HI GH CAPACI TANCE SI NGLE LAYER CAPACI TOR CROSS- REFERENCE TO RELATED

APPL| CATI ON( S) This application is a continuation-in-part of U S
Pat ent Application No. 13/168,879, 5 filed June 24, 2011, entitled H GH
CAPACI TANCE SI NGLE LAYER CAPACI TOR, the contents of which are expressly
incorporated herein in their entirety. BACKGROUND OF THE I NVENTI ON Thi s
invention relates to single |ayer capacitors, and nore particularly, to

hi gh capacitance single layer ceramc capacitors and a nethod of making the
capacitors. 10Single | ayer ceram c capacitors have a useful formfactor for

assenbly into el ggiif ealp LIEANEE SNGLEA£YPRASRPAATGR nted circuit

boards or integr CIrCUI in chip carriers or other packages where
space is |limted. Dinensions of the ceram c capacitor can be matched with
the limtations within the printed circuit board or chip carrier holding

the i phegARePERENGY 1O RIYPATBDIAPHIIE ATOONG®) surface of a ceranic capacitor
is soldered to or 15connected with conductive epoxy to the surface of the

printed ci Taiishphamiod ianeorthead@pint@eeofdl. St Prtere eypphicaticvapaclist 8. §Pesent s
one or nore electrlcally conductive pads that serve as another circuit
cofnecitddannend J06il pntitTEy pilGH CHPASTRYNEH SHEILIC BANHR COXPdTON: shear e
produced by netallizing two faces of a thin sheet of sintered ceramc

mat er cahtentThéwhishakd éxpechslydnemperated heregthingheir pafiretyen cut to size by sawing
or abrasive cutting techniques. Wile the formfactor of 20these capacitors
IS ?eflrable t he anmount Ff capaci tance that can be achieved limts their
usefulness in certain applica particul arly when design consi derations
requi l&é\% }arQIi/T ﬁﬁﬁ#}tl cularly thin capaci torsg I n such

ci rcumnst an t he, capacitor.
(:T?us invention relates Eo single ?ayer capac:l?ors and more particularly, to high

capacitance single layer ceramic capacitors and a method of making the capacitors.

10 Single layer ceramic capacitors have a useful form factor for assembly into electrical
circuits which are present on printed circuit boards or integrated circuits within chip carriers
or other packages where space is limited. Dimensions of the ceramic capacitor can be
matched with the limitations within the printed circuit board or chip carrier holding the
integrated circuit. Typically the bottom surface of a ceramic capacitor is soldered to or

15  connected with conductive epoxy to the surface of the printed circuit board and the top face of
the ceramic capacitor presents one or more electrically conductive pads that serve as another
circuit connection end point. Typically, single layer ceramic capacitors are produced by
metallizing two faces of a thin sheet of sintered ceramic material. The metallized ceramic
shield is then cut to size by sawing or abrasive cutting techniques. While the form factor of

20  these capacitors is desirable, the amount of capacitance that can be achieved limits their
usefulness in certain applications, particularly when design considerations require particularly
small or particularly thin capacitors. In such circumstances, the capacitor does not have
sufficient structural strength to withstand undesirable fracturing or chipping during routine
handling during assembly into circuits. Consequently design tradeoffs must be made between

25  using thicker ceramic layers for greater strength and thinner ceramic layers for greater

capacitance.



sufficient structural strength to withstand undesirable fracturing or

chi ppi ng during routine handl i ng during assenbly into circuits.
Consequent |y design tradeoffs nust be nade between 25using thicker ceramc
| ayers for greater strength and thinner ceramc |ayers for greater

capaci tance. 2 Prior attenpts to achieve higher capacitance in a
single |ayer capacitor whi | e mai ntai ning structural strength include using
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capaci tance single |ayer capacitors 10i nclude multi-layer materials

| ami na¢spektivegetfines. Pikibdaes wiih this desyeris than badslercdragde and tequire bxieams ¢
material and a ceramc/netal conposite material sheet. A proplemwth this
desi graiestutihafabricatiorashipaipeurardgnprsbwideringdn pliestq @&ﬁeﬁam w&ﬁgﬁ}eet s

t oget her and the ceram c/ net al conp05|te material is gH %f enslve Yet
anot hefandiag dgsred @:%H@ﬁ’é‘i’fﬁ BFodyes sighlpHy siggakresananess s gspesally ?meg

