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MEDICAL BALLOONS AND METHODS OF MAKING THE
SAME

TECHNICAL FIELD

i i tamedeney i obnd e To ¥ vt de af soalety
his disclosure relates to medical balloons, and fo methods of makine the

BAUKGROUND
The body includes varions passageways such as anteries, other blood vessels,
ant other body humens. These passageways sometimes bocome oceloded, g, by a
oy or vestnicted by plague. To widen an vecluded hody vessel, balloon catheters
W can be used, e.g., I angioplasty
Aballoen catheter can inchule an inflatable and deflatable balloon carried by &
long and sarow eatheter body. The balloon i3 inftally &
body to roduee the radial profile of the balleon catheter for e
body.
During wse, the folded balloon can be delivered to 1 target Tocation in the
vissel, e.g. i portion oucluded by plague, by thresding the balloon catheter over a

g;;ui(ic wire emplaced 1n the vessel. The balloon is then inflated, g, by introducing &

7oz

s vessel can permit an increased rate of blood flow, After use, the

and withdraven from the body.

I~
ek

techuigue, the balloon catheter can also be used 1o position

medical device, such as a stent or & stent-grafl, (o open andfor to reinforee & blooked

e stent can be delivered inside the body by o balloon

catheter that supports the stent in 4 compacied or reduced-size form as the stont is
25 get site. Upon reaching the site, the balloow can he inflmted o

foon can then be deflated and the catheter withdrawn, Stent
delivery i3 further discussed in Heath, U8, 6,290,721, the entire disciosurs of which

is heveby incorporated by reference herein

,,4
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One commeon balloon catheter design includes & coaxial arrangemen

£

mner tube surtounded by an ounter wbe. The inner tube typically includes g lomen that
cart be used for delivering the device over a guide wire, Inflatfon 8w

r and outer tubes. An example of this design i deseribed in Amey

the entire contents of which is hereby incorporated by reference
heret
in anuther common design, the catheter includes & body defindng g gulde wire
fumen and an inflation lomen sranged side-by-side. Examples of this arvangement
are desoribed in Wang, US 5,193,969, the entire contents of which is hereby
0 meorporaied by reference herem,
SUMMARY
o one sspent, the disclosure Teabives & medical balioon that includes & balloon
wall having o base polviner systom with an integral modified region fuclading
carbomized base polvmer material,
15 {1 another aspect, the disclosure features 2 halloon catheter that includes a

batloow wall having a base polymer system with an integral modified region mcluding

a cavhonived base polymer material.

in another aspect, the disclosure festures @ method of making & medicat

s
o

salloon that includes providing a polvmer systemy; freating the polymer syet

g plasma avmersion on unplantation; aad otilising the treated polymer systen

?

aspect, the disclosure features a method of making & medical

oo}
p>
jox’
[
>
5
(¢4
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-
',v

balloo that inclodes providing g pelymer system; weating the polymer system by jon

ynplantation 10 modify the polymer sylem without substantial dep
2 polymer system nusterial; and uiibizing the treated system In a medics! hatloon,
{n another aspect, the disclosure fertures a medival balloon formed by any of

I ansther aspect, the disclovure teatures @ medical device that tnclodey & hase
polymer system nchuding coextruded polymers, the base polymer Svstum having an
A antegrel modified region of carbonized base polymer systern materisl,

2
&
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¥ Slacaav ey cranone vt F P anc ol . wk THeney s v by e b - & SR ‘
I another aspeet, the disclosure features medival baltoons which exiubat a D

{dhwer aspects or embodiments may include combinations of the features in the
aspoets above anddor one oy more of the following, The carbondzed reginn includes

dtamond-like materia! sndfor the carbonized region includes graphitic msterial, The

mindified region imchades & reglon of crossiinked base polymer material, The
crosshinked region 1 divectdy bonded to the carbonized base polyvmer maderial and o

substintially anmodified hase polymoer materisl, The medica! halloon can inelude a

<

regon of oxidized base polviner matenal, the oxadized region being divectly bonded

od material without further bonding to the hase polymer system. The
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modyl £ of the bage

potvmer system without the modified region. The thickness of the moditied region i

¥ PR

: (3 RN S S S N RV DIV (o 11
260 wm. The modified region 1s abowt 1% or less of the overall

e

thickness of te base polymer system. A hardness coefficient of the carbonized base

2
REN Ty,
3

polvmer material is ghont 300 Vickers Hovdness (kptfmm™y or more, The he

2

~ 3

ractured surface morphology having a surface fracturs den

system includes cooxtruded polvimer layers, A complisnoyy

1} porcent of an intital diameter of the balloon between an interna

‘/
7
o
nj
L
yede
v

<

showt 2 bar o shoot 15 bar, The balloon catheter 18

Tho balloon cathetor 15 sized for use i the coroma

<

catheter olades a stent posttioned over the balloon. The ton energy and dose 1
conirndlod 1o orm a carbonized reglon in the polvmer system. The ton snergy in g

Hmssom” ovmore, A

vange of aboat 13 keV or more and a dose of about 1 X 1t

he medical balloon, The treating of the pelymer systom utilizes an fon

o
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e
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i
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gen, helinm, boron, neon, tarhon, ¢

flae

sefecied from the gronp consisting of hvdro

niiFngen, argen, or mixiures of these. The modified region includes an interfyee of

s
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thodiments may have one or more of the following advantages, A balloon

sistanoe

f'u

is provided in which properties, such as punctore resistances, soratch e

floxibility, burst strongth, and drug release, are enbanced for a ghven applicatic

particudar, 8 stent delivery balloon is provided with g high svrateh resistance
5 sovpteh resistance of the balloon s enfunved by providing & balloon wall that includes

a velativedy bard reglon, g.g., im%uding # digmond-like material {e.g., Hamond Hke

o~

Stll further features, ombodiments, and advantages follnw,

DESCRIPTION OF DRAWINGS

otapsed state, expansion of the stont, and deplovment i the

N

stent in a bedy lumen,

FIGOZA s a transverse end on oross-sectional view through g wall of »

showing an anmodified base polymer

- RIS b
15 muxdiied region

20 Fig, 38 45 ¢ schematio top view of ten balloons in & sample holder (metal grid

removed frony view)

i

HIGL 30 iy a detailed cross-sectional view of the plasma immersion ton

-

implantation apparatus of PG 3A,

1Y
X

FHG 44808 g longitudinagl cross-sectional view a coextroded balloon,

X

¢ batloon wall prior to modification,

,.;

25 .i§§i.iiw"§l‘i§i'i?}?§

P

s a longitudinal cross-sectional view of the coextruded balloon of

a photomierograph a balloon surtace prior )

38 iy a photonerograph of a balloon surfive after o

g
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FEG 12 shows optical deasity of Tow-density polvethvlene (LDPE) fime at

