Office de la Proprieté Canadian CA 2400928 C 2010/10/12

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 400 928
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2001/02/21 (51) CLInt./Int.Cl. C23C 74/04(2006.01),
. o . o . A6171B 1/00(2006.01), C23C 714/28(2006.01),
(87) Date publication PCT/PCT Publication Date: 2001/08/30 HO5K 3/04 (2006.01)
(45) Date de délivrance/lssue Date: 2010/10/12
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2002/08/21 MERDAN, KENNETH M., US:
(86) N° demande PCT/PCT Application No.: US 2001/005437 SHAPOVALOV, VITALIY N., US
(87) N° publication PCT/PCT Publication No.: 2001/063001 (73) Proprietaire/Owner: )
o BOSTON SCIENTIFIC LIMITED, BB
(30) Priorité/Priority: 2000/02/25 (US09/513,547)
(74) Agent: OYEN WIGGS GREEN & MUTALA LLP
(54) Titre : DEPOSITION LASER D'ELEMENTS SUR DES DISPOSITIFS MEDICAUX
(54) Title: LASER DEPOSITION OF ELEMENTS ONTO MEDICAL DEVICES
@ e
44
K

(57) Abréegée/Abstract:

Devices and methods for fabricating medical devices are disclosed. A device In accordance with the present invention includes a
laser beam source capable of producing a laser beam, a carrier coupled to a carrier motion actuator capable of moving the carrier
relative to the laser beam, and a workpiece motion actuator capable of moving a workpiece relative the laser beam. A method In
accordance with the present Invention includes the steps of positioning the carrier between the laser beam source and the
workpilece, llluminating a portion of the carrier with the laser beam, moving the carrier relative to the laser beam, and moving the
workplece relative to the laser beam.

<o
Sy SR VEEEEN
.l.!.\‘\-c.c..--.
. N r
R e [ [ [
T
o

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 01/63001 A3

CA 02400928 2002-08-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
30 August 2001 (30.08.2001)

C23C 14/04,

(51) International Patent Classification’:
A61B 1/00, C23C 14/28

(21) International Application Number: PCT/US01/05437

(22) International Filing Date: 21 February 2001 (21.02.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/513,547 235 February 2000 (25.02.2000)  US

(71) Applicant: SCIMED LIFE SYSTEMS, INC. [US/USJ;
One SciMed Place, Maple Grove, MN 55311 (US).

(72) Inventors: MERDAN, Kenneth, M.; 8627 Grace Lane,
Greenfield, MN 55357 (US). SHAPOVALOY, Vitaliy, N.;
4409 Aquila Avenue North, New Hope, MN 55428 (US).

(54) Title: LASER DEPOSITION PROCESS

PCT

(10) International Publication Number

WO 01/63001 A3

(74) Agents: SEAGER, Glenn, M. et al.; Crompton, Seager
& Tufte, LLC, Suite 895, 331 Second Avenue South, Min-
neapolis, MN 55401 (US).

(81) Designated States (national): CA, JP.

(84) Designated States (regional): European patent (AT, BE,
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

Published:

with international search report

(88) Date of publication of the international search report:
13 December 2001

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

y 22
WORKPIECE] — %* 1
AR TR0L | WORKPIECE _
i SYSTEM |
CARRIER —_ 30
|
CARRIER T 32
MOTION »
CONTROL S Sl
SYSTEM —
| LASER | _4p
71— 50 SOURCE
SYSTEM I
CONTROLLER 40
| " l/_
L ASER
CONTROL
| SYSTEM

/

20

(87) Abstract: Devices and methods for fabricating medical devices are disclosed. A device in accordance with the present invention
includes a laser beam source capable of producing a laser beam, a carrier coupled to a carrier motion actuator capable of moving
the carrier relative to the laser beam, and a workpiece motion actuator capable of moving a workpiece relative the laser beam. A
method in accordance with the present invention includes the steps of positioning the carrier between the laser beam source and the
workpiece, 1lluminating a portion of the carrier with the laser beam, moving the carrier relative to the laser beam, and moving the

workpiece relative to the laser beam.
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LASER DEPOSITION OF ELEMENTS ONTO MEDICAL DEVICES

Field of the Invention

The present invention relates generally to medical devices and associated
methods of manufacture. More particularly, the present invention relates to the

application of layers of material to the surface of medical devices.

Background of the Invention

In recent years there has been a great deal of interest in the development of
devices which enable physicians to perform medical procedures in a way which 1s
minimally invasive to the body of the patient. These devices have been utilized to
access many sites in the human body. Examples include coronary vasculature,
cerebral vasculature, peripheral vasculature, and the gastrointestinal tract. During the
fabrication of these devices, it is frequently necessary to apply an overlaying material
to the outer surface of a radial cylindrical device. Many examples of the need to
apply overlaying materials to generally cylindrical medical devices may be found In
devices which are utilized to assure that the heart is properly perfused with blood.

Assuring that the heart muscle is adequately supplied with oxygen is critical to
sustaining the life of a patient. To receive an adequate supply of oxygen, the heart
muscle must be well perfused with blood. In a healthy heart, blood perfusion is
accomplished with a system of blood vessels and capillaries. However, it 1s common
for the blood vessels to become occluded (blocked) or stenotic (narrowed). A
stenosis may be formed by an atheroma which is typically a harder, calcified

substance which forms on the walls of a blood vessel. Individual stenotic lesions may
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be treated with a number of mimimally invasive medical procedures including
angloplasty and atherectomy.

