ORI ENTATI ON- | NSENSI Tl VE ULTRA- W DEBAND COUPLI NG CAPACI TOR AND METHOD OF
MAKI NG | CROSS REFERENCE TO RELATED APPLI CATI ONS 2 The i nst ant

non- provi si onal application clains priority fromprovisional application 3
nunber 60/503,183, filed Septenber 15, 2003, and entitled ULTRA-WDEBAND 4 |
COUPLI NG CAPACI TOR. 5 BACKGROUND OF THE INVENTION 6 Field of the

I nvention: 7 The present invention relates to an ultra-w deband coupling

capacitor, and nore b MO INSEN: GHA- A relates to an
orientation-insensi t| AcWpderro pgr;i g?gg@m(pr and net hod of
maki ng. 10 Description of the Prior Art 11 As shovvn in FIGURES 1 and 2,

whi ch are, respectively, a schematic diagramof a 12 prior art
ul tra-w deband coupling capaC| tor andTan exI oded di ag at i ¢ perspective

view 13 ol a prior artCBOSpRERERI a2 S prior art
ul tra-w deband coupling capacr tor 14 10 is a par aI lel conbination of a
hi gh value capacitor 12, typically 10 nanofarads or greater, 15 and a |ow

val ue capagitor 14%&%&51%5& ro?i@ioﬂdlﬁﬁﬂﬁitﬁq%ra}res ARRioPi &R hRfvahal Aplicasn be
seen, 16 capacitors 1n parallel result in w der operating bandw dths. 17

The prior 3art nuinberaéWbebeisan dileio Ggitemigr CES cH08,0 andl Gniidede iUTERA-SIREBSED of
two or nore 18 physical itens which require precise assenbly or a single
ceramc a%enﬂ%@ﬁwoﬂ |

5 BACKGROUND OF THE INVENTION

1) Field of the Invention:

7 The present invention relates to an ultra-wideband coupling capacitor, and more

8  particularly, the present invention relates to an orientation-insensitive ultra-wideband coupling

9  capacitor and method of making.

10 Description of the Prior Art:

11 As showrl in FIGURES 1 anci 2-,. wl-l-ich are, respectively, a schematic diagram of a
12 priorart ultra-wideband coupling capacitor, and an exploded diagrammatic perspective view
13 ofaptiorart ltra-wideband coupling capacitor, a prior art ultra-wideband coupling capacitor
14 10 is a paralle] combination of a high value capacitor 12, typically 10 nanofarads or greater,
15  and a low value capacitor 14, typically 20 picofarads to 250 picofarads. As can be seen,

16  capacitors in paralle] result in wider operating bandwidths.

17- The prior art ultra-wideband coupling capacitor 10 is either composed of two or more

18  physical items which require precise assembly or a single ‘ceramic assembly which must



1l internally include conplex multiple capacitor configurations, and via

‘holes that interconnect 2 internal electrodes to external contacting pads.

Both of these famly of devices have larger 3 than desired physical
footprints and can only be nmounted on one specific side of the device 4
making themdifficult to use where surface nount technology (SMI) is

enpl oyed. 5 Electrically size limtations result in both high insertion
and return Iosses | so cause 6. excessive_ surface npding at, hi gher

- mi crowave fleq U‘BF?E‘? m der‘??é‘ﬂﬁ‘&ﬁ‘“’&%ﬂ %@G&%ﬁ%ﬁ%ﬂ&ﬂz&ﬁd@f@%mmtea?wect

capaci tor, Q'h' llﬁtehﬂ?ell: %Wde\éq? gx‘%ﬁr&aﬁ%?&c&l d? ééi‘.h ? thgs 3%['@1 f%a%lc% e I%rgsel ngl e

| ayer capacitor or two ayer cap ors
configuratign. tﬁilﬁddah&dphy:h@l/%tpﬁﬁ@ﬁﬁ daRbnly Be ﬁxoﬂi\ﬂ:c!dm dR¥% ,IS'e’ufﬁfsrdé%mEacMeé h
interdigitated plates, 10 each separated by a thin dielectric:ayer, while
the single ‘Fayenak@!mpdncmt diffiqul ta we nglees bafrer mobiit sohnobdgur @MH)tl emoyetiat es
separated by a_thin dielectric layer, 12 The_ high value capacitor 12, with
its relatively Hlesiicalnisge hﬁ’étéféﬂ‘i‘éﬁé@t i kot high 1@?3%%@@“@98&% apd;glggy cause

frequency sggn%;(&mwslmgcetngo g%Wugh cro‘%ggﬁl tar .14, with its relativel y15
Ve o

hi gh series resonance, 1s-nost effec n (ﬁl gh frequency signals.
The hi gh val ue capacitor 12 and the | ow value capacitor 14 of the prior art

“ultra- 16 wideband coupling capacitor 10 have different operating

characteri $tics i n Hicfhighrvalut cqpacitor b a nilti-biyeraapaciter whild theloandlue parasitorn g
spectrum as will be discussed infra. 18 As shown in FIGURE 3A, which is a
schematic di ag%hﬁ %ﬁeré!lymlﬁhﬁra sipgle lgyar rcazawt@@bamsmalg Iayes rapacitorsdn p halanced

operati ng at a_l vvhenth rior tra- | ing
20 capaci t or nﬁéﬁm oé'F B3pYen caPait %f B@dﬂ’%? S%H%"rﬁ ?"’r‘v%r”ﬁ?fa@’qawfﬁgt
ultra-w deandSa@lQ %Haﬂ:g b?%pcﬂﬁ' (flé'l’éctnczlayer, while the single layer capacitor is a single layer

11 structure with two plates scparated by a thin dielectric layer,

12 The high value capacitor 12, with its relatively Iow series resonance, is most effective
13 on lower frequency sighals, while the low value capacitor 14, with its relatively high series

14 resonance, is most effective on high frequency signals.

15 The high value capacitor 12 and the low value capacitor 14 of the prior art ultra-
16  wideband coupling capacitor 10 have different operating characteristics in different portions

17 of an ultra-wideband operating spectrum, as will be discussed infra.

18 As shown in FIGURE 34, which is a schematic diagram of a prior art ultra-wideband
19  coupling capacitor operating at a low frequency, when the prior art ultra-wideband coupling

20 capacitor 10 is operating at 2 low frequency, the prior art ultra-wideband coupling capacitor




1 10 el ectrodes exhibit insignificant skin effect. The ceram c structure

| ooks Iike a bulk 2 dielectric. 3 As showmn in FIGURE 3B, which is a
schematic diagramof a prior art ultra-w deband 4 coupling capacitor
operating at a md frequency, when the prior art ultra-w deband coupling 5
capacitor 10 is operating at a md frequency, the prior art ultra-w deband
coupling capacitor 6 10 electrodes exhibit significant skin effect. The

di el ectric regi egins t.o.take .an the effec 7 of ~a nmeandering parall el
pl ate transmlessi(igr???lclg%d;es §W‘E&Pﬁﬂg§‘%% RicHRa The e Enciitelogs, 1%@ abulkhown
in FIGURE 3@ WRjeGbuiks a schematic diagramof a prior art ultra-w deband 9
coupling capacitor operating at a high frequency, when the prior art

ul tra-wi deband coupling 10 capacitor 10 is operating at a high frequency,
the prior art ultra-w deband coupling capacitor 11 10 el ectrodes exhi bit
full skin effect. Th*’esSH?\@@@EGDBEﬂngldmiasso@era@icaiiagcmgfammmﬁmgidmal | el
12 plate trqlnsn’i ssi'.on | i pe. Additional reson%@ggs enmerge at the higher
frequenci es.. 13°°FREESPRASHOropFratine st & mif fraReny iheiPREr atiEcyidehand gouplisg o

f ew associ aged : ] . ' ' h riar art . .

