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Description
TECHNICAL FIELD

[0001] The present invention relates to cardiac signal
sensing devices. More specifically, the invention relates
to flexible electrodes and methods for making flexible
electrodes for use in a cardiac mapping catheter.

BACKGROUND

[0002] Cardiac arrhythmias may lead to heart disease
and death. Arrhythmias may be treated by medication,
implantable devices, or by the ablation of specific heart
tissue found to be causing arrhythmia. Ablation may be
performed by a number of techniques, including the local
application of energy, for example, radio frequency en-
ergy, or by the application of cryogenic temperatures to
the site of the problem tissue.

[0003] The specific heart tissue responsible for ar-
rhythmia in a patient may be identified by moving a map-
ping catheter having one or more electrodes around the
interior of the heart and measuring cardiac signals to
sense changes in the electrical fields. A map of the elec-
trical conductivity of the heart may be formed from the
measurements to identify abnormalities which may be
candidates for ablation. Some mapping catheters are de-
signed such that the electrodes may physically contact
the heart wall, including flexible designs that are inserted
in a compact form and later deployed into a basket-like
array. Such an array is deployed after entrance into the
heart, and undeployed upon completion of the mapping
and prior to removal from the heart.

[0004] A mapping catheter having multiple electrodes
which must be deployed and undeployed within the heart
may benefit from an improved electrode structure. Doc-
ument US 2014/262462 A1 relates to thicker electrodes
that are provided on a microelectronic device using ther-
mo-compression bonding. A thin-film electrical conduct-
ing layer forms electrical conduits and bulk depositing
provides an electrode layer on the thin-film electrical con-
ducting layer. An insulating polymer layer encapsulates
the thin-film electrical conducting layer and the electrode
layer. Some of the insulating layer is removed to expose
the electrode layer. Further related prior art is described,
e.g., in documents US 2009/293270 A1, US
2010/230285 A1, US 2013/253298 A1, and US
2004/220652 A1.

SUMMARY
[0005]

Example 1 is an electrode for cardiac signal sensing,
the electrode including a conductive layer, an inter-
mediate layer, an iridium-containing layer, an iridium
oxide layer, and an insulating polymer layer. The
conductive layer is formed on a portion of a flexible
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polymer substrate. The intermediate metal layer has
a first portion and a second portion, and is formed
on the conductive layer. The iridium-containing layer
has a first portion and a second portion, and formed
on the first portion of the intermediate metal layer.
The iridium-containing layer includes at least 50 wt.
% iridium. The iridium oxide layer is formed on the
first portion of the iridium-containing layer. The insu-
lating polymer layer is formed on the second portion
of the intermediate metal layer and the second por-
tion of the iridium-containing layer. The iridium-con-
taining layer is not formed on the second portion of
the intermediate metal layer; and the iridium oxide
layer is not formed on the second portion of the irid-
ium-containing layer.

In Example 2, the electrode of Example 1, wherein
the iridium-containing layer consists of between 50
wt. % and 99 wt. % iridium, and the balance is plat-
inum.

In Example 3, the electrode of Example 1, wherein
the iridium-containing layer includes at least 99 wt.
% iridium.

In Example 4, the electrode of any of Examples 1-3,
wherein the insulating polymer layer is a parylene
polymer.

In Example 5, the electrode of Example 4, wherein
the parylene polymer is selected from the group con-
sisting of poly(p-xylylene), poly(monochloro-p-xy-
lylene), and poly(dichloro-p-xylylene).

In Example 6, the electrode of Example 5, wherein
the parylene polymer is poly(monochloro-p-xy-
lylene).

In Example 7, the electrode of any of Examples 1-6,
wherein the intermediate metal layer includes gold.
Example 8 is a cardiac mapping catheter including
an elongate catheter body and a plurality of splines
projecting from an end of the catheter body. The
splines are flexibly deployable between a radially re-
tracted position and radially extended position. Each
of the splines includes a flexible polymer substrate
and a plurality of electrodes formed on the flexible
polymer substrate, wherein each of the electrodes
is according to any of claims 1-7.

Example 9 is a method for making an electrode for
cardiac signal sensing, the electrode formed on a
flexible polymer substrate having a conductive layer
and an intermediate metal layer disposed on the con-
ductive layer. The method includes depositing an
iridium-containing layer onto a portion of the inter-
mediate metal layer, depositing an insulating poly-
mer layer, removing the insulating polymer layer
from a portion of the iridium-containing layer to form
a exposed surface, and electrochemically oxidizing
at least a portion of the iridium-containing layer at
the exposed surface to form an iridium oxide layer
on the iridium-containing layer. The iridium-contain-
ing layer includes at least 50 wt. % iridium. The in-
sulating polymer layer is deposited on the flexible
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polymer substrate, the conductive layer, the inter-
mediate layer, and the iridium-containing layer.

In Example 10, the method of Example 9, wherein
removing the insulating polymer layer includes laser
ablating the insulating polymer layer from the portion
of the iridium-containing layer.

In Example 11, the method of any of Examples 9-10,
wherein depositing the insulating polymer layer in-
cludes depositing a parylene polymer by vapor dep-
osition.

In Example 12, the method of any of Examples 9-11,
wherein depositing the iridium-containing layer in-
cludes applying a first mechanical mask to the sub-
strate, depositing the iridium-containing layer by
sputter deposition, and removing the first mechani-
cal mask. The first mechanical mask includes a first
opening aligned with the intermediate metal layer to
define the portion of the intermediate metal layer.
In Example 13, the method of any of Examples 9-12,
wherein removing the insulating polymer layer in-
cludes applying a second mechanical mask to the
substrate, laser ablating the insulating polymer layer
from the portion of the iridium-containing layer; and
removing the second mechanical mask. The second
mechanical mask includes a second opening aligned
with the portion of the iridium-containing layer,
wherein the second opening is smaller than the first
opening.

In Example 14, the method of any of Examples 9-12,
wherein removing the insulating polymer layer in-
cludes applying a second mechanical mask to the
substrate, laser ablating the insulating polymer layer
from the portion of the iridium-containing layer; and
removing the second mechanical mask. The second
mechanical mask includes a second opening aligned
with the portion of the iridium-containing layer,
wherein the second opening is about the same size
as the first opening.

In Example 15, the method of any of Examples 9-14,
wherein electrochemically oxidizing includes im-
mersing the substrate in an electrolytic solution, cy-
cling the iridium-containing layer between positive
and negative voltages until a desired thickness of
iridium oxide is formed on the surface of the portion
of iridium-containing layer, and removing the sub-
strate from the electrolytic solution.