Angioplasty techniques typically involve the use of a balloon catheter apd a
guide catheter. During this procedure, the distal end of the guide catheter is typically
inserted into the femoral artery located near the groin of the patient. The guide
catheter 1s urged through the vasculature of the patient until its distal end is proximate

the restriction. In many cases, the distal end of the guide catheter is positioned in the

ostium of the coronary artery.

In order to determine the location of the distal tip of the catheter, a ring of
radiopaque material may be disposed proximate the distal tip of the guide catheter.
This ring of radiopaque material produces a relatively bright signal on a fluoroscopy
screen, allowing the physician to “see” where the tip of the catheter 1s located relative
to the patients anatomy. Radiopaque markers are one example of an element which
may be fabricated by applying an overlaying material to a generally cylindrical

medical device.

Once the guide catheter has been properly positioned, the balloon catheter
may be fed through a lumen 1n the guide catheter. The balloon 1s advanced beyond

the distal end of the guide catheter until 1t 1s positioned proximate a restriction 1n a
diseased vessel. The balloon is then inflated and the restriction in the vessel is
opened. The balloon catheter may also include a radiopaque ring to aid the physician
1n positioning the balloon proximate the restriction.

Because a wide range of sizes and styles of catheters are used 1n angioplasty

procedures 1t 1s desirable that the different sizes be readily i1dentifiable. Identifying
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marks may be placed on a catheter by applying a layer of marking maternial. The
marking material may define alphabetic or numeric characters. Alternately, the color
or shape of the material may be used as an i1dentifier. Visual 1dentifiers are an
additional example of an element which may be fabricate by applying an overlaying
material to a generally cylindrical medical device.

To prevent subsequent closure of the vessel in the restricted area (restenosis)
after an angioplasty procedure, a physician may implant a stent. Stents are normally
comprised of a generally cylindrical skeletal frame which includes openings and a
lumen which extends longitudinally through the stent. A varilety of processes are
known for fabricating stents. A stent may consist of a plurality of filaments or fibers
which are wound or braided together to form a continuous structure. Alternately, the
skeletal frame of a stent may be formed by removing material from a tubular element
using a laser cutting process. Two general types of stents are commonly used; self-
expanding and balloon expandable. A stent may be comprised of any biocompatible
material possessing the structural and mechanical attributes necessary for supporting

a diseased vessel.

A stent may also include one or more layers of additional material overlying
the skeletal frame. Examples of such materials include a drug release coating
comprising a therapeutic substance in a polymeric carrier. Drug release coatings are
an additional example of an element which may be fabricate by applying an
overlaying material to a generally cylindrical medical device.

As mentioned above, individual stenotic lesions may also be treated with an

atherectomy procedure. During an atherectomy procedure, a stenotic lesion 1s
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mechanically cut or abraded away from the blood vessel wall. A catheter used m an
atherectomy procedure may include an ablating burr having an abrasive coating. This
abrasive coating may be fabricated by applying a layer of material to a body member

of the ablating burr. This abrasive material 1s an additional example of an element

- which may be fabricate by applying an overlaying material to a generally cylindrical

medical device.

Percutaneous myocardial revascularization (PMR) 1s an additional procedure
which may be performed to improve perfusion of the heart muscle. PMR 1is typically
used in clinical situations where angioplasty and atherectomy may not achieve the
desired results. As described above, angioplasty, and atherectomy procedures have
both been found effective in treating individual stenotic lesions in relatively large
blood vessels. However, the heart muscle is perfused with blood through a network
of small vessels and capillaries. In some cases, a large number of stenotic lesions
may occur in a large number of locations throughout this network of small blood
vessels and capillaries. The torturous path and small diameter of these blood vessels
limit access to the stenotic lesions. The sheer number and small size of these stenotic
lesions make techniques such as angioplasty, and atherectomy impractical for some
patients.

When techniques which treat individual lesion are not practical a technique
know as percutaneous myocardial revascularization (PMR) may be used to improve
the oxygenation of the myocardial tissue. A PMR procedure generally involves the
creation of holes, craters or channels directly into the myocardium of the heart. PMR

was inspired in part by observations that reptilian heart muscles are supplied with
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oxygen primarily by blood perfusing directly from within heart chambers to the heart
muscle. This contrasts with the human heart, which 1s supplied by coronary vessels
recelving blood from the aorta. Positive clinical results have been demonstrated in
human patients recerving PMR treatments. These results are believed to be caused in
part by blood flowing within a heart chamber through channels in myocardial tissue
formed by PMR. Increased blood flow to the myocardium is also believed to be
caused 1n part by the healing response to wound formation. Specifically, the
formation of new blood vessels 1s believed to occur in response to the newly created
wound. This response 1s sometimes referred to as angiogenisis. In addition to
promoting increased blood flow, it 1s also believed that PMR improves a patient's
condition through denervation. Denervation 1s the elimination of nerves. The
creation of wounds during a PMR procedure results in the elimination of nerve
endings which were previously sending pain signals to the brain as a result of
hibernating tissue.

