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WO 2006/031281PCT/US2005/023856 ORIENTATION-INSENSITIVE
ULTRA-WIDEBAND COUPLING CAPACITOR AND METHOD OF

MAKING CROSS REFERENCE TO RELATED APPLICATIONS 2The
instant non-provisional application claims priority from provisional ) )
JpReXEA8humber 60/503,183, filed September 15, 2003, Ad Entitfa238¢
ULTRA-WIDEBAND 4 COUPLING CAPACITOR. 5BACKGROUND OF

THE INVENTION 6Field of the Invention: 7The present invention relates

to an ultra-wideband coupling capacitor. angd maore 8particul the
present inv -_f;ai. Trela) %$§J DAl a.l-‘-‘? is’Erand
coupling 9c¢apacitor ethod of making. cription of the Prior Art:
11As shown in FIGURES 1 and 2, which are, respectively, a schematic

diagram of a 12prior art ultra-wideband upli% aitor anda
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exploded diagiaii v Vi A5t : "
coupling capacitor, a prior art ultra-wideband coupling capacitor 1410 is a
parallel combination of a high value capacitor 12, typically 10 nanofarads

or greatgy, 1pand Alowyalismsprpasitandd pisptiod pieofarediitm@Splication
picofarads. As can be seen, 16capacitors in parallel result in wider X
operdngeDANdviRRh i ie7 Thepfsridreart Sl A0 ettt Febtipfin e AR At EBAND

10 is either com}posed %{ two or more
COUPLING CAPACITOR.

sk s S

BACKGROUND OF THE INVENTION

Field of the Invention:

The present invention relates to an ultra-wideband coupling capacitor, and more
particularly, the present invention relates to an orientation-insensitive ultra-wideband coupling

capacitor and method of making.

Description of the Prior Art:

As shown in FIGURES 1 and :jz,.which are, respectively, a schematic diagram of a
prior art ultra-wideband éoupling capacitor, and an exploded diagrammatic perspective view
of a prior art ultra-wideband coupling capacitor, 2 prior art ultra-wideband coupling capacitor
10 is a paraliel combination of a high value capacitor 12, typically 10 nanofarads or greater,
and 2 low value capacitor 14, typically 20 picofarads to 250 picofarads. As can be seen,

capacitors in paralle] result in wider operating bandwidths.

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

physical items which require precise assembly or a single ceramic assembly which must
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18physical items which require precise assembly or a single ceramic
assembly which must WO 2006/031281PCT/11S2005/023856 linternally
include complex multiple capacitor configurations, and via holes that
interconnect 2internal electrodes to external contacting pads, Both o

h of _ B
HASLBBHRFLF devices have larger 3than desired physical fobtprinta aner->-0

can only be mounted on one specific side of the device 4making them
difficult to use where surface mount technology (SMT) is employed.
5Electrically, size limitations result in both high insertion and return losses

atx c%%ﬂ?p ALEEO g&ﬁgﬁﬁ%ﬁgﬁmﬂgﬂ@grﬁléﬂgﬂ%ﬂﬁﬁmﬂMes that interconnect

frequencies. The high value capacitor 12 is a multi-layer capacitor, whil
thetewavelierchpacitardid imyerdrapdithBt Q%qféqg@tgflggégewg%%ave farger
two single layer capacitors in a balanced 9configuration. The multi :
céﬁpﬁit%ﬁ@ddjﬁﬁ’éﬁ?ﬁlaf9%?p§ﬂff(ﬁﬁ?ec %ifﬁﬁm erdig f?‘aﬁee%oﬁll 3?355,8 fgggjéc-ﬂaélgf the device
S%% rate ht%iaéﬁ%pogl@&%cm%I%%&'?ﬂé@%ﬁﬂ%ﬁ&t@hﬁb!@@?@@lﬁmﬁ & employed.
sing eni%yer structure with two plates separated by a thin dielectric layer.
12The-highy vaheieapaiciterdsdwitloits fé i iow fﬁéh@‘é“ﬁés‘é‘ﬁ%ﬁc@ai/élso catse
most effective 13on lower frequency signals, while.the low value capacitor
1&xovikivesstafaek B9 TngHICERRY TATENERENCETIE Bt effective on high
frequency signals. 15The high value capacitor 12 and the low value
capacitor 14 of the prior art ultra- 16wideband coupling capacitor 10 have )
different-gpexating:ehargeterstcsiin differémitaporioritot. Fdfikithe low value capacitor
ultra-wideband operating spectrum, as will be discus e{j infra. . tors in a balanced
14 is generally either a single layer capacitor 0T tWo SIngle iayer capacitors in
configuration. The multi-layer capacitor is a multi-layer structure with interdigitated plates, |
each separated by a thin dielectric layer, while the single layer capacitor is a single layer

structure with two plates sefgarated by a thin dielectric layer.

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

resonance, is most effective on high frequency signals.

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

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

As shown in FIGURE 3A, whichisa schematic diagram of 2 prior art ultra-wideband
coupling capacitor operating at a low frequency, when the prior art ultra-wideband coupling

capacitor 10 is operating at a low frequency, the prior art ultra-wideband coupling capacitor
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18As shown in FIGURE 3A, which is a schematic diagram of a prior art

ultra-wideband 19coupling capacitor operating at a low frequency, when

the prior art ultra-wideband coupling 20capacitor 10 is operating at a low

frequency, the prior art ultra-wideband coupling capacitor W, < <
A5 peTIU82005/ 023856 110 slectroden exhibi ins%ﬁ’i cant sk

effect. The ceramic structure looks like a bulk 2dielectric. 3As shown in

FIGURE 3B, which is a schematic diagram of a prior art ultra-wideband

4coupling capacitor operating at a mid frequency, when the prior art )

ulya-wideband soilglingshnifacitckiiodoperiingaraimpirnayizdaels thke a bulk

prior art ultra-wideband coupling capacitor 610 electrodes exhibit

sigifitfedit skin effect. The dielectric region begins to take on the effect 7of

a meandering parallel plate transmission line structure. Additional

resonances emerge. As shown in FIGURE 3C, which is a schematic

diagram gf ahptieneRIGURY Kkbednd:9cosghiimpiapacion ope ratingraelaa-wideband

high frequency, when the prior art ultra-wideband coupling 10capacitqr 1 .

is @p@&éﬁ@@ﬁ@ﬁi@ﬁ%&&ﬁ@ﬁéﬁ%@%ﬁﬁ%tﬁﬁ%ﬁﬂ&’é]t?éﬁﬁ "WH%%MQ coupling

capacitor 10 electrodes exhibit full_ski : ielectric el anacitor

o EES e G ot 1 e azion e A Cotp g Rapac

reseRRREESSMEN0R akHiechighan bgaueNaesicl3Thequiar Bugins to take on the effect
ultra-wideband coupling capacitor 10 has a few associated shortcomings.

14FFiestiysintogherphid st dTarewirsitaing coupig CfritRpl feryiapees emerge.
two-piece structure, the 15prior art ultra-wideband coupling capacitor 10
requires additional production assembly effort,

As shown in FIGURE 3C, which is a schematic diagram of a prior art nltra-wideband
coupling capacitor operating at a high frequency, when the prior art ultra-wideband coupling
capacitor 10 is operating at a high frequency, the prior art ultra-wideband coupling capacitor
10 electrodes exhibit full skin effect. The dielectric region acts as a lossy meandering parallel

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

Thé prior art ultra-wideband coupling capacitor 10 has a few associated shortcomings.
Rirstly, since the prior art ultra—wideband coupling capacitor 10 is a two-piece structure, the
prior art ultra-wideband coupling capacitor 10 requireg additional production assembly effort,
which increases per unit cost. Seqondly, the prior art ultra-wideband coupling capacitor 10
is orientation-sensitive restricting it to beiﬂg mounted only on one specific surface, creating
surface mount technology (SMT) compatibifity issues. Thirdly, the assembly height of the

prior art ultra-wideband coupling capacitor 10 exceeds the 0.020" dimension of a standard

0402 package by 0.012".
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16which increases per unit cost. Secondly, the prior art ultra-wideband

coupling capacitor 10 17is orientation-sensitive restricting it to being

mounted only on one specific surface, creating 18surface mount

technology (SMT) compatibility issues. Thirdly, the assembl g ' % <
?’&pzrﬁ]g?/%r “ilra-wideband coupling capacitor 10 exceeds th?aﬁ) %g i,p%%m?m
dimension of a standard 200402 package by 0.012". WO
2006/031281PCT/US2005/023856 Thus, there exists a need for an
ultra-wideband coupling capacitor which is one-piece 2and thereby
eliminates,adgitienakfrodustidorassembhydetent whipkith enphytdechédsisone-piece
per unit 3cost, which is orientation-insensitive and thereby elimina

t .
reswittinehit torbieiies stineedl BNCBRRGRTBBBCHC Lo HTER fff«?mw perunit

eliminates surface mount technology;( Secompatibility. i :
WHEh H5BS Hot S MAT S O b SR o s g @ eing cunted
6NN BHOMS iBpQyAtiansties highfrequencylcapacitossrhevesheen providery (SMT)
in the prior 7art. Even though these innovations may be suitable for the
specifietividiiyiduatpuarsbebskolswhieteisesidhe Pe%%g,/ tHEBaR Glferigndard 0402.
structure and/or operation and/or purpose from the 9present invention in

that they do not present an ultra-wideband coupling capacitor which is

100ne-pigge.ans thershy siminatas madiienakpronbictioncisserphiyiftirt the prior

which thereby 11decreases per unit cost, which is orientation-insensitive

anet tHevebshetighitiatesinestritiing waohe el o ePesificdndéridual purposes to

specific surface which thereby. eliminates surface mount 13tec% I Io) from the

(SN B Bty el B ST AR AL Tt Lolo BB T Bogr D bose

dinggéﬁitQHv%Btion in that they do not present an ultra-wideband coupling capacitor which is
one-piece and thereby eliminates additional _production assembly effort which thereby
decreases per unit cost, which is orientation-insensitive and thereby eliminates restricting it

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

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

a standard 0402.

