CONNECTOR | NCLUDI NG | SOLATI ON MAGNETI C DEVI CES CAPABLE OF HANDLI NG HI GH
SPEED COVMUNI CATI ONS BACKGROUND OF THE | NVENTI ON 100011 Regul ations for
connector technol ogy are evolving. As signal speeds increase and the
connector industry desires to nove data faster over a Cat 5 or equival ent
cable, there is a need for isolating magnetic devices capable of handling

hi gher magnetizing forces and DC current bias. In a typical R 145 type
connector assenbly where a nodular plug mates in a nale-femal e relationship
wi th a nmodul ar jack, an isolating nmagnetic device is used in the female
connector portion to handle direct current ("DC') offsets. Such offsets may
be caused by various factors including inbalances in the wires of the plug.
[ 0002] For exanple, data is frequently transmtted over a pair of conductive
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wire may have a potential of -2.5 volts and the other w re may have a
potential of +2.5 volts, |BAMEGRANEDI OPTHEBBSENTIORE pair of wires or
extraneous el ectro-magnetic Tnterference, the two wires nmay not have exactly
equal and opposite voltages. For exanple, one wire may have -2 volts and
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increase and the connector industry desires to move data faster over a Cat 5 or equivalent
cable, there is a need for isolating magnetic devices capable of handling higher
magnetizing forces and DC current bias. In a typical RJ45 type connector assembly
where a modular plug mates in a male-female relationship with a modular jack, an
isolating magnetic device is used in the female connector portion to handle direct current
(“DC”) offsets. Such offsets may be caused by various factors including imbalances in

the wires of the plug.

[0002] For example, data is frequently transmitted over a pair of conductive wires.
When transmitting data, the pair of wires may ideally have voltage potentials to ground
such that a voltage in one wire of the pair is equal and opposite to the voltage in the other
wire of the pair. For example, one wire may have a potential of -2.5 volts and the other
wire may have a potential of +2.5 volts. If there are imbalances in the pair of wires or
extraneous electro-magnetic interference, the two wires may not have exactly equal and
opposite voltages. For example, one wire may have -2 volts and the other wire may have
+3 volts. Although there is still a net difference across the pair of wires of +5 volts

(which may, for example, correspond to a logic “1”), such a voltage imbalance will



(which may, for exanple, correspond to a logic" 1"), such a voltage

i nbal ance will 1 generate a current inbal ance. Conventional technol ogy uses
i sol ati ng magnetic devices and/or transformers to deal with such

i mbal ances. However, prior art nmagnetic devices cannot physically handl e

t he magneti zing force which nmay be induced by inbal anced DC current having
hi gh frequencies. 100031 As an illustrative exanple, referring to Fig. 1,
there is shown a transfornmer 40 in accordance with the prior art.
Transfornmer 40 may be used as an isolating nagnetic device. Transformer 40
is formed by winding wires 44, 46, 48 and 50 around a toroid shaped core
42, Core 42 has a substantially circular cross-section. Wres 44, 46, 48 and
50 are evenly wound around core 42 except in a gap area 38. 10004] Such

prior art solutions as.discussed above n, handl e perhaps as ch as 2
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conmmuni cations occur as high as one I%aor even ten (10) gigabits per
second. Thand@pdvansiringss tadealj wigh sudhgmbaleaegse tiavedeninsior ggmeagartiy defdess not
have the frequency response characteristic needed to inhibit the presence
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[0003] As an illustrative example, referring to Fig. |, there is shown a transformer
40 in accordance with the prior art. Transformer 40 may be used as an isolating magnetic
device. Transformer 40 is formed by winding wires 44, 46, 48 and 50 around a toroid
shaped core 42. Core 42 has a substantially circular cross-section, Wires 44, 46, 48 and

50 are evenly wound around core 42 except in a gap area 38.