In a PMR procedure, hibernating heart tissue may be ablated using radio
frequency energy. In this procedure radio frequency energy i1s delivered to the
hibernating heart tissue using a catheter which includes one or more conductors, and
one or more electrodes. These conductors and electrodes may be fabricated by
applying one or more layers to the outer surface of a generally tubular member. For
example, a conductive material such as gold may be applied to the generally tubular
member to create electrodes, conductors, and or antennas. These electrically

conductive elements are an additional example of an element which may be fabricate

by applying an overlaying material to a generally cylindrical medical device. Yet
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another example of elements which may be fabricated by applying an overlaying
material to a generally cylindrical medical device include elements adapted to provide
desirable structural characteristics, for example, strain relief's, walls of varying

stiffness, etc.

Summary of the Invention

The present invention relates generally to medical devices and associated
methods of manufacture. More particularly, the present invention relates to the
application of layers of matenial to the surface of medical devices. A system 1is
disclosed which 1s capable of depositing material onto a workpiece.

In a presently preterred embodiment, the workpiece 1s a medical device
having a generally cylindrical surface. Also, in a presently preferred method, the
workpiece 1s coupled to a workpiece motion control system which 1s capable of
moving workpiece. The workpiece motion control system may include one or more
linear actuators and one or more rotary actuators.

A carrier 1s positioned 1n close proximity to the workpiece. The carrier 1s
coupled to a carrier motion control system, which may include one or more linear
actuators and one or more rotary actuators. Several embodiments of the carrier and
the carrier motion control system are disclosed. In a presently preferred embodiment,
the carrier comprises a substantially laser transparent substrate having a layer of
writing material overlaying at least a portion of one surface. Also 1n a presently

preferred embodiment, the writing material comprises a sacrificial layer and a

projectile layer.
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The system further includes a laser source which 1s capable of directing a laser
beam. In a presently preferred embodiment, the laser source is stationary. In other
possible embodiments, the laser source may be coupled to a laser motion control
system which may include a plurality of linear actuators and a plurality of rotary
actuators. The actuators of the laser motion control system may be used to position
the laser source so that the laser beam eliminates a portion of the carrier. A system
controller may be utilized to selectively activate and coordinate the laser source, the
laser motion control system, the carrier motion control system, and the workpiece
motion control system.

A catheter in accordance with the present invention may include a strain relief
or a radiopaque marker disposed on one of its surfaces utilizing a method 1n
accordance with the present invention. Other elements which may be deposited on
the surface of a workpiece utilizing methods in accordance with the present invention
include: visual markers, conductors, electrodes, and abrasive layers.

A method of applying material to a work surface in accordance with the
present invention may begin with the step of coupling the workpiece to the workpiece
motion system. The carrier may likewise be coupled to the carrier motion control
system. The carrier may be positioned so that it is in close proximity to a surface of
the workpiece. The laser motion control system may be used to position the laser
source such that the laser beam illuminates a portion of the carrier and carrier 1s
interposed between laser source and workpiece.

The system controller may be utilized to selectively activate the laser source,

the laser motion control, the carrier motion control system, and the workpiece motion
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control system. Relative motion is selectively created between the carrier and the
laser beam to provide a constant supply of writing material. Relative motion 1s
selectively created between the workpiece and the laser beam to make new portions

of the workpiece surface available to recerve matenal.

Brief Description of the Drawings

Figure 1 i1s a block diagram of a fabrication system capable of depositing
material onto a workpiece, the workpiece may have a flat surface as illustrated 1n

Figure 1, or a curved surface;

Figure 2 1s a cross sectional view of a substantially flat workpiece, a laser
beam, and a carrier;

Figure 3 1s a plan view of a catheter having a strain relief and a radiopaque
marker in accordance with the present invention;

Figure 4 is a perspective view of an assembly including a generally tubular
member having an outer surface, and a first electrode, a second electrode, a first
conductor, and a second conductor disposed on the outer surface of the generally
tubular member;

Figure 5 is a fragmentary perspective view 1llustrating a method which may be
utilized to fabricate electrodes and conductors of any geometry;

Figure 6 is a plan view an ablating burr having an abrasive layer 1n accordance

with the present invention;
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Figure 7 1s a perspective view of a generally tubular workpiece having a
visual marker disposed about 1ts outer surface, a substantially flexible carrier
including a layer of writing material, and a laser beam;

Figure 8 1s a perspective view of a generally tubular workpiece, a substantially
ring shaped carrier including a layer of writing material, and a laser beam;

Figure 9 is a perspective view of a generally tubular workpiece, a carrier

which may include a seam, and a laser beam;

Figure 10 1s a plan view of a generally tubular workpiece having a conductor

or structural component disposed on its outer surface;

Figure 11 1s a plan view of a catheter in accordance with the present

invention; and

Figure 12 is a plan view of a catheter having a balloon in accordance with the

present invention.

Detailed Description of the Invention

The following detailed description should be read with reference to the
drawings, in which like elements 1n different drawings are numbered 1dentically. The
drawings which are not necessarily to scale, depict selected embodiments and are not
intended to limit the scope of the invention.

Examples of constructions, materials, dimensions, and manufacturing
processes are provided for selected elements. All other elements employ that which

is known to those of skill in the field of the invention. Those skilled in the art will
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recognize that many of the examples provided have suitable alternatives which may

be utilized.

