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A patterned sheet (13) having two long sides Is wrapped around a mandrel (89). The mandrel iIs provided with at least one flat
surface. The long sides of the sheet are secured adjacent to the flat surface of the mandrel and points along the long sides of the
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sheet are connected by laser welding or other connecting means. The laser beam (28) Is directed substantially perpendicular to the

welding plane of the points to be welded, even If the weld points do not all lie on a single line parallel to the mandrel's longitudinal
axis.
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(57) Abstract: A patterned sheet (13) having two

, long sides is wrapped around a mandrel (89). The

| mandrel is provided with at least one flat surface. The

l long sides of the sheet are secured adjacent to the flat

r\,zg surface of the mandrel and points along the long sides

' of the sheet are connected by laser welding or other

| connecting means. The laser beam (28) is directed

27 I substantially perpendicular to the welding plane of
\ ! 36 the points to be welded, even if the weld points do
not all lie on a single line parallel to the mandrel’s
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MANDREL AND METHOD FOR MAKING STENTS

FIELD OF THE INVENTION

{0001] The present invention relates generally to an
apparatus and method for fabricating stents by deforming
patterned sheets into substantially tubular shapes and
connecting the aedges of the sheet. More gpecifically, the
invention is especially directed to an apparatus and method
that is especially applicable teo meking stents having weld
point pairs that are not disposed along & single weld line
when the sheet is rolled into a substantially tubular shape.

BACKGCROUND

[0002] Stents are known in the art. They are typically
formed of a cylindrical metal megh which can expand when
pressure is intexnally applied. Altematively, they can be
formed of wire formed into a cylindrical shape.

[0003] U.S. Patent No. 5,906,759 provides a stent

fabrication method which can produce stents with intricate ang
delicate designs. In particular, the stent fabrication

methods and apparatus described at columns 10-26 of that

patent (and the accompanying figures) may be advantageously
used along with the present invention. The method disclosed

in the '759 patent involves first creating a version,

preferably flat, of the desired stent pattern from a piece of
thin—material, e.g., sheet metal. The flat pattern can be

produced through a wvariety of suitable techniques that are
well known to those skilled in the art. Once the flat pattern

has been formed, it is deformed so as to cause itsg edges to
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[000&] To create a cylindrical stent from a flat metal
pattern, the flat metal is rolled or wrapped arcund a mandrel
until the =dges meet. The locations where the edges meet are
joined together, such as by laser welding. Afterwards, the
stent may be finished in a variety of well Known ways, e.dg.,
polishing, either mechanically or electrochemically, plating,

or apprlving a medicament or some other coating.

(0005l In making stents for specific applications i1t may be
desirable to utilize sheets which, .when rolled into a tube,
have weld points that are not disposed along a single weld
line disposed along the longitudinal axis of the mandrel.
Instead, for example, the weld points may be disposed on one
cor more weld lines that are disposed laterally Eo the
longitudinal axis of the mandrel. If a mandrel having a
substantially circular cross-section is used, the greater the
distance that the weld points are displaced laterally from the
longitudinal axis of the mandrel, the more acute will be the

angle that the laser beam makes with the weld pcints.

[o006] Accordingly, it is an object of the invention to
remove the drawbacks of the prior art and to provide an
apparatué and method which allows for the making of stents
utilizing sheets which when rolled into a tubular shape have
weld pointes that are not digposed only along a single weld
line, while still allowing the laser beam to intersect the

weld points at an angle that is substantially perpendicular.

SUMMARY OF THE INVENTION

[0007] In accordance with an exemplary embodiment of the

present invention, i1t is an object of this invention to
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provide a2 mandrel for forming a stent, comprising: & member
having a first end, a second end and an external surface with
the external surface provided with at least one substantially

flat surface extending between the first end and the second

end.

[0008] It is another obiject of this invention to provide a
- mandrel for forming a stent comprising: & longitudinal membexr
having a first end and second end. The longitudinal member
has a substantizally triarigular crosg-sectional shape, wherein
cach of the three sides defining the substantially triangular
shape is a substantially flat surface that extends between the

Firast end and the second end of the mandrel.

[o008] It is vet another object of this invention to
provide an apparatus comprising a mandrel having an axis, and
having a substantially flat surface. A means 1s provided to
wrap a flat sheet provided with a stent pattexrm around the
mandrel so that the edges of the sheet meet on or near the
substantially flat surface of the mandrel. A means for
Joining the edges together may be disposed adjacent to the
mandrel to provide, for example, energy such as a laser beam
directed at an angle substantially perpendicular to the flat

. surface. Alternatively or additicnally, the means for joining
may also provide an adhesive, such as glue. The means for
joining may be supported for movements in directions parallel
to and orthogonal to the axis of the mandrel to permit joininé

at points which are laterally displaced from each other on the

tlat surface.

(G010} It 1s still another object of this invention to

brovide and apparatus for fabricating a stent, comprising: a
platform adapted to receive a sheet of material to be Fformed

into the stent. The sheet has a longitudinal axis, a first

major surface, a second major surface, a first long side, and
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s~ second long side. The first long side 1s provided with a
plurality of weld points and the second long side is provided
”with =z plurality of corresponding weld points. The weld
points are disposed so that when the sheet is formed into a
substantially tubular shape, the weld points on the first long
side are adjacent to the corresponding weld points on the
second long side to form a plurality of weld point pairs. A
mandrel having an external surface énd a2 first end and a
csecond end defining a longitudinal axis is provided. The

andrel ig sized to have an external perimeter about the

longitudinal axis that is substantially egual to or less than
the unexpanded internal perimeter of the stent toO be
fabricated. The external surface of the mandrela is provided
with at least one substaﬁtially flat surface extending between
the first end and the second end. A means 1s provided fox
deforming the sheet against the extermal surface of the
mandrel so that the sheet is deformed intc a substantially
tubular shape. A means for aligning and securing is provided
for aligning and securing the weld points on the first zlo.ng
side and the corresponding weld points on the second long side
to form a plurality of weld point pairsg so that they can be
connected, e.g9., by welding. A means for joining, for
example, =z laéer,. may be provided for joining the weld points
on the first long side to the corresponding weld points on the
second long side. The means for defcriaing and the means for
aligning and securing are adapted to secure the aligned weld
points adjacent to the substantially flat surface of the
mandrel so that each of the aligned weld points comprising
cach of the weld polnt pairs lies in a plane that is

substantially perpendicular to the laser beam.

