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| NDEPENDENT PASSI VE COVPONENT ARCHI TECTURE RESULTI NG | N DI FFERENTIGALUIAND
COVMON MCDE  FI LIHW,IMMMEURGE PROTECTI ON | N ONE | NTEGRATED PACKACE Thi s
application is n-in-part of application Serial No. 091056, 379
filed April 7, 1998+ewhkésch is a continuation-in-part of application Serial
No. 09/008, 769 filed January 19) 1998, }/\,hi ch is a continuation-in-part of
application Serial No. 08/841,940 filed April 8, 1997. The present

i nvention S it rp ecting electronic circuitry fromsS
el ectroma f'&ﬁ&fﬂ-?e‘r l’é‘l@g)ce {)ﬁf&kﬁ T@ﬁ@r vﬁ\”?@ ESDENT o \/&ﬁlivr%

el ectroma FONIR gsi‘bﬂéj.ﬂw(érrg%ci RESHLEING hilly L@?EREh}?I‘rléllat Ao a
nul ti - f undiQMMONe| MQB BN LI ntWihds SRGE cCRROFEGTION: UNe ONE
suppr essedNTHLERNA EEDeP ACH AGEgNet i ¢ emi ssions, both those received from
ot her sources and those created internally within electronic circuitry by

differential and conmon node curremm%ﬂmﬁpi tion) due to the electronic

conponent's 10 physical architecture and material conposition) over voltage

tecti : . t] t. i.nt .al .l j t ed
NI (X0 T DT e s i R
i t tly, and.in, ticular o ters, i cati
AP A ISR, S Ot

entertainnment equi pnent, televisions and other appliances include
mniaturi i@wa@bﬂﬁpé whichgs peerftmuati onein-fairtgif appléeation Beotl a8, ¥0dded i cal
i nterconnections which according to the nmaterials fromwhich they are nade

or their i 8519¢. PieprenyineRivapélael ® 4 e Tordyrortpt ditctahicenenity foreat ed
by el ectromagnetic interference or voltage transients occurring on

el ectricalg)di 888 encYie! £38 ' c Nols ch
m cr o- el e(?t rconi cglg:eolnp%neg?tgf%ﬁ%c?(%%gt gg%i@ﬁégée%?/@?ﬁggér%]ag?ﬁ%rﬁ%%g@?r oni c
equi pnent i noperatiye, and.requiting extensive 19 U L. Z002 repair
and/ or reﬁfnégsporpéht %qregﬁpgglﬁczg stt.["SEﬁ'é’E%(‘H“c51’13‘F‘°ht'%r“f é‘?‘gdbrién‘ilf’r?“?]hglc%? of
EM or RFI can be Lndu ed into electrical lines fromsuch sources as radio
br oadcast CAMPARAY NS PAYHEA! Ash ket e sHRGFFETSS HnviaRied ¢esirmashslic erpgionsahpth) so
be generated fromthe electrical circuit which is desired to be shiel ded
from 5 EMthosBirdceiyed froinadthersdurcesandthaso deated imtemiaBy awidhin glpétoanic girgeimebat ed
in cables and on circuit board tracks. In many cases fields radiate from
these condifftrensalwind Qonmedn R8dabLREMASIn Sdiidi)lduk NG tid1elg&ronic component’s
conduct ed/ radi ated emnissions is necessary to prevent interference wth

ot her 19i I Gy EiEM _an'iﬂtQétuh‘@rantﬁ)ﬁlragc?iapéorﬂéb‘%itﬁuh,r Gtk Lo BEREN A Ji0teBliorS SliShhgnttic t O

t he unwanted noise. Other sources of Interference are generated from

equi pnent - 4 ctrical i ) t t.t.chi ng
pover  supiroedttah Be B P shirdPited VI Bie gHfo i 9 cERIRM b8 nfiee
significant interference which_is desired to be elimnated to neet

i nternational em ssion and/or i rements. Transient

vol tages occurring on electrical lines can be induced by Iightning which
produces ext r enBiemajenityef getteonid equipnient proguseq prhently, aridia partiqular emAUKESS,
manner, nucl ear 15 el ectromagnetic pul ses (EMP) generate even | arger

vol t age spidaesunitcdtionfsysterss, nuts@obilaspmplitasesirveillance equipment, stereo and home

15  entertainment equipment, televisions and other appliances include miniaturized components
to perform new high speed functions and electrical interconnections which according to the
materials from which they are made or their mere size are very susceptible to stray electrical
energy created by electromagnetic interference or voltage transients occurring on electrical
lines. Voltage transients can severely damage or destroy such micro-electronic components

20  or contacts thereby rendering the electronic equipment inoperative, and requiring extensive
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over a broad frequency range which are detrinental to nost electronic
devices. Ot her sources of large voltage transients are found to be
associated with voltage surges occurring upon the switching off of9qQulL @8l
sone el ectroni c power equipnent as well as ground |oop interference caused
by varying ground potentials. Existing protection devices) primarily due to
their 20 architecture and basic nmaterials, do not provide adequate
protection in a single integrated package. Based upon the known phenonenon
of el ectromagnetic em ssions and transient voltage surges a variety of
filter andepar gel/eusplaegsemnt gicatadst. confi gurati ons have been 19 J U |
200Z 3 designed as is evident fromthe prior art. A detailed description of

the various i nvElétrieflSnteffefehteSin@id RfmdF EMIor B3 chPSEHdLEdUnR c1RAENtinkP-
5,142,430, herein incorporated by reference. The 430 patent itself is

directed t ' [ M, I ectign.circuit nent.s_and
the circui ?%m%wmédéﬁ(%t{?eéa@rbég%é Lﬁtngc%fmg{%%t%%rr%F%&n?a\gget&ce@gggg?n&ratgrs.

el ectrical b, equi nt. The circyit conponents conprise wafers or disks of
mat erial GV ﬁé‘“ 158 b6 simepicg drane dhe %?%@? eiredt wiich 1ndesiradita pe shigided 98t t or
characteristics., The disks are provided wth el ectrode patterns and

i nsul atsi ngEM&nBHfesentigliaridcomymerhmpdodurighisare typiselly ginetatedpe cablesesd oo cireult
therein so as to electrically connect the conponents to el ectri cal

conduct or sbaird &raslysst kinnems casgs fBlllsehdigetfromnltiyese ThRARiRs aGlidhosle apahesndy. act
in conjunction wth one another to form 10 common el ectrodes with the

material i 0bRFAIRSE thdsb ebediREIdYaSRted ESissidROis RRL & ry W8 DréVechBiidrkefeddier il €d

toward filtering paired lines. The present inventidn inproves on the paired

| i ne conce by: refinin nd. adapti ng the concept for. use.wth I vol t age
L ow cur r ent st G b PR T ol KRGS ep Sl RE ¥ Bl g

t owar ds higq]voltage i.ndustrial and hone applications such _as three phase
pover | i neSiheEparess of IRsEiBreNARHRTE Bensrried fiogycauipent £RHPles to theslectiaplites  and
el ectronic devices. Therefore, in light of the foregoing deficiencies in

t he prilr swoh astdeenpaygsb, sovtehing powessuppiresiand evagiety pf etbemsyst¢msBadich mpon
the foregoing, there has been found a need to provide a nufti-functioning
20 el ect r ogérerat®Bipnitant wherfdreradet wiiviatiedesiled ab vemigiiaited @ Mees irderaational
resulting fromdifferential and common node currents flowing within

el ectroni CeiskioHiahd/or ShsdeptfoilitytEguirdpfnfss of lines and nmultiple tw sted
pairs. Because of the sensitive nature of electronic technology there is

ool Tmate - nBrRa LR SERGATPANEELGe S eh e Mble bl ARURLE SEEH ©°

em ssions from external sources. Due to the highl onpetitive nature of
Loday' s ol BRARERR EXUCRAN: 147§C QLRSI 4P 1 B L9 M o1 B HBHA B ger, Muclear

filter/surge protector nust be inexpensive, mniaturized, |ow in cost and
hi ghl y13 nt elgetzamsnetc pdsqsiEbFR) geraretd evantlergar ylagasnikss voth festeicise dimegulses
products. S It is therefore a main object of the invention to provide an
easi | y manofaatbiszdregnencydapieatiiieh arabétiinfeant o mowatkleatanid davires. Othepameses
which filters el ectromagnetic em ssions caused by differential and common

node curregf farge voltage transients are found to be associated with voltage surges occurring upon the

switching off or on of some electronic power equipment as well as ground loop interference

I
b

caused by varying ground potentials. Existing protection devices, primarily due to their

20  architecture and basic materials, do not provide adequate protection in a single integrated
package.

Based upon the known phenomenon of electromagnetic emissions and transient

voltage surges a variety of filter and surge suppression circuit configurations have been



It is another object of the invention to provide a protective circuit
arrangenent which may be nass produced and adaptable to include Ofg ﬁ[ &ﬁre
protective circuits in one 10 conponent package to provide protec dfL 2
agai nst voltage transients, over voltages and el ectromagnetic interference.
Anot her object of the invention is to provide protective circuits having an
i nherent ground which provides a path fo§ attenuating EMI and over voltages
wi t hout having to couple the hybrid el ectronic conponent to circuit or

earth groupg. e _and other.objegts algid advantages of t.he invention
re acoonpl e igibded HES s A ford S oG A A feufef b5 B BRE R B wlintenhe £ ve
pl ates surroundi ng correspondi ng el ectrode plates separated by a nmateri al
whi ch exhi BietPE10a A indaciaseddn dbpiRatent Non Sdf2.43Quherrin insprioraserbbi raferancs.

el ectrical properties. By coupling pairs of conductors to the plurality of

common ground c®heliil paempl isseHss ditdcts@ e pdwareling GiRstndnYrdensrokensticikars to
el ectrode 20 plates) line-to-line and |ine-to-ground conponent coupling is

acconpl i 5h@&n;ﬁl{rﬁws%d‘%e@iﬁcglﬁsﬁﬁmﬂi% th@fgre(i@mrfoxﬂ?ﬂgro%cﬁ% H?\;Tgtgf%‘?gc&rica

interference filtering and/ or surge protection. clircul rrangenen

conpri ses least pne .line conditioning cirgcuit npanent .constructed as a
plate. El eg%urlgﬁgmpa ce?'ﬁcsf’“acroénpﬁf'SR‘}F 88‘8“’35‘3 ofi rss?fr‘f‘%eoc%d’f“ﬂ?rﬁagq}ﬂi"%éjeéﬂﬁ@ t he
1 9J UL 2002 5 electrode surfaces are then electrically coupled to

el ect ri cal cleeRaYPrenesiessughns varisterercapaiier diagsterisdes. ghe disknare pepvadedorith ¢

mat eri al enpl oyed and conmon ground conductive plates produce conmonal ity
bet ween el ektraitestiéros artdhesuddtmgtbandsadn sacfcby dieeso$ wiithebagy mattiapersures foahahced
(equal but opposite) circuit arrangenent with an electrical conponent

coupl ed |i fer8intse-dsitp@lRBiMGRoARNRL Bleenifonthts 60 BREELA Gndldols dTe- dyRted ound
fromthe individual electrical conductors. The particular electrical

effects of .t& i i ilter e ] e
chot ce of | Fat A P TELT oLt e iesFalE PR, i cohlnghFuFbEE Bpalflt Btork!

shi el ds,whi ch effectively .hoyse the electrode plates withjn opne or nore

Far ada;?/O ca§&Lmay eqSﬂéOdfﬁx’Vs}Bbg]cf ?‘Etcﬁflglrﬁﬁ?ﬁeg ‘H%Fg?ei“ﬁ?e“i s%‘ﬁogg)np‘ftﬁ%t was
resulting filter wll be primarily a capacitive arrangenent. The die]lectric
mat eri al i RUEGHPUHEE I towdrd Bitemrs raired dipesd d he Peesen inyalIQIMPEIY eg ph thegpaired
conductive plates will conbine to create a line-to-line capacitor and a

| i ne-t o- gr dinadorraptdyi reHning andradeptihg thediontepn fir ust ecthrlpw abltggmidwotuaent dafta a
nmetal oxide varistor (M) nmaterial is used then the filter will be a

capaci ti ve cbinniudicatioh hiney & welliag ﬂﬁzin_lg@mdnt% dirg@eP oM L4 High valagehirdiataandt i cs
provi ded by the MOV-type material. The common ground conductive plates and

el ectrode W\B%‘%Epl‘f@ahbn%@ﬁ a@&?é-er])hg&r hel ﬂﬁés}jgéét-ﬁ@ th C?Iié-crlﬁlfctriﬂ'ggiﬁwé‘ dnd

capacitive plates providing differential and comon node filtering accept

in the,case of high transient.voltage conditions. During these conditions
t he I\/D&-gtyﬁéhe\?ﬁ?’ingwﬂ a?fg?ﬁg‘%oé‘l‘c, ‘?%clcgh is essentially a non-linear resistor
used to suppress_high voltage transients, will take effect to limt the 20
vol t age whi ch nehheEgiprsatn bégm%shetﬁore@omge%que@aqes A ARAUBEYT &L 1R 28PYGHR Ber
enbodi ment a ferrite material may be used addi ng additional inherent

i nduct ance iheentioe idhdréiepeesentadl. and common node filter arrangenent. As

before, the common
Summary of the Invention

Based upon the foregoing, there has been found a need to provide a multi-functioning

20  electronic component which attenuates electromagnetic emissions resulting from differential
and common mode currents flowing within electronic circuits, single lines, pairs of lines and
multiple twisted pairs. Because of the sensitive nature of electronic technology there is also

a need for combining electromagnetic filtering with surge protection to eliminate the



ground conductive and el ectrode plates formline-to-line and |ine-to-ground
capacitive plates 19J UL 2002 Gwth the ferrite material adding

i nductance to the arrangenent. Use of the Ferrite naterial also ptovidegsi?
transient voltage protection in that it to will becone conductive at a
certain voltage threshold allowi ng the excess transient voltage to be
shunted to the common ground conductive plates) effectively limting the
vol tage across the electrical conductor4. 5 Numerous other arrangenment and
configurations are also disclosed which inplenent and build on the above
obj ect s arsdscgatbiitade oveT valtages andesrnisginng Hovhesrsernal sttuecasheDwetes titei highly and
w de spread application of differential and comon node filters within the

scope of tdompprigeenitnieweRthDs cletofit Gidubiry ROVS aaliffexRliN0AMH RMHELGEdILE
view of a differential and cormon npde filter in accordance with the

present i [Weqls ] qel] [ cllve view of

Bl Fornat e Lep s fpretdclar ohefb RRaA0, SRR B0 TP Pyl B et o
schemati c di.a(g)rams 8{ t he fihter fhovvn in FIG 1 with FIG 2a 15 being a
pure schePitPOPUREdUAERIMBRYA{Gleeirenic pEPdyeiSng a schematic representati on
of the physical architecture; FIG 3 is a logarithmc graph conparing the
filterSof FIG llisiherafoge & njajreebjecs b thieseventibn po prowvideran eakilypmeap@actutagy ad
showi ng insertion | oss as a function of signal frequency; FIG 4 is an

expl oded peduppslethwie-fhavsnaf elactronid torfpidHchaichdilidretebirddhefid edlissomsmon
node filter for use in connector applications; FIG 5 shows scheratic

repr esent all, i rbiagidlishf 868RhahoMregnon mode filter and prior art
a

filters with FI eing a multi-capacitor conponent as found in the
prior art and K| G_ 5b bei.n he.el ectrical .representat.ion of the physical
brbodi ment of e noegS ATl B8 ysionpiartdefpraRe Ryt s FH s of
FIG 4; FIG 6 is atop plan view of the plurality of common graqund
conduct i vén@haeémféét%‘g@%@a@ adapipile o Hgkide qneLrinels RIeke§Hve circuits in one
mufti-conductor differential and comon filter enbodinent; 5 FIG 6Ais a
top pll&n wioawooEnt prskpgataapiovidegirotcotiorn agajmse wmottageo trausierits,coven yobhgast anslde

pl ates which nake up an alternate high density nmufti-conductor filter as
shown i n FHdiéatrofiaghét(a interfesenge.f ront el evational view of an el ectrode plate
where FIG 7a and FIG 7b are the front and back, respectfully) of the

el ectrode pl at e;pdiflefdifect®f BtANPerBoR i pPORYAHIPREN e ¥ir8isAfaviH} A ihRERAL 1 Ve

enbodi nent of the différential and co n node filter of FIG ™1 which

enpl oys t hgeroS“Jme %thric%d}?rogid%g %Spaﬂxf for attenuating EMI and over voltages without having to
couple the hybrid electronic component to circuit or earth ground.

15 These and other objects and advantages of the invention are accomplished through
the use of a plurality of common ground conductive plates surrounding corresponding
electrode plates separated by a material which exhibits any one or a combination of a number
of predetermined electrical properties. By coupling pairs of conductors to the plurality of
common ground conductive plates and selectively coupling the conductors to electrode

20  plates, line-to-line and line-to-ground component coupling is accomplished providing
differential and common mode electromagnetic interference filtering and/or surge protection.

The circuit arrangement comprises at least one line conditioning circuit component

constructed as a plate. Electrode patterns are provided on one surface of the plate and the



FIG7; FIG 9 shows a front elevational view of the filter of FIG 8; FIG
10 shows a surface nmount chip enbodinent of a differential and co n 15
node filter with FIG 10a being a perspective view and FIG 10b s 'lHQZUBZﬁ
expl oded perspective view of the same; FIG 11 shows a further enbodi nent
of the filter shown in FIG 10 with FIG 11 a showi ng a perspective viewin
cut away of the filter acid FIG 11b showi ng a schematic representation of
the sane; 20 FIG 12 shows a mufti-filter surface nount conponent wi sh FIG
12a being 0 pla view of the filter; FIGS. 12b through 12d showstop

pl an vi ewsg\ﬁ"F"g ?S a¢ thenrelfsriqelly epuplechioceleesal mdugm% Hecpewt- T

el evational vi eW|n cross section of the filter shown in FIG 12a; 197
U L 2002 8ekt@delBatiesnspaieleatict udieatial EmBloykd and camnexppoded dgoedspretpistes vi ew
of the individual filmplates which conprise a further enbodi nent of a

di ffer enti plodand! cGAMEAR;aanddnl dlirodkd fBr ScIROAKR AndiQElk VALY BldaBala vi ew

in cross-section of the |ImpI at es of I n operabl e cooperation;

FIG 16 sh atl enbodlrret of t he dlfferetla

conmon rrl)dew?ml%f1 é%g”é@ﬁ‘“g*ﬁ c"rcu ?’Tgﬁn?gtrw{}é%n Wﬁtﬂcaéf%gl’?'feg tngmelzl G

16a sho gs Sj g Ian Vi ew of the notor filter enbodl 16b shows a
vatQ-4aap

si de el tyegtthsrel¢atacal sprduciorsndlipe-lonEaRndiT @mdbe é1dé‘(}é¥41c9?fF§F““\?i ew

in cross-section of the sane; and FIG 16d is an 10 el ectri cal
r epr esent acbmductis.t he physi cal enbodi ment of the filter shown in FIG 16a;
FIG 17 shows the notor differential and commbn node filter enbodi nent

el ectrical |y andhphpasticuddrl siediOetdl etk dfaRe i ff&tiitial a@ic@Mmmd fpodd ARAteThpYs a
top plan view of the filter coupled to a notor and FIG 17b shows a side

el evati onal f r

conpari son do?‘éhﬁweg bY; §§f§ﬁg‘?ggg @nfﬂlgelt%éJgd\/%qh&gﬂggggkﬁeﬁ%{]?gﬁe g%ow; @%uency
far an el ec ter and an el ec not or

i1 £ or ent § SPe kR ATROH R Bt PEEReGpdeaites YN pGOr 0§ Fae et 1

al ternate enbodi nent of the m)tor dlfferentlal and common, node fllter FIG
19a shb épf%g ¢ GHAFFIUF S!Sl dhehepen i resylise @l@cyilbae Ppmardy gapegitiye
shows an expl oded perspective view of the el ectrode plates electrically
coupl ed 20 amengenpingr Bhe digleofricahaterial iwednjwotidustidrths elaetdode| phates grd ¢agnmpn

el ectrical representation of tile physical enbodi nent of the notor

di ff erenti growdkdosdurenveprgevill corhisine tddréate 2 Ansiolve @pivighambydne-evpaundent
of the differential and common node filter with FIG 20a being a schematic

repr esent atchORit6f frdi @adhlihdiSTduNtkcFlcGt cor@ie e PBmatal oxld vhristok (OB material
is used then the filter will be a capacitive filter with over current and surge protection
15  characteristics provided by the MOV -type material. The common ground conductive plates
and electrode plates will once again form line-to-line and line-to-ground capacitive plates
providing differential and common mode filtering accept in the case of high transient voltage
conditions. During these conditions the MOV-type varistor material, which is essentially a
non-linear resistor used to suppress high voltage transients, will take effect to limit the
20  voltage which may appear between the electrical conductors.
In a further embodiment a ferrite material may be used adding additional inherent
inductance to the differential and common mode filter arrangement. As before, the common

ground conductive and electrode plates form line-to-line and line-to-ground capacitive plates



9 partial schematic/block diagramof the sanme; FIG 21 shows a high power
differential and common node filter with FIG 21 a being a partiah]ltquL 0
assenbl ed perspective view and FIG 21b being a schematic represe a-h ozlq of
the same; 5 FIG 22 shows a further alternate enbodi nent of the present
invention; Fig. 22a is an expl oded prospective view of an alternate

mul ti-conductor differential and conmon de filter for use in connector
applications; Fig. 22b is a front elevational view of the filter shown in
Fig. 22a; Fig. c%éc_is an_electrical representation of the physical ‘
enbodi mentWB‘g thenigrrte madsriad peding indupiagee tpthe ampnpgemeq!. Usaiof tge AgTiE metenalt e

el ectrical 10 representation of the physical enbodinent of the filter shown
in Fig. 22830 plo@de?Favsien|vodiege moecampii that it omwoll bedvend cdridatsveodt atdeetain
present invention with Fig. 23a being an electrical representation of the

physi cal evgnagé (edihol@fallbWHRRRNEIRBYs aMtigR \%pgg&gggfsﬁlgtégmk Smhithehdigiaence

(EM ) devices in conbination as shown in ; 24 di scl oses a

further appl, j AN t resent invention with 15 Fig.
245 bl ng nae el eyl il et bfeP RGBS e el S5l "or
sur ge %rot ection device in conbination with a capacitor as shown in Fig.
24b; FPG 25 di SPEORSOHAARBECENY dLonighragions pie ajsojdisclosedwhichémplemsain
invention with Fig. 25a being the physical enbodinent of a differential and
comon nodandttwld ohdhesaboive bleiects andcaivbntagdsiod theiintdntian pi denadristrgte diie wumagbty
protection devices and Fig. 25b being an 20 electrical representation of

t he conbi naid wide sprexapphiction.of dffRreriband48ninforffo® Biveré WM the is€o¥eQff AN

al ternate enbodi nent of an electrode plate where Figs. 26a and 26c¢ are the
front and ‘ tively, of the electrode plate and Fig. 26b is a side
el evati ona@@%ﬁé\lﬁr"i@?\tﬁ){%ﬁoss section of the sane el ectrode pl ate; 19J UL

W2 10 FIG 27 is a side el tional. view jn crass section of an
application in which two elemsﬂ’%‘fo@s&dé%néﬁ%‘%gﬁin Fig. 26, are

enpl oyed in an electronic circuit; FIG 28 is a side elevational viewin
cross Yection oflG lrshevaan exppisdrarsnsativavianiadls diffgreetial epd sermmenareds) as
shown in Fig. 26, and a ground plane are enployed in an 5 electronic
circuit; Fil®rigaciasdance avithl tbelpatsant @weofion;he i ndi vi dual internal |ayers
whi ch makeup a nulti-conponent strip filter wherein each internal |ayer

shown i s a bott BrG.alAashowsei explodBEpéraystive e®w of3 aftB@wEe difoditbiitiof¢iaTponent
strip filter shown in Fig. 29, where Figure 30a is a top plan view, Figure
30b is fropfeShd@neh e¥@tj.onal view, Figure 30c is a 10 back side

el evational view and Figure 30d is a bottomplan view, FIG 31 is an

expl oded view o i ndi vi dual .i nt er nal ) i ch eup. | s ernative
muf ti - conponent {:g(tf'ﬁe‘bmy féﬁ 5&"3%8? gﬁaﬁrag}fcqftﬁ%ﬁfé?rﬁﬁgwp é@g}raé'sﬁg'\llﬁ %ll@ %a bott om
pl an view of, the layer; FIG 32 is an exgl oded view of the indivj duagl
internk | Q%g & PHFf s(gherﬁatkvqugreé@ptauon and FIG. 2b being a schematic representation of the

physical architecture;
FIG. 3 is a logarithmic graph comparing the filter of FIG. 1 with a filter comprised
of prior art chip capacitors showing insertion loss as a function of signal frequency;
FIG. 4 is an exploded perspective view of a multi-conductor differential and
20 common mode filter for use in connector applications;
FIG. 5 shows schematic representations of the differential and common mode
filter and prior art filters with FIG. 5a being a multi-capacitor component as found in the

prior art and FIG. 5b being the electrical representation of the physical embodiment of the



1 ~ alternative nmufti-conponent strip filter wherein each internal |ayer
shown is a bottomplan view of the layer; FIG 33 shows the rrufti-@) Pg@gt
strip filter shown in Fig. 32, where Fig. 33a is a top plan view, rgm

is front side elevational view) Fig. 33c is a back side el evational view,
Fig. 33d is a bottomplan view and Fig. 33e is an end el evational view, 20
FIG 34 is an exploded view of the indiwdual internal layers which makeup
an alternative nmufti-conponent strip filter wherein each internal |ayer
shown is a,. I Vi ew of, I r, FIG 35 shows the nmufti-conponent
strip fil t%‘?ﬁg%%ﬁd%%ﬂ“&ﬁ“ iyfle kg g5 35ais 19 J UL 2002 a top
plan view, Fig. _35b is front side elevational view, Fig. 35c is a back side
el evational vi eld)C-ifi1§a tamplap yiey ofghe phrdlituafl caremon srpurd goductive aad end

el evational view, FIG 36 is an expl oded view of the individual internal

| ayer s whi elbctalle@lpesawhiah heakn apiateginddisity amiponeiuttos dififgreitidl tad covhsiogi n
each internal |ayer shown is a bottom5 plan view of the layer; FIG 37
shows the fluéddmypdiagnent strip filter shown in Fig. 36, where Fig. 37a is
atop plan view) Fig. 37b is front side elevational view Fig. 37c is a
back sige el evajy VAl [ [ : ' . Fi 37e is
an end %I evati ofrija ’B\@/All ]éc‘vé tg“g’?)glﬁ ‘g%w ?gﬁgﬁ%ﬁ‘lb&%é@%ﬂéy %Q/A(ﬁ%gﬂp%g}ié valggual
internal |ayers, which eup multi 10 cqnponent filter erejin eacgh
nternal | Syarodsilyie w@ﬁw@mmltwvﬁ %ﬂskuﬂtéff,%qmmﬁéheéeﬂ wp
schematic representation of the nufti-conponent filter shown in Fig. 38;
FIG 40 isirdfiG.§onetric view of the nufti-conponent filter shown in Fig. 38
where Fig. 40a is a top plan view of the filter) Fig. 40b is a front

el evational vi eRl@f7 isherdnt keleestichal @ivd dfiag clededd [Hata vitictle FHG Eraadnd0al 7vi ew
of the filter; FIG 41 shows a further enbodi nent of the nufti-conponent

filter shows hdfbhnddckirkdpeatdiy bomalei@noanslap! anes for inproved
performance where Fig. 41 A'is an expl oded view of the individual internal

| ayersyof the i i 4 i.s. m;i

repr es}a(g_t ati onngIé't%%%%?A ﬁ? %%%ghgr%twﬁ ?%%“r%‘%ﬁ?ag‘." gﬁ.ﬁf%gﬁl S égcf: hgrt of

Fr equenci cQIEHEN A §10 spTEmPRmesE BT IdaE | apF duuPRaes B SERPREP At &huat i on
val ues of the nufti-conponent filter at the various test frequencies |listed
in Fig. 41F&.7and FIG 42 shows a further application of a surface nount
chip enmbodiment of a 19 J UL Z.OQZ -12. differential and commmon node
filter where Fi FIGA2éhdvas afrgerchiveridrial eiew efuhofiltéred FGr 8her application

whi ch consists of a phase T network integrated passive filter partially

expl oded and Fi g1G42RsHowsa steEMbing chR¥BSRINhaltio?a dofferehial ARasemmonet wor k
i ntegrated
15 mode filter with FIG. 10a being a perspective view and FIG. 10b showing an exploded
perspective view of the same;

FIG. 11 shows a further embodiment of the filter shown in FIG. 10 with FIG. 11a
showing a perspective view in cut away of the filter and FIG. 11b showing a schematic
representation of the same;

20 FIG. 12 shows a multi-filter surface mount component with FIG. 12a being a top
plan view of the filter; FIGS. 12b through 12d shows top plan views of internal electrode

layers; and FIG. 12e shows a front elevational view in cross section of the filter shown in

FIG. 12a;



passive filter. Due to the continued and increasing use of electronics in
daily life and the anount of electromagnetic interference (EM) and

eni ssi ons generated, new world el ectromagnetic conpatibility (EmMS)TI JUL 2002
requi renents are being specified daily for use in such diverse digital and
anal og applications as in the hone, hospitals, autonotive, aircraft 10 and
satellite industries. The present inventigon is directed towards a physi cal
architecture for an el ectroni c conmponent which provides EM suppression
broad band I/ O IfigelS {ddceindh@iedEM decoupl i ng noi se reduction and surge
protection in one assenbly. To propagate el ectromagnetic energy two fields

are required, a I ric etic. Electric fi.el couple energy into
circuits thr ougE:I?hgg&ointeé(g[eb%a‘?r??@?%cﬁ'tvf:gle“l%fttégf ‘é}ﬁuﬁmmﬁﬁfﬁ)wgwﬁoi nts.
Magnetic fields couyple engr y into circuits through inductive coupling.
Magnet i c f iC8MRESHR ?ﬁl‘ﬁéf@ P‘%mﬁlb‘eﬁ%@ﬁﬁeéenfmmdrf@mnwampéqﬁltvchi ch coul d
sinply consist of a loop of wire. In such |oops both fields exist and are
al so incl uded wik®i h5 shavead fromtrebomtiofid wietv mrerpssi-setigeh afithe fir phoardFIGThese
fields start to diverge at frequencies above 1 MH2. 20 As previously noted,
propagased ialigepérabrR@Bepdrati®nergy i s the cross product of both electric and
magnetic fields. Typically, enphasis is placed on filtering EM from
ciroutt conduct g, eRLEHIIne! AicthAle hBIUFAGY oFRi Wtterdilla] afdPordfiop.