Figure 1 1s a block diagram of a fabrication system 20 capable of depositing
material onto a workpiece 22. In a presently preferred embodiment, workpiece 22 1s
a medical device having a generally cylindrical surtace. Workpiece 22 1s coupled to a
workpiece motion control system 24; which 15 capable of moving workpiece 22.
Workpiece motion control system 24 may include one or more linear actuators ~ and
ONeE Or more rotary agf:uatorsa

A carrier 30 zs positioned in close proximuty to workpiece 22.  Cammer 30 is
cbﬁplcd to a carrier mohon control system 32. Carriér motion control system 32 may
include- On€ Or more linear actuators and one Or more rotary actuators 28. ‘ In a
presently preierred embodiment, carrier 30 comprises a substantially laser transparent
substrate 34. A layer of writing material overlays at least a portion of one surface of
tbe substantially laser transparent substrate.

System 20 further includes a laser source 40 which is capable of directing a
laser beam 44. Laser source 40 is coupled to 2 laser control systemn 42. In a presently
preferred embodiment, laser source 40 is stationary. Embodiments are- possible 1n
which laser control system 42 includes a pluré.lity of linear actuators and a plurality of
rotary actuators. The actuators of laser control system 42 may be used to position
laser source 40 so that laser beam 44 1lluminates a portion of carrier 30.. Laser control
system 42 may also be utilized to adjust the focus of laser beam 44, by adjusting the

distance between laser source 40 and carrer 30.

10
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As shown in Figure 1, laser source 40 is also coupled to system controller 50.
System controller 50 may be used to selectively illuminate a portion of carrier 30 with
laser beam 44. A number of methods and devices may be used to accomplish the
selective illuminate of carrier 30, including electrical switches and mirrors. System
controller 50 may also be utilized to selectively activate laser motion control system
42 carrier motion control system 32, and workpiece motion control system 24. As
shown 1n Figure 1, system controller 50 1s coupled to each of these elements.

As described previously, workpiece motion control system 24, carrier motion
control system 32, and laser motion control system 42 may all include one or more
linear actuators. Those of skill in the art will appreciate that many embodiments of a
linear actuator are possible without deviating from the spirit and scope of the present
invention. Linear actuators which may be suitable in some applications are
commercially available from Aerotech of Pittsburgh, Pennsylvania and Anorad of
Hauppauge, New York.

As described previously, workpiece motion control system 24, carrier motion
control system 32, and laser motion control system 42 may all include one or more
rotary actuators. Those of skill in the art will appreciate that many embodiments of a
rotary actuator are possible without deviating from the spirit and scope of the present
invention. Rotary actuators which may be suitable in some applications are
commercially available from Aerotech of Pittsburgh, Pennsylvania and Anorad of
Hauppauge, New York.

Figure 2 is a cross sectional view of a substantially flat workpiece 22, a laser

beam 44, and a carrier 30. Carrier 30 comprises a substrate 34 and a layer of writing

11
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material 36 overlying one surface of substrate 34. In the embodiment of Figure 2,
writing material 36 includes a sacrificial portion 37 and a projectile layer 38.

As shown in Figure 2, writing material 36 of carrier 30 1s positioned 1n close
proximity to a surface 52 of workpiece 22. Laser beam 44 is adapted to illuminate a
portion of carrier 30. In a method in accordance with the present invention, laser
beam 44 heats sacrificial layer 37 causing it to be vaporized. The vaporization of
sacrificial layer 37 drives a projectile portion 39 of projectile layer 38 toward a
surface 52 of workpiece 22 at high speed causing projectile portion 39 to bond to
workpiece 22.

In a presently preferred embodiment, substrate 34 is comprised of a matenal
which is substantially transparent to laser beam 44. Suitable materials for substrate
34 include polymeric and non-polymeric materials. Examples of polymeric materials
which may be suitable in some applications include polyethylene (PE), polypropylene
(PP), polyvinyl acetate (PVA), polystyrene (PS), polyethylene terephthalate (PET),
polybutylene terephthalate (PBT), and polytetrafluoroethylene (PTFE). Examples of
non-polymeric materials which may be suitable in some applications include glass,
quartz, and sapphire.

In a presently preferred embodiment, sacrificial layer 37 1s comprised of a
material which is effective at absorbing laser energy. Materials which may be
suitable in some applications include carbon, polysulfone, and polymmide. In a
presently preferred method, sacrificial layer 37 does not decompose at high
temperature and does not chemically interact with the material of projectile layer 38.

However, embodiments of the present method have been envisioned 1 which

12
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sacrificial layer 37 and projectile layer 38 do interact chemically. For example, 1n
one method 1n accordance with the present invention, a layer of nickel and a layer of

titanium are utilized and the matenal which 1s deposited on the work piece 1s a nickel
titanium alloy. Projectile layer 38 may be any material which comprises a desirable
addition to workpiece 22. Examples of elements which may be fabricated using the
process illustrated in Figure 2 will be illustrated in the figures which follow.