[0011] It is z further object of this invention to provide
-an apparatus for fabricating a stent, comprising: a platform

adapted to receive a sheet of material to be formed into the

stent. The sheet of material has a longitudinal axis, a first

4
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major surface, a second major surface, a first long side, and
a second long side with the first and second long sides

substantially parzallel to the leongitudinal axis of the sheet.
The first long side may be provided with a plurality of first

weld line weld points and 2 plurality of second weld line weld

points and the second long side may be provided with a
plurality of first weld line weld points and a plurality of
second weld line weld points. The weld points are disposed so
that when the sheet is formed into a substantially tubular
shape the first weld line weld peoints on the first long side
are adjécent to the corresponding first weld line weld points
on the second long side to form a plurality of first weld line
weld point pairs disposed on a first weld line having a
longitudinal axis substantially parallel to the longitudinal
axis oL the sheet. The weld points are also disposed so that
when the stent is formed into a substantially tubular shape
the second weld line weld points on the first long side are
adjacent to the corresponding second weld line weld points on
the second long side to form a plurality of second weld line
weld points disposed on a second weld line having a
longitudinal axis that is substantially parallel to the
longitudinal axis of the sheet. Of course, the weld points on
the first long side and the second long side need not actually
be disposed on lines at all; they need only meet in weld point
pairs when the sheet is rolled and the first and second long
sides meet each other. A mandrel having an external surface
and a first end and a second end defining a longitudinal axis
is provided. The mandrel is sized to have an external
perimeter about the longitudinal axis that is substantially
equal to or less than the internal perimeter of the stent to
be fabricated. The external surface of the mandrel is
provided with at least one substantially flat surface
extending between the first end and the second end. A means
1s provided for deforming the sheet against the external

surface of the mandrel so that the sheet is deformed into a

5 .
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substantially tubular shape. The means for deforming is
adapted so that the first long side and the second long side
remain substantially parallel to each other when the sheet is
deformed intc the tubular shape. 2 means is provided for
aligning and securing the weld pecints on the first long side
to the corresponding weld points on the second long side so
that the weld points form weld point pairs that can be
connected. A means for joining, for example, =z laser, may be
provided for securing the aligned weld points. The means for
deforming and the means for aligning and securing are adapted
yto secure the zligned weld points adjacent to the
substantially flat surface of the mandrel so that the aligned

weld points lie in a plane that is substantially parallel to
the substantizlly flat surface of the mandrel and |

substantially perpendicular to the laser beam.

[ooL2] It 1s a still further object of this invention to
provide a method of making a stent cdmprising: wWrappling a
sheet provided with a stent pattern and having twe opposed
sides about a mandrel having an axis, énd having a flat
surface,‘ so as Lo cause the two épposing gides to meet on the
flat surface. A means for Joining is utilized for jeining the
Cwo opposing sides at two or more points not disposed along a
single line parallel to the longitudinal axis of the mandrel.

The means for joining is directed substantially perpendicular

to the flat surface.

[0013] It 1s a yet further object of this invention +o
provide a method of making a stent, comprising the steps of:
utilizing a sheet of material to be formed into the stent, the
sheet having a longitudinal axis, a first major surface, =a
second major surface, a first long side, and =2 secend long
side. The first long side is previded with = plurality of
weld points and the second long side is provided with a

plurality of corresponding weld points. The weld points are

;-
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digposed so that when the stent is formed into a substantially
tubular shape, the weld points on the first long side are
zdjacent to the corresponding weld points on the second long
=ide to form a plurality of weld point pairs that need not be
disposed on only a single weld line. The sheet is deformed

=gainst the external surface of a mandrel so that the sheet Is

deformed into a substantially tubular shape. The mandrel has
a1 external surface and a first end and a second end defining
2 longitudinal axis. The mandrel is sized to have an external
perimeter substantially egual to or less than the internal .
perimeter of the stent to be fabricatedn. The external surface
of the mandrel is provided with at least one substantially
flat surface extending between the first end and the second
end. Each of the plurality of weld points is aligned and
secured adjacent to the substantially Iflat surface of the
mandrel so that the weld points lie in a plane that isg
substantially parallel to the substantially flat surface of
the mandrel, and so that the weld pqints orl the first '_'L;:}ng
side are adjacent to the corresponding weld points on the
second long side to form a plurality of weld point pairs. The
corresponding weld points may be connected by utilizing a
means for joining, e.g., a laser beam, that ig directed
substantially perpendicular to the plane in which the weld

points lie.

[0014] It is another object of this invention to provide a
method of making a stent,. comprizsing the steps of:

utilizing a sheet of material to be formed into the stent, the
sheet having a longitudinal axis, a first major surface, a
second major surface, a first long side, and a2 second long
side with the first and second long sides substantially |
rarallel to the longitudinal axis of the sheet. The first
long side is provided with a plurality of weld points and the
second long side is provided with a plurzlity of weld points.

The weld points are disposed so that when the sheet is formed

T
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ijnto a substantially tubular shape, the weld points on the
first long side are adjacent to the corresponding weld points
on the second long side to form a plurality oL weld point
pairs. The weld points may be disposed so that the weld point
pairs are not all disposed cn 2 single line parallel to the
mandrel’s longitudinal axis when the sheet 15 formed into =2
substantially tubular shape. The sheet 1s deformed against
rhe external surface of a mandrel so that the sheet 1is
deformed into a substantially tubular shape. The mandrel has
-n external surface and a first end and a second end defining
a longitudinal axis. The mandrel is sized to have an external

perimeter that 1is substantially equal to or less than the
internal perimeter of the stent to be fabricated. The
external surface of the mandrel is provided with at least one |
substantially flat surface extending between the first end and
+he second end. The first and second weld points are aligned
and are secured adjacent to the substantially flat surface of
the manarel so that the weld points on the first long side are
adjacent to the corresponding weld points on the second long
side to form a plurality of weld point pairs that are not all
disposed on a single weld line having = longitudinal axis
substantially parallel to the longitudinal axis of the |
mandrel. Each of the weld point pairs lies in a plane that 1is
substantially parallel to the substantially flat surface of

the mandrel. The weld point pairs may be connected by

utilizing a laser beam directed substantiaslly perpendicular to

the plane containing the weld point pairs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The present invention will be understood and

appreciated more fully from the following detailed description

raken in conjunction with the drawings in which:

[0016] FIG. 1 shows a2 sheet utilized to make a stent:
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(0017} F1G. 2

wrapped around a

[0018] FIG. 3

taken along line

[0019] FIG. 4

utilized to make

[00201 FIG. 5

wrapped around &

[0021] FIG. &

taken along line

10022 FIG. 7
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J -

shows the sheet of FIG. 1 a: 1T has been

' 1
¢
{);
A

~conventional mandrel;

is an enlarged cross-sectional view ol FIG.

