1 HIGH CAPACITANCE SINGLE LAYER CAPACITOR CROSS-REFERENCE TO RELATED
APPLICATION(S) This application is a continuation-in-part of U.S. Patent Application No.
13/168,879, 5 filed June 24, 2011, entitled HIGH CAPACITANCE SINGLE LAYER CAPACITOR, the
contents of which are expressly incorporated herein in their entirety. BACKGROUND OF THE
INVENTION This invention relates to single layer tapacitors, and more particularly, to high
capaci_tance single layer ceramic capacitors and a method of making the capacitors. 10Single layer
ceramic capacitors have a useful foul' 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 tH& %@Q&M&%§%ﬁﬂ%¥@%l%ﬁé‘ﬁmgﬁgns within th% printed
circuit board or chip carrier holding the integrated circuit. Typically the bottom surface of a ceramic
capacitor is soldered to or 15connected with conductive epoxy to the surface of the printed circuit
board ang dhe i fagersf diees @RI sapasitgT ESeNGNGRE or more electrically conductive pads that

serve as another circuit connection end point. Typically, single layer ceramic capacitors are produced
by This application is a continuation-in-part of U.S. Patent Application No. 13/168,879,

5 filed June 24, 2011, entitled HIGH CAPACITANCE SINGLE LAYER CAPACITOR, the

contents of which are expressly incorporated herein in their entirety.

BACKGROUND OF THE INVENTION
This invention relates to single layer capacitors, and more particularly, to high
capacitance single layer ceramic capacitors and a method of ﬁxaking 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.



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 20these capacitors
is desirable, the amount of capacitance that can b& achieved limits their usefulness in certain
applications, particularly when design. considerations require particularly small or particularly thin
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capacitance values than with existing designs while still maintaining form factor and high structural
strengthirdinelgelidhvicl cpacitoficiohedepaoeahtiftmonsmoetakizéiicn ap pledtt@opiaits ivensurddces of a
ceramic body which makes contact within one or more internal electrodes. One or more further 3
through a multiplicity of vias.
Consequently, a need exists for a high capacitance single layer ceramic capacitor which is

inexpensive and easy to manufacture.

SUMMARY OF THE INVENTION

An embodiment provides a monolithic single layer capacitor having high capacitance and
structural strength which is easily and inexpensively manufactured. The capacitor provides for
electrical connections to be made on top and bottom opposing surfaces. The capacitor provides
for higher capacitance values than with 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



metallization pads are applied to the top surface of the capacitor. Electrical connection to an external
circuit are achieved by attaching to the top and bottom surfaces of the capacitor. The capacitor can be
manufactured through the use of a green ceramic bar which is built upon with one or more internal
electrodes. The bar is cut and individual chips fired. The capacitor 5is metallized on all sides and the
top pad is footled by removal of a portion of the mgtallization using a laser, mechanical milling or other
process to isolate a top conductive pad. Alternatively, a passivation material on the surface of the
capacitafetalii heiapplddaprinstied otade: the topfecndiidtiveapadicThé&lonwicrl mamekiterral aslectrodes
can extend partly or the whole width of the 10 capacitor and are in contact with a conduct
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electrode and the bottom conductive pad can be electrically connected by a through via. The via would
extend thravighite entitbshigatdilbeopgradnic hodydamdrigminiie o fdtpethendiélbetric sheets are
stacked. The via would be filled with a conductive material separately or as part of fpiming the top and
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which a8 separate ctric materia ess. Each internal electrode is in

contactyith, g condustivenmeiallizaiien 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 25metallization layers forming the top

and bottom cofitiactiverpadscardcseparethbysaaressendaiprihisul ding rnevidihtaditbktends around

the perimeter of the device penetrating into_the body of the device alongt), thedsides. 3?
10 capacitor and are in contact with a conductive metallization layer positioned on one of the

sides and a top or bottom surface of the ceramic body. During the manufacturing process,
castellation holes or openings can be cut or drilled through the width of the ceramic body
along an edge surface, which during the manufacturing process, can be completely filled or
have only an inside surface coated.

15 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 yet 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 l.ayers 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.



