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(57) ABSTRACT 

A method for fabricating an implantable medical electrode 
includes roughening the electrode substrate, applying an 
adhesion layer, and depositing a Valve metal oxide coating 
over the adhesion layer under conditions optimized to mini 
mize electrode impedance and post-pulse polarization. The 
electrode substrate may be a Variety of electrode metals or 
alloys including titanium, platinum, platinum-iridium, or nio 
bium. The adhesion layer may be formed of titanium or zir 
conium. The Valve metal oxide coating is a ruthenium oxide 
coating sputtered onto the adhesion layer under controlled 
target poWer, sputtering pres sure, and sputter gas ratio setting 
optimized to minimize electrode impedance and post-pulse 
polarization. 
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METHOD FOR FABRICATION OF 
LOW-POLARIZATION IMPLANTABLE 

STIMULATION ELECTRODE 

FIELD OF THE INVENTION 

[0001] The present invention relates to implantable stimu 
lation electrodes generally and more particularly to implant 
able stimulation electrodes fabricated to reduce post pulse 
polarization. 

BACKGROUND OF THE INVENTION 

[0002] Following delivery of a cardiac pacing pulse by an 
electrode, an after-potential typically remains on the elec 
trode Which persists for a su?icient period of time thereafter, 
that can interfere With sensing of cardiac signals associated 
With tissue depolarization caused by the delivered pulse. This 
phenomenon has been addressed in a number of Ways over the 
years, and quite a large variety of electrode coatings have 
been developed in an effort to reduce post pulse polarization 
effects. One of the most common approaches to reducing post 
pulse polarization is to provide a high surface area coating 
having micron or sub-micron size surface features, such as a 
porous sintered metallic coating as described in US. Pat. No. 
4,280,514 issued to MacGregor, a metal oxide or nitride 
coating as described in US. Pat. No. 4,679,572 issued to 
Baker, US. Pat. No. 5,571,158 issued to Bolz et al. and US. 
Pat. No. 5,683,443 issued to Munshi et al., or a coating of 
platinum black, as described in US. Pat. No. 4,502,492 
issued to Bomzin, US. Pat. No. 4,506,680 issued to Stokes 
and US. Pat. No. 5,282,844 also issued to Stokes, all ofWhich 
patents are incorporated herein by reference in their entire 
ties. As noted in these patents, the provision of a high surface 
area coating does substantially loWer post pulse polarization 
levels. HoWever, as a practical matter, further reduction in 
post pulse polarization levels is still desirable. 

BRIEF SUMMARY OF THE INVENTION 

[0003] The present invention is directed toWard providing a 
loW post-pulse polarization electrode having an increased 
surface area created by depositing a coating of ruthenium 
oxide (RuOx) on the electrode surface. Sputtering conditions 
during RuOx deposition are optimized to achieve the loWest 
post-pulse polarization and frequency dependent impedance 
response. Sputtering conditions that are optimized include 
target poWer, sputtering pressure and sputtering gas ratio. 
[0004] In one embodiment, the electrode substrate is 
roughened and cleaned prior to applying the RuOx coating 
using mechanical roughening by grit blasting With an alumina 
oxide media. The roughened substrate is ultrasonically 
cleaned. 

[0005] In another embodiment, a method for fabricating a 
loW post-pulse polarization electrode includes applying an 
adhesion layer to the electrode surface prior to depositing the 
RuOx coating to prevent delamination of the RuOx coating. 
The adhesion layer is formed of titanium (Ti) or zirconium 
(Zr) and applied in a vacuum environment to prevent oxida 
tion of the adhesion layer surface. 