3-3 f FIG. 2;

shows one embodiment of a2 sheet that may be

a2 stent in accordance with the invention;

shows the sheet of FIG. 4 after it has been

conventional mandrel;

is an enlarged cross-sectional view of FIG. 5

&-& of FIG. 5;

is an enlarged cross-sectional view of FIG. 5

taken along lines 7-7 0o FIG. 5;

[0023] FIG. 8 i= a perspective view of a preferred
embodiment of z mandrel congstructed in accordance with the
inventiorn;

[00Z4] FIG. 8 A shows an alternative embodimenit ol the
mandrel shown in FIG. 8:;

(00257 FIG. 8 B shows an alternative embodiment of the

mandrsl shown i1n FIG. 8:

[002¢6] FIG. 8 is a cross-sectional view of the mandrel of
FIG. 8;
[0027] FIG. & 2 is an end view of the alternative

embodiment shown in FIG. 8 A -

[0028] FIG. 9 B is an end view of the alternative

>
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embodiment shown in FIG. 8 B;

[0025] FIG. 10 is = perspective view of an alternative

embodiment of a2 mandrel constructed in accordance with the

invention;

(030} PTR. 11 is a cross-sectional view of the mandrel of
FIG. 10;

[0031] FIG. 12 is a top view of the sheet of FIG. 4 arfter

it has been wrapped around the mandrel of FIG. 8;

[0032] FTG. 12A is a top view of the sheet of FIG. 4 alter

it has been wrapped around the mandrel of FIG. 10;

[0033] FIG, 13 is an enlarged cross-sectional view of FIG.

12 taken along line 13-13 of FIG. 12;

{0034] FIG. 14 is an snlarged cross-sectional view of FIG.

F

12 taken along line 14-~14 of FIG. 12;

[O035] FIG. 15 shows an illustrative pattern of a sheet

that might be accommodated in accordance with the invention;

-

[0038] FIG. 16 shows the sheet of FIG. 15 after it has been

"rolled into a tubular shape;

[0037] FIG. 17 shows a pattern for an alternative

embodiment of 2 sheet utilized to make a gtent in accordance

with the invention: and

[0038] FIG. 18 shows the sheet of FIC. 17 after it has been

rolled into a tubular shape.

- 10
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DETAILED DESCRIPTION QF THE INVENTION

[0039] FIG. 1 shows a sheet 20 used to fabricate a stent.
The sheet 20 has a first long side 21 provided with a
plurality of weld points 22 and 2 second long side 23 providsd
with a plurality of corresponding weld points 24. The sheet
20 may be provided with a variety of patterns as specific
applications dictate. The sheet may be comprissd of z varisty
of materials well known to those skilled in the art as
suitable for this purpose, for example, metals or plastics.

In one preferred embodiment, the sheet may be comprised of

stainless steel. In another preferred embodiment, the sheet
may be comprised of a super-elastic material such as nitinol

which is an alloy of nickel and titanium.

[0040] FIG. 2 is a top view of the sheet 20 of FIG 1 and
shows how the sheel 20 appears after it has been rolled into a
substantially tubular shape and wrapped around z conventiocnal
mandrel 25 which has a longitudinal axis 40 anci’ a
substantoially circular cross-sectional shape. FIGS, 2 shows
that the corresponding weld points 22 and 24 when adjacent to
each other form a weld peoint pair 102. Ezach of the
corresponding weld points 22 and 24 comprising a plurality of
weld point pairs 102 is disposed along a single weld line 25

disposed along the longitudinal axis 40 of the mandrel 25.

{0041] FIG. 2 is an enlarged cross-sectional wview taken
along line 3-3 of FIG 3. The welding plane 27 is a plane that
forms a tangent with the corresponding weld points 22 and 24
comprising weld point pairg 102. FIG, 3 shows that the weld
points 22 and 242 lie in =a welding plane 27 that intersects the
means for Jjoining that may be a laser bsam 29. The welding
pPlane 27 is disposed at an angle that is substantizally
perpendicular to the laser beam 22 used to join the

corresponding weld points 22 and 24 comprising the weld point

13
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pairs 102. It is desirable that the laser beam 29 be directed
at an angle that intersects the welding plane 27 at an angle
that is substantially perpendicular to the welding plane 27 1in
order o optimize the efficiency, uniformity, and strength of

rhe weld between the weld points 22 and 24.

[0042] Irn some applications it may be desirable to
manufackure stents whose weld peint pairs do not all lie on a
single line pzrallel to the longitudinal axis of the mandrel,

or that are provided with more than one weld line. FIG. 4

shows one embodiment of a sheet that can be used to fabricate
a stent in accordance with the invention. The sheet 31 has a
plurality of first weld points 32 and second weld points 33 on
the first long side 34 and a plurality of first weld points 35

2nd second weld points 36 on the second long side 37.

[0043] FIG. 5 is a top view of the shest 31 of: FIG. ¢ after
it has been rolled into a substantially tubular form and
wrapped around a conventional mandrel 25 having =z
substantially circular cross sectional shape. The first weld
line weld peoint 32 and its corresponding first weld line weld
point 35 comprise weld p;:::int pair 104 and are disj_:nosed and
aligned along a2 first weld line 38. The second weld line weld
peint 33 and itz corresponding second weld line weld point 36
comprise weld point pair 103 and are disposed and aligned

along a second weld line 382.

[0044] FIG. 6 is an enlarged cross-sectional view taken
along line 6-6 of FIG. 5. As shown in FIG. &6, when the laser
30 has been moved laterally from the longitudinal axis £0 of
the conventional mandrel 25 so as to weld the zgecond weld line
weld points 33 and 36 disposed on the second weld line 338, the
angle made by the longlitudinal axis 28 of the laser beam 285

1s not substantizlly perpendicular to the welding plane 27

when it intersects the wealding plane 27 of the second weld

L
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points 33 and 36 disposed on the second weld line 39.

[0045] FIG. 7 is an enlarged cross-sectional view taken
along line 7-7 of FIG. 5. 2As shown in FIG. 7, when the laser
30 has been moved laterally from the longitudinal axis 40 of
the conventiocnzl mandrel 25 so as to weld the first weld line
weld points 32 and 35 on the first weld line 38, the angle
made by the longitudinal axis 28 of the laser beam 29 when it
intersects the welding plane of the first weld points 32 and
35 disposed on the first weld line 38 is not substantially
perpendicular to the weld plane 27. A laser beam is directed
2t the weld planes 27 ¢f the weld point pairs 103, 104
disposed along the weld lines 38, 39 so that the laser beam 1is
at an angle that is not substantially perpendicular to the
welding planes 27. This could result in less efiicient,
irregular welds having less than optimal stréngth. Thus,
using c:onvevntional methods and conventionzl devices for
manufacturing stents made from sheets having weld point pairs
disposed on more than one weld limne, or having Wweld point

pairs that are not disposed aleng a single weld line, may

produce stents that are less uniform and have inferior welds.