According to a first aspect, there is provided a high capacitance single layer ceramic capacitor
comprising a ceramic dielectric body having two or more internal electrodes spaced within the ceramic
dielectric body, at least one internal electrode extendiag across a portion of the width thereof and in
electrical contact wjth a conductive metallization layer positioned on at least a portion of one side and
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comprising a ceramic dielectric body having two or more internal electrodes spaced within the ceramic

dielecttic bodt}, theteabtuwhainteshraladlenttaderesitencinguatros st gbirtitioroiahe widthdheteof and in
electrical contact with a conductive metallization layer positioned on at least a portion of one side and
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AccordingniecabHavd aspedadhaieiin pravided amathadof maauiasiuning & RigM.capacitingscaingle
layer ceramic capacitor comprising the steps of: placing one or more electrodes between layers of
greensstanecteramith disksetritadprdetde cutting or drilling a castellation hole along an edge of the
green-state cr%gmi dielectric sheet; filling the castellation hole; printing a top metallization layer and a
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of the green-ceramic chip; and firing the chips to Sinter the layers of dielectric sheet and the electrode
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view of a single layer capacitor of the present invention; FIG. 2 is a cross-sectional view of the
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with the electrode, and a castellation having a metallization layer along a side surface for
electrical connection with a second electrode.

According to a third aspect, there is provided 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; cutting or drilling a
castellation hole along an edge of the green-state ceramic dielectric sheet; filling the castellation
hole; 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 firing

the chips to sinter the layers of dielectric sheet and the electrode with the metallization layer.



FIG. 7 is an electrical schematic of the capacitor of FIG. 5; FIG. 8 is a cross-sectional view of another
a_lternative embodiment single layer capacitor of the present invention; FIG. 9a is a cross-sectional
view of another alternative embodiment single layer 15capacitor of the present invention; FIG 9b is a
cross-sectional view of another alternative embodiment single layer capacitor of the present invention;
_FIG. 1_Oa is a perspective view of another alternative embodiment single layer capacitor of the presenf
invention; 20FIG. 10b is a perspective view of o er alternative embodiment single layer capacitor of the
presenBiRVEntings ERP TIENSGECTOES BRATGHNGHew of the capacitor of FIG. 10b; FIG. lla is a

perspective view of another alternative embodiment single layer capacitor of [ ion;
25FIG. 1 Ib is A@rdsis sastisstvienior pf@ single layer Cgapac‘i or of the present %I?‘?eg{i%g?m nvention

FIG. 2 is a cross-sectional view of the capacitor of FIG. 1;
FIG. 3 is a cross-sectional view of an alternative single layer capacitor of the present
5 invention,
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 singie 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 9b 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 FIG. 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. 12b is a cross-sectional view of FIG. 12a.



_FIG. 12a is a perspective view of another alternative embodiment single layer capacitor of the present
mventiqn; and FIG. 12b is a cross-sectional view of FIG. 12a. 5 DETAILED DESCRIPTION As
shown in FIGS. 1 and 2, the present invention provides a high capacitance surface mountable single
layer ceramic capacitor 10 having high structural strength which is easy and inexpensive to
manufacture. The capacitor includes a ceramic diglectric layer 12 having a 5Spartial or continuous
metallization layer 14 applied to all four side surfaces 16, 18, 20, 22 and bottom surface 24. The
dielectnigdlayer £ pEsceiT@dNerein as the ceramic body, includes an internal electrode 26 which
extends across an entire width of the ceramic body and s in electrical contact with the gfletallization
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within t : pacitor can be described by the formula C=eA/d where e = the permitivity of the dielectric
body maietialoAarihesatearetiidtoeped 28patiddte aHdaistidraiberesh tHe 2pTrern28 and the

electrode 26. Unlike standard single layer capacitors, the distance d can be minimized without
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electrical contact with the metallization layer 14, as shown for example in FIG. 2 on either
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 e = 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 yet 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
clectrode 26, multiple electrodes 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
dieleciric body 38.

