ORIENTATION-INSENSITIVE ULTRA-WIDEBAND COUPLING CAPACITOR AND METHOD OF
MAKING | CROSS REFERENCE TO RELATED APPLICATIONS 2 The instant non-provisional
application claims priority from provisional application 3 number 60/503,183, filed September 15,
2003, and entitled ULTRA-WIDEBAND 4 COUPLING CAPACITOR. S BACKGROUND OF THE
INVENTION 6 Field of the Invention: 7 The present |nvent|on relates to an ultra-wideband coupling
capacitor, and more 8 particularly, the jon-insensitive
ultra-wideband coupling 9 %&é ; NRKING, p Qe Prior Art: 11 As
shown in FIGURES 1 and 2, which are, respectlvely, a schematlc dlagram of a 12 prior art
ultra-wideband coupling capacitor, and an exploded dlagrammatlc perspective view 13 of a prior art
ultra- mdeban? coupling CapaCIt(Qﬁ . J5 035 JBlM&J[@{;iI 10 is a parallel
combination of a high value capa ' hd a low value
capacitor 14, typically 20 picofarads to 250 plcofarads As can be seen, 16 capacnors in parallel result

in wider operating bandwidths. 17 The prior art ultra-wideband coupling capacitor 10 is

either
composed of &wo or mord ™ E@ﬁﬁ%‘i’éﬁ]‘ﬂ{%ﬁ%" |%H‘Wéﬁfﬂ?e°'@‘€ﬁ§é‘°5§§é:i;ﬁﬁ'ly?‘8?’ ﬁ‘%?@%@ﬁ%
assembly whigh mygtie: 60/503,183, filed September 15, 2003, and entitled ULTRA-WIDEBAND

4  COUPLING CAPACITOR.

5 BACKGROUND OF THE INVENTION

6 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:

3 As ShOW-Il in FIGURES 1 anci Zi,' w};jch are, respectively, a schematic diagram of a
12 priorart ultra-wideband coupling capacitor, and an exploded diagrammatic perspective view
13 ofa priorart ultra-wideband coupling capacitor, 2 prior art ulira-wideband coupling capacitor
14 10 isa 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 parailel 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



1 I internally include complex multiple capacitor configurations, and via holes that interconnect 2
internal electrodes to external contacting pads. Both of these family of devices have larger 3 than
desired physical footprints and can only be mounted on one specific side of the device 4 making them
difficult to use where surface mount technology (SMT) is employed. 5 Electrically, size limitations
result in both high insertion and return losses and also cause 6 excessive surface moding at higher
microwave frequencies. 7 The high value capacitor 12 is a multi-layer capacitor, while the low value

capac i.tor 8 14 i%&%ﬂ%‘iﬁ“%&ﬁﬁ@ Ecﬁnﬁi@ﬁ &ﬁdﬁiﬁé 8%96&‘%&%0%%9&’&8&9' %r_l&%%{ Mﬁ@fﬁt&%@xﬁ@@nced
9 configuration. The multi-layer capacitor is a multi-layer structure with interdigitated plates, 10 each
separated by a thiregieladthtdascn ewhitedhe singlezlaydy: capthoitihiseaiznileldpeicdsiistrabitger with
two plates separated by a thin dielectric layer. 12 The high value capacitor 12, with its.relatively low
serics rosoranoo S LU S BHTIOEL BTG SRS DA T AR Rt 14,
with its relatively Righmsediee HIRIANANGS. IS mrskeffedieanhBiiigayeneyaignalsHsiolee. high
value capacitor 12 and the low value capacitor 14 of the prior art ultra- 16 wideband coupling capacitor
10 have différentBedriaaHy charbviisicsdsulliffehett pattiorssrtion ehd metitra ldshsaddsparating
spectrum, as will be discussed infr 18%{2;% hown in FIGURE 3A, which is a schematic diagram of a

prior art ultra-widdB5&na” 13 CaUIRG & ¥ SPSTAtinG at & 16W fréquency, when the prior art
ultra-wideband coupling

7 The high value capacitor 12 is a multi-layer capacitor, while the low value capacitor
8 14 is generally either a single layer capacitor or two single layer capacitors in a balanced
9  configuration. The multi-layer capacitor is a multi-layer structure with interdigitated plates,
10 each separated by a thin dielectric layer, while the single layer capacitor is a single layer

il structure with two plates sepa:ated by a thin dielectric layer.