expl ained for two reasons, the first being a8 ¢ angi ng efectric tiel d
in free space, gi.ves ri.se to a magnetic . 1.9 J UL 2 field and second
because a tTof bﬁ?rﬁoﬁéj‘gﬁrﬁarﬁ’é‘f’?ag%? F‘H)PSW'I"F‘ edce ‘F‘P%OéS;?I%%hig%FWSrq torpian d.
As a result a purely electric or magnetic tine varying field cannot exist.
Fi el ds may Vi pf theanetpy fiberembodiment; PrG. b shgwsagide eieratinmal viewtd{dhe saare; be
generated exclusively. The main cause of radi ated em ssion problens are due
to the two Rlgpése sifows acidedieletatidngluiéwe i Srosdidetion e Nthe@hmanthd FIGNDEY 3pde. The
fields generated by these currents result in EMI em ssions. Differential

node (DY) iR fepdsentaiOS 6F tﬁHbB?iﬂ&aﬁ e¥MBb&ihdnk BPMHe FiRr fobWaithaIGPREN 1N
wres, circuit board traces and ot her conductors in a nanner in which the

field related, tgnqt i.alnat t fi by the
conductors. 10 (@%}E?ﬁ%‘gg{%%&eﬁﬁﬁ%‘a%ﬁgg c]:(?ﬁﬁgennrpgdédﬁl ?:?eeﬁ%logﬂf%ét t hey
flowin different circuit t hs. mon, node noi cyrrents are surface
phenomena reéffcért“iam aPSPE}’%EFﬂ@ CQHHl,egi?%?“ &f%‘ﬁﬁl“é‘ftort;f@\g‘eh”}%ﬁ‘ot“ﬁ@ BRPEN WY n of
cabl es which are often grounded to the chassis. To reduce) mnimze or
suppr ess t H thpfiker doppled thaswierang RIG. ptoshoms asideosieyatipedl yirve opiiesame;
ground whil e sinultaneously shortening the overall noise current |oop. 15
Turni ng now to HIG. 18,s alvgexthinddgrhphahepmgta comparieon cfftheledfssioantvedd inand
common node filter 10's physical architecture is shown. Filter 10 is

conpri sa8d ofB@v/Rl A AfunkNor0bf & ok o Bidcieienatel WHR aRlaabB&a fildr ald Aeast two
el ectrode plates 16a and 16b ere each electrode plate 16 i s sandw ched

bet ween tV\DelSé?FP%t&rvﬂ?ggnemg%gyl I\Agr‘d gérﬂutggﬁnép e filfer Bﬁﬁﬁ. 19ne pair of

el ectrical conductors i sposed through 1nsulating

FIG. 19 shows a further alternate embodiment of the motor differential and
common mode filter: FIG. 19a shows a top plan view of the plurality of electrode plates;
FIG. 19b shows an exploded perspective view of the electrode plates electrically coupled
20  to aplurality of electrical conductors; and FIG. 19c¢ is an electrical representation of the
physical embodiment of the motor differential and common mode filter;
FIG. 20 shows a high power embodiment of the differential and common mode

filter with FIG. 20a being a schematic representation of the filter and FIG. 20b being a



20 apertures 18 or coupling apertures 20 of the plurality of comon ground
conductive plates 14 and el ectrode plates 16a and 16b with el ectrical
conductors 12a and 12b al so being sel ectively connected to couplin$d JUL 200
apertures 20 of electrode plates 16a and 16b. Comon ground conductive

pl ates 14 consist entirely of a conductive material such as 19 J UL 2002
14 nmetal in the preferred enbodi nent. At |east one pair of insulating
apertures | 8 are disposed through each donmon ground conductive plate 14
to allow electrical conductors 12 to pass through while nmaintaining

el echi cal PaBiahtchemaleblpsk diagmmmphthgsamad conductive plates 14 and

el ectrical conductors 12. The plurality of common ground 5 conductive

pl ates 14 nay opiGohkiHowskaehiglypoweed ffatehbialfaad tcommy mpdy filwresti?PlGRIanged
in a predeterm ned and matching position to enable each of the plurality of
common  gr ouathgGAedlyl Aeenit 18l f&sPetiilOvRS £AURGEd1SESHE fhdhehfatiene anot her

t hrough standard fasteni ng neans such as screws and bolts. Fastening
apertures d to secure differential and conmon node filter
10 to anotﬁ%?ggﬁpggﬁgfgﬁégags an encl osure or chassis 10 of the electronic
device filter 1Q.js ing used in conjunction with. Electrode plates 16a
and 16b”are sim IQr2?5]%%%@@5%%&l%@nmrhmﬁvbofﬁh%wrégmimeﬁ“%Eﬂg-@Réys are
conprised of a conductive material,and have el ectrical conductors 12a and
12b di sposed explodedjprogpastiveview. oflaml altematcommitincadoctoddifforedtist indeopinaines 14,
el ectrode plates 16a and 16b are selectively electrically connected to one

of the two medbdechiller ¢ usd iScsiPBEYEAgplRatlohs; Mol bEb Rlefdrt eeatdral eRwld th@s
shown in FIG 1, are depicted as snaller than comon ground conductive

plates |4 tii.S i teil L [ i LG at :been done to
prevent el e@ﬁé@%ﬁaﬁlégﬁfg r%?nyfsr?ltngrl%Cgé%ggﬁsklﬁgtﬁﬁbgﬁglE?%Sé qzcoupl ing
means of fast.ening apertures, 22.. ElLectrical.co ctors 12 provide a current
pat h whi ch embg&gn%“ 0? ﬁ]é: 'ﬁ{ef SRGYRHI g #‘Jr‘?dF‘&‘g{:‘@dEg@staﬂé’?tﬁﬂabq?\%e%%%al?ti oned at
either end of the electrical, conductors 12 as shown in_FIG 1. Electrical

conduct!8r FoRrestiondh the physisplumbadipent o Gieailter showy dhiie- $8ah and

el ectrical conductor 12b represents the signal return path. Wile only one
pair of el ectri dG.2ddialoseranchpplication b2 the fdltesholhe preseritiieeention snthdipl at es
differential and 19 J Ut. 2002 15 conmmon node filter 10 being configured

to provi de F3alvepig angidctricairapkdsembaiibny oOthe pRYydical @mbediamhr bLialepeadehisuges
creating a high density nulti-conductor differential and comobn nobde

filter. Theyi ev&kro%ggqan& id%(frgrhd@ﬁ/ﬁ) Hevitistif 85@DinhAbn ANGoGRNHTIL, Hage

filter 10 is 5 material 28 has one or a nunber of electrical

ti i d hds. Lh ter cor ' 1.4,
ot b el ectrode. pigt &3 ibioskngAEEE SRR PURE SREHEELT RaBIRESHEEL o1

12a and 12b_passi ng between the two oquter. conmon grqQu
15 Fi%. %4a be?ng an elcctgcal representation of the physncalgen%oggnent of a surge

protection device in combination with a capacitor as shown in Fig. 24b;
FIG. 25 discloses another application of the filters of the present invention with
Fig. 25a being the physical embodiment of a differential and common mode thru-hole
filter in combination with a plurality of surge protection devices and Fig. 25b being an
20  electrical representation of the combination shown in Fig. 25a;
FIG. 26 is an elevational view of an alternate embodiment of an electrode plate
where Figs. 26a and 26c are the front and back, respectively, of the electrode plate and

Fig. 26b is a side elevational view in cross section of the same electrode plate;



conductive plates 14 in a manner which conpletely isolates all of the

pl ates and conductors from one anot her except for the connection f§§§¢%ﬂzby
t he conductors 12a and 10 12b and coupling aperture 20. The el ectt -
characteristics of differential and conmon node filter 10 are determ ned by
the selection of material 28. If a dielectric material is chosen filter 10
w Il have primarily capacitive characteristics. Material 28 nmay al so be a
net al oxide varistor material which mﬁlll%rovide capacitive and surge
protection characteristics. Other materials such as ferrites and sintered
pol ycryst al | i ne iy 2ihés asida elevaiongbyieivnn tross sactiomaf &y applisatpyomi vl clawo

i nherent inductance along with surge protection characteristics in addition

to the i npredactidde phaananade/niniFse 26 246 epifye®m ihdéctropsdiditcuit r om t he nut ual
coupling cancellation effect. The sintered polycrystalline materi al

provi des conducty i el Wo¥ ' ' ' .

pol ycrystalline qlgﬁgggé:glg@g fe:v%no g{]giie{m?%%%f %Cﬂéjg!t} g%wrﬁélﬁ%‘?r&éﬁ@gg'%]%h
which is herein ingorporated by .20.reference. addi ti onal terial that
may be usod VR o BB & PO it CF A i RN t5¢ MBS flat or i al - and
a high perneability ferromagnetic material as disclosed in U S. Patent No.
5,512, 196 vﬁ*\?félf‘?"lcsmfcﬁébrporat ed by reference herein'. Such a ferroelectric
19 JUL 20D2 16 ferronmagnetic conposite material can be fornmed as a conpact
unitary el ement K. 2B 1samgxpladddywiex bt thietisditidbdl ihachat lalyers varich sabagid i ve
properties so as to act as an LC-type electrical filter. The conpactness,

formabi | i t ymanidcdrhpdrRhi §1flp GieARhérkineallh intdHed] 187 SAARERT Ho‘ito%ﬁlfah' hieh06
suppressing el ectromagnetic interference. In one enbodi nent the 5

ferroel ectry eriafgyA [ titanate an he I net | ial is
a ferrite rrtg‘? (la:g?gtl suthd'zisobs g’ﬂ{gyg%sné@ﬁﬁ%g’ °§en35%'€e$l§e§ish§ﬂ$g} E & g?’%egg
capacitive and ipductive characteristjcs of the ferroelectric-ferraqmagnetic
conposi t es ERHIGIUR 188 (YMRIR VG éﬁb%?éh isifiogt sile elgvaiiosgl \ﬁewsfflgﬁge Y5 veling
off at frequencies as high as 1 Ghz. The geonetry of the

f er r oel et r baskfsederadenaginnaliview andbightesd Odiis & bettgmiptancagw: y ef fect the
ultimate capacitive and 10 i nductive nature of an electrical filter that
enpl oys such a cBMjddiisen elpledaiovipwoif the icdinidoel iattmad taydrsduinicingnakegp an

manuf acturi ng process to enable the particular properties of a filter to be

tuned to prgedsRiveUnuRRtempdefnsiap ifidiar WRErenRAEH ntdmANHIer CREWR k2 BiIdm
environnents. Still referring to FIG 1, the physical relationship of

common grou [ | ates 14) el ectrode plates 16a and 16b,
el ectrical @ﬂﬂﬁggfgf§w¥§gphnd 12b and material 28 IS will now be descri bed

in nore detail. fartin ojnt is center comon. ground, conductive plate
1. Conter  pl ai T T8 ansarplRt Wew R EEneF h T Bian ShBROT SR FEEUL KT
through their respective insulating apertures 18 which maintajn electrical

i sol ati bh békt%@twedanﬁwr@mwtrmgu@rcwlpwn shcht latemel taygr o sad0ttec
conductors 12a and 12b. On either side, both above and bel ow, of center
conmon gr oupthnooewla€thedaygp] ate 14 are 20 el ectrode plates 16a and 16b each
having the pair of electrical conductors 12a and 12b di sposed there

through. Unlike ¢eGt®T siRRURO Mult-Eshioreandbs filtveshbbatie Fld 320Wwhyre B 33a is
el ectrical conductor, 12a or 12b, is isolated fromeach el ectrode plate,

16a or 16b, a%aaﬂfépiv%'ﬁgi NY i?ﬂ?ﬁt}s@c&eﬁl%ﬁtiorﬁ?%ie@&, R 8303 £ bk sfEtvatioAdl

conduct or s, s el ec

view, Fig. 33d is a bottom plan view and Fig. 33¢ is an end elevational view;

20 FIG. 34 is an exploded view of the individual internal layers which makeup an
altemative multi-component strip filter wherein each internal layer shown is a bottom
plan view of the layer;

FIG. 35 shows the multi-component strip filter shown in Fig. 34, where Fig. 35a 1s



19 J UL 2002 17 coupled to the associ ated el ectrode place 16a or 16b
respectively through coupling aperture 20. Coupling aperture 20 inéj%f%b;[as
with one of the pair of electrical conductors 12 through a standa1r L
connection such as a solder weld, a resistive fit or any other method which
wi Il provide a solid and secure electrical connection. For differential and
common node Flter 10 to function properlly, upper el ectrode plate 16a nust
be electrically coupled to the opposite ell ectrical conductor 12a than-that
to which |l ower electrqde plate 16b i electrically coupled, that bein

el ectri cal aé%BﬁBt"é"rW’cl]g%.ﬁBi’? TeRIEHG AP ValATR! Y EiS o dd ?PPQl‘e?‘del@C%‘tOPg’nal ly
conprises a plurality of outer comon ground conductive plates 14. These
out er comurevgogndddsadodenpéanpliew esd ¥, pioniadend ckivgimirfal et | y | ar ger
ground 10 pl ane which helps with attenuation of radiated el ectromagnetic

em ssions and pPrRIGL 8€& @ GpRALEVieSBIRERAAI @M intertill 16Yers WhitihSRARApanover
vol tages and surges. This Is particularly true when plurality of comon

ground con L ) : ' I i it or
Garth gr oundciey o Puth Endthel SR ReLRGLY GO IR by A S3llhn
mentioned earli.er, inserted and mai ntai ned between conurton ground

conduct Pve PHRAEW of ANEa¥eEThot h 15 el ectrode pl ates 16a and 16b is materi al
28 which can be one or nore of a plurality of materials having different

el ectrical char ddepV shavesthe FuGi-camponsnbsisp diitenshoavmiathig.e’ e nbsth Freni7aos
filter 10 which includes additional means of coupling electrical conductors
or circuit axoppthnodemelipi 3bSis fronf didd eevali@nalkiseMijpadlcyy a bhek gteieldlatiopalof
comon ground conductive plates 14 are electrically 20 connected to an

outer edge ¢apduie!1Mes RABHAMIMNIEIGR FA37M:SA Saclhvaligsivpde plate 16a
and 16b has its own outer edge conductive band or surface, 40a and 40b

respectively. T I CLLLC Al e t Rl at.e 1l6a
and 160 and i heicr S Se FoBl MR o £ RRENA RN BB TR S DO i hE e

time i\ntaining electrical isolatio 19 JUL 2002 i s, betweepn other
porti gﬁ& ofcOfiiPefignt fﬁb’i whgrep %ﬁcgé‘i‘F‘B‘a@ab?ra‘B%W%S 3 ROUGT ARGV aﬂ@e B<Tt i oned
such that the elongated portion of electrode plate 16a is directed opposite
of the directi orFI@qéﬁtl?%)éFélemaa@ replesenthtiore frtbe malti-campponsnb Aljer dgwpar Fions of
el ectrode plates 16 al so extend beyond the distance in which the plurality

of common @8und conductive plates 14 extend 5 wth the additional distance
i sol ated from outer edge conductive ba~ids 40a and 40b by additi onal

material 28. El epfq.i40a8 acROMEE s BEMERRAN R8MRoMnt fFilter SRNESInaIE Ishehdre
associ ated plates is acconplished through physical contact between each

band and it g 285061380 01af QEENPEC B AHBA FRORGYEL] N6 UenBliSEh LRAPoRhElRer FI G 2

shows two representations of erential common node filter 10. FIG 10
2 ais sch tic representation de trating that filter 10 provides a
line-to=in %Eﬁﬁa‘gqct‘égs egﬁé’?“%'@ﬂvﬁwgag@%éﬁgd to el ectrical conductors 12a
and 12b and two line-to ground capacitors 32 each coupl ed between ,onge of

the pair of the El@dlshews adethenembpdiment afiific muleremporsng fiter shewnan & shown

in dashed lines is inductance 36 which is provided if
38 with additional ground planes for improved performance where Fig. 41 A is an

exploded view of the individual intemal layers of the multi-component filter, Fig. 41B is
a schematic representation of the multi-component filter, Fig. 41C is a chart of attenuation

20  values of the multi-component filter at various test frequencies and Fig. 41D is a
graphical representation of the attenuation values of the multi-component filter at the
various test frequencies listed in Fig. 41C; and

FIG. 42 shows a further application of a surface mount chip embodiment of a



material 28 is conprised of a ferrite material, as described in nore detai
later. 15 FIG 2b shows a quasi-schenmatic of the physical enbodi ment of
filter 10 and how it correlates with the capacitive conponents shqu gnz
FIG 2a. Line-to-line capacitor 30 is conprised of electrode plates i 5 @Ad
16b where el ectrode plate 16a is coupled to one of the pair of electrical
conductors 12a with the other el ectrode Qlate 16b being coupled to the
opposite el ectrical conductor 12b thereBy providing the two parallel plates
necessary 20 to forma capacitor. Center common ground conductive plate 14
acts as i nfidicesntiakgnsinemngan made Blteovkese Tiss 424 ipnpespeative vienoohihr drtler

pl ates for each line-to-ground capacitor 32. The second parallel plate
required fapplieatdn Whiskcbesigs ofnphaamakiwerk isiégiasedsyiBiive aetpartille
correspondi ng el ectrode plate 16. |3y carefuIFy referencing FIG 1 and FIG
26, the é@l&delﬂl abd@r’%&2§%s QQ%Haﬁi'c\fgprQJeﬂfaﬁoﬁ %k‘ g\tc' %@?ﬁ B'megr]l( ini?ﬁgtgge
apparent. By 1solating center conmon ‘ground con Lt ve plate rom each
el ectrode Iatef 6a or 16b with material 28 having el ectrical properties,
the resul t PP&VEN % baci ti ve network having a common node bypass capacitor' 30
extendi ng between el ectrical conductors 12a and 12b and |ine-io-ground S
decoupling capacitors 3 o o8 AlchP rsferradriimbddimeniduct or 12a and 12b
to inherent ground 34. Inherent ground 34 will be described in nore detai

| ater but for tDactd the coaiimgdianhd ireddmgnive of lettrditavia daily dssaiveht babuntt 1S
equivalent to earth or circuit ground. To couple inherent ground 34, which

cent er andopgledtidn@dblketi€ REFRRe e PENG) SRNGNESONELodBIES ndd widhidf orm  one or

, 1 .
nore of common ground conductive plates 14 are coupled to circuit or earth

ground by noon. means _such .as | der.i n r unting.sc i nser.ted
Phrougn 1 aSRERTRAEERE o RPaLias GATCHEHH il ot b BEL AT LP RS o
grounded chassj.s of an electrical device. Wile differential and commuon
node filt efuchalivispkdizealpad apalpg pppigationg asHe thenhoreg, basritaby aslometise sradlar t h
or circuit ground, one advantage of filter 10's 1 S physical architecture
is thaltOa prysitghile igdunmesi Njeporsasianiantion ss dingveaidowards a fhyfiealrargigteaiyass n t o
FIG 1 an additional feature of differential and common node filter 10 is
denonst r at &gt ahyeleloaic conippaeanhicioprol rles EMIkwpsessidr)brdadedads I/Rénand 26
respectively. The direction of the individual flux fields is determ ned and

nmay be nMapE@er ,mphwongli@mgﬁeau&ﬁwaa@gmlgﬁip&qeéthﬁ ihio8BhssB@BE,. Nl le. In
doi ng so an individual 20 places their thunb parallel to and pointed in the

direction of cu el i.cal - as
i ndi cated by tha °§Jr}§%a\rg§%\$¥t'é“g‘i%ﬁégge“ecneg‘(sé‘t‘%ft&’?rf‘ee(fégsgaggEécqt%gg‘%’.ja%%@é“‘il%@ thunb is
pointed in tile.s direction as the current flow the dir ion. jn which
the remai niMEIFHG IF%‘narf‘ef‘#éoblé‘FﬁB?f'gX A RRCE I B Eh dioR Bee fRterental g 5 U |
2002 20 direction of rotation for the flux fields. Because electrical
conduct! dr s beprgen o DP mogg points. Magnetic fields couple energy into circuits through

inductive coupling. Magnetic fields originate from currents flowing in a path which could
simply consist of a loop of wire. In such loops both fields exist and are also included
within circuit traces found on printed circuit boards. These fields start to diverge at
frequencies above 1 MHz.

20 As previously noted, propagated electromagnetic energy is the cross product of
both electric and magnetic fields. Typically, emphasis is placed on filtering EMI from
circuit conductors carrying DC to high frequency noise. This can be explained for two

reasons, the first being that a changing electric field in free space gives rise to a magnetic



positi oned next to one another and represent a single current |oop as found
in many 110 and data line configurations, the currents entering and | eaving
differential and common node filter 10 are opposed thereby creati h§ Hbpkied
flux fields which cancel each other 5 and mnim ze inductance. Low

i nductance i s advantageous in nodern UO and high speed data |lines as the

i ncreased swi tching speeds and fast pulﬁf rise tinmes of nodern equi pnent
create unacceptabl e voltage spi kes which” can only be managed by | ow

inductanchﬁgr de%iées. It.should al so he evidﬁnt t hat | abor (ntensive
aspects of' i"ﬁg“a?? GCARE BHME ey NG ReFReHA Ty el gi e tise e gn Eciipided to
conbi ni ng di screte conponents found in the prior art provides an easy and
cost ef f echd ¥xswiea port!véleerinof negueticigne Boyogdeld cameteiisnFidds mapbed to be
made to either ends of electrical conductors 12 to provide a differenti al
node couplpringaritppReiric@r pARthrilyMa gLt ABIGRT e RineNGeCaRAGIVePf S, time and
space are saved. 15 FIG 3 shows a conparison of the change ininsertion

| oss rel ative t@,.f Y. : l: Gl itar f ricor art
versus differ er;&lea ﬁglrt}g&%é)r%?r%dﬁﬁg%%é% lloﬁtpéé)ol%gp%% (%Jgéébh%et\s"}g}r}gp%novfenti on. The
graph shows that, chip c citor 50 configured_]ipe-to-line wth a val ue of
82 pF dr AP “%%dp%}af}@‘b% 3§%f%\9[ﬁ5* corymPR S §E° E?’dﬁﬁ?“%@ﬁ‘ﬁpﬂé&reéﬂ line-to
ground, both denonstrate varying non-linear characteristics. On the other
hand fi | t equrrggts 2esudion EiMiereigsipes. dpijferdntichaodo(DMhcurgenimgs thiessonstntat es
significantly |l ower linear insertion | osses even up to frequencies of 100
M-12Z: (1 yhich fibwlinneirtcotat patk i afrasicironit Ddard aracesthnd odedreendict&2 ipk as
conpared to conventional capacitor 50 having the same value; (2) with

l'i ne-t o- grasidr GARARK IR i8l8 rdlAdl RPthRs/@lrkéatsQr Bt AF 16OIBBA BN ddDy the
conventional capacitor 56 having the sane val ue; and (3) line-to-ground
capaci tor c%ﬁd@&Xang a val ue of 19 JUL 21)0Z 21 41 pF as conpared to both
conventional capacitors 50 and 56. A i~ alternate enbodi nent of the present

invention is differential.and ¢ n node nufti-conductor filter 110 shown
in FI 30 4. Filtepmips ai“g dé‘?%‘?‘&?%equ“ff&? H&l&rm‘%ﬁ‘%@ hﬁwa‘ﬁdi‘}fcrﬁpticﬂfci”ﬁat it

is conprised of a plurality of common ground conductive plates 5 112 and a
plurality rethse drrmomen wwde netse coderys aregarfa¢y phena@pna 5latiye ke giovpd eehtfplal node
coupl i ng capacitors and conunon node decoupling capacitor an~angenents

whi ch act oamplqltiarveldnttie ofitepskin of ciblalvadtit arealfies groomdedtosthembissshdian i n
FIG 4 but simlar to electrical conductors 12a and 12b shown in FIGS. 1 and

1 A As degahddgfinigdtd beuppREs thBRofkt NGk Reddadary ©AtEVIaE @Nowiilmpedant®psheyn i n
FIG 1, common ground conductive plates 112, conductive 10 el ectrodes 118

and the pl { Lyt j 0 re.l rom one anot her by
a pre-sel eg'{"g“gd %flgfﬂ"g{lﬁ%@sﬁgﬁoﬁgﬂggg; e%@?aqﬁil rgoécfscg}qghﬁr@io@al characteristics
such dielectric.material). ferrit terial, MN-type.nmateri and

si ntered pol ycr?g‘?‘érfg ?%I%&Cérliw?xé%‘gﬁ PSFSPESHY SRt 8?5‘?&‘%?‘3L6fﬁfo°ﬁ'“a?fbund
conductive plates 112 has a plurality of insulating apertures | 14 in which
el ect ri cal medaélter bYsplyaics! aphitestusgisshawni Fiftes|18dt ¢arepnscl sbppyraty 0 from

t he respective conmon ground conductive plates 112. To accon~unodate a
plurality common ground conductive plates 14 at least two electrode plates 16a and 16b where

each electrode plate 16 is sandwiched between two common ground conductive plates 14.
At least one pair of electrical conductors 12a and 12b is disposed through insulating

20  apertures 18 or coupling apertures 20 of the plurality of common ground conductive
plates 14 and electrode plates 16a and 16b with electrical conductors 12a and 12b also
being selectively connected to coupling apertures 20 of electrode plates 16a and 16b.

Common ground conductive plates 14 consist entirely of a conductive material such as



of electrical conductor pairs, differential and comon node filter 110 nust
enpl oy a nodified version of the electrode plates described in FIGS. 1 and
| A To provide nultiple independent conductive el ectrodes for eadlg pgi goppf
el ectrical conductors, a support material 116 conprised of one of the
materials |22 containing 20 desired electrical properties is used. Support
plate 116a is conprised of a plurality of conductive el ectrodes 118b) 118c,
118e and 118h printed upon one side of bﬁate 116a wi th one coupling
aperture 120 per electrode. Support plate 116b is also conprised of a

pl ur al i t ymétalenHguwsefered emb@@mtasAaEaa,om&dpfmmfau@mpextm I®rdreit ed upon
one side of plate 116b. Support plates 116a and 116b are separated and

sur r oundedispysed tlouglakadhyconfmon gro8nd cbhducBROR a2 400 aNOR etHchivallcaaneided | ve
pl ates 11?. The pairs of incomng electrical conductors each have a

cor r espongly Rgp ks %jbﬁé}qﬁ'hﬂé‘iﬂailﬂﬁiﬁ%l%&tﬁ&?qsoﬂaﬁgn b’eblleegﬁ)g , the

. Qt
el ectrical conductorS pass throug e common groun on uct%rve plates 112

and the r .1 ve caonductive, el ectrodes. nections .are either de or

nor rmde FRRGEGH Pl IaABh oG e BRER el e B s Mgt St at  ng
apertures 114. The common ground conductive plates 112 in cooperation with
conduc? i vEOR4USHY Blates | #xmy emionaliy Ba equppesrwitlefisiening appruren22 sapgefldmct i on
as electrode plates 16a and 16b of FIGS. 1 and | A FIG 5 shows schematic
di agr ans efprgteiarmiredtanduhdtehiogpagdiidboto enabieeadnd fshaplirality bec@nmioalgramd
common node nul ti-conductor filter 110 of the present invention. FIG 10 5a

i's a scheg@BhduetiOé pRidsa Blbe cEANBE sdcAFel R T e ahdfher HFARMItAUM, fademhpr al i ty
of capacitors 132 are forned and coupled to one another to provi de conmon

ground 136, Q€ ¢ A%k Wk %Eltg pﬁﬂtén?xﬁ&”ﬁp%ggx%s ﬁghsa&rags\éi tiSfed ?J séeqnnect i ng

el ectrical conductors to each Capacit rior art capacitor
arrays on Y allo conmon nqpe degg%glin i ndi vi dual e ectriﬁg

| d of | .
conduct or S1EfFERN 12 3Rd, comapion e defajer é%qig?féﬁ%fé‘?etsﬂi’h PR FRESCSHE HEeESS cal |y

connected to individual electrical conductors. FIG 5b shows a schematic
r epr ed@nt &f therelemtrogicr devicerfilies |1 0 anbeisg nsrdrin perjunghgntitlconduct or filter 110
havi ng four differential and comon node filter pin pair pack arrangenents.
The hori zont al Bleamdextiaexdi Gagint| 1dbugh sesitdn ipeommof geued contlesive platasddnt s
t he common ground conductive plates 112 with the lines encircling the pairs

bei ng t he jgthd 8Rlyakd mPrided of 428ndubhife @Al ARimNBeRctitdbcondacBlseiParangal | y
coupl ed to common ground conductive plates 112 providing an i nherent ground

ri d_sepanabl it e QlonlerSLECHRA0E AL Lo ABRAAERINLELEY hLgmaane

anot her. The correspon conductive el ect h positioned

on SUPPOT e PS5 48y 00 BRLR RS PRRSRE LB L)
L 2Q02 23 node decoupling capacitors. )each plate, conmmon ground plates 112
and supporcongegters|lgl While electrode plates 16, as shown in FIG. 1, are depicted as smaller

than common ground conductive plates 14 this is not required but in this configuration

has been done to prevent electrode plates 16 from interfering with the physical coupling

means of fastening apertures 22.

Electrical conductors 12 provide a current path which flows in the direction
20  indicated by the arrows positioned at either end of the electrical conductors 12 as shown
in FIG. 1. Electrical conductor 12a represents an electrical signal conveyance path and

electrical conductor 12b represents the signal return path. While only one pair of

electrical conductors 12a and 12b is shown, Applicant contemplates differential and



pl ates 116a and 116b, is separated fromthe others by dielectric materi al
122. When filter 110 is coiu~ected to paired electrical conductors via
coupling apertures 120 such as those found in el ectrode plates 11§q”ﬁqﬁm
118c, filter 110 fonns a line-to-line differential node 5 filtering
capacitor. Again referring to FIG 4, multi-conductor filter I 10 i s shown
havi ng not only a center conmmon | ;round @gnductive plate 112 but outer
comon ground conductive piates 112. As scribed in relation to FIGS. 1
and 1 A these outer c gr.ound conductive plates 112 provide a

si gni fi cantPUPeR gede @Wgﬁ{hjb%%%ffgafedftp pFerde ilderag fona ﬁgllﬂﬁgy #f PHrsIg
attenuation of radiated el ectromagnetic em ssions, provides a greater
surface ar ededincal cosdusatre craatdigoa high dendityawelti-coat iaged fleeutigesd aotnmoai se,
and effectively acts as a Faraday shield. This is particularly true when
plurality ohogofman ground conductive plates 112 are not electrically
connected to circuit or earth ground but are instead frelied upon to provide
an i nherent gro Laki - the, pr t i.nwent | is
differenti al angﬂgg%#gﬁﬁw%ﬁgaﬁﬁpﬁ¥ﬁ%gﬁ S@?%@ﬁ?§ngﬁﬂﬁﬁﬁpgﬁ%aﬁﬁfihgﬁg_ 22.
Filter 80 has. n optimzed for yse with .conputer and tel econmunications
equi pnent a'ﬂg[ef’ﬁ%gia‘iyg‘ichtl}?%?“%%§ re F\LF?l{jEﬁé’(ﬁOHc&‘esd’élé shrepRdR the cegter
connectors. To obtain inproved filters perforniance, filter 680 includes
built in chesypen aeynd cerdyictivoplated! 4, bothfelastiadnphpteadios endl @raidibe papians t or s
in addition to a 20 plurality of differential and common node filters. As
shown in Fiof el@2dcal tiveduploysl adndci@biasdineg boweaf the itlvd enteEBmmsn grdusiiant i al |y
simlar to filter 110, shown in Fig. 4, and is conprised of a plurality of

common gr ougshdgangdyahtey €4 M Afn@anck Whicl ¢dndile@dsaaeo il o?!h‘%%ﬁd’t@%dpl ates 676
and 678 having a plurality of conductive eleCtrodes to formmultiple

differentia i el udi c | L | ng
capaci tors. oo gof DR A il Tod ELM L ERR) By AR aRARAS PRGN 0D
ground condugctive plates 112, conductive e] ectrodes 688, 690 and 692,
Bl ook il ol Lk #uikrsbo Bas Sesrtiraah T dequicn Erte i of Sl 8 4 GBI Showe]
whi ch pass tlu-ough the various plates are all isol ated from one another by
mat eri al 12modag§lteel] arzdetsanined bl ke sstestien of mpigaial 29. drdicdeqtric material is
characteristics in filter G0, as in all other enbodinents of the present

i nvention) ohedsen hitkr PRilCkavepoinsirdy capfacitiive leaaaterdsics.f Bfardriab2§ meiDdlsbppe
material or sintered polycrystaline. Each commbn ground conductive plate

112 i ncl udegetl Bkide Fatibtyr MhateHaSWhidh Wil peddel dapRsitive Al dufgeftbebli@d ectri cal
conductors pass whil e naintaining eIecFrlcaI I sol ati on from comon ground

conduct i ve ol ghgedck?: off: ARG APE s2RAEL B0PLnERATS S AR RORS Ay Rl 0e

bl ocki ng 10 capacitors, oys a no vVersion of” the
el ectro plates of .Fig. 1. As descr.ibed for Fig. 4, to.provid | tiple
ndepentiont "R REE TR PRHEen B f bt phe MR R sTed: o
material 122 al so _serves as support material 116 which is used to fabricate
first and sebunelergtissin adfbitiqn tatthsingmavedwerenen mppe seiseracelaips hatzewlis7e i s
made up of first and second conductive el ectrodes 682 and 686 and bl ocki ng
el ectrode 1%rofiBée naitdalmouplirercanpeiationeffeitd&hesinsupppelycrysttding alatetibb. Second
el ectrode plate 678 is

provides conductive, dielectric, and magnetic properties. Sintered polycrystalline is
described in detail in U.S. Patent Number 5,500,629 which is herein incorporated by
20 reference.
An additional material tﬁat may be used is a composite of high permittivity ferro-

electric material and a high permeability ferromagnetic material as disclosed in U.S.