[0004] Such prior art solutions as discussed above can handle perhaps as much as
2 million bits per second. However, newer standards require that communications occur
as high as one (1) or even ten (10) gigabits per second. The above prior art isolation
magnetic device generally does not have the frequency response characteristic needed to
inhibit the presence of DC current bias with communications of such speeds. Even those
solutions capable of handling high speed (e.g. 2M bits per second) communications are
not backward compatible (i.e. they cannot handle slower communications) and are
frequently not in a conventional RJ45 type connector format. Such a format is common

in the industry and most users have become comfortable with it.



in the industry and nost users have beconme confortable with it. 2 100051
Therefore, there is a need in the art for an isolation nmagnetic devi ce which
can handl e hi gh speed communi cations, is backward conpati bl e, and whi ch can
conform to standard RJ45 type connector arrangenents. There is al so a need
for a nethod for manufacturing such a device. 3 SUMVARY OF THE | NVENTI ON

[ 0006] One aspect of the invention is a connector for enabling electrical
comuni cation with a plug. The connector conprises at | east one contact
effective to communicate with a terminal of a plug, a magnetic filter
circuit in communication with the contact, and a term nal in comrunication
with the magnetic filter circuit. The nmagnetic filter circuit includes an
el ectric device forned by inserting at |east one wire through a first hole
of a core and wapping the at |east one wire around a side of the core. The
electric dédA0Sk is fllperadene, thermis@ negd imdie pxtifpran iselagen magsetiodryicd wick hr ough
a second hole of the core, the second hole of the core being spaced from
the first bhaleandichipaypard cemmangitiousliinbickantdca@upaivil, agd paried ¢al cohfora

| ongi tudi nal axis of the first hole. [0007] Another aspect of the invention
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connector conprises at east one contact e ctive to

manufacturing such a device.



communicate with a termnal of a plug, a magnetic filter circuit in

communi cation with the contact and a term nal in communication with the
magnetic filter circuit. The magnetic filter circuit includes an electric
device, the electric device including a core, the core having a first hole
with a first longitudinal axis and a second hole spaced fromthe first
hol e, the second hole having a second | ongitudinal axis parallel to the
first longitudinal axis. The core includes at | east one wire inserted
through the first hole, wapped around a side of the core and inserted

t hrough the second hole, 4 [00081 Yet another aspect of the invention is a
nmet hod for producing a connector for enabling electrical conmunication with
a plug. The nethod conprises inserting at |east one wire through a first
hol e of a core, and wapping the at |least one wire around a side of the

core. The nethod further congrises insErtin% ihﬁ @t :east one wire through a
second hole of the core to f O he second hol e of the
core being spaced fromthe first hole and having a | ongitudinal axis
extending parallel to a longitudinal axis of the first hole and coupling

t he el ectr {0dkvi ce Qre aapedt @a8te invantivannd eainectol fre emeblirgdeleciricdler conpri ses
coupling the electric device to at |east one contact. 5 BRI EF DESCRI PTI ON OF
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and many of the
communicate with a terminal of a plug, a magnetic filter circuit in communication with
the contact, and a terminal in communication with the magnetic filter circuit. The
magnetic filter circuit includes an electric device formed by inserting at least one wire
through a first hole of a core and wrapping the at least one wire around a side of the core.
The electric device is further formed by inserting the at least one wire through a second

hole of the core, the second hole of the core being spaced from the first hole and having a

longitudinal axis extending parallel to a longitudinal axis of the first hole.

[0007] Another aspect of the invention is a connector for enabling electrical
communication with a plug. The connector comprises at least one contact effective to
communicate with a terminal of a plug, a magnetic filter circuit in communication with
the contact and a terminal in communication with the magnetic filter circuit. The
magnetic filter circuit includes an electric device, the electric device including a core, the
core having a first hole with a first longitudinal axis and a second hole spaced from the
first hole, the second hole having a second longitudinal axis parallel to the first
longitudinal axis. The core includes at least one wire inserted through the first hole,

wrapped around a side of the core and inserted through the second hole.



attendant advantages thereof~will be readily understood-by-reference-to - -the—-
followng detailed description when taken in conjunction wth the
acconpanying drawings in which: [00101 Fig. 1 is a front view of a
transforner in accordance with the prior art; [0011l] Fig. 2 is a side view
of a core for use in accordance with an enbodi nent of the invention; [0012]
Fig. 3 i1s a side cutaway view of an isolating magnetic device for use in
accordance with an enbodi nent of the invention; [0013] Fig. 4 is a side view
of an isolating magnetic device and a common node choke used in accordance
wi th an enbodi nent of the invention; and [0014] Fig. 5 is a diagramof a
circuit including sone tolerances of circuit devices including an isolating
magneti ¢ device and a conmon node choke used in accordance wth an

enbodi nent he invention. 6 DETAl LED DESCRI PTI ON THE PREFERRED

EMVBODI NENT(@O*?tl [0015 ciRap e ?wactrm“@}wt BYEmONdS AR R (%HFQF UGN AROTEHeT ence
nunmeral s describe identical or corresponding parts throughout the several