2506 nm as a tunetion PHE dose at $ keV, 10 keV, 20 keV and 30k

F1G 13 iy @ photomicrograph 2 PEBAXY 7033 batloon swrfios aftes treatment

* at 30 ke,

shows stress-stain susves for several PRBAXY 7033 filmy treated with
Pl
F1G 13 shows strength of PEBAXY 7033 Sims treated with PU as 2 function
of dose at 20 ke and 30 ke,
G 14 shows pereent elongation at 7033 flmy sy a
e KeV and 30 keV,
FICL 18 shows serateh testing of PEBAX™ 7033 phates mt a varisty of doses at
20 ke'V {dose in box is expressed in multiples of 107 fonsfom).
15 FIG 19 shows sorateh testing of PEBAX™ 7033 plates at g variety of doses at

alness costiicient of PEBAXY 7033 plates as & function of

2

FIG 22 shows foad curves oblained using AFM &

veated with PIT at a dose of 10 tonsfom” and 30 kv,

Fils 23 shows load curves obtained using AFM |
rreated with PHY at a dose of 107 jons/om” and 30 ket

e obtained using AFM for a FERAN" 7033 plate

>

[
freated with PHT at a dose of 5 X 10™ fonsfem® and 10 k¥,
vs apparent hardness coetficient a first part of & foad curve
{module 13 and  second part of & Ioad onrve (madule 2) for PERAXY 7033
ireated gt various doses at 10 keV.
3y FIG 26 shows modulus of elasticity of PEBAX" 7033 plates as a function of
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IG 27 shows @ aormalized dose distribotion as 3 funetion of hall

FIG 28 shows a dose distribution for a PHE apparatis having an additionad

FIG 29 ss the dose distribotion of FIG 2¥ in an X-Y plane.,
5 DETAILED DESCRIPTION
Referring to FIGS. IA-1C, stent 10 is placed over o balloon 12 carried near #
cistal end o a catheter 14, and is dircetod through & fumen 16, e, & blood vessel

the balloon and ste

/o
&
o
S,

=
=

 as the caronary artery, antil the portion carrving

ov

pg

regton of an oeclasion 18 (FIG 1A) The stent 10 is then redially expanded by
i inflaling the balloon 12, and 18 pressed against the vessel wall with the resalt that
oochus s compressed, and the vessel wall surrounding § undergoos » tadial

expansion {FHL 1B). The prossure is then released from the balloon and the catheter

ts withedramwn from the vessel (FIG 1O).
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sl thickness Ty includes an

¢ 22 exposed to the stent and an inne

exposad to mflation Haid

2 mterion, The balloon wall ix formed of a base polymer svstem

\,,m
f;.p
el
o
?

1 an wunodified region 26 and a hard, modified region 23 of tickness Ty,

«_

e unmcdified base polvmer has a thickness Ty that i3 the difference |

averall wall thickness Tiw and thickness Ty of the modified region.

¥

Yors,
i

Refoming {o

IG 28, the modified region has a serivs of sub-regions,

including an oxidized region 30 (2.2, having carbonyl groups, aldehvde groups,

\..

carboxylie avid groups andfor alcohol groups), & carbonized region 32 (o.g., having

Py =]

increased sp” t “bonding, particularly aromatic carbou-carbon bouls aadior sy

dismendi-like carbon-carbon bonds), and g crosslinked region 34, In particular

embodimaents, the crosslinked region 385 a region of mereased polvmer orosstinking

B

€55

¢ carbomizod

he unnodified base polymer system and to th

vegion 33 The carbonized region 32 is @ hund that typically inclndes o high-level of

or even greater than 50 porcent Sp"~h}-‘ridizﬁd carbon atoms, sech as

&y
o

3

Ny
3¢ dismond-like carbon {DLOY. The oxidized region 30 that is bonded to the carbomized
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and exposed o atmosphere fncludes an enhanced oxygen content, relative to

3

the base polymer system, The hard, sorateh resistant nature of the carbonized SRION

reduces wole formation, which can cecur, e.g., during crimping of stents. For

‘:J
example, a dust particle disposed between the stent and an outer halloon surface can

3

5 becompressed into the balloon doring the crimping, peneteating the balloon and

Ry b
forroing 4 pishole, The graduaied multi-region strochure of the modified

erhances adheston of the modified laver to the unmodified base poiviner, reducing the
Bkelihood of delamination. Inaddition, the gradosted nature of the structure and low

Uithe medified region relative to the overall wall thickness anables the
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1 batloon to sulstantially maintain mechanical properties of the wamodified balloen,

=

The preseace of varions regions, e.g., carbonized regions, oxtdized regions, and

crossiinked regions, can be defected wsing, ¢.g., infrared, Raman and 11Vovis
spectroscony.  For numpig Raman speciroscn PY Mmeasuraments sre sontive

1y

changes in translational symmeiry and are offen usefdl in the sty vof dis

[s09

16 orystailife formation incarbon films, In Raman stadies, graphite can exhibit a

=P X

charseteristic peak af 1580 om™ {labeled *G° for graphite). Disordered graphite has a

b

second peak gt 1330 em (fabeled *D7 for disorder), which has beon reported to be

th the degree of &p bonding present in the material, The
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e
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serdered graphiie can indicate the presence in st
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X
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e
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20 viogs and clusters, thus indivating the presence of sp’ bonding in the muterial. XPS is
snuther tochuigue that has been ased to distinguish the diamond phase from the
graphite and smorphous carbon components. By deconveluting the speotra,
sfersnoes can be made as o the type of bonding present within the material. This
approach has been applied o determine the sp'/sp” ratios in DLE mutertal {seg, c.u.,

28 Raw, Surfnce & Coatings Technology 197, 154-160, 2003, the entire disclosure of

witich s horeby ineorporated by reference herein).

fhe balloon can be modified using plasma immersion fon implantation
("PUHIT. Reforring to FIGE. 3A and 3B, during PH, chavged specios in a plasma 40,

such a8 8 mvogen plasma, are aseclerated at high veloeity towards balloons 13 that

,..«

. unexpanded state, and which are positioned on & sample bolder 41

£
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Acceleration of the charged species of the plasma towards the balfoons s driven by an

§
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ntial difference between the plasma and an electrode under the balloon.

o

ot with a balloon, the charged species, due to their high veloeity, penetrate
¢ the balioon and react with the materiad of the bafloon, Hrming th

cussed above, Generally, the peneiration depth s controlled, af least in

.
?

paut, by the potential difference between the plasma and the

7

.

ballocn, fdesired, an additiona electrode, e.g., in the form of s meta

positioned above the sample holder, can be witlized. Such a muetal stfifi can be

advantageows to prevent divoct vontact of the balloons with the rfplama hetween

%

high-veitags pubes and can reduee charging effects of the balloon material,
0 Refornng toe FIG. 3C, an abodiment of o PUE processing systom SO includes

