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5 STENT FABRICATION METHOD AND APPARATUS 'PDS i 1

FIELD OF THE INVENTION
* The present invention relates generally to methods
of fabricating stents.
BACKGROUND OF THE INVENTION
Stents are known in the art. They are typically
15 formed of a cylindrical metal mesh which can expand when
pressure is internally applied. Alternatively, cthey can be
formed of wire wrapped into a eylindrical shape.
As described in U.S. 4,776,337 to Palmaz, the
¢ylindrical metal mesh shape is produced by laser cutting a
20 thin walled metal tube. The laser cuts away all but the lincs
and curves of the mesh.
The method of U.S. ‘337 i1s applicable for relatively
Lgrge'mesh ahapes and for meshes whose lines arxe relalively
wide. However, for more delicate and/or intricate shapes, the

25 spot size of the laser is Loo large.
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nmetal tube. The laser cuts away all but the lines and curves of the nesh.
The method ofo pxevile3d stempFabrabheidrometapgt vhiglhy can produce stents
wich relatively intricate and/or delicate designs.
The method involves first creating a flat version of

10 the desired stent pattern from a piece of thin sheet metal.
The-flaﬁ battern can be produced through any suitable
technique, such as etching the design into the sheet metal, or
by cutting with a very"fine laser, should one becoms
commercially available or by any other techniqus.

15 Once the sheet metal has been cut, it is deformed so
as to caugse its edges to meet. To create a cylindrical stent
from a flat, roughly rectangular mecal pattern, the flat metal
is rolled until the edges meet. The locations where edges
meet are joined together, such as by spot welding.

20 Afcerwards, the sctent is polished, either mechanically or
electrochemically.

It is an object of this invention to provide an
_apparatus for fabricating a stent, comprising:
a) a platform adapted to receive a flat sheet of metal

25 to be formed into the stent, the flat sheet of metal having a
longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, the first
and the second long sides substantially parallel to the
longicudinal axis of the sheetl;

30 b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end

defining a longitudinal axis, the mandrel sized to have a
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the internal diameter of the stent to be fabricated;
c} means For securing the mandrel against a major
surface of the flat sheet of metal; and
d4) means for deforming the flat sheet of metal against
10 the external surface of the mandrel so that the flat sheet of
metal is deformed into a substantlally tubular shape, the '
means for deforming adapted so that the first long side and
the second long side remain substantially parallel to each
other when the flat sheet of metal is deformed into the
15 tubular shape.
It 18 another object of this invention to provide
and apparatus for tabricéting a stenc, comprising:
a) a base having a platform adapted to receive a flat
sheet of metal to be formed into the stent, the flat sheet of
20 metal having a longitudinal axis, a first major surface, a
second major-surface, u first long side, and a sccond long
side, the first and the second long sides substantially
parallcl to the longitudinal axis of the stent;
b) a mandrcl having a substantially cylindrical
25 external surface and having a first end and a second end
defining a longjtudinal axis, the mandrel sized to have a
cross-sectional diameter substantially equal to or less than
the incernal diameter of the stent Lo be fabricated;
c) means for secﬁring the mandrel against a major
30 surface of the flat sheet of metal: |
d) a plurality of deforming bladcs disposed arxround the

periphery of the mandrel for deforming the flat sheet of metal
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independent and selective movement in a first direction toward

10 the mandrel and a second divection away from the mandrel so as
to selectively impinge upon the mandrecl or upon a portion of
the sheet disposed between the mandrel and each of the
deforming blades, each of Lhe deforming blades further adapted
so that cthe first long side and the second long side of the

15 sheet remain substantially paraile] to each other when the
stent is deformed into the tubular shape;

e) means for selectively moving each of the deforming
blades in a Tirst direction toward the mandrel and in a second
direction away from the mandrel; and

29 £) means for securing the first long side of the sheet
to the seéond Jong side of the sheet.

It is yet another object of Lhis invention to
provide an apparatus for fabricating a stent, comprising:
meang for securing the first long side of the sheet Lo the

25 second long side of the sheet.

it 1s still another objeclt of this invention to
provide an apparatus for fabricating a stent, comprising:

a) a pase;

b) a sheet receiving area disposed on the base, the

30 area adapted to receive a flat shéet of metal to be formed
inpo the stent, the flat sheet of metal having a longitudinal

axis, a firast major surface, a second major surface, a first
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to be for net a aving a Iongltudlna
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and a second long side, the first and the second |ong sides substantially
paral l el t6irée end of the arm adapted to selcctively retain a mandrel
having a substantially cylindrical external surface, the
10 second aend ot che arm hingedly connected to the base and
adapted ﬁnr movement in a first direclion toward the base and
in a second direction away from the base and further adapted
to secure the mandrel against a major surface of the flat
sheet of metal disposed on the stont receiving area disposed
18 'on the base, the mandrel sized tolhave a cross-sectional
diameter substantially equal to or less than the internal
cross-sectional diameter of the stent to be fabricated;

d) means for delorming the flat piece of metal against
the extérnal surface of the mandrel so Lhat the flat sheet of

20 metal is deformed into a substahtially tubular shape
substantiall? conforming to the external surface of the-
mandrel with the first long side and the second long gide
substantially parallel to each other.

| It is yat anocher object of this invention to .

25 provide a stent aligning and welding jig comprising:

a) a base having a first end and a second end, a Eirst
wall having a first end and a second end and a first major
surface and.a second major surface; a second wall having a
first end and a second end and a [irst major surface and a

30 gsecond major surface, the second major surface of the first
wall and the first major surface of the second wall defining &

longitudinal U-shaped channel having a longitudinal axis in
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cylindrical external surface and having a first end and a second end
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- 3- cross-sectional di aneter stantially equal to or less than the
i nternal ddefixtiorg &f pllheatigntoft dibetf abammiaigegprtions having a top

end and a bottom end and a first major surface and a second

major surface, each of the first clamping portions provided

with a first concave channel disposed at the top end of the

10 second major surface of the first clamping portion and a
sacond concave channel disposed at the bottom end of the
second major surface of the first c¢lamping portion, the first
and the second concave channels substantially parallel to the
longitudinal axis of the U-shaped channel; the first wall of

15 each of the plurality of first clémping portions provided with
a compensation slit disposed between the first concave channel
and the second concave channel, the compensation slit
substancially parallel to the longictudinal axis of the U-
shaped channel;

20 | b) a plurality of second clamping porLions disposed in
the U-shaped channel between the second major surface of the
first wall and rhe first major surface of the second wall,
‘each of the second claﬁping portions disposed in registry with
one of the first clamping portions, each of the second

25 clamping portions having a top end, a bottom end, a first
major surface, a second major surface, a first minor surface
disposed at Lhe top end, a second minor surface disposed at
the bottom end, a third minor surface disposed between the top
end and the bottom end, and a fourth minor surface disposed

30 oppogite the third minor surface between the Lop end and the
bottom end, each of the second clamping portions provided wich

a firat concave channel disposed at the top end of the first
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metal is deformed into a substan y tu means for
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longitudinal axis of the U-shaped channel;

10 c) a biasing means disposed between the first major
surface of the second wall and the second major surface of
edach of the plurality of second clamping portions for biasing
the first major sﬁrface of each of the second clamping |
poftions against the second major surface of each of the first

15 clamping portions which are in réglstry wilh each other;

d) a first mandrel support lever positioning pin
projecting from the Lhird minor surface and a second mandrel
support lever positioning pin projecting from the fourth minor
surface of each of Lhe.seéond clamping portions, the mandrel

20 support lever positioning pins substantially parallel to the
longitudinal axis of the U-shaped channei;

e) a biasing control means for selectively controlling
the distancc between the second major surface o[ each of che
first clamping portions and the first major surface of each of

25 the sccond clamping porti.ons;

£) a retaining mandrel disposed in the second concave
channel of the first wall and the second c¢oncave channel in
each of the second clamping portions; and

g) a mandrel-support lever for supporting the stent

30 during the alignment of the first long side of the sheet with
the second long side of the sheev, the lever provided with a

first mandrel support notch lor supporting the first end of
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be formed into the stent, the flat sheet of netal having a long

axis, a first major surface, a second major surface, a first |ong, side,
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parallel to di Ledigal Layof 5 theg. 5t , ¢ 1@vy8Rndrel having
a substanti?ﬁ%&c%ﬁ ndrid%a mag‘;?trg%ha? és%faglghgﬁ?jl h%u i;;n%r afirst end and a

second end psieftitiniggapin Ngidagdmaat sudtface Fermangdeinsicnedeisshave a
cross-sectional dianeter substantially equal to or less than the internal -
di anet er ofmanredi SHPPPEL bkeYedbPPeattening pin and a second mandrel

support lever positionlné pin engagement surface for engaging

10 the second mandrel support lever positioning pin when the
mandrel ;ﬁpport lever is dispoged on the second wall.

It is still anpther 6bjecc of this invention to
provide a method of fabﬁicating a stent comprising the steps
of:

15 a) providing a plurality of stent patterns into a
flat piece of metal, each of thec patterns having a first long
side and a second long side, the first long side provided with
a plurality of pairs of engagemenc points, the second long
side provided with a plurality of pairs of engagement pointa,

20 the plurality of pairs-hf engagement points disposed
substantialiy oppogite éach other, the engagement points sized
and dispoged to communiéatc when the pattern is deformed and
rolled into a tubular shape, each pair ot the first long side
engagement points provided with a bridge disposed between each

25 | first long side engagement point comprising the pair, the
bridge having a width that is less than the width of the other

T, portions of the stent;

b) disposing a mandrel having a substantially
cylindrical external surface and a longitudinal axis between

30 the first long side and the second long side of the sheet, the
longitudinal axis substantially parallel to the first long

side and the second long side;
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sheet of netal d) a plurality osed aroun
the geriphery of tde naadsghidOkndepéFaRg ke &l a:nb@metsmbenebal
-4- agai nst the external surface of the mandrel so that the flat

that the firsc long side pairs of engagement points contact
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the aecond long aide pairs of engagement points;

d) - cutting the bridge; and

e) attaching each of the engagement points to the

10 engagement point with which it i8 in contact to form che
expandable stent.

It is yet another object of this invention to
provide a jig for electropolishing a tubular stent,
comprising:

15 a) a base;

b) an electrically conductive first member having a
first end connected to the base and a second end adapted to
selectively contact the external surfaée qf the tubular stent
without damaging the external surface;

20 c) an elecrrically non-conductive second member having
a first end connected Lo the base and a second end adapred to
be selectively disposed within the longitudinal bore of the
étent without damaging the longitudinal bore, the first member
and the second member further adapted so as to bias the second

25 end of the second member towards the second end of the first
member in an amount sufficient to secure the stent between the
first and the second members.

It is still another object Lo this invention to
provide a method of electropolishing a stent, comprising the

30 steps of:

a) mounting a stent on a rack, the rack having a first

end and a second end provided with a plurality of stent

_ 9
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damaging the external surface; an electrically non-conductive
10 second member having a firast end connected to the base and a
second end adapted to be selectively disposed withan the
longitudinal bore of the stent without damaging the
longitudinal bore, the first member and the second member
further adapted so as to bias the second end of che second
1S member towards the second end of ﬁhe first member in an amount
sutficient to secure the stent between the first and the
second members;
) immarsing Lhe stenkt in an electropolishing bath and
applying electrical currenc to the first member for a
20 - predetermined period of time; and
c) changing the poinc where the second end of the first
-member contacts the external surface of the gtent prior to ths
expiration of the predetermined period of time.

It is yet anothecr object of this invention to

25 provide a method of fabricating a stent comprising the steps
of:

a} providing a plurality of stcnt patterns in a
flat sheet of metal; each of the patterns having a first long
s8ide and a second long side, the first long side provided with

30 a plurality of pairs of engagement points, the second long
side provided with a plurality of pairs of engagement points,

the pluralicy of pairs of engagement points disposed

1€

This Sheet Has Been Replaced

LR




{ RECEIVED 12/19 11:%5 1997 AT 535486% . PAGE_ 1@, (PRINTED PAGE 18) 1 . .
)" ORI < VT frovi ng Eh Sffie” g osmaarar. 4k rawe 3500630010 16/
direction toward the mandrel and in a secon direction away fromthe
mandrel ; and f) nmeans for securing the first long side of the sheet

to the secgdst ANt adi1geofpos it HAeE! other, the enghfehénty Poiabst fiLiedbj ect
of this invention to provide an apparatus for fabricating a stent,

conpri si ngand nikerodedr toecommngicahe vhesttHeopgtsede of defermhdeand o t he
second | ong side of the she is _still_another OQLﬁgt of

heet . It
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ConpriSingéngagement points provided with a bridge disposed between each
first long sidé engagement point comprising the pair, the
10 bridge having a width thalL js less than the width of the other
portions o% the stent; '

p) disposing a mandrel having a substantially
cylindrical exrernal surtace and a longitudinal axis between
the first long side and the second long side of the sheet, the

15 longitudinal axis substantially parallel to the first and the

second long sides;

c) deforming che pattern into a tubular shape sc¢
that the first long side pairs of engagement points contact
the second long side pai?s of engagement points and allowing a
20 portion of the stent to remain attached to the sheet of metal;
d) cutting the bridge;
el attaching each of the engagement poiniLs to the

engagement. point with which it is in contact to form the

stent;
25 £) attaching an electrode to the sheet of metal;
g) electropolishing the stent; and
£) disconnecting the stent from the sheet.

It is yet another object of this invention to provide a
sheet for fabricating a stent having a longitudinal lumen:
30 a) a flat piece of sheet metal provided with a
plurality of stent patierns, each of the patterns having a

firs: long side and a second loag side, the first long side

11l
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recelve a flat sheet of nmetal to be formed into the stent,

g | at §8@fae@fmr£%t gl pf@%’iﬂg:f‘oltoﬂgi:t:gcuf'%lngaaéhént%guf RpLor surface,

a sécond® maj or surface,
t heetbndtlaniy siide peswidkd with a plurality of pairs of

a second | ong

engagement points, the plurality of pairs of engagement points
disposed substantially cpposite each other, the engagement
points sized and disposed to cowmuhicate when the pattern is
deformed and rolled into a tubular shape, each pair of che
first long side engagement points provided with a bridge
disposed batween each first long side engagement point
comprising the pair, the héidge having a width that is leas
than the width of the other portions of the stent.

It is yet another object of this invention to provide a
method for fabricating a étent having a longitudinal lumen
comprising the steps ol:

a.) conatructing an apparatus cowmprising:

a) a laser housing;

b) a laser disposed within and selectively movable
within the housing;

) a movable table having a first end and a second end
and adapted for selective movement into and out of the lasew
housing the table adapted so chat when the first end of Lhe
table is disposed within the laser housing the second end of
the table is dispoaed outside of the housing and when the
second end of the table is disposed within the laser housing
the first end of the table is disposed ocutside of the laser
housing;

d) a plurality of stént folders disposed at the first
end of the table and a plurality of stent folders disposed at

the second end of the table, each of the stent folders

12
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surface, a second major surface, a first long side, and a
gecond long side, the first and cthe second long sides
substantially parullel to the longitudinal axis, the
sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of the platforms, the plhs sized LO engage tne
alignment apertures and align the sheec on the platform;

c) a mandrel.having a substantially cylindrical
external surface and having a firat end, a second end,
and a longitudinal axis, the mandrel sized to have a
cross-sectional diamecer substantially equal to or less
than the internal diameter of the stent to be fabricated,
the placform provided with a first concave recess adapted
to receive the first end of che mandrel and a second
concave recess adapted to receive the second end of the
mandrel ;

d) a hingedly connected arm adapted for movement

RO RO T L, R 2/t ol £y

he base
in a
he

e a
t er nal

in a first direction toward the placform and in a second

direction away from the platform for seccuring the mandrel
against a major surface of the flat shect of metal;

e) a first deforming blade provided with a firsc
deforming blade tip; a second deforming blade provided

with a second deforming blade tip; a third deforming

13
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mandrel so that the flat sheet of netal is deforned into a substantially

t ubul ar shape tpq:tg‘j- V. form | S84 T2 t he
randr Sl oiehe, pEaes ﬁ%%é oD ERLRE bgeodify |sci'%é&gli'&l‘i‘!'l e euttn. ally
paral l el to eadefeidiaig blade provided wighyetfanabhdefsiniogt bifadehi s
invention to provide a stent aligning _and meJding.Lig conpri si ng: a)
a base having &3P ratfidtd daforming Sigdenprowi ded sirhyg $14ying a first

end and a SecoﬁQfS%%k&H“%l%dLi£E%;'Eﬂd?% sixth deforming blade provided

with a sixth deforming blade tip, the blades disposed

10 around the external surface of the mandrel, the deforming
blade‘tips adapted to deform the flat sheet of metal
against the extermal surface of the mandrel so that the
flat sheet of metal is deformed into a subgtantially
tubular shape substantially conforming to the external

15 surface, the deforming blades disposed between the first
end and the second end of the mandrel, each of the
deforming blades adapted for independent and selective
movement in a first direction toward the mandrel and a
second direction away Lrom the mandrel so as to

20 selectively impinge the deforming blade tips against the
mandrel or against a portion of the sheet disposed
between the mandrel and each of the deforming blade tips,
each of the deforming blades Lurther adapted sc that Lhe
first long side and the second long side of the sheet

25 remain substancially parallel Lo each ocher when the
stent ia deformed into the tubular shape, the third and
the sixth deforming blade tips provided with a pluraiity
of scalloped laser apertures, the apertures sized and
disposed to permit the third and the sixth deforming

30 blade tips to secure the first long side and the second
long side against the external surtace of the mandrel

while providing the laser access to predetermined

14
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second end and a first major surface and a "~secon (or face,
second maj or surface of the first wall and the first major surface of the
second wal | defining a |ongitudinal_ U shaped channel havin? a | ongi t udi nal
axis i A portions of the first long side ang_the second long side
of the sheet in order to weld the first long side co the
gecond long side;
t) - a first motor connected to the first deforming
blade; a second motor connected to the second deforming
10 blade; a third motor connected to the third deforming
blade; a foﬁrth motor connected to the fourth deforming
blade; a fifth motor connected to the fifth deforming
blade; and a sixth motor connected to the sixth deforming
blade, each of the motors adapted for selectively moving
15 each Of the deforming blades to which it is connected in
a first direction toward the mandrel and in a second
direction away from the mandrel; and
g) a computer fof controlling: the sequence which
the first end of the table and the second end of the
20 table are disposed within the laser housing; for
controlling the sequence and degree to which cach of the
plurality of deforming blade kips impinges upon che
mandrel or a portion of the sheet disposed between the
mandral and each of the defbrming blade tips; and for
258 controlling the sequence, pattern, location, and amount
of energy the laser applies to each of the first and the

second long sides of each of the sheets disposed on each

of the plurality of stent folders;

30 b.) cutting a plurality of stent patterns into a flat piece
of metal, each of the patterns having a first major surface

and a sccond major surface, a first long si1de and a second

15
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pl ural’l Irst clanping portions ha a a bottome and
a first major surface and a second major surface, each of the first

clamy 1o Beph! 90de P @90ac Mddy ulde! BhofAIGAVA BNANPEL 4l s3g08ed al the

top end o secon maj of surface o rst clanping portion and a

second coR@AYe 6hadplgetienpopetngd, the beddrmdnlemd efidé herowieiedneitij or
surface of the first clanping portion, the first and the second concave

channel s subduzality of paizFlof engagdement BRINLRI SBE RXFEAldtY RE U shaped

SQ??P§LS %ggﬁflr tﬁﬁggéeﬂg nt ngﬁiéﬁdeBSsgéLﬁ&ﬂééﬁﬁtQLli&réﬁpdﬂf%@p'ng

each other, the engagement points sized and disposed to

10 communicate when the pattern is deformed and rolled into a
tubular ghape, each pair ¢f cthe first long side engagement
points provided with a bridge disposed between each first long
side engagement point comprising the pair, the bridge having a
width that is less than the width of the other portions of the

15 stenl., the sheet provided with a plurality of alignment
apertures sized and disposed to engage the alignmenc pins on

the base;

c.) disposing the sheet on the base so that the first major
surface of the sheet iLs in contact with the base;

20 d.) disposing a mandrel having a substancially cylindrical
external surface and a longitudinal axis against the second
major surface of the sheet between the first long side and the
second long side of the sheet, the longitudinal axis
substantially parallel to the first long side and the second

25 long side; '

e.) deforming the pattern into a Lubular shape so that the
first long side pairs of engagement points contact the second
long side pairs of engagement poinls the deforming step
comprising the steps of:

30 a) actuating ﬁhe sixth deforming blade motor so

that the sixth deforming blade motor moves the sixth

deforming blade in the first direction in an amount

16
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the longitudinal axis of the U shaped channel ; b%ﬁ a plurality of
second cl anpi ng potufifdedent sien dda FixtRedtfTTHFGIPLAGRANE® T8 ween the

second maj or surface of 't i | t Lr LPr r.f age of the
S See e e e ol st ShaBRL e i 22

second wall, each sposed In registry

with one of the fidd&ireCkaaPhiigdnqr ig@ifist e sbileetie second cl anpi ng
portions having a top end, a bottomend, a first mgajor surface, a second
maj or surface, a flrst agtnetisgrftecdirst deforming blade motor so

that the first blade deforming motor moves the firsc

10 ;deforming blade in che first direction in an amount
sufficient for the first blade deforming tip to
contact the first majof surface of the sheet and
deform the sheet against the external surface of che
mandrel;

15 c) actuating the second.dcforming blade motor %0
that the second deforming blade motor moves the
second deforming blade in Lhe first direction in an
amount sufficient for the second deforming blade tip
to contact the first major surface of the sheet and

20 deform the sheet against Lhe external surface of the
mandrel;

d) actuating the third deforming blade motor so
thaﬁ che third deforming blade motor moves the
second deforming blade in the first direction in an

25 amount sufficient for the third deforming blade cip
to contact the first major surface of the sheet and
deform the sheet against the external surfacec of the
mandrel while actuating the sixth deforming blade
motor so that the sixth deforming blade moves in the

30 gsecond direction away £rom the mandrel;

e) actuating the fourth deformlng blade motof s0

that the fourth deforming blade motor moves the

[
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end and a fourth m pnor su ce di spqs he_t hi. nor surface
betweeh the top end %ﬂf‘?‘h eIgFritimPRde h&*58%d 10” Bi 3

fﬁ”;onstprov' ded Wi am%uhhr§£f€£&1“e@:\éef8t?am§|fddﬂrinoaséiof’eﬁir{dﬁ%ﬂaae end of
s tip to contact the first major surface of the sheet
and deform the sheet againsat the external surface of
the mandrel;

10 £) actuating the fifth deforming hlade motor so
that the fifth deforming blade motor moves the fifth
deforming blade in the first direction in an amount
sufficient for the fifth deforming blade tip to
contact the first major surface of the sheet and

15 deform the sheet against the external surface of the
mandrel;

) actuating the sixth deforming blade motor so
that the sixrth deforming blade motor moves the
second deforming blade in the first direction in an

20 anmount sufflicient for the second deforming blade tip

co contact the first major surface of the sheet and

deform the sheet against che external surface of the

mandrel;
h)  simultaneously agtuating the third and sixth
25 deforming blade motors so that the third and sixth

deforming blade motors move the third and sixth
deforming blades in the first direction in an amount
sufficientc for the third and sixth deforming blade
tips to contact the first major surface of the sheet

30 and deform the sheet against the external surface of
the mandrel;

d) utilizing the laser in cutting the bridge; and

18 [
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di sposed at the bottom end of the first maj
cl anpi ng portion, the first_and the second cqQncave, channel s subst antially

paral¥el t& thth-’cﬂ'H%‘-’t GBEnARSEX i (‘J’Plf"ﬁ’ég L)e-a:ﬂ%ﬁgd BRatRfAgEment oy g
biasing Medned! 2RI DELNERINE bkt SLe hs_uriecwéo&c@%tsesond wal |

and the s maj or eac the ural Ity of second cl anpi ng

portlons fi(aj’rmbtﬁslé@aﬂdaﬁl’él gs&nﬁmj or surface of each of the second
clanping portions against the second ngjor surface of each of the first

cl anpi ng porti dRsimvd clurgheri abiegi fr phipt Hheanttiopt Rerprovide a

stent having a longitudinal lumen, comprising: a £jrst long

10 side and a second long side, the first long side provided with
a plurality of pairs of engagement points, the sccond long
.side provided with a pluralicy nf pairs of engagement points,
the pluralicy of pairs of first long side énqagemenc points
and the plurality of pairs of second long side engagcment

15 points disposed substantially opposice each other and
conﬁected to each other via a weld, the weld widér than the

other portions of the stent.

20
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proj ecting fromthe fourth mnor surface of each of the second clanping

porXions, the mandrel BRIFF) GESCRIFTION A (THH ORMINGE substantial |y
paral Tel” to'the” Lonoliglnal, quis ot yhey bohapgt phamrek L ©) o

bi asi ng contr ol nean selective con 1N the di stance between the

second %F%ciaeéa%ﬁt MRAGR ero'ﬁnhéheffé.ﬁioﬁimd&m@at BEB&rﬂﬁﬂlc'ﬁ:he first
maj or suiface of each of the second cl anpi ng portions; f) a

reta|n|mgksandnetodjsmmﬁxnh|w1tmheheednadingnmxnuwhlch
Fig. 1 is a flow chart illustration of the stent
10 fabrication method of the present invention;

F{gs. 27, 2B and 2C are illustrations of three
alternative stent patterns to be etched, in accordance with
the method of Fig. 1, into a flat sheet of metal;

Fig. 3 is an isomctric illustration of a stent being

15 deformed, useful in understanding the method of Fig. 1;

Fig. 4 is an isometric illustration of a stenc
formed from the method of Fig. 1;

Figs. SA and 58 are side and top view illugtrations,
respectively, of one conneccion locarion of the stent of Fig.

20 4; Fig. 6 is a side view illugstration of one connection
location of the stent of Fig. 4 which is comnnected in a nail-
like manner;

Fig. 7 shows a piece of sheet metal with a pluralily
of patterns made in accordance wich che invention;

25 Fig. 8 shows a detailed view of one of the patterns
shown in Fig. 7;

Fig. 9 shows a detailed view of a pair of engagement
troughs shown in Fig. B8;

Fig. 10 shows a detailed view of a pair of engaging

30 protrugions shown in kig. 8;
Fig. 11 shows the engagement troughs and engagement

protrusions of Pigs. 9 and 10 in the engaged position;

20
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suppgorting the st eRig. dt# i shipushe ®rLdpngntudiPRarticedstn BRGOEAYRCDS t he

sheet with _the second | ong side of the sheet, the lever provided with a
first naNHFQItgﬁpgﬁV?nﬁ% th for supporting the first end of

Egis i's the replacgpgnty $hE8ety getailed view of the welding run shown
e:

in Fig. 12;
Fig. 14 is a detailed view of a cell of a stent made
10 in accordance with this invention;

Fig. 15 is a detailed view of a cell made in
accordance with this invention;

Fig. 16 shows a cell of a stent made in accordance
with this invention;

15 Fig. 17 is an enlarged view of the cell shown in
Fig. 16; '

Fig. 18 is d cross-sectional view of a longitudinal
member of a stent comstructed in accordance with this
invention;

20 Fig. 19 is a cross-sectional view of a stent
constrxucted in accordance with this invention;

Fig. 20 is a perspective view of a stent constructed
in accordance with this invention;

Fig. 21 is a cross-sectional front view of an

25 unexpanded stent made in accordance with the invention;

Fig. 22 is a cross-sectional front view of the stent
shown in Fig. 21 after it has been expanded;

Pig. 23 is a cross-sectional front view of an
unexpanded stent made by cucting a pattern in a tﬁbe; and

a0 Fig. 24 is a cross-sectional front view of the stent
shown in Fig. 23 after expansion;

Fig. 25 shows an apparatus for constructing a stent

21
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engagenpates s f faecofdinan@gdghnghé hendénitssion mandrel support | ever
positioning pin and a second nandrel support |ever positioning pin
engagenent surfaddigorrémiayengn abpaxaiivhEAmePnetrigppadta | Tt

positionin in when the mandrel support lever is disposed on the second
wal | . madd £n ac??rq%?Qﬁiﬂﬁtgaﬁg?héFgghﬁ¥ﬂﬂ'cﬁ this invention to provide a

method of fabricating & SteQh GRIRELSE DGOSR rtion of the

apparatus shown in FIG. 26:
10 Fig. 28 shows engagement points consnructed in
accordance with the invention;
Fig. 29 show engagement points constructed in
accordance with the invention;
Fig. 30A to 30I shows the sequence of making a stent
15 using the apparatus of FIGS. 25 and 26;
Fig. 31 shows details of a v-shaped notch and gap
formed in accordance with the invention;
Fig. 32 shows details of two blade deforming tips
made in accordance with the invention;
10 Fig. 33 shows an alternative cmbodiment of
engagement of eﬁgagement points constructed in accordancé with
the invencion; .
Fig. 34 shows an alternative embodiment of
engagement points constructed in accordance with the
5 invention;
Fig. 35 shows a mandrel utilized in accordance with
the invention;
Fig. 36 shows a mandrel recelving surface made in
accoxrdance with the invention:
0 Fig. 37 shows an alternative embodiment of an
apparatus constructed in accordance with the invention;

Fig. 38 is a top view of FIG. 37.;
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|l ong side, the first long side provided with a plurality of pairs of

engagénent points, tHgseforiiomsng merER ?ﬁ%\ﬁ%WhaangﬁFa‘ﬁ“{i/ id‘f pairs
SUbst anti ARFFOBRBERS (i Un e AEPL ARt HUEE A 108 nod. BPdett and
Fubal ar shape. each Tt af i AL e o e e AP ovi ded
wth a bri@ge;gg§p9§§d bet ween each
Fig. 41 shows a sﬁent aligning and welding jig
10 constructed in accordance with the invention;

‘Fig. 42 shows a mandrel support lever;
Fig. 43 is a front view of the jig shown in FIG. 41;
Fig. 44 is a top view of the jig shown in FIGQ. 43;
Fig. 45 shows Lhe mandrél support lever of FIG. 42
15 . disposed on the jig of FIC. 41;

Fig. 46 shows a mount for electropolishing a stent;

Fig. 47 shows the mount of FIG. 46 wilh the stent

moved in a longitudinal direction;

Fig. 48 shows a rack for electropolishing a stent
20 with material to be sacrificed disposed at the ends;

Fig. 49 shows a stent still attached to a metal

‘sheet for electropolishing by attaching an electrode to the

sheet; and

Fig. 50 is a side view of FIG. 49 showing the stent

25 and the remaining portion of the sheetl.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Reference is ﬁow made to Fig. 1, which illustrates
30 the stent fabrication method of the present invention and to
Figs. 2A, 2B, 2C, 3 and 4 which are useful in understanding

the method of Pig. 1.

23
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b) dlsp05|ng a mandr el haV|ng a substantlally cylindrical external
surBace and a | ongin LFdietw&Iteaiéi apeiortelrn meshod, of FBﬁgP’%‘?%%"‘and t he second
| ong sid e sheet,

OO R Ot € BRI e R L S
desired stent pacttern in a flat format (step 10).

Figs. 2A, 2B and 2C illustrate three exemplary stent

pattern designs. The pattern of Fig. 2A has two types oI

10 sections 20 and 22. Each section 20 has two opposing periddic
patterns and each section 22 has a plurality of connecting
lines 24. The pattern of Fig. 2A can bé formed of any size; a
preferable gize is to have each section 20 be between 1 and
6mm wide and each section 22 have connecting lines 24 of % -

15 6mm long. At such sizes, the pattern of Fig..zA cannot be cut
using a laser cutting system.

The pattern of Fig. 2B is similar to that of Fig.
2A in that it also has sections 20 of oppoaing periodic
patterns. The paﬁtern of Fig. 2B also has connecting

20 sections, labeled 30, which have a Z shape.

The pattern of Fig. 2C has no connecting sections.
lnstead, 1t has a series of alternatcing patterns, labeled 32
and 34.

The patterns of Figs. 2A, 28 and 2C optionally also

25 have a plurality of small protrusions 38 which are useful in
forming the stent, as described hereinbelow.

Returning to Fig. 1, in step 12, the stent pattern
is cut into a flat piece of metal ("sheet metal"). The metal
can be any type of biocoﬁpatible material, such as stainless

30 steel, or a material which is plated with a biocompatible
material. The cutting operation can be implemented in any of

a number of ways, such as by etching, or by cutting with a

24
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side pairs of engagenent points; d) cutting the bridge; and
e) 5 attBigie Gytsdnh beol heorrdyagatsingpyifhsatverneinm nt point with
whi ch it is‘-‘;}iéP contact to formth errarilgagie stent. It is yet
anot her ¥ OFf PRFEMEGUMRSTUHJY avallable.

If step 12 is implemented with etching, then, the
process is designed to cut through the sheet metal. This
process is known; howeVer,'for the purposes of completeness,

10 it will be briefly described hereinbelow. |

The drawing of the pattern Ls reduced and printed
ontc a transparent film. Since it is desired to cut
completely through the mctal, the drawing is printed onto two
Eilms which are joined together in a few places along their

15 edges. The sheet metal is covered, on both sides, with a
layer of photoresist and placed between the two transparent,
printed films. The structure is illuminated on both sides
which causes the portions of the photoresist which receive the
light (which are all the empty spaces in the pattern, such as

20 spaces 26 of Fig. 2a) o change propercies.

The sheert metal is placed into acid which eats away
those portions of the phocofesist which changes properties.
The sheet metal is then placed into an etching solution which
etches

25 away all material on which there is no photoresist-removing
solution which removes the photoresist, leaving the metal
having the desired stent pattern.

In step 14, the metal pattern is deformed so as to
cause its long sides (labeled 28 in Fige. 24, 2B and 2C) to

30 meet each other. Fig. 3 illusctrates the deformation process.
For cylindrical stents, the deformation proceas is a rolling

process, as shown.

25
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end connected to the base and a second end adapted to selectively contact

the external Sur&acenef Fberisiuisanashavk bebh herddtmgatgerhe ext ernal
surf ace; an electrically non-conductive second nenber having a

first eiﬂfqmnneonedft bhe hmetak patitera, sbbenprerchsidat 8¢ pyotbudsel ectivel y

di sposed within the |ongitudinal bore of the stent, w thqut danaglng t he
| ongi t RFSFalthigordge: RE g?r%¥1 are not attached. This

illuscrated in Fig. B5A.
In step 16, the edges 28 are joined together by any

0 suitable process, such as spot welding. If the protrusions 38
were made, fhe protrusions 38 are joined to the opposite edge
28, either by welding, adhesive or, as illustrated in Fig. 6,
with a nail-like element 40. Fig. 5B illustrates the
connection of the protrusion to the opposite edge 28. Since

.5 protrusion 38 is typically designed to extend the width of one
loop 39, the patﬁern 1n approximately prescrved. This is seen
in Fig. 5B.

Alternatively, the edges 28 can be brought together
and joined in the appropriate places.

0 Fig. 4 illustrates a stent 31 formed by the process
of steps 10 - 16 for the pattern of Fig. 2A. It is noted that
such a stent has connection points 32 formed by the joining of
the points 30.

Finally, the stent.31 is polished tov removae any

'5 excess material not properly removed by the cutting process
(step 12). The polishing can be performed mechanically, by
rubbking a polishing stick having diamond dust on its outside
ingide the stent 31. Alternatively, an electropolishing unit
can be utilized.

0 . ) Fig. 7 shows an alternative embodiment of the
invencion in which a plurality of patterns 120 are etched and

cut into the sheet metal 121 as previously discussed. Fig. 8

is an enlarged view of one of the plurality of patterns 120

—_—
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sufficient to secure the stent between the first and the second nenbers.
It ig stilloanoltnh%ri object to this invention to p.rovi de a nethod of
el ec ropoifkfs"m ng a gtenf, conprising the steps of: a) nounting a
stent on a rack, tlpeglagkiaym NchidrigeldsvieRnNgs adfile pHiac e etdcpeovi ded
with a plurality of stent
plurality of engagement troughs 128 and 129 shown in Fig. 8.
Fig. 10 is an enlarged view of one pair 130 of the plurality
of engagement protrusions 131 and 132 shown in Fig. 8. The
10 sheet metal 121 and each of the patterns 120 is provided with
a plurality of alignment apertures 122 and 122/ adapted te
receive sprockets (not shown) for precisely moving and
maintaining the precise alignment of the sheet metal 121 and
the patterns 120 during the various stages of manufacturing.
15 Each pattern 120 has a first long side 123 and a second long
gide 124, a first short side 155, and a second short side 126.
The first long side 123 is provided with a plurality of pairs
127, 127' and 127? of engagement troughs 128 and 129 (shown in
greater detail in Fig. 9). Each pair 127, 127’ and 127" of
20 engagement troughs has a first engagement trough 128 and a
second engagement troﬁgh 129, The second long sidc 124 is
p?ovided with a plurality of pairs 130, 130’ and 130" of
engagement protrusions'(shown in greater detail in Fig. 10]).
Bach pair 130, 130’ and 130" of éhgagement protrusions is
25 provided with a first cngagement protrusion 131 and a second
engagement protrusion 132. The pairs of engagement
protrusions 130, 130’ and 130" are disposed substantially
opposite the pairs of cngagement troughs 127, 127° and 127".
The engagement troughs 128 and 129 are disposed and
30 adapted to receive and engage the engagement protrusions 131

and 132 so that the alignment of the stent is maintained when

the pattern 120 is deformed and the flat sheet metal is rolled

27
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the base and a second end adapted to be selectively disposed within

10

15

20

25

a0

A bridge 133 of material is disposed between each
pair 127, 127’ and 127" of engagement troughs 128 and 129.
This bridge 133 imparts additional stability and facilitates
alignment during manufacturing and imparts additional strength
to the welds of the finished stent as discussed below.

After the sheet has been rolled into a tubular stent
and the engagement trougha 128 and 129 have received the

engagement protrusions 131 and 132, means {not shown) are

" utilized to maintain the alignment and the bridge 133 is cut

to leave two substantially equal parts. The bridge 133 may be
cut in a variety of ways well known to those skilled in the
art, however, in a preferred embodiment, a laser is utilized.
Engagement trough 128 is welded to engagement protrusion 131
and engagement trough 129 is welded to engagement protrusion
132 as shown in Fige. 12 and 13. This may be accomplished in
a.variety of ways well known to those skilled in the art,
however, in a preferred embodimeni a plurality of spot welds
are utilized. In an especially preferred embodiment, about
five spot welds are used in each weld run as shown in Figs. 12
and 13. The heat produced by the welding melts the cut bridge
133 material and the material is drawn towards the engagement
trough 128 or 129 to which the material is attached and is
drawn into the welded area between the engagement trough and
the engagement protrusioh where the additional bfidge material
becomes part of and imparts additional strength to the weld.

The stent may then be finished as previously discussed.
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ne t

secon mrer si ng in an el ectropolishing bath
and amirylm goemi:r Whate Cthé Hgddemene tLbo§h BidbDaihd @ngagepeadet er m ned

period of tinme; and c) changing the point where the second end of
t he f|pnﬁtrusmdmemoncatacescmrmtheu<3rﬁalaaueéag@&aﬁlxip?Qﬁﬁgdeprlor to the
embodiment, the weld run is offset about .01 mm.