ul t r a- wi deband %g%tf’fﬁéﬁ E&%%gg? t;térnﬁ%&ﬁdgx% ?‘\%\g&%ia%tégﬁs?‘fﬂrdﬁc fplipggapacitor

prior art ubtr adwladehiznekhitdiRinifoght SaPerfect. The diblcstB6 g0 B ko8 Phe effoct
production assenbly effort, 16 which increases per unit cost. Secondly,

the prior aft @fersandedesmarmlickuaiptnagissiopbin strocturk0 Addifionas resonances emerge.
orientation-sensitive restricting it to being nounted only on one specific

surface, creating 18 surface nmount technology (SMI) conpatibility issues.
capaci Lor 1o exceode Ther BIIGHREC R s stnaBl it hotrebe iR by
0.012". 3 9  coupling capacitor operating at a high frequency, when the prior art ulfra-wideband coupling

10 capacitor 10 is operating at a high frequency, the prior art ultra-wideband coupling capacitor

11 10 electrodes exhibit full skin effect. The dielectric region acts as a lossy meandering paralle!

12 plate transmission line. Additional resonances emerge at the higher frequencies.

13 'Ihé priorart ulira-wideband coupling capacitof 10 has a few associated shortcomings.

14, Firstly, since the prior art ultra-wi-deband coupling capacitor 10 is a two-piece strucﬁut-:, the

15 prior artultra-wideband coupling capacitor 10 requites additional production assembly effort,

16 which increases per unit cost, Secondly, the prior art ultra-wideband coupling capacitor 10

17 is orientation-sensitive restricting it to beiﬁg mounted only on one specific surface, creating

18 surface mount technology (SMT) compatibility issues. Thirdly, the assembly height of the
' 19 . prior art ultra-wideband coupling capacitor 10 exceeds the 0.020" dimension of a standard

20 0402 package by 0.012",




| Thus, there exists a need for an ultra-w deband coupling capacitor which
is one-piece 2 and thereby elim nates additional production assenbly
effort which thereby decreases per unit 3 cost, which is
orientation-insensitive and thereby elimnates restricting it to being
mounted 4 only on one specific surface which thereby elimnates surface
nmount technol ogy (SMI) 5 conpatibility issues, and which does not exceed
the 0.020" dinmension of a standard 0402. 6 Nunerous innovations for high
frequency cdpaci t or Shhathereiseists apecd\force ditiarwiddbendnoiging capacitor whigh sont-hiscg h

t hese i nnov tig%é na% be suitable for the specific individual purposes to
8 whi ch the? acdRPf dheweoy ¢lipinates saditionat preduction agiepblyreffprt whishifhetebyslsereases RsFvmdhd/ or
pur pose fromt 4 Sl a\V! i ipn.that they do ngt present an

Gl F o wi deband sk SR MBI AR of ieiB) olelflei0otiing 6 it mfheca

el i m nates addidnlyosifbnelpeifi€ biribe VERE Mlaby @filmftates WD ndigy t‘é‘é}Moloésﬂ-(Stl)\/[T)
y

decreaSes per unit cost, which is orientation-insensitive and there

el i mi nat es # estooinpatibiligy issues, 2Rd whicl dées gotnserad e 0020 dimansimef s pewdafd (@0Z.ur f ace
whi ch thereby elimnates surface nount 13 technology (SMI) conpatibility

i ssues, and whi ch does not exceed the 0.020" dinension of 14 a standard

0402. 15 F EXAMPL. s nt N r 5.576,926 10 nsono, has. an.
assignee b cormon TR TN SRHER Brand it ks SRR Rl BB iar o
whi ch has & supfr E®n tBRlghithe¥e fnflovalidns @R bR bSiabl thiBe SHRBIGE iddfBduaNRmsesidde RF
spectrum The capacitor includes a planar electrode™ 18 |ayer which is
nmount ed bet8neewhish they nddréssdheyl ech differ inajrestwe afldier apetion adér bayes fpangeal | y
is 19 centered inwardly with respect to the dielectric |ayers_|eaving an
outwar d margi nPEFenHiREIEp o that they dpaetgresant an ale-wifchapdoagplingaapaciter whishdss has
two spacedaapagl. .cont act nbers, .each. having,a. 21 different | ari from
t he ot her .qOThg&Iglpg%f ragéeth %‘gb eéﬁ“?%at saéi:aﬁ’t" _1}1‘8 % %f??l&flffggovﬁlﬁ%bﬁwﬁg h

11 decreases per unit cost, which is orientation-insensitive and thereby eliminates restricting it

12 to being mounted only on one specific surface which thereby eliminates surface mount

13 technology (SMT) compatibility issues, and which does not exceed the 0.020" dimension of

14 a standard 0402,

15 FOR EXAMPLE, U.S. Patent Number 5,576,926 to Monsormo has an assignee
16  common with the instant application and presents a capacitor which has a superior ability to
17  operate in the upper regions of the RF spectrum. The capacitor includes a planar electrode
18  layer which is mounted between a pair of dielectric layers. The electrode layer generally is
19 | centered inwardly with respect to the dielectric layers leaving an outward margin of dielectric
20  material. One of the dielectric layers has two spaced apart contact members, each having a
21  different polarity from the other. The electrode layer is isolated from electrical contact with
22 any conductor and is buried within the dielectric layers. The electrode layer, in combination

23 with the dielectric layer on which the contact members are mounted and the contact members,




E

22 any conductor and is buried within the dielectric |ayers. The el ectrode
| ayer, in conbination 23 with the dielectric |layer on which the contact
menbers are nounted and the contact nenbers, 4 | allow devel opnent ofa
sel ected val ue of capaci tance betweent he contact nmenbers. Providing 2
trimmred contact nmenbers, as well as controlling their size and spacing,
allow for convenient 3 preselection of desired operative characteristics
of the capacitor. The contact nenbers could 4 be positioned on a substrate
to which a Huri gbvweleedipnooimfi slecedvatve df capacitdiCHbdER:ch Al thct menBrs. Providing
Pat ent Nunber 6, 690,572 to Li ebowitzteaches an SLC 6 which has a thin
brittle cerani crigmsdepitsct membarsts wellas conralling theiy sige andsning sloprforgeaveaient ow
[

7 0.000 . Electrodes . i ck and .st h, ejth
28 oy o 08 BB oL o R AR o L SRR POB N, 1
manuf act ure4 hapGhbéifiéhed BielsubsiABRo whlcg & blpdetecBbd is Rofikdd. @ ceranic netal

conposite, (2) a porous ceramc infiltrated with netal or other conductive
10 material, (3) aresin filled with netal or other conductive material, or
(4) combinations of the | | above.  The very thin and, in itself, fragile

di el ectric fayer prSWOHSEREXANKLR . FategtNerra 6995 72toLigkawitgfrpehesmdhlni t h
R B b R -