(004¢8] FIGS. 8 and 9 show a2 preferred embodiment of a
mandrel 89 constructed in accordance with the invention. FIG.
8 is a perspective side view and shows a first end 90, a
second end 91, an sexternal surface 92, a longitudinal axis . 98¢,
2 first substantially flat major surface 23 dispcsed between
the first end 20 and the second end 81, and a second
substantially flat major surface 54 disposed between the first
end 50 and the second end S81. FIG. 8 is an end view of FIG. 8
and shows a first end 90, an external surface 22, a first
substantially flat major surface 83, a second substantizlly
Llat major surfac= 394, and a third substantizlly flat majoxr
surface 95. In a preferred embodiment, the substantizlly

e

lat majoxr surface 101 has a width W that is wide snough to

13 -
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accommodate the weld point pairs. Although the preferred
embodiment: of a2 mandrel shown in FIGS. 8 and 2 shows three
substantially flat major surfaces, the invention may be
practiced with a mandrel provided with mere than three, or
1ess than three, substantially flat major surfaces depending

upon the requirements of specific applications.

f0047] TGS, BA and SA show an alternative embodiment of
the invention in which the substa.ntiall§ flat major surface S3
o~f the mandrel 89 is provided with a plurality of wvoids or
recezsges 105.106. The voids 105 and 106 are sized and
disposed on the substantially flat major surface 33 so that
they will be substantially in registry with, and be disposed
substantially beneath, the wsld point pairs when a sheet 1is
wrapped around the mandrel 838. The voids 105, 106 may allow
for additional weld material to form against the major surface
of the sheet that faces the substantially flat surface 93 oha
the mandrel 89 which produces a stronger weld. The voids 103,
106 may also minimize the heat transfer from the weld to the
mandrel and, thus, may reduce the amount of energy that must
be put into the weld. The number of voids can be wvaried as
specific applications dictate, however, in a preferred
embodiment one void is provided for each weld peoint pair. The
voids 105, 10€ may be provided in one or more of the

substantially flat major surfaces 21, 54, 855.

1004 8] PTIGES. 8B and 9B show another alternative embodiment
of the invention in which the substantially flat major surface
' 83 of the mandrel 8% is provided with a plurality of grooves
107, 108. This embodiment may be especially useful when the
weld point pairs are disposed along one or mere weld lines.
The grooves 107, 108 ar=s sized and disposed on the
substantially flat major suriace 23 so that they will be
substantially in registry with, and be disposed substantizlly

bensath, the weld point pairs when a sheet is wrapped around
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rhe mandrel 89. The grooves 107, 108 may allow for additional
weld materizl to form against the major surface of the sheet
~hat faces the substantizlliy flat surface 53 or the mandrel §9
which may produce a stronger weld. The grooves 107, 108 may
"2lso minimize the heat transfer from the weld to the mandrel
and, thus, may reduce the amount of energy that must be put
into the weld. The number of grooves can be varied as
specific applications dictate, however, in a preferred
embodiment a groove is provided for each weld line. The
grooves 107, 108 may be provided in one or more of the

substantially flat major surfaces 31, 24, 95.

[10043] FIGS. 10 and 11 show an alterhative embodiment of a
mandrel 97 constructed in accordance with the invention
wherein the mandrel 87 is provided with a single,
substantially flat major surface 101. FIG. 10 1is a
perspective side view and shows a first end 38, =z second end
$9, an external surface 100, and a substantially flat major
surface 101. FIG. 11 is an end view of FIG. 10 and shows =z
first end 98, an external surface B8, and a substantially flat
major surface 101. The embodiment of FIGS. 10 and 11 may be

provided with one or meore voids or grooves as previously

discusssd.

[Q050] FIG. 12 is a top view of the sheet 31 of FIG. &
after it has been rolled intoc a substantially tubular shape
and wrapped around or applied to the mandrel 892 of FIG. 8.
FIG. 12 shows that the first weld point 32 and its
correspoeonding weld point 35 comprising weld point pair 102 arse
disposgsed on the first weld line 38. FIG. 12 zl=zo shows that
the second weld points 33 and 36 compri=zing weld bpoint palr
103 are disposed on the second weld line 39. As shown, both

the firzst weld line 38 and the second weld line 28 lie within
th

D

borders of the substantially flat major surface 93.
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(0051] FIG. 12 A is 2 top view of the sheet 31 of FIG. 2
after it has been rolled into z substantlally tubular shape
and wrapped zrcund or applied to ﬁhe mandrel 27 of FIG. 10.
PIG. 12 A shows that the first weld point 32 and its
corresponding weld point 35 comprising weld point pair 104 are
disposed on the first weld line 38. FIG. 12 alsoc shows that
the second weld points 33 and 36 comprising weld point pair
103 are disposed on the second weld line 3S. As shown, both
the first weld line 38 and the second weld line 39 lie within

the borders of the substantizlly flat major surface 101.

[0052] FIG. 13 ois =2 cross-sectional view taken along lins
13-13 of FIG. 12. FIG. 13 shows that when the lazser 30 1is
moved laterally from the longitudinal axis 96 of the mandrel
89 to weld the corresponding weld points: 32 and 36 dispossd on
the second weld line 39 of the sheet 31, the laser beam 29 is
substantially perpendicular tc the welding }_';:lana 27 oi the
weld points 33 and 36 comprising weld péint pairs 103 disposed

a2long the second weld line 32.

[0053] FIG. 14 is a cross-sectional view taken along line
14-14 of FIG. 12. PFPIG. 14 shows that when the laser 30 has
moved laterally from the longitudinal axis $6 of the mandrel
8% to weld the corresponding weld points 32 and 35 comprising
weld point pair 104 disposed on the first weld line 38 of the
sheet 21, the lassxr beam 29 is substantially perpendicular to

the welding plane 27 of the weld points 322 and 35 disposed

o » e

along the first weld line 38.

[0054] 2lthough the preferred embodiment of the invention
discussed above utilizes laser welding te join the weld
points, the weld points may also be joined by other means that
are well Known to those skilled in the art as suitable for
this purpose, for example, spot-welders, arc-weslders, and

gluing devices.
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[0055] Beczause the laser beam 22 intersects the weldin
planes 27 at an angle that is substantially perpendicular to
the welding planes 27 of the weld points 22 and 25 on the

First weld line 328 and weld points 23 and 36 on the second

weld line 39, more uniform and stronger welds result and.

thus, more uniform and stronger stents are produced.

