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(57) ABSTRACT 

An implantable medical electrode includes a Substrate and an 
iridium oxide surface, which is formed by an iridium oxide 
film applied over a roughened surface of the substrate. The 
film is preferably applied via direct current magnetron sput 
tering in a sputtering atmosphere comprising argon and oxy 
gen. A sputtering target power may be between approxi 
mately 80 watts and approximately 300 watts, and a total 
sputtering pressure may be between approximately 9 millitorr 
and approximately 20 millitorr. The iridium oxide film may 
have a thickness greater than or equal to approximately 
15,000 angstroms and have a microstructure exhibiting a 
columnar growth pattern. 
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MEDICAL ELECTRODE INCLUDING AN 
IRIDIUM OXDE SURFACE AND METHODS 

OF FABRICATION 

TECHNICAL FIELD 

0001. The present invention pertains to implantable medi 
cal electrodes and more particularly to implantable medical 
electrodes having iridium oxide Surfaces. 

BACKGROUND 

0002 Medical electrodes having surfaces of enhanced 
microstructure (i.e. an increased active surface area), in order 
to increase a capacitance of the electrode-to-tissue interface, 
thereby reducing post-pulse polarization, particularly for car 
diac pacing and sensing applications, are well documented in 
the art. For example, coatings or layers of platinum black 
particles, titanium nitride (TiN) and iridium oxide (IrOx), 
which extend over electrode substrates to create the enhanced 
microstructure, have been described, along with methods for 
applying these layers. However, there is still a need for new 
processes/methods to create electrode Surfaces of enhanced 
microstructure. The new processes can improve production 
efficiency and can lead to further increases in active Surface 
area by means of corresponding process-dependent Surface 
microstructure features. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0003. The following drawings are illustrative of particular 
embodiments of the present invention and therefore do not 
limit the scope of the invention. The drawings are not to scale 
(unless so stated) and are intended for use in conjunction with 
the explanations in the following detailed description. 
Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
wherein like numerals denote like elements. 
0004 FIG. 1 is a plan view of an exemplary medical elec 

trical lead including electrodes which may be fabricated 
according to methods of the present invention. 
0005 FIG. 2 is a scanning electron microscope (SEM) 
photograph, taken at a magnification of 50,000x, of a cross 
section of an exemplary IrOX film formed by applying an 
IrOX film according to a sputtering method of the present 
invention. 
0006 FIGS. 3A-B are SEM photographs, taken at a mag 
nification of 20,000x, of exemplary electrode surfaces 
formed by application methods of the present invention. 
0007 FIG. 4 is a plot of impedance versus frequency char 
acterizing exemplary electrodes of the present invention. 
0008 FIGS.5A-B are SEM photographs, taken at magni 
fications of 2,500x and 20,000x, respectively, of an electrode 
Surface formed by a sputtered IrOX film, according to some 
embodiments of the present invention. 
0009 FIGS. 6A-B are SEM photographs, taken at magni 
fications of 2,500x and 20,000x, respectively, of an electrode 
surface formed by a sputtered IrOX film, according to addi 
tional embodiments of the present invention. 

DETAILED DESCRIPTION 

0010. The following detailed description is exemplary in 
nature and is not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the follow 
ing description provides practical illustrations for implement 
ing exemplary embodiments of the present invention. 
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Examples of constructions, materials, dimensions, and manu 
facturing processes are provided for selected elements, and 
all other elements employ that which is known to those of skill 
in the field of the invention. Those skilled in the art will 
recognize that many of the examples provided have Suitable 
alternatives that can be utilized. 

0011 FIG. 1 is a plan view of an exemplary medical elec 
trical lead 100 including electrodes 13, 15, which may be 
fabricated according to methods of the present invention. 
FIG. 1 illustrates lead 100 including an elongate insulative 
body 10 terminated at a distal end by tip electrode 15, and at 
a proximal end by a connector pin 105, which is coupled to tip 
electrode 15 by a conductor (not shown) extending within 
body 10. FIG. 1 further illustrates electrode ring 13 mounted 
to body 10, in proximity to tip electrode 15, and a connector 
ring 103, which mounted to body 10 in proximity to connec 
tor pin 105, and is coupled to electrode ring 13 by another 
conductor (not shown) extending within body 10. Lead 100 is 
an exemplary bipolar pacing lead, wherein tip electrode 15 is 
disposed to contact tissue for the application of stimulation 
pulses, and, in conjunction with electrode ring 13, to sense 
electrical activity of the tissue; the construction and applica 
tion of medical electrical leads like lead 100 are well known 
to those skilled in the art. Either or both of electrodes 13, 15 
may include a surface of enhanced microstructure formed 
according to methods of the present invention, however the 
sensing function of electrodes 13 and 15, together (bipolar), 
or of electrode 15 in a unipolar mode, may particularly benefit 
from tip electrode 15 having such a surface. 
0012 Those skilled in the art understand that a polariza 
tion of tip electrode 15 following the delivery of pacing pulses 
can impact sensing of an evoked response of the tissue to the 
pacing pulse. Thus, an increased active Surface area of elec 
trode 15, provided by an enhanced microstructure of the 
Surface, formed according to methods of the present inven 
tion, is desirable for increasing a capacitance of the tissue 
interface with electrode 15 to a level that sufficiently reduces 
post-pulse polarization Voltages, so that evoked response sig 
nals are not masked by these polarization Voltages and can 
be sensed. 

