-1 .ULTRAPACKED ELECTRODE ASSEMBLY AND METHOD OF MAKI NG THE SAME Field of
"the Tnvention [0001] The present invention generally relates to bipolar
el ectrode assenbly suitable for various sensors, and nore particularly to
an ul trapacked el ectrode assenbly and the nethod of naking the sane.
Background of the Invention [0002] Bipblar electrodes have been used in
diversified fields including research and industry applications. In

neur osci ence, NELERAFAGKED ELECTISODIEAASSEREL YD METHODt e or chronic
extracel lular stimulation and recordings. In addition, many hand tools

utilize el ectrodes to detect @FMAKING TEHRBAME For exanple, surgical hand
tools used in drilling of bones include el ectrodes that enable the sensors
contained in the hand tool to provide prior warning to surgeons of close
proximty with soft tissues suieldofiké entibf003] There were di scl osed
many el ectrode assenblies for special purposes. For exanple, EP 0281272A1
di scl osed a high pressure el ectrode assenbly, wherein the assenbly
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di scl osefld gRendthPbemaRinghd QE. assenbly suitable for nonitoring

radi ati on, wherein the bipolar electrode assenbly conprised a netal tube as

an outer electrode and an electrically conductive wire as an inner

el ectrode extendi ng al ong central s .of the tube. However, the

el ectrodes in the discl oseda%?@‘gf?‘b%" @’é’éﬂﬁ‘f‘vl‘"\/\ere separated by gases so
that they were not tightly packed agai nst each other. Mbreover,
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assenbly conprised concentric inner, outer and interned at uter gl ass
t ubes wehd indusky mpplications. Inlnsutascigncd, mettmdogipa cdedirtdas bavd beeni usedfot ube

SRR RN o WL RN R
utilize electrodes to detect electrical changes. For example, surgical hand tools used in
drilling of bones include electrodes that enable the sensors contained in the hand tool to
provide prior warning to surgeons of close proximity with soft tissues such as nerves.
[0003] There were disclosed many electrode assemblies for special purposes. For
example, EP 0281272A1 disclosed a high pressure electrode assembly, wherein the
assembly comprised a stainless steel rod as a first electrode, a stainless steel sheath as a
second electrode surrounding the rod, and an insulating collar spacing apart of the rod and
the sheath. In addition, EP 0524752A1 disclosed one bipolar electrode assembly suitable
for monitoring radiation, wherein the bipolar electrode assembly comprised a metal tube as
an outer electrode and an electrically conductive wire as an inner electrode extending along
a central axis of the tube. However, the electrodes in the disclosed electrode assembly
were separated by gases so that they were not tightly packed against each other. Moreover,
EP0709669A1 disclosed one pH measuring electrode assembly, wherein the assembly
comprised concentric inner, outer and intermediate outer glass tubes with a pH measuring
electrode in the space between the inner tube and the intermediate tube and a reference
electrode in the space between the intermediate tube and the outer tube. However, the
electrodes in the disclosed assembly were suspended between the glass tubes so that the

assembly was not tightly packed.



. electrodes in the disclosed assenbly were suspended between the gl ass tubes

"so that the assenbly was not tightly packed. 2 [0004] It is evident that
all' the disclosed el ectrode assenblies inherit nmany problenms fromtheir
structures. For exanple, the. first electrode and the second el ectrode
were separated by enpty spaces or a segarate insulating layer so that the
assenbly |acked integrity and physical strength. It is nore apparent when
an i nnerlo%q4éct rodeltiis eudgperitiet allwitiehdisclasedbleetrodd agsentsiosvintest Hhagyi nner
el ectrode orted sol elg gg the ten |on exerted on the inner
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pl ati num (Eeatlnumalloys iridiumand iridium n certain other
enbodi mih detailedifleseriptionat ng material is an al um ni um oxi de, a boron
nitride, a lithiumoxide, or a magnesium oxi de.