[(005F] It will be appreciated by those skilled in the art
that sheets having z variety of arrangements and patterns of
weld points and weld lines may be utilized to manufacture
stents in accordance with this invention. OFf course, the weld
polnts on the first long side and the second long side need
ot actually be disposed on lines at all; they need only meet
in weld point pairs when the sheet is rolled 'into a tubularx
| shape and the first and second long sides meet each other. In
some applications it may be desirable to manufacturs stents in
which no two weld point pairs are disposed along an axis that
1s substantially parallel to the longitudinal axis of the
maridrel, In other applications it may be desirable to
manuracture stents in which the weld points are disposed aleng

2 plurality of weld lines substantially pafallel to the

longitudinal axis of the mandrel.

(0057] F1G. 15 shows a simplified representation of one
such embodiment of a sheeﬁ 41 having an arrangement of weld
points comprising a plurality of weld polnt pairs that are not
disposed on a single weld line having = 1ongitudinal axis
parallel to the longitudinal axis of the sheet 41. The sheet
41 hzs a first long side 42 and z sescond long side 243 and =2
longitudinal axis 59 and is provided with weld points 44, .45,
46, 47, and 48 disposed along the first long side 42.
Corresponding weld points 49, 50, 51, 52, and 53 disposed
aleng the gecond long side 43. FIC. 16 ’is a Ctop view of the
sheet of FIG. 8 after it has been rolled into = substantially

tubular shape znd wrapped around a mandrel 39 constructed in
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accordance with the invention. Fig 16 shows that the
corresponding weld points 44 and 49, 45 and 50, 46 and 51, 47
and 52, and 48 and 53 have been aligned and form weld point
pairs. As shown in FIG. 16, when the sheet 241 is rolled into
‘& substantizlly tubular shape no two weld point pairs are
Aaligned along a single weld line parallel to the longitudinal
axis 59 of the sheet 41. Instead, the weld point pairs are
independently arranged along five different weld lines 5%, 55,
56, 57, and 58. Ncnethelezs, the weld lines 54, 55, 56, 57.
and 58 lie within the substantially flat major surface 93 of
the mandrel, and therefore the laser beam 29 will be
substantially perpéndicular to the weld planes of the weld
point pairs that zre disposed on weld lines 54, 55, 56, 57,

and 58.

0058] FIG. 17 shows a gsimplified representation of one
embodiment of a sheet 60 having weld point:é arranged along
four weld lines. The sheet 60 has a first long side €1 and a
Second long side 2. A plurslity of weld points 63, €4, &5,
&6, €7, 68, 69, 70, 71, 72, and 73 are disposed along the
first long side 61 and a plurality of weld pointi 74,75, 76,
'7"?,.° 78, 7%, 80, 81, 82, 83, are B84 disposed along the second
long side. FIG. 18 shows the sheet 60 of FIG. 17 after it has
been rolled into a substantially tubular shape and wrapped
around the mandrel 82 of FIG. 8 constructed in accordance with
the invention. As shown in FIG. 18, in this smbodiment when
the sheet €0 has been rolled into a substantially tubular
shape the weld point pairs are disposed along four weld lines
85, 86, 87, and 88. Again, because the weld lines 85, 86, 87.
and 88 azxre disposed within the substantially flat surface 33
of the mandrel 85, the laser beam 29 is substantially
perpendicular to the weld point pairs disposed along the

welding lines 85, 86, 87, and BS8.

[0052] If, instead. the sheets 41 and 60 of FIGS. 15 and
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17 were to be wrapped around a conventional mandrel having a
substantially circular cross-section, the same problem would
occur with respect to the angle that the laser beam makes when
it intersects the welding plane of the weld pointg as
discussed zbove with respect to FIG. 4. Thus, as shown 1in
FIGS. 12, 16, and 18, no matter how many weld lines are
utilized for a specific application, the present inventicon may
optimize the uniformity and strength of all of the welds on

.all of the weld lines.

(00&0Q] In an especizally preférred embodiment of the
invention, the weld points comprising the weld point pairs zare
disposed to form a v-shaped notch prior to.joining. This

results in a stronger joint.’

[0061] A detailed discussion of methods of making stents

and approaches for making stents is found in U.S. Patent

No. 5,906,759.

[0062]  To practice =a preferi‘ed embodiment of the invention
a patterned sheet having a first long side and a second long
elde is utilized. The first long side iz provided with a
plurality of weld points that correspond teo a plurality of
weld points dispcsed on the second long side. Whén the sheet
is rolled into a substantially tubular shape the corresponding
weld points axe aligned and form a plurality of weld point
pairs. The weld points comprising the weld point pairs are
arranged so that when the sheet is rolled into a tubular
conriguration, the weld point pairs are not all located on =z
single weld line. A means for wrapping is used to wrap the
sheet arcund the mandrel. The means for wrapping may be
selected from a wide variety of means for wrapping well known
cO these skilled in the art, however, in a preferred

embodiment one or more deforming blades is utilized. The
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mandrel has z first end, a second end, and is provided with at
least one substantizlly flat major surface disposed between
rhe First end and the second end. The sheet is wrapped around

+he mandrel so that all of the weld lines are disposed
adjacent to the substantially flat surfaces. An aligning and
securing means, preferably a selectively actuated blade, 1is
wtilized to align and secure the weld points on the first long
side of the sheet with the corresponding weld points on the
second long side of the sheet. The aligned znd secured weld
pdints form a plurality of weld point pairs so that a2ll of the
weld planes of all of the weld points comprising the weld
point pairs disposed on z2ll of the weld lines are
substantially parallel to the plane of the substantially flat
major surface of the mandrel. A means for joining, preferably
one or more lasers, may be disposed adjacent the mandrel and
is supperted for movement in directions parallel to and
orthogonal to the longitudinal axis of the mandrel and the
substantially flat majoer surface of the mandrel to permit the
laser to migrate to a position above eaiﬁh weld point palr
disposed on all of the weld lines. Alternatively, a plurality
of fixed or movable lasers may be utilized. In yet another
ambodiment, the mandrel may be selectively moved to align the
weld points with the laser beam generated by the laser or
lasers. The lazger beam is aligned over each wald point paix
and is zimed at a target weld spot disposed about egquidistant

from the weld points comprising each weld point pair. The

jaser is eneragized and generates a laser beam that intersects
the weld planes of each of the weld point pairs at an angle
that is substantially perpendicular to the welding planes ofFf
csach of the weld point pairs. The laser is energized in an
amount =and for a period of time sufficient to connect the weld

pecints comprising each weld point pair.