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

with the dielectric tayer on which the contact members are mounted and the contact members,
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14a standard 0402. 15FOR EXAMPLE, U.S. Patent Number 5,576,926 to
Monsomo has an assignee 16common with the instant application and
presents a capacitor which has a superior ability to 17operate in the upper

regions of the RF spectrum. The capacitor includes a pIanarI%E(;%l'sgg‘pmns-ﬁ
Tﬁa"%‘?f% fith is mounted between a pair of dielectric layers. The SRS

electrode layer generally is 19centered inwardly with respect to the
dielectric layers leaving an outward margin of dielectric 20material. One of
the dielectric layers has two spaced apart contact members, each having

a A diffecent bolariy.fam e ather chheielesindedaytiisisatatedtbon Providing
electrical contact with 22any conductor and is buried within the dielectric _
laytrsndFheveietirotbiayer ivltansinaioredavisizne distecats Hgwfppeonvenient

which the contact members are mounted and the contact mem 1d
Ry e S S E e R e

V%@g&i&&%&%ﬁ%&&&%f@%ﬁk& contact dnerers Rsoiding 2trimmed

contact members, as well as controlling their size and spacing, allow for
convenient 3preselection of desired operative characteristics of the

capacitor. The contact members could 4 Siti ubstrate

hich & BRI S I oy NG R BN Bt B g e S1.C
atent Nymbe [/ ' itz teachesamalihovisthbagRIthid as low as
brit eC%glraaSr%i@%ﬁ%?&%i%%g%g?ggs%n%gw% inches thick and as low as )
70,0005 inches-0isle St fedisadabiokedl kioaganstgih g € gi@g}}@}fﬁ@gether, to give

singly or together, to give 8the structure required physjcal strength for.
M tEeTiVs 1 P’éfﬁ%ll ﬁ%%h ERyyast g h%dfing, an%nm%age. Blectrodes are

(1) a ceramic metal composite, (2) aporous ceramic infiltrated with metal or other conductive
material, (3) a resin filled with metal or other conductive material, or (4) combinations of the
above. The very thin and, in itself, fragile dielectric layer provides exceedingly high capacity

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

titanium dioxide is also used.

It is apparent that numerous innovations for high frequency capacitors have been
provided in the prior artthat afe .aé‘atpfed to be used. Furthermore, even though these
innovations may be suitable for the specific individual purposes to which they address, they
would not be suitable for the purposes of the present invention as heretofore described,
namely, an ultra-wideband coupling capacitor which is oﬁ&piece and thereby eliminates
additional production assembly effort which thereby decreases per unit cost, which is
orientation-insensitive and thereby eliminates restricting it to being mounted only on one
specific surface which thereby eliminates surface mount technology (SMT) compatibility

issues, and which does not exceed the 0.020" dimension of a standard 0402.



9(1) a ceramic metal composite, (2) a porous ceramic infiltrated with metal
or other conductive 10material, (3) a resin filled with metal or other
conductive material, or (4) combinations of the 11above. The very thin
and, in itself, fragile dielectric layer provides exceedingly high capacity
12per unit area with temperature stability and low losses. A 0.00001-inch

thick dielectric of 13tit _ : is apparent that
numerous innovations q%‘%iﬁﬁj& EEIMW been

15provided in the prior art that are adapted to be used. Furthermore, even
though these 16innovations may.be suita rtl ecific.individual
P A S R A hscnsiive
ubrrpodelnod twepresemanieritishase hetwmdiordvdesenbetthegnamaly, an
ultra-wideband coupling capacitor which is one-piece and thereby
eliminates 19additional production assembly effort which thereby . ,
decre%%‘@g%é‘ﬁﬁﬁit%é@?mm%‘lé W&i]@ﬁ‘ﬁaﬁ@ﬁ-iﬁ%eéné‘?ti\%aé@f&tﬁéré’é&?“*auon“
irRiminates rasiHetng d douba o matiied ol 1B Bne R Lapesificcaupaedmance
which thereby eliminates surface mount technology (SMT) compatibility
o8l & BRBrRhth does not exceed the 0.020" dimension of a standard
0402. SUMMARY OF THE INVENTION Embodiments of the present
inveniion, ssek. o Provide an crientaliondnsensitve Ul ideRand orientaion.
coupling capacitor that avBids the' disadvan ages of the prior art.
inBenbididimentgoitidebprdsenvimiangtiorraisotseekwbiphovilesanmore  atiractive
piyisciAtiprnsensiive liranusehand couRlipgarapacitor which has
improved electrical performance over that of the prior art. _
Embodiments of the present invention also seek to provide an
- orientafiendnsansitivehitraruidebaRd-CRHPHNRG GRPRCIELYIIER has sReKeation-
_ attractive physical/mechanical characteristics than that of the prior art.
MEFABEUMBHE B4R e seR ige RN K50 SHER (5 BRI Enand thereby has
iR ONzise BV wlirawidshane salipling eapBetion whiehisy effort which
ﬂnonE)-pi(fce_Aanq therebty hats inherently higher reliability and eliminates
sdcitio glﬁsfr’gs(’ja%liil(‘)nr{ a%'éémbly effort which thereby decreases per unit
cost.

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which is smalfer than a two-piece prior art
ultra-wideband coupling capacitor and thereby consumes less space and reduces the

propensity to launch surface modes.

Embodiments of the present invention also seek to provide an orientation-

insensitive ultra-wideband coupling capacitor which is orientation-insensitive and



Embodiments of the present invention also seek to provide an
orientation-insensitive ultra-wideband coupling capacitor which is smaller
than a two-piece prior art ultra-wideband coupling capacitor and thereby
consumes less space and reduces the propensity to launch surface
modes. Embodiments of the present invention also seek to provide an
orientation-insensitive ultra-wideband coupling capacitor which is .
it BRSNS Wi ‘I ISy AR 88 YeSRrichR g RE T ethgece which
tiraebntedminiansorfecspacific seufactkowhiciMherelypatitiingtés sufaecoperates
oot eghnology (SMF) compalibilly, ssiice. .- operates equally well
9ega¥d)lvess of e Sufface Used to mount it. Embodiments of the
present invention also seek to provide an orientation-insensitive

“'t.ra"ﬁiﬂ%’(ﬂﬂ%%‘@“&ﬁrlgecg?&%iﬁri}é‘g?éﬁri‘oﬂogléﬁ%éﬁq%r%;%‘?f?&é]ahn orientation-

orientation during tape-and-reel loading. mbodiments of the present
npRAsHiich sy weskay! srovitecasrprferatibisindesisioy sogrit wigeBhadentation
dGRHPIAG CRRACEPIoWich does not exceed the 0.020" dimension of a

standard 0402 so as to form a true 0402 package which can be handled

with standard SMT equipment. Embodiments of the present invention

also seakdoipvidefamerigatationninsensitivedlttwidebanddeouplingentation-
. capacitor which ig elecirically identical to a two-piege prior art -
A Aol A HO Ty SO ora e oo ot (6 grssgrl the 0.020
dimeertionodls stseddcddipidvidear dhientatior-EEnsitike agltrdrwhidetnalmdhandled
W &UQQ]Q%%g@ng%WFAQQQaS Ic_)wer insertion Iqss than a two-piece prior art

ultra-wideband coupling capacitor. Embodiments of the present

invention also seek to provide an orientation-insensitive ultra-wideband

couplingieapaciiar whigh Nas:bRterRWR 1an & dVQPIBLRREO0L M rientation-
_ultra-wideband coupling capacitor. ~ Embodiments of the present
MFRASHGH Wit isskapipravidie & cantrHetrivaiRh eficlert idinkifatical to a two-
pRoElpsinga functioasd RE capIpeneptyithin a gapped low-loss conductor

pair, each of which surrounds the RE component on four sides and is

co-terminal with it on a remaining two sides. According to a first aspect

of theljpnesemt énieptiohdhpresdapiovidedran losiertdtion-imsensitive orientation-
danddenand ceuplind. eapaciiar CAMRIISING; A RINAIN O eXSMElyyn 4 two-

surfaces, a low requency%or%on, ané)a%g(h requency porhon, wherein
pite hith fisglieneydsbaidieiwrondispusédron, and electrically connected

to, the low frequency portion so as to allow the orientation-insensitive

ultra-wideband coupling capacitor to work identically when mounted on

any ekfabRaimsigintdinar sifefed SPrRatisralig tedxteynaPsififadasorientation-

ithekeefe ulrAccrrdingtoranaconshasaachefdnaRresent Inemiannthakolpiece
provided an improved orientation-jnsensitive ultra-wideband coupling

PRELHE B IERYBEREOING S2BRT Mty of external surfaces, a low
frequency portion, and a high frequency portion, wherein said
improvement comprises: the high frequency portion being so disposed on,
and electrically connected to, the low frequency portion so as to allow said
improved ultra-wideband coupling capacitor to work identically when
mounted on any external longitudinal surface of the plurality of external
surfaces thereof. According to a third aspect of the present invention,
there is provided a method of making an orientation-insensitive
ultra-wideband coupling capacitor, comprising the steps of: a) securing an
untenninated multi-layer capacitor of a low frequency portion of the
orientation-insensitive ultra-wideband coupling capacitor; b) coating
completely the unterminated multi-layé&r capacitor of the low frequency
portion with an adhesion layer having opposing ends; c) creating a
circumferential slot around the adhesion layer and thereby electrically
separating the opposing ends of the adhesion layer from each other
restoring capacitance and forming a slotted body; d) applying a solder
dam coating to all surfaces.defining the circumferential slot to protect the
circumferential slot; and e) plating the opposing ends of the adhesion
layer so as to form solderable connections and thereby form the

orientation-insensitive ultra-wideband coupling capacitor. The novel
faatiirae which are concideread charactarictic of the nreceant invventinn aro



1BRIEF DESCRIPTION OF THE DRAWINGS 2The figures of the

drawings are briefly described as follows: 3FIGURE 1lis a schematic

diagram of a prior art ultra-wideband coupling capacitor; 4FIGURE 2is an

exploded diagrammatic perspective view of a prior art ultra- 5wideband

coupling capacitor; 6FIGURE 3Ais a schematic diagram of a prior art

ultra-wideband coupling capacitor 7operating at a low frequency;, .

SFIGURPE ISR SERBF RS HadrsTAEa b Hor SRt Ui iy yolumetrically
ofEeHRliNg GARaRiorRApaTatinguataomit REquensyntORIGLIRE 3Gipal low-loss

schematic diagram of a prior art ultra-wi d lj it .
e abm S AR YR AR o s o

lagrammatic
teperSpectve vewroitieinrieniaiidn-insensitive ultra- 13wideband coupling
capacitor of the present invention; 14FIGURE 5is a diagrammatic cross
sectional view taken along LINE 5-5 in 15FIGURE 4; 16FIGURE 6is a
circuitequiliateribte tHesorentatiortitenskigatulsenigebtisee 1 Foatiplifgd an
or‘%%ﬁ]ﬁ%ﬂ% ot fhe: presant ipvesian Ana8FIGHRES Thnaiea flowichar of
of the method of making the orientation-insensitive 19ultra-wideband
exsouplingréagsachdpof fW@Weﬁ?lﬁWén‘ﬂ&‘@ high frequency portion; wherein the

high frequency portion is so disposed on, and electrically connected to, the low frequency
portion so as to allow the orientation-insensitive ultra-wideband coupling capacitor to
work identically when mounted on any external longitudinal surface of the plurality of

external surfaces thereof.

According to a second aspect of the present invention, there is provided an
improved orientation-insensitive ultra-wideband coupling capacitor of the type having a
plurality of external surfaces, a low frequency portion, and a high frequency portion,
wherein said improvement comprises: the high frequency portion being so disposed on,
and electrically connected to, the low frequency portion so as to ailow said improved
ultra-wideband coupling capacitor to work identically when mounted on any external

longitudinal surface of the plurality of external surfaces thereof.