Summary of the Invention

[0006] The present invention provides an ultrapacked assembly of electrodes for
being used as a part of a sensor. The assembly comprises a core rod as one electrode of the
assembly, an insulating layer, wherein the core rod is coated by the insulating layer and a
shell having an internal channel for accommodating the coated core rod; wherein the
ceated core rod is inserted into the channel of the shell, thereby the shell can grip the
coated core rod, resulting a tightly packed assembly of electrodes. In certain
embodiments, the electrical conductive materials used for the electrodes include stainless
- steel, platinum, platinum alloys, iridium and iridium alloys. In certain other embodiments,
the insuleting material is an aluminium oxide, a boron nitride, a lithium oxide, or a
magnesium oxide. |
[0007] The present invention also provides methods for manufacturing the
ultrapacked assembly of electrodes. The manufacturing method includes the steps of
drilling a central channel through the shell, coating the core rod with the insulating layer,
heating the shell with the central channel to a temperature higher than that of the core rod,
and inserting the coated core rod into the central channel of the shell while the shell is hot;

wherein when the shell is cooling, the shell grips the coated core rod; thereby a tightly




- [0007] The present invention also provides nethods for manufacturing the
- ul trapacked assenbly of el ectrodes. The manufacturing nethod includes the
steps of drilling a central channel through the shell, coating the core
rod with the insulating |ayer, heating the shell wth the central channel
to a tenperature higher than that of tRBe core rod, and inserting the
coated core rod into the central channel of the shell while the shell is

hot;  wheicked asdeaiblyher slRelrbddsSisCRRINEAY, Thd ' ore
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FIG1 is a cross-sectional view of the assenbly of electrodes. Detailed
Description of the Invention [0012] The present invention may be understood
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[0011]) * FIG 1 is a cross-sectional view of the assembly of electrodes.

Detailed Description of the Invention

[0012] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0013] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0014] Now referring to FIG 1, there is provided a cross-sectional view of an
illustrative assembly of electrodes in accordance with the present invention. The assembly
of electrodes 10 comprises a core rod 20, an insulating layer 30, and a shell 40. As seen
from FIG 1, the core rod 20 is coated by the insulating layer 30, the shell 40 has a central
channel for accommodating the coated core rod, and a tightly packed assembly of
electrodes is formed when the coated core rod 20, 30 is inserted into the channel of the
shell and the shell 40 grips the coated core rod 20,30.

[0015] The core rod 20 can be made from any preferred metal for specific
applications. In one embodiment, the preferred metal in forming the core rod 20 is

stainless steel for its high corrosion resistance. The other suitable metals for making the



il lustrative assenbly of electrodes in accordance with the present

I nvention. The assenbly of electrodes 10 conprises a core rod 20, an
insulating |ayer 30, and a shell 40. As seen fromFIG 1, the core rod 20
is coated by the insulating |ayer 30, yhe shell 40 has a central channel
for acconmodating the coated core rod, and a tightly packed assenbly of
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steel , pélaétrdtiesardgket fbeli BHR instance, electrodes for medical uses are preferably made of
stainless steel, platinum and iridium.

[0017] The shell 40 is formed when the central channel is drilled through the shell-

forming rod. The diameter of the central channel depends upon the desired gripping force
exerted by the shell upon the core rod 20. In certain embodiments, the central channel has
a diameter that is substantially the same as the diameter of the sum of the core rod 20 and
the insulating layer 30 coated upon the core rod 20. In other embodiments, the central
channel has a diameter that is smaller than that of sum of the core rod and the insulating
layer. The central channel can be drilled by any means known to one skilled in the art
including gun drill and wire drill. The central channel can also be made by the method of
tube extrusion. The roundness of the hole is not critical. Instead, the major consideration
is that the feature of the hole should correspond with the cross section shape of the core rod
20. While the dimension of the shell 40 is not a limiting factor in the present invention, the
shell 40 in certain embodiments has preferable dimensions of length of 50 mm and
diameter of 5 mm.

[0018] The insulating layer 30 is coated onto the core rod 20 before the core rod 20

is inserted into the shell 40. The coating process will be detailed later. The consideration




[0017] The shell 40 is formed when the central channel is drilled through
".“the shell- forming rod. The dianeter of the central channel depends upon
the desired gripping force exerted by the shell upon the core rod 20. In
certain enbodi ments, the central channel has a diameter that is
substantially the sane as the dianmetergof the sumof the core rod 20 and
the insulating |ayer 30 coated upon the core rod 20. In other enbodi nents,
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is alumna. It is well known that alumna is an excellent electrical
i nsul at §pplants particularly in hip replacement surgery. It is preferable that the alumina layer is

about at least 0.4pm. It is more preferable that the alumina layer is about 2.0 um.

[0020] The assembly of electrodes of the present invcntion can be manufactured by
any methods known to one skilled in the art. The preferred method for the making of the
assembly of the electrode in accordance with the disclosure of the present invention is
described herein in detail. The known techniques including the making of the rod and
central channel will be omitted herein so as not to obscure the present invention.