12 The high value capacitor 12, with its relatively low series resonance, is most cffective
13 - on lower frequency signals, while the low value capacitor 14, with ifs relatively high series

14 resonance, is most effective on high frequency signals.

i5 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 3A, 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 af a low frequency, the prior art ultra-wideband coupling capacitor



20 capacitor 10 is operating at a low frequency, the prior art ultra-wideband coupling capacitor 2 1 10
electrodes exhibit insignificant skin effect. The ceramic structure looks like a bulk 2 dielectric. 3 As
shown in FIGURE 3B, which is a schematic diagram of a prior art ultra-wideband 4 coupling capacitor
operating at a mid frequency, when the prior art ultra-wideband coupling 5 capacitor 10 is operating at
a mid frequency, the prior art ultra-wideband coupling capacitor 6 10 electrodes exhibit significant skin
effect. The dielectric region begins to take on the effect 7 of a meandering parallel plate transmission

line structurel Additichalirehsnandss Rgigicad Aaskesn. INTGCURERGrHEh ISRSGRemaliaL
diagram of a prior art ultra-wideband 9 coupling capacitor operating at a high frequency, when the
prior art uItrazwidé[Eﬁi?ﬁﬁr{foupling 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 parallel 12 plate transmission line. Additional resonances emerge at the higher

frequencies.313 The prigtsattowtr én WiBIRAGBoMiILR G eapheaiiand@ dpasediyassecidiedahesieRmings.
14 Firstly, since the prior art ultra-wideband coupling capacitor 10 is a two-piece structure, the 15 prior

art ultra-widébanA¢BlpETePRSRI RS AL &b Rl TaRRsH a MPesdhe sl tast slabiyidehaad aBmiieh
increases pef uniéa%%é&o?ﬁ?%}{m 16 RY Q&ﬁ'{%%{a@ﬁwldﬁgapqgrc o 8&'!%9—\81 ) gllliéjgojﬁg)élélgé éz%ggcitor

orientation-sensitive restricting 1t to being mount orﬁ’y on‘one specific surface, cr surface
mount techrfology ) 8 ipderatdtibitiynissneskihhiftity, the dssermilydpaighbahiig take on the effect

7 of ameandering parallel plate transmission line structure. Additional resonances emerge.

8 Asshown in FIGURE 3C, which is a schematic diagram of a prior art ultra-wideband
9 coupling capacitor operating at a high frequency, when the prior art ultra-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 parallel

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

13 'I‘hé prior art ultra-wideband coupling capacitor 10 has a few associated shortcomings.
14 Firstly, since the prior art uitraﬁ*ideband coupling capacitor 10 is a two-piece structuré, the
15 priorartultra-wideband coupling capacitor 10 requires 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 beitig 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".



19 prior art ultra-wideband coupling capacitor 10 exceeds the 0.020" dimension of a standard 20 0402
package by 0.012". 3 1 Thus, there exists a need for an ultra-wideband coupling capacitor which is
one-piece 2 and thereby eliminates additional production assembly effort which thereby decreases
per unit 3 cost, which is orientation-insensitive and thereby eliminates restricting it to being mounted

4 only on one specific surface which thereby eliminates surface mount technology (SMT) 5
compatibility issues, and which does not exceed the 0.020" dimension of a standard 0402. 6

s oo IS NI U Ll B

though these innovations may be suitable for the specific in purpo
they each differ inrstthatine: amdieeopditiian podiotiguipessbisafidheBchiaaeht daventpdnuitiat they
do not present an ultra-wideband coupling capacitor which is 10 one-piece and thereby eliminates

additional prbdudifsh JakEHoK efeieinetihirety heeaerimatacsntinst Rhpsoounted
orientation-imsenéﬂi%eoﬁraqq@sgeme%ﬂ%@@t@ﬁwﬁ%&gﬂwéﬁr&%&&paﬂwm&%@gyotme cific

surface which thereby eliminates surface mount 13 technology (SMT) compatibility issues, and which
does not ex8eeddire@iBRLy dirnen siohvafich4iee stan carek§4020.030F OR EXIAMP k BatdBd P4lent
Number 5,576,926 to Monsomo 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. Thie capacitqgipelidesARanak eaiER%R quency capacitors have been provided in the prior
7  art. Even though these innovations may be suitable for the specific individual purposes to

8  which they address, they each differ in structure and/or operation and/or purpose from the

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

10 one-piece and thereby eliminates additional 'production assembly effort which thereby

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  astandard 0402,

‘1S FOR EXAMPLE, U.S. Patent Number 5,576,926 to Monsomo 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  Iayer 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 cutward 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,



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, 4 1 allow

developmen; of g gelected value ofcapacitanee bs -cvge%ﬂatﬂge%%w@ga {pgsegaa%n@mgin@@mgned
contact members, as WeTf'ag contro |ng elr size an spacmg, allow tor convenient 3 prese ection of

desired operativerehatetieristicnahibe, capatitaicohieiioptastrriesbars eatld aHobefpasitiontehon a
substrate to which a buried electrode is mounted. 5 ANOTHEREXAMPLE, U.S. PatentNumber
6,690,572t iebBikfetetemetdssirsi @enivRicmas istnnr biinaseariintic (e roBiAt MYBPIESLHEN