According to a third aspect of the present invention, there is provided a method of
making an orientation-insensitive ultra-wideband coupling capacitor, comprising the
steps of: a) securing an unterminated multi-layer capacitor of a low frequency portion of
the orientation-insensitive ultra-wideband coupling capacitor; b) coating completely the
unterminated multi-layer capacitor of the low frequency portion with an adhesion layer

having opposing ends; ¢) creating a circumferential slot around the adhesion layer and



WO 2006/031281PCT/US2005/023856 1LIST OF REFERENCE
NUMERALS UTILIZED IN THE DRAWINGS 2Prior Art 310prior art
ultra-wideband coupling capacitor 412high value capacitor of prior art
ultra-wideband coupling capacitor 10 514low value capacitor of prior art
ultra-wideband coupling capacitor 10 6Present Invention
.72Qorientation-insensitive ultra-wideband coupling capacitor of present
R B AR BP exeaRSARS 94 B8 HUGUBRG Soich <2ch other
r&0R 6N ghpfreitprency p dotiaim i h28utnde brndyatddappiitinlay en idap daitoroafilano all
S Ry U B M LA R i
themepaimgteetimeltibgehasapalitor 28 fiiolwrfrespidsielportiopctdns and thereby
rABRdiglRatie Javes Rl utarInatR M tlayer, capagitpr 28 of low
frequency portion 24 1534first ends of electrode’layers 30 of unterminated
multi-layer capacitor 28 of low 16frequency portion 24 1736opposing ends

of exteraalosdlfRGaH MR RBIRAIGd NaHIIa¥AECAPAGEGR<8 AT IWAtion are
18freque§tcy portion 24 1938second ends of Flectrode layers 30 of

seihjf?é}lmfh %6%‘?&]%1%9@8&&&%&"%“8?|8€ﬁ1 however, both as {o its construction

and its method of operation together with additional objects and advantages thereof will
be best understood from the following description when read and understood in

connection with the accompanying drawings.

8a
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20frequency portion 24 2140pair of conductors of high frequency portion

26 WO 2006/031281PCT/US2005/023856 42circumferential slot between
pair of conductors 40 of high frequency portion 26 246exposed opposing
ends of plurality of external surfaces 22 of orientation-insensjtjve.. . <
?lﬁt?gq%(%le%énd coupling capacitor 20 448quick curing prote’ctlvéU SR00/023856
UV-curable solder darn coating 550plating 651solderable connections
752adhesion layer 854opposing ends of adhesion layer 52 956slotted
body WO 2006/031281PCT/US2005/023856 DETAILED DESCRIPTION
OF THE INVENTIOBRARBBESGRIRT 10 e F JUHESIIR AnyiEk kb

indicate like parts, and 3particularly to FIGURES 4 and 5, which are,
respectively, a diagrammatic perspective view 4of the
orientatiqn-insensitive ultra-wideband;caupling:capaciifthe present
invention, SN 55 lagranunatic cross sectional view taken along LINE 5-5
in FIGURE 4, the orientation-

FIGURE 1 is a schematic diagram ofa prior art ultra-wideband coupling capacitor;

FIGURE 2 is an exploded diagrammatic perspective view of a prior art ultra-

wideband coupling capacitor;

FIGURE 3A is a schematic diagram of a prior art ultra-wideband coupling capacitor

operating at a low frequency;

FIGURE 3B is a schematic diagram ofa prior art ultra-wideband coupling capacitor

operating at a mid frequency;

FIGURE 3C is a schematic diagram of a prior art ultra-wideband coupling capacitor

operating at a high frequency;

FIGURE4 is a diagrammatic perspective view of the orientation-insensitive altra-

wideband coupling capacitor of the present invention;

FIGURE 5 is a diagrammatic cross sectional view taken along LINE 5-5 in
FIGURE 4;
FIGURE ¢ is a circuit equivalent to the orientation-insensitive ultra~-wideband

coupling capacitor of the present invention; and

FIGURES 7TA-7D  are a flow chart of the method of making the orientation-insensitive

ultra-wideband coupling capacitor of the present invention.
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6insensitive ultra-wideband coupling capacitor of the present invention is
shown generally at 720. 8The orientation-insensitive ultra-wideband
coupling capacitor 20 typically operates in 9a range from below 20 KHz to
é 2&}(?60[)9% and fills a need for better blocking and decouplipg,ysao0s/023856
ki components by finding a use in almost all ultra-wideband digital signal
processing applications, e.g., optical systems and their associated test
equipment, closely related DC 12returns and bias tees, fiber to the home
(FTTH), and MM1C development, e.g., ampllfters e g 13ultra-wideband
MMIC anifiersranitReSes NG MERed SENHAIEEEDIAT RAE DRAWINGS
orientation-insensitive ultra-wideband coupllng capamtor 20 comprises a
plurality 150f external surfaces 22, a low frequency portion 24, and a high
frequency portion 26. The high 16fregugncy,portion 26 is so disposed on,
and electrically connected to, the low frequéncy 17portion 24 so as to
allow the orientation-insensitive ultra-wideband coupling capacitor 20 to
18work identically when mounted on any external longitudinal surface of
thé plur@tntgf@fte&t@‘fvaﬂi@gﬂr@@}ébf@?ﬁﬁé‘f’é%‘f and thereby be readily SMT

compatiple without re ci |e H
2%6/0&@%1@%%% g@'f@ Trhe oﬁ%%%)gn mgjtf—:'é:]gs 3/%?{&) 10
k%&a widgbang, coupling canasiara eaniapbialebajing 2iakide By using

a larger value for the low frequency portion 24 than that used for the range
3from below 20 KHz to over 40 Ghz, discussed supra.

Present Invention
20 orientation-insensitive ultra-wideband coupling capacitor of present invention
22 phurality of external surfaces
24 low frequency portion
26 high frequency portion
28 unterminated multi-layer capacitor of low frequency portion 24
29 external surfaces of unterminated multi-layer capacitor 28 of low ﬁequency portion 24

30 electrode layers of unterminated multi-layer capacitor 28 of low frequency portion 24

32 dielectric layers of unterminated multi-layer capacitor 28 of low frequency portion 24

34 first ends of electrode layers 30 of unterminated multi-layer qapacitor 28 of low
frequency portion 24

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

38 second ends of electrode layers 30 of unterminated multi-layer capacitor 28 of low
frequency portion 24

- 40 pair of conductors of high frequency portion 26

10
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4The low frequency portion 24 is functionally equivalent to the high value
capacitor 12 5of the prior art ultra-wideband coupling capacitor 10, e.g., a
multi-layer capacitor, while the 6high frequency portion 26 is functionally
equivalent to the low value capacitor 14 of the prior 7art ultra-wi % <
%qﬁﬁ?ﬂ%o%lé?)}acitor 10, e.g, a single-layer capacitor, so as _toagﬁggv& %egl‘g023836
8orientation-insensitive ultra-wideband coupling capacitor 20 to have
functions of both the high 9value capacitor 12 and the low value capacitor

14 solely in a single multi-layer ceramic body. 10The low frequency

pggion 24.is an Materminalad aylidayeseapacion@8Mayingeiendemation 26
surfaces 29, electrode layers 30, and dielectric layers 32, and preferably. ..
being10 sxbbZed dppighendt né wiekicyrid tajansBRdrepedrmbnifieep-wsensitive
multi-layer capacitor 28 of the low 13frequency portion 24 alternate with

the electibtre AR S6o4PING CAREHRITted multi-layer 14capacitor 28 of

the low freque lan; I I | s ef the unterminated

1 %ulti-l%%}%% 8%%% t%%%%%?ﬁ?glg%%f%ﬁ%ﬁ?;é%(ortionﬁ)% extend at first
engs 34 heweof from, 16and are open for external electrical

communication from, opposing ends 36 of the external 17surfaces 29 of
thBlunterrlitraedlt AAGRETAPEY capacitor 28 of the low frequency portion 24,

to 18second endP 38 thereof which altematingly stop short of the opposing
end 36 FHFE'&R &M Al 19surfaces 29 of the unterminated multi-layer
cwcitogﬁ%g{ig&agwﬁgg@gmwﬂmn 24 20o0pposite to that from which
they extend so as not to be open for external electrical 22communication
thééefrorslott&3@D06/031281PCIMS2005/023856

11
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1The high frequency portion 26 is a pair of conductors 40. The pair of
conductors 40 2of the high frequency portion 26 cover the opposing ends
36 of the external surfaces 29 of the 3unterminated multi-layer capacitor

28 of the low frequency portion 24, respectively, and 4exten <
SR EErnal surfaces 29 of the unterminated multi-layeg) (mg’%gg%%@o?l 836
50f the low frequency portion 24, to just short of each other so as to form

a circumferential slot 642 therebetween and be separate from each other.
The circumferential slot 42 is preferably 7formed by laser scribing, but can
be formed by eithgreherpies) siekingnriechanisal BbrasvVENGOANY

similar procedure. Because the high frequency portion 26 does not

employ additional 9internal electrodes with separating layers, i.e., does

not employ a composite internal 10interdigital electrode array gs a single

floating dlegae B iLcHifRe s the p‘ﬁ%l‘%f i’%o%%%%?s i%%%h@%iéﬁm’ and
frequency porti | ingerlionandieiyrn lesseslAiNRmadetive view
of@%ﬁ%ﬂ%@?&%ﬁsﬁﬁg}ﬁ‘gﬁl‘ ?rlég’c?l?gncy p(a)rtisc?)r%1 216 fc?rm the plurality of .
13gxtersal suacesaaiane alestricalyrdammlinicataioh théipsesendggation, and

of the electrode layers 1430 of the unterminated multi-layer itor, 28 . —
ofaw@wmqm@;sﬁ@@ﬁ@ﬁa}zw@gwﬁa@a%&%@&rﬁ]lgogél‘g@lm%mnwmn

orientatign-insensitive ultra-wideban | ' | erally at
A S L S A it gencrally
plygality of external 17surfaces 22 thereof A set of coupled transmission

lines is formed on the plurality of external. 18surfaces 22 between the pair

of conductors 40 of the high frequency portion 26 and the 19electrode

layers 30 contained in the unterminated.multi-layer. i :
frequency SORBTIBRCZ XS RETS HifEw S Pr%%%e% ([:1§ %%%%é}%ﬁ%%@aaﬂy%am .

th reﬂ'ﬁ%‘e@&ﬁ%l%%@?@%( tBQKEOARENz, and fills aneed for better blocking and decoupling

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

applications, e.g., optical systems and their associated test equipment, closely related DC
returns and bias tees, fiber to the home (FTTH), and MMIC development, e.g., amplifiers, e.g,

ultra-wideband MMIC amplifiers and those using related technology.

The orientation-insensitive ultra-wideband coupling capacitor 20 comprises a plurality
ofexternal surfaces 22, a low frequency portion 24, and a high frequency portion 26. The high
frequency portion 26 is so disposed on, and electrically connected to, the low frequency
portion 24 so as to allow the orientation-insensitive ultra-wideband coupling capacitor 2@ to
work identically when mounted on any external longitudinal surface of the plurality of external

surfaces 22 thereof and thereby be readily SMT compatible without regard to special orienting

procedures.

