locations exceed the specification {e.g., grealer
than 2 microns from the average, greater than 1.5 microns from the average, greater
than 1 micron from the average, or grealer than 0.5 microns from the average), then
the coating is non-dendritic. In some embodiments, the entire subsirate is reviewed
and compared lo the average coaling thickness o ensure the coating is non-
dendritic.

(6062} In some embodiments, each substrate is compared to its own average
coating thickness, and not that of other subslrales processed at the same or similar

coating process setlings.
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(G063} in embodiments where multiple coating layers are created on a
substrate, with a sintering step following each coating, this test may be performed
following any particular coatling step just prior o sintering. The variability in coating
thickness of a previous sintered layer may {(or may not) be accounted for in the
calculations such that a second and /or subsequent layer may allow for grealer
variation from the average coating thickness and siill be considered "non-dendritic.”
{00641 in some embodiments, a coaled substrate (before sintering) is
non-dendritic if there is no swrface irregularity greater than 0.5 microns. That is, a
measurement from the base {or trough) of the coating {0 a peak of the coaling doss
not exceed 0.5 microns.  In some embodiments, a coaled substrale {(before
sintering) is non-dendritic it there is no surface irreguiarity greater than 1 micron.
That is, a measurement from the base (or trough) of the coaling o a peak of the
coating does not exceed 1 micron.  In some embodiments, a coated substrate
{(before sintering) is non-dendritic if there is no surface irregularily greater than 1.5
microns. That is, & measurement from the base (or trough) of the coating {0 a peak
of the coating does not exceed 1.5 microns.  In some embodiments, a coated
substrate (before sintering) is non-dendritic if there is no surface irregularily greater
than 2 microns. That is, a measurement from the base (or trough) of the coaling o a
peak of the coating does not exceed 2 microns. The entire substrate does not
require review and lesling for these to be met, rather, as noted above, a sampling
resuiting in a particular confidence/reliability {(for exampie, 80%/90%, 90%/95%,
85%/95%, 99%/95%, andlor 99%/08%) is sufficient.

(6085} In some embodiments, a coated subsirale {post siniering) is

non-dendritic if there is no surface irregularity greater than 2 microns. That is, a
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measurement from the base {or trough) of the coating {o a peak of the coating does
not exceed 2 microns if measured after sintering.  In some embodiments, a coated
substrate {post sintering) is non-dendritic if there is no surface irregularity grealer
than 2.5 microns. That is, a measurement from the base {or trough} of the coaling to
a peak of the coaling does not exceed 2.5 microns if measured after sintering. In
some embodiments, a coated substrate {post sintering) is non-dendritic if there is no
surface irregularity greater than 3 microns. That is, @ measurement from the base {(or
frough} of the coaling fo a peak of the coating does not excesd 3 microns if
measured after sintering. The entire substrate does not require review and testing
for these io be met, rather, as noted above, a sampling resulting in a particular
confidence/reliability (for example, 80%/90%, 90%/85%, 95%/85%, S9%/05%,
and/or 98%/99%) is sufficient. In embodiments where mulliple coating layers are
created on a subsirate, with a sintering step following each coating, this
confidence/reliability testing may be performed following any particular sintering
step. No limitations are intendad.

[6066] For example, FIG. 1 shows a coated substrate (100X magnification)
with a dendritic coating (PLGA), where the average thickness of the coating is about
25 microns, and where the coaling exiends greater than 10 microns from this
average. The dendritic coaling also shows a surface irregularity, from a trough o a
peak, greater than 25 microns. The dendrilic coating was produced by a Rapid
Expansion of Supercritical Sciution (RESS) process that does not include use of the
emitter and charged ions described herein. FIG. 6 (described further herein) shows a
coated substrate (160X magnification) with a non-dendritic coating, where the

average thickness is about 10 microns, and where no coating exiends greater than 1
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micron from this average. The non-dendritic coaling alse shows no surface
rregularity greater than 2 microns, from a2 trough to a peak. The non-dendritic
coating was produced by an electrosiatic Rapid Expansion of Supercritical Solution
{e-RESS) process that includes use of an emilter (e.g., an auxiliary emitler} and
charged ions described herein.

[G087Y The term “sintering” used herein refers {0 processes--with or without
the presence of a gas-phase sclvent fo reduce sintering temperature--whereby
e-RESS particles initially deposited as a coaling coalesce, forming a continuous
dense, thermally stable film on a subsirate. Coalings can be sintered by the process
of heatl-sintering at selecled temperatures described herein or alternatively by gas-
sintering in the presence of a solvent gas or supercritical fluid as detailed, e.g., in US
patent 6,749,802, The term “iim" as used herein refers o a continucus layer
produced on the surface after sintering of an e-RESS-generated coating.

[G068] Embodiments of the invention find application in producing coatings of
devices including, e.g., medical sterts that are coated, e.g., with time-release drugs
for time-release drug applications. These and other enhancements and applications
are described further herein. While the process of coaling in accordance with the
invention will be described in reference to the coaling of medical stent devices, it
should be strictly understood that the invention is not limited thersto. The person or
ordinary skill in the art will recognize that the invention can be used to coal a varistly
of substrates for varicus applications. All coatings as will be produced by those of
ardinary skill in view of the disclosure are within the scope of the invention. No

limitations are intended.
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[8069] FiG. 2 is a schemalic diagram of an emitier 100, according o an
embodiment of the invention. Emilter 108 is a charging device that enhances the
charge of solid solute {coating) pariicles formed by the e-RESS process. The
enhanced charge transferred to the coating particles increases the impact velocity of
the particles on the substrate surface. e-RESS-generated coating particles that form
on the surface of the substrates when utilizing emitter 108 have enhanced surface
coverage, enhanced surface coaling densily, and lower dendricity than coatings
produced without it In the exemplary embodiment, emitter 108 includes a metal rod
12 {e.g., 1/8-inch diameter}, as a first slectrode 12, configured with a tapered or
pointed tip 13. Tip 13 provides a site where charged ions (corona) are generated.
The charged ions are subsequently delivered to the deposition vessel, described
further herein in reference o FIG. 4. In the exemplary embodiment, rod 12 is
grounded {i.e., has a zero potential), but is not limited thereto. For example, in an
alternats implementation, emitter tip 13 of rod 12 has a high potential. No imitations
are infended, Emitter 100 further includes a collector 18, or second elecirode 16, of
a ring or circular counter-electrode design {(e.g., 1/8-inch diameier, 0.75 LD. copper)
that is required for formation of the corona at the tapered tip 13, bul the invention is
not limited thereto. Emitler 180 further includes a gas channel 22 that receives a flow
of inert carrier gas {(e.g., dry nitrogen or another dry gas having a relative humidily of
about 0 wherein “about” allows for variations of 1% maximum, 0.5% maximum,
0.25% maximum, 0.1% maximum, 0.01% maximum, and/or 0.001% maximum)
delivered through gas inlet 24 at a presslected rate and pressure {(e.g., 4.5 U/min @
20 psi). Rate and pressures are not limited. Emitter tip 13 exiends a preselscled

distance {e.g., 1 cm to 2 cm) into gas channel 22, which distance can be varied o
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establish a preselected current between rod 12 and collector 18. A flow of inert gas
through channel 22 carries charged ions produced by the coreona through orifice 14
into the deposition vessel (FIG. 4). In a typical run, a potential of aboul 5 kV {(+ or -}
is applied {o collector 18, which establishes a current of 1 microamperes (UA) at the
1 cm distance from tip 13, but distance and potential are not imited therelo as will be
understood by those of ordinary skill in the electrical arls. For example, distance and
potentials are selected and applied such that high currents sufficient to maximize
charge delivered {0 the deposition vessel are generated. In varicus smbodiments,
currents can be selectad in the range from about 0.05 yA to about 10 pA. Thus, no
limitations are intended.

{00701 In the instant embodiment, collector 16 is positioned within body 18.
Body 18 inserts into, and couples snugly with, base portion 20, e.g., via two (2)
(-rings 18 composed of, e.q., a flucroelastomer (e.g., VITON®, DuPont, Wilmington,
DE, USA}, or another suitable material positioned between body 18 and base portion
20. Base portion 20 is secured o the deposition vessel (FIG. 4) such that body 18
can be defached from base portion 20. The detachability of body 18 from base
portion 26 allows for cleaning of elecirodes 12 and 18, Body 18 and base portion 20
are composed of, eg., a high tensile-strength machinable polymer (e.g.,
polyoxymethyiene also known as DELRIN®, DuPont, Wilminglon, DE, USA) or
another siructurally stable, insulating material. Body 18 and base 20 can be
constructed as individual components or coliectively as a single unit. No limitations
are intended. Gas channel 22 is located within body 18 to provide a flow of inert gas
{2.g., dry nitrogen or ancther dry gas having a relative humidity of about O wherein

“about” allows for varigtions of 1% maximum, 0.5% maxdmum, 0.25% maximum,
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0.1% maxdmum, 0.01% maximum, and/or 0.001% maximum) that sweeps charged
ions generated in emitler 100 intc the deposition vessel (FIG. 4) and further
minimizes coating particles from coating emitter tip 13 during the coating run. Body
18 further includes a conductor element 28 positioned within a conductior channel 28
that provides coupling between collecior 16 and a suilable power supply {(not
shown). Configuration of power coupling componenis is exemplary and is not
intended to be limiting. For example, other electrically-conducting and/or slectrode
components as will be understood by those of ordinary skill in the electrical arts can
be coupled without limitation.

{07 1] FIG. 3 is a top perspective view of a RESS base portion B0 (base},
according to an embodiment of the invention. RESS base portion 80 includes an
expansion nozzle assembly 32, equipped with a spray nozzle orifice 38. In standard
mode, nozzle onfice 36 releases a plume of expanding supercritical or near-critical
solution confaining at least one solute (e.g., a polymer, drug, or other combinations
of materials) dissolved within the supercritical or near-critical solution. During the
RESS process, the sclulion expands through nozzle assembly 32 forming solid
solute particles of a suitable size that are released through nozzie orifice 36. While
release is described, e.g., in an upward direction, dirgction of release of the plume is
not limited. Nozzle orifice 36 can also deliver a plume of charged coating particies
ahsent the expansion solvent, e.q., as an slectrostatic dry powder, which process is
detailed in palent publication number WO 2007/011707 A2 (assigned to MiCell
Technologies, Inc., Raleigh, NC, USA). In the instant embodiment, nozzle assembly
32 includes a metal sheath 44 as a first e-RESS electrode 44 {central post elecirode

44} that surrounds an insulator 42 malerial {e.g., DELRIN®)} {o separate metsl
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sheath 44 from nozzie orifice 386. First e-RESS elecirode 44 may be grounded s0 as
to have no detectable current, but is not limited therelo as described herein.
Expansion nozzle assembly 32 is mounted at the center of a rotating stage 40 and
positioned equidistant from the metal stenis (substrates) 34 mounted {o stage 48,
but position in the exemplary device is nol intended {o be limiting. Stents 34 serve
collectively as a second e-RESS slectrode 34, A metal support ring (not shown)
underneath stage 48 extends around the circumference of stage 48 and couples o
the output of a high voltage, low current DC power supply (not shown) via a cable
{not shown} fed through stage 48. The end of the cable is connected {o the metal
support ring and {o stage mounts 38 into which stents 34 are mounted on stage 48.
The powser supply provides power for charging of substrates 34 (stents 34}, Stents
34 are mounted about the circumference along an arbitrary line of stage 48, but
mounting position is not limited. Stents 34 are suspended above stage 48 on wire
holders 48 {e.g., 316-Slainless steel) that run through the center of each stent 34
Stents 34 positioned on wire holders 46 are supported on holder posts 45 that insert
into individual stage mounts 38 on stage 40. A plastic head (disrupter) 48 is placed
al the top end of each wire holder 46 to prevent coronal discharge and to maintain a
proper electric field and for proper formation of the coaling on each sient 34, Mountis
38 rolate through 360 degrees, providing rotation of individual stents 34, Slage 48
also rolales through 360 degrees. Two small DC-electric motors {not shown)
installed undermeath stage 48 provide rotation of individual substrates 34 (stents 34}
and rotation of stage 4¢, respectively. Rale at which stents 34 are rotated may be
about 10 revolutions per minute (o provide for uniform coating during the coating

process, but rate and manner of revelution is not limited thereto. Stage 40 also
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rotates in some embodiments at a rate of about 10 revolutions per minute during the
coating process, but rate and manner of revolution are again not limited therelo.
Rotation of mounis 38 and stage 40 at preselecied rates can be performed by
various methods as will be understood by those of ordinary skill in the mechanical
arts. No limitations are intended. Rotation of both stage 40 and stenis 34 provides
uniform and maximum exposure of each stent 34 or substrate surface to the coating
particles delivered from RESS nozzie assembly 32. Location of expansion nozzie
assembly 32 is not limited, and is selected such that a suilable electric field is
established between nozzle assembly 32 and stents 34. Thus, configuration is not
intended to be limited. A typical operaling voltage applied {0 stents 34 is -15 kV.
Stage 48 is fabricated from an engineered thermoplastic or insulating polymer
having excellent strength, stifiness, and dimensional stability, including, e.g.,
polyoxymethylene {(also known by the tradename DELRIN®, DuPont, Wilmington,
DE, USA), or another suilable material, e.g., as used for the manufacture of

precision parts, which materials are not intended {o be limited.

System for Deposition of e-RESS-generated Particles for Coating Surfaces

[G072] Provided hersin is a system for electrosiatlic deposition of pariicles
upon a charged substrate {o form a coaling on a surface of the substrate, the
systermn comprising: an expansion nozzie that releases coaling particles having a first
average eleclric potential suspended in a gaseous phase from a near-critical or
supercritical fluid that is expanded through the nozzle; and an emilter {e.g., an
auxiliary emitter) that generates a stream of charged ions having a second average

potential in an inert carer gas; whereby the coating particles interact with the
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charged ions and the carrier gas to enhance a charge differential between the
coating particles and the substrate.

{6073} Frovided herein is a sysiem for electrostatic deposition of particles
upon a charged substrate to form a coating on a surface of the substrate, the system
comprising: an expansion nczzle that releases coating particles having a first
average eleclric potential suspended in a gaseous phase from a near-critical or
supercritical fluid that is expanded through the nozzle; and an emilter {e.g., an
awxiliary emitter) that generates a stream of charged ions having a second average
electric potential in an inert carrier gas,; whereby the coating pariicles interact with
the charged ions and the carrier gas o enhance a potential differential between the
coating particles and the substrate.

[6074) In some embodiments, the coating particles have a first velocity upon
release of the coaling particles from the expansion nozzle that is less than a second
velocity of the coaling particles when the coating particles impact the substrate. In
some embodiments, attraction of the coating particles to the substrale is increased
as compared i{o atiraction of the coating particles {o the subsirate in a sysiem
without the emitler.