vi ews, and fommeblpay ¢tledrita rdoynnmicdtiog. with a plugoilbe thal amapedts snsbsingrat i al |y
like an ellipsoid with its ends cut off and has a substantially

racetrack- shap&et wiO8RoSACs iR ho o8 coff, hAEWRBMANE bf RhsthkviRZardfith &
side of the core. The method further comprises inserting the at least one wire through a
second hole of the core to form an electric device, the second hole of the core being
spaced from the first hole and having a longitudinal axis extending parallel to a
longitudinal axis of the first hole and coupling the electric device to at least one terminal.

The method further comprises coupling the electric device to at least one contact,



second hole 54. Core 50 may have, for exanple, a material perneability of
5,000. [0016] Referring to Fig. 3, core 50 is used to produce an isolation
magneti c device in accordance with an enbodi nment of the invention. As shown
in Fig. 3, four pairs of wres 60, 62, 64 and 66 (shown as having col ors
red, green, natural and blue respectively) are wound around core 50. Each
pair of wires 60, 62, 64, 66 may be initially twisted together. For
exanple, the two red wires 60 are twi sted together, the two green wires 62
are twi sted together, etc. For exanple, Y nunber of tw sts may be nade per
each inch of wre. The wres may be, for exanple, MM3C class 180
(40QPN-180), AWG#40 wires. After the pairs of wires 60, 62, 64 and 66 are
twisted, all four pairs are then inserted through hole 52, wapped around a
side 68 of core 50 and in%= : gred, wres 60, 62,
64 and 66 may then be w appéed Gt —a-second de—7o—-of core 50 and then
inserted through hole 52 wapped around side 68 and then inserted through
hole 54 a 8e ired nunber of w ndings. B For. exanple, X nynber of w ndi ngs may
be used. | A0} s waf MelR cPYBIAT ARRGETHRIMERLi e BEWTE dnveRlipmgnd BIapY PRI, ~Such
an isolating magnetic can handl e conmuni cati ons of 10 gigabits per second
and still hetebdemkadwadtagosniierdodimvell be sendily underktand by rdforch0td 0O doBasieg T
comuni cati ons. Such conmuni cati on speeds are now required under |EEE

st andard 80@%1331ed/a§so§iggwwh@nﬁ}&n i coff) hctRALA @B abSoriSAYideraRRb $h an
assenbl yman in assenbling the device.” The dots nmay indi Cate a starting point

which:
[0010] Fig. 1 is a front view of a transformer in accordance with the prior art;
[0011] Fig. 2 is a side view of a core for use in accordance with an embodiment of

the invention,;

[0012] Fig. 3 is a side cutaway view of an isolating magnetic device for use in

accordance with an embodiment of the invention;

[0013] Fig. 4 is a side view of an isolating magnetic device and a common mode

choke used in accordance with an embodiment of the invention; and

[0014] Fig. 5 is a diagram of a circuit including some tolerances of circuit devices
including an isolating magnetic device and a common mode choke used in accordance

with an embodiment of the invention.



of each of wres 60, 62, 64 and 66, [0017] Referring nowto Fig, 4, magnetic
device 72 can he conbined with a comon node choke 74. After isolating
magnetic device 72 is formed as was described wth reference to Fig. 3,
ends of wires 60, 62, 64 and 66 are twi sted together. For exanple, a

begi nning of wire 60 (red) and ending of wire 62 (green) are tw sted
together. Simlarly, an ending of wire 62 (green) and a beginning of wire
60 (red) are twisted together. A beginning of wire 64 (natural) and an
ending of wire 66 (blue) are twisted together. Note that the ending of wire
64 and a beginning of wire 66 are not twsted together for isolating
magneti c device 72. That is, an ending of wire 64 and a beginning of wre
66 are not tw sted together. |If choke 74 is used, the ending of wire 64 and
t he begi nning [ y be used
to forma mﬁ%p%r )ﬁ L ction as
core 50 shown in Fig. 2 with, for exarrple a material perneability of 2500.
That is, core 76 ma e a flrst hol e 78, a second hole 80 and first and
second si déd1gh and@ﬁerFlégﬁQthpéﬁ Jrawgngs hsrsin ik e&%ﬁﬁ’?ﬁ% PyBE A RE10R4, Wi res
64 and 66 are inserted through hole 78 wapped around first side 82 of core
78 and t hemdentisg ot ectréshoodig phod thir@Eholf thel esierad ojewsi, pied mdBe particulédy ey t hen
he wrapped around second side 84, inserted through hole 78, wapped 8 around

