1 ULTRAPACKED ELECTRODE ASSEMBLY AND METHOD OF MAKI NG THE SAME Fi el d of the
I nvention [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 and1the met hod of maki ng the sane.
Background of the Invention [0002] Bipolar electrodes have been used in
diversified fields including research _and industry applications. In

neur osci ence, néa«BRé&&%KE BEECIRQDEARSEMALY) THMt e or chronic
extracel lul ar stinmulation a”dD?%&RkﬁN@?TE%ﬂ@Aﬁﬂgiti0”1 many hand tool s
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utilize electrodes to detect electric anges. For exanple, surgical hand
tools used in drilling of bones include el ectrodes that enable the sensors
contained in the hand tool to r vigg rior, warning to surgeons of close
proximty with soft tissues suéﬁ"lgé’f & wentipyoo3] There were di scl osed
many el ectrode assenblies for special purposes. For exanple, EP 0281272A1
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spacing apart of the rod and the sheath. In addition, EP 0524752A1

di scl oseadllaé{ﬁ%mﬁfhﬁélogfna&%g? - 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 extending al ong aBesdigrpand akibe lobentiom t ube. However, the

el ectrodes in the disclosed el ectrode assenbly were separated by gases so
that they were not_ti Ightly packed agai nst_each ot her., Mryreover,

EP0709669%8] di scl odpalaseechpsrehisriiny uesdet diversifiedfealdy fcluging eeserrelne
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and t he dcoteeomedbaiceextrabeldardstinul sfcer anicecorist rladdditionf hang haoeé tdvds ween
the int e&tﬁﬁgie etc%rotcllejsb o gquctte Cetrich %flar}g%lso.e Folr_lg;?aemvglre,’ s&rgi%al 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.



el ectrodes in the disclosed assenbly were suspended between the gl ass tubes
so that the assenbly was not tightly packed. [0004] It is evident that al

t he di sclosed el ectrode assenblies inherit many problenms fromtheir
structures. For exanple, the first electrode and the second el ectrode were
separated by enpty spaces or a separate insulating |ayer so that the

assenbl ked inteqgri d ysical strength. It is re apparent when
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The assenbly conprises a core rod _as one electrode of the assenbly, an
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packed asse l]y of electrodes. In certain enbodinents, the electrical
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pl ati nu [ﬂwg& ys, iridiumand iridiumalloys. In certain other
enbodi ner{h% g‘l,:tgltléi e sdl? ating material is an al unmi nium oxi de, a boron
nitride, a lithiumoxide, or a nmagnesium oxide. [0007] The present

i nvention al so provides net hoggmal%;yg?tnh%fla%]%ﬂinng t he
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[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
coated 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 insulating 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



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 with the central channel
to a tenperature 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
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FIG 1 |§“§9%?@§%m% aVitgial view of the assenbly of el ectrodes. Detail ed
Description of the Invention [0012] The present invention may be understood
nore readily by reference to the follow ng detailed description of certain
enbodi nents of the inventi Baief DegadhtiokheithgArawingsi s appl i cation, where
publications are referenced, the di scl osures of these publications are
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accor darslenesits.h t he present invention. The assenbly

[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



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, the shell 40 has a central channel for accommobdating the coated
core rod, and a tightly packed assenbly of electrodes is fornmed when the
coat ed core rod 20, 30 is inserted into the channel of the shell and the
shel | e coated c re rod 20,30, [0015] The core_rod 20 _can be
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the present invention, the core rod in certain enbodi ments has
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the sheldjscirodes are used for. For 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 grippirrg 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 In fact, key point 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 no 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



formng 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 dianeter that is substantially the
same as the dianeter of the sumof the_.core rod 20 and the insulating

| ayer 30 coated upon the core rod 20. Pn ot her enbodi nents, the central
channel has a dianeter that is smaller than that of sumof the core rod and
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contral SRORRAIbC A UbAE Thirsra oolESIReR Bt melerBlCadd Beflsn v

r oundneseleatfodeb eahalse be Sclbgtbd 6 adhi®l othdrnBbie@propfi€icBichrasedIsdteler aheon i s
that In fa key point is that the feature of the hole should correspond