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

75 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



20Although FIGS. 1 and 2 illustrate a single layer ceramic capacitor having a single electrode 26,
multiple electrodes 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 750ne or more internal electrodes
by positioning the electrodes in between individu#l 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-layesitsramizchpabiting. of kirigletag 88 dagusitanathby e RMBSEISSHRHGLTS &lsingle layer
dielectric which is then metallized 6 gn all six sides bygl ting. heﬁolg) pad %ri%eg%%gl f%rg)}ed by
removitis IREBHEALIB RS BF 1AB SHEANR ISR BT (e tOR LAt ACL TiSSG A T55&F Mechanical milling
or othc_e(rr teeagg%gt{g t&g{&%&‘%‘fﬂ?& conductive plate. Alternatively, as shoyvn in F_IG. 4, priqr to
metallizing, a paséjlvatlon surface such as a 5non-plateable glass or other insulating material 40 can
be applied ontgitheiap-suriacedon Thelbaripthencutntiidiscretasivaponentfacitueh the capacitors
are metallized, the passivation material creates a gap between the plated sides and the top pad 28.
The passivalisraMatgris crethesithulgapeanimsisn ‘iﬂ@%é’%ﬁ?ﬂﬁﬁi%%l%%ﬂé‘%ﬁ%%é@orﬁw
metallization that is connected to the internaléﬁlndtéﬁtive ele trod% @%ﬁizlet rou @ S%iixlrl%%{late a
square RICA GO FEMWVEVELESTRBRRTICFIG P82 HESRRAHSF A5 € AR be rectangular and can contain a

num behoi%?%i%?%Q&E;%%ﬁﬁ%:é& A8 and.A8;ddhe size ofpadia 44 thraughsdt aam betheasame or

different. Utilizing a plurality of conductive pads can create a capacitor array wherein the pad sizes can
be altergda s austomized o thatepchcapdciglaaluel 56 batand Bdtdiindienlitierent as shown in FIG.
7. 15FIG. 8 illustrates yet another embodiment single layer capacitor 60 of the present invention.

Capacitsmededtidheimjeapaemshogtivertiectinsieapletorstnoughet laBaE B heludes a ceramic
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72 and Mﬁ@@%%?@oﬁ@%ﬁ%é%&%@ﬁ@%@@nﬁ%%@@%ﬁ}%ds 44 through 48 can be the
same or different. Utilizing a plurality of conductive pads can create a capacitor array
wherein the pad sizes can be altered, or customized so that each capacitor value 50, 52 and 54
can be different as shown in FIG. 7.
15 FIG. § illustrates yet another embodiment single layer capacitor 60 of the present
invention. Capacitor 60 is a floating capacitor which is two capacitors in series. Capacitor 60
includes a ceramic body 62 having 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" 10 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



200f the ceramic body. Pads 70 and 74 are formed similar to the pads in the other embodiments.
The papacitor 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
m_clude higher capacitance per volume and the abhility to use various 25dielectrics which result is a
wmjg capacitance range. The capacitor eliminates the need for high cost materials and provides the
ability tg.make ararrnetsipginlay eicegaciaof dnysszéand difitrehtadpheitaitizetiaivgs within
the same capacitor strip. The capacitor of the 7 present invention further allows the capacitance
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ceramic body. A metallization pad 92 is positioned on top surface 94 of the ceramic body. It
is to be understood that in this configuration one or more electrodes can be positioned within
the ceramic body that extend partly across the width of the body and are in contact with a
conductive metallization layer positioned on at Jeast a portion of at least one of the sides of
15  the ceramic body and a top or bottom surface of the ceramic body. An electrically isolated
metallization pad would be positioned on the opposite top or bottom surface of the capacitor.
Alternatively, the electrically isolated pad 92 could be positioned on the same surface as
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

bottom metallization on green-state ceramic sheets; cutting the sheet into individual ceramic