0.0035 inchgs thi&é@@%&%&% 23.r5200%. NS e 8 e sR Jrlsrtodes,arg thick and strong enough,

either singly or together, to give 8 the structure required physical strength for manufacture, handling,
and usage. Electrodes are 9 (1) a ceramic metal composite, (2) a porous ceramic infiltrated with metal

or other conductive 10 material :é) a resin filled with metal or other conductive material, or 4)%
éﬂﬁfé. § dingly

combinations of the 1143¥8¥ LA dhe B dip b RO R R e irsth
high capaciyy 12,perupit 2463 WihIQRGIEMERSADIN A0 BN H9%565 AGQARRE-nanh sk sielectric

of 13 titanium dioxide is also used.
7  0.0005 inches orless. Electrodes are thick and strong encugh, either singly or together, to give

8  the structure required physical strength for manufacture, handling, and usage. Electrodes are
9  (1)aceramic metal composite, (2) a porous ceramic infiltrated with metal or other conductive
10 material, (3) a resin filled with metal or other conductive material, or (4) combinations of the
i1 above. The very thin and, in itself, fragile dielectric layer provides exceedingly high capacity
12 per unit area with temperature stability and low losse-s. A 0.00001-inch thick dielectric of

13 Hitanium dioxide is also used.

14 1t is apparent that numerous innovations for high frequency capacitors have been
15  provided in fhc prior ér.t”t:ﬁat afe .aéépfed to be used. Furthermore, cven 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 ulira-wideband coupling capacitor which is one-piece and thereby eliminates
19  additional production assembly leffort 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.



14 1t is apparent that numerous innovations for high frequency capacitors have been 15 provided in
the prior art that 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 theré%%%&?ﬁ@%gcﬁﬁy@rgwuction 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. s
SUMMARY OF THE IRVRERE RiHisqirirehte GrIAR Sra<e M iise i Saaia Brovitie anre-

orientationQ@&&?ﬁgig&y}ﬁgbgﬂgggmt%mme%mg@@%%%pgl.gisadvantages of the prior art.
Embodiments of the present invention also seek to provide an orientation-insensitive ultra-wideband
coupling capacitor which has improved electrical performance over that of the prior art. Embodiments

of the present invention alsg seek tq provide an orientation- insensitive ultra-wideband coupling

capacitor which has moFeSHREOHR, &t i BIESIB AR AR HETH AHSHEL R AP RSHNGY Grt
Emb Odim%—%&ﬁaﬂﬂ%ﬁﬂﬁlﬁ\ﬁ%ﬁm%cﬁ% ﬁ?l}ﬂﬁqgipééﬂigﬁ%fﬁﬂﬂ%hce over that of the prior

art.

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which has more attractive physical/mechanical

characteristics than that of the prior art

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which is one-piece and thereby has inherently higher

reliability and eliminates additional production assembly 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 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 ortentation-insensitive and

6



insensitive ultra-wideband coupling capacitor which is one-piece and thereby has inherently higher

reliability and eliminates additional production assembly 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 smaller than a two-piece prior art ultra- wideband coupling capacitor and

thereby CONBLIELRS éﬁﬁﬁfé@%sﬁﬁ@ﬁ@%?@%éﬂ% Eﬁ@ﬁﬁ_@&i%@ l%}"_aﬁ@ sﬁ%fﬁ&%ﬁﬁ%@@%ﬂﬁdﬁ‘@&é?%&ems _Of
the present invention also seek to provide an orientation- insensitive ultra-wideband coupling capacitor

which is orightaitiotesirmehsitiveoandi&heletyy Sliviinatespeghilttingitts beingrastastedwiily valone
specific surface hic}fkrhgerfz}rg elimjnates surface mount technology (SMT) compatibility issues, i.e.,
operates ecfﬁ%ﬁﬁ‘ﬁ%% 65 %@E?&#tﬁé%%%‘e used to mount it. Embodiments of the present
invention also seek to provide an orientation- insensitive ultra-wideband coupling capacitor which does
not require special orientation during tape-and-reel loading. Embodiments of the present invention
also seek to provide arfFHwdiatians insdhaipyesan:dwiddland soupiligteapaoitds whiehdsEsnot

exceed the .0.020 .dlrgl%nsm e(%fa stan(ﬂard 0402 so slﬁtf rm a true 0402 c"ilzﬁka %ﬁé\ﬁh'c Lg:nann‘be

handled Witﬁlsset%fqﬁt Ard ST eqﬁ}ilgrﬁ%u .1%%88%%&[3 § 8eBr%0§§ﬁg?ﬁl§eﬁlon alSo seek {0 prévide an

orientation-tape-and-reel loading.

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which 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 seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which 1s electrically identical to a two-piece prior art

ultra-wideband coupling capacitor.

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which has lower insertion loss than a two-piece prior

art ultra-wideband coupling capacitor.