[ 1 | d f rf | |
T5r caahah oo SediereaFoRbfdenpiis iders Rebfieuints SPeEientRudine are
T TR e Tl
Conse%ge?ecttri ing Ieanq{ LA FhR Qb c%g@ogne £ ﬂgl' act oﬂ&hggﬁt%m%@é@m c

capaci |nexpen5|ve an easy CF THE

! NVENT% i thE' ?naBﬁ ch%EEt 1h8ﬂdf£§r191¥1hﬂﬁ§% @hé’é?ﬂ%%étﬁél* BdThO @ BnlcANGRL

capaci aV|ng apacitance and structural strength which is easily
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provides for electrical connections to be nade on top and bottom opposing
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25exi sting designs while still maintaining formfactor and high structural
stis engtdunddiieleaicahtannections within the capacitor. Such designs are extremely difficult to

manufacture to provide for interior metallization planes or plates connected through a
multiplicity of vias.
Consequently, a need exists for a high capacitance single layer ceramic capacitor

which is inexpensive and easy to manufacture.

20 SUMMARY OF THE INVENTION
The present invention provides a monolithic single layer capacitor having high
capacitance and structural strength which is easily and inexpensively manufactured. The
capacitor of the present invention provides for electrical connections to be made on top and
bottom opposing surfaces. The capacitor provides for higher capacitance values than with
25 existing designs while still maintaining form factor and high structural strength. The ceramic
capacitor includes a continuous metallization applied to one to five surfaces of a ceramic body

which makes contact within one or more internal electrodes. One or more further



capacitor includes a continuous netallization applied to one to five
surfaces of a ceram c body which nmakes contact within one or nore internal
el ectrodes. One or nore further 3 netallization pads are applied to the
top surface of the capacitor. Electrical connection to an external circuit
are achieved by attaching to the topsyand bottom surfaces of the capacitor.
The capacitor can be manufactured through the use of a green ceram c bar
whi ch_j i.:l i [ r ele ; iSs cut
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the internal electrode and the bottom conductive pad can be electrically
conne&d belasythe tapeadeAtiveiPad: The via woul d extend through the entire hei ght
of the cergmc body and is,drilled after the dielectric shee are stacked.
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nmetal 't zation |ayer ‘positioned on at |east a portion of one of the sides
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25metal |l rzation |ayers foimng the top and bottom conductive pads are

separ akedolly afihstlegaifhtecalated. i nsul ating material that extends around the
perimeter of the device penetrating into the body of the device along the
sitfles. For other particular applications, the internal electrode and the bottom conductive pad
can be electrically connected by a through via. The via would extend through the entire
height of the ceramic body and is drilled after the dielectric sheets are stacked. The via would
be filled with a conductive material separately or as part of forming the top and bottom
conductive pads.
20 In vet another alternative embodiment, the capacitor would have a ceramic dielectric
body having at least two internal electrodes that extend across the whole width of the device
which are separated by a layer of dielectric material of known thickness. Each internal
electrode is in contact with a conductive metallization layer positioned on at least a portion of
one of the sides and a top or bottom surface of the ceramic body. The two opposing
25  metallization layers forming the top and bottom conductive pads are separated by an

electrically insulating material that extends around the perimeter of the device penetrating into

the body of the device along the sides.



4 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a
single | ayer capacitor of the present invention; FIG 2 is a
cross-sectional view of the capacitor of FIG 1; FIG 3 is a
cross-sectional view of an alternative single |ayer capacitor of the
present Sinvention; FIG 4 is a perspective view of another alternative
enbodi nent single |ayer capacitor of the present invention; FIG 5 is a

pers V8V HeYhRl PRt ®Refy ve enbodi nent single |ayer capacit

of tﬁ%ﬁﬁﬁésgﬁp ﬁventlonﬁm 6is acr oss-sectionalg Vi ewyof thg o
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a

FIG 5; FI IS a cross-section view of another alternative enbodi nent

si ngl e | aypiG. 03pacids@Ee@bnilRgewbeaRMbpddteest FIGh;1; FIG 9a is a
cross-sectional view of another alternative enbodi nent si ngl e |ayer

15capaci t oF[(pf3 it Berdes-easiohali vivwe of hoalferfdtGedinglslagerapadios echicprsinlvi ew of
anot her alternative enbodi ment single |layer capacitor of the present
| IRV €Ninkvexfition;
FIG. 4 is a perspective view of another alternative embodiment single layer capacitor
of the present invention;
FIG. 5 is a perspective view of another alternative embodiment single layer capacitor
of the present invention;
10 FIG. 6 is a cross-sectional view of the capacitor of FIG. 5;
FIG. 7 is an electrical schematic of the capacitor of FIG. 5;
FIG. 8§ is a cross-sectional view of another alternative embodiment single layer
capacitor of the present invention;
FIG. 9a is a cross-sectional view of another alternative embodiment single layer
15 capacitor of the present invention;
FIG Ob is a cross-sectional view of another alternative embodiment single layer
capacitor of the present invention;
FIG. 10a is a perspective view of another alternative embodiment single layer
capacitor of the present invention,
20 FIG. 10b is a perspective view of another alternative embodiment single layer
capacitor of the present invention;
FIG. 10c is a cross-sectional view of the capacitor of F1G. 10b;
FIG. 11ais a perspective view of another alternative embodiment single layer
capacitor of the present invention;
25 FIG. 11b is a cross-sectional view of FIG. 11a;
FIG. 12a is a perspective view of another alternative embodiment single layer
capacitor of the present invention; and