»

a vacut chamber 82 having a vacnam port 84 connected to & vactum pomp and a

gas soaree 130 for delivering a gas, .., nitrogen, to chamber 82 to generaie a
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18 atteched to sewme of the windows R6 are RF plasma sources 92, cach source having a

helical antenna 96 located within a grounded shield 98, The windows without

%

attached REF olasrme sources weo usa L, A8 PIEWT s i amber 82, Hach
attached RF plasa sources sre usable, e.p., 83 viewing porls into shamber 82, Rach

oy

+

antenns ¥ clestrically commursicates with an RF generator 100 through a network
1032 and & coupling capacttor 104, Hach antenna 96 also electrivally communicates
20 wilh 2 wning capacitor 106, Each tuning capacitor 106 is controlled by o signal B DY,

L froam & controller 110, By adjusting cach tuning capschior 108, the output power

from wach RY antenna 99 can be adjusted to mamtain homuogeneity of the generated

"\4

plasma. The reglons of the balloons directly exposed 1o 1ons fom the plasma can be
controfied by rotating the balloons about their axis. The balloons can be rotated

25 contiuously duning treatment to enhance a homogenous modification of the eantire

balloon, Allornatively, rotalion can be intermitiont, or selected regrons can be masked

o exelude trestment of those masked regions. Additfonal details of PIN is desoribed
<

hy Cha, US. Patent No. 6,120.260; Brokner, Surface and O

1998 and Kutsenkeo, dete Materinlia, 5.
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Hallonn modification is controlied to pradoce g desired type of modification at
a selected depth, The nature and depth of the modification is also controllsd to schiust

the overall mechanical properties of the balloon. In particular smbodiments, the

modifivation is controlled so that the mechanical propertios, such s ¢ strength,

5 clongation and modulus of elasticity of the base polvmer sysiem are not substan watly

changed by the presence of the modification, In embodiments, the tensile strength,

3

s modaluy of elasticity of the modified polymer s substantially the same

N T g N
STONZATION 8

e
S
J
(27

as o greater than those respective values of the unmodified polvmer I addition,

modification s controled so that balloon performance properties, such as burst

HY strength, v

ithdrawal foree, torque and securement, are not substantially changed, or

s By the presence of the modification.

ype and depth of modification 1s controlled i the PHI provess by

sefection of the type of fon, the fon envrgy and fon dose. In embodiments, o thiee sub-

b

tftcation as described above is provided. I other embediments, there ma

9 three sub-regions formed by controlling the PHI process

.
o
o
oY
s
ot
joud
P
e}

3
e
(]
oy
-
2
s
7 £33
o
o
et

4
£
%

parametess, or by post processing to remove one or more fayers by: e.g., solvent
dissolution, or mechanically removing layers by culting, abrasion, or heat treating. In

partivular, s higher jon energy and dose enhanees the formation of carbonized regions,

particularty veglons with DLC or graphitic components. [ enabodiments, the fon

30 ster, such as 23 keV or greater, e.g. aboat 30 keVor
. The fon dosage o embodiments 18 in the range of
about 1 ¥ i\f: or greater, such as 1 N 10" fona‘em® or greater, e. g about 3 % 19%
fonsfony” i greater, and aboat 1 X 107 jonsiom”™ or losa. The oxidized d region can he
characterized, and the process conditions modified based on FTIR ATR spectroscopy
25 results om carbonyl group and hydroxyl proup absorptions. Alse, the croastinked
region can be eharacterized using FTIR ATR spectroscopy, UVevis spes
Laman spectroscopy by anabyzing C=C group absorptions, and the prog
modified based vn the rosults, In addition, the process conditions can be modified
based on an analysis of the gel fraction of the crosstinked regior. The gol fraction of
3¢ asample can be determined by extraction of the sample (5 2 beiling sobvent such as o-

aylene for 24 hours using, e.g., a Soxhlet extractor, After 24 hours, the sobvent is

Fesa:

10
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removed from the extracted material, and then the sample is further deied in a vacoum

ay

oven at S0 raction 18 the Gfrence

prin

until 2 constant weight is achieved. The get

between the inttial weight of the sample and the dry weight of the sample that was

3

extracted, divided by the total initial weight of the sample.

5 in evnbodiments, the thickness Ty of the modified reg aion J¥ is loss than about
1500 mw, o.g., Toss than ghout 1000 wm, less than about 750 nm, {ess than ahout 506
sm, Jess than about 280 nim, less than about 150 nm, less than sbout 100 nm or lesg
than aboat 30 nm. In eimbodinients, the oxidized region 30 can have a thickness Ty of
fess than alout § oo, e.g., less than abowt 2 nm or less than abowt | nm. In

10 embodiments, the carbonized region 32 can have a thickness Ty o8 less than ahout 500

wn, o4, Juss than about 350 nm, less than about 250 num, less than sheut 150 am or

less than about 100 um, and can vccur at & depth from outer surface 22 of less than 10

wn, g, less than 3 nm or less than T nm. 1o embodiments, the ot

has a thickness Ty of Tess than shout 1500 nm, e.e., less than about 1000 1n, or less

Loty

3 than about 3040 nm, and can occur at a depth from outer surface 22 of less tha

300 nm, e.g., less than about 350 nmy, fess than abowt 250 nm o Tess than about 100

in embodiments, burst strength, withdrawal foroe, torgue and seoyremient of

the modified balloons ave within about 35% orless, e + 15%, et S%hor £ 1%

20 ofthose values for the vemodified balloon. In particular embodinents, withdrawal

force angd sccurement sre incregsed by about 15% or more, ¢.g. sbowt 25% or mor ¢ by

modiication of the balleen wall, To minindze the infuence of the madified

,/
t"‘
&4
;~
=
o
&
5
o
o
oo
=
o
2
ot

al properties of the balloon, the depth of the modification can be
selected so that the naechanical propertics of the modified region do nat sub stantially

25 affect the overall mechanical propertiss of the balloon, In embuodiments, ihe thicknes

w of the modified region is about 19 or less, e.p. about 0.5% or less or about 0.05%

.

ar more, of the thickness Ty of the tnmodified base polymer system. In

ernbudiments, the balloon can be modified to vary the mechanical properties of the
polymer or the balloon performance. For example, a balioon stiffuess can be

3¢ enhanced by moditving the halloon to include g relativ

R

crossinked laver, In embodiments, the thickness Ty of the modit

H

e
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.
e

P
25

e, o S o 9% of the overall thickness Ty of the uumodified hase

odiments, the wall has ax overall thickness of less than about
G003 mch, o.g., Joss than about 0.0025 inch, less than abont $.002 inch, less than
L1 inch or less than about 6.0008 inch,
in particular embodiments, the balloon iy sived for use in the vascalar sysiem,
S35 ey e e r P, o ared i whinas doliomee T bl
such #s the coronary arteries for angloplasty andiéor stent delivery. The balloon has a
burst stremgth of abowt 3 bar or miorg, o.g., aboat 15 bar or more. The base polveer