Embodiments of the present invention also seek to provide an orientation-
insensitive ultra-wideband coupling capacitor which has better VSWR than a two-piece prior art

ultra-wideband coupling capacitor.



insensitive ultra-wideband coupling capacitor which is electrically identical to a two-piece prior art
ultra-wideband coupling capacitor. Embodiments of the present invention also seek to provide an
orientation- insensitive ultra-wideband coupling capacitor which has lower insertion loss than a
two-piece prior art ultra-wideband coupling capacitor. Embodiments of the present invention also seek

to provide an orientationminsemsiive,vira-pidehans, caupine Canagiter whirh hrshaltenMRWR than a
two-piece prior art ultra-wideband coupling capacitor. 7 Embodiments of the present invention further
seek to provfﬁei@wmmmny)séﬁiéiéﬁxpﬁ@é@h&ﬁ@@@n@p@%@@mmméﬂwl@W@ﬁ@@wwﬁm a
gapped low-loss uctor alr eag which_surrounds the RF compaonent on.four s ﬂe and is
co-terminal Wct?ﬁ %g“ﬁfﬂéc Fesr%a?ﬁ]lfﬁ% tWo gges Y= menist%u(r)fS %Spe}rér%el%tﬁ%v%m%lon furjf e? geék to
provide an gsigaiiati@RvNg@RsItive ultra-wideband coupling capacitor. The orientation-insensitive
ultra-wideband coupling capacitor includes a plurality of external surfaces, a low frequency portion,
and a high frequency portion. The high frequency portion is so disposed on, and electrically

connected to, the Iow e% % cgnport so as to allow he Of u%%utatlon sensm\ﬁe uItra -Wi fand

P 1'(363111, 111 611 101N Cr S %)TOVI P11
coupling capacitor to wor ntcal y w A mounted on any ex grnar ongl Ldinal sUrface 6

plurality oflﬁg@@mabsunf@@eﬁd&tﬁﬁpfm@nﬁgreﬁydaad;eam Shfibreaippatiblisivihouliregaiebtadspecial
couphing capacitor includes a plurality of external surfaces, a low frequency portion, and a high
frequency portion. 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 and thereby be readily SMT compatible without regard to special

orienting procedures.

In accordance with an aspect of the present invention, there is provided an
electronic component, comprising: a) a RF component; and b) a pair 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.

The novel features which are considered characteristic of the present invention are set
forth in the appended claims. The mvention itself, however, both as to its construction and its method
of operation together with additional objects and advantages thereof wiil be best understood
from the following description when read and undersiood in connection with the accompanying

drawings.



orienting procedures. In accordance with an aspect of the present invention, there is provided an
electronic component, comprising: a) a RE component; and b) a pair 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. The novel features which are
considered characteristic of the present invention are set forth in the appended claims. The invention
itself., however, both as to its construction and its method of operation together with additional objects

and advantages thereof will be begijupgerniseth fraTURR!pWing AEseIRIEEN when read and
understood in connection with the accompanying drawings. 8 1 BRIEF DESCRIPTION OF THE

DRAWINGS 2 The figures of the drawings are briefly described as follows: 3 FIGUREI is a schematic
diagram ofaprior art ultra-widebaad.coupling capacitqr; 4 FI%U E 2.is an exploded diagrammatic
i %evﬂﬁufﬁ r(ztEjt 5 &%gwgéﬁé%%’ﬁﬁiﬁgd%%?ﬁ & PG URE 3A is a schematic

perspective ‘view of a prior & wide
diagram of a prior art ultra-wideband coupling capacitor 7 operating at a low frequency; 8 FIGURE 3B

is a schematic diagram of a prior art ultra-wideband coupling capacitor 9 operating at a mid frequency;

FIGURE1 isaschematic diagram ofa prior art ultra~-wideband coupling capacitor;
4 FIGURE2 is an exploded diagrammatic perspective view of a prior art ultra-
5 wideband coupling capacitor;
6 FIGURE3A is a schematic diagram of a prior art ultra-wideband coupling capacitor
7 operating at a low frequency;
§ FIGURE3B is a schematic diagram of a prior art ultra-wideband coupling capacitor
9 operating at a mid frequency;
10 EIGURE iC - isaschematic diagram of a priorart ultra~wideband coupling capacitor
11 operating at a high frequency;
12 FIGURE4 is a diagrammatic perspective view of the orientation-insensitive ultra-
13 wideband coupling capacitor of the present invention;
14  FIGURES is a diagrammatic cross sectional view taken along LINE 5-5in
15 : FIGURE 4;
16  FIGURE 6 is a circuit equivalent to the orientation-insensitive ultra-wideband
17 coupling capacitor of the present invention; and

18 FIGURES 7A-TD  are a flow chart of the method of making the orientation-insensitive

19 ultra-wideband coupling capacitor of the present invention.