Figure 3 1s a plan view of a catheter 54. Catheter 54 includes an elongate
shaft 56 having a distal portion 58 and a proximal portion 60. Elongate shaft 56 1s
comprised of a distal tubular member 62, a proximal tubular member 66, and a
middle tubular member 64. A hub 70 i1s fixed to the proximal end of proximal tubular

member 66. A strain relief 68 1s disposed about an outer surface 52 of proximal

tubular member 66. Hub 70 and strain relief 68 enable a physician to connect other
devices to catheter 54. Hub 70 and strain relief 68 also provide a convenient place for
a physician to apply longitudinal or rotational forces in order to manipulate catheter
54. Strain rehief 68 provides structural support to proximal tubular member 66 to
make kinking less likely when these forces are applied to hub 70. Strain relief 68
may be formed by applying material to outer surface 52 of proximal tubular member
66 using a method 1n accordance with the present invention. Those of skill in the art
will appreciate that strain relief 68 may be any shape or size without deviating from
the spirit and scope of the present invention. For example, embodiments of strain
relief 68 have been envisioned 1in which strain relief 68 tapers from a generally wider
diameter to a generally more narrow diameter. Strain relief 68 may be any material

which provides the desired structural support. Examples of materials which may be

13
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suitable 1 some applications include: polyethylene (PE), polypropylene (PP),
polyvinylchloride (PVC), polyurethane, polytetrafluoroethylene (PTFE), polyether
block amide (PEBA), stainless steel, nickel, titanium alloy and aluminum.

A radiopaque marker 72 1s disposed about an outer surface 52 of distal tubular
member 62. During a surgical procedure radiopaque marker 72 assists a physician in
determining the location of the distal tip of catheter 54 relative to a patients anatomy.
Radiopaque marker 72 appears as a relatively bright image on a fluoroscopy screen,
allowing the physician to “see” where the tip of the catheter 1s located. Radiopaque
marker 72 may be any material which provides the desired level of radiopacity.
Examples of materials which may be suitable in some applications include gold,
platinum, tungsten, iron, silver, and thermoplastic material loaded with a radiopaque
filler. Examples of radiopaque filler which may be suitable in some applications
include barium sulfate, bismuth subcarbonate, bismuth trioxide, bismuth oxychloride,
bismuth subcarbonate, tungsten, and depleted uranium. Radiopaque marker 72 may
be formed by applying material to the outer surface of distal tubular member 62 using
a method 1n accordance with the present invention.

Figure 4 1s a perspective view of an assembly 74 including a workpiece 22
having a surface 52. Workpiece 22 may form a portion of a catheter. A first
clectrode 76 1s disposed about outer surface 52 of workpiece 22. First electrode 76 1s
coupled to a first conductor 78. A second electrode 80 1s also disposed about outer
surface 52 of workpiece 22. Second electrode 80 includes a gap 84 which 1s adapted
to allow first conductor 78 to pass without making electrical conduct. Second

electrode 80 1s coupled to a second conductor 82.

14
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First electrode 76. second electrode 80, ﬁré't conductor 78, and second
conductor 82 may all be comprised of any maternal W}ﬁch provides the desired level
of electrical conductivity. Examples of materials which may be suitable in some
applications include gold, silver, and platinum. First electrode 76 and second
electrode 80 may be used in conjunction with a number of medical procedures.

Examples of such procedures include cardiac pacing, electrocardiograph recording,

and percutaneous myocardial revascularization (PMR).

Those of skill in the art will appreciate that other embodiments of assembly 74
are possible without deviating from the spirit and scope of the present invention. For
example, first conductor 78 and second conductor 82 may form an electncal

connection with elements other than electrodes. Examples of elements which may be

coupled to first conductor 78 and second conductor 82 include pressure SeRsoOrs,

temperature SEnsors, flow Sensors, and electro-magnets.

Figure 5 is a fragmentary perspective view illustrating 2 method which may be
utilized to fabrnicate first e{ectrode 76, second electrode 80, first conductor 78, and
second conductor 82 of Figure 4. In Pigure 5 a carrier 30 is located proximate
workpiece 22. As in Eigure 4, carrier 30 includes a substrate 34 having a writing
material 36 overlaying at least a portion of one surface. In a method in accordance
with the present invention, workpiece 22 is coupled to a workpiece motion control

syStem 24 (not shown in Figure 5). Inthe embodiment of Fi gure 5, workpiece motion

control system 24 includes a rotary actuator. ~ The rotary actuator 1s adapted to

rotate workpiece 22 about an axis of rotation A. In a presently preferred method, axis

" A overlays the longitudinal axis of workpiece 22. Also in the embodiment of Figure
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5, workplece motion control system 24 includes a linear actuator (not shown).
Linear actuator 26 is adapted to move workpiece 22 longitndinally along axis A. A
laser source 40 (not shown) is utihized to generate a laser beam 44.

Carnier 30 1s positioned between laser source 40 and workpiece 22. As shown
in Figure 5, carrier 30 is in close proximity of outer surface 52 of workpiece 22. In a
presently preferred embodiment, cafricr 30 comprising a substantially laser
transparent substrate 34, and a writing matenal 36 overlaying the substantially laser
transparent substrate. Ip the embodiment of Figure 5, writing material 36 overlays
the side of substrate 34 which adjoins outer surface 52 of workpiece 22. In the
embodiment of Figure 5, carmier 30 1s coupled to a carrier motion control systern 32.
Cammer motion control system 32 includes a first linear actuator 26 which is capable
of moving cammier 30 along an axis C. Carrier motion control system 32 also includes
a second hinear actuator 26 (not shown) which is capable of moving carmier 30 along
an axis D.

As shown in Figure 5, ﬁrst electrode 76, second electrode 80, first conductor
/8, and second conductor 82 have all been formed by selectively depositing material
from wrnting material 36 onto outer surface 52 of workpiece 22. A method of

applying material in accordance with the present invention may be descnibe with

reference to Figure 5. The process may begin with the step of coupling workpiece 22

to a workpiece motion system 24. Carrier 30 may likewise be coupled to a carrier

motion control system 32.  Carrier 30 may be positioned so that it is in close

proximity to outer surface 52 of workpiece 22. Laser motion control system 42 may

16
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be used to position laser source 40 such that laser beam 44 illuminates a portion of

carrier 30 and carrier 30 is interposed between laser source 40 and workpiece 22.