Example 16 is an electrode for cardiac signal sens-
ing, the electrode including a conductive layer, an
intermediate layer, an iridium-containing layer, an
iridium oxide layer, and an insulating polymer layer.
The conductive layer is formed on a portion of a flex-
ible polymer substrate. The intermediate metal layer
has afirstportion and asecond portion, and is formed
on the conductive layer. The iridium-containing layer
has a first portion and a second portion, and formed
on the first portion of the intermediate metal layer.
The iridium-containing layer includes at least 50 wt.
% iridium. The iridium oxide layer is formed on the
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first portion of the iridium-containing layer. The insu-
lating polymer layer is formed on the second portion
of the intermediate metal layer and the second por-
tion of the iridium-containing layer. The iridium-con-
taining layer is not formed on the second portion of
the intermediate metal layer, and the iridium oxide
layer is not formed on the second portion of the irid-
ium-containing layer.

In Example 17, the electrode of Example 16, wherein
the iridium-containing layer consists of between 50
wt. % and 99 wt. % iridium, and the balance is plat-
inum.

In Example 18, the electrode of Example 16, wherein
the iridium-containing layer includes at least 99 wt.
% iridium.

In Example 19, the electrode of any of Examples
16-18, wherein the intermediate metal layer includes
gold.

In Example 20, the electrode of any of Examples
16-19, wherein the conductive layerincludes copper.
In Example 21, the electrode of any of Examples
16-20, wherein the insulating polymer layer is a
parylene polymer.

In Example 22, the electrode of Example 21, wherein
the parylene polymer is selected from the group con-
sisting of poly(p-xylylene), poly(monochloro-p-xy-
lylene), and poly(dichloro-p-xylylene).

In Example 23, the electrode of Example 22, wherein
the parylene polymer is poly(monochloro-p-xy-
lylene).

Example 24 is a method for making an electrode for
cardiac signal sensing, the electrode formed on a
flexible polymer substrate having a conductive layer
and an intermediate metal layer disposed on the con-
ductive layer. The method includes depositing an
iridium-containing layer onto a portion of the inter-
mediate metal layer, depositing an insulating poly-
mer layer, removing the insulating polymer layer
from a portion of the iridium-containing layer to form
a exposed surface, and electrochemically oxidizing
at least a portion of the iridium-containing layer at
the exposed surface to form an iridium oxide layer
on the iridium-containing layer. The iridium-contain-
ing layer includes at least 50 wt. % iridium. The in-
sulating polymer layer is deposited on the flexible
polymer substrate, the conductive layer, the inter-
mediate layer, and the iridium-containing layer.

In Example 25, the method of Example 24, wherein
removing the insulating polymer layer includes laser
ablating the insulating polymer layer from the portion
of the iridium-containing layer.

In Example 26, the method of any of Examples
24-25, wherein depositing the insulating polymer lay-
er includes depositing a parylene polymer by vapor
deposition.

In Example 27, the method of Example 26, wherein
the parylene polymer is poly(monochloro-p-xy-
lylene).
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In Example 28, the method of any of Examples
24-27, wherein the intermediate metal layer includes
gold.

In Example 29, the method of any of Examples
24-28, wherein depositing the iridium-containing lay-
er includes applying a first mechanical mask to the
substrate, depositing the iridium-containing layer by
sputter deposition, and removing the first mechani-
cal mask. The first mechanical mask includes a first
opening aligned with the intermediate metal layer to
define the portion of the intermediate metal layer.
In Example 30, the method of any of Examples
24-29, wherein removing the insulating polymer lay-
er includes applying a second mechanical mask to
the substrate, laser ablating the insulating polymer
layer from the portion of the iridium-containing layer;
and removing the second mechanical mask. The
second mechanical maskincludes a second opening
aligned with the portion of the iridium-containing lay-
er, wherein the second opening is smaller than the
first opening.

In Example 31, the method of any of Examples
24-29, wherein removing the insulating polymer lay-
er includes applying a second mechanical mask to
the substrate, laser ablating the insulating polymer
layer from the portion of the iridium-containing layer;
and removing the second mechanical mask. The
second mechanical maskincludes a second opening
aligned with the portion of the iridium-containing lay-
er, wherein the second opening is about the same
size as the first opening.

In Example 32, the method of any of Examples
24-31, wherein electrochemically oxidizing includes
immersing the substrate in an electrolytic solution,
cycling the iridium-containing layer between positive
and negative voltages until a desired thickness of
iridium oxide is formed on the surface of the portion
of iridium-containing layer, and removing the sub-
strate from the electrolytic solution.

Example 33 is a cardiac mapping catheter including
an elongate catheter body and a plurality of splines
projecting from an end of the catheter body. The
splines are flexibly deployable between a radially re-
tracted position and radially extended position. Each
of the splines includes a flexible polymer substrate
and a plurality of electrodes formed on the flexible
polymer substrate. Each of the electrodes includes
a conductive layer, an intermediate layer, an iridium-
containing layer, an iridium oxide layer, and an insu-
lating polymer layer. The conductive layer is formed
on a portion of a flexible polymer substrate. The in-
termediate metal layer has a first portion and a sec-
ond portion, and is formed on the conductive layer.
The iridium-containing layer has a first portion and
a second portion, and formed on the first portion of
the intermediate metal layer. The iridium-containing
layer includes at least 50 wt. % iridium. The iridium
oxide layeris formed on the first portion of the iridium-
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containing layer. The insulating polymer layer is
formed on the second portion of the intermediate
metal layer and the second portion of the iridium-
containing layer. The iridium-containing layer is not
formed on the second portion of the intermediate
metal layer. The iridium oxide layer is not formed on
the second portion of the iridium-containing layer.
In Example 34, the catheter of Example 33, wherein
the iridium-containing layer includes at least 99 wt.
% iridium.

In Example 35, the catheter of any of Examples
33-34, wherein the insulating polymer layer includes
poly(monochloro-p-xylylene).

[0006] While multiple embodiments are disclosed, still
other embodiments of the present invention will become
apparent to those skilled in the art from the following de-
tailed description and drawings, which show and de-
scribe illustrative embodiments of the invention. Accord-
ingly, the drawings and detailed description are to be
regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

FIG. 1is aschematic view of a cardiac mapping cath-
eter suitable for use with embodiments of the present
invention.

FIGS. 2A and 2B are partial perspective views show-
ing a distal end of the mapping catheter of FIG. 1.
FIG. 3is aschematic cross-sectional view of an elec-
trodein accordance withembodiments of the present
invention.

FIGS. 4-12 are schematic views showing a method
for making the electrode of FIG. 3 in accordance with
embodiments of the present invention.

[0008] Whiletheinventionis amenable to various mod-
ifications and alternative forms, specific embodiments
have been shown by way of example in the drawings and
are described in detail below. The intention, however, is
not to limit the invention to the particular embodiments
described. On the contrary, the invention is intended to
cover all modifications, equivalents, and alternatives fall-
ing within the scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION

[0009] A more complete understanding of the present
invention is available by reference to the following de-
tailed description of numerous aspects and embodi-
ments of the invention. The detailed description of the
invention which follows is intended to illustrate but not
limit the invention.