10 FIGURE 3C is a schematic diagram ofa prior art ultra-wideband coupling capacitor 11 operating at
a high frequency; 12 FIGURE 4 is a diagrammatic perspective view of the orientation-insensitive ultra-
13 wideband coupling capacitor of the present invention; 14 FIGURE 5 is a diagrammatic cross
sectional view taken along LINE 5-5 in 15 - FIGURE 4; 16 FIGURE 6 is a circuit equivalent to the
orientation-insensitive ultra-wideband 17 coupling capacitor of the present invention; and 18
FIGURES 7A-71) are a flow chart of the method of making the orientation-insensitive 19
ultra-wideband couplin j ' tog. S REEERE MERALS
UTILIZED 1N THE DRE’vfﬁgg%I %%@ﬁ@%%%ﬁ%ﬁ?k i ﬁ’§§§ COUpIT CApAcHor 4 12 high
value capacitor of prior art ultra-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 caﬁacitor of present invention 8 22 pIuraIitgfi‘é%&@mal surfaces 9 24 low frequency portion

3 10 prior art ultra-wideband coupling capacitor
4 12 high value capacitor of prior art ultra-wideband coupling capacitor 10

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

6 Present Invention

7 26 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
i1 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 capacit(;fAiS of lox;v ﬁ;eéuency portion 24
4 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 of low

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

i0



10 26 high frequency portion 11 28 unterminated multi-layer capacitor of low frequency portion 24 12
29 external surfaces ofunterminatedmulti-layer capacitor 28 oflow frequency portion 24 13 30
electrode layers ofunterminated multi-layer capacitor 28 of low frequency 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 ofunterminated multi-layer capacitor 28 of low 18 frequency

portion 24 1P 3849fcongrg f electr layers 30 of unterminate Iti-layer ¢ i g8 of low 20
frequency portion 24 21 4 p%?egﬁgosgﬁﬁﬁﬁ%%f’ %{fg%fo?roélgﬁlecngil po?%g?#éé ei%eﬁcﬁg)o?i%&m%erential slot
between pajy of egnductossséd @ipbighy kegusmty-gasticie 2634 eefRosel IRpRatagoards.alinkyality of
external surfaces 22 of orientation-insensitive 3 ultra-wideband coupling capacitor 20 4 48 quick

curing protettive UV-cUtEBI@sshiad garplicgsaRtri =¥ plating 6 51 solderable connections 7 52
adhesion layer 4g quick curing protective UJV-curable solder dam coating

5 58 plating

51 solderable connections

6

7 52 adhesion layer

8 54 opposing ends of adhesion layer 52
9

56 slotted body

i1



8 54 opposing ends of adhesion layer 52 9 56 slotted body 11 1 . DETAILED DESCRIPTION OF THE
INVENTION 2 Referring now to the figures, in which like numerals indicate like parts, and 3
particularly to FIGURES 4 and 5; which are, respectively, a diagrammatic perspective view 4 of the
orientation-insensitive ultra-wideband coupling capacitor of the present invention, and 5 a
diagrammatic cross sectional view taken along LINE 5-5 in FIGURE 4, the orientation- 6 insensitive
ultra-wideband coupling capacitor of the present mventlon IS shown generally at 7 20.8 The
orientation- |qsen5|t|ve ultra- WldeB%l] X' S|, 9 a range from below
20 KHz to over 40 Ghz, and fills‘&te ' GEKITTge somponents 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 returns and bias tees, fiber to the home (F T
H), and MMEC developrRefeeriag) hein siifides fgugesd BruttziokiddoamdivmisCiadiptifidie apddtthasel using
related tech olo%fanl kie ormggﬂg |gsen§|tlvE Lhtl‘a Wldeband couplin cap: CI'[OI’ 20 0 gom rises
aplurality 1 r aces alow" equelr?cy pbr?scfjﬁaﬁi’egha awf% equ e portlorﬁeﬁ%. The

high 16 frequen@ymeHm@@o@ﬁ@&ﬁﬁo@@ﬁ@%@wﬂe&mwﬁ%@%ﬁm{mm@uw 17

portlon 24 so as to allow the orientation-insensitive ultra-wideband coupling capacitor 20 to
5 adiagrammatic cross sectional view taken along LINE 5-5 in FIGURE 4, the orientation-

6  insensitive ultra-wideband coupling capacitor of the present invention is shown generally at

7 20

8 The orientation-insensitive ultra-wideband coupling capacitor 20 typically operates in
9 arangefrom below 20 KHzto 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 returnsand bias fees, fiber to the home (FTTH), and MMIC development, e.g., amplifiers, e.g,

13 ultra-wideband MMIC amplifiers and those using related technology.