Patent No. 5,512,196 which is incorporated by reference herein. Such a ferroelectric-



made up of first and second conductive el ectrodes 684 and 690 and bl ocki ng
el ectrode 692) again printed upon one side of support materi al ? First
and second el ectrode plates 676 and 678 are then separated and su P ol d80
by common ground conductive plates 112. Wat differs in filter 680 from
previ ous enbodi ments which allows for the 20 conbi nation of differenti al
and comon node filters with built in cq%ssis and hoard noi se bl ocking
capacitors is the configuration of first "and second conductive el ectrodes
and bl ocking el ectrodes on first and second el ectrode plates 676 _and 678.
First and FHEN S ERTBRISTE Nl FHkasiopBed amcm@%flmnw stemgnewhicBde pl at e
676 each include one coupling aperture 120 di sposed in the el ectrode.

Bl ocki ng efiegtlrdyexi@iBi2s bethfinduvede tuad qepatitiad propertiks o ds t0 et 20O Qeyun~oui ~d
first and second conductive el ectrodes b86 and 688 and includes a plurality

of insul at eleanamnwreshé@émamné‘sw@hﬁmlngngatff%ﬁ fe LafbiBespathahenkiafe

plate 678 is identical first electrod first and second

conducti ve; es 6 d 692 corr to first an econd
conduct i ve' g‘lsg@g ?%gggprégsgn%&(ﬁc%@éaggﬁé B]I%ec%gek‘?"ﬁ L %r&eter“?)%"edlﬁﬁ @orrespondi ng
wi th bl ocki.ng el ectrode 682 As is clearly shomn in Fig. 22a, when cqupled
bet weer? t hEPsiecHitsmalshrDA bar gintaralsaad kg {reropregnadic rmtenalflﬁ pdemifgmatsgabond

el ectrode plates 676 and 678 are arranged in opposite directions from one
anot her. Thuch gsantibasddarpoalai qppperdincdferdte.r $he capdcitee emtlindhetcter chdeciiatiess 676
and 678 allows filter 680 to have a traditional RJ 4s pinout configuration

when used bnhd fERE¥IEGH QferfdiRddneé toiposites bihisihatntaie ARhBUtEOWhicARRbWCant
cont enpl at es ot her configurations of conductive and bl ocki ng el ectrodes

d di d and th
mver ted af PaRBERCIsHERhE G bR athiEh PL B TRE TR P RLAEE O e s

t : t h mbod t I duct
Wil pass G &ﬁﬁ*%‘a%m%%a?%?m%%ﬂa% A T e R

el ectrode plates 676 and 678. /|1 s Although the electrical conductors are
absent 10 Fi gnduobye sk fiaplectinat filserrthilcnipieysshelo FomResiss Thelcoaposirrans
adapt ed to accept eight conductors in accordance with 814s connector

st andar ds. b¥ladjustet @uang ite mank: fachwing processsto coatd el tiei pasticill & qropeatiess ofiatfHien
filter 680 will now be described by refering Figs. 22a through 22d with

Fig. 22b i nebededd t@piodutdaiitabRratiehaiion féie @dlﬁ@h;ﬁzplibahoﬁs&ﬂxﬁ%nenb@hémm with
t he physi cal enbodi nent of filter 680. 20 is an alternate

d
necded. °S gnal 315 SS??"J%E““?@% 00‘?‘&‘; 1 @@é%“'elaﬁ't’%r B ettt on
1
hysi cal’ SEFoL G BPTRB 5 b BB SIS %ga*ﬁ‘e

second el ectrode pIates 676 and 678 by the conductive plane of co

gr ound |2 ondvidmopebgieserledi inanee dgiade d hg startingpoynyis oy COBLRIHECY aI
ground plane for filter GB0 which inherently acts as a ground and a55|sts
wi th at t enwandantivefplatadis aCenteepletet Itdima treqtaire fathuirss] omsiuctorold diegosad gr eat er
surface area to dissipate and/or absorb over voltages, surges and noise)

and ef f ect ith@ugh dtdiSregsectvEaisaRig spureled 118rvatiele inaligaih Ri:cfridat Bolafioom
external electrical noise and preventing radiation of the same by filter
680. between common ground conductive plate 14 and both electrical conductors 12a and 12b.
On either side, both above and below, of center common ground conductive plate 14 are
20  electrode plates 16a and 16b each having the pair of electrical conductors 12a and 12b
disposed there through. Unlike center common ground conductive plate 14, only one

electrical conductor, 12a or 12b, is isolated from each electrode plate, 16a or 16b, by an

insulating aperture 18. One of the pair of electrical conductors, 12a or 12b, is electrically



Referring to the various electrical conductors (not shown) by the nunbers 1
tl uough 8 as shown in Figs. 22b) 22c and 22d, the electrical conductors 3
and 5 are connected tlu-ough coupling apetures 120 to first and s$gcpndgy
conductive el ectrodes 686 and 688 respectively. Electrical conductors 4 and
6 are connected through coupling 10 apetures |20 to conductive el ectrodes
690 and 692 respectively. Conductors 1 7 are connected through coupling
apetures 120 to blocking electrode 684 and el ectrical conductors 2 and 8

are simlar i hr.o 0 [ apgtures .120 to bl ocking el ectrode
552 ot or PPURIET REE BS95L R UMl ¥ SRARR P& R h2ulh PO, or e
differentialu¥ bg tgﬁ interaction of first and second conductive el ectrodes
686 and 692Pqriuse URERE apertgspsinisrlacasaridsone fitey paigol qlerdriea cpndystors
capaci tor between el ectrical conductors 3 and 6. The sane el ectri cal

conduct or s 184larougles eiaudard comeatiomsiehfak b tseldemgelt fa eeghive fine- 4ny-oghier wnadhod
capacitors forned by the interaction of first and second conductive

el ect rodes vwifiéh RNDpro9ic\al solld GAIEER el Quritch! 6GHHELEIH. \tor R fBdrBiftial h3d Yhth&bnf Or M8
i ne-to ground capacitors between each electrical conductor and the

i nher eng grrﬁﬂﬂ@%l{e?rlU‘?djﬁ.{?\ggtiigrgﬂggﬁi@rpl)ﬁglgpé}l didoYrodd %ﬁfé’?@af}mﬂ# Bygﬂaﬁgwgdg\/@n 45

pl ates 112. The sane re sts for electrical con

whi ch are copnected tq first apd second conductive el ectrodes, 690 and 688
respecti vellg neappayte:slertical sRHUEISR A e thep L [ PicB dREer s RGP BIBIERSE
line-to-line capacitors and each.interacts with common ground conductive

pl at es 112 elestrcamepvrlpdithipieingsiasticahenadugtpr t2x Ridfserntinloang comrgonyigpdg OOZ
2~ for each electrical conductor. In addition to the plurality of

di fferenti dilteand ophomadly congheisds 4 pleradiyCaifeate doMynoneourmit @hdadtiverpihed Ween t he
vari ous conductive el ectrodes and common ground conductive plates) chassis

and board noies€ollbOGfhnsn EARAE oSt & HaRl ?@Rfo%d%eadsi@%ﬁ&zﬁﬁlyil ef gelhon of

comon ground conductive plates 112 and bl ocki ng el ectrodeS 682 and 684.
For inskan i I S..con to.th l,ect r.i n 1
and 7) qgot %?%F%?lghagggﬂgﬁgg}f%“ég F%ﬁéagegin%% “é’a“%é’ ?t%uegtﬁwssggtspaﬁ ng‘g{%%[aﬁr es
120 to bl ocking el ectrode 682 thereby form one plate Qf the nois

bl ocki ng. cEBSRTSHFEce SRRV ER [ fistieale pVarHaltpass aad Birgesci Ts RpRatERs | s
formed by common ground conductive plates 112 which interact w th bl ocking
el ectrode @Bz whntplwiahjly efrrommedregrgernthtandudtveplates ¥4 aanocdemitiealbrepupledrel 8
al so provi de board noi se bl ocking capacitors fornmed by the interaction of
conmon gr ownctutt ondardi greengbeatt s relid@ upsrdiolprovile myginhkreat grooked. 682 meBobdiedt he
chassi s and board bl ocki ng noi se capacitors allow tile inherent ground

formed by cQPTERNnGrRdNEd GRstEREE bawRERESSMA Srdufd BEndiRRChlatekallandesupl ed
t hereby bl ocking | ow frequency electrical noise fromthe signal carrying

reby bl ocki ng | | trical gnal
per 1 or nanc by g RGN 5 Rl Fos o lhn SRR BRECRLD BP0

formed by cormon routgﬁ.condg&tiVﬁﬂgjates.ll2. FIG 6 illustrates a
further endBEFRRAA2YAS AHfferentelechical ¢lpRATSTSHCSMi ch provi des i nput / out put

data line pair filtering for a | arge nunber of electrical conductor pairs
typi cal of todayBlChilghshesisantajtemativrerhadiment od fiter 0 whishdnclpsiesraddigigizlal  and
common node hi gh

means of coupling electrical conductors or circuit board connections to filter 10.

Essentially, the plurality of common ground conductive plates 14 are electrically

20 connected to an outer edge conductive band or surface 14a. Also each electrode plate 16a
and 16b has its own outer edge conductive band or surface, 40a and 40b respectively. To
provide electrical connections between electrode plate 16a and 16b and their respective

conductive band 40a and 40b while at the same time maintaining electrical isolation



20 density filter 150 is conprised of a plurality of common ground
conductive plates 112 containing a plurality of insulating apertuggﬁui%ﬁu
and conductive el ectrode plates 116a and 116b each having el ectro
patterns 118) insulating apertures 114 and coupling apertures 120. The
stacki ng sequence is reflected in FIG 6 recognizing that dielectric
material wll surround each of the individual plates as described for
previ ous 19 J U L 2002 2s enbodi ments!8FIG 6A presents an alternative
approach in which differential and common node high density filter 150
utilizes aetwsenasigsiporipnenl fiker K. saely dersrnde plae Ve issporgatddgdrositioned t ance
to ground and line-to-line. Again, filter 150 is conprised of a plurality

of 5 commuauchytimutie ebongdied potnfaleetrodd glaradh ihayviond epsits af thevirettion
i nsul ating apertures 114, conductive el ectrode plates 119a thru 119c with

el r ¢ eoRAGIOMEpBLERdY 08B | PROMON:AE Bdrfont orbTfoRBIMGNANG Lt

el ectrode plate, 119a through 119c ntains a plurall ins I 'ng

apertures 114 d upli.ng.apertures. 120 in predeterm ned positions to

o Tow par g e dEPiRe i ol Rahe el 67 sorduBi Gicsud rovghic b elaescd Sy
coupling the electrical 10 conductors to create the desired filter

ar chi t éct uvh therpddiogalidisiancedenlatad &opt outprecdge serdiic e handsHOrREl 48bY s agai n
simlar to those showmn for FIGS. 1, |A) 4 and 6 and againh a predeterm ned
di el ectri cadditiomel mhtefi2l2 & Ukledricd som@ehionbetivzen eavdhi ofithiibdndplaad @i N varyi ng
t hi cknesses. FIGS. 7, 8 and 9 show single aperture electrode plate 70 and

the use ofasgoddhied platedsYs éc‘éo%li%ahmﬁhgﬁ BRydida] Béhtdd befRhicéh BARO/INRNt Of
the differential and conmon node filTer of the present invention. FIG7

shows the %S\Q&@%ﬁ&eig%%%é?%k?g)%‘gejrcgg&c%gtoaﬂégtnyﬂ%tpq%FI G 7a being the front and

FIG 7b bei'ng rring to Fect r ode plate 70 is

conpri sed of i.,al 72 having predeterm.ned. electrical properties, such
Ge b di ol ect ri P 20PAYE YaT SRR RN agd Feramonpegeelilipitldy A5 72

is nolded into a desired shape 20 which in this case is a disk. Aperture 78
i s di sitbsedh shrsebgyhatis] reprepasdrtiopldgmentoating thatfdwer & pestvédssailowgttodoreduct or to
pass. The front of electrode plate 70 i's partially covered by conductive
surface 74cdpacicorSathetweenlaat icouplahock]&2ried ovriductoes D2 &1d 1Bdrdndeatverlingfto-

el ectrode plate 70. Surrounding aperture 78 is solder band 80 which, once

heated, W bouadBRiaitdrd 32Ra@ @ubledWRiw&aAAE et e flirTaeededticauahdansstiore 78
and electrrcally connect the conductor 1 9 JUL 2002 29 to conductive

surface 74a?cﬁ§f@?éﬂ né}gux{H)k’Yt..tRlsE | l%wx? B d sg?d ﬁr?e%lfﬂngﬁct%cf?ﬁe&'ﬁfcgﬁg?@gﬁ%eg if 0 1s

. S
simlar to side in th conductive surtace 1S a

material 72 in. h a fashjo s.to provide isolation band around its
outer peri W@f%&afy%lsf%‘ﬁ"ﬁ ?ﬁ%%frﬂtﬁé"#?rbaxtassqcffég’egbré?‘toﬁer((i.l&ai‘éﬁ\%%r'surrounded
by isolation band 76 to prevent any el ectrical connection between

el ectrital condft&otbsshawd acquagvehsmaticsafrthapiysital gnbadimenefiddicyd Ognd how

it correlates with the capacitive components shown in FIG. 2a. Line-to-line capacitor 30
is comprised of electrode plates 16a and 16b where electrode plate 16a is coupled to one
of the pair of electrical conductors 12a with the other electrode plate 16b being coupled to
the opposite electrical conductor 12b thereby providing the two parallel plates necessary
20  to form a capacitor. Center comn‘mn ground conductive plate 14 acts as inherent ground
34 and also serves as one of the two parallel plates for each line-to-ground capacitor 32.
The second parallel plate required for each line-to-ground capacitor 32 is supplied

by the corresponding electrode plate 16. By carefully referencing FIG. 1 and FIG. 2b, the



el ectrode plate 70. FIGS. 8 and 9 denonstrate how nmultiple el ectrode plates
70 are used to create differential and common node filter 90. The
construction of filter 90 is simlar to previous enbodi ments in tHa& Jgoggpn
ground conductive plate 98 is sandwi ched 10 between at | east two el ectrode
plates 70 to provide the parallel plate arrangenent necessary to forma
plurality of capacitive elenents. As sh in FIG 9, one electrode plate
70 is coupled to one side of conmmon ground conductive plate 98 with a

second el ectrode plate 70 being.coupled to t 0 ite side of plate, h 98
and of f set C%pa ﬂévt"d’#@% r%]?téodisﬁlg ﬁ%ﬁﬁﬁ@&‘%ﬂﬂ%&ﬁ*gf%x %’?@85 cﬁ%tﬁH‘EfH’P‘BPE ge¥Rdang
92b to pass through one el ectrode 15 plate 70 wi thout interference &oll1
the other &Pegictizgalag bt Bomeaelelstteatictpdate héa epdswitk meitattal 38 havingon gr ound
conductive plate 98. Although not clearly shown it should be apparent that
conmon gr owhdtrcahploptrities tid @bt BS dapsditaeserapay Ravigsa ¢dmpbedride bypaed
positions which correspond with the associ ated apertures of el ectrode

plates 70 t@paitbPyo &hekdifid batlveePBIIUGLAT ot as
shown in FI GpB. 20 Com‘rnlng gr oﬁnd coﬁdugﬁ?‘%%?%?g?aeg%gli'sﬁe)?r\@ggl%a&sblgarn provi des

i nherent gr : ' onnect e o_earth or.signal..groynd if
desi redT5 Fa@?gﬁ%hﬁgb%@rlﬁﬁﬁg}%ﬂ@%gl 081\/\72ﬂ‘cflletjc8{n°§8° ngu%tgr @%m%gf’l"yw X tpI ed
to a structurer@()]?e means of physically coupling electrode plate 70 to
common gr o8 ¥otfducti ve plate 98 is shown in FIG 8. Sandw ched between
common ground conductive plate 98 and el ectrode plate 70's 19J Ul 2002
30 backsi de i s dohaent greurd Buwibhbecdesovited ihestre detad haterdsit far tho tichedbeingat
surface 74 of the backside of electrode plate 70 aid the correspondi ng

surface of meyrOMcRyiatlnthecoRtiGtd Me iPlsakivaRnt \MNaRhGeBRAsG! %ﬂ&Gn@.' TS eSS
plate 70 to comon ground conductive plate 98) electrode plate 70's

backsi de al uenfAGRR 4RHEA CERPAIALIGGFErfinof BHTRA HRANAY. pROLNGL | ve

plate 98. The sa ani cal coupling neans Is u 0 ctrode

pl ates.,.Sol der band 80 is also showny for each el ectrode plate. 70. which only
coupl est %one°BP T IvRe 8?%%??1% §f°u\£{g ﬁﬂﬁ‘@?ﬂ?’%plﬁg’éq%%ﬁ edﬁ8 Cirf prcarth
respective el ectrode plates. The arrangenent of common ground conductive

pl ate 98 an@oBidR) faBOp MepRsSSuPD afhp solderantg orimeunting|seiedsanserted EHPvEl node
filtering between and |ine-to-ground decoupling 10 for each el ectrical
conduct or 9f2stering apdinrest}ewblich amr then caipladodenfentlbant nggiosndeutdnpdis efwd by
conductive surfaces 74 of the front sides of both electrode plates 70 which
act as the ¢ladtatd] @bvipd. aWdsle diff@etipand ¢mime® Hydedillel fvwerksadqaally wekhwith
conductors 92a and 92b or line to-line. The line-to-ground decoupling is

provi ded by; GeRRUEbIVEI SEBULRRGS edidh 6f ciRARRrGIRCLAOSR aRlapt 87 ARerd®lsi Ng as one
capacitive plate and con’m)rg ground conductihve plate 98 15 acting as the

ot her parallel . cltive. te, Th arall el capaciti provi ded by
common rouﬂ‘ﬁvsgéﬂa?@yk%ugggﬂg e"%f’lcwglﬁ"adérég&oé@ea'sorﬁ l%lh}e{&cecﬁ%sa round 96,
provi des the ground decoupl i connection for each electrical conductor,
92a and 92b. Dfﬁ@gmﬂ&”&a"‘a}ﬁ&q@dr%%@ﬁl% aturq @l ffgrNUM ARA CPMMANERCd ang
9 is advantageous in that its construction is rel ativeI}/ sinple and its
vol t age andfibien i0dmdemamsitatadd ycdpdavise and counterclockwise flux fields, 24 and 26

respectively. The direction of the individual flux fields is determined and may be mapped
by applying Ampere’s Law and using the right hand rule. In doing so an individual

20 places their thumb parallel to and pointed in the direction of current flow through
electrical conductors 12a or 12b as indicated by the arrows at either ends of the
conductors. Once the thumb is pointed in the same direction as the current flow, the

direction in which the remaining fingers on the person’s hand curve indicates the



20 are only limted by its physical structure which may easily be enl arged
or reduced dependi ng upon the desired characteristics. Figs. 26, 27 and 28
di scl ose doubl e aperture el ectrode plate 600 and the use of a p1&d£lﬂﬂ& of
such plates in further alternative enbodinents of the differential and
common node filters of the present invention. Referring to Fig. 26a,

el ectrode plate 600 is 19J U~ 2002431 conprised of material 616 having
predeterm ned el ectrical properties, w material 616 being nolded into a

desired s - sh L i first. si fo~doubl erture
eIectrodeggﬁgfg(gggmpgﬁgwgwﬁ%ﬁgqugi%%%§ESQEC#H§V358®§?§H§€agaaﬁgg%bnd
apertures 602 and 604 each including an isolation band Q6 which separates
t he apert BPELORGUIRAH 1 Qfe othen @pT RpTeseht aprele ogrenh lagpaasiaurd wanegty M8ubl e
aperture el ectrode plate 600 is shown in Fig. 26¢c and includes first
aperture 802 dnahnagonfgiratioisnthisandentd @nzrdg sed kaving diffdremtéal 660dicathment | y
connected to second conductive surface 610 which spans nost of the second

si de of dewddesilaPeOLLY SppReftherds cRlabhe offikd Wuk RelddQIBNCORELIGACObther
i solation band 612 which runs along the outer perineter of plate G00. Fig.

26b shews fiirSt: G ' ' L I i de
conducti varaampiniel fHiake Cos i8R ER A BRCEE! e LEPHEL e T 55,
| sol ation d 612, l.ocated along the perineter of the second side of
ouble. apdAFLIneS & BisriRgaeed sieh Baopeeghges B pysSiisuihecd Tra FetPRFital | y
isolates first and second conductive surfaces 608 and 610 from one anot her.
When two Ereds ynacedptadedokiansrspikeasdichnes ogly tid managed by s ortickipes swiges 602
and 15 604, only the electrical conductor passing through aperture 604 wll
be el ectrideaicky connected to second conductive surface bl0. The function of
doubl e aperture electrode plate 600 is identical to single aperture

el ectrode plat g 40304 bk Byt thdt 146 hlmtemv@&wctéibffJﬂrﬁm@ﬁréﬁ%b ¢el ectrode
pl ate 600 does not have to be arranged I1n an offset manher to all ow passage
of oppQ@sing electri,c cponduct or s was..sho and described f.or Fig. 9. 20
i o B9° s RO eHE Rl LS e LRl e e B P ool Gl R 10 ueh fiaftipsen ©o
create differential arid conmon_npde filter 626 which i s acconplished by

el ect ri calayPreyidaeeR Fa5Y aPRGOd Shisravepeihed pEmandasiiine BecausscHBecist he
first side of each electrode plate 600, shown in Fig. 26a, faces the first
si de of tHmlppgrsistiorhg neddedo cober epiapelgntcaliconduciarst? topravisieiavbiiengptiazlce 608
of each electrode plate 600 electrically connected through 19 JUL 2002 32
means knowdoddcdupéingcipasitcharmiswadotienobRdderddoaplindadapesors, hiend aml dphcest
conductive surfaces 608. Two el ectrical conductors, 618 and 620, pass

t hrough thg.aljegned apertures of each double aperture electrode plate 600
with electrical conductor 618 electrically connected to second conductive

surf arcllg 610b of Fl%?fsté\é\g\'g% c%lrnca‘Ptaﬁac)Gnoc()) fqgg E'l(ljanglg Q131101Inr #rﬁgA logggegzﬁg}feqé lﬁ%ﬁ?enc

el ectrical |y conne 0 Seco conauctl surface ectro gfplate
600a. Follow ng the same principles set forth for the differential and
common noREVSIRLHIP GERAFErTA! ‘Q%@E‘ﬁfr"é%\éfﬁiusidh{f%‘ﬁ?‘i”gﬁ?& FopEn SRR bt 98 81
surfaces 608a and 608b form and act as a common ground conductive, plate

whi ch pr ovihg@sesant inpgnsoantThgesmphchpws it £hiprcapacitar 50 configured line-to-line with

a value of 82 pF or chip capacitor 56 having a value of 82 pF but configured line-to-
ground, both demonstrate varying non-linear characteristics. On the other hand filter 10
20  configured in any of the following ways demonstrates significantly lower linear insertion
losses even up to frequencies of 100 MHZ: (1) with line-to-line capacitor 54 having a
value of 82 pF as compared to conventional capacitor 50 having the same value; (2) with
line-to-ground capacitor 58 having a value of 82 pF as compared to conventional

capacitor 56 having the same value; and (3) line-to-ground capacitor 52 having a value of



and commode node filter 626. Second conductive surfaces 610a and 610b of
each 10 el ectrode plate 600a and 600b act as the individual conductive

el ectrodes formng two plates which nake up a differenti al capacugqmlﬂmz
coupl ed between el ectrical conductors 618 and 620. Second conducti ve
surfaces 610a and 610b al so form common node decoupling capacitors when
taken in conjunction with first conductiyg surfaces 608a and 608b which act
as the inherent ground. One advantage to doubl e aperture el ectrode plate
600) as 1 r ' : e elect e plate 70 shown in
Fig. 7) isgg at goggﬁggééggggkﬁg%ﬁ5?@ﬁ%§gégﬁ%é§§FgggpIate I S unnecessary.

Fi rst conductive s%rfaces Oga and 608b act as .and formthe comon ground
conducti ve pl at &1 #fergaig pmdadimentalihe areseriamyasHoy isaliffercatet dnd comeopl at e 624
havi ng al i gned insul ated apertures nay be positioned between double
aperture elreedernode-qindeasr 00 1anstioeAMDFIGS!. FHiewr 100s Singlar @8G1te2Q0tod pr ovi de
an enhanced i nherent ground with a greater conductive area for distributing

el ectrical RiGSseanddAhR#at itO0€orthp@sd Jrayhshality P ushsh RRGRIANEIEHE HRIMC
devices is the continuous mniaturization of “equi pnent” and the el ectronic

conponent s i : i . i S he ent in
differegtigﬁbgﬁga 0nﬁ@ﬁqﬁﬁgﬁ&Fﬁﬁ€%@559%3§?%§@$5L§%9b§§ﬂ59§§%3§%£ﬁ§@3 have
been no exception and their size has continually decreased to the point
wher e t hey g’/‘%C%ﬂ%ﬁa?#wmawdaﬁacwhésia%cwrtaﬁiaﬂgw%@watcé&cmfbui ts
only seen with the use of a mcroscope. One mniaturized capacitor which
has becone Rty gfrpavabéslectnsaltchadutions, o plaavn mrFiwhd bt sirsilaitgrietircant | y
smal l er than standard through hole or 5 | eaded capacitors. Chip capacitors
enpl oy sur faadunmerilabed hRioblagyh inFIGRY $lasdl Ay Andseibed kirlieafdr Yhecodiglepdirt 0
el ectrical conductors and traces found on circuit boards. The versatility

of the archichecdisy 81t&f1otshb&ndh ﬂ(f?.rl‘?@Bwon%&&%mtiwgﬁtési 11befonbicivee 10

present invention extends to surface nount” technol ogy as shown in FlG

Sur f acq o [ td . mpde filter 4 i hown. i n..Fl 10a
w0 kel SEE @ pf g AP ERB R Bnaleede s Sl EBRPUG 40T 6 2700,
conmon ground conductive e 412 is sandwi ched between first differential
plate 410 e sEEsh e mhw%ﬁ PISASCENRgY CleeipithsHAgFIETFFS SBHURFATIGETPI at e
412 and first and second differential plates 410 and 414 are each conprised
of mat eri almagoalnfayritegnaesaly MO Gitene matern! apd sineared palyerpalhiaa mataisbnEadhe

mat eri al chosen. As for all enbodi nents of the present invention, Applicant
15 cont enpl @ttbs pluhdity o€ carhman gesundtcgnddictivapiatdsdll 3 hssig plueditp uf insgating i t ed
to dielectric material, MOV-type material, ferrite material, filmsuch as

Myl ~ar and sRWares@AAtih WhidhSEAGE Sorfdhetbragass il hiehtfaing@lactial [sondon Fi 1 st
differential plate 410 includes conductive electrode 416 coupled to the top

surfac f hd [ LGh; hS 'Qﬂwgaﬁg lit
surrouﬁlingﬁ?ﬁg oﬁ%gé%gﬁcggﬁFﬁ3$@5ﬁ8$Q ?gg%?ﬁ¥§$ggéﬁkggf plate E%éﬁgfgng
three of its.four. sides. |solatjgn band 418 is sinply a.portion glong the
edge of mt 8 TIEISEEORTSOT RS BRG] cBd OPE B BATLL] PEEIBEeY bde. 416.
Second differential plate 414 is essentially identical to first
di f f er ent i amogifigdeemsion of thp elepsodolalps desaribrd ind1G8s! pykdcal orientation
wWith respect to that of first differential plate 410. Second differenti al
plate 414 is confoipseddofmuitiiemndapenddft doashiaige electrodes for each pair of electrical
conductors, a support material 116 comprised of one of the materials 122 containing
20  desired electrical properties is used. Support plate 116a is comprised of a plurality of
conductive electrodes 118b, 118c, 118e and 118h printed upon one side of plate 116a with
one coupling aperture 120 per electrode. Support plate 116b is also comprised of a

plurality of conductive electrodes 118a, 118d, 118f and 118g printed upon one side of

plate 116b. Support plates 116a and 116b are separated and surrounded by a plurality of



1 9J UI 2002 34 conductive el ectrode 426 coupled to the top surface of
material 430 iii such a ma~ner as to |eave isolation band 428 syrroundi ng
the outer perinmeter of second differential plate 414 al ong thregs% UL 3087
four sides. Wiat is inportant to note about first and second differenti al
pl ates 410 and 414's physical orientation with respect to one another is
that the one side of 5 each plate in which isolation bands 418 and 428 do
not circunscribe are arranged 180 apart % om one another. This orientation
al l ows each el ectrical conductor to be coupled to either individual plate
410 or 414 cpmmancgrowist ¢pndaeivenrated HiZe Thedairs oSingdining dlectoeat sondistdre padho
first and second differential plates 410 and 414 in that it to includes

material 43@vew thrrespomding elenedietpaitavieli® Glteod®. 421hok@h aotlons, tiR diésriap
surface. As can be seen from Fl 10b, common plate 412 has two isol ation

bands 420 i | . te, 412 is: aligned
n bet ween T Lo SR eodREhsTpp PR b Rl RN Qi iaprdye | 0"
i sol ation bands 420 and, 42 aligned with the ends of first and d
i 11 or ent i APVHAL 6 IR0 A GoR G T CHbEheALe ARl TEH sl Basaestional

three plates) common plate 412 and first and second 15 differential plates
410 and’ 4140 ngoaperungs 13k gnd ippelatiig apsrdies tlil 4. The esramenigeoundtdendeaiivepl at e
and therefore when the plates are stacked one on top of the other,

conduct i ve pdtect i2adeodi@taticn wislot@idactiver dddvtodesTprdachnududhipéfosh esdennaley 424
by the backside of common plate 412. In a simlar fashion comon conductive

el ectrode 4Rdsdnte funOlicH £¢Idci0me pR1GUEE hYE1 6 SatInRde afld Ay the backsi de of
first differential plate 410 which is 20 conprised of naterial 430.