[0010] Electrodes embodying the present invention
may be employed in cardiac mapping catheters as de-



7 EP 3 337 387 B1 8

scribed in "CARDIAC MAPPING CATHETER" (U.S. Pat.
No. 8,447,377, issued May 21, 2013). Such catheters
typically have several flexible splines, each spline includ-
ing a plurality of electrodes. Electrode embodiments of
the presentinvention are able to flex while also maintain-
ing low impedance and biocompatibility.

[0011] FIG. 1 provides an illustrative but non-limiting
example of a cardiac mapping catheter 10 including elec-
trodes embodying the present invention. As shown in
FIG. 1, the cardiac mapping catheter 10 may include a
handle 12, an elongate lead body 14, an electrode as-
sembly 16, and an electrical connection 18. The lead
body 14 may extend from a proximal end 20 to a distal
end 22. The electrode array 16 may project from the distal
end 22 of the lead body 14. The lead body 14 may be
connected at the proximal end 20 to the handle 12. The
electrical connection 18 may extend from the handle 12
to a mapping data recording and analysis system (not
shown). The handle 12 may include an articulation con-
trol 24 and a deployment control 26.

[0012] The articulation control 24 may control bending
of the distal end 22 of the lead body 14 by way of one or
more articulation control elements, forexample wires (not
shown) extending from the articulation control 24 to the
distal end 22 by way of one or more lumens (not shown)
extending through the lead body 14 from the proximal
end 20 to the distal end 22. Bending the distal end 22
provides for flexibility in maneuvering the electrode array
16 within a patient’s heart.

[0013] The deployment control 26 may control deploy-
ment of the electrode array 16 by way of a deployment
control element 28 (shown in FIG. 2B) extending from
the deployment control 26 to the electrode array 16 by
way of one of the lumens extending through the lead
body 14. The lumens may also include a set of electrical
conductors (not shown) extending from the electrode ar-
ray 16 to handle 12 to connect the electrode array 16 to
the mapping data recording and analysis system.
[0014] FIGS. 2A and 2B are partial perspective views
showing the electrode array 16 and the distal end 22 of
the cardiac mapping catheter 10 of FIG. 1. FIG. 2A shows
the electrode array 16 undeployed in a radially retracted
position. FIG. 2B shows the electrode array 16 deployed
in a radially extended position. As shown in FIGS. 2A
and 2B, the electrode array 16 may include a plurality of
splines 30 and an end cap 32. Each of the plurality of
splines 30 may extend between the distal end 22 and the
end cap 32. Each of the splines 30 may include a flexible
polymer substrate 34 and a plurality of electrodes 36. In
the exemplary embodiment shown in FIGS. 2A and 2B,
there are eight splines 30, eachincluding eight electrodes
36, for a total of sixty-four electrodes in the electrode
array 16. However, it is understood that embodiments
may include greater or fewer than eight splines 30, and
greater or fewer than eight electrodes 36 on each of the
splines 30. As shown in FIG. 2B, the deployment control
element 28 may extend from the end cap 32 and into the
lead body 14 at the distal end 22. The deployment control
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element 28 may be a wire connecting the end cap 32 to
the deployment control 26 (FIG. 1) such that movement
of the deployment control 26 may cause the wire to move
in the proximal direction and pull the end cap 32 in the
proximal direction. Movement of the end cap 32 in the
proximal direction may cause the plurality of splines 30
to flex radially outward and deploy the electrode array 16
as shown in FIG. 2B.

[0015] Inuse, the cardiac mapping catheter 10 may be
inserted into a patient’s vasculature with the electrode
array 16 in the undeployed, radially retracted position
shown in FIG. 2A and advanced to the interior of the
patient’s heart. Once within the heart, the electrode array
16 may be deployed by deployment control 26 as de-
scribed above into the radially extended position shown
in FIG. 2B to sense the cardiac signals within the heart.
The sensed cardiac signals may be transmitted to the
mapping data recording and analysis system by way of
the set of electrical conductors extending through the
lead body 14 from the electrode array 16 to handle 12,
and electrical connection 18. Once the cardiac mapping
is completed, the electrode array 16 may be undeployed
into the radially retracted position and withdrawn from
the patient.

[0016] AsshowninFIGS. 2A and 2B, each of the elec-
trodes 36 may be formed on the flexible polymer sub-
strate 34. In some embodiments, the electrodes 36 are
able to flex with deployment of the electrode array 16,
while also maintaining low impedance and biocompati-
bility. In some embodiments, once the electrode array 16
is deployed, at least some of the electrodes 36 may be
curved. The electrodes 36 are shown in FIGS 2A and 2B
as circular in shape. However, embodiments having oth-
er shapes, such as rectangular, oval, racetrack, ora com-
bination of shapes are envisioned.

[0017] FIG. 3 illustrates details of the electrode 36 in
accordance with embodiments of the present invention.
For clarity, a single electrode 36 is illustrated in FIGS.
3-12. FIG. 3 is a schematic cross-sectional view of one
of the splines 30 through one of the electrodes 36. As
shown in FIG. 3, the electrode 36 may include a conduc-
tive layer 40, an intermediate metal layer 42, an iridium-
containing layer 44, an iridium oxide layer 46, and an
insulating polymer layer 48. The conductive layer 40 may
be formed on a portion of the flexible polymer substrate
34. The intermediate metal layer 42 may be formed on
at least a portion of the conductive layer 40. The iridium-
containing layer 44 may be formed on a first portion 62
of theintermediate metal layer 42, and may not be formed
on a second portion 64 of the intermediate metal layer
42. The iridium oxide layer may be formed on a first por-
tion 66 of the iridium-containing layer 44, and may not
be formed on a second portion 68 of the iridium-contain-
ing layer 44. The insulating polymer layer 48 may be
formed on the second portion 64 of the intermediate metal
layer 42, and the second portion 68 of the iridium-con-
taining layer 44. The insulating polymer layer 48 may not
be formed on the iridium-oxide layer 46.
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[0018] In some embodiments, the conductive layer 40
may be made of a non-biocompatible material, such as
copper or a copper alloy. The conductive layer 40 may
have a suitable thickness. For example, the conductive
layer 40 may have a thickness of as little as about 2 mi-
crons, about 4 microns, about 6 microns, or about 7 mi-
crons, or as great as about 9 microns, about 10 microns,
about 12 microns, or about 14 microns, or have thickness
within any range defined between any pair of the forego-
ing values. In exemplary embodiments, the conductive
layer 40 may have a thickness from about 2 microns to
about 14 microns, from about 4 microns to about 12 mi-
crons, from about 6 microns to about 10 microns, or from
about 7 microns to about 9 microns. In some examples,
the conductive layer 40 may have a thickness of about
8 microns.