FIG. 12bis é.cross~sectio11a1 Viev&.f.o.f FIG. 125. |



FIG 10a is a perspective view of another alternative enbodi ment single

| ayer capacitor of the present invention; 20FIG 10b is a perspective view
of another alternative enmbodinent single layer capacitor of the present
invention; FIG 10c is a cross-sectional view of the capacitor of FIG 10b;
FIG Ila is a perspective view of angther alternative enbodi ment single

| ayer capacitor of the present invention; 25FIG 1 Ib is a cross-sectional

Vi erBETHI&D%IIE%II{ﬁT@Olea is a perspective view of another alternative
enbodrment "single layer capacitor of the present invention; and FIG 12b is
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in FIGS. 1 and 2, the present invention provides a high capacitance surface

mount ahliaBleRto®: 8 @krHat ap-eiteamkd iy hidh sinasinpstiingth whichi ctaasaéndst r engt h
which is easy and inexpensive to manufacture. The capacitor includes a
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| ayer 14 applied to all four side surfaces 16, 18, 20, 22 and bottom
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body, includes an internal electrode 26 which extends acrqss an entire
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metal lization |ayer 14, as shown for exanple in.FIG 2.0 I ther.side 16
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side 16 and 20. The capacitor further includes a metallization pad 28 positioned on the top

10 surface 30 of the ceramic body 12.

Electrical connections to an external circuit can be made by attaching to the top
metallization pad 28 and the bottom metallization layer 14 on the bottom surface 24 or to
sides 16, 18, 20 and 22. The capacitance value within the capacitor can be described by the
formula C=eA/d where ¢ = the permitivity of the dielectric body material, A = the area of the

15 top pad 28, and d = the distance between the top pad 28 and the electrode 26. Unlike standard
single layer capacitors, the distance d can be minimized without comprising structure and
strength of the component by the inclusion of the electrode. The distance d is smaller because
the positioning of the electrode vet the strength of the capacitor is achieved by having a
thickness of material below the electrode.

20 Although FIGS. 1 and 2 illustrate a single layer ceramic capacitor having a single
electrode 26, multiple elecirodes can be incorporated as shown in FIG. 3 wherein capacitor 32
includes two or more electrodes as shown by 34 and 36 positioned within the ceramic
dielectric body 38.

The capacitor can be manufactured by using a green ceramic bar, and built upon with

95 one or more internal electrodes by positioning the electrodes in between individual layers of
ceramic dielectric material, The ceramic material can be class 1, 2 or 3 ceramic or any other
ceramic deemed suitable for manufacture of multi-layer ceramic capacitors or single layer

capacitors. The resulting fired capacitor is a single layer dielectric which is then metallized



El ectrical connections to an external circuit can be made by attaching to
the top netallization pad 28 and the bottomnetallization |ayer 14 on the
bottom surface 24 or to sides 16, 18,20 and 22. The capacitance val ue
within the capacitor can be described by the foinmula CzeA/d where e = the
pelinitivity of the dielectric body terial, A= the area of the 15top pad
28, and d = the distance between the 'top pad 28 and the el ectrode 26.
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illustrate a single layer ceram c capacitor having a single electrode 26,
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i ndi vidual layers of ceramc dielectric material. The ceram c material can
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manuf acture of multi-layer ceram c capacjitors or single |ayer capacitors.
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pl ate an ttomnetallization that is connected to the internal

conducty ¥€ 4886tk LodRw i ih®3G. 2. through 4 illustrate a square 1lOcapacitor,
however, as shown in FIG 5, a capacitor 42 can be rectangul ar and can