With theprt??eé%eé mglatingolgy @ridhis mainhh@rmed &y oag of@. bopen nisride EBY), rrelithivem °T|
th hel |..: i {400k £:] -act Ny e iayentd on, he
200 1 corsidh (LROR o AbdiihAdonBEiAIa01] diIenRERSR NEILA nalfe & 15
di anet er supkribr imsuldtidg ldjrabheistios ahatthdighal aypeducBvity SHefataethemibeo “tatlgor e

rod 20 b forg the core rod 20 .is inser;g}e),d into the shell 40. The coating

process WIFdRY ors af prpronpdride (RN)e ridthuer gKidsr(152@), amaluminivg pride

mat eri al i I | 0 pfhcC j jons of
PR o ML b N L R s e e e G LR e
bet ween oreeof th¢se anendimbesbyc Ahwalght%he sekect ed t o achi eve ot her desired

roperti uch as dielectri,c. The referred insulatin ayer, 30, i.s

Pormed biyoBle of - afb8RoATTHOERIEY (s I°, PEgspity Nvamorbxtf*aévge{er%g) insylgting
al um ni ukRKaA®s AINAERS) It Brwdll WREWE Shata1ahkHeis (MIQcelam d6ciRcalSHURRALGLPT

i nsul ating characteristics and thermal conductivity. Here, a nenber "mainly
formed bYjecense o haghh yobmeniasististey (a8N) diekctrict $tramgtlox ld@dditio0 plunaina dlasimi ni um

ide (AL2Q3), : i ide. (MO " is defined as. er which
cont ai ns XE il goftos G SRR S SLRE I SUE o e SR BFARGS BFVifITET, SEe] I n
one enboghpggahtlf hﬂghqau@i&ﬁ%ﬁinwmr%lwﬁsedt foe i@rtﬁé&ﬁﬁﬁﬁibﬁm WsadrtHd@acdi@t er i al

is alumpa. It 1s well known that alumna is an excellent electrical
i nsul at omplyre persisulatly imhipreplopement surgest. i iiis prefaneblelithst dat alimingt lagergs h. | n

addi ti ony, 3} M&?OQﬁ% It is more preferable that the alumina layer is about 2.0 pm.

mai nly

[0020] The assembly of electrodes of the present invention 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 (A1203). 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 Al1203. The deposited A1203 provides a great level of insulation because it forms an

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



excel l ent corrosion resistance, durability in uses in high tenperature
environnent. More inportantly, high purity alumnas are also used for its
bi oconpatibility as orthopaedic inplants particularly in hip replacenent
surgery. It is preferable that the alugina |layer is about at |east 0.4m
It is nore preferable that the alum na“layer is about 2.0 m [0020] The

assenbly of el ectrodes of the present invention can be manufactured by any
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coating material for the present invention is A1203 . The deposit.ed A1203
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met hod for coating the core rod with A1203 is physical vapor deposition
(PVD) prAF4&%%s therpymqeadtngsstem dlinadly, thealenpgtiompstep isythoprachss depasigtadlt| ayer .
Wi | e th& BH{ﬂetﬁ\ée!rsodnso%faa limting factor for the present invention, its
hi gh | evel OF €SGPTS ng P8 t he PVD process nmkes the assenbly of el ectrodes
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art. Briefly, PVD processes are carried out under vacuumconditions wth
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the core rod and the shell can reach 250 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 pm.

[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




evaporation, Al203 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
dependi ng upon specific applications. {f the coating consists of only the
target material, the reaction step would not be part of the process. Here,
for Al2b&omeranparent tnthope hating nrdinap.skifl imathe yrt tohehidle plos prieson isteatons t he
process of . coatd ng buil n the core.rod surface. [0023].The thickness
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the core rod and the shell can reach 250 bar or hi gher. As di scussed
above, i€escubpd dvethebpepandad cleims andiis supperyask by sthablouegadng |dsaeriptddm |1t
is nore preferable that the alumna |layer is about 2.0 pm [0024] Before
the assenbly of the electrodes, the shell 40 is heated to a tenperature
hi gher than that of the core rod 20 to expand the dimension of the central
channel . The expanded di nmension of the central channel will be larger than
the dianmeter of the sumof the core rod 20 and the insulating |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
bet ween 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 nonitoring. [0026] Wiile the present invention has been descri bed
with reference to particular enbodinents, it will be understood that the
enbodi ments are illustrative and that the invention scope is not so
limted. Alternative enbodinents of the present invention will 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 jnvention is described by the
appended clainms and is supported by the foregoing description. 8 C ains
What is clainmed is: 1. An assenbly of electrodes for being used as a part
of a sensor, conprising: a core rod as one el ectrode of the assenbly; an
insulating |layer, wherein the core rogins coated by the insulating |ayer;
and a shell having a central channel for accommodating the coated core rod;
wherein the coated core rod is inserted into the channel of the shell,