[0019] In some embodiments, the intermediate metal
layer 42 may be made of gold or a gold alloy and may
have a suitable thickness. For example, in some embod-
iments, the intermediate metal layer 42 may have a thick-
ness of as little as about 0.1 microns, about 0.5 microns,
or about 1 micron, or as great as about 2 microns, about
3 microns, or about 4 microns, or have thickness within
any range defined between any pair of the foregoing val-
ues. In exemplary embodiments, the intermediate metal
layer 42 may have a thickness from about 0.1 microns
to about 4 microns, from about 0.5 microns to about 3
microns, or from about 1 micron to about 2 microns. In
some examples, the intermediate metal layer 42 may
have a thickness of about 1.5 microns. The intermediate
metal layer 42 may provide oxidation protection of the
underlying conductive layer 40, and provide an additional
barrier between the conductive layer and body tissues.
[0020] In some embodiments, the iridium-containing
layer 44 may be formed primarily of iridium. For example,
iridium may be present in the iridium-containing layer 44
in an amount as little as about 50 wt. %, about 60 wt. %,
or about 70 wt. %, or as great as about 80 wt. %, about
90 wt. %, or about 100 wt. %, or may be present within
any range defined between any pair of the foregoing val-
ues. In exemplary embodiments, iridium may be present
in the iridium-containing layer 44 in an amount from about
50 wt. % to about 100 wt. %, from about 60 wt. % to about
90 wt. %, or from about 70 wt. % to about 80 wt. %. In
some examples, iridium-containing layer 44 may include
at least 99 wt. % iridium. In some embodiments, the irid-
ium-containing layer 44 may be formed primarily of irid-
ium and platinum may make up the balance. For example
iridium may be present in the iridium-containing layer 44
in an amount as little as about 50 wt. %, about 60 wt. %,
or about 70 wt. %, or as great as about 80 wt. %, about
90 wt. %, or about 99 wt. %, or may be present within
any range defined between any pair of the foregoing val-
ues, and the balance platinum. In exemplary embodi-
ments, iridium may be present in the iridium-containing
layer 44 in an amount from about 50 wt. % to about 100
wt. %, from about 60 wt. % to about 90 wt. %, or from
about 70 wt. % to about 80 wt. %, and the balance plat-
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inum.

[0021] In some embodiments, the insulating polymer
layer 48 may be a biocompatible polymer, such as a bio-
compatible parylene polymer. In some embodiments, the
parylene polymer may be one of poly(p-xylylene) also
known as parylene N, poly(monochloro-p-xylylene) also
known as parylene C, or poly(dichloro-p-xylylene) also
known as parylene D. In exemplary embodiments, the
parylene polymer may be poly(monochloro-p-xylylene).
[0022] As shown in FIG. 3, the spline 30 may further
include an electrical trace 50, an electrical interconnect
52, and a backside insulating layer 54. The electrical
trace 50 may be formed on a side of the flexible polymer
substrate 34 opposite the conductive layer 40. The elec-
trical trace 50 runs along a length of the spline 30 to one
of the set of electrical conductors extending through the
lead body 14 (FIG. 1). The electrical interconnect 52 ex-
tends through the flexible polymer substrate 34 from the
electrical trace 50 to the conductive layer 40 to electrically
connect the electrode 36 to the electrical trace 50. The
backside insulating layer 54 covers the electrical trace
50 and at least a portion of the flexible polymer substrate
34 on the side of the flexible polymer substrate 34 oppo-
site the conductive layer 40 to electrically isolate the elec-
trical trace 50.

[0023] The flexible polymer substrate 34 may be made
of a polyimide polymer. The electrical trace 50 and the
electrical interconnect 52 may be made of copper or a
copper alloy. The backside insulating layer 54 may also
be made of a polyimide polymer and may itself be bio-
compatible, or may be covered with an additional bio-
compatible layer (not shown).

[0024] FIGS. 4-12 are schematic views illustrating a
method for fabricating the electrode 36 shown in FIG. 3
in accordance with embodiments of the present inven-
tion. The method may begin as shown in FIG. 4 with the
flexible polymer substrate 34, the conductive layer 40,
the intermediate metal layer 42, the electrical trace 50,
and the electrical interconnect 52 already made in the
form of a flexible printed circuit (FPC). The conductive
layer 40 and the intermediate metal layer 42 may already
be patterned to form a basis of the electrode 36 as shown.
The backside insulating layer 54 may be included in the
FPC as shown, or may be attached by an adhesive in a
separate step at any point in the fabrication process.
[0025] As shown in FIG. 5, a first mechanical mask 76
may be applied to the flexible polymer substrate 34. The
first mechanical mask 76 includes a first opening 78 (one
shown) for each of the electrodes 36. In some embodi-
ments, the first opening 78 is smaller than the pattern of
the intermediate metal layer 42 such that when the first
mechanical mask 76 is applied to the intermediate metal
layer 42, the edges of the intermediate metal layer 42
are not exposed. That is, the first mechanical mask 76
may be aligned to cover the edges of the intermediate
metal layer 42 while at least a portion of the intermediate
metal layer 42 may be exposed through the first opening
78.
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[0026] As shown in FIG. 6, after the first mechanical
mask 76 is applied, the iridium-containing layer 44 may
be deposited on the portion of the surface of the inter-
mediate metal layer 42 exposed by the first opening 78.
Deposition of the iridium-containing layer 44 may be by
any of anumber of methods known in the art, for example,
sputter deposition or evaporative deposition. Edges of
the first mechanical mask 76 may not be perfectly square
or in perfect contact with the intermediate metal layer 42
and some deposited material will deposit, or "bleed", un-
derthe edges of the first mechanical mask 76. As aresult,
a deposited area of the iridium-containing layer 44 may
be larger than the first opening 78, but smaller than the
area of the intermediate metal layer 42. In some embod-
iments, a layer 80 of the deposited iridium-containing
metal may also be formed on the first mechanical mask
76 during deposition. After deposition of the iridium-con-
taining layer 44, the first mechanical mask 76 may be
removed as shown in FIG. 7. In this way, the first portion
62 of the intermediate metal layer 42, which is covered
by the iridium-containing layer 44, and the second portion
64 of the intermediate metal layer 42, which is not cov-
ered by the iridium-containing layer 44, may be formed
as shown in FIG. 7.

[0027] In some embodiments, the iridium-containing
layer 44 as deposited may have a suitable thickness. For
example, in some embodiments, the iridium-containing
layer 44 may have a thickness of as little as about 0.1
microns, about 0.2 microns, or about 0.4 microns, or as
great as about 0.6 microns, about 0.8 microns, or about
1 micron, or have thickness within any range defined be-
tween any pair of the foregoing values. In exemplary em-
bodiments, the iridium-containing layer 44 may have a
thickness from about 0.1 microns to about 1 micron, from
about 0.2 microns to about 0.8 microns, or from about
0.4 microns to about 0.6 microns. In some examples, the
iridium-containing layer 44 may have a thickness of about
0.5 microns as deposited.