0 ' Fig. 14 is a detailed view of the pattern shown in
Fig. 8. As‘shown in Figs. 14 and 20, Applicants’ invention
can also be described as an expandable stent defining a
longitudinal aperture 80 having a longitudinal axis or
extension 79 and a circumferential axis or extension 105,

5 including a plurality of flexible connected cells 50 with each
of the flexible cells 50 having a first longitudinal end 77
and a second longitudinal end 78. Each cell 50 also is
provided with a first longitudinal apex 100 disposed at the
first longitudinal end 77 and a second longitudinal apex 104

0 disposed at the second longitudinal end 78. Each cell 50 also

includes a first member 51 having a longitudinal component
having a first end 52 and a second end 53; a second member 54
haviﬁg a longitudinal component having a first end 55 and a
second end 56; a third member 57 having a longitudinal

3 component having a first end 58 and a second end 59; and a
fourth member 60 having a longitudinal component having a
first end 61 and a second end 62. The stent alsc includes a
first loop 63 defining a first angle 64 disposed bhetween the
first end 52 of the first member 51 and the first end S5 of

) the second member $4. A second loop 65 defining a second
angle 66 is disposed between the second end 59 of the third

member 57 and the second end 62 of the fourth member 60 and is

[
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engagenen p0|nts | Spose
member 51 and the third member 57 with the first end 68 of the
first flexible compensating member or flexible link 67
Lo communicating with the second end 53 of the firat member 51
and the second end 69 of the first flexible compensating
membex oOX flexible link 67 commdnicating with the first end 58
of the third member 57. The first end 68 and the second end
69 are disposed a variable longitudinal distance 70 from each
L5 other. A second flexible compensating member 71 having a
first end 72 and a second end 73 is disposed between the
second member 54 and the fourth member 60. The first end 72
of rhe second flexible compensaring member or flexible link 71
communicates with the second end 56 of the second member 54
10 and the second end 73 of the second flexible compecnsating
member or flexible link 71 communicates with the first end 61
of the fogrth member 60. The first end 72 and the second end
73 are disposed a variable longitudinal distanée 74 from each
other. 1In a preferred embodiment; the firsc and second
15 flexible compensating member or flexible links 67 and 71 are
arcuate. The first and second flexible compensating member or
flexible links 67 and 71 are differentially extendable orv
compressible when the atent is bent in a éurved direction away
from the longitudinal axis 79 of the aperture 80. (Shown in
0 Fig. 20.) The first member 51, second member 54, third member
57, and fourth member 60 and the first loop 63 and the second

loop 65 and the first flexible compernsating member or flexible

1
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of the other portions of
the distance between the first flexible compensating member or

flexible link 67 and the second flexible compensating member
or flexible link 71 increases and the longitudinal component

10 of the first member 51, second member 54, third member 57 and
fourth member 60 decreases while the first loop 63 and the
second loop 65 remain generally opposite to one another, the
ends 68 and 69 of the first flexible compensating member or
flexible link 67 and the ends 72 and 73 ot the second flexible

15 compensating member or flexible link 71 open so as to increase
the variable longitudinal distance 70 botween the first end 68
and the second end 69 of the first flexible compensating
member or flexible link 67 and so as to increase the variable
longitudinal distance 74 between the first end 72 and the

20 second end 73 of the gsecond flexible compensating member or
flexible link 71. This compensaces for the decreasing of the
longitudinal component of the first member 51, second member
54, third member 57, and fourth member 60 and substantially
lessens the foreshortening of the stent upon its expansion.

25 Upon expansion, the firgt flexible compensating member 67 and
the second flexible compensating member 71 impart support to
the lumen being treated.

Fig. 15 shows the dimensions of an especially
preferred embodiment of this invention. The deflection

30 points, i.e., the first and second loops 63 and 65 and the
first and second compensating members 67 and 71, are made

widexr than the first, second, third, and fourth members 51,

31
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the deflection will oeccur in the narrower areas first due to

.0 the decreased resistance. In a preferred embodiment, the
first and sécond compensating members are wider than che
first, second, third and fourth mehbera and the first and
second loops are wider than the first and gecond compensating
mempers. One of the advantages.of sizing the first and second

.5 locps so that they are wider than thé first and second
compensating members is that che stenc will substantially
compensate for foreshortening as the stent is expanded. In
the embodiment shown in Fig. 15, the first, second, third and
fourth members 51, 54, 57 and 60 have a width of about 0.1 mm.

0 The first and second loops 63 and 65 have a width of about
0.14 mm. The first and secoﬁd compensating members 67 and 71
are .provided with a thickened portion 75 and 76 having a widtk
of about 0.12 mm. Thua, in this especially preferred
embodiment, the first and second loops have a width that is

.5 about 40% greater and the first and second compensating
members have a.width that is about 20% greater than the width
of the first, second, third and fourth membefs.

Figs. 16 through 20 show details of a stent

conatructed in accordance with this invention.

0 Yet another advantage of Applicant’s invention is
shown in Pigs. 21 to 24. For the sake of clarity, the

dimensions and the degree of displacement of the components of
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el ectrode to the shee net

el ectropolishing the stent; and f) disconnqctinq t he stent
from t heclshestents showht insFigs. @iottez4obpecbeeh ingentimnaidivon to provi de
a sheet for fabricating a stent having a |ongitudinal |unen: a)

a flat FRIFYRSeet metal provided with a plurality of stent patterns,
each of the patte%qa_hgxlgg g c;&ééﬂsééyy%ngidﬁrgﬂg Fisfcuild QRgngi de, the

first long side
line A-A of the unexpanded stent made in accordance with

applicanta invention shown in Fig. 20. The unexpanded stent

10 200 of Fig. 21 is shown disposed in the lumen 202 of a blood
vessel 201 prior to expansion. As previously discussed, this
stent is made by first cutting the stent pattern into a flat
piece of sheet metal and then rolling the sheet metal into a
tube to form the tubular stent. As shown in Fig. 21 after

15 rolling, the first and second flexible compensating members &7
and 71 of the unexpanded steni tend to “flare out” in a
direction away from the 1ongitudinal.axis or lumen of the
stent. Thus, the flexible compensating members 67 and 71
define outer diameters which are larger than the outer

20 diameters defined by the remaining portions of the stent.
Fig. 22 shows the stent of Fig. 21 after it has bheen expanded
in the lumen and against the internal wall of the blood
vessel. As shown in Fig. 22, upon expansion of the unexpanded
stent toward the wall of the blood vessels, the walls of the

25 blood vessel imparts a mechanical force to the first and
sécond flexible compensgating members 67 and 71 and the
compensating members move toward the longitudinal axis or
lumen of the stent until they are substantially in registry
with the remaining portioﬁ of the stent. Thus, the lumen of

30 the expanded stent is substantially circular when viewed in
Cross section with substantially no portion of the expanded

stent projecting into the lumen or towards the longitudinal

33
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opposite each other, the engagenent points sized and di sposed to

communi cat e when theigatiEria isdmillefotaeriaandr exicegti hhatatbebul ar shape,

each pair of the -
pattern has been cut jnto a tubular member using conventional

methods of making stents. As shown in Fig. 23, the flexible
compensating membexrs do not flare out away from the

10 longitudinal axis of the unexpanded stent 203. Upon the
expansion of the stent shown in Fig. 23 toward the walls of
the blood vessel 201, the flexible compensating members 67
and 71’ tend to “flare in” and project into the lumen 204 of
the expanded stent 203.

15 Pig. 24 shows the atent 203 of Fig. 23 after it has
been expanded in a lumen 204 of a blood vessel 201. The
flexible compensating members 67’ and 71’ are not in registry
with the remaining portions of the stent and define a diameter
smaller than the diameter of remaining portions of the sten:.

20 These projections inco che lumen of the stent create
turbulence in a fluid flowing through the longitudinal axis of
the expanded stent and could result in clot formation.

Applicant’s invention is also directed to an
apparatus for fabricating a stent, comprising a platform, a

25 mandrel, and means for deforming a sheet of mecal around che
mandrel .

The placform is adapted to feceive a flat sheet of
metal to be formed into a stent. In a preferred embodiment,
the flat sheet of metal is provided with a fixst end, a second

30 end defining a longitudinal axis, a first major surface, a
second major surface, a firsc long side, a second long side,

with the first and said second long sides substantially

-
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met hod f aving a longitudinal [unmen conprising the
steps Ofgng Gl %?Qét:&ﬂat bAE & ADRRY 3l Ueng@EPALARNGAxis. The)  a |aser

housi ng a laser disposed within and selectively novable wthin
t he hOUSﬁdﬁBrel is sized to have a crogs-sectional diameter

substantially equal to or less than the internal dlameter of a

10 stent to be fabricated. A means for securing the mandrel
against a m;jcr surface of the flat sheet of metal is
provided. A means for deforming che flat sheet of metal
around the external surface of the mandrel is also provided to
deform the flat sheet of metal into a substantially tubular

15 shape that substantially conforms to the external gsurface of

_ the mandrel. In a preferred embodiment, the means for

deforming the sheet is adapted so that the first long side and
the second long side remain substantially parallel to each
other when the flat gheet of metal is deformed imto a tubular

20 shape. A means, e.g., a welding apparatus, laser, adhesive,
or screw secures the first long side of the sheet to the
second.long side of the sheet.

In operation of a preferred embodiment a plurality

of stent patterns are cut or etched into a flat piece of

25 metal. Bach of the patterns has a first long side and a
second long side, with the firgt long side provided with a
plurality of pairs of engagement points and second long side
provided with a plurality of pairs of engagemcnt points. The
plurality of pairs of engagement points are disposed

30 substantially opposite each other and are sized and disposed
to communicate when the pattern is deformed and rolled into a

tubular shape. Each pair of the first long side engagemenc

35
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that when the first end of the table ig disposed wthin_ the.]ager housing
thé secORTERTLBIPFRYIIAdINNEH 8 BFLRES A MRSTE5FeERC RS i and when

the seqond gifleCloddifeddf BoinelLoRBSEELY Wi die, | B pRRUSI NG the

first e a I's dirspose tside of the | aser housing; d)

a pluraly iy ngf asteatn foddleris diesogBInathd heiddl eif teadoohethe table and a
plurality OP stent folders disposed at the second end of the table, each

of the giertichel dérshe stent.
A mandrel is dispoeed between the first and second
10 long sides of the sheet. The mandrel has a subatantially
cylindrical external surface and a longitudinal axis
substantially parallel to the first long side and the second
long sides. The pattern is deformed into a tubular shape =so
that the first long side pairs of engagement points contact
15 the second long side pairs of engagement points.

The bridge is cut and each of the engagement points
is attached to the engagement point with which it is in
contact to form the expandable stent.

Figs. 25 to 28 show a preferred embodiment of an

20 apparatus for fabricating and a stent constructed in
accordance with Applicants’ invention. The apparatus
comprises a laser housing 300, a laser 361, a movable table
302, and a plurality of stent folders 303 disposed on che
table. The laser 301 is disposed withip and selectively

25 movable within the hdusing 300. The movable table 302 has a
first end 304 and a second end 305 and is adapted for
selective movement into and out of the laser housing 300. The
table 302 is adapted sc that when the first end 304 of the
table 302 is disposed within the laser housing 300 the second

30 end of the table 305 is disposed outside of said housing 300
and when said second end 305 of the table 302 is disposed

within the laser housing 300 the first end 304 of the table

-
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second maj or surface. i3 Li§l, | gngténgefofag¥§a303 is disposed at the

Eirst end 304 of the table and a plurality of stent folders

io

15

20

25

30

303 is disposed at the second end 305 of the table 302. As

shown in FIGS. 26 and 27, each of said stent folders

comprises:

A base 306 having a platform 307 adapted to receive
a flat sheet of metal 120 to be formed into a stent. The
flat sheet of metal 120 has a longitudinal axis, a first
major surface, a second major surface, a first long side,
and a second long side, with the first and the second
long sides substantially parallel to the longitudinal
axis. The sheet is also provided with a plurality of
alignment of apertures 122,

A plurality of alignment pins 308 project. from each
of the platforms. The pins 308 are sized to engage the
alignmept apertures 122 and align the sheet on the
platform 307.

A mandrel 309 is provided having a substantially
cylindrical external surface 310 and having a first end
311, a second end 312, and a longitudinal axis 313 as
shown in FIGS. 35. The mandrel 209 is sized to have a
cross-sectional diamcter D substantially equal to or less
than the internal diameter of the stent to be fabricated.
The platform 307 is provided with a first concave recess
314 adapted to receive the first end 311 of the mandre.
and a gecond concave recess 315 adapted to receive the

second end 312 of the mandrel 309 as shown in FIG. 36.
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par a e ongltudlnal axis, the
plusal ity of allgnhehknﬁﬁdlY coringgEed #u8 376 is adaptsf °% PPty of

al i gnment pi ng,, profgfl'rﬁkr QMen towg@ghtégeéigiﬂyrQ;Egengndtbg Pins sized

t o engage t het %nnen apertures an n the sheet on the platform

C) @ mandrekaBaNlNg: fedtis aamayakwmcyﬁé qslré@ﬁzlrm 307 Ekessehrany face and
having a first end, a second end and a | ongitudinal axis, the nandrel

sized to havethe mandzebsmsserguimsal admajet esursiadeet aft Bah-ﬁyquUal to or
| e9s sheet of metal when it is disposed on the platform.

10 EBach stent folder 303 is provided with a first
deforming blade 316 provided with a first deforming blade
tip 316’; a second deforming blade 317 provided with a
second deforming blade tip 317’; a third deforming blade
318 provided with a third deforming blade tip 318'; a

15 fourth deforming blade 319 provided with a fourth
deforming blade tip 319‘; a fifth deforming blade 320
provided with a fifth deforming blade tip 320': and a
sixth deforming blade 321 provided with a sixth deforming
blade cié 321’. Thc blades are disposed around the

20 external surface 310 of the mandrel 309 and are adapted
to deform the flat sheet of metal against the external
surface 310 of the mandrel 309 go that the flat sheet of
metal is deformed into a substantially tubular shape
substantially conforming to the external surface 310 of

25 the mandrel 309. The deforming blades are disposed
between the first end 311 and the second end 312 of the
mandrel 309. Each of the deforming blades is adapted for
independent and selective movement in a first direction
towaxd the méndrel 309 and a second direction away from

30 the mandrel so as to selectively imﬁinge the deforming
blade tips 316', 317", 318’, 319’, 320’, and 321’ against

the mandrel ox against a portion of the sheet disposed

I ——
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def orm ng bl ade provi _
sheet is deformed into the tubular shape. The third and

10 the sixth deforming blade tips 318’ and 321' are provided
with a plurality of scalloped laser apertures 322, as
shown in FIG. 32, which are sized and disposed to permit
the third and the sixth deforming blade tips to secure
the f£irst long side and the second long side against the

15 external surface of the mandrel while providing the laser
301 accese to predetarmined portions of the first long
side and the second long side of the sheect in order to
weld the first long side to the second long side.

A first motor 323 is connected to the first

20 deforming blade; a second motor 324 is connected to the
gsecond deforming blade; a third motor 325 is connected to
the third deforming blade; a fourth motor 326 is
connected to the fourth deforming blade; a fifth motor
327 is connected to the fifth deforming blade; and a

as gixth motor 328 is connected to the sixlh deforming
blade. Each of the motora is adapted for selectively
moving each of the deforming blades to which it is
connected in a first direction toward the mandrel and in
a second direction away from the mandrel.

3¢ A computer 329 contxols the sequence'which the first
end of the table and the second cnd of the table are

disposed within the laser houaing; the sequence and

3¢
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def ornmi ng bl adgpBrovhéefhndrel or a portion of the sheet disposed
between the mandrel and each of the deforming blade tips;
and the sesquence, pattern, location, and amount of energy
the laser applies to each of the first and second long

10. sides of each of the sheets disposed on each of the
plurality of stent folders.
Bach of the blade defofming tips has a length
substantially equal to the first and the second long sides of

the f£lat sheet of metal and in a preferred embodiment the

15 blade deforming tips are concave ag shown in FIG. 27.

In an especially preferred embodiment, as shown in
FIG. 27 the third deforming blade tip is substantially
identical to the sixth deforming blade tip; the second
20 deforming blade tip is substantially identical to the fifth
deforming blade tip; and the first deforming blade tip is
substantially identical to the fourth deforming blade tip.
In operation, the apparatus shown in FIGS. 25 to 27
and discuased in detail above is constructed. A plurality of
25 stént patterne is cut into a flat piece of metal, each of the
patterns having a first major asurface and a second major
surface, a first long side and a second long side. The Eirst
long side and the second long sides are provided with a
plurality of pairs of engagement points 329, 330, 331, and
30 332, as shown in PIGS. 28 and 29, dispoged substantially
opposite each other and sized and disposed to communicace when

the pattern is deformed and rolled into a Lubular shape. Each

40
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mandrel so as to . .

portions of the stent. The sheet is also provided with a

10 plurality of alignment apertures 122 sized and disposed to
engage the élignment pins 308 on the base 306.

The sheet 1is disposed on the base so that the first
major surface of the sheet is in contact with the base.
A mandrel 309 having a substantially cylindrical

15  external surface 310 and a longitudinal axis 313 is disposed
against the second major surface of the sheet between the
firsvt long side ;nd the second long side of the sheet with the
longitudinal axis substantially parallel to the first long
side and the second long side, as shown.in FIG 30A.

20 The pattern is deformed into a tubular shape so that
the first long side pairs of engagement points contact the
second long side pairs of engagement points, as shown in FIG.
29. The deforming step comprises the steps of:

a) actuating the sixth deforming blade motor so

25 that the sixth deforming blade motor moves the sixth
deforming blade in the first diraction in an amount
sufficient for the sixth deforming blade :ip to
contact the external surface of the mandrel so as to
secure the mandrel against said sheet, as shown in

30 FIG. 30B.

The first deforming blade motor is activated so

that the first blade deforming motor moves the first

. o1
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t he Hef orm ng bl ade™tIps, ~ eac or m g urther adapted so

that the first |ogassidemndedhenscearde! PIS| diEddimingetipeeb renmain
substantially parallel to each other when the stent is deforned into the

t ubul ar shape, thecbhtadtagite firetsmatbrdetvfacanhitdwe sheps prévi ded with
a plurality of scalloped |aser apertures, the apertures gi zed

n
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the first long si d%agageir\easses Oor\‘n% in FIG. 30C.

10 | The second deforming blade motor is then
activated so rthat the second deforming blade motor
moves the second deforming blade in the first
direction in an amount sufficient for the second
deforming blade tip to contact the first major

15 surface of the sheet and deform the sheet against
the external surface of the mandrcl, as shown in
FIG. 30D.

The third deforming blade motor is then
activated so that the third deforming blade motor

20 moves the second deforming blade in the first
direction in an amount sufficient for the third
deforming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel while actuating

25 the sixth deforming blade motor so that thé sixth
deforming blade moves in the second direction away
from said mandrel, as shown in FIG. 30E.

The fourth deforming blade motor is then
activated so that the fourth deforming blade motor
3a moves the fourth deforming blade tip in the first
direction in an amount gsufficient for the fourth

deforming'blade tip to contact the first major

42
-

heet Has Been Replaced

R T



| oR G TR RN ANEKEITON e extornal sur TAce QTHU) (2o |8Han peds/STaDs 18/56x B50991204) B148/x

| aser access to predeterm ned
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in order to weld the first long side to the second | ong side;
fy a first notor EBAnextemab qurfacer of HRt RMRdFeEl, as shown in
FIG. 30F.

The f£ifth déforming blade motor is then

activated so that the fifth deforming blade motor
10 moves the fifth'deforming blade in the first

direction in an amount sufficient for the f£ifth

deforming blade tip to contact the first major

surfzce of the sheet and deform the sheet against

the external surface of the mandrel, as shown in
15 FIG. 30G.

The sixth deforming blade motor is then
activated so that the aixth deforming blade motor
moves the sixth deforming blade in the first
direction in an amount sufficient for the sixth

20 deﬁorming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel, as shown in
Pig. 30H.

The third and sixth deforming blade motors are

25 then simultaneously activated so that the third and
sixth deforming blade motors move the third and
sixch deforming blades in the firat direction in an
amount sufficient for the third and sixth deforming
blade tips to contact the first major surface of the

30 sheet and deforxm the sheet againsc thé external
surface of the mandrel as shown in FIG. 30I.

The laser is used to cut the bridge. The laser is then
43
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third notor connected to the third deforn1ng | ade; a fourth notor

connegt ed dged 1% b Balff BEMLAD engagerlligio:Bct! Lot st ed to

the fifth ormn bl ade; s1 xt h*not or connecte to the sixth

def or mi ng peint wﬂumd&hlehcmtoistimédﬁﬁﬁaut adafoent the sepamdablel y novi ng
each of the deform ng blades to which it is connected in a first
direction stasrd the mandrel and in a second direction away fromthe

el 200, g aregaPhe SR, e SRLBELBAS HIRSTE"SS WP
| about 25% to about 50% of the width of the other portions of
10 the stent and in an especially preferred embodiment the bridge
has a width of about 40 microns.

The engagement points, as éhown in FIGS. 28 and 29 are
sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

1s welding heating and cooling cycles.

A V-shaped notch 334 may be formed becween the first long
side and the second long side when the stent is deformed tc
provide for a stronger weld, as shown in F1G. 31. 1In
addition, as shown in FIG. 31 a gap 335 may be provided

20 between the engagement points and the external surface of the
mandrel 309 during the deforming step. This gap 335 provides
a greater area for weld material, thus, strengthening the weld
and reducing heat dissipation through the mandrel during
welding, thus, reducing the amount of energy that must be put
25 intc the weld.

Additional weld fill material 336 may be provided on the
gide of each of the engagement points substantially opposite
the bridge, as shown in Figs. 33 and 34. The weld fill
_@aterial 336 is sized and disposed 50 as to permit the .

ag édditicnal weld £ill material to be drawn into the weld point
during welding.

After the stent has been deformed and the engagement
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b.) cutting a plurality of stent patterns into a %Iat pi ece

10

15

20

25

39

pther portions of the stent. In an especially preferred
embodiment, the weld is about 20% wider than the other
portions of the stent and has a width of about 140 microms.
The weld is’ preferably run from outside-to-in. A plurality of
welding runs is preferably used and in an especially preferred
embodiment two weld-runs are utilized. The weld-run may be
offgset from the point where the engagement points contact each
other and in a preferred embodiment is offset about .01 mm

from the point where the engagement points contact each other.

The weld may be a spot weld, a plurality of spot welds,
and in a preferred embodiment, the weld comprises 5 spot
welds.

In a preferred embodiment, the péttern ig cut into the
sheet using multiple-up-etching and comprises the step of
inspecting both sides of the sheet after etching and before
the sheet is disposed on the base. In an especilally preferred
embodiment the inspection step is carxried out using an
automated optical inspection apparatus.

In an especially preférred embodiment, the stent patterns
are adapted so that upon the expansion of the stent against
the internal wall of a vessel substantially no portion of the
stent projects into the longitudinal.lumen of the stent. The
stent may be finished by electropolishing.

FIGS. 37 to 40 show another embodiment of an apparatus
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maj of surtace, a first long side and a second '
-16 - |l ong side, the first long side provided with a plurality of pairs
of ®ngagtarfiahFdicacdnd; Aessent RPNSSIycsede 1pr BGFAERRFE LR fiNGral ity of
pairs ofigagﬁggant points, the plurality of

A base 401 is provided with a sheet receiving area 402
and is adapted to receive a flat sheet of metal to be formed
into a stent. The sheet receiving area 402 is also provided

10 with a mandrel receiving groove 409. 1In a preferred
embodiment, the flat piece of metal has a longitudinal axis, a
. first major surface, a second major surface, a first long
gside, and a second long side, with the first and the second
long sides substantially parallel to the longitudinal axis.
15 An arm 403 having a first end 404 and a second end 405 is
provided.

The first end 404 of the arm is adapted to selectively
retain a mandrel 406 having a substantially cylindrical
external surface. The second end of the arm 405 is hingedly

20 connected to the base 401 and is adapted for movement in a
first direction toward the base 401 and in a second direction
away from cthe base 401 to secure the mandrel 406 against a
major surface of the flat sheet of metal. The mandrel 406 is
sized to have a cross-sectional diameter gubstantially equal

25 - to or less than the internal cross-sectional diameter of the
stent to be fabricated.

A means 407 is provided for deforming the flat piece of
metal against and around the external surface of the mandrel
sc that the flat sheet of metal is deformed inte a

30 substantially tubular shape conforming to the external surface
of the mandrel with the first long side and the second long

side substantially parallel to each other. FIG. 392 shows a
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engagenment points sized and di sposed to CcoORTH

def or mad andopovied ofitone erbddimdhtSWAES1 L AME R¥ehsOkobTEat| & &
engagenent points provided with a bridge di sposed between each flrst ong

si de engagedena penber qurpridednegritheapdefornirng iipddé8hhaivhiggaa léngth t hat
Is less than the wdth of the otheﬁﬁpirtlons of the stent, the sth:
provi ded wi BHPRERREESIIY \paalytoghhentengpl afi e Sirel and arcRi Pt

engage the BbERTEE ol (LAt notS1099%h » pdefl AP eholiiieibOeinON the

base so that rst
deforming tip is concave, as shown in FIG, 40.

10 In operation, a sheet is placed on the sheet receiving
area 402. A mandrel 406 is disposed in the first end 404 of
the arm 403 and the arm 403 is moved in the first direction so
thac the mandrel is in contact with the sheet. The deforming
means is then used to deform the sheet arcund the mandrel =z

15 previdusly discussed. The arm 40.3 is then moved in the second
direction and the mandrel 406 with the sheet wrapped around it
ig removed from the firast end 404 of the arm 403. The first
and second long sides are then connected as previously
discussed to form the stent. In a preferred embodiment, the

20 mandrel with che sheet wrapped around it is transferred to the
stent aligning and welding jig shown in FIGS. 41 to 4S5.

The stent aligning and welding jig shown in FIGS. 41 to
45 comprises a base 500 having a first end and a second end
provided with a first wall 501 having a first end and a second

25 end and a first major surface 502 and a second major surface
503 and a second wall 504 having a first end and a second end
and a first major surface 505 and a second major surface 506.
The second major surface 503 of :he first wall 501 and the
first major surface 505 of the second wall 504 define a

30 longitudinal U-shaped channel 507 having ‘a longitudinal axis
in the baée 500. The first wall 501 is provided with a

plurality of slots 508 defining a plurality of first clamping

47
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axi s against the second nmjor surface of the sheet between the first |ong

05 I R B et o ST B A R Y R
e oo RIS, V0 b deBipaaptet pinsied Bon, T BBl 0o
engageneyde ReleNtEs rbhecUah®ing thrdicms GOOpLEsprovidesd stisps aoffirst
concave channel 510 disposed at the top end 511 of the second
major surface 503 of the first clamping po:tion 509 and a
10 second concave channel 513 dispoged at the bottom end 512 of
the second hajor surface 503 of the first clamping portion
509. The first and the second concave channels 510 and 513
are substantially parallel to thé longitudinal axis of the U~
shaped channel 507. The second major surface 503 of each of
15 the plurality of first clamping portions 509 is also provided
with a compensation slit 514 disposed between the first
concavé channel 510 and the second concave channel 513 that is
substantially parallel to the longitudinal axis of the U-
shaped channel 507. |
20 A plurality of second clamping portions 515 is disposed
in the U-ghaped channel 507 between the second major surface
503 of the first wall 501 and the first major surface 505 of
the second wall 504. Each of the second clamping portions 515
is disposed in regiétry with one of the first clamping
25  portions 509. Each of the second clamping portions 515 has a
top end 516, a'bottom end 517, a first major surface 518, a
second major surface 519, a first minor surface disposed at
the top end, a second minor asurface disposed at the bottom
end, a third minor surface disposed between the top end and
30 the bottom end, and a fourth minor surface disposed opposite
the third minor surface between the top end 516 and tChe bottom
end 517. Each of the second clamping portions 515 is provided

/// 48
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515 and a second concave channel 522 disposed at the bottom
end 517 of the first major surface 518 of the second clamping
portion 515. The first and the second concave channels 521

10 and 522 are substantially parallel to the longitudinal axis of

the U-shaped cﬁannel 507. _

A biasing means 523 is disposed between the first major
surface 505 of the gsecond wall 504 and the second major
surface 503 of each of the of second clamping portiocns 509 for

15 biasing the first major surface 518 of each of the second
clamping portions 515 against the second major surtace 503 of
each of the first clamping portions 509 which are in registry |
with each other.

A first mandrel support lever positioning'pin 524

20 projects from the third minor surface 520 and a second mandrel
suppoxt lever positioning pin 521 projects from the fourth
minor surface of each of the second clamping portions 515.

The mandrel support lever positioning ping 524 and 521 are
substantially parallel to the longitudinal axis of the U-

25 shaped channel.

A biasing control means 522 selectively controls the
discance between the second majof surface 503 of each of the
first clamping portions 509 and the first major surface 518 of
each of the second clamping portions 515.

30 A retaining mandrel 523 is disposed in the second concave
channel 513 of the firat wall 501 and the second concave

channel 522 in each of the second clamping portions 515.
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not or noves the first deformng blade int Irst direction in
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eform the sheet "agai ns e external

surface of¢Heh@reHBNdLLing fHe aliGndhknert BRe SeLoRE Iiﬁ-fg)rsmdag olgl ale not or
so that the second deform ng bl ade notor noves the second deform ng bl ade

in the firshieetti wéthi dthei second dmmgneidef bfctbat sliegt { hFheedeverdEEer ni ng

bl ade tip

10

15

20

ig provided with a first mandrel support notch 525 for
supporting the first end of the mandrel and a second mandrel
support notch 526 for supporting the second end of the
mandrel. A first mandrel gupport lever positioning pin
engagement surface 527 engages the first maﬁdrel suppert lever
poeitioning pin 524 and a second mandrel suppoxrt lever
positioning pin engagement surface 528 engages the second
mandrel support lever positioning pin 521 when the mandrel
support lever is disposed on Ehe second wall S04.

It will be appreciated that various elastic materials
well known to those skilled in the art as suitable for this
purpose may be utilized, e.g., a spring, however, in an

especially preferred embodiment, the elastic material is

" rubber.

25

30

In a preferred embodiment the biasing control means 522
is a threaded screw disposed in each of the first clamping
portions 509 with each of the screws 522 communicating with
the first major surface 502 and the second major surface 503
of each of the first clamping portions 508. The screws 522
are selectively movable in a direction toward and away from
the first major surface 518 of the second clamping portion 515
to selectively move the second clamping portion 515 in a
direction toward and away from the first clamping portions 509
to selectively vary the distance between the second major

surface 503 of each of the first clamping portions 509 and the
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agai nst the external surface of the mandrel; d) actuating the third
deform ng bl ade notor so that the third deform ng bl ade notor noves the
secorfd deffdmmtngagpadeurfacdS5Xs oft edicheofi bhei peeond HRAMPENGuUf fici ent for

the third defgrning | ade tip to contact the first major surface of the
sheet and P hid- sheet agai nst the external surface of the nandre

whi | e actuating,t Ree skl by 600 HaHk/2h2Ee ch PR sifded RAlgHAR 2k¥hig
def ornming bl adé noves n the
it is secured in the first concave channels 510 and 521. The
biasing control means 522, e.g., a screw, is adjusced to
10 secure tﬁe mandrel in the first concave channels while
permitting the first and second 1ohg sides of the sheet to be
adjusted so that the contact points are aligned as desired.
In a preferred embodiment, the mandrel support lever shown in
FIG. 42, is utilized to support the mandrel during the
15 alignment operation. & shown in FIG. 45, the first mandrel
suppoxt notch supports the first end of the mandrel and the
second mandrel support notch supports the second end of the
mandrel. The first mandrel support lever positioning pin
surface 527 engages the first mandrel support lever
20 positioning pin 524 and the second mandrel support lever
positioning pin surface 528 engages the second mandrel support
positioning pin 521 so as to align the mandrel support lever
534 when it is supporting the mandrel. |
FIGS. 46 to 48 show a jig 612 for electropolishing a
25 tubular stent, comprising a rack 600 having a first end 601
and a second end 602 and provided wirh a plurality of stent
electropolishing mounts 603. Each of the mounts 603 is
provided with a base 604 and an electrically conductive first
member 605 having a first end 606 connected to the base 604
30 and a second end 607 adapted to selectively contact the
external surface of the tubular stent to be electropolished

wichout damaging its external surface. The mounts 603 are

s1
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member 608 having a Exrst end 609 connected to the base and a
second and 610 adapted to be selectively disposed within the
longirudinal bore of the stent without damaging the surface
defining the longitudinal bore. The first member 605 and the

10  second member 608 are also adapted so as to bias the sgecond
end 610 of the second member GQB towards the second end 607 of
the first member 605 in an amount suféicient to secure the
stent between said first and the second members 605 and 608.
The advaﬁtage of a mount constructed in accordance with

15 applicants’ invention is that the electrically conductive
member 605 contacts the external surface of the stent. This
reduces the likelihood of undulations and erosion lines
occurring on the surface defining the longitudinal bore.
These erosion lines freguently occur in stents electropolished

20 utilizing conventional mounts which place the electrically
conductive member against the surface defining the
longitudinal bore. Electropolishing a stent with Applicants’
mount reduces the likelihood that the longitudinal lumen of
the stent will have an irregular surface which could result in

25 turbulent fluid flow which could result in thrombosis or
platelet aggregation.

In a preferred electropolishing method a stent is placed
on a rack constructed as previously discussed. The method
comprises immersing the stent in an electropeolishing bath and

30 applying electrical current to the first member for a
predetermined period of time; and changing the point where the
second end of the first member contacts the external surface

— 52
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deform ng bl ade notor noves the fift deform ng blade in the
first direosdiod offi timeanouthanging the posduff ofi emptdar milvdratiizieshtdef or mi ng
bl ade tip to contact the first major surface of the sheet and

def or m t hENREBETAFAPRSPE ( PRAGIALGRA oFupFaElonrlinge at any giveppngrel ;
9) act ugldg Eﬁéiﬁéxggeggf&ggg'E%ep¥%qgtngkoéo§£5ct of the

electrically conductive member. The point of contact may be

10 changed by rotating the stent. In an especially preferred |
embodiment,'the point of contact is changed by varying the
distance between the stent and the base by longitudinally
moving the stent toward or awﬁy from the base 604 as shown in
FIGS. 46?and 47. The point of contact is changed at.about the

15 midpoint of the predetermined period of time. In an
ebpecially preferred embodiment, the treatment is interrupted
before the expiration of the predetermined time, the effect of
the electropeolishing prior to the interruption step is
evaluated, and the remaining period of the predetermined time

20 is adjusted to compensate for any variations in the amount of

- material actﬁally removed prior to the interruption step. The
treatment may be interrupted at any time, however,
interruption at about the midpoint of the predetermined period
of‘time is preferred.

25 Pieces of sacrificial material 611 may be added at the
first end €01 and the second end 602 of the rack 600 to
compensate for the additional material normally removed from
stents disposed at the first end and the second end of the
rack as shown in FIG 48. The macerial is selected and added

30 in an amount sufficient to substantially equalize the amount
of additional material normally removed from the stents

disposed first and second ends of the rack.
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that th th bl ad t \ ' 1 def
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first
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the gtenfNehel stent is manuf¥cturelib!gROPLRINAEIRLLEBEgt he third
and sixth deform ng bl ade notors so that the third and sixth
def or mi ng bllesevext, owhenodefdoimeirdhithe padternt into a tubulardehapei g bl ades
in the first direction in an anmount sufficient for the third and
si xth def or i@ Hhgdéirst long side pairs of engagement points contact
the second long side pairs of engagement points, a portion of
10 the stent is allowed to remain attached to the sheet of metal,
as shown in PIGS. 48 and 50 (which ie an end view taken along
line A-A of FIG. 49). The bridge is then cut, the engagement
points are connected to form the stent, the stent is
electropolished by connecting an electrode to the sheet, and
15 the stent is then removed from the sheet. This reduces the
likelihood of damage to the stent because the sheet to which
the stent is attached is disposable. This method also
proyides an additional advantage because the disposable sheet
to which the stent is attached acts as sacrificial material as
20 previously ‘discussed.
It will be appreciated by persons skilled in the art
that the present invenction is not limited to what has been
particularly shown and described hereinabove. Rather the

scope of the present invention is'defined only by the claims

25 which follow.

-
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the sheet against the external surface of
utilizing the laser in cutting the brkﬁgg# and
A

- 19 - e) utilizing the laser in g each of the engagenent points
to the engggeieit PQYidedMilgh Which it is in contact to :
1. Apparatus for fabricating a stent, comprising:
a) a platform adapted to receive a flat sheet of metal

to be formed into said stent, said flat sheet of metal having
a longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, said first
and said second long sides substantially parallel to said
longitudinal axis of said sheet;

b) a mandrel having a substantially cylindricai
external surface and having a first end and a second end
defining a longitudinal axis, said mandrel sized to have a
cross-sectional diameter substantially equal to or less than
the internal diameter of said stent to be fabricated;

c) means for securing said mandrel against a méjor
surface of said flat sheet of metal; and

d) means for deforming said flat sheet of metal against
éaid external surface of said mandrel so that said flat sheet
of metal is deformed into a substantially tubular shape, said
means for deforming adapted sco that said first long side and
said second long side remain substantially parallel to each
other when said flat sheet of metal is deformed into said

tubular shape.

2. The apparatus of claim 1, further comprising means for

securing said first long side of said sheat to said second

T

long side of said sheet.

[
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side and a second long side, the first long side provided with a plurality
of pairs of 3gengapiedtipA3Qeies £t BRa SRCHNHMMn Shdd Peans dBsk Wddurdng
plurality of pairs of engagenent points, the plurality of pairs of first
| ong si de ehgagewsldirgpiapparasnd.the plurality of pairs of second | ong side
engagenent points di sposed substantially opposite each other and
connected to each other via a weld, the weld wider than the other portions

of the Ste“&: The apparatus of claim 3; wherein said welding apparatus

ig a laser.

5. The apparatus of c¢laim 1, wherein said platform is

provided with a concave recess to receive said mandrel.

6. The apparatus of claim 1, wherein said means for securing
said mandrel is a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second

direction away from said platform.

7. The apparatus of c¢laim 1, wherein the apparatus is

adapted to brovide a substantially V-shaped notch between said
- first long side and said second long side when said sheet is

deformed into said tubular shape.

8. Apparatus for fabricating a stent, comprising:

a) a base having a platform adapted to receive a flat
sheet of metal to be formed into said stent, said flat sheet
of metal having a Iongitudinal axis, a first major surface, a
sacond major surface, a first long side, and a second long
side, said first and said second long sides substantially
parallel to said longitudinal axis of said stent;

b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end

defining a longitudinal axis, said mandrel sized to have a
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the 1nterpal diameter of said stent to be fabricated;

c) :means for securing said mandrel agaigst a major
surface of said flat sheet of metal:

d}) | a plurality of deforming blades disposed around the
peripherf of said mandrel for deforming said flat sheet of
wetal egainst said external surface of said mandrel so that
said fla& sheet of metal is deformed into a substantially
tubular shape, said blades disposed between said first end and
said sedond end of said mandrel, each of said deforming bladés
adapted for independent aﬁd selective movement in a first
direction towaxd said mandrel and a second direction away from
said mandrel so as to selectively impinge upon said mandrel or
upon a portion of said sheet disposed between said mandrel and
each of said déforming blades. each of esaid deforming blades
further adapted so that said first long side and said seconé
long side of said sheet remain substantially parallel to each
other when said stent is deformed into said tubular shape:

| e) means for selectively moving each of said deforming
blades in a first direction toward said mandrel and in a
second direction away from said mandrel; and

£) means for securing said first long side of said

sheet to said second long side of said sheet.

9. The apparatus of claim 8, wherein said means for securing

said first long side of said sheet to said second long side of

* c L L] 5 *

said sheet is a welding apparatus.
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heet
Fig. 3 is af-i soRet#PRaraiysahg YREETH™ 17t Wgﬁé‘f"&?n@ﬁ?‘ﬁ?‘é‘f%l in

under st andi,ng .t he _net hod of Fig. 1; Fig. 4 is an isonetric

illustrati & 8 “&8°%tent formed from the method of Fig. 1; Fi gs.
5A and 5B are side and top view illustrations, respectively, of one
connection location of the stent of Fig. 4; Fig. 6 is a side view

il lustrati @u.of ThReeapparscis arf claim 8, wherein said plurality of

deforming blades comprises gix blades.