first sidepd2oand,kLR88E (RPed BRtoRaty NRE £n 8Bp&id S iRLHAYTBES T 8hd AT ngs.
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substantially racetrack-shaped cross-section. Core 50 includes a first hole 52 and a

second hole 54. Core 50 may have, for example, a material permeability of 5,000,

[0016] Referring to Fig. 3, core 50 is used to produce an isolation magnetic device
in accordance with an embodiment of the invention. As shown in Fig. 3, four pairs of
wires 60, 62, 64 and 66 (shown as having colors red, green, natural and blue respectively)
are wound around core 50. Each pair of wires 60, 62, 64, 66 may be initially twisted
together. For example, the two red wires 60 are twisted together, the two green wires 62
are twisted together, etc. For example, Y number of twists may be made per each inch of
wire. The wires may be, for example, MW83C class 180 (40QPN-180), AWG#40 wires.
After the pairs of wires 60, 62, 64 and 66 are twisted, all four pairs are then inserted
through hole 52, wrapped around a side 68 of core 50 and inserted through hole 54, If
desired, wires 60, 62, 64 and 66 may then be wrapped around a second side 70 of core 50
and then inserted through hole 52 wrapped around side 68 and then inserted through hole
54 a desired number of windings. For example X number of windings may be used. In
this way, an isolating magnetic device 72 may be formed. Such an isolating magnetic

can handle communications of 10 gigabits per second and still be backward compatible



exanple, three wi ndings may be used. After a desired nunber of w ndings have
been made around core 76, wires 64 and 66 are individually tw sted, 100181
Referring nowto Fig, 5 there is shown a circuit 90 which could use electric
device 72 and common node choke 76 descri bed above, Al so shown are sone

t ol erances which could be used for the circuit devices in circuit 90.

Circuit 90 may be wused in a connector and facilitate data conmuni cati ons
bet ween the connector and a plug (not shown). G rcuit 90 includes contacts
92 which may communicate with the termnals of an inserted plug, An
optional termnation circuit 94 may be used to balance a load of wres in
said plug, A magnetic filter circuit conprising one or both of comobn nbde
choke 74 and isolating nagnetic device 72 may be coupled to or placed in

conmmuni cat i @b hindONd/a0d/3 082 BadeT TbmalunichlbhsTaBuchRomsRthid Biohspask afe dat a
to a device connected to circuit 90 or to the connector using circuit 90,
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Circuit 90, incorporating device 72, may be used for communi cations of 10
Gga hits p@ﬁlskfﬁb%ﬁ@nlalbiﬂlaﬁfwa%leg@hﬂéﬂ'ﬁa%w\’w&r dhe GRS dRnINg sl REaRHERARYI e
communi cations at speeds of 10 Base T, 100 Base T and 1,000 Base T.

Mor eover, coffeach bf wB8s 6y62bed ased6.i n a standard RI45 type connector
configuration. A wi nding nethod in 9

10017] Referring now to Fig. 4, magnetic device 72 can be combined with a
common mode choke 74. After isolating magnetic device 72 is formed as was described
with reference to Fig. 3, ends of wires 60, 62, 64 and 66 are twisted together. For
example, a beginning of wire 60 (red) and ending of wire 62 (green) are twisted together.
Similarly, an ending of wire 62 (green) and a beginning of wire 60 (red) are twisted
together. A beginning of wire 64 (natural) and an ending of wire 66 (blue) are twisted
together. Note that the ending of wire 64 and a beginning of wire 66 are not twisted
together for isolating magnetic device 72. That is, an ending of wire 64 and a beginning
of wire 66 are not twisted together. If choke 74 is used, the ending of wire 64 and the
beginning of wire 66 are extended to a second core 76 which may be used to form a
common mode choke 74. Core 76 may have the same construction as core 50 shown in
Fig. 2 with, for example, a material permeability of 2500. That is, core 76 may have a
first hole 78, a second hole 80 and first and second sides 82 and 84 respectively. In
forming common mode choke 74, wires 64 and 66 are inserted through hole 78 wrapped
around first side 82 of core 78 and then inserted through hole 80, If desired, wires 66 and