13 titaniumdioxide 1S

i nnovat i onsy f 0,0bdhohbs G RUE PIYuSRPAE iR ES NN EBRA cithbrsi 1;%&&}@@1&#8 g}J%ew

prior art that are adapted to be used. Furthernore, even though theSe
i nnovat i on$ nathe beucsue teqiited pliysicaltshengthfemdnutactureg hatidtlgg bndustgeo Elstrddes wli ch
they address, they 17 would not be suitable for the purposes of the .
present i nvent {1dncernipmpiatcomppsite.fspproppepramia Biikestedwith raptel of athescotiddeivand -
coupli ng Cl%pacrlngtgrrial, acrgsiﬁ fille %ﬁ%e%gro%]egcgnggéu%gﬁa%Lﬁfbr tc(:E‘nSifoinations of the

11 above. The very thin and, initself, fragile dielectric layer provides exceedingly high capacity

D

12 per unit area with temperature stability and low losses. A 0.00001-inch thick dielectric of

13 titamium dioxide is also used.

14- It is apparent that numerous innovations for high frequency capacitors have been

15  provided in fhe i)dor c;ul‘-t“t-l.}at are adapted to be used. Furthermore, even though these

16  innovations may be suitable for the specific individual purposes to which they address, they

17  would not be suitable for the purposes of the present invention as heretofore described,

18  namely, an ultra-wideband coupling capacitor which is one-piece and thereby eliminates

19  additional production assembly effort which thereby decreases per unit cost, which is

- 20 orientation-insensitive and thereby eliminates restricting it to being mounted only on one

21 specific surface which thereby eliminates surface mount technology (SMT) compatibility
22 issues, and which does not exceed the 0.020" dimension of a standard 0402.




19 additional production assenbly effort which thereby decreases per unit
cost, which is 20 orientation-insensitive and thereby elim nates
restricting it to being nounted only on one 21 specific surface which

t hereby elimnates surface nmount technol ogy (SMI) conpatibility 22 issues,
and whi ch does not exceed the 0.020" dinension of a standard 0402. 5 |
SUMWMARY OF THE | NVENTI ON 2 ACCORDI NGLY, AN OBJECT of the present invention
is to provide an orientation- 3 insensitive ultra-w deband coupling

capaci tor that avoids the di sadiBIVAREOBTHRENVENTION

of the present invention is to provide an orientation-insensitive 5

ul tra-w deband coupling capacitor which has inproved el ectrical perfornmance
over that the 6 ' HER ECL of the.present. .

i nvention |Oj'; to pr of\}legggbr{ﬁgl’l%n ;E%I%Jg:n_ |eﬁgsc%e%11§1|\[]l ?%\1/; BIgfoR %W%md%rhegftﬁ%on'
coupl i ng capac idsesiti ukl-widsbailioBpl ik hpasitor Wt 2BMS e AlhIBRERAIERL pridt act,
characteristics than that of the prior art 10 YET ANOTHER ECT of the
present invention i-s to provide an orientation- 11 insensitive

ul tra-w deband coup].ing capacitor which is one-piece_and thereby has

i nherently® 12 hi gMO?WWQRPfQW%W HYGREPRIS topERyideian pRgntglP B HSLEiER
assenbly effor Js t by decr eas 13 per uni.t.cost. 14 ST LL.YET
ANOTHER Ecélgg%%gwg?@@?ﬁ%’ capieitorghidihas imprdbed clechical pepfarmappe ovet that oF s
orientatiog-ingRpaktive ultra-w deband coupling capacitor which is smaller
than a two-piece 16 prior art ultra-w deband coupling capacitor and

t hereby consunes | ess space and reduces the

7 STILE: ANOTHER OBJECT of the present invention is to provide an orientation-
8  insensitive ultra-wideband coupling capacitor which has more attractive physical/mechanical
9  characteristics than that of the prior art

10 YET ANOTHER OBJECT of the present invention is to provide an orientation-
11 insensitive ultra-wideband coupling capacitor which is one-piece and thereby has inherently
12 higherreliability and eliminates additional production assembly effort which thereby decreases

13 per unit cost.

14 - STILL YET ANOTHER OBJECT of the present invention is to provide an
15 orientation-insensitive ultra-wideband coupling capacitor which is smaller than a two-piece
16  prior art ultra-wideband coupling capacitor and thereby consumes less space and reduces the

17 propensity to launch surface modes.

18 YET STILL ANOTHER OBJECT of the present invention is to provide an

19 - orientation-insensitive ultra-wideband coupling capacitor which is orientation-insensitiveand




17 propensity to launch surface nodes. 18 YET STILL ANOTHER OBJECT of the
present invention is to provide an 19 orientation-insensitive

ul tra-w deband coupling capacitor which is orientation-insensitiveand 6
thereby elimnates restricting it to being nounted only on one specific
surface which thereby 2 elimnates surface nount technol ogy (SM)
conpatibility issues, i.e., operates equally well 3 regardless of the
surface used to nount it. -4 STILL YET ANOTHER OBJECT of the present

invention is tothpebydlidfina®sa reskictig i€ béthi MburtddARSnlonY Spebit itfaVd WBBRRE by
coupling capacitor which does not require special 6 orientation during

t ape- and- r e@l | dadhatey surfacy BpuB TachioloRNGIMIER 0@RIEAITty ddsudshice. , ppestedqublipeelt i on
isto provi,\ﬁe an orientation-insensitive ultra-w deband coupling

capaci tor wHi cheeRsEess ghihe giekageigped 9@nynidb 0" 9 di nension of a standard 0402
so as to forma true 0402 package which can be handled with 10 standard
SMI' equi pnent. 11 STILL YET ANOTHER OBJECT of the present invention is to

provide an 412 ori eStrail ¥ET ANWSIER \UBIHAT 3f WeOGband iaiiBh 1% @ﬁﬁﬁﬁ! &PT
which is electrically identical to a 13 two-piece prior art ulira-w deband
coupl i ng capaciorigntation4nsyisitive Siltrd-wid el eRRliGBIdpaTiton fwitidhedqes asteretuitenspesiti on
isto provkﬁe an 15 arientation-insensitive ultra-w deband coupling

capaci tor i c RUpRiRton dygine pnssefrsebinadingss than 16 a two-piece prior art
ul tra-w deband coupling capacitor. 17 STILL YET ANOTHER OBJECT of phe

present invention is to provide an
7 YET STILL ANOTHER OBJECT of the present invention is to provide an

8  orientation-insensitive ultra-wideband coupling capacitor which does not exceed the 0.020
9 dimension of a standard 0402 so as to form a true 0402 package which can be handled with

10 standard SMT equipment.

11 STILL YET ANOTHER OBJECT of the present invention is to provide an
12 orientation-insensitive ultra-wideband coupling capacitor which is electrically. identical to a

13 two-piece prior art ultra-wideband coupling capacitor.