12. The apparatus of claim 8, wherein said means for securing
gaid mandiel is a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second

direction away from said platform.

13. The apparatus of claim 8, wherein said base is provided
with a first concave recess for receiving said first end of
said mandrel and a second concave recess for receiving said

second end of said mandrel.

14. The apparatus of claim 8, wherein said means for
selectively moving each of said deforming blades is an

electric motor.

15. The apparxatus of claim 8 further comprising means for
controlling the sequence and degree to which each of said
blades impinges upon said mandrel or a portion of gaid sheet
disposed between said mandrel and each of said deforming

blades.

16. The apparatus of claim 15, wherein said means for

) B

controlling is a computer.
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| ocat i on OF WQ‘KEW«% of Fig. 4 whi chmfss K (Pm"“tn iﬁﬁ?%ﬁgl |- | ke manner;

Fig. 7 shows a piece of sheet metal with a pI ura e?lgf'@/ﬂ%%ﬂﬁﬂé?[]ﬂﬂﬂ B4/xx

accordance with the invention; Fig. 8 shoms a detailed view of
one of the paitemhs aphavhrhd &f klafim 8, further &ghriditigouh amghaehed
view of a pair of engagenent troughs shown in Fig. 8; Fig. 10

shows a det adaath \dieposbdaopasaidibamwyagidngdapted rusiangageshemd kdigng. 8;

Fig. 11 shows the engagenent t roughs and engagenent
- said metal sheet

18. .The,hpparatus of claim 8, wherein a plurality of said
deforming blades are adapred to secure said first long side
and said:second long side against said external surface of
said manérel while permitting a laser to contact said first
long side and said secdnd long side to secure said first long

side to said second long side.

19. The apparatus of claim 18, wherein a plurality of said
deforming blades are provided with a plurality of scalloped
apercures, said apertures sized and disposed to permit said
plurality of blades to secure said first long side and said
second loné side against said external surface of said mandrel
. while providing access to said laser to predeterwined portions

of said first side and said long side to secure said first
long side to said second long side.
20. Apparatus for fabricating a stent, comprising:

a) a laser housging:;

b) a lager disposed within and selectively movable
within said housing;

<) a movable table having a first end and a second end
and adapted for selective movement into and ouﬁ of said laser
housing, said table a&apted sc that when said firat end of

said table is disposed within said laser housing said second

—_— SO | AR
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FROM QNﬁg PABE 59 (PBINTED PAGE  59)
protru5|ons 0 @@ 9 and 10 in the enga { 13
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stent nmade gaid second end of said table is dlspoeed within said laser
housing said first end of said table is disposed outgide of
said laserfhousing;

4} .a plurality of stent foldere disposed at said first
end of said table and a plurality of stent folders disposed at
gaid second end of sajid table, each of said stent folders
comprising:

a) a base having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal having a longitudinal axis, a first
major surface, a second major surface, a first long side,
and a second long side, said first and said second long
sides substantially parallel to said longitudinal axis,
said sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of said platforms, said pins sized to engage said
alignmenc apertures and align said sheet on said
platform; “

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, said mandrel sized to have a
cross-sectional diameter substantially equal to or less
than the internal diameter of said stent to be
fabricated, said platform provided with a first concave
recess adapted to receive said first end of said mandrel

and a second concave recess adapted to receive said

—__________________.—-—————-—-'—"“‘"_ T
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in accor ané“l"WW O¥hi s i nvention: PAGE &0 (PRI"¥P§“GE 24/8? 2get ail ed vi ew of

a cell made in accordance with th| S i nvent I on; /N01350§6|t8%0 2 56/"
cell of a stent nade in accordance wth this invention; Fig 17
is an enlarged visewogd end ofl ashovandzel;Fig. 16; Fig. 18 is a

cross-sectional view of a | ongitudinal nmenber of a tgﬁ; constructed in
accordance with this 9nveft PdRgedly connacted; grm adapted foF DOVERERE |

view of a stent in a first direction toward said platform and in a second
direction away from said platform for securing said
mandrel aqainet a major surface of sald flat sheet of
metal; |

el a first deforming blade provided with a first

defbrming-blade tip; a second deforming blade provided
with a second deforming blade tip; a third deforming
blade provided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforming blade provided with a fifth
deforming blade tip; and a sixth deforming blade provided
with a sixth deforming blade tip, said blades disposed
around said external surface of said mandrel, said
deforming blade tips adapted to deform said flat sheet of
metal against said external surface of said mandrel so
that said flat sheet of metal is deformed into a
substantially tubular shape substantially conforming to
said external surface, said deforming blades disposed
betwaen gaid first end and said second end of said
mandrel; each of said deforming blades zadapted for
independent and selective movement in a first direction
toward said mandrel and a second direction away from said
mandrel so as to selectively impinge said deforming blade
tips against said mandrel or upon a portion of said sheet
disposed between said mandrel and each of said deforming

blade tips, each of said deforming blades further adapted

WA " R O R
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FM SENEONRXENTOY _ . PABE 61 (PRINTED PAGE 61) ] ; :
constr | rdance with this inven ) 0Ois a
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Fig. 21 is a cross-sectional front view of an_ unexpanded stent nade in
accordance wit hsphshahyveatid ofirst long siderppd 93id sepand,dongefidgnaf
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third and said sixth deforming blade tips provided with a
plurality of scalloped laser apertures, said apertures
sized and disposed to permit said third and said sixth
daforming blade tips to secure said first long side and
said second long side against said external surface oZ
said mandrel while providing said laser access to
predetermined portions of said first long side and said
second long side in order to weld said first long side to
pald second long side;

£) a first motor connected to said first deformingc
blade} a second motor connected to said second deforming
-blade; a third motor connected té said third deforming
blade; a fourth motor connected to said fourth deforming
blade; a f£ifth motor connected to said fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of said deforming blades to which
it is comnected in a first directjon toward said mandrel
and in a second direction away from said mandrel; and

g) a computer for controlling: the segquence which
said first end of said table énd said second end of said
table are disposed within said laser housing; for
countrolling the sequence and degree to which each of said
plurality of deforming blade tips impinges upon said

mandrel or a portion of said sheet disposed between said

° | EER OB R R
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apparatus for constructing a stent nade in accordance with the invention;
Fig. 27 is an emandyed wndweathaoposdaidrdefioriag blade tips; and for

controlling the sequence, pattern, location, and amount
of energy said laser applies to each of said first and
second long sides of each of said sheets disposed on each

of said plurality of stent folders.

21. The apparatus of c¢laim 20, wherein each of said blade
deforming tips has a length substantially equal to said first

and said second long sides of said flat sheet of metal.

22. The apparatus of claim 20 wherein said deforming blade

tips are concave.

23. The apparatus of claim 20 wherein said third deforming
blade tip is substantially identical to said sixth deforming
‘blade tip; said second deforming blade tip is substantially
identical to said fifth deforming blade tip; and said first
deforming blade tip is substantially identical to said fourth

deforming blade tip.

24. Apparatus for fabricating a stent, comprising:

a) a base;

b) a sheet receiving area disposed on said base, said
area adapted to receive a flat sheet of metal to be formed
into said stent, said flat sheet of metal having a |
longitudinal axis, a first major surface, a second major

gurface, a first long side, and a second long side, said first

Thhiﬁi“ﬁllﬁ“ﬁﬁﬁmd T R R RO O
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constructed in accordance with the inve
engagenent points constructed in accordance_wth the inventiaqn;
Fig. 30A ?’b‘? RALYE RAFONEH 0BG BERR Wﬁtﬁélgys?%ﬁ?ﬁfgi'ﬁ’g FHE appar at us

of FIGS. X ] Fig. 31 shows details of a v-shaped notch
and gap £§§§§§¥4¥%%%n§§%8ance with the invention; Fig. 32 shows

details of twapl age dekohE-IfglaPsirdBdad AndCA056E05E aid h dai@ i nventi on;
first end of said arm adapted to seleétively retain a mandrel
having a substantially cylindrical external surface, said
second end of said arm hingedly connected to said base and
adapted fof‘movement in a first direction toward said base and
in a second direction away from said base and further adapted
to secure said mandrel against a major surface of said flat
gsheet of metal disposed on sald stent receiving area disposed
ot said base, said mandrel sized to have a cross-sectional
diameter substantially equal to or less than the internal
cross-sectional diameter of said stent to be fabricated:

d) means for deforming said flat piece of metal agains:
said external surface of said mandrel so that gaid flat sheet
of metal is deformed into a substantially tubular shape
substantially conforming to said external surface of said

mandrel with said first long side and said second long side

substantially parallel to each other.

25. The apparatus of claim 24, wherein said means for
deforming is a member provided with a deforming tip having a
length substantially equal to said first and said second long

sides of said sheet of metal.

26. The apparatus of claim 24, wherein said deforming tip is

cancave .

* [ L M - *
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alternative enbodi nrent of engagenment points constructed in accordance with

the invenli o srent alignisf Gnd3wetd s SRRl sWhigki zed in accordance
with the Invention; Fig. 36 shows a mandrel receiving surface

made in accoadance bddeh hakéngniepfiton;end and a secbngd. edd, shofisram

alternative enbodi nent of an _
wall having a first end and a second end and a first major
gurface and a second major surface; a second wall having a
first end and a second end and a first major surface and &
second major surface, said second major surface of said first
wall and said first major surface of said second wall defining
a longitudipal U-shaped channel having a longitudinal axis in
said base, said first wall provided with a plurality of slots
defining a plurality of first clamping portions having a top
end and a bottom end and a first major surface and a second

major surféce, each of said first clamping portions provided
with a £irst concave channel disposed at said top end of said
second major surface of said first clamping portion and a
second concave channel disposed at said bottom end of said
second major surface of said first clamping portion, said
first ana said second concave channels substantially parallel
to said longitudinal axis of said U-shaped channel; said first
wall of each of sald plurality of first clamping portions
provided with a compensation slitldisposed between said first
concave channel and said second concave channel, said
compensation slit substantially parallel to said longitudinal
axis of said U-shaped channel;

b) a plurality of second clamping portions disposed in
said U-shaped channel between said second major surface of
said first wall and said first major surface of said second
wall, each of said second clamping portions disposed in

registry with one of said first clamping portions, each of

S
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Is a top view of FIG. 37.
Fi g. 39 shgy§qasdEsins &mmﬂ%tg%gkegoassamngr@l%dpnenaccarsaﬂwmﬁ& the

enbodi nent shown in FIGS. 37 "and 38; Fig. 40 is a side view of
t he def or mangisetansahowurface, a second major surface, a first minor

surface disposed at said top end, a second minor surface
disposed at said bottom end, a third minor surface disposed
between said top end and said bottom end, and a fourth minor
surface disposed opposite said third minor surface between
said top end and sajld bottom end, each of said second clamping
portions provided with a first.concave channel disposed at
said top end of said first major surface of said second
clamping portion and a second concave channel disposed at said
bottom end of said first major surface of said second clamping
portion, said first and said second concave chatinels
substantially parallel to said 1ongitudin31 axis of said U-
shaped channel;

<) a biasing means disposed between sald first major
surface of said second wall and said second major surface of
each of said plurality of second clamping portions for kiasing
-said first major surface of each of said second clamping
portions against said second major surface of each of said
first clamping portions which are in registry with each other;

d} a first mandrel support lever positioning pin
projecting from said third minor surface and a second mandrel
support lever positioning pin projecting'from said fourth
minor surface of each of'said second clamping portions, said.
mandrel support lever positioning pins substantially parallel
to said longitudinal axis of said U-shaped channel;

e) a biasing control means for selectively controlling

the distance between said second major surface of each of said

) O O
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channel of said first wall and said second concave channel in

each of said second c¢lamping portions; and

g) a mandrel suppdrt lever for supporting said stent
during the ;lignment of said first long side of said sheet
with said second long side of said sheet, said lever provided
with a first mandrel support notch for supporting said first
end of said mandrel, a second mandrel support notch for
supporting said second end of said mandrel, a first mandrel
support lever positioning pin engagement surface for engaging
said first mandrel support lever positioning pin and a second
mandrel support lever positioning pin engagement surface for
engaging said second mandrel support lever positioning pin

when said mandrel support lever is disposed on gaid second

wall.

28. The apparatus of claim 27, wherein said biasing means is

an elastic material.

29. The apparatus of c¢laim 28, wherein said elastic material

is rubber.

30. The apparatus of claim 28, wherein said elastic material

is a spring.

31. The apparatus of claim 27, wherein said biasing control

* c L N S *
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to the sheet I's a side view of FIG 49 shomnng t he
stent and dm;:rie@aparaﬂoﬂerte@éh Bf tdaids Iaeehws communicatindwiAhl ERid

DESCRI PTI ON OF A PREFERRED ENMBODI MENT Ref erence is now made to
Fig. 1, whifdirst majorasesface and said second major surface of each of
said first c¢lamping portions and selectively movable in a
direction toward and away from said first major surface of
said second clamping portiqn to selectively move said second
clamping portion in a direction toward and away from said
fixst clamping portions to seiectively vary the distance
beﬁween said second major surface of each of said first

clamping portions and said first major surface of each of said

second clamping porcions.

32. A method of fabricating a stent comprising the steps of:
a) providing a plurality of stent patterns into a
flat piece of metal, each of said patterns having a first long
; side and a gecond long side, said first long side provided
- with a plurality of pairs of engagement points, said second
.long side provided with a plurality of pairs of engagement
points, said plurality of pairs of engagement points disposed
substantially opposite each other: said engagement points
sized and disposed to communicate when said pattern is
deformed and rolled inte a tubular shape, each pair of said
first long side engagement peoints provided with a bridge
disposed between each first long side engagemant point
comprising the pair, said bridge having a width that is less
than the width of the other portions of said stent;
b) disposing a mandrel having a substantially

cylindrical external surface and a longitudinal axis between

s ) 0 R
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h are useful in unders I'ng net hod of :
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pattern i ngdid |1 Rndi@uERhat ShePs 1fbstantially paraliel to said first
long aide and said second long side;
c) deforming said pattern into a tubulax shape so
that said first long side pairs of engagement points contac:
said second long side pairs of engagement points;
d) cutting said b:idge; and
e) attaching each of said engagement points to the
engagement point with which it is in contact to form said

expandable stent.

33. The method of claim 32, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

' 34. The method of claim 33, wherein said bridge has a width

of about 40 micrens.

35. The method of claim 32, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

36. The method of elaim 32, further comprising the step of
forming a V-shaped notch between said first long side and said

second long side during step c).

37. The method of claim 32, further comprising the step of
_ D

-
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has two opposing periodic gatterns and each section 22 has a plurality of
connecting @ ing aTgappheteeen ofaid gngagemgRthECLBEFEARGEHY) size: a
preferable size is_to have each section, 2 e hetween 1 and 6mm w de and
each secti orf* L4 8 ﬁ&ﬁt?ﬁg“f‘ﬁé@anﬁ% %'i‘r- nNgsRRhPPoRy: At such sizes,

the pattern of Fig. 2A cannot be cut wusing a laser cutting system
The pattern of Fig. 2B is simlar to that of Fig. 2Ain that it also has

sections 20 of. oppRSme#hBAr bUJéTaim 32, comprising the additional step of
providing additional weld f£ill material on the side of each of
said engagement points substantially opposite said bridge,
said weld fill material sized and disposed 30 as to permit the
additional weld fill material to be drawn into the weld point

during welding.

32. The method of claim 32, further comprising the step of

providing said sheet with a plurality of alignment apertures.

40. The method of claim 32, wherein step d) is carried out

using a laser.

41. The method of claim 32, wherein step e) is carried out

utilizing a weld.

42. The method of claim 40, wheréin said weld is'run from

outside-to-in.

43. The method of claim 40, wherein said weld is wider than

the other portions of the stent.

44. The method of claim 42, wherein said weld is about 20%

LT

wider than the other portions of the stent.

70
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sections. Instead, it has a series of alternatlna patterns, |abeled 32

and 34, 45. The Teshod: 0ératabh 43 gyhexainopaj

dwekd s dharidehapso

have a pIuralltq'of smal | protrusions 38 which are useful in formng the

stent, as JRRY

FeEPREBel ow. Returning to Fig. 1, in step
the stent pattern is cut into a flat piece of nmetal ("sheet netal").

The netal can be any type of bioconpatible material, such as stainless

46. The method of claim 41, wherein step e) is carried out
using a welding run that is offset from the point where said

engagement points contact each other.

47. The method of claim 41, wherein step e) is carried out

using a plurality of welding runs.

48. The method of claim 47, wherein two welding runs are

utilized.

49. The method of claim 46, wherein said weld run is offset
about .01 mm from the point where said engagement points

contact each other.
' 50. The method of claim 42, wherein said weld is a spot weld.

851. The method of claim 50, wherein a plurality of spot welds

is utilized.

52. The method of claim S1, wherein 5 spot welds are

utilized.

53. The method of claim 34, further comprising the step of

electropolishing the stent.

* [ L M S *
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can be |nplenented Inany o ways, such
by etching, or by cuttin -25
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55. The method of claim 34, wherein step e) is carxied out

utilizing a nail-like element.

56. The method of claim 34, wherein said péttern in cut into

said stent using multiple-up-etching.

57. The method of step 34, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).

58. The method of claim 57, wherein said inspection step is

carried out using an automated optical inspection apparatus.

59. A jig for electropolishing a tubular stent, comprising:

a rack having a first end and a second end, said rack
provided with a plurality of stent electropolishing mounts,
each of said mounts having

a) a baae; '

b} an electrically conductive first membex having a
first end connected to said base and a second end adapted to
selectively contact the external sﬁrface of said tubular stent
without damaging said external surface;

c) an electrically non-conductive second member having
s first end connected to said base and a second end adapted to

be selectively disposed within the longitudinal bore of said

e
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cut sheet netal. This process I1s known; however, for the

pur poses of conpleteness, it will be briefly descri bed her ei nbel ow.

The drawi ngtehtt withent @ama@ngeaaeédlamzwcm@d bozien o saidr fhEPlarent film
Since it is desired.to ¢C | et ta ng is
printed onFﬁmgﬁﬁ a??l?ﬁ? FgF%e ékékrﬂééqq¥%asPeﬁ;pFace§m%long
their edoggsaTheoshe m@'aa sgxsaa%emp%&@&eaaw blcanal ayer of
photoreS|s and p ace IBetwe e two transparent, printed filmns.

structure g bhk.anf.mé@dnmdaotm andgfiount sufficient to secure saud

stent between said first and said second members.

60. A method of electropolishing a stent, comprising the
steps of:

a) mounting a stent on a rack, said rack having a first
end and a second end proviaed with a plurality of stent
electropolishing mounts, each of said mounts having a base; an
electrically conductive first member having a first end
connected to said base and a second end adapted to selectively
contact the external surface of said tubular stent without
damaging said external surface; an electrically non-conductive
second member having a first end connected to said base and a
second end adapted to be selectively disposed within the
-longitudinal bore of said stent without damaging said
longitudinal bore, said first member and said second member
further adapted sc as to bias said second end of said second
membex towards said second end of said first member in an
amount sufficient to secure said stent between said first and
said second members;

b) immersing said stent in an electropolishing bath and
applying electrical current to gsaid first member for a
predetermined period of time; and

c) changing the point where s&id second .end of said

first member contacts gaid extermal surface of said stent

,__..____,_-—-———-
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' he enpty spaces in the pattern, such as spaces 26 of Fig.
2#0 to change properties. The sheet netal is placed into acid
whi ch eatmrismmyo thesexpbration aff said predetesninedinasiashafgsime.
properties. The sheet netal is then placed into an etching solution which
etches away all material on which there is no photoresist-renoving

sol ut i on ] Chhyiee {BUBSat BF PIOLPIR SherbEd b Noe WirAlacehayi ng the

desired stent pattern I'n step 14 e netal pattern is deforned
SO as 10 changed by rotatlng said stent,

62. The method of claim 60, wherein the point of contact is
changed by varying the distance between said stent and said

base.

63. The method of claim 60, wherein the point of contact is
changed at about the midpoint of the predetermined period of

time.

64. The method of claim 60, further comprising the step of
interrupting the treatment before the expiration of the
predetermined time, evaluating the effect of the
electropelishing prior to the interruption step, and adjusting
the remaining period of the predetermined time to compensate
for any variations in the amount of material actually removed

prior to the interruption step.

65. The method of claim 60, wherein the treatment is
interrupted at about the midpoint of said predetermined period

of time.

66. The method of claim 60, further comprising the step of
adding pieces of sacrificial material at said first end and

said gecond end of said rack te substantially compensate for
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at paid first end and said second end of said rack, saicd

matarial selected and added in an amount sufficient to
substantially equalize the amount of additional material
normally removed from the stents disposed at said first end

and said second end of said rack.

‘
67. A method of fabricating a stent having a longitudinal
lumen comprising the steps of:

a) providing a plurality of stent patterns in a
Elat sheet of metal; each of aaidzpatterns héving a first long
side and a second long side, said first long side provided
with a pluralicy of pairs of engagement points, said second
long side provided with a plurality of pairs of engagement
points, said plurality of paira of engégement points digposed
substantially cpposite each other, said engagement points
sized and dispoged to communicate when said pattern is
deformed and rolled into a tubular shape, each pair of said
first long side engagement points provided with a bridge
disposed between each first long side engagement point
comprising said pair, said bridge h#ving a width that is less
than the width of the other portions of said stent;

b) disposing a mandrel having a substantially
cylindrical external surface and a longitudinal axis between
gaid first long side and said second long side of said sheet, -
8aid longitudinal axis substantially parallel to said first
and said second long sides;

<} deforming said pactern into a tubular shape so

that said first long side pairs of engagement points contact

" ‘O] 0 AR R
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edg they are not attached strated
In step 16, the edges 28 are joined together by any suitable process, such
as spot wel 884, 56}@%&%909?-@&%’5"%8’ \WAGRIFREBE PRLNEH A Aldering are

|71 Ust ot och (RO 6T SRERNsGRn; T2 Hape A SREAFTHD, OF: T b8, at os

the conne églpf t he protrusion to the opposite edge 28 Si nce
protrusion 38 Is typically designed to extend the width of one 1oop 39,

the pattern in approxd)nat ehytph@SedMPbriliges i S seen
e) attaching each of said engagement points to the

engagement point with which it is in contact to form said

stent;
£) attaching an electrode to said sheet of mecal;
. g) electropolishing said stent; and

£) disconnecting said stent from said sheet.

68. The method ¢f claim 67, wherein said bridge has a width
that is about 25% to about 50% of the widch of the othex

portions of said stent.

69. The method of claim 67, wherein said bridge is provided

with a width of about 40 mie¢rons.

70. The method of claim 67, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
raeduce the likelihood of material stress occurring during

welding heating and cooling cycles.

71. The method of claim 67, comprising the additional step of
providing additional weld fill material on the side of said
engagement points substantially opposite said bridge, said
weld £ill material sized and disposed at said engagement

points so as to permit the additional weld £ill macerial to be

e RN 0 Iy
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is noted t

of the points 30.

%é?the

approprlate places

SS 16 f the pattern of Fig. 2A It
%SI eﬁgdh ggg %% ac f§iﬁ§§ 32 formed by the joining
the stent 31 is polished to renove
not properly renoved by the cutting process (step

any excess materi al

Finally,
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l ustrates a stent

12) . The p®Ri shfiny nesrhdde ofie cllalwesdl? pefiharheraldoypritging ubie ngredp A | shi ng

stick having dianond dust on its outside
forming a V-shaped notch between said first long side and said

second long side during atep c).

73.

The method of claim 67 further comprising the step of

providing a gap between said engagement points and said

external surface of said mandrel during step c¢).

74 .

The method of claim 67, further comprising the step of

providing said sheet with a plurality of alignment apertures.

75. The method of claim 67, wherein step d) is carried out

uging a laser.

76. The method of claim 67, wherein step e) is carried out

utilizing a weld.

77. The method of claim 76, wherein said weld is rus from

outside-to-in.

78. The method of claim 76, wherein said weld is wider than

the other portions of the stent.

79. The method of claim 78, wherein said weld is about 20%

wider than the other portions of the stent.

77
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81. The method of claim 76, wherein step e) is carried out
using a weld-rxun that is offget from the point where said

engagement points contact each ocher.
¢

82. The method of claim 76, wherein step e) is carried out

using a plurality of welding runs.

83. The method of claim 82, wherein two welding runs are

utilized.

84. The method of claim 81, wherein said weld run is offset

about .01 mm from the point where said engagement points

contact each other.

85. The method of claim 76, wherein said weld is a spot weld.

86. The method of claim 76, wherxein a plurality of spot welds:

is utilized.

87. The method of claim 86, whereiu said plurality of spot

welds comprizes 5 spot welds.

88. The method of claim 67, wherein step e) is carried ouc

A

utilizing an adhesive.

R
78
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thgﬁgﬁ@lm&g‘ﬁ 8111 engagenent troughs 1%@@%%5%%5%%8\?\%?2@@ 9@6512@?%.1’051%"
s an enlar%ed vi ew of ope pair 130 of the géurality of engagenent

protrusi on$ 131T5ﬁdm§59°§FR§&F¥3+mFﬁa! whexen UrpE)dSacardiedelteach of

the patterns.120.] rovi W t a plurality of alignnent apertures 122
and 122 a%%ﬁéégibé gr%%%ﬁ%xiﬁﬁmg;EWSFg'(not shown) for precisely noving and
mai ntai ni ng the precise alignnent of the sheet nmetal 121 and the patterns
120 during the various stages of manufacturing. Each pattern 120 has a

first |ongsgi.deThe3metbd GEladm 679 wherein said pattern in cut into

said stent using multiple-up-etching.

91. The method of claim 67, fuxrther comprising the step of
inspecting both gides of said sheet after step a) and before

atep b).

92. The method of claim 91, wherein said inspection step is

carried out using an automated optical inspection apparatus.

93. The method of claim 67, wherein said stent patterns axe
adapted so that upon expansion of sald stent against the
internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.

94. A sheet for fabricating a stent having a longitudinal
lumen comprising: ’ |

a) a flat piece of sheet metal provided with a
pluralicy of stent patterns, each of said patterns having a
first long side and a second long side, said first long side
pro?ided with a plurality of pairs of engagement points, said
second long side provided with a plurality of pairs of
engagement points, said plurazlity of pairs of engagement

points disposed substantially opposite each other, said

engagement points sized and disposed to communirate when gaid

” T
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I OJQONSKE}Q’O@SW:O provided with a pl ura‘ifl\]fI gégp(%p?aggrqgg/ 127, 127" and 127" of
engagenent troughs 128 and 129 (shown in greater detail in Fig. 9). Each

pair 127, phtteranfislddtonied aighgeinted tnoagastiiaslax fshage cegapepait
trough 128 and a second engagenent trough 129. The second | ong side 124 is
provi ded wift isaddpFiratilgnafsists engegementopoints mBPvisied wighganment
protrusions (shown in eater detail in Fig, 10).., . Each pair 130, 130" and
130+ o eMFABROHL PPof S OTRen SacH: CHFHEQLAFE F1AT SEaAns R R e
br oL T S! Otkohupk13fg%a 204 Pl AN BRIagl' kYIRS O iten TiReP2' aBh

than the width of the other portions of the stent.

95. The sheet of claim 94, wherein said bridge has a width
that is about 25% to about 50% of the width of the otchex

portions of said stent.

96. The sheet of claim 94, wherein said bridge has a width of

about 40 microns.

97. The sheet of claim 94, wherein said engagement points are
sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

98. The sheet of claim 94, further comprising, additional
weld £ill material on the side of each of said engagement
points substantizlly opposite said bridge, said weld £ill
material sized and disposed so as to permit the additional
weld fill material to be drawn into the weld point during

welding.

99.. The sheet of claim 94, further comprising a plurality of

alignment apertures disposed in said sheet. -

e
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Bgf’%ﬁﬁgﬁ{;ﬁ m'ent trough's?)(iZ??lr 127'I gﬁﬁﬁﬁsgwé'gg@tw'18%32]&822&%&6/"
troughs 128 and 129 are di sposed and adapted to receive and engage the

engagenent poot rriss ois=ek3bf afdih324 sowhdxetin isaidl sgentnpabviere alttent i s
mai nt ai ned when the pattern 120 is defornmed and the flat,ésheet netal is

roll ed

adapted so that upon expansion of saisgstent against the
internai wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.

101. A method for fabricating a stent having a longitudinal

lumen, c0mp;ising the steps of:
a.) constructing an apparatus comprising:

a) a laser housing;

b) a laser disposed within and selectively movable
within said housing;

c) a movable table having a first end and a second end
and adapted for selecti&e movement into and out of said laser
housing said table adapted so that when said first end of said
table is disposed within said laser housing said second end of
said table is disposed outside of said housing and when said

second end of said table is disposed within said laser housing

"said first end of said table is disposed outside of said laser

housing:;

4d) a plurality of stent foldexrs disposed at.'said first
end of said table and a plurality of stent foldere disposed at
said second end of said table, each of said stent £folders
comprising:

a) a base having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal having a longitudinal axis, a first
major surface, a second major surface, a first long side,

and a second long side, said first and said second long

e
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of material is djs posed bet ween each _ pair 127, 127" and_127" of engagenent

troughs 128 arftid9fsgsu ?HF%tfﬁ4¥Ky?4EE§%eﬁp§Pt§abﬁd1?¢iﬁﬁﬂd¥&%%mﬂﬁlﬁy and
facili d f t ddi t | st th
a0t "o e WAL 0 P e BTt

sheet has beergedchedsi:nto a tubular stent and the engagenment troughs 128
and 129 have recelved t he engagenent protrusions 131 and 132, neans (not

shown) are utilizied toanpluwtsliity hef alliiganent pﬂ@stﬂﬁﬁbﬁfdﬂiﬁ@ ¥3omi s cut
each of said platforms, saigd pins sized to engage said
alignment apertures and align said sheet on said
platform;

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, said mandrel sized to have a
cross-gectional diameter substantizlly equal to or less
than the internal diameter of said stent to be
fabricated, said platform provided with a first concave
recess adapted to receive said first end of said mandrel
and a second concave recess adapted to receive said
second end of said mandrel;

d) a2 hingedly connected arm adapted for movement
in a first direction toward said platform and in a second
direction away from said platform for securing said
mandrel against a major surface of Sald flat sheet of
metal

e) a first deforming blade provided with a firat
deforming blade tip; a second deforming blade provided
with a second deforxrming blade tip; a third deforming
blade provided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforming blade provided with a fifth

deforming blade tip; and a sixth deforming klade provided

-
* c L M 3 *
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varFB@( FENVONGKEN¥ONwel | known to those SkiT 2‘ 1 7d Oggﬁtmho/yvever in a
preferred enbodi nent, a laser is utilized. Engagenent t rough 128 i s wel ded

to engagement giehr Hsb%ﬂﬁef@éﬂr@‘maﬁeﬁlp“@#ﬂb pHiZ%Ress aasbdeddt 0
engagenment protrusion 132 as shown in Figs. 12 and 13. This may be

acconpl i shed i aroandasatt yexdemmals supifiacienofinsabd tisirelki lsadd in the art,
however, in a preferred enbodinent a plurality of spot welds are utilized.

In an especi al ﬁffsr@#esrb%ammﬂaptesoep defqmm Fasid idiads sheet \QEd in

32fglﬁ§|gﬁ{$2 ?ﬁ%%@ﬁ%@ﬁigﬂ% 1d exterﬁ%llgur Qgehg tsi¥&“¥£% egy Lhe

that said flat sheet of metal is deformed into a
substantially tubular shape substantially conforming to
said external surface, said deforming blades disposed
between said first end and said second end of said |
mandrel, each of said deforming blades adapted for
independent and seiective movement in a first direction
toward said mandrel and a second direction away from said
mandrel so as to selectively impinge said deforming blade
tips against said mandrel ox against a portion of said
sheet disposed between said mandrel and each of said
deforming blade tips, each of said deforming blades
furcher - -adapted so that sajid first long'side and said
second long side of said sheet remain substantially
parallel to each other when said stent is deformed into
said tubular shape, said third and said sixth deforming
blade tips provided with a plurality of scalloped laser
apertures, said aperturaes sized and disposed to permit
said third and said sixth deforming blade tips to secure
said first long side and said second long side against
gaid external surface of said mandrel while providing
said lager access to predetermined portions of said first
long side and said second long sidé of said sheet in

order to weld said first long side to said second long

) 0B

gide;
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bet ween t he engagenent trough and the engagenent protrusion where the
addi tional bridge nefleri a fikeseomesopacdritictant] torpaits £ Adst t defmtmistg engt h
to the weld. The stent may then be finished as previously discussed.
Dat e: blade; a second motor connected to said second deforming
blade; a third motor connected vto said third deforming
blade; a fourth wmotor comnnected to said fourth deforming
blade; a fifth motor connected to gsaid fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of said deforming blades to which
it is connected in a first direction toward said mandrel
and in a second direction away from said mandrel; and
q) a computer for controlling: the sequence which
said first end of said table and said second end of said
table are digposed withiﬁ said laser housing; for
controlling the sequence and degree to which each of said
plurality of deforming blade tips impinges upon said
mandrel. or a portion of said sheet disposed between said
mandrel and each of said deforming blade tips; and for
contrelling the sequence, pattern, location, and amount
of energy said laser applies to each éf said first and

said second long sides of each of said sheets disposed on

each of said plurality of stent folders;

b.} cutting a plurality of stent patterns into a flat piece
of metal, each of said patterms having a first major surface
and a second major surface, a first long side and a second
long side, said first long side provided with a plurality of
pairs of engagement points, said second long side provided

with & plurality of pairs of engagement points, said plurality
R

o S T
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F| gFROMZKENYQN&gE’\BpHef erred enbodi nent, ﬁTm?gbgp 0 ﬁt‘ﬂ‘?gwww gp/“
where the engagenent trough and t he engagenment protrusion contact each

other. |In of eajzei aﬁl enargdrsnte Poinvsodinpnsedt trebaant faliy oppbite about
I s a detaile | ew,of .the pattern shown in F|g

.01
5. as showfeh EEBer: Tanld Priatbennnt eainbe” Fioed Tk CARPERE Fope
described 3iinedRRR0ARLE 44D pAYI 18 Beformed and rolled into a

tubular Bhape) each pair of said first long aside engagement
points érovided with a8 bridge disposed between each first long
side engagement point comprising the pair, said bridge having
a width that is less than the width of the other portions of
the stent, said sheet provided with a plurality of alignment
apertures aized and disposed to engage said alignment pins on
said base;
c.) disposing said sheet on said base so that said first
major surface of said sheet is in contact with said base;
d.) disposing a mandrel having a substantially cylindrical
. external surface and a longitudinal axis against said second
major surface of said sheet between said first long side and
said second.long side of said sheet, said longitudinal axis
substantially parallel to said first long side and said second
"long side;
8.) deforming said pattern into a tubular shape so that said
firat long side pairas of engagement points contact.said second
long side pairs of engagement points said deforming step
comprising the steps of:
a) actuating said sixth deforming blade motor so
that said sixth deforming blade motor moves said
sixth defoxrming blade in said first direction in an
amount sufficient for said sixth deforming blade tip
to contact said external surfacc of said mandrel so

as to secure gaid mandrel against said sheet;

) ] O D
* c L M ] *
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connected cells 50 with each of the flexible cells 50 having a first

| ongi t udi nal end 77pyandy@. ?ﬁ?%glgaqggﬂggs %f&q‘g’_ Z?Bbllg hmggbk. 8g also is

provided with a flrst Iong| apex 1 sposed at t rst

| ongi tudi nal end 77thad fafdCPI¥hY B1gdeUdsfolnife motdd mdvapROggdgat the
second |l ongitudinal end 78. Each cell 50 also includes a first nmenber 51

havi ng a | ongi t udi nﬁﬂ-rébmmmmmaﬂg anf patd fmbtSAixedtdonedonanend 53;

a second nmenber 54 haV|ng é |1 gi tudi nal ¢gnponent haV|dg a first end 55
and a amount “sufficient for said first blade eforming tip

to contact said firxst major surface of said sheet
and deform said sheet against said external surface
of said mandrel; -

c) actuating said second deforming blade motor so
that said second deforming blade motor moves said -
second deforming blade in said first direction in an
amount sufficient for said second deforming blade
tip to contact said first major surface of said
sheet and deform said sheet against said external
surface of saild mandrel;

d) actuating said third deforming blade motor so
that said third deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said third deforming blade tip
to contact said first major surface of said sheet
and deform said sheet against said external surface
of said mandrel while actuating said sixth deforming
blade motor so that said sixth deforming blade moves
in said second direction away from said mandrel;

e) actuating said fourth deforming blade moror so
that said fourth deforming blade motor moves said
fourth deforming blade tip in said first direction
in an amount sufficient for said fourth deforming

blade tip to contact said first major surface of

* RN OB
* [ L L S *
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fi rFEM SEYO ﬁ%m a second end 59; and % 3 Etgjrggzgr 60 ?@w ng a

| ongi tudi nal conponent having a first end 61 and a second end 62. The
stent al so |ncludesa%ﬂdfﬂhQQtIaﬂdpd3§°éefﬁﬁi®gﬁ%ﬁﬁqr%ﬂi#ﬂ%&léaeﬁ di sposed

between the first end 52 of the fir rILéir;.and the first -end 55 of
t he second member 5%* 9¥¥ﬂiﬂﬁ“¥l488p SSﬁé ¢lisecond angle 66 is

di sposed between t }hgy second
di sposed bet ween tf Waeihe>3adl &bftﬁhaéponﬁﬁgomaﬁz #8€otNo

that sald fifth deforming blade motor moves said
fifeh deforming blade in said fixst direction in an
amount sufficient for said fifth deforming blade tip
t; contact said first major surface of said sheet
and deform said sheet against said external surface
of said mandrel;
g) actuating said sixch deforming blade motor so
that said sixth deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said second deforming blade
tip to contact gaid first major surface of said
sheet and deform said sheet against said external
surface ¢of said mandrel;
h) simultaneously actuating said third and sixth
deforming blade motors so that said third and sixth
deforming blade motors move said third and sixth
deforming blades in said first direction ih an
amount sufficient for said thiid and gixth deforming
blade tips to contact said first major surface of
said sheet and deform said sheet against said
external surface of said mandrel;

d) utilizing said laser in cutting said bridge; and

el utilizing said laser in welding each of said engagement

points to the engagement point with which it is in contact to

R

form said expandable stent.
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or flexible link 6 first end 68 and a second

&“?hG?hL%@%S%%snaeﬁﬁé%ﬂgfh il (03 pHEPRFS %%1@2%;# sl d, aRabRr o
flexi b'eéh Hatk 187 a geTy 69°@‘? engﬁnm st Be Eﬁé%ﬁhﬁﬂ%é%}ﬁf otherfirst menber

51 and the secon e first flexible conpensating
portions of said stent.

1.03. The method of claim 101, wherein said bridge has a width

of about 40 microns.

104. The method of claim 101, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heatihg and cooling cycles.

105. The method of claim 101, further comprising the step of
forming a V-shaped notch between said first long sgide and said

second long side during step e).

106 . The method of claim 101, further comprising the step of
providing a gap between said engagement points and said

external surface of said mandrel during step e}.

107. The method of claim 101, comprising the additional step
of providing additional weld fill material on the side of each
of said engagement poilnts substantially opposite said bridge,
said weld fill material sized and disposed 80 as to permit the
additional weld £ill material to be drawn into the weld point

during welding.