[6075] In some embodimentis, the first average electric polential is different
than the second average electric potential. In some embodimenis, an absolute value
of the first average eleclric potential is less than an absolute value of the second
average electric potential, and wherein a polarity the charged ions is the same as a
polarity of the coating particles.

(0076} In some embodiments, the emilter comprises an electrode having a

tapered end that extends info a gas channel thal conducts the stream of charged
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ions in the inert camer gas toward the charged coaling particles. In some
embodiments, the emitter further comprises a caplure eleclrode. In some
embodiments, the emilter comprises a metal rod with a {apered lip and a delivery
orifice.

(G077} In some embodiments, the subsirale is positioned in a circumvolving
orientation around the expansion nozzle.

{0078} in some embodiments, the substrate comprises a conductive material.
in some embodiments, the substrate comprises a semi-conductive material. In some
embodiments, the substrate comprises a polymeric material.

(G079 in some embodiments, the charged ions at the second electric
potential are a posilive corona or a negative corona positioned between the
axpansion nozzle and the substrate. In some embodiments, the charged ions at the
second sleclric potential are a positive corona or a negative corona positioned
between the emitter and the substraie,

{00801 In some embodiments, the coating particles comprises at least one of.
polylactic acid (PLA); poly{lactic-co-glycolic acid) (PLGA); polycaprolactone {poly{e-
caprolacione)y (PCL), polyglycolide (PG) or {PGA), poly-3-hydroxybutyrate; LPLA
poly(i-lactide), DLPLA poly(di-lactide), PDO poly(dioxolane), PGA-TMC, 85/15
DLPLG p(di-lactide-co-glycolide), 75/25 DLPL, 65/35 DLPLG, 50/50 DLPLG, TMC
poly(irimethylicarbonate), p{CPP:SA)Y polv(i,3-bis-p-{carboxyphenoxy)propane-co-
sebacic acid} and blends, combinations, homopolymers, condensation polymers,
alternating, block, dendritic, crosslinked, and copolymers thereof.

(0081} In some embodiments, the coaling particles comprise at least one of

polyester, aliphatic polyester, polvanhydride, polysthylene, polyorthoester,
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polyphosphazene, polyurethane, polycarbonate ursthane, aliphatic polycarbonate,
siicone, a silicone containing polymer, polvolefin, polyamide, polycaprolactam,
polyarmide, polyvinyl alcohol, acrylic polymer, acrvlate, polystyrene, epoxy,
polyethers,  celluiosics, expanded polyitetrafluoroethylene, phosphoryicholing,
polyethyiensyerphthalate, polymethylmethavrylate, poly{ethylmethacrylate/n-
butylmethacrylate), parylene O, polyethylene-co-vinyl  acetate, polyalkyl
methacrylates, polyalkylene-co-vinyl acelate, polyalkylene, polyalkyl siloxanes,
polyhydroxyaltkanoate, polvflucroalkoxyphasphazine, poly(styrene-b-iscbutylens-b-
styrene), poly-butyl methacrylate, poly-byla-diene, and blends, combinations,
homopolymers, condensation polymers, alternating, block, dendritic, crosslinked,
and copolymers thergof,

{6082} in some embodiments, the coating particles include a drug comprising
one or more of: rapamycin, biolimus {(biclimus A8}, 40-0O-(2-Hydroxyethylyrapamycin
{everolimus), 40-O-Benzyl-rapamycin, 40-O-{4-Hydroxymethyhbenzyl-rapamycin,
40-0-[4-(1,2-Dihydroxysthyllbenzyl-rapamycin, 40-0-Allyl-rapamycin, 40-0-{3-(2,2-
Dimethyl-1,3-dioxolan-4(8)-yl}-prop-2-en-1-yll-rapamycin, (27E,4'5)-40-0-(4" 5
Dihydroxypent-2-en-1'-yl}-rapamycin 40-0-{2-Hydroxyjethoxycar-bonyimethyl-
rapamycin, 40-O-(3-Hydroxypropylrapamycin  40-0-(6-Hydroxythexyl-rapamycin
40-0-[2-(2-Hydroxyjethoxylethyl-rapamycin 40-0-[{35)-2,2-Dimethvidioxcian-3-
yiimethyl-rapamycin, 40-0O-[{25}-2,3-Dihydroxyprop-1-yil-rapamycin, 40-0-(2-
Acetoxyjethyl-rapamycin 40-0-{(Z-Nicotinoyloxy)ethyl-rapamycin, 40-0-{2-(N-
Morpholinojacetoxylethyl-rapamycin  40-0-(2-N-imidazolylaceloxy jethyl-rapamycin,
40-0-2-{N-Methyl-N'-piperazinyhaceiloxyviethyl-rapamycin,  38-C-Desmethyl-39,40-

0, 0-ethylene-rapamycin, (26R}-26-Dihydro-40-0O-(2-hydroxyethyl-rapamycin, 28-C-
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Methyl-rapamycin,  40-O-(2-Amincethyl}-rapamycin,  40-0O-(Z2-Acetamincethyl)-
rapamycin  40-C-(2-Nicotinamidosthyi}-rapamycin, 40-0-(2-{N-Methyl-imidazo-2'-
vicarbethoxamidojyethyli-rapamycin, 40-0-(2-Ethoxycarbonylaminoethyl}-rapamycin,
40-0-(2-Tolylsulfonamidosthyl)-rapamycin, 40-0-2-(4" 5'-Dicarboethoxy-1",2", 3"
trigzol-1-yhi-ethyll-rapamycin,  42-Epi-(tetrazolylirapamycin (lacrolimus),  42-[3-
hydroxy-2-{hydroxymethyh)-2-methyipropancatelrapamycin {lemsirolimus), (42542~
Deoxy-42-(1H-tetrazol-1-yl}-rapamycin (zolarclimus), and saits, derivatives, isomers,
racemates, diasterecisomers, prodrugs, hydrate, esier, or analogs thereof.

{6083} in some embodiments, the coaling particles have a size betwsen about
.01 micrometers and about 10 micrometers.

(00841 In some embodiments, the second velocity is in the range from about
0.1 cm/sec to about 100 cm/sec. In some embodiments, the coating has a densily
on the surface in the range from about 1 volume % to about 80 volume%%.

[6085] In some embodiments, the coaling is a multilayer coating. In some
embodiments, the subsirate is a medical implant. In some embodiments, the
substrate is an interventional device. In some embodiments, the subslrate is a
diagnostic device. In some embodiments, the subslrale is a surgical ool In some
embodiments, the substrale is a stent.

{0086} Medical implants may comprise any implant for insertion into the body
of a human or animal subject, including but not limiied o stenis {e.g., coronary
stents, vascular stents including peripheral sients and graft sients, urinary fract
stents, urethral/prosiatic stents, rectal steni, oesophageal steni, biliary stent,
pancreatic stent), electrodes, cathelers, leads, implantable pacemaker, cardioverter

or defibrillator housings, joints, screws, rods, ophthaimic implants, femoral pins,
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bone plates, grafts, anastomotic devices, perivascular wraps, sulures, staples,
shunts for hydrocephalus, dialysis grafts, colostomy bag altachment devices, ear
drainage iubes, leads for pace makers and implantable cardioverters and
defibrillalors, vertebral disks, bone pins, suture anchors, hemostatic barriers,
clamps, screws, plates, clips, vascular implants, lissue adhesives and sealants,
tissue scaffcids, various types of dressings (e.g., wound dressings), bone
substitutes, intraluminal devices, vascular supporis, etc. In some embodiments, the
substrate is selected from the group consisting of: stents, joints, screws, rods, pins,
plates, staples, shunts, clamps, clips, sutures, suture anchors, electrodes, catheters,
leads, grafls, dressings, pacemakers, pacemaker housings, cardioveriers,
cardioverter housings, defibriliators, defibrillator housings, prostheses, ear drainage
tubes, ophthaimic implants, orthopedic devices, verigbral disks, bone substitutes,
anastomotic devices, perivascular wraps, colostomy bag attachment devices,
hemostatic barriers, vascular implants, vascular supports, tissue adhesives, tissue
sealanis, tissue scaffolds and intraluminal devices.

{6087} In some embodiments, the substrate is an inlerventional device. An
“interventional device” as used herein refers to any device for insertion into the body
of a human or animal subject, which may or may nol be left behind (implanted) for
any length of time including, but not limited to, angioplasty balloons, cutiing bailoons.
{6088} In some embodiments, the substrate is a diagnostic device. A
“diagnostic device” as used herein refers (o any device for insertion into the body of
a human or animal subject in order to diagnose a condition, disease or other of the
patient, or in order to assess a funclion or state of the body of the human or animal

subject, which may or may not be left behind (implanted) for any length of time.
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{8089} In some embodiments, the substrate is a surgical tool. A “surgical tool”
as used herein refers {0 a tool used in a medical procedure that may be inserted into
{or touch) the body of a human or animal subject in order to assist or participate in
that medical procedure.

(60507 In some embodiments, the coating is non-dendritic as compared to a
baseline average coating thickness. In some embodiments, no coating exiends more
than 0.5 microns from the baseline average coating thickness. In some
embaodiments, no coaling extends more than 1 micron from the baseline average
coating thickness.

(G081} In some embodiments, the coating is non-dendritic such that there is
no surface bregularity of the coaling greater than 0.5 microns. In some
embaodiments, the coating is non-dendritic such that there is no surface irregularity of
the coating greater than 1 micron. In some embodiments, the coating is non-
dendritic such that there is no surface irregularity of the coating greater than 2
microns following sintering of the coated subsirate. In some embodiments, the
coating is non-dendritic such that there is no surface irregularity of the coating
greater than 3 microns following sintering of the coated substrate.

[6082] FiG. 4 shows an exemplary e-RESS system 208 for coating subsiraies
including, e.q., medical device substraies and associated surfaces, according o an
embodiment of the invention. Emiiter 180 mounis at a preselected location (o
deposition vessel 38. Inert carrier gas {e.qg., dry nifrogen) flowed through emitler 100
carries charged ions generated by emilter 100 into deposition vessel 38. Emitter 100
can be positionsd at any location that provides a maximum generation of charged

ions {o chamber 26 and further facilitales convenient operation including, but not
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imited to, &.g., extenal {(e.g., top, side} and internal. No limitations are intended. In
some embodiments, emilter 100 is mounted at the top of chamber 28 1o maximize
charge delivered thereto. Emitter 100 delivers charged ions that supplements charge
of solute particles released from expansion nozzle orifice 38 into deposition vessel
30. A typical vollage appilied o stents 34 (substrales)} is ~15 KV, but is not limited
thereto. In some embodiments, metal (copper) sheath 42 is grounded, but operation
is not limited thereto. In some emboediments, polarity of the at least one subsirate is
a negative polarity and charge of the solid solute pardicles is enhanced
{supplemenied) with a positive charge. In another embodiment, the polarity of the at
least one substrate is a positive polarity and the charge of the solid solute particles is
enhanced (supplemented) with a negalive charge. In deposition vessel 30,
expansion nozzle assembly 32 (containing a 1% e-RESS electrode 44 or metal
sheath 44} is iocated al the center of rofating stage 48 o which metal stenis 34
(collectively a 2™ e-RESS electrode 34) are mounted so as to be coated in the
coating process, as described further herein. A typical voltage applied o stents 34
(substrates) is ~15 kV, but is not limited thereto. In some embodiments, metal
{copper} sheath 44 of expansion assembly 32 is grounded, bul operation is not
fimited therefo. In some embodiments, polarily of the polarity of the metal stents 34
or subsirates 34 is a negative polarity and charge of the solid coating particles is
enhanced {i.e., supplemented) with, e.g., a positive charge. In another embodiment,
polarity of the metal stents 34 or substrates 34 is a positive polarity and the charge
of the solid coating particles is enhanced (i.e., supplemented) with, e.g., a negative

charge. No limitations are intended.
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Process for Coating Substrates and Surfaces

{8083} Provided herein is a process for forming a coating on a surface of a
substrate, comprising: esiablishing an eleclric field between the substrate and a
counter slectrode; producing coating pariicles suspended in a gaseous phase of an
expanded near-critical or supercritical fiuid having an first average electric potential;
and contacting the coating particles with a siream of charged ions at a second
average potential in an inert carrier gas o increase the charge differential between
the coating particles and the substrate.

[G084} Provided herein is a method for coating a surface of a substrate with a
preselected material forming a coating, comprising the steps oft establishing an
eleciric field between the substrate and a counter electrode; producing coating
particles suspended in a gaseocus phase of an expanded near-critical or supercritical
fluid having an first average electric potential; and contacling the coaling particles
with a siream of charged ions at a second average polential in an inert carrier gas o
increase the potential differential belween the coating particles and the subsirate.
[G085] In some embodiments, the coating particles have a first velocity upon
release of the coating particles from the expansion nozzle that is less than a second
velocity of the coating particles when the coaling parlicles impact the substrate. In
some embodiments, atiraction of the coating particles o the subsirate is increased
as compared io altraction of the coaling pariicles {0 the substrate in a system
without the emitter. In some embodiments, the first average electric potential is
different than the second average electric potential. in some embodimenis, an

absolute value of the first average eleclric potential is less than an absolute value of
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the second average eleclric potential, and wherein a polarity the charged ions is the
same as a polarity of the coaling particles.

(G096} In some embodiments, the coaling particles have a size between about
0.01 micrometers and about 10 micrometers.

(6097} In some embodiments, the subsirale has a negative polarity and an
enhanced charge of the coatling particles following the contacting step is a positive
charge; or wherein the substrate has a positive polarity and an enhanced charge of
the coating particles following the contacting step is a negative charge.

[0088] in some embodiments, the contacting step comprises forming a
positive corona or formiing @ negative corona positioned betwsen the expansion
nozzle and the substrate. In some embaodiments, the contacting step comprises
forming a positive corona or forming a negative corona positicned between the
emitier and the subsirate,

[6089] In some embodimentis, the coating has a density on the surface from
about 1 volume% to about 60 volume%.

[06100] In some embodiments, the coating parlicles comprises at least one of:
a polymer, a drug, a biosorbable malerial, a protein, a peptide, and a combination
thereof.

[00101] In some embodiments, the coaling particles comprises al least one of:
polylactic acid (PLA); poly{lactic-co-glycolic acid) (PLGA); polycaprolactone {poly{e-
caprolacione)) (PCL), polyglycolide (PG) or {(PGA), poly-3-hydroxybutyrate; LPLA
poly(i-lactide), DLPLA poly{di-lactide), PDO poly(dioxclane), PGA-TMC, 85/15
DLPLG p(di-lactide-co-glycolide), 75/25 DLPL, 85/35 DLPLG, 50/50 DLPFLG, TMC

poly(irimethylcarbonate), p(CPP:SA) poly{1,3-bis-p-{carboxyphenoxyjpropane-co-
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sebacic acid) and blends, combinations, homopolymers, condensation polymers,
alternating, block, dendrilic, crosslinked, and copolymers thereof In some
embodiments, the coaling on the substrate comprises polylactoglycolic acid (PLGA)
at a density greater than 5 volume %.

