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IMPLANTABLE MEDICAL DEVICE WITH TITANIUMALLOY

HOUSING

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

LOOOl] This application claims the benefit of U.S. Patent Application No. 1/590,678 filed

October 31, 2006, the entire disclosure of which is incorporated by reference herein.

BACKGROUND

[0002] The present invention relates generally to the field of implantable medical devices

(IMDs) such as implantable neurological stimulation (INS) devices, drug pumps, and cardiac

pacemakers. More particularly, the present invention relates to implantable medical devices

that include titanium alloy housings or casings.

[0003] Implantable medical devices typically include external structures (e.g., housings or

casings) that are made from biologically compatible materials to minimize undesirable

interactions with the human body. One example of such a biologically compatible material

that has been used for IMD housings is commercial pure titanium Grade 1 (hereinafter

referred to as "CP Ti Grade 1"). This material has several characteristics that make it

desirable for IMD housings, including its mechanical properties, which make it possible to

form relatively small structures with complex geometries.

[0004] The use of CP Ti Grade 1may not be optimal in all IMD applications, however. For

example, certain IMDs may include batteries within their housings that are designed to be

inductively charged while the IMDs are implanted. In such configurations, the IMD includes

an electrically conductive coil or winding that is electrically coupled to the battery of the

IMD. To charge the battery, a "primary" coil or winding from a charging system is placed

near the location where the IMD is implanted and a current is sent through the primary coil;

through induction, a current is then generated in the secondary coil that is transmitted to the

battery.



[0005] Where the coil of the IMD is provided within the housing of the IMD, the CP Ti

Grade 1 material may not be ideally suited to allow inductive charging. It may be desirable

instead to form the housing from a material that exhibits greater power coupling efficiency

and improved telemetry distance than would be possible if the structure of the device was

made using CP Ti Grade 1. Additionally, because the IMD is typically subjected to various

stresses during implantation and use, it may also be desirable to form the housing from a

material that has greater strength than CP Ti Grade 1.

[0006] One alternative to CP Ti Grade 1 in the context of IMD housings is a titanium alloy

having the formula Ti-6A1-4V (referred to as Ti64). Such an alloy has a greater tensile yield

strength than CP Ti Grade 1 and also has better power coupling efficiency and improved

telemetry distance. However, there are a number of disadvantages associated with the Ti-

6A1-4V alloy. For example, it is relatively difficult to form thin sheets from Ti-6A1-4V alloy

without subjecting the material to relatively high temperatures (e.g., approximately 85O0C at

its peak elongation). The use of such elevated temperatures may introduce increased

complexity and cost into the forming operation, and may also produce undesirable oxidation

of the titanium alloy. These limitations may make it relatively difficult to form relatively

small structures having complex geometries using Ti-6A1-4V alloy.

[0007] It would be desirable to provide an implantable medical device that utilizes a

material for its housing that allows for improved power coupling and telemetry distance, and

which may have sufficient mechanical strength to provide enhanced protection for the device.

It would also be desirable to provide an implantable medical device that utilizes a material

that may be formed in a relatively simple and cost-efficient manner at relatively low

temperatures. It would be desirable to provide an implantable medical device that includes

any one or more of these or other advantageous features as will be apparent to those

reviewing the present disclosure.

SUMMARY

[0008] An exemplary embodiment of the invention relates to an implantable medical device

that includes a housing comprising a titanium alloy selected from the group consisting of Ti-

4.5Al-3V-2Fe-2Mo-0.15O, Ti-4Al-2.5V-l.5Fe-0.25O, Ti-6Al-2Sn-4Zr-2Mo, T -3A1-2.5V,

and combinations thereof.



[0009] Another exemplary embodiment of the invention relates to an implantable

neurological stimulation device that includes a housing formed from a titanium alloy selected

from the group consisting of Ti-4.5Al-3V-2Fe-2Mo-0.15O, Ti-4Al-2.5V-l.5Fe-0.25O, Ti-

6Al-2Sn-4Zr-2Mo, T1-3A1-2.5V, and combinations thereof.

[0010] Another exemplary embodiment of the invention relates to a method of producing

an implantable medical device that includes forming a housing for an implantable medical

device from a titanium alloy selected from the group consisting of Ti-4.5Al-3V-2Fe-2Mo-

0.15O Ti-4Al-2.5V-l .5Fe-0.25O, Ti-6Al-2Sn-4Zr-2Mo, Ti-3A1-2.5V, and combinations

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIGURE 1 is a plan view of a housing or casing for an implantable medical device

according to an exemplary embodiment.