[0028] As shown in FIG. 8, after the formation of the
iridium-containing layer 44, the insulating polymer layer
48 may be deposited on the flexible substrate 34, the
conductive layer 40, the intermediate metal layer 42, and
the iridium-containing layer 44. Deposition of the insulat-
ing polymer layer 48 may by, for example, dip coating,
spray coating, or vapor deposition. In some embodi-
ments, the insulating polymer layer 48 includes a
parylene polymer and the parylene polymer may be de-
posited by vapor deposition. The vapor deposition of the
parylene polymer may include sublimation of a parylene
dimer, pyrolization of the parylene dimer to form a
parylene monomer, and condensation of the parylene
monomer onto the flexible substrate 34, the conductive
layer 40, the intermediate metal layer 42, and the iridium-
containing layer 44 to form the insulating polymer layer
48. In some embodiments, the parylene polymer may be
poly(monochloro-p-xylylene) produced from a dichlo-
ro-[2,2]-paracyclophane dimer. In other embodiments,
the parylene polymer may be poly(p-xylylene) produced
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from a [2,2]-paracyclophane dimer. In some embodi-
ments, the parylene polymer may poly(dichloro-p-xy-
lylene) produced from a tetrachloro-[2,2]-paracyclo-
phane dimer.

[0029] Following deposition of the insulating polymer
layer 48, the insulating polymer layer 48 over a portion
of the iridium-containing layer 44 may be removed. In
some embodiments, removing the insulating polymer
layer 48 from the portion of the iridium-containing layer
44 may be as shown in FIGS. 9-11. As shown in FIG. 9,
a second mechanical mask 82 may be applied to the
flexible polymer substrate 34. The second mechanical
mask 82 includes a second opening 84 (one shown) for
each of the electrodes 36. In some embodiments, the
second opening 84 is smaller than the first opening 78
of the first mechanical mask 76. In other embodiments,
the second opening 84 is about the same size as the first
opening 78. In still other embodiments, the second me-
chanical mask 82 and the first mechanical mask 76 may
be the same mask. In any of the aforementioned embod-
iments, when the second mechanical mask 82 is applied
to the iridium-containing layer 44, the edges of the irid-
ium-containing layer 44 are not exposed through the sec-
ond opening 84. That is, the second mechanical mask
82 may be aligned to cover the edges of the iridium-con-
taining layer 44 while at least a portion of the iridium-
containing layer 44 may be exposed through the second
opening 84.

[0030] AsshowninFIG. 10, after the second mechan-
ical mask 82 is applied, the insulating polymer layer 48
exposed by the second opening 84 may be removed by
laser ablation, as is known in the art. The second me-
chanical mask 82 protects the insulating polymer later
48 formed on the edge of the iridium-containing layer 44,
as well as on the flexible polymer substrate 34, the sec-
ond portion 60 of the conductive layer 40, and the second
portion 64 of the intermediate metal layer 42. After laser
ablation of the insulating polymer layer 48, the second
mechanical mask 82 may be removed as shown in FIG.
11. In this way, the first portion 66, which is not covered
by the insulating polymerlayer 48, and the second portion
68, which is covered by the insulating polymer later 48,
of the iridium-containing layer 44 may be formed as
shown in FIG. 11. Alternatively, in some embodiments,
a spot size of the laser used for laser ablation may be
small enough compared to the size of the first portion 66,
and the accuracy with which the laser spot may be posi-
tioned may be great enough, that the insulating polymer
layer 48 may be removed without the need for the pro-
tection of the second mechanical mask 82.

[0031] As shown in FIG. 12, after formation of the in-
sulating polymer layer 48, the iridium-containing layer 44
may be activated by forming the iridium oxide layer 46
on the first portion 66 of the iridium-containing layer 44.
The activation may reduce the electrical impedance of
the electrode 36 by as much as three orders of magnitude
compare to the electrode 36 without the iridium oxide
layer 46.
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[0032] In some embodiments, the iridium oxide layer
46 may be formed by electrochemically oxidizing the first
portion 66 of the iridium-containing layer 44. In some em-
bodiments, the flexible polymer substrate 34 may be im-
mersed in an electrolytic solution such that the first por-
tion 66 of the iridium-containing layer 44 may be exposed
to an electrolytic solution. Examples of the electrolytic
solution may include a saline solution such as phosphate
buffered saline solution. A cathode may also be posi-
tioned within the electrolytic solution and a voltage may
be applied between the cathode and the electrode 36 to
pass an electrical current between the cathode and the
electrode 36. Oxygen may be released from the electro-
lytic solution when the voltage is applied. The released
oxygen reacts with the iridium of the iridium-containing
layer 44 to form the iridium oxide layer 46. In some em-
bodiments, the voltage may be cycled between positive
and negative voltages until a desired thickness of iridium
oxide is formed. Once the desired thickness of iridium
oxide is formed, the flexible polymer substrate 34 may
be removed from the electrolytic solution. Forming the
iridium oxide layer 46 in this way may produce improved
adhesion of the iridium oxide layer 46 compared to, for
example, sputter depositing a layer of iridium oxide di-
rectly. In addition, the iridium oxide layer 46 may provide
improved electrical performance by reducing impedance
of the electrode 36 by at least 25% compared to sputter
depositing a layer of iridium oxide directly.

[0033] As shown in FIG. 12, the thickness of the irid-
ium-containing layer 44 at the first portion 66 may de-
crease from its as-deposited thickness as iridium from
the iridium-containing layer 44 reacts to form the iridium
oxide layer 46. In some embodiments, following activa-
tion, the iridium-containing layer 44 at the first portion 66
may have a thickness as little as about 10%, about 20%,
about 30%, or about 40%, or as much as about 60%,
about 70%, about 80%, or about 90% of the as-deposited
thickness, or have thickness within any range defined
between any pair of the foregoing values. In exemplary
embodiments, following activation, the iridium-contain-
ing layer 44 may have a thickness from about 10% to
about 90%, from about 20% to about 80%, from about
30% to about 70%, or from about 40% to about 60% of
the as-deposited thickness. In some examples, iridium-
containing layer 44 may have a thickness following acti-
vation that is about 50% of the as-deposited thickness.

[0034] Theiridium-containing layer 44 may have a high
melting point, such as in excess of 2000°C. The iridium-
containing layer 44 may also have a partially reflective
surface finish that reflects at least a portion of the laser
energy from the surface during a laser ablation process.
Thus, the iridium-containing layer 44 may be able resist
laser damage while the insulating polymer layer 48 ex-
posed by the second opening 84 is removed. This resist-
ance to damage may allow for a more thorough removal
of the insulating polymer layer 48 by a lengthier laser
ablation process to produce a cleaner surface on the first
portion 66 of the iridium-containing layer 44. The cleaner
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surface on the first portion 66 may allow the iridium oxide
layer 46 to form more evenly over the first portion 66 of
the iridium-containing layer 44 leading to improved im-
pedance. The cleaner surface may also lead to improved
adhesion of the iridium oxide layer 46 to the iridium-con-
taining layer 44, which may enable electrodes 36 to be
able to flex with deployment of the electrode array 16,
while also maintaining low impedance and biocompati-
bility.