Referring now t I he copnstructi.on of surface gount differential
and common rmde%fllgl' ? élr]g‘g%ﬁ:tn\‘?\ﬁ%f“l?c %‘ééﬁa}tﬁ‘r%toﬁBF'OFG"’&W?[BE%R“I&FC%M c‘))r[r’ﬁ%t% a|¢g)(l1 ate 412
and first %2& second differentjal plates 410 and 414 are sandw ched

t oget her adtid¢rantia) apd commog mogdsdaviirrondwdandlics 1 ef themmesent ingeHions dilG.
coupling electrical conductors to the 19 J UL Z002 35 different

el ect r ddes use s@heniati¢ lofjaer arctapecitarempy ¢dh dEssentialyan plusdityloédapagitetsr f ace
mount differential and comon node filter 400 through first differential
conduct i ve 18ante &ovednnd s@pivido dné heutkeitto arovidesbuahow gronat d34 &G antalyd3oar e

i sol ated from conmmon conductive band 402 by isol ati on bands 408 positioned

in between \}@i@ngﬁerﬂl@,%mn41943agﬁbvﬂ&@-fo§o€@mg eSRBEEAE iR cRAND A0 cafdditor
i sol ati on bands 408 extend 360 around the body of filter 400 to provide

| solat s 408 extend 360 . er rovide

404 and_ 408 ot ey o ERRecie bRty AR St PR S B 0% cover
ds 432 d 434, tively. B f [ back forth FI GS.

T0a and LoDPBRESLBERIER GObBlise HEEPAT BN S e PREEa L e Seon.

First differential conductive band 404 including end 434 nuintains
el ectriléal denmtaliygonnededctonadividuslelasirant eodocwis whi ch does not have

FIG. 5b shows a schematic representation of differential and common mode multi-
conductor filter 110 having four differential and common mode filter pin pair pack
arrangements. The horizontal line extending through each pair of electrodes represents
the common ground conductive plates 112 with the lines encircling the pairs being the

20  isolation bars 112a. The isolation bars 112a are electrically coupled to common ground
conductive plates 112 providing an inherent ground grid separating each of the electrode
plates 118a through 118h from one another. The corresponding conductive electrodes

118a thru 118h positioned on support material plates 116a and 116b, both above and

below the center common ground conductive plate 112, and form line-to-ground common



i sol ation band 418 extending to the end of first differential plate 410.
Second differential conductive band 406 is electrically isolated from
common plate 412 and first differential plate 410 due to isolatngﬂg%mﬁ 422
and 428 respectively. In a simlar fashion to that just 15 descri bed)
second differential conductive band 406 including end 432 is electrically
coupl ed to conductive el ectrode 426 of second differential plate 414. Due
to isolation bands 420 and 418 of commo :%Iate 412 and first differential

pl ate 410, second differential conductive band 406 is electrically isolated
from first AderdsEplingIcapaciioss. £roh pie, compon gpounde | 4ap! 1 2omdmuppert pedrial
coupling of commobn conductive band 402 to conmon plate 412 is acconplished
by the physpilaal | iGawptilngb,af separhes] #aGtid othaubpdidaeniiunbicviel NdVABR fifter
common conductive el ectrode 424 which | acks isoiation bands al ong the sides

of comon pligtecohhicted & pRicAtcHIHE@l 85idhE6Al vid fe‘cmp%'gaﬁel-aﬁ-_escm%%@%e&ti v

e
el ectrode 424 fromfirst and second differential conducti ve bands 404 and

406) i sol aty . J ZOOZ 36 carru .ate 412
orovent ang i BERode R 188 EnElase, Ak AT BB MERRLR Sy
differenpti conductive bands 404 and 406 with conmon conductive el ectrode
424, As®wi tHP'RS CBRATEPT enbodi ment s of the differential and common node
filter of the present invention) conductive el ectrodes 416 and 426 of first
and second di f f kgam redtripgas E8G 41 auaidorddidtoadiiteatl Cais shoven hovihg net only a
differential node capacitor when electrical conductors are coupled to first

and second cdhtef edifitioh roRANGHEEd e phad iR K4uRPEoARBN ghdud-coAd@HtiRY Pehtes
decoupling capacitors are forned between each conductive el ectrode) 416
acid 426 r eqf.l olalgagnal n ' QﬁﬁP [ Ldes

t he inhereﬁﬁgg?gdﬁggﬂfgqﬁ?%i lf'gﬂ§§Sgg§§;§?E§%§E%{ I ?éégﬁgpgpngﬁﬁvgonnnn
node filter 8 ich.is a further enbodi t o e filter own.in FlIG
10 “The catPiiey! boyidst Jar ey B Rpbiifin Jnp hllSgh itk B ibecona
differential conductive bands 446 and 450, electrically conpect to

el ect rdfe pitighwaionss radigfed glectremagnetic gapssioph PERIeS? Hedlgicrnkiace Asea o
conductive band 442 and common ground conductive plates 440 is al so shown
wi th the 15lissaye ahd/éreabsorbeovisevoltpgeh atrgepandowicoadlieffactivelpans a44 Faradapot
continuous for 360 around the body of surface nount filter 438 as was shown
in FIG 10.shimdt Meis ispanikilagy dué Wheepreallebie@imébn kiotnd 4a8iwefivé-plates112 and
filter 400 of FIG 10 is that filter 438 I1s conprised of a plurality of

el ectrode afig n6OMERACH A GANBUSHCLY Br BAr BSuflfifih aftidste/NHE1i¢d AponTtee
advantage to using a plurality of comon ground 20 conductive and el ectrode
plates is thggig%eatquﬁa(ﬁghtance val ues are obtai ned while keeping the

si ze of surlf'acé anW% TSP 438 to a nini mum Capacitors) like resistors,
cats be placed in series and ipn parallel. Vhi]e,ﬁhe oYer |l resistance of a
plural itdy of resfdbBRY Varatier pllhe presedneghenyl dgeRtial AR GPHEAR MRfiCues, the
opposite relationship exists for capacitors. To achieve an additive effect
capaci t or s muii-cdyeluploaitdr 630 shamalih &ig. B2t Filené80 has been optimized for use with

computer and telecommunications equipment and in particular has been configured for
use with RJ 45 connectors. To obtain improved filters performance, filter 680 includes
built in chassis and circuit board low frequency noise blocking capacitors in addition to a
20  plurality of differential and common mode filters. As shown in Fig. 22a, the physical
construction of filter 680 is substantially similar to filter 110, shown in Fig. 4, and is
comprised of a plurality of common ground conductive plates 112, first and second
electrode plates 676 and 678 having a plurality of conductive electrodes to form multiple

differential and common mode filters including chassis and board blocking capacitors.



1 9J UL 2002 37 another which filter 438 does by having a plurality of

pl ates coupled to first and second differential conductive bands 446 and
450 and common conductive band 442. As in previous enbodi ments, 1 gafjeryg
454 having desired electrical properties surrounds and isol ates the
plurality of electrode plates 448 and 452 and conunon ground conductive

pl ates 440 from one another while inparting its correspondi ng el ectrical
properties to the differential and commod# node filter arrangenment. FIG 11b
shows a schenatic equival ent for surface nount differential and commobn node
filter 438 fsnttstritedrfel atlicaratboginhaitsyeemnnioher@indrahidoivefplaeshitn cgrdudtide
conductive plates 440 and the plurality of electrode plates 448 and 4S2. 10
Bl ectrode plediGiesih, a0 645260 SRERIRIRELDIEHd N @eR! £ 1O cleBEich

respective conductive bands, 0’'a ectrical conductors are then
coupled to first and second differential conductive bands 446 and 4SO with
o ural i ¢yobdlord Bl S utel o Shel e SRaRR At HeRlnarren B fiout de
one overall capacitive val ue coupl ed between the electrical conductors
provi di ng lanpdet by matgsiall 3% eTe rralize parbedacadttemynedriectpralchpiagigrigicsdenmon
15 ground conductive plates 440 act in conjunction with el ectrode plates
448 and54571teo680,axiirdall bihaeehbodimentsdf degoesehi ingentidpatiztenial 1 etaneansistach

el ectrical conductor and conmon conductive band 442. The plurality of

common gr OLUT@i&&ﬂ%&?FérHt%s,%@t\ﬁﬁlpé%tér?ai Bﬁsiﬁ‘t%réd%\)ic‘?ﬁ%ﬁﬁ 3R ESEmepi ch al so
may be connected to signal or éarth ground tl u-ough” cormon conductive band

442. Agai n, [,cal jLect fthe.present 20 invention.all ows
for nuner oﬁag]grﬁ%gﬁﬁ%ﬁ% péagé?E‘;'ymgﬁuéjﬁ%;i?Rg‘r%hr%gFlﬁ]ﬁ"glélrm%?pzeﬁllug{le@ge{ﬂ / (l)éﬁl their
si zes, a mﬁ?e range of capacitive values and filter characteristics my be
obt ai ned. FIREINCRL CUHMGIOrRASHIMIEE mntyBing pleciu b spBHER frogLsqEmen g
differential and common node filter which conbines two individual filters
into one elwotwaivepladohibnEnobtaintthe hdditichabehassid end borod noisablaskingnunber  of

i ndi vidual filters can be 19 J UL Z0OQz 38 incorporated into a single

el ectr doi c cpmis filtebsl eémplbRd a inddifledweRidnost thSelb@iodeiplatteelf Kig. hvo
individual filters. FIG 12a shows one interconnect arrangenent with FI G

12b through 12e gi 8&kasdd@r Fheal iRtRovat nRlifAd [Mdsnabe RIPFRBNS fHHimber
conductive layers. First and second differential conductive bands 154 and

| 56 . -
|0, 1 (oS uBAl P BAEL AR Bl B R5u 3 AP SORBRTLNEIY 1 80GBANNS
Muf ti - t f t filt 160 i I. f [ 166
havi ng. pr edBeRiAREaHE et AR csspnoFbperdanats 85 el Budt Bl BRes s

di sbursed in between the plurality of electrode and common ground

conduct i ve isayadeaip ofdimstand gecond dordnstiveelpatrodonhBR aglb§bsand tdeeking elpgtyode
connected to comon ground conductive plate 10 163. Wat should be noted is

that not5 oné3g, doesinAdpIpbs ant sidevf aippbattuterisl t i @l SecondpzorodsplaictdTBs a
single electronic package but that the shape and arrangenent and/or |ength

and wi dt h Ofafié i5bf ARAaREGLAH GntihaneMd-ablGarlUal ive :haBReKkE41RNdat 56 and

comon conductive band 164 nay be varied to acconpany any type of printed

ircuit b f int desiraple, T : , |
Cequi a1 o0 Bah Bl BETbhERE or Mo f SIHER 1 & AP 8 TEaRARASaST 2 001

and conmmon groungd conductive .
glrates %96 and g78 are then separated and surrounded by common ground conductive

plates 112. What differs in filter 680 from previous embodiments which allows for the

20  combination of differential and common mode filters with built in chassis and board noise
blocking capacitors is the configuration of first and second conductive electrodes and
blocking electrodes on first and second electrode plates 676 and 678. First and second
conductive electrodes 686 and 688 of first electrode plate 676 each include one coupling

aperture 120 disposed in the electrode. Blocking electrode 682 is formed to partially



pl ate 163 while maintaining electrical isolation anong one another. The
concept disclosed in FIG 12 could just as easily be extended to

i ncorporate 10, 20 or 100 differential and common node filters if desired.
Mif ti - component surface nount differential and common node filt&@ JUQoi7s
particularly useful for providing filtering to 20 | arge data buses
typically consisting of 32 or 64 data Lines. These data buses handl e
digital information at extrenely high fr¥quencies emtting |arge anmounts of
el ectromagneti c energy and are al so extrenely susceptible to over currents
and vol t ageusoingeSrswitidedaceraincod anmge elecroddsta’y apdds glasd chlud@@-h?lurﬂitg%-f 23
and 24 di sclose applications for the previously described surface nount

19 J UL ZQ!QS%Iﬁ@lé]tabétw ’llﬁgﬁa‘@odprﬁngiagwér@ g@pﬁsg&{gﬁ%ﬁéhggt 1€ BY8 is

S
representations the applicatron I nati1on of

differential_ and cenmmo e il.t.er 400a coupled in parallel wt

di fferenti é‘l“’“g‘ﬁ% ‘8E‘WSEEC%@EeP‘%/‘%JEi‘%‘h\/‘EéFS% %thssfowcf@agmveﬁwr greesl ﬂd“gt h
differential and commpn myde surge protection with increased capacitance
nor mal |y n&P250BEPanHaBIe i and W’Cﬁ%wdé@sveaﬁl@ﬁédeﬂ:ﬁ&ﬁ angF$8medocking er s
400a and 400b physically stacked together such that first differential
conduct bve ebemtrdde d8¥b6eoremapbondiditowaln bloekiag tetectradd §82c cupisedkatly shawnamBiganot her ,
second differential conductive bands for 450a and 450b are electrically

coupl ed t 0 208ewRéHoRpRUMRIweRA RTINS cHRMAHGHduna cBh@WRAs e PaINeES] 14488 ahd d
442b are electrically coupled to each another and represented as 443. As

the 10 phy.ss'eg d cﬁ&%ﬁ%éﬁﬁe{s%e? gﬁdg éﬁt%raﬁaﬁl c(a% %E?osﬁg%?re%&sl FhbhE ?Adthé’f‘! th
t he exception being t el ectrical characteristics o e material 1n each
used to separate .the various nductive el ectrodes) .isol ation ban 444a
and- aaan’ of paipylFy AbmrEo GRS shasap SRoIARGEH oA and HORAI RO AT s ant
contenpl ates conponents of the present invention that are not physically

i dentical d189dobaynytraditienad &3P pemsrbrerdteussioadenusehiorn epaesiar pRRliGRlen. 15
application in which the conponents are used. The benefit of the physical
conf i guat iloshaad saindtad thamapplicahi ¢dneemspletes cthapamdighisatiofs b heondueserand
invention is that they can be stacked saving space within circuits

consi st ent pibéking OectiddRPdependiRUBHM 1R REFEONhER P lvifhd hidinbehweat Qhed The
result is shown in Fig. 23a where electrical conductors (not shown) would

be 20 l.ed: i i ; ; " g
cecond di T 1y SRCrar wRaiahEh §linGhidtoty SFARMELRKE B RE SRR Raufiéeo an
di ff tial d de.filteri . i..on, '
Conbi nati on | npr SO BAeR i & Rep R e T DBl Rl Pasg gt

it nmbi ned with oy | t d tection. Fig 24 _sh
n”al t or nat STERER BEH] 6P HPENS 4 0F FL BB HRES e PRses § 6 B Red

between first and second 19 J U ~ Z002 40 differential conductive bands
446 andl 5450Adhowfhfthe elentrical coaduttare arembsend,olég AW shows that this particular

embodiment of filter 680 is adapted to accept eight conductors in accordance with RJ 45
connector standards. The interaction of the various conductive electrodes within filter
680 will now be described by refering Figs. 22a through 22d with Fig. 22b included to
further correlate the electrical representation with the physical embodixnent of filter 680.
20  Fig. 22d is an alternate electrical representation of filter 680 which should also be referred
to as needed. Signal ground (SG) for filter 680 is provided by the combination of
common ground conductive plates 112 which act as an inherent ground. The physical
separation of the various conductive electrodes of first and second electrode plates 676

and 678 by the conductive plane of common ground conductive plates 112 provides a



surge/filter 400a with the resulting electrical representation show ng the
line-to-line capacitance provided by capacitor 720. This circuit
configuration again increases the effective capacitance of diffemquMg%wgnd
common node MOV surge/filter 400a. As in Fig. 23, electrical conductors
(not shown) are coupled between the conbination of first differential
conductive band 446 and first conductive band 724 and the conbi nati on of
second di fferential conductive band 450a2@nd second conductive band 722.
Figs. 38 through 40 takes the conponent stacking shown in Figs. 23 and 24

one step fuubdraniabyroahdglinddort Meer 680 Wi idhdrERILRLd & 2 BadnE MR ABHe
filters wwthin a single 10 conponent package. Milti-conponent filter 806,

shown in Fiagen 38 oniof rA@iid Qyétfeoqnzi%[ﬁgfipgdrﬁﬁg?nﬁg@?{%%sgﬁ%#%esrﬂﬂg?g %?% ! ot her

enbodi ments of the present 1 nven n- exce %s is
doubl ed, tripled or,, nultiplied t he nunber of conpgnents being _stacked
within a sidhﬁglpé%c%&%%ﬁbfﬁfgﬁé&fk@gégeﬁzﬁ‘gse%@dgwmsmt%?%w%agtsaﬁ afaadani ch
make up first and second filters 814 and 816 of nulti-conponent filter 806
with the péhisld ppteengthgifdies fropeextermal el¢dtical noist pnd preyersimguadibyordefghed | i ne
818. Both the first and second filters 814 and 816 are constructed in a

si m | ar Smasaee byEaeh680.0 ter is conprised of a plurality of common ground
conductive plates 808 with different first and second el ectrode pl ates, 810

and 812 for fil tredfedihg taffd \&ﬁéu@ggctﬁég cbRAuctdrs grﬁ'ft sBchBn ﬁﬁﬂgﬂkﬁgﬁgtﬂ n

bet ween the vari ous common ground conductive plates 808." Eac he comon

ground 20 i S. 8 t f.irst. and secqnd elgectrode pl ates,
810 througﬁ&%ﬂgﬁ %e#gh?o‘bn%heﬁfg%gﬁgfﬂgﬁ%ﬁ du Sﬁlea{}%ﬁ??&ﬁt‘gﬂ?ﬁe%daﬁo AHavi ng
predeterm ned el ectrical properties usin? vari ous techni ques known in the
art. Wen t998NGE] Bhrrngh gpuplingapstusesatiodd Tian and seneaf cerdushvaplesisaden §86
predeterm ned el ectrical properties (not shown) is di sposed between and

el ectri cal |apdi688irespestivehe Elactricalsogdaterd 4and 6elrecimected plravgscdupbng one

anot her . 1 9J !l L 2002 41 As shown in Fig. 39, the result of internally

st acki ng fiapsturanidosecondiclivé tlessodtt 49086t 8 Lreksectibell. 0oRdWiowQIad 7 are
differential and common node filters are coupled in parallel.

Mif ti - compaiaghtctdd dh?&ffhgcgﬁplié%‘é&hr' 3! %? tg%locﬁ%gaelrl‘&tr%ge cbF g?%‘f‘gg“g%“” first

and second filters 81 nd 816 W t e first “el ectrode each

filter, 810 and .81 nonl. oupl e first di fferentj.al nducti ve
band 822, tﬁ?@glécé%%rglad“gl%g%F P'(S'Hgﬂr Icé’?‘ﬂgcq%(#t oNé CP\”ﬂi”&r%“é‘f? 1§§d°§%§gjn§ommnl y
coupl ed to second differential_conductive band 824 and all _of the various
conmmon gro ?P“@gﬁéﬁ%-t Méwr%@e%gc?&%elﬁwc@@emiwrﬁéaeef%%ﬁb?rsﬁnd
conductive band 820. Fig. 40 shows an isonetric view of a standard surface
mount conpohéatenpaliybyytheiintersiion o hfifst indcaprohenmdudtivetedsctigdes 4% aad 98sed
wi t hin. The package 10 is covered by insul ated outer casing 826 except for

t he varlisouswhiohduicdsi oppoding flitad 3€ toriroi lisd-eclined cdhditor betwakn B clrichk @nhdB86rswi t h
external circuitry. Wile only two filters are shown internally stacked

Wi thin a si 5‘%@6.C?HP%E@&!c&ﬂEh%ﬁEaéu&%@'gMﬁ@éci@é’éﬂrﬁﬂ% ffo@e f'ﬁt@Hh# tod\Hh

conmponents being internally stacked and does not intend to be Timted to

t he enbodi ngnt, shown,in Figs. 38 .through 40. articular 1 |'ication
of the i nt el Relo MRk FRICH R orBitagy Pt ion B AhLe R spr R,
capaci t ance . _ . X

electrodes 686 and 692 with common ground conductive plates 112 which forms line-to-

ground capacitors between each electrical conductor and the inherent ground formed by

20  the plurality of common ground conductive plates 112.
The same relationship exists for electrical conductors 4 and 5 which are connected
to first and second conductive electrodes 690 and 688 respectively. First and second

conductive electrodes 690 and 688 form line-to-line capacitors and each interacts with

common ground conductive plates 112 to form individual common mode filter capacitors



filter coupled with a | ow capacitance filter which results in a broad band
filter having inproved filter performance across a broader frequency range.
Referring to Fig. 38, first and second differential plates 811 and 8J§ mZ
second filter 816 include smaller conductive surfaces 830 than the
conductive surfaces 828 found in first filter 814. By varying the 20 size
of the conductive surfaces of the first qﬂp second differential plates,
actual capacitance values of the filters tan be varied. Mifti-conmponent
filter 806 i.s th ombi .nati,on of hi.gh capacitance filter 814 and | ow
capaci t ance 1 qaflg?]%%tf alvﬁolnﬂ“c??fe IE&H‘E‘i"ﬁBt“?@W pg‘ﬂ’é\}‘iyd%f r‘?b&eée%ti”iéﬁ‘ common

muf ti-conponent filter 806 providing the benefits of a high capacitance
filter w thmadsidigesccreateshby thequisrstiopbetvsemthecerious conguctivg alecaods 2@ Fi gs.
41 A through 41 Dis an alternate enbodi ment of the stacked differenti al

a~l d conmon comgienfgrbirer @ndoctaveglaed, ehaoiRPAN8Bird PakkdERK aditdrdirg Slso 38
t hrough 40. Multi-conponent filter 900, shown in Fig. 41A, 1s configured in

the same magggledds th@ﬁnétaafdﬁ%ﬁcﬁlh{ni@rggeﬁﬁcﬁ&orﬂﬂgi YIIBDL PP Aokl of i o-

38 with the addition of additiona omon ground conductive p s 912.

Fig. 41A:sh i talized [ayers or .plates | C ke. up first
and secéfr;]d % ?%%{rélrﬂeg 6§?fn glﬁi’g“gF ol is fril%é%ﬁf)o&‘n‘gﬁst CWF‘Et\é\?{(’Q‘gﬁg&fvﬁafhe poi nt
of division beéllgeen th& two filters shown bifbsdashed | i nes 922. Both the
first and s&EBARFITs | B d, bath ofhichree sleeircihseannedtedithropgh copphingipchtifher .
Each filter is conprised of a plurality of common ground conductive plates
902 wi t h di fl2érdehlocking stectinde 42 therby dorelieg bnopleteplf dicamiseddckanglc@aditdror
filter 914 and 905 and 907 for filter 916, sandw ched in between the

vari ous COMMHZ ditie? phde SOMEUB1sk BRCRINBBFacHBE is FaiRd By chRfn oI @indutiehe
conductive plates 902 and the first and second el ectrode plates, 904

t hrough gp7gjéﬁ5ﬁelfmﬁi'cﬂfxﬁgra9[rwﬁl§ Bﬁgﬁngg%@trgde%@p%ﬁho B%tlﬂ%ha Xﬁlg,g.
predetermn el ectrical properties uSing various techniques owr in the
art. W th arious | ayers re stacked, additiqgnal nmaterial havin

pr edet enfi nedee i aL e TLERYE SiEY PR B eibonse Fodine pRosers mEe YR
electrically isolates the various ground and el ectrode plates fromone

anot her . As 1N§rasHeR pberinaap 8eiund sprdustye alitesHddand hlopkige elestrade 687 Bathy) ¢
of internally stacking first and second filters 914 and 916 is that two or
nmor e di f f er g¢ht chdssianed beardblocRBDgmoite chpdcitorssallamethe ouyptentigionng foraleddly. As
shown in Fig. 40 for the previous enbodi nent of nufti-conponent filter 900,

filter 900 i®niméiegrdpndéoddutiie fads $ET@BE dabhdigvdy 8dcbupled tEEbWbIbEkihhdpw
first electrode plates of each filter, 904 and 905, conmonly coupled to

first diff erf?ﬁfgj.licgéa’ é%&!?ﬁ'&h‘?hb?é@ ﬁ%ﬂﬂﬂc%%ﬁal éa?xg(i:@ﬁ(gﬂg_&’ct@ﬂs?%rsg%rwc%ﬁ?era{tiaﬁac h

filter, 906 a 7, commonly coupled to s Ifferential conductive
band 92q and all of the,v ﬂious
&5

conduct i Ve pl"&@TTBHHE %roquqoga%ch b&&#ﬁ%’ﬂgg’?éﬁﬁgcé&c ﬁ%‘??‘%gHQ%hemm
ground formed by common ground conductive plates 112.

FIG. 6 illustrates a further embodiment of the present invention which provides
input/output data line pair filtering for a large number of electrical conductor pairs typical
of todays high density information and data buses. Differential and common mode high

20 density filter 150 is comprised of a plurality of common ground conductive plates 112
containing a plurality of insulating apertures 114 and conductive electrode plates 116a
and 116b each having electrode patterns 118, insulating apertures 114 and coupling

apertures 120. The stacking sequence is reflected in FIG. 6 reclognizing that dielectric

material will surround each of the individual plates as described for previous



band 924. The various conductive bands are only identified in relation to
the schenmatic representation shown in Fig. 41 B. Al though not shown agai n,
the surface nount packaging of nufti-conponent filter 900 is idertdga] 24P
that shown in Fig. 40 for filter 80G S where first differential conductlve
band 822 is equivalent to band 918, second differential conductive band 824
is equivalent to band 920 and comron gr ¥pd conductive band 820 is

equi valent to band 924. Figs. 41 C and 41' D list and graphically represent
t he attenuatlog characterlstlcs of both a single differential and conmon
mode fil t er™P4H bresent invention and nulti 10 conponent filter 900
shown in Figs. 41 A and 41 B. The first colum of the chart in Fig. 41 C
lists a range ofFlfeéh fressgisemaitesafiveoanptoavhiin whicholfferkmia aad coiion rhadeh
filters attenuation characteristics were neasured. The second and third

col utms i n Hrglgderdity Gltee PSESEIMes am@wﬁﬂgwxl{@@@dﬁroaém@t@vélab@mléﬁeem the
single differential and common node filter configured rated at 0.1 uF. In

Fig. 41A a ghag aﬁc@to]gryfndjdnfdflfjxfgg:tlfn@l A Qﬂhﬁﬁ A a%?erﬂgﬁjﬁdf Iely %rafx sghown at

916. Colums 4 and 5 repr I on aracteristics
of nufti nent filter, whic of. 0.1 uF filter 916 and 4. F
filter 14 CPURRLEO ae?a@&abwe@ TE%?%%&*@Y!H@& Rty afipsplatigggperties %‘gures
shown within colums 2 thru 5 of Fig. 41 Crepresent attenuation values in
deci bel s. ©onduaiive eilﬂs;trpﬁfeplateséh%ﬂmohlQﬁhfezﬁlaﬁmérremcptwemé@sradeaatiqma)m7a

| i ne-to-ground or from X-to-ground as shown in 20 Fig. 41B. Colum 3 is the
at t enuat i orthonhll7ac tBach séndncrieadedtade Hraoen] X94 tr@rehunde wheatninga pluslidy ahd Y of
Fig. 41B are shorted. Columms 4 and 5 were neasured in the sane fashion as

colums 2 anghidinyd dgerards U afd bAIphe g hptréOraria pade At ine lpdbioRs Ralond
points X and Y shorted with the atténuati on neasured from X or

i ne-to- grcmanq I t e t ation
curves for l ?gxgﬁé&n&éct@rsgép?ﬂdﬁ%b%ﬁ)ﬁg liggg%'r‘{te f”&ﬁ {jﬁ% ofte F—t?c% 41D
the result of |ncor orati addi tj onal , conmon_gr ou conductlve Iates 912
botweer 1 rSnaiiiRaB Bt P Ruiey M G R b Gs oTa R 6o RRe SRS, BAPIBSE £ om

| ayers of filter 900, is to increase tire resonance point of fi lter 900 to
a hi gher FriguareFIGTHA inersin siawar to theseahpwn forkl(ESd bal Ayt a1 anshagsin gr ound
conductive plates 912 gives filter 900 inproved crosstal k and ground bounce
per f or manceprafiéttrniatd dieleatricngatedlalil2R emadunfds ehah dfnthengid ividuaé plasssnin viweyinppt
opposite sides of filter 900 fromits ground to any printed circuit boards
filter 900 fhgckaedsps €ed. The additi onal comon ground conductive plates 912
provided to the bottomand top |layers of filter 900 also maintains the
differenti al and I day
cage effect. Il::{i(g’;;;é‘rr gggl scﬂoselsn%gdzﬁ) {?hﬂé& {j #’ﬁ%@%‘ﬁﬁ ‘feggaét(lﬂ% aﬂf‘
conbi ne dlf ial. and, conmo

coupl o i Wﬁp Bl tﬁr&asévepqréﬂpoégn%@tf%épfsrﬁn?%ﬁngﬁeﬂla}onw?c}e o6t ang
one on bottom822 of filter 10, to forma filter which conbi

di f f er ent i athearescaiomHeHion FECIshgws Bregwecsides af alseiradepaase p\Y‘é“’fEIﬁ dRibageas
shown with reference to Fig. 23. The conbination as shown in Fig. 25a

provi des t hthelfforft and FEG. ZFchedny thgdack Radféroimg ngFHait7a, éledttogle pdatel 7BV
conponents to be conbined while the

comprised of material 72 having predetermined electrical properties, such as a dielectric
or other material as described earlier, where material 72 is molded into a desired shape