[0012] FIGURE 2 is a graph illustrating the relationship between resistivity and tensile

yield strength for a number of titanium alloys.

[0013] FIGURE 3 is a graph illustrating the relationship between resistivity and percent

elongation for a number of titanium alloys.

[0014] FIGURE 4 is a contour plot illustrating the effect of varying amounts of aluminum

and vanadium on the resistivity of titanium alloys.

[0015] FIGURE 5 is a contour plot illustrating the effect of varying amounts of aluminum

and tin on the resistivity of titanium alloys.

[0016] FIGURE 6 is a graph illustrating a comparison of tensile yield strengths of various

titanium alloys.

[0017] FIGURE 7 is a graph illustrating the relationship of percent elongation and stress

versus temperature responses for two titanium alloys.

[0018] FIGURE 8 is a graph illustrating the relationship between strain rate and

temperature responses for two titanium alloys.



[0019] FIGURE 9 is a graph illustrating the relationship between effective parallel coil

resistance and sheet thickness for a number of titanium alloys.

[0020] FIGURE 10 is a graph illustrating the relationship between effective parallel coil

resistance and resistivity for a number of titanium alloys.

[0021] FIGURE 11 is a graph illustrating the relationship between INS loss and current for

two titanium alloys.

[0022] FIGURE 12 is a graph illustrating the relationship between charging frequency and

coil coupling response for various titanium alloys.

DETAILED DESCRIPTION

[0023] Referring to FIGURE 1, a housing or casing 20 for an implantable medical device

(IMD) 10 in the form of an implantable neurological stimulation (INS) device is shown

according to an exemplary embodiment. The housing 20 is intended to protect the IMD 10

from damage during implantation and use, and is formed of a biocompatible material to

prevent undesirable interactions between the IMD 10 and the human body or other organism

into which it is implanted. As will be described in greater detail below, the subject matter

described herein may also find utility in other types of IMDs according to other exemplary

embodiments, including drug pumps, cardiac pacemakers, and the like.

[0024] According to an exemplary embodiment, the IMD 10 includes a coil or winding (not

shown) that is used to charge the IMD 10 by induction when another coil coupled to a

charging device is provided proximate the IMD 10. In this manner, the IMD 10 may be

recharged without the need to remove it from the body in which it is implanted (i.e., the

charging may occur transdermally). According to an exemplary embodiment the coil is

provided inside the housing 20. According to other exemplary embodiments, the coil may be

provided outside the housing.

[0025] According to an exemplary embodiment, the housing 20 is formed from a material

that provides the IMD 10 with enhanced power coupling and recharging efficiency, improved

telemetry distance, reduced heating effects during magnetic resonance imaging (MRI), and

improved tolerance for compression stress as compared to devices that have housings or



casing formed from CP Ti Grade 1. According to an exemplary embodiment, the entire

housing 20 is made from the same material. According to other exemplary embodiments, a

portion of the housing may be made from a different material (e.g., a different titanium alloy,

etc.).

[0026] In selecting a titanium alloy for use as the housing 20, it is advantageous to select an

alloy that has relatively high tensile yield strength (to provide improved strength of the

housing) while still exhibiting relatively good formability at relatively low temperatures (to

allow the manufacture of relatively small components having relatively complex geometries

at temperatures between approximately 200° and 4000C, and more preferably at a temperature

of approximately 5000C). One advantageous feature of using an alloy that exhibits relatively

good formability at relatively low temperatures is that the occurrence of undesirable

oxidation during the forming operation may be reduced or eliminated.

[0027] It is also advantageous to select an alloy that has a relatively high resistivity, since

alloys having high resistivity will produce lower eddy currents and less energy loss in the

form of heat loss than lower-resistivity alloys. In this manner, the charging of the

implantable medical device may be made more efficient, since more of the charging energy

will go toward charging the device.

[0028] FIGURE 2 is a graph illustrating the relationship between resistivity and tensile

yield strength for a number of titanium alloys, and FIGURE 3 is a graph illustrating the

relationship between formability (shown as percent elongation of the alloys) and resistivity of

such alloys. From this data, it is evident that resistivity of titanium alloys tends to increase

with increasing tensile yield strength. Conversely, the resistivity tends to decrease with

increasing formability.