A system controller 50 may be utilized to selectively activate laser source 40,
laser motion control systemn 42, carrier motion comtrol system 32, and workpiece
motion control system 24. Carrier 30 is selectively moved relative fo laser beam 44

‘to provide a constant supply of wﬁtiﬁg material 36. First electrode 76 and second
electrode 80 may be formed by rotating workpiece 22 while laser beam 44 1lluminates
a portion of carmier 30. The laser source may be moved parallel to axis C as required to
apply writing material 36 to new portions of outer surface 52 of workpiece 22. The
rotation of generally tubular member may be st0pped and started as required to create
the pattern of writing material 36 shown in Figures 4 and 5. Likewise laser beam 44
may be selectively applied to create the desired pattern. 1t should be understood that
steps may be omitted from this process and the order of the steps may be changed
without deviating from the spint or scope of the invention.

As described previously, workpiece motion control system 24, carrier motion
control system 32, and laser motion control system 42 may all inciude one or more
linear actuators and one or more rotary actuators. It should be understood that
wc;rkpiecé motion control systern 24, carrger motion control system 32, and laser
motion control system 42 may meclude any number of linear actuators and any
number of rotary actuators without deviating ﬁ*om the spint and scope of the present
mvention.

Figure 6 1s a plan view 1llustrating an additional method in accordance with

the present invention. An ablating burr 86 is illustrated in Figure 6. In a presently
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preferred embodiment, ablating burr 86 1s adapted for use in an atherectomy
procedure. Ablating burr 86 includes a body member 88 which 1s fixed to the distal
end of a shaft 90. As shown in Figure 6, the shape of body member 88 may generally
be described as an ellipsoidal rotation.

In Figure 6 a carrier 30 1s located proximate a surface 52 of body member 88.
As 1n the previous embodiments, carrier 30 includes a substrate 34 having a writing
material 36 overlaying at least a portion of one surface. In a method in accordance
with the present invention, ablating burr 86 1s coupled to a workpiece motion control
system 24 (not shown 1n Figure 6). In the embodiment of Figure 6, workpiece motion
control system 24 includes a plurality of actuators. Workpiece motion control system
24 1s adapted to rotate workpiece 22 about an axis of rotation E. In a presently
preferred method, axis E overlays the longitudinal axis of ablating burr 86.

A laser source 40 (not shown) 1s utilized to generate a laser beam 44. Laser
source 40 1s coupled to a laser motion control system 42 (not shown). In the
embodiment of Figure 6, laser motion control system 42 includes a plurality of
actuators which are capable of moving laser source 40 along a path F. As shown 1n
Figure 0, path F generally follows the shape of surface 52 of ablating burr 86.

Carrier 30 1s positioned between laser source 40 and ablating burr 86. As
shown 1n Figure 6, carrier 30 1s in close proximity of surface 52 of ablating burr 86.
In a presently preferred embodiment, carrter 30 comprises a substantially laser
transparent substrate 34, and a writing material 36 overlaying the substantially laser
transparent substrate. In the embodiment of Figure 6, writing material 36 overlays

the side of substrate 34 which adjoins surface 52 of ablating burr 86. In the
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embodiment of Figure 6, carner 30 1s coupled to a carner motion control system
(not shown). The carrier motion control system may include a plurality of actuators which
are adapted to move carrier 30 along a path G. Path G generally follows the shape of

surface 52 of ablating burr 86. As shown in Figure 6, an abrasive layer 92 has been

U
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15

20

selectively deposited on surface 52 of ablating burr 86.

A method of fabricating an ablating burr may be describe with reference to

Figure 6. The process may begin with the step of coupling ablating burmr 86 to a

workpiece motion system 24. Carrier 30 may likewise be coupled to a carrier motion

control _system 32. Carier-30 may be positioned so that it is in clese proximity to
surface 52 of ablating burr 86. Laser motion control system 42 may be used to
position laser source 40 such that laser beam 44 illuminates a portion of camer 30
and carrier 30 is interposed between laser source 40 and ablating burr 86.

A system controller 50 may be utihized to selectively activate laser source 40,
laser motion control 42, carrier motion control system 32, and workpiece motion
control system 24. Carmer 30 is selectively rno.ved'relative to laser beam 44 to
provide a constant supply of writing matenal 36. In the embodiment of Figure 0,
writing material 36 includes abrasive particles 94.

Figure 7 15 a perspectiv'e view of a ﬁorkpiece 22 having a visual marker 96
disposed about its outer surface 52. Visual marker 96 1s formed from material which
has been remove from a carrier 30 and deposited on outer surface 52. In the
embodiment of Figure 7, camier 30 comprises an elongate, subst&ﬁtially flexible
substrate 34. As in the previous embodiments, a wrniting matenal 36 overlays one

surfacc of substrate 34.
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In Figure 7, a first portion of carrier 30 1s dispoesed ai:»out a payoff reel 100 and
2 second portion of carmer 30 1s disposed about a take up reel 102. Payoff reel 100
and take up reel 102 are each coupled to rotary actuators 28 (not shown). The recls a
rotated such that carrier 30 is fed off of payoff reel 100 and wrapped around take up
reel 102. Between payoff reel 100 and take up reel 102, each portion of carrier 30
passes in close proximity to a workpieée 22.