14 YET STILL ANOTHER OBJECT of the present invention is to provide an’
15 orientation-insensitive ultra-wideband coupling capacitor which has lower insertion loss than

16  atwo-piece prior art ultra-wideband coupling capacitor.

17 STILL YET ANOTHER OBJECT of the present invention is to provide an
18  orientation-insensitive ultra-wideband coupling capacitor which has better VSWR than a two-

19 piece prior art ultra-wideband coupling capacitor.




18 orientation-insensitive ultra-w deband coupling capacitor which has
better VSWR than a two- 19 piece prior art ultra-w deband coupling
capacitor. 7 1 YET STILL ANOTHER OBJECT of the present invention is to
provide a 2 volunetrically efficient neans for enclosing a functional RF
conponent within a gapped low 3 |loss conductor pair, each of which
surrounds the RF conponent on four sides and is co- 4 termnal with it on a
remai ning two sides. 5 BRIEFLY STATED, STILL YET ANOTHER OBJECT of the
present invéntion &HTSTHpANGTHERNOBIEET! @t the prdseif dfedntion/ és to provide a

ul tra-w deband coupling capacitor. The orientation- 7 insensitive
ul tra-w debdnd @ Cﬁ‘gfﬁ‘(‘f@;ﬁ'&m@s fqr prejasing 8 fuactisinglRE) componsnt veshins gapped low-

surfaces, a,lo 8 frequenc ortion, and.a,hi f requenc ortion. The

i gh 11 equency [58PIMSREY B fackiof sych puitengs he St pompaeiel PR SPF SRl dR e o,
the | ow freguengiRPidh #0n 8 RndhidPmdkiaeyy the orientation- 10 insensitive

ul tra-w deband coupling capacitor to work identically when nounted on any
11 external longitudinal surface of the plurality of external surfaces

t hereof and_ thereby be readi I_\é 12 SMI conpatible without regard to speci al

ori enting ptocedur BRIBFLYIREARER P THEXEF ANOFHER OBIBCd o $iepessend invention
forth in_the, ended

characteristic.qQf th resent. i nvent,jon are,set, 14

ool et ST | ik plelie B SRRPoR gty Mydriie i cpitling gt T iSRG | 1 s
15 net hod o} | (YY1 i i phqf??t Ve

t her eof wlqu bgginggym%%gﬁg%?gg %BC%%E?@%%O% Jﬁglﬂ?écs) Ia?ovm géftfg%%flﬁ% tf?%%\’%g en
read and uiderBéqettyipitiogRnde high freipehdy dobion. THe lagchégpatyipb@iofl (savidRsked 8

9  on, and electrically connected to, the low frequency portion so as to allow the orientation-

10 insensitive ultra-wideband coupling capacitor to work identically when mounted on any
11 external longitudinal surface of the plurality ofexternal surfaces thereof and thereby be readily

12 SMT compatible without regard to special orienting procedures.

13 - The novel features which are considered characteristic of the present invention are set
14 forthin the appended claims. The invention itself, however, both as to its construction and its
15  method of operation fogether with additional objects and advantages thereof will be best
16  understood from the following description when read and understood in connection with the

17 accompanying drawings.




| BRI EF DESCRI PTI ON OF THE DRAWNGS 2 The figures of the drawi ngs are
briefly described as follows: 3 FIGURE 1 is a schematic di agram of apri or
art ultra-w deband coupling capacitor; 4 FIGURE 2 is an expl oded
di agrammati c perspective view of a prior art ultra- 5 wi deband coupling
capacitor; 6 FIGURE 3Ais a schematic diagramof a prior art ultra-w deband
coupling capacitor 7 operating at a low frequency; 8 FIGURE 3B is a
schemati c dilagram of a prior, ¢ l.tra-w deband coupling capacitor 9
operating at a mid frequenc REION O THEDRAWINGS (i agr am of a
prior art ultra-w deband coupling capacitor .11 operating at a high
frequency; 12 FIGURE 4 is a diagrammati c perspective view of the
orientationzi nsensi Thefiguets bf e drdwingé 86 bAdle deRHPA AolfARaci tor of the
present invention; 14 FIGURE 5 is a diagrammtic cross sectional view taken
along LINE 5-5 in 15 FIGURE 4; 16 FIGURE 6 is a circuit equivalent to the
orientation;in L,tive ultra-w deband 17 coupling capacitor of the
present invent ?g{‘]lﬁh?nld 18 FIgiRanatigdipgyamofapyiop & Widebangeoyrhiag papation of
maki ng the pri GN-i nsensi fiV 9..ul tra-w deband coupling.capacitor of
Pl EGORERN PO TR e efflogt il Rt TRV S AL R e

the present invention. 9 |

-

DRAWNGS 5 wideband coupling capacitor; .
6 FIGURE3A isa schematic diagram of a prior art ultra-wideband coupling capacitor
7 : operating at a low frequency;
8 FIGURE3B is a schematic diagram of a prior art ultra-wideband coupling capacitor
9 operating at a mid frequency;
10 EIGURE 3C is a schematic diagram of a prior art ultra-wideband coupling capacitor
11 operating at a high frequency;
12 FIGURE({ is a diagrammatic perspective view of the orientation-insensitive ultra-
13 wideband coupling capacitor of the present invention;
14  FIGURES5 Is a diagrammatic cross sectional view taken along LINE 5-5in
15 : FIGURE 4;
16 FIGURE6 is a circuit equivalent to the orientation-insensitive ulira-wideband
17 coupling capacitor of the present invention; and

18 FIGURES7A-7D  are a flow chart of the method of making the orientation-insensitive

19 ultra-wideband coupling capacitor of the present invention.




2 Prior Art 3 10 prior art ultra-w deband coupling capacitor 4 12 high

val ue capacitor of prior art ultra-w deband coupling capacitor 10 5 14 | ow
val ue capacitor of prior art ultra-w deband coupling capacitor 10 6
Present Invention 7 20 orientation-insensitive ultra-w deband coupling
capacitor of present invention 8 22 plurality of external surfaces 9 24

| ow frequency portion 10 26 high frequency portion 11 28 unterm nated

mul ti-layer capacitor of IOM/frequency portion 24 12 29 external surfaces
of unt erm nated nul t LISTAQE : B AWINGR4 13 30
el ectrode | ayers of unternlnated mul ti-layer capacitor 28 of | ow frequency
portion 24 14 32 dielectric layers of untermnated nulti-|ayer capacitor

28 of low fgequency portion 24 15 34 first en(i?3 ?f el ectrode ![ayer;43(i7o1;6
?4%%#1 requency portion

unterm nated nulti-Ilayer capacitor 28 o
opposi ng ends of external surfaces 29 of unterm nated nulti-|ayer capacitor

28 of low 18 frequency portion 24 19 38 second ends of electrode |ayers 30
of unt er m nht ed0nul priorlaaykm-widgbaed doopling@ammtitdrow 20 frequency portion 24 21

40 pair of conductors of high frequency portion 26 10
4 12 high value capacitor of prior art ulira-wideband coupling capacitor 10

5 14 low value capacitor of prior art ultra-wideband coupling capacitor 10

6 Present Invention

7 20 orientation-insensitive ultra-wideband coupling capacitor of present invention