[0006] In another embodiment, the electrode substrate is 
ion etched to remove the spontaneous oxide ?lm that forms 
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over the electrode substrate and the RuOx coating is depos 
ited prior to exposing the electrode to air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a plan vieW of one type of, cardiac pacing 
lead in Which the invention may usefully be practiced. 
[0008] FIG. 2 is a How chart summarizing steps included in 
a method for manufacturing an electrode having a RuOx 
coating. 
[0009] FIG. 3 is a graph of frequency-dependent imped 
ance measured for RuOx coated PtIr electrodes. 
[0010] FIG. 4 is a graph of post-pulse polarization mea 
sured for RuOx coated PtIr electrodes. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0011] FIG. 1 is a plan vieW of one type of cardiac pacing 
lead in Which the invention may usefully be practiced. In the 
case of FIG. 1, the lead is an endocardial pacing lead provided 
With an elongated insulative outer sheath 10 Which carries 
tWo mutually insulated conductors 12 and 13; illustrated 
schematically. At the proximal end of the lead is an in-line 
bipolar connector assembly 14 Which may correspond to the 
IS-l connector standard. Connector assembly 14 is provided 
With a connector ring 16 coupled to conductor 12 and a 
connector pin 18 coupled to conductor 13. Sealing rings 20 
and 22 are provided to seal the connector assembly Within the 
bore of an associated cardiac pacemaker and to prevent ?uid 
leakage betWeen connector ring 16 and connector pin 18. 
[0012] The proximal end of the lead carries a pacing cath 
ode 24 and a pacing anode 28. Pacing cathode 24 may be any 
knoWn type of pacing cathode employed in the context of 
cardiac pacing leads, hoWever, it is illustrated as taking the 
general form of an endocardial pacing electrode. Tines 26 are 
optionally provided to assist in stabilizing electrode 24 adja 
cent heart tissue. The invention may be practiced With any 
other type of endocardial electrodes such as active ?xation 
helical or hook type electrodes. 
[0013] It should be understood in the context of the present 
invention that the lead of FIG. 1 is merely exemplary, and that 
the invention is believed useful in conjunction With any type 
of implantable stimulation electrode, including epicardial 
pacing electrodes as described, for example, in US. Pat. No. 
5,545,207 issued to Smits et al., myocardial electrodes as 
described, for example, in US. Pat. No. 5,397,343 issued to 
Smits, and de?brillation electrodes as described, for example, 
in US. Pat. No. 5,016,645 issued to Williams et al. and US. 
Pat. No. 4,934,049 issued to Kiekhafer et al., all of Which are 
incorporated herein by reference in their entireties. The 
invention may also be useful in the ?eld of muscle and nerve 
stimulation electrodes as disclosed, for example, in US. Pat. 
No. 4,735,205 issued to Chachques et al. and US. Pat. No. 
5,265,608 issued to Lee et al., both of Which are also incor 
porated herein by reference in their entireties. The present 
invention may also be applied to subcutaneous types of elec 
trodes or “can” or “case” electrodes incorporated in the hous 
ing of an implantable medical device. The provision of a 
RuOx coating to achieve improved electrical performance is 
believed to be bene?cial in the context of all of these various 
implantable stimulation electrode types. 
[0014] FIG. 2 is a How chart summarizing steps included in 
a method for manufacturing an electrode having a RuOx 
coating. While the embodiments described herein specify the 
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use of RuOx, it is recognized that other metal oxide coatings, 
in particular valve metal oxide coatings, may achieve similar 
bene?ts in improving the electrical properties of an implant 
able stimulation electrode. Other oxide layer coatings may be 
formed from metals such as titanium, vanadium, zirconium, 
niobium, molybdenum, tantalum, iridium, platinum, and 
tungsten. The methods described for depositing a RuOx coat 
ing may therefore be similarly applied for depositing other 
valve metal oxide coatings on implantable stimulation elec 
trodes. 
[0015] Method 50 for fabricating a RuOx coated electrode 
may be applied to a variety of electrode substrate materials, 
such as titanium, platinum, platinum-iridium or niobium. The 
inventors have found that the RuOx coating develops an 
enhanced structure When the electrode substrate has been 
roughened prior to depositing the RuOx coating. The 
enhanced structure of the RuOx coating results in a uniform 
surface and an increased surface area that is expected to 
enhance the overall improvement in the electrical perfor 
mance of the stimulation electrode. 