108. The method of claim 101, wherein step d) is carried out

—_— " R G

Th:s Sheet Has Beeny Replaced

[ I

—_—— i —



mmwmﬁ&ﬁ%uwwmmw COMmTUNRAERL ?B(;rﬁ’w%ﬁﬁg “ﬁ%g g}sef ngJ/N5 5086120 e};i 04/xx

t hi FROM

N The first end 68 and are spose

vari abl e | ongitudinal distance 70 fromeach other. A second flexible
conpensM#ing PeH¥SPr71 having a first end 72 and a second end 73 is
di sposed between the second nenber 54 and the fourth nenber 60. The first

end 72
conmuni

of the second flexible conpensating nenber or flexible link 71

ond 73 8?55"5 Mid r&leﬁ:ggflSSfo faf%ﬁ'du?ﬁ %e%@nsﬁﬁngdeﬁei@edaﬁe@%@tt he second

the 'secon eX| conpénsating menber or flexible link 71

comuni g £61 2rig) at k@L1ALrst end 61 of the fourth nenber 60. The first end
72 and the second end

11.0. The method of claim 109, wherein said weld is run from

outside-to-in.

111. The method of claim 109, wherein said weld is wider than

the other portions of the stent.

112. The method of claim 111, wherein said weld is about 20%

wider than the other portions of the stent.

113. The method of claim 109, wherein said weld has a width of

about 140 microns.
114. The method of claim 102, wherein step e) is carried out
using a weld-run that is offset from the point where said

engagement points contact each other.

115. The method of claim 1092, wherein step e) is earried out

uging a plurality of welding runs.

116¢. The method of claim 11%, wherein two weld-runs are

utilized.

117. The method of claim 114, wherein said weld run is offset

N N O O
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flexible links 67 and 71 are -arcuate. The first and second fl exible

conpens ajh&gt M &fm FHron Itﬁéi,ﬁbﬂni | Srd il ehgagenett i poimg i al |y

ext endabl e .or conpressible en the stent is bent in a curved direction
away frommtaet |eanh tatdiemwal axis 79 of the aperture 80. (Shown in Fig.
20.) The first menber 51, second nenber 54, third nmenber 57, and fourth
menber 60 and the first |oop 63 and the second |oop 65 and the first

fl EXiblelfé““%ﬁﬂ?Q&ééﬁ%dﬂggbgiag& I&;}i$ﬂé%ein said weld is a spot

weld.

4

119. The method of claim 109, wherein a plurality of spot

welds is utjilized.

120. The method of claim 119, wherein said plurality of spot

welds comprises S spot welds.

121. The method of claim 101, further comprising the step of

electropolishing the stent.

122. The method of claim 101, wherein step e} is carxried out

utilizing an adhesive.

123. The method of claim 101, wherein step e) is carried out

utilizing a nail-like element.

124. The method of claim 101, wherein said pattern in cut into

said stent using multiple-up-etching.

125. The method of step 101, further comprising the step of

inspecting both sides of said sheet after step a) and before

T O O R A

step b).

' 20
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the first flexible conpensating nenber or flexible link 67 and the second

fl exi bl e conmpensating nenber or flexible link 71 increases and the
| ongi t udi A6 .c FRBoReRPOA AL tHlkaim 125, nwhsspin1said dampasides: s58p LAird

member. 57 a@%led out using an automated optical inspection apparatus.

127. The method of claim 101, wherein said stent patterns are
added so that upon the expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent projects into said longitudinal lumen.

{0
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increase the variable |ongitudinal distance 70 between the first end 68
and the second end® GBixAt tlemer iside andxabieceashpangasiiAg, Reidefivpt

flexible_link and s t;0.i ncrease,the variabl e ongi tudi nal di stance
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pairs of engagement points, said plurality of pairs of first

long side engagement points and said plurality of pairs of

second long side engagement peints disposed substantially

opposite each other and connected to each other via a weld,

said weld wider than the other portions of said stent.

129. The stent of claim 128, wherein said weld is run from

cutside~to-in.

130. The stent of claim 128, wherein said weld is about 20%

wider than the other portions of the stent.

131. The stent of claim 128, wherein said weld has a width of

about 140 microms.

132. The stent of claim 128, wherein said weld is comprised of

a plurality of weld runs.

133. The stent of c¢laim 132, wherein said weld is comprised of

two weld runs.
134. The stent of claim 128, wherein said weld is a spot weld.

135. The stent of claim 128, wherein said weld comprises a

” R O A R
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foreshortening of the stent upon its expansion. Upon expansion, the first

flexible cg e?sgtin menber .67 and the second flexible conpensating
member 71P'ﬁ%§ LR B ROT 31 ¥e | unen being treated. Fig. 15
shows the dinensions of an especially preferred enbodi nent of this

i nvention. The deflection points, i.e., the first and second | oops 63 and

65 and t haz3séfi The abtehtsardraladmmessavhageivendselrd pAdaraddtylof aspotrade
wi der than the first, second, third, and fourth nenbers 51
welds comprises 5 spot welds. '

137. The stent of claim 128, wherein said stent patterns are
£

adapted so that upon the expansion of said stent against the

internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.
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oveFROMm RKEY G upon the expansion o I'on points
can be made wider than the first, second, third and fourth nenbers in
differing anounts so that the deflection will occur in the narrower areas

first due to
ABSTRACT

A stent and a methsd for fabricating the stent are disclosed.
The gtent has an originally flat pattern and connection points
where the sides of the flat pattern are joined. The method
includes the steps of a) cutting a stent pattern into a fiat
piece of metal thereby to produce a metal pattern, b}
deforming the metal pattern so as to cause two opposing sides
to meet, and ¢) joining the two opposing sides at least at one
point. Substantially no portion of the stent prxojects into
the lumen of the stent when the stent is expanded against the

internal wall of a blood vessel.
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menbers and the first and second |oops are wider than the first and second '

conpensating nenbers. One of the advantages of sizing the first and second
| oops so that they are wider than the first and second conpensating
menbers is that the stent wll substantially conpensate for foreshortening
as the stent is expanded. In the enbodi nent shown in Fig. 15, the first,
second, third and fourth nmenbers 51, 54, 57 and 60 have a w dth of about
0.1 mm The first and second | oops 63 and 65 have a wi dth of about
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0.14 Ft?m TWe % rstN and second conpensati ng )rrlenéserw 2& 04/ 2% ! /Nar e5 I’]C)Q\[/]Il ded %
with a thickened portion 75 and 76 having a width of about 0.12 nnt Thus,
inthis especially preferred enbodinent, the first and second | oops have a
width that is about 40% greater and the first and second conpensating
menbers have a width that is about 20% greater than the width of the
first, second, third and fourth nenbers. Figs. 16 through 20
show details of a stent* constructed in accordance with this invention.
Yet anot her advantage of Applgs pvention is shown in Figs. 21 to 24.

For the sake of clarity, the

_\
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Fig. 21 is a cross-sectional front view taken al ong

exagger at ed.
line A-A of the unexpanded stent nmade in accordance wth
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expansion. As previously discussed, this stent is nade by first cutting

the stent pattern into a flat piece of sheet netal and then rolling the
sheet netal into a tube to formthe tubular stent. As shown in Fig. 21

after rolling, the first and second fl exi hl e conpensating nenbers 67 and
71 of the unexpanded stent tend to "flare out” in a direction away from

the |l ongitudinal axis or lumen of the stent. | - '
conpensating nmenbers 67 and 71 define outer dianmeters which are |arger
t han the outer This Sheet Has Been R
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tlﬁﬁMmmﬁwmll of the blood vessel. As shown in Fig. 22, upon expansion

of the unexpanded stent toward the wall of the blood vessels, the walls of
the Dblood vessel inparts a nechanical force to the first and second

fl exi bl e conpensating nenbers 67 and 71 and the conpensating nenbers nove
toward the longitudinal axis or lunmen of the stent until they are
substantially in registry wth the remaining portion of the stent. Thus,

the lumen of the expanded stent is substantially circular when viewed in
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- 34- axis of the expanded stent. Fig. 283 is simlar to Fig. 21
except that the pattern has been cut into a tubular nmenber using
conventional nmethods of making stents. As shown in Fig. 23, the flexible
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toward the walls of the blood vessel 201, the flexible conpensating

menbers 67° and 71' tend to "flare in" and project into the |umen 204 of
t he expanded stent 203. Fig. 24 shows the stent 203 of Fig. 23
after it has been expanded in a lunen 204 of a bl ood vessel 201. The

fl exi bl e conpensati ng nmenbers 67 and 71' are not in registry wth the
remai ni ng porti . efine a diameter smaller than the

di ameter of renfi A ng ASeent . . )
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result in clot formation. Applicant's invention is also directed
to an apparatus for fabricating a stent, conprising a platform a

mandrel, and neans for deforming a sheet of netal around the mandrel.

The pl atformls adapted to receive a flat sheet of netal to be fornmed into
a stent. In a preferred enbodiment, the flat sheet of netal is provided:
with a first end, a second end defl ning a longitudinal axis, a first major
surface, a 0 5
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- - parallel to the |longitudinal axis of the sheet. The mandrel has a
substantlally cylindrical external surface and a first end and a second

end defining a |longitudinal axis. The
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for securing the mandrel against a major surface of the flat sheet of
metal is provided. A neans for deformng the flat sheet of netal around

the external surface of the mandrel is also provided to deformthe flat

sheet of netal into a substantially tubular shape that substantially

conforms to the external su&face of the mandrel, a preferred
] .oap d so that the first

enbodi nent, the nmeans de
| ong si de and the sgicond | ong i B arallel to each

I
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nea di ng appar at us,
first long side of the sheet to the second |long side of the sheet.

In operation of a preferred enbodinment a plurality of stent patterns are
cut or etched into a flat piece of netal. Each of the patterns has a first
| ong side and a second |long side, with the first long side provided with a
plurality of pairs of engagenent points and second |ong side provided with

a plurality of pairs of engagenent points. The plurality of pairs of
engagenent points are di sposed _
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portions of the st entae asqug‘ﬁ ﬁ gﬁ DeBe: BANWEIF613040 fP._ %’f"

[agﬁhﬁﬁﬁ§ é%@ si des of t he sheet as-a sdbstantial ly

external surface and a | ongitudinal axis substantially
parallel to the first long side and the second |ong sides. The pattern is
defornmed into a tubular shape so that the first |Iong side pairs of
engagenent points contact the second |ong side pairs of engagenent points.
The bridge is cut and each of _thefhgagenent po s 1S attached to the
engagenent point with whigh¢it is in contact to fornmke expandabl e stent.
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ucted in accordance
apparatus conprises a |aser housing 300, a |laser 301, a novable table
302, and a plurality of stent folders 303 disposed on the table. The |aser
301 is disposed within and selectively novable within the housing 300. The
novabl e table 302 has a first end 304 and a second end 305 and is adapted
for selective novenent ihto and out of the |laser housing 300. The table
302 is adapted so that when the first end 304 of the table 302 is disposed

within the | aser housing 300 the second
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the first end 304 of the table : . -37 -
302 is disposed outsi @¢®lof the | aser housing 300. A A plurality of

stent fol ders 303 iS(giesposed at the )
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27, each of said stent folders conprises: A base 306 having a

pl atf orm 307 adapted to receive a flat sheet of netal 120 to be
formed into a stent. The flat sheet of netal 120 has a | ongitudi nal
axi.s, a first maj or surface, a second najor surface, a first |ong

si de, and a second long side, with the first

| ong sides substantially parallel to the |ongitudinal axi s. The sheet
Is also provided with a plurality of This Sheet Has Been Replaced
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t he al i gnment apertures 122 and align the sheet on the pl at f or m

307. A mandrel 309 is provided having a substantially

cylindrical external surface 310 and having a first end 311, a second
.end 312, and a longitudinal axis 313 as shown in FIGS. 35. The nmandr el
309 is sized to have a cross-sectional dianeter D substantially equal
to or less than the internal dianeter of the stent to be fabricated.

310 313
i o Ve
!

304 3z
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recess 315 adapted to receive the second-end 312 of t ndrel 309 as
shown in FI G- 36. . — -
connected arm 376 i s adapted for novenent
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K [eolp| atform 307 for securrng..tpe.nandrel 309- agai-pst- & majpr-
ace of* said flat” “sheet of metal when |t i s di sposed on t.he. platform
Each stent fol der 303°is provided with a first deform ng bl ade 316 ,
" provided with a first -deform-ng blade tip 3167 a second def or m ng “bl hde
317 provided with a second deform ng bl ade tip-317'-; a th| rd def orni ng
bl ade 318 provided with a third deform ng.bl .ade tlp 318'; a fourth
deforming bl ade 319 provided with a fourth deformng bl ade tip 319'; a
fifth deform ng bl ade 320 °
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di'spbsed around ‘it he .external 'surface 310:of the,mandrel. 309: and .are .
adapt ed

-surface 310 of

def or na

ng.-bl ade:ti-p 321' .- -The- bliades: are -

to deformthe flat sheet of netal against the external surface.
310 of the mandreél’ 309 so”that the flat shedt of " netal is deformed into’a
substantially- tubul ar shape subs q¢ia1ly~ qjornrng'to the'eggz reaf o
t he mandrel 309. e deforfnring bl ades are dis .-bet ween
the first end 311 and the second ¢nd 312 0f the nmandrel 3092(Each of the
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or against a portlon of t he sheet disposed
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and each of the deform ng blade tips.
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and ¥ ﬁ& @gﬁyﬁ g--si de of the sheet _Eﬁ %f M#ﬁl‘?? g@rﬁoﬁéﬁomﬂ%l/“
each ot her V\hen the shéet is deforned into the t ubul ar shape “The thitdr =t -
and the sixth deform ng bl ade tips 318 and 371" are ‘provided with a * -+ -
plurality of scalloped |aser apertures 322, as - shown-in FtG-32;-which are
sized and di sposed to permt the thlrdnand the sixth.deform.ng blade tips, .
to secure the first long side and the second | ong side against the

external surface of the mandrel while prow di ng the | aser 301 ‘access to
predeterm ned portions of the first |ong :
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first deforntng bl ade; a second nDtor 324 i-s connected to the second

def ormi,ng. bl ade; a third hotor 325 is connected to- the third deforning

bl ade; a fourth notor 326 is connécted to the fourth deforning blade; a
fifth notor 327 is connected to-the fifgh deform ng blade; and a sixth
notor 328 is connected to the sixth defgfnming blade. Each of the notors is
adapted for selectively aning each t he ngQLning bl ades to which it is
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connected in a first direction toward the nmandrel and in a second
direction away fromthe marfdrel . A cofputer 329 controls the sequence
whi ch, the first ‘end of the table and the second er*."—)r of—t-he-tahble are

di sposed within.tHe |aser housing; the sequence gwREPLACEMENT SHEETS SG
-40 - " . -1- escriptios : paged .. to paged:

: . X

] Jaim(s) - pagedg to pagcdﬂ.:.;

: wing(s) : paged ). to paged +3
A
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; bstract  : paged V¥ to paged 7.
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STENT FABRICATION METHOD AND APPARATUS

FIELD OF THE INVENTION

The present invention relates generaily to methods
of fabricating stents.

BACKGROUND OF THE INVENTION

Stents are known in the art. They are typically
formed of a cylindrical metal mesh which can expand when
pressure is internally applied. Alternatively, they can be
formed of wire wrapped into a cylindrical shape.

As describéd in U.S. 4,776,337 to Palmaz, the
cylindrical metal mesh shape is produced by laser cﬁtting a
thin walled metal tube. The laser cuts away all but the lines
and curves of the mesh.

The method of U.S. ’337 is applicable for relatively
large mesh shapes and for meshes whose lines are relatively
wide. However, for more delicate and/or intricate shapes, the

spot size of the laser is too large.

This is the replacement sheet
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degree to which each of the deform ng bl ade tips inpinges upon the
mandrel or a portion of the sheet disposed™ bet ween the mandrel and
each of the deform ng bl ade ti ps; and the sequence, pattern,

| ocation, and anobunt of energy the | aser applies to each of the first
and second | ong sides of each of the sheets disposed on each of the
plurality of stent folders. Each of the bl ade deform ng tips has
a length substantially equal to the first and the second | ong sides of

the flat sheet of netal aptMvARY PFeieIE eRESREi TRVENTIGN bl ade defornming
tips are concave as shown in FIG 27. _

It is, therefore, an object of the present invention
to provide a stent fabrication method which can produce stents
with relatively intricate and/or delicate designs.

The method involves first creating a flat version of
the desired stent pattern from a piece of thin sheet.metal.
The flat pattern can be produced through any suitable
technique, such as etching the design into the sheet metal, or
by cutting with a very fine laser, should one become
commercially available or by any other technique.

Once the sheet metal has been cut, it is deformed so
as to cause its edges to meet. To create a cylindrical stent
from a flat, roughly rectangular metal pattern, the flat metal
is rolled until the edges meet. The locations where edges
meet are joined together, such as by spot welding.

Afterwards, the stent is pélished, either mechanically or
electrochemically.

It is an object of this invention to provide an
apparatus for fabricating a stent, comprising:

a) a platform adapted to receive a flat sheet of metal
to be formed into the stent, the flat sheet of metal having a
longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, the first
and the second long sides substantially parallel to the
longitudinal axis of the sheet;

b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end

defining a longitudinal axis, the mandrel sized to havewi
This is the replacement shest
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In an especially preferred enbodi nent, as shown in FIG 27 the third
deform ng blade tip is substantially identical to the sixth deform ng
bl ade tip; the second deforming blade tip is substantially identical to
the fifth deformng blade tip; and the first deformng blade tip is
substantially identical to the fourth degorm ng bl ade tip. In
operation, the apparatus shown in FIGS. 25 to 27 and discussed in detai
above is constructed. A plurality of stent patterns is cut into a flat
pi ece of netal, each of the patterns having a first major surface and a
second mj oeross-sectional diameter substantially equal to or less than
the internal diameter of the stent to be’' fabricated;
c) means for securing the mandrel against a major
surface of the flat sheet of metal; and
a) means for deforming the flat sheet of metal against
the external surface of the mandrel so that the flat sheet of
metal is deformed into a substantially tubular shape, the
means for deforming adapted so that the first long side and
the second long side remain substantially parallel to each
other when the flat sheet of metal is deformed into the
tubular shape.
It is another object of this invention to provide
and apparatus for fabricating a stent, comprising:
a) a base having a platform adapted to receive a flat
sheet of metal to be formed into the stent, the flat sheet of
metal having a longitudinal axis, a first major surface, a
second major surface, a first long side, and a second long
side, the first and the second long sides substantially
parallel to the longitudinal axis of the stent;
b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end
defining a longitudinal axis, the mandrel sized to have a
cross-sectional diameter substantially equal to or less than
the internal diameter of the stent to be fabricated;
c) means for securing the mandrel against a major
surface of the flat sheet of metal;

d) a plurality of deforming blades disposed around the

periphery of the mandrel for deforming the flat sheet of metal

This is the replacemeni shest

N S ¢
« Oy sy h
] 9 ORYR :m

N s il
PNomdae .
RATUT -



surface, a first long side and a second long side. The first [|ong side and
the second | ong sides are provided with a plurality of pairs of engagenent
poi nts 329, 330, 331, and 332, as shown in FIGS. 28 and 29, disposed
substantially opposite each other and sized and di sposed to comuni cate
?Qin_ the pattern is defornmed and rollediEnto a tubul ar shape. Each
against the external surface of the mandrel so that the flat
sheet of metal is deformed into a substantially tubular shape,
the blades disposed between the first end and the second end
of the mandrel, each of the deforming blades adapted for
independent and selective movement in a first direction toward
the mandrel and a second direction away from the mandrel so as
to selectively impinge upon the mandrel or upon a portion of
the sheet disposed between the mandrel and each of the
deforming blades, each of the deforming blades further adapted
so that the first long side and the second long side of the
sheet remain substantially parallel to each other when the
stent is deformed into the tubular shape;

e) means for selectively moving each of the deforming
blades in a first direction toward the mandrel and in a second
direction away from the mandrel; and

£) means for securing the first long side of the sheet
to the second long side of the sheet.

It is yet another object of this invention to
provide an apparatus for fabricating a stent, comprising:
means for securing the first long side of the sheet to the
second long side of the sheet.

It is still another object of this invention to
provide an apparatus for fabricating a stent, comprising:

a) a base;

b} a sheet féceiﬁing area disposed on thé base, the
area adapted to receive a flat sheet of metal to be formed
into the stent, the flat sheet of metal having a longitudinal

axis, a first major surface, a second major surface, a first
This is the replacement sheet
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pair of the first |ong side engagenent points is provided with a bridge
333 di sposed between each first |ong side engagenent point 329 and 330
conprising the pair. Preferably, the bridge 333 has a width that is |ess
than the width of the other wportions of the stent. The sheet is also
provided with a plurality of alignnment gpertures 122 sized and di sposed to

engage the alignnent pins 308 on the bas& 306. The sheet is
di sposed on the base so that the first nmjor surface of the sheet is in
contact with the base. . A mandre| 309 having a substantially

cylindricallorxteidel andfaceecandahdna £bdgit tBendiraki andlshes sgicopdsed

long sides substantially parallel to the longitudinal axis;

c) an arm having a first end and a second end, the
first end of the arm adapted to selectively retain a mandrel
having a substantially cylindrical external surface, the
second end of the arm hingedly connected to the base and
adapted for movement in a first direction toward the base and
in a second direction away from the base and further adapted
to secure the mandrel against a major surface of the flat
sheet of metal disposed on the stent receiving area disposed
on the base, the mandrel sized to have a cross-sectional
diameter substantially equal to or less than the internal
cross-sectional diameter of the stent to be fabricated;

d) means for def&rming the flat piece of metal against
the external surface of the mandrel so that the flat sheet of
metal is deformed into a substantially tubular shape
substantially conforming to the external surface of the
mandrel with the first long side and the second long side
substantially parallel to each other.

It is yet another object of this invention to
provide a stent aligning and welding jig comprising:

a) a base having a first end and a second end, a first -
wall having a first end and a second end and a first major
surface and a second major surface; a second wall having a
first end and a second end and a first major surface and a
second major surface, the second major surface of the first
wall and the first major surface of the second wall defining a

longitudinal U-shaped channel having a longitudinal axis in
This is the replacement sheet
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agai nst the second major surface of the sheet between the first |ong side
and the second |l ong side of the sheet with the |ongitudinal axis
substantially parallel to the first long side and the second | ong side, as
shown in FI G 30A. The pattern is defornmed into a tubul ar shape
so that the first long sirde pairs of engagenent points contact the second
| ong side pairs of engagenent points, as=shown in FIG 29. The deformng

step conprises the steps of: a) actuating the sixth deform ng
bl ade notor so . that the sixth deform ng bl ade notor noves the
si xth the bagef orhenfibbadwailad phreviidest wiithea ipdunal iy arfbuslots

defining a plurality of first clamping portions having a top
end and a bottom end and a first major surface and a second
major surface, each of the first clamping portions provided
with a first concave channel disposed at the top end of the
second major surface of the first clamping portion and a
second concave channel disposed at the bottom end of the
second major surface of the first clamping portion, the first
and the second concave channels substantially parallel to the
longitudinal axis of the U-shaped channel; the first wall of
each of the plurality of first clamping portions provided with
a compensation slit disposed between the first concave channel
and the second concave channel, the compensation slit
substantially parallel to the longitudinal axis of the U-
shaped channel;

b) a plurality of second clamping portions disposed in
the U-shaped channel bgtween the second major surface of the
first wall and the firét major surface of the second wall,
each of the second élamping portions disposed in registry with
one of the first clamping portions, each of the second
clamping portions having a top end, a bottom end, a first
major surface, a second ﬁajor surface, a first minor surface
disposed at the top end, a second minor surface disposed at
the bottom end, a thifd minor surface disposed between the top
end and the bottom end, and a fourth minor surface disposed
opposite the third minor surface between the top end and the
bottom end, each of the second clamping portions provided with

a first concave channel disposed at the top end of the first
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sufficient for the sixth deformng blade tip to contact the

external surface of the mandrel so as to secure the mandre

agai nst said sheet, as shown in FI G 30B. The
first deform ng blade notor is activated so that the first blade
def orm ng notor noves the first -7. -42 -

major surface of the second clamping portion and a second
concave channel disposed at the bottom end of the first major
surface of the second clamping portion, the first and the
second concave channels substantially parallel to the
longitudinal axis of the U-shaped channel;

c) a biasing means disposed between the first major
surface of the second wall and the second major surface of
each of the plurality of second clamping portions for biasing
the first major surface of each of the second clamping
portions against the second major surface of each of the first
clamping portions which are in registry with each other;

d) a first mandrel support lever positioning pin
projecting from the third minor surface and a second mandrel
support lever positioning pin projecting from the fourth minor
surface of each of the second clamping portions, the mandrel
support lever positioning pins substantially parallel to the
longitudinal axis of the U-shaped channel;

e) a biasing control means for selectively controlling
the distance between the second major surface of each of the
first clamping portions and the first major surface of each of
the second clamping portions;

£) a retaining mandrel disposed in the second concave
channel of the first wall and the second concave channel in
each of the second clamping portions; and.

g) a mandrel support lever for supporting the stent
during the alignment of the first long side of the sheet with
the second long side of the sheet, the lever provided with a

first mandrel support notch for supporting the first end of
This is the replacement sheet
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deformng blade in the first direction in an anount sufficient for the
first blade deformng tip to contact the first major surface of the sheet
and deformthe sheet against the external surface of the mandrel, as
shown in FIG 30C. The second deform ng bl ade notor is then
activated so that the second deform ng b ade notor noves the second
deform ng blade in the first direction=rn an anount sufficient for the
second deformng blade tip to contact the first nmjor

the mandrel, a second mandrel support notch for supporting the
second end of the mandrel, a firét mandrel support lever
positioning pin engagement surface for engaging the first
mandrel support lever positioning pin and a second mandrel
support lever positioning pin engagement surface for engaging
the second mandrel support lever positioning pin when the
mandrel support lever is disposed on the second wall.

It is still another object of this invention to
provide a method of fabricating a stent comprising the steps
of:

a) providing a plurality of stent patterns into a
flat piece of metal, each of the patterns having a first long
side and a second long side, the first long side provided with
a plurality of pairs of engagement points, the second long
side provided with a plurality of pairs of engagement points,
the plurality of pairs of engagement points disposed
substantially opposite each other, the engagement points sized
and disposed to communicate when the pattern is deformed and
rolled into a tubular shape, each pair of the first long side
engagement points provided with a bridge disposed between each
first long side engagement point comprising the pair, the
bridge having a wiath that is less than the width of the other.
portions of the stent;

b) disposing a mandrel having a substantially
cylindrical external surface and a longitudinal axis between
the first léng side and the second long side of the sheet, the
longitudinal axis substantially parallel to the first long

side and the second long side; o
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surface of the sheet and deformthe sheet against the external surface of
the mandrel, as showmn in FIG 30D The third deform ng bl ade not or
is then activated so that the third deform ng bl ade notor noves the
second deforming blade in the first direction in an anount sufficient for
the third deformng blade tip to contact.ghe first major surface of the
sheet and deformthe sheet against the external surface of the nandrel
while actuating the sixth deform ng blade notor so that the sixth

c) deforming the pattern into a tubular shape so
that the first long side pairs of engagement points contact
the second long side pairs of engagement points;

d) cutting the bridge; and

e) attaching each of the engagement points to the
engagement point with which it is in contact to form the
expandable stent.

It is yet another object of this invention to
provide a jig for electropolishing a tubular stent,
comprising:

a) a base;

b) an electrically conductive first member having a
first end connected to the'base and a second end adapted to
selectively contact the external surface of the tubular stent
without damaging the external surface;

c) an electrically non-conductive second member having
a first end connected to the base and a second end adapted to
be selectively disposed within the longitudinal bore of the
stent without damaging the longitudinal bore, the first member
and the second membef further adapted so as to bias the second
end of the second meﬁber towards the second end of the first
member in an amount sufficient to secure the stent between the
first and the second members.

It is stili another object to this invention to
provide a method of electropolishing a stent, comprising the
steps of:

a) mounting a stent on a rack, the rack having a first

end and a second end provided with a plurality of stent
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deform ng bl ade noves in the second direction anay fromsaid mandrel, as
shown in FIG 30E. The fourth deform ng blade notor is then

activated so that the fourth deform ng blade notor noves the fourth
deformng blade tip in the first direction in an anmount sufficient for the
fourth deformng blade tip to contact .tjpe first nmajor

electropolishing mounts, each of the mounts having a base} an
electrically conductive first member having a first end
connected to the base and a second end adapted to selectively
contact the external surface of the tubular stent without
damaging the external surface; an electrically non-conductive
second member having a first end connected to the base and a
second end adapted to be selectively disposed within the
longitudinal bore of the stent without damaging the
longitudinal bore, the first member and the second member
further adapted so as to bias the second end of the second
member towards the second end of the first member in an amount
sufficient to secure the stent between the first and the
second members;

b) immersing the stent in an electropolishing bath and
applying electrical current to the first member for a
predetermined period of time; and

c) changing the point where the second end of the first
member contacts the externél surface of the stent prior to the
expiration of the predetermined period of time.

It is yet another object of this invention to
provide a method of fabricating a stent comprising the steps
of:

a) providing a plurality of stent patterns in a
flat sheet of metal; each of the patterns having a first long
side and a second long side, the first long side provided with

.a plurality of pairs of engagement points, the second long
side provided with a plurality of pairs of engagement points,

the plurality of pairs of engagement points disposed
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-43 - surface of the sheet and deformthe sheet against t he

external surface of the nandrel, as shown in FI G 30F. The
fifth deform ng bl ade notor is then activated so that the fifth

def orm ng bl ade not or noves the fifth deform ng blade in the first
direction in an amount sufficient for theififth deform ng bl ade tip
to contact the first major surface™of the sheet and deformthe sheet
agai nst the external surface of the nandrel, as shown in

substantially opposite each other, the engagement points sized
and disposed to communicate when the pattern is deformed and
rolled into a tubular shape, each pair of the first long side

_.engagement points provided with a bridge disposed between each
first long side engagement point comprising the pair, the
bridge having a width that is less than the width of the other
portions of the stent;

b) disposing a mandrel having a substantially
cylindrical external surface and a longitudinal axis béﬁween
the first long side and the second long side of the sheet, the
longitudinal axis substantially parallel to the first and the
second long sides;

c) deforming the pattern'into.a tubular shape so
that the first long side pairs of engagement points contact
the second long side pairs of engagement points and allowing a
portion of the stent to remain attached to the sheet of metal;

d) cutting the bridge;

e) attaching each of the engagement points to the

engagement point with which it is in contact to form the

stent;
£) attaching an electrode to the sheet of metal;
g) electropolishing the stent; and
£) disconnec;ing the stent from the sheet.

It is yet another object of this invention to provide a
sheet for fabricating a stent having a longitudinal lumen:
a) a flat piece of sheet metal provided with a
plurality of stent patterns, each of the patterns having a
first long side and a second long side, the first long side
This is the replacement sheet
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FIG 30G The sixth deform ng blade notor is then

activated so that the sixth deform ng bl ade notor noves the sixth

deform ng blade in the first direction in an amount sufficient for

the sixth deformng blade tip to contact the first major

surface of the sheet and deformthe shegei; agai nst t he externa

surface of the mandrel, as shown in —Fig. 30H The third

and sixth deform ng bl ade notors are t hen simultaneously activated so

that the third and : ' )
provided with a plurality of pairs of engagement points, the
second long side provided with a plurality of pairs of |
engagement points, the plurality of pairs of engagement pointé
disposed substaﬁtfgily opposite each other, the engagement
points sized and disposed to communicate when the pattern is
deformed and rolled into a tubular shape, each pair of the
first long side engagemeﬁt points provided with a bridge
disposed between each first long side engagement point
comprising the pair, the bridge having a width that is less
than the width of the other portions of the stent.

It is yet another object of this invention to provide a
method for fabricating a stent having a longitudinal lumen
comprising the steps of:

a.) constructing an apparatus comprising:

a) a laser housing;

b) a laser disposed within and selectively movable
within the housing;

c) a movable table having a first end and a second end
and adapted for selective movement into and out of the laser
housing the table adapted so that when the first end of the
table is disposed within the laser housing the second end of
the table is disposed outside of the housing and when the
second end of the table is disposed within the laser housing
the first end of the table is disposed outside of the laser
housing;

d) a plurality of stent folders disposed aﬁ the first
end of the table and a plurality of stent folders disposed at
the second end of the table, each of the stent folders
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si xth deform ng bl ade notors nove the third and si xth deform ng

bl ades in the first direction in an anmount sufficient for the third
and sixth deform ng bl ade tips to contact the first major surface of
t he sheet and deform the sheet against the external surface of

the mandrel as shown in FIG 30l. The |lgser is used to cut the bridge. The
| aser is then -

comprising:

a) a base having a platform adapted. to receive a
flat sheet of metal to be formed into the stent, the flat
sheet of metal having a longitudinal axis, a first major
surface, a second major surface, a first long side, and a
second long side, the first and the second long sides
substantially parallel to the longitudinal axis, the
sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of the platforms, the pins sized to engage the
alignment apertures and align the sheet on the platform;

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, the mandrel sized to have a
cross-sectional diameter substantially equal to or less
than the internal diameter of the stent to be fabricated,
the platform provided with a first concave recess adapted
to receive the first end of the mandrel and a second
concave recess adapted to receive the second end of the
mandrel;

-d) a hingedly connected arm adapted for movement
in a first direction toward the platform and in a second
direction away from the platform for securing the mandrel
against a major surface of the flat sheet of metal;

e) a first deforming blade provided with a first
deforming blade tip; a second deforming blade provided

with a second deforming blade tip; a third deforming
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-44 - used to weld each of the engagenent points to the engagenent point
with which it is in contact to formthe expandable stent. In a
preferred enbodi nent, the bridge has a width that is about 25%to about
50% of the width of the other portions of the stent and in an especially

preferred enbodi nent the bridge has a mdggh of about 40 m crons. The

engagenent points, as shown in FIGS. 28 a 29 are sized and adapted to

nove in an anmpunt sufficient so as to

blade prévided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforming blade provided with a fifth
deforming blade tip; and a sixth deforming blade provided
with a sixth deforming blade tip, the blades disposed
around the external surface of the mandrel, the deforming
blade tips adaptéd to deform the flat sheet of metal
against the extermal surface of the mandrel so that the
flat sheet of metal is deformed into a substantially
tubular shape substantially conforming to the external
surface, the deforming blades disposed between the first
end and the second end of the mandrel, each of the
deforming blades adapted for independent and selective
movément in a first direction toward the mandrel and a
second direction away from the mandrel so as to
selectively impinge the deforming blade tips against the
mandrel or against a portion of the sheet disposed
between the mandrel and each of the deforming blade tips,
each of the deforming blades further adapted so that the
first long side and the second long side of the sheet
remain substantially parallel to each other when the
stent is defo;med into the tubular shape, the third and
the sixth deforming blade tips provided with a plurality
of scalloped laser apertures, the apertures sized and
disposed to permit the third and the sixth deforming
blade tips to secure the first long side and the second
long side against the external surface of the mandrel

while providing the laser access to predetermined
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reduce the likelihood of material stress occurring during welding heating
and cooling cycles. A V-shaped notch 334 may be fornmed between the
first long side and the second | ong side when the stent is deforned to
provi de for a stronger weld, as showmn in FIG 31. In addition, as shown in
FIG 31 a gap 335 may be provided betwggn the engagement points and the
external surface of the mandrel 309 durTng the deform ng step. This gap
335 provides a greater area for weld material, thus, strengthening the
wel d and reduci ng heat -di ssi pati,on through the mandrel durin meldiwg,
thus, reducing PRECARBENCLotheN&igFt Handniide, & ithe second long side

of the sheet in order to weld the first long side to the
second long side;

£) a first motor connected to the first deforming
blade; a second motor connected to the second deforming
blade; a third motor connected to the third deforming
blade; a fourth motor connected to the fourth deforming
blade; a fifth motor connected to the fifth deforming
blade; and a sixth motor connected to the sixth deforming
blade, each of the motors adapted for selectively moving
each of the deforming blades to which it is connected in
a first direction toward the mandrel and in a second
direction away from the mandrel; and

g) a computer for controlling: the sequence which
the first end of the table and the second end of the
table are disposed within the laser housing; for
controlling the sequence and degree to which each of the
plurality of deforming blade tips impinges upon the
mandrel or a portion of the sheet disposed between the
mandrel and each of the deforming blade tips; and for
cpntrolling the sequence, pattern, location, and amount
of energy the laser applies to each of the first and the
second long sides of each of the sheets disposed on each

of the plurality of stent folders;

b.) cutting a plurality of stent patterns into a flat piece
of metal, each of the patterns having a first major surface

and a second major surface, a first long side and a second
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into the weld. Additional weld fill material 336 nay be provided on
the side of each of the engagenent points substantially opposite the

bridge, as shown in Figs. 33 and 34. The weld fill material 336 is sized
and di sposed so as to permt the additional weld fill material to be drawn
into the weld point during welding. .1pfter the stent has been deforned

and t he engagenent

long side, thé first long side providéd with a plurality of
pairs of engagement points, the second long side provided with
a plurality of pairs of engagement points, the plurality of
pairs of engagement points disposed substantially opposite
each other, the engagement points sized and disposed to
communicate when the pattern is deformed and rolled into a
tubular shape, each pair of the first long side engagement
points provided with a bridge disposed between each first long
side engagement point comprising the pair, the bridge having a
width that is less than the width of the other portions of the
stent, the sheet provided with a plurality of alignment
apertures sized and disposed to engage the alignment piﬁs on
the base;
c.) disposing the sheet on the base so that the first major-
surface of the sheet is in contact with the base;
d.) disposing a mandrel having a substantially cylindrical
external surface and a longitudinal axis against the second
major surface of the sheet between the first long side and the
second long side of the sheet, the longitudinal axis
substantially parallel to the first long side and the second
'long side;
e.) deforming the pattern into a tubular shape so that the
first long side pairs of engagement points contact the second
long side pairs of engagement points the deforming step
comprising the.steps of:

a) ‘actuating the sixth deforming blade motor so

that the sixth deforming blade motor moves the sixth

deforming blade in the first direction in an amount
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- 45 - poi nts have contacted each other, the bridge is cut using the

| aser. The first side and | ong sides are then connected using the laser to
forma weld that is preferably wider than the other portions of the stent.
In an especially preferred enbodinment, the weld is about 20% w der than
the other portions of the stent and hag;a w dth of about 140 microns. The
weld is preferably run fromoutside-to-iT. A plurality of welding runs is
preferably used and in an especially preferred enbodinent two wel d-runs

are utilized. Thesu EQE&%gtn%%rb%he sixth deforming blade tip to

contact the external surface of the mandrel so as to
secure the mandrel against the sheet;

b) actuating the first deforming blade motor so
that the first blade deforming motor moves the first
deforming blade in the first direction in an amount
sufficient for the first blade deforming tip to
contact the first major surface of the sheet and
deform the sheet against the external surface of the
mandrel;

c) actuating the second deforming blade motor so
that the second deforming blade motor moves the
second deforming blade in the first direction in an
amount sufficient for the second deforming blade tip
to contact the first major surface of the'éheet and
deform the sheet against the external surface of the
mandrel;

d) actuating the third deforming blade motor so
that the third deforming blade motor moves the
second deforming blade in the first direction in an
amount sufficient for the third deforming blade tip
to contact the first méjor surface of the sheet and
deform the sheet.against the external surface of the
mandrel while actuating the sixth deforming blade
motor so that the sixth deformihg blade moves in the
second direction away from the mandrel;

e) actuating the fourth deforming blade motor so
that the fourth deforming blade motor moves the

This is the replacement shest

B 8 APR 1998

r
Date:

13



offset fromthe point where the engagenent points contact each other and
in a preferred enbodinent is offset about .01 mm fromthe point where the

engagenent points contact each ot her. The weld may be a spot weld,
a plurality of spot welds, and in a preferred enbodi nent, the weld
conprises 5 spot welds. In a prefgrred enbodi nent, the pattern is

cut into the sheet using nultiple-up-eteching and conprises the step of
i nspecting both sides of the sheet after etching and before the sheet is

di sposed on the b?ﬁﬁxréﬁ 92f§§ fgéaﬁigdgrgggrggdthe first direction in
an amount sufficient for the fourth deforming blade
tip to contact the first major surface of the sheet
and deform the sheet against the external surface of
the mandrel;
£) actuating the fifth deforming blade motor so
that the fifth deforming blade motor moves the fifth
deforming blade in the first direction in an amount
sufficient for the fifth deforming blade tip to
contact the first major surface of the sheet and
deform the sheet against the external surface of the
mandrel;

g) actuating the sixth deforming blade motor so
that the sixth deforming blade motor moves the
second deforming blade in the first direction in an
amount sufficient for the second deforming blade tip
to contact the first major surface of the sheet and
deform the sheet against the external surface of the
mandrel;

h) simultaneously actuating the third and sixth
deforming blade motors so that the third and sixth
deforming blade motors move the third and sixth
deforming blades in the first direction in an amount
sufficient for the third and sixth deforming blade
tips to contact the first major surface of the sheet
and deform the sheet against the external surface of
the mandrel;

d) utilizing the laser in cutting the bridge; and
This s 'he
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enbodi nent the inspection step is carried out using an autonmated opti cal

| nspection appar at us. In an especially preferred enbodi nent, the
stent patterns are adapted so that upon the expansion of the stent against
the internal wall of a vessel substantially no portion of the stent
projects into the longitudinal lumen of thg_ stent. The stent nmay be
finished by el ectropolishing. FIGS. 37 to 40 show anot her enbodi nent

of an apparat us

e) utiliziﬂé the laser in welding each of the engagement
points to the engagement point with which it is in contact to
form the expandable stent.

| It is a further object of this invention to provide a
stent having a longitudinal lumen, comprising: a first long
side and a second long side, the first long side provided with
a plurality of pairs of engagement points, the second long
side provided with a plurality of pairs of engagement points,
the plurality of pairs of first long side engagement points
and the plurality of pairs of second long side engagement
points disposed substantially opposite each other and
connected to each other via a weld, the weld wider than the

other portions of the stent.
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- 46 - for fabricating a stent constructed in accordance with the

I nventi on. A base 401 is provided with a sheet receiving area 402

and is adapted to receive a flat sheet of metal to be formed into a stent.