[0021] ‘The core rod is coated with an insulating layer before it is inserted into the
shell for final assembly. In certain embodiments, the insulating layer is comprised of
aluminum oxide (AI203). The coating of the insulating layer onto the core rod can be
done by any suitable technique known to one skilled in the art. The consideration for any
preferred coating technique includes the porosity of deposited coating layer and the
consistence of the coating thickness. A coating layer being less porous has greater level of
insulation. And a coating layer with a consistent thickness has higher integrity and better
performance.

[0022] In one embodiment, the preferred coating material for the present invention
is A1203. The deposited Al203 provides a great level of insulation because it forms an

insulating layer with low porosity and consistent thickness. One preferred depositing



because its high volune resistivity and dielectric strength. In addition,

~.alumina has excellent corrosion resistance, durability in uses in high

tenperature environnment. More inportantly, high purity alum nas are al so
used for its bioconpatibility as orthopaedic inplants particularly in hip
replacenment surgery. It is preferable fghat the alumna layer is about at
|l east 0.4m It is nore preferable that the alumna |ayer is about 2.0 pm
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met hod for coating the core rod with A1203 is physical vapor deposition
(PVD) prik&ss therpigmogieartionstem inally, theedapositiop step iy thefprodess efegoeting built] ayer .

Wiile t JoTUh N limting factor for the present invention, its
hi gh | ev regtﬁ?g{%lﬁsgﬁéf%%fthe PVD process nakes the assenbly of el ectrodes

to pass [o6us] FDA r €Tkt tigioRiidssfofr thevebatial ivRpend@UP onSele¥®ichl KRG¥Retistidshe
art. .Brief]y, PVD processes are carrjed out under vacuum conditions
esired for specific application. In certain embodiments, the interference fit between the
core £°d gnd the she__llcanre_ach250 bar or higher. As discussed above, it is preferable that
the alumina layer is about at least 0.4um. It is more preferable that the alumina layer is
about 2.0 um.

[0024] Before the assembly of the electrodes, the shell 40 is heated to a
temperature higher than that of the core rod 20 to expand the dimension of the central
channel. The expanded dimension of the central channel will be larger than the diameter
of the sum of the core rod 20 and the insulating layer 30. After the shell 40 is heated as
desired, the core rod 20 with the insulating layer 30 is inserted into the shell 40 while the
shell 40 is hot. Upon cooling, the shell 40 will contract and hold the core rod securely
while maintaining the consistent thickness of the insulating layer 30. Higher holding force
can be designed based on interference fit between the core rod and the shell.

[0025] The assembled electrodes can be further processed to be used in a variety of
sensors. For example, the electrodes of the present invention can be used in sensors for
nerve and muscular monitoring.

[0026] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the

invention scope is not so limited. Alternative embodiments of the present invention will



~with four steps: evaporation, transportation, reaction and deposition.
-During the evaporation, Al1203 as a target is bonbarded by a high energy
source such as a beamof electrons or ions. This dislodges atons fromthe
surface of the target, "vaporizing" them Then, the "vaporized" atons are
noved fromthe target to the core rod to be coated. The reaction step is
optional depending upon specific applications. If the coating consists of

only the target mat e. reagtion step would nqot be part of the
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the integfer.en q}flt bet ween the core rod and the shel]l can reach 250 bar
or hi ghe?$*© ‘ﬁ o thes 2P eclajps jandpiscsunpoied Bhdhe ferceomeunteseaiptiaer is
about at Ieast 0.4m It is nore preferable that the alunmina layer is about
2.0 m [0024] Before the assenbly of the el ectrodes, the shell 40 is heated
to a tenperature higher than that of the core rod 20 to expand the

di rension of the central channel. The expanded di nensi on of the central
channel will be larger than the dianmeter of the sumof the core rod 20 and
the insulating |l ayer 30. After the shell 40 is heated as desired, the core
rod 20 with the insulating layer 30 is inserted into the shell 40 while the
shell 40 is hot. Upon cooling, the shell 40 will contract and hold the core
rod securely while maintaining the consistent thickness of the insulating
| ayer 30. Higher holding force can be designed based on interference fit
-between the core rod and the shell. [0025] The assenbl ed el ectrodes can be
‘further processed to be used in a variety of sensors. For exanple, the

el ectrodes of the present invention can be used in sensors for nerve and
muscul ar nmonitoring. [0026] Wiile the present invention has been described
with reference to particular enbodinents, it will be understood that the
enbodi nents are illustrative and that the invention scope is not so
limted. Alternative enbodi nents of the present invention wll




