CONNECTOR | NCLUDI NG | SOLATI ON MAGNETI C DEVI CES CAPABLE OF HANDLI NG HI GH
SPEED COVMUNI CATI ONS  BACKGROUND OF THE | NVENTI ON [ 0001] 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 RJ45 type
connector assenbly where a nodular plug mates in a nale-femal e relationship
with a nmodul ar jack, an isolating nmagnetic device is used in the fenmale
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
wires. VVIEQ?(DNNE@F(DRWINGHLHDING ISOLATIONMA GNETIC2DEVFEES vol t age

potential s 'CAPANIE: GIHANDLIRG HIGHSPEED COMSTONICRTIONS! o equa

and opposite to tage in the other wre pai r r exanpl e, one
wire may have a potential of -2.5 volts and the other w re may have a

potential of +2.5 volts. BACKGR@EURDEOFTMTRAEINGESNTIONhe pair of wires or
extraneous el ectro-magnetic interference, the two wires may not have exactly

equal and
[0001] Regulations for connector technology are evolving. As signal speeds

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



opposite voltages. For exanple, one wire may have -2 volts and the other

wre may have +3 volts. Although there is still a net difference across the
pair of wires of +5 volts (which may, for exanple, correspond to a |logic
"1"), such a voltage inbalance will | generate a current inbal ance.

Conventional technol ogy uses isolating magnetic devices and/or transforners
to deal with such inbal ances. However, prior art magnetic devices cannot
physi cal ly handl e the nmagnetizing force which may be induced by inbal anced
DC current having high frequencies. [00031 As an illustrative exanple,
referring to Fig. 1, there is shown a transforner 40 in accordance with the
prior art. Transfornmer 40 may be used as an isolating nmagnetic device.
Transfornmer 40 is forned by winding wires 44, 46, 48 and 50 around a toroid

shaped gen@até2. cut@neirBalhace. aConmMasitiandlitacinglegyr wsgk dolatirgsmageetd davicedl r es
44, 46, 48 and 50 are evenly wound around core 42 except in a gap area 38.

[00041 Sl RLAQEALL (3 QLU ASnagHss efloaRONe FRP ahandl el RRs as

much as Ion bits per second. WEeVer, newer “stan require that
comuni cations qccur, as high as one (1) or, even ten (10) gigabjts per
second. caHet Rhyveal by hasdlgihe hagnesizingnforgeayhishinayas ir@élceihérl@bﬁkan%g@cnot
have the frequency response characteristic needed to

current having high frequencies.

[0003] As an illustrative example, referring to Fig. 1, 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.



inhibit the presence of DC current bias with comunications of such speeds.
Even those solutions capable of handling high speed (e.g. 2M bits per
second) conmuni cations are not backward conpatible (i.e. they cannot handl e
sl ower comuni cations) and are frequently not in a conventional RJ45 type
connector format. Such a format is comon in the industry and nost users
have becone confortable with it. 2 [00051 Therefore, there is a need in the
art for an isolation nagnetic device which can handl e high speed

comuni cations, is backward conpatible, and which can conform to standard
RJ45 type connector arrangenents. There is also a need for a nmethod for
manuf acturing such a device. 3 SUMMARY OF THE | NVENTI ON [ 00061 One aspect of
the invention is a connector for enabling electrical conmunication with a
pl ug. THWOSpnnect Brerctomprtheress amebe astheantefoc antisdatiaf maghetiedevace whintwini cat e
with a termnal of a plug, a magnetic filter circuit in comunication with

the CP”Eéﬁﬂﬁlan ngi fs ?i&%@ﬁhdnﬁbaﬁ%ﬂ@i?b&ﬁé&aﬁg g&sﬂﬁaﬂra]tiﬁé,eaﬂ@%ﬁéﬂ Earl ¢drif&im

circuit. The ter circuit inclu el ectric device forned by

inserting at,| one wire .
togstandarg ﬁ%S type connector arrangements. There is also a need for a method for

manufacturing such a device.



