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(57) Abstract

The present invention relates to a 12b 120
passive electronic component architecture 22 I 18
(10) employed in conjunction with various . S
dielectric (16) and combinations of dielec- 24
tric materials to provide one or more dif- 149
ferential and common mode filters (12) for 2 - 22
the suppression of electromagnetic emis-

o
sions and surge protection, The architec- ' /
ture allows single or multiple components ' ]8& w&o
(22) to be assembled within a single pack- \ "sﬂ

age (10) such as an integrated circuit or )
connector. The component’s architecture s q -\
is dielectric independent and provides for 22 14
integration of various electrical character-
istics within a single component to perform
the functions of filtering, decoupling, fus-
ing and surge suppression, alone or in com-
bination. .




to perform new high speed functions and el ectrical interconnections which

according to the materials fromwhich they are nade or their nere

size are very susceptible to stray el ectrical energy created by

el ectromagnet i c | rference or voltage transients occurri lhectrica

| i hes. Vblt§§§$?$§%§ients can sever df24damage or destroy Rtrd wﬁoﬁP

m cr o-el ectroni ¢ conponents 20 or contacts thereby rendering the

el ectroni c equi pnent i noperati and rrqui{' g extensive

2 repair and/ or o acel?& g/ 2‘C(Jti:st . : Elrectri cal
Hi ) "3? uced into electrical |ines

from such sources as radiQu® doa her el ectromagnetic wave
gener at or s. EM gﬁiae electrical circuit
which is desired to be sHil XS ' . R Fferential ~and common
nmode currents are typical |5 geNeATE=I T Tant d on cj JCR board
tracks. In many cases fie€}ds ol ¢ h chducuérgﬁghich act as

ant ennas. Control | ﬂ@ 3 iefﬁg em ssions is
necessary to prevent inteffereng gri@frcuitry or other
parts of the circuit genefg 9 1 7 0, e unwant ed noi se.

Ot her sources of inte@erg ! gt Prent coupled to the
el ectrical lines, 10 S{%E St — SW t _'nqa ower supplies and a
variety of other systens, i cRCTay generabe o gni ficant

i nterference which 28-des{* ed g ¢ Pd.gtp eet i nternational

1o
eni ssi on and/ or susceptib 20?&% i ~16b
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Transi ent -vol tages occurring on electrical |ines can be induced by

| i ght ni ng whi ch produces extrenely |large potentials in a very short
time. In a sigl nner, nuclear 15 el ectromagnetic pul se

gener at e evenukﬁgégw vol t age spi kes mé} faster rise time pdl qg@§£”““”°
over a broad frequency range which ar trimental to nost electronic

devi ces. O her sourges of large voltage transients arg, found to be-
associated with vol'tagd surges occurring upon the hi ng of f or
on-of sone electronic pgwer equi pnment as well as ground foop interference
caused by varying ground potentials. Existinggpatecti o deygges, primarily

due to their 38p
adequate protectio
Based upon the kgéa
vol t age surges r

basi c naterl )
i nt egrat edi2b

__égé el ect r omagnet
and surdﬁg

chitectuge provi de

_n +/‘*|20

hs and transient
r

configurations h |4~_—- —| 4
3 desi gned“a w? s evi demTPa t he prior ar{. i fed description
of the various invenfions in t he prlor arg is psed in U S
Pat ent No. 5,142,430:—heiqrﬂ—+ncorporated by refgrencg. The
' 430 patent itself is dd leo,r.ed—t-aa)ower line fil tjer ge protection
circuit conpone d the circuits l2b-wi le—tl2al to forma
protective device fof—¢l ét rqal 5 eqU|pnentAeThe circdit conponents

d

conpri se waf er o¢y.~d4 sks of
properties such as varistor or
provi ded with

_havi ng desi el ectrical
capacitor characteristics. The disks are
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el ectrode patterns and insul ating bands on surfaces thereofwhich coact mnth
apertures formed therein so as to electrically connect the
conponents to electrical conductors of a system - easily and
fffeCtiVeVYQKﬂ§§§ﬁseleCtrOde patterns act in conjunction pitgssfofes@not her

o form 10 mron el ectrodes with the material interposed there between.
The ' 430 patent was primaril B/28rected toward fi I ter| ng .paired.

| i nes. The present ‘i.nvention inproves on the paired : “line concept by
- refining and adapting the concept for use with Iom1vo|tage | ow current data
~comunication lines as wel|l as.arrangenents directed towards high voltage

i ndustrial and -+ hone appllcatlons such.as threé phase power Iines,
el ectric notor noise flltéylng, LANs ‘and - 15 other conput:er ‘and
el ectroni c devices. -~ There or-,.'n Ilght of ~the foregoing
deficiencies in the prlorgémt, / i nvention is herein
pr esent ed. ~ “Summary: of the Invention
Based upon the foregoing, there has beg oynd @ need to provide a
multi-functioning 20 eleqtronic co whi-ch attenuates
el ectromagneti c em ssionses gsul tigg fromf diff ferential, . .- and common
node currents flowng wt Ni ifcuits, single lines, pairs of
| i nes and mul tiple tv+ pecause of ‘the sensitive nature of
el ectronic technology there | a need. for conblnlng
el ectromagnetic filtering wifh surdge fedjon to ellnlnate the
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susceptibirlity to over voltages and em ssions from external sources. Due to
the highly conpetitive nature of today's electronic industry such a
differenti al n node filter/surge protector nust be

i nexpensi ve, %%Péﬁmzed, low in cost and highly integrat e§CT{Fs/01040 (o

I ncorporated into a plurality of Q!;pgronic products. 5 It is
therefore a main object of the invention |jg-R ovide an easily manufactured
and addB0ehl e mul ti-functional electfgﬁkg conponent which filters

el ectromagneti c emM\gsi ons caused by diff8rential and compn node
curents. It is another object of thg inventi togprovi de a
protective circuit earraggenmeqt j ch may b { S lgr T * an .
adaptable to inclng OQ;_Or rgjhrotectiw ifcui!gﬁh B ( g0 ent
package to provi de=pro tiep-agggnst vol t \ngile s,/%e \ and
el ectromagneti c i ntlerference I N omlect | =F I on
Is to provide protdctiv C|r‘U|ts!h?qggg an i[nngrent " gunat whi ch
provi des a patdl, fgr—att uat-Lng and (¢ VO ﬁge WthGqu Q?-\fi liﬁ
coupl e the i d gl ectrioni c|conppnent t%q:i cu ﬁr earinipr — 180
These and dOR%r objlects Jand gdvan}ages d hq@uJ/ JB§§|35€ 4ée{npliBéhed
t hr ough the use of a plurality of co und®condecti we pl at es
surroundi ng correspold#ing el ectrode Bﬂ%?es separated by a materi al
whi ch exhibits any one or a conbination of a nunber of predeterm ned
el ectrical propertifEq.MBy_ ling pairs of conductons o th rality of
common ground condLES" and sel ectively coupl'igrlg@{-@qé%uctors to
el ectrode 20 plates, TTne-to-line and |ine-to-ground component. coupling

I s acconplished providing differential and common node

el ectromagnetic interference filtering and/or surge protection. The
circuit arrangenent conprises at least one line conditioning circuit
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constructed as a plate. Electrode patterns are provi ded on one surface of
the plate and the

5 el ectrode surfaces are then electrically coupled to electrlcal-
conduct ors ﬁ'gerU|t The el ectrode patterns, g&pusnioidss

mat eri al ngkgyg and common ground é ductive pl ates produce
comonal ity between el ectrodes for ﬁﬁ

a bal a|8@ equal but opposite) circuit arrangenent W th an

el ectrical componext coupled |'inejiq4d to-1ingjqgt ween the electrlca
conductors -and |ineyo-ground frpmthe individual el zal

conduct ors. ' 4 of the
differential and comon ‘the choice of
mat eri al bet wepp+he—el shiel ds

L) 0 CLOE
whi ch effectivel y house th@@ﬁgcorod?@@@%w ﬁ@o:m nore Faraday
cages. If one spe —chasenJthe resul ting

filter will be pr| I?g£5$“;44;*”“ = ”w"'”:'f"”;“;*ﬁ* -1he dielectric
material in conj unrclfw ' z ; E p HOLIE 5‘ ' ground
conducti ve plaiﬁgomnll_~ 9 QKOO -‘C‘@ 0|0 ', oo taCItOF and a

li ne-to-ground cp L0 SIS Om"ao'@@f@éa@i S5 g,i} i cal conductor.
If a netal oxide vd@QTH TNPINEH [2 i Efailter

will be a capacitive fil

surge nr' ection 15

characteristics provided . aI pn gr ound

cpnductiv;a p: aﬁ]gg v %dgg %6 6%66 ?%&a_ﬂjml& _
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providing differential and common node filtering accept in the case of high

transi ent voltage conditions. During these conditions the MOV-type
varistor material, which is essentially a non- | i near reSiaﬁ}gooQ used
to suppress HYQRIRMB: age transients, will take effect to IifFHURAIMS

vol tage which nay appear between the &f24trical conductors.
In a further enbodi nent ferrite material nay be used addi ng additi onal

i nher ent i nduct a 4 ~T0de filter
arrangenent . Appohefore, * —coQXt i ve and el ectrode
plates formline-to-NQ¥ ; , I ti

with the ferrifd ng fasye tl¢ t he arrangenent.

Jifent vol tage

T8I n vol t age
2 hunted to the common

gr ound conductive plates, effectivel82+mting éhe vol t age acr oss

the electrical c.t.o? 5 Numer ous ot her ar Evtgémm’t'ﬁgnd
configurations Mc | osed whi ch i npl enent : at - t he

above objects and advantages of the_iggyention t@{;rmnst rate the
Fl

Use of the ferrite rgée
protection in that i1t

versatility W de spre app-icatio@ di fferential and common
node filters within e
Brief Description of the

ope of#the present\ i nven 96,
| 84 1 shdws an _expl oded
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filter in accordance with the present invention; FIG 1A
shows an expl oded perspective view of an alternate enbodi nent of the

filter showmn in FIG 1, : FIG 2 provides schenmatic di agranms of
the filter Warhdd FIG | wWith FIG 2a 15 bei ng a pur Eﬁﬁ@ﬁ"" inC
representatﬁgﬁwgﬁgﬂFlG. 2b being a schematic representatigh 0 ?ﬁgh

physi cal architecture; 7&?@L 3 is-alogarithmc graph
comparing the filter of FIG O wiith a filter conprised _ of prior art
chi p capacitors showi ng insertion |oss as a function of signal .frequency;
FIG 4 is an expl oded perSpectiVe‘¥é w'of ‘a mul ti-canekctor diftf enti al
and 20 common node filter for u R connect-e 3 ' A

FIG 5 shows schematic representati ons_y
filter and prqiﬁ rt filters w Lh—K

as found in the pri
representation of "t he "pHYsi
7 differential ang
is a top plan view of tH
el ectrode plates which e
and comon 82 er e

&d conmmon node
i ey conponent

— .
FIG 6°
ucti ve and :
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5 . - FIG 6Ais atop plan view of the plurality of common ground

conductive and el ectrode pl ates which nake up an alternate high
density nul ti ﬁ@é{i%&or filter as shown in FIG 6; FI G
7 is a front nal view of an el ecg fde plate where FIRST/USIVEM F) G
7b are the front and b respectfully, fﬁgéw el ect &S plate; 10
FIG 8 shows a side elevation i ew of | t e ve e nt of the
differential and common nod ' E t he el ectrode
pl at es of FI 496 ~=~F¥G "9 ghote o/ fonprl evggigonal view
of the filter of ' - FIG/,’LU'S a rface rmunt chip
enbodi nent of a differghti and, ’cor‘rm)n ,Ii/ d ' i B4G. 10a
being a persp&gﬁ e a EJ (}?\‘5’10b §ﬁq,wu1 a % per spective
vi ew of the f her bodi ment of the

\149@ 482/ shoyi ng 470 SPegEpve view in

o} | t ilter
' top 4?% of the
t pl an viewd o TraMGHect rode

Es section of the

I3 1
filter shown in FIG 10 wt
cut away of the filf 1
representation of tﬁg-ié
surface nmount conpoyta8

filter, FIGS, 0
| ayers; and lgg/;hﬁl\/s
filter showngyp

T .

480
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of FIG

FIG 13 is not
- expl oded perspective view of the individual
conprise.a further enbodi nent of a differenti al
"FIG 15 shows a front el evational

i ncl uded:;

FIG 14 is.an
fllmplates which =
and common node filter;

view in cross-section of “the film pl at es
odrfhobsh Oper abl e cooper at i 8/24

RPERUSHHOIONS 2

further alterna e enbod nt  of _tihe fferentlal and common node
filter conflguriéx‘rlnarf'é;afor b gﬂ' electrlc motors; FIG 16a shows a
top plan ' Atre—TTot 1[ )t Fl G 16b shows a side .
el evational vie he $ane; F c shows a si de el evational Vi ew
I n cross-sectiof he—sane; a F ; i's. an- 10 “electrical
repr esent ajgqo-pf thei ySi cz$ ;oﬂsﬂf"le filter showm:i-n FIG 16a;,
FIG 17 shows th |ff @ d conmon WEIQ I_Le‘rzg)odl ment _
el ectrical |G6an ly cou el ectri 17a shows a
top plan view tthe fil r u dtoarmtor and FIG 17b showsa
si de el evationak_vile t he saj,; " . FIG 18 i's a logarithmc
graph showi ng a O@é{‘l\o\l of tNAe\eN \sSi level s.in 15 dBuV/m as a
function of frequency for an electric nmotor with a st andar d filter and an
el ectric notor W g arTrereptar and ciﬁgt)n nmode filter of" FIG 17;
FIG 19 shows ajfurft alterna meni of. the notor.differential and
common node filfer:| FI 19a sh pl-an” V|ewof the plurallty of
el ectrode p@#g/—; ~ FIG | An expl od 612 e view of the
el ectrode p e$ ellectrfically c to a pliu I.U ectri cal
conductors; and}FIQG 19c is an represerrta't‘r'un—of—l:ﬁe '
—li66 . .
-3 EIG.-12C
l66—~ A—fisz
155 FIG |2D
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physi cal enbodi nent of the notor differential and common node filter,
FIG 20 shows a high power enbodinent of the differential and comobn nobde
filter with FILG_20a being a schematic representation of the filter and

FI G 20b bei n3’06?9/3700 PCT/US99/01040

9 partial schematic/bl ock di agram of the sane; FIG 21.
shows a hi gh power dlfmgntlal and c%9i@4 node I&#ter wth EIG 2la

being a partially asse perspect ive view a ng a schematic
representation of pre—sgre—t 12415 a further alternate
enbodi nent of the|gdresent |nvenf| on, FI Q. ZZa /s an expl oded
prospective ;‘Baw 4f} an al l909ns TONL | - conductor ldj fferent |F.I @ 1%1Bn
node filter 4 in connecto ications; Fijgl 22b is a|f T

el evational view qf|l the 188 shown in Fi 22a; FigT—22c ts—amr

el ectrical represdrtation of the physical g Iment of the filter
shown in Fig. 22a;lJand HIO Z2Z0 IS an alrternpte 4ca|

representation of the p $yéal enbodi ment of the fllter shovvn in Fig. 22a;
FI G 23 discloses one application of the filters of the present i nvention

with Fig. @ DEeIng-an erecrrrcar Tepfesempti fy sk
enmbodi ment Oflaliii%ﬂdf—i surge and el ectr md% mp N@
(EM) deviced8 i na é,ﬁn as swwn i n \Y86. 23B\—|82 FIG 24

di scl oses a further applf )lon 0 11e filters gﬂ”&%e present invention

Wi th 84— — . / 194 FI|G.- 16C
183j- " 1834 185
84 18Ny 185 194
W TN fiseien
183 183
180——— 186

196 196 202
l‘m 196
196y (J Q)
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200—
— J

FIG.~17A e
FIG.-17B




15 Fig. 24a being an electrical representation of the physical enbodi ment |
of a surge protection device in conbination Wth a capacitor as |
shown in Fig. 24b; FIG 25 discloses another application: of g
the filters éﬁ§ present invention with Fig. 25apEpu&enidie §
~ physi cal n%@ﬁ? ﬁ? of a differential and comon node thru-hole !
filter in conblnatlon wth a pIuranqy24f surge protection devjces and Fig. i
25b being an 20 “electrical representation of the- conbi nati on shown in
Fig. 25a; _ FIG . 26.i.s an el evational.'view of an alternate
enbodi nent of an el ectrode plate - “ “where ‘Firgs. 26a and 26c are the
front and back, respectively, of the electrode plate and Fig. 26b is
a side. elevatlonal view in cross section of the sane electrode plate
10 S " FIG 27 is'a side el evational-viewin cross seckjon of an
application in which two as shown in 26, are
enpl oyed in an el ectronic ci FIG 28 is a ide
el evational view in cross section of pplication in i ch
two el ectrode plates, as shown in ground pl ane 4+ & enpl oyed
inan 5 electronic circuit; 29 is an expt oded vi ew
of the individual internal |ayers mul ti -_gonponent
strip filter wherein each inter ayer shown iy a bottom pl vi ew of
T N
X
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t he, | ayer, FIG 30 shows the nulti-conponent strip filter shown in Fig.

29, where Figure 30a is a top plan view, Figure 30b is front si de

el evational view Figure 30c is a 10 back si de el evati onal

Figure 30d | ¥YO9¥%¥Bom pl an vi ew FIG 31 is %ﬂ"g E)ﬁ/{?gﬁd Vi ew
of the individual internal |ayers whifgiogakeup an alternative

mul ti-conmponent strip filter wherein each internal |ayer shown is a bottom

pl-an vi ew of tIR4fs 252 is an ex%gged vieaef the

i ndi vidual internal \ 3 238 al ter
mul ti - conponent st r L.3-\ : NG nal 23§
pl an vi ew ;53 ' ' BY 33 Nhows A
strip filt [ ' i O R

Fig. 33bis fron
el evati onal
end el evati ona

i ndi vidual interna\ |4 & , -
mul ti-conponent strip a ' L& nal -"-~~!>( 2|‘sma bott om

pl an view of the | 23Bws the mRAD2- component
strip filter shown in Flg 34, where Fi g*238a is
11 a t(}prI an view, Fig. 35b is front side elevational view, Efg. 35c

is a back side el evational
FIG.—19A

j@ e @C

FIG -19B
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N 264~
FlG |9C 262~
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.VI ew, Fig. 35d is a bottom plan vi ‘ew and Fi g. '35e is an end el evat i opal

Vi ew, ' FIG 36 is an expl oded view of the individual i nt er nal’
| ayers whi ch nakeup an - alternative nulti-conmponent strip filter
wher ei n eackyd gj%ggal | ayer shown is a bottom 5 plan vigguy | ayer;
FIG 37 shows th‘e mul ti-conmponent strip-filter shown in Fig. Iugg ere Fig.
37a is a top plan view, Fig. 3[237’245 front side elevational view, Fig.
37c is a back:side elevational .- .- .view, Fig:: 37d IS a bot:t;om pl.an vi ew

JFIG 38 is an

keup nulti-~ 10
bott om pl an vi ew of
it ati-on of. the

ew,
M : yér'g whi ch

- na; Ir shown is
F&G «89 é&s /'- ati c repres

and Fig. 37eg gq n end el evatlonal
expl oded vi ew jua

conponent filter whygre
t he | ayer;

mul ti-conponent fil tEr—sthmowr—Trm—frg— 8‘ 38; .\ “FIG 40 is an
i sonetric view of t @B ; in Hg. 38 where

Fig. 40ais a | (| tei Q. bisp front eIevatlonaI
vi ew of the fléé)ér’m‘ | ' H-Zi de‘ evatipnal view of the
filter; : urt odi men{. of the

mul ti - corrponerhza ' laJ - ?C?t h add Fqgl _ggga

pl anes for inprqy | g |41A I's an ew
of the individual i : onent filter, Fig. 41B
I's- a schemat iy 7gcompopent” filter, Fig.

mul ti}conponent filter at
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passive filter

Preferred Enbodrnent
of elec ' '
|nterfer
el ect r omagne}
for use in .

present inve
el ectronic c
filtering,
assenbl y.

points.
i nduct i

differenti al
perspectlve vi ew of the further |
phase T network integrated passive filter partially

Fig. 42B |s.@0§9§ﬁ§ptic repr esent

and comon node filter where Fig. 42Ais a
application which consists of a
expl oded and
ation of the phase T net wptifusswergpat ed
14/24 Det ai | ed Description of the

Due to the continued and increasing use
458:2 anount of el ectromagnetic
%rated, new wor | d
EMC) requirements are being specified daily

4000

Ilfe and

di_ g49@qg, 3a6Hn applicati as in the
, ailr raéa4a}0 gig@ggtelI|te(fﬁ§%gtrle§u The
g owar ds ar —eet for an
A ch provi d0emTupgre Ahr ad b nd—MW%Solne
g noi sq ABAbLph ard, r ect JP-H-I—-I‘ﬂ'%b
To propgagate el €CAT trc ner. L\Vbe—-f4©0tbs are
magnet i % { 4(Mipl e energy
ge drfferentla en two or nore

nergy into crrcurts t hr ough

ic A Qb iginate R 35 flowing in a
sinmply consrst of a |l such |-oops
are also included '
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wWithin circuit traces found on printed circuit boards. These fields,start,
to diverge at frequenci es above 1 MHz. 20 As previously
not ed, propagated el ectromagnetic energy is the cross product of

bot h electrlc and magnetic fields. Typically, enphasis is. | .aced.; on

filtering EW®9%376M% circuit conductors carrying DCR TSOYH MY cquency
noi se. This can be explained for 15/p4 - reasons; the first being that a
changing electric field in free space gives rise to a magnetic

13 field and second because a tine varying negnet:fic fl ux will” glve
rise to an electric field. As ‘a result a purely electric ar magnetic
time varyi field cannot exist, . Eields may be - pI’IrTB.I’IHé(?beCtI’IC or
prinarilyeﬁga Qtic but neither erat ed exc] usive

The nmain cause ®f radi ated em ssion pr ens are d

two types of 5

conducted currerh diff erenti gomnd=2cepdhe ;,ﬁ;\,ds geherated by
these 606-eye i N gk i Ski &7 N deeﬁﬁm
currentéqg \ X Wi res,
circuit race her cond whi ch t he

ayao
field relat(d to these cur\entgcﬂg' #d by the

conductors.{ 10 flormdN _and g differ in
that they f 'ffere/' Ci ise currents
are surép@ el At i ve @OBgriaunt” a 612

N L~%608

604/ “606 608 614 616

626
o \ 618 ,610a 620
6000-\ ,—{ s

600b—

608b’ \gi0pb
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exanpl e, travel on the outer skin of cables which are often grounded to the

chassis. To reduce, mnimze or suppress the noise it is necessary to
provi de a | ow i npedance path to ground whil e sinmultaneousl

shorteni ng t ROYFABI | noi se current loop. 15 TRGHYRHEN ¢ o
FIG 1, an expl oded perspectivgr%éew of{@¥d4 erenti al and cormon node
filter 10's physical architect shown. Filter 10 is conprised of a
plurality of 7~ commpnd ductlve pIa e 14 at Ieasf'\ﬁwo

el ectrode pl atep 16a e & pdg—ptate 14 i s

sandw ched betw common ground conduct i ve pl ates 14. At | east
one pair of el e Ji«.coica-d-lgl-t-;-t--@{§ f2a—aid 12b—-s~di spesed—througlh

insulating 20 apert ures Iggpl/coupling apertures 20 o(F e plyrality of
a

common ground cpnducti ve-866 pI 862b 14 ga@2e! eclegees p es 1d4a and 16Db
with electrical jcondy A00 X ferzIma ectiVely

connected to coypling § L6a and 16b.

Common ground conductj V€ b stdd—g Qs i~st—g, <am; a_cohductijve

materi al such as 620) ~~666/ \GGZd

14 nmetal {n the preferrepl—eemaqll nment. At |east one pair of [insulating
apertures 18 arg¢ —e-5p4s ed—Hhreligh—eaer! cokrer—gt ourd—tonduciti ve plate
14 to allow el e Gﬁ&af‘conductors 12 to pass through pile

mai ntai ning el e¢trica conducti ve

pl ates 14 and eljectri cal conductors 12. The plurality of cd6i®n ground 5
conductive platgds 14 ne@64ay onal t§66e equi d V\Athrﬁﬁﬁcbnl ng apertures 22

arranged in o "L ‘J 1
] L
\ \ 1
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oy ot A b Akl

a predeterm ned and matching position to enabl e each of the plurality of

common ground conductive plates 14 to be coupl ed securely to one
anot her through standard fastening means such as screws and bolts.
Fast eni ng apertures 22 may al so be used to secure pEtiisdfivey 21 and

common nodeMAPPE8 10 to anot her surfatggasuch as an encloslre or chassis

10 of the electronic device filter 10 is beisng used in conjunction-wth.
El ectrode Frates‘IGa and T6hgare simTar to eomon ground jonductive plates
14 n that they are ¢ ri sed of a comductive materijal. and have

el ectrical conductors 12 12b digpbsed.through gpertures. Unlike
common ground dpnducti v| L4, ||el gg1Fode plateq 1 :6a and 16b
are sel ectivel {| el ri corfheclled« ¢} orjp of fheljtwo eljectrical 15
conductors 12. |Will¥® el Hct rpde dlatBs &8 adl shovwl} i] FIG |1, are depicted
as smaller o han gripuny con@uct ve pliatfs 14 tfhis is not -
required but ggnjthis co Hon hgs beell dpne to Jpr event
el ectrode pl- 3 fro aiingg with fha&bhysic | coupling
means of fasteringjaper! : @ El et g} cal coegt:tors 12
provi de a currgnt ppath | avs {In yhg\di:écpk:n ZQB [ ed by the
arrows positigned gt et eng [pf {|heSelifctdi c@ lcopdygt or M| as shown
in FIG 1. Ewadtrigal @ Ct @@ |12a réﬁre;e s @nllel ¢ctrical bilgnal -
conveyance p anl ¢ alectricfl conglucffor 1pb - epresent;é he signal
return path. il ellonl'y pai r||of L ectrijcall} conduf 5 12a and
12b is shown, pl {icant enpl @t e} di ffiereppti al {jlan L ' :
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15 . common node filter 10 being configured to provide filtering for a
plurality of pairs of el ectrical conductors creating a high density
mul ti-conductor differential and conmon node filter.

The final el woegas700Bi ch nmakes up differential and conmon mPEEYSINE0 10 s
5 material 28 which has one or a nuxgg of electrical properties and
surrounds the center n gr conduct B\ﬁébpl ate 14, both

el ectrode plates 16a and 16b arﬁﬁ e portions of electrical

conduct or s Bﬁﬂnd 682 wassiBdRet lee®S5@Re twy outer conmon ground

conducti ve : ' 107 1 iipl etely I solates all of the

pl at es and {cept foF‘@ co@é on

created by M lin The
AN mode filter 10

el ectri cal {‘eF o
are determﬁ&pb If a dielectric material is

chosen filt will h primprily capacit ive char act griyghi cs: rial
28 may al 54 be 4 t al i(ie var i stjor materii;?é V\E E (] I3 B3 de
capacitive T SGERT | s. Onher natertals

such as ferrites an S5 ntergﬁ%ol ycrﬁ? IIT@%&y be used 15 _wherein

ferrite thl S T-ov et rt—tHayctaneq al ong \FIlGSH'F®3C

protection har adt, rlstlc nadéltlontc | MErowet—comror=nde
noi se cancel |l ati 0?1\553; resgy3 \_Gshr‘om.sﬂjg hus coupl i ng

cancel | ati 016&2 ect g po §8dystal | i ne mat er| al provi des

conducti ve, 5 Bﬁ@rWI i ne
‘ er 5,5 ' S

IS
| An addi t1 onal
éngh permittivity ferro-
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~electric material ‘and a high perneability ferromagnetic nmaterial ass

di sclosed in U S..

pnetic conposite materi al
unltary eleﬁg%ﬁﬂ%&Fch

naterlal
ferrite.
ferroel e

850
The geonetry of the

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

can be formed erAseMARGC!