0013. According to embodiments of the present invention, 
electrodes, such as electrode 15, include an IrOX surface 
formed by reactively sputtering a layer, or film of IrOX overan 
electrode substrate, for example, formed from titanium or a 
platinum/iridium (Pt/Ir) alloy. Methods of the present inven 
tion employ DC magnetron Sputtering; preferred sputtering 
process parameters were established by varying the param 
eters in a designed experiment using titanium foils as the 
Substrate. The processing parameters which were varied 
were: Sputtering target power: from approximately 100 watts 
to approximately 300 watts; total sputtering pressure: from 
approximately 9 millitorr to approximately 15 millitorr, and a 
composition of the Sputtering atmosphere: from approxi 
mately 25% oxygen/argon ratio to approximately 75% oxy 
gen/argon ratio. Samples of each group corresponding to each 
combination of process parameters were subjected to electri 
cal performance evaluations, which included measurements 
of capacitance and impedance as a function of frequency (0.1 
HZ-1000 Hz). The processing parameters, which are pre 
sented in Table 1, resulted in the highest capacitance at the 
lowest frequency and were Subsequently used to Sputter IrOX 
films onto electrode substrates, for which polarization and 
impedance measurements were made. 
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TABLE 1. 

Target power (watts) -100 
Total pressure (millitorr) -15 
Oxygen Argon (%) -75 

0014 IrOX films were sputtered, according to the above 
process parameters, onto Pt/Ir electrode substrates whose 
surfaces had been mechanically abraded by grit blasting with 
a 50-micron alumina powder, prior to Sputtering the elec 
trodes were cleaned in an ultrasonic bath of acetone and IPA 
for approximately 5 minutes, and then blown dry. The elec 
trodes were hemispherical in form, similar to electrode 15 
shown in FIG. 1, having a diameter of approximately 0.068 
inch. One group, Group A, of the electrodes was sputtered for 
a period time to achieve a film thickness of approximately 
15,000 angstroms, and another group of the electrodes, Group 
B, for a shorter period of time to achieve a thickness of 
approximately 4,500 angstroms. A deposition rate of the pro 
cess, according to the above parameters, had been determined 
by placing standard Sapphire thickness monitors in the sput 
tering chamber with the titanium foils and then measuring 
resulting IrOX film thicknesses with a Dektak profilometer for 
various sputtering times. FIG. 2 is a SEM photograph, taken 
at a magnification of 50,000x, of a cross-section of an IrOx 
film, formed over a Sapphire thickness monitor, according to 
the above parameters and for a time to achieve a thickness of 
approximately 15,000 angstroms, which corresponds to the 
thickness for Group A electrodes. With reference to FIG. 2, it 
may be appreciated that the IrOX film creates a surface having 
a microstructure exhibiting a columnar growth pattern. 
0015 FIGS. 3A-B are SEM photographs, taken at a mag 
nification of 20,000x, of electrode surfaces for Group A and 
Group B electrodes, respectively. With reference to FIGS. 
3A-B it may be appreciated that the surface created by the 
thicker IrOX film of Group A electrodes (FIG. 3A) exhibits 
longer columnar features than that created by the thinner IrOx 
film of Group B electrodes (FIG. 3B), which may result in a 
greateractive Surface area. Results of electrical performance 
evaluations for the two groups provide Some evidence of a 
greater active surface area for Group A electrodes. Unipolar 
polarization Voltages were measured 20 msec post-pulse 
(pulse of 4V over 1 ms) for electrodes from Groups A and B, 
which had been built into leads and soaked in a saline tank for 
approximately 24 hours; those of Group A, having the thicker 
IrOX film forming the surface thereof, demonstrated lower 
polarization than those in Group B: 3.9 mV, on average, for 
Group A electrodes, versus 7.1 mV. on average, for Group B 
electrodes (n=3). The Group A polarization is comparable to 
that of a standard electrode having a hemispherical form of 
similar gross dimension and a TiN Surface (approximately 3 
mV), and, with reference to FIG.4, it may be appreciated that 
impedance as a function of frequency for the Group A elec 
trodes closely matches that for the electrodes having the TiN 
Surface. In particular, it is important to note that the imped 
ance at 1 Hz, which is the order of magnitude for pacing pulse 
frequency, does not significantly rise for the Group A elec 
trodes from that measured at the higher frequencies. The 
impedances were estimated via sampling current, 10 times, 
per decade of frequency, in response to an applied 10 mV AC 
Voltage. 
0016. The mechanical stability of the IrOX films on elec 
trodes of Groups A and B were also tested by stressing the 