7 becone apparent to those having ordinary skill in the art to which the
present invention pertains. Such alternate enbodi nents are considered to
be enconpassed within the spirit and scope of the present invention.
Accordingly, the scope of the present invention is described by the
appended cl ains and is supported by the8foregoing description. 8 d ains:
1. An assqithinys:0f el ectrodes for use as a part of a sensor, the assenbly
conprising: a netallic core rod as one el ectrode of the assenbly; an
insulating | ayer operable to be coated on the netallic core rod; and a
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expanded to acepsmlidabe: folas opateeréiictithd &ssebly; rod and then operable to
be cooled to grip the, coated netallic core rod to forma tightly packed
assenbl y of el SBtRyiating lgyer pperablede ke rqated ontheanetalie sowsirod)agdm 1, wher ei n
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I ridium avigreinitie wentrhl opamneB.of The shsH eisbdperaifle ab st tietmsilp fexphmiedh b,

wherein the core .rod is made of  stainless teel. 4 The assenbly, of
el ect r odegcemuppdatenthe ¢ ?éfg}eﬁuﬂﬁéor@df’ @Sdﬁ%@%"fﬁb@t@n{ei %ﬂ"fedd'ﬁon@i& thsns of

| ength of (5QeaTHeRIEC Sbra¥5d &Y folth ak Bced TAGnAtES el ectrodes of
claim1l, xhe?ein t he shell ig ng g&g?bgnegﬁggtricgfgk%gﬁﬁﬁctive mat eri al
selected fromthe group consisting of stainless steel, platinum platinum
alloys, Iridiu and it.idi |1 pys.. 6.. The gssenh of electrodes_of claim
L Wherei it he 1bp el et iedrod¥ i, o 1+ ofeBED thY cdtreforS By S6ran

el ect r odeglepirical dbAduktivdnRA®#HA SdI&t&h Hom MRS 6 8S 8bRNtRg of stainless steel,

platinum, platinum alloys, Iridium, and iridium alloys.

3. The assembly of electrodes of claim 1, wherein the core rod is made of stainless
steel.
4. The assembly of electrodes of claim 1, wherein the core rod has substantial

dimensions of length of 50 mm and diameter of 1.0mm.

5. The assembly of electrodes of claim 1, wherein the shell is made of an electrical
conductive material selected from the group consisting of stainless steel, platinum,

platinum alloys, Iridium, and iridium alloys.

6. The assembly of electrodes of claim 1, wherein the shell is made of stainless
steel.
7. The assembly of electrodes of claim 1, wherein the shell has preferable

dimensions of length of 50 mm and diameter of 5 mm with the central channel having
the diameter that is substantially the same as or smaller than the diameter of sum of the

core rod and the insulating layer depending on the gripping force desired.



di rensions of length of 50 nmand dianeter of 5 mMfMm with the central channel
having the dianeter that is substantially the same as or snmaller than the
di aneter of sumof the core rod and the insulating |ayer depending on the
gripping force desired. 9 8. The assenbly of electrodes of claim]1,
wherein the insulating layer is selected fromthe group consisting of
boron ni t i de, Theta3ismBIP 6 CactrdlesbNElHAM QX wiRreif Mtk inSRSMES 1ay8 RdefiRicdd- The
assenbly of electrodes of claim1l, wherein the insulating |ayer is

al uni ni umfrogxithe groep cphsisting @fbbaronfnitridse tlithives ogfdec [akinndim \dxédeei andt he
insul atin E&ﬁ%ﬁﬁP%&i | um nium oxide is about at least 0.4m 11. An
assenbly of ®el'ec e€s for use as a part of a sensor, the assenbly
conprising: a stainless steel core rod as one el ectrode of the assenbly;
an al um ni_um oxi de insulating | ayer operable to be coated on the core rod,
and a st aP’nl esdhgpsembinef plegtsrden 9f glan it whereamthsrinsulatipgdayer is aliminivmt r al
channel ogx&@e shell is operable to be thermally expanded to accommmodat e
the coated core rod and then operable to be cooled to grip the coated core
rod to forma tightly packed assenbly of electrodes. 12. A sensor for

nmeasurin desj red anmgter, conprising an assenbly of el ectrodes
a1y affy bty gl dgs @ : 5

di scl osed Lol elpsiEo claipy?, whergindhgjinseating BuerQipmaWa senbl y
of el ect rodeR is YRRk §i 18ad 0y @sSsenbly of el ectrodes conprises a metallic
core rod, an insulating layer and a netallic shell, said nethod conprising
the steps of: drilling a central channel through the shell; coating the