- singular]y exhibits both inductive and
capacitive propertles so as to act Eﬂ% n LC-type electrical filter.

ferroel

ity and fi

The conpact ness, g[ﬂgbg%x
S useful [ suppr n
t he _ég \elecgiﬁt

i ng Céﬁsblllty of such an eIenent

eIectronggggtlc
riyi
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conductive plate 14. Center plate 14 has the pair of electrical conductors

12 di sposed through their respective insulating apertures 18 which
mai ntain electrical isolation bet ween common ground conductive plate
14 and both eVvessareesal conductors 12a and 12b. On ei RCRASIPWA Dhot h
above and bel ow, of center comon g d conductive plate 14 are 20

el ectrode pl g@g-L16a and 1 6b each having the pair of electrical conductors
12a and 12b i sposed :nf@ﬁe) thrzms Unl i ke center conmon ground
conducti ve, 4% only _on nductor 12a or 12b, is

i solated f

aperture 1p O@__\of the‘_LL‘ir of gﬁlctricﬁondu ors 12;Fr~IGn B}ZN

el ectrical
coupl ed toI %’he aségé at ed eq %trodesazat e 16?5 m}@@[ﬁespecti vel y t hr ough

couplin gPetttH-q—2p—CotfHe—ap +e—20hinterfa

theppai? of el gct II:II cal conEuctorq - 12 t hrough a staﬁl@-coﬁya)
such as a Lol ddr el d 2 sistiin fit orladv othdr net ho
will provide a sbﬁ&g and s&hfle g‘56518 cal ¢Bfdkction. For di ffer enti al and
common 5 node filter 10 to function properly, upper eI % 16a
must be el ¢ctrically coupled to the oppositle el ectr r3 5

12a than that to which | ower é@trode plate 16b ils .

coupl ed, that perng erectricar conguctor IZD. DifTerential and common node
filter 10 opt| onaglgs [ 5qut er conmon ground

conducti ve, 4 Ak Ol grhound con ve s 14
provi de a Mlgnl f| cant| y I}?@ger ground é g‘?s
05
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10 pl ane whi ch hel ps with attenuation of radi at-ed el ectromagneti C.

em ssions and provides a greater 'surface area in which to d|SS|pate
over voltages and surges. This is partlcularly ) true when pIurallty
of common- ground conductive plates 14 are not ‘el ectri cal

circuit orgﬂgP?ﬁ % ound but are reé 28 upan to provide an |nﬂerent gf ound.
As nenti oned earlier, .inser dd24nd maj nt ai ned bet ween common- gr.ound
conductive plates 14 and both 15 electrode plates 16a and 16b is nateri al
28 which can be one or nore of a plur 06f . mat.efi.al s_ havi ng
different ‘el ectrical characteristicsy/ - .= “ﬁ FIG 1A shoms an

al ternative -enbodi ment ef filter 10 |ch |ncludes ‘additional ™ ~ °  neans
of coupling electrical|conduct P 0r—CIFCULT boardgconnectlons to.filter

10. Essentially| the pllrality of conmper—gr808 conductive plates 14
are electrically 20 J]connectpgd—t TTl-edge-conducti ve-band or
surface 14a. Al so each eIectroAA*Q:aLc +6a—— - -and' 1 6b has-its own
out er edge conduct.ive rﬁzg face, 40a Emd—%b&l&pectl vely. To
provi de el ectrical conpec nsibe¢t ween el e¢t4d odé: pl'ate 16a and 16b and
their respective . . conduc-uue—band—4@a—and 40b while at the same tlne
mai nt ai ni ng el ectrbﬁz# i sol ati pn I (?
18 between o portiong_of filter 10} each el ectrode plate 16 is
el ongated and positiongd - 1008 NN A5 | W A elongated portion of electrode
plate 16a is directed )pp%sé'ée t he di red:i[l on__- g0 e
= — =
-——f—fBCHB
830~ _——811
8164 ——s808 -
830—}= _ _——813

FIG.-38
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el ectrode-plate 16b is directed. The el ongated portions of electrode plates
16 al so extend beyond the distance in which the plurality of comon
ground conductive plates 14 extend 5 with the additional distance

i sol at ed frodWBﬁW%ﬁmbdge conductive bands 40a and 40b by  PCT/Us¥ditedoNal
material 28. Electrical connection between each of the bands and their
associ ated plates is acconplished thrqu Ehghysical contact between each
band and its associ at ed connoﬁégig conductive or electrode plate.
FIG 2 shows two representations of differential and conmmon node filter 10.
FIG 10 2a i.s 90 matic representation denonstrating that filter 10

provides a line-to-1li capacitor 30 between and coupled to
el ectrical conductors §2a and 12b and two |ine-to- ground capacitors
32 each coupl ed between one of the pair of the electrical conductors 12
and i nherent gro%? —SA4—Atrso—3hown j.n dashed lines is inductance 36 which
is provided if materiall™ 728 | onprised of a ferrite material, as
descri be re €eE=t - — 15 FIG 2b shows a
guasi - sche;quE.qa The pnysicdl-eniggi@pnent of filter 10 and 0 it
correlates w t capacttvg conponents shown in FIG 2a./Line-to-line
capacitor 30 Te—Ccorphiged of el ectrodegrj;at es 16a and 16b where
el ectrode plate m@c]is couplga—Pe-éﬂb4 of tNe pair el ectri cal
conductors 180 he—oatheele| ectrode plate 16b\bei ng cdupled to
the opposite el ecgrfrcal conduqt or _tihyat her ey proyi di the twy parall el
pl at es necessary 48* +o—er+a capaC|tor nt er [Rinq conductive
plate 14 acts as irgremnt gr 34 gnd al s as ¢ne of the
two parallel pIatB flor eachﬂtfne éﬁaground cap ) The
second paralgﬁgs for each |ing- Nqr 32 is
supplied b% ttre—corresyondi EleChJ L6( B% eévlly
referencing FIG and ELG 20 Th Pi?‘ )
e | | C(AIB l
922 |
-~ TG_-=—_-'=-_.—_-—='__ 9l2 9|B/| C(A-B) c 920
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19 capacitive plate rel ati onshi ps will become apparent. By isqglating

center comon ground conductive plate 14 fromeach el'ectrode p ate
~16a or 16b with material 28 having ~ electrical propertles the“result
is a capaci tyysssHghg'or k having a conmon node bypass - cdwt ol 30 _
ext endi ng betmeen el ectrical conductors 12a and 12b and I|¥E? nd" 5
decoupl i ng capacitors 32 coupled from each el éctrical conductor 12a and 12b
to i nherept ground 34. 23/24 . Inherent ground 34 wi'll be
descri bed| in moue| detail later but for the ti belng it “‘may be nore
intuitive|to asS¥ipe t af I's equival ent t %grth or circuit.ground. To
coupl e o | MErent Y| 34, which cenfer©and additional tonmmon ground
conduct i@p pt apes} 14 § 1 one or norelof comon ground conducti ve

pl at es ar éqybled to Rt or earth <ground” by comon means
such as af; gf BT ng or Q{ ANR screws i nsented ﬂﬁrough ' f ast eni ng
apertur | Wicp are then YQupfed to an encl e or grounded ‘chassi s- of
an I rd tal device. W e differen and c an.node filter 10
wor ks equa-l§ | with W-m;rent grogind 3€5cou§;§: t'o earth-or '
circuit gfound, o b 10 15Zphysgefl . architecture is

that a physical groundi ng

unngcessagy.
Referring again to FIQl ér.

f eat Ur gyofdi f f erfinti al and conmon

nmode filter and@flurt er ¢l ockwi se

flux fields, 24 and 2 =-spect|vely The @LrectToff of the individua
flux fields is dete ;/,‘ and may be nmapped|y ... by ;Iylng Anpere s Law
and using the r fand rule. In doing so 4n vi dual -
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20 . places their thunb parallel to and pointed in the direction of current

fl ow t hrough el ectrical conductors 12a or 12b as indicated by the
arrows at either ends of the conductors. Once the thunb is pointed
in the same VORWPB¥n as the current flow, the di r ecPETHSPMI04M| ch
the remaining fingers on the person's hand curve indicates the
20 direction of rotation for gue flux fields. Because electrical

i next to one anot her and

conductors 12a and 12b
represent a single cur?gf oop as found in rrany Iéj& and data line
configurations, t ferential and common
node filter 10 ar posed thereby creating osed fI ux flel ds \ngch
cancel each ot her . 3

advant ageo94g I /O and high speed at a I.| ne as t he increased

swi t chi ng speeds fa ri-s844 nmes o enmequi _ create

unaccept abl e vol t age ke ' can only be e y nduct ance

surge devi ces. I t sho%a al | dent that | abor

i nt ensi ve aspects of usi i al node f+948 10 as

conpared to conbigDg—tts e ' art

provi des an easy-and cost e clli net hod of manufacturin

connecti ons only need t ell']‘hﬁ:dE To~eTtTer ends of "e tctrl %4

conductors 12 to provi d948 /re LEl_al __________ 3 / 948
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node coupling capacitor and two common node decoupling capacitors, tinme and
space are saved. 15 FIG 3 shows a conparison of the
change in insertion loss relative to frequency of several chip
capacitors ofWOR¥3%608 or art versus differential and common pod®séodider 10
of the present invention. The graph shows that chip capacitor 50
configured line-to-line with a value of 82 pF or chip capacitor 56
having a value of 82 pF but configured lipne-to- ground, both
denonstrate varying non-linear characteristics. On the other hand filter 10

20  confi gupedRED anMUYTILhEYEREDOW mmm@mmbnﬂmﬁmm mm

| ower |inear ¢OWPONENT e 5 AN (1)
with |ine- toggmgggpqqﬁﬁgl}cmm \MSUETE;G Iﬁg{{% aﬁchr ed
|ngthe sane val ue; ) W

to conventi oy
| i ne-to-ground capacitor 58 aving a value of 82 pF as conpared to

Fpnventional capaci tor 56 havtg%P%gggaﬁne val ue; and (3)

i ne-to-ground capacitor 52 having a

A al ternat e embodttcgon fa S RA R R AF R ng%ﬁﬁ%ﬁﬁeﬁ%i%fn@%omn
il ter 10 of Mt P98 hlchlis 3 HipiRiih-ioatt Farplicafion SFH agivé"s#/ﬁ%fﬁ%aé ity
of conmen ot Juy ,@gt'vgpgg%;rgﬁwwggéﬁﬁpgm pissrd . b8l SRl Ve

el ectrodes 1

April 8, 1997. The present invention relates to a filter for protecting electronic circuitry from
5  electromagnetic field interference (EMI), over voltages and preventing electromagnetic
emissions. More specifically, this invention relates to a multi-functional electronic
component whose physical architecture suppresses unwanted electromagnetic emissions, both
those received from other sources and those created internally within electronic circuitry by
differential and common mode-currents. In addition, due to the electronic component’s
10 physical architecture and material composition, over voltage surge protection and magnetic
properties can be integrally incorporated with the differential and common mode filtering.

Bagl { of the Inventi
The majority of electronic equipment produced presently, and in particular computers,
communication systems, automobiles, military surveillance 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



coupling capacitors and common node decoupling capacitor arrangenments which
act on a plurality of pairs of electrical conductors, not sho#n in *
FIG 4 but simlar to electrical . conductors 12a and 12b shown - i -
FIGS. 1 and descrlbed earlier for the single pair . .....eonductor
filter 1 0 s omn Pog FIG 1, common ground conductive platégn?§?Mﬁ@§nductlve
10 el ectrodes 118 and the plurality of electrical conductors are isol ated

from one anot her. by a pre-sel ected material 122 havi ng predeterm ned

el ectrical characteristics such as dielétric material, ferrite
mat eri al ,.-MOV-type mat. erl al. .and..sintered pol.ycrystalline material. Each
of the pl urd’Fl?aErfnﬁl"rEeB e‘ﬁi“ Pﬁﬂ%nduct i ve- pl at et ‘ ,;I_;ural ity of

i nsul ating ag_&rt ures 114 in whi'ch el'ectrical” conduct of s g gss whi | e
mai ntai ni ng el ectlse Flm@queshthetosmﬁmptwqaeépM?%meehﬁm gglnd -
conductive plates 112. To accommpdate a plurality -~ -of ~el“ectri cal

conduct or  pdframs suckispyrseseastradip breadeastoantagnasras ogher t@magadlwete SERPIOS- a
nodi fi ed version of the el ectrodé plates described in FIGS. 1 and 1A

To provide rfME ¢l aésmhampmtddafrpmdbmdeumawrcuitedmhdsémdto essbieldsd ifomof
el ectri cal 77 conductors, a ‘suppdrt: material-116 conpri sed of one of

t he mat ersi alBMIL ﬂffcremﬁahandlcn@moﬁmode clerents ext tmmtly generatedpn chbles andeny ctrsmu sed.
Support plate 116a’is conprised-of “a pturality of: r¢onducti've
el ectrodes Ibbafdlirackd BrmarylcaSes fabds radxatﬂlﬁoprﬁresee:dnmpm:s whrehsaem apfenasat e 11
6a with one coupling apérture 120 per electrode.” Support..plate 116b
is al so corrrﬂ:an&eﬂlmgfthae conducted/pidisteal entiysions rs:mdssaylw @rabﬂanteddemem&ﬁa 11
-8d, 118f and 11°8g pri ntéd upon:one ‘side. of - plate 116b. Support
pl at es 116a oaml cik&ﬁny af ethe:epms af ﬂﬁ onoxdt genefaﬁngl dleséntiuvatouhemmtzmad ntoise
_Other sources of mterference are generated from eqmpment coupled to the eleetncal hnes
10 such as computers, sw1tchmg power supphes and a vanety of other systems, whrch may
_ generate srgmﬁcant mterference whrch is desn'ed to be elumnated to meet mtemauonal
- ermssmn and/or susceptlbrltty requuements
Transrent voltages occurrmg on electncal hnes can be mduced by llghtmng whlch .
produces extremely large potentxals ina very short tlme In a srnular manner, nuclear
15  electromagnetic pulses (EMP) generate even larger voltage spikes thh faster rise mne pulses
overa broad frequency range whleh are demmental to most electromc dewces Other sources
of large voltage trans1ents are found to be assoclated w1th voltage surges oeeurrmg upon the
| swrtehmg off oron of some electromc power eqmpment as well as ground loop mterference '
o caused by varymg ground potenttals Exrstmg protectlon devrces, pnmanly due to thezr
20 arclutecture and basic matenals do not prowde adequate protectlon ina smgle mtegrated
package
Based upon the known phenomenon of electromagnetlc enuss1ons and transrent

voltage surges a vanety of ﬁlter and surge suppressron on'cult conﬁguratlons have been




22 . . ~common ground conductive plates 112. The pairs of incom ng

el ectrical conductors each have a corresponding el ectrode pair
within filter %é&) @lmhough not shown, the electrical conduct ors
pass through ¥ 8% non ground conduct i ve pl ates 112 and t hBCFESPHOLMP o

conductive el ectrodes. Connections are either nade or not made through the
sel ection of 5 coupling apertures 120 and insul ating apertures 114. The

comon ground conducti ve plates 112 in cooperation with conductive
el ectrodes 118a thru 1 18h performessentially t he sanme function as
el ectrode pl adesignedns lawaiemsgomihemngsart. 1A detailed description of the various javentiods inhows

schematic diagrans of prior art nulti-capacitor conponents and

differential thagriowarisdisphoskd inlil.8.Patcot NSt 1d2,480, lerein ihéGiporhiteti by referencent
invention. FIG 10 5a is a schematic of prior art capacitor array 130.
Essentially, a pl Ufbel ‘43§ patentdtspliids dicacted to power liid2filear @and surge grogsetion Giguiited t 0
one anot her to provide common ground 136 for array 130 W th open
term nal s 134cqmponéntemhd ftiner circuitsie ohich theylareaiséd (0 Foruroprotectiverdevice for @lebtrical
capaci tor 132. These prior art capacitor arrays only allowed conmon

mode decoupl i agipmient. The cirduitchomtipSheits @hﬁ)ﬁ‘ké Wweftls ANy of MaferitIRNIng R Eired
termnal 134 of each capacitor 132 was electrically connected to

i ndi vi dual el ﬂ%ﬁdag@b?&@&@h@iﬁﬁrﬁistor orcapacltorcharacteﬁét{és Pt AW provided Wil | C
representation of differential and comon node nmulti- conduct or

fil 110 h
ilter el6dRaS Piern bd fuBitng BindPOHFEyFIRCE RreBPARICA Lol RligtHpBroREl (roBACK |

arrangenents. The horizontal |ine extending t roug each pal

represents NS 6 VIR PdﬁEﬁu'm es
encircling theerggll rs being tﬁg’t%%g“i solat’l o%‘ﬁ%?r%&%?f%é&%e iés%lesg%t:e%n
bars 1 12a args) SQleebilyY Tﬁ&ﬂgie&ﬁadgga&mpin%gﬁﬂﬂ&ion with one another to form

10 common electrodes with the material interposed there between. The ‘430 patent was

primarily directed toward filtering paired lines. The present invention improves on the paired
line concept by refining and adapting the concept for use with low voltage low current data
communication lines as well as arrangements directed towards high voltage industrial and
home applications such as three phase power lines, electric motor noise filtering, LANs and
15 other computer and electronic devices. |
Therefore, in light of the foregoing deficiencies in the prior art, the applicant’s
invention is herein presented.
Summary of the Invention
Based upon the foregoing, there has been found a need to provide a multi-functioning
20  electronic component wlfic_h 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



p——

conduct i ve pl ates 112 providing an-. rnherent ground grid separating each of
t he el ectrode -plates 118a through 11 8h from one anot her. The ™
correspondi ng conductive el ectrodes 118a thru 118h p05|t|oned on. .
support nat @iggghrdes at es 116a and 116b, both above and poTERR)oT040 t he
center common ground conductive plate 112, and formline-to-ground conmnon
23 node decoupling capacitors. Each plate, common ground plates 112
and support materi al plates 1 16a,and 1 16b, is separated fromthe
others by dielectric materi al 122 Vhen4fllter _ 110 is connected to

Potnel o e bl aRuRp BB ol T BRSPS IdR, DI BABRT .
differenti al Agai n referrlng”_

o e heeftRue Rorwes;of b %?c%a 12y, v 2, el apd SRipdn o5
et fﬁ?ﬁ{%&@%&%&%?%@% e ARl B ?eﬁ"@g@@egﬁ%@ﬁa 1A

t hese outer, conmon round onduct.i.ve ~.plates 112 prOV|de a
si gni i cant P§/inForPef@ d@‘ﬁ%ﬁﬁ %ﬂ%"lﬁf"HPmFPT@E‘rts 110 which hel'ps with- 10
attenuation of radiated el ectronagnetic enissions provr des a greater

surface &rea to Itistheref °€ﬁ%@WB&PJ@°tMMVG&B@UPWTWWW d and
noi.se, and effectively acts as a Faraday : shi el d. Thi s is
parti cul ar | §daptable mytirfungtignal leletyordg cqmnm whidufikere elnmargo@wmnarws 112~

are not electrically connected to circuit or. earth ground but are |nstead
relied uponcqugedbydl erentlalandcommonmodeculrents : S

Itis another object of the mventlon to provnde a protectlve circuit arrangement which
may be mass produced and adaptab]e to mclude one or more protectlve circuits in one -
10  component package to prov1de protectton agams_t voltage trans1ents, over voltages and . .
' electromagﬁe'i:i:e"interféfétiee. : |
Another object of the invention isto I:rrbvide protective circuits having an inherent
ground whlch prov1des e path for attenuating EMI a_nd' over voltages witheut having to
couple the hlybrid'electrdn'ic component to circuit or earth ground. Lot
15 These and other objects and advantagcs of the invention are accomplished through
the use of a plurality of cemen ground condu_ctive plates surrounding’ correspondiﬂg
electrode plates separated by a material whieh exhibits anir one or a combination of a uumber :
of predetermined electrical properties. By coupling pairs of conductors to the plurality of
~* common ground conducti've_. plates and eelectiveiy coupling the conductors to electrode
20 pldtes, line-to-line and line-to-ground ‘component couplidg is accomplished providing
differential and common mode electromagnetic interference .ﬁltering and/or surge protection.
The circuit arrange_ment comprises at le_aet' one line conditioning circuit component

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




provi de an inherent ground. 15 A further variation of the
present invention is differential and commobn node mul ti-conduct or
filter 680 shown in Fig. 22. Filter 680 has been optim zed for use with
conmput er and W@ uni cati ons equi prent and in parti cul ar PREYSOR(40
configured for use with RJ 45 connectors. To obtain inproved filters
performance, filter 680 includes built in chassis and circuit board
| ow frequency noi se bl ocking capacitors i addition to a 20 plurality of
differential and common node filters. As shown in Fig. 22a, the physical
construction efectrddetsaifades Breithenseldeaically capled ts eletthieal comiutiotst afithelck®pit.sTleawn i n
Fig. 4, and is conprised of a plurality of commobn ground conductive

plates 112, f iefestrodephttes,Odielectric materal e@plogéticand eungfiord Zfouad dorfiletiveaplatey a
plurality of conductive el ectrodes to formmultiple differential and

conmon node f iphdd@Ee conbniity Berw Bhsciéciroaddob B leteRicalcdondg:i6ra Rahtpasduces a
24 As described for earlier enbodi nents, common ground conductive

plates 112, C%ﬂgﬁ&&g Bal but op oﬁieﬁ&hﬁﬁ%ﬁlgéﬁ&tw@tﬁan cR&fcABsnfhdat cohpIEkineg

el ectrodes 682 and 684, an the el ectrical conductors (not shown)

whi ch pass st NioyaDLIhes AL LRUA 'c@ﬁ&%to%ﬁd%b-td-%%hﬂ& B6mithOMIRRRal electrical

anot her by materi To realize partic determ ned el ectrical
characteristigg, 4 Riored filter 680, as in all other enbodinents of the
present invention, nmaterial 122 can consi st of dielectrics, ferrites,

MOV-type material g 306 HARkN VAL B e ainERER S8A B mon mode filer are

determined by the choice of material between the electrode plates and the use of ground
shields which effectively house the electrode plates within one or more Faraday cages. Ifone
10  specific dielectric material is chosen the resulting filter will be primarily a capacitive
arrangement. The dielectric material in conjunction with the electrode plates and common
ground conductive plates will combine to create a line-to-line capacitor and a line-to-ground
capacitor from each individual electrical conductor. If a metal oxide varistor (MOV) 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



ground conductive plate 112 includes a plurality of insulating apertures
114 in which el ectrical conductors pass while maintaining electrical
i solation from comon ground conductive plate 112. To obtain the

addi ti onal .S, and board noi se blocking 10 capacit ' r 680
enpl oys a n‘gg??’?(g@ version of the electrode plates of Fi S‘Fé'i'?g”’l"t”ﬁ’

As described for Fig. 4, to provide nmultiple independent conponents for a
nunber of pairs of electrical conductors, material 122 al so serves
as support material 116 which is 6 used to fabricate first and second
el ectrode plates 676 and, 678, First elecirode plate 676 .. 1S made up
of °T1 1ot arituBe G CortaiaL fdns fistanpo dt BEBSERECYes Ohibe Bri Bl
el ectrode 15 688, all prjinted upon, one side_of support paterial, 116.
Second el ecdsodueyidas {rapsient yojtage protection igthat it,fp Wil heporag copduetve abheEr@Bnduct i ve
el ectrodes 684 and 690 and bl ocki ng el ectrode 692, again printed
upon one sivgkagsthreshpldsflowing therexeqss Fapsientvoltage to brrhunted fathe ceramenygraund
plates 676 and 678 are then separated and surrounded_ by common ground
conduct i ve conductive plates, eBectively lipptng the veliage aqrepsihe Ql@ﬁﬂ%é@nﬂ‘l‘fé?fﬁ-pr evi ous
enbodi nents which allows for the 20 conmbi nation of differential and
comon dode fi | Numsrops otheriarangemints aridzonfigurations dpealsodliseipsedawhich implemgniocki ng
capacitors is the configuration of first and second conductive el ectrodes
and abdl buildi ongheedbeve oljattssand adviantagsss ofithel inyetimndo dénmmstraieithe pérsatibty 676 and
678. First and second conductive el ectrodes 686 and 688 of first
el ectrode phdtvialeGpBadapplication b differemtinl and wphinog mode filters withintthe ssoe’¥ thti sposed
in the el ectrode. Blocking electrode 682 is fornmed to partially

present invention.

Brief Description of the Drawings
10 FIG. 1 shows an exploded perspective view of a differential and common mode
filter in accordance with the present invention;
FIG. 1A shows an exploded perspective view of an alternate embodiment of the
filter shown in FIG. 1; -
FIG. 2 provides schematic diagrams of the filter shown in FIG. 1 with FIG. 2a
15  being a pure sch_ematic representation 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



25 .surround first and second conductive el ectrodes 686 and 688 and
includes a plurality of i nsul ati ng apetures 114 and coupling
apertures 120. Second el ectrode plate 678 is identical to first

el ectrode pl aMP ¥R th first and second conductive el ect r te<U¥Y81%h
692 corresponding to first and second conductive el ectrodes 686 and 688 and
bl ocki ng 5 el ectrode 684 corresponding with bl ocking el ectrode 682. As
is clearly shown in Fig. 22a, when Toupl ed between the vari ous
common ground conductive plates 112, first and second el ectrode

pl at es 676 andifféféntiat sndooormmmparoderfiltepefIdGt € di recti ons from one anot her.
This particular alignment of first and second el ectrode plates 676 and 678
allows filter FIG.G81 aftap plaw eiew of tirgihirality af cdrimekbgrountbeondutive amur at i on
when used in a connector application. 10 It should be noted that

Appl i cant contefstrbéd plateowhieh makehp @high demitg nwiiti-conddetot differeatiad and common

bl ocki ng el ectrodes dependi ng upon the desired pinout or wring arrangenent
desired and fijter embétBmestverted arrangenment of first and second el ectrode
plates 676 and 678 is not required. As in other enbodi nments,

a nunber ofs el ec”iF@@JG.&%rHi_Hﬁbﬁﬁ%chﬁthd}ﬁ&‘ili RVt @8tAfAon ground céidiEHVE afid ound
conductive plates 112 and first and second electrode plates 676 and 678.

15 Al though dibigosl Skl ifith nfRE UG Alefal HRRSER) muffl dndd Ak RPUSHEA!

this particular Iter 680 1's adapted to accept eight
conductors iniﬁ rdance with R] 45 connector standards. The
interaction of the Various conductive electrodes within filter 680

T now be descr hgd P (&l eLlNkoE) G G20 o BE QUSRI UFIA Fla xR

included to _ er corre _ I""representation With the
orvsteal emood Ll it BBhn B ol 3 1L SIS
to as needggl Si0ngh 0k QU o Re1d Glorkd b or SPGehsbl QMK b
differential and common mode filter of FIG. 1 which employs the electrode plates of
FIG.7;
FIG. 9 shows a front elevational view of the filter of FIG. 8;
FIG. 10 shows a surface mount chip embodiment of a differential and common
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. 12¢ shows a front elevational view in cross section of the filter shown in

FIG. 12a;



common ground conductive plates 112 which act as an inherent ground. The
physi cal separation of the various conductive el ectrodes of first
and second el ectrode plates 676 and 678 by the conductive plane of
comon gro ctive plates 112 provides a

26 ?Sgsgigﬁﬁjal ground plane for filter 680 which in (ﬁrévsg?({nluyo acts as
a ground and assists with attenuation of radiated el ectromagnetic
adm ssions, provides a greater surface area to di ssi pat e and/ or
absorb over voltages, surges and noi se,8 and effectively acts as a Faraday
shield protecti t e filter fromexternal electrical noise and preventing
radi ati on of th 1snQtneluded: £ |t er 680. F@ferrlng to the
vari ous electri§%£ cqnductors (not shown) t he nunbers t hrough 8
as shown in Fi gdIGJdys anexp %@PW“‘{%‘@%P mdbvatiua&@mizﬂetewewb and 5 are
connected through coupling apetures 120 to first and second conductive

el ect rodes cgglgnseaﬂlrttwrm digent of aslifferenpial gnd commonmedgifiltenduct ors 4 and 6

are connected through coupling 10 apetures 120 to conductive el ectrodes
690 and 692 respHetlinshpys a fontelavatinngl viiew indergssgseetion of the filmpiatesof EEG-t hr ough
coupling apetures 120 to bl ocking el ectrode 684 and el ectri cal

r

conduct dr s 12 impperablegaeperatién; ar | y connect ed t hrough coupling apetures 120 to
bl ocki ng el ectrode 682. Referring to Fig. 22d, electrical conductors
3 and 6 are fil FES.d@ shows a furifierf ditemetive eaibiogdinient offthe differential deonatiorf i r st and
second conductive el ectrodes 686 and 692
mode filter configured primarily for use with electric motors; FIG. 16a shows a top plan
view of the motor filter embodiment; FIG. 16b shows a side elevational view of the same;
FIG. 16¢ shows a side elevational view in cross-section of the same; and FIG. 16d is an
10 electrical representation of the physical embodiment of the filter shown in FIG. 16a;
FIG. 17 shows the motor differential and common mode filter embodiment
electrically and physically coupled to an electric motor; FIG. 17a shows a top plan view
of the filter coupled to a motor and FIG. 17b shows a side elevational view of the same;
FIG. 18 is a logarithmic graph showing a comparison of the emission levels in
15  dBuV/m as a function of frequency for an electric motor with a standard filter and an
electric motor with the differential and common mode filter of FIG. 17;
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. 19¢ 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



15 . which act as opposing plates to forma line-to-line capacitor between
el ectrical conductors 3 and 6. The sane el ectrical conductors each
recei ve common node filtering through | i ne-to-ground capacitors
formed by theWPARPRI8&tion of first and second conductive  PCT/USS/a20®r odes
686 and 692 with comon ground conductive plates 112 which forns |ine-to-
ground capacitors between each el ectrical conductor and the inherent ground
formed by 20 the plurality of comon gr@und conductive plates 112.