Alternatively, the electrically isolated pad 92 could be positioned on the same surface as another
conductive pad. A method for manufacturing the capacitors as shown in FIGS. 9a and 9b would
20include 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 e 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 congiyetiverpaiste aaditiptionaty plating allaf dee fbtatlized @bsuitadeps; firngnbtienpasthod of
manufacturing the capacitor include the steps of placing one or more electrodes between layers of
green-statgiodralaterdiel séehs ahedectRnding whpErdeobit fametalization sAdprErathte ceramic
sheets; cutIin%rWe sHeet into in%ivid al ceramic 8 chips; printing metallization on at least one side of
the gre&lﬁ%g igid ?p’gl,efﬁ'm § ﬁbe§ 'to sinter the layers of dielectric sheet and the electrode with

the metallization and,qntionaly piatingatof thedustalized.surfanes upnathsomatiad ehmanufacturing

the capacitor comprises the steps of placing one or 5more electrodes between layers of green-state
ceramigglialestiesheeisvasintiagto p onddoitam aetalizditbon green;: sansetapmodheets; firing
the green sheets to sinter the layers of dielectric sheet and electrodes with the metallizzation; printing a
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surface of the fired ceramic sheet; dicing of the fired ceramic sheet to create individual chips
and preferential plating or coating of the ceramic chips which may or may not include a step

10 to remove the mask or resist layer.

Referring to FIG. 10a another alternative single layer ceramic capacitor 110 1s

illustrated. Capacitor 110 includes castellations 112 on two side surfaces 114 and 116.
Castellations 112 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 10c 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. Castellation 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

éastellation holes with a conductive paste, printing the top and bottom metallization layers on



Referring to FIG. 10a another alternative single layer ceramic capacitor 110 is illustrated. Capacitor
110 includes castellations 112 on two side surfaces 114 and 116. Castellations 112 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 15metallization pad 118 is positioned on the top
surface 120 of the ceramic body. FIGS. 10b and I0c illustrate this concept in further detail. Capacitor
122 includes a ceramic body 124 having electrodes 126 and 128 extending from metallization layer
130 pogiigneshon-side suifacacka? andnpeiakizationtayeitddapositionedhips siteosingabe 136.
Capacitor 122 further includes electrode 138 extending part way across the ceramic body 124 but not
extendivaytall 2Bthepiaing witel krafaeeo1 36 | B asiR 1o AL4be SRR S RFERRIF 4B L FHES that the

tallization | 134 k tact with, electrade 138. T f 2 inclydes t
et RS TR 6 LOCE Rl b CThaP LS S Hg g e stihe o
Comp'eteg/ éiégsgfﬁﬂ?diﬁeégygmmmwsfeﬁwgﬁﬂﬂg 1y 1348 3pplisdHa: sidessutaeed 36 and top
e method f

C 1 . A . .
surface 147, or manufacturing the high capacitance single layer ceramic capacitor of

FIGS. 10a¢brenokndendnciugrhe stepsatipditiod oneahmerdelestdedes betwesed dyers of
green-state ceramic dielectric sheets, cutting or drilling the castellation holes, filling the castellation
holes with mefeHhatiivestspstd herririg HRstOReSRaL bt M PRE AN HIA)E SBRO YT green-state

ceramic sheets, cutting.the sheet into individual ceramic chips exposing.the, castellation, printing
metalliz%ﬁaﬁwlg?tf(gﬁ&}gﬁg %I‘?Per%ﬁﬁk%:beee%q%}g %ece‘?gr%?(@c DS, ?ﬁiﬂ%ﬁt‘ﬁem %éi t%ggﬁl?er the layers
of dieleg%rﬁﬁgaﬁg?t tﬂtﬂ%&@? electrode and metallization layers. The capacitor could optionally include a
step of plating all the metallized surfaces. As indicated 5above, the castellation may be completely
filled or just havesthel insigkd $ubtescartenhthmniithethethlkratipactemcTiegt iyl eersrone
castellation per capacitor in this embodiment. The castellation filling step may also be combined with

thé%rinﬁ%@@t@héi@@@ﬁﬁ%&@%ﬁ @Qﬁéﬁféﬁ% sleqeds 1pkadinh arfends BHIORE SHdier alternative
high Ca%al,gg_?gg the Icr:]tgla?ml?cy ‘S{gcfyeﬁg? ICCapacitor 150 has a metallization layer 156 positioned on a

bottom surface 158 of the ceramic body and an electrically isolated top pad 160 positioned on
the top surface 162 of the ceramic body. The internal electrode 152 is electrically connected
to the metallization layer 156 by a through via 164, The via is drilled through the entire
15 height of the ceramic body after all the dielectric sheets are stacked. The viais 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 includes 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
95 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

extends around the perimeter of the device penetrating some distance into the ceramic body.