20  which in this case is a disk. Aperture 78 is disposed through electrode plate 70 to allow
an electrical conductor to pass. The front of electrode plate 70 is partially covered by
conductive surface 74 to create isolation band 82 about the outer perimeter of electrode
plate 70. Surrounding aperture 78 is solder band 80 which, once heated, will adhere to an

electrical conductor disposed through aperture 78 and electrically connect the conductor



conbi nation allow ng for through-hole coupling of electrical conductors 12a
and 12b. The enbodi nent shown in Fig. 23 did not require separate MOVs
because it was configured for surface mount technol ogy in accordbhddl @0 h
the present invention. The enbodi mrent shown in Fig. 25a is necessary
because MOV conponents having through 20 hol e coupling apertures are
generally not available due to the detrinental effect the apertures have on
the overall operating and cost char actef?stics of the MOVs. To allow for

el ectrical coupling of MOs 700 to the el ectrode plates internal to

di f f er ent i Bl coafctyssreacentid Referingmow0o Féholn tierbagkgjde of elediode plats U fsace
rnodi Ccations to filter 10 are necessary. The top 820 and bottom 822 of

di fferenti sniang theMRNsiI®HEA! doh@ictidO stdiee 74 idadhededds nill8Za143 P8R a
nodi fied, as shown in Fig. 2sc) to replace one insulating aperture 18 with

t | u- oughhok.g; i ng- S . Thr ough- hol at ed coupling
aper ture 7anar it SESLRLAAICARER #3 5 0AF s SHErPRUREE ieRE RebEie
correspond ith opposite.electrical .conductors 12a or 12b. Although not
shown, eacﬁo’\é\qﬁ’%m@'ﬁg%? ngﬁ %‘FQH“‘%G?P@“‘W@“‘HH@P%‘ JPdo preyens any elackicel i cal |y
connected to one of the two el ectrode plates enbedded within differential
and coronconrsgelian batween deathenl epydugloroandmyndhative sidade Horfrikebicksidobf

el ectrical conductors 12a and 12b to the respective el ectrode pl ates which
forni a |i eleettaleipste d0f f erenti al capacitor between conductors 12a and 12b.
To allow for coupling of MOV 700 to the top and bottomof differential and
common node fil FRT:S.180andtﬁ‘ﬁ%frﬁglh%wjrgulﬂ}:ﬁc:eg&\t,mr%?%ﬁfaiéggloaaf@?%grt(fcr%i'ﬂ%

i ncludes strip 824 of conductive nateria one o Wo contacts

of each 400 1s el ecte-ically,.c ted. Each 700 i ncl.udes two
Cenninal s B4E ATy S PR on K Y bct i Sar et #5 HLGR SRS ner
circuits. As shown in Fig. 2sa) termnals 830 of both MOVs 700 are

physi cal | yP%‘ﬁ’{H)”éF%‘(’:’Piji“(‘Fé‘% i thal GpMAWNEs WK fan8HGtiye pilie Phissapdwiched
differential and comon node filter 10 through 1 s standard neans such as
appl i ch i ohetyfeers afl Ideat twWa elecButeciates etoquptide thegamlio! pldicfdrengemérdl and
common node filter 10 is electrically coupled to commbon ground conductive
pl ates 14 ascesfapyud formbl Wurality ofeapacitbles:] dRdht0f A eaviNNVIG09, @reldehyst cal |y
and electrically coupled by solder 710 to conductive strip 824 which
connects t gl TRlsTolipiSd Y bk Sideof @RRESH Ar¥EnEedRAhE vedlat 98 WM Plecdrd and 12b

which in turn is connhected to the interhal 20 electrode pl ates of

differenti de filte . .re ' i n: i 2sb and
consi st s of EREBRE e B Rupleti ¢ e Bper R deRE e a8 AR S ot o
protection in parallel with differential and nmon de capacjtiv
filtering I5&% P& Allow electrirleonfigrtors 8Ra sl Y lorpags “}g?‘c,ﬂg’fsc BHB‘E%M ors
12a and 12b are electrically coupl ed. 19J UL 2002 46 Figs. 29 and 30
show alf ur phate 7Givitbontanievisramot fromabarpbaesicctode phte? reenpleddpftheerpesital  and
conunon node filter designed to provide a strip of filters for varied use.
Thi s speci fside ofesm@ion ol candectivetphatérd.t Altkauptunt oleady sladwionistouddbaect or s.
As in other enbodiments of the present invention, strip filter 642 is
conpri sed Qb e tHit@bhinYorPfrofnd WHIRA AT RAHE Y8 SRNME hhMfureY iAtReicRBindt h
first and second el ectrode plates 662 and 664 sandw ched in between the
various co 0 conduct,i v tes ot [ il , in
FRVRSE LR SRy pifafe Sl Beries itk pletis oty

Fig. 29, hds T our " Set's onmon o : comon

ground condyctive plate 656 is ched upon support . rial 616 having
pr edet er m “&agﬁ‘i‘]q”E'é’FS %ﬂ&@ér95-f’é%9asa§"aw§wsc§ %W“t“lr‘:? L@éhout t he
specification, so that 10 portions of material 616 act as insulation on

ei ther 28i de of dZwhmengrayvmdgrudist ve P sevnss ps andepregBleninhareshgipua 8tnd
extensi ons 660 extending to the edges of support nmaterial 616. The vari ous
first and seigiointhaglbeecbhmdednb atidls othghabpebuad & resieed | Baatehoprapdrioes 821 i ps  of
support material 616 so that each el ectrode plate is surrounded by nateri al

616 except figy Fh&YI0NBLE nhERSHRTBuALE NLARNEL! ORE nidind bepisdaEsy Of

support materia ca~~"be seen 1n Fig. 29, €ach el éctrode
extension 666 of each first _electrode plate 662 .ext in.an o it e
Grrection redRiieEegruHBa0egFuhgPE st Sorh e E REI RS ShAPn IR b

el ectrode plate 664. The arrangement of ground extensions 660 and el ectrode
ext ensi ons B8EwiehedbetweEssafmingurgrauidreondndive piipa} rd plsciErdeinbig 788 a

conveni ent |ayout for electrical conductor coupling is created As in the
various ot her



20 enbodi nents of the present invention, each differential and conmon node
filter included in strip filter 642 consists of a first and second
el ectrode plate 662 and b64 sandw ched between common ground comdygyj Y
pl ates 656 with additional material having predeterm ned el ectrical
properties (not shown) disposed between and electrically isolating the
various ground and el ectrode plates fromone another. Fig. 30 shows top)
1 9J UL 2002 47 bottomand side views 80 strip filter 642 having first
and second differential conductive bands 652 and 654 runni ng perpendi cul ar
to tile |engichsdofs sideporid SvatvRichalhefhGatadh disdrégbtcbydviee kaided oImid t he
top of strip filter 642, as shown in Fig. 30a. The bottomof strip filter
642, as sho ki i old rface
MekiiBe BT QectARd (%212@ 7%2{% #R6rr oh@@gﬁgﬁ%%e?ovfgbhlgl#dg é)réwé%dj

nmounting of strip filter nmon groun ext end

vertically up . the ends.,and.onto the top an ottamof strip fi]ter 642) as
i ndi cat ed bﬁﬁortdﬂ‘gw @35? SR %b?ﬂéﬁ"@ﬂ“é‘ﬁé e eﬁ”?‘?@g@.&wg@éo SRS .rOB&HJo?Ct“idB‘H&’IC
common ground conductive bands G50 are al so found on the top and bottom of
strip filteplaGAB, pigetrede plae J0' bagksisigralivaysrfaces dye ehareapanding sifelofieommmone
sides. First and second differential conductive bands 652 and 654 extend
down thé 10gwond esrpinniiveygateiode Thefsame nicphdriiddl esufithg mddne v wkgd tfdrebotiar i ous

el ectrode extensions 666 of each of the first and second el ectrode plates

662 and 664elkQrdle®Fittd. CRdSf bARWRD & A1Q HBGIn'fof ERRRFcINE: ﬁl@f&%ﬁi\‘.ﬁ oﬁ@nds

t hereby all owi ng connection of external electrical conductors to t

various int I tes of, strip fil 642.. Far purppses, of
ciarity, ¢ b Be BEHIANE ARPLAT o Ebie s ansBby BiRip TSl e B8 B 564
and first and second 15 differential conductive bands 652 acid 654 incl ude
suf fix desi BRES Ihe ATENBEPRABRAAPMITAIN BIPEH condycbveplpte S80M ehtctrodeplatss/O
differential and common node filters included within strip filter 642. Fig.
31 is a furpreerdeekaeqd-nofifferantip! molle Biterbirbankeahandivleddasoant dddaglingnal
first electrode plate 662e. By adding au additional electrode plate strip
filter (812 6araciosleadcaroadiceordaafd ozuinied diferedtigicthbdAlterirpnig dedodiishén
exanpl e of an 20 application reduiring an odd nunber of electrical

conductors b$ coddueiit agrabkéd 15408 rbar si&s%@o&%%ﬁ@éﬁat%(ﬁ@hﬁcb{BEt%'tﬂmé’ have
9 or 15 conductors. While not shown, the only difference in the top) bottom
and side vi f ' iLt.er 64 wo in Fig. 3l 1S b addi tiona
conducti ve ggﬁgaégégggﬁa%ﬁé&§¥Cﬁ%ﬁ%i@%ﬁﬁ%ﬁdBQBﬁ%d%B%ﬁﬁﬂé??gémﬁgﬁﬂ%q 0 19
J Ul 2002 48 would be added to acconndate the coupling of. the additional
conduct or s. BnadEinkneriorEpuRs deORRg 1p Prided gy Rl B sotpaced Tae ﬁ@fﬁui ng
second el ectrode plate, electrode plate 662e fornms a |ine-to-ground
capaci t or bélegsedt platgd0rachngiag one qapapitayd plgte@nd commn LPWWHPNdbEIHGIte 88
pl ates 656. Al though a correspondi ng second el ectrode plate to first

el ectrodg plaatirey £6Re othsr parsiés] ngpacitiviefpdntenThaparaliel caparitre pladerdviidddarni ng
still takes place between the electrical conductor that is connected to

first el ect ool @beAGRABANG Y 98NEhiek sdrles &liRfdE bR EIAS tgOuD ed

to second el ectrode plates 664 Figs. 33 through 37 show a nunber of
o ons o T SAARERGRIo 345 ARG Bha s 550 o, and comon
Differential and common mode filter 90 shown in FIGS. 8 and 9 is advantageous
in that its construction is relatively simple and its voltage and current handling capacities
20  are only limited by its physical structure which may easily be enlarged or reduced
depending upon the desired characteristics.
Figs. 26, 27 and 28 disclose double aperture electrode plate 600 and the use of a

plurality of such plates in further alternative embodiments of the differential and common

mode filters of the present invention. Referring to Fig. 26a, electrode plate 600 is



10 Referring to Figs. 32 and 33) strip filter 800 is conprised of a
plurality of common ground conductive plates 656 with first and §§ﬁﬁﬂd2

el ectrode plates 662 and 664 sandw ched in between the various c L2002
ground conductive plates 656. As in the previous enbodi nents, strip filter
800 has four pairs of contacts for the sane differential and comon node
filter) A 4A SA and 8A for electrode,plate 662 and 2B, 3B, 6B and 15 7B
for electrode plate 664. Each conmon ground conductive plate 656 is etched

upon support material 61 in redet em-i ned .el.ectri cal operti as

di scl osed f%rpg%q‘ﬁiootﬁmtt?ﬁai 62@%%‘1”?5 g’&ﬁ%Bﬂ‘}m%‘%QFﬂﬁfal;?6911@?16‘?75""8% “ﬁaé‘f’éarll%iﬁ 616
act as insulation on either side of each comobn ground conductive plate
656. Unl i kBeipganaldgsoinioredrsyed sionp shawirheys as bong hdisligh 815t sidaohdarble he
common ground conductive plates 656 has portions of materials 20 616
extendi ng hpsrgtréelesteoderplae 0TS shodr i0FipC dom@md igelodasdireamd et dndeappitates 656.
The first and second el ectrode plates 662 and 664 are also forned on strips

of support 60RbRd b@ ol CrchRiAdR isbRBoRb AR 0BASH; P SpRrudiflc SAUALUNEGH Ry
material 616 except for el ectirode extensions 66b Ich extend to the edges

of suppert g I ddi 1 onal t.er.i,al 7.9 JU. 2002 . havin

or edet o mi SOELE B0 R sk R Hac TR oS lniE hmsofe et tissT2He 60 il At

el ectri cal ?/ i%ol %%es t he_vari ous common ground conductive plates 656 and
el ectrode plarlsapsycldes Bharegire ¢32dnvgdsalainnhand 68p and)sqcond apertipp | s
advantageous in that it provides greater connection versatility with | ow

i nduct ance 604 drpgyly @Bnetiesio seemd coonductive aurdacsiéde whidhvapans mestrdfphd sdcord 800
having first and second differential conductive bands 652 and 654 running
per pendi culsgie df dotithle ap&@ngé Eigciafde e 600, Wit 1BE exdepfdPofisslatbn Birid ¢12

overl apping onto the top of strip filter 800, as shown in Fig. 33a. The

bottom of  siyfitiPruhk hicRk tl?t%ﬁcr?:%dﬁ@&%{ H@tc%d@: 6-‘3g3§6b Isfow'rsP8SMRILBSvE Ne top to

all ow for surface nounting of strip ter 8 Common ground conductive

bands 0 t end t.icall t he end nd onto.the, top _and bottom of
ori s FOP, SRRl YELEERR ottt 18 Ba BRE AN SR 14 il BRn B e CaMAE
differential cond cti(}{e baggﬁ 652 and 654 extend down the. corr&sgondi ng
si des of s@PFFelecEpPdaipte 0P oliokyon Band a2, fsated piamgibyrerinetenlitihs 666 of

each of the first and second el ectrode plates 662 and 664 to electrically
coupl e to tsheind sidesyielouble eparbimelelectrads hain 660, tphesiedly separaiss aed elspincally on of
external 1 S electrical conductors to the first and second internal

el ect rode picstesfirsEhgbsecdl @ndudiveshdiced 6081aid€Y0 Rom e arstherof t he present
invention in strip filter 802 with the only difference being the actual
configuration angmef hiRDd18dHON cHdulcliPs YA RGeS SCHIAd orPdp RS0 BE2 GRS Of
each of the first and second el ectrode plates 662 and 664. As clearly shown

L0 p038 ik aoRy E Rl Bl BRI B RieR bk BB BefBANP] ( ne

strip ters’can be arrange S pricati | ter 804,

as shown in Figs. 36 and 37, is a further_enbodi nen | ch enphasi zes the
comon grmﬁﬁ’&“%é‘?q}loé&?ci”gr?fmw‘é? F?rﬁadcléég'ﬁbgp‘@&‘mé%‘i‘w\{\{gmﬁg%r m&?]e
conductive plate 656 is inprinted or etched upon support material 616
havi ng pr eduete6R) ieiderticattorsingdg apsrioprealedtvde platoihshoradndig Jesith By n t he
19 J UL 200 50

difference being electrode plate 600 does not have to be arranged in an offset manner to

allow passage of opposing electrical conductors as was shown and described for Fig. 9.
20 Fig. 27 shows how multiple double aperture electrode plates 600 are used to create
differential and common mode filter 626 which is accomplished by electrically
connecting two double aperture electrode plates 600 so the first side of each electrode
plate 600, shown in Fig. 26a, faces the first side of the opposing electrode plate 600 with

first conductive surface 608 of each electrode plate 600 electrically connected through



art, so that an elongated strip of material 616 acts as insulation al ong
one side of each common ground conductive plate 656. The first and second
el ectrode plates 662 and 664 are essentially the sane as in the pgrleyijopg
enbodi ments except that el ectrode extension 666 of both the first and
second el ectrode plates 662 and 664 extend fromthe sane side of the

el ectrode plates as the insulation strips 616 extend on each the comon
ground conductive plates 6S6. Fig. 37 ws top, bottom side and end views
of strip filter 804 having first and second differential conductive bands
652 and 6B®aRUFHPWIGINGbe pesudicasisaldet 622 melttdberivien it twodpstrcondudtioei al 616
and slightly overl apping onto the top of ship filter 804) as shown in Fig.

37a. The baificos6@f. FTwoickeciridat &ndbrs, 858 sRDETD, b_ﬁhsﬁh@ugﬁﬂ@,ali}ﬁed heertheessame
as the top io allow for surface nounting of strip filter 804. In this

enbodi meng) e LRRARGIR aglél%{'@Qé&f’rﬂ&ié’n@ta;evé%o%ﬂg?lIggggzrﬂ)&ggg\%z%rv @tél&%4a¥lyUp the

ends and onto the top and bottom of strip entire
enconpasses_one . side of strip filter 4 s sho i ig., 37c. As with the
rret anacoutoia el shtdufve sirie o Dot dindasieRatiudis diicds mon
ground_ conductive band 650 al so extends onto the top and bottom of strip
filterd15cenductr 830 eteglsicplly connspigd o mcov%eom@v@wrgicqélomwlmwﬂp glateat i on
of strip filter 804 is particularly useful in applications requiring a

| ar ge gr o6fta.pf dlveving ifehsaaetpsinaipla sshioethdorathe differaapdbhécafimabsordsi ng and

di ssipating greater anounts of heat and el ectromagnetic interference. FIGS.

14 acid 13cdhits@hRSS the plebdl BiveRIOOdirsiRBhdRhive setiticke be8d il 60RB G059 BRPILL 20
node filter formed on a filmor Mylar-like medium This enbodinent is

conpri sed (4 i C St f ] pl ate
480 1 oi | oved Bprion PR ¢SRaAAReTANE i BbuRer STTRPeRLEY DA RAMHELAE, O
common ground conductiyve plate 480 and second el ectrode differential plate
500, then aaaB?fHE}ogwiﬁ?Srﬁlér g&&dS%ﬁélﬁ%@WBV%M{aées Klg and g1{b 266%‘%1 480.
Each plate is essentially conprised of film472, which itself may be

conpr il8ed ebfctradgplatsedO0a fandafelr acilas theundivaknabeandngivel slentiodes foomiagl teio)

wherein film472 is conpletely netallized on one side creating a netallized
pl ate. Usiphged wlieh snakpaptal differenfialrepaltbt zaghldupdeeweal eledtecal esmduetbrs 618
(denetal li zed) in predetennined patterns to create isolation barriers. 5

First diff.aaendi stcdridbRdutdVe IdFadedB10,A5Rr610036d Hh3Pkahh@A Rederdeesiplhg2 and
466, which divide first differential plate 460 into three conductive areas:

el ectrode ol el 4

G 11 or ont iap P ShEHAR-EEL AL ol LRATRD, SHEREE 8 MEROSTIRRT o
it has two jsolation barriers 506 and 50 ich divide secqgnd djfferential
bl at 6. 500 AShTADE FIEEnE BiKa0: B Adyaiee B rattr atst biCuSGTREathiact r ode 10
502 and common el ectrode S08. For both first and second differential plates
460 and 500mpaEd|tathosinganpeeirs ewerodenlats 6 shewn ésEgnt | 'althaf aler#igied t o
create el ectrodes 464 and 510 which enconpass a | arge area of first and

second pl atoasneébgroand cafiictive plhepe dniexedsaty. diirsbesduetiege siBfacen@l8B8@6d al | ow
el ectrode 464 and 510 to extend fully to ends 476 and 514, respectively.

Ext endi ng 4088mki &ndtfban thdoniién éﬁsan@a@ix@@@v@;ﬁ1@zen&ﬂmlirad,4a7s4:§mcé 512 and 15
extending fromisolation barriers 466 and 504 are nenbers 473 and 513.
Menbers 474 mmon ground conductive plate 624 having aligned insulated apertures may be
positioned between double aperture electrode plates 600a and 600b, as shown in Fig. 28,
20  to provide an enhanced inherent ground with a greater conductive area for distributing
electrical noise and heat.
One trend found throughout modern electronic devices is the continuous

miniaturization of equipment and the electronic components which make up that

equipment. Capacitors, the key component in differential and common mode filter



and 512 extend perpendicular to and outward fromthe ends of u-shaped
isolation barriers 462 and 50G at their points nearest ends 476 % d 514 and
menbers 473 and 513 extend perpendicular to and outward fromi sol éin2007
barriers 466 and 504 respectively in order to fully isolate conmon

el ectrodes 470 and 508 fromends 476 and 514. Also, both first and 20
second differential plates 460 and 480 hg e isolated el ectrodes 468 and 502
formed on opposite of ends 476 and S 14 ; i solation barriers 466 and S04.
Common ground conduct.i ve glate 480.i ncl udes i sol ati on ﬂfé&jers 482 and 492
whi ch di vi d¥T4NSRNERAS GG RECTLINENFEPTIQNAN AEIE SiZ8 h2S sonEnpHedscregsrde dhs e
surfaces: 19 JU 2Q0 52 common el ectrode 488, isolated el ectrode 484 and
i sol at ed el pntslse oy mawbafeonad in Shéatandnmbeddedorithid 8Regiatdd 49uitsronly
vertically adjacent to and in parallel with the right and | eft edges of
conmon gr oustdn adthdlie hise/ef bk escd B . Ooinknhikis okt dapici o i @Y 1gs $8conad1hi %92

al so include nenbers 496 extendi ng outward and perpendi cular fromthe

vertical segfi a8 i§t1ﬁfch§§%l.8§£iid?%¥?a{ ifsisf‘géx?ﬁct%ﬁg{/%S’ué}qw&d@mhﬁ%hgb%ﬂﬁd o

when pl ates 460, 480 an 0 are stacke are a ed wth t

and socond DR RRRRs Gfincal RS oL Bbt RmRleF e Bl 80 g

comon ground conductive plate 480 can be optim zed for use in filtering AC
or DC si gnaflctricalpf eamngst tp sleginsplcondyctars@nd gracesdounyl eregirquithogrdshdve are
optimzed for use in filtering DC signals. For DC operation isolated

el ect rodes #84atdnylofid ardguectuee ofaehg diffetdntiel mdeamandrhmnde HheromT tyr paset
conductive plate 480. Wien the filter is conprised of a film nmedi um and

used for fildveniiditeAéndsitdBatmr ot /LRSI EHEIheNESn $83. B HHde mRami re a
greater area which is acconplished by etching nodified isolation barriers

486 and 490,: ' [ ISPk at i .on. [ : : S 494
etchgg cl osteilrf?-e{?%é?éf#edr&ogllr]l X%f"g)?glrﬁﬂgﬁa lé%%‘ﬁ?éﬁ%“?%%ﬁéd@gﬂﬁg conduc?ir Se

B per BondFGUTEFITR TvEa NGr | ok ere@oeALO o0B, FSHgER Al PO CTKEPBE

version. The greater_ area isolated el ectrodes 484 and 494 provide better AC
filtering cHégéﬁc%aé¢W§bFQ:b§YW&m Aot gifessntinbplatesh Piagd serond diffrevialiplater4 1t er i ng
to both types of current. 20 FIG 15 is a cross-section of film nmedium

di f f er ent i alCoamdorcgmonmd coralhetitd plaerd1340d diestiand seedno tliftergitial plhics $10andd bt es

simlar to those shown in FIG 14. As for the surface nount chip enbodi nent

shown in Fl Gre dabh chmpRyedi Sifngdtenid i43b havife aevimeBRIARIAl propéreits &Hendamn updrs 0
consist of nore than five plates in effect coupling capacitors in parallel

Ty 200 Rl eogs 1SHabc e, e ML On o
protectijye Coy el e 300! v R N AL IHT DR AIBUE RS FniPlaTh Riect&ic
material, MOV-type material, ferrite material, film such as Mylar and newer exotic
substances such as sintered polycrystalline.
First differential plate 410 includes conductive electrode 416 coupled to the top
surface of material 430 in a manner which leaves isolation band 418 surrounding the outer
20  perimeter of first differential plate 410 along three of its four sides. Isolation band 418 is
simply a portion along the edge of material 430 that has not been covered by conductive
electrode 416. Second differential plate 414 is essentially identical to first differential

plate 410 with the exception being its physical orientation with respect to that of first

differential plate 410. Second differential plate 414 is comprised of material 430 having



foll owed by an el ectrode plate 460, followed by another common ground
conductor plate 480) followed by the next el ectrode plate 500 and then

anot her conmon ground conductive plate 480. The previous sequence of

al ternating ground and el ectrode plates can be repeated to achi eVg JUL 200
addi ti onal capacitance. Shown in cross section each |layer or plate is
conprised of a film SS8 possessing a con gcti ve netalized upper surface S56
whi ch have isolation patterns cut into t netal surface with a | aser
creating isoI%tion 10 patterns 554. Term nal conductive bl ocks 550 and 552
are conpri sEdIBtIvsE et A6 aarlsdierhe Wpdaras alapatemal A8 b syl mpRper as to
penetrates into the filmextensions to provide a highly conductive

t er mi nat i onlesanisolstiombarmi 428i seeronediag the olitee perineres b Hsesonkkditferdmtid] plae 4deat ed
by stacking the different plates in a sequence that has every el ectrode

plate 460 Oflosr&biRUBGEHIRY WRITP MnbraHNe fofyhiGt iMEaml flc68d di3Rr&Sial
pictured in Fig 15. The 15 el ectrode plates 460 and 500 are offset from

each ot her . C Lve plates to facilitate ed

Corni i nat i ot Kb BT PR G RGN GH Eos Tl el Brisub T B4 ot
differential and comon node filter configured and optim zed for use wWth
el ectri @ mot% é’?atﬁrg‘g&chés‘ﬁ%t"é}r‘?“ Sr‘élaaa”@r“g RJGLSITSBRICERE Bt a81388¢d bikagnet i ¢
em ssions. This fact is evident even 20 to |aynman) as nost peopl e have
exper i encedanagrfFim§nea aveiberurhhds eragnsationrallbwe machoflechricad perdauciango beeupiled ton
set and noticing "snow' fill the screen. Tlus interference w sh the

tel evi si on eithedimlividudliptateheC br OEGN LI Kotk ssi ons from the notor. Vacuum
cl eaners are by no neans the only source of el ectronagnetic em ssions.

El ectric notors abgmtifslate 419 idsiblifar %%%stﬁfctiﬁgi&ﬂﬁsl ¥ dechfd 8 FIMUHRG! p1gfes hOMe
appl i ances such as washi ng machi nes, dryers, dishwashers, blenders, hair

dryers. In i tdon, - t., aut hiles. ai.n a _nunber .of .el ectri tors
to control ?ﬁ(ghvé %&s‘ﬁ{{gs‘dt%‘ﬂg}‘s‘?s Bt 8‘&@3?@””&%“88%}0%?“ (éqnéig%tr‘\fec&%%foggﬁ abl e
mrrors retra(ft abl e antennas .and a whol e host of other fﬁagctio‘r;s. Due to
the prelfal efuplasl tgritsdppsyniace. wsican be sora fram Faskih, eammep platghbd 12 WRi ssi ons
standards there is a need for differential and common node filtering.

El ectri c noiselatipn baeds 4280ndeh?2 ipesitiaues 4t opposjte snddh eCorimos pdghe 41 bistaligned me
preferred enbodi nent shown in FIG 16 it is essentially a rectangul ar bl ock
conpri sed obetwtgfirddland 8stohddlfgemiaepiafes a1 Mumd4r4 of thpyiesletien banded20 and

el ectrical properties. FIG 16a 10 shows the outer construction of filter

180 which Cﬁf@hx%ta?igﬁéd Fith Icd &9 Wk &Fst BhPSH o di@‘ﬁ}e@n’iih?ﬁlaé%l@ﬁﬂd R4 which do
i nsul ated shaft aperture 188 di sposed through filter 180's center,

conductive 18 nd..194 n conducti ve 16b
shows a si dgg{\}?azl\ffv'% atﬁ)lnldntaé‘?s'l‘gg%vﬁggwSbcog}"rl%rh %}r/?eﬂ? aaglg?l r%‘%g‘gjg%al%\t}e bands
184 and, 194 d co n conductive band 186 being el ectrically,and

physi cal?y Adisrential pltescOand “4h de Ret havis apy HPSOF PoRRICHYe ﬂﬁ%aézibs'i‘ea%‘?"h
posi ti oned between the various bands. FIG 16c shows a cross section al ong
line A of FpBtesu theefom vdich thr poico ars stasketiomeesot top of e qihgrs¢aminctive
architecture of the present invention is conprised of conductive el ectrodes
181 and 185 etcirbdecooisotned Gom soenedrecdndadteveldadivandiM b adt backdiéd ofen.