[0035] In the embodiments described above, each of
the conductive layer 40, the intermediate metal layer 42,
the iridium-containing layer 44, and the iridium oxide lay-
er 46 is formed only on one other material which may
lead to overall improved layer-to-layer adhesion by opti-
mizing the deposition process for deposition on a single
material. In addition, the electrode 36 may be biocom-
patible by having only the biocompatible materials ex-
posed, such the insulating polymer layer 48 and the irid-
ium oxide layer 46, and by not having any non-biocom-
patible materials exposed, such as the conductive layer
40.

[0036] Various modifications and additions can be
made to the exemplary embodiments discussed without
departing from the scope of the present invention. For
example, while the embodiments described above refer
to particular features, the scope of this invention also
includes embodiments having different combinations of
features and embodiments that do not include all of the
described features. Accordingly, the scope of the present
invention is intended to embrace all such alternatives,
modifications, and variations as fall within the scope of
the claims.

Claims

1. Anelectrode (36) for cardiac signal sensing, the elec-
trode (36) comprising:

a conductive layer (40) formed on a portion of a
flexible polymer substrate (34);

an intermediate metal layer (42) having a first
portion (62) and a second portion (64) and
formed on the conductive layer (40);

an iridium-containing layer (44) having a first
portion (66) and a second portion (68) and
formed on the first portion (62) of the intermedi-
ate metal layer (42), wherein the iridium-contain-
ing layer (44) includes at least 50 wt. % iridium;
an iridium oxide layer (46) formed on the first
portion (62) of the iridium-containing layer (44);
and

an insulating polymer layer (48) formed on the
second portion (64) of the intermediate metal
layer (42), and the second portion (68) of the
iridium-containing layer (44),

wherein the iridium-containing layer (44) is not
formed on the second portion (64) of the inter-
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mediate metal layer (42); and the iridium oxide
layer (46) is not formed on the second portion
(68) of the iridium-containing layer (44).

The electrode (36) of claim 1, wherein the iridium-
containing layer (44) consists of between 50 wt. %
and 99 wt. % iridium, and the balance is platinum.

The electrode (36) of claim 1, wherein the iridium-
containing layer (44) includes at least 99 wt. % irid-
ium.

The electrode (36) of any of claims 1-3, wherein the
insulating polymer layer (48) is a parylene polymer.

The electrode (36) of claim 4, wherein the parylene
polymer is selected from the group consisting of po-
ly(p-xylylene), poly(monochloro-p-xylylene), and po-
ly(dichloro-p-xylylene).

The electrode (36) of claim 5, wherein the parylene
polymer is poly(monochloro-p-xylylene).

The electrode (36) of any of claims 1-6, wherein the
intermediate metal layer (42) includes gold.

A cardiac mapping catheter (10) comprising:

an elongate catheter body; and

a plurality of splines (30) projecting from an end
of the catheter body, the splines (30) flexibly de-
ployable between a radially retracted position
and radially extended position, each of the
splines (30) including:

a flexible polymer substrate (34); and

a plurality of electrodes (36) formed on the flex-
ible polymer substrate (34), wherein each of the
electrodes (36) is according to any of claims 1-7.

A method for making an electrode (36) for cardiac
signal sensing, the electrode (36) formed on a flex-
ible polymer substrate (34) having a conductive layer
(40) and an intermediate metal layer (42) disposed
on the conductive layer (40), the method comprising:

depositing an iridium-containing layer (44) onto
a portion of the intermediate metal layer (42),
the iridium-containing layer (44) including at
least 50 wt. % iridium;

depositing an insulating polymer layer (48) on
the flexible polymer substrate (34), the conduc-
tive layer (40), the intermediate layer (42), and
the iridium-containing layer (44);

removing the insulating polymer layer (48) from
a portion of the iridium-containing layer (44) to
form a exposed surface; and
electrochemically oxidizing at least a portion of
the iridium-containing layer (44) at the exposed
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surface to form an iridium oxide layer (46) on
the iridium-containing layer (44).

10. The method of claim 9, wherein removing the insu-

1.

lating polymer layer (48) includes laser ablating the
insulating polymer layer (48) from the portion of the
iridium-containing layer (44).

The method of any of claims 9-10, wherein deposit-
ing the insulating polymer layer (48) includes depos-
iting a parylene polymer by vapor deposition.

12. The method of any of claims 9-11, wherein deposit-

ing the iridium-containing layer (44) includes:

applying afirst mechanical mask (76) to the sub-
strate (34), the first mechanical mask (76) in-
cluding a first opening aligned with the interme-
diate metal layer (42) to define the portion of the
intermediate metal layer (42);

depositing the iridium-containing layer (44) by
sputter deposition; and

removing the first mechanical mask (76).

13. The method of any of claims 9-12, wherein removing

the insulating polymer layer (48) includes:

applying a second mechanical mask (82) to the
substrate (34), the second mechanical mask
(82) including a second opening aligned with the
portion of the iridium-containing layer (44),
wherein the second opening is smaller than the
first opening;

laser ablating the insulating polymer layer (48)
from the portion of the iridium-containing layer
(44); and

removing the second mechanical mask (82).

14. The method of any of claims 9-12, wherein removing

the insulating polymer layer (48) includes:

applying a second mechanical mask (82) to the
substrate (34), the second mechanical mask
(82) including a second opening aligned with the
portion of the iridium-containing layer (44),
wherein the second opening is about the same
size as the first opening;

laser ablating the insulating polymer layer (48)
from the portion of the iridium-containing layer
(44); and

removing the second mechanical mask (82).

15. The method of any of claims 9-14, wherein electro-

chemically oxidizing includes:

immersing the substrate (34) in an electrolytic
solution;
cycling the iridium-containing layer (44) be-
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tween positive and negative voltages until a de-
sired thickness of iridium oxide is formed on the
surface of the portion of iridium-containing layer
(44); and
removing the substrate (34) from the electrolytic
solution.