00102} In some embodiments, the coating parlicles polyester, aliphatic
polyester, polyanhydride, polyethylene, polyorthoester, polyphosphazene,
polyurethane, polycarbonate urethane, aliphatic polycarbonate, silicone, a silicone
containing polymer, polyolefin, polyamide, polycaprolactam, polyamide, polyvinyl
alcohol, acrvlic polymer, acryiate, polystyrene, epoxy, polyethers, celluicsics,
expanded polytetrafiuorcsthylens, phosphoryicholing, polysthyleneyerphthalate,
polymethyimethavrylate, poly{ethyimethacrylate/n-butylmethacrylate), parylene-C,
polyethylene-co-vinyl acetate, polyalkyl methacrylates, polyalkylene-co-vinyl acstate,
polyalkylene, polyalkyl siloxanes, polvhydroxyalkanoate,
polyfluoroalkoxyphasphazine,  poly{styrene-b-isobutvlene-b-styrene),  poly-butyl
methacrylate, poly-byta-diene, and blends, combinations, homopolymers,
condensation polymers, alternating, block, dendritic, crosslinked, and copolymers
thereof,

[06103] In some embodiments, the coating particles include a drug comprising
one or more of: rapamycin, biolimus (biolimus AB), 40-0O-(2-Hydroxyethylyrapamyain
{everolimus}, 40-C-Benzyl-rapamycin, 40-C-{4-Hydroxymethylibenzyl-rapamycin,
40-C-[4'-(1,2-Dihydroxyethyl)lbenzyl-rapamycin, 40-C-Allyl-rapamycin, 40-0-{3-(2,2-
Dimethyl-1,3-dioxolan-4(S}-yh-prop-2'-en-1'-yil-rapamycin, (2"E,4'8)-40-0-(4" 5
Dihydroxypent-2-en-1-yl}-rapamycin 40-C-{2-Hydroxy jethoxycar-bonyimethyl-

rapamycin, 40-O-(3-Hydroxylpropyl-rapamycin  4C-0-(6-Hydroxyhexyl-rapamycin
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40-0O-[2-{2-Hydroxyjethoxylethyl-rapamycin 40-0-[{38)-2,2-Dimethyldioxolan-3-
viimethvi-rapamycin, 40-0-[(28})-2,3-Dihydroxyprop-1-yil-rapamyein, 40-0-(2-
Acetoxylethyl-rapamycin 40-0-{2-Nicotinoyloxyjethyl-rapamycin, 40-0-{2-(N-
Morpholinojacetoxylethyl-rapamycin  4CG-0O-(2-N-Imidazolvlacetoxyjethyl-rapamycin,
40-0-2-(N-Methyl-N'-piperazinylacetoxylethyl-rapamycin,  39-0O-Desmethyl-38,40-
O,C-sthylene-rapamycin, (26R}-26-Dihydro-40-0-{2-hydroxyjethyl-rapamycin, 28-0-
Methyl-rapamycin,  40-O-(2-Amincethyl}rapamycin, 40-O-{2-Acetaminoethyl)-
rapamycin - 40-0-(2-Nicotinamidoethyi}-rapamycin,  40-0-(2-{N-Methyl-imidazo-2'-
yvicarbethoxamidojethyl-rapamycin, 4C-0O-(Z-Ethoxycarbonylaminoethyl)-rapamycin,
40-0-(2- Tolylsuifonamidoethyi}-rapamycin, 40-0-2-(4",5"-Dicarbosthoxy-1",2", 3"
triazob-1-yil-ethyil-rapamycin, 42-Epi-{letrazolylirapamycin (lacrolimus),  42-[3-
hydroxy-2-{hydroxymethyi}-2-methyipropancatejrapamycin {lemsirolimus), (425)-42-
Deoxy-42-{1H-tetrazol-1-yl}-rapamycin (zolarclimus), and saits, derivatives, isomers,
racemates, diasterecisomers, prodrugs, hydrate, ester, or analogs thereof.

(001041 In some embodiments, the method further includes the step of
sintering the coating at a temperature in the range from about 25 °C to about 150 °C
to form a dense, thermally stable film on the surface of the substrale.

[06105] in some embodiments, the method further includes the step of
sirtering the coating in the presence of a solvent gas o form the dense, thermally
stable film on the surface of the subsirale.

f00106] In some embodiments, the producing and the contacting steps, at
least, are repeated o form a multilayer film.

F00107] In some embodiments, the substrate is al least a portion of a medical

implant. In some embodiments, the substrate is an interventional device. In some
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embodiments, the substrate is a diagnostic device. In some embodiments, the
substrate is a surgical tool. In some embodiments, the substrate is a stent. In some
embodiments, the subsirale is a medical bailoon,

f00108] Medical implants may comprise any impiant for insertion into the body
of a human or animal subject, including but not limited to stenis {e.g., coronary
stents, vascular stents including peripheral stents and graft sients, urinary fract
stents, urethral/prosiatic stents, rectal steni, oesophageal steni, biliary stent,
pancreatic stent), electrodes, cathelers, leads, implantable pacemaker, cardioverter
or defibrillator housings, joints, screws, rods, ophthalmic implants, femoral pins,
bone plates, grafls, anasiomolic devices, perivascular wraps, sutures, staples,
shunts for hydrocephalus, dialysis grafis, colostomy bag attachment devices, ear
drainage iubes, leads for pace makers and implantable cardioveriers and
defibrillators, veriebral disks, bone pins, suture anchors, hemostatic barriers,
clamps, screws, plales, clips, vascular implants, tissue adhesives and sealants,
tissue scaffoids, various types of dressings {e.q., wound dressings), bone
substitutes, intraluminal devices, vascular supporis, efc. in some embodiments, the
substrate is selecied from the group consisling of: sients, joints, screws, rods, ping,
plates, staples, shunts, clamps, clips, sutures, sulure anchors, elecirodes, cathsters,
leads, grafls, dressings, pacemakers, pacemaker housings, cardioverters,
cardioverter housings, defibrillators, defibrillator housings, prostheses, ear drainage
tubes, ophthaimic implants, orthopedic devices, veriebral disks, hone subsiitutes,
anasiomotic devices, perivascular wraps, colosiomy bag attachment devices,
hemostatic barriers, vascular implants, vascular supports, tissue adhesives, lissue

sealants, tissue scaffolds and intraluminal devices.
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f0G109] In some embodiments, the substrate is an inferventional device. An
“interventional device” as used herein refers {o any device for insertion into the body
of a human or animal subject, which may or may not be left behind {(implanted} for
any length of time including, but not limited to, angioplasty balloons, cutling balloons.

f00110] In some embodiments, the substrate is a diagnostic device, A
‘diagnostic device” as used herein refers {o any device for insertion info the body of
a human or animal subject in order to diagnose a condition, disease or other of the
patient, or in order to assess a function or state of the body of the human or animal
subject, which may or may not be left behind (implanted) for any length of time.

(001111 In some embodiments, the substrate is a surgical tool. A "surgical {ool”
as used herein refers {0 a tool used in a medical procedure that may be inserted into
{or touch) the body of a human or animal subject in order to assist or participate in
that medical procedurs.

{00112} In some embodiments, the coating is non-dendritic as compared {o a
baseline average coating thickness. In some embodimenis, no coating extends more
than 0.5 microns from the baseline average coaling thickness. In some
embodiments, no coaling extends more than 1 micron from the baseline average
coating thickness.

[00113] In some embodiments, the coating is non-dendrilic such that there is
no surface irregularily of the coating greater than 0.5 microns. In some
embuodiments, the coating is non-dendritic such that there is no surface irreguiarity of
the coating greater than 1 micron. In some embodiments, the coating is non-
dendritic such that there is no surface irregularily of the coaling greater than 2

microns following sintering of the coated substrate. In some embodiments, the
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coating is non-dendritic such that there is no surface irregularity of the coating
greater than 3 microns following sintering of the coated substrate.

[00114] FiG. 5 shows exemplary process steps for coaling substrales with a
low dendricity coaling, according to an embodiment of the e-RESS process of the
invention. {START} In one step {step 510}, sclid solute {(coating) particles are
produced by rapid expansion of supercritical solution (or near-crifical) solution
{(RESS). The coating particles are released al lsast partially charged having an
average selectric polential as a conssguence of the interaction between the
expanding solution and the nucleating scolute particles within the walls of the
expansion nozzle assembly 32. The particles are released in a plume of the
expansion gas. Aspects of the RESS expansion process for generating coating
particles including, but not limiled to, e.g., sclutes {coaling materials), solvents,
temperatures, pressures, and vollages, and sintering (e.g.,, gas andior heat
sintering) to form stable thin films are detailed in U.S. patents 4,582,731, 4,734,227,
4,734,451, 6,756,084, and 6,748,902. In typical operation, RESS parameters include
an operating termperature of ~150 "C and a pressure of up o 5500 psi for releasing
the super-critical or near-critical solution are used. In another step {step 520},
charged ions are generated and used fo enhance (supplement) charge of the
coating particles. In another step {step 530}, charged ions are delivered in an inert
flow gas from the emitler (FIG. 2) and delivered into the deposition vessel (FIG. 4)
where the charged ions intermix with the charged coating particles released from the
RESS expansion nozzie (Fi3.3). The emiller delivers a corona of charge that is
sither positive or negative. The charged ions in the corona deliver their charge {(+ or

-} 1o the coating particles, thersby enhancing (supplementing) the charge of the
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coating particles. The charged coaling particles {e.g., with enhanced positive or
enhanced negative)} are then preferentially collected on selected substrates to which
an opposite {e.g., negalive for positive; or positive for negalive) high voltage
{polarity) is applied, or vice versa. In another step {step 540}, 2 polential difference
is established between a first e-RESS elecltrode 44 in expansion nozzle assembiy 32
and the substrates (stents) 34 that collectively act as a second e-RESS electrode
34. The substrates are positioned al a suitable location, e.g., equidistant from or
adjacent 1o, slectrode 44 of RESS assembly 32 to establish a suitable electric fieid
between the two e-RESS electrodes 34, 44. The polential difference generales an
glectric field between the two e-RESS elecirodes 34, 44, In some embodiments, the
stenis 34 are charged with a high polential (e.g., 15 kV, positive or negative); RESS
assembly 32 slectrode 44 (FIG. 3) is grounded, acling as a proximal ground
electrode 44, In an alternate configuration, high voltage is applied to the proximal
elecirode 44 {e.g., metal sheath 44 of the expansion assembly 32}, and the sienis
34 {acting as a 2™ e-RESS electrode 34) are grounded, establishing a potential
difference betwseen the two e-RESS electrodes 34, 44. kEither slectrode 34, 44 can
have an opposite potential applied, or vice versa. No limitations are intended by the
exemplary implementations. Substrates (slents) are charged, e.g., using an
independent power supply (nol shown), or another charging device as will be
understood by those of ordinary skill in the electrical arts. No limitations are
intended. In ancther step {step 558} coaling particles now supplemented with
enhanced charge (e.g., with enhanced positive or enhanced negalive) experience an
increased atiraction {o an opposiiely charged substrate, and are accelerated through

the electric field between the RESS slectrodes at the selected potential. The impact
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velocity of the coaling particles increases the impact energy at the surface of the
charged substrate, forming a dense andfor uniform coating on the surface of the
substrate. The enhanced charge on the parlicles enhances the collection
{deposition) efficiency of the pariicles on the subsirates. The enhanced charge and
impact velocity of the charged coaling particles improves the microstructure of the
coating on the surface, minimizing the dendricity of the collected malerial deposited
to the substrate, thereby increasing and improving the coating density as well as the
uniformity of the coatings deposited to the substrate surface. In another step {step
588}, sintering of the coating forms a dense, thermally stable film on the substrats.
Sintering can be performed by heating the substrales using various temperatures
{so-called “heal sintering”} and/or sintering the subsirates with a gaseous solvent
phase {0 reduce the sintering temperalures used (so-called “gas siniering’).
Temperatures for sinfering of the coaling may be selected in the range from about
25 °C to about 150 °C, butl temperatures are not intended to be limiting. Sintered
films include, but are not limited 1o, e.g., single layer films and multilayer films. For
example, substraies {(e.g., stents) or medical devices staged within the deposition
vessel can he coaled with a single layer of a selected malerial, e.g., a polymer, a
drug, and/or another material. Or, various multilayer films can be formed by some

smbodiment processes of the invention, as described further herein {END}.

Particle Size

[00115] Charged coating particles used in some embodiments have a size

{cross-sectional diameter) betwsen about 10 nm (.01 pm) and 10 pm. More
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particularly, coaling particles have a size selected between about 10 nm (0.01 pm)

and 2 ym.

Particle (impact) Velocity

(001161 Velocities of spherical particles in an electrical field {(£) carrving
maximun charge () can be delermined from equations detailed, e.g., in "Charging
of Materials and Transport of Charged Parlicles” (Wiley Encyclopedia of Electrical
and Electronics Engineering, John G. Webster (Editor), Volume 7, 1998, John Wiley
& Sons, Inc, pages 20-24), and “Properiies, Behavior, and Measuremeni of
Airborne Particles” (Aerosol Technology, Willam C. Hinds, 1882, John Wiley &
Sons, Inc., pages 284-314). In particular, the eleclrostatic force {(F) on a particle in

an slectric field {£) is given by Equation [1}, as follows:
F=qk 1]
(001173 Here, {g) is the electric charge [S units: Coulombs] on the pariicle in
the slectric field (£) [S1 units: Newtons per Coulomb (N.C'ﬂ!}}, which experiences an
electrostatic force (7).