.t her eby b@%&? il an grip the coated core rod, resulting a tightly packed
assenbl y 81 d?? des. 2. The assenbly of electrodes of claim1l, wherein
the core rod is made of an electrical conductive material selected from
the group consisting of stainless steel, platinum platinumalloys,
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el ect r odemtalf cocd mdme:sultwgert@hﬁy pheked hedeinblhyasf giefodeabl e di nensi ons

| ength of 50 nmm and di aneter of- 5 mMmwith the central channel having the
dianeter that is substantially the sane as or smaller than the di aneter of

sum of the COTge 4REMBRD NG rodes of claim 1, wherein the core rod is made of an electrical
conductive material selected from the group consisting 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 preferable

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.




insulating | ayer depending on the gripping force desired. 9 8. The assenbly
of electrodes of claiml, wherein the insulating layer is selected from
the group consisting of boron nitride, |ithium oxide, alum nium oxide, and
magnesi um oxide. 9. The assenbly of e|lectrodes of claim1l, wherein the
insulating layer is alum nium oxide. 10. The assenbly of el ectrodes of
claim9, wherein the insulating |layer of alum nium oxide is about at | east
0.4m 11. An assenbly of electrodes for being used as a part of a sensor,

conpri si pg: st al n] es teel c .rad_as one electrode of the enbl y;
an Bl um B um Sef EUPRETT SRR s i e B e bR B TR Ry | he
i nsul ati 1@ graye considtthglofSharbn lnggitle SHi@@Im Yreld almyvihiieh axeNhi®maghanne! for
accomodating the coated core rod; wherein the coated core rod is inserted

i nto theo¥idannel of the shell, thereby the shell <can grip the coated core
rod, resulting a tightly packed assenbly of electrodes. 12. A sensor for
nmeasuring a desired paraneter, conprising an assenbly of el ectrodes

di scl osed. i n Ay agbmblyabMEedirokiks of Slairh 1MRihBAGh fiRrinpiSEhciRer BRlasmamh! y of
el ectrodes, wherein the assenbly of electrodes conprises a core rod, an

insulatiﬁﬁdﬁayer and a shell, said nmethod conprising the steps of:
drilling a central channel through the shell; coating the core rod with
the insulating |ayer; heating the shell with the central channel to a

t enper at U0.e hThhassembigroftehatrodds dfietaim®0 mbereanthe amdlating éayer ofjaltinénicmat ed
core rod into the central channel of the shell while the shell is hot;
wher ei n %FHENS 8“%2‘}aﬁt(?-§”’@ool ing, the shell grips the coated core rod;
thereby a tightly

11.  Anassembly of electrodes for being used as a part of a sensor, comprising:

a stainless steel core rod as one electrode of the assembly;

an aluminium oxide insulating layer, wherein the core rod is coated by the
insulating layer; and

a stainless steel shell having a central channel for accommodating the coated core
rod; wherein the'coated 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.

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

disclosed in any of claims 1-11.

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

packed assembly of electrodes is formed. .



packed assenbly of electrodes is forned. 10 14. The nethod of claim 13,
wherein the core rod is nade of an electrical conductive material selected
fromthe group consisting of stainless steel, platinum platinumalloys,
Iridium and iridiumalloys. 15. The nethod of claim 13, wherein the core
rod is made of stainless steel. 16. TH® nethod of claim 13, wherein the
core rod has preferable dinensions of length of 50 nm and di aneter of
1.0mm 17. The nethod of clain113 wherein the shell is made of an

electric ucti.v ter sel.ected fromthe group.consisti .of
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18. The ﬁﬁieﬁaﬂsé?écté‘d Ao tha- ng}ﬁécﬁis{?suh%%f %H@Albss' el g Rim SR aRoR eel .
19. The method of claim13,” wherein the shell has preferabl e di mensions of
| engt h ofridign, anhisidiunualiayst er of 5 nmwith the central channel having the

dianeter that is substantially the sane as or smaller than the di aneter of
sumof the core rod and the insulating |ayer depending on the gripping

force depj.r edTh@fethbB®f BRI QY, Wher&inahdokd rodi @il bf blamldsesiblat i ng | ayer is
selected fromthe group consisting of boron nitride, |ithium oxide,

al um ni um oxi de, and magnesi um oxi de. 21. The met hod of clain113 wherein
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of 50 mm and diameter of 1.0mm.

17. The method of claim 13, 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.

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 0.4pum.