The sane rel ationship exists for electrical conductors 4 and 5 which are

connect ed partial RhéndtR/blRWEizRemPShe @iiyct | ve el ectrodes 690 and 688

respectively. First and second conductive el ectrodes 690 and 688
formline-to-line F@Q@'sﬁ%ﬁﬁﬂﬂp&ﬁ&hiﬁ&éﬁ%%ﬁ%oﬂﬂoﬂque filter WHRITPRS) 294 ound
conductive plates 112 to formrndividual comobn node filter capacitors

fil
27 for ¢amb aphmiafly Lﬁéhm@ﬁ@%@%{;ﬁe-vwm& ﬁ%e&/&(%}%ﬁ?rﬁ%tg ZL't It gnof

differential and connon ters create

bet ween t he V%ﬂr&%ﬁm%ﬁg el ectrodes and comon ground
conductive pl at'es, assi s and’ board noi se bl ocking capacitors are al so

c
LI’LZE?nSE 5 ;Péﬁﬁ%kzgﬂ%“g%ﬂ %ﬁ%@*&%@%ﬁg?ﬁ%@%ﬁoigevp?ﬁ%'gt?%e%g%éhﬁ%Eﬁ%is
' . 1 7,4 . '
clootri cal |y BB RmRBREeRR e anar Mg b cfgoral bt

I 2 f ' I f th ' I ' ' )
el ectrode 68 nEo grﬁ?tgy for gsrerﬂl Q&ngptgr Jf)pﬂéa%or?s; F}g. Sanics) Ia entb elg\;:alt(lgrrllaq vx%%})oq‘%lllet ors

filter shown in Fig. 22a; Fig. 22c is an electrical representation of the physical

embodiment of the filter shown in Fig. 22a; and Fig. 22d is an alternate electrical
10  representation of the physical embodiment of the filter shown in Fig. 22a;

FIG. 23 discloses one application of the filters of the present invention with Fig.
23a being an electrical representation of the physical embodiment of independent surge
and electro-magnetic interference (EMI) devices in combination as shown in Fig. 23b,

FIG. 24 discloses a further application of the filters of the present invention with

15 Fig. 24a being an electrical representation of the physical embodiment 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 26¢ 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;



The other plate of the noise blocking capacitors is fornmed by common ground
conducti ve pl ates 112 which interact with blocking el ectrode 682.
Al t hough interchangeable, 10 electrical conductors 2 and 8 al so provide

board noi se WodsKtp capacitors formed by the i nter | f  common
ground conductive plates 112 and bl ocki ng el ectrode 682. Bgﬁbé}%ﬁ“ th

chassi s and board bl ocki ng noi se capacitors allow the inherent ground
formed by comon ground conductive plates 112 to be capacitively
decoupl ed thereby bl ocking | ow fr¥quency el ectrical noise fromthe
signal carrying conductors, This ipproves differential , 15 ,and common node
filter perfor nancé%ogggés’éqﬁqlegﬂ“ipa YIEW i1} ¢ress|secfiop pEamhapPHeAtion & Wﬂiﬁ‘éf"@nt
ground fornmed by common ground conductive plates 112., . | FIG 6
i |1 ustrates #lestipde pldtesAssbrymBftis.3f, arpemployeddn an elagHORIG GSUEN ch provi des
i nput/output data line pair filtering for a | arge nunber of electrical
conduct or pairs tElg: edis aside elevatignal view jnscrpgsgectign a2 fupthprapglication ByWhisR dat a
buses. Differential and common node high 20 density filter 150 is
conpri sed of tvp gléatrodd pletes, @8 showmrin gy 26#ndl 2 gonud planeare pmploped in ap
containing a plurality of insulating apertures 114 and conductive el ectrode
pl at es 115 6aelectronic cirawitf 116b each havi ng el ectrode patterns 118, insul ating
apertures 114 and coupling apertures 120. The stacki ng sequence is
reflected i n Fl GFIG. 22isagrkplodx] vidvaof the mdividual internal layers which makéupv | |
surround each of the individual plates as described for previous
multi-component strip filter wherein each internal layer shown is a bottom plan view of

the layer; FIG. 30 shows the multi-component strip filter shown in Fig. 29, where
Figure 30a is a top plan view, Figure 300 is front side elevational view, Figure 30c is a
10 back side elevational view and Figure 30d is a bottom plan view;

FIG. 31 is an exploded view of the individual internal layers which makeup an
alternative multi-component strip filter wherein each internal layer shown is a bottom
plan view of the layer;

FIG. 32 is an exploded view of the individual internal layers which makeup an

15  altemative multi-component strip filter wherein each internal layer shown is a bottom
plan view of the layer;

FIG. 33 shows the multi-component strip filter shown in Fig. 32, where Fig. 33ais
a top plan view, Fig. 33b is front side elevational view, Fig. 33c is a back side elevational
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
alternative 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. 35ais



28 . enbodi nent s. FIG 6A presents .an alternative
approach in which differential and conmobn node hi gh density filter
150 utilizes a tri-coupling of the electrodes to devel op a hi gher

capaci tance tWOMPBIM8 and |ine-to-line. Again, filter 150 i PCIBHPYNAMY of a
plurality of 5 common ground conductive plates 112 each having a
plurality of insulating apertures 114, conductive el ectrode pl ates
11 9a thru 11 9¢c with their respective el grctrode patterns 11 7a thru
11 7c. Each conductive el ectrode plate, 11 9a through 11 9¢c, contains a
plurality of gatopplan Vie®UFig!358ds AbRIsidelcRvatiohd] view, FigBst iswbaslpeide elcetiondO i n
predeterm ned positions to allow pairs of electrical conductors to

pass through vy ?igf? 85 L1 laiboRbY pEAWNW R Hip.3 56 imich eRvatichl viewonduct ors to
create the desired Tilter architecture. e stacking sequence of the plates

shown in FIG 6A i g1 iiw'mddeavwldfhmﬁdiﬁa%t&ﬂm1£9eﬁswhiahmmeup4nand 6

and again a predetermned dielectric material 122 surrounds each of

t he i ndivi dual,,pl, wf%%nﬁlﬁ-cXErégﬂéflgsui filter wickbit K43R 36l layer shown is a bottort | GS. 7,
8 and 9 show single aperture electrode plate 70 and the use of a plurality

15 of such pkat i .ternative enbodiment of the differential and
conmon m)d§ fi%lﬁ‘e‘ﬁa’(’)?mg&y@’ the present invention. FIG 7 shows the two

s 1 O B o . T
s b i ol ect r4iob plan vieWo P PE BT el TiguAredug Pl el Epiondt "

R A
Cover ed by - Fufigthiead exloded e ot BebBak ner bR Bhi Ao RS

t he outer {)eri met er of el ectrode, . ] .
0  component filter wherein each internal layer shown is a bottom plan view of the layer;

FIG. 39 is a schematic representation of the multi-component filter shown in Fig.
38;
FIG. 40 is an isometric view of the multi-component filter shown in Fig. 38 where
Fig. 40a is a top plan view of the filter, Fig. 40b is a front elevational view of the filter
15 and Fig. 40c is a side elevational view of the filter;
FIG. 41 shows a further embodiment of the multi-component filter shown in Fig.
38 with additional ground planes for improved performance where Fig. 41A is an
exploded view of the individual internal 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



pl ate 70. Surrounding aperture 78 is solder band 80 which, once heated,

w || adhere to an el ectrical conductor disposed through aperture 78:
and el ectrically connect the conductor

29 t oweQhsheed | ve surface 74. Referring nowto FIG 7b. the backside
of electrode plate 70 is sinmlar to the front side FGry§Iyp1edo
conductive surface 74 is adhered to material 72 in such a fashi on as
to provide isolation band 82 around its outer perineter. Differing fromthe
front side, aperture 78 is surrounded bj2isol ation band 76 to prevent any
el ectrical f? connection between electrical conductors and conductive
surface 74 diirendialandicammen gpode filter whegg Bigi424dis a perpestivgyiew of the further

FIGS. 8 and 9 denonstrate how nultiple el ectrode plates 70 are used to
create appligatiqnayhich copsisig efa Ewgrﬁleﬂ@d@nfqgm@rpwe fittee pagti#lbt r uct i on of

filter 90 is simlar to previ ous enbodi nents in that common ground
conduct i ve grrlededand Fig. 428 isa sohamntic 1eprespriatiqnof thetphass Fonetwovk integrated ode
plates 70 to provide the parallel plate arrangenent necessary to

form a pl ur apssivg filer. capaci ti ve el enents. As shown in FIG 9, one el ectrode
plate 70 is coupled to one side of conmmon ground conductive plate 98 wth a
second 5 el ect r ode Rétailed DeRcription gf the Breferrkd tRmbolimmenpposi t e si de of
pl ate 98 and of fset a di stance great enough to allow el ectrical
conductors 92a abDue ©3he ¢ontipeeiand increasihg wef ele@rinios dredaili/Jife mdaheandéin t hout
interference fromthe other electrode plate 70 coupled to the opposite

of electromagnetic interference (EMI) and emissions generated, new world

electromagnetic compatibility (EMC) requirements are being specified daily for use in
such diverse digital and analog applications as in the home, hospitals, automotive, aircraft

10  and satellite industries. The present invention is directed towards a physical architecture
for an electronic component which provides EMI suppression, broad band I/O-line
filtering, EMI decoupling noise reduction and surge protection in one assembly.

To propagate electromagnetic energy two fields are required, an electric and

magnetic. Electric fields couple energy into circuits through the voltage differential

15 between two or more 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



si de of common ground conductive plate 98. Al though not clearly shown it

shoul d be apparent that common ground conductive plate 98 incl udes
apertures in predeterm ned positions which correspond with the
associ at ed ap¥PPUes of el ectrode plates 70 to allow PET/AS29/01944 |

conductors 92a and 92b to pass through as shown in FIG 8. 20

Common ground conductive plate 98 serves as and provi des i nherent ground
96, whi ch nmay be connected to eartfs or signal ground if desired.

Fast eni ng apertures 22 allowfilter 90 to be mechanically coupled to

a structure. fi¥le andksoendecdy & tifievaiying magneticCfwpwillgveartiseasd moelectyit figld. 70 to
common ground conductive plate 98 is shown in FIG 8. Sandwi ched

bet ween conmMDAs g eeain 8 parelyHiéciric/d nilgati thie virdinehiala tandeeiidta FRIdERn4Y be
30 backsi de ispsol der weld 84 which whegn3 heat ed adheres to

conducti ve SUpdmsfly éfctdit of Pi¥marily magnQRUiSh&iBetan 8L gsﬁe_maieexaiuaﬁag.m and the
correspondi ng surface of comon ground conductive plate 98. Wen

connecting el ect rOﬁﬁxﬁii%ﬁxsggf{a@iaﬁ%mioﬂb%%s%@&{ié%iﬁé&wo typesof Pl ate 98,
el ectrode plate 70" s backsi de al ways faceS the correspondi ng side of conmon

5 grounds copgtiirby Gurfth! it &Rntal U SAROTREAR il HeldS QeitriudifbyBas 1S used

for both el ectrode plates. So I's al’so shown for each

el ectrode pl aﬁ&ffﬁ% '%%q't'}i%ﬁlt issions. Dif&?#ﬂélgﬁ%#g@wgﬁt’gﬁs Sr@@ho@é Efibenisc !

conductors 92a elr respecti
which flow in a circular path in wires, circuit board traces and other conductors in a

manner in which the field related to these currents originates from the loop defined by the
conductors.

10 Common and differential mode currents differ in that they flow in different circuit
paths. Common mode noise currents are surface phenomena relative to ground and, for
example, travel on the outer skin of cables which are often grounded to the chassis. To
reduce, minimize or suppress the noise it is necessary to provide a low impedance path to
ground while simultaneously shortening the overall noise current loop.

15 Tuming now to FIG. 1, an exploded perspective view of differential and common
mode filter 10's physical architecture is shown. Filter 10 is comprised of a plurality of
common ground conductive plates 14 at least two electrode plates 16a and 16b where
eaéh 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 ﬁlates 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



pl ates. The arrangenent of common ground conductive plate 98 and el ectrode
pl ates 70 provides line-to-line differential node filtering between
and line-to-ground decoupling 10 for each electrical conductor 92a and
92b. The di jal node filtering is acconplished Tﬁ*,ﬁﬁg@uct ive
surfaces 74a%?5,?ﬁgéfront si des of both el ectrode pl ates 716(: Ich act as the
paral l el plates of a capacitor coupled between electrical conductors 92a
and 92b or |ine- to-line. The line-to-ground decoupling is provided
by conductive surfaces 74 of each 14 ¢| ectrode plate 70 acting as one
capacitive plate and co round, conductive plate 98 15 cting as the
ot her par aI'F‘%‘PhEQEaPé?fW%° _nt.mgeﬁ&p%ﬁgagpf@gglgmqu glgeprovi ded by
comon ground conductive plate 98, ich serves as jnherent .qround 96,

o v des. ¢ Hisposed trosgh e BorEGm PR CPrar B o 1 e gieringn SR
conductor, 92a and 92h. . L. D fferential and common de filter
90 shown i nl2pesss tiropghywhile maintgiping clgsligalisolation betwegn coMMOR GOURG, st ¢ et j on

is relatively sinple and its voltage and current handling capacities 20
are only | icendectiveplates 44 padelectridal eanducters A2 ‘Wea riwrality\pf sorampy etpandn| ar ged or

reduced dependi ng upon the desired characteristics. i
Figs. 265 2condwniivesplats 44 may optinnally be equinped with &stening gRRtUSFSA2ATBRRFddMd t he
use of a plurality of such plates in further alternative enbodi nments

of the di ffepreddteraiinedaod matching position to enabdieeath pf the plurdlity @fézomggmund
I nvention. Referring to Fig. 26a, electrode plate 600 is
31 conductive plates 14 to be coupled securely to one another through standard fastening
means such as screws and bolts. Fastening apertures 22 may also be used to secure
differential and common mode filter 10 to another surface such as an enclosure or chassis
10  of the electronic device filter 10 is being used in conjunction with.

Electrode plates 16a and 16b are similar to common ground conductive plates 14
in that they are comprised of a conductive material and have electrical conductors 12a and
12b disposed through apertures. Unlike common ground conductive plates 14, electrode
plates 16a and 16b are selectively electrically connected to one of the two electrical

15 conductors 12. 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 prevenf 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 i:ositioned at either end of the electrical conductors 12 as shown
in FIG. 1. Electrical coniductor 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



conprised-of material 616 having predeterm ned el ectri.cal properties, with

material 616 being nolded into a desired shape shown here as being a
disk. A first g)iyge of doubl e aperture el ectrode plate 600 is shown
in Fig. 26a af® PA®™%des first and second apertures FCT/USAMIB04 each

i ncluding an isol ati on band 606 whi ch separates the apertures fromfirst

5 conductive surface 608. A second side of double aperture el ectrode
plate 600 is shown in Fig. 26c andij ncludes first aperture 602
havi ng i sol ati on band 606 and second aperture 604 directly connected
to second conderomprmodefifterd® beibg comfigniedstp providetdidtering for b plusality ofpairs of si de
of doubl e aperture electrode plate 600, with the exception of isolation

band 612 electvibal conduotoss créating a hipgh density mybis-condatier differeptisltaad 66ifimorti 9. 26b
shows first conductive 10 surface 608 is electrically coupled to side
conducti ve sumfodefiltérl4 whi ch encircl es doubl e aperture el ectrode

pl ate 600. |solation band 612, |ocated along the perineter of the

second side of douDhefimpelineitavitiiemiked df ditferntalGRA cori¥s ot filterSIBRAT at es
and electrically isolates first and second conductive surfaces 608

and 610 frem aerialZ¥ wikith has one or a number of $léirical PRp&tiECAndisERbuRS e S pass
t hrough first and second apertures 602 and 15 804, only the electrical

conduct or pas gérisioh BfolkdEordR&IvVe pe BO fothielebtriiR gﬁt&cl%ﬁ @4 éﬁ’ang (_gllljeblfortions

connected to second conductive surface 610. Th unction of e aperture

el ectrode of eledtich @on@gaof-sslrzl%x %%fib%siﬁ&ﬁeﬂé&ﬂhﬁ @E%h@é%&?%&g&je plate

70 shown in Fig. 7 wth the o erence being pl at e

600 does not RaMGRcAWR pdiftesid’ iﬂg%Qnérgv (%Hpge?l%\aﬁgﬁggél\}\%ﬂgﬁ plates and!l | OW

passage of opposing €electrical conductor scri bed for

ol 3 SE | 6ﬁgoar 5°“££%‘8“t%4’:‘%9"eea%’§‘h§p%t“‘%ﬁ%ﬁéﬁ%ﬁ%ﬁ%@%@%ﬁ%egﬂiré L
526 . . ; . . . X

apor tur e aP oo 26 AR R E o8 TS ARteich chapagiorsel BEHfeiznlet P e °
plate 600, s h%\(g‘g% bger\llz&!o,%ﬁe ge?earmir];eﬁ%?f%hé sgl%ctfignro tma elrl%iaZé.)fIf El gﬁale%g'gonsulngrgal is

el ectrode pl a

chosen filter 10 will have primarily capacitive characteristics. Material 28 may also be a
metal oxide varistor material which will provide capacitive and surge protection
characteristics. Other materials such as ferrites and sintered polycrystalline may be used
15 wherein ferrite materials provide an inherent inductance along with surge protection
characteristics in addition to the improved common mode noise cancellation that results
from the mutual coupling cancellation effect. The sintered polycrystalline material
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 that 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-



first conductive surface 608 of each el ectrode plate 600 electrically
connected t hrough

32 means known in the art such as sol der 622 nelted between the two
first conducvp surfaces 608. Two el ectrical condu and
620, pass throu the al i gned apertures of each doubkgh%%géoﬁgzﬁre

el ectrode plate 600 with el ectrical conductor 618 electrically
connect ed to second conductive surface 61 Ob of el ectrode plate 600b and
el ectrical conductor 620 el ectri cal 1@/ connected to second conductive

surface 61 Qa of electrode 600a. Fol | OWI ri nciples
cet forth fgWW@WW@PWBEF%ﬁ"%W ipsipmpadt Sy reBEVRIFE it he
pr esent |nvent|o?pﬁe %}“ E? Qn %Dg surfaces 608a and 608b form and act

as a cormon Sy "(1} '3 90k "BY WE‘WBWBW&%?%FP?%H% “B®found for
differenti al corrrmde nmode fjlter 626. Secaond c? ctlve sur faces

610a and 61619°‘8F31éére4'. Thfgomemeﬁ,éﬂ@ab‘nhatae dernecrRataliye

i ndi vi dual conductive el ectrodes form ng pl at es whi ch make up a
di f f er ent i afs usefgbior suppressng eleciromagnatis mnt@feéw¢ i Hegne é@hﬂ@@p@rtbe 618 and
620. Second conductive surfaces 610a and 610b al so form conmon node
decoupl i fig ferroelectrip pterinbis banve titanaik end the ferompgnetie material is B ferritegnaterishduct i ve
surfaces 608a and 608b which ~act as the inherent ground. One
advant age t snchi@s bhebasgsiuponreoppeegine fritepThe eapaitive and indugtivesharpeteristics o t he
single aperture electrode plate 70 shown in Fig. 7, is that a separate
of the ferroelectric-ferromagnetic composites exhibit attenuation capabilities which show
no signs of leveling off at frequencies as high as 1 Ghz. The geometry of the
ferroelectric-ferromagnetic composite will significantly effect the ultimate capacitive and
10  inductive nature of an electrical filter that employs such a composite. The composite can
be adjusted during its manufacturing process to enable the particular properties of a filter
to be tuned to produce suitable attenuation for specific applications and environments.
Still referring to FIG. 1, the physical relationship of common ground conductive
plates 14, electrode plates 16a and 16b, electrical conductors 12a and 12b and material 28
15  will now be described in more detail. The starting point is center common ground
conductive plate 14. Center plate 14 has the pair of electrical conductors 12 disposed
through their respective insulating apertures 18 which maintain electrical isolation
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



common grpund conductive plate is unnecessary. First conductive surfaces

608a and 608b act as and formthe common ground conductive plate. If
desired, a separate common ground conductive plate 624 having
al i gned i nsul WOSBHPRErt ures nmay be - posi ti oned bet weerCuaishs/ea040

aperture el ectrode plates 600a and 600b, as shown in Fig. 28, 20 to
provi de an enhanced i nherent ground with a greater conductive area for
di stributing el ectrical noise and jpeat. One trend
found t hroughout nodern el ectronic devices is the continuous

i ni at uri zat i capled it hyeo@ted electrodd Blak 166 bF D6Y respeOiiR MFJugh BhipliRg Make up

t hat equi pment. Capacitors, the key conponent in differential and
conmon node fapkft@e 20. Coupling aperture 20 interfaces with one of the pair of electncal conductors
33 arrangenents, have been no exception and their size has

continual |y dpchRmages stitakd\@nnection sitia8 b s¥B& vReld, Il‘?¥s1§m¥ fiP6r i\@rd?fﬁag !deﬂlod

silicon and imbedded within integrated circuits only en wtht

use of a m CroReRRAl proWae Tsdlidt's mﬁ&?ﬁelmﬂc}nﬂ o ﬁ{%d} {Et%gr P o%éne

preval ent is the chi p capaci tor 'S slI gm cant

EF?Piiédn?JL?“?‘*;%*ﬂ%%F%S‘yﬁ’?%&sﬁr‘*ﬁﬁg%&%ﬁ%%% lg‘%‘?ﬁtiﬁ?%%?ﬁﬁeé °ﬁ@9{'
Versati |ty of Hupasie Al ahed 128 o mal it BV ol Bhe b 111 1 er
of the prese éngxcag{rj c?lig?ede{ﬁtal! be{ng )fec?n Pcongu& lfzgcﬁxflim it t%c %&%'m%%d%

shown in FIG

filter 10 optionally comprises a plurality of outer common ground conductive plates 14.
These outer common ground conductive plates 14 provide a significantly larger ground

10 plane which helps with attenuation of radiated electromagnetic emissions and provides a
greater surface area in which to dissipate over voltages and surges. This is particularly
true when plurality of common ground conductive plates 14 are not electrically coupled to
circuit or earth ground but are relied upon to provide an inherent ground. As mentioned
earlier, inserted and maintained between common ground conductive plates 14 and both

15  electrode plates 16a and 16b is material 28 which can be one or more of a plurality of
materials having different electrical characteristics.

FIG. 1A shows an alternative embodiment of filter 10 which includes additional

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



differential and common node filter 400 is shown in FIG 1 Ga with its
internal 10 construction shown in FIG 10b. Referring to FIG 1 Ob,
comon ground conductive plate 412 is sandwi ched between first

differenti 410 and second differential plate 414. 10§g°TON
gr ound con%%%%&pl ate 412 and first and second di fferenlzc’rré?sg%/?at es 410
and 414 are each conprised of material 430 having desired el ectrical

properties dependant upon the material chosen. As for all
enbodi ments of the present invention, Aﬁpl icant 1 contenpl ates the use

5
f I et f terial h but t. limted i el ectr.l.
t or 1l | IO BIPerERrapae g ekt P R 166 FPettf B o and newer
ti bst h i nt d l, | line. .
Fi st i 11 cuelhhe HPBIepoTon A FsciBuiog et Gisvies SRRt B3 478bi ea 1o

the top surface of material 430 in a manner \Q{;gh Ieaalsss Isolation
band 418 swlectodaiplatg 16 s dirgeted. Theplongpled portipns,of glectrode plates; 0RO EXEPS| pl at e
410 along three of its four sides. |solation band 418 is sinply a
portion al disyondihe digigacedn wiichdhg pluraliy®f common groupdgongductiye ebtﬁérlé&x‘ﬁxgg)
conducti ve el ectrode 416. Second differential plate 414 is

essenti &l | ywithithe additional disthiqedsolated frem onter edge conductivebands0a and 44y ¢ he
exception being its physical orientation with respect to that of first
di f f er ent i addditionalenateridl 2&cRlestrical corinectiomtbetweep tash of the hands apdsiti sed of
material 430 having _
34 C casshicbitdd\plated ie atcomgitishéd Chraughyphysical contacebetweensaelf band and ityrat er i al
430 in such a manner as to
associated common ground conductive or electrode plate.
FIG. 2 shows two representations of differential and common mode filter 10. FIG
10  2ais a schematic representation demonstrating that filter 10 provides a line-to-line
capacitor 30 between and coupled to electrical conductors 12a and 12b and two line-to-
ground capacitors 32 each coupled between one of the pair of the electrical conductors 12
and inherent ground 34. Also shown in dashed lines is inductance 36 which is provided if
material 28 is comprised of a ferrite material, as described in more detail later.
15 FIG. 2b shows a quasi-schematic of the physical embodiment of filter 10 and 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 common 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



| eave isol ati on band 428 surroundi ng the outer perineter of second
differential plate 414 along three of its four sides. Wiat is

i mportant to note about first and second differenti al pl ates 410 and
414" s physi cal’O8?? @} ation with respect to one another is tRET/USHOIMAe side
of 5 each plate in which isolation bands 418 and 428 do not circunscribe

are arranged 180[err] apart fromone another. This orientation all ows
each electrical conductor to be coupled ti® ei ther individual plate
410 or 414 but not bot h. Conmmon plate 412 is simlar in

const ruct i on Gapaditiveplaterelhtionshinsavill bedomrecapparet. Blyddodating center obirnearglouhdl4 i n
that it to includes material 430 with common conductive el ectrode 424 10
coupl ed to i teniuive plafedddrom’\each alectomie piare]l Garop M6H-with nibbbial 28kaving pl at e 412
has two i sol ati on bands 420 and 422 positioned at opposite ends.
Conmon pl at e eléchridabprapértiesotheiredult is a capadittiesrevork havidg fEdinmecmode Biiphdser ent i al
pl ates 410 and 414 so that isolation bands 420 and 422 are aligned
wi th the endscapicitbt 3Géxtendihgberen edittitAcemiucls 12k ahd 52Kakd 1medo-gbdndhi ch do
not have isolation bands. Al three plates, conmmon plate 412 and first and
second 15  dbcéipting bdpaditorP3Décapled HonPedh diddrich? coriductBA YR A0 25 ¥i8h@ént
conductive surface beneath each pl ate and therefore when the plates
are stacked ogeufds4t op of the other, conductive el ectrode 426 is

i sol ated from common conductive el ectrode 424 by the backsi de of

common plate 412. mhikrét glotthd 84 wil 'eeaibggmﬂgfeﬁgﬂaﬂ%&ibwﬁ?:n%gfng{&ﬁg‘&?4 s

| sol at ed from conductive electro by the backs rst

differential ﬁ&yaﬁeem&l%twﬁbg dssameifat it i§ 9@‘336%%?% &?{h@&i‘?&ﬁtﬁm\%ﬁ? 0 cm%ﬁlelz al

Referring now to FIG 10a the constructi surface nou ere

d j | ' I bed..
late 412 and e ERaRa Sh widh & Md dagleBnd ORASH (MERE ARG W IS 502 v o
sandwi chegh t Ogfh REAE oAMER oFcOEmbR g;oiﬁgd conductive plates 14 are coupled to circuit or earth

ground by common means such as a soldering or mounting screws inserted through

fastening apertures 22 which are then coupled to an enclosure or grounded chassis of an
electrical device. While differential and common mode filter 10 works equally well with
inherent ground 34 coupled to earth or circuit ground, one advantage of filter 10's

15 physical architecture is that a physical grounding connection is unnecessary.