films via cyclic voltammetry. Films of both groups remained 
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adhered during cyclic loading of +1 Vata rate of +10 mV/sec. 
and upon being impinged with a blast of saline from a 
Syringe following the cyclic Voltammetry. 
0017 FIGS.5A-B are SEM photographs, taken at magni 
fications of 2,500x and 20,000x, respectively, of an exem 
plary electrode surface formed by a thicker sputtered IrOx 
film than that of the Group A electrodes. The electrode surface 
shown in FIGS. 5A-B was achieved by DC magnetron sput 
tering according to the process parameters presented in Table 
1. As for the substrates of Groups A and B, the Pt/Ir Substrates 
of electrodes corresponding to FIGS. 5A-B were mechani 
cally abraded via grit blasting with a 50-micron alumina 
powderprior to sputtering, but a thicker film of IrOx, approxi 
mately 23,500 angstroms thick, was sputtered onto the FIGS. 
5A-B electrodes. It was expected that the thicker film would 
result in an increased active surface area, and an average 
post-pulse polarization Voltage of the electrodes correspond 
ing to FIGS.5A-B was indeed measured to be lower than that 
of Group A electrodes: 2.6 mV versus the 3.9 my of Group A 
electrodes. (As with Group A and B electrodes, unipolar 
polarization Voltages were measured 20 msec post-pulse 
(pulse of 4V over 1 m sec) for the electrodes of FIGS.5A-B, 
which were built into a lead and soaked in a saline tank for 
approximately 24 hours.) The electrodes corresponding to 
FIGS. 5A-B demonstrated similar frequency-dependent 
impedance to that described for Group A electrodes. 
0018 FIGS. 6A-B are SEM photographs, taken at magni 
fications of 2,500x and 20,000x, respectively, of an exem 
plary electrode surface of an alternate embodiment formed by 
a IrOX film sputtered over a layer of titanium covering a Pt/Ir 
electrode substrate. The layer of titanium was applied by DC 
magnetron Sputtering in an argon/oxygen environment, 
wherein the Sputtering target power was approximately 200 
watts and the argon pressure approximately 11.5 millitorr, 
those skilled in the art will appreciate that other suitable 
process parameters may be employed to apply the titanium 
layer. The illustrated IrOX film is thicker than that of the 
Group A electrodes, being approximately 21,500 angstroms 
thick, and was formed by DC magnetron Sputtering according 
to the process parameters presented in Table 1. With reference 
back to FIG. 5B, in conjunction with FIG. 6B, it should be 
appreciated that the microstructure of the surface created by 
the IrOX film sputtered directly over the electrode substrate 
(FIG. 5B) is very similar to that created by the film sputtered 
over the interposing layer of titanium (FIG. 6B). Further 
more, electrodes having IrOX Surfaces corresponding to 
FIGS. 6A-B demonstrated similar polarization and fre 
quency-dependent impedance to that of the electrodes having 
IrOX surfaces corresponding to FIGS. 5A-B, but the layer of 
titanium interposed between the Pt/Ir Substrate and the IrOx 
film enhanced the mechanical stability, or adhesion to the 
substrate, of the film shown in FIGS.6A-B over that shown in 
FIGS. 5A-B. It should be noted that other materials, for 
example, iridium, niobium or Zirconium, may be substituted 
for titanium, as an interposing layer to enhance the mechani 
cal stability of the IrOX film, without significantly altering the 
character of the surface microstructure created by the IrOx 
film from that shown in FIGS. 5B and 6B, or the resulting 
electrical properties. 
0019. A DC magnetron sputtering deposition rate for 
applying IrOX to an electrode surface, which is between 
approximately 100 angstroms per minute and approximately 
2500 angstroms per minute, according to the processing 
methods previously defined, can be one or two orders of 
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magnitude greater than that for applying TiN. Thus, the per 
formance of electrodes including the IrOX film(s), according 
to the results presented herein, demonstrate that a sputtered 
IrOX electrode surface, formed according to process param 
eters of the present invention, is a viable alternative to a TiN 
Surface, and may provide a benefit by increasing production 
efficiency via increased sputtering deposition rates. Finally, it 
should be noted that the preferred processing parameters 
described above may vary for different electrode geometries 
and sputtering system configurations without significantly 
altering the Surface microstructure created by the Sputtered 
IrOX films from that of those presented herein. 
0020. In the foregoing detailed description, the invention 
has been described with reference to specific embodiments. 
However, it may be appreciated that various modifications 
and changes can be made without departing from the scope of 
the invention as set forth in the appended claims. 