12
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21which is centrally located, and to allow high frequency energy to pass

through the high 22frequency portion 26, which is peripherally located.

WO 2006/031281PCT/US2005/023856 1The pair of conductors 40 of the

high frequency portion 26 preferably comprise 2titanium-tungsten (Ti )
%ﬁ&ﬂ%&?ﬂﬁ\ominaﬂy three microns of copper (Cu) and a go%dZc ZFEJU%I }{%[egoszﬁ?bﬁ
4The circumferential slot 42 is preferably nominally 1.5 mil wide, is

constantly 5maintained completely through and completely around the

high frequency portion 26 without 6destroying the untenninated multi-layer
capacitor28 af thedow: freguancyipartionBaenisdispasest 12 can operate below
substantially midway between exposed opposing ends 46 of the pIuraIitty

of extamalBsirfacks:P2ehthéotiertatifndmsesgitvionRhthmydishneed for the range
coupling capacitor 20, thereby 9electrically separating the exposed
oppusiRgetidd S6latarysA i oSRESRS M Qiltra- 10wideband coupling
capacitor 20 from each other restoring capacitance thereto. 11The ‘
orientation-insensitive ultra-wideband coupling capacitor 20 further .
comprises;a ibaqighcauripgrirotbtiiverditalinbimivelekriel i Wehnalagpacitor 12
The quick curing protective UV- 13curable, solder dam coating 48 cove

oatl S .
ol bt g S IR IR PERIOA 3 Ao oY TGRS Capaciton, while the

ot eI ARARRHEIRGFSIP oottt bt 2% 777
O R 0 A e e Lo e il o hepri

coyersithesrnesed appRsiageads 46,0f the plupadifyyet exterrialr, so as to allow the

orientation-insensitive ultra-wideband coupling capacitor 20 to have functions of both thehigh

value capacitor 12 and the low value capacitor 14 solely in a single multi-layer ceramic body.

The low frequency portion 24 is an unterminated multi-layer capacitor 28 having
external surfaces 29, electrode layers 30, and dielectric layers 32, and preferably beinglC nk¥
or higher. The dielectric layers 32 of the unterminated multi-layer capacitor 28 of the low
frequency portion 24 alternate with the electrode layers 30 of the unterminated multi-layer
capacitor 28 of the low frequency portion 24. The electrode layers 3¢ of the unterminated
multi-layer capabi;ccl;; ‘Z.L’S of t.he:‘ Iow frequency portion 24 extend at first ends 34 thereof from,
and are open for external electrical communication from, opposing ends 36 of the external
surfaces 29 of the unterminated multi-layer capacitor 28 of the low frequency portion 24, to
second ends 38 thereof which alternatingly stop short of the opposing end 36 of the external
surfaces 29 of the unterminated multi-layer capacitor 28 of the low frequency portion 24
opposite to that from which they extend so as not to be open for external electrical

communication therefrom.
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17surfaces 22 of the orientation-insensitive ultra-wideband coupling
capacitor 20 so as to form 18solderable connections 51 which extend up

to the ]E)frgtective UV-curable solder dam coating 1948 which acts as a
stop-off barrier for the solderable connections 51. The orientagtion-..,...- <
BOARLEASIRR ultra-wideband coupling capacitor 20 is thereby o?rﬁé%ﬁbmsgﬁ
having a resistance across 21the solderable connections 51 increased so
that it exceeds 100 MegOhrns. The plating 50 is WO
2006/031281PCT/CS2005/023856 1preferably either pure tin or solder or

gold. Whep, EBgm*ﬁgiﬁl@n%S? js:geltzsheseliehied?cométtiths Bircdnalductors 40
be gold/ribbon bonded or epoxy bonded. 3A circuit equivalent to the

orititatitzh insemsitypouliva Jidetsa s conping Wap eI ess i edpae 29 of the

seen in FIGURE 6, which is circui iyalent tg the orientational itl
S NATIBEBAA I G B o 18 DICsantivemton s o 24

o%g@h@t%&l%ﬁﬁl%@@’&%igﬂﬁ&& agnjdepangeaauplinpreapseitar capacitor 28
720 can best be seen in FIGURES 7A-7D, which are a flow chart of the
metiied el Meddeg:the Banddatiprissensfivach itharande brafure 8 gpragferential slot
capacitor of the present invention, and as_such, 9will be discus ep with

PSIos s preferably

r?@rﬁﬁé@ﬁﬁ‘é?é&ﬁnﬂd’ﬁfé’ﬁ?f@fﬁgﬂ’%feﬁ%ﬁ%rth S RS AsTtive

u a—wi& band couplingcARACHok 1120 GraREsgR Aie.flawipdhaleRSical abrasin

1287 El}?%ggﬁ?% ﬁgégnterminated mu;%flayer capacitor 28 ogf%he low s

freguRPGHIRFOBCE324. Because the high frequency portion 26 does not employ additional
internal electrodes with separating layers, f.e., does not employ a composite internal

interdigital electrode array as a single floating electrode that is coupled to the pair of

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

The péir of conductors 40 of the high frequency portion 26 form the plurality of
external surfaces 22 and electrically communicate with the first ends 34 of the electrode layers
30 of the unterminated multi-layer capacitor 28 of the low frequency portion 24 associated
therewith so as to allow the orientation-insensitive ultra-wideband (_:c_)ulp'ling capacitor 20 to
work identically when mounted on any external longitudinal surface of the plurality of external
surfaces 22 thereof. A set of coupled transmission lines is formed on the plurality of external
surfaces 22 between the pair of conductors 40 of the high frequency portion Z6 and the
electrode layers 30 contained in the unterminated multi-layer capacitor 28 of the low frequency
portion 24 so as to allow low frequency energy to pass through the low frequency portion 24,
which is centrally located, and to allow high frequency energy to pass through the high

frequency portion 26, which is peripherally located.

14
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14STEP 2:Coat completely the unterminated multi-layer capacitor 28 of
the low 15frequency portion 24 with titanium-tungsten (TiW) followed by
nominally 16three microns of copper (Cu) and a gold (Au) flash so as to

form an adhesion 17layer 52 having opposing ends 54. 18STER &R ss6
%’fezﬂ%éersllazgzr scribing, chemical etching, mechanical abrasing, or >

19similar procedure the circumferential slot 42 nominally 1.5 mil wide,
WO 2006/031281PCT/US2005/023856 completely through, completely
around, and maintained constantly in, the 2adhesion layer 52 without

destroying,the ynieupinatestmiltiolyeridapatinrcasy3pfithe (36 frelguhcypomprise
portion 24, and substantially midway between the 4opposing ends 54 o%%
thammstmngmsnef%ﬁ{xf@és@md@nemn@aﬁgbﬁéwr%ﬁ@%%fswﬁaé&é Bifecld (Aw)
54 of the adhesion layer 52 from each other restoring 6capacitance

th8feko and forming a slotted body 56. 7STEP 4:Soak prolongingly the

slotted body 56 in highly diluted hydrogen peroxide if 8the circumferential

slot 42 was laser scribed to eliminate a residue film of vaporized metal
redeposited intaihdeciginniiredlalssive iz hive PRaaEALE b g1 gades s constantly

SAgm e ek g et e sl A SHBIORB Ao
Circfe%gg?{r?gn '1%' S8 Feded multi-layer capacitor 28 of the low frequency portion 24, and is
disposed substantially midway between exposed opposing ends 46 of the plurality of external
surfaces 22 of the or}eﬁtation—insensitive ultra-wideband coupling capacitor 20, thereby
electrically separating the exposed opposing ends 46 of the orientation-insensitive ultra-

wideband coupling capacitor 20 from each other restoring capacitance thereto.

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

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

the circumferential slot 42.

The orientation-insensitive ultra-wideband coupiing'capacitoz 20 further comprises a
plating 50. The plating 50 covers the exposed opposing ends 46 of the plurality of external
surfaces 22 of the orientation-insensitive ulira-wideband coupling capacitor 20 so as to form
solderable connections 51 which extend up to the protective UV-curable solder dam coating
43 whicﬁ acts as a stop-off barrier for the solderable connections 51. The orientation-
insensitive ultra-wideband coupling capacitor 20 is thereby formed having 2 resistance across

the solderable connections 51 increased so that it exceeds 100 MegOhms. The plating 50 is

15
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13STEP 6:Plate the opposing ends 54 of the adhesion layer 52 with either

pure tin or 14solder or gold so as to form solderable connections 51 up to

the quick curing 15protective UV-curable solder dam coaling 58 which

ﬁ%tsz (%2/@ 1Sztgolp-oﬂ‘ barrier 16for the so Iderable connections 5J«80eh0s/023856
ereby form the orientation-insensitive 17ultra-wideband coupling

capacitor 20 having a resistance across the solderable 18connections 51

increased so that it exceeds 100 MegOhms as a result of the 19soak step

if carried out. The plating 50 is preferably either pure tin or solder 200r

0Qldr W 2006/Q3428HRE TAIS200pI0R 38861 Itis pirbea Ftiersiddd titatolderable

even though the embodiment given is for a low frequency 2capacitor

withineathighSrequeheybegokitngbor howddipnraebofiEeombination, in

that 3generically an embodiment includes a volumetrically efficient means

for enclosing a functional 4RF component within a gapped low-loss

conductar pai;EAGR 2k e Ral Rllewlasakesiidsclars sitrounds s fapacitor

component on four sides and is co-terminal with the RF 6componentona | .

rernainingstse sices KIGHPRBrinadiokweishinelebrtintr pariuatiogpsensitive

low- 7loss capacitor that is in parallel with the surrounded RF component.

THESCHEEhE F PR BT RASHER A ST e 1&{1%1 not limited to, either a

multilayer capacitor, an inductor, a 9resistor, other resonance circuitry, a

filter, a transmission line, or a plurality of transmission 10lines. The o

resultantiavesaihsvinedkity desyrbutidanenkpnidiy sl weryifeimrdfgupling capacitor

efgﬁ():lc?ar;tbglsgtg-e seen in FIGURES 7A-7D, which are a flow chart of the method of making the

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

will be discussed with reference thereto.

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

20 comprises the following steps:

STEPI1: Secure the unterminated multi-layer capacitor 28 of the low frequency portion
24,
STEP 2: Coat completely the unterminated multi-layer capacitor 28 of the low

frequency portion 24 with titanium-tungsten (TiW) followed by nominally

three microns of copper {Cu) and a gold (Au) flash so as to form an adhesion

layer 52 having opposing ends 54.