10capacitor 150 having at least one internal electrode 152 which extends part way across the width of
the ceramic body 154. Capacitor 150 has a metallization layer 156 positioned on a bottom surface 158
of the ceramic body and an electrically isolated top pad 160 positioned on the top surface 162 of the
ceramic body. The internal electrode 152 is electrically connected to the metallization layer 156 by a
through via 164. The via is drilled through the entjie 15height of the ceramic body after all the dielectric
sheets are stacked. The via is filled separately with a conductive paste or with metallization as a part
of printing the ﬂ%‘%@ﬂ@&%@iﬁ%@aﬁﬁﬂ.héééﬁu% foD CoRMELY EpaE A6 placiApothesalternative
embodiment high capacitance single layer ceramic capacitor 170 is illustrated in FIGS. 12a and 12b.
Capacitgsd 794aebdde sawerammie Bade i seang:taoi @ dibcirtdgde a3 AdhdiE78extending across

the entire width of the ceramic body which are separated by a layer of dielectric mat%ga of known
thicknesiscEadtsitiraabplevidds fssheeontacesmiticaceBHIBCHIE R %Q’ﬁﬁ%ﬁqgﬁe‘ﬁ and 182

respectively positioned.on at least a portion of at least one ' JaR@pd batigm surface
of the CBIERTRBEREY ?Yfﬁaag%’gﬁ%a?ﬁﬁér%%t a§ Vnggggflz%tg}%%%??gbﬁposiﬁgn on side surface

184 and 18 toRZhsutface 138 Ma ”&g&b@' iomiawerbae-nalseipasiianes dhsside slriate 184 and
sid%e sur &?gi%gg‘a% well as bottom surfaic%e 190. The two opposing metallization layers forming the top
and boggpasendesiiveipacs sy eoseparateddypmmibetritsityshst rhgawieriafa 92hHae extends
around the perimeter of the device penetrating some distanceg’nto the ceramic body. 10 The

methomraﬁiaﬂﬁmﬂﬁ@@hﬁﬁéﬁﬁﬂywéﬁﬁgp?%é?fﬁ@@gﬁgr #pfacing two or more electrodes
between ayersof green:state ceramicdlecrc shls i e SGciads ejod separated by

sheet of green‘di ness and a we green-state electrically insulating material
that can withstang Jater metalization ;stepse GuliRgood that changes and modifications can be

10 made therein which are within the full intended scope of the invention as hereinafier claimed.



5the sheet into individual ceramic chips exposing the none-conductive web on all sides of each
capacitor, firing the chips to sinter the layers of dielectric sheet and the electrode with the metallization
layer and selectively plating all metallized surfaces. Although the present invention has been
described and illustrated with respect to several embodiments thereof, it is to be understood that
changes and modifications can be 10made thereihlwhich are within the full intended scope of the
invention as hereinafter claimed. 11 WHAT IS CLAIMED IS: I.A high capacitance single layer ceramic
capacith Wp}%%@wgn% dielectric body having two or more internal electrodes spaced within
the ceramic diglectric pogdy, at least,one internal electr tendi r jon idth
thereof and ini' elecfﬁca?%lonctaggtcﬁt%cg gé)nl%%clt%\ygrmge%% |z%§a:1ti8zrg11IS a%i/te%r? p%gs‘%r%rr%gégor? a%fﬁ%%%%tga portion
of one sigla aRgkantan, AURAOM SWiass: of Haanararniebadyspldepstange elecisically ishirtetc
metallization pad positioned on an opposite top or bottom surface of the ceramic body, and a
castellatiodyhavitgs metaliizatidelegterdsl ertpadsigeasuriace fortatacefidhe conlie dtiorealivng Becond

electrode. 10 2. The capacitor of claim 1, wherein there are a%{uralitg of metallization, pads
electricall§ ISRk Sa SRR BFIHETDIT el A BotiHT BaHH08%r N ChBaLREOon of 9eThe

CapaCitosricR-f %maztbgho%r%gttt&% %‘éﬂ@%@&@%@?ﬂfc %ﬁﬁ&? NESizes: de electrically isolated
metallization pad positioned on an opposite top or bottom surface of the ceramic body, and a

castellation having a metallization layer along a side surface for electrical connection with a

second electrode.