8§ 22 plurality of external surfaces

9 24 low frequency portion
10 26 high frequency portion

1 28 unterminated multi-layer capacitor of low frequency portion 24

12 29 external surfaces of unterminated multi-layer capacitor 28 of low frequency portion 24
13 30 electrode layers of unterminated multi-layer capaci'tc-);2'8 of 10\;57 ﬁ:eéuency portion 24
14 32 dielectric layers of unterminated multi-layer capacitor 28 of low frequency portion 24
15 34 first ends of electrode layers 30 of unterminated multi-layer capacitor 28 of low

16 frequency portion 24
17 36  opposing ends of external surfaces 29 of unterminated multi-layer capacitor 28 oflow

18 frequency portion 24

19 38 second ends of electrode layers 30 of unterminated multi-layer capacitor 28 of low

20 frequency portion 24
21 40 pair of conductors of high frequency portion 26

10



1 42 circunferential slot between pair of conductors 40 of high frequency
portion 26 2 46 exposed opposing ends of plurality of external surfaces 22
of orientation-insensitive 3 ultra-w deband coupling capacitor 20 4 48

qui ck curing protective UV-curable solder damcoating 5 50 plating 6 51
sol derabl e connections 7 52 adhesion |ayer 8 54 opposing ends of adhesion
| ayer 52 9 56 slotted body 11 | DETAILED DESCRI PTI ON OF THE | NVENTI ON 2
Referring now to the figures, in which Iike nunerals indicate |ike parts,
and 3 partilculddr| yciraumidr@OEED Yetaer pair ofdondittony 40, ofhizh fiegidnvyeportions26

di agr ammat iz perspective view 4 of the orientation-insensitive, .

ul t ra- wi deband €oupfiPALd carpsiag ensts obpluralit ofextareal surfagesdd of erientatiep-inssnsijive

di agrammatig cross |, view taken .al ong LINE 5-5 in FIGURE 4, the
orientati on:? 6 i nse‘%@%ﬁé\%{éﬁglc?drpgg%\?aaae% Hd coupling capacitor of the present
invention ig sigwn ?&ﬂt&hﬁﬁ Bdtive UTV2RirabR sdl0& il Bt | on-i nsensitive

~ul tra-w deband coupling caép%?:i tor 20 typically opgt?r%t es in 9 a range from
bel ow 20 KHz t 80 ovedathg Ghz, and fills a need for better blocking and
decoupling 10 _conponents by finding a use in alnost all ultra-w deband
digital sidhal Shroceldsrblgcomnsctianp| i cations, e.g., optical systems and their

associ at ed7t est, eq%ﬁ)eg%mayﬂcl osely related DC

8 54 opposing ends of adhesion layer 52
9 56 slottedbody

11




12 returns and bias tees, fiber to the home (FTTH), and MM C devel opnent,
e.g., anplifiers, e.g, 13 ultra-wi deband MM C anplifiers and those using
rel ated technol ogy. 14 The orientation-insensitive ultra-w deband coupling
capacitor 20 conprises aplurality 15 of external surfaces 22, a | ow
frequency portion 24, and a high frequency portion 26. The high 16
frequency portion 26 is so disposed on, and electrically connected to, the
| ow frequency 17 portion 24 so as to allow the orientation-insensitive

ul tra-wi debdnd coupling cECANED DRSCRIPTIONOF THEIBWENHION when nount ed
on any external |ongitudinal surface of the plurality of external 19
surfaces 22 thereof and thereby be readily SMI conpatible wthout regard to

‘special orignting 0.procedures. 12 1 The_orientation-insensitive

ul tra-wi debgnd coup?‘?%%lnga‘boé?'&ltc’[ %1@ BrEa it 8’55&3@8 Wategs 1nsicqls ke P ¢ ng a
| arger val ug f Qe @Wr&URGY A : g{.smﬁ . Lange

3 from bel ow 20 KHz t}lo ggr 406%1%2{?’ |Iiﬂca8§§%éec{slﬁ%{zghﬂ eg‘fj%w rdggglgﬁgy '
portion 24 4s fofithe brieneaiohynsemtive aluariddband dagpling Gipadifol bEhER@aGIitRhAtich2and Of

the prior art ultra-w deband coupling capacitor 10, e.g., a nulti-layer
capaci tor, Whi Péliagiemagc ploghseetiongmarcikpmlangdANES-$ i FIGTRE 6rth¢ orjentation-

equi valent to the |l ow val ue capacitor 14 of the prior 7 art ultra-w deband
coupl i ng caétpac fl}s%ﬁsmfﬁ)?l\&é'.“@&c,b oPplipe sanagiins of r&‘&ﬁ’ﬁ%”f Byentignisshoympenprpllopl he
8 orientatipon-pmsensitive ultra-w deband coupling capacitor 20 to have
functions of both the hirgh 9 value capacitor 12 and the | ow val ue
capacitor 14 solely in a single nulti-layer ceramc body. 10 The |ow
frequency portion 24 is an unternmnated nmulti-|layer capacitor 28 having 11
external sdrfaces Jbecorgngation-sdensitivyalirs-widbardgoupdingtapeditor 20 tymgsally sp@dssiand

referably,being 1Q nkE
P y 9" " aringe (grom below 20 KHz to over 40 Ghz, and fills a need for better blocking and decoupling

10 components by finding a use in almost all ultra-wideband digital signal processing

11 applications, e.g., optical systems and their associated test equipment, closely related DC

12 retwnsand bias tees, fiber to the home (FTTH), and MMIC development, e.g., amplifiers, e, z,
- 13 ultra-wideband MMIC amplifiers and those using related technology.

.14 - The orientation-insensitive ulira-wideband coupling capacitor 20 comprises a plurality
15 ofexiernal surfaces 22, alow frequency portion 24, and a high frequency portion 26. The high
16  frequency portion 26 is so disposed on, and electrically connected to, the low frequency
17 portion 24 50 as to allow the orientation-insensitive ultra-wideband coupling capacitor 20 to

18 work identjcally when mounted on any external longitudinal surface of the plurality of external
19 surfaces 22 thereof and thereby be readily SMT compatible without regard to special orienting
20 procedures. |

12




12 or higher. The dielectric layers 32 of the unterm nated nulti-Iayer
capacitor 28 of the low 13 frequency portion 24 alternate with the

el ectrode | ayers 30 of the unterm nated nmulti-layer 14 capacitor 28 of the
| ow frequency portion 24. The electrode |ayers 30 of the untermnated 15
mul ti-layer capacitor 28 of the |ow frequency portion 24 extend at first
ends 34 thereof from 16 and are open for external electrical

comuni cation from opposing ends 36 of the external 17 surfaces 29 of the

unt erm nat ed mul ti - ITAY efienG@RRkEdnSfiveadiovidehad bowlihg e4dane ¥2 @aroperae balbw t 0
18 second ends 38 thereof which alternatingly stop short of the opposing
end 36 of tRe ebbtiAn using 9 lagger Veheder tROlowffichivacuprirgomddribangbit nsed for-theayage

capacitor 28 of_ the | ow frequenc ortion 24 20 opposite to that from
whi ch t hey éxté?ﬂﬂ“g%o"égoﬁg%t"t‘ﬁerﬁéc@%&?@%ﬁ?d%‘k‘f‘ér nal electrical 21
comruni cation therefrom 13 1 The high frequency portion 26 is a pair of
conductors 40. The pair of conductors 40 2 of the high frequency portion