{00118} A particle also experiences a viscous drag force (Fy) in an enclosure

gas, which is given by Equation [2], as follows:

Fo= 6nulRY 2]
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[00119] Here, (u) is the dynamic (absolute) viscosity of the selected gas, {e.g.,
as listed in "Viscosity of Gases”, CRC Handbook of Chemistry and Physics, 71% ed.,
CRC Press, Inc, 1990-1991, page 6-140] at the selecled gas temperature and
pressure [SI units: Pascal seconds (Pa.s), where 1 yPa.s = 107 poise; (R} is the
radius of the parlicle (S units: melers); and (V) is the particle terminal velocity [Si
units: meters per second, (m.s’ﬂ!)}. Viscosifies of pure gases can vary by as much as
a factor of 5 depending upon the gas iype. Viscosilies of refrigerant gases (e.q.,
fluorocarbon refrigerants) can be delermined using & corresponding states method
detailed, e.g., by Klein et al. [in Int. J. Refrigeration 20: 208-217, 19871 over a
temperature range from about -31.2 °C {0 226.8 °C and pressures up {o about 800
atm. Viscosities of mixed gases can be determined using Chapman-Enskog theory
detailed, e.g., in [“The Properties of Gases and Liquids”, 5" ed., 2001, McGraw-Hill,
Chapter @, pages 8.1 — 8.51], which viscosities are non-linear functions of the mole
fractions of each pure gas. An exemplary e-RESS solvent used hergin comprising
fluoropropane refrigerant (e.g., R-236ea, Dyneon, Oakdale, MN, USA) has a typical
viscosily [at a pressure of 1 bar (15 psia), and temperature of 300K] of about ~-11.02
uPa.sec; nitrogen {(N:) gas used as a typical carrier gas for the emiller of the
invention has a viscosity [al a pressure of 1 bar (15 psia), and temperature of 300K]
of about -17.89 yPa.sec. Viscosity of an exemplary mixed gas [R-230ea and Njj
(see Example 1) was estimated at ~14.5 pPa.sec. The e-RESS solvent gas [R-
236ea} demonstrated a viscosily about 40% lower than the Ny carrier gas in the
enclosure chamber.

[061201 The terminal velocity (V) of charged particles in an eleciric field (£) can

thus be determined by calculation by equaling the slectrostatic force (F) and the
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viscous drag force (Fy) exeried on a particle moving through a gas, as given by

Equation {31

V = (IE
6 uR
31
{00121} Masamum terminal velocities for particles may also be dstermined from

reference fables known in the art that include data based on the maximum possibie
charge on a parlicle and the maximum polentials achigvable based on gas
breakdown polentials in a selected gas.

{06122} Terminal velocities of particies released in the RESS expansion plume
depend at least in part on the diamster of the particles produced. For example,
coating particles having a size (diameter) of about 0.2 um have an expecied ferminal
{impact) velocity of from about 0.1cm/isec to aboul 1 em/isec [ses, e.g., Table 4,
“‘Charging of Materiais and Transport of Charged Particles”, Wiley Encyclopedia of
Electrical and Electronics Engineering, Volume 7, 1998, John G. Websler (Editor),
John Wiley & Sons, Inc,, page 23], Coating particles with a size of about 2 ym have
an expected terminal {(impact) velocity of about 1 om/sec to about 10 omisec, but
velocities are not limited therelo. For example, in various embodiments, charged
coating particles will have expected terminal {impact) velocities at least from about

0.1 cm/sec to about 100 cmifsec. Thus, no limitations are intended.
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APPLICATIONS

f00123] Coatings produced by of some embodiments can be deposited {o
various subsirates and devices, including, e.g., medical devices and other
components, e.g., for use in biomedical appiications. Substrates can comprise
materials including, but not limited to, e.g., conductive materials, semi-conductive
materials, polymeric materals, and other selected malerials. In  various
embodiments, coatings can be applied io medical stent devices. In other
embodiments, subsirales can be al least a portion of a medical device, 8.g., @
medical balloon, e.g., 8 non-conductive polymer balivon. All applications as will be
considered by those of skill in the art in view of the disclosure are within the scope of

the invention. No limitations are intended.

Coating Materials

{00124} Coating particles prepared by some embodimenis can inciude various
materials selected from, e.g., polymers, drugs, biosorbabie malerials, bioaclive
proteins and peplides, as well as combinations of these malerials. These malerials
find use in coalings that are applied to, .g., medical devices (e.g., medical balloons)
and medical implant devices (e.g., drug-eluling slenis), but are not limited therelo.
Choice for near-critical or supercritical fluid is based on the solubility of the selecled
solute(s) of interest, which is not limited.

f00125] Polymers used in conjunction in some embodiments include, but are

not limited {o, e.g., polylactoglycolic acid (PLGA}; polysthylene vinyl acetate (FEVA);
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poly(butyl  methacryiate) (PBMAY;,  perflucrooctansic  acid  {(PFOA);
tetrafluorcethyvlene (TFE), hexafluoropropylene (HFP), polvlactic acid  {(PLAY;
polyglycolic acid (PGA), including combinations of these polymers. Gther polymers
include varicus mixtures of tetrafluoroethylene, hexaflucropropylene, and vinylidene
fluoride {e.g., THV} at varying molecular ratios {s.g., 1:1:1}.

(00126} Biosorbable polymers used in conjunction in some embodiments
include, but are not limited {0, e.g., polviactic acid (PLA); poly(lactic-co-glycolic acid}
{(PLGA)Y;, polycaprolacione (poly(e-caprolactone)} (FCL), polyglycolide (PG) or
{(PGA)}, poly-3-hydroxybutyrate; LPLA poly(i-lactide), DLPLA poly{di-lactide}, PDO
poly{dioxclane), PGA-TMC, 85/15 DLPLG pldi-lactide-co-glycolide), 75/25 DLPL,
85/35 DLPLG, 50/50 DLPLG, TMO poly(trimethyicarbonats), p(CPP:SA) poly{1,3-
bis-p-{carboxyphenoxyjpropane-co-sebacic  acid) and blends, combinations,
homopolymers, condensation polymers, alternating, block, dendritic, crosslinked,
and copolymers thereof,

(001271 Durable (biostable) polvmers used in some embodiments includs, but
are not limiled to, .., polyester, aliphatlic polyester, polyanhydride, polysthylens,
polyorthoester, polyphosphazene, polyurethane, polycarbonaie urethane, aliphatic
polycarbonate, silicone, a silicone containing polymer, polyolefin, polyamide,
polycaprolactam, polvamide, polyvinyl alcohol, acrylic polymaer, acrylate, polystyrene,
epoxy, polyethers, celluiosics, expanded polvtetrafluorosthylene, phosphoryicholine,
polyethyvieneyerphthalate, polymethylmethavrylate, poly{ethylmethacrylate/n-
butylmethacrylate), parylene €, polyethylene-co-vinyl  acelale, polyalkyl
methacrylates, polvalkylene-co-vinyl acetate, polyakkylene, polyalkyl siloxanes,

polyhydroxvalkanoate, polyfluoroalkoxyphasphazine, poly(styrene-b-iscbutylene-b-
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styrene), poly-butyl methacrylate, poly-byla-diene, and blends, combinations,
homopolymers, condensation polymers, alternating, block, dendritic, crosslinked,
and copelymers thereof. Other polymers selecled for use can include polymers {o
which drugs are chemically (e.g., ionically and/or covalently} altached or otherwise
mixed, including, but not imited to, e.g., heparin-containing polymers {(HCP).

[00128] Drugs used in embodiments described herein include, but are not
imited o, e.g., antibiotics (e.g., Rapamycin [CAS No. 53123-88-9], LC Laboratories,
Woburn, MA, UBA, anticoagulants {e.g.,, Heparin [CAS No. 8005-49-8];
antithrombotic  agents  {e.g., clopidogrel);, antipiatele! drugs {e.g., aspirin};
immunosuppressive drugs; antiproliferative drugs; chemotherapeutic agents {(8.g.,
paclitaxel aiso known by the fradename TAXOL® [CAS No. 33068-62-4],
Bristol-Myers Squibb Co., New York, NY, USA) and/or a prodrug, a derivative, an
analog, a hydrate, an ester, and/or a salt thereof).

[00129] Antibiotics include, but are not limited o, e.g., amikacin, amoxicillin,
gentamicin, kanamycin, neomycin, nelilmicin,  paromomycin,  {obramycin,
geldanamycin, herbimycin, carbacephem (loracarbef), ertapenem, doripenem,
imipenem, cefadroxil, cefazolin, cefalotin, cephalexin, cefaclor, cefamandole,
cefoxitin, cefprozil, cefuroxime, cefixime, cefdinir, cefditoren, cefopsrazone,
cefotaxime, cefpodoxime, ceftazidime, ceflibuten, ceflizoxime, ceftriaxone, cefepime,
ceflobiprole, dlarithromyein, clavulanic acid, clindamycin, teicoplanin, azithromyein,
dirithromycin, ervihromycin, troleandomycin, telithromycin, aztreonam, ampiciliin,
azlocillin,  bacampicillin,  carbenicillin,  cloxacillin, dicloxacillin,  flucloxaciilin,
meziocillin, meticiliin, nafcillin, norfioxacin, oxadiliin, peniciliin-G, penicillin-V,

piperacillin, pvampiciliin, pivmecillinam, ticarciliin, bacitracin, colistin, polymyxin-B,
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ciprofloxacin, encxacin, gatlifloxacin, levofloxacin, lomefloxacin, moxifloxacin,
ofloxacin, trovafloxacin, grepafloxacin, sparfloxacin, afenide,  prontosd,
sulfacetamide, sulfamethizole, sulfanilimide, sulfamethoxazole, sulfisoxazole,
trimethoprim,  trimethoprim-sulfamethoxazole,  demeclocycline,  doxycycline,
oxytetracycline, {elracycline, arsphenamine, chloramphenicol,  lincomycin,
sthambulcl, fosfomyein, furazolidone, isoniazid, linezolid, mupirocin, nitrefurantoin,
platensimycin, pyrazinamide, quinupristin/dalfopristin,  rifampin, thiamphenicol,
rifampicin, minccycling,  sultamicillin,  sulbactam, sulphonamides, mitomycin,
spectinomycin, spiramycin, roxithromycin, and meropenem,

1001303 Antibiotics can aiso be grouped into classes of relaled drugs, for
example, aminogiycosides (e.g., amikacin, geniamicin, kanamycin, neomycin,
netilmicin,  paromomycin,  streptomycin,  tobramycin), ansamycins  {8.g.,
geldanamycin, herbimycin), carbacephem {loracarbef) carbapsnems (e.q.,
ertapenem, doripenem, imipenem, meropenem), first generation cephalosporing
{e.q., cefadroxil, cefazolin, cefalotin, cefalexing, second generation cephalosporing
{e.g., cefaclor, cefamandole, cefoxilin, cefprozil, cefuroxime), third generation
cephalosporins  (e.g., cefixime, cefdinir, cefdiloren, cefoperazone, cefotaxime,
cefpodoxime, ceftazidime, ceftibuten, ceflizoxime, ceftriaxone), fourth generation
cephalosporing {e.g., cefepime), fifth generation cephalosporing {e.g., cefiobiprole),
givcopeptides (e.g., teicoplanin, vancomycin), macrolides {(e.g., azithromycin,
clarithromycin,  dirithromycin,  erythromycin,  roxithromycin,  troleandomycin,
telithromycin, spectinomycin), moncbactams (e.g., aztreonam), penicillins {e.g.,
amoxicillin, ampicillin, azlocillin, bacampicillin, carbenicillin, cloxacillin, dicloxacillin,

flucloxacillin, mezlocillin, meticillin, nafcillin, oxaciliin, penicilins-G  and -V,
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piperacillin, pvampicillin, pivmecillinam, ticarcilling, polypeptides {e.g., bacitracin,
colistin, polymyxin-B), gquinclones {(e.g., ciprofioxacin, enoxacin, gatifloxacin,
levofloxacin,  lomefloxacin, moxifloxacin, norfloxacin, ofloxacin, itrovafloxacin,
grepafloxacin, sparfioxacin, trovafloxacin), sulfonamides (e.g., afenide, proniosil,
sulfaceiamide, sulfamethizole, sulfanilimide, sulfasalazine, sulfamethoxazols,
sulfisoxazole, trimethoprim, rimethoprim-sulfamethoxazole), tefracyclines (s.g.,
demeciocycline, doxyeycline, minocycline, oxyietracycline, tetracycline).

(00131} Anti-thrombotic agents {e.g., clopidogrel) are contemplated for use in
the methods and devices described herein. Use of anti-platelet drugs {e.g., aspirin},
for example, to prevent platelet binding 1o exposed collagen, is contemplated for
anti-restenctic or anti-thrombotic therapy. Anti-platslel agents include “Gplib/iiia
inhibitors” {e.g., abciximab, eplifibatide, tirofiban, RheoPro) and "ADP receplor
blockers” {prasugrel, clopidogrel, ticlopidine). Particularly useful for iocal therapy are
dipyridamole, which has local vascular effects thal improve endothelial function (e.g.,
by causing local release of 1-PA, that will break up clots or prevent clot formation)
and reduce the likelihood of plalelets and inflammalory cells binding to damaged
endothelium, and cAMP phosphodiesterase inhibilors, e.g., cilostazol, that could
bind to receplors on either injured endcthelial celis or bound and injured platelets {o
prevent further platelet binding.