STEP 3: Create by either laser scribing, chemical etching, mechanical abrasing, or

similar procedure the circumferential slot 42 nominally 1.5 mil wide,

i6
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11performing parallel combinations of two capacitors, of an inductor and
capacitor creating 12thereby a parallel-resonant network, a resistor, other
resonance circuitry and a capacitor or a 13so-called R-C network, a filter

and a capacitor creating thereby a filter with an additional po I <
?&Jﬁqﬂqg?g’f?ansmission line and a capacitor, or a plurality ofkf(g;rﬁjg%}%%%%s:()

lines and a 15capacitor. 16lt will be understood that each of the elements
described above, or two or more 17together, may also find a useful

application in other types of constructions differing from the 18types

described abo%%ﬁﬁ&@ﬁf iﬁ%@@éﬁ%%@ﬁ%l@%@”d&&ﬁiﬂ@@dﬂ&ﬁd@@ﬁﬁﬂb&@mﬂy in, the
embodied in an orientation- 20insensitive ultra-wideband coupling )
capacitor and ragithsidrofyraiingrondssenyinstiotiiedteeiBHe lgutairpacitor 28

shown, since it will be understood that va % Sé)gr?iss'ons, mgodific

tion
22substitutionsCArBCHARJERTIHTIRE RO S S midway between the

vice,

materials emplg S‘? and WG Z006/031. 281 P61 484000238 cally separating the
i

Imethods utilized; illustrated and its operation can be made by those .
skilled in the arpaenonding Rtdknoiviadgelindioe daywithoufrdepantihgoffismrestoring
the spirit of the present invention. 3Without further analysis, the foregoing

will so fully reveaperiiagrstibeirie Hedemamialotish Wy Sthers can, by

applying current knowledge, readily adapt it for various 5applications

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

cogsjitie 6chamglesistisspldhaiganatid s dpseifichigidgaiuddhigirogen peroxide if
invention. )
the circumferential slot 42 was laser scribed to eliminate a residue film of

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

STEP 5: Apply the quick curing protective UV-curable solder dam coating 48 to all

surfaces defining the circumferential slot 42 to protect the circumferential slot

42,

STEP 6: Plate the opposing ends 54 of the adhesion layer 52 with eithe; pure tin or
. | éo.h;ielr or gold‘ s.o as to form solderable connections 51 up to the quick curing
protective UV-curable solder dam coating 58 which acts asa stop-off barrier

for the solderable connections 31, and thereby form the orientation-insensitive
ultra-wideband coupling capacitor 20 having a resistance across the solderable

connections 51 increased so that it exceeds 100 MegOhms as a result of the

soak step if carried out. The plating 50 is preferably either pure tin or solder

or gold.
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WO 2006/031281PCT/US2005/023856 CLAIMS The invention claimed is:
1An orientation-insensitive ultra-wideband coupling capacitor, comp sing:
ﬁg)ﬁfplurality of external surfaces; 3b)a low frequency portion; and 4c)a
igh frequency portion; 5wherein said high frequency portion_is so
6‘@8%36?&1'and electrically 600nnectec$l to, sgid Iovell frr)equenpc(flTb%Sr (R Gao0

as to allow said orientation- 7insensitive ultra-wideband coupling capacitor
to work identically when 8mounted on any external longitudinal surface of
the plurality of external 9surfaces thereof. 12.The orientation-insensitive

ultra-widghand cqupling sRRagoLARAelIned IERImARbaaiTsadow freguency

orientation-insensitive ultra-wideband coupling capacitor operates in a

- rapgadiembeiom 20K fzdeovec4@@btz it1i3. Thielipriendtatdhainsenkityiéor, in that

ultra-wideband coupling capacitor as defined in ¢laim 1, 2wherein sajid

L anfrdepbiiteypbedupers et oA HS B brroRiteRapagRg metiona!
R D
couplinsisapasitantd W& F component on four sides and is co-terminal with the RF
component on a remaining two sides. A gap formed between the conductor pair creates alow-
loss capacitor that is in parallel with the surrounded RF component. The surrounded R
“ component may inclade, but is not limited to, either a multilayer capacitor, an inductor, a
resistor, other resonance circuitry, a filter, a transmission line, or a plurality of transmission
lines. The resultant overall device includes, but is not limited to, volumetrically efficient high-
performing paraliel combinations of two capacitors, of an inductor and capacitor creating
thereby a parallel-resonant network, a resistor, other resonance circuitry and a capacitor or 2
so-called R-C network, a filter and a capacitor creating thereby a filter with an additional pole

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

capacitor.

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

types described above.

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

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

18



5functions of both said high value capacitor and said low value capacitor

solely in a 6single multi-layer ceramic body. WO
2006/031281PCT/US2005/023856 14.The orientation-insensitive

ultra-wideband coupling capacitor as defined in claim 1, 2wh Rﬁﬁ{g’/{% oy
Wé’q:’t?gﬂelef)%rtion is functionally equivalent to a multi-layer capacitor 3an

said high frequency portion is functionally equivalent to a single layer

capacitor 4so0 as to allow said orientation-insensitive ultra-wideband

coupling capacitor to have 5functions of both said multi-layer capacitor
aﬂge%ﬁé%s%ﬂ%eéﬂﬁﬁs%%&%@ﬂ@ié@ﬁéyairb@c@ﬁislgﬂﬁaa%lﬂﬁtlf@ée@mﬁﬂrmme artaccording
body. 15.The orientation-insensitive ultra-wideband coupling capacitor as

- definegwladgirm thowheitiousdipivindraoudheyporosfhis rarsemNAtafed
multi-layer capacitor; 3wherein said unterminated multi-layer capacitor of

said low frequency portion has 4external surfaces; 5wherein said
untermina}ﬁ[goﬁumgﬁ%egmimg o SO W MICAHaNGY ROCHOMARE of the present
6electrode layers; /wherein said unterminated multi-layer capacitor of said
low fkpeuancy potias bas ddielssyicdayers)yOwhe kitesaidadidieadapt it for various
layers of said unterminated multi-layer capacitor of said low.1Qfre .
CHTDHe SRR AN P P SRR Ao B 2B PRSI LR & ety constiute

My téfr'%%%%stics of the generic or specific aspects of this invention.
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11capacitor of said low frequency portion; and 12wherein said electrode
layers of said untenninated multi-layer capacitor of said low 13frequency
portion extend at first ends thereof from, and are open for external
electrical 14communication from, opposing ends of said ext f
et iitE minated 15multi-layer capacitor of said low freqﬁgﬁéﬁ%ﬁ?ﬁéﬁﬁ
to second ends thereof which 16alternatingly stop short of said opposing
ends of said external surfaces of said 17untei'inflated multi-layer capacitor
of said low frequency portion opposite to that from WO
2006/031281PCT/1JS2005/023856 18yhieshey extend so as not to be
open for external electrical communication 19therefrom. 16.The
orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 5, 2wherein sai unte({m_inated multi-layer capacitor of said low
frequendyPPIRIGH T &8 10 nF. 17.The orientation-insensitive
ultra-wideband coupling capacitor as defined in claim 5, 2wherein said
high frequency portion is a pair of conductors; 3wherein said pair of
canductoss ef saididhehsteglenecyrporiishaed e BERE PGy DEHRIS G
said external surfaces of said unéznni;nated multi-layer capacitor of said

low 5fre@lency?FOHHY F&f?&%ﬁ 1V a%d>6wherein said pair of conductors
of said h!ijgh fregwq%@%ﬁ%gﬂgﬁ&daﬁ@m said

c) a high frequency portion;

wherein said high frequency portion is so disposed on, and electrically

connected to, said low frequency portion so as to allow said orientation-
insensitive ultra-wideband coupling capacitor to work identically when

mounted on any external longitudinal surface of the plurality of external

surfaces thereof.

2, The orientation-insensitive ulira-wideband coupling capacitor as defined in claim 1,

wherein said orientation-insensitive ultra-wideband coupling capacitor operates in a

range from below 20 KHz to over 40 GHz.

3. The orientation-insensitive ultra-wideband coupling capacitor as defined inclaim 1,
wherein said low frequency portion is functionally equivalent to a high value capacitor
and said high frequency portion is functionally equivalent to a low value capacitor so
as to allow said orientation-insensitive ultra-wideband coupling capacitor fo have

functions of both said high value capacitor and said low value capacitor solelyina

single multi-layer ceramic body.
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7opposing ends of said external surfaces of said unterminated multi-layer
capacitor of 8said low frequency portion, respectively, over said external
surfaces of said Qunterminated multi-layer capacitor of said low frequency
ortion, to just short of each 10other so as to fotm a circumf ial SIof - e
&%%3%%?\?7\} &h and be separate from each 11other. 18.The %@H@@%zssnﬁ
orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 1, 2wherein said high frequency portion does not employ additional
internal electrodes 3with separating dielectric layers and thereby has less
insertionraagiattmnloasessiWOIRR06]03E28 LRI 2085102886 ned in claim 1,
19.The orientation-insensitive ultra-wideband coupling capacitor a

defined irhetainsaid RWHEIGIARSHRPPEIP BT RUHHIGIO S0 & &tﬁ?mﬁa&%’ﬁé‘fpa“‘“”
portion form said. plurality of 3external f.sad : apacitor
orientati%ﬂ%ﬁ?é% ﬁé%}v{ée%\é%%é’é%%?% @&%&i Icﬁ?afi)aaac{:‘(i%(inl‘F:;n gﬁdajg\}ﬁleerg}rrler P

said paitof.condustossof saicktighfresuencyl partiniietedtricpling capacitor to have
5communicate with said first ends of said electrode layers of said . :
untermiresetiommuifi belayeid catidioriersaIHB W st Sl BtigPacitor solely in a
associated therewith so as to. a%ljo said 7orientation-insensitive
ultra-widdBan G U BHRG EXBAGIS 16 work identically when 8mounted on

any external longitudinal surface of said plurality of external surfaces

9thereof 110.The orientation-insensitive ultra-wideband coupling capacitor

as.defindddmstaimidy-insensitive ultra-wideband coupling capacitor as de ned 1n claim 1,

wherein said low frequency portion is an unterminated multi-layer capacitor;
wherein said unterminated multi-layer capacitor of said low frequency portion has
external surfaces;

wherein said unterminated multi-layer capacitor of said low frequency postion has
elecirode lavers;

wherein said unterminated multi-layer capacitor of said low frequency portion has
dielectric layers;

wherein said dielectric layers of said unterminated multi-layer capacitor of said low
freqdeﬁéj} portioﬁ él’l{efnate with said electrode layers of said unterminated multi-layer
capacitor of said low frequency portion; and

wherein said electrode layers of said unterminated multi-layer capacitor of gaid low
frequency portion extend at first ends thereof from, and are open for external electrical
communication from, opposing ends of said external surfaces of said unterminated
multi-layer capacitor of said low frequency portion, to second ends thereof which
alternatingly stop short of said opposing ends of said external surfaces of said

unterminated multi-layer capacitor of said low frequency portion opposite to that from
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2wherein a set of coupled transmission lines is formed on said plurality of
external 3surfaces of said orientation-insensitive ultra- wideband coupling
capacitor between said 4pair of conductors of said high frequency portion

and said electrode layers contained 5in said unterminated myllti-layer <
hAYE8PGPLaid low frequency portion so as to allow 6low fr%@gg’/ﬂs’“”’&”’é
energy to pass through said low frequency portion, which is centrally

7located, and to allow high frequency energy to pass through said high
frequency portion, which is peripherally located. 111.The o
orientatigRsimsensitigalirgonidatand teupting tapatiorhsidefied ¢ammunication
claim 7, 2wherein said pair of conductors of said high frequency portion
comprisétiteitdum- 3tungsten. 112.The orientation-insensitive

ultra-wideband coupling capacitor as defined in claim 11, 2wherein said

pair of conductors of said high frequency portion comprise copper; and

WO 2006{031 28 LR G S2005/0RABRA dwheinpsiaid cpppen of safthpain claim 5,

of conductors of said high frequency portion is 4disposed on said .
titaniumstbagsteraidferitpanest BoRiE e BrYAE High Hogu BREypoHRoRIon 1s at
113.The_ orientation-insensitive ultra-wideband coupling capacitor as

defined ?ﬁaékliﬂflfz, 2wherein said copper of said pair of conductors of -

said high frequency portion is 3nominally three microns.