Material 182 having
common plate 412. In a similar fashion common conductive electrode 424 is isolated
from conductive electrode 416 by the backside of first differential plate 410 which is
20 compnsed of material 430.
Referring now to FIG. 10a the construction of surface mount differential and
common mode filter 400 will be further described. Once common plate 412 and first and

second differential plates 410 and 414 are sandwiched together according to the

arrangement shown in FIG. 10b, a means for coupling electrical conductors to the



predeterm ned el ectrical properties is interspersed between all of the

el ectrodes to prevent 20 el ectrical connection between the various
conductive el ectrodes 181 and 185 and common conductive el ectrode 183.
Simlar to that of the surface mount embodinents of the present3iJHvdW{ion,
filter 180 enpl oys conductive bands 184 and 194 to electrically connect
filter 180's internal electrodes to electrical conductors. Conductive

el ectrode 181 1 9J UL z002 s5 extend%SfuIIy to and cones in contact
wi t h conductive band 184 to provide the electrical interface required. As
shown in FI&ffenest elegiinies susle iarluded. olblectrisal candustarperessoupled té sirfage mepupbne
in contact with conductive band 194 which is coupled to conductive

el ectrode 1di%ereAlibhmdgiontdn mbdu\ilierc@imBougofigudiffesaiiel @udnate bh8d 464t ends
fully between s commopn conductive bands 186 w thout coming in contact with

conductive ; ' [ c ' S
186 to si gngﬁrkg@%dgﬁ‘ﬁ&g?é%ﬁﬂ?&gw ?Ibe%é;\g@gb]hgg%oﬁﬁggﬁg%%@ F%lﬁﬁlgﬁo han
t he i nhere roynd .pr.ovi ded by, COmM10I 1. conduct. v ct.rod 3. FIG 16d
is a schema %ng @gﬁ)ryégoelﬁ(t’%{‘[d?a&'ﬂs %{)98 Qﬁsl‘LfOé‘FéHi ?We%{h%“g%%oﬁtof}rﬂﬂgd‘é ectric 10
notor filter 180 showi ng conductive el ectrodes 181 and 18s providing the
two necessaFymanaondpctye bard4§2and-selptien hagds #ofeexderd 3608 mround thebledyelupl i ng
capacitor while at the sane tinme working in conjunction with common
conducti ve Bltect00aderd8de isolapsrom sl fdur sides. OF iget andskcondrdifferendidecabdactingd | ng
capacitors wth common conductive el ectrode 183 acting as the inherent

ground. Al spai3@0m aad 806 ASHHG LRI Sk Bd filkPA0PNd FRERMdYo SovRRAdSt | Ve
band 186 which allow electric notor filter 180 to be connected to external

el ectrical r i) e the preferred enbodi nrent of FTG 16 only
shows one cgﬁggﬁﬁgghgﬁggﬁbgbélectrode 183 and two conductive el ectrodes 181

and 18s, Applicapt contenpl ates_the use urality of electrodes to
obtain varying c b’éﬁ%{r&}ﬁ: C@é?%@ghfbrﬁ%i@ﬁ‘jlpge%ib‘ﬂ‘gtlioi?eth@ﬁ’%f“g&e“ﬁ%heI
capacitance simlar to that described for previous 20 enbodi nents. F1G 17
shows dl% f ebansisiaad thaplaies pardre seenleFisdt diffarérdiahpensuctive haad 494 dncdeding endal | y
and physically coupled to electric notor 200. As shown in F1G 17a,

el ectri c no#d4 nfairtdies cle8bicalsopplageditio coridaptiaf cladtieds 4 i € wiixhatoe2 06 Haaei ng
notor shaft 202 extendi ng outward 19J Ul ZzZ002 56 therefrom WMbtor

shaft 202 i sothtoR®8RE 41 eI SRANE eRPSI A BTdRRtADIdié h1®r SdeBAd viftdiential
conductive bands 184 and 194 electrically coupled to connection term nals

196, whi ch g&?ddgﬁ% Brelade i MeOBEal i%lgfé'fi ﬁfbﬂg%&rﬁrﬁpﬁé ﬁfa?cr lhﬁfan%l f?rﬁttd’i.ffgremﬁlor

200. The indrvidual connectron termnals al't hough 'not shown) are then
ot or 200 wPH SIS Sesdiodiges AL S PR et 166 R Bl B BRLEHE) o
to electric notor 200, notor face plate 208 is placed on top of both
15  described, second differential conductive band 406 including end 432 is electrically
coupled to conductive electrode 426 of second differential plate’414. Due to isolation
bands 420 and 418 of common plate 412 and first differential plate 410, second
differential conductive band 406 is electrically isolated from first differential plate 410
and common plate 412.
20 Electrical coupling of common conductive band 402 to common plate 412 is
accomplished by the physical coupling of sides 436 of common conductive band 402 to
common conductive electrode 424 which lacks isolation bands along the sides of common

plate 412. To maintain electrical isolation of common conductive electrode 424 from first

and second differential conductive bands 404 and 406, isolation bands 420 and 422 of



nmotor 200 and filter | 80 with notor shaft 202 di sposed through a simlar
aperture in the center of notor face plate 208. Face plate 20% is then
physically coupled to the body of notor 200 through the use of (ﬂQiWﬂSﬂﬁ%(i
| Vt ~il e not shown, filter 180 may be used witly 10 its inherent ground by
coupling common conductive bands 186 to the notors encl osure or common
conductive bands 186 may be directly wr to circuit or earth ground. FIG
| 8 is a logarithm c graph show ng a con%grison of electric notor 200's

el ectromagnetic emi ssion levels as a function of frequency with the result
of an el ect@®Mnqforlate 42 prengneanytphivaigrlopplingef dnds 492 endodd af fimpandssdondhe
results of differential and 15 conmon node electric notor filter 180 shown

at 222. Thalifferaplin]l denthrsive iels 40hahd 166 wettiRoMntbh dMriduaingd aguprody 4ot el y 10
MHz there is a mnimum of a 20dB suppression of el ectronmagnetic em ssions

t hroughout the r 1 Vi sl 1
Iv>(k3 range. Cﬁgngggwggghﬁﬁﬁ?xﬁt ?ﬁgsﬂ@ggﬁﬁﬁgégﬁéﬁgy raﬁé@u%@?ﬂ%réf%g MHz
and beyorEd, the decrease in.electranagneti.c,.em ssions is not.as 2 r eat
2 at the A5G PYElioE RnduCeTeqtodey €l b BRAGTer AR sor ol Bl Vst
electric notors operate well below this frequency range thereby allow ng
el ectrie nodtiyes 410 andd1fget asor broter-bre féﬁﬁ@negdn@i@rqaaamc‘éwwe!q@trw@br eased

el ectronmagnetic em ssions for the majority of applications. 19 JUL 2002
s~ Di f f er emondiictem drecamupted tofide aed eeond diffandndial Eodduetive2Rids HOdvand #a0F1 G 19
is a further enbodinment of tile filter of FIG 16. The multi-plate

enbodi ment Ohed-@ouhd decouplii®8ipak HEB bt LRIMEPbthBer bdch@bnIHRE c[BRRb S Bogn
and described in FIG 1 with the exceptions being the shapes of the

ool ow t ne pPErEpeARLh a8 coRfeaR R G EYER, TR Phiok pRiRIG PRRLHLE, (2

the top of an eJectric notor without interfering wth the notor shaft and
its rotati "B G 19a shows tile individual plates of filter 230 which

i ncl ude common ground conductive plate 232 and a plurality of conductive

pl ates ¥46 wi t h BEG. 1 shews pirfce mavatdiflgrant elandsiegmeorapeds ﬁlftéfs“@whlch:tﬁﬁmn
ground conductive plate 232 is conprised of a conductive 10 material and in
t he pref er riadherdmwidmeent of $hef falbarisbawe th Fiori0a Thieeoawaf pespadtiveAli¢w trioree

pl ates have at | east two apertures 252 which accept electrical conductors

244 as showledrly shb(s h8W. firfhhdtseBordadi Heiehiidl @oRdi1thi98 badt 446 anb G5018ectabidny
opposite sides of plate 246. As in the other enbodi nents already descri bed,

conduct i ve. plikasy A0 LEDRACAI LRI Bhn 2R, balsBAcanRAR! o m ned

el ectrical properties el n one side o is 15 covered by a
ducti f 236 with the oth i de, of. pl 6 i .
conduct i ve SUPEEE t53q ¥ beriman eermdiepraltivE BT Y b Bt Eylf e

el ectrical conductor 244 and the appropriate conductive surface 236 of each

o

conductive enladdfergwe bsing thit comaman ¢apduginetband 442 5nat sontimsupfarsgOaper t ur e
240 while the other aperture 252 is surrounded by an insulating ring 238.
Bot h apert usresn® 82 baily bof surCemmomng fileris Saonduchowe iipFHE.d 020 232 are
surrounded by insulating rings 238 to prevent any el ectrical connection

222 \fveen conmon gAaumer SRR fiaendd RtwecadAternds 6F FIRI 18indGliter 360 o£BIGIUCL OF
is that filter 438 is comprised of a plurality of electrode and common ground conductive
plates 448, 452, and 440. The advantage to using a plurality of common ground

20  conductive and electrode plates is that greater capacitance values are obtained while
keeping the size of surface mount filter 438 to a minimum. Capacitors, like resistors, can
be placed in series and in parallel. While the overall resistance of a plurality of resistors

in series is the sum of their individual values, the opposite relationship exists for

capacitors. To achieve an additive effect capacitors must be placed in parallel with one



FIG 19b shows the operative physical coupling of commbn ground conductive
pl ate 232 and conductive plates 246. Common ground conductive plate 232 is
~ S ~ a ~ zooz 58 sandwi ched between conductive plates 246 in suchg guwag?

t hat non-conductive surface 234 of each conductive plate 246 is facing and
comes in contact with one of the two sides of common ground conductive

pl ate 232. Conductive plates 246 are al sg7arranged so that insulating rings
238 of each plate 246 are positioned so only one of the two electrical 5

conductors 2dihdrSviiOVRli&d B8 B'}ﬂﬁﬁviﬁfoﬁlggﬁ%%tgt@fEHEJS%G@[)I@@@) s SRNdpGHd ve

pl ates 246. Once conmon ground conducti e 232 and the pluraliity of

conductive es. 246 .are physi I upl.ed the entire arran nt which
makes up di ? {‘%%een?f | Sqnday c@&ﬁﬁ%ﬁ%@e&ﬁla@étcp’i‘“@%‘iof}fi”?tlvlet ép(?é%gn&mt hen

pl aced over the top_of. an electric notor with the notor sha(l extending

t hrough shaPievioyeprgp@imenispmgteriahtit bipvingesisedielegricalprepagiesieoprdsgnd
schematic representation of the filter conponents showi ng how the

i ndi vi dual ©olathsdhé pleradity b bdlegrode plates 438wnd 62 yndtomhahesoindteenaativeo f orm
the line-to-line and line-to-ground capacitors which formfilter 230.

Because § heppleguabifiom ee mnctwmiimemFArahgﬁs a&ﬁses?bﬁdiﬁg SRBfrical pr¥pdr@nbitgal
and are just arranged differently with réespect to conmmon ground conductive

plate 232, e SEAPHRLIGARRNAGE BuE) Gank26cHS SROPLIWTOIR S ehghgnce nureral s

to indicate con Ive sur e i Vi dual” "conductive pl ates
246. FIGS. 20 .and show a hi gh-power. enbodi nent of .the differential and
common rrodee‘ﬂ‘i"}'{]g‘?t%%'fsutrﬁ‘ée H\Délggﬁffgfcﬁ%lrf‘f‘ Gﬂm”ﬁ"@m‘%)%“%rﬁ‘& “g?he

quasi -schematic representation of the physical arrangenent of plates which
make up t herglatianshipdisbygenithe Fpglitpobconmadregronnd comiuchvpletes BAe&End thea and
20b it can be seen that common ground conductive plate 292 is again

sandwi ched patralggof thectradedates 44&arel 452t r ode pl ates) 270 and 270', which are
i ndi vidually connected / coupled to electrical conductors 275a and 275b.

Each conguctive @QebiopRtdr!4akand Ziﬂa@wcﬁagémcﬁgwuﬁea t8thedt @¥eBlival 264
havi ng specific 19 J UL 2002 59 predeterm ned properties, Wth each

bl at e then haydng, 2y GHRIG Ie: SUELAGS.] o WILGR, L BRHIJGakd FORAPEL] QBS, A ©

made. After ctrical "tonductors a ah are conn 0 conducti ve
el ectrode plates 270 d.270',, the c gg)uct've surface is coated wWth
Tnoul ati on’ CUERIE P Ve bingaddt pad 40 Wi 3 phaly ot SlerEodiRIaes 41 L1 ed
to common 5 ground conductive plate 292 via typical adhesive material known
in the art. apling apeeallel wprevidarae pwmalbeaparigie pelne cownled betwaen &e clegticebmmon
node filter 260 is showm in FIG 21 with FIG 21 a show ng the physi cal
enbodi ment anoduetdss pRividisg bne-nglise di€éfpreaselntadd acmplopefbe ploraliy bt @migéd, as
shown in FIG 21 a, is conprised of commn ground conductive plate 262
sandw ched heswRedniieRk plaés MBRE inddonABdtidiawitA @lectrode plates 448 and 452 to
provide line-to-ground decoupling capacitors between each electrical conductor and
common conductive band 442. The plurality of common ground conductive plates 440
serve as the inherent ground which also may be connected to sfgnal or earth ground
through common conductive band 442. Again, the physical architecture of the present
20  invention allows for numerous variations and by changing the number of plates and/or
their sizes, a wide range of capacitive values and filter characteristics may be obtained.
FIG. 12 shows an alternative multi-component surface mount differential and

common mode filter which combines two individual filters into one electronic

component. It should be understood that any number of individual filters can be



10 predeterm ned el ectrical properties. Weels 264 of material are held in
pl ace by conductive el ectrodes 270 and 270" with coupling axle 27§ di p?sed
through the plurality of apertures 266, not shown) and di sposed tlé%ﬂaham
wheel s 264 and convnon ground conductive plate 262. To manage the higher
current and voltage conditions filter 260 is desi6rned for, conmon ground
conductive plate 262, conductive plates 270 and 270" and 15 wheel s of
material 264 are typically sized nuch | arger than previous enbodi nents of

the present. invention. To allow filter 260 to be connected to external

el ectrical EBHEGEP%?%UOééﬁﬂﬁﬁ#ﬂW@"@H@@ﬂW@@@§“Qﬂ@”H&VEV@BWﬁé%ﬂ@HQHW%H%ers
284 extendi ng therefromwhich are nechanically coupled to connection

term nal s 2F&aindndd il Sibetsh rfd Gg h2 cshows oneeaagosiec harem gemgit weitlh BHG slgbews and
washers. Connection terniinals 275a and 275b are nounted 20 on top of

encl osure | iiflowhll ZeQiso] & 2112 iRBHaPLEGR R 31E Ehnihof FP&InRIdoRudive §Rct QS Ur €

lid 282, common ground conductive plate 262, conducCtive electrodés 270 and
270" and wh f j: Al i-S.glnal.e,c t | e | ace

i thi n conpontnaseet TRt EhL 8 cond s B B45BTR S0 SN cob Bch B Pr BE atsivon
ground condugctiv ate 262 coypled to 1 .9 J Ul 200 60 enclosure

nount i ngéj hobjgi arfgb‘g Fﬁﬁﬁ’esmég]?' éﬁggﬁ%‘%wﬁ r Y\ [Posarg similasly @Pplégi‘fbﬂieﬁt&)qeﬁ’éates

i nherent ground provided by common ground conductive plate 262 to circuit
or earth grédhandfl5yeduplicconmpogentzbtaghwasnttfier 1 &) atalsoreohinsised of meterial

di fferent physical conmponents of 'FIG 21 a that nmake up filter 260

schemat i cal 1§6 heyingpexiteaninds eledtrith] prop br€ies, as @edeaBéd Ry iDusll, diflturppddaent

i nvention, conductive el ectrodes 270, represented with and wi thout a prine

to indicat ebé@d%%ﬁ%@plﬁﬁﬁiﬁ%ﬁéeot%ﬁﬁg&'ﬁo&xﬁ%n#f\@:nﬁ%ﬁ&dcﬁbeIPJ sSCdMhggSary

for a line-to-line capacitor couple et wee onnection térmnals 274.

Conductive el ectrodes 270 indjvidually, but in njpunction w.th conmon
conduct i ve EragreanERuRd B 164 AeRindty Shmictied e bAmGR doui sled BT Ae
capacitors with _commopn conductive 10 el ectrode 262 acting as the_inherent
gr ound. 1§ g 1032 hahshodgbe RetRA prihatnot oplytdoss RpplisanbeordemPIalFi BRILPYE a furt her
application of the various surface nount differential and commobn node
filters di sepwpenenyy withiousiiygle PleageniT padtagobit thitltheshapdand srawemensad/af
differential and common node filter 942 having conmon ground conductive
bands 944 aighgth fisl whitidofmonst bcbhiddigfatdnahl cadoiieibuadslFdamddsSo@ndt shown)
| ocated on either end of differential and common node filter 942. Coupl ed

to each of ty : r PRIt QLA et
conducti ve %g@ﬁg@%@g&tﬂ%ﬁaﬁ?@ﬁ%ggeﬁpg% e gglﬁﬁae tiﬁgﬁs can bé madglto

desired external.circuifr | ed,to. each end of djffe ial__an onmon
node Flter gﬂﬁ%afroégﬁnﬁgéést"i%eg%?rc:g?%ucglﬁgF%@ﬁoﬁ%@%&g’dgﬁr @@M‘@‘gﬁgé F{E/el y.
Each ing ctile[ec*fe rite encl osure,,K 952 and 20 954, is conpose

' s , of a .

sol der abPe fCeACHRdY TAYRIPH i thegsspRiatad dlerdrode plofesand C%’&H@H&rﬂf’%rcé’f‘%“ttlvﬁl
conductive bands (not shown) of differential and common node filter 942 are
sol dered i ntRé#tpdp} ywhile miretamingee pugedl veolitingroangent enpethele Theopstnt es.
Encl osure 954 (as well as 952} includes electrode plate term nals 948 (946)
physi cal | y clitopdsed it BIG.HE cuttbimistods easibhbe extended to incorporate 10, 20 or 100

differential and common mode filters if desired. Multi-component surface mount

differential and common mode filter 160 is particularly useful for providing filtering to

20 large data buses typically consisting of 32 or 64 data lines. These data buses handle
digital information at extremely high frequencies emitting large amounts of
electromagnetic energy and are also extremely susceptible to over currents and voltage

surges which can damage circuitry and distort data.

Figs. 23 and 24 disclose applications for the previously described surface mount



19J UL 2002 GL enclosure with a-portion di sposed through apertures 960
so termnals 946 and 948 nake electrical contact with the first and second
differential conductive bands of filter 942. This arrangenent is better
seen fromthe additional reversed view of enclosure 954 (952) shoW .JUb 2007
dashed lines at 966. Fig. 42B is a schematic representati on of phase T
network filter 940 showing nultiple indugpors 958 coupled to first and
second el ectroplate termnals 946 and 948 of differential and commobn node

filter 942 fpar alWwnGh ¥ad 11NYinBRARR elechedaMBipesththi®ls o7 A% SpAMRIAR. Figo342A.

Phase T network filter 940 is advantageous inh high signal current and high

frequency i | 1,cat,l 0 because the present i IS C bl e of
shunti ng ngsﬁ)'g §/§ 1%50(8)61 llbdl?}(‘)tﬁ)r? gﬁ\%(?‘?r f %?I? P%‘gf?iﬁmﬂf‘ gipdg ?‘@ﬁ%‘gﬁ% ng%PO%Pge%ﬁPow

t hrough the tenninatiogns of the device with greater noise reduction. First
and second Rardld paddifiersniaal pad semanos noarls caparitovedilinr $00RIwhich nrevidesmting t h
the high current carrying conductors necessary for such applications and

t he induct i diéfefearialiand comuiamsuodessudgpratedtiObwith sicadlsed bepaciags ebmtalfyi it d.
This conbination inproves the high frequency filter effectiveness such that

the 15 att esHiAhhNe welaVIaMt &vict hfpeOfid hht SlowdAiRAPRIRAHA 406 hAPSc Ry 40 -

60dB per decade. Phase T network filter 940 is particularly suited for use
in |lowinpe j its. i seen ny, di f f.erent | i cations of
the i 11or et SHeliel ek ATy SRR B8 Spa TR L S96F B BRI P2 G
review of sever.al features universal to all he enbod|nents nust be noted.
First, the TER'BF3IH CoHRIA A ORT A R L cﬁ%ﬁgﬂsf%@a e
one of a nunber in any of the enbodiments including but not limted to

di el ectri c #afibeare alectnigeliyatovplddde oneridamtherand commonfcendictize geaued bahdsand
ot her nore exotic substances such as Mylar filmor sintered

pol ycryst al 44nendMd2bratet sdtctidillg RotFlt® (d @lch bfothertld réfieseamdisAas i ae tigf
comon ground conductive plates and el ectrode conductive 19 JU 200Z b2

plates gy _eaﬁgl?ﬁi&l B3 ridfr@d il Yo fQiteFORPE b #4608 & i@nTLA, Witk ehd Skt being the
differential "coupling capacitor between and two |1 ne-to-ground decoupling

capaci tors él'éaﬁ‘czﬂ chilriaEteg%lic%l?g?h;erljp%@iaﬁg @gc Cl}S(e)(Ii o se-éFr%termE gér;(gtlrs cggégjcrﬁgc

el ectrical properties w € "capaci tance values an

addi ti onal features such as ,over-voltage . .arid. surge profectjon.or jncreased
o duet anae) gkt SriEion sngS Sl aara il B ey e aBh BlER s DuRbeh PR 533

enbodi ments whet her shown or not) the nunber of plates, both common
conducti ve shavrelAeplicandeontemplatrs camipongits eldhe presend anventom thabate not

capacitive elenents in parallel which thereby add to create increased
capaci t ancephalicstiy.idebicaldlsodsbihg starkad oc combinedydependent opatutieipadicplaat es
surroundi ng the conbination 10 of a center conductive plate and a plurality

of condyct i ye,1RLEEH [OFRRh MR oRERS Biafed OTRY KiefEo ARe bR @R 8&d i dubipnent
ground and surge dissipation area and a true Faraday shield in all

erbodi ment s o Adl4 LR ARETEPEoABSHAL ST AHEIY Bl AhGS iR thd%aF IR La%e
saving space within circuits congistent with the trend in modemn electronics of
miniaturization.
The result is shown in Fig. 23a where electrical conductors (not shown) would be
20  coupled between first differential conductive bands 446a and 446b and second differential
conductive bands 450a and 450b resulting in differential and common mode filtering and
surge suppression. This combination improves overall filter response due to the increased

capacitance combined with over voltage and surge protection. Fig. 24 shows an alternate

application in which surface mount capacitor 720 is coupled between first and second



any of the enbodinments shown and is fully contenpl ated by Applicant.
Finally) froma review of the nunmerous enbodinents it should be apparent
that 15 the shape, thiclrness or size may be varied depending onl EHQLZWZ

el ectrical characteristics desired or upon the application in which the
filter is to be used due to the physical architecture derived fromthe
arrangenent of common ground conductive and conductive el ectrode plates. In
fact the differential and common nmode f#®ter, although not shown, could
easily 20 be fabricated in silicon and dlrectly i ncorporated into

i nt egr at edlif¢rential condustivebendsiit4Swol 440 pf diffatdantialsands oommonumodaM@® chi ps.

The differential and common node filter would be enbedded and filter

comuni catsufe/filler d80@WithNESredilliag klertrichirepref@itdtiofisheWint tROBAd L BrdT nal
connections, thus reducing circurt board real estate requi rerrent s and

further r %qg:ﬁ:'u'agcc r%gld‘gd U%m?;?z{aﬂgr ?’%{ OM§! 1rec(1]utC| hf gll %uéﬂ }:éuwr cre%s VI ng

si npl er productio reqU|r egra s ar Feady bei ng made

havi ng capagcitors et.ch thin the silicone fou n aws t he
ar chi t ect Lf?%c%‘fe ‘Eali?é“fﬁ“&% Bﬁ%‘tﬁgfﬁy‘é‘ﬁ‘t‘?’kﬁiﬁom’%ﬁﬂq M?Joqgswrﬁeférg (glﬂed\Wt h
technol ogy avail abl e today. Although the principals, preferred enbodi nents
and pr &f erfizd3pplerarcriorengiiciorsdnpr shown) aregoeied betwhen hiclsembiragse of Hestl i n
detail herein, this is not to be construed as being limted to the

parli cui ardiffl:xieutsizilrcahdumivﬁtbamsMﬁ sl dsecbndldtiveibhhd Tisndtbe combappat efit t o
those skilled in the art that various nodifications of the preferred

enbodi mentsscdiRr @ffBrenM Radhade b‘ﬁ'h& h%tan%eéynﬁlcegdlfcmgb&mﬁol rit or scope

of the |nvent|on as defined by the 10 appended cl ai ns. 64 d ains V\hat is
clainmed is: I i oponent. <o i n at . | t390) o
el ectrode corrprl %gqg'{ouggggtt V\pwacp())(rerf ﬂg{acgf’gg}é rﬁ' %Ee"IBeC 2%

wher ei n each ctrode of the at el ectrodes canpri ses. at ast
t wo apertu'st“é"’si,%rt ek Y %‘?CI‘é‘P%E”((}%’dEO@fdafsfﬁém av%a%mpw%eéﬂ@rmé@n@smﬁ? anged

bel ow t he at | east one common el ectrode, a second el ectrode of the at | east
two elléct remponer packaseg ddultinompontet fHter BeG shown in Eigndbris edrdiguredda thaand
wherein the first 19 J Ul 2002 electrode of the at | east two el ectrodes
and the semordnainechs thdauoferdii@tiadr elnbadimenwo fehamtiendasestiordecett thitehat

| east one common el ectrode; at |east two conductors, wherein a first

conduct or mmséa%f?tatés%a&umw 1§ B8 BEMATtDikS b LReRRM: bhéamsthetsbengt

aperture of the at least two apertures of the at | east one common

el ectrode. Mgk Qlifhid RSinbld RlntRBAYALOlee! #id19K oS L@%ﬁ@&jﬂ&wm Het he

first aperst ure o secon COI’I&UC'[ or

1 oast (o napend theaed plieedd apd 4 85 ﬂcote%%%ﬁthfgfeéiﬁﬁ FRRLRE cin

t he second conductor is not coupled conductlvel¥ to the second aperture of
t he atld eadivisiniebetwperothe sve diltexsglown by dashed line 818. Both the first and second

filters 814 and 816 are constructed in a similar manner. Each filter is comprised of a
plurality of common ground conductive plates 808 with different first and second
electrode plates, 810 and 812 for filter 814 and 811 and 813 for filter 816, sandwiched in
between the various common ground conductive plates 808. Each of the common ground
20  conductive plates 808 and the first and second electrode plates, 810 through 813, are
imprinted or etched upon a support material having predetermined electrical properties
using various techniques known in the art, When the various layers are stacked additional
material having predetermined electrical properties (not shown) is disposed between and

electrically isolates the various ground and electrode plates from one another.



the first conductor is disposed through a first aperture of the at |east
two apertures of the first and second el ectrodes, respectively, wherein the
first conductor is coupled conductively to the first aperture of 1 8RLf00st
el ectr ode, 19 J UL 2002 65 and the first conductor is not coupled
conductively to the first aperture of the second el ectrode; the second
conductor is disposed through a second aperture of the at |east two
apertures of the first and second el ectrodes, respectively, wherein the
second conduct orA$ shavat indogp% theaendtudtintembly ttacitihe fisst andskcapéfittersS16f t he
first electrode, and wherein the second conductor is coupled conductively

to the secomd 8aB&s thdf BvPér hbR cﬁﬁ&@%l%ﬁ@ﬁ&rﬁﬂgﬁh}o?ﬁ%éfs@&86& di'ﬁ}:éhde? L.

predet erm ned properties, wherein the nateria at | east I nt

between th . least o o el ectrode, and, the first ect rode d the
second el ngI?‘IféH%O‘BI?°é\?8E5V?{§W§3ﬂW&XPfégscg%ﬁﬂqd‘?@g I§IRGH Fihet st ‘I‘*’éja”’é??o@e
common el ectrode to either the first electrode or the second el ectrode. 2.
The el ect r difeEs 8 huhhi Wil thedist eleptiode platgs of ¢achiiier.i 19 and @1 iptcarmenly havi ng
predeterm ned properties is selected fromthe group consisting of

di el ect 5i ¢ compleditalfisst diffdredtiabromincties basil 822 1Tht sdchad slectredeplites obdael ifidtes,
sintered polycrystalline materials and ferroelectric-ferronmagnetic

conposi te nebemdas, c&nm-cmlg BLel w&:cemcarfgﬁnﬁmtco JHSE bhRAgINarfd A &P tike

further conprising a second conmon el ectrode of the at |east one conmobn
el ectrode r e fi electrode of th t least two
el ect rodes?‘;aéﬁggggrpﬁﬁlr‘% %‘%‘?ﬁ%&héﬁ’é’g #aoe e or THe’d ?eldztgézf)mghoél %8%n

el ectrode arrgnged ab t he cond electrode of the at |east two

el ectr odes.con?hig“ﬁ3 %ng\ég%gl%gg,ﬁhow IEPBEEF HWCOf&ﬁ%W{éLQUT ePEPted in
claiml, further conprising a plurality of outer conductive portions,

wher ei n eactPrepoaent pnglkagsfin tthechamulteeonpanem fBice 806 bawmsloaedivithm. dihelpesisageone
comon el ectrode are coupled conductively to at |east one different outer
conductlidve ipeovéredbpinsulaeedduteradasing 826 exvaptefor thendteiid sondpetiviciands used for
respectively. The electronic conponent as recited in claim1, wherein the

at |east twieatiealy QiginglifefosSHstalhh@alicyingdual and bal anced ,
characteristics, wherein the at |east two conductors are polarized opposite

o,cach other Al ohud 6154 o8, BELASHPR, QS0 HhILsimat | oo

two conductors resulti measur

line-to-1ine capagitance value and for two |ine-to-ground capacitan

val ues. 6. WHEAES SopP BT EoRaMBIATE o BT dampaRTtsowN b R BTaner And Aees
interlacing of the at | east two el ectrodes and the three common el ectrodes

of the at |Bidpteahio bolimiiad & heembadintest showa i Figs 8 thsengir 4G Lrpasticular

el ectrode of the at |east two el ectrodes fromeach other. 7. An el ectrode
ar r angehent agicptiorsofthe imemar sackanpiechneobpyndinghecimbideti@f ofsulligh asftacdbricg t he
same size and shape isolated fromeach other; the first and second
el ectrode i ArePRABIddamiAl h &IV sdpabitaRE FRBOSIERFeshRd Mtd BiBad ParRiofifer @I ;
improved filter performance across a broader {requency range. Referring to Fig. 38, first
and second differential plates 811 and 813 of second filter 816 include smaller conductive
surfaces 830 than the conductive surfaces 828 found in first filter 814. By varying the
20  size of the conductive surfaces of the first and second differential plates, actual
capacitance values of the filters can be varied. Multi-component filter 806 is the
combination of high capacitance filter 8§14 and low capacitance filter 816 with the

combination providing a single multi-component filter 806 providing the benefits of a

high capacitance filter with improved high frequency performance.