26 cover the opposi Mg IBWHSqudfeyPbriibNLY i€ RinbioARly squivhiefesthe Bigh{alidt@paciior 12
unterm nated nulti-layer capacitor 28 of the | ow frequency portion 24,

respectively, afithe pdomxitultrevitithenddouplingmapritért1d, exf emnliHawuedpasios whde dfe t he
unterm nated nulti-|layer capacitor 28 5 of the | ow frequency port%i on 24,
to just shdtt 8ieh&sgusnenngeion 3¢is fmctiopaliyeayivaleptit the fveyadiscapiritaLé pt thepiy

t her ebet we an separate from each other.. The circu rent.i sl ot 42
o breteratly o AR R R 0nt 2R sl SHTIoT g o o o B

cheni cal etgchi &%mdﬁ%ﬁ.ﬂﬁaisfﬁ%m@&&ﬁ%ﬁéﬂgcoupﬁn%%&wrzféitdﬂab@ﬁmd%&fa@%mem@ﬁc ause
t he high frequency portion 26 does not enpl oy additional 9.internal

el ectr odes 9 t Yalssppaciidr10 gnd thylew yalus caPacitoribiasieliGh a eifglk awitiblagm ngrasicbedy.
internal 10 interdigital electrode array as a single floating el ectrode

that is coupled to the pair of _
10 The low frequency portion 24 is an unterminated multi-layer capacitor 28 having

11 external surfaces 29, electrode layers 30, and dielectric layers 32, and preferably beingl0 nF
12 or higher. The dielectric Jayers 32 of the unterminated multi-layer capacitor 28 of the low
13 frequency portion 24 alternate with the electrode layers 30 of the unterminated multi-layer
14 capacitor 28 of the low frequency portion 24. The electrode layers 30 of the unterminated
15 multi;layer capabi;a; 28 of ihe- 11-3-\.Pv. frequency portion 24 extend at first ends 34 thereof from,
16  and are open for external electrical communication from, opposing ends 36 of the external
17 surfaces 29 of the unterminated multi-layer capacitor 28 of the low frequency portion 24, to
18 second ends 38 thereof which alternatingly stop short of the opposing end 36 of the external
19  surfaces 29 of the unterminated multi-layer capacitor 28 of the low frequency portion 24
20  opposite to that from which they extend so as not to be open for external electrical

21 - communication therefrom.

13




11 conductors 40 of the high frequency portion 26, there is less insertion
and return | osses. 12 The pair of conductors 40 of the high frequency
portion 26 formthe plurality of 13 external surfaces 22 and electrically
communicate with the first ends 34 of the electrode |layers 14 30 of the
unterm nated nulti-layer capacitor 28 of the | ow frequency portion 24
associated 15 therewith so as to allow the orientation-insensitive

ul tra-w deband coupling capacitor 20 to 16 work identically when nounted

on any exteqnal | onghL ih BluRlphaRE a0 s paP oA ot b, Ghe pit cBRnctoka

surfaces 22 thereof. nsm ssion |1 nes orned on the

plurality of exjréiehih fred@nsiiioftte 28 caddr REIPHBREY dnle3 AT e eREmBQBMALRS 20 of tHd) Of
t he high frequency portion 26 and the 19 electrode |ayers 30 contained in

t he unt er mi Bat editenuintted madteleyes agmcitar @8 of Siedbw Heequdngypdrtieg 2k mespectizelypord i on

24 so as to allow | ow frequency energy to gass t hr ough the,IOM/freﬂuency
portion 24,4 2Fxipd tharefrem Oeritheatopal efages d? obihguatermgaied ult-frrer RRA RSy

energy to pass rou the high.,22.f C rtio 6 ' L S:
peri pheral | € I 8&&‘? godv.qé? Ry Wﬁo%zé'? lr%J %SE &\‘g‘g ﬁgﬂﬁ & ‘%frl)esf S%ﬁr}%%ﬂP ﬁ\gﬁi“?‘gﬁk raiesc}ﬁte ncy
portion 26 @relenaRb¥weINibe SepardtelfohAREHGhdrUTHS LifimbeTéntihl sidl4b QvyefeR¥ly
nomnally three mcrons of copper (Cu) and a gold (Au) 3 flash. 4 The

ci rcunf er ert i aformbdby l4sr scsibing,dhibmabd fproairby ailiar pheini&l ettHingpingehanica abmsisg,ant | y

5 mai ntained conpletely through and cggsjetely around the high freguency
portion 26 8 t iy sindlatieratederpi Begaish the diigh Siemyeneyt rostiom 26 dpesingl appley: Bdr 28

f the | f i 24 d | 7. di bstantial.ly.md
oL b sl RSB RREdoh g, by i SRR 50 RIRT SR WY,
22 of the 19ri epfalihidN eleBSER S U s WidslePaddite RRPEL QMR it ROuHARPRCtht Phir 251

t her eby
11 conductors 40 of the high frequency portion 26, there is less insertion and return losses.

12 The pa.ir of conductors 40 of the high frequency portion 26 form the plurality of
13 external surfaces 22 and electrically communicate with the first ends 34 of the electrode layers
14 30 of the unterminated multi-layer capacitor 28 of the low frequency portion 24 associated
15  therewith so as to allow the orientation-insensitive ult}'g-\ﬁr@deband c_:qqp_ling capacitor 20 fo
16  workidentically when mounted on any external longitudinal surface of the plurality of external
17 surfaces22 thereof. A set of coupled transmission lines is formed on the plurality of external
18  surfaces 22 between the pair of conductors 40 of the high frequency portion 26 and the
19  electrode layers 30 contained in the unterminated multi-layer capacitor 28 of the low frequency
20  portion 24 so as to allow low frequency energy to pass through the low frequency portion 24,
21  which is centrally located, and to allow high frequency energy to pass .through the high
22 frequency portion 26, which is peripherally located.
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9 electrically separating the exposed opposing ends 46 of the
orientation-insensitive ultra- 10 w deband coupling capacitor 20 from each
ot her restoring capacitance thereto. 11 The orientation-insensitive

ul tra-w deband coupling capacitor 20 further conprises a 12 quick curing
protective UV-curable solder dam coating 48. The quick curing protective
UV- 13 curabl e sol der dam coating 48 covers all surf-aces definingthe
Circunferential slot 42 to protect 14 the circunferential slot 42. 15 The

ori entationqi nsensi Y gaiblbof Eqiandisle 18 Rd a-AB FOfheh@PRRAIOL6 Brefelablylddprise

conprises a 16 plating 50. The plating 50 covers the exposed opposing ends
46 of the pRur altirdiym-efogsed @FWpbllovkd bpuniieatle sré2niofons dfeopper (Cu) and a gold (Au)
orientation-insensitive ultra-w deband coupling capacitor 20 so as to form
18 sol derabBe dB#lhecti ons 51 which extend up to the protective UV-curable
sol der dam coating 19 48 which acts as a stop-off barrier for the