through a first hole of a core and wapping the at | east one wire around a
side of the core. The electric device is further forned by inserting the at
| east one wire through a second hole of the core, the second hole of the
core being spaced fromthe first hole and having a |ongitudinal axis
extending parallel to a longitudinal axis of the first hole. [0007] Another
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 termnal in comunication
with the magnetic filter circuit. The nagnetic filter circuit includes an
el ectric device, the electric device including a core, the core having a
first hole with a first | SIgMMARMIORYXHE INMENTIOdDONd hol e spaced fromthe
first hole, the second hole having a second longitudinal axis parallel to
the first |longitudinal axis. The core includes at |east one wire inserted
throughyjgog) f i rStOHﬁprect Wf{\ggﬁ\%n%roﬁ%'gc@ of5t 1BF chdlstirdg X1 Ectfipsl | nserted
t hr ough the second e Yet anot her aspect of t e invention is a
met hod for producing a conneﬁtor for enabl.ing el ectrical nication with
a pl ug. CTRBUAIEHEE VEBhpPIUes hq@@pﬁ?tﬁgcwprlﬁe@ﬁﬁ cahens pagi %&Heépf. rst
hol e of a core, and wapping the at |east one wire around a

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.



side of the core. The nethod further conprises inserting the at |east one
wire through a second hole of the core to forman electric device, the
second hole of the core being spaced fromthe first hole and having a

| ongi tudi nal axis extending parallel to a |ongitudinal axis of the first

hol e and coupling the electric device to at |east one termnal. The nethod
further conprises coupling the electric device to at | east one contact. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] A nore conpl ete appreciation of the
present invention and many of the attendant advantages thereof will be
readi |y understood by reference to the followng detailed description when
taken in conjunction with the acconpanying drawi ngs in which: [0010] Fig. 1
is afront view of a transforner in accordance with the prior art; [0011]
Fig. 2 [0008] si de Yeteamodier aspat ef fl@rinue@idmis acnethdd fioepnaidtibingra @minectorrent  of
the invention; [0012] Fig. 3 is a side cutaway view of an isolati ng magneti c

device fqr enHBifnd Becdis §&%ﬁﬁ1 bR wath aﬁgpﬁ%d'mr}getﬂbdtcﬁﬁl B¥§{Hsbﬁf &0013]

Flg 4 1s Vi ew o anlso atlng etic device a conmmo

least one wire through a first hole of a core, and wrapping the at least one wire around a
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.



choke used in accordance with an enbodi nent of the invention; and [0014]

Fig. 5i1s a diagramof a circuit including sone tolerances of circuit
devices including an isolating nagnetic device and a conmon node choke used
in accordance wth an enbodi nent of the invention. 6 DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT(S) [0015] Referring now to the draw ngs wherein
| i ke reference nunerals describe identical or correspondi ng parts

t hroughout the several views, and nore particularly to Fig. 2, a core 50 is
shaped substantially like an ellipsoid with its ends cut off and has a
substantially racetrack-shaped cross-section. Core 50 includes a first hole
52 and a second hole 54. Core 50 nmay have, for exanple, a materi al
perneability of 5, 000. 0016 Referrlng to F|o. 3, core 50 is used to
produce an isol ati on nagu B[O QBA an enbodi ment of
the invention. As shown in Flg. 3, four palrs of mnres 60, 62, 64 and 66
(shown as having colors red, green, natural and bl ue respectlvely) are

wound afope9y cor eA@oreE@ﬁbl@c@'aﬁapﬂi‘ClaMo&lQﬁ“ tBOprebeént ifident ol diRlymbey bhikel al |y
tw sted together For exarrple the two red wires 60 are tw sted together,

t he two cﬁgt 2\#13 ?al%; t}b cﬁ uwivfcset r(eg:]gdll}cl) gg&ehr(satrobd%y ref el;gﬁcee[xe%ﬂghﬁlowmnunber of

tw sts

detailed description when taken in conjunction with the accompanying drawings in

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 i1s 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.
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pairs are then inserted

50 and

desi red nunber of w ndings.

The wires may he, for exanple, MAB3C class 180 (40QPN- 180), AWG#40

After the pairs of wres 60, 62, 64 and 66 are twi sted, all four

t hrough hol e 52, wrapped around a side 68 of core

inserted through hole 54. If desired, wres 60, 62, 64 and 66 may
t hen be wrapped around a second side 70 of core 50 and then inserted
t hrough hol e 52 wapped around side 68 and then inserted through hole

this way, an isolating nmagnetic device 72 may be forned. Such an isol at
magneti c can handl e communi cati ons of 10 gigabits per second and still

backward conpatible 7 so as to handl e 10/100/1000 Base T conmuni cations.