Patentanspriiche

Elektrode (36) zur Erfassen von Herzsignalen, wel-
che Elektrode (36) aufweist:

eineleitende Schicht (40), die auf einem Bereich
eines flexiblen Polymersubstrats (34) gebildet
ist;

eine Metallzwischenschicht (42) mit einem ers-
ten Bereich (62) und einem zweiten Bereich
(64), die auf der leitenden Schicht (40) gebildet
ist;

eineiridiumhaltige Schicht (44) miteinem ersten
Bereich (66) und einem zweiten Bereich (68),
die auf dem ersten Bereich (62) der Metallzwi-
schenschicht (42) gebildet ist, wobei die iridium-
haltige Schicht (44) zumindest 50 Gew.-% Iridi-
um enthalt;

eine Iridiumoxidschicht (46), die auf dem ersten
Bereich (62) deriridiumhaltigen Schicht (44) ge-
bildet ist; und

eine isolierende Polymerschicht (48), die auf
dem zweiten Bereich (64) der Metallzwischen-
schicht (42) und dem zweiten Bereich (68) der
iridiumhaltigen Schicht (44) gebildet ist,

wobei die iridiumhaltige Schicht (44) nicht auf
dem zweiten Bereich (64) der Metallzwischen-
schicht (42) gebildet ist; und die Iridiumoxid-
schicht (46) nicht auf dem zweiten Bereich (68)
der iridiumhaltigen Schicht (44) gebildet ist.

Elektrode (36) nach Anspruch 1, bei der die iridium-
haltige Schicht (44) aus zwischen 50 Gew.-% und
99 Gew.-% Iridium und dem Rest aus Platin besteht.

Elektrode (36) nach Anspruch 1, bei der die iridium-
haltige Schicht (44) zumindest 99 Gew.-% Iridium
enthalt.

Elektrode (36) nach einem der Anspriiche 1-3, bei
der die isolierende Polymerschicht (48) ein Parylen-
polymer ist.

Elektrode (36) nach Anspruch 4, bei der das Pary-
lenpolymer aus der Gruppe, bestehend aus Poly(p-
xylylen), Poly(monochlor-p-xylylen) und Poly(di-
chlor-p-xylylen), ausgewahlt ist.

Elektrode (36) nach Anspruch 5, bei der das Pary-
lenpolymer Poly(monochlor-p-xylylen) ist.
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7.

8.

Elektrode (36) nach einem der Anspriiche 1-6, bei
dem die Metallzwischenschicht (42) Gold enthalt.

Herzabbildungskatheter (10), welcher aufweist:

einen langlichen Katheterkorper; und

mehrere Keile (30), die von einem Ende des Ka-
theterkorpers vorstehen, wobei die Keile (30)
flexibel entfaltbar sind zwischen einer radial zu-
riickgezogenen Position und einer radial erwei-
terten Position, und jeder der Keile (30) enthalt:

ein flexibles Polymersubstrat (34); und
mehrere Elektroden (36), die auf dem fle-
xiblen Polymersubstrat (34) gebildet sind,
wobei jede der Elektroden (36) gemaR ei-
nem der Anspriiche 1-7 konfiguriert ist.

Verfahren zum Herstellen einer Elektrode (36) fur
die Erfassung von Herzsignalen, wobei die Elektro-
de (36), die auf einem flexiblen Polymersubstrat (34)
gebildet ist, eine leitende Schicht (40) und eine Me-
tallzwischenschicht (42), die auf der leitenden
Schicht (40) gebildet ist, hat, welches Verfahren auf-
weist:

Aufbringen eineriridiumhaltigen Schicht (44) auf
einen Bereich der Metallzwischenschicht (42),
wobei die iridiumhaltige Schicht (44) zumindest
50 Gew.-% Iridium enthalt;

Aufbringen einer isolierenden Polymerschicht
(48) auf das flexible Polymersubstrat (34), die
leitende Schicht (40), die Zwischenschicht (42)
und die iridiumhaltige Schicht (44);

Entfernen der isolierenden Polymerschicht (48)
von einem Bereich der iridiumhaltigen Schicht
(44), um eine freigelegte Oberflache zu bilden;
und

elektrochemisches Oxidieren zumindest eines
Bereichs der iridiumhaltigen Schicht (44) an der
freigelegten Oberflache, um eine Iridiumoxid-
schicht (46) auf der iridiumhaltigen Schicht (44)
zu bilden.

10. Verfahren nach Anspruch 9, bei dem das Entfernen

1.

der isolierenden Polymerschicht (48) eine Laserab-
lation der isolierenden Polymerschicht (48) von dem
Bereich der iridiumhaltigen Schicht (44) enthalt.

Verfahren nach einem der Anspriiche 9-10, bei dem
das Aufbringen derisolierenden Polymerschicht (48)
das Aufbringen eines Parylenpolymers durch Auf-
dampfen enthalt.

12. Verfahren nach einem der Anspriiche 9-11, bei dem

das Aufbringen der iridiumhaltigen Schicht (44) ent-
halt:
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Aufbringen einer ersten mechanischen Maske
(76) auf das Substrat (34), wobei die erste me-
chanische Maske (76) eine erste Offnung ent-
halt, die mit der Metallzwischenschicht (42) aus-
gerichtet ist, um den Bereich der Metallzwi-
schenschicht (42) zu definieren;

Aufbringen der iridiumhaltigen Schicht (44)
durch Sputter-Aufbringung; und

Entfernen der ersten mechanischen Maske
(76).

13. Verfahren nach einem der Anspriiche 9-12, bei dem

das Entfernen der isolierenden Polymerschicht (48)
enthalt:

Aufbringen einer zweiten mechanischen Maske
(82) auf das Substrat (34), wobei die zweite me-
chanische Maske (82) eine zweite Offnung ent-
halt, die mit dem Bereich der iridiumhaltigen
Schicht (44) ausgerichtet ist, und wobei die
zweite Offnung kleiner als die erste Offnung ist;
Laserablation der isolierenden Polymerschicht
(48) von dem Bereich der iridiumhaltigen
Schicht (44); und

Entfernen der zweiten mechanischen Maske
(82).

14. Verfahren nach einem der Anspriiche 9-12, bei dem

das Entfernen der isolierenden Polymerschicht (48)
enthalt:

Aufbringen einer zweiten mechanischen Maske
(82) auf das Substrat (34), wobei die zweite me-
chanische Maske (82) eine zweite Offnung ent-
halt, die mit dem Bereich der iridiumhaltigen
Schicht (44) ausgerichtet ist, wobei die zweite
Offnung etwa die gleiche GréRe wie die erste
Offnung hat;

Laserablation der isolierenden Polymerschicht
(48) von dem Bereich der iridiumhaltigen
Schicht (44); und

Entfernen der zweiten mechanischen Maske
(82).