[0083] after welding is complete, the welded stent is then

removed from the mandrel. I the stent i1s made from a sheet
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COMPrising a shape-memory or super slastic material such as
nitinel, the stent will preferably assume z substantiszlly
tubular shape having a substantially circular cross-section
after it has been removed £from the mandrel. If the stent is
made Trom a sheet comprised of a material such as plastic or
stainless steel, it may be nscessary to reshape the stenf:
afrter it has been removed from the mandrel so that the stent

has a substantizlly circular cross-section. This may be
accomplished in a2 variety of ways well known to those skilled
in the art. In z preferred embodiment, & sheping mandrel
having a substantially clrcular cross-section is introducesd
into the longitudinal bore of the stent. Preiferably, the
shaping mandrel is provided with a cross-sectional diameter
that is substantially equal to ths grmd internal cross-
sectional diameter of the stent. DPressure is applied to the
external surface of the stent so that the stent subtantizlly
| conforms to the external surface of the mandrel. This
provides the stent with a cross-section that is substantially

circular and also provides the stent with the desired internzal

cross-sectional diameter.

[008&4] Although certain preferred embodiments of the
present invention have been described, the spirit and scope of

the invention is by noc msans restricted to the preferred

embodiments and examples disclosed above.
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CLAIMS

1. A mandrel for forming a stent, comprising:

a member having a first end, a second end and an
external surface, the external surface provided with at
least one substantially flat surface extending between
the first end and the second end, the external surface
configured to receive a sheet of material to be formed

into the stent.

2. A mandrel for forming a stent, comprising:

a member having a first end, a second end and an
external surface, the external surface provided with a
plurality of substantially flat surfaces, each of the
flat surfaces extending between the first end and the
second end, the external surface configured to receive a

sheet of material to be formed into the stent.

3. The mandrel of claims 1 or 2, wherein the mandrel is

provided with three substantially flat surfaces.

4 . A mandrel for forming a stent comprising:

a longitudinal member having a first end and second
end, the longitudinal member having a substantially
triangular cross-sectional shape, wherein each of the
three sides defining the substantially triangular shape
1s a substantially flat surface that extends between the
first end and the second end of the mandrel, wherein the
sides are configured to receive a sheet of material to be

formed into the stent.
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5. Apparatus comprising:

a) a mandrel having an axis, and having a

substantially flat surface;

b) means to wrap a flat sheet provided with a
stent pattern and having two opposed sides around the

mandrel with the two opposed sides disposed on the flat

surface; and

C) means for joining directed substantially

perpendicular to the substantially flat surface.

6. The apparatus of claim 5, whereln the means for

joining is a welding apparatus.

7. The apparatus of claim 6, wherein the welding

apparatus 1s a laser-welding apparatus.

8. The apparatus of claim 5, wherein the means for

joining 1s a glulng apparatus.

9. Apparatus for fabricating a stent, comprising:

a) a platform adapted to receive a sheet of
material to be formed into the stent, the sheet having a
longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side, the
first long side provided with a plurality of weld points
and the second long side provided with a plurality of
corresponding weld points; the weld points disposed so
that when the sheet is formed i1nto a substantially
tubular shape, the weld points on the first long side are
adjacent to the corresponding weld points on the second
long side to form a plurallty of weld point pairs and the
weld point pailirs are not disposed along a single common

weld line parallel to the longitudinal axis of the stent;
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b) a mandrel having an external surface and a
first end and a second end defining a longitudinal axis,
the mandrel sized to have an external perimeter about the
longitudinal axis substantially equal to or less than the
internal perimeter of the stent to be fabricated, the
external surface provided with at least one substantially

flat surface extending between the first end and the

second end;

C) means for deforming the sheet against the
external surface of the mandrel so that the sheet 1is

deformed i1nto a substantially tubular shape;

d) means for aligning and securing the weld
points on the first long side and the corresponding weld
points on the second long side to form the plurality of
weld point palrs so that the weld points comprising each

weld point palr can be joined; and

e) means for joining the weld points on the first
long side to the corresponding weld points on the second
long side, the means for deforming and the means for
aligning and securing adapted to secure the aligned weld
points comprising the weld point pailrs adjacent to the
substantially flat surface of the mandrel so that the
aligned weld points lie 1in a plane that is substantially
perpendicular to the application of the means for

joining.

10. The apparatus of claim 9, wherein the means for

Jjoining 1s a welding apparatus.

11. The apparatus of claim 10, wherein the welding

apparatus 1s a laser-welding apparatus.

12. The apparatus of claim 9, wherein the means for

joining 1s a gluing apparatus.
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13. Apparatus for fabricating a stent, comprising:

a) a platform adapted to receive a sheet of
material to be formed into the stent, the sheet having a
longitudinal axis, a first major surface, a second major
surface, a first long side, and a second long side; the
first long side provided with a plurality of weld points
and the second long side provided with a plurality of
corresponding weld points; the weld points disposed so
that when the sheet is formed into a substantially
tubular shape, the weld points on the first long side are
adjacent to the corresponding weld points on the second
long side to form a plurality of weld point pairs

disposed on a plurality of weld lines;

D) a mandrel having an external surface and a
first end and a second end defining a longitudinal axis,
the mandrel sized to have an external perimeter about the
longitudinal axis substantially equal to or less than the
internal perimeter of the stent to be fabricated, the
external surface provided with at least one substantially
flat surface extending between the first end and the

second end;

C) means for deforming the sheet against the
external surface of the mandrel so that the sheet 1is

deformed i1nto a substantially tubular shape;

d) means for aligning and securing the weld
points on the first long side and the corresponding weld
points on the second long side to form a plurality of
weld point pairs so that the corresponding weld points

comprising the weld point pairs can be joined; and

e) means for joining the weld points on the first
long side to the corresponding second weld points on the

second long side, the means for deforming and the means
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for aligning and securing adapted to secure the aligned
weld points adjacent to the substantially flat surface of
the mandrel so that each of the aligned weld points
comprising each of the weld point pairs disposed on each
of the plurality of weld lines lies 1n a plane that 1is
substantially perpendicular to the application of the

means for joining.

14. The apparatus of claim 13, wherein the means for

joining 1s a welding apparatus.

15. The apparatus of claim 14, wherein the welding

apparatus 1s a laser-welding apparatus.

l1o. The apparatus of claim 13, wherein the means for

joining is a gluing apparatus.