67 a center, a third, and a fourth electrode of substantially the same size
and shape coupl ed conductively to each other; the first electrode arranged
above the center electrode, and the second el ectrode arranged bqu&;Bﬂg
center electrode, and the third el ectrode arranged above the first 2002
el ectrode, and the fourth el ectrode arranged bel ow t he second el ectrode;
the first and second el ectrode are shielgled as a plurality of el ectrodes by
at least the center, the third, and the fourth el ectrodes; and the first
and second el ecty; r ' gL Wi S 4f t her
by at |east theIgg%?é%fﬁ¥ﬁ@h?h??g?ﬁEW%ﬂghéhﬂgﬁb¥ﬁ!%ﬁé%?gg‘géﬁﬂghgﬁgpggtrode
arr angenent accordigg }o claim7, co risia%; ﬁ?natE%;al W th predeterm ned
properti es PFANLEGAT BIES & & ADSlesoRPORER @acksap PRy Infges 38dbiongl d0e) ect r ode
to the second el ectrode; the material arranged to prevent conductive

coupl i ng f rMmt-¢ampansohidlter| %61 showe it §ig. KeAT iscetfiglirettrrtbed eamentinhéreaasrthd er i al
arranged to prevent conductive coupling of either the first el ectrode or

the second sicked diffteentiaDarid@neRd AbdefiretdfEe. 38tvieh thbiafditieh@Fhaddsnalor t he
fourth el ectrode, respectively. 9. The el ectrode arrangenent according to

claim 75 wherghsh %lggnﬁ’ EMdRkrivd ﬁlﬁteé P[ft Fig%ﬂﬁﬁj Q%Qfsqggéﬁﬁén%gﬁjzedg&ré e

fourth el ectrode conprise at [east arr

apertures, respectively. 19 J UL 02 68 1Q...The el ectrode arran nt
accor di ng t@aﬁggﬁHW7?ay r%Wh?@ﬁ@“?@%ﬁpﬁ§ﬁ&*§géﬂgdﬁ8?%%??6@8"%55ﬂw6gﬁgfise
at | east one_ pair of apertures, respectively, and wherein the pair of
apertures i ‘mﬂ?ﬂtfepoorﬁ@fidﬁ@ﬂprab@twgeraﬁ@rtwe fidtersriionndy dasherilings 9p2r Bathethe 11
The el ectrode arrangenent according to claim7, the center, the first, the
second, t hefitshandkecamiifilidre 9f ©and 91 tedre consadeteé achsiadiapmaaseratBakie &ster sne pair
of insulating apertures, respectively. 12. The el ectrode arrangenent

accor di ng t@rfpritedofa ?n@m? becAimaR ghdin@ bAduch CaPRRE D2 WifhhdifrerdRt NAd and
differential node filtering, common node filtering and surge protection

functiops. ée%onJQ@ctPAd%ﬁthQ%?O@Ha%&engmtel‘aﬁ(ﬁ%gi9'69 mﬁ%ﬁ e Rider 9?8” able to

define at |east a portion a capacitive network. A circuit ’conpri sing

t he el ectrode ,arrangenent according to claim/y. .
Gaddiched Ml et eern t%e variouscommon ground conductive plates 902. Each of the

common ground conductive plates 902 and the first and second electrode plates, 904
through 907, are imprinted or etched upon a support material having predetermined
electrical properties using various techniques known in the art. When the various layers
15  are stacked additional material having predetermined electrical properties (not shown) is
disposed between and electrically isolates the various ground and electrode plates from
one another.
As in previous embodiments and as shown in Fig. 41B, the result of internally
stacking first and second filters 914 and 916 is that two or more differential and common
20  mode filters are coupled in parallel. As shown in Fig. 40 for the previous embodiment of
multi-component filter 900, filter 900 is made up of first and second filters 914 and 916
with the first electrode plates of each filter, 904 and 905, commonly coupled to first
differential conductive band 918, the second electrode plates of each filter, 906 and 907,

commonly coupled to second differential conductive band 920 and all of the vanous



15. The circuit according to claim 14 conprising a portion of a capacitive
network. 16. The circuit according to claim 14 conprising at |east one
line-to-line capacitor and at |east two |ine-to-ground capaC|t0f$ 1 % JUL
2002 69 17. The el ectrode arrangenment of claim8 further conpris AB ; gair
of inner electrodes arranged sandw ching the center el ectrode; each inner

el ectrode of the pair of inner electrodés is of substantially the sane size
and shape as either the center, the third, or the fourth el ectrode; and the
pai r of i nenmed goiunddesiuvcovpplews comdisalyi soapledite cohmongndwrd, conbiectivai rd, and
the fourth electrode. 18. The el ectrode arrangenment of claim8 further

conpri si NgpAdRA4" TAE vANEIRIcoR i&ﬁkéB%@taﬂée %?éilm &‘Me‘ﬂ?fcﬁgo i ﬁérﬁ&t‘ié ode

arrangenent; each outer el ectrode outer ectro es I's

substanti al | e.sane si.z e h i nner Iectrode of the pair
of inner eWB%??Qﬂ&?ShPWB’% ng P@@P gb@”S ﬂ%“?ﬁ#?dﬁ WSt and t he
fourth el ectrode; and the pair of outer el ectrodes coupled conductively to
the pair OP2CKMHBE Oéméhr@fzmwen&ﬁiéer@@ﬁtxeudemtqabtqthﬁtrs(bowanaFwwéOff@mﬁltten 806

el ectrode. 19. The el ectrode arrangenent of claim8 further conprising a

pai r of5 i nwhere éirstali ffodasal asndngeadbmdrideiicbquienléheo bant $18, edovad diftkeentaal pai r
of outer electrodes arranged sandw ching the el ectrode arrangenent; each

el ectrode @fndgidedant 824 ilﬁé 'im@fcnptc!)tlﬁﬁqd 8h6ahd EARRoRro IR RAkGictRk baRd8s0
el ectrodes of substanti all y the sane size and shape as the center, the

thlrd and t rode; and the pair of outer electrodes and the
pair i nnepgwfl%H{ttOh) géggée al I 19 JUL 2UQZ 70 coupl ed conductively to

t he center t he_t hi [% E urtg ﬁectrode and to _each other. 2f0. An
el ectrode arranfHe @gwg#? ftagd eaphicplly reprcienl the AUHYAHOR ERA RRUISES O
substantially the same size and shape isolated fromeach other, and the
first and bebarsthal¢ differentiel dnd coppusi medafiltef shd poaseat mngteommd meltiat i ve to
each other; a plurality of common el ectrodes of substantially the sanme size
and shape cmﬁpmn:naﬁitgm@d shtowin oEigh.eld ACanddlI@. | Mel first evlome ofitietdhen in Fig.

41C lists a range of test frequencies from 1 MHZ to 2000 MHZ at which both filters
attenuation characteristics were measured. The second and third columns in Fig. 41C
represent attenuation measurements taken from the single differential and common mode
filter configured rated at 0.1 uF. In Fig. 41A asingle 0.1 uF differential and common

15  mode filter is shown at 916. Columns 4 and 5 of Fig. 41C represent the attenuation
characteristics of multi-component filter which consists of 0.1 uF filter 916 and 4.8 nF
filter 914 stacked and coupled in parallel to form filter 900. The Figures shown within
columns 2 thru 5 of Fig. 41C represent attenuation values in decibels. Column 2 is the
attenuation characteristic measured from line-to-ground or from X-to-ground as shown in

20  Fig. 41B. Column 3 is the attenuation characteristic measured from X-to-ground when
points X and Y of Fig. 41B are shorted. Columns 4 and 5 were measured in the same
fashion as columns 2 and 3 with column 4 being line-to-ground aed column 5 having
points X and Y shorted with the attenuation measured from X or line-to-ground.

Fig. 41D is a graphical representation of the attenuation curves for both filters. As



a first common electrode of the plurality of conmon el ectrodes arranged
below the first electrode, and a second common el ectrode of the plurality
of conmon el ectrodes arranged above the first el ectrode, and the §gqﬂmgmm
el ectrode arranged above the second common el ectrode of the plural ity
common el ectrodes, and a third common el ectrode of the plurality of common
el ectrodes arranged above the second el ecjg ode; the plurality of common

el ectrodes is not coupl ed conductively to either the first or the second

electrode WekilbdsdeliGrofh £AL LOBANAILANIPIRALOr g A0iiBha PRGB! ect rode

are not coupled conductively to each oth ectr

arrangenent; the .pluyali of comnon el ectrades jeld the first el ectrode
fromthe se&%@cgp‘éB{a&&&y\mﬂt‘?ﬁeﬂrgfrﬁémgls"é:t?flijgig rSa?ﬂaﬂMnf“,‘J %fh@’ctt‘i’féa“
plurality of comon el ectrodes shields the second el ectrode fromthe first
el ect rode wbeHem layees ef flear988eis 40 gragesinresonarke pdinyof fir@0W0e adigheThe

el ectrode arrangenent according to claim20 further conprising; a materi al
wi th predet drequered. hepdditioas isolstiongrdvited by téenmntomgoeid sendaaiyel glatgs f rom
the first electrode to the second el ectrode; the material arranged to

prevent sondugiives HeHedd MehrbvQIerb e srPRdusd S&&x{cegerfé&a&]t!@wkhé st

el ectrode; and the material arranged to prevent conductive coupling of

Cespoct i vol y s aBbRER, R OB R Bkl be Tor GRATRGS o BAIRRSE fomis i

the first, the second el ectrode and each caonmon el ectrode, of the pluralijty
of cormmon el&e4Nddaasy eawﬁﬁicgemaboqré%lghcro‘m I5eouplesk Tsadditioaal commonrgrgund
el ectrode arrangenent according to claim21l, wherein the first and second
el ectrode eaohduwdivppiates HL drevded wribe patitom ohd wpdayans effitarddOnlse naintamast
one pair of apertures include one insulating aperture and one coupling

aperture. 24he difRretiaCindadenasd adge ekt wadeOpldicd 912 erealimd AFZ3dayddge effscteach
comon el ectrode of the plurality of comon el ectrodes conprise at | east

one pai rgof insuly .iL’%i?&?@sre_rs‘drﬁher%ﬁcmﬂé‘?\ggii&ﬂbﬁW&ﬂJmﬁ?gﬁrﬁ?ﬂEreﬁi@ﬁgﬁgi ng

to claim?21 operable as an i ntegral conponent wth conbin differenti al

node filterin co n de filtering.and sur tectign, functions 19
UL 2002 72SRRE 6lTBCR: st e s EE ARG NG P RS bR B 200
as a portion of a c aciéi ve network. 27. The el ectrode arrapgenent
accordi ng t ®"EIoRipR 3¢ oLlaltssr i0sindpng on baden Sghof filtaelQ & farper @]g‘iié\i}il?lbr and
at least two line-to-ground capacitors.

combines differential and common mode surge protection and capacitive filtering as

shown with reference to Fig. 23. The combination as shown in Fig. 25a provides the

15 further advantage of allowing both filter and MOV components to be combined while the
combination allowing for through-hole coupling of electrical conductors 12a and 12b.
The embodiment shown in Fig. 23 did not require separate MOV’ because it was
configured for surface mount technology in accordance with the present invention. The
embodiment shown in Fig. 25a is necessary because MOV components having through-

20  hole coupling apertures are generally not available due to the detrimental effect the
apertures have on the overall operating and cost characteristics of the MOVs. To allow
for electrical coupling of MOVs 700 to the electrode plates internal to differential and
common mode filter 10, shown in Fig. 1, several surface modifications to filter 10 are

necessary. The top 820 and bottom 822 of differential and common mode filter 10 have



28. Acircuit conprising the electrode arrangenent according to claim 20.
29. Acircuit conprising the el ectrode arrangenent according to claim 24.
30. An el ectrode arrangenent conprising: a first and a second quﬁtﬁoﬂﬁ of
substantially the same size and shape isolated from each ot her; é # %t
and second el ectrode in opposite orientation arrangenent relative to each
other; a neans of shielding the first angssecond electrode as a plurality
of electrodes and individually fromeach other sinultaneously, within the

el ectrode a , - means. f or eventing conductive, coupling of
ci ther t he PraofoRed s S8 PR 2ic RLBlEE SFr s HalRE L R PP Ry ol T
each ot her ﬁi mul t aneously, within the el ectrode arrangenent. 19 J UL
20p2 73 31. h9k§lusdequpdag apsrivan § Bhe Ritrouglebelgiptajed epupling Aptire 3hpef 1op 830 at
| east one line-to-line capacitor; at |east two |line-to-ground capacitors;

and at | eastndabgni B2hamwfpositioagha thaverchebmesplnds3Rith st elettriosie
arrangenent according to claim30, wherein the neans of shielding conprise;

a pluralitycefdue@r P &126! tessiPhoSsHBRh Ak - ' PE;
and the pl u?al iuty of conmmon el ec rocc)ies ig’ cghg#g%g}%@ﬁaggﬁv%:u ﬁ’t’%‘%ﬁ%@

anot her .¢ 33- rangene ccording to claj ...Wherein the
first and Sgé%-%%l%}@%ﬁl&gggn%gcgﬂoggﬁﬁffhggwgtechkggetplaﬁ%c18b$4d%gfw1 _rtures;
and the one Ff?ir ,o[g%oertures incl udes one insulating aperture and one
coupl i ng ap@Hfaisntial and coppaon mede fiae! Giherghy aewinglectica pepneetian @f m 33,
wherei n each common el ectrode of the plurality of common el ectrodes
conpri se at ¢leest! aondugaisrl 2afand h3utcathe negpeporetelacesde @5tes Ahadhrforh ta line-to-
conprising the el ectrode arrangenent according to claim30. 36. Acircuit

conpri si ng tihe difeeaitiabekpaditdraRppsatondetas 42 nend L€ IR MoSffor codiflinkdf 2002
74 37. An electronic conponent conprising: a plurality of comon el ectrodes

coupl ed congueViNg Y 185 LHSbotHBE HiFteRhtiaParld Jo?ﬁm@rpﬁ%éjﬁﬁc%ﬁﬂ%ﬁ—mg at

| east insul ating;

10 plated coupling aperture 718 includes strip 824 of conductive material to which one of the
two contacts of each MOV 700 is electrically connected. Each MOV 700 includes two
terminals 828 and 830 to which MOV 700 electrically couples to other circuits. As
shown in Fig. 25a, terminals 830 of both MOVs 700 are physicaily and electrically
coupled to conductive surface 826 of differential and common mode filter 10 throlugh

15  standard means such as application of solder 710. Conductive surface 826 of differential
and common mode filter 10 is electrically coupled to common ground conductive plates
14 as shown in Fig. 1. Terminals 828 of each MOV 700 are physically and electrically
coupled by solder 710 to conducltivc strip 824 which connects terminals 828 with the
respective electrical conductor 12a and 12b which in turn is connected to the internal

20  electrode plates of differential and common mode filter 10. The result is shown in Fig,
25b and consists of the combination of differential and common mode MOV surge
protection in parallel with differential and common mode capacitive filtering between

terminals 716a and 716b to which electrical conductors 12a and 12b are electrically

coupled.



a second aperture operable for at least insulating; a first el ectrode
conprising; a first aperture operable for at |east conductive coupling; a
second aperture operable for at |east insulating; a second el ectlhrbdbl ?UUZ
conprising: a first aperture operable for at |east insulating; a second
aperture operable for at |east conductive coupling; the first electrode is
arranged bel ow a second comon el ectrode 6of the plurality of common

el ectrodes, and wherein the second el ect$ ode is arranged above the second
common el ectrode, and wherein a.first conmon electrode of the plurality of
comon el ectr od?égﬁ‘ ggép? ghélé‘ﬁ” BEHTH pltematiiedpullitcoppoBert SUEAE WPEHei n a
third common el ectrode of the plurality of common el ectrodes is arranged
above t he $léunrtiaiand cemaen made fBec desigrednoproveleactnp defilters fovevacied ues.
common el ectrode of the plurality of comon el ectrodes, and wherein the

second comiis gpleeiticrdesign iisfot be WML SdriutloPE8cRIni¢ AshrRbBEL N inGther
conponent; the first aperture of each common el ectrode of the plurality of

common el e j d | &N i i.ret
e tur e o ioRdfteroo Rt pRAARAAAANY, ol R Sahid Qi REd SPABRIIA P o
and whetein the second aperture of ch, common el ectrode, of th luralit

o conet el Rolylor G ERTe ARt Tu) o i e BaY Rt HaR Rl Semeri bt

every other the second aperture of each common el ectrode of the plurality
of common SPREYIEBIR: bepwgenithe warioapspmmoa gpgundivendyotive platesciSdo $rip §lter
correspondingly aligned to the first- aperture of each common el ectrode, and
wher ei n t hé43edomo iageg.t29% basdbut dees dfidi Seremtiad ahd cdembs nogle fdepo igtichgl y
aligned to the second aperture of each common el ectrode; the first aperture

of the secapthmedeglolfdeonducE@ B10EB9HGH A8l 1pbh SiRritRatbRS dlishabingperture of
each common el ectrode, and when ein the second aperture of the second

el ectrode ipzﬁ%?%rﬁu‘?ﬁé?f)agét{?gallﬁﬁ)%lchgg,eaq d‘is%lc%@cfth?&cgﬁg\% tggg%éecﬁc%ﬁeﬂ,. £afkf comon

el ectrode; materral ¢ rising predeterm Ies’is at | east
mai nt ai.ned between the.plurality of .common el ectrodes, the first el ectrode,
Tt nd0SoceritTE gt oif Sias s Gt BRE G st aes S BOmEITRY 1 om  ne
plurality of conmon electrodes to either, the first electrode, or the
second el ecaonderdivepdate And with onlygTeunt exiengoms A60 exsapding e edgdsiafsuprat a
second el ectrode of substantially the sane size and shape isolated from

each ot her ;msthealfG16stTharvdrieeciosichnd| seadndadketrode plarpe 662 end 664 aatsodnrmed
arrangenent relative to each other; a center, a third, and a fourth

el ectrode ofn SHPSSBRMbhEH natdriAP6 KPR S c2Eh iRk GRMPAe EOPlogAldddadmatetivel y to
each other; the first electrode arranged a rel ative di stance above the

center el ecygadeendhfeiblfodd 8cRAdoR GBI REE AL AMNE of Sl Fok\faliat ance

bel ow t he

15 616. Ascan be seen in Fig. 29, each electrode extension 666 of each first electrode plate
662 extends in an opposite direction from the electrode extension 666 of the
corresponding second electrode plate 664. The arrangement of ground extensions 660
and electrode extensions 666 can be reconfigured in numerous pattemns as long as a
convenient layout for electrical conductor coupling is created As in the various other

20  embodiments of the present invention, each differential and common mode filter included
in strip filter 642 consists of a first and second electrode plate 662 and 664 sandwiched
between common ground conductive plates 656 with additional material having
predetermined electrical properties (not shown) disposed between and electrically

isolating the various ground and electrode plates from one another. Fig. 30 shows top,



19 JUL 2002 7G center electrode, and the third el ectrode arranged the

rel ati ve above the first electrode, and the fourth el ectrode argan gw@he
rel ative bel ow the second el ectrode; the first and second el ect gdgﬁ
shielded as a plurality of electrodes by at |east the center, the third,
and the fourth electrodes; and the first and second el ectrode are shiel ded
as individual electrodes fromeach other 4 at |east the center, the third,
and the fourth electrodes. 39. An el ectrode arrangenent conprising: at

| east a fir$bitoa aneeirdicvanel strip filteb49tiaeing fRbieel sadad ddffdretDUBbRBctive
conductively to one another; layers of aligned, patterned el ectrodes,

wher ei n eacIgamtéﬁraﬂﬁ%sﬁlrﬁﬁrhhgg&?ﬂ dn&nﬁ th BYAESey f?ﬁcofasluk)ﬁ&?ﬁate?‘% (tigﬁlra{ehl%d

el ectrodes having at | east on ectro exte rst S

el ectrode ar elaw a fi yer ghe ern | ectrode

and the secgh@ﬂgh?"&fap%‘i“g(?ﬂo Si‘émé’r(? ﬁ“‘ﬁ%&éeﬂstsﬂ%“’??’}t F&%ref 16drotiam @fned,
patterned el ectrode and a second Iayer of aligned, patterned el ectrodes

i s arranged SHIFO @H% aschOWe 18 Hige PAd.6F Betspmaas therep & allewr 9r sirifask ancainting r ode
arranged above the second | ayer of aligned, patterned el ectrodes; and the
el ectrode exf empifdrer 682.e8omnadn grhendaintiectivebardoEI0rexchad vefticahgup itresdndb ayer
of aligned, patterned electrodes is oriented in an opposite position

relative toagad 6mrortﬁ§wmidnﬂm@hle&tshﬂﬁﬁlt&>@4§rh%'lﬁdﬂcﬂéd d;ame ;fafmérhqamédtc%m&d
el ectrodes of the second | ayer of aligned, patterned el ectrodes,

respectivel 0 A arr At S
plurality o%FI%Sh ;?an] }%Oe%t‘géd égnaégﬁrgﬁ! ﬁib g Toth duc‘%ggg&ﬁ oérég%ggri{l%fougd on

i ncludi ng at, | east first eco and a th rd shleld el ectrode

bl ar a1 Ly ot Epan BaoBro st Bl onoenT ks comRation/Bex dnherisnd doun the

el ectrodes having the sanme nunber of shaped el ectrodes, wherein any shaped
el ectrode ofsidgac Hirbteapdrseeqndatiffeisniia dordustive bates 652 andi6t ¢xdend dovorthent ed and
substantially aligned by spaced apart arrangenent per each respective

| ayeri ng0of cohagpeadiigaidasedesip fitdrions hlldwing thengriohs slbaprid extensibnolissofof t he
plurality of layerings of shaped el ectrodes is correspondingly positioned

in a opposi teciobf t%@tfﬁét'a% sé&Jn@%le‘é?ro&@plﬂté 86O é@%@ﬂale@ﬁnc@ﬁy sHaNeR their
el ectrodes of the pl urallty o ayerlngs of shaped el ectrodes, wherein the

first shieldeglgeid 088, Lo ALLAGRH DS LS, (1S o}aefgﬁlalngﬁg&c@@&fz@&ors

el ect r odes, e detond e arranged above

| ayeri ng of ) ed. electro , and_the second of erin ha e

el ect r odes |8W§fz§ﬁﬁéH“QW66§e@ e DLes I U Fﬂ6é?e€¥ﬂ65@%e &ﬁlrd
shield el ectrode is arranged above the second of | ayering of shaped

el ectrodes; Gomgsnandirg first andegeeeridngleafods plaprs $62 land H6beanskiihand s¢eonsecond of

| ayeri ng of shaped el ectrodes are shielded both, as a plurality of
| ayeri nds ofdiffbeptal cehdodtivedasds @ﬁ?chnﬂr&mixmmkahﬁbhmmginaﬁbnsi(d)ﬁ:htdqghhigr) t he
plurality of shield el ectrodes. 1 9J UL 2002 78 41. An el ectrode

arrangement WRIRRéptbdREis @Ath bedslod différehtial andEGRMEN nRAE filtetshelddshiviehiel
el ectrode that are each coupl ed conductively to one another; |ayers of

ali gned, pat st.lﬁﬁ 'ﬁ‘ﬁgr @A'f:‘cl&l pglfeﬁ 'a fﬁﬁﬁa aqgﬂibﬁroq(iﬁllpetjﬂf‘e?%ﬁ?%l&fmﬁln@es an
additional first electrode plate 662e. By adding an additional electrode plate strip filter
642 can now accomodate an odd number of electrical conductors. An example of an
20  application requiring an odd number of electrical conductors is eroviding filtering for D-
sub connectors which typically have 9 or 15 conductors. While not shown, the only
difference in the top, bottom and side views of strip filter 642, shown in Fig.31, is that an

additional conductive band 652 and one or more common ground conductive bands 650



| ayers of aligned, patterned el ectrodes having at |east an el ectrode
extension; the first shield electrode arranged a first distance below a
first layer of aligned, patterned el ectrodes, and the second shiglgdy, 2007
el ectrode arranged a second di stance above the first |ayer of aligne&,
patterned el ectrodes, and a second | ayer of aligned, patterned el ectrodes
is arranged a third di stance above the cond shield electrode, and a third
shield el ectrode arranged a fourth distance above the second | ayer of

al i gned, patterned .electrodes: each el ectrode, extension of each patterned
ol ect rode” SPLFLESHIRL I 1 GinBae T RyRLETSfB6 Fulfion EpdleRme i aiBia o
in an opposite position relative to at | east an el ectrode extension of at

| east one @]Gﬁfrf@%iﬂﬁ@ﬁﬁée péhewrarnereepandingsdeondrelechieds platmdiecages plate 682¢ gned,
patterned el ectrodes, respectively; and the first |layer of aligned,

patterned erastaiaas-gochd pacReBoEh @l #1d tht pBReHy oPadhebRgsogIdect r odes
are shielded fromone another by the first, the second, and the third

shield ele U e

conpr i si nge st BER o35 ARG (hclgondlih BBRINERRAHIRE AR o
anot her . i n¢l _udj .at .l east..a first shield el ect.rode second shield

el ect r ode, P%ﬁ%kéal’%t‘ﬁFP??‘%PH&&%‘FEW‘?%?&B‘,“’%M“@%E f’”rfgai}@rtiaﬁﬁsquﬁcfesqﬁt‘%eﬂlr odes,
wherein each | ayering of el ectrodes further conprise a plurality of aligned
el ect r odes haHestaeal cengustosthay ix@naeded todust dentive platea@dleaadtany gae ef &6t r ode
extension; the first shield el ectrode arranged bel ow one | ayering of

el ect r odes gleahdtat tvmdsetosraupled 61 stcehdelectaxde phatessdtged dabove the one | ayering
of el ectrodes, and another one | ayering of electrodes is arranged above the

second shield elppgt B.@dﬁ‘ou%ﬂm gholvd hisinSdHioehaifloRs bl fdenalilRngRMcARAME:d he
anot her one | ayering of electrodes; each el ectrode extension of each

aligned, e 'iﬂgf%r%{tigtﬂ% &Eﬁn&ﬁﬁﬁﬁé Qﬁpq{ltegsx {N?l%jﬁs s! 91% hofli ented in an

opposite position r ive at l'eaSt "an el'ectrode ®xtensi of at |east

one corfespondi.n i d ect.r qge t he anot he ne..l ayeri ng of

el ectr ddes e{aegﬂnggé%a{:’gg';?t 4"(9?3 » ERP gﬂtff 8610 HfCOE’QE’ﬁe[Q‘Pfiradﬂgﬁ,l“ye%{éW'gﬂ% of the
one layering of electrodes is electrically isolated fromthe same; and the
one |ayer &FOHN;QRBFIVE Platestbbavithntirst prd whend@eciiode PIASFOG2A3dH04al i gned

el ectrodes are shielded fromone another by the at least the plurality of
shi el d el esandwigked iddetvides tht earions demeon gnoyadeondursive platdsai st 38 inthavhi ch
the el ectrode arrangenent conprises a portion of a circuit. 80 44. The

el ectrode Pré&do@smBYdiments,bud) fldh 888 hiad foipgifs 6fMRnRkRAbF idsame Kiffigentbint
conprises a portion of a circuit. 45. The el ectrode arrangenent as in claim

40 I n whi Clinlihnl BGh AR TANMENENENLONRS] SEHoRe BRI Ml2E 38 6. 46,

The el ectrode arrangenent as in aim4l in he el ectrode arrangenent

conpri ses rtion of a cirncuit. 47. The el.ectrode a e in claim
22T MR o/ R ClsPlef wis Sahr ntpsihinod iy SEA0 U5 PRIRUSTEMbeR Bl ' 55
An el ectroni c conponent conprising: a plurality of electyodes conductively

coupl ed t o S¥ABM BiafrER! Wch%%@re%fgemawelactflswr@fopért@ét%Sdii@?osgdé@eaﬁbom

el ectrode, and a third electrode; a first |ayer of co-planar electrodes and
a second | ahisrspesificasiopl smibat prireensrafcesterial 666 spias swdlation bngitheesigy efcarhty of
el ectrodes such that the first |layer of co-planar electrodes is positioned

bet ween t hecohimesi gehad tontieti snglate656s ehdike tie) esodafientastbvirhm Rigs@8d | ayer
of co-planar electrodes is positioned between the second el ectrode and the

third el ectinadeh 319@%@@%@_1(3{ gdoeﬁ& EdrRlubR TR 6 RPRistoRGH JTei Mgl sai d
plurality of el'ectrodes and sal irst layer of co-planar el ectrodes and
sai d S%Ondéll 6aé/x%nd?gg l%gétﬂ\lw‘%@%'ﬁ either side of common ground conductive plate 656. The

first and second electrode plates 662 and 664 are also formed on strips of support material

616 so that the electrode plates are surrounded by material 616 except for electrode

extensions 666 which extend to the edges of support material 616. Additional material



el ectrodes; and ~9J Ul 200Z 81 wherein the first |ayer of co-planar
el ectrodes are electrically insulated fromthe second | ayer of c?-planar
el ectrodes. 49. An el ectrode arrangenent conprising: a plurality SrJUL 2002
el ectrodes, including at least a first, a second, a third, a fourth and a
fifth electrode, and wherein each electrode of said plurality has at | east
two apertures including a first and a seqgnd aperture, respectively; a

mat eri al having properties, and wherein all electrodes of said plurality

are spaced ﬁ@ﬂﬁ% pledSHMed @@&?i@ﬁrpr&}’exﬁés_(h&%ﬁBTvﬁ)aiiSQisnge%rﬂc%'en‘é\%@r ein at

| east said first, said third and said fifth el ectrode are o stantially

t he sane si J when ein at | east,said sec and said fourth
el ectrode a?%c%l? glé)aggﬁgeﬁtt fi?e;\fjalrv% %Oén%lgﬂgrwggo%%ﬁg%@a&s %%@%FWCEQ&I east
said third egectrode is larger than at | east said second el ectrode; wherein
sai d secondP!3ff§ %9aand PotatlHTasn ang anoder o Siripcliléar 880 isdvantagenug in Hiat o

el ectrode, and wherein said first and said fifth electrode at |east
sandwi ch saprbvades gradier sanmbctitn yalsaihidy wathdow auluttaned. ect r ode; at | east two
conductors including a first and a second conductor; wherein said first

conduct 0§ i s di spassd shdwieg ool Sl Sldd Views o R8P eSO avid SrsehfRCt rodes
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first, said third and said fifth electrode are electrically coupled to one
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properties, e aving Territe properti a ma havi ng

sintered polycrystalline properties, and a magerial .having .
Ferr oel ect r PR AP RS RHICEPROIBoLIo o7 BB et polbe fasing Hieg isious elegirde
arrangenment according to claim49, wherein at |east said second and said
fourth el ectkisagiony@bedfcach pldhe figst prbicgpedicieetende phrtesdiBtand 00450 elegtsally
el ectrode arrangenent according to claim49, further conprising at

couple to their respective conductive bands thereby allowing connection of external

15 electrical conductors to the first and second internal electrode plates.
Figs. 34 and 35 show a further embodiment of the present invention in strip filter
802 with the only difference being the actual configuration and orientation of the various
electrode extensions 666 of each of the first and second electrode plates 662 and 664. As
clearly shown in Figs. 32 through 35, the connection or pinout configurations of the strip
20  filters can be arranged to suit any application. Strip filter 804, as shown in Figs. 36 and
37, is a further embodiment which emphasizes the common ground connection. Referring
to Fig. 36, each common ground conductive plate 656 is imprinted or etched upon support

material 616 having predetermined electrical properties through techniques known in the



| east one line-to-line capacitor and at |east two |ine-to-ground

capacitors. 53. The el ectrode arrangenent according to claimb50 Offrﬂfl(ﬁ]
for conbined differential nbde and conmmon node filtering. 54. Ac c‘ {002
conprising the el ectrode arrangenent according to claimb50.
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"1098B& ()-3 ﬁ'rgtgl;@ge(n)lal @e@],mhgto HgwWofisal SR i¢ry 506 and 504 which divide

1) 4" 10988 ()-' " $109B& ()- YY% "109B& ()- ,#YL09B& ()-Y! 109B& ()- GPbCl 10%
h& & 109&' ()secotOferential pldbe imBinld)BlSeé'clﬂWﬁ&i\(e)ardas: electrode 510, isolated electrode

10 502 and common electrode 508. For both first and second differential plates 460 and 500,
isolation barriers 462 and 506 are essentially U-shaped to create electrodes 464 and 510
which encompass a large area of first and second plates 460 and 500. U-shaped isolation
barriers 462 and 506 allow electrode 464 and 510 to extend fully to ends 476 and 514,
respectively. Extending from isolation barrier 462 and 506 are members 474 and 512 and

15  extending from isolation barriers 466 and 504 are members 473 and 513. Members 474
and 512 extend perpendicular to and outward from the ends of u-shaped isolation barriers
462 and 506 at their points nearest ends 476 and 514 and members 473 and 513 extend
perpendicular to and outward from isolation barriers 466 and 504 respectively in order to
fully isolate common electrodes 470 and 508 from ends 476 and 514. Also, both first and

20  second differential plates 460 and 480 have isolated electrodes 468 and 502 formed on
opposite of ends 476 and 514 by isolation barriers 466 and 504.