1-28. (canceled) 
29. A method for fabricating an implantable medical elec 

trode, the method comprising: 
mechanically roughening a surface of a Substrate; and 
applying a film of iridium oxide over the roughened Surface 

using direct current magnetron sputtering in a sputtering 
atmosphere comprising oxygen and argon. 

30. The method of claim 29, wherein mechanically rough 
ening the Surface comprises grit blasting with particles having 
approximately 50 micron diameters. 

31. The method of claim 29, wherein a ratio of the oxygen 
to the argon in the sputtering atmosphere is greater than 
approximately 25%. 

32. The method of claim 31, wherein the ratio is greater 
than approximately 50%. 

33. The method of claim 32, wherein the ratio is approxi 
mately 75%. 

34. The method of claim 29, wherein a sputtering deposi 
tion rate is between approximately 100 angstroms/minute and 
approximately 2500 angstroms/minute. 

35. The method of claim 29, wherein: 
a sputtering target power is between approximately 80 

watts and approximately 300 watts; and 
a total sputtering pressure is between approximately 9 mil 

litorr and approximately 20 millitorr. 
36. The method of claim 35, wherein the sputtering pres 

sure is approximately 15 millitorr. 
37. The method of claim 35, wherein the sputtering target 

power is approximately 100 watts. 
38. An implantable medical electrode comprising a sub 

strate and an iridium oxide surface, the surface formed by 
applying a film of iridium oxide over a roughened Surface of 
the Substrate using direct current magnetron Sputtering in 
which a sputtering atmosphere comprises oxygen and argon. 

39. The electrode of claim 38, wherein the substrate com 
prises a platinum iridium alloy. 

Jul. 2, 2015 

40. The electrode of claim 38, wherein the substrate com 
prises titanium. 

41. The electrode of claim38, wherein a ratio of the oxygen 
to the argon in the Sputtering atmosphere is greater than 
approximately 25%. 

42. The electrode of claim 41, wherein the ratio is greater 
than approximately 50%. 

43. The electrode of claim 42, wherein the ratio is approxi 
mately 75%. 

44. The electrode of claim 38, wherein the iridium oxide 
film has a thickness greater than or equal to approximately 
15,000 angstroms. 

45. The electrode of claim 44, wherein the film thickness is 
greater than approximately 20,000 angstroms. 

46. The electrode of claim 38, wherein the roughened 
Surface of the Substrate comprises a material layer extending 
between the substrate and the iridium oxide film, the material 
layer comprising a material enhancing adhesion of the iri 
dium oxide film to the substrate. 

47. The electrode of claim 46, wherein the material is 
selected from the group consisting of titanium, iridium, nio 
bium and Zirconium. 

48. The electrode of claim 46, wherein the iridium oxide 
film has a thickness greater than or equal to approximately 
20,000 angstroms. 

49. The electrode of claim 38, wherein a sputtering target 
power is between approximately 80 watts and approximately 
300 watts, and a total sputtering pressure is between approxi 
mately 9 millitorr and approximately 20 millitorr. 

50. The electrode of claim 49, wherein the sputtering pres 
sure is approximately 15 millitorr. 

51. The electrode of claim 49, wherein the sputtering target 
power is approximately 100 watts. 

52. An implantable medical electrode, comprising: 
a Substrate including a mechanically roughened surface; 

and 
a sputtered iridium oxide film extending over the Surface, 

the film having a thickness greater than or equal to 
approximately 15,000 angstroms and a microstructure 
exhibiting a columnar growth pattern. 

53. The electrode of claim 52, wherein the thickness of the 
film is greater than approximately 20,000 angstroms. 

54. The electrode of claim 52, wherein the roughened 
Surface of the Substrate comprises a material layer extending 
between the substrate and the iridium oxide film, the material 
layer comprising a material enhancing adhesion of the iri 
dium oxide film to the substrate. 

55. The electrode of claim 54, wherein the material is 
selected from the group consisting of titanium, iridium, nio 
bium and Zirconium. 

56. The electrode of claim 54, wherein the thickness of the 
iridium oxide film is greater than or equal to approximately 
20,000 angstroms. 