64 may then be wrapped around second side 84, inserted through hole 78, wrapped



accordance with the invention may use standard w ring nmaki ng manufacture
sinple and easily avail able. [0020J Wi le preferred enbodi nents of the

i nventi on have been shown, the invention is only limted as defined by the
scope of the acconpanying clainms. 10 What is clained is: 1. A connector for
enabling electrical communication with a plug, the connector conprising: at
| east one contact effective to conmmunicate with a termnal of a plug;, a
magnetic filter circuit in communication with the contact; and a termnal in
comuni cation with the nmagnetic filter circuit; wherein the nmagnetic filter
circuit includes an electric device fornmed by inserting at |east one wire
through a first hole of a core, wapping the at | east one wre around a side
of the core; inserting the at |east one wire through a second hole of the
core, the secnhdrdneide 80fant eserted ehrbeihneghols fAaedsifadamm e off iwisdingol orand
havi ng a | ongi tudi nal axis extending parallel to a |longitudinal axis of the
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device is ?urt er forne epeating the steps of inserting at |east one
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[0018] Referring now to Fig, 5 there is shown a circuit 90 which could use electric
device 72 and common mode choke 76 described above. Also shown are some
tolerances which could be used for the circuit devices in circuit 90. Circuit 90 may be
used in a connector and facilitate data communications between the connector and a plug
(not shown). Circuit 90 includes contacts 92 which may communicate with the terminals
of an inserted plug. An optional termination circuit 94 may be used to balance a load of
wires in said plug. A magnetic filter circuit comprising one or both of common mode
choke 74 and isolating magnetic device 72 may be coupled to or placed in
communication with contacts 92. Terminals 100 may be used to transfer data to a device
connected to circuit 90 or to the connector using circuit 90, and are coupled to or placed
in communication with the magnetic filter circuit. Optional light emitting diodes 102

may be also used.

[0019] Circuit 90, incorporating device 72, may be used for communications of 10
Giga bits per second and may also be backward compatible so as to handle
communications at speeds of 10 Base T, 100 Base T and 1,000 Base T. Moreover, circuit

90 may be used in a standard RJ45 type connector configuration. A winding method in



3. The connector as recited in claim1, where the at | east one wire
conprises a first, second, third and fourth wire. 4. The connector as
recited in claim3, wherein each wire has a first end and a second end, the
first end not being inserted through the core, the second end com ng out
fromthe second hole of the core, and wherein the electric device is
further fornmed by: twisting together the first end of the first wire with
the second end of the second wire; twisting together the first end of the
second wire with the second end of the first wire; and tw sting together the
first end of the third wire wwth the second end of the fourth wire. 5. The
connector as recited in claim3, wherein the wires conprise four pairs of
twisted wires. 6. The connector as recited in claim3, wherein the core is
a First coceordantetwith thommention malylusé stahderd wiompmiakng raarndactore siople aothoi ce
device forned by the steps of: inserting two of the wres through a third
hole in a gaeondilgeee; wapping the two of the wires around a side of the
second core; ‘and inserting the two of the wires through a fourth hole of the
second core, the fourth hole of the second core being spaced fromthe third
hol e of t cond - ' : [ ' ' i par al | el
to a | ongi ?J%Ijnal aﬁ?’glgg?agrﬁg@%ﬁhp%&ﬁgﬁg%@%%@%@ﬁké@?ﬁﬁ@%ﬁ {e}%i ted in

cl aim6, erein.each wi.re has_a first end d a second end,
vaentlon is orﬁy limited as %eﬁncd by t?ne scope o?rt]he accompanﬁng cglms.
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the first end not being inserted through the first core, the second end
comng out fromthe second hole of the first core, and wherein the electric
device is further forned by: twi sting together the first end of the first
wire with the second end of the second wire; twisting together the first
end of the second wire with the second end of the first wire; and tw sting
together the first end of the third wire with the second end of the fourth
wire. 8. The connector as recited in claim?7, wherein the two of the wires

i ncl ude t hé'hebiSGIMe@Kd of the third wire and the first end of the fourth
wire. 9. The connector as recited in claim®6, wherein the cormmon node choke
device is further produced by repeating the steps of inserting two of the
Wi res, w appi ng A tntwior fof endbéingeleesical camdhunmsgon ivit atpheg, theccoofiectdre wi res, a
desired nunber.of tines. 10. A connector for enabling electrical
comuni cat FOAPWtHh a plug, the connector conprising: at |east one contact