| i4 “ The orientation-insensitive ultra~-wideband coupling capacitor 20 comprises a plurality
15 ofexternal surfaces 22, a low 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 5o as to allow the orientation-insensitive ultra-wideband coupling capacitor 20 to
18 work identically 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.
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18 work identically when mounted on any external longitudinal surface of the pluralityofextemal 19
surfaces 22 thereof and thereby be readily SMT compatible without regard to special orienting 20
procedures. 12 1 The orientation-insensitive ultra-wideband coupling capacitor 12 can operate below

2 16 KHz by using a larger value for the low frequency portion 24 than that used for the range 3 from
below 20 KHz to over 40 Ghz, discussed supra. 4 The low frequency portion 24 is functionally
equivalent to the high value capacitor 12 5 of the prior art ultra-wideband coupling capacitor 10, e.g., a
multi-layer capacitor, while the 6 high frequency portion 26.is functionally.equiyalent t lqw value
capacitor 14?0f the prior é’rrfe&ﬁar%qa?f&%%%lﬁ eclc})fa%ﬁ%ﬂgg%aaﬁlgc? of Bg 8‘?18 a% 5?0 gllri%ll% aCg egrr %:%eggqc?t%r, SO

as to allow the 8 @rigRtatiPRIRSENSHYS A Fovisichand.aaupling caRREH HadQia havddttetiangofboth

the high 9 value capacitor 12 and the low value capacitor 14 solely in a single multi-layer ceramic
body. 10 THe lovirfradgbneisHiol oveisafimdinnisratetiaialti-layer capacitor 28 having 11 external
surfaces 29, electrode layers 30, and dielectric layers 32, and preferably being 10 nF 12 or higher.
The dielectric layers 32 of the unterminated multi-layer capacitor 28 of the low 13 frequency portion 24

alternate with the electrpgeiiaygegR89theduniersminatraanykidayaenid capdgiton28abtidoie
frequency portion 24. The electrode layers 30 of the unterminated 15 multi-layer capacitor. 28 of the
low frequen8y porfits Pricsas Hivaviidsbertre Balinscrense fiond . Eeandal-byehcrpraibrivhile Metrical

comm unlca%on fﬁ?&%’ f?&ﬁ%%é? of 19;? 2?6615%}1%0% yrgc%livalent to the low value capacitor 14 of the prior
7 art ultra-wideband coupling capacitor 10, e.g., a single-layer capacitor, so as to allow the
8  orientation-insensitive ultra-wideband coupling capacitor 20 to have functions of both the high

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

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 layers 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 capa'ci.t& .I.£8 of the- 16W frequency portion 24 extend at first ends 34 thereof from,
16  and are open for external electrical communication from, opposing ends 36 of the exteral
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



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 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 opposing ends 36 of the external surfaces 29 of the 3
unterminated multi-layer capacitor 28 of the low frequency portion 24, respectively, and, 4 extend

therefrom ovbr_ the exterﬁ& HAtcgEepey GO Htdt e ‘i‘h‘&ﬂﬁqfﬁf/%?(ta ChEF 95cdsEsI 4R
frequency portion 24, to, é&%g%ﬁ%&%gﬁ%lﬂ ?é'&%(/e%(?h%?éiﬁofﬁ[@ A& @%ﬁgﬁé‘%ﬁ@hﬁl Qhr84eihgrehetween

and be separate from ea e circumferential slot 42’ is pre y 7 formed by laser scribing,
but can be farmeddwnailerdchenditale tehndgomErbariedbabresjngci8 airany Bimiapaptoedd urad
Because the high frequency portion 26 does not employ additional 9 internal electrodes with

separating |dyerse¥tenddbasirur anspiby axisrabasieshierRAhe o reringitd Rttt age SRR Y single
floating elecirode tat l%ﬁ%%%gﬁg’gmﬁ&aiﬁ 9f, 4 SRRANIRNE 4BLEE QBN S AHERGIEROKIFR 66,

there is less insertion and re ses. 12 The pair of conductors 40 of the high frequency portion 26
form the plugality 4f tii3ebuieranlsdrfacesa2iedrhaledivdadly Ghmoanictienidhsioedlr st prits34yof the
electrode Ia¥ers 14 30 of the unterminated multi-layer capacitor 28 of the Jow freque,nc?/ gort_ion 24
associated ¢ = formed by laser scribing, but can be formed by either chemical etching, mechanical abrasing,

8  orany similar procedure, Because the high frequency portion 26 does not employ additional

9  internal electrodes with separating layers, ie., does not employ a composite internal