17. Apparatus for fabricating a stent, comprising:

a) a platform adapted to receive a sheet of
material to be formed i1into the stent, the sheet of
material having a longitudinal axis, a first major
surface, a second major surface, a first long side, and a
second long side, the first and second long sides
substantially parallel to the longitudinal axis of the
sheet; the first long side provided with a plurality of
first weld line weld points and a plurality of second
weld line weld points and the second long side provided
with a plurality of first weld line points and a

plurality of second weld line weld points;

the weld points disposed so that when the
sheet 1s formed into a substantially tubular shape

the first weld line weld points on the first long

side are adjacent to the corresponding first weld

line weld points on the second long side to form a

plurality of first weld line weld point pairs
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disposed on a first weld line having a longitudinal

axis substantially parallel to the longitudinal axis

of the sheet;

the weld points disposed so that when the
stent is formed into a substantially tubular shape
the second weld line weld points on the first long
side are adjacent to the corresponding second weld
line weld points on the second long side to form a
plurality of second weld line weld polint pairs
disposed on a second weld line having a longitudinal
axis that 1s substantially parallel to the

longitudinal axis of sheet;

b) a mandrel having an external surface and a
first end and a second end defining a longitudinal axis,
the external surface provided with at least one
substantially flat surface extending between the first

end and the second end;

C) means for deforming the sheet against the
external surface of the mandrel so that the sheet 1is
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 sheet i1s deformed into the tubular shape;

d) means for aligning and securing the first weld
line weld points on the first long side to the
corresponding first weld line weld points on the second
long side and for aligning and securing the second weld
line weld points on the first long side to the
corresponding second weld line weld points on the second
long side so that the weld points comprising each weld

point pair can be connected; and
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e) means for joining the aligned first weld line

it

weld points of the first weld line and the aligned second

weld line weld points of the second weld line, the means

for deforming and the means for aligning and securing

adapted to secure the aligned first weld points and the
aligned second weld points adjacent to the substantially
flat surface of the mandrel so that the aliligned weld
points of each weld point pailr disposed on the first and
second weld lines lie 1n a plane that 1s substantially

P

perpendicular to the application of the means for

jolning.

18. The apparatus of claim 17, wherein the means for

jolning 1s a welding apparatus.

19. The apparatus of claim 18, wherein the welding

apparatus 1s a laser-welding apparatus.

20. The apparatus of claim 17, wherein the means for

jolning 1s a gluing apparatus.

21. A method comprising:

a) wrapplng a sheet provided with a stent pattern
and having two opposed sides about a mandrel having an
axls, and having a flat surface, so as to cause the two

opposing sides to meet adjacent to the flat surface; and

b) utilizing a means for joining to join the two

opposing sides at least at two points lying on lines on

the surface parallel to the axils, but laterally displaced

from each other on the flat surface, directing the means

for joining substantially perpendicular to the flat

surface.
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22. A method comprising:

a) wrapping a sheet provided with a stent pattern
and having two opposed sides about a mandrel having an

axls, and having a flat surface, so as to cause the two

opposing slides to meet adjacent to the flat surface; and

b) utilizing a means for joining to join the two
opposing sides at least at two points that do not lie on
a single line parallel to the mandrel’s longitudinal
axls, directing the means for joining substantially

perpendicular to the flat surface.

23. The method according to claims 21 or 22, whereln the

jolning step comprises welding.

24. The method according to claim 23, wherein the

welding step 1s laser-welding.

25. The method of claims 21 or 22, wherein the joining

step comprises gluing.

26. The method according to claim 21, comprising joining
a plurality of points located on each of said lines

laterally displaced from each other.

27. A method of making a stent, comprising the steps of:

a) utilizing a sheet of material to be formed
into the stent, the sheet having a longitudinal axis, a
first major surface, a second major surface, a first long
side, and a second long side, the first long side
provided with a plurality of weld points and the second
long side provided with a plurality of corresponding weld
points; the weld points disposed so that when the sheet
1s formed into a substantially tubular shape, the weld
points on the first long side are adjacent to the

corresponding weld points on the second long side to form
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a plurality of weld point pairs and the weld point pairs
are not aligned along a common weld line parallel to the

longitudinal axis of the sheet;

b) deforming the sheet against the external
surface of a mandrel so that the sheet is deformed into a
substantially tubular shape; the mandrel having an
eXxternal surface and a first end and a second end
defining a longitudinal axis, the mandrel sized to have
an external perimeter about the longitudinal axis
substantially equal to or less than the 1internal
perimeter of the stent to be fabricated, the external
surface provided with at least one substantially flat
surface extending between the first end and the second

end;

C) aligning and securing adjacent the
substantially flat surface of the mandrel each of the
weld points so that the weld points lie in substantially
the same plane that 1s substantially parallel to the
substantially flat surface of the mandrel, and so that
the weld points on the first long side are adjacent to
the corresponding weld polnts on the second long side to
form a plurality of weld point pairs that are not

disposed only along a single common weld line; and

d) joining the corresponding weld points
comprising each weld point pair utilizing a means for
joining, the means for joining directed substantially

perpendicular to the plane in which the weld points lie.

28. The method of claim 27, wherein the joining step

comprises welding.

29. The method of claim 28, wherein the welding step is

laser-welding.
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30. The method of claim 27, wherein the joining step

comprises gluing.

31. A method of making a stent, comprising the steps of:

a) utilizing a sheet of material to be formed

into the stent, the sheet having a longitudinal axils, a
first major surface, a second major surface, a first long
side, and a second long side, the first long side
provided with a plurality of weld points and the second
long side provided with a plurality of corresponding weld
points; the weld points disposed so that when the sheet
is formed into a substantially tubular shape, the weld

points on the first long side are adjacent to the

corresponding weld points on the second long side to form
a plurality of weld point pairs disposed on a plurality

of weld lines;

b) deforming the sheet against the external
surface of a mandrel so that the sheet is deformed into a

substantially tubular shape; the mandrel having an

external surface and a first end and a second end

defining a longitudinal axis, the mandrel sized to have
an external perimeter about the longitudinal axis
substantially equal to or less than the internal
perimeter of the stent to be fabricated, the external
surface provided with at least one substantially flat
surface extending between the first end and the second

end;

C) aligning and securing adjacent to the
substantially flat surface of the mandrel each of the
plurality of weld points to form a plurality of weld
point pairs disposed along each of the plurality of weld
lines so that the weld points disposed on each of the

plurality of weld lines lies 1n substantially the same
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plane that 1s substantially parallel to the substantially
flat surface of the mandrel, and so that the weld points
on the first long side are adjacent to the corresponding
weld points on the second long side to form a plurality
of weld point pairs disposed on a plurality of weld

lines; and

d) joining the corresponding weld points
comprising each weld point pair disposed on the plurality
of weld lines utilizing a means for joining, the means
for joining directed substantially perpendicular to the

plane in which the weld points lie.