Referring again to FIG.1 an additional feature of differential and common mode

filter 10 is demonstrated by clockwise 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 124 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



arrangenent shown in FIG 10b, a neans for coupling electrical conductors
to the 35 )
different el ectrodes nust be included. Electrical conductors are coupled to

surface no differential and conmpn nobde filter 410€r first
differenti 2&53%73%t i ve band 404 and second di fferen |’g¥5@%uct ive
band 406 which are isolated fromcomon conductive band 402 by

i sol ati on bands 408 positioned in between bands 402, 404 and 406. 5
Common conductive band 402 and isol ati @8 bands 408 extend 360 around the

body of . filter 400 t rovi de jsolation . on all fo Si .__First and
second di f f&Festien of rotationfor &He fefas. hﬁ?ﬂﬁs"ie&'ﬁﬁal&ﬁa&%f%s réﬂ ang ﬂ?@ a&xt end
360[err] around filter 400 but also extend to covFr enﬁ)s . A@% and 434,
respect i vel Bositioned next to one anothgy apd regresent g siggle gurzantiloep 25 fPupd v ¥ s 10a
and 10b, the coupling between the 10 bands_and the_ pl ates can be seen.
First diff eandisetadine sonfieymations thssraeniventrng|apd)jeayng Afferential and SommoR 1\ i g
el ectrical coupling with conductive el ectrode 416 whi ch does not have
i sol ati on bmode filteg 10 areepriosed thereby esatingpppesed ifinx fields phich sancekgackypthere 410,
Second differenti al conductive band 406 is electrical I‘%/ Jdsolated from
common i at sxdAiBinieelinflictarice.dLéw énduetancglis advantagepysin sodem LQ and high spgedyt i on
band 422 and 428 respectively. In a simlar fashion to that just 15
descri bed, datcltined aslthk fireresed salitchiog epecds and fistpudsesze times pfmpdan eqipmaed | s
electrically coupl ed to conductive el ectrode 426 of second
di f f er ent i atreqit anaeceplable voltege spikies whizh camonly be managed by low inductance surge
devices.
It should also be evident that labor intensive aspects of using differential and
10  common mode filter 10 as compared to combining discrete components found in the prior
art provides an easy and cost effective method of manufacturing. Because connections
only need to be made to either ends of electrical conductors 12 to provide a differential
mode coupling capacitor and two common mode decoupling capacitors, time and space
are saved.
15 FIG. 3 shows a comparison of the change in insertion loss relative to frequency of
several chip capacitors of the prior art versus differential and common mode filter 10 of
the present invention. The graph shows that chip capacitor 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



bands 420- and 418 of conmon plate 412 and first differential plate 410,
second differential conductive band 406 is electrically isolated
fromfirst differential plate 410 and common plate 412. 20

El ectrical couBP?$%f common conductive band 402 to comonPETES01M0 | s
acconpl i shed by the physical coupling of sides 436 of common conductive
band 402 to common conductive el ectrode 424 which | acks isol ation
bands al ong the sides of conmon pl2ate 412. To maintain electrical

I sol ati on of conmmon conductive el ectrode 424 fromfirst and second
di fferential 4@khscompzedtnrioith cbiderional4afmcitors 50 akd $6) bands 420 and 422 of
36 common plate 412 prevent any physical coupling of ends 432 and 434
of first and secouh alterate elibbllintentidf thé preseitineértios isxafFetentisd dndbevehnd@b W t h
common conductive el ectrode 424. As with the other

enbodi ment s afodelmulticbhduicen fiited 110 3RowOIMTIG. M0RRed 110tie6mDhr thHlter 10 of  Pr €SENt
I nvention, conductive el ectrodes 416 and 426 of first and second

differential FIGS. phat £6irth& ifiB Gorflgrtked 6f a fltrafity dft6mhfon grdiRd dbddueiv i@ node
capaci tor when el ectrical conductors are coupled to first and second

differentisal Nomdusphirdinpandaadide ABolB0L 18 thru 1181 8 ForhPeiftbRHid nftag OUP! | N

capacitors are forned between each conductive electro and 426

respectively moﬁ%]ﬁg&ﬁ;?jﬁﬁ&s%ﬂ@%&ﬁ’ fo&d @&Bﬁﬁﬂg ca%éit%eﬂ{egéé Wifh df'6n a

i nher ent

plurality of pairs of electrical conductors, not shown in FIG.4 but similar to electrical
conductors 12a and 12b shown in FIGS. 1 anq 1A. As described earlier for the single pair
conductor filter 10 shown in FIG. 1, common ground conductive plates 112, conductive

10 electrodes 118 and the plurality of electrical conductors are isolated from one another by a
pre-selected material 122 having predetermined electrical characteristics such as dielectric
material, ferrite material, MOV-type material and sintered polycrystalline material. Each
of the plurality of common ground conductive plates 112 has a plurality of insulating
apertures 114 in which electrical conductors pass while maintaining electrical isolation

15 from the respective common ground conductive plates 112. To accommodate a plurality
of electrical conductor pairs, differential and common mode filter 110 must employ a
modified version of the electrode plates described in FIGS. 1 and 1A.

To provide multiple independent conductive 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 1 1-8b, 118¢, 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 a'nd surrounded by a plurality of



10 FIG 11 shows surface nmount differential and common node filter
438 which is a further enbodi ment of the filter shown in FIG 10.
The cutaway perspective view nore clearly shows how first and second
differenti alwgoypggt i ve bands 446 and 450, electrically permseffigdpect to
el ectrode plates 448 and 452. El ectrical connection between common
conductive band 442 and common ground conductive plates 440 is al so shown
with the 15 only difference being thajg,common conductive band 442 is not
continuous for 360 around the bo%§ of surface nmount filter 438 as

was shown i t her tr|k4n L ff.er e

(Thter 43g Spmirpheroppd cond ‘l“’letpéﬁ’e%d%Agﬁ T6°mmg%1°9mf%‘°? S el
S conprise of a | ur of, el ect a ondu |ve

ol ates 448, PR @dsmmté@ﬂﬁ%?ﬂ% IR S @*oﬁ? ishiro

ground 20 nduct| d electrode s IS hat er aC|tance

val ues are ﬁﬁ?cglictﬁésd’%%é‘gh the commpon grq ‘E) cyiep llg ‘f Eéesﬁﬁgm fi | ter

438 to a mni acitors, like resisto can aced |

series and Fﬂ“rHS‘a?‘éﬂC? dap Cpaneehiens giecathet madeisr Botamads thypugh tg? %I%Pwt
re5|stors in series is the sumof their individual values, the

opposi te3re C additive
pposi t cayRligE aprrtyres,12Q ard ipgylating aperturgs 4. Thesammopgraind copductife addi t

effect capacitors nust be placed in parallel wth one

37 anlatesrl 131 eoaperptiongyithicogdurtize elpstrodes ] 18g thau b1 3hperfory exsentisllyt es

coupled to first and second differential conductive bands 446 and 450
and cormmon &hersdme fingiomasrelectrade plates 164 and 16b of FIGS. 1 and 1A.

FIG. 5 shows schematic diagrams of prior art multi-capacitor components and

differential and common mode multi-conductor filter 110 of the present invention. FIG.
10  5ais a schematic of prior art capacitor array 130. Essentially, a plurality of capacitors
132 are formed and coupﬁed to one another to provide common ground 136 for array 130
with open terminals 134 provided for connecting electrical conductors to each capacitor
132, These prior art capacitor arrays only allowed common mode decoupling of
in;iividual electrical conductors when open terminal 134 of each capacitor 132 was
15  electrically connected to individual electrical conductors.

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



previ ous enbodi ments, material 454 having desired electrical properties
surrounds and I solates the plurality of el ectrode plates 448 and 452
and common ground conductive 5 plates 440 from one another while
inparting itSYe¥Y®sonding electrical properties to the FCTURPMMential
and common node filter arrangenent. FIG 1 | b shows a schematic

equi val ent for surface nount differential and common node filter 438 and

t he rel ati onship between the pluraRk8ty of common ground conductive
pl ates 440 and the plurality of electrode plates 448 and 452. _ 10

El ectrode pl mods decpgplingrapstonr Eactrplhtecdomman greundplates iR and suppor material
respective conductive bands, 450 and 446. Electrical conductors are
t hen coupl ed platesflil 6z andalidb.seseparted from the dtherfsdy elieléctric maserinl d22.vWhem filer 446
and 450 with a plurality of electrode plates 448 and 452 acting in
paral | el to [10isdeneted topairedlclectrizplaohductors viakcogling aprrtacesi 20 swchiras those

el ectrical conductors providing line-to-line differential node
coupl i ng. Thdoyidui alettiodeplatesd8Dand 118c, filted LI0fofs wWiinettoslite diffdrasialiGdeact i n
conjunction with el ectrode plates 448 and 452 to provi de

| i ne-t o- gsourheiRE upRditong capaci tors between each el ectrical conductor and
common conductive band 442. The plurality of comon ground conductive

plates 440 AZBIn\tEfeAg it BIG. ANRRDEondh @ Hltey (C8 sdwihavRig Reorlpanect ed
to signal or earth ground t hrough conmon conductive band 442. Again,

the physi cal @fehddnfifdn rfurfdf cohdifetivé 513112 btQuter BYRRAbA BRdufd b@ifacthveipldiesTer OUS

vari ations and by changi ng the nunber of plates and/or their sizes,

a wide range jqb, Q@B@&hﬁéd‘éfi éé!i?tidfigﬁg@mg 1Fdnlty rthgsg%t@%o%%ﬁ %rﬁﬁnc{%d&&ive

obt ai ned. an alternative nu - conmponent

surface mount,did{190e0de sig'l{?fﬂcanﬂ)( targer SRR PalPRE altdr! ltltﬁ'bv i}{;”»gﬁfiglbi nes two

I ndividual filters irnto one electtontc conponen t s be

under stoog) t hat, ARY, BHAREled Hect kb isdidils 56 5 & W prBer surface area to

dissipate and/or absorb over voltages, surges and noise, and effectively acts as a Faraday

shield. This is particularly true when plurality of common ground conductive plates 112
are not electrically connécted to circuit or earth ground but are instead relied upon to
provide an inherent ground.

15 A further variation of the present invention is differential and common mode
multi-conductor filter 680 shown in Fig. 22. Filter 680 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.



38 i ncorporated into a single electronic conponent and that the

i nvention is not limted to two individual filters. FIG 12a shows
one interconnect arrangenent with FIG 12b t hrough 12e di scl osing

the inter na{a ode and common ground conductive | ayergermusoos 1040 First

and second ?ker!’antlal conductive bands 154 and 156 are couple 8

el ectrode pl ates 5 153 and 155 respectively and bands 154" and 156' are

simlarly coupled to el ectrode pl ates 153" and 155'. Muilti-conponent
surface nount filter 160 is al so conpri%¥ed of materi al 166 havi ng
predeterm ned el ectrical properties, as descrl bed preV| Qus].y, dIdS ursed in
bet ween t heAsHescabed for earlics cmbeqimgats LOMman ERRd SPoswRtiveRl i SPRYEYRr s.
Conmon ground conductive band 164 is el ectricall tﬁ rinect dto
conmon gr ouﬁbCfMﬂﬁ%ﬁ%GB@mdeﬁ%’l@“k‘WcW %H%‘h‘?@ E‘é BEEFER that not

only does Applicant contenplate multip rrponents wi.thin a single
el ectronic penduetges (MtShQVﬂﬁtWhﬂ@agiﬁiv@%ﬂ’a Vam?lﬁrﬁ&&?émand ptgd fromone | opgih

and width of first and second differential conductive bands 154 and 156 and
common condemdther by eteriall 2. nBoreplize\particuldr prodetermineg &Mﬂlﬁﬂfhﬂf?‘ﬁ%m&igs Brinted
circuit board footprint desirable. The conductive and common bands
are onl y5r eiterr680, 4sdn bkt othéSembmidinodnts af did prescutiipvestion, matdrial Hosew Fensist
el ectrode plates and conmon ground conductive plate 163 while
mai nt ai ni ngofdicleétrics; frrites MQVitgwe matenia oosiaterd polyenystalitree Facneaspmon
disclosed in FIG 12 could just as easily be extended to incorporate 10, 20
or 100 ground conductive plate 112 includes a plurality of insulating apertures 114 in which
electrical conductors pass while maintaining electrical isolation from common ground
conductive plate 112. To obtain the additional chassis and board noise blocking
10  capacitors, filter 680 employs a modified version of the electrode plates of Fig. 1.
As described for Fig. 4, to provide multiple independent components for a number
of pairs of electrical conductors, material 122 also serves as support material 116 which is
used to fabricate first and second electrode plates 676 and 678. First electrode plate 676
is made up of first and second conductive electrodes 682 and 686 and blocking electrode
15 688, all printed upon one side of support material 116. Second electrode plate 678 is
made up of first and second conductive electrodes 684 and 690 and blocking electrode
692, again printed upon one side of support material 116. First and second electrode
plates 676 and 678 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



differential and common node filters if desired. Milti-conponent surface
nount differential and common node filter 160 is particularly useful
for providing filtering to 20 |arge data buses typically consisting of 32
or 64 data |iN@IMse data buses handle di gi tal i nPET/NEIY040at
extrenely high frequencies emtting | arge anounts of el ectromagnetic
energy and are also extrenely susceptible to over currents and vol t age
surges whi ch can damage circuitry and di $fsort dat a. Figs. 23
and 24 di sclose applications for the previously described surface nount

39 fi| tsarrpurshfirstanid sedond conliudtiveielectrods 686 adea8Brand icludepa plamtityedfi ons  of
the applications. Fig. 23 shows the conbination of differential and
conmon node Nibdldting tapeturéd b4 sndiepbysiihgiaPertures 120 8écdhd electrddelplats 6785 ent i al and
common node capacitive filter 400b which provides both differenti al

and common noidentiolrtd firs? eletesdeipfife FVGIWtH el R S6GHNE SRRIBLHVR MR OIS EO0 hod Not 5
obt ai nable with MOV devices alone. Fig. 23b shows filters 400a and 400b

physically 692 coftspolidifig o418 Secohi® onldictve iebRddet 684 £1d%BRIaAA bIGOARY!CL | Ve

bands 446a and 446b are el ectrically coupled to one and anot her,

second di f§ ergaioad 6%%510}12!&% bR Skl eftolste RS, As is cé%agl?gﬂovﬁf f Fi

electrically coupled to one and anot her "and common con Ive grou%d bands

442a and 442bxargp 'c%ﬁ%l%{l B&woth tﬁQUﬁo@%cég@nﬁxﬁ%&uﬁd‘&%g@gvﬁE%téigg%%&%@d as

443. As the 10" physi construc ers are
Pdentical, W defoddNfecf8aERb:0876%51 898 43 %rranged in opposite directions from one another.

This particular alignment of first and second electrode plates 676 and 678 allows filter

680 to have a traditional RJ 45 pinout configuration when used in a connector application.
10 It should be noted that Applicant contemplates other configurations of conductive and
blocking electrodes depending upon the desired pinout or wiring arrangement desired and
the inverted arrangement of first and second electrode plates 676 and 678 is not required.
As in other embodiments, a number of electrical conductors will pass through
common ground conductive plates 112 and first and second electrode plates 676 and 678.
15  Although the electrical conductors are absent, Fig. 22b 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 embodiment 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



el ectrical characteristics of the material in each used to separate the
various conductive el ectrodes, isolation bands 444a and 444b of both
filters are also aligned. Although not shown, Applicant contenpl ates
conponent s Gfobb)Preey €SENt i nvention that are not pt}yal s?%’*’%fﬂ

I dentical al so being stacked or conbi ned dependent upon the 62 ar 15
application in which the conponents are used. The benefit of the physical
configuration of surface nmount filters or conponents of the present
invention is that they can be stacked 26 savi ng space within circuits
consistent wwth the trend in nodem el ectronics of m ni aturi.zation.
The result issbstadigherpandmigne forfilter 430 whigh inherenthyactsas 3 grrund aad assigts vdlown)
would be 20 coupled between first differential conductive bands 446a and

446b and secdeepagipn phrediated glectromagneticadminsions, peovides a greatsp surfapriarasoh

resulting in differential and common node filtering and surge
suppr essi on.diskipate apdiebabsarbi ayer yolagasysusges grd roige, and effeetivelysstsras 8 Fanadayt o t he
i ncreased capaci tance conbined with over voltage and surge

prot ecti on. shield prowctiripthefiller fnint extersdl electrical noise gl preventingradiatioudfdhe sur f ace
nount capacitor 720 is coupled between first and second
40 Xi fsame bpfilted 680onduct i ve bands 446 and 450 of differential and
comon node MOV surge/filter 400a with the resulting electrical
representati on sRefdrrigg tohke varioes dlectdicah@nductors (not shown) by the numbers 1
through 8 as shown in Figs. 22b, 22¢ and 22d, the electrical conductors 3 and 5 are
connected through coupling apetures 120 to first and second conductive electrodes 686
and 688 respectively. Electrical conductors 4 and 6 are connected through coupling
10  apetures 120 to conductive electrodes 690 and 692 respectively. Conductors 1 and 7 are
connected through coupling apetures 120 to blocking electrode 684 and electrical
conductors 2 and 8 are similarly connected through coupling apetures 120 to blocking
electrode 682. Referring to Fig. 224, electrical conductors 3 and 6 are filtered
differentially by the interaction of first and second conductive electrodes 686 and 692
15  which act as opposing plates to form a line-to-line capacitor between electrical conductors
3 and 6. The same electrical conductors each receive common mode filtering through
line-to-ground capacitors formed by the interaction of first and second conductive
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



capaci tance provided by capacitor 720. This circuit configuration again

I ncreases the ef fective capacitance of differential and comobn nobde
MOV surge/filter 400a. As in 5 Fig. 23, electrical conductors 6not
shown) are coW9%a@7%&t ween the combination of first diRGTASaNP4

conductive band 446 and first conductive band-724 and the conbi nati on of
second differential conductive band 450a and second conductive band 722.
Figs. 38 through 40 takes the conponent sRacking shown in Figs. 23 and 24

one step further by stacking two or nore differential and conmon
mode-filters \rtdachnelecti¢ahgdmductd) In additipotocin plpmlityafdiffengnitial andsommeant
filter 806, shown in Fig. 38, is configured--in the sane nmanner as

t he nunerous ajidde filtersieadictby it inferactien fotwesnhe vatioes¢dnductiv eleptrodehand t he
nunber of plates is doubled, tripled or nultiplied by the nunber of
conponent s beicBgimon ground Sémiukiiet pMtés) thnséls sid sl mdisgiveRing cppacitarg ere alsog. 38
shows the various plates which nake up first and second filters 814

and 816 of W'f&ﬂmeﬁ%?mlﬁ clibrl SfomBn phbiind cohducivd plite®]12 ahl blockingi si on
between the two filters shown by dashed |ine 818. Both the first and second

filters 814 angbcfddesBREakSHM FUEnSEndel\ctitsstd FHoliid is BSHNBEEd toltBE Eledttitdl €T | S

conpri sed of a plurality of comon ground conductive plates 808 with
different firShn@ifhrs P& both of which! RELERGGNY LatirRSted BiéhghRBuplihg abstirel I | L er
814 and 811 and 813 for filter 816, sandw ched in between the

Lo AU PA 1 BLLlh oba  tting pge 0

conductive pl ates a I'rst ectro pl at es,

t hrough 813, Paelgl] ( . W/Vi ng
pr edet er m nedaléq ec efplggl&fﬁ% odﬁgre?’ f&ggﬁxg%pcdpf&a%&%%le?g?%ﬁ@{# C n?&h‘gésucgﬁeom

in the art. W { ani.oy a re st.ack agdl i or mat eri al
havi ng predet é’ﬁ#fsngg %F@CT'F%‘SLV%P%B@W F%%m%ﬁg&'s%@kvﬂqife }géral?aé‘ﬁ%ag (laed bet ween

? P g m one alng![ ﬁei%c&cc éJnXuétgr(s) aa:r[u? § a sg Sro\w/n elbggr% nglrsggfc')c %‘E gap%cl:i?o% fo(r)rgngd Q)l é& €s

interaction of common ground conductive plates 112 and blocking electrode 682. Both
the chassis and board blocking noise capacitors allow the inherent ground formed by
common ground conductive plates 112 to be capacitively decoupled thereby blocking low
frequency electrical noise from the signal carrying conductors. This improves differential

15 and common mode filter performance by essentially electrically cleansing the inherent
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 recognizing that dielectric

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



41 As shown in Fig. 39, the result of internally stacking
first and second filters 814 and 816 is that two or nore differential
and common node filters are coupled in parallel. Mul ti - component

filter 806, |n Figs. 39 and 40, is nmade up of first d
filters 814w§§g%@T% with the first electrode pl ates of eagﬁﬂﬁ$$@gg? 810 and
811, commonly 5 coupled to first differential conductive band 822, the
second el ectrode plates of each filter, 812 and 813, comonly
coupl ed to second differential conducti?®e band 824 and all of the :
various conmmon ground conductive plates commonly coupled to conmon ground

conduct i ve oabadupents. Fi g. 40 shows an isonetric view of a standard surface
nount conponent package in _which nulti -_cory&onenté{d |ter 806, is

encl osed wi t hi n.FIBh6A preseaigan altemativesapprogelt invhish diferential ard comraqn rods g 826
except for the various conductive bands used for : electrically
coupl i ng f i higkdengity filter 150 axtitizes a 41i-ceypling pf thg electrodes to develop a hagh¢r| ¢ oniy two
filters are shown internally stacked within a Qingle_conFonenL
package, Apgpaditance to grovadpihdiinestodingi Againdilter bifis semprised of apluralityetfnal | v
stacked and does not intend to be limted to the enbodi nent shown in
Fi gs. 385t heammyin gbunddvadipdive plates 412 eatlshavingaplimahityi of insufatingepertpnes § Ha|
stacking technology is in the conbination of a high capacitance
filter couptondustive eleetrddeplatesida thantidc withitleir respiectiverelestrbdepatterng 1 blaoad band
filter having I nproved filter performance across a broader frequency
range. Ref ethhi Ngct Badh @nddfive électide plate, 119adhrdugheld Oc,cbontiaint e phmdlitydf pl at es -
811 and 813 of second filter 816 include smaller conductive
insulating apertures 114 and coupling apertures 120 in predetermined positions to allow
pairs of electrical conductors to pass through while selectively coupling the electrical
10  conductors to create the desired filter architecture. The stacking sequence of the plates
shown in FIG. 6A is again similar to those shown for FIGS. 1, 1A, 4 and 6 and again a
predetermined dielectric material 122 surrounds each of the individual plates in varying
thicknesses.
FIGS. 7, 8 and 9 show single aperture electrode plate 70 and the use of a plurality
15  of such plates in an alterhative embodiment of the differential and common mode filter of
the present invention. FIG.7 shows the two sides of electrode plate 70 with FIG. 7a being
the front and FIG. 7b being the back. Referring to FIG. 7a, electrode plate 70 is
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 throngh 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



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 capaci tance values of the filters can be
varied. Miltiwaanpesent filter 806 is the conbi nat i opcDUSHI0PII0
capacitance filter 814 and | ow capacitance filter 816 with the

conbi nation providing a single nmulti-conponent filter 806 providing the
benefits of a hi gh capacitance fijder with inproved high frequency
per f or mance. 42

Figs. 41A t hiooguchiv®sirfacand.aRéfering n6wed It i78EHE batksile6f ddctoli&plate 70 is
differential and comon node filters in a single conponent package

shown i n Fi gsimi@Btotthe ReritRidéGn that conductx%'kﬂrfab@‘?m(lﬁﬁé%d tfo'ﬂlit&{al 9991 supWn i n
Fig. 41A, is configured in the sane manner as st acked

differential fRRidn aPIPREVIIPESafidd B84 sf’faroﬁhcglt s ol e%@gﬁp?ﬁggﬁéﬁ shows t he

addi ti onal 5 common ground conductive

various mnet a!ﬁ'bﬁlesﬂlléliéﬁﬁx%’f%rlssurrounded%%ol t ?ﬁ; li,ce‘;é&&%?%m d second

filters 914 and 916 of nulti-conpon e point of

di vi si on pet @ﬁﬁ@ctfoﬂ%e%&ff &@513 rg@g WS 434 Ok rucétuhg&l ngo%%he eol?'e

first and second friters are const sim manner .
Each filter trode ate.ﬁpnprl sed of a plurality of comon ground conduct ive
pl ates 902 WI (51 Her ent first and 10 second el ectrode plates, 904 and

906 for filter glﬁlIGg‘r:' g ax%’ ; d%gnsgp? h]:)\?/rmtIlélple e1ectro]de plates 70 are used to create

differential and common mode filter 90. The construction of filter 90 is similar to

previous embodiments in that common ground conductive plate 98 is sandwiched

10  between at least two electrode plates 70 to provide the parallel plate arrangement
necessary to form a plurality of capacitive elements. As shown in FIG. 9, one electrode
plate 70 is coupled to one side of common ground conductive plate 98 with a second
electrode plate 70 being coupled to the opposite side of plate 98 and offset a distance
great enough to allow electrical conductors 92a and 92b to pass through one electrode

15 plate 70 without interference from the other electrode plate 70 coupled to the opposite
side of common ground conductive plate 98. Although not clearly shown it should be
apparent that common ground conductive plate 98 includes apertures in predetermined
positions which correspond with the associated apertures of electrode plates 70 to allow
electrical conductors 92a and 92b to pass through as shown in FIG.8.

20 Common ground conductive plate 98 serves as and provides inherent ground 96,
which may be connected to earth or signal ground if desired. Fastening apertures 22
allow filter 90 to be mechanically coupled to a structure, One means of physically
coupling electrode plate 70 to common ground conductive plate 98 is shown in FIG. 8.

Sandwiched between common ground conductive plate 98 and electrode plate 70's



sandwi ched i n between the various conmon ground conductive plates 902. Each
of the common ground conductive plates 902 and the first and second

el ectrode pl ates,

904 t hrough 907, are inprinted or etched upon a

support mat egi %ﬁ{l ng predeterm ned el ectrical pr i si ng
vari ous tech?’\vlb?ih%s nown in the art. Wen the various Iaye?‘g'e’ﬁé?g’s‘s“é‘re
stacked additional material having predeterm ned electrical properties (not

shown) is

di sposed between and electrically isolates the various

ground and el ectrode plates from ¥ne anot her. As in
previ ous enbodi nents and as_shown in Fig. 41B, the result of internally

stacki ng fi rBacksigesis seldesiveld B4 which whemh

differential and

adhages; tg conilyetive syrigne Thof de
comon 20 node filters are coupled in parallel. As

shown i n Fi gbacksidg ofrclackadgplete 70 and theprrtaspanding sarface of commmon grourdb nponent
filter 900, filter 900 is made up of first and second filters 914 and 916
with the fireandudtiveplagaf8. JVhencoonesctingielectriods plate, 7090domamen ground eondwebineg y

coupled to first

differential conductive band 918, the second

el ectrode pl plate98dlectradtipliate| 70'e backsids alaays 208 the correspondingside bfcopmgn ed t o

second differenti

al conductive band 920 and all of the vari ous

43 £ ongmoundyondwndive platb 28t The samhcamechamicalvouplipg owensl ie uset dordotinon gr ound

conducti ve

band 924. The various conductive bands are only identified

in relation ¢lecttodeplatchefultierdand 80 is alse pliovaxfot @ich electedde piats 70 Wwhigh only B.
Al t hough not shown again, the surface nount
couples one of the two electrical conductors 92a and 92b, to their respective electrode

plates. The arrangement of common ground conductive plate 98 and electrode plates 70

provides line-to-line differential mode filtering between and line-to-ground decoupling

10  for each electrical conductor 92a and 92b. The differential mode filtering is accomplished

by conductive surfaces 74 of the front sides of both electrode plates 70 which act as the

parallel plates of a capacitor coupled between electrical conductors 92a and 92b or line-

to-line.

The line-to-ground decoupling is provided by conductive surfaces 74 of each

electrode plate 70 acting as one capacitive plate and common ground conductive plate 98

15  acting as the other parallel capacitive plate. The parallel capacitive plate provided by

common ground conductive plate 98, which serves as inherent ground 96, provides the

ground decoupling conneéction for each electrical conductor, 92a and 92b.

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



packagi ng- of rrulti-corrponent filter 900 is identical to that shown in Fig.

40 for filter 806 where first differential conductive band 822 is
equi val ent towggﬂgmgé second differenti al conductive band 824 is
equi val ent to 0 and conmmon ground conductive band 828CT/US99/01040
equi val ent to band 924. Figs. 41 C and 41D |list and
graphically represent the attenuation characteristics of both a
single differential and comon node filte&l of the present invention and
multi- 10 conponent filter 900 shown in Figs. 41A and 41B. The first
col um of t hecopprisad afmagsrigl 616 having paetigtetmined electricah properties, ®ith niataripli6lfci es
froml MHZ to 2000 MHZ at which both filters attenuation

char act eri st ibsinguagldediptosadesitied shipe shown here anbeingha disk.cA finstsisie ofidduble. 41C
represent attenuation neasurenents taken fromthe single differential and
common node aperture electrdderplat©6i0 ig shiomh in Fige d6dindAncludek first anddegonddpérharesi ngl e
0.1 uF differential and comon 15 node filter is shown at 916. Columms 4
and 5 of Fi g.602h0d 6@péach detudingeandioliot Hhndd06 which separiias the apdriuddsiffotn fifst

mul ti-conmponent filter which consists of 0.1 uF filter 916 and 4.8 nF

filter 914 stothetveas¥a60608. &lsdcondadedf®hblk BpdrfdBléctiolepla @00 ishewirigur es

shown within colums 2 thru 5 of Fig. 41C represent attenuation

val ues in decm?eiés andRCHEES st apernl}€ 602 having @él&tﬁmaﬁdm B3R %ehﬁ}é_
measured fromline-to-ground or from X-to-ground as shown in Fi

41B. Col um 3504irkttfy dhh&dabd h&@n&%ﬁﬁ&i‘v@ Eﬁﬁﬁb Gl@ﬁﬁﬁﬂ Epfaﬂ s oS Bt '&BOﬁ“d
when points X and Y of Fig. 41B are ort ums 4 and 5 were

d t 4 bei
measured in (e FaBkblca erturecLav nééﬂlat@%o&%ﬂlrmé ogls\giahﬁn @ldgafigm. eing

l'i ne-to-ground and co p0|n th the
attenuati on d 41D s a
gr aphi cal rep@ggtgﬁ?g?l%%%meé @E%édn?e?%r?ggﬂegégacu grs Igm { ﬁoq‘d"f't ers

10  surface 608 is electrically coupled to side conductive surface 614 which encircles double
aperture electrode plate 600. Isolation band 612, located along the perimeter of the
second side of double aperture electrode plate 600, physically separates and electrically
isolates first and second conductive surfaces 608 and 610 from one another.