15. Verfahren nach einem der Anspriiche 9-14, bei dem

das elektrochemische Oxidieren enthalt:

Eintauchen des Substrats (34) in eine Elektro-
lytlésung;

zyklisches Behandeln der iridiumhaltigen
Schicht (44) zwischen positiver und negativer
Spannung, bis eine gewtlinschte Dicke von lIri-
diumoxid auf der Oberflache des Bereichs der
iridiumhaltigen Schicht (44) gebildet ist; und
Entfernen des Substrats (34) aus der Elektrolyt-
I6sung.
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Revendications

Electrode (36) pour la détection de signaux d’activité
cardiaque, I'électrode (36) comprenant :

une couche conductrice (40) qui est formée sur
une partie d’'un substrat en polymere flexible
(34);

une couche en métal intermédiaire (42) qui com-
porte une premiére partie (62) et une seconde
partie (64) et qui est formée sur la couche con-
ductrice (40) ;

une couche contenant de l'iridium (44) qui com-
porte une premiére partie (66) et une seconde
partie (68) et qui est formée sur la premiére par-
tie (62) de la couche en métalintermédiaire (42),
dans laquelle la couche contenant de liridium
(44) inclut au moins 50 % en poids d'’iridium ;
une couche en oxyde d’iridium (46) qui est for-
mée sur la premiere partie (62) de la couche
contenant de l'iridium (44) ; et

une couche en polymeére isolante (48) qui est
formée sur la seconde partie (64) de la couche
en métal intermédiaire (42) et sur la seconde
partie (68) de la couche contenant de I'iridium
(44) ; dans laquelle :

la couche contenant de l'iridium (44) n’est pas
formée sur la seconde partie (64) de la couche
enmétalintermédiaire (42) ; etlacouche en oxy-
de d’iridium (46) n’est pas formée surla seconde
partie (68) de la couche contenant de I'iridium
(44).

Electrode (36) selon larevendication 1, dans laquelle
la couche contenant de l'iridium (44) est constituée
par entre 50 % en poids et 99 % en poids d’iridium,
et le complément est du platine.

Electrode (36) selon larevendication 1, dans laquelle
la couche contenant de I'iridium (44) inclut au moins
99 % en poids d’iridium.

Electrode (36) selon 'une quelconque des revendi-
cations 1 a 3, dans laquelle la couche en polymeére
isolante (48) est un polymeére paryléne.

Electrode (36) selon larevendication 4, dans laquelle
le polymére paryléne est sélectionné parmile groupe
qui est constitué par le poly(p-xylyléne), le poly(mo-
nochloro-p-xylylene) et le poly(dichloro-p-xylyléne).

Electrode (36) selon larevendication 5, dans laquelle
le polymeére paryléne est le poly(monochloro-p-xyly-
Iene).

Electrode (36) selon 'une quelconque des revendi-
cations 1 a 6, dans laquelle la couche en métal in-
termédiaire (42) inclut de l'or.
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Cathéter de cartographie d’activité cardiaque (10)
comprenant :

un corps de cathéter allongeé ; et

une pluralité de cannelures (30) qui font saillie
depuis une extrémité du corps de cathéter, les
cannelures (30) pouvant étre déployées de ma-
niere flexible entre une position rétractée radia-
lement et une position étendue radialement,
chacune des cannelures (30) incluant :

un substrat en polymére flexible (34) ; et
une pluralité d’électrodes (36) qui sont for-
mées sur le substrat en polymére flexible
(34), dans lequel chacune des électrodes
(36) est selon I'une quelconque des reven-
dications 1a 7.

Procédé pour fabriquer une électrode (36) pour la
détection de signaux d’activité cardiaque, I'électrode
(36) étant formée sur un substrat en polymere flexi-
ble (34) qui comporte une couche conductrice (40)
et une couche en métal intermédiaire (42) qui est
disposée sur la couche conductrice (40), le procédé
comprenant :

le dépbtd’une couche contenantde I'iridium (44)
sur une partie de la couche en métal intermé-
diaire (42), la couche contenant de liridium (44)
incluant au moins 50 % en poids d’iridium ;

le dép6t d’'une couche en polymere isolante (48)
sur le substrat en polymeére flexible (34), sur la
couche conductrice (40), sur la couche en métal
intermédiaire (42) et sur la couche contenant de
liridium (44) ;

I'enlevement de la couche en polymere isolante
(48) au niveau d’'une partie de la couche conte-
nant de liridium (44) de maniére a former une
surface exposée ; et

I'oxydation électrochimique d’au moins une par-
tie de la couche contenant de l'iridium (44) au
niveau de la surface exposée de maniere a for-
mer une couche en oxyde d’iridium (46) sur la
couche contenant de liridium (44).

Procédé selon la revendication 9, dans lequel I'en-
levement de la couche en polymére isolante (48) in-
clut une ablation par laser de la couche en polymére
isolante (48) au niveau de la partie de la couche con-
tenant de liridium (44).

Procédé selon I'une quelconque des revendications
9 et 10, dans lequel le dépbt de la couche en poly-
meére isolante (48) inclut le dép6t d’un polymeére pa-
rylene au moyen d’un dép6t en phase vapeur.

Procédé selon I'une quelconque des revendications
9 a 11, dans lequel le dépbt de la couche contenant
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de liridium (44) inclut :

I'application d’un premier masque mécanique
(76) sur le substrat (34), le premier masque mé-
canique (76) incluant une premiere ouverture
qui est alignée avec la couche en métal inter-
médiaire (42) de maniéere a définir la partie de
la couche en métal intermédiaire (42) ;

le dépbt de la couche contenant de liridium (44)
au moyen d’un dép6t par pulvérisation ; et
I’enléevement du premier masque mécanique
(76).

13. Procédé selon 'une quelconque des revendications

9 a 12, dans lequel I'enlevement de la couche en
polymeére isolante (48) inclut :

I'application d’'un second masque mécanique
(82) sur le substrat (34), le second masque mé-
canique (82) incluant une seconde ouverture qui
estalignée avecla partie de lacouche contenant
de l'iridium (44), dans lequel la seconde ouver-
ture est plus petite que la premiére ouverture ;
I'ablation par laser de la couche en polymere
isolante (48) au niveau de la partie de la couche
contenant de l'iridium (44) ; et

I'enléevement du second masque mécanique
(82).

14. Procédé selon 'une quelconque des revendications

9 a 12, dans lequel I'enlevement de la couche en
polymere isolante (48) inclut :

I'application d’'un second masque mécanique
(82) sur le substrat (34), le second masque mé-
canique (82) incluant une seconde ouverture qui
estalignée avecla partie de lacouche contenant
de l'iridium (44), dans lequel la seconde ouver-
ture présente approximativement la méme di-
mension que la premiére ouverture ;

I'ablation par laser de la couche en polymere
isolante (48) au niveau de la partie de la couche
contenant de l'iridium (44) ; et

I’enléevement du second masque mécanique
(82).

15. Procédé selon 'une quelconque des revendications

9 a 14, dans lequel l'oxydation électrochimique
inclut :

immersion du substrat (34) dans une solution
électrolytique ;

le cyclage de la couche contenant de I'iridium
(44) entre des tensions positive et négative jus-
qu’a ce qu’une épaisseur souhaitée d’oxyde
d’iridium soit formée sur la surface de la partie
de la couche contenant de l'iridium (44) ; et
I’enlevement du substrat (34) hors de la solution
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