cqpt ai n a Ebgilrirafeopetcastivcémelipantsidde lad6r apecid 60 Dheiegirgsendf pads 44
through 48 can be the sane or different. Uilizing a plurality of
condudivendopadspaior 60 Batfvating agacittowhiah isdyowhpraiors iserigradCappgiens 68an be
altered, or custom zed so that each capacitor value 50, 52 and_54 can be
di f f eriesitdeas: ceteowin body 61 Bavilg electrodes 64 and 66 positioned therein similar to FIG. 3.
Metallization layer 68 is applied to all four sides of the ceramic body and metallization pad 70
is positioned on the top surface 72 and a metallization pad 74 is position on bottom surface 76
20 of the ceramic body. Pads 70 and 74 are formed similar to the pads in the other embodiments.
The capacitor of the present invention, for example is not restricted to but can have
dimensions ranging from 0.010" x 0.010" to 0.090" x 0.090" for square versions and is not
restricted to but can have thicknesses ranging from 0.003" to 0.020". Some of the advantages
of the present invention include higher capacitance per volume and the ability to use various
25 dielectrics which result is a wide capacitance range. The capacitor eliminates the need for

high cost materials and provides the ability to make an array of single layer capacitors of any

size and different capacitance values within the same capacitor strip. The capacitor of the



15FIG 8 illustrates yet another enbodi ment single |ayer capacitor 60 of
the present invention. Capacitor 60 is a floating capacitor which is two
capacitors in series. Capacitor 60 includes a ceram c body 62 having

el ectrodes 64 and 66 positioned therein simlar to FIG 3. Metallization
layer 68 is applied to all four sides of the ceram c body and metallization
pad 70 is positioned on the top surface 72 and a netallization pad 74 is
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another conductive pad.

A method for manufacturing the capacitors as shown in FIGS. 9a and 9b would
20 include placing one or more electrodes between layers of green-state ceramic dielectric sheets,
printing top and bottom metallization on the green-state ceramic sheets; cutting the sheet into
individual ceramic chips; firing the chips to sinter the layers of dielectric sheet and the
electrode with the metallization; metallizing one or more sides of the chip with a conductive
paste; firing or curing of the conductive paste and optionally plating all of the metallized
25 surfaces.
Another method of manufacturing the capacitor include the steps of placing one or
more electrodes between layers of green-state ceramic dielectric sheets; printing top and

”b.(l)ttom ﬁiefallization on green-state ceramic sheets; cutting the sheet into individual ceramic



A nmethod for manufacturing the capacitors as shown in FIGS. 9a and 9b woul d
20i ncl ude placing one or nore el ectrodes between | ayers of green-state
ceram c dielectric sheets, printing top and bottomnetallization on the
green-state ceram c sheets; cutting the sheet into individual ceramc
chips; firing the chips to sinter thg layers of dielectric sheet and the

el ectrode with the netallization; netallizing one or nore sides of the chip
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Referring to FIG .10 r alternative single |layer ceram c capacitor
lié i§3ﬁﬁFﬁgﬁFﬁP§§¥H e%%g%%gr 110 includes castellations 112 on two side
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body so th _ all'tzatiron layer can efectrically connect with an
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15netallization pad 118 is positioned on the top surface 120 of the ceramc
body. (FkiEPatioh@R 12 are removed portions of the ceramic body so that a metallization layer can
electrically connect with an electrode buried within the ceramic body. An electrically isolated
15 metallization pad 118 is positioned on the top surface 120 of the ceramic body. FIGS. 10b
and 10¢ illustrate this concept in further detail. Capacitor 122 includes a ceramic body 124
having electrodes 126 and 128 extending from metallization layer 130 positioned on side
surface 132 and metallization layer 134 positioned on side surface 136. Capacitor 122 further
includes electrode 138 extending part way across the ceramic body 124 but not extending all
20  the way to side surface 136. Casteliation 140 is cut into side surface 136 so that the
metallization layer 134 can make contact with electrode 138. Top surface 142 includes two
metallization pads 144 and 146 positioned on either side. Castellation 140, in this
embodiment, is completely filled and is formed when the metallization layer 134 is applied to
side surface 136 and top surface 142.
25 The method for manufacturing the high capacitance single layer ceramic capacitor of
FIGS. 10a through 10¢ include the steps of placing one or more electrodes between layers of

green-state ceramic dielectric sheets, cutting or drilling the castellation holes, filling the

| .é.astellation holes with a conductive paste, printing the top and bottom metallization layers on



and 10c illustrate this concept in further detail. Capacitor 122 includes a
ceram ¢ body 124 having el ectrodes 126 and 128 extending fromnetallization
| ayer 130 positioned on side surface 132 and netallization |ayer 134
positioned on side surface 136. Capacitor 122 further includes el ectrode
138 extending part way across the cegam c body 124 but not extending al
20the way to side surface 136. Castellation 140 is cut into side surface