» @ peivimer, & polymer blend, or layer structure of polviner that provides

desrable properties to the balloon, In particular embodiments, the b

YTy e

includes « low distendibility, high burst strength polymer. Polymers include biaxiall ¥

e

N
3

criented potymers, thermoplastic elastomers, engineering thermogplastic elastomers,

X

potyethiylones, polyethylene terephthalate (PET), polybutvien

nplon 66}, polyether block amides (e.g., PEBAX®

e

(P8, ;\ax chlorides {*"‘x C, po‘& etrafivoreths

¥ (P}, niirile rubbers, silicone rebbers, ethylene-propylene diene rubbers

;

My, byl rubbers {BR), thermoplastic polvarethanes {PU) {o.g., those based oo a

wate, such as PELLRTHANE™). I particular simbodim sents,

S

giher and a

3

s poly{ether-amide} blook copolymer having the general formula

-

%]

e R

e (P Gt

i witieh BA represents a polvanmide segment, e.g, nylon 12, and PE ¢ SPrOSenis &

polyetier segmuent, ¢.g., polvltetramethylene glyeol) is utilized. Such polyners are

commercially avatlable from ATOFINA under the tradename PEBAYY

Reterring to FIGE. 44 and 4B, in 2 particular embodiment, the

systems is formed by coestruding multiple polvmer layers of the same or dif¥erent
riymer. A balloon 61 includes a wall 69 that has a first polymer laver 83 and g

-

second polymer laver 65 that are bonded at an intert

ace 67, Balloon 61 gan by
modified using PHI to provide & modified balloon 71, in the embodiment shown in

i2
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N

PG 48, the first laver 63 and interface 67 of balloon 61 i modified with PIU to

3 and moditied interface 75 of halloon

i

produce modified layer 7

embodiment, layer 65 15 sabstantially vomodified. Modification of the first inyer 63

o~

ot bellonn 61 provides a hard, pinhole resistant layer, while modification across the
& inferface enhances sdhesion between the adjacent lavers in balloon 71, In
ebidiments such as this, te Jayers can be reduced or avoided. In parHealsr
embodirnents, the balleon can have three or more lay L B8, Tive, seven or more
¢ fayvers being modified. Balloons formed of
coextraded polymer Jayers ave described iy Wang, UL3. Patent Nos. 5,368,442 and
W S I95.968, Hamlin, LS. Patent N, 5.270,086, and Clin, US. Patent Ko, 8,951,675,
the eative contents of each of which is herehy incorporatud by referenve herein, The
hattoon van used, ¢.g. o deliver a stent. The stent can be a stont such as a bioerndihie
stent that has been treated using PUHL Suiisble stents are desoribed in
CHIOEROMBLE ENDOPROSTHESES AND METHODS OF MAKING THE
W SAMET, fled concurrently hevewith and sssigned ULS. Patent Applivation Serial

Nes o [Atorney Docket Noo T0537-730001 1, the entire disclosure aff
which is hereby incorporated by reforence herein,
yean also be modified 1o provide a desirable surface morphology.

54, a balioon surface 58 prior to modification is Hlustrated to

. o

Referring to FIG 3B, after modification by PHE, the aurfaee includes
fhissures 52, The size and density of the fissures ean affect surface
hich can enhance the fiiction hetween the sient and balloon, mmproving

.

during delivery into the body. Referring to PG 30,

=
F

3 e

3 cmbodimoens, the factore denst

y s such that non-frachered “ialands” 83 of surfaee

v

R £ 't . : STE LA 3.
defined by fractere lines 52 ave not move than gbont 20 wn', e.g., not more than abont

10w, or not more than about $ v’ In embodinents, the fracthre lines are, e,

a0 ofr for a therapeutiv agent, such o an anti-thrombogenic agent, an
avesthelic agent of an anti~-inflammatory agent. A saitable a wgent i3 paclitaxel, The

2 &
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top of the samiple holder to provent direct contact of the sam

between high voltage pulses and to provent charging of the p

[t

ATR specirs van be recorded on either a Ncolet 230 with & diamond A

ot Nicolot Magna 750 with 8 Ge ATR orystal. The number of scans is |

BT T R S ver Y et s
rsohution w2 on”'. Th

L

spectra ave anabyzed with §

N sothware, UV

;‘.300

can be recorded with a 1 nm step in 200-700 v wavelength

¥

spectral region. The optical density scale is used for guantitative analvsis to

detersine the hemogeneity of the dose distribution along the polviner surface. The
vegume of spectral mapping on xy-coordinates is used for angl iribution

N B

10 homogensity on a polymer surface. The space resolution at the mapping is
spproximagly 4 X 4 mm. Micro-Raman specira are recorded in backseattering mode,

Rk

exctted by Mo YAG laser trradiation (2o, 333214 nm), on a Jobin Yeon HRERNN with

LabRom analysis soflware. An optical micmswpe is used §

beary and for collection of the Raman scattered hght, Thei

18 contmllied to prevent overhieating of the samples. Spectral
snber of seans goquired s between 100 and 4000, the actual nomber depending
upon the signale-noise for the sample.

Tensile tests are porformed on & Zwick tonsife maching. PERA

of 30 x 2 x 8,03 o ave wsed. For steips, the balloons are cut using md
20 imeluding six blades foined together through 2 mum plates. The ends of the strips are
bonded to shuninam foil using epoxy ghie for strong mechantoal fixing to the clamps.
are used for one sample analysis. Load divection of the test sorresponds to
nal axis of the balloon. & crosshead speed of § mmiimin & applied. The
rosults 1s done by straju-siress diagram. Modulus, elongation and
2 stress af dropxing are analyred. Modulus is defermined by the beginning of the Hnear
Aress curve,
Scrateh festy are performed with & tester that includes & fable having a fxad
sampie and & balanee with a Hamond indenter having a tip that i I m
moves with o speed of 015 mawsec. The dlamond indenter can be loaded with
W5, 10, 360 and S0 grams of weight. Plates of PEBAXY 7033 are wsed i