W th the dEntr AN SRERREIOTElcO (LR A Do g RoFehahe SEREDDEPTRENGS al | |
core rod; and g gpinless steel core rod as one electrode of the assembly;
an aluminium oxide insulating layer operable to be coated on the core rod; and
a stainless steel shell having a central channel; wherein the central channel of the
shell is operable to be thermally expanded to accommodate the coated core rod and then

operable to be cooled to grip the coated core rod to form a tightly packed assembly of

electrodes.

12. A sensor for measuring a desired parameter, comprising an assembly of

electrodes disclosed in any one of claims 1-11.

13. A method for producing an assembly of electrodes, wherein the assembly of
electrodes comprises a metallic core rod, an insulating layer and a metallic shell, said
method comprising the steps of:

drilling a central channel through the shell;

coating the metallic core rod with the insulating layer;

heating the metallic shell with the central channel to a temperature higher than
that of the metallic core rod; and

inserting the coated metallic core rod into the central channel of the metallic shell
while the metallic shell is hot; wherein when the metallic shell is cooled, the metallic

shell grips the coated metallic core rod to form a tightly packed assembly of electrodes.




inserting the coated netallic core rod into the central channel of the
netallic shell while the netallic shell is hot; wherein when the netallic
shell is cooled, the netallic shell grips the coated netallic core rod to
forma tightly packed assenbly of electrodes. 10 14. The method of claim
13, wherein the core rod is made of an 18l ectrical conductive material

sel ected flaom tIhe ngstRaPodaif B3, iwl@redh tisd @r@ kRBiS nsdde®If an RledtricAldBndidtiel UM
alloys, Iridium_and iridiumalloys. 15. The nmethod of claim 13, wherein

the core FsEeErad selaeted romsthei grpup consisting of swinlass stegh tiasimuny, platiapp allpys,

wherein t : : stantial dinmensions of Ilength of 50 mm and
di amet er glsdl Ogn%gliﬂ%}m?hlg et hod of claim 13, wherein the shell is made of

an electrical conductive material selected fromthe group consisting of

stai nl ess _stee plati pum .platinum.alloys, Ilridiu and iridiumalloys.
18, The mithod F%%%@%%MEWWH@@W@I?@a%géstapl%w?% ess steel .
19. The nethod of claim 13, wherein the shell has preferabl e di nensions of

|l ength of 50 mm and dianeter of 5 nmwith the central channel having the
di anet er flhat iThe methed axfitdlzi V3.t Whersttheasorerrod rhab Isebstartiah dithensidinansft er  of

sum of the cqgre.rod and f.he in ating | ayer depending on the gripping
force des?‘?ngﬁl.‘)f ) Mg ?Iﬂﬁtar%tfsﬂ ‘m 13, wherein the insulating |ayer is
selected fromthe group consisting of boron nitride, |ithium oxide,

al um ni um oxi de, and nmagnesi um oxi de. 21. The nethod of claim 13, wherein
t he insul d7i ng Thayeethod ofclaim niduwhexdieihe girll isheadeeefhadieloftricaladomdadtive
wherein t g%tér?a? léc'al@ét%@ grolma %rgr(c))&p g(lnléls qulg %pst%%(nllgs(sa s{egl, %?a(%l%xm, %iatilngr%se}llogfsflm

Iridium, and iridium alloys.

18. The method of claim 13, wherein the shell is made of stainless steel.

19.  The method of claim 13, wherein the shell has preferable dimensions of length of
50 mm and diameter of 5 mm with the central channel having the diameter that is
substantially the same as or smaller than the diameter of sum of the core rod and the

insulating layer depending on the gripping force desired.

20.  The method of claim 13, wherein the insulating layer is selected from the group

consisting of boron nitride, lithium oxide, aluminium oxide, and magnesium oxide.
21.  The method of claim 13, wherein the insulating layer is aluminium oxide.

22.  The method of claim 21, wherein the insulating layer of aluminium oxide is about

at least 0.4um.