136 that th talli ti | 34 : =T i d

138, “BogrSi e s hemudha i Sheel T PN TR CHEAR Gk ArhMnghes C7r oned
ith i de.. Ca I | I LB 6 cdiSmGOE H?;B 3 filled

gzde: ?S%g?%%ﬁﬂ%@%ﬁgﬁl%bgﬁ Pﬁé@%‘ ?%ﬁn% %}k}gpﬁqu%q % s aS%F‘:’%%‘ to sssgghgur :‘ acg

. at@l? é:fugwg te Hfl{e?gﬁll%@s oPRIREIBLNOInd A IRABhAGIdnERDi kNG R ER. The

capacitance sing er ceramc capacitor of FIGS. 10a through 10c incl ude

the Séai;ggtcﬂfcoﬂld%fp'tiﬂﬂaﬂ%ﬂﬁclﬁﬁe HRIE ofbRGhE oWl es Beheensiraied sAofndgaedn- st at e
ceram Ielectric shéets, cutting or drilling the castellation holes,

fid | pgvbhae casdirlibatignchohiei fitied ot prolus/kitheinsids terfagrcoated dgritdie t op
and bottomnetallization layers on 9 the green-state ceram c sheets,

cut t i g ridiglishratstdpntheianidiav ledstane cavta hition phi @eadsop asihiggertbrelimenst el | at i on,
printing netallization on at |east one side of the %reen-state ceramc

chi psThé tastetigtiohBllichisp may skmbecornbised withithe printigal g tep endheEtMand t he

el ectrode and netallization |layers. The capacitor could optionally include
a st eporsiaciiesuiiagesal | the nmetal lized surfaces. As indicated 5above, the
castellation may be completely filled or, just have the.inside surface

coat ed dur FKS-tihe andd Hp Pushite RotegTeplernpiyp gt aa@mqag%;sqm%%)gayg%%eggmcati on
per capacjitor in this enbodi.nent, The c el.lLation fillin y al so be
B! ABBCURT 1OUREBA KePipedRerRLEg a2 BV bt i P e e P oo,
Ila and 1l h il lust.rat t her alt [ i-gh: i : S | ayer
cer ant B 6L HSAEIEr P80 hat TRy 1 Oda »orel s aaR L ERERiaghS |2V C
ext ends, part .way -acrQss ' : Tap! Ptk RAakd & 150
has agwggﬁﬁFﬁ%ﬁﬁégﬁfﬁ§V§%£§%2%g%g??%%%gﬁn%ﬁhg'}g??g %urfég%ﬁﬁgg&%f t he

ceramg, tﬁggé{rgfc@ﬂﬁafﬁieec%{ﬂi‘é%gb - T50hat-ed o1RRoBa0s LG QIpeRRNT onedcrea the top

surface he ceram ¢ body. The internal electrode 152 is electrically
connegs gd A Qa1ti i8Rk 158 8 a@Rkoligly & 1586 ThY vis it Bfiledihrotigh thibdntirdhe via is
drilled through the ‘entire 15hei ght of the cerami c body after all the

dii ¢ egbihCoftheairtmas Rdstaaek el the theeatiiasheatsfare bmcked. The via is filled

separately with a conductive paste or with metallization as a part of printing the bottom
metallization layer 156 or the top conductive pad 160.
Another alternative embodiment high capacitance single layer ceramic capacitor 170
is illustrated in FIGS. 12a and 12b. Capacitor 170 inciudes a ceramic body 172 having two
20  electrodes 174 and 176 extending across the entire width of the ceramic body which are
separated by a layer of dielectric material of known thickness. Each internal electrode is in
contact with a conductive metallization layer 180 and 182 respectively positioned on at least a
portion of at least one of the sides and a top and bottom surface of the ceramic body. FIGS.
12a and 12b illustrate the metallization layer 180 position on side surface 184 and 186 and top
25 surface 188. Metallization layer 182 is also positioned on side surface 184 and side surface
186 as well as bottom surface 190. The two opposing metallization layers forming the top
and bottom conductive pads are separated by an electrically insulating material 192 that

eﬁteﬁ&s around the perimeter of the device penetrating some distance into the ceramic body.



separately wth a conductive paste or with netallization as a part of
printing the bottomnetallization |ayer 156 or the top conductive pad 160.
Anot her alternative enbodi nent high capacitance single |layer ceramc
capacitor 170 is illustrated in FIGS. 12a and 12b. Capacitor 170 includes a
ceram ¢ body 172 having two 20el ectrrgdes 174 and 176 extending across the
entire wwdth of the ceram c body which are separated by a | ayer of

dielectri teri f Kk .t hick .ot S i

Cont act | w TH obadiucroBel it eFSQRT 70 FAEdituE gk fREehEINe P el
ositione n.at, | east I : G t Lges and a top and

bor t aivEAsReT R 1SR befale R AR e e e the

netal |i zation. ' ' bidgris WE kaeen 184 rapchnti86wetnel t op
2ssur¢8%‘”f%@?hﬁéﬁﬁﬁ%%kt?gﬁkf%3%?&T§5 i's al so posi tioned on side surface