[k

13
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seratch tester is calibrated on polyethylene, polyamide and polvietrs fluorethylene

ness s determined by the AFM method in contact mode dng # silicon

22U ne drameter and & cantilever with a constant of 80 nN/um (see, e

2 & Coatings Technology, 200, 468-471, 2003, the eative disclosure of

& which w herely incorporated by reference herein),

FIG & o series of FTIR ATR spectra of PEBAL
1850 er ' to 900 em after PHI treatment at 30 keV. The holttom spectn
1, and the other » otra are films freated respectively with 8 X 106", 10",
$X1 G“, 10, 5 X 10" and 107 tonsfem®. A broadening of 1638 cnr pesk and the
appearance of a doublet af IT2071737 em™ with PHI dose 15 beleved cansed by ne
averfapping lnes in the reglons of 1650-1 These new Haes are vibrations of

carbon-curbon double bonds and carbon-oxygen double bonds. The appearance of

1 such Hnes is connected with the carbonixation and exidation the PERAXY polvmer
jos of PTIR ATR spectra of PEBAX fitms taken from
3700 e to 2350 e after PUL treatment at 30 keV. The bottom spectrurm is the
untregted Gloy, and the other spectra are films treated e poctively with § X fs'{)w, 10",
o AN WY, 'E,{.iw, 5 X 10 and 10" tonsiom®. A new line
observed n speetra. This broad peak corresponds to O-H i
groups. Winle O-H groups exist in the untreated macromoles
heir concentration is much fower than after PHY treatment. The
ive O-H lines in the spectra of the tregted samples results fom
2 depulymerization processes in which broken polymer chain ends reget with nxygen,
effvctively increasing the O-H concentration in the sam;ﬂc
30 m"' andd 3 X 107 fong ‘nf. in the spectrum 0‘ the untreated FE?X\ a lines at

45, 1446, 1381, 1305, 1121, 1074 e’ corvesponded fo the vitrations of

16
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wstensity of shsorption increases with increasing dose. These additional Nines are

atirtbuted to shsorption of Haht by n-clectrons in unsaturated carbon-carbon

~

,,-
ot
-
poe
Fer

atrycfores, i Liumm condensed wromatic and polyene structures. An increass in

structures shifls the position of the absorbing Haes o red side of

[t
3
[
Lt
gt
5]
£
,,
-
sy
Jass’
(
.
..M
w
*»)
{;"}

D" 3 <

e spectrun, Judicating the formation of long conjugated unsaturated carbor-carbon

Refornng to FIGS. 11A and 1B, quantitative anabysis of the unsafurated

SR s 3 . . .
carbon-carbon structures in PEBAXY 7033 films is done by optical density wt two

sopavate wavelengths. In such an analysis, 250 nm corvesponds to s 1 and 550 nm
correspomds to nw 4 where nis number of conjugnted aromatic structures. Ad fow

dose, the rate of unsaturated carhon-carbon structures colleciion is low. Mowev &,

Y
bl

. F e . IR
strong moresse in sbsorption starts fom a dose of about 18 fonsiom™

-
1
{

The formation

of n = 1 siraetures starts at fower dose, and the highly conjugated carbon-carhon
structuves with no= 4 appears #t higher dose,

Referring now to FEG 12, when comparing the UV specira o

. the PER; AX® films Have @ lesser leved of unsaf

carbon-cartn struchires. Because transmission spectra do not contain ahaorption
fines for initial fiims of PEBAXY fims and LDPE, the optical density at 250 nm can
be mterpreted gs absorption ouly fom the modified paly viner region. Therelore, the
vitdue of the optical density at the same dose of PUI can be used for quantitative
comparison, The estimation of unsatorated carbon-carbon structures In FERAXS

fiims glees 68 + 8% in comparison with LDPE for all doses of PHL

means that spproximately two-thirds of the PEBAXY takes part in formation of

-,
%

i pdaerivy o by U 1 ' SEITY A AT INE N
Retorring to FIG 13, the surface morphology of the PEBAXT 7033 fims

ofy at high dose of PUT sreatment, which s observahis in

o

photomicrographs. At low doses of treatment, the surface morphology does not

) . . § s T T A
significantly change. At dose of 107 {onsfont’, the surface vontains some oracks and
Basures. However, at higher doses, an extensive network of eracks and fasures i

observerd, Drespite the crack and fissare network, peeling of the carbonized region

itk polvmer 1§ not ehserved.



WO 2007/098330 PCT/US2007/062042

Froperties of S‘FBJC’“ Films Afer Treatment with PUL

\’ﬁL o FIG 14, stross-strain corves of P treated PERAYS

5 curves of all PEBAXY filns tosted are similar for all dose and ENOTRIes:
Reterring o FIGULS, strength at breaking slso does not appear to change after
PHI treatment. In addition, referring © FIGS. (6 and 17, percent elomgation at break

nd modalus of olasticity are statistically unaffected by PHI treatment,

kness of the modified region {for these samples estimated at less 104

W ) relative to the thickness of the unmoditied region (for these samples estimated at

3RS

avouwd 30,000 nun) can be used to explain why PHY modification of PERANY Sims

does not fead to sigaificant changes in the mechanical properties fested of those Hims.

sy T . N e T ey 75 1 - .
Surface Hardness of PERAXT Rilms After PII Treatment and Seraveh Testing

15 Refermng to FIG 2, g load curve for a silicon plate is used as reference, and
shows typieal deformation behavior of & cantilever on hard swrfsce. Note that e
siope of the carve 1§ relatively steop (ndicating » high moedubus of elasticlt w1 and Htile
ar po Bysierests ocoury, In contrast, the load curve for untreated PEBAXY 7033 film
is not as steep (indicating a low modulus of elastivity} and shows sienificamt

an hysterssis, hitially, the PEBAX load surve goes lower, corresponding o

e pobymerte matenial under tip load. The undoad curve corresponds
of the tip, and since the load and vndvad curve are not identical,
Hysteresis 1s caused by mechanics! snergy loss due o
rmattonal transitions of polvmer macromolooules ander the foad,
25 J of relatively soft materials,
Reforring now to FIG 22, which is g load curve for a PER
ated with PHY st a dose of 107 ons/om® and 30§ Note that the curve is
genorally steeper than the untreated plate curve shown in FIG 21, and the hysteresis
fas nearty disappeared. Such is curve i3 similar to the silicon refercace curve, and i3
30 indicative that the PERAXY plate hus a hard swrface
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Referring to FIGS. 23 and 24, at relatively low doses, the foad curve for

plates are more complex. Generslly there are two parts to these

foad corves, The first part has steep cwrve, corresponding to a high modulus, while
the seeond part of the curve 18 not as steep, corresponding to 8 lower modulus. The

& observed coraplex character of the load curve is believed to be caused by penstration
of the AFM Hp through carbonized region. At relatively low doses, this layer is not
fard and theok enough to stop penetration by the tip.