[0016] As such, the electrode substrate is roughened at step 
55. Mechanical or chemical techniques can be used to 
roughen the substrate surface. In an exemplary embodiment, 
grit blasting is used to mechanically roughen the substrate 
surface using an alumina oxide media. After roughening the 
surface, the substrate is cleaned and dried at step 60. The 
substrate may be cleaned using ultrasonic techniques. In 
experiments performed by the inventors, a grit blasted elec 
trode substrate Was cleaned ultrasonically in acetone and then 
in isopropyl alcohol for ?ve minutes each and then bloWn dry. 
[0017] Prior to depositing the RuOx coating, an adhesion 
layer may be applied over the roughened electrode substrate 
at step 65. During electrode fabrication, an oxide layer Will 
spontaneously form over the electrode surface upon exposure 
to air. The presence of this oxide layer is expected to be the 
cause of delamination of a RuOx coating When the electrode 
is exposed to biphasic loads. In order to promote stronger 
RuOx coating adhesion, an adhesion layer is applied to the 
electrode substrate in a vacuum to eliminate the effects of the 
spontaneous oxide layer. Titanium or zirconium may be used 
for forming the adhesion layer. The adhesion layer may be 
about 500-1500 Angstroms in thickness, though other thick 
nesses greater than or less than this range may be effective in 
promoting strong adhesion of the RuOx coating. The adhe 
sion layer may not be necessary for all applications depend 
ing on the type of stimulation pulses being applied through 
the electrode. Addition of the Ti adhesion layer prevented 
delamination of a RuOx coated electrode under biphasic 
loads. The adhesion layer did not alter the ?nal electrical 
properties of the RuOx coated electrode. 
[0018] In an alternative method, ion-etching may be per 
formed to remove the spontaneous oxide layer from the elec 
trode substrate in addition to or in place of applying an adhe 
sion layer. After ion-etching, the RuOx coating is deposited 
Without exposing the electrode substrate to air to prevent the 
spontaneous oxide layer from reforming. 
[0019] At step 70 the RuOx coating is deposited. Deposi 
tion of the RuOx coating is performed during a sputtering 
process in Which sputtering parameters are optimized to 
achieve the greatest improvement in electrical properties of 
the electrode. The sputtering conditions that are controlled at 
optimized levels to achieve the greatest improvement in elec 
trical properties of the electrode include target poWer 72, total 
sputtering pressure 76, and the ratio of oxygen to argon in the 
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sputter gas 74. The inventors have optimized the sputtering 
parameters 72, 74 and 76 in a designed experiment 
[0020] The effects of ?ve levels of target poWer 72, three 
levels of sputter pressure 76 and three levels of oxygen to 
argon ratio 74 in the sputter gas on RuOx deposition rate and 
?nal electrical properties Were measured. The highest depo 
sition rate Was achieved at a poWer setting of 300 Watts and 
Was associated With the highest capacitance and loWest post 
pulse polarization. Effects of sputtering pressure and gas ratio 
on electrical properties Were less signi?cant than the poWer 
setting, hoWever the optimal settings tested Were 9 millitorr 
sputtering pressure and 25% ratio of oxygen to argon in the 
sputter gas. In other sputtering systems, the optimal settings 
for the sputtering parameters for achieving optimal electrical 
properties may vary from these speci?ed settings. Practice of 
the present invention is, therefore, not limited to any particu 
lar sputter parameter setting but is directed toWard using the 
optimal sputter parameter settings identi?ed for a particular 
sputtering system that results in the greatest improvement in 
electrical properties (greatest reduction in post-pulse polar 
ization). 
[0021] The sputtering time Will determine the RuOx coat 
ing thickness. A thickness of about 1 to 15 microns may be 
deposited, hoWever practice of the present invention is not 
limited to a particular coating thickness. Capacitance mea 
surements of RuOx coatings deposited on a titanium substrate 
shoWed that capacitance increased as the RuOx coating 
increased. 
[0022] FIGS. 3 and 4 illustrate the bene?t of optimizing 
sputtering parameters for improving electrode properties. 
FIG. 3 is a graph of frequency-dependent impedance mea 
sured for RuOx coated PtIr electrodes. Square data points 80 
correspond to impedance measurements made from a PtIr 
electrode coated With RuOx at a loW sputtering target poWer 
setting. Triangular data points 82 correspond to impedance 
measurements made from a PtIr electrode coated With RuOx 
at a high sputtering target poWer setting. LoWer impedances 
82 Were measured for the electrode coated With RuOx at a 
high sputtering poWer compared to the impedances 80 mea 
sured for the an electrode coated With RuOx at a loW sputter 
ing poWer. 
[0023] FIG. 4 is a graph of post-pulse polarization mea 
sured for RuOx coated PtIr electrodes. Five levels of target 
poWer Were tested to determine the optimal poWer setting. 
The highest poWer setting 84, shoWn at the far left, resulted in 
the loWest post-pulse polarization voltage and the loWest 
poWer setting 86, shoWn at the far right, resulted in the highest 
post-pulse polarization. Longer sputtering times Were used 
for loWer poWer settings to achieve a coating thickness of 
about 10 microns for all test electrodes. A thickness of about 
10 microns Was chosen for preparing test electrodes, hoW 
ever, other coating thicknesses can be bene?cial in improving 
electrode properties. 
[0024] Thus, methods for fabricating a loW impedance, 
loW-polarization electrode having a Well-adhered valve 
metal oxide coating have been described. Application of the 
methods described herein may bene?t numerous types of 
implantable electrical devices, and therefore the exemplary 
embodiments described should not be considered limiting 
With regard to the folloWing claims. 