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

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

12 The péir 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—wideband qqqp_ling capacitor 20 to
16 - work identically when mounted on any external longitudinal surface of the plurality of external
17  surfaces 22 thereof. A setof 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
i9 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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15 therewith so as to allow the orientation-insensitive ultra-wideband coupling capacitor 20 to 16 work
identically when mounted on any external longitudinal surface of the plurality of external 17 surfaces
22 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 epergy to p through the high 22 frequenc rtion 26, which
is peripherally located. %PFHeOEéiﬁf@;‘&@ﬁ%d@tgfs%?owr%%‘&ﬁ‘??’e&?fé‘ﬁﬁfqﬁj&’i?%’%%yp"r%‘? raiTy
comprise 2 jitanigmaungsiedd MWOMWEEI, RaminalyIRIes BN ey 45 RN A gold
(Au) 3flash. 4 The clircum%rentital slot 42 is pt?gferably rgominally 1.5 mil gvél(jﬁgﬂs@gonstantly 5‘9)0
maintained ompliesdly through and completely around the high frequency portion 26 without 6

destroying the unterminated multi-layer capacitor 28 of the low frequency portion 24, and is 7
disposed substantially midway between exposed opposing ends 46 of the plurality of external 8

surfaces 22.0f the orienfgion:insaesitive Wiaayidehaneaayningiranaaitonm? Wheselycshealestyically
separating the exposed opposing ends 46 of the orientation-insensitive ultra- 10 wideband coupling

capacitor 20 frommeatdirsthermpbtolirtgreagauithrmepttiehessound Tehighdrraninssinsaigifipevithout
ultra-Wideb%nd Cgéjsgrlcl)ggxg%lﬁ)c? grilttgzti%?agtur g%ﬁt%?ar? grci:%ggcx%or 28 of the low frequency portion 24, and is
7  disposed substantially midway between exposed opposing ends 46 of the plurality of external
8  surfaces 22 of the orientation-insensitive ultra~wideband coupling capacitor 20, thereby
9 electrically separating the exposed opposing ends 46 of the orientation-insensitive ultra-

10 wideband coupling capacitor 20 from each other restoring capacitance thereto.

11 The orientation-insensitive ultra-wideband coupling capacitor 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 stot 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  solderable connections 51 which extend up to the protective UV-curable solder dam coating
19 48 which acts as a stop-off bamrier for the solderable connections 51. The orientation-
20 insensitive ultra-wideband coupling capacitor 20 is thereby formed having a resistance across

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

15



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 ultra-wideband coupling capacitor 20 so as to
form 18 solderable 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 connectionEqSl. The ori ta%ign- 0 insensitive
ultra-wideband cBIFSHB EABRTBISF thapdsy AsrEokh nEbryherBatnened HFeds ¢ e eranle

connections,51. iggigased ser hat it xserda/ L0NEARLITE oG Biating.50 s is 1 preferably either

pure tin or solder or gold. When the plating 50 is gold, the solderable 2 connections 51 can also be
gold/ribbon bonded or epoxy bonded. 3 A circuit equivalent to the orientation-insensitive

ultra-wideband coupling capacitor 4 20 can best be seen in FIGURE 6, x%%%?ﬁ;s circuit e%t%%zglent to
the orientatibn-insensith & 8 G AVRIENLAPESHSHAT BuPSERF 6t HhEenrd CRIRSR BT RER

€ method

of making the origniaHeRsiRISRSINEHIETBIASRARG GOURIRY CARAGEAN o/ e RARRSL RREGRR &N

FIGURES 7A-7D, which are a flow chart of the method of making the 8 orientation-insensitive
ultra-wideband culiplingdapdcitoplbighegergsent thyerten iavmiamsuch, 9 will be discussed with
reference thereto.

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

6

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

11 20 comprises the following steps:

iz 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 thelow

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

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

17 layer 52 having opposing ends 54.

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

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

16



10 The method of making the orientation-insensitive ultra-wideband coupling capacitor 11 20
comprises the following steps: 12 STEP 1: Secure the unterminated multi-layer capacitor 28 ofthe low
frequency portion 13 24. 14 STEP 2: 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
STEP 3: Create by either laser scribing, chemical etching, mechanical abrasing, or 19 similar

procedure the circumferential slot 42 nominally 1.5 mil wide, 16 1 completely through, completely
around, and'maintained constmisielxEron H’é’é’?&??‘?‘lﬁ%e’?‘@%tﬁ%%@ﬂ@ﬁ@qﬁ%@ﬂ e‘l’ﬁﬁ}?ﬁted
multi-layer capacitor 28 3 of the, low feauencyRORIAD &% and-substantaly midwaxRepusen sge 4
opposing ends 54 of the adhesion 1a1§/(§%2, thereby elec?ricallyeseparating the 5 o%)gos% ends 54 of

the adhesioB layer 52 from easghththlemrestguingy Gooapacitdneadhedetersiatfonidwgyabsistten tedy 56.

7 STEP 4: Soak prolongingly the slotted bady 56 in highly diluted heé%ro en peroxide if 8 the
circumferenfial slot 42 was laSBPRURBER e &MiReREES R lfer fitn TPy SIS EY nIRRAI L DS sited

into the Circgmferential slot 4%&;5%{14255@?05@“39'&6 adhesion layer 52 from each other restoring

6 capacitance thereto and forming a slotted body 56.