7. The orientation-insensitive ultra-wideband coupling capacitor as defined in claim. 3,
“wherein said high frequency portion is a pair of conductors;
wherein said pair of conductors of said high frequency portion cover said opposing
ends of said external surfaces of said unterminated multi-layer capacitor of said low
frequency portion, respectively; and
wherein said pair of conductors of said high frequency portion extend from said
opposing ends of said external surfaces of said unterminated multi-layer capacitor of
said low frequency portion, respectively, ovef said external surfaces of said
unterminated multi-layer capacitor of said low frequency portion, to just short of each

other so as to form a circumiferential slot therebetween and be separate from each

other.
8. The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 1,

wherein said high frequency portion does not employ additional internal electrodes

with separating dielectric layers and thereby has less insertion and return losses.
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114.The orientation-insensitive ultra-wideband coupling capacitor as
defined in claim 12, 2wherein said pair of conductors of said high

frequency portion comprise a gold flash; 3and 4wherein said gold flash of
said pair of conductors of said high frequency portion is 5disposed on said _
%6@' "8f Y4ld pair of conductors of said high frequency port'%%?’ YR 856
orientation-insensitive ultra-wideband coupling capacitor as defined in

claim 7, 2wherein said circumferential slot is constantly maintained in said
high frequency 3portion; 4wherein said circumferential slot extends

cognpletely,thyoughisaichhightftequencydpantianwiihg utpiestrosdiy e in claim 7,

unterminated multi-layer capacitor of said low 6frequency partio

Twhereindeidiciralinioref iap SISKEx S B SERFS SERASHIGH Pruratiey of
e ST EiE i SR ceumeratal Sob AR iRl capacitor and

separategxé%ﬁ endads or sal rientation-insensitive

uItra—wid%mnc%ggileigagpcggg{dﬁ@mseaehg@idj]eni@stﬁreiq\gmcy portion electrically
1lcapacitance thereto. WO 2006/031281PCT/US2005/023856 116.The

orientatiomdmsensitivevithirsaiviiiksbentd eowsli ﬁ&@%&ﬁ&?‘égf&émeﬁﬁnmﬂm multi-

%?émab5gég$§§££ﬂ?§f ?éﬂﬁ%r‘vfr gc{&cia?llojsf I;Cr)cgrit%o%i %Es%%lea%ﬁlﬁpestm¥ﬂlfyas to allow said

orientation-insensitive ultra-wideband coupling capacitor to work identically when

mounted on any external longitudinal surface of said plurality of external surfaces

thereof.

10.  The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 7,
wherein a set of coupled transmission lines is formed on said plurality of external
surfaces of said orientation-insensitive ultra-wideband coupling capacitor between said
pair of conductors of said high frequency portion and said electrode layers contained
in said unterminated multi-layer capacitor of said low frequency portion so asto allow
Jow frequency energy to pass through said low frequency portion, which is centrally
located, and to allow high frequency energy 1o pass through said 'high‘ freciuéﬁcy

portion, which is peripherally located.

11.  The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 7,

wherein said pair of conductors of said high frequency portion comprise titanium-

tungsten.

12. The orientation-insensitive ulira-wideband coupling capacitor as defined in claim 11,

wherein said pair of conductors of said high frequency portion comprise copper; and
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3exposed opposing ends of said orientation-insensitive ultra-wideband

coupling 4capacitor. 117.The orientation-insensitive ultra-wideband

coupling capacitor as defined in claim 7, 2wherein said circumferential slot

is nominally 1.5 mil wide. 118.The orientation-insensitive uItrﬁfcuiz}g and, s
BUPIMGHaPacitor as defined in claim 15; 2further comprising a quick
curing protective UV-curable solder dam coating; and 3wherein-said quick

curing protective UV-curable solder dam coating covers all 4surfaces

defining said circumferential slot to protect said circumferential slot. o
119.The @H&@i@t@gﬂ-i{@qﬁsiﬂmaﬂﬁr@mﬂdéhanducmnplhfgs@idﬂa'ghdr@gency portion is
defined in claim 18; 2further comprising a plating; 3wherein said plai

covers sdishesgbaesridphbsiigEHERS SRS IS B?Q&B‘iqféloﬁﬁfsfg@‘sﬁequemy
of said orientation-insensitive ultra-wideband coupling capacitor so as to

form 5sofd&taBie connections; and 6wherein said solderable connections

extend up to said protective UV-curable solder 7dam coating which acts

as a stop-off barrier for said solderable connections. 20.The .
oriEmtatiorhinsEnsitive-ltawide bArdvddethamdg cap gL s fndefippd in claim 12,
claim 19, 2wherein said orientation-insensitive_ ultra-ya ' S
capacitoP PSR A FORBE SARSPebi @58? g‘rleélt %Qggr%%%%%%%gsfomon °

100 MegQhms 2 Jhgiefigntation-insensitive ultra-wideband coupling
capacitor as defined in claim 19, wherein said plating is one of pure tin,
solder, and gold.

14, The orientation-insensitive ultra-wideband coupling capacitor as defined inclaim 12,
wherein said pair of conductors of said high frequency portion comprise a gold flash;
and
wherein said gold flash of said pair of conductors of said high frequency portion is

disposed on said copper of said pair of conductors of said high frequency portion.

15,  The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 7,
wherein said circumferential slot is constantly maintained in said high frequency
portion;
wherein said circumferential slot extends completely through said high frequency

portion without destroying said unterminated multi-layer capacitor of said low

frequency portion;

wherein said circumferential slot extends completely around said high frequency
portion; and
wherein said circumferential slot electrically separates exposed opposing ends of said

orientation-insensitive ultra-wideband coupling capacitor from each other restoring

capacitance thereto.
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22. An improved orientation-insensitive ultra-wideband coupling capacitor
of the type having a plurality of external surfaces, a low frequency portion,
and a high frequency portion, wherein said improvement comprises:

the high frequency portion being so disposed on, and electri <
BShiHEe4Ed4Y, the low frequency portion so as to allow said ir%%%{/ségomzssw
ultra-wideband coupling capacitor to work identically when mounted on

any external longitudinal surface of the plurality of external surfaces

thereof 23. The improved orientation-insensitive ultra-wideband coupling
capacitor as defined in claim 22, wherein said improvement comprises

said improved orientation-insensitive ultra- wide%%‘nd couplin%(%z%!o?citgrin olgim 15
opératinglia aipsRSEFHRTERIO R BBRUILI Y PR BIGL B O e1ne ’
Ty e on RS ERAI G UL ARBBEL E NBUABERARAGIRN AP between said
defined i ¢laim 22, wherein sal improvement comprises the low

frequency, pastion hring:funeiooslisidquiimaletibteisstigh valukreapacitord coupling
and the high frequency portion being functionally equivalent to a low value
capacitoegm@®to allow said improved orientation-insensitive ultra-

wideband coupling capacitor to have functions of both the high value

capacitor and the low value capacitor solely in a single multi-layer ceramic

bqdy. W 2006/Q34281RGHS2005/QRBEAbbablinhedpapitovesidefined in clairn 7,
orientation-insensitive ultra-wideband coupling capacitor as defined in

2claim 2herhiretit saicliniproviehefied & heWiisquency portion

being 3functionally equivalent to a multi-layer capacitor and the high

frequency portion being 4functionally equivalent to a single layer capacitor

sq gs to gllowsaidimnruedRenigriaipptnseasifusatisiidebastned in claim 15;
coupling capacitor to have functions of both the 6multi-layer capacitor and

the singléutayeroapasitar ity mdnsingssivtiNyer7derairs Bomypoating and
126.The improved orientation -insensitive sitive ultra-wideba oupli

capacitol ASTHEfiRft) MUSEI SRS PIRETETS saldﬁ%ap@gvseorﬁgﬂ?g{)ﬁm%r%ﬁg covers all
the low frgauency. pariion being.a3unierminaiesmel alayeraapaeiide] slot.
4wherein said improvement comprises said unterminated multi-layer

capacitor of the 5low frequency portion having external surfaces; 6wherein

said improvement comprises said untelrgr;{)na d mHIti-Ia er.%pa%%jé 15195 in claim 18;

thé9.  The orieatation-insensitive ultra-wideband coupling capact
further comprising a plating;
wherein said piati.n'g‘ covers said exposed opposing ends of said plurality of external
surfaces of séid orientation-insensitive ultra-wideband coupling capacitor so as to form
solderable connections; and

wherein said solderable connections extend up to said protective UV-curable solder

dam coating which acts as a stop-off barrier for said solderable connections.

20.  The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 19,
wherein said orientation-insensitive ultra-wideband coupling capacitor has a resistance

across said solderable connections of at least 100 MegOhms.



7low frequency portion having electrode layers; 8wherein said
improvement comprises said unterminated multi-layer capacitor of the
9low frequency portion having dielectric layers; 10wherein said
improvement comprises said dielectric layers of said unterminated multi-
11layer capacitor of the low frequency portion alternating with said
electrode layers of 12said unterminated multi-layer capacitor of the low

2 frequEneypotion;-anch E8vehdnsin saldimhpravemerretenprideldnsgity claim 19,
electrode lavers qf sald-unterinelad mulli: ddlayar capacitor of the low

frequency portion extend at first ends thereof from, and are 15open for
external electrical communication from, opposing ends of said external

24 6surfacaesphsaid untenninatedithultidiayed capatitondithedowifreglishryy pe
portion, to 17secand end j[h(?regf which altematingly stop shart ef.said
oppodih Eids s _Séi(gniﬁf%“ 00 /%BIZSEPC%US%gS/OZéS%G e ey
surfacegiof saigrantevrhinatet mtcpRIE e pacitor of the low frequency

19portion oppesite tedhahiopidick ey exigadsonsmiotitobebpeferted
external 20electrical communication therefrom, 127 The improved. . i
orientStidH 198e HEMSBURENRIEDENS bUPInG capacitor as defined in T =
2claimapsiwhereindsaidrifupipvementasorrbrisessaidtitdariedig! surface of
multi-layer canacitor 3ah1ag A firpency portion being at least 10 nF.