{06132} Chemotherapeutic agents include, buf are not limited o, e.g.,
angiosiatin, DNA lopoisomerase, endostalin, genisiein, ornithine decarboxylase
inhibifors, chiormethine, melphalan, pipobroman, triethylene-melamine,
triethylenethiophosphoramine,  busulfan, carmustine  (BCNU),  sireplozocin,

g-mercaptopuring, 6&-thioguanine, Deoxyco-formycin, IFN-a, 17a-sthinylestradiol,
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disthylstiibesirol, lestosterone, prednisone, fuoxymesierone, dromostancione
propionate, testolacione, megesirolacetate, methyiprednisclone,
methyl-testosterone, prednisclione, friamcinclone, chiorotrianisens,
hydroxyprogesterone,  estramusting, medroxyprogesteroneaceiate, flutamide,
zoladex, mitotane, hexamethylmelamineg, indolyl-3-glyoxylic acid derivatives, (e.g.,
indibuling, doxorubicin and idarubicin, plicamycin (mithramycin} and mitomycin,
mechiorethamine, cyclophosphamide analogs, trazenes--dacarbazinine (DTIC),
pentostatin and 2-chlorodeoxyadenosineg, letrozole, camplothecin (and derivatives),
navelbine, erlotinib, capecitabine, acivicin, acodazole hydrochloride, acroning,
adozelesin, aldesieukin, ambomycin, ametantrone acelale, anthramycin, asperiin,
azacitidine, azetepa, azolomycin, batimastal, benzodepa, bisnafide, bisnafide
dimesylate, bizelesin, bropirimine, caclinomycin, calusterone, carbetlimer, carubicin
hydrochloride, carzelesin, cedefingol, celecoxib (COX-2 inhibitor), cirolemycin,
crisnatol mesylate, decilabine, dexormapiatin, dezaguanine mesylate, diaziquons,
duazomycin, edaitrexats, eflomithine, elsamitrucin, enloplatin,  enpromate,
epipropiding, erbulozole, efanidazole, eloprine, flurocitabine, fosguidone, lometrexol,
losoxanirone  hydrochloride,  masoprocol, maylansine, megestrol  acelale,
melengestrol acetate, metoprine, meturedepa, mitindomide, milocarcin, mitocromin,
mitogillin, milomalcin, mitosper, mycophenclic acid, nocodazole, nogalamycin,
ormaplatin, oxisuran, pegaspargase, peliomycin, pentamustine, perfosfamide,
piposuifan, plomestane, porfimer sodium, porfiromycin, purcemycin, pyrazofurin,
riboprine, safingol, simirazene, sparfosale sodium, spiromustine, spiroplatin,
strepionigrin, sulofenur, tecogalan sodium, taxolers, tegafur, {eloxantrone

hydrochioride, temoporfin, thiamiprine, tirapazamine, trestolone acelale, triciribine
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phosphate, irimelrexale glucuronate, tubulozole hydrochioride, uracil mustard,
uredepa, verteporfin, vinepidine sulfate, vinglycinate sulfate, vinleurosine sulfate,
vinorelhine tartrate, vinrosidine sulfate, zeniplatin,  zinostatin,  20-epi-1,25
dihydroxyvitamin-D3, S-ethynyluracil, acylfulvene, adecypenol, ALL-TI antagonists,
ambamustineg, amidox, amifostine, aminolevulinic acid, amrubicin, anagrelide,
andrographoiide, antagonist-0, antagonist-G, artarelix, anti-dorsalizing
morphogenetic protein-1, antiandrogen, anliestrogen, estrogen agonisi, apurinic
acid, ara-CDP-DL-PTBA, arginine deaminase, asulacrine, atamestane, atrimusting,
axinastatin-1, axinastatin-2, axinastatin-3, azasetron, azatoxin, azatyrosine, baccatin
il derivatives, balanol, BOCR/ABL antagonists, benzochloring, benzoylstaurcsporine,
beta lactam derivatives, beta-alethine, betaclamycin-B, betulinic acid, bFGF inhibitor,
bisaziridinylspermine, bistratene-A, breflate, buthionine sulfoximineg, calcipotriol,
calphostin-C, carboxamide-amino-triazole, carboxyamidotriazole, CaRest M3, CARN
700, cartilage derived inhibifor, casein kinase inhibitors (1COS8), castanospermine,
cecropin B, celrorelix, chioroquinoxaline sulfonamide, cicaprost, cis-porphyrin,
clomifene analogues, clotrimazole, collismycin-A, collismycin-B, combrelastatin-A4,
combretastatin - analogue,  conagenin,  crambescidin-816,  cryptophycin-8,
cryptophyein-A  derivatives, curacin-A, cyclopentanthraguinones,  cyclopiatam,
cypemycin, cvlolylic factor, cylostatin, dacliximab, dehydrodidemnin B,
dexamsthasons, dexifosfamide, dexrazoxane, dexverapamil, didemnin-B, didox,
diethylnorspermine, dihydro-5-azacytidine, dihydrotaxol, 9-, dioxamycin, docosano,
dolasetron, dronabinol, duccarmycin-SA, ebselen, ecomustine, edelfosine,
edrecolomab, elemene, emilefur, estramustine analogue, filgrastim, flavopiridol,

flezelastine, fluasierone, fluorodaunorunicin hydrochloride, forfenimex, gadolinium
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texaphyrin, galocitabine, gelatinase inhibitors, glutathione inhibitors, hepsulfam,
heregulin, hexamethylene bisacetamide, hypericin, ibandronic acid, idramanione,
fomastat, imatinib (e.g., Gleevec), imiquimod, immunostimulant peptides, insulin-like
growth factor-1 receplor inhibitor, interferon agonists, interferons, interleuking,
icbenguane, iododoxcrubicin, ipomeanol, 4-, iroplact, irsogladine, isobengazole,
ischomohalicondrin-B, itasetron, jasplakinolide, kahalalide-F, lamelianin-N triacelate,
leinamycin, lenograstim, lentinan sulfate, leptolstatin, leukemia inhibiting factor,
leukocyle alpha interferon, leuprolidetesirogen+progesierone, linear polyamine
analogue, lipophilic disacchande peptlide, lipophilic platinum  compounds,
lissoclinamide-7, iobaplatin, lombricine, loxoribing, luriclecan, lutetium texaphyrin,
lysofyllineg, lytic peptlides, maitansing, mannostatin-A, marimastal, maspin, matrilysin
inhibitors, malrix  metalloproteinase  inhibitors, mesterelin, msthioninase,
metociopramide, MiF inhibitor, mifepristone, miltefosine, mirimostim, mitoguazone,
mitotoxin  fibroblast growth factor-saporin, mofarotens, molgramostim, Erbitux,
human chorionic gonadotrophin, monophosphory! lipid A+mycbacterium cell wall sk,
mustard anticancer agent, mycaperoxide-B, mycobacierial cell wall extract,
myriaporone, N-acelyldinaling, N-substituted benzamides, nagrestip,
naloxone+pentazocing, napavin, naphterpin, nartograstim, nedaplalin, nemorubicin,
neridronic acid, nisamycin, nilric oxide modulalors, nifroxide antioxidant, nifrullyn,
ohlimersen (Genasense), O6-benzylguanine, okicenone, onaprisione, ondanselron,
oracin, oral cylokine inducer, paclitaxel analogues and derivalives, palauamine,
palmitoylrhizoxin, pamidronic acid, panaxytriol, panomifene, parabactin, peldesine,
pentosan  polysulfate sodium, pentrozole, perfiubron,  perilivl  alcohol,

phenazinomycin, phenylacetate, phosphatase inhibitors, picibanii, pilocampine
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hydrochioride, placelin-A, placetin-B, plasminogen aclivator inhibitor, platinum
complex, platinum compounds, platinum-triamine complex, propyl bis-acridone,
prostaglandin-d2, proteasome inhibifors, protein A-based immune modulator, protein
kKinase-C  inhibitors, microalgal, pyrazoloacridine, pyridoxylated  hemoglobin
polyoxyethylene conjugate, raf antagonists, rallitrexed, ramosetron, ras farnesyl
protein transferase inhibitors, ras-GAP inhibitor, retelliptine demethylated, rhenium
Re-186 etidronate, ribozymes, Rl retinamide, rohitukine, romurtide, roguinimex,
rubiginone-B1, ruboxyl, saintopin, SarCNU, sarcophytol A, sargramostim, Sdi-1
mirmnetics, senescence derived inhibitor-1, signal fransduction inhibifors, sizofiran,
sobuzoxane, sodium borocaptate, solverol, somatomedin binding protein, sonermin,
sparfosic acid, spicamycin-D, splenopentin, spongistatin-1, squalamine, slipiamide,
stromelysin  inhibitors, sulfinosine, superactive vasoactive infestinal  peptide
antagonist, suradista, suramin, swainsoning, tallimustine, tazarolens,
tellurapyrylium,  telomerase  inhibitors, tetrachiorodecaoxide, ietrazomine,
thiccoraline, thrombopoielin, thrombopoietin mimetic, thymalfasin, thymopoietin
recepior agonist, thymotrinan, thyroid stimulating hormone, tin ethyl sliopurpurin,
titanocene bichioride, topsentin, transiation inhibitors, tfretinoin, triacelyiuridine,
tropiseiron, lurosleride, ubenimex, urogenital sinus-derived growth inhibitory factor,
varichin-B8, velaresol, veramine, verding, vinxaltineg, vifaxin, zanoterone, zilascorb,
zinosiatin stimalamer, acanthifolic acid, aminothiadiazole, anasirozole, bicalutamide,
brequinar sodium, capecilabine, carmofur, Ciba-Geigy CGP-30694, cladribine,
cyciopentyl  cvlosing, cytarabine phosphale stearale, cylarabine conjugates,
cytarabine ocfosfate, Lilly DATHF, Merrel Dow DDFC, dezaguanine,

dideoxycytidine, dideoxyguanosine, didox, Yoshitorni DMDC, doxifluridine, Wellcome
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EHNA, Merck & Co. EX-015, fazarabine, floxuridine, fludarabine, fludarabine
phosphate, N-{Z-furanidyh-5--flucrouracil, Daiichi Seiyaku FO-152, 5-FU-fibrinogen,
isopropyl  pyrrofizine,  Lilly  LY-188011, Lilly LY-264618, methobenzaprim,
methotrexate, Wellcome MZPES, norspermidine, nolvadex, NCE NSC-127718, NCI
N&SC-284880, NCI NSC-38661, NCI NSC-812587, Warner-Lambert PALA,
pentostatin, pirifrexim, plicamycin, Asahi Chemical PL-AC, stearale, Takeda TAC-
788, thioguanineg, fiazofurin, Erbamont TIF, trimetrexats, tyrosine kinase inhibitors,
tyrosine protein kinase inhibitors, Taiho UFT, uricytin, Shionogi 254-8, aldo-
phosphamide analogues, altretamine, anaxirone, Boehringer Mannheim BBR-2207,
bestrabucil, budotitane, Wakunaga CA-10Z, carboplatin, carmustine (BICNU},
Chincin~138, Chinoin-153, chiorambucil, cisplatin, cyclophosphamide, American
Cyanamid CL-286558, Sanofi CY-233, cyplatale, dacarbazine, Degussa D-18-384,
Sumimote DACHRP{Myr2, diphenylspiromusting, diplatinum cylostatic, Chugai DWA-
2114R, 1T EDQ, elmusting, Erbamont FCE-24517, estramustine phosphate sodium,
stoposide phosphate, fotemusting, Unimed G-6-M, Chincin GYKIE17230, hepsul-
fam, ifosfamide, iproplatin, lomusting, mafosfamide, mitolactol, mycophenolals,
Nippon Kayaku NK-121, NCI NSC-204305, NCI NSC-342215, oxaliplatin, Upjohn
PCNU, prednimustine, Proter PTT-119, ranimustine, semustine, SmithKline SK&F-
101772, thictepa, Yakull Honsha SN-22, spiromus-tine, Tanabe Seivaku TA-077,
tauromusting, temozolomide, teroxirone, lefraplatin and trimelamol, Taiho 4181-A,
aclarubicin, aclinomycin-0i, aclinoplanone, Erbamont ADR-458, aeroplysinin
derivative, Ajinomoio AN-201-ll, Ajinomoto AN-3, Nippon Soda anisomycins,
anthracycline, azinc-mycin-A, bisucaberin, Bristol-Myers BL-6859, Brisiol-Myers

BMY-25067, Bristol-Myers BMY-25551, Bristol-Myers BMY-26605, Bristol-Myers
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BMY-27557, Bristol-Myers BMY-28438, bleomycin sulfate, bryostatin-1, Tatho C-
1027, calichemycin, chromoximycin, dactinomycin, daunorubicin, Kyowa Hakkoe DC-
102, Kyowa Hakke DC-79, Kyowa Hakko DC-88A, Kyowa Hakko DC8S-A1, Kyowa
Hakko DC92-B, dirisarubicin B, Shionogi DOB-41, doxorubicin, doxorubicin-
fibrinogen, elsamicin-A, epirubicin, erbstatin,  esorubicin, esperamicin-At,
gsperamicin-Alb, Erbamont FCE-21854, Fujisawa FK-873, fostriecin, Fujisawa FR-
800482, glidobactin, gregatin-A, grincamycin, herbimycin, idarubicin, illudins,
Kazusamycin, kesarirhedins, Kyowa Hakke KM-5538, Kirin Brewery KRN-8802,
Kyowa Hakko KT-5432, Kyowa Hakko KT1-5584, Kyowa Hakko KT-8148, American
Cyanamid LL-D48194, Meii Seika ME 2303, menogaril, milomycin, milomycin
analogues, mitoxantrone, SmithKline M-TAG, neoenactin, Nippon Kayaku NK-313,
Nippon Kayaku NKT-01, SR International NSC-357704, oxalysine, oxaunomycin,
peplomycin, pilatin, pirarubicin, porothramycin, pyrindamycin A, Tobishi RA-,
rapamycin, rhizoxin, rodorubicin, sibanomicin, siwenmycin, Sumitomo SM-5887,
Snow Brand SN-706, Snow Brand &N-07, sorangicin-A, sparsomycin, 58
Pharmaceutical 38-21020, S8 Pharmaceutical 5$5-73138, 5% Pharmaceutical $5-
98168, steffimycin B, Talho 4181-2, talisomycin, Takeda TAN-BG8A, terpeniecin,
thrazine, Iricrozarin A, Upjohn U-73975, Kyowa Hakko UCN-100284, Fujisawa WF-
3405, Yoshitomi Y-25024, zorubicin, 5-fluorouracilt (5-FU), the peroxidate oxidation
product of inosine, adenocsine, or oylidine with methanol or ethanol, cylosine
arabinoside (also referred o as Cylarabin, araC, and Cylosar), 5-Azacytidine, 2-
Fluoroadencsine-5-phosphate  (Fludara, also referred to as  Farad), 2-
Chiorodeoxyadenosine, Abarelix, Abbott A-84861, Abiraterone  acelale,