The sheet receiving area 402 is also provided wth a nandrel receiving
groove 409. In a preferred enbodinent, jhe flat piece of netal has a
:ongitudinal axis, a first major surfaee, a second major surface, a first
ong

BRIEF DESCRIPTIOi.\I OF THE DRAWINGS

The present invention will be ﬁnderstoqd and
appreciated more fully from the following detailed description
taken in conjunction with the drawings in which:

Fig. 1 is a flow chart illustration of the stent
fabrication method of the present invention;

Figs. 2A, 2B and 2C are illustrations of three
alternative stent patterns to be etched, in accbrdance with
the method of Fig. 1, into a flat sheet of metal;

Fig. 3 is an isometric illustration of a stent being
deformed, useful in understanding the method of Fig. 1;

Fig. 4 is an isometric illustration of a stent
formed from the method of Fig. 1;

Figs. S5A and 5B are side and top view illustrations,
respectively, of one connection location of the stent of Fig.
4; Fig. 6 is a side view illustration of one connection
location of the stent of Fig. 4 which is connected in a nail-
like manner; |

Fig. 7 shows a piece of sheet metal with a plurality
of patterns made in accordance with the invention;

Fig. 8 shows a detailed view of one of the patterns
shown in Fig. 7;

Fig. 9 shows a detailed view of a pair of engagement
troughs shown in Fig. 8;

Fig. 10 shows a detailed view of a pair of engaging
protrusions shown in Fig. 8;

Fig. 11 shows the engagement troughs and engagement

protrusions of Figs. 9 and 10 in the engaged position;
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side, and a second long side, with the first and the second |ong sides
substantially parallel to the longitudinal axis. An arm 403 having a first
"end 404 and a second end 405 is provided. The first end 404 of the
armis adapted to selectively retain a nmandrel 406 having a substantially
cylindrical external surface. The second gnd of the arm 405 is hingedly
connected to the base 401 and is adapted for novenent in a first direction
toward the base 401 and in a second direction away fromthe base 401 to

secure the mandrel 406_against a nmjor iunface of the flat, sheet oftfetal.
The mandrel 406 is Fig. 12 shows a welding run practiced 1n accordance

with the invention;

Fig. 13 is a detailed view of the welding run shown
in Fig. 12;

Fig. 14 is a detailed view of a cell of a stent made
in accordance with this invention;

Fig. 15 is a detailed view of a cell made in
accordance with this invention;

Fig. 16 shows a cell of a stent made in accordance
with this invention;

Fig. 17 is an enlarged view of the cell shown in
Fig. 16;

Fig. 18 is a cross-sectional view of a longitudinal
member of a stent constructed in accordance with this
invention;

Fig. 19 is a cross-sectional view of a stent
constructed in accordance with this invention;

Fig. 20 is a perspective view of a stent constructed
in accordance with this invention;

Fig. 21 is a cross-sectional front view of an
unexpanded stent made in accordance with the invention;

Fig. 22 is a cross-sectional front view of the stent
shown in Fig. 21 after it has been expanded;

Fig. 23 is a cross-sectional front view of an
unexpanded stent made by cutting a pattern in a tube; and

Fig. 24 is a cross-sectional front view of the stent
shown in Fig. 23 after expansion;

Fig. 25 shows an apparatus for constructing a stent
Thig ig tha replacement shest
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sized to have a cross-sectional dianeter substantially equal to or |less
than the internal cross-sectional dianeter of the stent to be fabricated.
A nmeans 407 is provided for deformng the flat piece of netal against and
around the external surface of the mandrel so that the flat sheet of netal
Is deformed into a substantially tubul.as.shape conform ng to the external
surface of the mandrel with the first Fong side and the second |ong side
substantially parallel to each other. FIG 39 shows a

made in accordance with the invention;

Fig. 26 shows an apparatus for constructing a stent
made in accordance with the invention;

Fig. 27 is an enlarged view of a portion of the
apparatus shown in FIG. 26;

Fig. 28 shows engagement points constructed in
accordance with the invention;

Fig. 29 show engagement points constructed in
accordance with the invention;

Fig. 30A to 30I shows the sequence of making a stent
using the apparatus of FIGS. 25 and 26;

Fig. 31 shows details of a v-shaped notch and gap
formed in accordance with the invention;

Fig. 32 shows details of two blade deforming tips
made in accordance with the invention;

Fig. 33 shows an alternative embodiment of
engagement of engagement points constructed in accordance with
the invention;

Fig. 34 shows an alternative embodiment of
engagement points constructed in accordance with the
invention;

Fig. 35 shows a mandrel utilized in accordance with
the invention;

Fig. 36 shows a mandrel receiving‘sﬁrface made in
accordance with the invention;

Fig. 37 shows an alternative embodiment of an
apparatus constructed in accordance with the invention;

Fig. 38 is a top view of FIG. 37.;
This is the replacement sheet
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- 47 - top view of one enbodi nent wherein the means 407 for deformng 1is
a nenber provided with a deformng tip 408 having a length substantially
equal to the length of the first and second |ong sides of the sheet netal.
In a preferred enbodiment, the deforming tip is concave, as shown in FIG
40. In operation, a sheet is placgd_on the sheet receiving area 402.
A mandrel 406 is disposed in the first end 404 of the arm 403 and the arm
403 is noved in the first direction so

Fig. 39 shows a means for deforming a stent made in
accordance with the embodiment shown in ?IGS. 37 and 38;

Fig. 40 is a side view of the deforming means shown
in FIG. 39;

Fig. 41 shows a stent aligning and welding jig
constructed in accordance with the invention;

Fig. 42 shows a mandrel support lever;

Fig. 43 is a front_view of the jig shown in FIG. 41;

Fig. 44 is a top view of the jig shown in FIG. 43;

Fig. 45 shows the mandrel support lever of FIG. 42
disposed on the jig of FIG. 41;

Fig. 46 shows a mount for electropolishing a stent;

Fig. 47 shows the mount of FIG. 46 with the stent
moved in a longitudinal direction;

Fig. 48 shows a rack for electropolishing a stent
with material to be sacrificed disposed at the ends;

Fig. 49 shows a stent still attached to a metal
'sheet for electropolishing by attaching an electrode to the
sheet; and

Fig. 50 is a side view of FIG. 49 showing the stent

and the remaining portion of the sheet.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Reference is now made to Fig. 1, which illustrates
the stent fabrication method of the present invention and to
Figs. 2A, ZB? 2C, 3 and 4 which are useful in understanding

the method of Fig. 1.
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that the mandrel is in contact with the sheet. The deformng neans is then
used to deformthe sheet around the mandrel a previously discussed. The
arm 403 is then noved in the second direction and the nandrel 406 with the
sheet wapped around it is renoved fromthe first end 404 of the arm 403.
The first and second |ong sides are thenégpnnected as previously

di scussed to formthe stent. In a preferr enbodi nent, the nmandrel wth
the sheet wrapped around it is transferred to the stent aligning and
welding jig shown in FIGS. 41 to 45, he stent aligning and wel di ng
jig shown in FIGS. 41 I® thg %%ﬁ&ﬁ|§%%rb¢B§é€n569tH89|ﬁﬁ 5hei PEESERE and a

second end . .
invention, a stent designer first preparés a drawing of the

desired stent pattern in a flat format (step 10).

Figs.lZA, 2B and 2C illustrate three exemplary stent
pattern designs. The pattern of Fig. 2A has two types of
sections 20 and 22. Each section 20 has two opposing periodic
patterns and each section 22 has a plurality of connecting
lines 24. The pattern of Fig. 2A can be formed of any size; a
preferable size is to have each section 20 be between 1 and
émm wide and each section 22 have connecting lines 24 of 1 -
6émm long. At such sizes, the pattern of Fig. 2A cannot be cut
using a laser cutting system. |

The pattern of Fig. 2B is similar to that of Fig.
2A in that it also has sections 20 of opposing periodic
patterns. The pattern of Fig. 2B also has connecting
sections, labeled 30, which have a Z shape.

The pattern of Fig. 2C has no connecting sections.
Instead, it has a series of alternating patterns, labeledl32
and 34.

The patterns of Figs. 2A, 2B and 2C optionally also
have a plurality of small protrusions 38 which are useful in
forming the stent, as described hereinbelow.

Returning to Fig. 1, in step 12, the stent pattern
is cut into a flat piece of metal ("sheet metal”). The metal
can be any type of biocompatible material, such as stainless
steel, or a material which is plated with a biocompatible
material. The cutting operation can be implemented in any of

a number of ways, such as by etching, or by cutting with a
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provided with a first wall 501 having a first end and a second end and a
first major surface 502 and a second major surface 503 and a second wal |
504 having a first end and a second end and a first major surface 505 and
a second maj or surface 506. The second mgjor surface 503 of the first wall
501 and the first major surface 505 of {he second wall 504 define a
| ongi tudi nal U shaped channel 507 having =@~ longitudinal axis in the base
500. The first wall 501 is provided with a plurality of slots 508 defining
a plurality of first clanmping - :

fine cutting tool, or by cutting with a very fine laser,

should one become commercially available:

If step 12 is implemented with etching, then, the
process is designed to cut through the sheet metal. This
process is known; however, for the purposes of completeness,
it will be briefly described hereinbelow.

The drawing of the pattern is reduced and printed
onto a transparent film. Since it is desired to cut
completely through the metal, the drawing is printed onto two
films which are joined together in a few places along their
edges. The sheet metal is covered, on both sides, with a
layer of photoresist and placed between the two transparent,
printed £ilms. The structure is illuminated on both sides
which causes the portions of the photoresist which receive the
light (which are all the empty spaces in the pattern, such as
spaces 26 of Fig. 2A) to change properties.

The sheet metal is placed into acid which eats away
those portions of the photoresist which changes properties.
The sheet metal is then placed into an etching solution which
etches
away all material on which there is no phﬁﬁoresist-removing
-solution which removes the photoresist, leaving the metal
having the desired stent pattern.

In step 14, the metal pattern is deformed so as to
cause its long sides (labeled 28 in Figs. 2A, 2B and 2C) to
meet each other. Fig. 3 illustrates the deformation process.

For cylindrical stents, the deformation process is a rolling

process, as shown. oo
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-48 - portions 509 having a top end 511 and a bottomend 512 and a first
maj or surface 502 and a second maj or surface 503. Each of the first
cl anping portions 509 is provided with a first concave channel 510
di sposed at the top end 511 of the second nmjor surface 503 of the first
cl anping portion 509 and a second concavg¢channel 513 disposed at the
bottomend 512 of the second major surface 503 of the first clanping
portion ]

If the protrusions 38 have been produced, after

deformation of the metal pattern, the protrusions 38 protrude
over the edge 28 to which they are not attached. This is |
illustrated in Fig. 5A.

In step 16, the edges 28 are joined together by any
suitable process, such as spot welding. If the protrusions 38
were made, the protrusions 38 are joined to the opposite edge
28, either by welding, adhesive or, as illustrated in Fig. 6,
with a nail-like element 40. Fig. SB illustrates the
connection of the protrusion to the opposite edge 28. Since
protrusion 38 is typically designed to extend the width of one
loop 39, the pattern in approximately preserved. This is seen
in Fig. 5B.

Alternatively, the edges 28 can be brought together
and joined in the appropriate places.

Fig. 4 illustrates a stént 31 formed by the process
of steps 10 - 16 for the pattern of Fig. 2A. It is noted that
such a stent has connection points 32 formed by the\joining of
the points 30.

Finally, the stent 31 is polished to remove any
excess material not properly removed by the cutting process
(step 12). The polishing can be performed mechanically, by
rubbing a polishing stick having diamond dust on its outside
inside the stent 31. Alternatively, an electropolishing unit
can be utilized.

Fig. 7 shows an alternative embodiment of the
invention in which a plurality of patterns 120 are etched and

cut into the sheet metal 121 as previously discussed. Fig. 8

is an enlarged view of one of the plurality of patterns 120
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509. The first and the second concave channels 510 and 513 are
substantially parallel to the longitudinal axis of the U- shaped channel
507. The second nmmj or surface 503 of each of the plurality of first

cl anping portions 509 is also provided wth a conpensation slit 514

di sposed between the first concave chapggj 510 and the second concave
channel 513 that is substantially paraltel to the |ongitudinal axis of the
U-  shaped channel 507. A plurality of second clanping portions 515
is disposed jin the U shaped channel 507 between the second major surface

503 of the fPRSYPWARIFES1 And the first mmjor surface 505 of
Fig. 9 is an enlarged view of one pair 127 of the

plurality of engagement troughs 128 and 129 shown in Fig. 8.
Fig. 10 is an enlarged view of one pair 130 of the plurality
of engagement protrusions 131 and 132 shown in Fig. 8. The
sheet metal 121 and each of'the patterns 120 is provided with
a plurality of alignment apertures 122 and 122’ adapted to
receive sprockets (not shown) for precisely moving and
maintaining the precise alignment of the sheet metal 121 and
the patterns 120 during the various stages of manufacturing.
Each pattern 120lhas a first long side 123 and a second long
side 124, a first short side 125, and a second short side 126.
The first long side 123 is provided with a plurality of pairs
127, 127’ and 127" of engagement troughs 128 and 129 (shown in
greater detail in Fig. 9). Each pair 127, 127’ and 127" of
engagement troughs has a first engagement trough 128 and a
second engagement trough 129. The second long side 124 is
provided with a plurality of pairs 130, 130’ and 130" of
engagement protrusions (shown in greater detail in Fig. 10).
Each pair 130, 130’ and 130" of engagement protrusions is
pro&ided with a first engagement protrusion 131 and a second
engagement protrusion 132. The pairs of engagement
protrusions 130, 130’ and 130" are disposed substantially
opposite the pairs of engagement troughs 127, 127‘' and 127".
The engagement troughs 128 and 129 are disposed and
adapted to receive_and engage the engagement protrusions 131
and 132 so that the alignaent of the stent is maintained when

the pattern 120 is deformed and the flat sheet metal is rolled

Diata:



the second wall 504. Each of the second cl anping portions 515 is disposed
in registry with one of the first clanping portions 509. Each of the
second cl anpi ng portions 515 has a top end 516, a bottomend 517, a first
maj or surface 518, a second major surface 519, a first mnor surface

di sposed at the top end, a second m nor,surface disposed at the bottom
end, a third minor surface di sposed betwWeen the top end and the bottom
end, and a fourth mnor surface di sposed opposite the third mnor surface
between the top end 516- and the bottom end 517. Each of_ the SEQ%Pd

cl anpi ng p&Pt FBAS the ﬁ§rﬁpogpagd51de 123 and the second long side 124

meet each other to form a tube as shown in Figs. 19 and 20.

A bridge 133 of material is disposed between each
pair 127, 127’ and 127" of engagement troughs 128 and 129.
This bridge 133 imparts additional stability and facilitates
alignment during manufacturing and imparts additional strength
to the welds of thé finished stent as discussed below.

After the sheet has been rolled into a tubular stent
and the engagement troughs 128 and 129 have received the
engagement protrusions 131 and 132, means (not shown) are
utilized to maintain the alignment and the bridge 133 is cut
to leave two substantially equal parts. The bridge 133 may be
cut in a variety of ways well known to those skilled in the
art, however, in a preferred embodiment, a laser is utilized.
Engagement trough 128 is welded to engagement protrusion 131
and engagement trough 129 is welded to engagement protrusion
132 as shown in Figs. 12 and 13. This.may be accomplished in
a variety of ways well known to those skilled in the art,
however, in a preferred embodiment a plurality of spot welds
are utilized. 1In an eépecially preferred embodiment, about
five spot welds are used in each weld run as shown in Figs. 12
and 13. The heat produced by the welding melts the cut bridge
133 material and the material is drawn towards the engagement
trough 128 or 129 to which the material is attached and is
drawn into the welded area between the engagement trough and
the engagement protrusion where the additional bridge material
becomes part of and imparts addiﬁional strength to the weld.

The stent may then be finished as previously discussed.
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- 49 - with a first concave channel 521 disposed at the top end 516 of
the first major surface 518 of the second clanping portion 515 and a
second concave channel 522 di sposed at the bottom end 517 of the first
maj or surface 518 of the second clanping portion 515. The first and the
second concave channels 521 and 522 are_?gpstantially parallel to the

| ongi tudi nal axis of the U shaped channef=507.

Figl 13 is an enlarged view of the welded area shown
in Fig. 12. 1In a preferred émbodiment, the weld run is offset
from the point where the engagement trough and the engagement
protrusion contact each other. 1In an especially preferred
embodiment, the weld run is offset about .01 mm.

Fig. 14 is a detailed view of the pattern shown in
Fig. 8. As shown in Figs. 14 and 20, Applicants’ invention
can also be described as an expandable stent defining a
longitudinal aperture 80 having a longitudinal axis or
extension 79 and a circumferential axis or extension 105,
including a plurality of flexible connected cells 50 with each
of the flexible cells 50 having a first longitudinal end 77
and a secopd longitudinal end 78. Each cell 50 also is
provided with a first longitudinal apex 100 disposed at the
first longitudinal end 77 and a second longitudinal apex 104
disposed at the second longitudinal end 78. Each cell 50 also
includes a first member 51 having a longitudinal component
having a first end 52 and a second end 53; a second member 54
having a longitudinal component having a first end 55 and a
second -end 56; a third member 57 having a longitudinal
component having a first end 58 and a second end 59; and a
fourth member 60 having a longitudinal component having a
first end 61 and a second end 62. The stent also includes a
first loop 63 defining a first angle 64 disposed between the
first end 52 of the first member 51 and the first end 55 of
the second member 54. A second loop 65 defining a second
angle 66 is disposed between the second end 59 of the third
member 57 and the second end 62 of the fourth member 60 and is

This is the replacement sheet
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A bi asing neans 523 is di sposed between the first major surface 505 of the
second wall 504 and the second major surface 503 of each of the of second
cl anpi ng portions 509 for biasing the first najor surface 518 of each of
the second clanping portions 515 agai nst the second major surface 503 of
each of the first clanping portions 509 wgi.ch are in registry wth each

ot her. A first mandrel support |ever positioning pin 524 projects
fromthe third mnor surface 520 and a second nmandrel support |ever
positioning pin 521 projects fromthe fourth mnor surface of _each of the
second cl arfisrpgrst tgeneralily opposite to the first loop 63. A first

flexible compensating member or flexible link. 67 having a
first end 68 and a second end 69 is disposed between the first
member 51 and the third member 57 with the first end 68 of the
first flexible compensating member or flexible link 67
communicating with the second end 53 of the first member 51
and the second end 69 of the first flexible compensating
member or flexible link 67 communicating with the first end 58
of the third member 57. The first end 68 and the second end
69 are disposed a variable longitudinal distance 70 from each
other. A second flexible compensating member 71 having a
first end 72 and a second end 73 is disposed between the
second member 54 and the fourth member 60. The first end 72
of the second flexible compensating member or flexible link 71
communicates with the second end 56 of the second member 54
and the second end 73 of the second flexible compensating
member or flexible link 71 communicates with the first end 61
of the fourth member 60. The first end 72 and the second end
73 are disposed a variable longitudinal distance 74 from each
other. In a preferred embodiment, the first and second
flexible compensating member or flexible links 67 and 71 are
arcuate. The first and second flexible compensating member or
flexible links 67 and 71 are differentially extendable or
compressible when the stent is bent in a curved direction away
from the longitudinal axis 79 of the aperture 80. (Shown in
Fig. 20.) The first member 51, second member 54, third member
57, and fourth member 60 and the first loop 63 and the second

loop 65 and the first flexible compensating member or flexible
Thic is ths ran'acement shesl
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The mandrel support |ever positioning pins 524 and 521 are substantially
parallel to the longitudinal axis of the U  shaped channel. A
bi asi ng control neans 522 selectively controls the distance between the
second mmj or surface 503 of each of the first clanping portions 509 and
the first major surface 518 of each of tlyg.second cl anping portions 515.
A retaining mandrel 523 is disposed in the~second concave channel 513 of
the first wall 501 and the second concave channel 522 in each of the
second cl anpi ng portions .515. )
link 67 and the second flexible compensating member or
flexible link 71 are disposed so that as the stent is expanded
the distance between the first flexible compensating member or
flexible link 67 and the second flexible compensating member
or flexible link 71 increases and the longitudinal component
of the first member 51, second member 54, third member 57 and
fourth member 60 decreases while the first loop 63 and the
second loop 65 remain generally opposite to one another, the
ends 68 and 69 of the first flexible compensating member or
flexible link 67 and the ends 72 and 73 of the second flexible
compensating member or flexible link 71 open so as to increase
the variable longitudinal distance 70 between the first end 68
and the second end 69 of the fi;st flexible compensating
member or fiexible link 67 and so as to increase the variable
longitudinal distance 74 between the first end 72 and the
sécond end 73 of the second flexible compensating member or
flexible link 71. This compensates for the decreasing of the
longitudinal component of the first member 51, second member
54, third member 57, and fourth member 60 and substantially
lessens the foreshortening of the stent upon its expansion.
Upon expansion, the first flexible compensating member 67 and
the second flexible compensating member 71 impart support to
the lumen being treated.
Fig. 15 shows the dimensions of an especially
preferred embodiment of this invention. The deflection
points, i.e., the first and second loops 63 and 65 and the

first and second compensating members 67 and 71, are made

wider than the first, second, third, and fourph members 51,
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- 50 - A mandrel support |ever 534, as shown in FIG 42 supports
the stent during the alignnent of the first long side of the sheet with
the second | ong side of the sheet. The lever 534 is provided with a first
mandr el support notch 525 for supporting the first end of the mandrel and
a second mandrel support notch 526 for.gupporting the second end of the

54, 57 and 60 so that the force of the deflection is
distributed over a wider area upon the expansion of the stent.
The deflection points can be made wider than the first,
second, third and fourth members in differing amounts so that
the deflection will occur in the narrower areas first due to
the decreased resistance. In a preferred embodiment, the
first and second compensating members are wider than the
first, second, third and fourth members and the first and
second loops are wider than the first and second compensating
members. One of the advantages of sizing the first and second
loops so that they are wider than the first and second
compensating menbers is that the stent will substantially
compensate for foreshortening as the stent is expanded. 1In
the embodiment shown in Fig. 15, the first, second, third and
fourth members 51, 54, §7 and 60 have a width of about 0.1 mm.
The first and second loops 63 and 65 have a width of about
0.14 mm. The first and second compensating members 67 and 71
are provided with a thickened portion 75 and 76 having a width
of about 0.12 mm. Thus, in this especially preferred
embodiment, the first and second loops have a width that is
about 40% greater and the first and second compensating
members have a width that is about 20% greater than the width
of the first, second, third and fourth menbers.

Figs. 16 through 20 show details of a stent
constructed in accordance with.this invention.

Yet another advantage of Applicant’s invention is
shown in Figs. 21 to 24. For the sake of clarity, the

dimensions and the degree of displacement of the components of
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mandrel. A first mandrel support |ever positioning pin engagenent surface
527 engages the first mandrel support |ever positioning pin 524 and a
second mandrel support |ever positioning pin engagenent surface 528
engages the second mandrel support |ever positioning pin 521 when the
mandrel support |ever is disposed on thgzsecond wall 504. It will be
appreci ated that various elastic materialfFs well known to those skilled in
the art as suitable for this purpose may be utilized, e.g., a spring,
however, in an especially preferred enbodinent, the elastic material is

r ubber. the stents shown in Figs. 21 to 24 has been intentionally

exaggerated.

Fig. 21 is a cross-sectional front view taken along
line A-A of the unexpanded stent made in accordance with
applicants invention shown in Fig. 20. The unexpanded stent
200 of Fig. 21 is shown disposed in the lumen 202 of a blood
vessel 201 prior to expansion. As previously discussed, this
stent is made by first cutting the stent pattern into a flat
piece of sheet metal and then rolling the sheet metal into a
tube to form the tubular stent. As shown in Fig. 21 after
rolling, the first and second flexible compensating members 67
and 71 of the unexpanded stent tend to “flare out” in a
direction away from the longitudinal axis or lumen of the
stent. Thus, the flexible compensating members 67 and 71
define outer diameters which are larger than the outer
diameters defined by the remaining portions of the stent.
Fig. 22 shows the stent of Fig. 21 after it has been expanded
in the lumen and against the internal wall of the blood
vessel. As shown in Fig. 22, upon expansion of the unexpanded
stent toward the wall of the blood vessels, the walls of the
blood vessel imparts a mechanical force to the first and
second flexible compensating members 67 and 71 and the
compensating members move toward the longitudinal axis or
lumen of the stent until they are substantially in registry
with the remaining portion of the stent. Thus, the lumen of
the expanded stent is substantially circular when viewed in
cross section with substantially no portion of the expandéd

stent projecting into the lumen or towards the longitudinal
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In a preferred enbodi nent the biasing control nmeans 522 is a threaded
screw di sposed in each of the first clanping portions 509 with each of the
screws 522 comunicating with the first major surface 502 and the second
maj or surface 503 of each of the first clanping portions 509. The screws
522 are selectively novable in a directigp.toward and away from the first
maj or surface 518 of the second clanping portion 515 to selectively nove
t he second clanmping portion 515 in a direction toward and away fromthe

[ ively. vary the di stance between the

];grcgtndclrgjng;;’?%%?‘;gc@%m%%?n %‘Eﬁsetlb?eg'tfhe first clanping portions 509 and

the Fig. 23 is similar to Fig. 21 eéxcept that the
pattern has beén cut into.a tubular member using conventional
methods of making stents. As shown in Fig. 23, the flexible
compensating members do not flare out away from the
longitudinal axis of the unexpanded stent 203. Upon the
expansion of the stent shown in Fig. 23 toward the walls of
the blood vessel 201, the flexible compensating members 67’
and 71’ tend to “flare in” and project into the lumen 204 of
the expanded stent 203.

Fig. 24 shows the stent 203 of Fig. 23 after it has
been expanded in a lumen 204 of a blood véssel 201. The
flexible compensating members 67’ and 71’ are not in registry
with the remaining portions of the stent and define a diameter
smaller than the diameter of remaining portions of the stent.
These projections into the lumen of the stent create
turbulence in a fluid flowing through the longitudinal axis of
the expanded stent and could result in clot formation.

Applicant’s invention is also directed to an
apparatus for fabricating a stent, compfising a platform, a
mandrel, and means for deforming a sheet of metal around the
mandrel.

The platform is adapted to receive a flat sheet of
metal to Be formed into a stent. 1In a preferred embodiment,
the flat sheet of metal is provided with a first end, a second
end defining a longitudinal axis, a first major surface, a
second major surface, a first long side, a second long side,

with the first and said second long sides substantially
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-51- first major surface 518 of each of the second clanping portions
515. In operation, the mandrel with the sheet wapped around it is
secured in the first concave channels 510 and 521. The biasing control
means 522, e.g., a screw, is adjusted to secure the mandrel in the first
concave channels while -35 -

parallel to the longitudinal axis of the sheet. The mandrel
has a substantially cylindrical external surface and a first
end and a second end-defining a longitudinal axis. The
mandrel is«sized to have a cross-sectional diameter
substantially equal to or less than the internal diameter of a
stent to be fabricated. A means for securing the mandrel
.against a major surface of the flat sheet of metal is
provided. A means for deforming the flat sheet of metal
around the external surface of the mandrel is also proVided to
deform the flat sheet of metal into a substantially tubular
shape that substantially conforms to the extermal surface of
the mandrel. In a preferred embodiment, the means for
deforming the sheet is adapted so that the first long side and
the second long side remain substantially parallel to each
other when the flat sheet of metal is deformed into a tubular
shape. A means, e.g., a welding'apparatus, léser, adhesive,
or screw secures the first long side of the sheet to the
second long side of the sheet.

In operation of a preferred embodiment a plurality
of stent patterns are cut or etched into a flat piece of
metal. Each of the patterns has a first long side and a
second long side, with the first long side provided with a
plurality of pairs of engagement points and second long side
provided with a plurality of pairs of engagement points. The
plurality of pairs of engagement points are disposed
substantially opposite each other and are sized and disposed
to communicate when the pattern is deformed and rolled into a

tubular shape. Each pair of the first long side engagement
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permtting the first and second | ong sides of the sheet to be adjusted so
that the contact points are aligned as desired. 1In a preferred enbodi nent,
the mandrel support lever showmn in FIG 42, is utilized to support the
mandrel during the alignnment operation. A shown in FIG 45, the first
mandrel support notch supports the firstagnd of the mandrel and the
second mandrel support notch supports the=second end of the nandrel. The
first mandrel support |ever positioning pin surface 527 engages the first

mandrel suppeiinc@/als pRevide Wit Hid) AU A ildifo SR st wantlr edcls uphasd

| ever positioning pin-surface 528 engages the second mandrel support
long side engagement point comprising thé pair, the bridge
having a width that is less than the width of the other
portions of the stent.

A mandrel is disposed between the first and second
long sides of the sheet. The mandrel has a substantially
cylindrical external surface and a longitudinal axis
substantially parallel to the first long side and the second
long sides; The pattern is deformed into a tubular shape so
that the first long side pairs of engagement points contact
the second long side pairs of engagement points.

The bridge is cut and each of the engagement points
is attached to the engagement point with which it is in
contact to form the expandable stent.

Figs. 25 to 28 show a preferred embodiment of an
apparatus for fabricating and a stent constructed in
accordance with Applicants’ invention. The apparatus
comprises a laser housing 300, a laser 301, a movable table
302, and a plurality of stent folders 303 disposed on the
table. The laser 301 is disposed within and selectively
movable within the housing 300. The movable table 302 has a
first end 304 and a second end 305 and is adapted for
selective movement into and out of the laser housing 300. The
table 302 is adapted so that when the first end 304 of the
table 302 is disposed within the laser housing 300 the second
end of the table 305 is disposed outside of said housing 300
and when said second end 305 of the table 302 is disposed |

within the laser housing 300 the first end 304 of the table
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positioning pin 521 so as to align the mandrel support |ever 534 when it
IS supporting the mandrel. FIGS. 46 to 48 show a jig 612 for

el ectropolishing a tubular stent, conprising a rack 600 having a first end
601 and a second end 602 and provided with a plurality of stent

el ectropolishing mounts 603. Each of thesppunts 603 is provided with a
base 604 and an electrically conductive Tirst nenber 605 having a first
end 606 connected to the base 604 and a second end 607 adapted to
selectively contact the, external surface of the tubular stent to be

el ect ropol i302dis viisposediaomside i 0f ekeeclasersheugsng ¥A@-nounts 603 are

A plurality of stent folders 303 is disposed at the
first end 304 of the table and a plurality of stent folders ‘
303 is disposed at the second end 305 of the table 302. As
shown in FIGS. 26 and 27, each of said stent folders
comprises:

A base 306 having a platform 307 adapted to receive

a flat sheet of'metal 120 to be forﬁed into a stent. The
flat sheet of metal 120 has a longitudinal axis, a first
major surface, a second major surface, a first long side,
and a second long side, with the first and the second
long sides substantially parallel to the longitudinal
axis. The sheet is also provided with a plurality of
alignment of apertures 122.

A plurality of alignment pins 308 project from each
of the platforms. The pins 308 are sized to engage the
alignment apertures 122 and align the sheet on the
platform 307.

A mandrel 309 is provided having a substantially
cylindrical external surface 310 and having a first end
311, a second end 312, and a longitudinal axis 313 as
shown in FIGS. 35. The mandrel 309 is sized to have a
cross-sectional diameter D substantially equal to or less
than the internal diameter of the stent to be fabricated.
The platform 307 is provided with a first concave recess
314 adapted to receive the first end 311 of the mandrel
and a second concave recess 315 adapted to receive the

second end 312 of the mandrel 309 as shown in FIG. 36.
This is the replacement sheet
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-52 - al so provided with an electrically non-conductive second menber
608 having a first end 609 connected to the base and a second end 610
adapted to be selectively disposed within the Iongitudinal bore of the
stent w thout damaging the surface defining the longitudinal bore. The
first nmenber 605 and the .38 -

A Hingedly connected arm 376 is adapted for movement
in a first direction toward the platform 307 and in a
second direction away from the platform 307 for securing
the mandrel 309 against a major surface of said flat
sheet of metal when it is disposed on the platform.

Each stent folder 303 is provided with a first
deforming blade 316 provided with a first deforming blade
tip 316’; a second deforming blade 317 provided with a
second deforming blaae tip 317’; a third deforming blade
318 provided with a third deforming blade tip 318’; a
fourth deforming blade 319 provided with a fourth
deforming blade tip 319‘; a fifth deforming blade 320
provided with a fifth deforming blade tip 320’; and a
sixth deforming blade 321 provided with a sixth deforming
blade tip 321‘. The blades are disposed around the
external surface 310 of the mandrel 309 and are adapted
to deform the flat sheet of metal against the external
surface 310 of the mandrel 309 so that the flat sheet of
metal is deformed into a substantially tubular shape
substantially conforming to the external surface 310 of
the mandrel 309. The deforming blades are disposed
between the first end 311 and the second end 312 of the
mandrel 309. Each of the deforming blades is adapted for
independent and selective movement in a first direction
toward the mandrel 309 and a second direction away from
the mandrel so as to selectively impinge the deforming
blade tips 316‘’, 317‘', 318‘, 319’, 320’, and 321’ against

the mandrel or against a portion of the sheet disposed
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second nmenber 608 are al so adapted so as to bias the second end 610 of the

second nenber

608 towards the second end 607 of the first nenber 605 in an

anount sufficient to secure the stent between said first and the second
menbers 605 and 608. The advantage of a nmount constructed in accordance
with applicants' invention is that the,glectrically conductive nenber 605
contacts the external surface of the steft. This reduces the |ikelihood of
undul ations and erosion lines occurring on the surface defining the

| ongi t udi nal

bore. These erqsion |lines frequentl ccur, in . stents.,
electropolish%%tw%ﬁ?lFE?n@aﬁgﬁﬁgn?PGnSPchnﬁgt§gﬁh%€ °m@&991§l§a§ 3&Pﬁ'cally

Each of the deforming blades is also adapted so that the
first long side and the second long side of the sheet
remain substantially parallel to each other when the
sheet is deformed into the tubular shape; The third and
the sixth deforming blade tips 318’ and 321’ are provided
with a plurality of scalloped laser apertures 322, as
shown in FIG. 32, which are sized and disposed to permit
the third and the sixth deforming blade tips to secure
the first long side and the second long side against the
external surface of the mandrel while providing the laser
301 access to predetermined portions of the first long
side and the second long side of the sheet in order to
weld the first long side to the second long side.

A first motor 323 is connected to the first
deforming blade; a second motor 324 is connected to the
second deforming blade; a third motor 325 is connected to
the third deforming blade; a fourth motor 326 is
connected to the fourth deforming blade; a f£ifth motor
327 is connected to the fifth deforming blade; and a
sixth motor 328 is connected to the sixth deforming
blade. Each of the motors is adapted for selectively
moving each of the deforming blades to which it is
connected in a first direction toward the mandrel and in
a second direction away from the mandrel.

A computer 329 controls the sequence which the first
end of the table and the second end of the table are

disposed within the laser housing; the sequence and
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conductive menber against the surface defining the Iongitudinal bore.
‘El ectropolishing a stent with Applicants' nount reduces the |ikelihood

‘that the longitudinal lumen of the stent will have an irregular surface
which could result in turbulent fluid flow which could result in
thronbosis or platelet aggregation. _49. In a preferred el ectropolishing

met hod a stent is placed on a rack consTructed as previously discussed.
The nethod conprises inmersing the stent in an electropolishing bath and
appl ying el ectrig@dr&dIré€nkhion tdechi 65t thendefotning bpaddetépsi awgdipgesod
of time; and changing the point where the
upon the mandrel or a portion of the sheet disposed

between the mandrel and each of the deforming blade tips}

and the sequence, pattern, location, and amount of energy

the laser applies to each of the first and second long

sides of each of the sheets disposed on each of the

plurality of stent folders.

Each of the blade deforming tips has a length

substantially equal to the first and the second long sides of
the flat sheet of metal and in a preferred embodiment the

blade deforming tips are concave as shown in FIG. 27.

In an especially preferred embodiment, as shown in
FIG. 27 the third deforming blade tip is substantially
identical to the sixth.deforming blade tip; the second
deforming blade tip is substantially identical to the fifth
deforming blade tip; and the first deforming blade tip is
substantially identical to the fourth deforming blade tip.

In operation, the apparatus shown in FIGS. 25 to 27
and discussed in detafl above is constructed. A plurality of
stent patterns is cut into a flat piece of metal, each of the
patterns having a first major surface and a second major
surface, a first long side and a second long side. The first
long side and the second long sides are provided with a
plurality of pairs of engagement points 329, 330, 331, and
332, as shown in FIGS. 28 and 29, disposed substantially
opbosite each other and sized and disposed to communicate when
the pattern is deformed and rolled into a tubular shape. Each
rontacemant ghos!
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second end of the first nenber contacts the external surface

- 53- of the stent prior to the expiration of the predeterm ned period

of time. Changing the point of contact mnimzes the concentration of

undul ations or erosion lines at any given point on the stent near the

point of contact of the electrically canguctive nmenber. The point of

contact may be -
pair of the first long side engagement points is provided with
a bridge 333 disposed between each first long side engagement
point 329 and 330 comprising the pair. Preferably, the bridge
333 has a width that is less than the width of the other
portions of the stent. The sheet is also provided with a
plurality of alignment apertures 122 sized and disposed to
engage the alignment pins 308 on the base 306.