ef fective hOesxPoRAMbnERE Eflkil & tPconBhiickd with aderBlinidof a plugBgnetic filter
circuit in communication with the cont act ; and a term na I N comuni catl on

with the nagrenste fflier eseuitcincemimunioafier with theenipagred i c filter circuit

i ncl udes a i |:CE, | i .ce. i ing a core, the core
havi ng a f?F%bﬁﬁ%Pg%Wﬁﬁ%hgg?P&2®tﬁ%ﬁ%&%ﬁ%ﬁﬁgr&gﬁﬁs&gﬁggh second hol e spaced
from the fiHeshagnbiid Rltertciveuis @chidds frodlecthavévig farmacpnesdrongaitleddt odd wiaki s
parallel taq th% first lopgitudinal axis, the core including at |east one
wire inser fBRNEHY IFSHIPIE Mt $QrFstrapRine thek K de AIgRINY asitedT e qaprg inserting

the at least one wire through a second hole of the core, the second hole of the core being
spaced from the first hole and having a longitudinal axis extending parallel to a longitudinal

axis of the first hole.

2. The connector as recited in claim 1, wherein the electric device is further formed by
repeating the steps of inserting at least one wire, wrapping, and inserting the at least one wire a

desired number of times.

3. The connector as recited in claim 1, where the at least one wire comprises a first,

second, third and fourth wire.

4, The connector as recited in claim 3, wherein each wire has a first end and a second
end, the first end not being inserted through the core, the second end coming out from the
second hole of the core, and wherein the electric device is further formed by: twisting together
the first end of the first wire with the second end of the second wire; twisting together the first
end of the second wire with the second end of the first wire; and twisting together the first end

of the third wire with the second end of the fourth wire.

5. The connector as recited in claim 3, wherein the wires comprise four pairs of twisted
wires.
0. The connector as recited in claim 3, wherein the core is a first core and the connector
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core and inserted through the second hole. 12 1 1. The connector as recited
in claim110, wherein the at |east one wire is inserted through the first
hol e, wrapped around the side of the core, and inserted through the second
hole a desired nunber of times. 12. A method for producing a connector for
enabling electrical communication with a plug, the nethod conprising:
inserting at | east one wire through a first hole of a core, wapping the at

| east one gnre around a side of the core; inserting the at |east one wire
through a JBERAGORBIIES drommentBRds chaks GiredpmEddutht sererfi teertipgvo &fdbongd

hol e of thg,;fRNG-RE NGiARBEEH ofseQMuLBR, first hole and having a Iongitudinal
axis extending parallel to a longitudinal axis of the first hole; coupling

t he el ect rivoapieng te tvo ofithelvéms tarouod e stderofitheakgondrdrecenpl i ng t he el ectric

device to at | ea one ntact, 13, The nethod as recited,in claim

Wher et - navssrEEaps SR FER R R Adp TG g Srapest: g it elhdhey

I nserting %Bxh§%§kt@n@s&h&ﬁiﬂ%ﬁﬁ@@hﬂﬂhm@ﬂﬂmbﬁéﬁhab&gah@ﬂaﬁhghﬁ#@hu&ﬂﬁa%kre a
desired nunber of tines. 14. The nethod as recited in claim 12, where the at

| east one Wikicadisgppiellelde adorgitudinal axgeafdhtthice hpled and fourth wire. 15. The
nethod as recited in claim14, wherein each wire has a first end and a
second end,

7. The connector as recited in claim 6, wherein each wire has a first end and a second end,
the first end not being inserted through the first core, the second end coming out from the
second hole of the first core, and wherein the electric device is further formed by:

twisting together the first end of the first wire with the second end of the second wire; twisting
together the first end of the second wire with the second end of the first wire; and twisting

together the first end of the third wire with the second end of the fourth wire.

3. The connector as recited in claim 7, wherein the two of the wires include the second

end of the third wire and the first end of the fourth wire.

9. The connector as recited in claim 6, wherein the common mode choke device is further
produced by repeating the steps of inserting two of the wires, wrapping the two of the wires,

and inserting the two of the wires, a desired number of times.

10. A connector for enabling electrical communication with a plug, the connector
comprising:

at least one contact effective to communicate with a terminal of a plug;

a magnetic filter circuit in communication with the contact; and

a terminal in communication with the magnetic filter circuit; wherein

the magnetic filter circuit includes an electric device, the electric device including a core, the
core having a first hole with a first longitudinal axis and a second hole spaced from the first
hole, the second hole having a second longitudinal axis parallel to the first longitudinal axis,
the core including at least one wire inserted through the first hole, wrapped around a side of the

core and inserted through the second hole.