A laser beam 44 is positioned so that it illuminates a portion of carrer 30
proximatc workpiece 22. Laser beam 44 may be selectively activated to apply
writing material 36 to workpiece 22. Carrier 30 is ﬁound from payoff reel 100 to
take up reel 102 such that it provides a coﬁstant supply of wnting matenal 36.
Workpiece 22 is coupled to a workpiece motion system 24 which moves workpiece
22 to make new portions of its surface available for deposition of vm"tirig matenal 36.
Rotary actuators 28, linear actuators 26, laser beam 44, laser control systerm, and
workpiece motion control system 24 may all be selectively activated to form visual
marker 96.

Figure 8 is a perspective illustrating an additional method in accordance with
tba present mvention. The method of Figure 8 uttlizes a carrier 30. Carrier 30
includes a generally tubular substrate 34 having an inner surface 104 defining a
Iumén 106. In Figure 8, 2 gencra{lly tubular Workpiece 22 1s disposed within lumen
106 of carrier 30. A writing material 36 overlays imner surface 104 of substrate 34.

As in the previous embodiments, generally tubular workpiece 22 is coupled to

a workpiece motion control (not shown). In the present embodiment, the workpiece motion

control is adapted to rotate generally tubular workpiece 22 about an axis K. Carrier
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30 is coupled to a carrier motion contro}  which 1s adapted to rotate carrier 30 about

an axis L. The workpiece motion control and carrier motion control may also be
adapted to move workpiece 22 and camer 30 longitudmally along axis K and axis L,
respectively.

A laser beam 44 is positioned so that it illuminates a portion of carier 30

proximate workpiece 22. When laser source 40 is activated, carrier 30 may be rotated

to provide a constant supply of writing material 36. Workpiece 22 may also be
‘rotated to make new portions of its surface available for deposition of writing

material 36. The method ii]:'ustra.ted m Figure 8 may be utilized to form a variety of

elements by depositing writing matenal 36 ente outer surface 52 of workpiece 22.
Elements formed with this process may be functional or purely ornamental.

Figure 3 1s a perspective view illustrating an additional method in accordance
with the present invention. The present method utiliies a Camier 30 inciuding a
generally tubular substrate 34 having an inner surface 104 defining a lumen 106. In
Figure 9, a generally tubular workpiece 22 is disposed within lumen 106 of camer 30.
As shown in Figure 9, the outer diameter of generally tubular workpiece 22 1s
substantially equal to the diameter of }umen 106. A writing matenal 36 overlays
inner surface 104 of subStrete 34. In a presently preferred embodiment, 'there 1S 2
hight friction fit between carrier 30 and generaﬂy tubular workpiece 22 such that
writing material 36 is In intimate contact with outer surface 52 of generally tubular

WOTKpIece.

As in the previous embodiments, generally tubular workpiece 22 1s coupled to

a workpiece motion centrol 24. In the present embodiment, workpiece motion
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control 24 1s adapted to rotate generally tubular workpiece about an axis M. In a
presently preferred embodiment, axis M overlays the longitudinal axis of generally
tubular workpiece 22. Because there i1s a friction fit between generally tubular
workpiece 22 and carrier 30, carnier 30 will rotate with generally tubular workpiece
22. Workpiece motion control 24 may also be adapted to move workpiece 22 and
carrier 30 longitudinally along axis M. A portion of writing material 36 may be
deposited onto outer surface 52 of generally tubular workpiece 22 by selectively
1lluminating a portion of carrier 30 with laser beam 44.

Figure 10 1s a plan view of a generally tubular workpiece 22 having a
conductor 108 disposed on an outer surface 52. In the embodiment of Figure 10,
generally tubular workpiece 22 may be comprised of a substantially flexible material.
The generally helical path of conductor 108 makes it less likely that conductor 108
will crack when generally tubular workpiece 22 i1s flexed. Conductor 108 may be
used to provide an electrical connection with a variety of elements. Examples of
elements which may be coupled to conductor 108 1nclude electrodes, pressure
sensors, temperature sensors, flow sensors, and electro-magnets.

Embodiments of conductor 108 have also been envisioned 1n which conductor
108 performs a desired function. Examples of functional conductors include
antenna’s and EMI shielding. Conductor 108 may be fabricated using a method 1n
accordance with the present invention. Those of skill in the art will appreciate that
more than one conductor may be deposited on a workpiece without deviating from
the spirit and scope of the present invention. For example, two conductors may be

deposited 1n the shape of a double helix. A portion of conductor 108 may be covered
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with a layer of insulating matenial. This insulating material may be fabricated using a
method in accordance with the present invention.

Figure 11 15 a plan vzew of a catheter 200 in accordance with the present
mnvention. Catheter 200 includes 2z body 202 having an outer surface 204. A
deposition 206 1s disposed on outer surface 204 of body 202. In the embodiment of

Figure 11, deposition 206 has a2 geneéi-ally helical shape with a vanable longitudinal

‘pitch. The pitch, and other factors, of deposition 206 may be vaned to provide body

202 of catheter 200 with a stiffness which varies longitudinally along quy 202.