Such conmmuni cati on speeds are now r equi red under IEEE standard 802. 3.
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Fig. 2, a core 50 is shaped substantially like an ellipsoid with its ends cut off and has a
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

In

[0017] Referring nowto Fig. 4, magnetic device 72



Simlarly, an ending of wire 62 (green) and a beginning of wire 60 (red) are
tw sted together. A beginning of wwre 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 nmagnetic device
72. That is, an ending of wire 64 and a beginning of wire 66 are not

tw sted together. |If choke 74 is used, the ending of wire 64 and the

begi nning of wire 66 are extended to a second core 76 which nay be used to
forma common node choke 74. Core 76 may have the sanme construction as core
50 shown in Fig. 2 with, for exanple, a material perneability 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 form ng common node choke 74, wires 64 and
66 are bmaetolwmdichi QLG 1000 Bazg Tigoappericatiersufdichicogimenigetigpspsedgaice 78 and
then inserted through hole 80. If desired, wires 66 and 64 nmay then be

wr appednakbidrsraRiRg ISEE&tfAdard 8623t &4 shBivauaFifio, /lof BotartbarPestddoar ound
first side 82 and inserted through a hole 80 a desired nunber of w ndings.

nave bedm Atdeaguiian b roer g pe 0585 oAbt B Tpd s ARGRRe Binkt ca "°°

[0018] Referring nowto Fig. 5 there is shown a circuit 90 which could use
el ect ri of each of wires 60, 62, 64 and 66.

[0017] 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



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 comuni 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 common node
choke 74 and isolating nagnetic device 72 may be coupled to or placed in
comuni cation with contacts 92. Termnals 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 comunication with the nmagnetic filter

ci rcui t arcoptlifstadide 8 hnd aserted Hyodglvabele18iba desasedpmnaber@fvgiadings 0d0o]
Circuit 90, incorporating device 72, may be used for conmuni cations of 10

G ga bi bgafifle, BREORH M8y bahis&d. bg RS Wuardd rﬁﬁﬂ@é}tdfhbﬁdﬁ%sé}ﬁvé gedtandl e
comuni catl ons at speeds of 10 Base T, 100 Base T and 1,000 Base T.

Mo t 5t t
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standard wi ri ng nmaki ng manufacture sinple and

[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



easily available. (00201 Wiile preferred enbodi nents of the invention have
been shown, the inventionis only limted as defined by the scope of the
acconpanying clainms. 10 WHAT IS CLAIMED IS: |I. A connector for enabling

el ectrical comunication with a plug, the connector conprising: at |east
one contact effective to communicate with a termnal of a plug; a nmagnetic
filter circuit in comunication with the contact; and a termnal in

comuni cation with the nmagnetic filter circuit; wherein the magnetic 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 wire around a side
of the core; inserting the at | east one wire through a second hol e of the
core, the second hole of the core being spaced fromthe first hole and

havi ng act¢asdgicevdithiie iax¢rsiamman abhefanderd afirisp making mangiactetesanplednd of t he
first hole. 2. The connector as recited in claim1, wherein the electric
devi ce lkegsifytaviallgble.

[0020] While preferred embodiments of the invention have been shown, the

invention is only limited as defined by the scope of the accompanying claims.

10



formed by repeating the steps of inserting at |east one wire, wapping, and
inserting the at |east one wire a desired nunber of tines. 3. The connector
as recited in claiml1, where the at | east one wire conprises a first,
second, third and fourth wire. 11 4. The connector as recited in claimS3,
wherein each wire has a first end and a second end, the first end not being
inserted through the core, the second end comng out fromthe second hole
of the core, and wherein the electric device is further fornmed by: tw sting
together the first end of the first wwire 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 wre
with the second end of the fourth wire. 5. The connector as recited in

cl ai m 3AWHAdr IS CLANMEL) E®s conprise four pairs of twisted wires. 6. The
connector as recited in claim3, wherein the core is a first core and the

1. 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 formed by

inserting at least one wire through a first hole of a core,

wrapping the at least one wire around a side of the core;

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.

11



connector further conprises a comon node choke device forned 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 fromthe third hole of the
second core and having a longitudinal axis extending parallel to a

| ongi tudi nal axis of the third hole. 12 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 comng out fromthe
second hole of the first core, and wherein the electric device is further
formed by: twisting together the first end of the first wwire with the second
end of the 4ecorithenommectoniastéaiigdtingkimer, wheeeihicash warechasfa fitseeskbamha wi r e
with the second end of the f i rst wre; and twsting together the first

end of {henlhd dnWr§ Hdtdde bBRgSRSAR (BRRIgATthE B8te, fHRUWEEIEAEcoming 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.