sol derabl e connections 51. The orientation- 20 insensitive ultra-w deband

coupling capaci tor 20 bRl RGLRAY sbCIMRDIRULE hdhnihdh! £ %ﬁg@iﬁpfs%‘ﬁm&ﬂy t he

sol derabl e connections 51 increased so that It exceéds 100 MegGhns. The

plating 50 §s nikntdinddiceinpleRivlthtohiahddompletedy drdund dite tEghl fibgtenoy pogiund.s witheat t he
plating 50 is gold, the solderable 2 connections 51 can also be )

gol d/ ri bborf bofesteying the pairynitntaddedti-lager Aapgcitar 38 of g liw Atguemcy pertiph 24, and is
orientation-insensitive ultra-w deband coupli ng. capaci.t 4 20 can best be
Seen | oy RN b e Ry e D R AP EERE 46 of th ptrafiy of Serted
orientation-in *AY, - M Fe]RY i5ar.. 0f,at esent
Chvent fon. % TRIHSA2oCF i ol Bt ARRADIEAALANE SARAEI A 20, By

ul tra-w delgandeissitally 9&p. e teRposed oppfdsif@ Buddefit ofliBe SE@RutoR-ifstiStRESt/af- 7D,

which are a flow chart of the nethod of making the
10 wideband coupling capacitor 20 from each other restoring capacitance thereto.

il The orientation-insensitive ultra-wideband coupling capacifor 20 further comprises a
12 quick curing protective UV-curable solder dam coating 48. The quick curing protective UV-

13 curable solder dam coating 48 covers all surfaces defining the circumferential slot 42 to protect

14  the circumferential slot 42.

15 The orientation-insensitive ultra-wideband coupling capacitor 20 further comprises a
16  plating 50. The plating 50 covers the exposed opposing ends 46 of the plurality of external
. 17 surfaces 22 of the orientation-insensitive ulira-wideband coupling capacitor 20 so as to form
18 solderablg connections 51 which extend up to the protective UV-curable solder dam coating
19. 48 which acts as a stop-off barrier for the solderable conmections 51. The orientafion-
20  insensitive ultra-wideband coupling capacitor 20 is thereby formed héving aresistance across

21 the solderable copnections 51 increased so that it exceeds 100 MegOhms. The plating 50 is
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8 orientation-insensitive ultra-w deband coupling capacitor of the present
invention, and as such, 9 will be discussed with reference thereto. 10 The
nmet hod of making the orientation-insensitive ultra-w deband coupling
capacitor 11 20 conprises the followng steps: 12 STEP |I: Secure the
unterm nated nulti-layer capacitor 28 of the | ow frequency portion 13 24.
14 STEP 2: Coat conpletely the unterm nated nulti-|layer capacitor 28 of the
|l ow 15 frequency portion 24 with titaniumtungsten (TiW followed by
nomnally 16 tp@f&%wiﬁlrspﬁe% ot ORB& or G6H) VARH Re PIRtith S0/)pold! B8 RolRGaBIR T O
form an adhesi on 1/ [ayet 52 having opposing ends 54. 18 STEP 3: Create by
ei ther | aset sconnedtiags Siclaeaise 8¢ gadd/fiblioAYondedadtamtydmhdabr asi ng, or 19
simlar procedure the circunferential slot 42 nominally 1.5 ml| wide, 16 1
conpl etely through, conpletely around, and mai ntai ned constantly in, the 2

adhesion | ayer 52 w thout destroyjing.the untent.i nated.pul t.i -l ayer capacitor
58 3 of thb | ow f oo BT U St e YT SR oREE R2faREn ¢ e
4 opposi ng gnd ﬂgﬁg—@@ I . : b eal b ensit

separating‘fhe§0%$§%%8é$%8%gn S 468?¥tl%§§ﬁﬁg igﬁaFgﬁgg&%%b?§%n1%§?ﬁeother

restoring 5 capaoiidebdeotflRE ifaciend df hepwicagnentbmt t ed body 56. 7 STEP 4:
Soak prolongingly the slotted body 56 in highly diluted hydrogen peroxide
if 8 the circunferential slot 42 was |aser scribed to elimnate a residue

filmof 6 The method of making the orientation-insensitive ultra-wideband coupling capacitor

20 can best be seen in FIGURES 7A-7D, which are a flow chart of the method of making the

7
8  orientation-insensitive ultra-wideband coupling capacitor of the present invention, and as such,
9

will be discussed with reference thereto.

10 The method of making the orientation-insensitive ultra-wideband coupling capacitor

1T 20 comprises the following steps:

12 STEPI: Secure the unterminated multi-layer capacitor 28 of the low frequency portion.

13 24.

14  STEP2: Coat completely the unterminated multi-layer capacitor 28 of the low

15 frequency portion 24 with titanium-tungsten (TiW) followed by nominally
16 three microns of copper (Cu) and a gold (Au) flash so as to form an adhesion
17 layer 52 having opposing ends 54.

18 STEP3: Create by either laser scribing, chemical etching, mechanical abrasing, or

19 similar procedure the circumferential slot 42 nominally 1.5 mil wide,

16



9 vaporized netal redeposited into the circunferential slot 42 after |aser
scribing. 10 STEPS:. Apply the quick curing protective UV-curabl e sol der
dam coating 48 to all 11 surfaces defining the circunferential slot 42 to
protect the circunferential slot 12 42. 13 STEP 6: Pl ate the opposing ends
54 of the adhesion layer 52 with either pure tin or 14 solder or gold so
as to form sol derable connections 51 up to the quick curing 15 protective
UV-curabl e sol der dam coating 58 which acts as a stop-off barrier 16 for
the sol derahl e connecti qRgpRily @RAgH NempRMlyfLERd! ARl MhikeRb@tdRRnilNECRS ti Ve
17 ul tra-w deband coupling capacitor 20 having a resistance across the

sol der abl e 218 connect i cidieshh layerse eith@tdstoyidadic untermingtedusltilger dpyln@8 as a
result of the 19 soak step if carried out. The plating 50 is preferably
either pure3tin or sol def thoBwofrequsnay. portioni24; taﬂ¢§“12381n851¥dﬁ¥féﬁa§tbﬁ‘6”&e‘tﬁ“§t

o T adiency capaci PaPeEReRELSpRrvdi e P s R BB R |2 "
3 generical§y an embodi %ﬁﬁkﬁgh%@%ﬁ%@m}ﬂbﬁﬁhrfaﬁ&'ézYﬁ%{nf bdeh ther MRBAGgf OF

encl.osing a functi onal conponent within a gapped | ow1oss conductor

pair. Each @f the pair efpatiewed B&sto ahd RafidyS sona! dy 6@unds the RF conponent
on four sides and is co-termnal with the RF 6 conponent on a renaining
two sides. A gap fornmed between the conductor pair creates a |low 7 |oss

capacitor that js_in parallel wit he syrr ded. 0 ngnt. The. .
sur rounded 'RF S@’é 6’rrpon§?ﬁk Pﬁ‘H?Pg?f}%E’I %Hg?“egtii?‘:g’i RG] i‘ﬁf‘{éggy‘f%ﬁm BPPHide if 5
mul tilayer geapaci tor, aﬁle'cﬂgﬂr&‘érgﬁtial ot 42 was laser scribed to eliminate a residue film of

9 vaporized metal redeposited into the circumferential slot 42 after laser scribing.