When two electrfcal conductors pass through first and second apertures 602 and

15 604, only the electrical conductor passing through aperture 604 will be electrically
connected to second conductive surface 610. The function of double aperture electrode
plate 600 is identical to single aperture electrode plate 70 shown in Fig. 7 with the only
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



44 can be seen fromFig. 41D the result of incorporating additional
common ground conductive plates 912 between first and second
filters, 914 and 916, and on the top and bottom | ayers of filter

900, is to | the resonance point of filter 900 to i
WO, Mw&%gm

frequency. i onal isolation provided by the common groun
conductive pl ates 5 912 gives filter 900 inproved crosstal k and ground
bounce performance while elimnating additional field fringing

bet ween the hot opposite sides of filté2 900 fromits ground to any

printed circuit boards filter 900 is_coupled. The addi.tional comobn ground
conduct i ve Bpas kaow in the ¥t,5ugh s salder A2 Hﬁ@mﬁ?dﬁ°ﬁﬁ8‘? UEVer i I ter 900

al so mai nt ai ns the differential and common node fiFI dg within plates
912 creat i nijrfaces§PBaByo elgefaical cprductors, ¢ 1 and 620, pass mwé the gli 6331’%@5? a
further alternate application which combines differential and common
nmode fi |t erofigch @ybgqur plegtrage plate Q08 yyitheslpcrical condistqudls eeetitage pl at es
700, one on top 820 of filter 10 and one on bottom 822 qf filter 10,
to form a fédnnestedsthisedond conductiveswificn 6:0bgfielestiredetnlate 600bpnd sleptBrelnode sur ge
protection and capacitive filtering as shown with reference to Fig.
23. The f£ondndadtérdi20 akecioallyconneckiddo se2bad gomdudtize surfage 610p of electrade platsy

advant age of allowi ng both filter and MOV conponents to be conbined while

t he 600 Foltdwing tha shrae\prierigflesrset fort foy ithehbifferentiali pd qotnnasm medsct r i cal
conductors 12a and 12b. The enbodi nent shown in Fig. 23 did not

requi re sepgeiteeupdIfihdygresnsiavintionydisst conductivecsorficey G08acinfl 608sform ardachpunt

technol ogy in accordance with the present invention. The

as a common ground conductive plate which provides an inherent ground for differential
and commode mode filter 626. Second conductive surfaces 610a and 610b of each

10 electrode plate 600a and 600b act as the individual conductive electrodes forming two
plates which make up a differential capacitor coupled between electrical conductors 618
and 620. Second conductive surfaces 610a and 610b also form common mode decoupling
capacitors when taken in conjunction with first conductive surfaces 608a and 608b which
act as the inherent ground. One advantage to double aperture electrode plate 600, as

15  compared to the single aperture electrode plate 70 shown in Fig. 7, is that a separate
common ground conductive plate is unnecessary. First conductive surfaces 608a and
608b act as and form the common ground conductive plate. If desired, a separate
common 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



enbodi mrent shown in Fig. 25a is necessary because MOV.conponents havi ng

t hrough- 20 hol e coupling apertures are generally not avail able due to
the detrinmental effect the apertures have on the overall operating
and cost charWe®es70e’ i cs of the MOvs. To all ow f or ePEEAUSINIA40
coupling of MOvVs 700 to the electrode plates internal to differential and
common node filter 10, shown in Fig. 1, several surface nodifications to

filter 10 are necessary. The top 839 and bottom 822 of differenti al
and conmmon node filter 10 have

45 be e arramgdinkhte thave Beehmowiception-in@ thélbsize Had cotinusityedeoreasadns theat i ng
aperture 18 with through- hol e pl ated coupling aperture 718.

Through- hol e gbﬁh’t Flers Enbpmaybedor@idd W Silidohtnd imbsddeBwithin integrated Bigcudte balgm 822
are positioned so that each corresponds with opposite el ectrical

conduct ors 123edwiltPile ud JfAQhigroscpt. OROMIhiateRiel chidcRoSIiEhR bEdoRieafhite

coupling aperture 5 718 is electrically connected to one of the two

el ectrode pl atees RMAE HHAQHip¥iabdbitBr which %s_siéﬁiﬁé:%ﬁ[ﬁ?ﬁajlﬂ thaR Sl R BRuERHS. bf | t er

10 thereby all'owi ng electrical connection el ectrical conductors

3?§ef‘33f fo fe?]??‘%‘lg@ SRESRRY CHE ol Gy WPhEEmiYL WA 08) H?%ﬁ?ﬂl?%fg&’ for

rode 117t ar 18'ecriseMRonRdd fect AR AR ahPitoBi St B bFiBHE, TRY, 0™
I p 824 of ' | al Lch.. f th f

ach vov 700 ekl fie Hecndh kB ditrel it fomnEmors e iR AESEC© ©

invention extends to surface mount technology as shown in FIG. 10. Surface mount

differential and common mode filter 400 is shown in FIG. 10a with its internal

10  construction shown in FIG. 10b. Referring to FIG. 10b, common ground conductive plate
412 is sandwiched between first differential plate 410 and second differential plate 414,
Common ground conductive plate 412 and first and second differential plates 410 and 414
are each comprised of material 430 having desired electrical properties dependant upon
the material chosen. As for all embodiments of the present invention, Applicant

15 contemplates the use of a variety of materials such as but not limited to dielectric
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



termnals 828 and 830 to which MOV 700 electrically couples to other
circuits. As shown in Fig. 25a, termnals 830 of both MOvVs 700 are
physically and electrically coupl ed to conductive surface 826 of
differenti mon node filter 10 through 15 standgéfiy, such as
applicatioﬁ“g?ﬂggﬁger 710. Conductive surface 826 of differen%?gﬁﬁn

and comon node filter 10 is electrically coupled to common ground
conductive pl ates 14 as shown in fﬁg. 1. Termnals 828 of each MOV
700 are physically and electrically 3 coupl ed by solder 710 to

conductive strjp,824 which connects termnals.828.wi th.th

respective éP‘?é’lé‘P'i‘ eé"é?"“ﬁé)"h&?é’f’lﬁ?e PESATE °W§‘ﬁ?¥iﬂﬁ‘5§]h“rsr‘%9‘?%mé%‘h°ﬁ%%‘t°ed to
the internal 20  _electrode plates of differential a 0 n filter
10. The resigave iselatiombandidns F\F@{mﬁm& the °“?SB°’5‘FR5"’(96F1"'§P%‘{]‘§&CS‘FH@3ME% i nati on

of differential and common, node MV, sur ge ot ection,i ar.al | el
with diff er elong threenfdts fopmsides. "Yhat 1g ipportagtite pote P‘P"t“g ﬁ@““é&?‘!ﬁ&éﬁfgﬂgf
termnals 716a and 716b to which el ectrical conductors 12a t%nd 12([3 are
el ectricall y;lates 410 and;ﬂjfﬂms_lcal orientation with respect to one another is that the one side o

46 Figs. 29 and 30 show a further alternative nulti-conponent
surface foumach plate in whiph iselation bantls 4k8cand 2% dmnohsireumscribeare gaanggh 8P o
provide a strip of filters for varied use. This specific design is

for use wi t hpartifrom oveamhtitr.oThie bEentationiaowserdk eleerieal copguptar 9tbgepupled to
enbodi nents of the present invention, strip filter 642 is conprised of a
plural ity ofeither individual plate 410 or 414 but not both.
Common plate 412 is similar in construction to first and second differential plates
410 and 414 in that it to includes material 430 with common conductive electrode 424
10 coupled to its top surface. As can be seen from FIG. 10b, common plate 412 has two
isolation bands 420 and 422 positioned at opposite ends. Common plate 412 is aligned in
between first and second differential plates 410 and 414 so that isolation bands 420 and
422 are aligned with the ends-of first and second differential plates 410 and 414 which do
not have isolation bands. All three plates, common plate 412 and first and second
15  differential plates 410 and 414 do not have any type of conductive surface beneath each
plate and therefore when the plates are stacked one on top of the other, conductive
electrode 426 is isolated from common conductive electrode 424 by the backside of
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  comprised 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



5 common ground conductive plates 656 with first and second el ectrode

pl ates 662 and 664 sandw ched in between the various common ground
conductive plates 656. Strip filter 642, shown in Fig. 29, has four
sets of diffeMh¥32¥08and common node filters. Each c TS9P d

conductive plate 656 is etched upon support material 616 having

predeterm ned el ectrical properties, as disclosed throughout the
specification, so that 10 portions of gRterial 616 act as insulation on
ei ther side of each common ground conductive plate 656 with only
ground ext ensidiffizerfi 6Rcteodes miistrbg ihchudetlc Eledigiesl cofiduetoppare toupled to surfazt eronst
616. The various first and second el ectrode plates 662 and 664 are al so

f or med dfferatial #11 comnsonsdetfiltebd 00 thwhglbfifst diffetehitid] coxdubtivd tand Hotle
plate is surrounded by materi al 616 except for electrode extensions

666 whi ch ext endséctnd diefeRAGf Tomfuctivitand 406whieh arlisoldtéd frorh t6mméa caictpe seen
in Fig. 29, each el ectrode extension 666 of each first electrode plate

662 extends i haad4 SélatfonHah&A408 PBsitibeiin bétwednBahao4le, 504 406N 666 Of

t he correspondi ng second el ectrode pl ate 664. The arrangenent of
ground ext gnsi@Rsm&PSnductive bmﬁrﬂ)z%&?fskfaﬁﬂ?bﬁﬁi SO0 3866 areast B8body of
reconflgured I N numer ous patterns as long as a conveni ent | ayout for

el ectrical téﬁmf toi)senté i8lation o%raﬁ%xﬁ%cﬁ? dl’-‘?kft Eﬂl?se\fﬁ{d'd?ﬂ gﬁah%ndu&gle

enbodi nment s of e pr I nvention, eac erenti al comon node

filter includggngs 40q an%ag%g& ohf) bl S6 4 Gun i3k i inflisd el B8 sageond

el ectrode plate et ween comon groun

conductive pl % {ln@%g' tional material having predet er m ned
el ectrical pr oper | es )‘\45& 'wn) di sposed bet vveen and electrically

Isrslg:l\g ! ![ gg the vari %’}I' refdi nléri)%cl?an% t‘gll‘tl(la gett\gvggleFI&Ea{(ﬁ and 18bmtl?e cou%ﬂ'r?gt bré?ween - 30

10  bands and the plates can be seen. First differential conductive band 404 including end
434 maintains electrical coupling with conductive electrode 416 which does not have
isolation 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 isolation band 422 and 428 respectively. In a similar fashion to that just

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 €lectrical isolation of common conductive electrode 424 from first

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



47 bottom and side views of strip filter 642 having first and second
differential conductive bands 652 and 654 runni ng perpendicular to-
the | engths of support nmaterial 616 and slightly overlapping onto

the top of | Ll ter 642, as shown in Fig. 30a. The bo
strip filteﬁhgﬁgr%gs shown in Fig. 30d, is the sane as thkgﬂggﬁ@HMgIIOM/for

surface nounting 5 of strip filter 642. Common ground conductive bands
650 extend vertically up the ends and onto the top and bottom of
strip filter 642, as indicated by the p#tions |abeled 650 in Fi gs.
30a and 30d. Additional common ground conductive bands 650 are al so found
on t hemmop platect 18 prevert aoy physidalcouplingenf epds#33 gpd 434 ofifiret apdsacPlir at i on
they do not extend down the sides. First and second differenti al
conduct i ve Wiffeentiss@ndustivebande4@4cand 496 with cpramon gonduetiveclastinda 424 si des of
strip filter 642 allowi ng the various el ectrode extensions 666 of

each of the fir sAs witl tiesatherdmbbdiments dbthp Hiffersntidand geramewmode fikerefthei cal | y
couple to their respective conductive bands thereby allow ng
connecti on @fesan imentidn, eindodtive ekbtraden dilfcand d26 of first andisecond diffexantialus i nt er nal
el ectrode plates of strip filter 642. For purposes of clarity, the

cor respogdi piatdsi4n6 anddid ssemarithead-ding diffeentidl atode cpBditenmbes Bléctderl first and
second 15 di fferential conductive bands 652 and 654 include suffix

desi gnat i ongordutotsHrOEaPleddd first and secontlidifferendigircosdustive kmdh4 @ anti406.f our
differential and comon node filters included within strip filter

642. Fig. 3Liﬂe8toegr&mauh@mpwgiaapmoﬁfar§fonh¢a Yetwdent kadh4dnditivdielectotiedé€ an
additional first electrode plate 662e. By addi ng an additional el ectrode

pl ate strip ahd higrespectively, afifcdoniinéh ddaRuCAIE £lBERHbAE 2246Whiok Providebe irkrent
el ectrical conductors. An exanple of an
ground.

10 FIG. 11 shows surface mount differential and common mode filter 438 which is a
further embodiment of the filter shown in FIG. 10. The cutaway perspective view more
clearly shows how first and second differential conductive bands 446 and 450, electrically
connect to electrode platés 448 and 452. Electrical connection between common
conductive band 442 and common ground conductive plates 440 is also shown with the

15  only difference being that common conductive band 442 is not continuous for 360°
around the body of surface mount filter 438 as was shown in FIG. 10.

Another striking difference between filter 438 of FIG. 11 and filter 400 of FIG. 10
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



20 application requiring an odd nunber of electrical conductors is
providing filtering for D sub connectors which typically have 9 or
15 conductors. Wil e not shown, the only difference in the top,
bottom and siWENAMWM: of strip filter 642, shown in Fig. 31, PCI/USIMIOAN
addi tional conductive band 652 and one or nore common ground conductive

bands 650 48
woul d be added to acconpdate the couplingzpf the additional conductors. By
addi ng first el ectrode plate 662e w thout a correspondi ng second

el ectrode pl ahothe wschiMie438 ddes bP fidhng a plurah?fo'iSfatc% colpled todfir§l2ad Sétond
capaci tor between itself and the pIura ity of conmon ground

conductive pl gifffeniACondictiPObMAs 846 8147436 RANEnIHos &maRdive bied 4Rd@sRhat e to
first electrode 5 plate 662e is mssing, differential and common node

filtering sti #;kvfoﬁl‘@rﬁb&ilﬁ&ﬁs A4 A54 havin gd’eBi%d%ie%&fc&l‘;ﬁ@éer&é&@%% adhat is

connected to first el ectrodé plate 662e and any one el ectrical

32 through 57" Sha e BIERERYR B GRS s R Sometin growd conductve 09
S 10 Rt PR °9*m§5&‘§%§1 abiclpg 12 e m@%ﬁ%ﬁﬂﬁ’pﬁg T
Cecond ef cotr =f%ﬁ%ska@9°e%§{°°”“%e§t“da‘ff%'z¥r€eg PRICE Rt et e var i ous
Ui i1 Cor SHOVHEE g et el and comon wede SRR R i ol

relationship between the plurality of common ground conductive plates 440 and the

,

plurality of electrode plates 448 and 452.

10 Electrode plates 448 and 452 are each electrically coupled to their respective
conductive bands, 450 and 446. Electrical conductors are then coupled to first and second
differential conductive bands 446 and 450 with a plurality of electrode plates 448 and 452
acting in parallel to provide one overall capacitive value coupled between the electrical
conductors providing line-to-line differential mode coupling. The plurality of common

15  ground conductive plates 440 act in conjunction with electrode 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 signal 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



and conmmon node filter, 1A, 4A, 5A and 8A for electrode plate 662 and 2B,
3B, 6B and 15 7B for electrode plate 664. Each common ground conductive

pl ate 656 is etched upon support material 616 having predeterm ned
el ectrical B8R85obES, as discl osed throughout this i fjcation,
so t hat porWons Jg{? material 616 act as insulation on eithﬁéﬁéﬁa&w@? each

common ground conductive plate 656. Unlike the enbodi nents shown in Figs.
29 t hrough 31, each of the common ground conductive pl ates 656 has
portions of materials 20 616 extendi i§ | engt hwi se on either side of
comon ground conductive plate 656. The first and second el ectrode
pl ates 662 alaorpemtedinto asinglefelseiyenic epmponent gad that the yentionignel limited to 616
so that the electrode plates are surrounded by material 616 except for

el ectrode two mdwmdrétemfl@aﬁammnemt@n@m@ armaegeaaewith FIG U or t
material 616. Additional material

49 havthmyghd 2eldisclesingthelintdreal electrede apd cqmmen groufdeondedtiyotayerss di sposed
bet ween and electrically isolates the various conmon ground

conduct i ve pFizst esd €5éndadifferentint conddetive bands 154 and56682compled Ebelectraide plateom one
another. Strip filter 800 is advantageous in that it provi des greater
connect i o5 vEssadilss regpestitdly hdbands 15 addé6' arbsimilarly coupled ko glect®de plateas t op,
bottom and side views of strip filter 800 having first and second

di fferenti al 15330aaiss. \WulkisotpoitenPsuiface mbuht filtaric0ds flev qanpdisedidfanatérial t he

| engt hs of support material 616 and slightly overlapping onto the top
of strip fil165haSR@ predistefifii@edlelbdtrical properties, as described previously, disbursed in
between the plurality of electrode and common ground conductive layers. Common
ground conductive band 164 is electrically connected to common ground conductive plate
10 163. What should be noted is that not only does Applicant contemplate multiple
components within a single electronic package but that the shape and arrangement and/or
Iength and width of first ‘and second differential conductive bands 154 and 156 and
common conductive band 164 may be varied to accompany any type of printed circuit
board footprint desirable. The conductive and common bands are only required to be
15 electrically coupled to the associated electrode plates and common ground conductive
plate 163 while maintaiﬂing electrical isolation among one another. The concept
disclosed in FIG. 12 could just as easily be 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 typicall§ 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



Fig. 33a.,The bottomof strip filter 800, as shown in-Fig. 33d, is the sane

as the top to allow for surface nounting of strip filter 800. Conmon
ground conductive bands 650 10 extend vertically up the ends and onto
the top and bBO8ATYY strip filter 800, as shown in RCEUSINNUUO 334

and 33e. First and second differential conductive bands 652 and 654

extend down the corresponding sides of strip filter 800 all ow ng the

vari ous el ectrode ext ensi ons 666 o89each of the first and second

el ectrode plates 662 and 664 to electrically couple to their
respective coffilter; showm ib Figid 1 tihaludihy eledtticalrapresensations of the aprlicationer Rigl 23 15

el ectrical conductors to the first and second internal el ectrode plates.
Figs. 34 and Sbkovesthewcambinatiohof diffeleatialmd tommon modeoMESEfilterid00zcdupledin n strip

filter 802 with the only difference being the actual configuration
and ori ent at i paraiél withedifferentiyliand common rbdeadapatitive Siltec400baviticlGibvidds betich  of
the first and second el ectrode plates 662 and 664. As clearly shown

in Figs. 32 tldifeséttialiind chfhon @iuae @inigh Profictién With! inceeastdicapucitirice A6mexly nbe
strip 20 filters can be arranged to suit any application. Strip filter

804, as sh@wn obfairfable with MO Hbvices alone. Fig. 286 stdwis\ilieAW00£ AADOTBRYsically ch
enphasi zes the common ground connection. Referring to Fig. 36, each

common ground sGERAUYGIdNER sithdhd? ﬁﬁsﬁﬁiffe&nh&mh Rk RindSA4AHI R s UPPOT t
material 616 having predetermned electrical properties through techniques
known in the electrically coupled to one and another, second differential conductive bands for 450a and 50
450b are electrically coupled to one and another and common conductive ground bands
442a and 442b are electrically coupled to each another and represented as 443. As the
10  physical construction of filters 400a and 400b are identical, with the exception being the
electrical characteristics of the material in each used to separate the various conduct_ive
electrodes, isolation bands 444a and 444b of both filters are also aligned. Although not
shown, Applicant contemplates components of the present invention that are not
physically identical also being stacked or combined dependent upon the particular
15  application in which the components are used. The benefit of the physical configuration
of surface mount filters or components of the present invention is that they can be stacked
saving space within circuits consistent with the trend in modern 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



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

t he previ di ments except that el ectrode extensio 6 of both
t he firstqgiﬁ’segond el ectrode plates 662 and 664 extengw?ggﬁ¥¥ e sane side
5 of the electrode plates as the insulation strips 616 extend on each the
comon ground conductive plates 656. Fig. 37 shows top, bottom side
and end views of strip filter 804 having first and second

0
di fferenti,al conductiyve bapds 65 624 runni.n er pendi ar to
the | engt nge’(??u‘g ﬁ%??vem@r@é@%@n %ﬂﬁ%ﬂ“@#ﬂ"ﬂf%@ﬁ’fﬂ’%"@g M@’o nt6 the top
of strip filter ..804, as shown in Fi%ga;B? The bqtt?n}.of strip filter
804, as sHEgmlte4@0agvithothg resplting plectniaal represprtation shoyging ts Ung-toiinG, t or " sur f ace
mounting of strip filter 804, In this enbodi nent, .. CoO n ground
conduct i veappritanceseyidsdiby rapaciter 120c Zhisyirchit conBswalicn agan IGeaseSthe t op and
bottomof strip filter 804 and entirely enconpasses one side of strip
filter 8oeffective capasitance of differgntialrang corsmen made MQVsurpréfitsr 4892 Adnsecond -

differential conductive bands 652 and 654, the conmon _gr ound

conduct i vEighZ elegtical sbmtuctorst(aetchowntane caupled bgwasnthe eerabingtion-of gﬁ? p filter

15 804 along the full length of the covered side. The configuration of
strip fil diéieretal corluctive band #éfr aniddinstaondpcinedfand 724andihe ¢ombinagigg of equiring a
| arge ground pl ane which acts as a shield and i s capabl e of

absor bi ngseaod differentjahtondyctiye dand450a andisecendaondustive basd 782-ect r onagnet i ¢

i nterference. FIGS. 14 and 15 disclose a further enbodi nment
of a differentHigd 38towphra0akes 118 compaat sticking shdvar wdigso?3 andf24iame or.

Myl ar-1ike nmedium This enbodinent is conprised of a filmmedi um and

consi sts aigy farth& ByRMAckihg tsloraAde differentialing temrh8h miodt. filtere eithin atsinglef i r st
el ectrode differential plate 460, then another conmon ground conductive

pl at e1@+80coiisbnent packags EMaMiCcogipesidnt Gtler 806 showe iii Figl 38pisabafifidélintheen anot her
common ground conductive plate
same manner as the numerous other embodiments of the present invention except that the —-
number of plates is doubled, tripled or multiplied by the number of components being
stacked within a single component package. Fig. 38 shows the various plates which make
up first and second filters 814 and 816 of multi-component filter 806 with the point of
15  division between the two filters shown 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. -



51 480. Each plate is essentially conprised of film472, which itself
may be conprised of a nunber of materials such as but not limted to
M/l ar, wherein filma472 is conpletely netal lized on one _side creating
a nmetallized PPAYE008 si ng | asers, portions of netallized PCTURRAMP | are
renoved (denetallized) in predeterm ned patterns to create isolation
barriers. 5 First differential plate 460 has two | aser edged isolation
barriers 462 and 466, which divided#lirst differential plate 460 into
t hree conductive areas: el ectrode 464, isolated el ectrode 468 and
common el ect rode 4%Ghoetdfig 39 theeessltof mtenpllystackiofirst andkepanddtliersi&d 4

first differential plate 460 in that it has two isolation barriers 506 and
504 whi ch di vind&16 is that tse ormarediifférentinharidadompioatsods @iltersrareocoupled én pasalltlict i ve
areas: electrode 510, isolated electrode 10 502 and common el ectrode
508. For bot hMhbitirinpanéht fiterx80d, shiotvhéii Bigh.i 39and b liemadctp aftfitstafid second

I sol ation barriers 462 and 506 are essentially U shaped to create

el ectrodes 46gtedd®l4:hA 816 with thefirft el 6 dd fl@esofadhofilge, S0aad 811, comsionignd
second pl ates 460 and 500. U shaped isolation barriers 462 and 506

allow el ecgr 0&%3(1@@& AvaCdifdienti4? concdubiv vaid 822, it sERdHE eltdfoddMihtéslof each filter,

respectively. tending fromisolation barrier 462 and 506 are nenbers 474

and 512 and g an&’éi?,%gigﬂﬁnfyr REpled &) RdndAifhAihFlonddtiGe BA $204nd bigofBEDET S

473 and 513. Menbers and 512 extend perpendicular to and outward

poi nt s near eot SRR Eoi ol HRLCE L hony coulp 1 SoRfibn gijendt el

conductive band 820. Fig. 40 shows an isometric view of a standard surface mount

component package in which multi-component filter 806 is enclosed within. The package
10  is covered by insulated outer casing 826 except for the various conductive bands used for
electrically coupling filter 806 with external circuitry.

While only two filters are shown internally stacked within a single component
package, Applicant contemplates additional components being internally stacked and does
not intend to be limited to the embodiment shown in Figs. 38 through 40. One particular

15  application of the internal stacking technology is in the combination of a high capacitance
filter coupled with a low capacitance filter which results in a broad band filter having
improved filter performance across a broader frequency 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 capicitance filter 814 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.



per pendi cular to and outward fromisolation barriers 466 and 504

respectively in order to fully isolate common el ectrodes 470 ‘and 508
fromends 476 and 514. Also, both first and 20 second differenti al

pl ates 460 @@ éﬁ&& have isol ated el ectrodes 468 and 502 f /51040
opposite of en 76 and 514 by isolation barriers 466 an

Common ground conductive plate 480 includes isolation barriers 482 and 492
whi ch di vi de conmon ground conductive plate 480 into three conductive
surf aces: 52

chown, o) Bige i dereieh o el e Pt Rk SRR, o ana

in parallel W|thther eft edges .of.c nd
conduct i ve SBTH0R Mol ‘B’gt‘%aF@g]P&?’PBW%%H“FWFg% E}ﬁﬁ dugh 40. al so
I ncl ude nmenbers 496 extendlng out ward and, perpendj.cul ar fromthe_vertical
sections Multi-cgmppnegt Giter R0 shown iy kig.Ad A, &r‘iﬂ“‘gﬂ‘? ﬁ‘eaﬁ“%‘e B@Eﬁ‘etrla%ﬂ‘@d so when
pl ates 460, 480 and 500 are stacked, they are aligned with the
hori zont al stekedi diffgrewial andcopmgnapeds filspeHis 38 vsérthq ¥ldion ot addif and 506
of first and second.differential plates 460 and 500.
addi ti ofal cpeumongeound c@mnmmﬁm‘ﬁar Bigafi14 showg dhq Yasiops metalized dpyem or be
optimzed for use in filtering AC or DC signals. Isolation barriers 492 and
482 as 10 platebodich ekt uplfirstand sesondfilters belmﬂc?rw efmultircompprant fiker € si gnal s.
For DC operation isol ated

with the point of division between the two filters shown by dashed lines 922. Both the

first and second filters 914 and 916 are constructed in a similar manner. Each filter is
comprised of a plurality of common ground conductive plates 902 with different first and
10  second electrode plates, 904 and 906 for filter 914 and 905 and 907 for filter 916,
sandwiched in between the various common ground conductive plates 902. Each of the
common ground conductive plates 902 and the first and second electrode plates, 904
through 907, are imprintéd 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 various



el ectrodes 484 and 494 require very little area within comon ground
conductive plate 480. When the filter is conprised of a film nmedium
and used for filtering AC signals, i sol ated el ectrodes 484 and 494
require a gr P ¥R™MEea which is acconplished by etching PCT/USA391949 e

I solation barriers 486 and 490. The vertically running isolation barriers
484 and 15 494 are etched cl oser together and closer to the center of
comon ground conducti ve pl ate 4843 To accommodate this

nodi fication, nenbers 496 extendi ng outward and per pendi cul ar from
t he verti cal commbn gromndicandhctivg platdsicammionly coinsledXo comnsingrourtivendpctied er

area isolated el ectrodes 484 and 494 provide better AC filtering

char act eri st basi 924! Thewarivus conductiveibahdsrareanly idgntifiddi in relgtion\ts thescheniatier i ng t o
both types of current. 20 FIG 15 is a cross-section of film
medi um di f f ereprdsenthtionstiown B, 418d Alfhobglemiot shown agaimdthe canfire nfoRdt of a
plurality of plates simlar to those shown in FIG 14. As for the

surface nmounpackaging 6faaI-doRiponed Gher 900 isidenticallto tHak ktiowa ih F&Y. 40 Fordlte 806

comon node filter 540 can also consist of nore than five plates in
ef fect cogpl iwhgredRRaiffdretil ¢onditve bardl 822 is equivalent to band 918, second differential
53 to increase overall capacitance. The top and bottom

of filter 54QokRBHeYan®B24%s 4Erdlin S Y950 bl Ririnotrzound doHictide band 820 bel ow
the top protective cover layer 555 1s common ground conductive plate 480,

fol |l oned by mqﬁlﬁ%{ﬁ%ﬁn@ﬁte 460, foll owed by another common ground
conductor plate

Figs. 41C and 41D list and graphically represent the attenuation characteristics of
both a single differential and common mode filter of the present invention and multi-

10  component filter 900 shown in Figs. 41A and 41B. The first column of the chart 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 a single 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 and 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