184 ap er?—'tstgi% e?c#'hfi@aﬁg i1SGis Bbial @St BAL kMRS Tate enclBzatibhetepweutipgosi ng
met al ¥ization layers formng the top and bottom conductive pads are
separ gkafed) Yntd @il bt ¥hiphsxoaingnige materondiictive 2vebrratalksidasred sacdr ound
the perineter of the device penetrating sone distance into the ceramc
body. caphBitor, firing FHeehipetheisich dite lnparubiditleriiaghedpad iealectipde BERPRS ses the
steps of placing two or nore el ectrodes between | ayers of green-state
cer anmnetliakies tayecarshekc i valy phting el mwselbredcviiBerss bei ng separated by a
sheet of green dielectric of known thickness a q a meg qL %%e%Q-state

el ectri cal Wthbwshuhapiesentiayastipahas prer deseribeR £AS LREEPARIEP 'EEHIYi zat i on

t , tti 5th heet into indjvid 1 hi i th
one. contilcribudingsis brical it SRRk E AR 6P PR RISTRE1ER pe (o
inter the | f dielectric. sh d the el ect i
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Al t hough the present invention has been described and illustrated with
respect to several enbodinments thereof, it is to be understood that changes

and nodi fications can be 10made therein which are within the full intended
scope of the invention as hereinafter claimed. 11 WHAT IS CLAIMED | S:



1. A high capacitance single |layer ceram c capacitor conprising a ceramc
dielectric body having at | east one internal electrode extending across a
portion of the width thereof and in electrical contact with a conductive
nmetal lization |layer positioned on at least a 5 portion of one side and a
top or bottom surface of the ceranic]body, and at | east one electrically
isolated netal lization pad positioned’on an opposite top or bottom surface

of th 2. The capacitor of claim1, further having two
or %V gﬁggkﬁﬁggiﬁgﬁgced wi t hin 10t he ceranic body. 3. The
Capac' tor of cl Qé , %Bloftﬁic@ Lihgte reﬁlg&ec@r can acithr be LRkl hzatdpe pads

electrlcally |so m one a p or on1surface of the

capac Me‘?écmc:lgoddg I%Ir%age}@iﬁ Bhe ﬁicterﬁﬁlaélé‘au%de ‘é@feﬁ@ih@ abR8s E%ﬁ bdnl #rahé QRdRads are

di fferent size capacitor of claim1 wherein the ceram c body has a

cast eleaddrand haviehgicd dWRtaal Witkat doatudtpy ehetdligRibndasdr R sisidhéeeat 104ist a
el ectrical connection with a second el ectrode. 206. A high capacitance

si ngl gottyesf 68F ik Canclapacy todrbaeAP kinsidegofaticecanhic todl, emtirdtclemodynehavi ng
at least one internal electrode extending across a portion of the width

t her eefecaiedlly isobltaicheiatahticropsdipositvited ca anovhositd o ardtostbi suafaconf thayer
positioned on at |east a portion of one side and a top or bottom surface of
t he ceemmicbhdibdy, and a second electrically isolated netallization pad
positioned on the top or bottom surface which is in electrical 25contact
with the electrode. 12 8. The capacitor of claim6 wherein the ceranic body
has a castell ation having netaoéﬁiatlon | ayer al on

d
eI ectri cal 2eonndéf |C%W°W)% Jaigpé & Ravingow 015801k q%‘?cérﬁa%:%%ég‘?u‘{‘ﬂﬁﬁig si ngI e

%er ceram ¢ cg§a0|tor conprising a ceram c dielectric body having a |east
o) HREHAPCO8Et r ode extending across a portion of the width thereof and

in electrical contact with a conductive netallization |ayer positioned on a
top or bottom surface of the ceram c body by a via containing a

metal | i zatizon | %@r SP(&“ Reahhf %ﬁ%l?m&r}ﬁerg%é L &181eSr QbwaliREiGepaA ¢ body

and in elecfrlcal nlcatlon \id e top or "10bottom surface, and a

second|eLehHY 'is%?été&/frérﬁ habeshsEhahk LA Ao RadrRas thoBgAcRs. an opposite
15 4, The capacitor of claim 3, wherein the metallization pads are different sizes.

5. The capacitor of claim 1 wherein the ceramic body has a castellation having a

metallization layer along a side surface for electrical connection with a second electrode.