Aminoglutethimide, Asta Medica AN-207, Antide, Chugai AG-C41R, Avoreiin,
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aseranox, Sensus BZ2036-PEG, buserelin, BTG CB-7598, BTG CB-7630, Casodex,
cefrolix, clastroban, clodronate disodium, Cosudex, Roita Research CR-15085,
cytadren, crinone, deslorelin, droloxifene, dutasteride, Elimina, Laval University EM-
800, Laval University EM-652, epitiostanol, epristeride, Mediolanum EPF-23804,
EntreMed 2-ME, exemeslane, fadrozole, finasteride, formestane, Pharmacia &
Upjohn FCE-24304, ganirelix, goserslin, Shire gonadorelin agonist, Glaxe Wellcome
GW-5638, Hoechst Marion Rousse! Hoe-766, NCI hCG, idoxifene, isocordoin,
Zeneca ICI-182780, Zeneca ICI118630, Tulane University JO158X, Schering Ag J96,
ketanserin, lanreoctide, Milkhaus LD-200, ietrozol, leuprolide, lsuprorelin, liarczols,
lisuride hydrogen maleate, loxigiumide, mepitiostane, Ligand Fharmaceuticals LG-
1127, LG-1447, LG-2283, LG-2527, LG-2716, Bone Care International LR-103, Lilly
LY-328315, Lilly LY-353381-HCH, Lilly LY-328381, Lilly LY-353381, Lilly LY-357489,
miproxifens phosphate, QOrion Pharma MPV-22132ad, Tulane University MZ-4-71,
nafarelin, nilutamide, Snow Brand NKS01, Azko Nobel ORG-31710, Azko Nobel
ORG-31806, orimeten, orimetene, orimetine, ormeloxifene, osaterone, Smithkline
Beecham SKB-105657, Tokyo University OSW-1, Peptech PTL-03001, Pharmacia &
Upiohn PNU-156765, quinagolide, ramorelix, Raloxifene, statin, sandosiaiin LAR,
Shionogi 5~10364, Novartis SMT-487, somavert, somatostatin, tamoxifen, tamoxifen
methiodide, teverelix, toremifene, Friplorslin, TT7-232, vapreotide, vorozole,
Yamanouchi YM-116, Yamanouchi YM-511, Yamanouchi YM-55208, Yamanouchi
YM-53789, Schering AG ZK-1911703, Schering AG ZK-230211, and Zeneca ZD-
182780, alpha-carolene, alpha-difflucromethyl-arginine, acitretin, Biotec AD-5, Kyorin
AHC-52, alstonine, amonafide, amphethinile, amsacrine, Angiostat, ankinomycin,

anti-neoplaston-A10, antineoplasion-AZ, antineoplaston-A3, antineoplaston-AjB,
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antineoplaston-AS2-1, Henkel-APD, aphidicolin glycinate, asparaginase, Avarol,
baccharin, batracylin, benflurcn, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,
Bristo-Myers BMY-40481, Vestar boron-10, bromcfosfamide, Wellcome BW-502,
Wellcome BW-773, calcium carbonate, Calcel, Calci-Chew, Calci-Mibx, Roxane
calcium carbonale tablets, caracemide, carmethizole hydrochloride, Ajinomolo
COAF, chiorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-
Lambert CI-821, Warner-Lambert CI-837, Warner-Lambert Cl-841, Wamer-Lambert
Ci-958, dlanfenur, claviridenone, ICN compound 1258, ICN compound 4711,
Contracan, Cell Pathways CP-4861, Yakull Honsha CPT-11, crisnatol, curaderm,
cytochalasin B, cylarabine, cyiocytin, Merz D-608, DABIS maleate, datelliptinium,
DEMO,  didemnin-B, dihaematoporphyrin ether, dihydrolenperone  dinaline,
distamycin, Toyo Pharmar DM-341, Toyo Pharmar DM-75, Daiichi Seiyaku DN-
9683, docetaxsl, Encore Pharmaceuticals E786%, elliprabin, elliptinium acetate,
Tsumura EPMTC, ergotamine, eloposide, elrefinate, Eulexin, Cell Pathways
Exisulind {sulindac sulphone or CP-246), fenretinide, Florical, Fujisawa FR-57704,
gallium nitrate, gemcitabine, genkwadaphnin, Gerimed, Chugai GLA-43, Glaxe GR-
63178, grifolan NMF-8N, hexadecyiphosphocholine, Green Cross HO-221,
homoharringtoning,  hydroxyurea, BTG ICRF-187,  ilmofosine,  irinotecan,
isoglulamine, isctretinoin, Otsuka Ji-36, Ramol K-477, keloconazole, Olsuak K-
76C0O0Na, Kureha Chemical K-AM, MECT Corp KI-8110, American Cyanamid L-
543, leucovorin, levamiscle, leukoregulin, lonidamine, Lundbeck LU-23-112, Lilly LY-
186641, Materna, NCI (US) MAP, marycin, Merrel Dow MDL-27048, Medco MEDR-
340, megestrol, merbarcne, merocyaning derivatives, methylanilinoacridine,

Molecular Genetics MGI-136, minactivin, mitonafide, miloquidone, Monocal,
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mopidamol, molretinide, Zenvaku Kogyvo MST-18, Mylanta, N-{retinoyljamino acids,
Nilandron, Nisshin Flour Miliing N-021, N-acylated-dehvdroalanines, nafazatrom,
Taisho NCU-180, Nephro-Calci {ablets, nocodazole derivative, Normosang, NCI
NSC-145813, NCE NSC-361458, NCI NSC-804782, NCI NSC-85580, octreotide,
Ono  ONG-112, oguizanccine, Akzo Org-10172, paclitaxel, pancratisiatin,
pazelliptine, Warner-Lambert  PD-111707, Warner-Lambert P-115934,
Warner-Lambert PD-131141, Pierre Fabre FE-1001, ICRT peptide-D, piroxanirone,
polyhaematoporphyrin, polypreic acid, Efamol porphyrin, probimane, procarbazing,
progiumide, Invitron protease nexin |, Tobishi RA700, razoxane, retincids, R-
flurbiprofen (Encore Pharmacsuticals), Sandosiatin, Sapporc Breweries RBS,
rastrictin-P, retelliptine, retinoic acid, Rhons-Poulenc RP-48532, Rhone-Poulene RP-
56876, Schemring-Plough 5C-57050, Scherring-Plough  SC-57068,  selenium
{selenile and selenomethionine), Smithkling SK&F-104884, Sumitomo SM-103,
Kuraray SMANCS, SeaPharm SP-10084, spatol, spirocyclopropane derivatives,
spirogermanium, Unimed, 88 Pharmacsutical $5-554, strypoldinone, Stypoldione,
Suntory SUN 0237, Suntory SUN 2071, Sugen SU-101, Sugen SU-5416, Sugen SU-
6668, sulindac, sulindac sulfone, superoxide dismutase, Toyama T-506, Toyama T-
680, laxol, Teijin TEI0303, tenipuside, thaliblastine, Easiman Kodak TJB-29,
tocolrienol, Topostin, Teljin TT-82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028,
ukrain, Eastman Kodak USB-006, vinblasting, vinblasline sulfate, vincristine,
vincristine sulfate, vindesine, vindesine sulfale, vinestramide, vinorelbine, vintriptol,
vinzolidine, withanolides, Yamanouchi YM-534, Zileulon, ursodeoxycholic acid,

Zanosar.
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f00133] Drugs used in some embodiments described herein include, bul are
not  limited to, e.g., an immunosuppresive drug such as a macrolide
immunosuppressive drug, which may comprise one or more of rapamycin, biolimus
{biclimus A8}, 40-0-Z-Hydroxysthybirapamycin  {everclimus), 40-O-Benzyl-
rapamycin, 40-O-(4’-Hydroxymethyhbenzyl-rapamycin, 43-C-{4-{1.2-
Dihydroxyethyllibenzyl-rapamycin, 40-C-Allyl-rapamycin, 40-0-{3-{2,2-Dimethyl-1,3-
dioxolan-4(S}-yh-prop-2-en-1-yll-rapamycin, {2°.£,4'5}40-0C-(4" 5 -Dihydroxypent-2'-
en-1-ylrapamycin  40-0O-(Z-Hydroxyethoxycar-bonyimethyl-rapamycin,  40-0-(3-
Hydroxy propyl-rapamycin 40-0-(8-Hydroxyhexyl-rapamycin 43-0-{2-(2-
Hydroxyethoxylethyl-rapamycin 4-0-[(38)-2,2-Dimethyldioxolan-3-ylimethyl-
rapamycin, 40-Q-[(25)-2,3-Dihydroxyprop-1-yil-rapamycin, 40-0-(2-Acetoxy)ethyl-
raparmycin 40-0-(2-Nicotinovloxy)ethyl-rapamycin, 40-0-{2-(N-
Morpholinojacetoxylethyl-rapamycin  40-0-(2-N-Imidazolyvlacetoxy)ethyl-rapamycin,
40-0-[2-(N-Methyl-N'-piperazinyhacetoxylethyl-rapamycin,  39-0-Desmethyl-38,40-
0,O-ethylene-rapamycin, {(26R)}-26-Dihydro-40-0-(2-hydroxyjethyl-rapamycin, 28-0-
Methyl-rapamycin,  40-0O-(2-Amincethyl}-rapamycin,  40-0O-(2-Acetaminocethyl)-
rapamycin  40-0O-(2-Nicotinamidosthyl}-rapamycin, 40-0-(2-(N-Methyl-imidazo-2'-
yvicarbethoxamidojethyl-rapamycin, 40-0-(2-Ethoxycarbonylaminoethyl}-rapamyein,
40-0-(2-Tolyisulfonamidosthyl)-rapamycin, 40-O-{2-(4',5"-Dicarboethoxy-1',2",3"-
trigzol-1-yly-ethyll-rapamycin, 42-Epi-(tetrazolylirapamyein  (tacrolimus),  42-[3-
hydroxy-2-{hydroxymethyl-2-methylpropancatelrapamycin {temsirolimus), (425)-42-
Deoxy-42-(1H-tetrazol-1-yi}-rapamycin {(zotarclimus), and sails, derivatives, isomers,

racemates, diasterecisomers, prodrugs, hydrate, ester, or analogs thereof.
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f00134] Drugs used in embodiments described herein include, bul are not
fimited to, e.g., Acarbose, acetyisalicylic acid, acyclovir, allopurinol, alprostadi,
prostaglandins, amantadine, ambroxol, amiodipine, S-aminosalicylic  acid,
amitriptyline, atenclol, azathioprine, baisalazide, beclomethasone, belahisting,
bezafibrate, diazepam and diazepam derivatives, budesonide, bufexamac,
buprenorphine, methadone, calcium salts, polassium salls, magnesium  sails,
candesartan, carbamazepine, captopril, cetirizine, chenodeoxycholic acid,
theophyiline and theophylline derivatives, trypsins, cimetidine, clobutinol, clonidine,
cotrimoxazole, codeing, caffeine, vitamin D and derivatives of vitamin D,
colestyramine, cromoglicic acid, coumarin and coumarin derivatives, cysieine,
ciclosporin, cyproterone, cytabarine, dapiprazole, desogesirel, desonide,
dihydralazine, dilliazem, ergot alkaloids, dimenhydrinate, dimethyl suiphoxide,
dimsaticone, domperidone and domperidan derivalives, dopaming, doxazosin,
doxvlamine, benzodiazepines, diclofenac, desipramine, econazole, ACE inhibitors,
enalaprii, ephedrine, epinephring, eposiin and epoetin derivatives, morphinans,
calcium antagonists, modafinil, orlistat, peptide antibictics, phenyioin, riluzoles,
risgdronate, sildenafil, topiramale, eskrogen, progesiogen and progestogen
derivatives, testosterone derivatives, androgen and androgen derivalives,
ethenzamide, etofenamaile, etofibrate, fenofibrate, etofyliine, famciclovir, famotidine,
felodiping, fentanyl, fenticonazole, gyrase inhibitors, fluconazole, fluarizine,
fluoxetine, furbiprofen, ibuprofen, fluvastatin, follitropin, formoterol, fosfomicin,
furosemide, fusidic acid, gallopamil, ganciclovir, gemfibrozil, ginkgo, Saint John's
wort, glibenclamide, urea derivalives as oral antidiabetics, glucagon, glucosamine

and glucosamine derivatives, giutathione, ghycerol and glycerol derivalives,
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hypothalamus hormones, guanethidine, halofantrine, haloperidol, heparin (and
derivatives), hyaluronic acid, hydralazine, hydrochiorothiazide (and derivatives),
salicylates, hydroxyzine, imipramine, indometacin, indoramine, insulin, iodine and
iodine derivatives, isoconazole, isoprenaline, gluciiol and glucitol derivatives,
itraconazole, ketoprofen,  ketolifen, lacidipine, lansoprazole, levodopa,
levomethadone, thyroid hormones, lipoic acid {and derivatives), lisinopril, lisuride,
lofepramins, loperamide, loratadine, maprotiling, mebendazole, mebevering,
meclozine, mefenamic acid, mefloguine, meloxicam, mepindolol, meprobamale,
mesalazine, meswdmide, metamizole, metformin, methyiphenidate, metixens,
metoprolol, melronidazole, mianserin, miconazole, minoxidil, misoprostol,
mizolastine, moexipril, morphine and morphing derivatives, evening prinwose,
nalbuphine, naloxone, ilidine, naproxen, narcoline, nalamycin, neosligmine,
nicergoline, nicethamide, nifedipine, niflumic acid, nimodipine, nimorazole,
nimusiing, niscldipineg, adrenaline and adrenaline derivatives, novamine sulfone,
noscapine, nystatin, olanzapine, olsalazine, omeprazole, omoconazole, oxaceprol,
oxiconazole, oxymeiazoline, pamtoprazole, paracetamol (acetaminophen),
paroxeting, penciclovir, pentazocine, pentifvliine, penioxifviline, perphenazine,
pethidine, plant extracts, phenazone, pheniramine, barbituric acid derivalives,
phenylbutazone, pimozide, pindolol, piperazine, piracelam, pirenzepine, piribedil,
piroxicam, pramipexole, pravastatin, prazosin, procaine, promazine, propivering,
propranciol, propyphenazone, protionamide, proxyphylline, quetiapine, guinapri,
guinaprilat, ramipril, ranitidine, reprotercl, reserpine, ribavirin, risperidone, ritonavir,
ropinirole, roxatidine, ruscogenin, ruloside (and derivatives), sabadiila, salbutamal,

saimeterol, scopolamine, selegiline, serfaconazole, sertindole, sertralion, silicates,
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simvastatin, sitosterol, sofalel, spaglumic acid, spirapril, spironolactone, stavudine,
streptomycin, sucralfate, sufentanil, sulfasalazine, sulpiride, sulliam, sumatriptan,
suxamethonium chioride, {acrine, lacrolimus, tialiclol, taurclidine, temazepam,
tenoxicam, lerazosin, terbinafine, terbulaline, terfenadine, terlipressin, teriatolol,
teryzoline, theobromine, butizine, thiamazole, phenothiazines, tiagabine, fiapride,
propionic acid derivatives, liclopidine, timolol, tinidazole, fioconazole, tioguanine,
tioxolone, tiropramide, lizanidine, iolazoline, iolbutamide, toicapone, (oinafiale,
tolperisone,  iopolecan, iorasemide, itramadol, framazoline, trandolapri,
tranylcypromine, trapidil, trazodone, irnamcinclone derivatives, triamterens,
frifluperidol, trifluridine,  trimipramine, firipelennamine, {riprolidine, trifosfamide,
tromantadine, frometamol, tropalpin, troxerutine, tulobuterol, tyramine, iyrothricin,
urapidil, valaciclovir, valproic acid, vancomycin, vecuronium chioride, Viagra,
venlafaxine, verapamil, vidarabine, vigabatrin, vilpazine, vincamine, vinpocetine,
viquidil, warfarin, xantinol nicotinale, xipamide, zafiriukast, zalcitabine, zidovudine,
zolmitriptan, zolpidem, zoplicone, zotipine, amphotericin B, caspofungin,
voriconazole, resveratrol, PARP-1  inhibilors  (including  imidazoguinolinons,
imidazpyridine, and isoguinclindione, tissue plasmincgen aclivator (IPA),
melagatran, lancteplase, releplase, staphylokinase, sireplokinase, tenecleplase,
urckinase, abciximab {(ReoPro), eptifibalide, ftirofiban, prasugrel, clopidogrel,
dipyridamole, cilostazol, VEGF, heparan sulfate, chondroitin suifate, elongated
"RGD” peptide binding domain, CD34 antibodies, cerivasiatlin, elorvastatin, losartan,
valartan, erythropoielin, rosiglitazone, pioglitazone, mutant protein Ape A1 Milano,
adiponectin, (NOS) gene therapy, glucagon-iike peptide 1, atorvastatin, and alrial

natriuretic peptide (ANF), lidocaine, tetracaine, dibucaine, hyssop, ginger, turmeric,
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Arnica moniana, helenalin, cannabichromene, rofecoxib, hyaluronidase, and saits,
derivalives, isomers, racemales, diasierecisomers, prodrugs, hydrate, ester, or
analogs thereof.

f00135] For example, coatings on medical devices can include drugs used in
time-release drug applications. Proleins may be coated according o these methods
and coalings described herein may comprise profeins, Peplides may be coated
according to these methods and coatings described hersin may comprise peptides.
100136} In exemplary tests of the coaling process, coaling particles were
generated by expansion of a near-critical or a supercritical solution prepared using a
hydrofluorcarbon  solvent, {e.g., flucropropane R-238ea, Uyneon, Oakdale, MN,
USA) that further contained a biosorbable polymer used in biomedical applications
[e.g., a 50:50 poly(Dl-lactide-co-glycolide)] (Catalog No. Be010-2P}, available
commercially (LACTEL® Absorbable Polymers, a division of Durect, Corp., Pelham,
AL, USA). The supercritical solution was expanded and delivered through the

expansion nozzle (FIG. 3) at ambient (i.e., STP) conditions.