5 480, followed by the next el ectrode plate 500 and then anot her conmon
gr ound conductive plate 480. The previous sequence of alternating
ground and el ectrode pl ates can be repeated to achieve addi ti onal
capaci t ance.w® gl N Cross section each |ayer or igg%&&nprrsed
of a film558 possessing a conductive netalized upper surface

whi ch have isolation patterns cut into the netal surface with a |aser
creating isolation 10 patterns 554. Term nal conductive bl ocks 550 and
552 are conprised of pure aluninunr 44which is deposited on the edges

and penetrates into xte Ans to .de
conducti ve t@RHE |ﬁ'8WeFd ‘éssqe‘}? ’r’?@“ W?Wrﬁ@ﬁéﬁé‘tmﬁ@’%’?i’%ﬁ@f‘%ﬂs descri bed:
are cre in gg% plates [ nceﬁwhat has
every el ect PBB%" éteﬂgﬁ?wm fo lma%a’ﬂfqé@ﬁaﬁﬂlé&r 198
conductive plates 480 as pictured in Fig 15. The, 15  electrode plates 460
and 500 ar e boftpradayersof filtee200, l@ﬁmrzrea%?dhet IgEonaRss PRt of @ter §00 to a higheg o nguct i ve
plates to facilitate edge termnation. FI GS. 16 through 19
are dir ect edregneasy.dShesdsisionaldsnlatiopprovided by tiecommonground gonductive plesmon node
filter confrgured and optimzed for use with electric notors. Electric
nmot ors afe #12 gl P90 soproved apdsstalkeand goovnd heunce pasfarmenceidile Thi s fact is
evident even 20 to |layman, as nost people have experienced running a
vacuum c| eareiminating additione} field fringing betwgge thethotepppsitesides pHiilter 800 &om itsot i ci ng
"snow' fill the screen. This interference wth the television is due
to the el ectgromddmaty pringadicirsuibbarrdsrfiter 900:s owipted. Theedditional eoameorsground
by no nmeans the only source of electronagnetic em ssions. Electric notors
are used conductive plates 912 provided to the bottom and top layers of filter 900 also maintains
the differential and common mode fields within plates 912 creating a Faraday cage effect.
10 Fig. 25 discloses a further alternate application which combines differential and
common mode filter 10, as shown in Fig. 1, coupled with two MOV electrode plates 700,
one on top 820 of filter 10 and one on bottom 822 of filter 10, to form a filter which
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 MOVs 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



54 extensively in a nunber of home appliances such as washi ng

machi nes, dryers, di shwashers, blenders, hair dryers. In addition,
nost aut onobil es contain a nunber of electric nmotors to control the
wi ndshi el d wWWep¥37088 ectric wi ndows, electric adjustable  PCT/US9/01040 S,
retractabl e antennas and a whol e host of other functions. Due to the

preval ence 5 of electric notors and increased el ectronagneti c em ssions
standards there is a need for di ffegeential and common node filtering.
Electric notor filter 180 may be nade in any nunber of shapes but in the

preferred enbbahmfﬁidiﬁeam\&ﬁodvmiri:m%ZSE&olr&pldcé ofiSTENAtinY ap¥rtde 18 Wi Mebaght bl ock
conpri sed of mat eri al 182 having one of a nunber of predeterm ned

el ectrical prrglepliedgouglingapekRide 7180 Th?&@mok%t%ﬁﬁlu%%&w%wﬂ Bagilter

180 which consists of a rectangul ar block o material 182 haV| ng an

i nsul at ed shajdd raRemteed e:ellp%&udh&%ﬁiﬁﬂ cAdh B8R odds 'v&]ﬂ{b g%ggte%lééﬁ'i%ler

conducti ve bands 184 and 194 and conmnobn con ctive ds 186. FIG 16b

h DI q{‘%g%mgt@a E}geﬁﬁﬁe
Ea(r)l\c/i\i i84 and 19g&%r¥nllg%ﬂ2b ?é%?r% con ucf?g\?gﬁga{r% el ng eﬁ% Tr c;?/ley
and physi cal | y14§ @fetahgﬁ{y;c;oﬁrg@lﬁ%ﬂg% gxgbot;ﬁ%r t&o%?egﬁo%l&gscérﬁb%ﬁﬁeﬂnmt erial 182

posi ti oned between Cr 0Ss section

2l ong 11 ne A fzch Wifeofifiol fofl kil 16 VRS AIDOTIERLD colbieuBlye o2

architecture o resen nventr on el ect rodes
e nd 182 e?lecwcqgéwﬁc%%ﬁg%f%%@%' sordb ol AR
i nt d | ectr,od t t I

conmeott on belteaeRni! jabhint: Bt tanges heuRl SHodo sHEv frsomaRenta. comron

MOV 700 to the top and bottom of differential and common mode filter 10, through-hole

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 MOV's 700 are physically and electrically
coupled to conductive surface 826 of differential and common mode filter 10 through

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 conductive strip 824 which connects terminals 828 with the
respective electrical conductor 12a and 12b which in tumn 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 elec-:trically

coupled.



conductive electrode 183. Simlar to that of the surface nount enbodi nents

of the present invention, filter 180 enpl oys conductive bands 184
and 194 to electrically connect filter 180's internal electrodes to
el ectrical QQ89%§%@FS- Conductive el ectrode 181

55 extends Tully to and cones in contact with condd& F%%"%#a 184 to
provi de the el ectrical I nterface required. As shown in FIG 16c,
conductive el ectrode 181 does not extend fully to come in contact

wi th conductive band 194 which is couplé@ to conductive el ectrode
185. Al t hough not, shgwn,, .co n.condycti ve el ectrode 183 extends fully
botween 51 CoriBr AN by & B SR Pl HEECT act i t h
conductive bands 184 and 94, Agaj n, by coupli cQ n. conductive
bands 186t LGNl g commonmage Slkesighid © provide arsiip ot T Yel§Y BE- enpl oy ed
rat her than the inherent,ground_gfovhded by conmon conducti ve
el ect rode 1d3is specific design is for uge; with mplfj condugtos glegtrariG conpesire AHRAIEH N of
differential and common node electric_ 10 notor filter 180 show ng
conduct i ve Smbedimsaisof the presend inventiony $itip flter P42 icompaisedrf agplurplity of
parallel plates for a line-to-line differential node coupling capacitor
whi | e at St heommen ground conduptine plasesiG5A Withrfire and saeend dertipfe wa@bgémdééﬁd uctive
el ectrode 183 to provide |ine-to- ground common node decoupl i ng
capaci t or s wmdwichsdimbetwemdgvaripus comugan gyolnd rgaductive plateg@36. firipSlterhe
I nherent ground. Al so shown are conductive bands 184, 194 and common
642, shown in Fig. 29, has four sets of differential and common mode filters. Each
common ground conductive plate 656 is etched upon support material 616 having
predetermined electrical properties, as disclosed throughout the specification, so that
10 portions of material 616 act as insulation on either side of each common ground
conductive plate 656 w1th only ground extensions 660 extending to the edges of support
material 616. The various first and second electrode plates 662 and 664 are also formed
on strips of support material 616 so that each electrode plate is surrounded by material
616 except for electrode extensions 666 which extend to the edges of support material
15 616. Ascanbeseenin 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 patterns 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,



15 conduetive band 186 which allow electric notor filter 180 to be

connected to external el ectrical conductors. Wile the preferred
enbodi nment Ofg}(:)ly(s;lémé? only shows one comon conductive el ectrode 183
and two condu€tiv ectrodes 181 and 185, Applicant FCIHSEHYP es

the use of a plurality of electrodes to obtain varying capacitance val ues
through the additive effect of parallel capacitance simlar to that

descri bed for previous 20 enbodi nent s. 4 FIG 17 shows
differential and conmpn node electric notor filter 180 electrically

and physi cal | fottomdsside; devey of strip; flten i Hhavingdfirstand seronhdiffsrentid condugtive
electric notor filter 180 is placed on top of electric notor 200
havi ng not or B#ds 652 GS¢runningnerrendisalatito the lengths of support material 616 and

56 therefrom Mtor shaft 202 is disposed through shaft aperture 188
of filter 180slightlyoverlapping ontedagtop ofsthip filter 612 /asshawi vFigl38at Thebdttom afoupl ed
to connection termnals 196, which are | sol ated from one anot her and
the rotor of #fipdites @2mtshow (OFigT30d, isriah saind usthetaioatiowdor surface mountingri nal s
196, al though not shown, are then electrically connected to electrical
supply 55  bf sty fipercddR d Commeh @edund condutive bafids 650tehtepd waticallpipehedndst ri C
notor filter 180 is connected /coupled to electric notor 200, notor

face plate 20&nd entgthateprandmottéra ofétrip @ltbr 642, as indibREDBy R Porfibsk hbdidds50180
with notor shaft 202 di sposed through a simlar aperture in the

center of not Bigsfidaandbed. eAd@fonaFdefindl @#b#hd28dichivd Bials 40/t a6 foing 8y P! ed
to the body of
the top and bottom of strip filter 642 but in this configuration they do not extend down the
sides. First and second differential conductive bands 652 and 654 extend down the
10 corresponding sides of strip filter 642 allowing the various electrode extensions 666 of
each of the first and second electrode plates 662 and 664 to electrically couple to their
respective conductive bands thereby allowing connection of external electrical conductors
to the various internal electrode plates of strip filter 642. For purposes of clarity, the
corresponding first and second electrode plates 662 and 664 and first and second
15  differential conductive bands 652 and 654 include suffix designations (a) through (d)
which represents each of the four differential and common mode filters included within
strip filter 642. Fig. 31 is a further example of strip filter 642 which includes an
additional first electrode plate 662e. By adding an additional electrode plate strip filter
642 can now accomedate an odd numbser of electrical conductors. An example of an
20  application requiring an odd number of electrical conductors is providing 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



not or 200 through the use of clanps 206. Wiile not shown, filter 180 may be
used with 10 its inherent ground by coupling conmbn conductive bands 186

to the notors encl osure or comon conductive bands 186 may be
directly wg ssvs'ﬁoad rcuit or earth ground. PefrusodBidss 2
| ogarithmc § aph show ng a conparison of electric notor 200's

el ectromagnetic em ssion levels as a function of frequency with the result
of an electric not or having a stgndard filter being shown at 220 and
the results of differential and 15 #nmmon node electric notor filter 180

h 222. h d .th NS o 0 d
2pr ox mat avgud be R P GmT B e R e iy bl PR hadRE ALY

el ectromagneti c em ssions_t hroughout the ra wifh eve e

pronounced dediodaplate 662¢ Vithouha ig'f‘ﬁp%‘%e?"élﬁ 3@9"‘8}?@1%% i {éggée)‘{etp%%? 6928 the
upper frequency range of 10 - 20 MHz and bgyond, the decrease in

el ect r omagnfrmea bing-losgrennd w@cﬁmbewmwlfmg%ﬁmaﬁé&?#n@%m f r equenci es

but this is not particular critical as_nost el ect

| ' t
oper at e wel ¢ondedtiyaplates §56. & k ¢ cormgspandingeseeany GEFV%%I?@@@O‘IE;HCH"E"%t or

filter 180 to __provide enhanced perfornmance w.th de reised
el ect r orfagrilate 662mis missings diffgrential andregrespen grode filtering ghill takes Rlacg ppRygeEn
57 Differential and common node electric mtor filter 230

shown i n Fl B eletrical conductor that is genmieted torfirsictlastrpde miate 66e and ppponefthe g 16.
The nmulti-plate enbodinent of FIG 19 is
electrical conductors coupled fo second electrode plates 664a - d.
Figs. 32 through 37 show a number of variations of the multi-component surface
mount differential and common mode strip filters shown in Figs. 29 through 31.
10  Referring to Figs. 32 and 33, strip filter 800 is comprised of a plurality of common
ground conductive plates 656 with first and second electrode plates 662 and 664
sandwiched in between the various common ground conductive plates 656. As ip the
previous embodiments, strip filter 800 has four pairs of contacts for the same differential
and common mode filter, 1A, 4A, 5A and 8A for electrode plate 662 and 2B, 3B, 6B and
15 7B for electrode plate 664. Each common ground conductive plate 656 is etched upon
support material 616 having predetermined electrical properties, as disclosed throughout
this specification, so that portions of material 616 act as insulation on either side of each
common ground conductive plate 656. Unlike the embodiments shown in Figs. 29
through 31, each of the common ground conductive plates 656 has portions of materials
20 616 extending lengthwise on either sidé 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



al nrost identical to the filter enbodi mrent shown and described in FIG |
with the exceptions being the shapes of the plurality of plates and
t hat each plate includes notor 5 shaft aperture 242 to allow the
plurality of VWP8¥88and filter 230 itself to be coupl ed wi tHCT/USINIY he {op
of an electric nmotor without interfering with the notor shaft and its
rotation. FIG 19a shows the individual plates of filter 230 which

i ncl ude common ground conductive poat e 232 and a plurality of
conductive plates 246 with all three plates having notor shaft

apertures 242paviypredeteainiiea dlecteioal pedpertizs (HobildwaPi disposedptwesndndf a
conductive 10 nmaterial and in the preferred enbodinent is fabricated from

a piece of metgltricaitylisdldiésaRe various confthéd @ouktboadittive platt 656\endadeetrods es 252
whi ch accept electrical conductors 244 as shown in FI G 19b. The two

conductive pl giaRs 688 5nd¥64MH1Gront 3Ae SidEier. ONAP Filtere80Biisiaiafthgddudinthat4o .
As in the other enbodi nents al ready described, conductive plates 246 are

fabricated of yovides %‘ﬁﬁ?ﬁh&%‘mﬁsmwm REH&IcemBe. ned el ectri cal

properties mhgreln e of plate 246 is 15 covered by a conductive

surface 23p with tfﬁg?’% Jﬁ?{(})vs Bdfpge?t%@ gid%id% AR oFat¥ib HiteP80WRving first and

conductive surface ectrical coupling between each

2l eSO G Bt 22

of each conductl plra pertures 25271s

| | t 240 _whi t oS o
o P nsuraty g ot Pkl Conl ARt ML BB M in 0 of BB it M B owmin. . OV

Diote 20, 2R RS b B A MRS A R I,
o et R RO Sl i s 00 G S B ph 897 21 V2
conducti VEiO Pl %}ct%gd 3641:&(-:&15:?1}%111 : a%%no(rjltoctgg golfacaguil ggttopnln g} set"rip2 gl%eri 860, as shown in
Figs. 33a, 33d and 33¢. First and second differential conductive bands 652 and 654
extend down the corresponding sides of strip filter 800 allowing the various electrode
extensions 666 of each of the first and second electrode plates 662 and 664 to electrically
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



58 sandw ched between conductive plates 246 in such a way that
non- conductive surface 234 of each conductive plate 246 is facing
and conmes in contact with one of the two sides of comon ground

conductive whabgrger2- Conductive plates 246 are also ar ra,g%ggsﬁlgmwat

I nsul ating rings 238 of each plate 246 are positioned so one of the
two el ectrical 5 conductors 244 is coupled to either conductive surface
236 of conductive plates 246. Once conmon ground conductive plate
232 and the plurality of conductive plaégs 246 are physical ly

coupl ed the entire arrangenent I ch es up differential .an nmon node
el ectric not®hse thtta@relozxg%eql &rip Q Watﬁvalﬁg a?f?/%{lmst“hﬂg"f’ n%fm%ﬂ&e%eeg‘f%r i ¢ notor
with the notor shaft  extendi t hrou sh rture 4 each
of the pl at egmmopcground conductivs platg é5£ gn‘(fr}éi‘ ﬁg!fjrﬁ‘?'? ég%gggglﬁ{ﬂgg‘?%ﬁ?%gg : t he
filter conponents show ng how the | individuanﬁon uct | ve, surfaces of
the pl ural i taye esentinbly the same asip ghe nreyiqusembpdiments frrepifhatiefpgtrode extension,
| i ne-to-ground capacitors which formfilter 230. Becaqu tgg?plu%@%ity of
conduct i ve 666 of boththe first and gecandeleatrodn plaies 662 and o6 extsnd Tom thysame
arranged differently with respect to common q{ound conductive plate
232, t he Schdittdlestrofoplates 25 the iBsulatinn strins 616 extend oneach the cEPWAR BHYter al s to
i ndi cate conductive surfaces 236 of the individual conductive plates
246.. conductive plateS65@ Figr3d sRawsstapabotiom; side-qndwod views ebivtrifilter§04 ¢ he
differential and commpn . nmode filter of the present invention. FIG
20a shows a Igwingifirst ahdsmonddifferentizd eoridattivepamds 652 and 654 running perpendicular
to the lengths of support material 616 and slightly overlapping onto the top of strip filter
804, as shown in Fig. 37a. The bottom of strip filter 804, as shown in Fig. 37d, is the
10  same as the top to allow for surface mounting of strip filter 804. In this embodiment,
common ground conductive band 650 extends vertically up the ends and onto the top and
bottom of strip filter 804 and entirely encompasses one side of strip filter 804, as shown
in Fig. 37c. As with the first and second differential conductive bands 652 and 654, the
common ground conductive band 650 also extends onto the top and bottom of strip filter
15 804 along the full length of the covered side. The configuration of strip filter 804 is
particularly useful in applications requiring a large ground plane which acts as a shield
and is capable of absorbfng and dissipating greater amounts of heat and electromagnetic
interference.
FIGS. 14 and 15 disclose a further embodiment of a differential and common
20  mode filter formed on a film or Mylar-like medium. This embodiment is comprised of a
film medium and consists of a common ground conductive plate 480 followed by the first

electrode differential plate 460, then another common ground conductive plate 480 and

second electrode differential plate 500, then another common ground conductive plate



t he physi ecal arrangenent of plates which nake up the filter shown in FIG
20b. Referring 20 to both FIGS. 20a and 20b it can be seen that comron
ground condug%é¥§§ﬁkpte 292 is agai n sandw ched between two
conductive el plates, 270 and 270', which are PCHYB044I | y
connected / coupled to electrical conductors 275a and 275b. Each

conductive electrode plate, 270 and 270', consists of a material 264 having
specific 51 59
predeterm ned properties, with each plate then having a conductive surface
to which 430.cExhiplatcialessentially comprised af 6lnmd72; whihtitself giap be corpprised of 2
conductors 275a and 275b are connected to conductive el ectrode

pl ates 270 anduRB&’ of mateialkanch astbut/sot dirited cceMiylar, wietebufilm 472 is completely

i nsul ati on. Conductive el ectrode plates 270 and 270" are physically coupl ed
to common 5 ngptalied ofi Ofelsidé crestingladhietalB2Ed phited Usling lasdrs, pohions sfmetalliesd al
known in the art. A clearer representation of high-power

differential aterfaDarePEmdvRd fdehetalifed)ifi Prddetemiiadpattemb kdreate isolationBariiérs.h
FI G 21a show ng the physical enbodinment and FIG 21b showi ng a

represent aki vesCdiffgrehtial plafel 460 Rhs 9R20aseRedp WoMtibibartiées 481 @nd 468, WRIR' | sed of

common ground conductive plate 262 sandw ched between wheel s of
material 264 hayadrst differeh®l plak’ 480 RRE 1BLEThAIEII aRhL BREFIR Y64 WhiiRES 264 Of
material are held i1n place by - conductive el ectrodes 270 and 270

e e e s e
first differential plate 460 in that it has two isolation barriers 506 and 504 which divide
second differential plate 500 into three conductive areas: 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:



conductive plate 262. To manage the higher current and voltage conditions
filter 260 is desi gned for, common ground conductive plate 262,
conductive plates 270 and 270" and 15 wheels of material 264 are

typically siwsshaaptgh | arger than previous enbodi ments of pr esent
invention. To allow filter 260 to be connected to external € g?:%mrl?"gal

conductors, conductive el ectrodes 270 have connecting nenbers 284
extendi ng therefromwhich are mechani cal Iy coupled to connection
termnals 275a and 275b through conmon feans such as tightening

screws and washers, Copngctiaqn term nals, 275a .and .275 nted 20 on
top of encl ﬁgmnleieﬁﬂ%‘%%o‘s@f‘té%ﬁ@c?% ﬁé“ ﬂ%ﬁ%ﬁ‘%ﬁ?&ﬁ‘iﬁssﬁi‘g rg SS‘PY'Prg of

encl osure |i.d 282 . c n grou conducti ve pl 262, conducti ve

el ect r odes Zsfﬁat’gﬁ&a‘??@“g{ﬁﬂg%g’emcﬂg adJa%!&t%“dH’hF%'gﬁ I‘”.“g%f'ﬁrég%é%l e
conponent is then placed wthin conponent encl osure 27 whi ch has

6
fl anges 272 lefedessiphrommangrewdeandughvr pide d8h Brth isplatipn barders 482 @diAed to

60 encl osure nmounting holes 280. This arran?enent provi des a neans
of coupl i ng #sadnclude membe extendippontwandrand peraendisplar amdhe yardesherciondduct i ve
plate 262 to circuit or earth ground if desired. FIG 21b shows the

rel at i on$hi pfisplatipebatriers 482 and 492 pnd argpogitiensd se when plates 460, 480 mdS00 2tEa t hat
make up filter 260 schematically represented. As in all other 5
enbodi nment s steckedhthey arealignediwithehe hanzontakpedtions of the &l-shapeddsklation barriers
represented with and
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
340 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



W thout a.prine to indicate separate surfaces, nmake up the two parall el

pl at es necessary for a line-to-line capacitor coupled between
connection termnals 274. Conductive el ectrodes 270 individually but
i n conj uncti JHOMA7Bcomon conducti ve el ectrode 262 ReKES{91040

| i ne-to-ground common node decoupling capacitors with comon conductive 10
el ectrode 262 acting as the inherent ground. Fig. 42A and 42B
show phase T network filter 940 which is s further application of

the various surface nmount differential and comrmon npde filters discl osed
previously. toincreasébvesall chpadtaneet K filter 940 is conprised of differential

and comon node filter 942 havi ng conmon ground conducti ve bands 944
and first and secornd tép dddyottoiniofkilterda0 6isist 6f profectiveaoder 1{yers S55hSwtndted ocat ed
on either end of differential and conmon node filter 942. Coupled to

each of the CoulW thedoppibtécivdivdviiiyée s 558 domidd grvufid EonduttivePlanei480,
conductive termnals 950 to which sol derabl e connections can be nmade to

desired exterfyfibwed by an el&dtrofslhlate X160, FONR byt doBCdonivh @burdi cohdicRiplatd and
conmmbn node filter 942 are inductive ferrite encl osures 952 and 954

respectivedy. 4@?&?10%@&’9{}E{e%@xtfcﬂcﬁb&@plﬁeg?@ﬁﬂrtﬁcn a%ﬁale@%nn&p%rou&ﬁ‘h s

conposed of a solderable ferrite mateerial to which the first and second

differential conduetive &E%tear%te ic'jfﬁ@ phaRHods Iseﬁil&{ce 3??@9&&&% ﬁx‘glil{n& Sld%NchBlle fiRds common

nmode filter 942 are ernally to respective

el udes el ectPoae el B icive KGR ol Sholele oS s cachaver o,

sides of eac hplza,te 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 consisting 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 ranning 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



61 enclosure with a portion disposed through apertures 960 so
termnals 946 and 948 nake el ectrical contact with the first and
second differential conductive bands of filter 942. Thi s arrangenent
is better the additional reversed view of encl 952)
shown in dzsgﬁgﬁiﬁﬁ\nes at 966. Fig. 42B is a schematic re%’@sﬁ?@i‘%n of
phase T network 5 filter 940 showing nmultiple inductors 958 coupled to
first and second el ectroplate termnals 946 and 948 of differenti al
and common node filter 942 thereby cr e ng phase T network filter
940 shown in Fig. 42A . Phase T network.filter 940 is
advant ageou"é‘t"rnﬁ‘%ﬁl%%a oprgber of hopps mla’é?ﬁﬂs“ﬁﬁ a.rhwas%mg machings, J noi se
appl i cati ons because_ the present enbodi nent is capable of shunti noi se

10 to gr oufishwishere blgndersyhaly dryeg, 3 p n’E‘BFtraEan"g esf"PBW”tafﬂ“Hg’ﬁﬁo he

term nations of the device wth greater noise reducti.on. First and
second el ectlpdempliosste contraltheayindshiell wingrs, electric wigdews, plsetng adipsithle, 940 with
the high current carrying conductors necessary for such | i cations
and the i ndmizrqrszeettaeﬁaglmaete@we pedsywhele besp ofgtherdupstians. AHieite FheePf?mGﬁ& ic
field. Thi s conbination inproves the high frequency filter

ef f ect i VEnesflestrismotbrstand ingreased electmamagnefin meipsions stepdards therf isanesd farj | ter 940
approach a sl ope of 40 - 60dB per decade. Phase T network filter 940
i s parti cul differgntialiatdcbniroon mede filteringw i npedance circuits. As
can be seen, many different applications of the differential and conmon
nmode fi | tRiectac mbior Gltenii8 may de puds inzny nomberrof shapes Wt inthoer al f eat ur es
universal to all the enbodi nents nust be noted. First, the material
havi ng pr edprefetred aabodimentishavarpin FIGOI6 it {sressestidliyagectangulacblociecapiprisedelnber i n
any of the enbodinents including but not limted to dielectric

mat eri al , niheliald8R Hevikgonesdfamuitibéraif prdstefened dletrival mropatiesa FliGotéaer nor e
exotic substances such as Mylar filmor sintered polycrystalline. No
matter y@i CkhoW® iR duldr coritruction of filter 180 which consists of a rectangular block of

material 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. 16¢ 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 properties 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 i80 employs conductive bands 184 and 194 to electrically

connect filter 180's internal electrodes to electrical conductors. Conductive electrode 181



used, the.conbination of common ground conductive pl ates and el ectrode

conductive 62
pl ates creat 0% 4 ality of capacitors to forma line-to-lLine
differential coupring capacitor bet ween and two |i nePFEY§PAUNY
decoupling capacitors froma pair of electrical conductors. The

mat eri al having electrical properties will vary the capacitance val ues
and/ or add additional features such as ov&¥-voltage and surge protection or
I ncreased 5 I nduct ance, resistance, or a conbination of all the above.

Second, in al EXteRdsduibnionnd comesin spntagh wih condugtive band 8 termsevidethe pleetrieal  hot h
common conductive and el ectrode, can be multiplied to create a nunber of
capacitive  interfacgregnised: cAg shownimFIG | 6qeprsductivecslestrodenti] does notexterd fully

i ncreased capaci tance val ues. Third, additional comon ground
conductive pl # eomedncorfagtwWithgondnustivobanid 494 wbich isi®upled fo eondentive electondduct | ve
plate and a plurality of conductive el ectrodes may be enpl oyed to

provi de an i ndBBaskthbugh netshown,oouma candiictive dectidils £83patandnfully batweas a t rue

Faraday shield in all enbodinents. Additional conmon ground
conduct i veSpl atremon eonduetiverhahdsyk8d witholit coming in contyct fithtdonduetitrblind® M84sandhown
and is fully contenpl ated by Applicant. Finally, froma

revi ew of t he 194nkgainbyeotyslitigtomnironicondubiw Windkel 8816 sigadl br édiigroubd, a t he
shape, thickness or size nay be varied depending on the electrica
characteri sti €8ue” 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 conductive 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 parallel 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



desired or upon the application in which the filter is to be used due to

t he physi cal architecture derived fromthe arrangenent of coniron
ground conducti ve and conductive el ectrode pl ates. In
fact the di f“fcgg ?‘;0 and common node filter, although not, % Foul d
easily 20 e ricated in silicon and dlrectly |ncorporat In
Integrated circuits for use in such applications as comruni cation
chips. The differential and common node _filter would be enbedded and
filter comruni cation or data |lines direé@ly fromtheir circuit board

Lo el o e B A o Pt ke PRSPl i ©

r eqw renent

63 overall .circ e _whil e having sinpler, prodycti ui rements.
| nt egr at ed GP?‘&’GVY“'Sba& %184‘“15 194 %IF‘i"é?i’E)l sgo rennectinn ferrnals, lpggc igh &eet ched
within the silicone foundation which allows t he architecture of the
present i nvaipiatedirom °¥°‘e@i’6fh°§/ml§éh? w5 opeledttieroter 29p. t%ﬁ%ﬁé@“y‘ connection

avai | abl e t oday Al t hough the principals, preferred

enbodi nent s twabﬂéﬁeﬂﬂ%&m shommeare dreneleetrically conngsfedde plectrieal s¥pPion have

been described in detail herein, this is not to be construed as being
linmited o tines providing elegiric matar00 withpeweno Onse dieesit owotad filter 188iis | ¢ hus becone
apparent to those skilled in the art that various nodifications of
t he pref er r sdungotod tionpled © elastrisi motor200wotor face plateR08 ispilackd on topefhethi ng from
the spirit or scope of the invention as defined by the 10 appended
cl ai ns. 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  its inherent ground by coupling common conductive bands 186 to 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 graph 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 mators
operate well below this frequency range thereby allowing electric motor filter 180 to

provide enhanced perforinance with decreased electromagnetic emissions for the majority

of applications.