20 6. A high capacitance single layer ceramic capacitor comprising a ceramic
dielectric body having at least one internal electrode extending across a portion of the width
thercof and in electrical contact with a conductive metallization layer positioned on at least a
portion of one side and a top or bottom surface of the ceramic body, and a second electrically
isolated metallization pad positioned on the fop or bottom surface which is in electrical

25 contact with the electrode.

7. The capacitor of claim 6 further having two or more electrodes spaced within

the cerami;: .;Dody.



top or bottom surface. 10. A high capacitance single |ayer ceramc
capacitor conprising a ceramc dielectric body having at |east two internal
el ectrodes that extend across the entire width of 15 the ceram c body and
separated by a layer of dielectric material of known thickness, each
internal electrode is in electrical gommnication with a separate
conductive metal lization layer positioned on at |east a portion of at |east
one side and a top or bottom surface of the ceram c body, which are
separated by an electrically insulating band extendi ng around the side

surfaces of theTﬁ@'&%ﬂ:ﬁorb&Q‘)faiﬁxr@W@@fe‘iﬂ el Kranlit BoliNBadlh €Asalatibe hhdueh
bet ween the el ectrodes. 20 11. A nethod of manufacturing a high

capacl.ameLiish Weﬁalbﬁ%{ 85id6 86 AleGoLABARLAIRbnERUPI isthnGet diel Qt@pde of :
pl aci ng one or rore el ectrodes between | ayers of green-state ceramc

dielectric sheets; printing a top netallization |ayer and a bottom

metal lization layer on the green-state 25ceram c sheet; cutting the

green- st at ¢, cer anihtghdicapaeitandecsispleetayen mtomindipiciionl copwrrismge a coarpBic

firing the chips to sinter the layers of dielectric sheet and the electrode

wit h thectripbadydhding oivaseon injezad!icdestiody extending 3ciost alPOTInyf BREVSF nor e

sides of the chips with a conductive paste; and curing the conductive

pas'éI ethereof and in 2lectrival pantasbavidra eongfugi el IgREHEIAN taYsr BPREOSE WA FRWPL t he

conductive paste is by 5firin nd the nethod further conprises.the step of

pl at i et surdea o the Fesis éﬁé’gg %m. VIA GOBIAHURE &t mﬁ@ﬁ&@§8ﬁ?¥eﬁg‘”‘é€"ﬁ%ﬂ&h P

capacitance single layer ceram.c.capacitor comprising.t . :

i e e R8T oGl RuERe M o
ielectric sheets; . 10printing.a |]. :] :

il ar PGyt Ao syt BRLTE! RllahfAlib Bad BYRR0RISnAntHbaE

top or bottom surface.

10. A high capacitance single layer ceramic capacitor comprising a ceramic
dielectric body having at least two internal electrodes that extend across the entire width of
15  the ceramic body and separated by a layer of dielectric material of known thickness, each
internal electrode is in electrical communication with a separate conductive metallization
layer positioned on at least a portion of at least one side and a top or bottom surface of the
ceramic body, which are separated by an electrically insulating band extending around the
side surfaces of the ceramic body and partially into the dielectric layer between the electrodes.
20
11. A method of manufacturing a high capacitance single layer ceramic capacitor
comprising the steps of:
placing one or more electrodes between layers of green-state ceramic dielectric sheets;
printing a top metallization layer and a bottom metallization layer on the green-state
25  ceramic sheet;
cutting the green-state ceramic dielectric sheets into individual ceramic chips;
firing the chips to sinter the layers of dielectric sheet and the electrode with the top

and bottom metaliization layers;



ceram c sheets: cutting the green-state ceranmic sheets into individual
ceram c chips; printing a netallization |ayer on at | east one side of the
green-state ceramc chips; and firing the chips to sinter the layers of
dielectric sheet and the electrode with the 15netallization |ayer.

14. The nmethod of claim 13 further ggnprising the step of plating al
netallized surfaces. 2015. A net hod of manufacturing a high capacitance

Si ngl © | aYGEAPRANLE GARACLHEN oCOTRESIIG JDAISIRRS AL arll aci ng one or more

el ectrodes betwe ayers of green-state ceram c dielectric sheets;

printing Al et &dubdatper. | ayer and a bottom netallization layer on the
green-state ceram c sheets; 25firing the green-state ceram c sheets to

sinter the layers of dielectric sheet and the electrode with the

nmetal lization layer; printing a resist layer or mask on a surface of the
fired ceram.c sheetetiidaifndgpithel fhereth thestemiof cshiogtthe eondpetdicerasisds by dual
chips; and 14 preferential plating or coating of the ceram c chips
whi chfiray ant theeyetinet furthed th@raefsﬁlép‘iep@fpgﬁiﬂﬁéiltf%&lhﬁ@méﬁawsesi st |ayer.
16. A method of manufacturing a high capacitance single |ayer ceramc

capacitor 5conprising the steps of: placing one or nore el ectrodes between
| ayers of green-state ceram é@di,el ectrjc sheets; .