Coatings- Single layer and multi-layer

(001371 Provided herein is a coaling on a surface of a substrate produced by
any of the methods described herein. Provided herein is a coating on a suface of a
substrate produced by any of the systems described hersin.

{00138] In addition o single layer films, multi-layer films can also be produced
by in some embodiments, e.g., by depositing coating particles made of various
materials in a serial or sequential fashion 1o a selecled substrale, e.g., a medical

device. For example, in one process, coatling particles comprising various single
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materials {e.g., A, B, C) can form mulli-laver films of the form A-B-C, including
combinations of these layers {s.g.,, A-B-A-B-C, A-B-C-A-B-C, C-B-A-AB-C}, and
various multiples of these film combinations. In other processes, multi-layer films can
be prepared, e.g., by depositing coaling particles that include more than one
material, e.g., a drug () and a polymer (P} carrier in a single particle of the form
{(DP). No iimitations are intended. In exemplary tests, 3-layer films and 5-layer films
were prepared that included a polymer (P} and a Drug (D), producing films of the
form P-D-P and P-D-P-D-P. Films can be formed by depositing the coating pariicles
for each layer sequentially, and then sinfering. Allernatively, coating particles for any
one layer can be deposited, followed by a sintering step to form the mulli-layer film.

Tests showed film guality is essentially identical.

Controlling Coating Thickness

f00139] Thickness and coating materials are principal parameters for producing
coatings suitable, e.q., for medical applications. Film thickness on a subsirate is
controlled by faclors including, bul not limiled {0, e.g., expansion solufion
concentration, delivery pressure, exposure times, and deposilion cycles that
deposits coating particles {o the substrate. Coating thickness is further controlled
such that biosorption of the polymer, drug, and/or other materials delivered in the
coating to the substrate is suitable for the intended application. Thickness of any one
e-RESS film layer on a subsirate may be selected in the range from about 0.1 ym o
about 100 um. For biomedical applications and devices, individual &-RESS film
lavers may be selected in the range from about 5 ym to about 10 ym. Because

thickness will depend on the intended application, no limitations are intended by the
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exemplary or noted ranges. Quality of the coalings can be inspected, e.g.,

spectroscopically.
Quantity of Coating Solutes Delivered

1001407 Total weight of sclutes dslivered through the expansion nozzle during

the coating process is given by Equation {4], as follows:

Total Wt Delivered (g) = Flow (35::} »x Conc in SCF Soln ( :-i-) X Time (sec) 4]

(00141} Weight of coating solute deposited onto a selected substrate {(e.g., a

medical stent) is given by Equation [5], as follows;

Total Wt Collected (g) = ) I:{(W t (after} — Wt (before}] 5]

(00142} In Equation [5], (N} is the number of substraies or stents. The coating
weight is represented as the lolal weight of sclute (e.g., polymer, drug, eic.)
collected on all substrates {e.g., stenis) present in the deposition vessel divided by

the total number of subsirates (e.g., sients).
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Coating Efficiency

100143} “‘Coating efficiency” as used herein means the guantity of coating
particles that are actually incorporated into a coaling deposited on a surface of a
substrate (e.g., stent). The coating efficiency normalized per surface is given by

Equation {6], as follows:

X 100% [6]

Coating Efficiency per Stent (Normalized) = w2380

[00144] A coating efficiency of 100% represents the condilion in which all of the
coating particles emitled in the RESS expansion are collected and incorporated into
the coating on the substrate.

100145} In three exemplary tests involving three (3} stenis coated using the
emitier, coating efficiency values were: 45.6%, 39.6%, and 38.4%, respectively. Two
tesis without use of the emitler gave coating efficiency values of 7.1% and 8.4%,
respectively. Results demonsirale that certain embodiments enhance the charge
and the collection (deposition) efficiency of the coating particles as compared {o
similar processes without the emiller (i.e., charged ions). In particular, coaling
efficiencies with the emitler are on the order of ~45% presently, representing a 5-fold
enhancement over conventional RESS coalings performed under otherwise
comparable conditions without the emitter. Resulls further show thal e-RESS
coatings can be effectively sintered {e.g., using heat sintering and/or gas/solvent

sintering) {o form dense, thermally stable single and multilayer films.
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Coating Density

[00146] Farticles that form coatings on a subsirate can achieve a maximum
density defined by particle close packing theory. For spherical particles of uniform
size, this theorelical maximum is aboul 60 volume%. e-RESS coaling particles
prepared from various materials described herein {e.9., polymers and drugs) can be
applied as single layers or as multiple layers at selecled coaling densities, e.g., on
medical devices. Coalings applied in conjunclion with some embodiments can be
selected at coating densities of from about 1 volume% {o about 60 volume%.
Factors that define coating densities for selected applications include, but are not
imited o, e.q., ime of deposition, rate of deposition, solute concentrations, solvent
ratios, number of coating lavers, and combinations ¢f these factors. In various
embodiments, coatings composed ¢of biosorbable polymers have been shown o
produce coatings with selectable coating densilies. In one exemplary test, a coating
that included poly{lactic-co-glycolic acid, or PLGA) polymer at a solute conceniration
of 1 mo/mb was used o generate a coating density greater than about 5 volume%
o a stent device, but density is not limiled therelo. These coated polymers have
also been shown {o effectively release these drugs al the various coaling densities
selected. Coatings applied in some embodiments show an improvement in weight

gain, an enhanced coating density, and a low dendricity.
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Dendricity Rating

[00147] Dendricity {or dendricity rating) is a qualitative measure that assesses
the guality of a parlicular coating deposited in some embodiments on a scale of 1
{low dendricily) to 10 {high dendricity}. A high dendricily rating is given {o coatings
that have a fuzzy or shaggy appearance under magnification, include a large
gquantity of fibers or particle accumulations on the surface, and have a poor coating
density (< 1 volume %). A low dendricity raling is given to coatings that are uniform,
smooth, and have a high coating density (> 1 volume %). Low dendricity e-RESS
coatings produce more uniform and dense lavers, which are advantageous for
selected applications, including, e.g., coating of medical devices for use in
biomedical applications. Fia. 8 is an optical micrograph that shows a stent 34
{(~160X magnification} with an enhanced e-RESS (PLGA) coating that is non-
dendritic that was applied in conjunction with the emitter of the invention described
herein. in the figure, the coating on stent 34 is uniform, has a high coating density
(~10 volume %j. This coaling contrasis with the dendritic coating shown previously
in FIG. 1 with a low coaling densily (~0.01 volume %).

{00148} While an exemplary embodiment has been shown and described, it will
be apparent to those skilled in the art that many changes and modifications may be
made without departing from the invention in its frue scope and broader aspects.
The appended claims are therefore inlended io cover all such changes and
modifications as fall within the spirit and scope of the invention.

f00149] The following examples will promote a further understanding of the

invention and various aspecis thereof,
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EXAMPLE 1

[Coating Tests]

001507 Coating efficiency lesis were conducted in a deposition vessel (2.g.,
8-liter glass bell jar) centered over a base platform equipped with an emilter and an
e-RESS expansion nozzle assembly. The invention emilter was positioned at the op
of, and external to, the deposition vessel. The emitter was configured with a 1%
electrode consisting of a central stainless steel rod {1/8-inch diameter) having a
tapered tip that was grounded, and a ring collector {1/8-inch copper) as a 2™
electrode. Charged ions from the emitter were carried in {e.g., Ny} carrier gas into
the deposition vessel. An exemplary flow rate of pure carrier gas (e.g., Nz} through
the emitter was 4.5 L/min. The emitier was operated at an sxemplary current of 1 pA
under current/feedback control. The e-RESS expansion nozzle assembly included a
metal sheath, as a first e-RESS slectrode composed of a length {(~4 inches) of
stainiess steel tubing {(1/4-inch O.D.}) that surrounded an equal length of tubing
(t/1e-inch Q.D. X 0.0025-inch LD.) composed of poly-ethyl-ethyl-ketone (PEEK)
(IDEX, Northbrook, 1L, USA). The first e-RESS elecirode was grounded. Three (3}
stents, acting collectively as a 2™ e-RESS slectrode, were mounted on twisted wire
stent holders al positions 1, 4, and 9 of a 12-position, non-rotating stage equidistant
from the e-RESS expansion nozzie. Wire stent holders were capped at the terminal
ends with plastic beads o prevent coronal discharge. A vollage of -15 KV was
applied o the stents. The vessel was purged with dry (Ny) gas for »20 minutes {o
give a relative humidity below about 0.1%. A 50:50 Poly(DL-laclide-co-glycolide)

bicabsorbabie polymer {(Catalog No. B6010-2P) available commercially (LACTEL®
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Absorbable Polymers, a division of Durectel, Corp., Pelham, AL, US.A) was
prepared in a fluorchydrocarbon solvent {e.g., R-23%ea [MW. 152.04 g/mol],
Dyneon, Oaksdale, MN, USA) at a concentration of 1 mg/mL. The solvent solution
was delivered through the expansion nozzle at a pressure of 5500 psi and an initial
ternperature of 150 "C. Polymer expansion solution prepared in fluoropropane
solvent {(i.e., R-236ea) was spraved at a pump flow rate of 7.5 ml/min for a time of
~30 seconds. Flow rate of R-236ea gas [Pump flow rate {(mi/min) x p {g/mi) x (1/MW
{g/mol}} x STP (L/mol) = L/min] was 1.7 L/min. Percentage of fluoropropane gas (R-
236ea, Dyneon, Oakdale, MN, USA) and N; gas in the enclosure vessel was: 27%
{1.7/(1.7 + 4.5} x 100 = 27%] and 73%, respectively. Moles of each gas in the
enclosure vessel were 0.0896 moles (R-236ea) and 0.26 moles (Ng), respectively.
Mole fractions for sach gas in the enclosure vessel were 0.27 (R-236ea) and 0.73
(N2}, respectively. Viscosity (at 3TP) of the gas mixture (R-236ea and Nz} in the
enclosure vessel al the end of the experiment was calculated from the
Chapman-Enskog relation to be {minus) -14.5 pPa.sec.

{00151} Weight gains on each of the three slents from deposited coatings
were: 380 ug, 430 yyg, and 450 ug, respectively. In a second test, polymer expansion
solulion was sprayed for a lime of ~80 seconds al a flow rate of 7.4 mbl/min.
Charged ions from the emitter were carried inio the deposilion vessel using (Nz) gas
at a flow rale of 6.5 Limin. Weight gains for each of the three slenis from deposited
coatings were: 232 ug, 252 pg, and 262 ug, respectively. In tests 1 and 2, moderate-
to-heavy coatings were deposifed to the stents. Test results showed the first stent
had a lower coaling weight that was altribuled {o: location on the mounting stage

refative {o the expansion nozzle, and lack of rotation of both the stent and stage.
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Dendricity values of from 1 to 2 were typical, as assessed by the minimal guantity of
dendrite fibers observed (e.g., 50X magnification} on the surface. Coliection

efficiencies for these tests were 45.4% and 40.3 %, respectively.

EXAMPLE 2

[Coatings Depositad Absent the Emitler]

{00152} A test was performed as in Example 1 without use of the emitier.
Weight gains from deposiled coalings for each of three stents were: 22 ug, 40 yg,
and 42 ug, respectively. Coaling efficiency for the test was 5.0%. Resuits showed
coatings on the stents were light, non-uniform, and dendritic. Coatings were heaviest
at the upper end of the stents and had a dendricity rating of ~7, on average. Heavier
coatings were observed near the {op of the stents. Lighter coatings were observed at
the mid-to-lower end of the stents, with some amount of the melal stent clearly

visible through the coatings.

EXAMPLE 3

[Effect of Increasing Emitlter Current on Deposited Polymer Weight/Structure]

[00153] A dramatic effect is observed in weight gains for applied coalings at
the initial onset of emilter current. A gradual increase in weight gains occurs with
increasing current between about 0.1 pA and 1 gA. Thereafler, a gradual decrease
in weight gains occurs with change in emitler current between about 1 pA and 5 pA,

most likely due to a saturation of charge transferred {o particles by the emitler.
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CLAIMS

What is claimed is:

1.

A system for slectrostatic deposition of particles upon a charged substrate {o
form a coating on a surface of said subsirate, the sysiem comprising:

an expansion nozzle that releases coating particles having a first average
electric potential suspended in a gaseous phase from a near-critical or
supercritical fluid that is expanded through said nozzle; and

an emilter that generates a siream of charged ions having a second
average potential in an inerl carrier gas;

whergby said coaling particles interact with said charged ions and said
carrier gas o enhance a charge differential between said coating pariicles and

said substrate.

A system for electrostatic deposition of particles upon a charged substrate {o
form a coaling on a surface of a subsirate, the system comprising:

an expansion nozzle that releases coating particles having a first average
electric potential suspended in a gaseous phase from a near-critical or
supercritical fluid that is expanded through said nozzle; and

an emitier that generates a siream of charged ions having a second
average sleclric potential in an inert carrier gas;

whereby said coating particles interact with said charged ions and said
carrier gas to enhance a potential differential between said coating particles and

said subsirate.
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3.

8.

The systemn of any of claims 1 and 2, wherein the coaling particles have a first
velocity upon release of the coating particles from the expansion nozzile thatis
less than a second velocily of the coaling particles when said coaling particles

impact said substrate,

The system of any of claims 1 and 2, wherein atiraction of the coating particles to
the substrate is increased as compared to attraction of the coating particles to

the substrate in a system without the emitler.