Embodiments of catheter 200 have been envisioned in whic;h body 202 of
catheter 200 comprises a plurality of tubular members. When this is the case,
deposition 206 could be placed at a transition point between two tubular members
with different flexibility’s to form a controlled strgin relief based the thickness and
orientation of deposition 206. Embodiments of catheter 200 have also been
envisioned in which deposition 206 creates a device which is more flexible 1n one
plane verses another plane..

Figure 12 is a plan view of a catheter 300 including a balloon 302 having an

outer surface 304. A deposition 306 1s disposed on outer surface 304 of balloon 302.

In the embodiment of Figure 12, deposition 306 includes a plurality of rings 308. Itis

anticipated that the presence of nings 308 may reduce or eliminate the water- melon

cifect when inflating balloon 302 1n a lesion.

Embodiments of catheter 300 have been envisioned in which deposition 300

comprises a spiral. Embodiments of catheter 300 have also been envisibned in which

deposition 306 comprises a plurality of longitudinal stays 310. In these embodiments,
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1t as anticipated that balloon 302 may form a plurality of lobes disposed between
stays 310 when balloon 302 1s inflated. It 1s also envisioned that the ends of stays 310
could be anchored proximate the ends of balloon 302.

Having thus described the preferred embodiments of the present invention,
those of skill in the art will readily appreciate that yet other embodiments may be
made and used within the scope of the claims hereto attached. Numerous advantages
of the invention covered by this document have been set forth in the foregoing
description. It will be understood, however, that this disclosure 1s, in many respects,
only 1llustrative. Changes may be made 1n details, particularly 1n matters of shape,
size, and arrangement of parts without exceeding the scope of the invention. The

iventions's scope 1s, of course, defined 1n the language 1n which the appended claims

are expressed.
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WHAT IS CLAIMED IS:

A system for applying a layer of material to the outer surface of a

workpiece, comprising:

a laser beam source capable of producing a laser beam;

an optical system capable of focusing the laser beam to a beam of
smaller cross-sectional area at a focal plane of the optical
system,;

a carrier comprising a substantially transparent substrate and a layer
of writing material overlying the substantially laser transparent
substrate;

a carrier motion actuator capable of moving the carrier relative to
the focused laser beam while maintaining the layer of writing
material in the vicinity of the focused laser beam substantially
within the focal plane of the optical system,;

a workpiece motion actuator capable of moving a nonplanar
workpiece relative to the laser beam while maintaining a
substantially constant and parallel displacement between the
workpiece and the layer of writing material in the vicinity of
the focused laser beam, wherein the layer of writing material
is on the side of the carrier adjacent to the workpiece; and

wherein the energy of the focused laser beam is sufficient to vapor-
ize at least a portion of the writing material within the smaller
cross-sectional area portion of the laser beam at the focal
plane of the optical system.

A method of forming a layer of material on a surface of a work-
piece, the method comprising the steps of;

providing a laser beam source capable of creating a laser beam;
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providing an optical system capable of focusing the laser beam to a
beam of smaller cross-sectional area at a focal plane of the
optical system;

providing a carrier comprising a substantially transparent substrate,
and a layer of writing material overlying the substantially laser
transparent substrate;

coupling the carrier to a carrier motion actuator;

coupling the workpiece to a workpiece motion actuator;

moving the carrier relative to the focused laser beam while maintain-
ing the layer of writing material in the vicinity of the focused
laser beam substantially within the focal plane of the optical
system; and

moving a nonplanar workpiece relative to the laser beam while
maintaining a substantially constant and parallel displacement
between the workpiece and the layer of writing material in the
vicinity of the tocused laser beam, wherein the layer of writ-
ing material is on the side of the carrier adjacent to the
workpiece.

The method of claim 2, wherein the step of moving the workpiece
relative to the laser beam includes the step of rotating the workpiece
about a first axis.

The method of claim 2, wherein the step of moving the workpiece
relative to the laser beam includes the steps of rotating the work-
piece about a first axis and rotating the workpiece about a second
axis of rotation.
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The method of claim 2, wherein the step of moving the workpiece
relative to the laser beam includes the step of moving the workpiece
in a first generally linear direction.

The method of claim 2, wherein the step of moving the workpiece
relative to the laser beam includes the steps of moving the workpiece
in a first generally linear direction and moving the workpiece 1n a
second generally linear direction.

The method of claim 2, wherein the step of moving the workpiece
relative to the laser beam includes the steps of moving the workpiece
in a first generally linear direction and moving the workpiece 1n a

second generally linear direction the second direction being about 90
degrees from the first direction.

The method of claim 2, wherein the step of moving the carrier
relative to the laser beam includes the step of rotating the carrier
about a first axis.

The method of claim 2, wherein the step of moving the carrier

relative to the laser beam includes the steps of rotating the carrier
about a first axis and rotating the carrier about a second axis of
rotation.

The method of claim 2, wherein the step of moving the carrier

relative to the laser beam includes the step of moving the carrier in a
first generally linear direction.

27
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The method of claim 2, wherein the step of moving the carrier
relative to the laser beam includes the steps of moving the carrier In

a first generally linear direction and moving the carrier 1n a second
generally linear direction.

The method of claim 2, wherein the step of moving the carrier
relative to the laser beam includes the steps of moving the carrier in
a first generally linear direction and moving the carrier 1n a second

generally linear direction the second direction being about 90 de-
grees from the first direction.
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