10 STEPS: Apply the quick curing protective UV-curable solder dam coating 48 to all

11 surfaces defining the circumferential slot 42 to protect the circumferential slot

12 42.

13 STEPG: Plate the opposing ends 54 of the adhesion layer 52 with either pure tin or

14 | solder or gold so as to form solderable connections 51 up to the quick curing
15 protective UV-curable solder dam coating 58 which acts as a stop-off barrier
16 for the solderable connections 51, and thereby form the orientation-insensitive
17 ultra-wideband coupling capacitor 20 having a resistance across the solderable
18 connections 51 increased so that it exceeds 100 MegQOhms as a result of the

19 soak step if carried out. The plating 50 is preferably either pure tin or solder
20 or gold. '
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9 resistor, other resonance circuitry, a filter, a transmssion line, or a
plurality of transm ssion 10 lines. The resultant overall device includes,
but is not Iimted to, volunetrically efficient high- 11 perform ng
paral | el conbi nations of two capacitors, of an inductor and capacitor
creating 12 thereby a parallel-resonant network, a resistor, other
resonance circuitry and a capacitor or a 13 so-called R-C network, a
filter and a capacitor creating thereby a filter with an additional pole

14 or. coupjing, a fisDeeiusRisR0d Mame@ﬂ@hlgﬁ e lifRh pivth i#foPh 1kettdghiohcpf
transm ssion lines and a 15 capacitor 6 It wil be under st ood t hat each

of the el ennt samieite vithada bigh fequeory dapwitey it done lindid tothet drexbinatiey, iaftlsds i nd
a useful application in qother types of constructions differing fromthe 18

types descrd be8cusHeRly an eppodimentinpldesaivelnmemeally edisiengmegasfprengeingidunslienali ped
as embodi eq, | "R Lo bl?eﬁ{ %Etbﬁ ) gapﬁome%"i‘osé cE%&’u%to}“ §iF 33 W' 8 P@Q%ﬁ%ﬁ%ﬂé&

capaC|tor and ne ver

detail's shgwn, coudstsrs istrdtntid _th@eRw oRdnPOfl fhiladide¥ @hd %Jéo&mqﬁalmﬂsthe RF
nodi fications, 22 substitutions and changes in the forns and details of

the devi ce6 nmatampoatrs oeampinaping tedsitles. Wsa fampedimtigeen thelcbmiactpr pairkwestesdbed and
its operatlon can be nmade by those skilled in the art according Zgh%)F

know edge i'n t'R& cgpcitgl %hﬁto!aﬂn praigh ’t"lﬂh&efslﬂ%‘?ﬁﬂﬁ%RE ﬁpmpqn%tf The,
| nvention. ¢3 ‘%'oEuhQHetm thﬁde anal g hlm{u ”t‘oe efnﬁ gmg@%yer ngam oL Ju,“'n%&ég &f‘r’gﬁ't

t he gi st o? t he resen Avent i

knowl edge, or eaglidor, @tﬂéﬂésohéncé Qfcuit3rd AP a uénﬁ,ﬂ&hdn%te | d? @%M&M@&mﬁmﬂi&ﬂ ng
features that, fromthe standpoint of prior at, fairly constitute 6
characteri®ti dmesﬁhdxhﬂlltgﬁ oegralbdeeice ingledes, bids mnﬁmtcsto,o)fohtutwﬁ:aﬂ)mfmnntmgh

11 perfomﬂng parallel combinations of two capacitors, of an inductor aud capacitor creating

12 thereby a parallel-resonant network, a resistor, other resonance circuitry and a capacitor or a

13 so-called R-C network, a filter and a capacitor creating thereby a filter with an additional pole

14 or coupling, a transmission line and a capacitor, or a plurality of transmission lines and a

15  capacitor.

16 It will be understood that each of the elements described above, or two or more
17 together, may also find a useful application in other types of constructions differing from the

18  types described above.

19 The invention has been illustrated and described as embodied in an orientation-
20  insensitive ultra-wideband coupling capacitor and method of making, however, it is not limited
21 to the details shown, since it will be understood that various omissions, modifications,

22 substitutions and changes in the forms and details of the device, materials employed and

i8




19 CLAIM5 1. An electronic conmponent, conprising: a) a RF conponent; ‘and
b) a pair of |owloss conductors; wherein each of said pair of |owloss
conductors surrounds said RF conponent on four sides and is co-term nal
with said RF conponent on a renmaining two sides. 2. The conponent as
defined in claiml1l, wherein a gap forned between said pair of |owl oss
conductors creates a |l ow | oss capacitor; and wherein said | owl-0ss
capacitor is in parallel with said RF conponent it surrounds. 3. The
conponent ag defifRMuiies, ifisiBiedarits speratblRbafbd &R bY tHk skMEPRRR A acchb@ipne Of
a nmultilayer capacitor, an inductor, a resistor, a filter, a transm ssion
i ne, and aZ2pl up&hivtlsdgein the avhsithaus departihg fners the 4piriTofthe preganievehtias defi ned i n
claims 1, 2, or 3 wherein said RF conponent and said pair of |owloss
conductors result in volunmetrically efficient high-performng parallel
conmbi nati ong of one t capaci tors.. an. induct and capaci tqr eat i ng
t hereby a pgr allel - p@%%‘ht\gﬁ?heﬁe 4 Slrsk{he gor?génsnlgsqugrso fg%mgeaéglbea%sﬁtog(ral,e ngﬁe%- C
network, a iil Gi@fendtitnd 6HOSChl, Wy HpHRE! difedt MabRIMs rbddii} GHapt W Fob vffous
additional pole or coupling, a transnmssion |ine and a capacitor, and a

5 applications without omitting features that, from the standpoint of prior art, fairly constitute

6  characteristics of the generic or specific aspects of this invention.
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plurality of transmission lines and a capacitor. 20

CLAIMS

1. An electronic component, comprising:

a) a RF component; and
b)  apair of low-loss conductors;

wherein each of said pair of low-loss conductors surrounds said
RF component on four sides and is co-terminal with said RF component on a

remaining two sides.

2. The component as defined in claim 1, wherein a gap formed between
said pair of low-loss conductors creates a low-loss capacitor; and

wherein said low-loss capacitor is in parallel with said RF

component it surrounds.

3. The component as defined in claims 1 or 2, wherein said RF component
is one of a multilayer capacitor, an inductor, a resistor, a filter, a transmission

line, and a plurality of transmission lines.

4. The component as defined in claims 1, 2, or 3 wherein said RF
component and said pair of low-loss conductors result in volumetrically
efficient high-performing parallel combinations of one of two capacitors, an
inductor and capacitor creating thereby a parallel-resonant network, a resistor
and a capacitor, an R-C network, a filter and a capacitor creating thereby a filter
with an additional pole or coupling, a transmission line and a capacitor, and a

plurality of transmission lines and a capacitor.
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