32. The method of claim 31, wherein the joining step

comprises welding.

33. The method of claim 32, wherein the welding step is

laser-welding.

34. The method of claim 31, wherein the joining step

comprises gluing.

35. A method of making a stent, comprising the steps of:

a) utilizing a sheet of material to be formed
into the stent, the sheet having a longitudinal axis, a
first major surface, a second major surface, a first long
side, and a second long side, the first and second long
sides substantially parallel to the longitudinal axis of
the sheet; the first long side provided with a plurality
of first weld line weld points and a plurality of second
weld line weld points and the second long side provided
with a plurality of first weld line weld points and a
plurality of second weld line weld points; the weld
points disposed so that when the sheet is formed into a
substantially tubular shape, the first weld line weld

points on the first long side are adjacent to the
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corresponding first weld line weld points on the second
long side to form a plurality of first weld line weld
point pairs disposed on a first weld line having a
longitudinal axis substantially parallel to the
longitudinal axis of the sheet; the weld points disposed
so that when the stent is formed into a substantially
tubular shape the second weld line weld points on the
first long side are adjacent to the corresponding second
weld line weld points on the second long side to form a
plurality of second weld line weld point pailrs disposed
on a second weld line having a longitudinal axis that 1is
substantially parallel to the longitudinal axis of the

sheet;

b) deforming the sheet against the external

surface of a mandrel so that the sheet 1s deformed into a
substantially tubular shape; the mandrel having an
external surface and a first end and a second end
defining a longitudinal axis, the mandrel sized to have
an external perimeter about the longitudinal axis
substantially equal to or less than the internal
perimeter of the stent to be fabricated, the external
surface provided with at least one substantially flat
surface extending between the first end and the second

end;

C) aligning and securing adjacent to the
substantially flat surface of the mandrel the first and
second weld points so that the first weld line weld
points on the first long side are adjacent to the
corresponding first weld line weld points on the second
long side to form a plurality of first weld line weld
point palrs disposed on a first weld line having a
longitudinal axis substantially parallel to the

longitudinal axis of the sheet; and so that the second
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weld line weld points on the first long side are adjacent
to the corresponding second weld line weld points on the
second long side to form a plurality of second weld line
weld point pairs disposed on a second weld line having a
longitudinal axis that is substantially parallel to the
longitudinal axis of the sheet; and so that the first and
second weld points comprising the weld point pairs
disposed on the first and second weld lines lie in

substantially the same plane that is substantially

parallel to the substantially flat surface of the

mandrel; and

d) joining the first weld points comprising each
of the first weld point pairs disposed on the first weld
line and connecting the second weld points comprising
each of the second weld point pairs disposed on the
second weld line utilizing a means for joining, the means
for joining directed substantially perpendicular to the

plane 1n which the first and second weld points lie.

36. The method of claim 35, wherein the joining step

comprises welding.

37. The method of claim 36, wherein the welding step is

laser-welding.

38. The method of claim 35, wherein the joining step

comprises ¢gluing.

39. The apparatus of any of claims 1, 2, 3, 4, 5, 9, 13,
or 17, whereln the substantially flat surface of the

mandrel 1s provided with at least one void.

40. The apparatus of any of claims 1, 2, 3, 4, 5, 9, 13,
or 17, wherein the substantially flat surface of the
mandrel 1s provided with at least one groove having a

longitudinal axis.
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41. The apparatus of claim 40, wherein the longitudinal
axls of the groove is substantially parallel to the

longitudinal axis of the mandrel.

42. The apparatus of claims 9, 13, or 17, wherein the

means for deforming and the means for aligning and
securing are further adapted to provide a substantially
v-shaped notch between the weld points when the weld
points are aligned and secured adjacent to the

substantially flat surface of the mandrel.

43. The apparatus of claims 9, 13, or 17, wherein the
first and second long sides of the flat sheet are

substantially parallel to the longitudinal axis of the

sheet.

44, The apparatus of claim 43, whereilin the means for
deforming 1s adapted so that the first long side and the
second long side remain substantially parallel to each

other when the sheet 1s deformed into the tubular shape.

45, The method of claims 27, 31, or 35, further
comprising the step of providing a substantially v-shaped
notch between the weld points prior to carrying out

step d).

46. The method of claim 45, wherein the v-shaped notch

1s provided durilng step c).

477 . The method of claims 21, 22, 27, 31, or 35, further
comprising the step of providing the sheet with first and
second long sides that are substantially parallel to the

longitudinal axis of the sheet.

48 . The method of claim 47, further comprising the step

of aligning the first long side and the second long side

so that the first long side and the second long side
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remain substantially parallel to each other when the

sheet 1s deformed into the tubular shape.

49, The apparatus of claims 5, 9, 13, or 17, wherein the

sheet is comprised of a material selected from the group

consisting of metals and plastics.

50. The apparatus of claim 49, wherein the metal 1is

selected from the group consisting of stainless steel and

nickel-titanium alloys.

51. The method of claims 21, 22, 27, 31, or 35, whereiln
the sheet is comprised of a material selected from the

group consisting of metals and plastics.

52. The method of claim 51, wherein the metal 1s
selected from the group consisting of stainless steel and

nickel-titanium alloys.

S53. The apparatus of claim 5, wherein the means for

joining 1s supported for movements in directions parallel
to and orthogonal to the axis of the mandrel to permit
jolning at points which are laterally displaced from each

other on the substantially flat surface.

54. A method comprising:

a) wrapping a sheet provided with a stent pattern

and having two opposed sides about a mandrel having an

axis, and having a flat surface, so as to cause the two

opposing sides to meet adjacent to the flat surface; and

b) utilizing laser welding to join the two
opposing sides at least at two points lying on lines on

the surface parallel to the axis, but laterally displaced

from each other on the flat surface, directing the laser

beam substantially perpendicular to the flat surface.
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55. A method comprising:

a) wrapping a sheet provided with a stent pattern

and having two opposed sides about a mandrel having an

axls, and having a flat surface, so as to cause the two

opposing sides to meet adjacent to the flat surface; and

b) utilizing laser welding to join the two
opposing sides at least at two points that do not lie on
a single line parallel to the mandrel’s longitudinal
axls, directing the laser beam substantially

perpendicular to the flat surface.

56. The apparatus of claims 6, 10, 14, or 18, wherein
the welding apparatus 1s selected from the group

consisting of spot welders and arc welders.

57. The method of claims 23, 28, 32, or 36, wherein the
welding step is carried out using a welding method

selected from the group consisting of spot welding and

arc welding.
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