128.The improved orientation-insensitive ultra-wideband coupling
capacitor as defined in
23. The improved orientation-insensitive ultra-wideband coupling capacitor as defined in

claim 22, wherein said improvement comprises said improved orientation-insensitive
nltra- wideband coupling capacitor operating in a range from below 20 KHz to over

40 GHz.

24, The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 22, wherein said improvement comprises the low frequency portion being
functionally equivalent to a high value capacitor and the high frequency portion being
functionally equivalent to a low value capacitor so as to allow said improved
orientation-insensitive ultra- wideband coupling capacitor to have functions of both
the high value capacitor and the low value capacitor solely in a single multi-layer

ceramic body.
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2claim 26, wherein said improvement comprises the high frequency
portion being a pair 3of conductors; 4wherein said improvement
comprises said pair of conductors of the high frequency 5portion covering
said opposing ends of said external surfaces of said untermi - <
%frﬂ&ﬂ?ﬁ}é{}aﬁfapacitor of the low frequency portion, respectiv{é&;&}gﬁ’l2 05/02385¢
7wherein said improvement comprises said pair of conductors of the high
frequency 8portion extending from said opposing ends of said external
surfaces of said Qunterminated multi-layer capacitor of the low frequency

poxion, Tesnegively, oiersaiditSextrmal suradd e sl rRRRmIgLey dofined in
multi-layer capacitor of the low frequency. 11portion, to just short of each - 1.:
other so%&b %rrﬁ’}é{f’éﬁ%@ﬁﬁ@e?@m%ﬂeﬁ(%@/ KRRt re s 1%%?66 be s(gpgtr%al%tlg 1 oenE
from each other 429, EhaJmpreyss orisatarionsineansilymsitraquideppndion being
coupling Capacitor as defined in 2claim 22, wherein said improvement
comprises{hrhigh tequessytpartiarshorSenTploying addiidadliptesigd improved
electrodes with separating dielectric layers and thereby 4having less. fhothth
insertioncaisdirinurnisasiEye Wie YoeRIE3 128 PE 6%76 8%01150 OHRe
130.The improved orienfation-insensifiye ulra-widehandsaypiing single multi-layer
capacito?’%\lg“ BtiHed" Pr?’%%%ﬁ%d;g v%ﬁ%rein gaid ir%%rovement comprises

said pair.fcendietors of the high 3frequency portion forming the plurality

~ of external surfaces of said improved

26.  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 22, wherein said improvement comprises the low frequency portion being an
unterminated multi-layer capacitor;
wherein said improvement comprises said unterminated multi-layer capacitor of the
low .frequency portion having external surfaces;
wherein said improvement comprises said unterminated multi-layer capacitor of the
low frequency portion having electrode layers;
wherein said improvement comprises said unterminated multi-layer capacitor of the

low frequency portion having dielectric layers;

wherein said improvement comprises said dielectric layers of said unterminated multi-
layer capacitor of the low frequency portion alternating with said electrode layers of
said unterminated multi-layer capacitor of the low frequency portion; and

wherein said improvement comprises said electrode layers of said unterminated multi-
Jayer capacitor of the low frequency portion extend at first ends thereof from, and are
open for external electricél communication from, opposing ends of said external
surfaces of said unterminated multi-layer capacitor of the low frequency portion, to

second ends thereof which alternatingly stop short of said opposing ends of said
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4orientation-insensitive ultra-wideband coupling capacitor; and 5wherein
said improvement comprises said pair of conductors of the high frequency
6portion electrically communicating with said first ends of said electrode
layers of said 7unterminated multi-layer capacitor of the low fl';%%}{}esrz]&c}/'mssm
Pot8Hf AiStiated therewith 8so as to allow said improved STeIES
orientation-insensitive ultra-wideband coupling capacitor 9to work

identically when mounted on any external longitudinal surface of the

plurality 100of external surfaces thereof. 131.The improved
orientation.insensitive WA WIdSbANd: caUP NG GIRAF O AS AP NEEb Ifow frequency
2claim 28 WHaren Said iImprovement comprises a'set of coupled
transmissieRdiNGs 3eing fanmeehonie plisatityent extemnalisortacesofor external
said improved orientation- 4insensitive ultra-wideband coupling capacitor
betweenesaidipaicoheomingemr eriieshigh frequency portion and said

electrode layers contained in said unterminated multi- 6layer capacitor of

the low frequency portion so as to allow low frequency energy to pass

. thsgugh the, low freauenerRRitiaReNihich iseentiatiyiocatetgoalioas defined in

high 8frequency energy to pass through the high frequency portion, which i
is periphelrathy26)odateth smiz‘ﬁmrewmv@@m%ﬁﬁ&tfbﬁlﬁ?%@ﬁétﬁ%@uﬁblayef capaciior
ultra-wideband co%uplin capacitor.as de?ped ipo claim 28, wherein

east :

said impPoVEHiaK B LIE BAtE S KARHULTYS of the high

3frequency portion comprising titanium-tungsten.

28.  The improved orientation-insensitive ultra~wideband coupling capacitor as defined in
claim 26, wherein said improvement comprises the high frequency portion being a pair
of conductors;
wherein said improvement comprises said pair of conductors of the high frequency

_portion covering said oppos;ing ends of said external surfaces of said unterminated
mutti-layer capacitor of the low frequency portion, respectively; and
wherein said improvement comprises said pair of conductors of the high frequency
portion extending from said oppésing ends of said external surfaces of said
unterminated multi-layer capacitor of the low frequency portion, respectively, over said
external surfaces of said unterminated multi-layer capacitér of the low frequency.

portion, to just short of each other so as to form a circumnferential slot therebetween

and be separate from each other.

29.  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 22, wherein said improvement comprises the high frequency portion not
employing additional internal electrodes with separating dielectric layers and thereby

having less insertion and return logses.
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WO 2006/031281PCT/US2005/023856 133.The improved
Orientation-insensitive ultra-wideband coupling capacitor as defined in
2claim 32, wherein said improvement comprises said pair of conductors of

the hi?}h 3freqUency portion comprising copper; and 4wherein said S /02385
HBAUERLAL comprises said copper of said pair of conductobS B tHa /423856

5high frequency portion being disposed on said titanium-tungsten of said

pair of 6conductors of the high frequency portion. 34.The improved
orientation-insensitive ultra-wideband coupling capacitor as defined in

2claim 33, wherein said improvement comprises said copper of said pair

of conductors 3of the high frequency portion being nominally three

migons. 15 Aheeapisediordntatiativinsansitidetaltisovipletngctuptingsfined in
capacitor as defined in 2claim 33, wherein said improvement comcglrises

said pair dtigoRBiEHsFiBRHiR NGF SHAICAEPEISH CaMpPIsHIg ANy of the high
flash; ang Lunerein 28l IpIRYemeN L FodpRYISas spld.apid fask ol sy improved
ig

pair of co TUESTs Ot the. qguency portion being disposed on said

copper ofsaichpairiaferntuainss aithethighfieguepsyitportiah. 36.The
improved orientation-insensitive ultra-wideband coupling capacitor as
defined inRukiinsae WProrSIHSHIEC RIS AR RRE SHh prBK L) pt the high frequency

circumferengal sllot being 3constantly m prt Ined,| éﬁ high:fr -

X - =1l TR0 & {HERAUEDSY 1ayers of said

portion; ARHEILHFEAR ﬂr%ﬁ?ggg%néﬁ% n‘%prlses shid Grreumierential siot -

extending gampletelnulti-layer capacitor of the low frequency portion associated therewith
so asto allow said improved orientation-insensitive uitra-wideband coupling capacitor

to work identically when mounted on any external Jongitudinal surface of the plurality

of external surfaces thereof.

31.  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 28, wherein said improvement comprises a sct of coupled transmission lines
being formed on the plurality of external surfaces of said improved orientation-
insensitive ultra-wideband coupling capacitor between said pair of conductors of the
hlgh frequeﬁcSr ‘po“z"tion and said electrode layers confained in said unterminated multi-

layer capacitor of the low frequency portion so as to allow low frequency energy to
pass through the low frequency portion, which is centrally located, and allow high
frequency énergy to pass through the high frequency portion, which is peripherally

[ocated.

32.  Theimproved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 28, wherein said improvement comprises said pair of conductors of the high

frequency portion comprising titanjum-tungsten.
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5through the high frequency portion without destroying said unterminated
multi-layer 6capacitor of the low frequency portion; WO
2006/031281PCDUS2005/023856 7wherein said improvement comprises
said circumferential slot extending completely 8around the hi el _
b"é?ﬁé%‘%?{ Wt bwherein said improvement comprises said circullgggé@r%ﬁ%m
slot electrically separating 10exposed opposing ends of said improved.
orientation-insensitive ultra-wideband 11coupling capacitor from each

other restoring capacitance thereto. 137.The improved
orientation-insensitive ultra-wideband coupling capacitor as defined in
2claim 36, wherein said improvement comprises said circumferential slot

being 3disposescudsidatiatiprridwaitive nhieew daidekpoedd oppesiigas defined in
ends of said improved 4orientation-insensitive ultra-wi eb,aré% cou(é)llin

capacior18198 et isiad GFEFRATBF TSBHEIHTS ORI dbEARRPCOrs of the high
coupling capacitor as .defi in.2claim 28, wherein said improvement
comprise%eéuled“ar%%%?gr%%r% ':%llgcl)g beglhg’snominally 1.5 mil wide. 139.The
improvedygrientationingensiteaiibiapiidekdd dqauplifigatapmditof exductors of the
defined in 2claim 36, wherein said improvement comprises a quick cu

] in .
protectiveiighy fagressiy Fswiirsr bring doneisg ahdadhidraiedtpesten of sald. peir of
improvement COmPHSES SR A{G.epingiprotective UV-curable solder

34,  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 33, wherein said improvement comprises said copper of said pair of conductors

of the high frequency portion being nominally three microns.

35, The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 33, wherein said improvement comprises said pair of conductors of the high
frequency portion comprising a gpid flash; and
wherein said improvement comprises said gold flash of said pair of conductors of the
high frequency portioﬁ beiﬁg disposéci on said copper of said pair of conductors of the

high-ﬁ‘equency portion.

36.  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 28, wherein said improvement comprises said circumferential slot being
constantly maintained in the high frequency portion;
wherein said improvement comprises said circumferential slot extending completely
through the high frequency portion without destroying said unterminated multi-iayer

capacitor of the low frequency portion;
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5dam coating covering all surfaces defining said circumferential slot to
protect said 6circumferential slot. 140.The improved orientation-insensitive
ultra-wideband coupling capacitor as defined in claim 39, wherein said
improvement comprises a plating; WO 2006/031281PCT/U%%(%(]')[%g)ﬁ%gfgggi p
P& B improvement comprises said plating covering said exposed ’
opposing 4ends of said plurality of external surfaces of said improved
orientation-insensitive 5Sultra-wideband coupling capacitor so as to form
solderable connections; and 6wherein said improvement comprises said

solderablg,connections, extanding #prgcssich triectivatid\siou sxbiedbaldempletely

dam coating which acts as a stop-off barrier for said so Iderable
connectiansmti4iic Highifrugrever mnigmatioh -insensitive ultra-wideband

coupling capacitor as defined in 2claim 40, wherein said improvement ,
comprise¥ &R BN GIREREARGH ISR Y i%‘é"ﬁmf?m“arg ﬁnege%%{fsﬁxgsepmmg

a-Wi

capacitor haﬁggﬁ@&ﬁg@&& agFasnispip Ul BRI Arannasiansofita-wideband

least 1006ﬁeg .The improved orientation-insensitive

ultra-widebgnthgexplingrdapacitoh aictefistedrip Qplaiitaus, thihieitein said
improvement comprises said plating being one of pure tin, 3solder, and
gold. 443.A method of making an orientation-insensitive ultra-wideband

Cog,lp_ling 6P Larrc;:;i}x%ﬁfed orientation-insensitive ulira-wideband coupling capacitor as defined in
claim 36, wherein said improvement comprises said circurnferential slot being
disposed substantially midway between said exposed opposing ends of said improved

orientation-insensitive ultra-wideband coupling capacitor.