The sheet is disposed on the base so that the first
major surface of the sheet is in contact with the base.

A mandrel 309 having a substantially cylindrical
external surface 310 and a longitudinal axis 313 is dispbsed
against the second major surface of the sheet between the
first long side and the second long side of the sheet with the
longitudinal axis substantially parallel to the first long
side and the second long side, as shown in FIG 30A.

The pattern is deformed into a tubular shape so that
the first long side pairs of engagement pointq contact the
second long side pairs of engagement points, as shown in FIG.
29. The deforming step comprises the steps of:

a) actuating the sixth deforming blade motor so

that the sixth deforming blade motor moves the sixth

deforming blade in the first direction in an amount
sufficient for the sixth defqrming blade tip to
contact the external surface of the mandrel so as to
secure the mandrel against said sheet, as shown in

FIG. 30B.

The first deforming blade motor is activated so

that the first blade deforming motor moves the first
This is the replacement sheet
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changed by rotating the stent. In an especially preferred enbodinent, the
point of contact is changed by varying the distance between the stent and
the base by longitudinally noving the stent toward or away fromthe base
604 as shown in FIGS. 46 and 47. The point of contact is changed at about
the mdpoint of the predeterm ned periaodzof tinme. In an especially '
preferred enbodinent, the treatnent is interrupted before the expiration
of the predetermined tine, the effect of the electropolishing prior to the

interruption stepdd ¥R WALRD G Hd 16 18881 d M PESh Ofly Odn t &fount

predetermned tine is adjusted to conpensate for any variations in the

armount  of sufficient for the first blade deforming tip to
contact the first major surface of the sheet and
deform the sheet against the external surface of the
mandrel, as shown in FIG. 30C.

The second deforming blade motor is then
activated so that the second deforming blade motor
moves the second deforming blade in the first
direction in an amount sufficient for the second
deforming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel, as shown in
FIG. 30D.

The third deforming blade motor is then
activated so that the third deforming blade motor
moves the second deforming blade in the first
direction in an amount sufficient for the third
deforming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel while actuating
the sixth deforming blade motor so that the sixth
deforming blade moves in the second direction away
from said mandrel, as shown in FIG. 30E.

The fourth deforming blade motor is then
activated so that the fou?th deforming blade motor
moves the fourth deforming blade tip in the first
direction in an amount sufficient for the fourth

deforming blade tip to contact the first major
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material actually renoved prior to the interruption step. The treatnent
may be interrupted at any tinme, however, interruption at about the

m dpoi nt of the predetermined period of time is preferred. Pi eces of
sacrificial material 611 nay be added at the first end 601 and the second
end 602 of the rack 600 to conpensate fqQuzthe additional material normally
renmoved from stents disposed at the first- end and the second end of the
rack as shown in FIG 48. The material is selected and added in an anount

sufficient 10 substanty il ¥e eG¥athé®shige 20R be £8lm?Alk! 5AUAL BLIRLR!

normal Iy renoved fro
the external surface of the mandrel, as shown in

FIG. 30F.

The fifth deforming blade motor is then
activated so that the fifth deforming blade motor
moves the fifth deforming blade in the first
direction in an amount sufficient for the fifth
deforming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel, as shown in
FIG. 30G.

The sixth deforming blade motor is then
activated so that the sixth deforming blade motor
moves the sixth deforming blade in the first
direction in an amount sufficient for the sixth
deforming blade tip to contact the first major
surface of the sheet and deform the sheet against
the external surface of the mandrel, as shown in
Fig. 30H.

The third and sixth deforming blade motors are
then simultaneously activated so that the third and
sixth deforming Blade motors move the third and
sixth deforming blades in the first direction in an
amount sufficient for the third and sixth deforming
blade tips to contact the first major surface of the
sheet and deform the sheet against the external
surface of the mandrel as shown in FIG. 30I.

The laser is used to cut the bridge. The laser is then

This iz $he renizcement shesl
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di sposed first and second ends of the rack.

t he stent

In yet another preferred nethod of electropolishing a stent,
i s manufactured as previously discussed however, when deform ng

the pattern into a tubular shape so that the first |long side pairs of
engagenment poi nts contact - 44 -

used to weld each of the engagement points to the engagement
point with which it is in contact to form the.expandable
stent.

In a preferred embodiment, the bridge has a width that is
about 25% to about 50% of the width of the other portions of
the stent and in an especially preferred embodiment the bridge
has a width of about 40 microns.

The engagement points, as shown in FIGS. 28 and 29 are
sized and adapted to mové in an amount sufficient so as to
reduce the likelihood of material stress occurring during
welding heating and cooling cycles.

A V-shaped notch 334 may be formed between the first long
side and the second long side when the stent is deformed to
provide for a stronger weld, as shown in FIG. 31. In
addition, as shown in FIG. 31 a gap 335 may be provided
between the engagement points and the external surface of the
mandrel 309 during the deforming step. This gap 335 provides
a greater area for wéld material, thus, strengthening the weld
and reducing heat dissipation through the mandrel during
welding, thus, reducing the amount of energy that must be put
into the weld. |

Additional weld f£ill material 336 may be provided on the .
side of each of the engagement points substantially opposite
the bridge, as shown in Figs. 33 and 34. The weld £ill
material 336 is sized and disposed so as to permit the
additional weld f£ill material to be drawn into the weld point
during welding.

After the stent has been deformed and the engagement
This is the replacement sheet
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the second | ong side pairs of engagenent points, a portion of the stent is
allowed to remain attached to the sheet of netal, as shown in FIGS. 49 and
50 (which is an end view taken along line A-A of FIG 49). The bridge is
then cut, the engagenent points are connected to formthe stent, the stent
is electropolished by connecting an elggtrode to the sheet, and the stent
Is then renoved fromthe sheet: This redttes the |ikelihood of danage to
the stent because the sheet to which the stent is attached is disposable.
This method al so provides an additional advantage because the di sposable
sheet to RPiRESthaverepntagtedt aeﬁédoabﬁ§,a§h§agrw19@i af RifteMSandadhe

laser. The first side and long sides are then connected using
the laser to form a weld that is preferably wider than the
other portions of the stent. 1In an especially preferred
embodiment, the weld is about 20% wider than the other
portions of the stent and has a width of about 140 microns.
The weld is preferably run from outside-to-in. A plurality of
welding runs is preferably used and in an especially préferred
embodiment two weld-runs are utilized. The weld-run may be
offset from the point where the engagement points contact each
other and in é preferred embodiment is offset about .01 mm

from the point where the engagement points contact each other.

The weld may be a spot weld, a plurality of spot welds,
and in a preferred embodiment, the weld comprises 5 spot
welds.

In a preferred embodiment, the pattern is cut into the
sheet using multiple-up-etching and comprises the step of
inspecting both sides of the sheet after etching and before
the sheet is disposed on the base. 1In an especially preferred
embodiment the inspection step is carried out using an
automated optical inspection apparatus.

In én especially preferred embodiment, the stent patterns
are adapted so that upon the expansion of the stent against
the internal wall of a vessel substantially no portion of the
stent projects into the longitudinal lumen of the stent. The

| stent may be finished by electropolishing.

FIGS. 37 to 40 show another embodiment of an apparatus
This is the replacement sheet
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previ ously di scussed. It wll be appreciated by persons skilled
in the art that the present invention is not limted to what has been
particul arly shown and descri bed herei nabove. Rather the scope of the
present invention is defined only by the clainms which follow

- 46 -

for fabricatihg a stent constructed in accordance with the
invention. |

A base 401 is provided with a sheet receiving area 402
and is adapted to receive a flat sheet of metal to be formed
into a stent. The sheet receiving area 402 is also provided
with a mandrel recéiving groove 409. In a preferred
embodiment, the flat piece of metal has a longitudinal axis, a
first major surface, a second major surface, a first long
side, and a second long side, with the first and the second
long sides substantially parallel to the longitudinal axis.
An arm 403 having a first end 404 and a second end 405 is
provided.

The first end 404 of the arm is adapted to selectively
retain a mandrel 406 having a substantially cylindrical
external surface. The second end of the arm 405 is hingedly
connected to the base 401 and is adapted for movement in a
first direction toward the base 401 and in a second direction
away from the base 401 to secure the mandrel 406 against a
major surface of the flat sheet of metal. The mandrel 406 is
sized to have a cross-sectional diaméter substantially equal
to or less than the internal cross-sectional diameter of the
stent to be fabricated.

A means 407 is provided for deforming the flat piece of
metal against and around the external surface of the mandrel
so that the flat sheet of metal is deformed into a
substantially tubular shape conforming to the external surface
of the mandrel with the first long side and the second long

side substantially parallel to each other. FIG. 39 shows a
: This x *he replacement shemt



CLAIMS What is clainmed is: 1. Apparatus for fabricating a stent,

conpri si ng: a) a platformadapted to receive a flat sheet of netal

to be formed into said stent, said flat sheet of nmetal having a

| ongi tudi nal axis, a first major surface, a second major surface, a first
l ong side, and a second |ong side, said first and said second |ong sides
substantially parallel to said |ongitudinal axis of said sheet; b)

a mandrel having a substantially cylindrical

top view of one embodiment wherein the means 407 for deforming
is a member provided with a deforming tip 408 having a length
substantially equal to the length of the first and second long
sides of the sheet metal. 1In a preferred embodiment, the
deforming tip is concave, as shown in FIG. 40.

In operation, a sheet is placed on the sheet receiving
area 402. A mandrel 406 is disposed in the first end 404 of
the arm 403 and the arm 403 is moved in the first direction so
that the mandrel is in contact with the sheet. The deforming
means is then used to deform fhe sheet around the mandrel a
previously discussed. The arm 403 is then moved in the second
direction and the mandrel 406 with the sheet wrapped around it
is removed from the first end 404 of the arm 403. The first
and second long sides are then connected as previously
discussed to form the stent. 1In a preferred embodiment, the
mandrel with the sheet wrapped around it is transferred to the
stent aligning and welding jig shown in FIGS. 41 to 45.

The stent aligning and welding jig shown in FIGS. 41 to
45 comprises a base 500 having a first end and a second end
provided with a first wall 501 having a first end and a second
end and a first major surface 502 and a second major surface
503 and a second wall 504 having a first end and a second end .
and a first major surface 505 and a second major surface 506.
The second major surface 503 of the first wall 501 and the
first major surface 505 of the second wall 504 define a
longitudinal U-shaped channel 507 having a longitudinal axis
in the base 500. The first wall 501 is provided with a

plurality of slots 508 defining a plurality of first clamping

This is the replacement sheet
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ext er nal

surface and having a first end and a second end defining a

| ongi tudi nal axis, said nmandrel sized to have a cross-sectional dianeter

substantially equal to or less than the internal diameter of said stent to

be fabri cated,; c) neans for securing said mandrel against a major

surface of said flat sheet of netal; andgﬁ_ d) neans for deform ng said
surf

flat sheet of netal against said extern

ace of said mandrel so that

said flat sheet of nmetal is deforned into a substantially tubul ar shape,
said neans for deform ng adapted so that .said first |ong side d ai d
second | on§O%itdenSe P81 heyi&Ca®k itAR Hsh3t Y and & g%fthO“(‘g a8 %4 nd ™

first major surface 502 and a second major surface 503. Each
of the first clamping portions 509 is provided with a first
concave channel 510 disposed at the top end 511 of the second
major surface 503 of the first clamping portion 509 and a
second concave channel 513 disposed at the bottom end 512 of
the second major surface 503 of the first clamping portion
509. The first and the second concave channels 510 and 513
are substantially parallel to the longitudinal axis of the U-
shaped channel 507. The second major surface 503 of each of
the plurality of first clamping portions 509 is also provided
with a compenéation slit 514 disposed between the first
concave channel 510 and the second concave channel 513 that is
substantially parallel to the longitudinal axis of the U-
shaped channel 507.

A plurality of second clamping portiomns 515 is disposed
in the U-shaped channel 507 between the second major surface
503 of the first wall 501 and the first major surface 505 of
the second wall 504. Each of the second clamping portions 515
is disposed in registry with one of the first clamping
portions 509. Each of the second clamping portions 515 has a
top end 516, a bottom end 517, a first major surface 518, a
second major surface 519, a first minor surface disposed at
the top end, a second minor surface disposed at the bottom
end, a third minor surface disposed between the top end and
the bottom end, and a fourth minor surface disposed opposite
the third minor surface between the top end 516 and the bottom

end 517. Each of the second clamping portions 515 is provided
This is the replacement shest
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ot her when said flat sheet of netal is defornmed into said tubular shape.
2.~ The apparatus of claim1, further conprising nmeans for securing said
first long side of said sheet to said second |ong side of said sheet.
- 56 -

-19_-

with a first éoncave channel 521 disposed at the top end 516
of the first major surface 518 of the se¢ond clamping portion
515 and a second concave channel 522 disposed at the bottom
end 517 of the first major surface 518 of the second clamping
portion 515. The first and the second concave channels 521
and 522 are substantially parallel to the longitudinal axis of
the U-shaped channel 507.

A biasing means 523 is disposed between the first major
surface 505 of the second wall 504 and the second major
surface 503 of each of the of second clamping portions 509 for
biasing the first major surface 518 of each of the second
clamping portions 515 against the second major surface 503 of
each of the first clamping portions 509 which are in registry
with each other.

A first mandrel support lever positioning pin 524
projects from the third minor surface 520 and a second mandrel
support lever positioning pin 521 projects from the fourth
minor surface of each of the second clamping portions 515.

The mandrel support lever positioning pins 524 and 521 are
substantially parallel to the longitudinal axis of the U-
shaped channel.

A biasing control means 522 selectively controls the
distance between the second major surface 503 of each of the
first clamping portions 509 and the first major surface 518 of
each of the second clamping portions 515.

A retaining mandrel 523 is disposed in the second concave
channel 513 of the first wall 501 and the second concave

channel 522 in each of the second clamping portions 515.
This i the raplacement sheel
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3. The apparatus of claim2, wherein said neans for se uring is a welding

appar at us. 4. The apparatus of claim 3, wherein said welding apparatus
is a laser. 5. The apparatus of claim1l, wherein said platformis
provided with a concave recess to receive said nandrel. 6. The

apparatus of claim1, wherein said meansgfjor securing said nandrel is a
hi ngedl y connected arm adapted for novenent

A mandrei support lever 534, as shown in FIG. 42 supports
the stent during the alignment of the first long side of the
sheet with the second long side of the sheet. The lever 534
is provided with a first mandrel support notch 525 for
supporting the first end of the mandrel and a second mandrel
support notch 526 for supporting the second end of the
mandrel. A first mandrel support lever positioning pin
engagement surface 527 engages the first mandrel support lever
positioning pin 524 and a second mandrel support lever
positioning pin engagement surface 528 engages the second
mandrel support lever positioning pin 521 when the mandrel
support lever is disposed on the second wall 504.

It will be appreciatéd that various elastic materials
well known to those skilled in the art as suitable for this
purpose may be utilized, e.g., a spring, however, in an
especially preferred embodiment, the elastic material is
rubber.

In a preferred embodiment the biasing control means 522
is a threaded screw disposed in each of the first clamping
portions 509 with each of the screws 522 communicating with
the first major surface 502 and the second major surface 503
of each of the first clamping portions 509. The screws 522
are selectively movable in a direction toward and away from
the first major surface 518 of the second clamping portion 515
to selectively move the second clamping portion 515 in a
direction toward and away from the first clamping portions 509
to selectively vary the distance between the second major

surface 503 of each of the first clamping portions 509 and the
This is the replacement sheet
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in a first direction toward said platformand in a second direction away
fromsaid platform 7. The apparatus of claim1l, wherein the apparatus

is

adapted to provide a substantially V-shaped notch between said first

| ong side and said second | ong side when said sheet is deforned into said
tubul ar shape. 8. Apparatus for fabriQ%iLng a stent, conpri sing: a)
‘a base having a platform adapted to recee a flat sheet of netal to be
formed into said stent, said flat sheet of nmetal having a | ongitudinal

axis, a firsg; m HaiBt [5%adk 518 of each of the second clamping

portions 515.

In operation, the mandrel with.the sheet wrapped around.
it is secured in the first concave channels 510 and 521. The
biasing control means 522, e.g., a screw, is adjusted to
secure the mandrel in the first concave channels while
permitting the first and second long sides of the sheet to be

adjusted so that the contact points are aligned as desired.

In a preferred embodiment, the mandrel support lever shown in

FIG. 42, is utilized to support the mandrel during the
alignment operation. A shown in FIG. 45, the first mandrel
support notch supports the first end of the mandrel and the
second mandrel support notch supports the second end of the
mandrel. The first mandrel support lever positioning pin
surface 527 engages the first mandrel support lever
positioning pin 524 and the second mandrel support lever
positioning pin surface 528 engages the second mandrel support
positioning pin 521 so as to align the mandrel support lever
534 when it is supporting the mandrel.

FIGS. 46 to 48 show a jig 612 for electropolishing a
tubular stent, comprising a rack 600 having a first end 601
and a second end 602 and provided with a plurality of stent
electropolishing mounts 603. Each of the mounts 603 is
provided with a base 604 and an electrically conductive first
member 605 having a first end 606 connected to the base 604
and a second end 607 adapted to selectively contact the
external surface of the tubular stent to be electropolished

without damaging its external surface. The mounts 603 are
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second maj or surface, a first long side, and a second |long side, said
first and said second | ong sides substantially parallel to said

| ongi tudi nal axis of said stent; - b) a mandrel having a substantially
cylindrical external surface and having a first end and a second end
defining a longitudinal axis, said mandrgl.  sized to have a

also provided'with an electrically non-conductive second
member 608 having a first end 609 connected to the base and a
second end 610 adapted to be selectively disposed within the
longitudinal bore of the stent without damaging the surface
defining the longitudinal bore. The first member 605 and the
second member 608 are also adapted so as to bias the second
end 610 of the second member 608 towards the second end 607 of
the first member 605 in an amount sufficient to secure the
stent between said first and the second members 605 and 608.
The advantage of a mount constructed in accordance with
applicants’ invention is that the electrically conductive
member 605 contacts the external surface of the stent. This
reduces the likelihood of undulations and exosion lines
occurring on the sufface defining the longitudinal bore.

These erosion lines frequently occur in stents electropolished
utilizing conventional mounts which place the electrically
conductive member.against the surface defining the
longitudinal bore. Electropolishing a stent with Applicants’
mount reduces the likelihood that the longitudinal lumen of
the stent will have an irregular surface which could result in
turbulent fluid flow which could result in thrombosis or
platelet aggregation. _

In a preferred eléctropolishing method a stent is placed
on a rack constructed as previously discussed. The method
comprises immersing the stent in an electropolishing bath and
applying electrical current to the first member for a
predetermined period of time; and changing the point where the

second end of the first member contacts the external surface
This iz s raoipoemant shee!
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cross-sectional dianeter substantially equal to or less than the internal
di aneter of said stent to be fabricated; c) neans for securing said
mandrel against a major surface of said flat sheet of netal; d a
plurality of deform ng bl ades di sposed around the periphery of said
mandrel for deformng said flat sheet of¢ metal against said externa
surface of said mandrel so that said flat sheet of netal is deformed into
a substantially tubular shape, said bl ades di sposed between said first end

and said second end of- said mandrel, each of said deform .ng bl ades
of the stent prior to the expiration of the predetermined

period of time. Changing the point of contact minimizes the
concentration of undulations or erosion lines at any given
point on the stent near the point of contact of the
electrically conductive member. The point of contact may be
changed by rotating the stent. Iﬁ an especially preferred
embodiment, the point of contact is changed by varying the
distance between the stent and the base by longitudinally
moving the stent toward or away from the base 604 as shown in
FIGS. 46 and 47. The point of contact is changed at about the
midpoint of the predetermined period of time. 1In an
especially preferred embodiment, the treatment is interrupted
before the expiration of the predetermined time, the effect of
the electropolishing prior to the interruption step is
evaluated, and the remaining period of the predetermined time
is adjusted to compensate for any variations in the amount of
material actually removed prior to the interruption step. The
treatment may be interrupted at any time, however,
interruption at about the midpoint of the predetermined period
of time is preferred.

Pieces of sacrificial material 611 may be added at the
first end 601 and the second end 602 of the rack 600 to
compensate for the additional material normally removed from
stents disposed at the first end and the second end of the
rack as shown in FIG 48. The material is selected and added
in an amount sufficient to substantially equalize the amount
of additional material normally removed from the stents

disposed first and second ends of the rack. o
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adapted for independent and sel ective novenent in a first direction toward
'said mandrel and a second direction away from said nmandrel so as to

sel ectively inpinge upon said mandrel or upon a portion of said sheet

di sposed between said mandrel and each of said deform ng bl ades, each of
said deform ng blades further adapted sqsgbat said first |Iong side and
said second I|ong side of said sheet remain substantially parallel to each
ot her when said stent is deforned into said tubular shape; e) nmeans
for selectively nmoving each of said deforming blades in a first direction

toward said mandrel and i-n a second direction amag from sai d, mandrel ; and
In yet another preferred method of electropolishing a

stent, the stent is manufactured as previously discussed
however, when deférming the pattern into a tubular shape so
that the first long side pairs of engagement points contact
the second long side pairs of engagement points, a portion of
the stent is allowed to remain attached to the sheet of metal,
as shown in FIGS. 49 and 50 (which is an end view taken along
line A-A of FIG. 49). The bridge is then cut, the engagement
points are connected to form the steht, the stent is
electropolished by connecting an electrode to the sheet, and
the stent is then removed from the sheet. This reduces the
likelihood of damage to the stent because the sheet to which
the stent is attached is disposable. This method also
provides an additional advantage because the disposable sheet
to which the stent ié atﬁached acts as sacrificial material as
previously discussed.

It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather the
scope of the present invention is defined only by the claims

which follow.
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f) means for securing said first long side of said sheet to said second
| ong side of said sheet. 9. The apparatus of claim@8, wherein said
nmeans for securi-ng—said first long side of said sheet to said second |ong
si de of said sheet is a welding apparatus.

is Sheet Has Been Replaced -55.-
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CLAIMS
What is claimed is:
1. Apparatué féf fabricating a stent, comprising:
a) a platform adapted to receive a flat sheet of metal

to be formed into said stent, said flat sheet of metal having
a longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, said first
and said second long sides substantially parallel to said
longitudinal axis of said sheet;

b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end
defining a longitudinal axis, said mandrel sized to have a
cross-sectidnal diameter substantially equal to or less than
the internal diameter of said stent to be fabricated;

c) means for securing said mandrel against a major
surface of said flat sheet of metél; and

d) means for deforming said flat sheet of metal against
said external surface of said mandrel so that said flat sheet
of metal is deformed into a substantially tubular shape, said
means for deforming adapted so that said first long side and
said second long side remain substantially parallel to each
other when said flat sheet of metal is deformed into said

tubular shape.

2. The apparatus of claim 1, further comprising means for
securing said first long side of said sheet to said second

long side of said sheet.

THIS SHEET HAS BEEN
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10. TWDH'F‘&FUS-—GLC.Lalmg wherein said wel ding apparatus is a |aser.
11. The g r@tus of claim8, wherein said plurality of deformmng—btades——

conprlse é&mhmﬂ 12. The apparatus of claim 8, wher
for secun reI is a hingedly connected arm adapam,m rH",
in a f|r ward said pl atforn*sémd ina second dI*I’EGtIOn 2}

fromsaujplmform

3. The apparatus of claim 2,.Wherein said means for securing

is a welding apparatus.

4. The apparatus of claim 3, wherein said welding apparatus

is a laser.

5. The apparatus of claim 1, wherein said platform is

provided with a concave recess to receive said mandrel.

6. The apparatus of claim 1, wherein said means for securing
said mandrel is a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second

direction away from said platform.

7. The apparatus of claim 1, wherein the apparatus is
adapted to provide a substantially V-shaped notch between said
first long side and said second long side wheﬁ said sheet is

, déformed into said tubular shape.
8. Apparatus for fabricating a stent, comprising:

a) a base having a platform adapted to receive a flat
sheet of metal to be formed into said stent, said flat sheet
of metal having a longitudinal axis, a first major surface, a-
second major surface, a first long side, and a second long
side, said first and said second long sides substantially
parallel to said longitudinal axis of said stent;

b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end

defining a longitudinal axis, said mandrel sized to have a
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13. The apparatus of claim8, wherein said base is provided wth a first
concave-re¢ess—%a+~%eeeLving said first end of said mandrel and a second

concav es for rece|V|ng said second end of said nandrel. 14. The
apparat s a‘Wﬁereln said neans for selectively noving each of
sai d def l ‘ s an electric nqbor 15. The apparatus of claim
8 furthe ans for ‘

cross-sectional diameter substantially equal to or less than
the internal diameter of said stent to be fabricated;

c) means for securing said mandrel against a major
surface of said flat sheet of metal;

d) a plurality of deforming blades disposed around the
periphery of said mandrel for deforming said flat sheet of
metal against said external surface of said mandrel so that
said flat sheet of metal is deformed into a substantially
tubular shape, said blades disposed between said first end and
said second end of said manarel, each of said deforming blades
adapted for independent and selective movement in a first
direction toward said mandrel and a second direction away from
said mandrel so as to selectively‘impinge upon said mandrel or
upon a portion of said sheet disposed between said mandrel and
each of said deforming blades, each of said_deforming'blades
further adapted so that said first long side and said second
long side of said sheet remain substantially parallel to each
other when said stent is deformed into said tubular shape;

e) means for selectively moving each of said deforming
blades in a first direction toward said mandrel and in a
second direction away from said ﬁandrel; and

£) means for securing said first long side of said

sheet to said second long side of said sheet.

9. The apparatus of claim 8, wherein said means for securing
said first long side of said sheet to said second long side of

said sheet is a welding apparatus.
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controlling the nd degree to which each of said blades inpinges
upon said mandrel or a portion of said sheet disposed between said mandrel

and eachpfshaaiid pd@frepisdedg bl ades. 16. The apparatus of claim 15,
wherein Sﬂiﬂiﬂmﬂﬂmﬁi controlling is a conputer. -59 -
- 58 -

10. The appafatus of claim 9, wherein said welding apparatus

is a laser.

11. The apparatus of claim 8, wherein said plurality of

deforming blades comprises six blades.

12. The apparatus of claim 8, wherein said means for securing
said mandrel is a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second

direction away from said platform.

13. The apparatus of claim 8, wherein said base is provided
with a first concave recess for receiving said first end of
said mandrel and a second concave recess for receiving said

second end of said mandrel.

14. The apparatus of claim 8, wherein said means for
selectively moving each of said deforming blades is an

electric motor.

15. The apparatus of claim 8 further comprising means for
controlling the sequence and degree to which each of said
blades impinges upon said mandrel or a portion of said sheet

disposed between said mandrel and each of said deforming

blades. V)R ) 0
* [ L | S *

16. The apparatus of claim 15, wherein said means for

controlling is a computer.
THIS SHEET HAS BEEN
REPLACED
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17. The apparatus of claim@8, further conprising an _alignnent neans
di sposed on said base and adapted to engage and align said netal sheet.
18. The apparatus of claim8, wherein a plurality of samggmgqu§£LR ladades

are adapted to secure said first long side and said se
agai nst said external surface of said ndrel while pe ﬂg}

contact said first long side and said s€cond | ong side
first long side to said second | ong side.

17. The appaiatus of claim 8, further comprising an alignment
means disposed on said base and adapted to engage and align

said metal sheet.

18. The apparatus of claim 8, wherein é plurality of said
deforming blades are adapted to secure said first long side
and said second long side against said external surface of
said mandrel while permitting a laser to contact said first
long side and said second long side to secure said first long

side to said second long side.

19. The apparatus of claim 18, wherein a plurality of said
deforming blades are provided with a plurality of scalloped
apertures, said apertures sized and disposed to permit said
plurality of blades to secure said first long side and said
second long side against said external surface of said mandrel
while_providing access to said laser to predetermined portions
of said first side and said long side to secure said first

long side to said second long side.

20. Apparatus for fabricating a stent, comprising:

a) a laser housing;

b) a laser disposed within and selectively movable
within said housing;

c) a movable table having a first end and a second end
and adapted for selective movement into and out of said laser
housing, said table adapted so that when said first end of

said table is disposed within said laser housing said second

This is the e replacement sheet
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19. The a—ﬁ5?5TU§—Uf‘Cfafﬁ+&8 wherein a plurality of said deformng

bl ades are RQyifgd Mﬁth a pIurallty of scalloped apertures, said _
apertures si to permt said plurality of blades to secure
said first @ | d second | ong side agai nst said external
surface of s |Ie providi ngggccess to said laser to

predeterm ned portions of said first site and said |ong side to secure
said first long side to said second |ong side. 20. Apparatus for

fabricatin%n% %%eg%ld t”%&%?&g disposed outside of said housing and when
said second end of said table is disposed within said laser
housing said first end of said table is disposed outside of
said laser housing;

d) a plurality of stent folders disposed at said first
end of said table and a plurality of stent folders disposed at
said second end of said table, each of said stent folders
comprising:

a) a base having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal having a longitudinal axis, a first
major surface, a second major surface, a first long side,
and a second long side, said first and said second long
sides substantially parallel to said longitudinal axis,
said sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of said platforms, said pins sized to engage said
alignment apertures and align said sheet on said
platform;

c) a mandrel having a substantially cylindrical
external surface and having a first end; a second end,
and a longitudinal axis, said mandrél sized to have a
cross-sectional diameter-substantially equal to or less
than the internal diameter of said stent to be
fabricated, said platform provided with a first concave
recess adapted to receive said first end of said mandrel

and a second concave recess adapted to receive said
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a) a laser housing; b) a laser disposed within and selectively

novable wthin said housing; c) a novable table-having a first end
and a second end and adapted for selective novenent into and out—BT“EéTd

| aser housing, said table adapted so that when said fifhisSheetds Béen

e S R

second end of said mandrel;

d) a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second
direction away from said platform for securing said
mandrel against a major surface of said flat sheet of
metal;

e) a first deforming blade provided with a first
deforming blade tip; a second deforming blade provided
with a second deforming blade tip; a third deforming
blade provided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforming blade provided with a fifth
deforming blade tip; ahd a sixth deforming blade provided
with a sixth deforming blade tip, said blades diéposed
around said external surface of said mandrel, said
deforming blade tips adapted to deform said flat sheet of
metal against said external surface of said mandrel so
that said flat sheet of metal is deformed into a
substantially tubular shape substantially conforming to
said external surface, said deforming blades disposed
between said first end and said second end of said
mandrel, each of said deforming blades adapted for
independent and selective movement in a first direction
toward séid mandrel and a second.direction away from said
mandrel so as to selectively impinge said deforming blade
tips against said mandrel or upon a portion of said sheet
disposed between said mandrel and each of said deforming

blade tips, each of said deforming blades further adapted
his is 1o replecament s,’s:wT-chms SHEET HAS BEEN
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end of :gig’;ggégng,dLspesed out si de of said housing and when said second
end of -sai e is disposed within said |aser housing said first end of
said table is djspasgdieed side of said |aser housing; d a plurality
of stent Thip d at said first end of said table and a plurality
of stent f imd at said secongh end of said table, each of said
stent fold #hg: a) -& base having a platformadapted to
recei ve..a flat sheet of nmetal to be forned into said stent, said

so that said first long side and said second long side of
said sheet remain substantially parallel to each other
when said stent is deformed into said tubular shape, said
third and said sixth deforming blade tips provided with a
plurality of scalloped laser apertures, said apertures
sized and disposed to permit said third and said sixth
deforming blade tips to secure said first long side and
said second long side agaiﬁst said external surface of
said mandrel while providing said laser access to
predetermined portions of said first long side and said
second long side in order to weld said first long side to
said second long side;

f) a first motor connected to said first deforming
blade; a second motor connected to said second deforming
blade; a third motor connected to said third deforming
blade; a fourth motor connected to said fourth deforming
blade; a fifth motor connected to said fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of said deforming blades to which
it is connected in a first direction toward said mandrel
and in a second direction away from said mandrel; and

g) a computer for controlling: the sequence which
said first end of said table and said second end of said
table are disposed withiﬁ said laser housing; for
controlling the sequence and degree to which each of said
plurality of deforming blade tips impinges upon said

mandrel or a portion of said sheet disposed between said
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flat sheet of metal having a longitudinal axis, a first

. ; ! %’B@&@
a second major surface, a first |ong side, and a seco
said first and said second | ong sides substantially p ﬁam
| ongi t udi nal axis, said sheet provided with a plurallg
of apertures; b) a plurakjty of alignnment plns pr oj ctlng
from each of said platforns, said p+Rs sized to engage said
al i gnnent apertures and align said sheet on said pl atf orm

c) a mandrel having;2.3uBslaptial by e¥liidefodming blade tips; and for
controlling the sequence, pattern, location, and amount
of energy said laser applies to each of said first and
second long sides of each of said sheets disposed on each

of said plurality of stent folders.

21. The apparatus of ‘claim 20, wherein each of said blade
deforming tips has a length substantially equal to said first

and said second long sides of said flat sheet of metal.

22. The apparatus of claim 20 wherein said deforming blade

tips are concave.

23. The apparatus of claim 20 wherein said third deforming
blade tip is substantially idenﬁical to said sixth deforming
blade tip; said second deforming blade tip is substantially
identical to said fifth deforming blade tip; and said first
deforming blade tip is substantially identical to said fourth

deforming blade tip.

24. Apparatus for fabricating a stent, comprising:

a) a base;

b) a sheet receiving area disposed on said base, said
area adapted to receive a flat sheet of metal to be formed
into said stent, said flat sheet of metal having a
longitudinal axis, a first major surface, a second major

surface, a first long side, and a second long side, said first

is the replacement sheet
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external surface and having a first end, a second end, and a

IongltudlHa%—axrs-—sard—ﬁﬁﬁa—el sized to have a cross-sectional

di anet er substant&g]é £ ﬂw to or less than the internal dianmeter of
sai d stent ﬁz‘ﬁbﬁﬂ as Tated, said platform provided with a first
concave mllH to receive _ggid first end of said mandrel

and a second adapted to receive said

and said secoﬁd long sides substantially parallel to said
longitudinal axis;

c) an arm having a first end and a second end, said
first end of said arm adapted to selectively retain a mandrel
having a substantially cylindrical external surface, said
second end of said arm hingedly connected to said base and
adapted for movement in a first direction toward said base and
in a second direction away from said base and further adapted
to secure said mandrel against a major surface of said flat
sheet of metal disposed on said stent receiving area disposed
on said base, said mandrel sized to have a cross-sectional
diameter substantially equal to or less than the internal
cross-sectional diameter of said stent to be fabricated;

d) means for deforming said flat piecé of metal against
said external surface of said mandrel so that said flat sheet
of metal is deformed into a substantially tubular shape
substantially conforming to said external surface of said
mandrel with said first long side and said sécond long side

substantially parallel to each other.

25. The apparatus of claim 24, wherein said means for
deforming is a member provided with a deforming tip having a
length substantially equal to said first and said second long

sides of said sheet of metal.

26. The apparatus of claim 24, wherein said deforming tip is

concave.
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second end of said mandrel; d) a hingedly connected arm adapted for
novenent in a first direction toward said platformand in a second,
direction away fromsaid platformfor securing said mandrHis

maj or surface of said flat sheet of netal; e) a fi

bl ade provided with a first deformng blagade tip; a second \
provided wth a second deform ng bl ade t+p; a third deform ng
provided with a third deform ng blade tip; a fourth

27. A stent éligning and welding jig comprising:

a) a base having a first end and a second end, a first
wall having a first end and a second end and a first major |
surface and a second major surface; a second wall having a
first end and a second end and a first major surface and a
second major surface, said second major surface of said first
wall and said first major surface of said second wall defining
a longitudinal U-shaped channel having a longitudinal axis in
said base, said first wall provided with a plurality of slots
defining a pluraiity of first clamping portions having a top
end and a bottom end and a first major surface and a second
major surface, each of said first clamping portions provided
with a first concave channel disposed at said top end of said
second major surface of said first clamping portion and a
second concave channel disposed at said bottom end of said
second major surface of said first clamping portion, said
first and said second concave channels substantially parallel
to said longitudinal axis of said U-shaped channel; said first
wall of each of said plurality of first clamping portions
provided with a compensation slit disposed between said first
concave channel and said second concave channel, said
compensation slit substantially parallel to said longitudinal -
axis of said U-shaped channel;

b) a plurality of second clamping portions disposed in
said U-shaped channel between said second major surface of
saild first wall and said first major surface of said second
wall, each of said second clamping portions disposed in

registry with one of said first clamping portions, each of
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deforning btade—provided with a fourth deformng blade tip; a fifth
deform ng bl ade provided with a fifth deformng blade tip; and a sixth

def or mi ng bTdsBhedd HAH,, mnth a sixth deform ng blade tip, said blades

di sposed ar MHM q’%ﬁ *fal surface of said mandrel, said deformng

bl ade tips a msaid flat sheet of netal against said

external sur ndrel so thai~said flat sheet of netal is

defornmed into a substantially tubular shape substantially conformng to

said external surface, said deformng, bl ades di sposed between_ said first

end and sai iS&@oPecerd ¢lampigy portions having a top end, a bottom end,
a first major surface, a second major surface, a first minor
surface disposed at said top end, a second minor surface
disposed at said bottom end, a third minor surface disposed
between said top end and said bottom end, and a fourth minor
surface disposed opposite said third minor surface between
said top end and said bottom end, each of said secbnd clamping
portions provided with a first concave channel disposed at
said top end of said first major surface of said second
clamping portion and a second concave channel disposed at said
bottom end of said first major surface of said second clamping
portion, said first and said second concave channels
substantially parallel to said longitudinal axis of said U-
shaped channel;

c) a biasing means disposed between said first major
surface of said second wall and said second major surface of
each of said plurality of second clamping portions for biasing
said first major surface of each of said second clamping
portions against said second major surface of each of said
first clamping portions which are in registry with each other;

d) a first mandrel support lever positioning pin
projecting from said third minor surface and a second mandrel -
suppbrt lever positioning pin projecting from said fourth
minor surface of each of said second clamping portions, said
mandrel support lever positioning pins substantially parallel
to said longitudinal axis of said U-shaped channel;

e) a biasing control means for selectively controlling

the distance between said second major surface of each of said

s is the replacement sheet
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mandrel, each of said deform ng bl ades adapted for independent and

sel ective novenent in a first direction toward said nmandrel—angd—-a-second
direction away fromsaid nmandrel so as to selectively inpinge said
deform ng blade tips against said mandrel or upon a portionThéSkeainds 8lg laced

di sposed between said mandrel and each _said deforming bla
of said deform ng bl ades further adapte m”mﬂ ,’

first clamping portions and said first major surface of each
of said second clamping portions;

f) a retaining mandrel disposed in said second concave
channel of séid first wall and said second concave channel in
each of said second clamping portions; and

g) a mandrel support lever for supporting said stent
during the alignment of said first long side of said sheet
with said second long side of said sheet, said lever provided
with a first mandrel support notch for supporting said first
end of said mandrel, a second mandrel support notch for
supporting said second end of said mandrel, a first mandrel
support lever positioning pin engagement surface for eﬁgaging
said first mandrel support lever positioning pin and a second
mandrel support lever positioning pin engagement surface for
engaging said second mandrel support lever positioning pin
when said mandrel support lever is disposed on said second

wall.

28. The apparatus of claim 27, wherein said.biasing means is

an elastic material.

29. The apparatus of claim 28, wherein said elastic material

is rubber.

30. The apparatus of claim 28, wherein said elastic material

is a spring.