12



the first end not being inserted through the core, the second end com ng out
fromthe second hole of the core, and wherein the electric device is
further formed by: twisting together the first end of the first wire with
the second end of the second wire; twisting together the first end of the
second wire wth the second end of the first wire; and tw sting together the
first end of the third wire wwth the second end of the fourth wire. 16. The
met hod as recited in claim14, wherein the wires conprise four pairs of
twisted wires. 13 17, The method as recited in claim 14, wherein the core

is afirst gore ﬁ{édcom@ct&roa@’?f&t%&”in olhiff f&%he&%&@%iaﬁgﬁst%ng%’P%‘t?ﬂirngé&%ﬁ tgﬂaﬁﬁfr q

device formed by the steps of: Tnserting two W res

hol e i n a skctHinthdarvaappadap@indghd dide dfvbe odretdnd inderted thasuphinbe secendl®lod t he
second core; .and inserting the two of the wires through a fourth hole of the
second cor é‘,es‘feﬁé‘“f@ﬁ'?? t”Fi‘gsl'e of the second core being spaced fromthe third
hol e of the second core and having a |ongitudinal axis extending parallel
to a longitudinal axis of the third hole. 18. The nethod as recited in claim
17, wher ei n2eack mithed herspreducingst comnetterrdr enabbrmpeiectaerd comimyaichiionswite aglugot

bei ng insert ed {hhrou h.the first core, the second end com ng out fromthe
second hol € of° ﬂ%c? P4¥"&ore, and wherein the electric device is further

formed by: ihhistol o Gabiagetwias thidagh hifiidtho R a@brel Reaphinphe Wi [E&t vhd Rirk Aeusegond
end of the second wire,, tw sting
side of the core;
inserting the at least one wire through a second hole of the tore to form an electric device, the
second hole of the core being spaced from the first hole and having a longitudinal axis
extending parallel to a longitudinal axis of the first hole; coupling the electric device to at least

one terminal; and coupling the electric device to at least one contact.

13. The method as recited in claim 12, wherein the electric device is further formed by
repeating the steps of inserting at least one wire, wrapping, and inserting the at least one wire a

desired number of times.

14. The method as recited in claim 12, where the at least one wire comprises a first,

second, third and fourth wire.

15, The method as recited in claim 14, wherein each wire has a first end and a second end,
the first end not being inserted through the core, the second end coming out from the second
hole of the core, and wherein the electric device is further formed by:

twisting together the first end of the first wire with the second end of the second wire; twisting
together the first end of the second wire with the second end of the first wire; and

twisting together the first end of the third wire with the second end of the fourth wire.

16. The method as recited in claim 14, wherein the wires comprise four pairs of twisted

wires.
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together the first end of the second wire with the second end of the first
wre; and twisting together the first end of the third wire with the second
end of the fourth wire. 19. The nethod as recited in claim 18, wherein the
two of the wires include the second end of the third wire and the first end
of the fourth wire. 20. The nethod as recited in claim17, wherein the
common node choke device is further produced by repeating the steps of

inserting two of _the wires, wapping the two of the wires, and inserting
the two of the W lixeelgt?thgd BeSTitedinslpiBdet wherginfpgeorg i a first core and the connector

further comprises a common mode choke device formed by the steps of: inserting two of the
wires through a third hole in a second core;

wrapping the two of the wires around a side of the second core; and

inserting the two of the wires through a fourth hole of the second core, the fourth hole of the
second core being spaced from the third hole of the second core and having a longitudinal axis

extending parallel to a longitudinal axis of the third hole.

18. The method as recited in claim 17, wherein each wire has a first end and a second end,
the first end not being inserted through the first core, the second end coming out from the
second hole of the first core, and wherein the electric device is further formed by:

twisting together the first end of the first wire with the second end of the second wire; twisting
together the first end of the second wire with the second end of the first wire; and twisting

together the first end of the third wire with the second end of the fourth wire.

19. The method as recited in claim 18, wherein the two of the wires include the second end

of the third wire and the first end of the fourth wire.
20. The method as recited in claim 17, wherein the common mode choke device is further

produced by repeating the steps of inserting two of the wires, wrapping the two of the wires,

and inserting the two of the wires, a desired number of times.
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