10
2, The capacitor of claim 1, wherein there are a plurality of metallization pads
electrically isolated from one another on the top or bottom surface of the capacitor.
3. The capacitor of claim 2, wherein the metallization pads are different sizes,
15
4, A high capacitance single layer ceramic capacitor comprising a ceramic

dielectric body having two or more internal electrodes spaced within the ceramic dielectric
body, at least one internal electrode extending across a portion of the width thereof and in
electrical contact with a conductive metallization layer positioned on at least a portion of one
20 side and a top or bottom surface of the ceramic body, a second electrically isolated
metallization pad positioned on the top or bottom surface which is in electrical contact with
the electrode, and a castellation having a metallization layer along a side surface for electrical

connection with a second electrode.



4. A high capacitance single layer ceramic capacitor comprising a ceramic dielectric body having two
or more internal electrodes spaced within the ceramic dielectric body, at least one internal electrode
extending across a portion of the width thereof and in electrical contact with a conductive metallization
layer positioned on at least a portion of one 20 side and a top or bottom surface of the ceramic body,
a second electrically isolated metallization pad pokiioned on the top or bottom surface which is in
electrical contact with the electrode, and a castellation havingg a megi%iation layer along a.side

surface for eleétrical CoRttRadH RAN BSBYIRE AdiED faPatBRE SRR S high

capacit%n]g:ne rslisrg Ieﬂ@/s% csec@mic capacitor comprising the steps of: placing one or more electrodes
betweenQafers ot greenPstat'e ceramic dielectric sheets; cutting or drilling a castellation hole along an
edge of the gregn-siats ceramircMlislestus sheetnfiing e castelatioodralac diclpiniingetop
metallization layer and a bottom metallization layer on the green-state ceramic sheet; _cutting
the green-statewsramic shadtssino intilidien chedmidasitipsrexgdasing the 1UEaBtERRICIIIBIE printing
metallization on at least one side of the green-ceramic chip; and firing the chips to sinter the layers
of dieleiitesHisa’ SRl the electrode with the metallization layer. 156.The method of claim 5 further

comprising thefﬁ}g%%@@g{%glﬁlhglﬁg@ygzed surfaces.
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
10 castellation hole;
printing metallization on at least one side of the green-ceramic chip; and
firing the chips to sinter the layers of dielectric sheet and the electrode with the

metallization layer.

15 6. The method of claim 5 further comprising the step of plating all metallized
surfaces.
7. The method of claim 6 wherein the step of filling the castellation hole is by

coating a surface of the castellation hole.



7.The method of claim 6 wherein the step of filling the castellation hole is by coating a surface of the
castellation hole. 13 HIGH CAPACITANCE SINGLE LAYER CAPACITOR ABSTRACT A high
capacitance single layer ceramic capacitor having a ceramic dielectric body containing one or more
internal electrodes electrically connected to a metallization layer applied to the 5 side and a top or
bottom surface and a metallization pad electrically isqlated from the metallization side and the top or
bottom surface by a castellation or a via or separated by a dielectric insulating band positioned

between the electrode3g{oHNd ATEARTANETIOR INGIeraMACHER\CaTehseEating the top and bottom
surfaces. 10FIG. 1

ABSTRACT

A high capacitance single layer ceramic capacitor having a ceramic dielectric body containing

one or more internal electrodes electrically connected to a metallization layer applied to the
5 side and a top or bottom surface and a metallization pad electrically isolated from the

metallization side and the fop or bottom surface by a castellation or a via or separated by a

dielectric insulating band positioned between the electrodes around the perimeter of the

ceramic body and separating the top and bottom surfaces.

10 FIG. 1