31. The apparatus of claim 27, wherein said biasing control
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-62- so that said first long side and said second long side of said
sheet remain substantlally parallel to each other when said stent is

def or med |ﬂ;1505h§§ &pﬂﬁge gshape, said third and said sixth deform ng

bl ade tIpS plurality of scalloped | aser apertures, said
apertures sed to permt_gaid third and said sixth

def or m ng b cure said fir | ong side and said second | ong
si de agai nst sald external surface of said mandrel while providing said

| aser o : ; ;
access Lons is a threaded screw disposed in each of said first

clamping portions, each of said screws communicating with said
first major surface and said second major surface of each of
said first clamping portions and selectively movable in a
direction toward and away from said first major surface of
said second clamping portion to selectively move said second
clamping portion in a direction toward and away from said
first clamping portions to selectively vary the distance
between said second major surface of each of said first
clamping portions and said first major surface of each of said

second clamping portions.

32. A method of fabricating a stent comprising the steps of:

a) providing a plurality of stent patterns into a
flat piece of metal, each of said patterns having a first long
side and a second long side, said first long side proVided
with a plurality of pairs of engagement points, said second
long side provided with a plurality of pairs of engagement
points, said plurality of pairs of engagement points disposed
substantially opposite each other, said engagement points
sized and disposed to communicate when said pattern is
deformed and rolled into a tubular shape, each pair of said
first long side engagement points provided with a bridge
disposed between each first long side engagement point
comprising the pair, said bridge having a width that is less
than the width of the other portions of said stent;

b) disposing a mandrel having a substantially

cylindrical external surface and a longitudinal axis between
__,__~_______ﬂ___.
s the replacement sheet

LT RPN R e

REPLACED




predeterm ned portions of said first |Iong side and §§TH‘”§€EBEH_TBEB—§ide
in order to weld said first long side to said secondplGfg§is®8en Replaced f)

a first notor connected to said first deform ng bl ade r
connected to said second deform ng blade; a third not m‘mgmgumg sai d
third deformng blade; a fourth nntor_ggnnected to sal m ng
bl ade; a fifth notor connected to said frfth deformng blade; and a sixth

not or connected to said sixth deform ng bl ade, each of said notors adapted

for. sel eCtsia\:l.gl ¥i¥g¥i Tgﬁsa%?_dgf aﬁ%i ga‘lﬁf gé@o@xgi tiloq'x%essltcfé ng Céhid sheet,
said longitudinal axis substantially pardllel.to said first
long side and said second long side;

c) deforming said pattern into a tubular shape so
that said first long side pairs of engagement points contact
said second long éide pairs of engagement points;

d) cutting said bridge; and

e) attaching each of said engagement points to the
engagement point with which it is in contact to form said

expandable stent.

33. The method of claim 32, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

34. The method of claim 33, wherein said bridge has a width

of about 40 microns.

35. The method of claim 32, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

36. The method of claim 32, further comprising the step of

forming a V-shaped notch between said first long side and said

second long side during step o). ) Ol O A
. * [ L i“ s *

37. The method of claim 32, further comprising the step of
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it is connected in a first direction toward said mandrel and in a second
di recti onr—away from sai d mandrel ; and g) a conputer for controlling:
t he sequence which said first end of said table and said second end of

sai d t alihi Sheettay ehi thin said | aser housing; for controlling the
sequence apm“ﬁmﬁ ich each of saig. plurality of deform ng bl ade
tips inpin mandrel or a portion of said sheet disposed

bet ween sa

providing a éap between said engagement points and said

external surface of said mandrel during step c¢).

38. The method of cléim 32, comprising the additional step of
providing additional weld fill material on the side of each of
said engagement points substantially opposite said bridge,

said weld fill material sized and disposed so as to permit the
additional weld fill material to be drawn into the weld point

during welding.

39. The method of claim 32, further comprising the step of

providing said sheet with a plurality of alignment apertures.

40. The method of claim 32, wherein step d) is carried out

using a laser.

41. The method of claim 32, wherein step e) is carried out

utilizing a weld.

42. The method of claim 40, wherein said weld is run from

outside-to-in.

43. The method of clgim 40, wherein said weld is wider than

the other portions of the stent.

44. The method of claim 42, wherein said weld is about 20%

wider than the other portions of the stent.

” : This iz tno 1epiatemant
!l,"c, "mL, l""" "I’sl " ,!ll 89 4P THIS SHEET HAS BEEN

Dsie:




-63 - _ mandrel and each of said deform ng blade tips, and for
controlling the sequence, pattern, |ocation, and anount ~— —of

| aser applies to each of said first and second | ong S|des of each of
sai d sheets di sposed on each of said plurality of stédf Shast Hhe Bsen Replaced
21. The apparatus of claim 20, wherein eagh of said bl ade

has a |l ength substantially equal to said Tirst ’ﬂ”,“,ﬂ

45. The method of claim 41, wherein said weld has a width of

about 140 microns.

 46. The method of claim 41, wherein step e) is carried out
using a welding run that is offset from the point where said

engagement points contact each other.

47. The method of claim 41, wherein step e) is carried out

using a plurality of welding runs.

48. The method of claim 47, wherein two welding runs are

utilized.

49. The method of claim 46, wherein said weld run is offset
about .01 mm from the point where said engagement points

contact each other.
50. The method of claim 42, wherein said weld is a spot weld.

S1. The method of claim 50, wherein a plurality of spot welds

is utilized.

52. The method of claim 51, wherein 5 spot welds are

utilized.

53. The method of claim 34, further comprising the step of

electropolishing the stent.
/ . [
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and said second long sides of said flat sheet of netal. 22. The
apparatus of claim20 wherein said deformng blade tips are concave.

23. The ap ' O wherein said third deformng blade tipis
substanti a%ﬁﬁﬁﬁi{ E lm:d’szai d sixth deformng blade tip; said second

def orm ng bl stantially identical to said fifth deform ng
bl ade tip; a def orm ng bl tipis substantially identica
to said fourth deforming blade tip.

54.  The method of claim 34, wherein step e) is carried out

utilizing an adhesive.

55. The method of claim 34, wherein step e) is carried out

utilizing a nail-like element.

56. The method of claim 34, wherein said pattern in cut into

said stent using multiple-up-etching.

57. The method of step 34, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).

S8. The method of claim 57, wherein said inspection step is

carried out using an automatéed optical inspection apparatus.

59. A jig for electropolishing a tubular stent, comprising:

a rack having a first end and a second end, said rack
provided with a plurality of stent electropolishing mounts,
each of said mounts having

a) a base;

b) an glectrically conductive first member having a
first end connected to said base and a second end adapted to
selectively contact the external surféce of said tubular stent
without damaging said external surface;

c) an electrically non-conductive second member having
a first end connected to said base and a second end adapted to

be selectively disposed within the longitudinal bore of said
This is the replacemsnt sheet
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24. Apparatus for fabricating a stent, conpri sing: —=a)—abase; _b)
a sheet receiving area disposed on said base, said area adapted to receive
a flat sheet of nmetal to be fornmed into said stent, sdiiShdetHasBkad®eplatd

netal having a longitudinal axis, a first major surfacceJ miﬂm)mrm"

surface, a first long side, and a seconq759ng si de, sal
stent without'damaging said longitudinal bore, said first

member and said second member further adapted so as to bias
said second end of said second member towards said second end
of said first member in an amount sufficient to secure said

stent between said first and said second members.

60. A method of electropolishing a stent, comprising the
steps of:

a) mounting a stent on a rack, said rack having a first
end and a second end provided with a plurality of stent
electropolishing mounts, each of said mounts having a base; an
electrically conductive first member having a first end
connected to said base and a second end adapted to selectively
contact the external surface of said tubular stent without
damaging said external surface; an electrically non-conductive
second member having a first end connected to said base and a
secénd end adapted to be selectively disposed within the
longitudinal bore of said stent without damaging said
longitudinal bore, said first member and said second member
further adapted so as to bias said second end of said second
member towards said second end of said first member in an
amount sufficient to secure said stent between said first and -
said second members;

b) immersing said stent in an electropolishing bath and
applying electrical current to said first member for a
predetermined period of time; and

c) changing the point where said second end of said

first member contacts said external surface of said stent
This is ;hnnn)acenpn shes:

RN R A0 09 Al o3 THIS SHEET HAS BEEN
* L O0Ms o ate: REPLACED '




REPLACENME - - and said second | ong sides substantially
parallel to said |ongitudinal axis; c) an armhaving a first end
and a secdhﬁsmndhssahdqu&fst end of said arm adapted to selectively retain

a mandr el antially cylindrical external surface, said
second end Bﬂmﬂmngedl y connecteg to said base and adapted for
novenent in a tion toward said"base and in a second direction
away from said base and further adapted

prior to the expiration of said predetermined period of time.

61. The method of claim 60, wherein point of contact is

changed by rotating said stent.

62. The method of claim 60, wherein the point of contact is
changed by varying the distance between said stent and said

base.

63. The method of claim 60, wherein the point of contact is
changed at about the midpoint of the predetermined period of

time.

64. The method of claim 60, further comprising the step of
interrupting the treatment befere the expiration of the
predetermined time, evaluating the effect of the
electropolishing priof to the interruption step, and adjusting
the remaining period of the predetermined time to compensate
for any variations in the amount of material actually removed

prior to the interruption step.

65. The method of claim 60, wherein the treatment is

interrupted at about the midpoint of said predetermined period
°F wine: RN WO
* [ L ] ] l *

66. The method of claim 60, further comprising the step of
adding pieces of sacrificial material at said first end and

 said second end of said rack to substantially compensate for
This is the replacement sheet
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to secure samgs el against a major surface of said flat sheet of neta

di sposed on s cnRemigbyi Ng area di sposed on said base, said nandrel
sized to hav onal di aneter substantially equal to or |ess
than the int ctlonal di aneter of said stent to be fabricated;
d) neans for deforn1ng ald flat piecegf nmetal against said externa
surfgc? of - s?:d nagd{el so that said flat—sheet of netal I's deformed into
a substantially tubul ar -shape substantigl.ly confo to_sa

surface of W drddigrieanal iateEkAY rf??'%i‘ﬂ’é%’@e‘g‘?‘ﬂ% a?tae%ég égﬁé%élh

side substantiall aral | .
at said yfJ..prs‘n:. eneé aEr?d es?a?{]doéggénd end of said rack, said

material selected and added in an amount sufficient to
substantially equalize the amount of additional material
normally rémoved from the stents disposed at said first end

and said second end of said rack.

&

67. A method of fabricating a stent having a longitudinal
lumen comprising the steps of:

a) providing a plurality of stent patterns in a
flat sheet of metal; each of said patterns having a first long
side and a second long side, said first long side provided
with a plurality-of pairs of engagement points, said second
long side provided with a plurality of pairs of engagement
points, said plurality of pairs of engagement points disposed
substantially opposite each other, said engagement points
sized and disposéd to communicate when said pattern is
deformed and rolled into a tubular shape, each pair of said
first long side engagement points provided with a bridge
disposed between each first long side engagement point
comprising said pair, said bridge having a width that is less
than the width of the other portions of said stent;

b) disposing a mandrel having a substantially
cylindrical external surface and a longitudinal axis between
said first long side and said second long side of said sheet,
said longitudinal axis substantially parallel to said first
and said second long sides;

c) deforming said pattern into a tubular shape so

that said first long side pairs of engagement points contact
This is the replacemsnt sheet
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25. The apparatus of claim 24, wherein said neans for—deformng s a

menber provided with a deformng tip having a length _substantially equal
to said first and said second long sides of said she Flﬁglﬁ ﬁmiliiéﬁicﬁ‘g

The apparatus of claim 24, wherein said deformng tip i
said second lbng side pairs of engagement points and allowing

.‘Zg.

a portion of said stent to remain attachéd to said sheet of
metal;

a) cutting said bridge;

e) attaching each of said engagement points to the
engagement point with which it is in éontact to form said

stent;

£) attaching an electrode to said sheet of metal;
g) electropolishing said stent; and

£) disconnecting said stent from said sheet.

68. The method of claim 67, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

69. The method of claim 67, wherein said bridge is provided

with a width of about 40 microns.

70. The method of claim 67, wherein said-engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

71. The method of claim 67, comprising the additional step of
providing additional weld f£ill material on the side of said
engagement points substantially opposite said bridge, said
weld fill material sized and disposea at said engagement

points so as to permit the additional weld fill material to be
-
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-65 - A stent aligning and welding jig conprising: a) a base
havi ng a'Trrst end and a second end, a first wall having a first end and a

second endpy, g@ﬂw &E%éﬁmﬂ@k@r surface and a second maj or surface; a second
wal | haV|ng and a second end and a first major surface and a
second najo d second maj or _gurface of said first wall and
said first of said second +all defining a |ongitudina

U shaped channel haV|ng a longitudinal axis in said base, said first wall
provided with a plurality of slots

drawn into the weld point during welding.

72. The method of claim 67, further comprising the step of
forming a V-shaped notch between said first long side and said

second long side during step c).

73. The method of claim 67 further comprising the step of
providing a gap between said engagement points and said

external surface of said mandrel during step ¢).

74¢. The method of claim 67, further comprising the step of

providing said sheet with a plurality of alignment apertures.

75. The method of claim 67, wherein step d) is carried out

using a laser.

76. The method of claim 67, wherein step e) is carried out

utilizing a weld.

77. The method of claim 76, wherein said weld is run from

outside-to-in.

78. The method of claim 76, wherein said weld is wider than

the other portions of the stent.

79%. The method of claim 78, wherein said weld is about 20%

wider than the other portions of the stent.
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defining a plurality of first clanping portions having a top end and a
bottomend and a first major surface and a second mmjor surface;,—each-of—
said first clanping portions provided wth a first concave channel

di sposed at said top end of said second major surface of s ﬂmﬂﬁﬁsBﬁqummﬁi

clanping portion and a second concave channel disposed at sa
of said second major surface of said first cl-amping portion, HW ”

and said second concave channel s substantially parallel to sal
| ongi tudi nal axis of said U shaped channel; said first wall of each of ™

said pluraligy of pfLralc €LaTRENG) ROL HRSurRLOYAISH M L1A BQIPE"RALA o

about 140 microns.

81. The method of claim 76, wherein step e) 1is carried out
using a weld-run that is offset from the point where said

engagement points contact each other.

82. The method of claim 76, wherein step e) is carried out

using a plurality of welding runs.

83. The method of claim 82, wherein two welding runs are

utilized.

84. The method of claim 81, wherein said weld run is offset
about .01 mm from the point where said engagement points

contact each other.
85. The method of claim 76, wherein said weld is a spot weld.

86. The method of claim 76, wherein a plurality of spot welds

is utilized.

- 87. The method of claim 86, wherein said plurality of spot

welds comprises 5 spot welds.

88. The method of claim 67, wherein step e) is carried out

utilizing an adhesive.
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concave channeL~§ﬂQ_§§LQ_§Eﬁggﬂrgoncave channel, said conpensation slit
substantially parallel to sai ngi tudi nal axis of said U shaped channel;
b) a pIuraIirMsgﬁeggﬁﬁp cl anpi ng portions disposed in said U shaped
channel between ' dor surface of said first wall and said
first major suriﬂ,} mgl

[

_ _ cond wall _,gach of said second clanping
portions dispos wth one oz—said first clanping portions,
each of

89. The method of claim 67, wherein step e) is carried out

utilizing a nail-like element.

90. The method of claim 67, wherein said pattern in cut into

said stent using multiple-up-etching.

91. The method of claim 67, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).

92. The method of claim 91, wherein said inspection step is

carried out using an automated optical inspection apparatus.

93. The method of claim 67, wherein said stent patterns are
adapted so that upon expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.

'94. A sheet for fabricating a stent having a longitudinal
lumen comprising:

a) a flat piece of sheet metal provided with a
plurality of stent patterns, each of said patterns having a
first long side and a second long side, said first long side
provided with a plurality of pairs of engagement points, said
second long side provided with a plurality of pairs of
engagement points, said plurality of pairs of engagement
points disposed substantially opposite each other, said

engagement points sized and disposed to communicate when said

ie iz {ho repizcemant gheet
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REPLACEMENT SHEET - 66 - sai d second cl anping portions
havi ng—a—tep—end;—a—bettomend, a first major surface, a second mejor

surface, a first mnor surface disposed at said top end, a second ni nor
sur f acBhis Replagedi d bottom end, a third mnor surf ace di sposed

between ﬂ mmm nd sai d bottom endgy and a fourth mnor surface
di spose third mnor surface between said top end and said
bottom end, each sai d second clanmping portions provided with a first
concave channel di sposed at said top end of said first major surface of

said second . . _ .
pattern is deformed and rolled into a tubular shape, each pair

of said first long side engagement points provided with a
bridge disposed between each first long side engagement point
comprising said pair, said bridge having a width that is less

than the width of the other portions of the stent.

95. The sheet of claim 94, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

96. The sheet of claim 94, wherein said bridge has a width of

about 40 microns.

97. The sheet of claim 94, wherein said engagement points are
sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

98. The sheet of claim 94, further comprising, additional
weld fill material on the side of each of said engagement
points substantially opposite said bridge, said weld fill
material sized and disposed so as to permit the additional
weld £ill material to be drawn into the weld point during

welding.

99. Thelsheet of claim 94, further comprising a plurality of

alignment apertures disposed in said sheet.
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cl anpi ng por

tion and a second concave channel disposed at said bottom end

of said first major surface of said second clanping wportion, said first
and sai d seeRBReOMIBaReitannel s substantially parallel to said

| ongi t udi nal
di sposed bet
second mgj or
for biasing

t major surfagg of said second wall and said

HM]E& lﬂl ach of said pl ural | ty of second cl anpi ng portions

said first major surface of each of said second cl anping

H shaped channel ; c) a biasing neans

portions against said second nmajor surface of each of said first clanping

portions whi

1000 arkhe rshesgfi dff }wlaih $4chwiebhein said stent patterns are
adapted so that upon expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.

101. A method for fabricating a stent having a longitudinal

lumen, comprising the steps of:

a.) constructing an apparatus comprising:
a) a laser housing:
b) a laser disposed within and selectively movable

within said housing;

c) a movable table having a first end and a second end
and adapted for selective movement into and out of said laser
housing said table adapted so that when said first end of said
table is disposed within said laser housing said second end of
said table is disposed outside of said housing and when said
second end of said table is disposed within said laser housing
said first end of said table is disposed outside of said laser
housing; .

dj a plurality of stent folders disposed at said first
end of said table and a plurality of stent folders disposed at
said second end of said table, each of said stent folders
comprising:

a) a base having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal haviﬁg a longitudinal axis, a first
major surface, a second major surface, a first long side,

and a second long side, said first and said second long

LT -,
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d) a first mandrel support |ever positioning pin projecting fromsaid
third mnor surface and a second mandrel support |ever posSTtirontng—p-A—
projecting fromsaid fourth mnor surface of each of said second clanping

portions, said mandrel support |ever positioning pins subStsthtHhsBten Replaceq
parallel to said longitudinal axis of sg,d U shaped Channeumﬂ”mﬂﬂﬂmml

bi asi ng control neans for selectively controlling the dist
said second najor surface of each of said

sides substantially parallel to said longitudinal axis,
said sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of said platforms, said pins sized to engage said
alignment apertures and align said sheet on said
platform;

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, said mandrel sized to have a
cross-sectional diameter substantially equal to or less
than the internal diameter of séid stent to be
fabricated, said platform provided with a first concave
recess adapted to receive said first end of said mandrel
and a second concave recess adapted to receive said
second end of said mandrel;

d) a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second
direction away from said platform for securing said
mandrel against a major surface of said flat sheet of
metal; |

e) a first deforming blade provided with a first
deforming blade tip; a second deforming blade provided
with a second deforming blade tip; a third deforming
blade provided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforming blade provided with a fifth
deforming_blade tip; and a sixth deforming blade provided

W e e
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67 - first clanping portions and said first major surface of each of

sai d second cl anpi ng portions; f) a retaining-reandrel—disposed in
sai d second concave channel of said first wall and said second concave

channel in each of said second clanplng porti ghisSheatHis BeenReplggd a nandre

support |l ever for supporting said stent_gduri ngSHuﬂ"mllﬁmanf said first

| ong side of said sheet with said secor Iong eet, said

| ever provided
with a sixth deforming blade tip, said blades disposed
around said external surface of said mandrel, said
deforming blade tips adapted to deform said flat sheet of
metal against said external surface of said mandrel so
that said flat sheet of metal is deformed into a
substantially tubular shape substantially conforming to
said external surface, said deforming blades disposed
between said first end and said second end of said
mandrel, éach of said deforming blades adapted for
independent and selective movement in a first direction
toward said mandrel and a second direction away from said
mandrel so as to selectively impinge said deforming blade
tips against said mandrel or against a portion of said
sheet disposed between said mandrel and each of said
deforming blade tips, each of said deforming blades
further adapted so that said first long side and said
second long side of said sheet remain substantially
parallel to each other when said stent is deformed into
said tubular shape, said third and said sixth deforming
blade tips provided with a plurality of scalloped laser
apertures, . said apertures sized and disposed to permit
said third and said sixth deforming blade tips to secure
said first long side and said second long side against
said external surface of said mandrel while providing
said laser access to predetermined portions of said first
long side and said second long side of said sheet in
order to weld said first long side to said second long

side;
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with a first mandrel suppor h for supporting said first end of said

mandrel, a seoumdm&gﬂghgl ort notch for supporting said second end of
sai d nandrel a support | ever positioning pin engagenent
surface for eng st mandr el support |ever positioning pin and
a second nmandr r positionigag pin engagenment surface for
engagi ng sai d second nandrel support | ev€T positioning pin when said
mandr el support lever is disposed on said second wall. 28. The

apparatus of claim 2%’) WNEr ¢35 33 U AUSRSRYY IS said first deforming
| blade; a second motor connected to said second deforming
blade; a third motor connected to said third deforming
blade; a fourth motor connected to said fourth deforming
blade; a fifth motor connected to said fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of said deforming blades to which
it is connected in a first direction toward said mandrel
and in a second direction away from said mandrel; and
g) a computer for controlling: the sequence which
said first end of said table and said second end of said
table are disposed within said laser housing; for
controlling the sequence and degree to which each of said
plurality of deforming blade tips impinges upon said
mandrel or a portion of said sheet disposed between said
mandrel and each of said deforming blade tips; and for
controlling the sequence, pattern, location, and amount
of energy said laser applies to each of said first and
said second long sides of each of said sheets disposed on

each of said plurality of stent folders;

b.) cutting a plurality of stent patterns into a flat piece
of metal, each of said patterns having a first major surface
and a second major surface, a first long side and a second.
long side, said first long side provided with a plurality of
pairs of engagement points, said sgcond long side provided

with a plurality of pairs of engagement points, said plurality
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an el asti c matertal- 29 The apparatus of claim28, wherein said elastic
material 1s rybber. 30. The apparatus of claim28, wherein said elastic
material is aﬂf‘ ie s Been Replacedhe apparatus of claim 27, wherein said

o NN

of pairs of engagement points disposed substantially opposite
each other, said engagement points sized and disposed to
communicate when said pattern is deformed and rolled into a
tubular shape, each pair of said first long side engagement
points provided with a bridge disposed between each first long
side engagement point comprising the.pair, said bridge having
a width that is less than the width of the other portions of
the stent, said sheet provided with a plurality of alignment
apertures sized and disposed to engage said alignment pins on
said base;
c.) disposing said sheet on said base so that said first
major surface of said sheet is in contact with said base;
d.) disposing a mandrel having a substantially cylindrical
external surface and a longitudinal axis égainst said second
major surface of said sheet between said first long side and
said second long side of said sheet, said longitudinal axis
substantially parallel to said first long side and said second
long side;
e.) deforming said pattern into a tubular shape so that said-
first long side pairs of engagement points contact said second
long side pairs of engagement points said deforming step
comprising the steps of:
a) actuating said sixth deforming blade motor so
that said sixth deforming blade motor moves said
sixth deforming blade. in said first direction in an
amount sufficient for said sixth deforming blade tip
to contact said external surface of said mandrel so

as to secure said mandrel against said sheet;

LT T — e e O SHEET RS BEEN
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-68 - nmeans is a threaded screw di sposed in each of said first clanping
portions, each of said screws comrunicating with said first najor surface

and sai d second major surface of each of said first clanﬁhggh
sel ectively novable in a direction toward and away froms £ﬁ£ Qﬂimﬁmmd

surface of said second cl anping portlonﬁég_selectlvely no
clanping portion in a direction toward a away fromsaid

portions to selectively vary the distance
b) actuating said first deforming blade motor so

that said first blade deforming motor moves said
first deforming blade in said first direction in an
émount sufficient for said first blade deforming tip
to contact said first major surface of said sheet
and deform said sheet against said external surface
of said mandrel;
c) actuating said second deforming blade motor so
that said second deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said second deforming blade
tip to contact said first major surface of said
sheet and deform said sheet against said external
surface of said mandrel;
d) actuating said third deforming blade motor so
that said third deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said third deforming blade tip
to contact said first major surface of said sheet
and deform said sheét against said exterﬁal surface
of said mandrel while actuating said sixth deforming
' blade motor so that said sixth deforming blade moves
in said second direction away from said mandrel;
e) actuating said fourth defbrming blade motor so
that said fourth deforming blade motor moves said
fourth deforming blade tip in said first direction
in an amount sufficient for said fourth deforming

blade tip to contact said first major surface of
This is the replacement sheet
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bet ween said second maj or surface of each of said first clanping portions
and said f|r§h8ﬁutdhs3@nkqmeapf each of said second cl anping portions.

32. A nethod a stent conprising the steps of: a)
provi ding a pI ent patterns into a flat piece of netal, each
of said patterns aV|ng rst long sigde and a second |long side, said

first long side provided wth a pluralirty of pairs of engagenent points,
said second long side provided with a plurality of pairs of engagenent

points, said pluraligyial shaleftS aid HuFRGN WY P BHEe: UG said

external surface of said mandrel;
f) actuating said fifth deforming blade motor so
that said fifth deforming blade motor moves said
fifth deformiﬁg blade in said first direction in an
amount sufficient for said fifth deforming blade tip
to contact said first major surfacé of said sheet
and deform said sheet against said extermal surface
of said mandrel;
g) actuating said sixth deforming blade motor so
that said sixth deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said second deforming blade
tip to contact said first major surface of said
sheet and deform said sheet against said external
surface of said mandrel;
h) simultaneously actuating said third and sixth
deforming blade motors so that said third and sixth
deforming blade motors move said third and sixth
deforming blades in said first direction in an
amount sufficient for said third and sixth deforming
blade tips to contact said first major surface of
said sheet and deform said sheet against said
external surface of said mandrel;

d) utilizing said laser in cutting said bridge; and

e) utilizing said laser in welding each of said engagement

points to the engagement point with which.it is in contact to

form said expandable stent.

st s I nt R
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substantially opposite each other, said engagenent peints—sized and——
di sposed to communi cate when said pattern is deformed and rolled into a
t ubul ar- shape, each pair of said first |ong side engdljsiShketH Br:qntkeplaced
provided with a bridge disposed between each first |on

point conprising the pair, said bridge & ving a wdth han
the wdth of the other portlons of said-stent; I SPOSi hg a
mandrel having a substantially cylindrical external surface and a

long'tUd'naloQX'éthtm@ﬁgd of claim 101, wherein said bridge has a width

that is about 25% to about 50% of the width of the other

portions of said stent.

103. The method of claim 101, wherein said bridge has a width

of about 40 microns.

104. The method of claim 101, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cocling cycles.

105. The method of claim 101, further comprising the step of
forming a V-shaped notch between said first long side and said

second long side during step e).

106. The method of claim 101, further comprising the step of
providing a gap between said engagement points and said

external surface of said mandrel during step e).

107. The method of claim 101, comprising the additional step
of providing additional weld fill material on the side of each
of said engagement points substantially opposite said bridge,
said weld £ill material sized and disposed so as to permit the
additional weld £ill material to be drawn into the weld point

during weldihg.

108. The method of claim 101, wherein step d) is carried out
This is ihe replanemant shest
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REPLACEMENT SHEET - 69 - said first long side and said second
| ong side of said sheet, said longitudinal axis substantially parallel to
said first |ong side and said second | ong side; c) deformng
said pattern into a tubular shape so that said first long side pairs of
engagement points contact said second |ogg.side pairs of engagenent

poi nts; d) «cutting said bridge; and This Sheet Has Been Replac

A

109. The method of claim 101, wherein step e) is carried out

using a laser.

utilizing a weld.

110. The method of claim 109, wherein said weld is run from

outside-to-in.

111. The method of claim 109, wherein said weld is wider than

the other portions of the stent.

112. The method of claim 111, wherein said weld is about 20%

wider than the other portions of the stent.

113. The method of claim 109, wherein said weld has a width of

about 140 microns.

114. The method of claim 109, wherein step e) is carried out
using a weld-run that is offset from the point where said

engagement points contact each other.

115. The method of claim 109, wherein step e) is carried out

using a plurality of welding runs.

116. The method of claim 115, wherein two weld-runs are

utilized.

117. The method of claim 114, wherein said weld run is offset
This is the replacement sheet '
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e) attaching each of said engagenent points to the engagenent point with

which it is in contact to formsaid expandable stent. 33. The net hod of
claim 32, wherein said bridge has a width that is about 25%to about 50%
of the wwdth of the other portions of said stent. 34...The et hod_ of
claim33, wherein said bridge has a widtf _of about 40 J’T]lﬁiﬁﬁii'ﬂﬁ‘ﬁliird

about .01 mm from the point where said engagement points

contact each other.

118. The method of claim 109, wherein said weld is a spot

weld.

119. The method of claim 109, wherein a plurality of spot

welds is utilized.

120. The method of claim 119, wherein said plurality of spot

welds comprises 5 spot welds.

121. The method of claim 101, further comprising the step of

electropolishing the stent.

122. The method of claim 101, wherein step e) is carried out

utilizing an adhesive.

123. The method of claim 101, wherein step e) is carried out

utilizing a nail-like element.

124. The method of claim 101, wherein said pattern in cut into

said stent using multiple-up-etching.

125. The method of step 101, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).
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35. The nethod of claim 32, wherein said engagenent points are sized and
adapted to nove in an anount sufficient so as to reduce the |ikelihood of
material stress occurring during welding heating and cooling cycles.

36. The nethod of claim 32, further conprising the step of formng a
V-shaped notch between said first long sigg and said second |ong side
during step c). 37. The nethod of claifr32, further conprising the step
of

126. The method of claim 125, wherein said inspection step is

carried out using an automated optical inspection apparatus.

127. The method of claim 101, wherein said stent patterns are
added so that upon the expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent projects into said longitudinal lumen.

-
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-70 - providing a gap between said engagement points ane-said external

surface of said mandrel during step c). 38. The nethod of claim 32,
conprising the additional step of providing addltlonal\Mﬂh¥$makhmm§@mﬁ

on the side of each of said engagenent points substanti al
bridge, said weld fill material sized_gpd disposed so as t Iﬂm

128. A stent having a longitudinal lumen comprising:

a first long side and a second long side, said first
long side provided with a plurality of pairs of engagement
points, said second long side provided with a plurality of
pairs of engagement points, said plurality of pairs of first
long side engagement points and said plurality of pairs of
second long side engagement points disposed substantially
opposite each other and connected to each other via a weld,

said weld wider than the other portions of said stent.

129. The stent of claim 128, wherein said weld is run from

outside-to-in.

130. The stent of claim 128, wherein said weld is about 20%

wider than the other portions of the stent.

131. The stent of claim 128, wherein said weld has a width of

about 140 microns.

132. The stent of claim 128, wherein said weld is comprised of

a plurality of weld runs.

133. The stent of claim 132, wherein said weld is comprised of

two weld runs.
134. The stent of claim 128, wherein said weld is a spot weld.

135. The stent of claim 128, wherein said weld comprises a
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addi ti onal
wel di ng.

weld fill material to be drawn into the weld point during
39. The nethod of claim 32, further conprising the step of

providing said sheet with a plurality of alignnment apertures. 40. The
met hod of claim 32, wherein step d) is carried out wusing a laser. 41.
The net hod of cIa|n132 wherein step e) carried out wutilizing a weld.

42. The net hod of cIa|n140 wher ei n sai

3 ld is run from

plurality of spot welds.

136. The stent of claim 135, wherein said plurality of spot

welds comprises 5 spot welds.

137. The stent of claim 128, wherein said stent patterns are
adapted so that upon the expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.
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out si de-to-in. 43. The nethod of claim 40, wherein said weld is wider

than the other portions of the stent. 44, The nethod of claim42,

wherein said weld is about 20% mnder than the ot her portions of the stent.

_71 - :
-94 -

rm—

STENT FABRICATION METHOD AND APPARATUS

ABSTRACT
A stent and a method for fabricating the stent are disclosed.
The stent has an originally flat pattern and connection points
wheré the sides of the flat pattern are joined. The method
includes the steps of a) cutting a stent pattern into a flat
piece of metal thereby to produce a metal pattern, b)
deforming the metal pattern so as to cause two opposing sides
to meet, and c¢) joining the two opposing sides at least at one
point. Substantially no_pgrtion of the stent projects into
the lumen of the stent when the stent is expanded against the

internal wall of a blood vessel.

Figure 26
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45. The net hod 6f claim4l, wherein said weld has a width of about 140

m crons. 46. The nethod of claim41l, wherein step e) is carried out

using a welding run that is offset fromthe point where said engagenent
poi nts contact each ot her. 47. The nethod of claim4l, wherein step e) is
carried out wusing a plurality of wel ding.runs. 48. The nethod of claim

47, wherein two welding runs are wutilizg&d.

10~ PREPARE FLAT
PATTERN DESIGN

l

CUT PATTERN
12 INTO FLAT METAL
SHEET

!

 DEFORM SHEET
14~ 710 CAUSE EDGES
TO TOUCH

|

16~ CONNECT EDGES
AT LEAST AT ONE
POINT

!

18 POLISH STENT

FIG. 1
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49. The nethod of claim46, wherein said weld run is offset about .01 nm
fromthe point where said engagenent points contact each other. 50. The
met hod of claim42, wherein said weld is a spot weld. 51. The nethod of
claim50, wherein a plurality of spot welds is utilized. 52. The net hod
of claimb51l, wherein 5 spot welds are wujilized. 53. The nethod of claim
34, further conprising the step of -
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utilizing a nail-like elenent. 56. The nethod of claim 34, wherein said
pattern in cut into said stent using multiple-up-etching. 57. The

met hod of step 34, further conprising the step of inspecting both sides of
said sheet after step a) and before step b). 58. The nethod of claim
57, wherein said inspection step is carfriged out using an autonmated opti cal
I nspection apparatus. 59. A nethod of fabficating a stent having a

| ongi t udi nal
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| umen conprising the steps of: a) providing a plurality of
stent patterns in a flat sheet of netal; each of said patterns having a
first long side and a second |long side, said first |ong side provided

with a plurality of pairs of engagenent points, said second |ong side
provided with a plurality .of pairs of engggenment points, said plurality of
pairs of engagenent points di sposed substantially opposite each other,
sai d engagenent points sized and di sposed to comuni cate when said pattern
is deformed and rolled into a tubular shape, each pair of said first |ong

si de engagenent points provided with a bridge

[oo]oo)
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di sposed between each first |ong side engagenent point conprising said
pair, said bridge having a wwdth that is |ess

REPLACEMENT SHEET - 73 - than the w dth of
the other portions of said stent; b) disposing a nmandrel having a
substantially cylindrical external surfgce and a |ongitudinal axis between
said first long side and said second | ong-side of said sheet,

V/\ — ( ———
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131 132

FIG. 10
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said longitudinal axis substantially parallel to said first and said
second | ong si des; c) deform ng said pattern into a tubul ar
shape so that said first |long side pairs of engagenent points contact

said second | ong side pairs of engagenent points and allow ng a portion of
said stent to remain attached to said sheet of netal; d)
cutting said bridge; e) attaching each of said engagenent
points to the engagenent point with which it is in contact to formsaid
stent;

FIG. 13
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f) attaching an electrode to said sheet of netal; 9)

el ectropolishing said stent; and : f) disconnecting said stent
fromsaid sheet. 60. The nethod of claim59, wherein said bridge has a
width that is about 25%to about 50% of the width of the other portions
of said stent. 61. The nethod of clai.§.59, wherein said bridge is

provided wth a width of about 40 m crons-:
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REPLACEMENT SHEET -74 - 62. The nethod of claim 59,
wherei n said engagenent points are sized and adapted to nbve in an anpunt
sufficient so as to reduce the |ikelihood of material stress occurring
during welding heating and cooling cycles. 63. The nethod of claimb59,
conprising the additional step of  providigng additional weld fill materi al

on the side of said

FIG, 18

FIG. 20

FIG. 16

Thiz iy {he ron

Ciacement shest

09 APR 1998

I o pe e
{J.‘.’dlﬁ‘



engagenent points substantially opposite said bridge, said weld fil
materi al sized and di sposed at said engagenent points so as to permt the
additional weld fill material to be drawn into the weld point during

wel di ng. 64. The nethod of claim59, further conprising the step of
formng a V-shaped notch between said fi.rigt 1 ong side and said second |ong
side during step c). 65. The nmethod of claim59, further conprising the
step of providing a gap between said engagenent points and said external
surface of said mandrel during step c).

71
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66. The nethod of claim59, further conprising the step of providing sai d

sheet with a plurality of alignment apertures. 67. The method of claim
59, wherein step d) is carried out using a |aser. 68. The net hod of
claimb59, wherein step e) is carried out utilizing a weld. - 75
- .11-
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69.

portions of the stent.

about 20% w der than the other portions of the stent.
claim 68, wherein said weld has a w dthef

71.

met hod of claim 68, wherein step e) i
is offset fromthe point where said

The nethod of claim68, wherein said weld is run from
70. The nethod of claim68, wherein said weld is wi der than
The nmet hod of claim 70, wherein said weld is

s=tarri ed out

about 140 m crons.

out si de-to-in.
t he ot her

The met hod of
73. The
using a wel d-run that

72.
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engagenent points contact each ot her. 74. The nethod of claim 68,
wherein step e) is carried out wusing a plurality of welding runs. 75.
The net hod of claim 74, wherein two welding runs are utilized. 76.
The. met hod of claim 73, wherein said weld run is offset about .01 nmfrom
t he poi nt where said engagenent points .g@antact each ot her. 77. The

nmet hod of claim 68, wherein said weld is a spot weld.

FIG. 27
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REPLACENMENT SHEET - 76- 78. The nethod of claim68, wherein
a plurality of spot welds is utilized. 79. The nethod of claim78,
wherein said plurality of spot welds conprises 5 spot welds.
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80. The nethod of claimb59, wherein step e) is carried out utilizing an
adhesive. 81. The nethod of claim59, wherein step e) is carried out

utilizing a nail-like el enent.