The system of any of claims 1 and 2, wherein the first average electric potential

is different than the second average electric potential.

The systemn of any of claims 1 and 2, wherein an absolute value of the first
average slectric polential is less than an absolute value of the second average
electric potential, and wherein a polarity the charged ions is the same as a

polarity of the coating particles.

. The system of any of claims 1 and 2, wherein said emitter comprises an

electrode having a tapered end that exiends into a gas channsl that conducts
said stream of charged ions in said inert carrier gas loward said charged coating

particles.

The system of claim 7, wherein said emitter further comprises a capture

electrode.
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9. The system of any of claims 1 and 2, wherein said emilter comprises a metal rod

with a tapered tip and a delivery orifice.

10. The system of any of claims 1 and 2, wherein said substrale is positioned in a

circumvolving orientation around said expansion nozzie.

1. The system of any of claims 1 and 2, wherein said substrate comprises a

conductive material.

12. The system of any of claims 1 and 2, wherein said substrate comprises a semi-

conductive material.

13. The system of any of claims 1 and 2, wherein said substrate comprises a

polymeric material.

4. The system of any of claims 1 and 2, wherein said charged ions at said second
eleciric polential are a posilive corona or a negative corona positioned between

the expansion nozzle and said substrate.

15. The system of any of claims 1 and 2, wherein said charged ions at said second

electric potential are a positive corona or a negative corona positioned between

the emitter and said substrate.
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16. The system of any of claims 1 and 2, wherein said coating particles comprises at
ieast one of: polylactic acid (FLA); poly{lactic-co-glycolic acid} (PLGA);
polycaprolacione {poly(e-caprolactone}) (PCL), polyglycolide (PG) or (PGA),
poly-3-hydroxybutyrate, LPLA poly{iHactide), DLPLA poly{di-lactide)}, PDO
poly{dioxolane), PGA-TMC, 85/15 DLPLG p(di-lactide-co-glycolide), 75/25 DLPL,
85/35 DLPLG, 50/50 DLPLG, TMC poly{trimethylcarbonate), p(CPPISA)
poiv(1,3-bis-p-{carboxyphenoxy)propane-co-sebacic acid) and blends,
combinations, homopolymers, condensation polymers, alternating, block,

dendritic, crosslinked, and copolymers thereof.

17. The system of any of claims 1 and 2, wherein said coaling particles comprise al
ieast one of: polyester, aliphatic polyester, polyanhydride, polyethylene,
polvorthoester, polyphosphazene, polyurethane, polycarbonate urethane,
aliphatic polycarbonate, silicone, a silicone containing polymer, polyolefin,
polvamide, polycaprolactam, polyamide, polyvinyl alcohol, acrylic polymaer,
acrylate, polystyrene, epoxy, polyethers, celluiosics, expanded
poivitetrafluoroethylene, phosphorylcholine, polyethyleneyerphthalate,
polymethylmethavrylale, poly(ethyimethacrylaie/n-butylmethacrylate), parylene
C, polysthylens-~-co-vinyl acelale, poiyalkyl methacryiaies, polyalkylene-co-vinyt
acetate, polvaikylene, polyalkyl siloxanes, polyhydroxyalkanoals,
polyfuoroalkoxyphasphazine, poly(styrene-b-isobutylene-b-styrene}, poly-butyl
methacrylate, poly-byla-diene, and blends, combinations, homopolymers,
condensation polymers, allernating, block, dendritic, crosslinked, and copolymers

thereof.
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18. The system of any of claims 1 and 2, wherein said coaling particles have a size

between about 0.01 micrometers and about 10 micrometers.

19. The system of claim 3, wherein the second velocity is in the range from about

0.1 cm/sec o about 100 cm/sec.

20. The system of any of claims 1 and 2, wherein the coating has a density on said

surface in the range from about 1 volume % {0 about 80 volume%.

21. The system of any of claims 1 and 2, wherein the coatling is a multilayer coating.

22. The system of any of claims 1 and 2, wherein said substrate is a medical

implant.

23. The system of any of claims 1 and 2, wherein said subslrale is an interventional

device.

24.The system of any of claims 1 and 2, wherein said subsirate is g diagnostic

device.

25.The system of any of claims 1 and 2, wherein said substrate is a surgical tool.

28. The system of any of claims 1 and 2, wherein said substrale is a stent.
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27. The system of any of claims 1 and 2, wherein the coating is non-dendritic as

compared to a baseline average coating thickness.

28. The system of claim 27, wherein no coating extends more than 0.5 microns from

the baseline average coating thickness.

29. The system of claim 27, wherein no coaling extends more than 1 micron from

the bassline average coating thickness.

30. The system of any of claims 1 and 2, wherein the coating is non-dendritic such

that there is no surface irregularity of the coating greater than 0.5 microns.

31. The system of any of claims 1 and 2, wherein the coaling is non-dendritic such

that there is no surface irregularity of the coaling greater than 1 micron,

32. The system of any of claims 1 and 2, wherein the coaling is non-dendritic such
that there is no surface irregularity of the coating greater than 2 microns

following sintering of the coated subsirale.

33. The system of any of claims 1 and 2, wherein the coating is non-dendritic such

that there is no surface irregularity of the coating greater than 3 microns following

sintering of the coated substrate.
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34. A method for forming a coating on a surface of a substrate, comprising:

establishing an electric field between said substrate and a counter
glecirode;

producing coating particles suspended in a gaseous phase of an
expanded near-critical or supercritical fluid having an first average slectric
potential; and

contacting said coating particles with a stream of charged ions at a second
average potential in an inert carrier gas to increase the charge differential

betwesn said coating particles and said substrate.

35. A method for coating a surfacs of a substrate with a preselected material

forming a coating, comprising the steps of;

astablishing an electric field between said substrate and a counter
elecirode;

producing coating particles suspended in a gaseous phass of an
expanded near-critical or supercritical fluid having an first average electric
potential; and

contacting said coaling particles with a stream of charged ions at a second
average polential in an inert carrier gas o increase the polential differential

between said coaling particles and said substrate.

36. The method of any of claims 34 and 35, wherein the coating particles have a first

velocity upon release of the coating particles from the expansion nozzle thatis

&0



WO 2011/119762 PCT/US2011/029667

less than a second velocily of the coaling particles when said coaling particles

impact said substrate,

37. The method of any of claims 34 and 35, wherein altraction of the coating
particles {o the substrate is increased as compared to atfraction of the coating

particles to the substrale in a system without the emitler.

38. The method of any of claims 34 and 35, wherein the first average electric

potential is different than the second average electric potential.

38. The method of any of claims 34 and 35, wherein an absolute value of the first
average eleclric potential is less than an absolute value of the second average
electric potential, and wherein a polarity the charged ions is the same as a

polarity of the coating particles.

40. The method of any of claims 34 and 35, wherein said coating particles have a

size bstween about 0.01 micrometers and about 10 micrometsrs.

41.The method of any of claims 34 and 35, wherein said substrate has a negalive
polarity and an enhanced charge of said coaling particles following the contacting
step is a positive charge; or wherein said substrate has a positive polarity and an
enhanced charge of said coatling particles following the contacting step is a

negative charge.
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42. The method of any of claims 34 and 35, wherein the contacling siep comprises
forming a positive corona or forming a negative corona positioned between the

expansion nozzle and said substirate.

43. The method of any of claims 34 and 35, wherein the contacting siep comprises
forming a positive corona or forming a negative corona positioned between the

emitter and said subsiraie

44. The method of any of claims 34 and 35, wherein the coating has a density on

said surface from about 1 volume % to about 80 volums%.

45, The method of any of claims 34 and 35, wherein said coating particles
comprises at least one of! a polymer, a drug, a biosorbable material, a protein, a

peptide, and a combination thereof.

48, The method of any of claims 34 and 35, wherein said coaling particles
comprises at least one of: polylactic acid (PLA); poly{lactic-co-glycolic acid)
{(PLGA); polycaprolacione (poly{e~caprolactone)} (PCL), polyglycolide (PG) or
{(PGA), poly-3-hvdroxybutyrate; LPLA poly(i-lactide), DLPLA poly(di-iactide),
PDOG poly(dioxolane), PGA-TMC, 85/15 DLPLG pldi-lactide-co-glycolide), 75/25
DLPL, 85/35 DLPLG, 50/50 DLPLG, TMC poly{trimethylcarbonate), p(CPP.SA)
poly(1,3-bis-p-{carboxyphenoxy jpropane-co-sebacic acid) and blends,
combinations, homopolymers, condensation polymers, alternating, block,

dendritic, crosslinked, and copolymers thereof.
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47. The method of any of claims 34 and 35, wherein said coating particles comprise
at ieast one of: polyester, aliphalic polyester, polyanhydride, polyethylens,
polyvorthoestier, polyphosphazene, polyurethane, polycarbonate urethane,
aliphatic polycarbonate, silicone, a silicone containing polymer, polyolefin,
polyamide, polycaprolactam, polyamide, polyvinyl alcohol, acrylic polymer,
acrylate, polysiyrene, epoxy, polyethers, celiviosics, expanded
polvtetrafiucrosthylene, phosphorylcholing, polysthvleneyerphthalate,
polymsthylmethavrylate, poly(ethyimethacrylate/n-butylmethacrylate}, parviene
C, polyethylens-co-vinyl acetate, polyalkyl methacrylates, polyalkylene-co-vinyt
acetate, polyalkylene, polyalkyl siloxanes, polyhydroxyalkanoate,
polvflucroalkoxyphasphazine, poly(styrene-b-isobutyiene-b-styrens), poly-butyl
methacrylate, poly-byta-disne, and blends, combinations, homopolymers,
condensation polymers, alternating, block, dendritic, crosslinked, and copolymers

thereof.

48. The method of any of claims 34 and 35, wherein said coaling particles include a
drug comprising one or more of: rapamycin, biolimus (biolimus A9}, 40-O-(2-
Hydroxyethylirapamycin (everolimus),  40-O-Benzylbrapamycin,  40-0-(4-
Hydroxymethyvilbenzyl-rapamycin, 40-0O-{4'-(1,2-Dihydroxyethyhlbenzyk-
rapamycin,  40-C-Aliyl-rapamycin,  40-0-[3'-(2,2-Dimethyl-1,3-dioxolan-4{8}-yh-
prop-2-en-1-yll-rapamycin, {2"E,4'5)-40-0-{4". 5 -Dihydroxypent-2-en-1"-yi}-
raparmycin 40-O-{2-Hydroxyethoxycar-bonylmethyl-rapamycin, 40-0-(3-

Hydroxypropyl-raparmycin 40-0-(6-Hydroxyhexyl-rapamycin 43-C-{2-(2-
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Hydroxyjethoxylethyvi-rapamycin - 40-0C-{(35)-2,2-Dimethyldioxolan-3-ylimethyl-
raparmycin, 40-0-{(28)-2,3-Dihydroxyprop-1-yil-rapamycin, 40-0-(2-
Acetoxyjethyl-rapamycin  40-0-(Z-Nicotinoyloxy jethyl-rapamycin,  40-C-[2-(N-
Morpholinojacetoxylethyl-rapamycin 40-0-(2-N-Imidazoiylacetoxyjethyl-
rapamycin,  40-0-[2-(N-Methyl-N'-piperazinyljacetoxylethyl-rapamycin,  38-0-
Desmethyl-39,40-0,C-sthylens-rapamycin, {(26R)-26-Dihydro-40-0-(2-
hydroxyethyl-rapamycin, 28-0O-Methyl-rapamycin, 40-0-(2-Aminosthyi}-
rapamycin,  40-0-(2-Acetaminosthyl}-rapamycin - 40-0-(2-Nicotinamidosthyl}-
rapamycin,  40-0-(2-(N-Methyl-imidazo-2-ylcarbethoxamidojethyl}-rapamycin,
40-0-(2-Ethoxycarbonylaminoethyl-rapamycin, 40-O-(2-Tolylsulfonamidoethyl}-
rapamycin, 40-0-[2-(4" 5-Dicarboethoxy-1' 2", 3-triazol-1-yl}ethyll-rapamycin, 42-
Epi-(tetrazolylyrapamycin {tacrolimus), 42-[3-hydroxy-2-(hydroxymethyl)-2-
methyipropanocatelrapamycin  {lemsirolimus), (4285)342-Deoxy-42-(1H-tetrazol-1-
virrapamycin  (zotarolimus), and salls, derivatives, isomers, racemates,

diasterepisomers, prodrugs, hydrate, ester, or analogs thereof.

49. The method of any of claims 34 and 35, wherein said coating on said substrate

comprises polvlacioglycolic acid (PLGA) at a density greater than 5 volume %.

50. The method of any of claims 34 and 35, wherein the second is in the range from

about 0.1 omisec {o about 100 cmi/sec.
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51. The method of any of claims 34 and 35, further including the step of sintering
said coating al a temperature in the range from about 25 °C to about 150 °C 1o

form a dense, thermally stable film on said surface of said substrate.

52. The method of any of claims 34 and 35, further including the step of sintering

said coating in the presence of a solvent gas o form said dense, thermally stable

film on said surface of said substrate.

53. The method of any of claims 34 and 35, whersin said producing and said

contacling steps, al least, are repeated to form a multilayer film.

54. The method of any of claims 34 and 35, wherein said substrate is at least a

portion of a medical implant.

55. The method of any of claims 34 and 35, wherein said substrate is an

interventional device.

56. The method of any of claims 34 and 35, wherein said substrate is a diagnostic

device.

57. The method of any of claims 34 and 35, wherein said substrate is a surgical tool

58. The method of any of claims 34 and 35, wherein said substrale is a stent,
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59. The method of any of claims 34 and 35, wherein said substrate is a medical

balloon.

50. The method of any of claims 34 and 35, wherein the coating is non-dendritic as

compared to a baseline average coating thickness.

61. The method of claim 80, wherein no coating extends more than 0.5 microns from

the baseline average coating thickness.

82, The method of claim 60, wherein no coating extends more than 1 micron from

the baseline average coating thickness.

83. The method of any of claims 34 and 35, wherein the coating is non-dendritic

such that there is no surface irregularity of the coating greater than 0.5 microns.

64. The method of any of claims 34 and 35, wherein the coaling is non-dendritic

such that there is no surface irregularily of the coaling grealer than 1 micron,

65. The method of any of claims 34 and 35, whersin the coating is non-dendritic

such that there is no surface irregularity of the coating greater than 2 microns

following sintering of the coatled substrate.
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66. The method of any of claims 34 and 35, wherein the coating is non-dendritic
such that there is no surface irregularity of the coaling greater than 3 microns

following sintering of the coated substrate.

67. A coating on a surface of a substrate produced by any of the methods of claim

34 through claim 66.

88. A coating on a surface of a substrate produced by any of the systems of claim 1

through claim 33.
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