Common ground conductive plate 480 includes isolation barriers 482 and 492

which divide common ground conductive plate 480 into three conductive surfaces:
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11001 & () 3) 10%I & ()~ TMBLOM| & 30/<100/41| & ()- 30

arioval & FPEASehmRd v gt rswzo@ e gg%ér}}%%L‘ﬁ‘)‘l("z“h it
104 | sl "10(V ()13 110%&' () - I 109& ( ) | 110%& ()- 109 ()-y&LO%&' () >
104] K" " " #1 teffecs oﬁ_mqnomqy%cwdwcnxgmle@%gl /gol(a}xoq:bamcrs 482 and 49
10%&' () - F109%&' ()-#109%& () - $s$$/ WOMRAE: /
also include members 496 extending outward and perpendicular from the vertical sections
5  ofisolation barriers 482 and 492 and are positioned so when plates 460, 480 and 500 are
stacked, they are aligned with the horizontal portions of the U-shaped isolation barriers
462 and 506 of first and second differential plates 460 and 500.
An additional feature is that common ground conductive plate 480 can be
optimized for use in filtering AC or DC signals. Isolation barriers 492 and 482 as
10 described above are optimized for use in filtering DC signals. For DC operation isolated
electrodes 484 and 494 require very little area within common ground conductive plate
480. When the filter is comprised of a film medium and used for filtering AC signals,
isolated electrodes 484 and 494 require a greater area which is accomplished by etching
modified isolation barriers 486 and 490. The vertically running isolation barriers 484 and
15 494 are etched closer together and closer to the center of common ground conductive
plate 480. To accommodate this modification, members 496 extending outward and
perpendicular from the vertical sections are longer than for the DC version. The greater
area isolated electrodes 484 and 494 provide better AC filtering characteristics, although
either configuration provides filtering to both types of current.
20 FIG. 15 is a cross-section of film medium differential and common mode filter
540 comprised of a plurality of plates similar to those shown in FIG. 14. As for the

surface mount chip embodiment shown in FIG. 11, film differential and common mode

filter 540 can also consist of more than five plates in effect coupling capacitors in parallel
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ollowed by an electrode plate 460, followed by another common ground conductor plate

5 480, followed by the next electrode plate 500 and then another common ground
conductive plate 480. The previous sequence of alternating ground and electrode plates
can be repeated to achieve additional capacitance. Shown in cross section each layer or
plate is comprised of a film 558 possessing a conductive metalized upper surface 556
which have isolation patterns cut into the metal surface with a laser creating isolation

10 patterns 554. Terminal conductive blocks 550 and 552 are comprised of pure aluminum
which is deposited on the edges and penetrates into the film extensions to provide a
highly conductive termination cglxsisting of like metals. The extensions described are
created by stacking the different plates in a sequence that has every electrode plate 460 or
500 surrounded by common ground conductive plates 480 as pictured in Fig 15. The

15  electrode plates 460 and 500 are offset from each other and the common ground
conductive plates to facilitate edge termination.

FIGS. 16 through 19 are directed towards embodiments of the differential and
common mode filter configured and optimized for use with electric motors. Electric
motors are a tremendous source of electromagnetic emissions. This fact is evident even

20  to layman, as most people have experienced running a vacuum cleaner in front of an
operating television set and noticing “snow” fill the screen. This interference with the
television is due to the electromagnetic emissions from the motor. Vacuum cleaners are

by no means the only source of electromagnetic emissions. Electric motors are used
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10%& () - electric motors to control the windshield wipers, electric windows, eleciric adjustable

mirrors, retractable antennas and a whole host of other functions. Due to the prevalence

5 of electric motors and increased electromagnetic emissions standards there is a need for

differential and common mode filtering.

Electric motor filter 180 may be made in any number of shapes but in the
preferred embodiment shown in FIG. 16 it is essentially a rectangular block comprised of
material 182 having one of a number of predetermined electrical properties. FIG. 16a

10 shows the outer construction of filter 180 which consists of a rectangular block of
matenal 182 having an insulated shaft aperture 188 disposed through filter 180's center,
conductive bands 184 and 194 and common conductive bands 186. FIG. 16b shows a
side view of filter 180 with the arrangement of conductive bands 184 and 194 and
common conductive band 186 being electrically and physically isolated from one another

15 by sections of material 182 positioned between the various bands. FIG. 16c shows a cross
section along line A of FIG 16a. As in all previous embodiments, the physical
architecture of the present invention is comprised of conductive electrodes 181 and 185
with common conductive electrode 183 sandwiched in between. Material 182 having
predetermined electrical propeﬂies is interspersed between all of the electrodes to prevent

20  electrical connection between the various conductive electrodes 181 and 185 and common
conductive electrode 183. Similar to that of the surface mount embodiments of the
present invention, filter 180 employs conductive bands 184 and 194 to electrically

connect filter 180's internal electrodes to electrical conductors. Conductive electrode 181
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to come in contact with conductive band 194 which is coupled to conductive electrode
185. Although not shown, common conductive electrode 183 extends fully between
5  common conductive bands 186 without coming in contact with conductive bands 184 and
194. Again, by coupling common conductive bands 186 to signal or earth ground, a
“true” ground may be employed rather than the inherent ground provided by common
conductive electrode 183.
FIG. 16d is a schematic representation of differential and common mode electric
10 motor filter 180 showing condu;:tive electrodes 181 and 185 providing the two necessary
parallel plates for a line-to-line differential mode coupling capacitor while at the same
time working in conjunction with common conductive electrode 183 to provide line-to-
ground common mode decoupling capacitors with common conductive electrode 183
acting as the inherent ground. Also shown are conductive bands 184, 194 and common
15  conductive band 186 which allow electric motor filter 180 to be connected to external
electrical conductors. While the preferred embodiment of FIG. 16 only shows one
common conductive electrode 183 and two conductive electrodes 181 and 185, Applicant
contemplates the use of a plurality of electrodes to obtain varying capacitance values
through the additive effect of paralle] capacitance similar to that described for previous
20  embodiments.
FIG. 17 shows differential and common mode electric motor filter 180 electrically
and physically coupled to electric motor 200. As shown in FIG. 17a, electric motor filter

180 is placed on top of electric motor 200 having motor shaft 202 extending outward
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terminals 196, although not shown, are then electrically connected to electrical supply
5 lines providing electric motor 200 with power. Once electric motor filter 180 is
connected /coupled to electric motor 200, motor face plate 208 is placed on top of both
motor 200 and filter 180 with motor shaft 202 disposed through a similar aperture in the
center of motor face plate 208. Face plate 208 is then physically coupled to the body of
motor 200 through the use of clamps 206. While not shown, filter 180 may be used with
10  itsinherent ground by coupling common conductive bands 186 Ito the motors enclosure or
common conductive bands 186 may be directly wired to circuit or earth ground.

FIG. 18 is a logarithmic graph showing a comparison of electric motor 200's
electromagnetic emission levels as a function of frequency with the result of an electric
motor having a standard filter being shown at 220 and the results of differential and

15 common mode electric motor filter 180 shown at 222. The grabh demonstrates that
between 0.01 MHz and approximately 10 MHz there is a minimum of a 20dB
suppression of electromagnetic emissions throughout the range with even more
pronounced decreases in the 0.1 to 1 MHz range. One can see that at the upper frequency
range of 10 - 20 MHz and beyond, the decrease in electromagnetic emissions is not as

20  great as at the lower frequencies but this is not particularly critical as most electric motors
operate well below this frequency range thereby allowing electric motor filter 180 to
provide enhanced performance with decreased electromagnetic emissions for the majority

of applications.
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exceptions being the shapes of the plurality of plates and that each plate includes motor
5 shaft aperture 242 to allow the plurality of plates and filter 230 itself to be coupled with
the top of an electric motor without interfering with the motor shaft and its rotation. FIG
19a shows the individual plates of filter 230 which include common ground conductive
plate 232 and a plurality of conductive plates 246 with all three plates having motor shaft
apertures 242. Common ground conductive plate 232 is comprised of a conductive
10 materal and in the preferred embodiment is fabricated from a piece of metal. All three
plates have at least two apertures 252 which accept electrical conductors 244 as shown in
FIG.19b. The two conductive plates 246 of FIG. 19a show opposite sides of plate 246.
As in the other embodiments already described, conductive plates 246 are fabricated of
material 254 having predetermined electrical properties wherein one side of plate 246 is
15 covered by a conductive surface 236 with the other side of plate 246 having a non-
conductive surface 234. To provide electrical coupling between each electrical conductor
244 and the appropriate conductive surface 236 of each conductive plate 246, one of the
two apertures 252 is a coupling aperture 240 while the other aperture 252 is surrounded
by an insulating ring 238. Both apertures 252 within common ground conductive plate
20 232 are surrounded by insulating rings 238 to prevent any electrical connection between
common ground conductive plate 232 and either electrical conductor 244.
FIG. 19b shows the operative physical coupling of common ground conductive

plate 232 and conductive plates 246. Common ground conductive plate 232 is
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insulating rings 238 of each plate 246 are positioned so only one of the two electrical
5  conductors 244 is coupled to either conductive surface 236 of conductive plates 246.
Once common ground conductive plate 232 and the plurality of conductive plates 246 are
physically coupled the entire arrangement which makes up differential and common mode
electric motor filter 230 is then placed over the top of an electric motor with the motor
shaft extending through shaft apertures 242 of each of the plates.

10 FIG. 19c is a schematic representation of the filter components showing how the
individual conductive surfaces of the plurality of plates interact to form the line-to-line
and line-to-ground capacitors which form filter 230. Because the plurality of conductive
plates 246 are essentially identical and are just arranged differently with respect to
common ground conductive plate 232, the schematic shown in FIG. 19¢ uses prime

15  reference numerals to indicate conductive surfaces 236 of the individual conductive plates
246.

FIGS. 20 and 21 show a high-power embodiment of the differential and common
mode filter of the present invention. FIG. 20a shows a quasi-schematic representation of
the physical arrangement of plates which make up the filter shown in FIG. 20b. Referring

20  to both FIGS. 20a and 20b it ca'n be seen that common ground conductive plate 292 is
again sandwiched between two conductive electrode plates, 270 and 270", which are

individually connected / coupled 1o electrical conductors 275a and 275b. Each

conductive electrode plate, 270 and 270", consists of a material 264 having specific
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predetermined properties, with each plate then having a conductive surface to which
electrical connections are made. After electrical conductors 275a and 275b are connected
to conductive electrode plates 270 and 270, the conductive surface is coated with
insulation. Conductive electrode plates 270 and 270" are physically coupled to common
5  ground conductive plate 292 via typical adhesive material known in the art. A clearer
representation of high-power differential and common mode filter 260 is shown in FIG.
21 with FIG. 21a showing the physical embodiment and FIG. 21b showing a
representative schematic. Filter 260, as shown in FIG. 212, is comprised of common
ground conductive plate 262 sandwicllled'belween wheels of material 264 having
10 predetermined electrical properties. Wheels 264 of material are held in place by
conductive electrodes 270 and 270" with coupling axle 278 disposed through the plurality
of apertures 266, not shown, and disposed through wheels 264 and common ground
conductive plate 262. To manage the higher current and voltage conditions filter 260 is
designed for, common ground c'onductive plate 262, conductive plates 270 and 270" and
15  wheels of material 264 are typically sized much larger than previous embodiments of the
present invention. To allow filter 260 to be connected to external electrical conductors,
conductive electrodes 270 have connecting members 284 extending therefrom which are
mechanically coupled to connection terminals 275a and 275b through common means
such as tightening screws and washers. Connection terminals 275a and 275b are mounted
20  ontop of enclosure lid 282 to create a one piece assembly consisting of enclosure lid 282,
common ground conductive plate 262, conductive electrodes 270 and 270" and wheels

264 of material. This single component is then placed within component enclosure 276

which has flanges 272 extending from common ground conductive plate 262 coupled to
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5  embodiments of the present invention, conductive electrodes 270, represented with and
without a prime to indicate separate surfaces, make up the two parallel plates necessary
for a line-to-line capacitor coupled between connection terminals 274. Conductive
electrodes 270 individually but in conjunction with common conductive electrode 262
make up line-to-ground common mode decoupling capacitors with common conductive

10 electrode 262 acting as the inherent ground.

Fig. 42A and 42B show phase T network filter 940 which is a further application
of the various surface mount differential and common mode filters disclosed previously.
Phase T network filter 940 is comprised of differential and common mode filter 942
having common ground conductive bands 944 and first and second differential conductive

15  bands (not shown) located on either end of differential and common mode filter 942.
Coupled to each of the common ground conductive bands 944 are common ground
conductive terminals 950 to which solderable connections can be made to desired external
circuitry. Coupled to each end of differential and common mode filter 942 are inductive
ferrite enclosures 952 and 954 respectively. Each inductive ferrite enclosure, 952 and

20 954, is composed of a solderable ferrite material to which the first and second differential
conductive bands (not shown) of differential and common mode filter 942 are soldered
internally to their respective inductive ferrite enclosures. Enclosure 954 (as well as 952)

includes electrode plate terminals 948 (946) physically coupled to the sides of each
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This arrangement is better seen from the additional reversed view of enclosure 954 (952)
shown in dashed lines at 966. Fig. 42B is a schematic representation of phase T network
5 filter 940 showing multiple inductors 958 coupled to first and second electroplate
terminals 946 and 948 of differential and common mode filter 942 thereby creating phase
T network filter 940 shown in Fig. 42A.

Phase T network filter 940 is advantageous in high signal current and high

frequency noise applications because the present embodiment is capable of shunting noise

10 to ground while allowing high signal current to flow through the terminations of the
device with greater noise reduction. First and second electrode plate terminals 946 and
948 provide filter 940 with the high current carrying conductors necessary for such
applications and the inductive ferrite enclosures 952 and 954 establish a magnetic field.
This combination improves the high frequency filter effectiveness such that the

15  attennation characteristics of filter 940 approach a slope of 40 - 60dB per decade. Phase
T network filter 940 is particularly suited for use in low impedance circuits.

As can be seen, many different applications of the differential and common mode
filter architecture are possible and review of several features universal to all the
embodiments must be noted. First, the material having predetermined electrical

20  properties may be one of a number in any of the embodiments including but not limited to
dielectric material, metal oxide varistor material, ferrite material and other more exotic

substances such as Mylar film or sintered polycrystalline. No matter which material is

used, the combination of common ground conductive plates and electrode conductive
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conductors. The material having electrical properties will vary the capacitance values
and/or add additional features such as over-voltage and surge protection or increased

5 inductance, resistance, or a combination of all the above.

Second, in all embodiments whether shown or not, the number of plates, both
common conductive and electrode, can be multiplied to create a number of capacitive
elements in parallel which thereby add to create increased capacitance values.

Third, additional common ground conductive plates surrounding the combination

10  of acenter conductive plate and a plurality of conductive electrodes may be employed to
provide an increased inherent ground and surge dissipation area and a true Faraday shield
in all embodiments. Additional common ground conductive plates can be employed with
any of the embodiments shown and is fully contemplated by Applicant.

Finally, from a review of the numerous embodiments it should be apparent that

15  the shape, thickness or size may be varied depending on the electrical characteristics
desired or upon the application in which the filter is to be used due to the physical
architecture derived from the arrangement of common ground conductive and conductive
electrode plates.

In fact the differential and common mode filter, although not shown, could easily

20  Dbe fabricated in silicon and directly incorporated into integrated circuits for use in such
applications as communication chips. The differential and common mode filter would be
embedded and filter communication or data lines directly from their circuit board terminal

connections, thus reducing circuit board real estate requirements and further reducing



9 10%& ()- KB@EDC 104 s10%&' ()-fz#10%&' ()-10%& ()- 10%& ()-Y 109%& ()-|

, Z10%& ()- @DdEbC 104|, 109%& ()- *@ 109%& ()-y' ' $10%& ()- % 19 JUL 2002
109%&' () - y#S109%&' ()-L! @ 10%& () - D({(dEbC 104| L9S 10%&' ()- 710%& () -

4109%& ()-y210%&' ()-0 109%& ()-Y.t!10%& ()-(}~<bC 104| 10% o0& ()-10% o0& () -
10% 0& ()-y&10% 0& ()-3 10 10 10y;!10%& ()- <4<dEbC

104|110% 0& ()-,t!10% o0& ()- 109% 0& ()-5%¥ 10% 0& ()-9s10% 0& ()- !10% o0& () -
<=CdEbC 104| S$! 10% 0& () -, "! 10%08& ()- @ 10% o0& () -, o

10% o0& () ovsrrbwmrewt gipe whilodgeias simplagreduston oejuremeotso &nigprated/cireoys 6&' () -
S-110% 0& ()- , +10% 0& ()-Sf)10% 0& ()-& "10% o0& ()- 14xnbC 104| &910%& () -
10' 0 10' o alkBady Bdip @84 havif@abadhovetthedyw Bk ARG sifcdne-fsdddatibd %Whik dl)ows! dEnHC
104| #109%&' ()-Lf 109%&' ()-  s10%& ()-1 10%& ()- @O0% ()-10%& ()-V_dEmbC

1041 2 109 1 fhechRY8i @ dmiod Wkl o HMoked Aoty dEmDC
available today.

5 Although the principals, preferred embodiments and preferred operation of the
present invention have been described in detail herein, this is not to be construed as being
limited to the particular illustrative forms disclosed. It will thus become apparent to those
skilled in the art that various modifications of the preferred embodiments herein can be

made without departing from the spirit or scope of the invention as defined by the

10  appended claims.
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1. An electronic component comprising:

at least one common electrode comprising at least two apertures;

at least two electrodes, wherein each electrode -of the at least two
electrodes comprises at least two apertures;

a first electrode of the at least two electrodes is arranged below the at
least one common electrode, a second electrode of the at least two electrodes
is arranged above the at least one common electrode, and wherein the first
electrode of the at least two electrodes and the second electrode of the at least
two electrodes sandwich the at least one common electrode;

at least two conductors, wherein a first conductor of the at least two
conductors is disposed through a first aperture of the at least two apertures of
the at least one common electrode, wherein the first conductor is not coupled
conductively to the first aperture of the at least one common electrode, and a
second conductor of the at least two conductors is disposed through a second
aperture of the at least two apertures of the at least one common electrode, and
wherein the second conductor is not coupled conductively to the second
aperture of the at least one common electrode,

the first conductor is disposed through a first aperture of the at least
two apertures of the first and second electrodes, respectively, wherein the first

conductor is coupled conductively to the first aperture of the first electrode,
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second conductor is not coupled conductively to the second aperture of the
first electrode, and wherein the second conductor is coupled conductively to
the second aperture of the second electrode; and

a material having predetermined properties, wherein the material is at
least maintained between the at least one common electrode and the first
electrode and the second electrode preventing conductive coupling from the at
least one common electrode to either the first electrode or the second

electrode.

2. The electronic component as recited in claim 1, wherein the material
having predetermined properties is selected from the group consisting of
dielectric materials, metal oxide varistor materials, ferrite materials, sintered

polycrystalline materials and ferroelectric-ferromagnetic composite materials.

3. The electronic component as recited in claim 1, further comprising a
second common electrode of the at least one common electrode arranged
below the first electrode of the at least two electrodes; and

a third common electrode of the at least one common electrode

arranged above the second electrode of the at least two electrodes.
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conductlvely to at least one different outer conductive portion of the plurality

of outer conductive portions, respectively.

5. The electronic component as recited in claim 1, wherein the at least
two electrodes are of substantially equal and balanced characteristics,
wherein the at least two conductors are polarized opposite to each
other, and
the at least two electrodes cooperate with the at least two conductors
resulting in at least measurements operable for one line-to-line capacitance

value and for two line-to-ground capacitance values.

6. The electronic component as recited in claim 3, wherein the interlacing
of the at least two electrodes and the three common electrodes of the at least
one common electrode forms a shield isolating each electrode of the at least

two electrodes from each other.

7. An electrode arrangement comprising:

a first and a second electrode of substantially the same size and shape
isolated from each other;

the first and second electrode in opposite orientation arrangement

relative to each other;
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above the first electrode, and the fourth electrode arranged below the second
electrode;

the first and second electrode are shielded as a plurality of electrodes
by at least the center, the third, and the fourth electrodes; and

the first and second electrode are shielded as individual electrodes

from each other by at least the center, the third, and the fourth electrodes.

8. The electrode arrangement according to claim 7, comprising;

a material with predetermined properties arranged to prevent
conductive coupling from the first electrode to the second electrode;

the material arranged to prevent conductive coupling from the second
electrode to the first electrode; and

the material arranged to prevent conductive coupling of either the first
electrode or the second electrode, to the center electrode, the third electrode,

or the fourth electrode, respectively.

9. The electrode arrangement according to claim 7, wherein the center,
the first, the second, the third, and the fourth electrode each comprise at least

one pair of apertures, respectively.
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11. The electrode arrangement according to claim 7, the center, the first,
the second, the third, and the fourth electrode each comprise at least one pair

of insulating apertures, respectively.
12.  The electrode arrangement according to claim 7 operable as an integral
component with combined differential mode filtering, common mode filtering

and surge protection functions.

13.  The electrode arrangement according to claim 7 operable to define at

least a portion of a capacitive network.
14. A circuit comprising the electrode arrangement according to claim 7.

15.  The circuit according to claim 14 comprising a portion of a capacitive

network.

16.  The circuit according to claim 14 comprising at Jeast one line-to-line

capacitor and at least two line-to-ground capacitors.
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and
the pair of inner electrodes coupled conductively to the center, the

third, and the fourth electrode.

18.  The electrode arrangement of claim 8 further comprising a pair of
outer electrodes arranged sandwiching the electrode arrangement;

each outer electrode of the pair of outer electrodes is substantially the
same size and shape as each inner electrode of the pair of inner electrodes, the
center electrode, the third electrode, and the fourth electrode; and

the pair of outer electrodes coupled conductively to the pair of inner

electrodes, the center, the third, and the fourth electrode.

19.  The electrode arrangement of claim 8 further comprising a pair of
inner electrodes arranged sandwiching the center electrode;

a pair of outer electrodes arranged sandwiching the electrode
arrangement;

each electrode of either the pair of outer electrodes or the pair of inner
electrodes of substantially the same size and shape as the center, the third, and
the fourth electrode; and

the pair of outer electrodes and the pair of inner electrodes are all
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a first and a second electrode of substantially the same size and shape
isolated from each other, and the first and second electrode in opposite
orientation arrangement relative to each other;

a plurality of common electrodes of substantially the same size and
shape common-aligned and coupled conductively to one another;

a first common electrode of the plurality of common electrodes
arranged below the first electrode, and a second common electrode of the
plurality of common electrodes arranged above the first electrode, and the
second electrode arranged above the second common electrode of the plurality
of common electrodes, and a third common electrode of the plurality of
common electrodes arranged above the second electrode;

the plurality of common electrodes is not coupled conductively to
either the first or the second electrode within the electrode arrangement;

the first and second electrode are not coupled conductively to each
other within the electrode arrangement;

the plurality of common electrodes shield the first electrode from the
second electrode within the electrode arrangement; and

the plurality of common electrodes shields the second electrode from

the first electrode within the electrode arrangement.
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the material arranged to prevent conductive coupling of either the first

electrode or the plurality of common electrodes, respectively.

22. The electrode arrangement according to claim 21, wherein the first, the
second electrode and each common electrode of the plurality of common

electrodes comprise at least one pair of apertures.

23. The electrode arrangement according to claim 21, wherein the first and
second electrode each comprise at least one pair of apertures; and
the at least one pair of apertures include one insulating aperture and

one coupling aperture.

24.  The electrode arrangement according to claim 23, wherein each
common electrode of the plurality of common electrodes comprise at least one

pair of insulating apertures.

25.  The electrode arrangement according to claim 21 operable as an
integral component with combined differential mode filtering, common mode

filtering and surge protection functions.
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28. A circuit comprising the electrode arrangement according to claim 20.
29. A circuit comprising the electrode arrangement according to claim 24.
30. An electrode arrangement comprising:

a first and a second electrode of substantially the same size and shape
isolated from each other;

the first and second electrode in opposite orientation arrangement
relative to each other;

a means of shielding the first and second electrode as a plurality of
electrodes and individually from each other simultaneously, within the
electrode arrangement; and

a means for preventing conductive coupling of either the first or the
second electrode to the means of shielding or to each other simultaneously,

within the electrode arrangement.
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at least a portion of a capacitive network.

32.  The electrode arrangement according to claim 30, wherein the means
of shielding comprise;

a plurality of common electrodes of substantially the same size and
shape; and

the plurality of common electrodes is coupled conductively to one

another.

33. The electrode arrangement according to claim 30, wherein the first and
second electrode each comprise at least one pair of apertures; and
the one pair of apertures includes one insulating aperture and one

coupling aperture.

34.  The electrode arrangement according to claim 33, wherein each
common electrode of the plurality of common electrodes comprise at least one
pair of insulating apertures.

35. A circuit comprising the electrode arrangement according to claim 30.

36. A circuit comprising the electrode arrangement according to claim 34.
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a second aperture operable for at least insulating;
a first electrode comprising;

a first aperture operable for at least conductive coupling;

a second aperture operable for at least insulating;
a second electrode comprising:

a first aperture operable for at least insulating;

a second aperture operable for at least conductive coupling;
the first electrode is arranged below a second common electrode of the
plurality of common electrodes, and wherein the second electrode is arranged
above the second common electrode, and wherein a first common electrode of
the plurality of common electrodes is arranged below the first electrode, and
wherein a third common electrode of the plurality of common electrodes is
arranged above the second electrode,

the second common electrode is the center common electrode of the
plurality of common electrodes, and wherein the second common electrode is
the center electrode of the electronic component;

the first aperture of each common electrode of the plurality of common
electrodes is correspondingly aligned with every other first aperture of each
common electrode of the plurality of common electrodes, and wherein the

second aperture of each common electrode of the plurality of common
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the first aperture of the first electrode is correspondingly aligned to the
first aperture of each common electrode, and wherein the second aperture of
the first electrode is correspondingly aligned to the second aperture of each
common electrode;

the first aperture of the second electrode is correspondingly aligned to
the first aperture of each common electrode, and wherein the second aperture
of the second electrode is correspondingly aligned to the second aperture of
each common electrode; and

a material comprising predetermined properties is at least maintained
between the plurality of common electrodes, the first electrode, and the second

electrode at least preventing conductive coupling from the plurality of

common electrodes to either, the first electrode, or the second electrode.

38.  Anelectrode arrangement comprising:

a first and a second electrode of substantially the same size and shape
isolated from each other;

the first and second electrode in opposite orientation arrangement
relative to each other;

a center, a third, and a fourth electrode of substantially the same size
and shape coupled conductively to each other;

the first electrode arranged a relative distance above the center

electrode, and the second electrode arranged the relative distance below the
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the first and second electrode are shielded as a plurality of electrodes by

at least the center, the third, and the fourth electrodes; and
the first and second electrode are shielded as individual electrodes from

each other by at least the center, the third, and the fourth electrodes.

39.  An electrode arrangement comprising:

at least a first, a second, and a third shield electrode, all coupled
conductively to one another;

layers of aligned, patterned electrodes, wherein each patterned
electrode of the layers of aligned, patterned electrodes having at least one
electrode extension;

the first shield electrode arranged below a first layer of aligned,
patterned electrodes, and the second shield electrode arranged above the first
layer of aligned, patterned electrodes, and a second layer of aligned, patterned
electrodes is arranged above the second shield electrode, and a third shield
electrode arranged above the second layer of aligned, patterned electrodes; and

the electrode extension of each of the patterned electrodes of the first
layer of aligned, patterned electrodes is oriented in an opposite position
relative to a corresponding electrode extension of each of the patterned

electrodes of the second layer of aligned, patterned electrodes, respectively.
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10\ 10 including at least a first, a second, and a third shield electrode;
a plurality of layerings of shaped electrodes, each layering of shaped
electrodes having the same number of shaped electrodes, wherein any shaped
electrode of each layering of shaped electrodes is identically oriented and
substantially aligned by spaced apart arrangement per each respective layering
of shaped electrodes;
a first layering of shaped electrodes of the plurality of layerings of
shaped electrodes is correspondingly positioned in a opposite orientation
relative to a second layering of shaped electrodes of the plurality of layerings
of shaped electrodes, wherein the first shield electrode is arranged below the
first layering of shaped electrodes, and the second shield electrode arranged
above the first layering of shaped electrodes, and the second of layering of
shaped electrodes is arranged above the second shield electrode, and the third
shield electrode is arranged above the second of layering of shaped electrodes;
and
the first layering of shaped electrodes and the second of layering of
shaped electrodes are shielded both, as a plurality of layerings of shaped

electrodes, and from one another individually by the plurality of shield

electrodes.
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the first shield electrode arranged a first distance below a first layer of
aligned, patterned electrodes, and the second shield electrode arranged a
second distance above the first layer of aligned, patterned electrodes, and a
second layer of aligned, patterned electrodes is arranged a third distance above
the second shield electrode, and a third shield electrode arranged a fourth
distance above the second layer of aligned, patterned electrodes;

each electrode extension of each patterned electrode of the first layer
of aligned, patterned electrodes is oriented in an opposite position relative to at
least an electrode extension of at least one corresponding patterned electrode
of the second layer of aligned, patterned electrodes, respectively; and

the first layer of aligned, patterned electrodes and the second layer of
aligned, patterned electrodes are shielded from one another by the first, the

second, and the third shield electrode.
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aligned, layerings of electrodes, wherein each layering of electrodes
further comprise a plurality of aligned electrodes, wherein each aligned
electrode comprise at least one electrode extension,
the first shield electrode arranged below one layering of electrodes,
and the second shield electrode arranged above the one layering of electrodes,
and another one layering of electrodes is arranged above the second shield
electrode, and a third shield electrode arranged above the another one layering
of electrodes;
each electrode extension of each aligned, electrode of the one layering
of electrodes is both oriented in an opposite position relative to at least an
electrode extension of at least one corresponding aligned, electrode of the
another one layering of electrodes and each electrode extension of each
aligned, electrode of the one layering of electrodes is electrically isolated from
the same; and
the one layer of aligned electrodes and the another one layering of

aligned electrodes are shielded from one another by the at least the plurality of

shield electrodes.

43.  The electrode arrangement as in claim 38 in which the electrode

arrangement comprises a portion of a circuit.
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45. The electrode arrangement as in claim 40 in which the electrode

arrangement comprises a portion of a circuit.

46.  The electrode arrangement as in claim 41 in which the electrode

arrangement comprises a portion of a circuit.

47.  The electrode arrangement as in claim 42 in which the electrode

arrangement comprises a portion of a circuit.

48.  An electronic component comprising:

a plurality of electrodes conductively coupled to each other including
at least a first electrode, a second electrode, and a third electrode;

a first layer of co-planar electrodes and a second layer of co-planar
electrodes interspersed within the plurality of electrodes such that the first
layer of co-planar electrodes is positioned between the first electrode and the
second electrode and the second layer of co-planar electrodes is positioned
between the second electrode and the third electrode;

a dielectric material positioned between said plurality of electrodes and
said first layer of co-planar electrodes and said second layer of co-planar

electrodes; and
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 SSS<dYNC wherein at least said first, said third and said fifth electrode are of
substantially the same size and shape, and wherein at least said second and
said fourth electrode are of substantially the same size and shape;
wherein at least said third electrode is larger than at least said second
electrode;
wherein said second and said fourth electrode at least sandwich said
third electrode, and wherein said first and said fifth electrode at least sandwich
said second, said third and said fourth electrode;
at least two conductors including a first and a second conductor;
wherein said first conductor is disposed through all said first apertures
of said electrodes of said electronic component, and wherein said second
conductor is disposed through all said second apertures of said electrodes of
said electronic component;

wherein said first conductor is electrically coupled to at least said

second electrode, and wherein said first conductor is at least electrically
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properties, a material having metal oxide varistor properties, a material having
ferrite properties, a material having sintered polycrystalline properties, and a

material having ferroelectric-ferromagnetic composite properties.

51.  The electrode arrangement according to claim 49, wherein at least said

second and said fourth electrode are electrically isolated from one another.

52.  The electrode arrangement according to claim 49, further comprising at

least one line-to-line capacitor and at least two line-to-ground capacitors.

53.  The electrode arrangement according to claim 50 operable for

combined differential mode and common mode filtering.

54. A circuit comprising the electrode arrangement according to claim 50.