[0029] It is generally understood that the tensile yield strength of titanium alloys generally

increases with increasing alloy content. Based on this fact and the relationships illustrated in

FIGURES 2 and 3, one would expect that titanium alloys having relatively high alloy content

will have relatively high tensile yield strengths and resistivities, but will be less formable than

alloys having lower alloy contents.

[0030] While the amount of alloying elements is understood to have an effect on the yield

strength (and thus the resistivity) of the titanium alloys, different alloying elements have been



shown to affect the resistivity of titanium alloys differently. For example, FIGURE 4 is a

contour plot illustrating the change in resistivity for titanium-aluminum-vanadium alloys

when the percentages of aluminum and vanadium are varied. In contrast, FIGURE 5 is a

contour plot illustrating the change in resistivity for titanium-aluminum-tin alloys when the

percentages of aluminum and tin are varied. As can be seen from these contour plots, the

effect on resistivity is different when the aluminum/vanadium percentages are varied as

compared to the difference resulting from varying the aluminum/tin percentages.

[00311 According to an exemplary embodiment, the housing 20 is made from a titanium

(Ti) alloy having the general formula

Ti-Al-B-C

where B represents one or more alloy elements such as V, Sn, Mo, Nb, Zr, and combinations

thereof and C represents one or more impurity elements such as N C, H, Fe, O5 Si, Pd, Ru,

and combinations thereof. Aluminum is provided in an amount between approximately 2 and

7 weight percent according to an exemplary embodiment. Elements represented by B and C

in the above formula may be present in amounts shown in Table 1 according to various

exemplary embodiments.

Table 1



[0032] According to an exemplary embodiment, the alloy has a resistivity between

approximately 100 µmΩ-cm and 210 µmΩ-cm and a tensile yield strength of between

approximately 65 ksi and 150 ksi.

[0033] As described above, it is also beneficial for the alloy selected to have relatively good

formability performance to allow the alloy to be formed into relatively thin sheets that may

be formed into structures having relatively complex geometries (e.g., structures having

relatively small features and sharp corners). For example, according to an exemplary

embodiment, at least a portion of the housing (e.g., a "corner" of the housing) has a radius of

curvature of between approximately 0.1 and 2.5 millimeters.

[0034] It should be noted that there are various tests available to characterize the relative

formability of different alloys, including tensile tests (both longitudinal and transverse)

intended to measure the percent elongation of the alloy, bending tests, and the like. It will be

understood by those reviewing this disclosure that whether an alloy is sufficiently formable

for a particular application will depend on a variety of factors, including the size and shape of

the device to be formed, the temperature at which such forming will be performed, and other

factors. For example, in the case of implantable medical devices such as the IMD 10

illustrated in FIGURE 1, a subjective determination may be made as to the formability of

various alloys. For such applications, preferred alloys for such an application will have a

percent elongation at a temperature of approximately 25°C of greater than approximately 13

percent and may be rolled into sheets having thicknesses of between approximately 0.007 and

0.016 inches (e.g., between approximately 0.007 and 0.012 inches).

[0035] According to an exemplary embodiment, the alloy has a composition of Ti-4.5A1-

3V-2Fe-2Mo-0.15O. One example of such an alloy is commercially available from JFE Steel

Corporate of Chiba, Japan under the trade name SP-700. Based on known properties of this

alloy, it is believed that such a material will be sufficiently biocompatible to allow its use in

implantable medical devices such as INS devices, while also providing enhanced power

coupling and recharging efficiency, improved telemetry distance, reduced heating effects

during magnetic resonance imaging (MRI), and improved tolerance for compression stress as

compared to other alloys such as CP Ti Grade 1 and Ti-6A1-4V alloys.

[0036] FIGURE 6 is a graph illustrating the tensile yield strength of SP-700 alloy as

compared to CP Ti Grade 1 and Ti-6A1-4V alloys. As shown, the SP-700 alloy has a tensile



yield strength that is approximately three times greater than CP Ti Grade 1 and also has a

higher tensile yield strength than the TΪ-6A1-4V alloy. It is intended that this property of the

SP-700 alloy will contribute to enhanced strength of the resulting INS packaging and

improved resistivity.

[0037] An additional advantageous feature of the SP-700 alloy is that it has a relatively

small grain size that allows it to be superplastically deformed at a relatively low temperature

(e.g., approximately 775°C). FIGURE 7 is a graph illustrating the relationship between

percent elongation and temperature for the SP-700 alloy and the Ti-6A1-4V alloy. As evident

from the graph, the SP-700 alloy is significantly more formable at lower temperatures as

compared to the Ti-6A1-4V alloy. It is intended that by using the SP-700 alloy, relatively thin

(< 0.4 mm) sheets of the material may be produced which may be formed into housings for

INS devices that have relatively complex geometries or shapes. Additionally, as illustrated in

FIGURE 8, the SP-700 alloy is less susceptible to hot deformation cracking as compared to

TΪ-6A1-4V alloys.

[0038] According to other exemplary embodiments, other titanium alloys may be used to

form the housing 20. One such alloy is commercially available from Allvac of Albany,

Oregon under the trade name ATI425 and having a composition of Ti-4Al-2.5V-l.5Fe-

0.25O. According to other exemplary embodiments, titanium alloys such as Ti-6Al-2Sn-4Zr-

2Mo (Ti6242), Ti-3A1-2.5V (Grade 9), and titanium matrix composites (alpha and near alpha

titanium matrix with SiC, TiC, TiO particles distributed therein) may be used to form the

housing. It should also be noted that a Ti-8Al-Mo-V (Ti811) alloy may be used in

configurations where a portion of the housing is relatively flat (Ti81 1 alloy is not as formable

as the other alloys described above, but has excellent resistivity values, as illustrated in Table

2 below).



Table 2

[0039] Table 2 illustrates properties of the titanium alloys described above as compared to

CP Ti Grade 1 and Ti-6A1-4V alloys. As shown in Table 2, while both the SP-700 and Ti-

6A1-4V alloys have higher resistivities and tensile yield strengths as compared to CP Ti

Grade 1, the SP-700 alloy has significantly better percent elongation, formability (a

subjective measure), and cold rolling reduction limit as compared to the T -6A1-4V alloy,

which allows it to be formed into sheets that are significantly thinner than those formed from

the T.-6A1-4V alloy (e.g., sheets having a thickness of 0.007 as opposed to sheets having a

thickness of 0.016). It is also notable that the ATI425 alloy has similar characteristics as the

SP-700 alloy, and is expected to perform similarly from a formability and cold rolling

reduction limit.

[0040] FIGURE 9 illustrates the relationship between the effective parallel coil resistance

(RpI) and housing thickness for housings formed from various titanium alloys at a charging

frequency of 175 kHz. As shown in FIGURE 10, the effective parallel coil resistance tends

to decrease with increasing housing thickness. As shown in FIGURE 11, the effective

parallel coil resistance also tends to increase with increasing resistivity; thus, one would

expect that alloys having relatively high resistivities will also exhibit relatively good effective

parallel coil resistance.

[0041] By using high resistivity alloys and a thinner gauge sheet of material, an effective

parallel coil resistance of as much as three times that of CP Ti Grade 1 alloy may be



achieved. Additionally, it should be noted that housings formed from the Ti81 1 alloy exhibit

effective parallel coil resistance that is comparable to or greater than housings formed from

the Ti-6A1-4V alloy, while housings formed from the ATI425 alloy exhibit effective parallel

coil resistance that is less than those formed from the Ti-6A1-4V alloy. Because the

resistivity of the SP-700 alloy is comparable to that of the T -6A1-4V alloy, it is expected that

the effective parallel coil resistance of these two alloys will also be similar.

[0042] FIGURE 11 illustrates the relationship between current and the INS loss for devices

having housings made using two different alloys. As illustrated in FIGURE 11, the devices

having housings formed from the ATI425 alloy exhibit less INS loss at given amounts of

current as compared to those having housings formed from the CP Ti Grade 1 alloy. As a

result, it is expected that housings formed from ATI425 alloys would exhibit improved

charging efficiency as compared to those formed from Ti Grade 1 alloys.

[0043] FIGURE 12 illustrates the relationship between charging frequency and coil

coupling for devices having housings formed from various titanium alloys. The coil voltage

coupling from 8 kHz to 175 kHz was first measured for a ten centimeter air gap between the

charging coils for reference purposes, after which the coil voltage coupling was measured

using sheet material inserted between the inductive charging coils.

[0044] As illustrated in FIGURE 12, there is an approximately +27 decibel voltage

coupling increase in air when the frequency is increased from 8 kHz to 175 kHz. In contrast,

when a 0.012 inch thick sheet of CP Ti Grade 1 is inserted between the induction coils, the

increase in voltage coupling is only +7 decibels. As shown in FIGURE 12, higher resistivity

alloys (e.g., Ti-6A1-4V, ATI425) demonstrated higher coupling efficiencies at higher

frequencies. Devices having housings formed from the ATI425 alloy provided better coil

coupling as compared to those having housings formed from Ti-6A1-4V at all frequencies.

Such improved coil coupling may be expected to provide improved telemetry distance as

compared to devices having housings formed from CP Ti Grade 1 alloys. For example, it has

been determined that the telemetry distance that may be achieved using an SP-700 alloy

housing exceeds that which may be achieved using a CP Ti Grade 1 alloy by approximately

30 cm.

[0045] It is expected that various advantages may be obtained by utilizing the alloys

described herein (e.g., SP-700, ATI425 Ti81 1, Ti-3A1-2.5V, Ti6242, and titanium matrix



composites (alpha and near alpha titanium matrix with SiC, TiC, TiO particles distributed

therein)) to form housings for implantable medical devices. For example, devices using such

alloys may have improved recharging efficiency (e.g., such devices may have an

approximately 8 dB power coupling increase for recharging frequencies over 50 kHz as

compared to devices having housings formed from CP Ti Grade 1 alloy). This may result in

an approximately tenfold increase in power transfer.

[0046] Because the alloys used to form the housings have improved tensile strength as

compared to Ti Grade 1, the housings may be formed having thinner walls, which contribute

to the improved telemetry distance and power coupling efficiency. According to an

exemplary embodiment, the housing is formed from an alloy selected from the group

consisting of SP-700, ATI425, Ti81 1, Ti-3A1-2.5V, Ti6242, and titanium matrix composites

(alpha and near alpha titanium matrix with SiC, TiC, TiO particles distributed therein and has

a thickness of between approximately 0.01 and 0.016 inches. According to other exemplary

embodiments, the housing walls have thicknesses of between approximately 0.01 and 0.012

inches.

[0047] While the various exemplary embodiments have been described in relation to an

implantable neurological stimulation device, it should be noted that titanium alloys such as

those described herein may be used in connection with other implantable medical devices as

well. For example, the titanium alloys described herein may be used as a diaphragm material

for an implantable pressure sensor (e.g., which may be integrated into a drug pump as a

catheter diagnostic aid). Because diaphragms made from CP titanium (Ti) Grade 1 must be

relatively thick, the signal to noise ratio of the sensor is relatively high. While the use of Ti-

6A1-4V will help increase both strength and the signal to noise ratio, such an alloy is not

available in sheets thin enough for practical sensors. The titanium alloys described herein

offer the possibility of a sensor with higher signal to noise ratios that also meet the

overpressure requirements for such components. The titanium alloys described herein may

also find utility as housing materials for cardiac pacemakers.

[0048] As another example of a possible application, the titanium alloys described herein

may be used as an outer shield for a drug pump. One advantageous feature of utilizing the

alloys described herein is that it is believed that the use of such alloys may improve the



efficiency of telemetry of the pump in a similar manner to that described above in the context

of implantable ESIS devices.

[0049] It is important to note that the construction and arrangement of the implantable

medical device as shown in the various exemplary embodiments is illustrative only.

Although only a few embodiments of the present inventions have been described in detail in

this disclosure, those skilled in the art who review this disclosure will readily appreciate that

many modifications are possible without materially departing from the novel teachings and

advantages of the subject matter recited in the claims. Accordingly, all such modifications

are intended to be included within the scope of the present invention as defined in the

appended claims. The order or sequence of any process or method steps may be varied or re-

sequenced according to alternative embodiments. Other substitutions, modifications, changes

and omissions may be made in the design, operating conditions and arrangement of the

various exemplary embodiments without departing from the scope of the present invention as

expressed in the appended claims.



WHAT IS CLAIMED IS:

1. An implantable medical device (10) comprising:

a housing (20) formed from a titanium alloy selected from the group

consisting of Ti-4.5Al-3V-2Fe-2Mo-0.15O, Ti-4Al-2.5V-l.5Fe-0.25O, Ti-6Al-2Sn-4Zr-2Mo,

Ti-3A1-2.5V, and combinations thereof.

2. The implantable medical device (10) as recited in Claim 1, wherein the

implantable medical device is selected from the group consisting of an implantable

neurological stimulation device and a cardiac pacemaker.

3. The implantable medical device (10) as recited in Claim 1, wherein the

implantable medical device is rechargeable.

4. The implantable medical device (10) as recited in Claim 3, further comprising

an electrically conductive coil provided within the housing (20) to facilitate inductive

charging of the implantable medical device (10).

5. The implantable medical device (10) as recited in any of Claims 1 through 4

wherein the titanium alloy comprises a Ti-4.5Al-3V-2Fe-2Mo-0. 15O alloy.

6. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein the titanium alloy comprises a Ti-4A1-2.5V-1.5Fe-0.25O alloy.

7. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein the titanium alloy comprises a Ti-6Al-2Sn-4Zr-2Mo alloy.

8. The implantable medical device (10) as recited in any of Claims 1 through 4

wherein the titanium alloy comprises a Ti-3A1-2.5V alloy.

9. The implantable medical device (10) as recited in any of Claims 1 through 4

wherein the housing (20) has improved telemetry characteristics as compared to a housing

made of commercial pure titanium Grade 1.



10. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein the titanium alloy has a tensile yield strength between approximately 70 ksi and 150

ksi and a resistivity between approximately 100 µmΩ-cm and 210 µmΩ-cm.

11. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein the housing (20) comprises walls having a thickness of between approximately 0.007

and 0.016 inches.

12. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein at least a portion of the housing (20) has a radius of curvature of between

approximately 0.1 and 2.5 millimeters.

13. The implantable medical device (10) as recited in any of Claims 1 through 4,

wherein the titanium alloy exhibits greater formability as compared to a TΪ-6A1-4V alloy.

























A. CLASSIFICATION OF SUBJECT MATTER
INV . A61L31/02 C22C14/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C22C A61L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , CHEM ABS Data, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 2003/078675 Al (DAUM WOLFGANG [US] DAUM 1,8-13
WOLFGANG [US] ET AL)
24 April 2003 (2003-04-24)
claim 1

EP 0 534 782 A (MEDTRONIC INC [US]) 1-13
31 March 1993 (1993-03-31)
page 5 , lines 35,36; figure 3a

WO 01/97908 A (MEDTRONIC INC [US]) 1-13
27 December 2001 (2001-12-27)
page 7 ; claim 21

US 4 041 955 A (KELLY FRANK L ET AL) 1-13
16 August 1977 (1977-08-16)
column 8 , lines 18,23

-/--

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pπoπty date and not in conflict with the application but1A1 document defining the general state of the art which is not cited to understand the principle or theory underlying the
considered to be of particular relevance invention

"E1 earlier document but published on or after the international "X1 document of particular relevance, the claimed inventionfiling date cannot be considered novel or cannot be considered to
1L" document which may throw doubts on priority claιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

1P" document published prior to the international filing date but in the art

later than the priority date claimed "&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

6 September 2007 28/09/2007

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV Rijswijk

TeI (+31-70) 340-2040, Tx 31 651 epo nl,
Fax (+31-70) 340-3016 Badcock, Gordon

Form PCT/ISA/210 (second shβst) (April 2005)



(^Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DE 37 40 732 Al (OHARA CO [OP]) 1-13
11 August 1988 (1988-08-11)
example 5 ; table 2

KOMOTORI, J . ET AL: "Corrosion 1-13
response of surface engineered
titanium alloys damaged by prior abrasion"
WEAR , 250-251(PT. 2), 1239-1249 CODEN:
WEARAH; ISSN: 0043-1648, 2001, XP002449670
Experimental

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2003078675 Al 24-04-2003 DE 20104145 Ul 31-10-2002

EP 0534782 A 31-03-1993 US 5456698 A 10-10-1995

WO 0197908 27-12-2001 AU 7547601 A 02-01-2002
US 6850803 Bl 01-02-2005
US 2005113888 Al 26-05-2005
US 2005113889 Al 26-05-2005

US 4041955 A 16-08-1977 NONE

DE 3740732 Al 11-08-1988 JP 2072357 C 25-07-1996
JP 7110979 B 29-11-1995
JP 63186842 A 02-08-1988
US 4830823 A 16-05-1989

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