64 . Wiat is clainmed is: 1. A line conditioning electronic

conponent conpri sing: at | east one common ground conductive
pl ate having at |east two insulating 5 apertures; at

| east two el E¥PPYIOYH| at es each having at | east one insul at PEHUSHAI0r e and
at | east one coupling aperture, wherein said first electrode plate

I s stacked bel ow said common ground conductive plate and said second
el ectrode plate is stacked above said 57 common ground conductive

pl ate, wherein said at |east two el ectrode plates sandwich 10 said at

| east one cent er cDiffsp¢htigl aiditOmendnahiile ieleetrio nedter; filter 230 shown in FIG.4P id #ast two .

el ectrical conductors disposed through said apertures of said common

ground conduc firiher @hbidiméen df theifiltedf FIGATS. Th&Qnuﬁﬁ?[&déiﬁ&dﬁh@ﬁGﬁFlGM?ﬁsei n
each of said at | east two conductors is ectrically connected to a

di fferent el eaiiditidentical 8ithe¥ftbr embodiment shown arfl dE8drideil #1 FICRY WA the
predeterm ned el ectrical properties, wherein said material is 15

e o Tt e T
sai d plates CuRM dpffurd 282 RPHloW tMEplurality 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 material 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 irisulating 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



el ement coupl ed between said at |east two electrical conductors and
creating two capacitive el enents, one coupl ed between one el ectrical
conductor and said conmon ground conductive plate and the other
coupl ed bet yWrpgaabdeg ot her electrical conductor and 20 efissonimn 9round
conductive plate. 2. A line conditioning electronic conponent
as recited in claiml, wherein said mat eri al havi ng predeterm ned

el ectrical properties is selected fromthe group consisting

65 of dielectric materials, netaP8oxide varistor materials, ferrite

materials, sintere ol ycrystalljne materials and,
for ol eot r PEMPEHEY hergiven SUBE TG BLaise 4G PY AIEY B Gondistive surface 234
particular material w.ll determ ne the specific performance in both filter
and surge O°f each cppductiva plats 246 isfagingand comes in contact with one ofithe #:sidesodi t i oni ng
el ectronic conponent as recited in claim1, further conprising at
| east two cGAMBIONGraynd gondyptineaate 832 | Gonductive platen 246 arg alse arangsd sa thet
i nsul ating . apertures, wherein said first comon ground conductive
plate is stdesRiatingrngsd38af gachiptatq 246 are positiohedcsoraplieong|of the twagleetird second
comon ground conductive plate is stacked above said 10 second el ectrode
pl ate, wher eprdusters24dds equpled teithienepngnative swface Adfofonductiveplptep?4perties is
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 presen5t 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 can be seen that common ground conductive plate 292 is
again sandwiched between two conductive electrode plates, 270 and 270", which are

individually connected / coupled to electrical conductors 275a and 275b. Each

conductive electrode plate, 270 and 270", consists of a material 264 having specific



mai nt ai ned between said el ectrode plates and said at l-east two common

gr ound conductive plates and wherein said at |east two el ectrical
conductors ara,g%éﬁpsed t hr ough said apertures of said first and
second conmon 8 ¥ conductive pl ates. 15 4. A | i n@CTHRWIENI ng
el ectroni c conponent as recited in claim11, further conprising a
plurality of outer conductive surfaces wherein each of said at |east two
el ectrode pl ates and said conmon gs®und conductive plates are

i ndi vidual ly and i ndependently el ectrically coupled to separate
out er conduct ipsedetstmifiecdproperties, with each plate then havirgg xeondudtive sunfige & wehith oni ¢
conponent as recited in claim1, wherein each of said at |east two

el ectrode pl atelestricgliconnactions apd made. iARer electritad condncors2¥54 and275b arecdonndctedai d
el ectrode patterns having at | east one insulating aperture and at |east one

coupling to camdactiva elertrode plates 270 and 270", the conductive surface is coated with
66 wherein said at | east one comon ground conductive plate

contains two iimsalatied.i Ognductive elecepda plate€r70faad 2P@ ek phisicalyGoaplediocohton
patterns contained in each of said at |east two el ectrode pl ates;

?E?oug e aisd ag;')o;ﬁl\alrﬁgigeﬂiﬁ plat® 29 wh typicaP{dh8diROrhated ln G HARE K. SA leBrefli SPOSEd

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. 21a, is comprised of common
ground conductive plate 262 sandwiched between 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 conductive 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 extemal 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



5 wth one pair of electrical conductors disposed through each of said

el ectrode patterns creating a capacitive el enent coupled between
each pair of said electrical conductors and creating two capacitive
el ements ea ed between one of said electrical cond and
sai d connnnqg?%ﬁﬁ conductive pl ate. 10 6. A Iine¥§%ﬁ%§wy%ﬂing

el ectronic conponent as recited in claimb5, wherein each of sai d

el ectrode patterns formed on said el ectrode plates contains at |east one
coupling aperture and at |east t® insulating apertures. 7.

A line conditioning electronic c onent as recited in ¢laim1, wherein
said at 15 enflaspce mpypiing hg ?g%eﬁbn?%ﬂaégwg%’dﬁ%‘f megng °g&?“§ pelicel ect ri cal
characteristics and said at | east. two electrical gonductors are

el ect ri cal | yobsgms gronadiprapided by eomgpongraund rondustive ppte 262 fp circuitor eagth  equal

and bal anced el ectrical characteristics in_cooperation with said

el ect ri cal | yground if desigyly §dG¢ 21bshpws the slatiopshipefdpe diffsrept physicsl campensA§uct or s

result in line-to-line capacitance ~ _values equal to approximtely
hal f of the ofiFHa-2lathyt makeunGlien 269 schematicallyxeprepapteds disdn pil pther 20
condi tioning el ectroni c conponent. 8. A line conditioning

el ectronisc corvpdiments of theipeesentdaiventiong beridnetive clghteades A70; pepresented with ander | aci ng
of said at |l east two el ectrode plates and three of said at |east one conmon
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 ferminals 948 (946) physically coupled to the sides of each



67 ground conductive plates creates a Faraday shield encircling and
separating each of said at | east two el ectrical conductors while
reduci ng nutual inductive coupling between said at | east two

el ectrical coNBAa¥7805. 5 9. A line conditioning el BET/USANL040
conmponent as recited in claim1, wherein said predet er m ned

el ectrical property of said material is selected fromthe group consisting
of capacitive filtering, over voltgge and surge suppression,
capacitive and inductive filtering, and conbi nati ons of capacitive,

i nducti ve andemlyspressith axporiidrodisyosédthiroubie fRitirek D60 so terminalp 846 dnd\948 inake
subst ance which said material is conprised of will determ ne the specific

10 perf or maslectriéad chrtidd with thefirseund sedahd ifRfeptifGohaidtivbrmti &N iter 942,
10. A line conditioning electronic conponent conprising:

at |east one mm&mwnﬂbm%%ﬁﬁhpkﬁ&nm&m&d%@& weauowe 0%4 952)
i nsul ating apertures; 15 | east two el ectrode plates,

wher ei n sai d {fiowhtin @heBEd %t Hé g, '4§B3§ é‘fb'ﬁc : r&?‘?ﬁ)é%emamn °fﬁﬁk9£ LA

ground conductive plate and said secon ode plate 1s st

sai d conmog gﬁﬁ&rﬂoﬁﬁe@ugﬁ@{@l a’&c‘?rsmeéo fég%oaﬁ&&hsk&ﬁafele&tg&ﬁéectfode

pl at es sand t eas onec common ground “conducti ve

I ; |
Peast two conifaiels o hisd ofiftgahRy gy é@%ﬁeﬁit?ﬁég@%&&ne ok fed
aperture and gt &ﬁﬁgh“a_@%%%}(mggg %XCt rode haV| ng a plurality of

coupling and insu I ng aper ure
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  attenuation 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 nc;ted. 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



a plurality of electrical conductors disposed through said apertures of

said at | east one common ground conductive plate and said at [ east
two el ectrode plates, wherein a

68 Phiets sy Of predeterm ned el ectrical conductorgc§ ?ﬁi trically
connected to each of said conductive el ectrodes an ahﬁ u#gﬁity of
predeterm ned el ectrical conductors are electrically connected to
each of said bl ocking el ectrodes; and a material having

predeterm ned el ectrical properties, whéein said material is 5

nmai nt ai ned between said cQ n gr.ound condyctive plate and said at_ | east
two el ect r oduates creates arﬂq‘émé&%g?@%@m todomn 3 t°'é1“§§ff?°1“'c"é’ﬁ1‘t°8 BHhHet ween
sai d pl ates; . wher ei.n saj,d conbi nati on for a plurality of

di f f er ent i al PeEWeFn @Bt HEHlinergground decoupling capacitgrs drogm ﬂ%fr%ﬁr?chelr bl ocki ng
capaci tors. 10 11. A line conditioning el ectronic conponent as
recited in cyoBfyators Thifesterial havingelectrical properties will|varyhe eapaciiaBertalici ned

electrical properties is selected fromthe group consisting, of
dielectric rﬁ!’ﬂg* pdd additional featers eheh snevesveltagerandsurgeipsoteqtion or insrepseder i al s,
sintered pol ycrystalline materials and ferroel ectric-ferromagnetic

conposi t & neindycianre resfstanes, ot 2 pembination of glhthe pbavear material will determ ne
the specific performance of both filter and surge
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 a center 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 be 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



15 protection functions. 12. A line conditioning electronic

conponent as recited in claim10, further conprising at |east two
comon grounq,VSP tive plates each having a plurality of
insul ating apertures, wherein said first common ground condBETVF$OMMYt e s

stacked bel ow 20 said first electrode plate and said second conmon
ground conductive plate is stacked above sai d second el ectrode

pl ate, wherein said material having predéBerni ned el ectri cal

properties is maintained between said el ectrode plates and said at |east
two common °verall ceutsize whilihaving simplerpreductionrequitaments. dutpgtatod circuiits g of
el ectrical conductors are disposed

69 t hr Gigadysheing masehaving sapsritars ptahed; within tha dilisensdfoundationwhich altawsd
conductive plates. 13. A line conditioning electronic conponent
conpri sing; thearchitecture of theipreseptimyvention tewadityrbednamprdatedwith cichnedogyl at e
having at least two insulating 5 apertures; at least two
el ectrode pl avaidabledodayei n each of said at |east two el ectrode plates is
conprised of a material having predeterm ned el ectrical properties, wherein
each of s&id Althatigh the ptindipubs, prefiticd e@fodilnhte Gnd preferd@ Sparationdguct i ve
surface having a coupling aperture;

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.



wherein each of said at |east two electrode plates is coupled to opposite
sides of 10 said at | east one commopn ground conductive plate with said
conductive surfaces of said el ectrode plates directed away from said
at | east ongygsyEpgy 9round conductive plate; and  permsogmiose | At

| east one pair of electrical conductors, wherein each of said electrical
conductors is disposed through and connected to one of said coupling
apertures of said 15 el ectrode pl at e§1and di sposed through the .
respective insulating aperture of said | east one comon ground
conductive plate creating a capacitiveyel ement coupl H'll lmaﬂ Mﬁu{

pair of electrical conductors and cre:g% two capac upl ed
bet ween each‘,}né ) eé said electrical conductors and said common ground
conductive p attésca‘m o 14 A l'ine cond|t|0n| ng el ectroni c conponent as

recited in glaim (ﬁ{ % teri.al having predeterm ned

el ectrical ptope ’r"§§"”i1 Qg ?cé"&mFFBWP?“ﬁEtCQF’(B’Uﬁ‘“%onm sting of
dielectric materi nmet al oxi de wvarj st or erlal , ferrite materials,
si nt er ed @F?E?W&W%%W’P&F%‘F ugie PA‘H%I 3 negtdyrp insulating onagnet i c
conposite materials wherein the

70 5 pAPEIESSH ar material will determine the specific performance in
both filter and surge protection functions.

at least two electrode plates each having at least one insulating aperture and at
least one coupling aperture, wherein said first electrode plate is stacked below said
common ground conductive plate and said second electrode plate is stacked above said
common ground conductive plate, wherein said at least two electrode plates sandwich
10  said at least one center common ground conductive plate;
at least two electrical conductors disposed through said apertures of said common
ground conductive plate and said at least two electrode plates, wherein each of said at
least two conductors is electrically connected to a different electrode plate; and
a material having predetermined electrical properties, wherein said material is
15 maintained between said common ground conductive plate and said at least two electrode
plates preventing direct electrical connection between said plates creating a capacitive
element coupled between said at least two electrical conductors and creating two
capacitive elements, one coupled between one electrical conductor and said common
ground conductive plate and the other coupled between the other electrical conductor and

20  said common ground conductive plate.

2. A line conditioning electronic component as recited in claim 1, wherein said

material having predetermined electrical properties is selected from the group consisting



15. A line conditioning el ectronic conponent conpri sing: 5 a

pl ate having two sides with fi rzﬂlmlﬂ tures disposed in said

pl at e, wherein said plat ”ﬂmﬂgmﬁmﬂa mat eri al havi ng

predet er mi ned¥OP¥E19§ cal propertiks;® - M s » sai d fi PET/USI9N3048f sai d
plate includes a first conductive surface, wherein said first

aperture is electrically coupled to said first conductive surface and said
second aperture is electrically isslated fromsaid first conductive
surface; 10 said second side of said plate includes a second
conducti ve suofidielestricunaterials, neesdl dxide varistorimatertalsafetkite amtenidlsogintetedr es ar e
electrically isolated fromsaid second conductive surface; and

said first anpblyrystailineanaterinds andefersasidcriveforramsagneticciniposiad Inyteiislo vaérei the om
each ot her. 15 16. A line conditioning el ectronic conponent as

reci ted in clpertioulds mavdial wilhdetstinihe the specifiéPérforinahce aboth dlter mdetngem ned

el ectrical properties is selected fromthe group consisting of

di el ectric nepretettidnfindtioh€! oxi de varistor materials, ferrite materials,
and sintered pol ycrystalline materials wherein the particul ar
material vgll determne the specific performance of both filter and
surge protection functions. 20 17. A line conditioning electronic

assembly conps.i Si NWline conditioning electronid tdnifondl9s RERQNH RiAY eﬁlrth&acg?ngﬁgin ai d

pl ates having two sides with Tirst and secon apertures posed in

said plate, wWjesei t@o%@hﬁnohigfoﬁﬁld @Sﬁhuﬁt?wfemes@aai ferrird of 1R h&ﬁﬂnﬁ’é a
apertures, wherein said first common ground conductive plate is stacked below said first
electrode plate and said second common ground conductive plate is stacked above said

10 second electrode plate, wherein said material having predetermined electrical properties is
maintained between said electrode plates and said at least two common ground
conductive plates and wherein said at least two electrical conductors are disposed through

said apertures of said first and second common ground conductive plates.

15 4. A line conditioning electronic component as recited in claim 1, further comprising
a plurality of outer conductive surfaces wherein each of said at least two electrode plates
and said common ground conductive plates are individually and independently

electrically coupled to séparate outer conductive surfaces.

20 & A line conditioning electronic component as recited in claim 1, wherein each of
said at least two electrode plates contains a plurality of electrode patterns, each of said

electrode patterns having at least one insulating aperture and at least one coupling

aperture;



71 mat eri al having predeterm ned el ectrical properties; _
said first side of said first and second plates includes a first conductive

surface, wherein said fi 1ﬂm,w ' ' | ectrically coupled to said
first condugihyssrggsr face and sa m, "gm ﬂaperture i jpcal 1y

I sol ated from s% d first conducti've®surfaces l:%élg"l‘ s@(gond si de
of said first and second plates includes a second conductive

surface, wherein said first and second apertures are electrically isolated
fromsaid second conductive surf ; and said first

and second conduct] ve surfalces of each of aai d first and second ates are
el ectrical ly isol %eeEgnpae Al least opesopmen grauyd conductive platg pontains fwo tnsylapng o 5ng
second plates are stacked wi.th said second sides of sajid first and
second pl at e¥Pesyfes fxsachnf gaid elegtrodepatterys coptamed in agh ghwidat dpagidwe and
said apertures of said first and second plates align to receive a plurality
of el glestrode plates;iamduct or s. 15  18. A line conditioning
el ectronic assenbly as recited in claim17, further conprisjng:
a common ground cWiraee aplusality of electriog] epgdudtors are disgossd Supnghspideperfwses di sposed
I n sai d common ground conductive pl ate; said common
ground cohduwith eee prirnfeleckicgieonductontdisposed thronghueash of said ¢leatngre patterns

creating a capacitive element coupled between each pair of said electrical conductors and

creating two capacitive elements each coupled between one of said electrical conductors

and said common ground conductive plate.

10 6. A line conditioning electronic component as recited in claim 5, wherein each of
said electrode patterns formed on said electrode plates contains at least one coupling

aperture and at least two insulating apertures.

7. A line conditioning electronic component as recited in claim 1, wherein said at
15  least two electrode plates have equal and balanced electrical characteristics and said at
least two electrical conductors are electrically polarized opposite of one another, wherein
said equal and balanced electrical characteristics in cooperation with said electrically
opposite polarized at least two electrical conductors result in line-to-line capacitance
values equal to approximately half of the line-to-ground capacitance values for said line

20  conditioning electronic component.

8. A line conditioning electronic component as recited in claim 1, wherein the

interlacing of said at least two electrode plates and three of said at least one common



coupled to said second sides of said first and second plates; and 20

said first and second apertures ound conductlve pl at e
align with wo99/372 d first and l"!,iﬁ ﬁ"@gﬂﬁ EB of said first and second
plates to rece| ve Edpl urality of conduct oFET/US?/01040

72 A line conditioning eI ectroni ¢ conmponent conpri sing:

at | east one common ground plate having a common conductive el ectrode and

an i sol ati on band on either end vvhﬁ‘l:h extends the width of said at

| east one conmon ground at least two
differenti al @W&@lvﬁglﬁesmefmaﬂw ensitelingrid separativig zachoaf siid atl
al ong three of said differential plates four sides, wherein said first
differential jsesttwo elsctrical condustozrwiilk reducing nsutiial imdtmntivercogpling ktwéeasaid and
said second differential plate is stacked above said conmon ground
pl ate, wher ei teastawd electrisal cambiicwas.d second differential plates are
oriented so their sides which do not have isolation bands are placed in
opposing directions 10 and aligned with said isolation bands of said
common ground pl at e; a material having predeterm ned

el ectrical 5pr@per t Adine codtiitioning elettrBniBRbBpéndht dsFecited in claiffbl, WhefeRfdidoet ween
said at | east one common ground plate and said at |east t e
differential ptedétesminé¥llectrical property of said material is selected from the group consisting of
capacitive filtering, over voltage and surge suppression, capacitive and inductive filtering,
and combinations of capacitive, inductive and suppression properties wherein the

particular substance which said material is comprised of will determine the specific

10 performance in both filter and surge protection functions.

10. A line conditioning electronic component comprising:
at least one common ground conductive plate having a plurality of insulating
apertures;

15 at least two electrode plates, wherein said first electrode plate is stacked below
said common ground conductive plate and said second electrode plate is stacked above
said common ground conductive plate, wherein said at least two electrode plates
sandwich said at least onie center common ground conductive plate;

said at least two electrode plates each include at least two conductive electrodes

20  each having at least one coupling aperture and at least one blocking electrode having a
plurality of coupling and insulating apertures;

a plurality of electrical conductors disposed through said apertures of said at least

one common ground coriductive plate and said at least two electrode plates, wherein a



afirst differential band, a second differential band and a common band,
wherein 15 said conductive el ectrode of said first-differential plate is

coupled to said first di fferegmm”m“m”m , Wherein said conductive
el ectrode ofwggdsheggecond diff ﬂ coupl ed to gal

second differential band, and Wheteitn sal ductive el ecﬁé‘gﬁgwgwosai d
common ground plate is coupled to said common band creating a
capacitive el enent coupl ed between said first and second
differential bands and two capacitive el®@nments coupl ed between each of 20

said first and second differential bands and said conmon band. . 20.
A 1ine condiPPHY RS Pedetermiged electrrahenmdpgtors areelscirically eonneqted ta,eaah of §idr e n
sai d mat erj al having predeternined electrical properties is selected
fromthe grotpdecdive plsetrodgs and a plurality of predetermined electrical conductors are

73 of dielectric materials, netal oxide varistor materials, ferrite
materi al s, stientiqally connected toparhyefspidiblockingelestgedssianls and
ferroelectric-ferromagneti c conposite materials wherein the )
particul ar mat er iathatemal havieg predetermined slesirigaliprapsrtiserwhereimsaidmaterigdds h il ter
and surge protection functions. 5 21. A line conditioning
el ectronik cmaiptained between i ¢omunongraunsl condi@tive plate hmd said at least tworefecirgdeng a
plurality of differential plates and a plurality of comron ground pl ates,

plates preventing direct electrical connection between said plates;

wherein said combination forms a plurality of differential and common mode

filters and a plurality of blocking capacitors.

10 11. A line conditioning electronic component as recited in claim 10, wherein said
material having predeterinined electrical properties is selected from the group consisting
of dielectric materials, metal oxide varistor materials, ferrite materials, sintered
polycrystalline materials and ferroelectric-ferromagnetic composite materials wherein the
particular material will determine the specific performance of both filter and surge

15  protection functions.

12.  Aline conditioning electronic component as recited in claim 10, further
comprising at least two common ground conductive plates each having a plurality of
insulating apertures, wherein said first common ground conductive plate is stacked below
20  said first electrode plate and said second common ground conductive plate is stacked
above said second electrode plate, wherein said material having predetermined electrical
properties is maintained between said electrode plates and said at least two common

ground conductive plates and wherein said plurality of electrical conductors are disposed



wherein each of said plurality of-differential plates and each of said

common ground pl ates coop apacitive elenent coupl ed
bet ween each of said 10 almnﬂmalmlw and creatin
capacitive el‘g%?ﬁ "™8upl ed bet vveen eac nsas di ff & F?’QF“‘Bands
and said conmon band. A line cond| tioning electronic
conponent as recited in claim 19, V\/nerel n said at | east two

el ectrode pl ates have equal and bal anced gbectrical characteristics and
said at 15 | east two el ectrical conductors are electrically polarized
opposi te of onhroagiosaidapertuteeofsaii first and secdad dorajom proandicdndhetive pthtes! ect ri cal
characteristics in cooperation with said electrically opposite

pol ari zed at | east two electrical conductors result in line-to-line

capaci tance val ues equal to approximately half of the l|ine-to-ground

capaci tance vajaes Anﬁe @ﬁaﬁohmgelectmmc conﬁﬁﬁgﬂtt;duﬁﬁﬁm el ectronic conmponent .
20 23. A line conditioning electronic conponent as recited in

claim 19, wherein tihRast one comhédt %ﬁﬁ?édﬁﬂu&ﬁfve ﬁﬁteqlaaﬁiﬁla?ﬁgt two\msilbtidger ent i al
pl ates and said at |east one conmon ground ate creates a Faraday

shi el d encig cl jgu@pd separating each of said fi rst and second
74

at least two electrode plates, wherein each of said at least two electrode plates is
comprised of a material having predetermined electrical properties, wherein each of said
at least two electrode plates includes a conductive surface having a coupling aperture;
wherein each of said at least two electrode plates is coupled to opposite sides of
10  said at least one common ground conductive plate with said conductive surfaces of said
electrode plates directed :away from said at least one common ground conductive plate;
and
at least one pair of electrical conductors, wherein each of said electrical
conductors is disposed through and connected to one of said coupling apertures of said
15  electrode plates and disposed through the respective insulating aperture of said at least
one common ground conductive plate creating a capacitive element coupled between said
pair of electrical conductors and creating two capacitive elements coupled between each

of said electrical conductors and said common ground conductive plate.

20 14, A line conditioning electronic component as recited in claim 13, wherein said
material having predetermined electrical properties is selected from the group consisting
of diclectric materials, metal oxide varistor materials, ferrite materials, sintered

polycrystalline materials and ferroelectric-ferromagnetic composite materials wherein the



differential bands while reduci ng nmutual inductive coupling between said

first and second differential bands. - 24. A line

condi tioning el ectronic conmponen | | | aim 19, wherein said 5
predet er m nggh RSk i cal pr opert;ﬂmmﬁmﬁgﬂkgﬂﬁl is sel ?E‘Jr/%g”;o g the
group consi sting of capaci snu~over vol {dge and surge

suppression, capacitive and inductive filtering, and conbi nati ons of
capacitive, inductive and suppression properties wherein the
particul ar substance which said mat eri al’0i s conprised of will determ ne the

specific . performance in both filter and suyge otection functions.
10 pcparticular matedal vy &FPFB‘HFHGSB‘F%‘I&H‘H%W“E% o é‘a‘irﬂ’r’?si ng:
at | east one comon ground plate having a commobn conductive el ectrode and
an i JBPIEEHOBAMICHARS- on ei t her end which extends the width of said at
| east one common ground plate; 15 at least two
differential plates having a conductive el ectrode and an isolation band
along three of said differential plates four sides, wherein said first
di f f er ent i all3pl atfelinesonditioning electronisEoppprsit crmipdis®&mon gr ound pl ate and
said second differential plate is stacked above sai d conmon ground
pl ate, wderein saipipts having twp didsswith Sest andcseetinfl apsrawasidispoged an said plate,
oriented so their sides which do not have isolation bands are placed in
opposi ng di rnderéimsaid plae is cammiised ofreaterval hiavisgyiredetesmingd eloctrical prpedies;sai d
common ground pl ate; a material having predeterm ned
el ectrical properstiddsst sidkof smidplsteindiudet efiisedondigctive surface, whiereimsainkfikrstoet ween
said at | east one commobn ground plate and said at |east two
di f f er ent i alappihae islectridlly coupled to said first conductive surface and said second aperture is

electrically isolated from said first conductive surface;

10 said second side of said plate includes a second conductive surface, wherein said
first and second apertures are electrically isolated from said second conductive surface;
and

said first and second conductive surfaces are electrically isolated from each other.

15 16. A line conditioning electronic component as recited in claim 15, wherein said
material having predetermined electrical properties is selected from the group consisting
of dielectric materials, metal oxide varistor materials, ferrite materials, and sintered
polycrystalline materials wherein the particular material will determine the specific
performance of both filtér and surge protection functions.

20
17. A line conditioning electronic assembly comprising:

first and second plates, each of said plates having two sides with first and second

apertures disposed in said plate, wherein said first and second plates are comprised of a



75 . a first differential band, a second-differential band and

a commn Fzrd%ggg,;;;mpl ed o [AITNMRAMITRVRF cne' e 5% © par
Vv

band
wherei n said e el ectrode of tsatd Second dif f er ent | ZCTHSINUNA0g

coupled to said second differential band, and wherein said
conductive el ectrode of said common ground 5 plate is coupled to said
common band creating a capacitive el enent7toupl ed between said first
and second differential bands and two capacitive el enents coupl ed between
each of mategiakhavingpredgistmined elaeirien! properties;i al bands and sai d conmon
band. 26. A line conditioning electronic assenbly conprising at

| east two |ine conshid fishdideof said firstahé sacondplatesinpiudescrfirst condyctive sueface,n cl ai m
25, wherein said first and second |ine conditiaoning electronic

conponent s ar ehsteincdaildirstapertwre istel atrivally caupied to said first conductive sarifate hnd sid
differential bands of said first and second |line conditioning electronic
conponent s ar secohdayertureds elgctricullylistatédfrem €aid fiest benidnctbeistrfscesond
differential bands of said first and second |line conditioning

el ectroni c5conponesHidseddn sidecsTlsild Gindt labid Seord fsles iBiclade a sééond candictivy , and
said common bands of said first and second |ine conditioning electronic

conponent's ar gurfdce,GiHerdibdidy fisOatl s%ébnﬂ@r;&ﬂﬂesaa?@él%ﬁcall& R cdrdth 844 Sdeord | Y
coupling said first and second line conditioning electronic

conponent's i ncopfadtiveRurface; and
said first and second conductive surfaces of each of said first and second plates are
electrically isolated from each other;
10 wherein said first and second plates are stacked with said second sides of said first
and second plates adjacent and electrically coupled to one another; and
said apertures of said first and second plates align to receive a plurality of

electrical conductors.

15 18.  Aline conditioning electronic assembly as recited in claim 17, further comprising;
a common ground conductive plate having first and second apertures disposed in
said common ground conductive plate;
said common ground conductive plate is positioned between and electrically
coupled to said second sides of said first and second plates; and
20 said first and second apertures of said common ground conductive plate align with
said first and second apertures of said first and second plates to receive a plurality of

electrical conductors.



26. A line conditioning electronic assenbly as recited in claim 26,
further conprising 20 at | east”tTwo additional comon ground pl ates

wherein said first additional nd plate is stacked above
said line c I ng el ect ronﬁmnguulrluluuumﬂtal d secon

addi ti onal ?g%gwgaround plate is stadked b&l ow said I|i neq,ggﬁJ 9%’?’8‘8, ng

el ectronic assenbl y.

76 27. A line conditioning electronic assenbly as recited in claim
26, further conprising an additi ohal common ground pl ate between

said at |ea Line ond| ti.oning el ectronic . conponent s t her eby
provi di ng i ﬁér e\ggellfwé’f’% fiomag ¢le @Bﬁéﬂ%ﬂ‘%ﬁ%@ﬁngal d first and second

| ine conditioning electronic co nts. . ”
condi ti oni ng el egtt Ip3shpre co é’ﬁ’ﬁ l?aé’?’\gg"cﬁm%@ﬁ‘ﬁ‘ﬁwet?lﬁ??%”éila@ct ronic
conponent as reci ed in.claim wherein said |jne conditionin undect ronic

conponent  isolation hand on cithergad; clhaﬁ"té"ngs( the witth ofaid at lgast oge ppmon,

sai d capaC|tor is electrically coupled between said first and said second
di f f er ent i alPlateg bands of ‘said |line conditioning electronic conponent.