7 STEP4: Soak prolongingly the slotted body 56 in highly diluted hydrogen peroxide if
8 ' the circumferential slot 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 STEPG6: 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 26 having a resistance across the solderable
18 connections 51 increased so that it exceeds 100 MegOhms 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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10 STEP 5: 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 STEP 6: 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 10 egOhms as a result EEX% 19 soak
step if carried out. The%l’“ﬁtfﬂg%% fgi F%?gr%%ﬁfveeﬁﬁg?u %rtgl |ﬁ%g°§5 & egrwg%’lrcﬁﬁlg?yl?iftel 0 Be

understoodthat gyeRithoughitne BRPeERas) elyents far a QW fiemenrih.? eapbisidonyitbithathigh
frequency capacitor, it is not limited to that combination, in that 3 generically an embodiment includes

a volumetridally etfieés iasambrdiramsiodilys raheaerianlly elficimimpens fRisieinsiaegdppeirrab-loss

conductor pair. h of the pair of low-loss 5 .conductors.surrounds the RF compone B@f&tér sides
and is co-teﬁfmina W?ﬂ]m@l%qigg“g%cu&ﬁp%??gﬁ é%wg?(sasmcé)#ﬁiﬁé{?vrvgaéfdes? ﬁgoafgg%glﬁned etweensthe
conductor pair Ctgatiesarion6lags GaPREIRhbas itnparal eldithihesusreunted RECdmEPent.

The surrounded RF 8 component may include, but is not limited to, either a multilayer capacitor, an
inductor, a®  componenton a remaining two sides. A gap formed between the conductor pair creates a low-
7  loss capacitor that is in parallel with the surrounded RF component. The surrounded RF
8  component may include, but is not limited to, either a multilayer capacitor, an inductor, a
9  resistor, other resonance circuitry, a filter, a transmission line, or a plurality of transmission
10 lines. The resultant overall device includes, but is not limited to, volumetrically efficient high-
i1 performing parallel combinations of two capacitors, of an inductor and capacitor creating
12 thereby a parallel-resonant network, a resistor, other resonance cironitry 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, itis 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
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9 resistor, other resonance circuitry, a filter, a transmission line, or a plurality of transmission 10 lines.
The resultant overall device includes, but is not limited to, volumetrically efficient high- 11 performing
parallel combinations 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.eoupling, 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. el nts described abave, or jwo or more 17 together, may also find a
useful applicatiorffi %ﬁse‘f@ﬁeegsnﬁ“égﬁfgﬁsﬁ% PR S orﬁnﬁégmig?ﬂ%é@?#gé@rﬁ%ée%kgéc@@%eo% The
invention hag begnillysiaiad aad &%w&%@c@dﬁaﬁmpﬁ@mﬂe FrRdeiaipnLA10sanalive
ultra-wideband coupling capacitor and method ofmaking, 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 18 1 methods utilized, ilustrated and
its operation3€cl:an be m:ﬁét%i}ﬂfﬂfﬁgé%lﬁﬂg St 8%?‘1? %}élgraﬁﬁfgjsﬁ %‘éﬁ?n%%‘&?&gglé ﬁ%ﬂ%%’? Wit Sgﬁ%
departing fram thawpitirofithe dreseshdnwniiglissWithent fuidhesmealysisiihaiipragagvtibso fully
reveal the gist of the present 4 invention that others can, by applying current knowledge, readily adapt
it for various 5 ailications withestiowitinmbsFeuee fes, thom theriianérstah peiier 8RB AFeIEsTNe

constitute ¢ characteristics of the generic or specific aspects of this invention.
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6 characteristics of the generic or specific aspects of this invention. 19 CLAIMS 1. An electronic
component, comprising: a) a RF component; and b) a pair 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 or21H&EN 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 whereinAanidl®fEraomponganant, sanpasiogiow-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

a) a RF component; and

b) a pair of low-loss conductors;

wherein cach of said pair of low-loss conducters 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 paraliel with said RF

component it surrounds.

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

ling, 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
mductor 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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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. 20 ORIENTATION-INSENSITIVE ULTRA-WIDEBRAND COUPLING CAPACITOR AND
METHOD OF MAKING ABSTRACT OF THE DISCLOSURE An orientation-insensitive ultra-wideband
coupling capacitor. The orientation-insensitive ultra-wideband coupling capacitor includes a plurality of
external surfaces, a low frequency portion, and a high frequency portion. 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

ST NI LR o0

COU ING CAPACITOR AND HOD OF MAKING

ABSTRACT OF THE DISCLOSURE

An orientation-insensitive ultra-wideband coupling capacitor.  The
orientation-insensitive ultra-wideband coupling capacitor includes a plurality of

- external surfaces, a low frequency portion, and a high frequency portion. 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 and thereby be

readily SMT compatible without regard to special orienting procedures.

Figure 5
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