K

P 25 shows the dependence of the modolus of elasticity of the twe paris of

/
Lot
st
byl
e
o
[
o
[
pox
-
<

the foad curves desoribed above, As can be seen in FIG 25, the modudas
o ofthe st part inttially grows, white the modulas of elasticity of the second pant of
the load curve remaing relatively constant. However, ata dose of 10M &
ctrve beeonies Hovay and the modulus of elasticity of cach past becomes egual. Itis

believed that at this dose, the carbonized layer becomes hard encugh to hold the gp

15 Reterring to FIGE. 18 and 19, the results o scratol tests are shown, Difforent

e
et
PRav s
s
Ao
b
g

e
~d
<
f__“,
ﬁ’JJ

toads ave applied to PEE 3 plates treated at g vanety of doses a1 20 keV and

30 keV {sdove in hox s oxpressed in multiples of 10 jons/em™. No s junificant
- - e - 3
differences are found between the medified and vamodified PEBAXT plates.
Reterring now to FIG 28, also no significant differences arer fiond in the

20 hardness coefficient of untreated PEBAXY plates when compared 10 treated PERAXY

3

ata varely of doses af 20 keV and 30 keV. Since the thickness of the meadified

rog
5
¥
g
=
o}
s

i vary small, the scratoh tester 18 not sensitive > enough o measure the changes

wy the modified reglon. Its believed that the diamond indenter of the serateh toster

freugh the thin modified regron.

5 Refanng to FIG 20, the modulus of elasticity of the carbonized region
depends on the energy of penetrating tons, with higher encrgles giving a higher
micidnlus. Ax espectally high modulus was observed for an energy of 30 ke¥, Sharp
morease of e modules after 30 keV can be connevted with formation of graphitic
andd DL structores

38
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iy

Homoeenelly of Surface Harduess of PEBAL

Az dispussed sbove, the hardness of the modified region 18 g function of dose
and ton energy. For bomogeneity of sorface hardness, the dose should be disiribute
equatty over an entire surface. Because the balloons are cvlinder in form, the dose

5 chetubution has angular dependence, as shown in FIGQ 27, Continuous votation of the

batoons during PHE treatment would provide the most homogenous surfiee hardness,

However, i this is not possible, taming the balloons three Umes (130 dogress cach

G i

time) provides a reasunabie homogeneity, with only a 10 percent deviation in the

¥

grface hardne

w;

s. To mwepare the balloon samples deseribed above, the three tums

10 method was smploved.
aother resson for surface hardness inhomogeneity is plasma veriation and
corresponding variations of the ion corrent near thy treated surfice. This eftbetis
cansed by p,‘mmw density variations in volume and the charging effect of the polymer

wing high veltage pulse. This effect can be greatdy reduead by positioning

Peg

.
i

an addttiona! electrode over ballooy samples. For this purpose, 2 metal grid was

ahilized that was in clectrical commumication with the sanple holder. This

fows wns o pass through the grid on thedr way 10 the balloon sorice,

&=

arvangement
Dose distribution can be mapped osing UVevis speetra from LDPE e Sucha

argpng i shown i FIG 28

£nd
5

As siown in FIGE. 28 and 29, the central part of the sample holder provides a
dose that does not vary by more than 10%,. The siee of central part depends on size of
addibional slectrodes. In the case of sbhsence of the additions] elecirode, the dose

dstribution s uncontrolted. In the samples discussed above, the area of homogenons

dose fas @ dlameter of approximately S0 mm. The balloons discussed sbove are ali

ek B

e

25 tveated in the central portion of the sample holder,

2 Ry

Withdrawal, . Lorque and Securement for Unmodified and Modified Ralloons

-

e teble below provides data for balloon withdrawal, burst, torque and

i

securement for unodified and modificd balloons, The madified ballooms are trested

{3‘..
Fortd

(Y
=~
e

with I as desoribed above using a dose of 1 fons/om” at 30 keV,
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BALLOON PROPERTY | UNMODIFIED | MODIFIRD BALLOON
JeRe BALLOON

LIS groms

Balivon withdrawal foree is measwed using the method ocuthined by Devens,
published U8, Patent Application Publication Neo. 2004/02102 11, the entire
disclosore of which 18 hereby incorporated by reference herein in is entivety, Briefly,

-

§  halioon withdrawal foree is measured by determining the force reguived 1o remove a
baltoon fom a torturous path defined by a polyvmer tube. Forces on the catheter and
the tube can be measured by a series of transducers, ag deseribed by Dovens, Torgue

womeasred by tuming the balloon in the sanw tortwrous path as used for the

withdraws! foree test, and determining the resistance to votation, Average

t £
o ad
£
51
v s
ot

Py

O strenigth s measwred by delennining aninflation pressure at which the balloon bursts

o

C,as s

et

8t 20

soribved i Wang, US, Patert No. 6,171,378, and Levy, U8, Patent No,
4,450,471, the entire disclosure of cach of which 18 hereby incorporated by reference
herefn in Us entirety, Securement 15 measured using ASTM FI383-04, the entive

N

disclosure of which s hereby Incorporated by reference herein in its entirety.

20

£

In embodiments, the balloons can be used n various vaseudar or nonvascular
applications. Exemplavy applications include neure, caroiid, esophagseal, or weteral,

After treatmnent, as deseribed above, the balloon can be Ruther processed, e,
¢.g.. ahydrogel, or a polymer natrix voating including &

drug. In smbodiments, a balloon can be freated with a drog, or ¢ polymsr mutrig that

20 ncludes a drug, and subseguently treated by ions to modify the drug, the mualrix

’5

and/or underiying balicon. Soch a trestment can enhunase or retard redease of the drug

In embodiments, other wedical devices, e.p., vooxtruded medical
b & a0 c o ¥ 3 1 -
devices, such gs coexiruded shafis, are treated by 1ons, as deseribed shove.

Sull frther embodiments are in the following claims,

£

|
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HY The medial bailoon of eladm 1, wherein the modified region 13 about 194 or lass of

Loy

the overall thickness of the base polymer system.

oon of claim 1, wherein a hardness coefficient of the carbondzed

3

e RN H
he mediad bal

hase polymor nmutterial is about 300 Vickers Hardnoss ¢

12, The medial balloon of clamm |, wheramn the balloon has g factured surfice

morphology having a surface fracture density of about five percent or more,

13, The medical balloon of claim 1, wherein the base polymer svstem carries a
therapeuliv agent.
14 The medical dalloon of clairy 1, wherein the base polvmer sysiem ineludes

coexttuded pobyimer layers,

{6, A ballvon catheler, comprising
2 balloon wall having a base polymer system with an integral modified region

tuding a varbonized base polymer materia

iy

§7. The balloon catheter oof claim 16, wherein the balloon catheter is sived for use in

system,

{8, The balleon catheter of elaim 17, whorein the halloon catheter is sized for use in

toi
4
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posittoned over the halloon,

20 A medical balloon exhibating a D peab.

The modical ballomt of claim 20, wheretn the balloon alsi exhibite a €3 neak.
; pe

22, The wedical balloon of claim 20, wherein the batloon has a fivst region exhibiting

a 1 peak and 2 socoend region exhibiting a G pes

23, The medical balloon of claim 2;'-2g wherein the firgt region and the secod region

24, The medical balloon of claim 22, wherein the first region and the second region

< gwE

ave at difforont longitudinal or radial location of the balloon,

23 The wedical balioon of clam 20, wharein the batloon carnies g theranentic agent,

26, The medics! balloon of claim 22, whereln the therapeutiv agent is in andforon a