38.  Theimproved orientation-insensitive ulira-wideband coupling capacitor as defined in

claim 28, wherein said improvement comprises said circumferential slot being

nominally 1.5 mil wide.

- 39, The improved orientation-insensitive ultra-wideband coupling capacitor as defined in |
claim 36,'wherein said improvement comprises a quick curing protective UV-curable

solder dam coating; and
wherein said improvement comprises said quick curing proteciive UV-curable solder

dam coating covering all surfaces defining said circumferential slot to protect said

circumferential siot.

40.  The improved orientation-insensitive ultra-wideband coupling capacitor as defined in

claim 39, wherein said improvement comprises a plating;

K} |
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5comprising the steps of: 6a)securing an unterminated multi-layer

capacitor of a low frequency portion of 7the orientation-insensitive
ultra-wideband coupling capacitor; 8b)coating completely the

unterminated multi-layer capacitor of the low frequency 9por}j j <
‘X%g%%]lé?er having opposing ends. 10creating a circumfe{;lgrlgl{lij?jﬁEISQIGC(?{]&23836
around the adhesion layer and thereby 11electrically separating the
opposing ends of the adhesion layer from each other 12restoring
capacitance and forming a slotted body; WO

2006/03}, 28R H SRA05 0238561 3thanpivinirtngolderdanatdatpgsed opposing

all surfaces defining the circumferential slot 14to protect the

circumferetief stot, BCHISE)prAEHGISBRPISMah FERFPIE SEFRig-msonstive

layer so as to form solderable 16connectio erebyform thesons: and
orientatigfige G aé{%%aff‘?c?é%% ing ct:%pa(%or. 144, The

method a5 dRlinesiheiaiedd uihecomaslig i sigpeoi asakingding up to said
slotted 2body If said circumferential slot was created by laser scribing to, .
eliminate-atesice Shimableapdrizétmeeniing yibsites 3t iqg-ott barrier for said
circumferential slot after the laser 4scribing. 145.The method as defined in

claim 435Gl CEMBRAIAT the step of soaking

41.  Theimproved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 40, wherein said improvement comprises said improved orientation-insenstiive
ultra-wideband coupling capaciter having a resistance across said solderable

- connections of at least 100 MegOhms.

42, Theimproved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 40, wherein said improvement comprises said plating being one of pure tin,

solder, and gold.

43, A method of making .an orientation-insensitive ulira-wideband coupling capacitor,
comprising the steps of: -
a) securing an unterminated multi-layer capacitor of a low frequency portion of
the orientation-insensitive ultra-wideband coupling capacitor;
b) coating completely the unterminated multi-layer capacitor of the Jow frequency
portion with an adhesion layer having opposing ends. |
¢) creating a circumferential slot around the adhesion layer and thereby
electrically separating the opposing ends of the adhesion layer from each other

restoring capacitance and forming a slotted body;
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2prolongingly the slotted body if said circumferential slot was created by

laser scribing 3to eliminate a residue film of vaporized metal redeposited

into the circumferential slot 4after the laser scribing 46.The method as

defined in claim 43; further comprising the step of soaking t Cﬁlj < -
‘580289%3?1‘776% diluted hydrogen peroxide if said circumfererriﬁla% (?t&)vs/agémm
created by 3laser scribing to eliminate a residue film of vaporized metal
redeposited into the 4circumferential slot after the laser scribing step.

147.The method as defined in claim 43, wherein said coating step ]
includes goating, 2o plesely thenwoternpinaticuialtddyEnicgpbe o wripgntial siot
low frequency portion with titanium-tungsten. WO '
2006/031281PORWSLOIE/(23BEE taiTH #Bthod as defined in claim 43,
wherein said coating step includes coati cgmgl | ntermi Giolderable -
muIti-Iay@r capﬁ%%'%oﬁl the) Gv?/i?fa’earﬁ%n%g%%rtlon V\%’Irl’?] %agrlﬁlﬁdm%tguﬂr%ggg :
followed by coppgeddaT hedmathas asefinedoifeatatinmBswigreimiaiewideband
coating step includes coating 2completely the unterminated multi-layer

capacitor of thedoplifregaendyrportion with 3titanium-tungsten followed by

- nominally three microns of copper. 150.The method as defined in claim

43, wherein said coating step includes coating 2completely the
ungermingted multi-laver fapaciionel thedaw:fegipeit Pertiep ufithaking the slotted

body if said circumferential slot was created by laser scribing to climinate a residue

film of vaporized metal redeposited into the circumferential slot after the laser

scribing.

45 The method as defined in claim 43; further comprising the step of Sogking
prolongingly the slotted body if said circumferential slot was created by laser scribing

to eliminate a residue film of vaporized metal redeposited into the circumferential slot

after the laser scribing.

46.  The metlt.lc.d' as defined in claim 43; further comprising the step of soaking the slotted
body in highly diluted hydrogen peroxide if said circumferential slot was created by
laser scribing to eliminate a residue film of vaporized metal redeposited info the

circumferential slot after the laser scribing step.

47.  The method as defined in claim 43, wherein said coating step includes coating

completely the unterminated multi-layer capacito;’ of the low frequency portion with

titanium-tungsten,
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3titanium-tungsten followed by copper and a gold flash, 151.The method

as defined in claim 43, wherein said creating step includes laser scribing

2a circumferential slot. 52.The method as defined in claim 43, wherein

said creating step includes creating a circumferential slot nomj 5mil_
Wfaé‘.’{%]é?’?‘%e method as defined in claim 43, wherein said c%]%%‘}%’fé"g} bso
includes creating a 2circumferential slot maintained constantly in,
completely through, and completely 3around, the adhesion layer. 154.The
method as defined in claim 43, wherein said creating step includes
cregting r2cireumiere islrslot subatantialky reidivays detoeizg thiep includes coating
opposing ends of the adhesion 3layer. 55. The method as defined in . .
claim 43ceuk@esity shidiaispRinTicstep ihtatrRieaRASHRNG Bedariregrsngy portion with
protective_Uv-curabIet soildﬁr daém coating to all surfaces defining the
circumfeFSHATSIBEE B ottt

{He CirciRterential slot. 56. The method as
defined in claim 43, wherein said plating step includes plating the

opposing ends of the adhesion layer with one of pure tin, solder, and gold .
sotas to Tarrrsoldetabldamed dotioain 53, Triemwiatryd agedeanderifoelgiss coating

56, wherein said plating step includes.plating the.oppesing ends of th : .
e ARE B D QLB e e e poion it
protective UVzcurablasoldesdancaatingiwhiseasis:assa stoppeff barrier -

for the solderable connections. 58. The orientation-insensitive
ultra-wideband coupling capacitor as defined in claim 1, wherein said

orientation-insensitive ultra- wideband cqQupling capacitor gperates belo :
TRz, B TR e AR e AU L rAb A S costing
capacitoy, a3 definesl in, claim o2 JWnareiysaid IR e e N G Brapises portion with
said improved orientation-insensitive ultra- wideband coupling capacitor
operatingfasiow-4m ¢tda folloFhiborieppationtimgelisitash. ultra-wideband
coupling capacitor as defined in claim 7, wherein said high frequency
portion does not employ a composite internal interdigital

el%(ftmd%ﬁéﬁ%@gﬁ%ﬁi&fl%‘@%{?@9%§ﬁi@ ?éi!ﬁc%ﬁ?géﬁ inalhpalsef scribing

conductors frequency portion and thereby has less insertion
and retuenclesseserential slot

52. The method as defined in claim 43, wherein said creating step includes creating a

circumferential siot nominallyl.5 mil wide.

53,  The method as defined in claim 43, wherein said creating step includes creating a
circumferential slot maintained constantly in, completely through, and completely

around, the adhesion layer.

54.  The method as defined in claim 43, wherein said creating step includes creating a

circumferential slot substantially midway between the opposing ends of the adhesion

layer.
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161.The improved orientation-insensitive ultra-wideband coupling

capacitor as defined in 2claim 28, wherein said improvement comprises

the high frequency portion not 3employing a composite internal interdigital

electrode array as a single floating 4electrode that is coupled to said pair

of conductors of said high frequency portion and 5thereby has less

insertion and return losses. 162.The method as defined in claim 43,
ssvhereihesaighoreatidefistdprindiines onkesiiasdt-2pebiitsntgrchemieanpplying a

etChinq%&n %MEC,E}%@&%J@B@%{GQ& Giredmferentialsleb %Tpk{ﬁﬂléghedeﬁning the

3adhesion

yer and thereby electrically separating the opposing ends of

the adHESTR2IEPLT o SHPrS BEHEC 1ELSTING SiPacitance and forming a
slotted body.

56.

57.

58.

59,

60,

The method as defined in claim 43, wherein said plating step includes plating the
opposing ends of the adhesion layer with one of pure tin, solder, and gold so as to

form solderable connections.

The method as defined in claim 56, wherein said plating step includes plating the
opposing ends of the adhesion layer so as to form solderable connections up to the
quick-curing protective UV-curable solder dam coating which acts as a stop-off

harrier for the solderable connections.

The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 1,
wherein said orientation-insensitive ultra- wideband coupling capacitor operates

below 16 KHz.
The improved orientation-insensitive ultra-wideband coupling capacitor as defined in
claim 22, wherein said improvement comprises said improved orientation-insensitive

ultra- wideband coupling capacitor operating below 16 KHz.

The orientation-insensitive ultra-wideband coupling capacitor as defined in claim 7,

wherein said high frequency portion does not employ a composite internal interdigital
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61.

62,

electrode array as a single floating electrode that is coupled to said pair of conductors

of said high frequency portion and thereby has less insertion and return losses.

The improved orientation-insensitive ultra-wideband coupling capacitor as defined in -
claim 28, wherein said improve;ment comprises the high frequency portion not
employing a composite intemnal interdigital electrode amay as a single floating
electrode that is coupled to said pair of conductors of said high frequency portion and

thereby has less insertion and return losses.

The method as defined in claim 43, wherein said creating step includes one of laser-
scribing, chemical etching, and mechanical abrasing a circumferential slot around the
adhesion layer and thereby electrically separating the opposing ends of the adhesion

layer from each other restoring capacitance and forming a slotted body.
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