1. A method for fabricating an implantable electrode, com 
prising: 

roughening a surface of the electrode; 
cleaning the roughened electrode surface; and 
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depositing a Valve metal oxide coating over the roughened 
electrode surface. 

2. The method of claim 1 Wherein roughening the surface 
of the electrode comprises mechanical roughening of the 
electrode surface. 

3. The method of claim 2 Wherein the mechanical rough 
ening of the electrode surface comprises grit blasting. 

4. The method of claim 3 Wherein the grit blasting is 
performed using an alumina oxide media. 

5. The method of claim 1 Wherein the cleaning of the 
roughened electrode surface comprises ultrasonic cleaning. 

6. The method of claim 1 Wherein the Valve metal oxide 
includes ruthenium oxide. 

7. The method of claim 1 Wherein depositing the Valve 
metal comprises sputtering the Valve metal onto the cleaned 
and roughened electrode surface using sputtering process 
parameters optimized to minimize post-pulse polarization 

8. The method of claim 7 Wherein the sputtering process 
parameters, optimized to minimize post-pulse polarization, 
include a target poWer. 

9. The method of claim 7 Wherein the target poWer is about 
300 Watts. 

10. The method of claim 7 Wherein the sputtering param 
eters optimized to minimize post-pulse polarization include a 
sputtering pressure. 

11. The method of claim 7 Wherein the sputtering param 
eters optimized to minimize post-pulse polarization include a 
sputtering gas ratio. 

12. The method of claim 1 further comprising applying an 
adhesion layer to the roughened and cleaned electrode sur 
face prior to depositing the Valve metal oxide layer. 
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13. The method of claim 11 Wherein the adhesion layer 
comprises a metal selected from the group of titanium and 
zirconium. 

14. The method of claim 1 further comprising ion-etching 
the roughened electrode surface prior to depositing the Valve 
metal oxide layer. 

15-20. (canceled) 
21. The method of claim 1, Wherein the Valve metal oxide 

coating comprises a metal oxide that comprises a metal 
selected from the group consisting of titanium, Vanadium, 
zirconium, niobium, molybdenum, tantalum, iridium, plati 
num, and tungsten. 

22. A method for fabricating an implantable medical elec 
trode, the method comprising: 

mechanically roughening a surface of the substrate; and 
applying a coating of a Valve metal oxide over the rough 

ened surface using sputtering in a sputtering atmosphere 
comprising oxygen and argon. 

23. The method of claim 22, Wherein the Valve metal oxide 
coating comprises a metal oxide that comprises a metal 
selected from the group consisting of ruthenium, titanium, 
Vanadium, zirconium, niobium, molybdenum, tantalum, iri 
dium, platinum, and tungsten. 

24. The method of claim 22 Wherein the mechanical rough 
ening of the electrode surface comprises grit blasting. 

25. The method of claim 22 further comprising applying an 
adhesion layer to the roughened substrate surface prior to 
applying the Valve metal oxide layer. 

26. The method of claim 22 further comprising ion-etching 
the roughened electrode surface prior to applying the valve 
metal oxide layer. 