L

regiom of the balloon exhibiting the D peak,

A method of making a medical balloon, comprising

treating the polymer system by plasma immersion ion implantation; and

utilizing the treated polymer system in a medical balloon,

a8, hod of clalm 27, comprising controlling fon energy and dose o form

carbonized region in the polviner system,

Sovis

felaim 27, comprising umtm}iimg the 1on energy

29 The methey

aheaat 15 keV or mors and 2 dose of about 1 X 10Y fonvam” or more,

pt
Ry
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e method of elaim 27, comprising providing a ste

31, The method of olatm 27, wherein the treating of the polyme
ool erertened Feyy trge s ey o e < %
som setected from the group consisting of hydroger, helium, boros,
OX¥EON, Nitrogen, argon, and mottures thereof
320 A medical balloon formed by the process of claim 27,
33 A method of making & medical halloon, comprising:
providing & polymer system;
freating the polymer system by ion implantation to modify

without substantial deposttion of nonpolymer-system matert

s the treated systom o a medical balloon,

‘f{‘i\i‘l o sy aien,

35 A& medival balloon formed by the process in claim 33,
36 A medical device, comprising:

a base polymer systom inclu

system hoving an integral modifi

material,

Lac

ded poivmers.

PCT/US2007/062042

sntabout the medival dalloon,

N

s System utiizes an

ne, varbon,

1 oy rerds
the polymer system

ial and

born to carbonire the

ting coextruded polymers, the base polymer

ed region of carbonized base polymer systom

al device of clatmg 36, wherein the modified resion includes an

3K The maical device of claim 36, wherain the medics! device ix s medical balloon.
3%, The device of claim 3, mcluding a stent about the medical balloon.
et

™)
.,
ot
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40, The device of elatm 36, wherein the polymer system carries a therapentic agent,



PCT/US2007/062042

WO 2007/098330

N

s

)}
X

w\\ié i

Lol

A

e R ]
i

e
=

5
s r\_
s

T
3

N
ey
bebdenkodd

gl

PO I S T
3 g b henton
Tt
<3 e

o
i f:.;‘

A
Ey &.\r
3

Aat

TR
H

52

H
et s,

=5

e

<L,

\A&\\\\s

;:

3
b

£
{-’ P Ml

e

4

Ittnmpge,

L2

M

s ,.._

S

%

o

e

AR A

v,

T 4ot

k.




PCT/US2007/062042

WO 2007/098330

L8]
g

v

. 2B

¢ 58]
) £
4 ) w
w % w\\ i W
1 S .
% M.«W s \\\\\ @hﬁe H
] & t
L e ————oeo oo ey
., i /
i34
%)
£y 0
i1} b {3
o £ = = d
ms& - E M b \\;\\\M
s \ [ P |
e~ ‘ g 2 7]
4 3 s )
4 o 374 o
! L i
L 5
% B LY e
€y <0 %w
{
Gt B v o
W\\\-




PCT/US2007/062042

%
H

i X
¥y

H
i

¥

!

x
¥y
SN TR R R

sy

4
k.
G. 3A

3

\w i N\
. o i " mw

Oy o

WO 2007/098330

. 3B

FiG



PCT/US2007/062042

WO 2007/098330

\\\\a.

«;vk

g
Go

“

K> m \\\\M

Qg

1

A WON0

¥ 04

\w \\; 127

oot e

Qo P

£~

R

rrawn, ceemes memms omewes wemes weees  eenes

91 06 9

h f

oo
g
e

Py

} L.

recee. “eeece cacco ieees ween’ vecrs cover. cnge  soons

N \

|10 S N W §

i i

g 9%, 0
i
i

b

uisi\

iade el

o
e

.M @
xme

IS | e
£ o
trn it i

/ -

.
w}
5%
N
H
S,

{"":.
&%

A
&\n

§

..»\n\\n - mwzmw

Srrreererrered reereerin
B
~ Oy

86 -

TN
&
\\

| .

Jad 26 e
N 0L

901 I

g\.\\. M\Mmhx,w mi

)

201




PCT/US2007/062042

WO 2007/098330

i
3.
\w
%
A% )
%, ong
& r: .
S 4\ “ .}...//_. &
e e ﬁ
{4 { 7 |3 el u@
h- el 0y L
591 0 g x 153 . =
VG
7% BN X
i WM, % i
i i
%)

FIG. 4B



WO 2007/098330 PCT/US2007/062042

53
=5
£
Fre¥
b
preey &
g DN,
&3
&
o &
{83
DTN
i3
N
Radawm

100 MICRONE

>

52

.
Faoacd
<3 e
W3 =
U3 §
N {3

kY e 2
N

. @‘

o ¥ SNy
powd

] ¥

A §F§

14

thrss
s

¢




PCT/US2007/062042

WO 2007/098330

5C

&

iy

G

|

F



PCT/US2007/062042

WO 2007/098330

7

e e,
e,
b

i SR 28 e

W\

il tgr
v e
i3 “

A
wires,,
%,

N

N
)

“segn,

\

v

-

14440
avenumber, om

2,
Mm

w

i

17

o o

W IR RQIOSY

FIG. 6

o

s e

B
LSRR

Nt

et e T e

R TN
S
e o

N

e A Ao,

e SNVRIN

R R Nrma)

oo,

-
o X
A

3. \.m »m:\.w
Lo <
7 :

& ~w uﬂw mwﬂwgmwﬁmxwm@@mw*.w

venumber, ¢

&

LW

™

¥

e
3

e
<4
X kS

Poss]

£



PCT/US2007/062042

WO 2007/098330

Tt

53

o]

N w\,ﬂuwvm

Y

P

Nt

A SN

1208

Wavenumber, ¢m

A
ey o' fioe S
s F Rl i
S5 SRR
o ol S Y R
244 L : |
R |
¢ :
; :
{ |
¥ 3 A mm H 4
£t o
<3 i

Y A

% Ly

FY K]
-

SR HBIEBY

erivn,,

]

W C

T

]

%,
4
"
¢
7 W .
4

cris,

o

[t

£y

18 CAJSUSVHY TR

vk
3

Wavenumber, cm



PCT/US2007/062042

WO 2007/098330

mum inﬁﬁzm

v pBusieneps
ve Ok

i

v,
Rt IV
t ety rasa,,,
rtresns, oty
s o reane
ey,
i, e,
enrs, v,
s, e,
“arra,
rexs,

prare rrrrey,,
[ o,

el
P
S

3

~
o
e
e
s
™
o
*ES
5 o3

YOl Ol

RA1%: ﬁmmﬁ alanepn  JHLYIRAND

(D OFp [ e

_ USRS P 1

o g AR e, -
- " RO e i, e
i sty sl L
A g, ne,

e

Fimn ?H\Mm\
et s tepe o Rt sty - S :.:f\v&\t.; \ >w

;;ze..aazs..u..:!ﬁ\.uﬂff H{\vﬁhf? !)».c J:
?-ENHHH.; e ).vel %
o e DNt
giMe xw»f 4

L
&0
0

- vo

G0




PCT/US2007/062042

WO 2007/098330

gLl ol

Vil Ol

SHDPSUDL L "ase(

o0k gl 4 LG 3¢ 1] VoG
1, 5. 1 P P m
ey 5
%\\&s@ fmk N
»m» \\ G40
4 g e &
4 \ : £
"4 ABACIE: L
4 o WA 510 5
, £
A AN D
) \ RO
/ Jei
/ iy
b gAs i
w
£
& £
UpEisp e U 055 .