5 at least two differential plates having a conductive electrode and an isolation band
along three of said differential plates four sides, wherein said first differential plate is
stacked below said common ground plate and said second differential plate is stacked
above said common ground plate, wherein said first and said second differential plates are
oriented so their sides which do not have isolation bands are placed in opposing directions

10  and aligned with said isolation bands of said common ground plate;

a material having predetermined electrical properties, wherein said material is
maintained between said at least one common ground plate and said at least two
differential plates; and

a first differential band, a second differential band and a common band, wherein

15  said conductive electrode of said first differential plate is coupled to said first differential
band, wherein said conductive electrode of said second differential plate is coupled to said
second differential band, and wherein said conductive electrode of said common ground
plate is coupled to said common band creating a capacitive element coupled between said
first and second differential bands and two capacitive elements coupled between each of

20  said first and second differential bands and said common band.

20. A line conditioning electronic component as recited in claim 19, wherein said

material having predetermined electrical properties is selected from the group consisting



29. A line conditioning electronic corrponent corrpri si ng: at
| east one conmmon ground conductive plate f orrre a support nmateri al
havi ng predeterm ned el ectri cal ﬂl‘“ ‘H“ a plurality of
first and sec¥RA®PFPBctrode pl ate ur al i ty oPCF/I$99{01040

el ectrode plates are fornmed upon afi rst support mat eri al havi ng

predeterm ned el ectri cal properties and said plurality of second
el ectrode plates are formed upon a second7support mat eri al havi ng
predeterm ned el ectrical properties; wherein said plurality

of first el ecofdiclectri¢ matesialaymetsltoxieodristromaterials, ferrite thateriuls, sintered20  common .
ground conductive plate and said plurality of second el ectrode plates are
st acked polpearysiallisemeaterils hrebfetroclevtric ferromagi@tio vatpasite diattiale evhplet e
wherein said plurality of said first electrode plates and said

plurality of patichlaracadibl eilbdsteratie: the speCific paficiniafide if b filfer and surge | east one
center comon ground conductive plate;

77 proteciéitfuattibnsai d support naterial isolates said common ground
conductive plate, said plurality of first electrode plates and said
plurality f second el ectrode plates preventing direct electrical

connection between said plates; and said at | east one conmon

ground conducpive RliateondiRinthgRldtiratit b¥mmtinedt & $dcited ATIARAD, further
comprising a plurality of differential plates and a plurality of common ground plates,
wherein each of said plurality of differential plates and each of said common ground
plates cooperates to form a capacitive element coupled between each pair of said
10  differential bands and creating a capacitive element coupled between each of said

differential bands and said common band.

22. A line conditioning electronic component as recited in claim 19, wherein said at
least two electrode plates have equal and balanced electrical characteristics and said at
15  least two electrical conductors are electrically polarized opposite of one another, wherein
said equal and balanced electrical characteristics in cooperation with said electrically
opposite polarized at least two electrical conductors result in line-to-line capacitance
values equal to approximately half of the line-to-ground capacitance values for said line
conditioning electronic cbmponent.
20
23. A line conditioniilg electronic component as recited in claim 19, wherein the
interlacing of said at least two differential plates and said at least one common ground

plate creates a Faraday shield encircling and separating each of said first and second



5 plates, said plurality of second el ectrode plates and said support
material forma plurality of differential and common node filters.
30. A line conditioning electronic conponent as recited in claim?29,

wher ei n sai Gyo9ga7ees SUPPOrt mat erlmllmmu'ﬂ"mjmm rm ned 5970164
properties is selected fromthe gr Fing of dielectric
materials, metal oxide varistor mat'eri‘al s, YerYit*e materials, sintered
pol ycrystalline materials and ferroel ectJi c-ferromagneti c conposite

materials wherein the particul ar faterial will deternine the

157" 507 P RO B AR Fsing Bl maiete Fovmtom e B R BRI 1 2o,

further . coqﬁ%is'ng a material having predeterm ned el ectrical
properties, SFsFRY *d material is mai nt ai ned between said at
| east one common ground conductive plate and said plurality of first

and second el ectrode plates preventing direct electrical connection between
sai d ates,. 20, . . 32.., A line conditionjng electronjc
conponent asﬂ* eci4 lige ¢onditioning plsefroniq qompepent as recited ip plaim g?’l’iﬁ“’?“b’faldr ality of
first differential bands, a plurality of second differential bands

and a pl ut al Predetesmined gleptrica prapsrty of sald material is selected from the group consisting of

capacitive filtering, over voltage and surge suppression, capacitive and inductive filtering,
and combinations of capacitive, inductive and suppression properties wherein the
particular substance which said material is comprised of will determine the specific

performance in both filter and surge protection functions.

10
25. A line conditioning electronic component comprising:
at least one common ground plate having a common conductive electrode and an
isolation band on either end which extends the width of said at least one common ground
plate;
15 at least two differential plates having a conductive electrode and an isolation band

along three of said differential plates four sides, wherein said first differential plate is
stacked below said common ground plate and said second differential plate is stacked
above said common ground plate, wherein said first and said second differential plates are
oriented so their sides which do not have isolation bands are placed in opposing directions
20  and aligned with said isolation bands of said common ground plate;
a material having predetermined electrical properties, wherein said material is
maintained between said at least one common ground plate and said at least two

differential plates; and



78 - wherein each of said plurality of first electrode plates
Is electrically connected to one of said plurality of first

differenti al X [ h of said plurality of second
el ectrode pl a%rs}g’rs"@“%l ectri Ca'\ﬂl\!‘\mmmm to one of PEANUSMO0AI ity
of second differential bands; c » s * wherein said at | east one
common ground conductive plate is electrically connected to each of
said plurality of commobn bands, thereby fgsm ng a capacitive el enent
bet ween each of said first and second differential bands and two capacitive
el enent s bet ween eadistdifferentidl Yand st second differemial linfl faed £ cérmbn bardgdehéaed sai d
plurality of common bands. 10 33. A line conditioning

el ectroni ¢ corspidreenductive elentiotieoff safd firktadifferial platetid\@upled to said SRAFeRhig at

| east two common ground conductive plates, wherein said first conmon

ground conduc thaud; whegdresaidscontwstive electisde of said Sbcond diffbrehtial plateSiabéhplddts baid
el ectrode pl ates and sai d second common ground cohductive plate is

stacked bel ow seevnd differéntibi bayid,Glnd Svdiefdin shitl con&RAPEEleRIoBE bt StEcoMASEStound

34. A line conditioning electronic conmponent conpri sing:

| east one GomMplite BlcobplE QRS b%@ér&aﬁ%@%%%ﬁcft‘iﬂ@@leﬁeﬁt‘&?@% beRE& safd
havi ng predeterm ned el ectrical properties; 0 rst and second

el ectrode pl atfisandbebid diffeRhshl bhids an bis LbRGEvetididits' coub10l BET PP of

said first and second differential bands and said common band.

26. A line conditioning electronic assembly comprising at least two line conditioning
10 electronic components as recited in claim 25, wherein said first and second line

conditioning electronic components are stacked upon each other; and

said first differential bands of said first and second line conditioning electronic

components are electrically coupled to one another, said second differential bands of said

first and second line conditioning electronic components are electrically coupled to one
15  another, and said common bands of said first and second line conditioning electronic

components are electrically coupled to one another, thereby electrically coupling said first

and second line conditioning electronic components in parallel.

26.  Aline conditioning electronic assembly as recited in claim 26, further comprising
20  atleast two additional common ground plates wherein said first additional common
ground plate is stacked above said line conditioning electronic assembly and said second

additional common ground plate is stacked below said line conditioning electronic

assembly.



a first support material having predeterm ned electrical properties and
sai d second el ectrode plate is forned upon a second support materi al

havi ng predeterm ned el ectri cal U"’mmﬂmmjggg

79 erein said fir e is st ve said
WO .

at | east one cg%r'r’g%w ground cbnductd ve l wand Sal%&gﬁﬁ&

el ectrode plate is stacked bel ow said at | east one common ground

conductive plate, wherein said first electrode plate and said second

el ectrode plate sandwich said at |east offe center common ground conductive
pl at e; 5 wherein said support material jsolates said ¢conmon

ground condudli veA pinasenditioning electronic asserplly agyegitad i ghainy 26, farther gorapfistigs econd
el ectrode plate preventing direct electrical connection _ | bet ween sai d
pl ates; and anadditional common greyng plate hetmeen said at leaskivmlingconditioninhelertionife
plate, said first electrode plate, said =~ second electrode plate and
sai d suppor t compoaents thereby proaiding inereased eledtrienl isplatiembatweenapid firt@nd sesenthon
node filters. 35. A line conditioning el ectronic conponent as
recited in clisd on@itioning electronicepmponents.  support nmaterial havi ng
predeterm ned el ectrical properties is selected fromthe group
consisting of dielectric materials, netal oxide varistor materials, ferrite
materials, sintered

28. A line conditioning electronic assembly comprising a line conditioning electronic

component as recited in claim 25, wherein said line conditioning electronic component

and a capacitor are stacked upon each other, and

said capacitor is electrically coupled between said first and said second differential

10  bands of said line conditioning electronic component.

29. A line conditioning electronic component comprising:
at least one common ground conductive plate formed upon a support material
having predetermined electrical properties;

15 a plurality of first and second electrode plates, wherein said plurality of first
electrode plates are formed upon a first support material having predetermined electrical
properties and said plurality of second electrode plates are formed upon a second support
material having predetermined electrical properties;

wherein said plurality of first electrode plates are stacked above said at Ieast one

20  common ground conductive plate and said plurality of second electrode plates are stacked
below said at least one common ground conductive plate, wherein said plurality of said
first electrode plates and'said plurality of said second electrode plates sandwich said at

least one center common ground conductive plate;



15 pol yerystalline materials and ferroel ectric-ferromagnetic conposite
materi als wherein the particular material will determ ne the

speci fic performance of both II m protection functions.
36. A line ¥BA#PTMYHNI ng e Wl WIILHHH Hmt as recited i RCEMUSIMIEN,
further 20 conprising a plarafity Jf first differential bands, a

plurality of second differential bands and at | east one common band,
wherein said first electrode plate is elegirically connected to one of said
plurality of first differential bands;

80 VWhkdréin Baid Shppoft @fdidiiAl RbRates ¢ orithar Sroufd Ednddtive Ritd, Yaid
connected to one of said plurality of second differential bands; and

wherein sai d plurdlipsfifirsttfectode Plitedind\$hid phRAlfy 6f dekshdletirdé Slarh pebénting! | y

connected to said at | east one common band, thereby form ng a capacitive

element 5 dip&t WRGtHcAa dbrthebtionYetvidafl s5i8 pfd; Adf ferential bands and two
capacitive el enents between each” of said first and second

differential bandssaiigl 16 dhe@bminBa$tounl SoriBEIVRDIARE B4kd plurality of firselectrodd® | 1 NE
condi tioning el ectronic conponent gso rec?te%ﬁqa% c%a?mpéldrf "¥8r?’i§er°°
5 plates, said plurality of second electrode plates and said support material form a plurality

of differential and common mode filters.

30. A line conditioning electronic component as recited in claim 29, wherein said
support material having predetermined electrical properties is selected from the group

10  consisting of dielectric materials, metal oxide varistor materials, ferrite materials, sintered
polycrystalline materials and ferroelectric-ferromagnetic composite materials wherein the
particular material will determine the specific performance of both filter and surge

protection functions.

15 31.  Aline conditioning electronic component as recited in claim 29, further
comprising a material having predetermined electrical properties, wherein said material is
maintained between said at least one common ground conductive plate and said plurality

of first and second electrode plates preventing direct electrical connection between said
plates.

20
32.  Aline conditioning electronic component as recited in claim 29, further

comprising a plurality of first differential bands, a plurality of second differential bands

and a plurality of common bands;



conprising at |east two common ground conductive plates, wherein said first
comon 10 ground conductive plate is stacked above said first el ectrode
pl ate and said second comon ground conductive plate is stacked

bel ow sai d ectrode plate. ml i ne Lt oni ng

el ectronic g‘g‘ggﬁg’f"g“l conpri sed of atmw‘s\““ummmt“‘* d seco‘:%gl%styb’&% l'ine
condi tioning el ectroni c conponent as*recited® n®claim37, wherein said
first and 15 second line conditioning electronic conponents are stacked
upon each ot her, thereby electrid8l 1y coupling said first and second
| i ne conditioning el ectronic_ conponents in paral | el . 39.

A |ine conditi oniwhyrein each pbsaidplughifysf &intt cleetrqsie platasds eleorically connected togt | east
one common conductive plate having an isolation barrier on either end

whi ch ext endenetof saiduplyratitiosf fistidiffeentiablbands;one common conductive pl ate,
wherein said common conductive plate conprises a filmhaving a
conduct i ve surf acéhetrimpeash pfshid plurslity of second eleetrode plates iaraleciiraly ponnseid

i solation barriers are forned by renoving predeterm ned

81 pdptohepfsaist pletality of sacduddiffersntial birsdsand at | east two
el ectrode plates each having a first isolation barrier and a second
5 wherein said at least one common ground conductive plate is electrically

connected to each of said plurality of common bands, thereby forming a capacitive
element between each of said first and second differential bands and two capacitive
elements between each of said first and second differential bands and said plurality of
common bands.

10
33. A line conditioning electronic component as recited in claim 29, further
comprising at least two common ground conductive plates, wherein said first common
ground conductive plate is stacked above said plurality of said first electrode plates and
said second common ground conductive plate is stacked below said plurality of said

15  second electrode plates.

34.  Aline conditioning electronic component comprising:
at least one common ground conductive plate formed upon a support material
having predetermined electrical properties;
20 first and second electrode plates, wherein said first electrode plate is formed upon
a first support material having predetermined electrical properties and said second
electrode plate is formed upon a second support material having predetermined electrical

properties;



I solation barrier, wherein said first isolation barrier and said second
| sol ation barrier di vide each of said electrode plates into three

electrically isolated area ' 5 within said first isolation
barrier form W%®8®%ri nar j |“||mumﬂﬂmmm n; PCTAISIIPI040r St

el ectrode plate is stacked bel ow sai 8 cbmmon conductive plate and said
second el ectrode plate is stacked above said conmmon conductive pl ate,
wherein said first and sai d second7el ectrode plates are aligned so
their first isolation barriers are positioned opposi te one anot her,
and wherein sai d awhéreiasaidifins elebteadeplaieistaskedabovesdid at leastdnd cohmbeast 10
one comon conductive plate; and at |l east two conductive

term nal, whegsiund sdiddctivieplite drdrsiidsadont elec@ode/phifl is Stacitddbelow said at abtBALY
el ectrode pattern of said first electrode plate and said second terminal is

coupled  commos giolindedndaétive plads; Wherth sl firsielbcbdoilitd asPaisbeidect r ode
plate creating a capacitive el emrent coupl ed between said first and

sai d second tereaﬁmlg&t@éhddﬁfcﬁaﬁ& BledsVOneSRRARE omniéh grdund coRRARE bRateC OUP! ed
bet ween each of said first and said second term na%rs and sai d conmon

conduct i vespl ate. wherein said siport mdteridl 361afc0 84li E&rﬁ:ggxg ?ro?ﬁmg%ﬁrdg@%vr@ 8&2@? gent

as recited in claim39, wherein said at pl at es
have equal = and:paicansuedioel &nlkitsalond BREAGH Bl SirbASuAN iR oheast
two conductive tererri nacl‘as are éllectc'gllﬁclgi5 y gg‘i‘i‘;ﬁ zeﬁb%ﬁ%g{ﬂ?cetﬁ%aflc%%eecmh
anot her, wher i een said lgé@iagd equal and bal anced el ectrical characteristics
I n cooperation w txf'u SaII, électrically opposite pol arized at | east

caual to approxi ety st o Hhinbich Sroohd Bl o 3R Bk Bl or °°

said line second electrode plate and said support material form a plurality of differential and

10 common mode filters.

35.  Aline conditioning electronic component as recited in claim 34, wherein said
support material having predetermined electrical properties is selected from the group
consisting of dielectric materials, metal oxide varistor materials, ferrite materials, sintered
15  polycrystalline materials and ferroelectric-ferromagnetic composite materials wherein the
particular material will determine the specific performance of both filter and surge

protection functions.

36. A line conditioning electronic component as recited in claim 34, further
20  comprising a plurality of first differential bands, a plurality of second differential bands
and at least one common band;

wherein said first electrode plate is electrically connected to one of said plurality

of first differential bands;



82 condi tioning el ectroni c_conponent. 41. A line
conditioning el ectronic conponent as recited in claim39, wherein the
interlacing of said at |east two ellﬂmmmﬁlmmm:ﬂ" d said at | east one
common cond ' 5 plate creat 'EI d engj | ach of
sai d at Iea;kt%?élelgogl ectrical conductor§ ' " shitle redu%@%@ﬂ@l

I nductive coupling between said at | east two electrical conductors.

42. A line conditioning electronic conponent as recited in claim 39,
wherein said predet erni ned el ectrf0cal property of said conductive
surface of said film,s selected from 10 the group consisting, of
capaci tive filterVigein sigpecy 5%@"@%1%%%?‘6@’%%5?@%@&?9“&8&?& tive

and inductive filtering, and conbi nations of capacitive, inductive and
suppr essi on Plurality of second diffegeatialhands; 804 he particul ar subst ance which said
material is conprised of wll determ ne the gspecific, performance in
both filter and swhiesin paidetdeast ene commonigeyed condugtiye plaieis electsicalt or | i ne
condi tioning el ectroni c component conpri sing: ) .. at least one
conmon  conduednpecieddp seid pblgest one common band, theraﬂ foraning a eapaciivmelerment v e

el ectrodes, wherein said first conductive el ectrode is stacked bel ow
sai d conmbn bstwerncaid\fisstahd sqcourtidiffenenkial hinds autiwoctapasitive slemeatsdeisen ode i s

each of said first and second differential bands and said at least one common band.

37. A line conditioning electronic component as recited in claim 34, further
comprising at least two common ground conductive plates, wherein said first common
10  ground conductive plate is stacked above said first electrode plate and said second

common ground conductive plate is stacked below said second electrode plate.

38. A line conditionihg electronic assembly comprised of at least a first and second

line conditioning electronic component as recited in claim 37, wherein said first and
15  second line conditioning electronic components are stacked upon each other, thereby

electrically coupling said first and second line conditioning electronic components in

parallel.

39. A line conditioning electronic component comprising:

20 at least one common conductive plate having an isolation barrier on either end
which extends the width of said at least one common conductive plate, wherein said
common conductive plate comprises a film having a conductive surface deposited upon

said film, and wherein sdid isolation barriers are formed by removing predetermined



stacked above said common conductive e_I___éctrode, wherei.n said at |east two
conductive 20 el ectrodes sandwi ch said at | east one conmbn conducti ve

el ectrode; a materi aI,Mﬂnll,ﬂﬂlmn " I ned el ectri cal
properties, W8N aid material i t ﬂlﬂgd bet WBERUSHNG1044t

| east one conmon conductive el ectrode dnd‘sa'd %t *l east two

conducti ve el ectrodes; and

83 a first conductive band, 88 second conductive band and a
common band, wherein said first conductive band is coupled to said
first conduct pomions efsaidedaductive suaface;second conductive band is coupled
to said second conductive el ectrode, and wherein said connon

conducti ve el ect r ostdeasstwootierirede plates edch havingofirsbizoldtiar adiéragd a seapdici ti ve

5 el enment coupl ed between said first and said second conductive bands and

t wo capaci t i vdsolation bareiex hetfein sajd fixktdsbliiivh\Wagidr sicdaidakeondiighldtioh Bhrrignd sai d
second conductive bands and said comon band. 44. A ot or

l'ine condi ti odivids catleef satiel 6o plaecinto thfee eREAR ikdlated avesd with thelaraei n 10
said material having predeterm ned el ectrical properties is selected from

the group 5  withtnOsasd firkd i86latithn biirRk EtinfrgthdBrirRary dleStrod¥afiémOXi de vari stor
materials, ferrite materials, and
said first electrode plate is stacked below said common conductive plate and said
second electrode plate is stacked above said common conductive plate, wherein said first
and said second electrode plates are aligned so their first isolation barriers are positioned
opposite one another, and wherein said at least two electrode plates sandwich said at least
10 one common conductive plate; and
at Jeast two conductive terminal, wherein said first terminal is coupled to said
primary electrode pattern of said first electrode plate and said second terminal is coupled
to said primary electrode pattern of said second electrode plate creating a capacitive
element coupled between said first and said second terminals and creating two capacitive

15  elements coupled between each of said first and said second terminals and said common

conductive plate.

40. A line conditioning electronic component as recited in claim 39, wherein said at
least two electrode plates have equal and balanced electrical characteristics and said at
20  least two conductive terminals are electrically polarized opposite of one another, wherein
said equal and balanced electrical characteristics in cooperation with said electrically
opposite polarized at least two electrical conductors result in line-to-line capacitance

values equal to approximately half of the line-to-ground capacitance values for said line



sintered polycrystalline materials wherein the particular material wll
determ ne the specific performance in both filter and surge
protection functions. 15 jm] ’A | ine conditioning electronic

corponent sogy UM o= R e

at | east two pl g@é’épof materi a
and at least two conductiVe él eetrode pl ates wherein said
first conductive el ectrode plate is stacked bel ow said common
conductive plate and said second conduct®ve 20 el ectrode plate is
stacked above said common conductive plate, wherein said plates of
mat eri al haveorgditiopiag elegironiceomnoneds r i cal properties are maintained between
and physi cally separate said conmon conductive plate fromsaid first
and said second conductive el ectrode plates.
84 46. A line conditioning electronic conponent conprising:
at | east onetlconmblingeandiignive plécianic compopenst aswgeiteddn elpim 3% a¢hereigthe nsul at i ng
apertures; at least two el ectrode plates each having at |east
one i nsul at i intgrlaging oflsaisl a4 kedstawo elsctrode platas andsaidatdeast ang common gemsiuchiyeer ei n
said first electrode plate is stacked bel ow said

5  plate creates a Faraday shield encircling each of said at least two electrical conductors

while reducing mutual inductive coupling between said at least two electrical conductors.

42. A line conditioning electronic component as recited in claim 39, wherein said
predetermined electrical property of said conductive surface of said film is selected from
10  the group consisting of capacitive filtering, over voltage and surge suppression, capacitive
and inductive filtering, and combinations of capacitive, inductive and suppression
properties wherein the particular substance which said material is comprised of will

determine the specific performance in both filter and surge protection functions.

15 43. A motorline con&itioning electronic component comprising:
at least one common conductive electrode;
at least two conductive electrodes, wherein said first conductive electrode is
stacked below said common conductive électrode and said second conductive electrode is
stacked above said common conductive electrode, wherein said at least two conductive
20  electrodes sandwich said at least one common conductive electrode;
a material having predetermined electrical properties, wherein said material is
maintained between said at least one common conductive electrode and said at least two

conductive electrodes; and



common groeound conductive plate and said second electrode plate is stacked
above said common ground condueti ve plate wherein said at |east two
el ectrode pl ates sandw ch | enter conmmon ground
conducti ve plWe8&9/37008 WH t! jl cal conPOBUSAGIMP sposed
t hrough said apertures of said co conductive plate and
said at |east two el ectrode plates, wherein each of said at | east
two conductors is electrically connected g a different electrode plate;
and a material having predeterm ned el ectrical properties,
wherein said mat erd fdst doiductive band|'Réedbid duRbudtOE BEAANE @ icOmfdHTHaN, Wheréind
conductive plate and said at |east two el ectrode pl at es preventing

direct el ectrifidfirsceonaastive Bihdie EOUPRIA t6 didl fiktk edrAfictive @REIrGHE and 6@ 8cond Ve 15
el enment coupl ed between said at |east two electrical conductors and

creating twWo conductive bBRRES coupldd t6 Eﬁﬂﬁé&)ﬁd céHafictive dRbBsHeDaiawaRReiRBAd el ectri cal

conductor and said comron ground conductive plate and the other
coupl ed bet weggnhhe dﬁhﬁk&f &l @E&d §@<J e RluGd &fmﬂlﬁo tin &G@yETon
ground conducti ve pT vesle ot uP % ne con |ain?8ﬁ?ng el gtroni C

assenbl y co ”pélkrﬁbrg%o\gﬂédd ﬁb@y{e&lgfﬁhmﬁh&‘ ng%]egﬁd &H V\g&uve bands mg@ﬁ?)r 2 ?&Env%s

recited in claim erel n sal

conponent ';D@Eﬁ%?gon‘ﬁikd% bdifi of S ‘gc | Y s‘ééo%ﬁtcfn?d}kgvtmen Sal a“d

said first onen I'S I'cal l'y couple first
el ectrode pl at qm%\gdbs%! d common

44. A motor line conditioning electronic component as recited in claim 43, wherein
10  said material having predetermined electrical properties is selected from the group

consisting of dielectric materials, metal oxide varistor materials, ferrite materials, and

sintered polycrystalline materials wherein the particular material will determine the

specific performance in both filter and surge protection functions.

15 45. A line conditioning electronic component comprising:
at least one common conductive plate;
at least two plates of material having predetermined electrical properties; and
at Jeast two conductive electrode plates wherein said first conductive electrode
plate is stacked below said common conductive plate and said second conductive
20  electrode plate is stacked above said common conductive plate, wherein said plates of
material having predetermined electrical properties are maintained between and
physically separate said common conductive plate from said first and said second

conductive electrode plaies.



85 ground conductive plate. 48. A line conditioning
el ectronic assenbly as recited in claim47 further conprising a
second I\/D\/ conponent, wherein said second MOV conponent is stacked on said

<6l et ri cHRgElobe” ”gcﬁtﬁféémlﬂﬂﬂﬂmmﬁﬂlﬂﬂlﬁniaéf’eif‘ﬁ NP o <ai d

common ground conductive pl ate. *Aline condltlonlng

el ectronic assenbly as recited in claim 25 “further conpri si ng:

first and second i nductive encl osures ﬁﬁereln said first inductive

enclosure is cou&88d to said flrstmglfferentlal band and said second.
mpon

i nductive effel os%P’ée qonditiging elgetpagic co SPEEEONd differential band;
at | east one conductive term nal cou led to and
a plurality of tableastoas commprgropn{ con °@¥%Pla@i‘é‘”8$ a@gﬂgﬁﬂ lﬂ?"quy of

termnals is coupled to said first inductive enclosure and at | east
one of sai STl ity of term naI sis 15 coupled to said second

i nductive encl osure. A line condltlonln elect ni c assenbly
as recited i n clahleastago elﬁﬁ&déil’h‘t%&?@ha"mg atle@h%‘!‘b‘gﬂ‘ll”é@ ‘H@Iaﬁde at

| east one aperture in which at |east one of said plurali ty of
termnal% ileastpayroupling apertersywhesein srid firsteleqtiodeplatedsgtacked biFlow sdd; g
corresponding 20 differential band.

common ground conductive plate and said second electrode plate is stacked above said

common ground conductive plate, wherein said at least two electrode plates sandwich
said at least one center common ground conductive plate;

at least two electrical conductors disposed through said apertures of said common

10  ground conductive plate and said at least two electrode plates, wherein each of said at

least two conductors is eiectrically connected to a different electrode plate; and

a material having predetermined electrical properties, wherein said material is
maintained between said common ground conductive plate and said at least two electrode
plates preventing direct electrical connection between said plates creating a capacitive

15  element coupled between said at least two electrical conductors and creating two

capacitive elements, one coupled between one electrical conductor and said common
ground conductive plate and the other coupled between the other electrical conductor and

said common ground conductive plate.

20 47. A line conditioning electronic assembly comprising a line conditioning electronic
component as recited in claim 46 and a first MOV component, wherein said first MOV
component is stacked on said line conditioning electronic component and said first MOV

component is electrically coupled between said first electrode plate and said common



51. A line conditioning electronic assenbly as recited in claim 49,
wherein said first and second inductive encl osures are conprised of

2 ferrite maiggphrms MIMEN ecrussmon
* c L M N *

85

ground conductive plate.

48. A line conditioning electronic assembly as recited in claim 47 further comprising a
second MOV component, wherein said second MOV component is stacked on said line
5  conditioning electronic component and said second MOV component is electrically

coupled between said second electrode plate and said common ground conductive plate.

49. A line conditioning electronic assembly as recited in claim 25, further comprising:
first and second inductive enclosures wherein said first inductive enclosure is
10 coupled to said first differential band and said second inductive enclosure is coupled to
said second differential band;
at least one conductive terminal coupled to said common band; and
a plurality of terminals, wherein at least one of said plurality of terminals is
coupled to said first inductive enclosure and at least one of said plurality of terminals is

15  coupled to said second inductive enclosure.

50.  Aline conditioning electronic assembly as recited in claim 49, wherein said
enclosures each include at least one aperture in which at least one of said plurality of
terminals is disposed thereby making electrical contact with said corresponding

20  differential band.

51.  Aline conditioning electronic assembly as recited in claim 49, wherein said first

and second inductive enclosures are comprised of a ferrite material.