castel | ati & hotemsihgd ! snatgarige 4 kg gi?%aépﬂg%cteast“ggt{% ial}ygﬁlc%%m% ‘i:%’l‘plaiCi?(g 2
comprising the steps of:
placing one or more electrodes between layers of green-state ceramic dielectric sheets;
10 printing a top metallization layer and a bottom metallization layer on the green-state
ceramic sheets;
cutting the green-state ceramic sheets into individual ceramic chips;
printing a metallization Jayer on at least one side of the green-state ceramic chips; and

firing the chips to sinter the layers of dielectric sheet and the electrode with the

15  metallization layer.

14.  The method of claim 13 further comprising the step of plating all metallized

surfaces.

20 15. A method of manufacturing a high capacitance single layer ceramic capacitor
comprising the steps of:
placing one or more electrodes between layers of green-state ceramic dielectric sheets;
printing a top metallization layer and a bottom metallization layer on the green-state
ceramic sheets;
25 firing the green-state ceramic sheets to sinter the layers of dielectric sheet and the
electrode with the metallization layer;
printing a resist layer or mask on a surface of the fired ceramic sheet;

dicing the fired ceramic sheet to create individual chips; and



dielectric sheet; filling the castellation hole; 10printing a top

metal lization layer and a bottomnetallization [ayer on the green-state
ceram c sheet; cutting the green-state ceram c sheets into individual
ceram c chi ps exposing the castellation hole; printing netallization on at
| east one side of the green-ceram c ghip; and 15firing the chips to sinter
the layers of dielectric sheet and the electrode with the netallization

| ayer. ]Prefe}fzﬂt'a-r?ﬁu to'?%ﬁatﬂf & %%%Qa@ng %B@E%h}&?% i3y hdtensi@paof

pl ati ng aI sur The nethod of claim 16

whereg mﬁyggwqgm&khr&ﬂghhgg castellation hole is by coating a surface
of the caste | at1 on hol e A method of manufacturing a high capacitance

single layer ceram c capacitor 25conprising the steps of: pl aci ng two
or nore el ectrodes between |ayers of green-state ceramic dielectric sheets
with the tye or Ammeoelogeiamathesingiaiges eppacitient syialgheetranic gipedirst at e
dielectric of known thickness; 15
5  comprising the steps of:
placing one or more electrodes between layers of green-state ceramic dielectric sheets;
cutting or drilling a castellation hole along an edge of the green-state ceramic
dielectric sheet;
filling the castellation hole;
10 printing a top metallization layer and a bottom metallization layer on the green-state
ceramic sheet;
cutting the green-state ceramic sheets into individual ceramic chips exposing the
castellation hole;
printing metallization on at least one side of the green-ceramic chip; and

15 firing the chips to sinter the layers of dielectric sheet and the electrode with the

metallization layer.

17.  The method of claim 16 further comprising the step of plating all metallized

surfaces.

20

18.  The method of claim 16 wherein the step of filling the castellation hole is by

coating a surface of the castellation hole.

19 A method of manufacturing a high capacitance single layer ceramic capacitor

25  comprising the steps of:
placing two or more electrodes between layers of green-state ceramic dielectric sheets
with the two or more electrodes being separated by a sheet of green-state dielectric of known

thickness;



pl aci ng a web of non-conductive insulating material around a perineter of
the green- state ceramc dielectric sheets between the two el ectrodes;
cutting the green-state ceramc dielectric sheets into individual ceramc
chi ps exposi ng the non-conductive web on all sides of each individual
ceram c chip; and 5firing the chipslgo sinter the layers of dielectric
sheet and the electrode with the netallization |ayer. 20.The nethod of

claim19 priEI;C;[iII?ge A \fge%rmrﬂo%{c%%da&%e%seu@at&% RELRA Gl Ya PhiihdiBGofdk ihal |1 zed

sur f aces.
state ceramic dielectric sheets between the two electrodes;

cutting the green-state ceramic dielectric sheets into individual ceramic chips exposing

the non-conductive web on all sides of each individual ceramic chip; and

5 firing the chips to sinter the layers of dielectric sheet and the electrode with the

metallization layer.

50.  The method of claim 19 further comprising the step of selectively plating all

metallized surfaces.