6. The connector as recited in claim 3, wherein the core is 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.

12



8. The connector as recited in claim7, 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 cormon node choke device
is further produced by repeating the steps of inserting two of the wres,
wapping the two of the wres, and inserting the two of the wires, a
desired nunber of tines. 10. A connector for enabling electrical

comuni cation with a plug, the connector conprising: at |east one contact
effective to comunicate with a termnal of a plug; a magnetic filter
circuit in comunication with the contact; and a termnal in comrunication
with the magnetic filter circuit; wherein 13 the magnetic filter circuit

i ncludes an electric device, the electric device including a core, the core
having a fir%t holle sérnectar fib retited dmglaimdi, mdieranicaclamireshas ecfrstendhadea spaced
fromthe first hole, the second hol e havi ng a second | ongitudinal axis

B L et R e i e O S A g S e i S
:Nhnzre(rait ﬁgltlt (grgtl% cP g&:gg E}ﬁgeoggid t,hg?{rgt' co%e1 an-(li-%he%glgq eC teloectrlc dervelgeI fseﬁmhn ¢l ai m 10,
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.

8. 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

13



inserted through the first hole, wapped around the side of the core, and
inserted through the second hole a desired nunber of tinmes. 12. A nethod
for producing a connector for enabling electrical conmmunication wth a
plug, the nmethod conprising: inserting at | east one wire through a first
hole of a core, wapping the at |east one wire around a side of the core;
inserting the at |east one wire through a second hole of the core to form an
el ectric device, the second hole of the core being spaced fromthe first
hol e and having a |ongitudinal axis extending parallel to a |ongitudinal
axis of the first hole; coupling the electric device to at |east one
termnal; and coupling the electric device to at | east one contact. 14 13.
The method as recited in claim12, wherein the electric device is further
fornmed by repeat ithg nidpaetit €isr ofrcuingetidengn atectrémdévion ehoeleetriodevige ng, and
inserting the at Ieast one wire a desired nunber of tinmes. 14. The net hod

as reci f;fc 8 Ic our tog%ﬁ&lﬁgtarﬁ’rsﬁﬁolk%ﬂ% a FIRG 19AJifdHUTRKE SR Psecbhd St

second, W re

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.

11.  The connector as recited in claim 10, wherein the at least one wire is
inserted through the first hole, wrapped around the side of the core, and inserted through

the second hole a desired number of times.

12. A method for producing a connector for enabling electrical communication

with a plug, the method comprising:

inserting at least one wire through a first hole of a core,

wrapping the at least one wire around a side of the core;

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;

coupling the electric device to at least one terminal; and

coupling the electric device to at least one contact.
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15, The nmethod as recited in claim14, 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 fromthe second hole of the core, and wherein the electric
device is further forned by: twisting together the first end of the first
wire with the second end of the second wire; twsting 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. 16. The nmethod as recited in claim 14, wherein the wires conprise four
pairs of twisted wires. 15 17. The nethod as recited in claim14, wherein
the core is a first core and the connector further conprises a comobn nbde
choke device formed by the steps of: inserting two of the wires through a
third hol e i hB3.a sBeomgthodras;reciigdippilaion thevhareinghe elestrig degcaisdunbien si de of
the second core; and inserting the two of the wires through a fourth hole
of the sgaRAbyGepeatinecBe 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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fourth hole of the second core being spaced fromthe third hole of the
second core and having a longitudinal axis extending parallel to a

| ongi tudi nal axis of the third hole. 18. The nmethod as recited in claim17,
wherein each wire has a first end and a second end, 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: 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 nethod as
recited in claim18, wherein the two of the wires include the second end of
the third wi kb anbhe methodrastreeitrd iafclaimel 4, ouhareindhe eorelis ajirst qure apdtitod as
recited in claim17, wherein the common node choke device is further

pr Oducegormécfoﬂf@ﬁﬁér%n{ﬂ?%e§ heBfmnén odeichbltddéwee Rirnicdeyhe 8tps WFappi ng
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.
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the two of the wires, and inserting the two of the wires, a desired nunber
of tinmes, 17

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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