The net hod of claim59, wherein said

pattern in cut into said stent using nultiple-up-etching. 83. The
met hod of claim59, further conprising thgsstep of inspecting both sides

of said sheet after step a) and before
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step b). 84. The nethod of claim83, wherein said inspection step is
carried out using an automated optical inspection apparatus. 85. The
met hod of claim59, wherein said stent patterns are adapted so that upon
expansi on of said stent against the internal wall of a vessel

substantially no portion of said stent_gyotrudes into said |ongitudinal
| umen of said stent. : -
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REPLACEMENT SHEET -77 - 86. A method for fabricating a

stent having a longitudinal |unen, conprising the steps of: a.)
constructing an apparatus conpri sing: a) a l|laser housing; b)
a |laser disposed within and sel ectively novable wthin said housing;

-17 -
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c) a novable table having a first end and a second end and adapted for
sel ective novenent into and out of said |aser housing said table adapted
so that when said first end of said table is disposed within said | aser
housi ng said second end of said table is disposed outside of said housing
and when said second end of said tablegs disposed within said |aser
housing said first end of said table |s-d|sposed outsi de of said |aser
housi ng; d) a plurality of stent folders disposed at said first end
of said table and a plurality of stent folders disposed at said second end
of said table, each of said stent folders
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conpri si ng: a) a base having a platform adapted to receive a
flat sheet of netal to be forned into said stent, said

fl at sheet of
ace, a second

and a second long side, said first

nmetal having a longitudinal axis, a first maj or surf
maj or surface, a first |ong side,
and said second | ong -19 - -
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sides substantially parallel to said |ongitudinal axis said sheet provided
with a plurality of alignnment of apertures; b) a plurality of

al i gnnent pins projecting from each of said platfornms, said pins sized to
engage said alignment apertures and align said sheet on said platform

c) a mandrel having a substantially cylspdrical external surface and
having a first end, a second end, and atongitudinal axis, said nmandrel
sized to-have a

524 921 508
= [ ] =g Le . B o C
] @ 7] © (] ] o
209 209 209 209 509 209
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cross-sectional dianeter substantially equal to or Iess than the internal
di aneter of said stent to be fabricated, said platformprovided with a
first concave recess adapted to receive said first end of said mandrel

and a second concave recess adapted to receive said second.end of said
mandr el ; d) a hingedly connected _gym adapted for novenent in a first
direction toward said platformand in a-second direction away from said
platformfor securing said mandrel against a major surface of said flat
sheet of netal;
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e) a first deformng blade provided with a first deformng blade tip; a
second deform ng bl ade provided wth a second deformng blade tip; a third
deform ng blade provided with a third deform ng blade tip; a fourth
deform ng bl ade provided with a fourth deform ng blade tip; a fifth

def orm ng - bl ade provided with a fifth QQforn1ng bl ade tip; and a sixth

def orm ng bl ade provi ded
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with a sixth deform ng blade tip, said blades di sposed around

said external surface of said mandrel, said deform ng blade tips adapted
~to deformsaid flat sheet of netal against said external surface of said

so that said flat sheet of nmetal is defornmed into a substantially

tubul ar shape substantially conformng t,g_ said external surface, said
. deform ng bl ades di sposed between said-tirst end and said second end of
said mandrel, each of said deform ng bl ades adapted for
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mdependent and sel ective novenent in a first direction toward said
wandr el :&hd a-setond diTection away fromsaid mandrel so as to selectively

i mpi nge.'ai d- deformng—bl-ade—tips against said n

ngr)tlon of said m ”ﬂ ed between said mangr eﬁké%@@ﬁﬁﬁfﬁh

def orm ng bl ad Qﬁ' |d def orspi-ng bl adgs urt her edl so
d ﬂ HE o0 AR ZHL:

that said first ’Iorrg Sl second | ong sifde} of remain
substantially parallel to each ot her when said stfenf is deforngd ¥ nfo
said tubular shape, said third.and said sixth defoymng blade tips

provided with a plurality of scalloped lcasams

Wﬁat is claimed is:
1. Apparatus for fabricating a stent, comprising:

a) a platform adapted to receive a flat sheet of metal
to be formed into said stent, said flat sheet of metal having
a longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, said first
and said second long sides substantially parallel to said
longitudinal axis of said sheet;

b) a mandrel having a substantially cylindrical
external surface and having a first end and a second end
defining a longitudinal axis, said mandrel sized to have a
cross-sectional diameter substantially equal to or less than
the internal diameter of said stent to.be.fabricated;

c) means for securing said mandrel ‘against a major
surface of said flat sheet of metal; and

d) means for deforming said flat sheet.of metal against
said external surface of said mandrel so that said flat sheet
of metal is deformed into a substéntially tubular shape, said
means for deforming adapted so.that said first long side and
said second long side remain substantially parallel to each
other when said flat sheet of metal is deformed into said

tubular shape.

2. The apparatus of claim 1, further comprising means for
securing said first long side of said sheet to said second

long side of said sheet.



apeFrtures sai d apertures sized and disposed to pernmt said third and said

$i xth deformng blade-tips—+to—-secure said first Iong side and said second

long side a nal surface of said Areiret di ng
sai d | aser %%HEHMBMHE}QP ned portions of s |¢HtEPLA@;EMENt§5'%§fd and
sai d second sheet in-sprder to Fsatrd 1irst || ohg side
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3. The appafatus of claim 2, wherein|said means for sefuring

is a welding apparatus.

4. The apparatus of claim 3, wherein said weldihg apparatus

is a laser.

5. The apparatus of claim 1, wherein said platform is

provided with a concave recess to receive said mandrel.

6. The apparatus of claim 1, wherein said means for securing
said mandrel is a hingedly connected arm adapted for movement

in a first direction toward said platform and in a second

direction away from said platform.

7. The apparatus of claim 1, wherein the apparatus is
adapted to provide a substéntially V-shaped notch between said
first long side and said second long side when said sheet is
déformed into said tubular shape.

8. Apparatus for fabricating a stent, comprising:

a) a base having a platform adapted to receive a flat
sheet of metal to be formed into said stent, said flat sheet
of metal having a longitudinal axis, a first major surface, a
second major surface, a first long side, and a second long
side, said first and said second long sides substantially
parallel to said lohgitudinal axis of said stent;

b)_ a mandrel having a substantially cylindrical
externai surface and having a first.end and a second end

defining a longitudinal axis, said mandrel sized to have a



-80’-—; f) a first notor connected to said first deformng

Bl ade; a second mot or connected to said second deforni ng bi-acre:

third notor o) sal th| rd def or mi ng bl ade REBLAGEMENT SHEET
connected to m rl“""l bl ade; a fifth to
said fifth def ; and a-gyxth notor conrlec e@ epgifsijxt
def orm ng bl ade, each of sald not ors adapted for del ecti've y novi ng
each of said deform ng blades to which it is conngcted=TTma TTTST
direction toward said mandrel

cross-sectional diameter substantially equal to or less than
the internal diameter of said stent to be fabricated;

c) means for securing said mandrel against a major
surface of said flat sheet of metal;

d) a plurality of deforming blades disposed around the
periphery of said mandrel for deforming said flat sheet of
metal against said external surface of said mandrel so that
said flat sheet of metal is deformed into a substantially
tubular shape, said blades disposedlbetween said first eﬁd and
said second end of said mandrel, each of said deforming blades
adapted for independent and selective movement in a first
direction toward said mandrel and a second direction away from
said mandrel so as to selectively impingé:ﬁpon said mandrel or
upon a portion of said sheet disposed between said mandrel and
each of said deforming blades, ‘each of said deforming'blades
further adapted so that said first long side and said second
long side of said sheet remain substantially paralleéel to each
other when said stent is deforﬁed into said tubular shape;

e) means for selectively moving each of said deforming
blades in a first direction toward said mandrel and in a
second direction away from said ﬁandrel; and

£) means for securing said first long side of said

sheet to said second long side of said sheet.

9. The apparatus of claim 8, wherein said means for securing
said first long side of said sheet to said second long side of

said sheet is a welding apparatus.
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plurality of deforrindg bfadé tips inpinges upon said nmand
portion of said sheet disposed between said mandr ¢! lafi7e
deform ng bl ade tips; and for controlling the seqgyerice,patt

| ocation, _and of said Jaser.appli h_af _sai
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is a laser.

11. The apparatus of claim 8, wherein said plurality of

defbrming blades comprises six blades.

12. The apparatus of claim 8, wherein said means for securing

said mandrel is a hingedly connected arm adapted for movement

in a first direction toward said platform and in a second

direction away from said platform.

13. The apparatus of claim 8, wherein said base is provided

with a first concave recess for receiving said first end of

said mandrel and a second concave recess for receiving said

second end of said mandrel.

14. The apparatus of claim 8, wherein said means for

selectively moving each of said deforming blades is an

electric motor.

15. The apparatus of claim 8 further comprising means for

controlling the sequence and degree to which each of said

blades impinges upon said mandrel or a portion of said sheet

disposed between said mandrel and each of said deforming

blades.

16. The apparatus of claim 15, wherein said means for

controlling is a computer.
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each of said plurality of stent folders; b.) cutting a plurality of
stent patterns into a flat piece of netal, each of s

first major sur m ld maj or surface, a fi

second |ong si mem "”ﬁrﬂmng side provided with|apruratrrty-of~ypdirs
of engagenent point§, sai'l secdnd | ong-spde provided [wiltiya MARr2iGty df
pairs of engagenent points, said plurality :

17. The appafatus of claim 8, further comprising an'alignmenk

means disposed on said base and adapted to engage and align

said metal sheet.

18. The apparatus of claim 8, wherein a plurality of said
deforming blades are adapted to secure said first long side
and said second long side against said external surface of
said mandrel while permitting'a laser to contact said first
long side and said second long side to secure said first long

side to said second long side.

19. The apparatus of_élaim 18, wherein a plurality of said
deforming blades are provided with a plurali;y of scalloped
apertures, said apertures sized and dispoéed to permit said

" plurality of blades to secure said first long side and said
second long side against said external surface of said mandrel.
while providing.access to said laser to predetermined portions
of said first side and said long side to secure said firsﬁ

long side to said second long side.

20. Apparatus for fabricating a stent, comprising:

a) a laser housiﬁg;

b) a laser disposed within and selectively movable
within said housing; |

c) a movable table having a first end and a second-end
and adapted for selective movement into and out of said laser
housing, said table adapted so that when said first end of

said table is disposed within said laser housing said second
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each first |ong nt point -6dAprising the

having a width that is less than the width of the othgr |p i gmﬁ
stent, said sheet provided with a plurality of alignnmeft QI? PAR

end of said table is disposed outside of sai

housing and when

said second end of said table is disposed within said laser
housing said first end of said table is disposed outside of
said laser housing;

d) a plurality of stent folders disposed at said first
end of said table and a plurality of stent folders disposed at
said second end of said table, each of said stent folders
comprising:

a) a base having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal ﬁaving a longitudinal axis, a first
major surface, a second major surface, a first long side,
and a second long side, said first and said second long
sides substantially parallel to said iongitudinal axis,
said sheet provided with a piurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of said platforms, said pins sized to engage said
alignment apeftures and align said sheet on said
platform; |

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, said mandrel sized to have a
cross-sectional diameter -substantially equal to or less
than the internal diameter of said stent to be
fabricated, said platform profided with a first concave
recess adapted to receive said first end of said mandrel

and a second concave recess adapted to receive said



apertures si zed and di sposed to engage said alignnment pins on said base;

c.) dlsp05|ngﬁmmﬁff#ﬁx&—eﬂ—saLd base so that said first nmjor surface of

said sheet is
substantial l'y

said pattern |nto a tubularfshap%_so t at sald

a

ald base; d.) disposing g-mmndrel having
”mm "m&ﬂ' rnal surface and a | ongi tUdREPLA(?EME\rP%ﬁ' Eft
said second nmjof sur ce Ol E
sai d second |l ong side of said sheet, said |ongitudinal ayis ﬁgpihgp @ﬁll

parallel to said first |ong side and sai d second | ong sijdqg;

sai d sheet bgtween said firfs ang sid

mifng

econd end of said man

d) a hingedly connected arm adapted Ior movement—

in a first direction toward said platform and in a second

direction away from said platform for securing said

" mandrel against a major surface of said flat sheet of

metal;
e) a first deforming blade provided with a first
deforming blade tip; a second deforming blade provided

with a second deforming blade tip; a third deforming

y

blade provided with a third deforming blade tip; a fourth

deforming blade provided with a fourth deforming blade

tip; a fifth deforming blade provided with a fifth

deforming blade tip; and a sixth deforming blade provided

with a sixth deforming blade tip, said blades disposed

around said external surface of said mandrel, said

deforming blade tips adapted to deform said flat sheet of:

metal against said external surface of said mandrel so
that said flat sheet of metal is deformed into a
substantially tubular shape substantially conforming to
said external surface, said deforming blades disposed
between said first end and said second end of said
mandrei, each of said deforming blades adapted for

independent and selective movement in a first direction

toward said mandrel and a second direction away from said
mandrel so as to selectively impinge said deforming blade

tips against said mandrel or upon a portion of said sheet

disposed between said mandrel and each of said deforming

blade tips, each of said deforming blades further adapted



first | ong side pairs of engagenent points contact said second |ong side

pairs of engageﬁEﬁ%—peans_saLd_ﬂeforn1ng step conprising the steps of:

a) actuatlng deforn1ng bl ade notor so that said sixth
def or mi ng blad ’ F sixth deform ng REPIGECEMENTASHEET
first directions anount sufgicient for sai ¢ )

bl ade tip to contact said external surface of s iz d
as to secure said nmandrel against said sheet; TF? Mﬁh ﬁﬁﬂ

so that said first ‘long side and said secopd Ion

said sheet remain substantially parallel to
when said stent is deformed into said tubular shape, said
third and said sixth deforming blade tips provided with a
plurality of scalloped laser apertures, said apertures
sized and disposed to permit said third and said sixth
deforming blade tips to secure said first long side and
said second long side against said external surface of
said mandrel while providing said laser access to
predetermined portions of said first long side and said
second long side in.order to weld said first long side to
éaid second long side;

f) a first motor connected to said first deforming
blade; a second motor connected to said.second deforming
blade; a third motor connected.to said third deforming
blade; a fourth motor connected to said fourth deforming
blade; a fifth motor connected to said fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of said deforming'blades to which
it is connected in a first direction toward said mandrel
and in a second direction away from said mandrel; and

g) a computer for controlling: the sequence which
said first end of said table and said second end of said
table are disposed withiﬁ said laser housing; for
controlling the sequence and degree to which each of said
plurality of deforming blade tips impinges upon said

mandrel or a portion of said sheet disposed between said




-82:’ b) actuating said first deform ng blade notor so that said first
bl ade deforming mtor noves said first deforning blade in said first
direction in an _anount sufflﬁlent for said first blad

0
contact said f| lw Iltlll l of said sheet and d (REIPLAQEMENT\&{EET
agai nst said ex

ophd
def orm ng bl ade notor so

f sai d-gdndrel; c)

controlling the sequence, pattern, lo rorTs
of energy said laser applies to each of said first and
second long sides of each of said sheets disposed on each

of said plurality of stent folders.

21. The apparatus of claim 20, wherein each of said blade
deforming tips has a length substantially equal to said first

and said second long sides of said flat sheet of metal.

22. The apparatus of claim 20 wherein said deforming blade

tips are concave.

23. The apparatus of claim 20 wherein said third deforming
blade tip is substantially idenﬁical to said sixth deforming
blade tip; said second deforming blade tip is substantially
identical to said fifth deforming blade tip; and said first
deforming blade tip is substantially identical to said fourth

deforming blade tip.

24. Apparatus fof fabricating a stent, comprising:

a) a base;

b) a sheet receiving area disposed on said base, said
area adapted to receive a flat sheet of metal to be formed
into said stent, said flat sheet of metal having a
longitudinal axis, a first major surface, a second major

surface, a first long side, and a second long side, said first



thaf‘ sai d second deform ng bl ade notor noves said second deform ng bl ade
i'n said first direction in an anmount sufficient for said second deform ng

blade tip to contact said first major surface of said mﬁggm@ﬂ‘rcﬁiw

sai d sheet agai | al surface of said mandfe actug )
said third de mm []or so that-said third defeorpgng.b npt or
noves said sﬂmmﬂ S Eli | ade in said first direcfi )nﬂﬂgﬂmaﬂﬁ%unp

sufficient for said third deforming blade tip to contpctsaid first nhjpr
surface of said sheet . _
and said second long sides substantially par

e §

D

longitudinal axis;

c) an arm having a first end and a second end, said
first end of said arm adapted to selectively retain a mandrel
héving a substantially cylindrical external surface, said
second end of said arm hingedly connected to said base and
adapted for movement in a first direction toward said base and
in a second direction away from said base and further adaptgd
to secure said mandrel against a Major surface of said flat
sheet of metal disposed on said stent receiving area disposed
on said base, said mandrel sized to have a cross-sectional
diameﬁer substantially.equal to or less than the internal
cross-sectional diameter of said stent to be fabricated;

d) means for deforming said flat piece of metal against
saild external surface of said mandrel so that said flat sheet
of metal is deformed into a substantially tubular shape
substantially conforming to said external surface of said
mandrel with said first long side and said second long side

substantially parallel to each other.

25. The apparatus of claim 24, wherein said means for
deforming is a member provided with a deforming tip having a
length substantially equal to said first and said second long

sides of said sheet of metal.

26. The apparatus of claim 24, wherein said deforming tip is

concave.



and def orm sai d sheet against said external surface of said mandrel while

actuating sai dsixth deformng—bl ade notor so that said sixth deformng

actuating <ai o WD FERORERS: 2ae motor o™ that JFZEE‘%W(?M@W SHEET i ng

bl ade notor nove$ said fouft h*deform ngsblade tip i qaid first_dirgctji on
in an anount sufficient for said fourth deformng bllade @ 7pMAR &t dct
said first major surface of

27. A stent éligning and welding jig comFrising:

a) a base having a first end and & second end, a first
wall having a first end and a second end and a first major |
surface and a second major surface; a second wall having a
first end and a second end and a first major surface and a
second major surface, said second major surface of said first
wall and said first major surface of said second wall defining
a longitudinal U—shaéed channel having a longitudinal axis in
said base, said first wall provided with a plurality of slots
defining a plurality of first clamping portions having a top
end and a bottom end and a first major surface and a second
major surface, each of said first clamping portions provided
with a first concave channel disposed at said top end of said
second major surface of said first clamping portion and a
second concave channel disposed at said bottom end of said
second major surface of said first clamping portion, said
first and said second concave channels substantially parallel
to said longitudinal axis of said U-shaped channel; said first
wall of each of said plurality of first clamping portions
provided with a compensation slit disposed between said first
concave channel and said second concave channel, said
compensation slit substantially parallel to said longitudinal -
axis of said U-shaped channel;

b) a plurality of second clamping portions disposed in
said U-shaped channel between said second major surface of
said first wall and said first major surface of said second
wall, each of said second clamping portions disposed in

registry with one of said first clamping portions, each of
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agai nst said surface of said mand %EP{-AQEMgm(ﬁHEEﬁ)

actuating sai dmmm m bl ade notor so - o
def orm ng bl ad 'l WIH& fifth defpr ﬁ(}d?fMEéj%ﬂIﬂfgf (

first direction*ire an anount. gguf ficient fo Dr fri ng
bl ade tip to cont act said first major surflpcg of said sheet
and deform sai d sheet agai nst said external surface

said second clamping portions having a top ;

—

a first major surface, a second major surface, a first minor
surface disposed at said top end, a seéond minor surface
disposed at said bottom end, a third minor surface disposed
between said top end and said bottom end, and a fourth minor
surface disposed opposite said third minor surface between
said top end and said bottom end, each of said second clamping
portions provided with a first concave channel disposed at
said top end of said first major surface of said second
clamping portion and a second concave channel disposed at said
bottom end of said first major surface of said second clamping
portioh, said first and said second cohcave channels
substantially parallel to éaid longitudinal axis of said U-
shaped channel; | |

c) a biasing means dispose& between said first major
surface of said second wall and said second major surface of
each of said plurality of second clamping portions for biasing
said first major surface of each of said second clamping
portions against said second major surface of each of said
first clamping portions which are in registry with each other;

d) a first mandrel support lever positioning pin
projecting from said third minor surface and a second mandrel .
support lever positioning pin projecting from said fourth
minor surface of each of said second clamping portions, said
mandrel support lever positioning pins substantially parallel
to said longitudinal axis of said U-shaped channel;

e) a biasing control means for selectively'contro}ling

the distance between said second major surface of each of said



of said mandr el ; g) actuating said sixth deform ng bl ade rmtor

SO

second deformng blade in said first direction in an FEPLAGHWENN%RMEH
sufficient fO mgnﬂm U H I’ m ng bl ade to-contact—sai
first major -gheet and def or sa'ud’ %ﬂaqm&; in

said externa
si mul t aneously actuating said third and sixth

notors so
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that said si form ng bl ade not or sard

*

surface of said mandre

of said second clamping portions;

f) a retaining mandrel disposed in said second concave
channel of said first wall and said second concave channel in
each of said second clamping portions; and

g) a mandrel support lever for supporting said stent
during the aligﬁment of said first long side of said sheet
with said second long side of said sheet, said lever provided
with a first mandrel support notch for supporting said first
end of said mandrel, a second mandrel support notch for
supporting said second end of said mandrel, a first mandrel
support lever positioning pin engagement surface for engaging
said first mandrel support lever positioning pin and a second
mandrel support lever positioning pin engégement surfaée for
engaging said second mandrel support lever positioning pin
when said mandrel support lever is disposed_on said second

wall.

28. The apparatus of claim 27, wherein said biasing means is

an elastic material.

29. The apparatus of claim 28, wherein said elastic material

is rubber.

30. The apparatus of claim 28, wherein said elastic material

is a spring.

31. The apparatus of claim 27, wherein said biasing control



deform ng blades—n—said-first direction in an- anount sufficient

for

sai d

in cutting sai d br| dge; and e) utiljging said | aser
sai d engagement points to the engagement p0| nt with
form sai d expandabl e stent.

means is a threaded screw disposed in each

to

sai d th| def or m ng bl ade tips to contact said
first major #’lﬂg 'L,L” lL sai d sheet and deform said sheet agai nst
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flsaid first

ce of said mandrel; d)
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clamping portions, each of said screws com ting with sai

first major surface and said second major surface of each of
said first clamping portions and selectively movable in a
direction toward and away from said first major surface of
said second clamping portion to selectively move said second
clamping portion in a direction toward and away from said
first clamping portions to selectively vary the distance
between said second major surface of each of said first
clamping portions and said first major surface of each of said

second clamping portions.

32. A methéd of fabricating a stent comprising the steps of:

a) providing a plurality of stent patterns into a
flat piece of metal, each of said patterns having a first long
side and a second long side, said first long side provided
with a plurality of pairs of engagement points, said second
long side provided with a plurality of pairs of engagement
points, said plurality of pairs of engagement points disposed
substantially opposite each other, said engagement points
sized and disposed to communicate when said pattern is
deformed and rolled into a tubular shape, each pair of said
first long side engagement points provided with a bridge
disposed between each first long side engagement point
comprising the pair, said bridge having a width that is less
than the width of the other portions of said stent;

b) disposing a mandrel having a substantially

cylindrical external surface and a longitudinal axis between
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said first loﬁg side and said second long side ©
said longitudinal axis substantially parallel.to said first
long side and said second long side;

c) deforming said pattern into a tubular shape so
that said first long side pairs of engagement points contact
said second iong side pairs of engagement points;

d) cutting said bridge; and

e) attaching each of said engagement points to the
engagement point with which it is in contact to form said

expandable stent.

33. The method of claim 32, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

34. The method of claim 33, wherein said bridge has a width

of about 40 microns.

35. The method of claim 32, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.
36. The method of claim 32, further comprising the step of
forming a V-shaped notch between said first long side and said

second long side during step c).

37. The method of claim 32, further comprising the step of



89.fThe met hod of claim 86, wherein said engagenent points are sized and

adapted t

during step e). 91. The nethod of cl ai m 86,

of providing a gap between said engagenent points and said

;ufficien; SO0 as Fﬁg ;ﬁg ﬁﬁ%ﬁgﬁghtﬁi| luu' of

material s during welding heati
90. The nel@ﬁiﬁﬂﬂ nM[Eﬂ further conprising the stepfo Tornfﬁg‘a
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furthef ¢onprising thejstep

providing a éap between said engagement points and said

external surface of said mandrel during step c).

38. The method of claim 32, comprising the additional step of

providing additional weld £ill material on the side of each of

said engagement points substantially

opposite said bridge,

said weld fill material sized and disposed so as to permit the

additional weld fill material to be drawn into the weld point

during welding.

39. The method of claim 32, further

comprising the step of

providing said sheet with a plurality of alignment apertures.

. 40. The method of claim 32, wherein

using a laser.

41. The method of claim 32, wherein

utilizing a weld.

42. The method of claim 40, wherein

outside-to-in.

43. The method of claim 40, wherein

the other portions of the stent.

44. The method of claim 42, wherein

wider than the other portions of the

step d) is carried out

step e) is carried out

said weld is run from

said weld is wider than

said weld is about 20%

stent.



external surface of said mandrel duri ng step e). 92. The nethod of claim
.86, conprising the additional step of providing additijoggp NT HEET

material on of said engagenent poi nt§ _
opposite sai Hmmmmnﬂmmmm d fill material sized apd diﬁsﬁoiﬁg @; ag tlo
permit the a8ditional® wéld*fill materigal. to be drawn intjo & e I “Boi nt
during wel di ng. 93. The nmethod of claim86, wherei p-d)_is.carididd

out .
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45. The metﬁod of claim 41, wherein said weld has a width of

about 140 microns.

46, The method of claim 41, wherein step e) is carried out
using a welding run that is offset from the point where said

engagement points contact each other.

47. The method of claim 41, wherein step e} is carried out

using a plurality of welding runs.

48. The method of claim 47, wherein two welding runs are

utilized.

49. The method of claim 46, wherein said weld xun is offset
about .01 mm from the point where said engagement points
contact each other.

'50. The method of ciéim 42, wherein said weld is a spot weld.

51. The method of claim 50, wherein a plurality of spot welds

is utilized.

52. The method of claim 51, wherein 5 spot welds are

utilized.

53. The method of claim 34, further comprising the step of

electropolishing the stent.
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54. The method of claim 34, wherein step e) is cargied ouUtr

utilizing an adhesive.

55. The method of claim 34, wherein step e) is carried out

utilizing a nail-like element.

56. The method of claim 34, wherein said pattern in cut into

said stent using,multiple—up-etéhing.

57. The method of step 34, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).

58. The method of claim 57, wherein said'ihspection step is

carried out using an automated oétical inspection apparatus.

59. A method of fabricaﬁing a stent having a longitudinal
lumen comprising the steps of: |
a) providing a plurality of stent patterns in &
flat sheet of metal; each of said patterns having a first long
"side and a second long side, said first long side provided
with a.plura;ity.of pairs of engagement points, said second
long side pro?ided with a plurality of pairs of engagement
points, said plurélity of pairs of engageﬁént péints disposad
' substantially opposite each othef, said engagement points
sized and disposed to communicate when said pattern is
deformed and rolled into a tubular shape, each pair of said
first long side engagement points provi&ed with a bridge
disposed between each.first long side engagement boint

comprising said pair, said bridge having a width that is less
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than the width of the other portions of'saidiétent;

b) disposing a mandrel having a2 substantially
cylindrical external surface and a longitudinal axis between
said first long side and said second long side of said sheet,
said longitudinal axis substantially parallel to said first
and said second long sides;

c) deforming said pattern into a tubular shape so

that said first long side pairs of engagement points contact

said second long side pairs of engagement points and allowing
a portion of said stent to remain attachéd to said sheet of
metal;

4d) cutting said bridge;

e) attaching each of said engagement points to the

- engagement point with which it is in contact to form said

stent;
£) attaching an electrode to said sheet of metzl;
g) electropolishing said stent;  and
£) disconnecting said stent from said sheet.

é& The method of claim §9, wherein said bridge has a width

that is about 25% to about 50% of the width of the other

portions of said stent.

61, The method of claim 359, wherein said bridge is provided

with a width of about 40 microns.

—
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62. The method of claim 359, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles.

63. The method of claim 59, comprising the additional step of
providing additional weld £ill material on the side of said
engagement points substantially opposite said bridge, said

weld fill material sized and disposed at said engagement

points so as to permit the additional weld £ill material to be

drawn into the weld point during welding.

64. The method of claim 59, further comprising the step of
forming a V-shaped notch between said first long side and said

second long side during step c).

65. The method of claim 59, further comprising the step of
providing a gap between said engagement points and said

external surface of said mandrel during step c).

6. The method of claim 5§89, further combrising the step of

—

providing sai id sheet with a plurality of alignment apertures.

67. The method of claim 359, wherein step d) is carried out

using a laser.

68. The method of claim 59, wherein step e) is carried out

utilizing a weld.
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69. Thé method of claim 68, wherein

outside-to-in.

70. The method of claim 68, wherein

the other portions of the stent.
-1. The method of claim 70, wherein

wider than the other portions of the

2. The method of claim 68, wherein

—

about 140 microns.

73. The method of claim 68, wherein

using a weld-run that is offset from

engagerrent poi nts contact

ir—wet-e—-S—a—spot—
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said wéld is run from

said weld_is wider than."

said weld is about 20%

stent.

said weld has a width of

step e) is carried out

the point where said

. - engagement points contact each other.

74, The method of claim _fglwherein

using a plurality of welding runs.

7s. The method of claim 74, wherein

utilized.

step e) is carried out

two welding runs zare

76. The method of claim 73, wherein said weld run is offset

about .01 mm from the point where said engagement points

contact each other.

11; The method of claim 68, wherein said weld is a spot weld.

——r
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78. The method of claim 8, wherein a plurality of spot welds

is utilized.

79. The method of claim 78, wherein said plurality of spot

welds comprises 5 spot welds.

80. The method of claim 359, wherein step e) is carried out

utilizing an adhesive.

81. The method of claim §9, wherein step e) is carried out

utilizing a nail-like element.

82. The method of claim 59, wherein said pattern in cut inte

said stent using multiple-up-etching.

83. The method of claim 59, further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).

84, The method of claim §§3 wherein said inspection step is

carried out using an automated optical inspection apparatus.

8s. The method of claim 59, wherein said stent patterns are
adapted so that upon expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent protrudes into said longitudinal lumen of said stent.
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86. A method for fabricating a stent having a longitudinal
lumen, comprising the steps of:
a.) comnstructing an apparatus comprising:

a) a laser housing;

b) a laser disposed within and selectively movable
within said housing; |

c) a movable table having a first end and a second end
and adapted for se;ective movement into and out of said laser
housing said table .d pted so thaQ when said first end of szid
table is disposed within said laser housing said second end of
said table is disposed outside of said hou;ing and when said
second end of said table is disposed within said laser housing

. said first end of said table is disposed ocutside of said laser
housing;

d) a plurality of stent folders disposed at said first
end of said table and a plurality of stent folders disposed at
said second end of said table, each of said stent folders
compfising:

a) a baée having a platform adapted to receive a
flat sheet of metal to be formed into said stent, said
flat sheet of metal having a longitudinal axis, a first
major surface, a second major surface, a first long side,

and a second long side, said first and said second long
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sides substantially parallel to said longitudimed—axXiSe |
said sheet provided with a plurality of alignment of
apertures;

b) a plurality of alignment pins projecting from
each of said platforms, said pins sized to engage said
alignment apertures and align said sheet on said
platform;

c) a mandrel having a substantially cylindrical
external surface and having a first end, a second end,
and a longitudinal axis, said mandrel sized to have a
cross-sectionai diameter'substantially equal to or less
than the internal diameter of said stent to be
fabricated, said platform provided with a first concave
recess adapted to receive said first end of said mandrel
and a second concave recess adapted to receive said
second. end of said mandrel;

d) a hingedly connected arm adapted for movement
in a first direction toward said platform and in a second
direction away from said platform for securing said
mandrel against a major surface of said flat sheet of
metal; |

e) a first deforming blade provided with a first
deforming blade tip; a second deforming blade provided
with a second deforming blade tip; a third deforming
blade provided with a third deforming blade tip; a fourth
deforming blade provided with a fourth deforming blade
tip; a fifth deforminé blade provided with a fifth

deforming blade tip; and a sixth deforming blade provided
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with a sixth deforming blade tip, said blades disposed
around said external surface of said mandrel, said
deforming blade tips adapted to deform said flat sheet of
metal against said external surface of said mandrel so
that said flat sheet of metal is deformed into a
substantially tubular shape substantiaily conforming to
said external surface, said deforming blades disposed
between said first end and said second end of said
mandrel, each of said deforming blades adapted for
independent and selective movement in a first direction
toward said mandrel and a second direction away from said
mandrél so as to selectively impinge said deforming blade
tips against said mandrel or against a portion of said
sheet disposed between said mandrel and each of said
deforming blade tips, éach of said deforming blades
further adapted so that said first.long side and said
second long side of said sheet remain substantially
parallel to each other when said stent is deformed into
said tubular shape, said third and said sixth deforming
blaae tips provided with a plurality of scalloped laser
aperturés, said apertures sized and disposed to permit
said third and said sixth deforming bladé tips to secure
said first long side and said second long side against
said external surface of said mandrel while providing
said lager access to predetermined portions of said first
long side and said second long side of said sheet in
order to weld said first long side to said second long

side;
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£) a first miotor connected to said"ﬁirsé—éeéoxming;J

plade; a second motor connected to Said second deforming
blade; a third motor connected to said third deforming
blade; a fourth motor connected to said fourth deforming
blade; a fifth motor connected'to said fifth deforming
blade; and a sixth motor connected to said sixth
deforming blade, each of said motors adapted for
selectively moving each of éaid deforming blades to which
it is connected in a first direction toward said mandrel
and in a second direction away from said mandrel; and

gl a computer for controlling: the sequence which
said first end of said table and said second end of said
table are disposed within said laser housing; for
controlling the sequence and degree to which each of said
plurality of deforming blade.tips impinges upon said
mandrel or a portion of said sheet disposed between said
mandrel and each of said deforming blaae tips; and for
controlling the sequence, pattern, location, and amount
of energy said laser applies to each of said first and
said second long sides of each of said sheets disposed on

each of said plurality of stent folders;

b.) cutting a plurality of stent patterns into a flat piece
of metal, each éf said patterns having a first major surface
and a second major surface, a first long side and a second
long side, said first long side provided with é plurality of
pairs of engagement points, said second long side provided

with a plurality of pairs of engagement points, said plurality
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of pairs of engagement ‘points disposed substgntially opposite

each other, said engagement points sized and disposed to
communicate when said pattern is deformed and rolled into a
tubular-shape, each pair of said first long side engagement
points provided with a bridge disposed between each first long
side engagement point comprising the pair, said bridge having
a width that is less than the width of the other portions of
the stent, said sheet provided with a plurality of alignment
apertures sized and disposed to engage said alignment pins on
said base;
¢.) disposing said sheet on said base so that said first
major surface of said sheet is in contact with saia base;
d.j disposing a mandrel having a substantially cylindrical
external surface and a longitudinal axis égainst said second
major surface of said sheet betwéen said first long side and
said second long side of said sheet, said longitudinal axis
substantially parallel to said first long side and said second
long side; |
e.) deforming said pattern into a tubular shape so that said
first long side pairs of engagement points contact said second
long side pairs of engagement points said deforming step
comprising the steps of:
a) actuating said sixth deforming blade motor so
that said sixth deforming blade motor moves said
sixth deforming blade. in said first direction in an
amount sufficient for said sixth deforming blade tip
to contact said external surface of said mandrel so

as to secure said mandrel against said sheet;
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b) actuating sdid first deforming klade motor so |

that said first blade deforming motor moves said
first deforming blade in said first direction in an
amount sufficient for said first blade deforming tip
to contact said first major surface of said sheet
and deform said sheet against said external surface
of said mandrel;

c) actuating said second deforming blade motor so
that said second deforming blade motor moves said
second deforming blade in said first difection in an
amount sufficient for said second deforming blade
tip toicontact said first major surface of said
sheet and deform said sheet.against said external
surface of said mandrel; .

d) actuating said third aeforming blade motor so
that said third deforming blade motor moves said
second deforming-blade in said first direction in an
amount sufficient for said third deforming blade tip
to contact said first major surface of said sheet
and deform said sheet against said external surface
of said mandrel while actuating said sixth deforming
blade motor so that said sixth deforming blade moves
in said second direction away from said mandrel;

e) actuating said fourth deforming blade motor so
that said fourth deforming blade motor moves said
fourth deforming blade tip in said first direction
in an amount sufficient for said fourth deforming

blade tip to contact said first major surface of
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external surface of said mandrel;
£) actuating said fifth deforming blade motor so
that said fifth deforming blade motor moves said
fifth deforming blade in said first direction in an
amount sufficient for said fifth deforming blade tip
to contact said first major surface of said sheet
and deform said sheet.against said external surface
of said mandrel;
g) actuating said sixth deforming blade motor so
that said sixth deforming blade motor moves said
second deforming blade in said first direction in an
amount sufficient for said second deforming blade
tip to contact said first major'surface of said
sheet -and deform said sheet against said external
surface of said mapdrel;
h)} simultaneously actuatihg said third ana sixth
deforming blade motors so that said third and sixth
deforming blade motors move said third and sixth
deforming blades in said first direction in an
amount sufficient for said third and sixth deforming
blade tips to contact said first major surface of
said sheet and deform said sheet against said
external surface of said_mandrel;

d) utilizing said laser in cutfing said bridge; and

e) utilizing said laser in welding each of said engagement

points to the engagement point with which it is in contact to

form said expandable stent.
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87. The method of claim 86, wherein said bridge has a width
that is about 25% to about 50% of the width of the other

portions of said stent.

88. The method of claim 86, wherein said bridge has a width

of about 40 microns.

89. The method of claim 86, wherein said engagement points
are sized and adapted to move in an amount sufficient so as to
reduce the likelihood of material stress occurring during

welding heating and cooling cycles. -

90. The method of clainllgﬁw further comprising the step of
forming a V—shapéd notch between said first long side and said

second long side during step e).

91. The-method of claim 86, further comprising the step of
providing a gap between said engagement points and said

external surface of said mandrel during step e).

92. The method of claim gg comprising the additional step
of providing additional weld fill material on the side of each
of said engagement points substantially opposite said bridge,
said weld £ill material sized and disposed so as to permit the
additional weld fill material to be drawn into the weld point

during welding.

93. The method of claim 86, wherein step d) is carried out
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using a laser.

94, The method of claim 86, wherein step e) is carried out

utilizing a weld.

95. The method of claim 94, wherein said weld is run from

outside-to-in.

96. The method of claim .gﬁf wherein said weld is wider than

the other portions of the stent.

97. The method of claim 96, wherein said weld is about 20%

wider than the other portions of the stent.

98. The method of claim 94, wherein said weld has a width of

about 140 microns.

22, The method of claim 94, wherein step e) is carried out
using a weld-run that is offset from the point where said

engagement points contact each other.

100, The method of claim 94, wherein step e) is carried out

using a plurality of welding runs.

101. The method of claim 100, wherein two weld-runs are

utilized.

102. The method of claim 99. wherein said weld run is offset
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about .01 mm from the point where said engagement points

contact each other.

103. The method of claim 94, wherein said weld is a spot

weld.

104, The method of claim 94, wherein a plurality of spot

welds is utilizéd.

105. The method of claim 104, wherein said plurality of spot

welds comprises 5 spot welds.

106. The method of claim 86, further comprising the step of

electropolishing the stent.

107. The method of claim §§, wherein step e) is carried out

utilizing an adhesive.

108, The method of claim 86, wherein step e) is carried out

utilizing a nail-like element.

109. The method of claim 86, wherein said pattern in cut into

said stent using multiple-up-etching.

110. The method of step §6_,_ further comprising the step of
inspecting both sides of said sheet after step a) and before

step b).
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111, The method of claim 110, wherein said inspection step is

carried out using an automated optical ihspection apparatus.

112. The method of claim 86, wherein said stert patterns are

added so that upon the expansion of said stent against the
internal wall of a vessel substantially no portion of said

stent projects into said longitudinal lumen.
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STENT FABRICATION METHOD AND APPARATUS

ABSTRACT
A stent and a method for fabricating the stent are disclosed.
The stent has an originally flat pattern and connection points
where the sides of the flat pattern are joined. The method
includes the steps of a) cutting a stent pattern into a flat
piece of metal thereby to produce a metal pattern, b)
deforming the metal pattern so as to cause two opposing sides
to meet, and ¢) joining the two opposing sides at least at one
point. = Substantially no portion of the stent projects into
the lumen of the stent when the stent is expahded against the

internal wall of a blood vessel.

Figure 26