JU/SUOL (1] '980(]
o0 Qw b L O3 D0
i y . . N , @

|
B, ‘%\eks\\c\%mm

&%ﬂnﬂ R AN

\ m\\ \S ANGE O |
v \u ABNZ, - | - 50
/ -0

BUREARA UL (57 -




PCT/US2007/062042

WO 2007/098330

%
N
i

T aIRIpOS gy

) e, ‘e.....s.fc
T
..,..,.s...a z
5o ¥,
- 93
(971 &,
o
1 \\mm “\Mw
nﬁ. [
%
2 = -
o ~ B B
149 [ S AT
it M B o &
ot T
o) ,
& &
£ i
L4 T ¥ ¢l 't [iies .\
S T T R
had e o3 3 €3 [+

9 ]
-
sk
e d
e
n...mm
&
171
LI v
i
s
s
o]
kosad
A_...f< &
o) 4
©
3
24
o b
. £
©r
o
]
{700 S V= ]




PCT/US2007/062042

WO 2007/098330

Gl Ol vl Ol

| MIOEE O, ‘8800 ‘
oosF e T Vo ” Wi JUeusoRidsic]
K ; — 0o 08 o' o'y 5z o
| Ao 020 o/
- {38 s
06 @
cot's
m 1 - Oz
i o ] 4. \.mu
Tl ., i AT .
Mw g W L 27 R
Mv : B ‘W \m 08 \x\mMV\Mx\.\\.\\&
§ i * i<t G
i - Ol \\\MM%\\\
.. M\.wmw\ *\\mﬁv‘»ﬁﬁ. ; .\#wxanw




PCT/US2007/062042

WO 2007/098330

L Ol

ﬁ\\\ % N m Em
«\% m\ @\w o

06

F3

WIJSUOL O la

&b

“mwmam
i

ABY OE Y

L RETAN

b 008

3

. - OULE &,

.'&

I - O0EL S

[
%

w

¥

G044

;Nﬁ&mgﬁ Db 6 meﬁ |
00} oL 2 Y
Fcvenn i [ Mw

ABY OBV )
A 021 - 07

v 2 vl

s b

oise U

- G2k




PCT/US2007/062042

WO 2007/098330

6l wid

gl ol

6 ‘peo

B oy

5% oz gt at 4 o o . “ ,
. . _, e , 52 @ ; ! 5 .
\@Q H 3 3 i 4 5 @ mu
wm,\, ) v RS L Pk
g o 5 - 05 it e P - g
v \,\\ fid o i ¥ L i 3
3% 0 . 000 & oz ® A - 0wk
ke 3 \\\ s 50 % \\\\\ ¥ 9
\,\.w\ g e ) oost 2
s 7 T z s \ L296°0 = 4 &
o oy 4 e - 2 -
€7 41594 & . X260 L6 = A 2
i : \me 6 = ooz B
p” A0 AN - i 153 6o >
* T A0 AW | 4
v - OGE
AN Ok - gz A —_—




PCT/US2007/062042

WO 2007/098330

9
B
o
e
<

-
Yoy
Lt

e cccorsmnrsrmrsnsssicerecd

1
bl
&

En R o
_ i
o2 w I

.

Lo

e

“

L
£

£

ssszazzemertrern g

£

warrrt k3

s

ik TR f 7
5 i g 3 me

- - 2 2 ey
& £ 3 o

€y R 5 d
b B

3
£3
e

[ =
gl
3

3

=

WD WBDIanT S58UDIRE

FIG. 20



PCT/US2007/062042

WO 2007/098330

e Dl

L& Old

Wi EaIeEN
DGE o0E (51 00l %

: § i

GANTD [PEOT] <y

AR O
MENEUOL 0L

BAHED PEORIY e, \
N a

Fae

o

08

L mte
Y g

474 41 1A} o4 &

“.w

TEYR A Vot Ty

3. )

e,

BAIND PBOJIY —rn, o
SIS DO

gigpd  UOPE e, \ o




PCT/US2007/062042

WO 2007/098330

7 4 oy, A Sty F

om\\ \\,\\\\ “ \\x\\& M.w “ % M lm
s g

Mv\ Vs

e Y s

TR Ty jallaaaiid i®

Sty

TWE UG

T 9] %, T alid N (% ¥ £
g 5 @mm Qm g o \ mwm . @,.“w 3% %% 05e mww m,m . mma 3
B H i ’ A H i < vy ” i, 3
i » = \\\\\ Sy .“\-
GRS DBORET fz \\ , | BRI PBORITY T y S
BANG PRO e, 5 Fovo BAIO PBOT] .MA&.
N, *
0BG om
5 ¢
5 - O L
FOrE
A% 0} | p s

DS DL G \.\\ FX R

BI/SUGE D)

- O6% \ : : B o
,m ? \ z g oy

L 4 , A

3

o




PCT/US2007/062042

WO 2007/098330

Vg VY ES A
¢ Ol
w weas

MIOJSUOL DL, '850()
G0 ]! 2 18
. : 4 reeerreeenees 3 veeieen Q@w\ﬂw

7 ONpOU £ - 0T
b5 L QIO gy £
- gogy @B

- oG =~ : oy o D008 o
- 009 B . 4 T 2

, , e, T A ] . £3.

, o T, T8 @

v ", \ O \ o, Aw\x | sligs: g
AN AT, - Gl \ .‘

e ™, - D08 i
“u g . , ‘ R - OO0 .
H - ABNOE 3 - O . 2

ABUGL G Loppgy . PR3 - GGEY




PCT/US2007/062042

WO 2007/098330

H

;o 4 e, . P
Le £ ww
Frrrr el LA L v

spesfing Uoopes J0 abuy

4243 $4 i 111
R 8 5 ki 55, 55 i

%

(HOvE 081l

I SNUIL € WS
L)
o~

MufL ON

o

o3 o2
GMHIL £ NS




PCT/US2007/062042

WO 2007/098330

gon

\Jﬁ S
e, i 2
, \ § e, ;) &
; / | , Wv!

n,

:./, b N ».\\.\.w‘« oree
,vw? e 3
Yoy T e
AR I




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings

