77016019 A1 I} 10 0 00 O OO

W

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

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO0 O

International Bureau

(43) International Publication Date
8 February 2007 (08.02.2007)

(10) International Publication Number

WO 2007/016019 Al

(51) International Patent Classification:
AGIN 1/375 (2006.01)

(21) International Application Number:
PCT/US2006/028604

(22) International Filing Date: 24 July 2006 (24.07.2006)

(25) Filing Language: English

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

11/193,576 29 July 2005 (29.07.2005) US

(71) Applicants (for all designated States except US):
MEDTRONIC, INC. [US/US]; MS LC340, 710
Medtronic Parkway, Minneapolis, Minnesota 55432
(US). COLE, Mary, L [US/US]; 1668 Hartford Avenue,
St. Paul, Minnesota 55116 (US).

(72)
(75)

Inventors; and

Inventors/Applicants (for US only): BISCHOFF,
Thomas, C. [US/US]; 4008 45th Avenue South, Min-
neapolis, Minnesota 55406 (US). IKAYAN, James, M
[US/US]; 3975 145th Avenue Northwest, Andover, Min-
nesota 55304 (US). BECKER, Paul, M. [US/US]; 21970
Juniper Street Northwest, Cedar, Minnesota 55011 (US).
HONECK, Jordon, D. [US/US]; 11971 86th Avenue
North, Maple Grove, Minnesota 55369 (US).

(74) Agents: BARRY, Carol, F. et al.; MS LC340, 710
Medtronic Parkway, Minneapolis, Minnesota 55432 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report

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

(54) Title: MEDICAL ELECTRICAL LEAD CONNECTOR RING

0. 3 /%

34 3’6/28

L ¢

24 22

5/

ANRRERARANRAMAN ARUARRARRALNANY

4 . /15
¥

(
¥ M 39 \14 1

38

T

20 18
N
X
16 j 26

(57) Abstract: A medical electrical device that includes an elongated body extending from a proximal end to a distal end having
an inner surface forming an elongated body lumen, a conductor extending through the elongated body lumen, and an electrode
positioned along the distal end of the elongated body and electrically coupled to a distal end of the conductor. A connector ring is
& coupled to a proximal end of the elongated body and electrically coupled to a proximal end of the conductor, and includes an inner
& surface forming a connector ring lumen extending along the connector ring. A first flange extends from the inner surface to a first
flange distal end and forms a conductor channel extending along the inner lumen to position the conductor within the connector ring
O and to form the electrical coupling of the connector ring and the proximal end of the conductor.
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MEDICAL ELECTRICAL LEAD CONNECTOR RING

TECHNICAL FIELD

The invention relates to implantable medical devices, and, more particularly, to

configurations of implantable medical lead connectors.

BACKGROUND

In the medical field, implantable medical leads are used with a wide variety of
therapeutic or monitoring devices. For example, implantable leads are commonly used to
form part of implantable cardiac pacemaker systems that provide therapeutic stimulation
to the heart by sensing electrical activity of the heart and delivering pacing, cardioversion,
or defibrillation pulses via electrodes disposed on the leads, typically near the distal ends
of the leads. Electrodes or sensors carried by the lead are generally coupled to a conductor
extending to a proximal connector assembly for facilitating electrical coupling of the
electrodes or sensors to a therapy delivery or monitoring device. A number of challenges
exist with respect to such medical leads. As implantable medical device technology
continues to be downsized and more advanced therapeutic techniques are developed, new
lead arrangements are required. As such, new configurations for electrically coupling an
electrode or other sensor carried by a lead to an associated monitoring or therapy delivery
device are needed. In particular, electrical coupling configurations are needed that are

reliable and can be manufactured in a cost-effective manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects and features of the present invention will be readily appreciated as the

same becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings, in which like reference
numerals designate like parts throughout the figures thereof and wherein:

FIG. 1 is a plan view of a medical electrical device according to an embodiment of
the present invention;

FIG. 2 is an end view of a connector ring according to an embodiment of the

present invention included in the medical electrical device of FIG. 1;
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FIG. 3 is a side, cut-away view of a connector ring according to an embodiment of
the present invention;

FIG. 4 is a side cut-away view of a connector ring according to an embodiment of
the present invention;

FIG. § is an end view of a connector ring according to an embodiment of the
present invention;

FIG. 6 is a side view of the connecter ring of FIG. 5;

FIG. 7A is an end view of a connector ring according to an embodiment of the
present invention;

FIG. 7B, is an end view of a connector ring according to an embodiment of the
present invention;

FIG. 8 is an end view of a connector ring of a medical electrical device according
to an embodiment of the present invention; and

FIG. 9 is a flow chart of a method for manufacturing a medical electrical device

according to an embodiment of the present invention.

DETAILED DESCRIPTION

The following detailed description provides a practical illustration for
implementing various embodiments of the invention and is not intended to limit the scope,
applicability, or configuration of the invention in any way.

FIG. 1 is a plan view of a medical electrical device according to an embodiment of
the present invention. As illustrated in FIG. 1, a medical electrical device according to an
embodiment of the present invention includes a lead 10 embodied as a cardiac pacing lead
having electrodes that can be used for sensing cardiac electrogram signals and delivering
electrical stimulation pulses to myocardial tissue for pacing, cardioverting or defibrillating
the heart. Lead 10 includes an elongated lead body 12 having a proximal end 14 and a
distal end 16. Lead 10 is provided with a distal tip electrode 18 located at or near distal
end 16 of lead body 12, a ring electrode 20 located proximal to tip electrode 18, and two
coil electrodes 22 and 24. Distal tip electrode 18 and ring electrode 20 are commonly used
for pacing and sensing the heart. Coil electrodes 22 and 24 are commonly used for

delivering high-voltage cardioversion and defibrillation pulses to the heart. While a
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particular electrode arrangement is shown in FIG. 1, it is recognized that various
embodiments of the invention may include a variety of lead types, including
neuromuscular stimulation leads, monitoring leads, or any other medical electrical leads.
Such leads may be provided with a variety of electrode arrangements, which may include
one or more electrodes included on lead body 12. Furthermore, different types of
electrodes, such as an active fixation electrode, or any other electrode or sensor known for
use with implantable medical leads may be included on lead 10.

Lead body 12 includes at least one lumen 13 through which insulated conductors
15 extend between each of the respective electrodes 18, 20, 22, and 24 and a proximal
connector assembly 28 located at proximal body end 14. Connector assembly 28 is
adapted for connection to a connector bore included in an associated medical device, such
as a pacemaker or neurostimulator device. Such connector assembly configurations for
mating with a medical device connector bore are known in the art.

Connector assembly 28 includes a pin connector 30 and three ring connectors 32,
34 and 36. Each of pin connector 30 and ring connectors 32, 34 and 36 are coupled to a
respective conductor extending to one of tip electrode 18, ring electrode 20 and coil
electrodes 22 and 24 such that each electrode is electrically coupled to one of pin
connector 30 or ring connectors 32, 34 and 36 but remain electrically isolated from each
other. Upon proper insertion of connector assembly 28 into an associated medical device
connector bore, electrodes 18, 20, 22, and 24 become electrically coupled to the medical
device circuitry via the respective pin connector 30 and ring connectors 32, 34, and 36 and
associated insulated conductors extending between the connectors and the electrodes.

Connector assembly 28 includes an insulative sheath 35 mounted around connector
pin 30 and terminating prior to a proximal end 31 of connector pin 30. Connector rings
32, 34, and 36 are mounted on insulative sheath 35 and are thereby insulated from
connector pin 30. Connector rings 32, 34 and 36 are insulated from each other by
intervening insulative segments 38, which may include sealing rings 39 for forming fluid-
tight seals with a corresponding connector bore between each of connector rings 32, 34
and 36. It is recognized that connector assembly 28 may be embodied in a variety of
ways, including varying configurations of insulative members for supporting and

insulating the required number of connectors needed to electrically couple electrodes or
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sensors catried by the lead to an associated medical device. Examples of arrangements of
a connector pin and one or more connector rings on a connector assembly are generally
disclosed in U.S. Pat. Nos. 4,951,687 issued to Ufford et al., and 5,007,435 issued to Doan
et al.

FIG. 2 is an end view of a connector ring according to an embodiment of the
present invention included in the medical electrical device of FIG. 1. Connector ring 32 is
a generally cylindrical member having an outer diameter 40 and inner diameter 42.

Connector ring 32 is formed with a conductor channel 44 extending longitudinally
along the inner diameter 42 of connector ring 32. Conductor channel 44 is provided for
receiving an uninsulated proximal portion of a conductor. The term ‘“channel” as used
herein refers to a passage having one open side, such as a generally “U”-~shaped or “C”-
shaped passage, in contrast to a fully enclosed or annular passage, such as a generally “O”-
shaped or “D”-shaped passage. In FIG. 2, conductor channel is shown as a generally “U”-
shaped passage formed by two flanges 46 and 48 adapted to be crimped closed around a
conductor extending through conductor channel lumen 50. Thus the conductor channel 44
is provided initially as an open passage having open side 49 formed by flanges 46 and 48.

The closed side 52 of channel 44 can be formed as a generally curved surface as
shown in FIG. 2. Conductor channel lumen 50 is sized to approximately match the outer
diameter of a conductor. The proximal portion of the conductor can be positioned in
conductor channel 44 by either threading the conductor into conductor channel lumen 50
or By threading the conductor through lumen 82 of connector ring 32 then dropping the
conductor down into conductor channel 44 through open side 49.

Connector ring 32 is fabricated from a conductive material, such as MP35N,
titanium, or stainless steel. Connector ring 32 is formed during a machining process that
includes machining the inner diameter 42 from round stock. In one method, a pilot hole is
machined so that an electrical discharge machining wire burner can be threaded through
the round stock. The wire burner is then used to form inner diameter 42 and conductor
channel 44 in one machining process. The use of EDM wire burner for machining
conductor channel 44 reduces the number of machining steps required to machine

connector rings as compared to past practice, which used EDM hole popper methods. The
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EDM wire burner step for forming conductor channel 44 can be performed on
multiple, stacked connector ring piece parts to further reducing manufacturing time.

FIG. 3 is a side, cut-away view of a connector ring according to an embodiment of the
present invention. Conductor channel 44 is shown extending longitudinally along
substantially the entire length of connector ring 32. In alternative embodiments, conductor
channel 44 may extend along the inner diameter 42 of connector ring 32 for any portion of
the length of connector ring 32. Connector ring 32 may be provided with a contoured
outer diameter 41 to accommodate outer insulation sheaths used in assembling a lead
connector.

FIG. 4 is a side cut-away view of a connector ring according to an embodiment of
the present invention. As illustrated in FIG. 4, according to an embodiment of the present
invention, flange 46 of conductor channel 44 may be formed to include chamfered ends 54
and 56. Similarly, flange 48, not seen in the cut away view of FIG. 4, would also be
formed to include chamfered ends similar to ends 54 and 56 of flange 46. In a
manufacturing process that involves threading the proximal end of a conductor into
conductor channel lumen 50, the threading step may be more readily performed when ends
54 and 56 are chamfered since the end openings 51 and 53 to conductor channel lumen 50
will have a larger cross-sectional area than when distal ends of the flanges extend straight
up as shown in FIG. 3.

A conductor may be threaded into fumen 50 through either conductor channel end
opening 51 or 53. As shown in FIGS. 3 and 4, connector ring 32 provided as a piece part
with identically machined ends does not have a designated proximal or distal end. In FIG.
4, flange 46 is provided with chamfered ends 54 and 56 at both end openings 51 and 53.

During an assembly process, which may be manual or automated, the connector
ring 32 can be oriented in either direction when a conductor is threaded into either end
opening 51 or 53 of conductor channel 44. In particular, automated assembly of a
conductor onto connector ring 32 is facilitated by providing connector ring 32 with
identically machined ends 51 and 53. It is recognized, however, that in other
embodiments flanges 46 and 48 can be provided with chamfered ends at only one end
opening, 51 or 53. During assembly, the connector ring would need to be properly

oriented for a conductor to be threaded into the chamfered end 51 or 53.
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FIG. 5 is an end view of a connector ring according to an embodiment of the
present invention. As illustrated in FIG. 5, according to an embodiment of the present
invention, a connector ring 80 is formed as described above, with a conductor 60
positioned to extend through lumen 50 of conductor channel 44, Conductor 60 is shown
as a cable conductor, however, connector ring sub-assembly 80 may be formed using other
conductor types, such as a wire, stranded, bundled, or coiled conductor. A crimping tool
70 is pressed down over conductor channel 44 to advance flanges 46 and 48 together such
that a distal end 72 of flange 46 id positioned adjacent to or engaged against a distal end
74 of flange 48 to close formerly open side 49 (shown in FIG. 2). Conductor 60 becomes
enclosed within conductor channe! lumen 50 such that conductor 60 and connector ring 40
are electrically and mechanically coupled.

Crimping tool 70 is an elongated tool that can be inserted through connector ring
lumen 82. Crimping tool 70 is provided with a crimping notch 76 that extends along
crimping tool 70 for a length corresponding to the length of conductor channel 44.

Crimping notch 76 is sized such that when crimping tool 70 is pressed down over
conductor channel 44, flanges 46 and 48 will be crimped together within notch 76 along
the entire length of conductor channel 44. A mechanical and electrical crimp joint
between conductor ring 32 and conductor 60 is thereby formed, extending approximately
the entire length of conductor channel 44, which has been shown to extend approximately
the entire length of connector ring 32. It is expected that by providing a crimp joint
extending the entire length of connector ring 32, a reliable mechanical and electrical
coupling between connector ring 32 and conductor 60 can be formed which is capable of
withstanding a higher tensile force than a crimp joint extending along only a portion of
connector ring 32. However, depending on the application, a crimp joint that extends only
a portion of the length of connector ring 32 may also provide adequate tensile strength for
acceptable lead reliability.

After crimping conductor channel 44 around conductor 60, inspection of the crimp
Joint is performed. The crimp joint is readily verified by inspecting if distal ends 72 and
74 meet along the entire length of conductor channel 44,

FIG. 6 is a side view of the connecter ring of FIG. 5. Crimping tool 70 may be

inserted into lumen 82 of connector ring 32 from either end 84 or 86 for crimping
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conductor channel 44 around conductor 60. The proximal portion of conductor 60 that
extends through lumen 50 of conductor channel 44 is stripped of insulation 64. Connector
ring 80 can be utilized in manufacturing a medical electrical lead.

FIG. 7A is an end view of a connector ring according to an embodiment of the
present invention. As illustrated in FIG. 7A, according to an embodiment of the present
invention, a connector ring 100 is provided with a conductor channel 102 having a
generally “C”-shaped cross-section with open side 106, and extending along connector
ring inner surface 101. A flange 104 forms a conductor channel lumen 108 through which
a conductor 110 is threaded. As shown in FIG. 7B, an end 105 of flange 104 is advanced
toward inner surface 101 to close open side 106, thereby enclosing conductor 110 within
lumen 108 and forming a mechanical and electrical coupling between connector ring 100
and conductor 110.

FIG. 8 is an end view of a connector ring of a medical electrical device according
to an embodiment of the present invention. Connector ring 32 of the embodiment of FIG.
8 is shown having a generally “U”-shaped conductor channel 44 adapted for crimping
around a conductor extending through conductor channel lumen 50. In this embodiment,
flanges 46 and 48 are provided with beveled distal ends 120 and 122, respectively. The
distal ends 120 and 122 may be provided as rounded, beveled, canted or otherwise
modified tips to promote complete and stable closure of open side 49 of conductor channel
44 after crimping. In particular, when connector ring 32 is fabricated from Titanium,
beveled distal ends 120 and 122 promote a more reliable crimp joint.

FIG. 9 is a flow chart of a method for manufacturing a medical electrical device
according to an embodiment of the present invention. At step 202, fabrication of a
connector ring is initiated, including machining the inner diameter and outer diameter
contours of the connector ring from solid, round stock of a selected, conductive metal
material. At step 204, partially machined connector rings can be stacked for machining
the conductor channel into multiple connector rings simultaneously at subsequent step
206. At step 206, the conductor channel is machined on the inner diameter of the
connector ring using an EDM wire burner method.

After completion of connector ring fabrication, a connector ting sub-assembly is

assembled. At step 208, a proximal, uninsulated portion of a conductor is inserted through
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the lumen of the conductor channel. This insertion step may be performed by threading
the conductor through an open end of the conductor channel lumen or by threading the
conductor through an open end of the connector ring lumen then dropping the conductor
down into the conductor channel through the open side of the conductor channel.

After inserting the conductor in the conductor channel, a crimping tool is used to
crimp the conductor channel to close the open side of the conductor channel at step 210.
The resulting crimp joint formed between the conductor and the conductor channel
provides mechanical and electrical coupling between the connector ring and the conductor.

The connector ring sub-assembly is then ready to use in assembling a lead
connector assembly at step 212. The lead connector assembly can ‘hen be used in
assembling a medical electrical lead at step 214.

Thus, a connector ring and associated methods for assembling a connector ring
sub- assembly, a connector assembly and a medical electrical lead including the connector
ring, have been presented in the foregoing description with reference to specific
embodiments. It is appreciated that various modifications to the referenced embodiments
may be made without departing from the scope of the invention as set forth in the

following claims.



10

15

20

25

30

WO 2007/016019 PCT/US2006/028604

9-
What is claimed is:
1. A medical electrical device, comprising:

an elongated body extending from a proximal end to a distal end having an inner surface
forming an elongated body lumen;

a conductor extending through the elongated body lumen, the conductor having a proximal
end and a distal end;

an electrode positioned along the distal end of the elongated body and elecirically coupled
to the distal end of the conductor;

a connector ring coupled to the proximal end of the elongated body and electrically
coupled to the proximal end of the conductor, the connector ring including an inner
surface forming a connector ring lumen extending along the connector ring; and

a first flange extending from the inner surface to a first flange distal end and forming a
conductor channel extending along the inner lumen to position the conductor within the
connector ring and to form the electrical coupling of the connector ring and the proximal

end of the conductor.

2. The device of claim 1, further comprising a second flange extending from the inner
surface of the connector ring to a second flange distal end engaged against the first flange
distal end, wherein the conductor channel is formed by the first flange and the second

flange.

3. The device of claim 2, wherein the first flange distal end is spaced from the second
flange distal end prior to the conductor being positioned within the conductor channel and
the first flange distal end is advanced toward the second flange distal end subsequent to

the conductor being positioned within the conductor channel.

4, The device of claim 1, wherein the conductor channel extends the entire length of

the connector ring.

5. The device of claim 1, wherein the first flange distal end is spaced from the inner

surface prior to the conductor being positioned within the conductor channel and the first
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flange distal end is advanced toward the inner surface subsequent to the conductor being

positioned within the conductor channel.
6. The device of claim 1, wherein the first flange distal end is chamfered.

7. The device of claim 2, wherein the first flange distal end and the second flange

distal end are chamfered.

8. The device of claim 3, wherein the first flange distal end and the second flange
distal end are formed to generate a crimp joint between the first flange distal end and the

second flange distal end.

9, The device of claim 3, further comprising a tool having a notch for receiving to the
first flange distal end and the second flange distal end to advance the first flange distal end

toward the second flange distal end.

10. A connector ring of a medical electrical device, comprising:

an inner surface forming a connector ring lumen extending along the connector ring; and
a first flange extending from the inner surface to a first flange distal end and forming a
conductor channel extending along the inner lumen to position a conductor within the

connector ring and to electrically couple the connector ring and the conductor.

11. The connector ring of claim 10, further comprising a second flange extending from
the inner surface of the connector ring to a second flange distal end engaged against the
first flange distal end, wherein the conductor channel is formed by the first flange and the

second flange.

12. The connector ring of claim 11, wherein the first flange distal end is spaced from
the second flange distal end prior to the conductor being positioned within the conductor
channel and the first flange distal end is advanced toward the second flange distal end

subsequent to the conductor being positioned within the conductor channel.
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13, The connector ring of claim 10, wherein the conductor channel extends the entire

length of the connector ring.

14. The connector ring of claim 10, wherein the first flange distal end is spaced from
the inner surface prior to the conductor being positioned within the conductor channel and
the first flange distal end is advanced toward the inner surface subsequent to the conductor

being positioned within the conductor channel.
15. The connector ring of claim 10, wherein the first flange distal end is chamfered.

16.  The connector ring of claim 11, wherein the first flange distal end and the secénd

flange distal end are chamfered.

17, The connector ring of claim 12, wherein the first flange distal end and the second
flange distal end are formed to generate a crimp joint between the first flange distal end

and the second flange distal end.

18. A method of forming a medical electrical device, comprising:
machining an inner surface of a connector ring to form an inner lumen having a first
flange extending from the inner surface;
positioning a conductor within the connector ring; and

advancing a first distal end of the first flange to form a conductor channel to
fixedly position the conductor within connector ring and to electrically couple the

connector ring and the conductor.

19.  The method of claim 18, further comprising advancing a second distal end of a
second flange extending from the inner surface to fixedly engage the first distal end and

the second distal end to form the conductor channel,
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20.  The method of claim 18, wherein the first distal end is advanced to be engaged
against the inner surface subsequent to the positioning of the conductor within the

connector ring.



PCT/US2006/028604

WO 2007/016019

114

€ 914

T 77777 A

\ iﬁ\

\@

LI

A%

0G

[ 914 N
N 57N
\a é_ i //////////v.//// %/////////// \ W\v \w g §# §
J \ 0z 2 y2 ct & . \@.m \ wm\ -

o1




PCT/US2006/028604
214

WO 2007/016019

¥9
e\
=
%\ MV
b8

b 914
wjk\\\\\\\\\\ﬁ\
LT -/ TN

\ A4
mﬂ\\\\\\\\\\\\dbk

¢t




PCT/US2006/028604

WO 2007/016019

314

8 914

a4/l 914

o1t

G

[

601

001



WO 2007/016019 PCT/US2006/028604

414

200

MACHINE CONNECTOR | 202
RING ID/OD |/

Y

STACK CONNECTOR 204
RING PIECE PARTS |7

MACHINE CONDUCTOR | 206
CHANNEL USING EDM |~
WIRE BURNER

Y

INSERT CONDUCTOR IN | 208
CONDUCTOR CHANNEL |

Y

CRIMP CONDUCTOR 210
CHANNEL |/

Y

ASSEMBLE CONNECTOR | 212
ASSEMBLY |/

Y 14

ASSEMBLELEAD | /

FIG. 9




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/028604

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61IN1/375

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

AG1N

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 4 951 687 A (UFFORD KEITH A [US] ET AL)
28 August 1990 (1990-08-28)

cited in the application

column 4, Tine 5 - Tine 20

A US 6 026 567 A (SWOYER JOHN M [US] ET AL)
22 February 2000 (2000-02-22)

column 3, Tine 51 - column 4, line 14

A US 5 676 694 A (BOSER GREGORY A [US] ET
AL) 14 October 1997 (1997-10-14)

column 3, Tine 10 - Tine 40

column 4, Tine 54 - Tine 64

A US 4 970 350 A (HARRINGTON ROBERT W [CA])
13 November 1990 (1990-11-13)

column 4, 1ine 46 - column 5, Tline 5;
figures 7,8

-

1-20

1-20

1-20

1-20

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

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of another
citation or other special reason (as specified)

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s} or involve an inventive step when the document is taken alone

*Y" document of paricular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340~2040, TX. 31 651 epo nl,

"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 obviotis to a person skilled
*P* 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
3 November 2006 10/11/2006
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Ferrigno, Antonio

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




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2006/028604

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 0 692 843 A2 (BELLINGER RAY [US])
17 January 1996 (1996-01-17)

the whole document

US 4 923 416 A (ZINN BERND [DE])

8 May 1990 (1990-05-08)

the whole document

1-20

1-20

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




INTERNATIONAL SEARCH REPORT

Information on patent family members

International appiication No

PCT/US2006/028604
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 4951687 A 28-08~-1990 NONE
US 6026567 A 22-02-2000  NONE
US 5676694 A 14-10-1997  NONE
US 4970350 A 13-11-1990 CA 1295383 C 04-02-1992
EP 0692843 A2 17-01-1996 DE 692843 T1 10-04-1997
ES 2094707 T1 01-02-1997
us 56567187 A 22-10~1996
US 4923416 A 08-05-1990 DE 3810210 Al 05-10-1989
EP 0333988 A2 27-09-1989
JP 1283781 A 15-11-1989

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

