
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 capacitors, and more particularly, to
high capacitance single layer ceramic capacitors and a method of making the
capacitors. 10Single 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 15connected 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 20these 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 25using thicker ceramic
layers for greater strength and thinner ceramic layers for greater
capacitance.  2      Prior attempts to achieve higher capacitance in a
single layer capacitor while maintaining structural strength include using
a flat, horizontal capacitor with metallization on its lower side having a
gap. The problem with this design is that it creates unwanted resonances at
frequencies above a few gigahertz. Another approach has been to use
standing 5dielectric chips with opposed metallized surfaces and with metal
leads attached to the respective surfaces. Problems with this design is
that leads are fragile and require extreme care during fabrication,
shipping, handling and soldering in place to traces. In addition, standing
leaded capacitors produce significant signal resonances, especially for
frequencies above a few gigahertz. Further attempts to produce higher
capacitance single layer capacitors 10include multi-layer materials
laminated together. These multi-layers include a ceramic dielectric
material and a ceramic/metal composite material sheet. A problem with this
design is that the manufacturing process includes laminating sheets
together and the ceramic/metal composite material is quite expensive. Yet
another ceramic capacitor design includes at least one interior
metallization plane or plate and a multiplicity of vias performing multiple
15redundant electrical connections 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
25existing 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  3 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 formed by removal of a portion of the metallization using a
laser, mechanical milling or other process to isolate a top conductive pad.
Alternatively, a passivation material on the surface of the capacitor can
be applied prior to isolate the top conductive pad. The one or more
internal electrodes can extend partly or the whole width of the 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. 15For 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. 20In 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
25metallization layers foiming 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 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a perspective view of a
single layer 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 layer capacitor of the
present 5invention; 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; 10FIG. 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
15capacitor 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; 20FIG. 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. Ila is a perspective view of another alternative embodiment single
layer capacitor of the present invention; 25FIG. 1 lb is a cross-sectional
view of FIG. 11 a; 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.  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 dielectric layer 12 having a 5partial or continuous metallization
layer 14 applied to all four side surfaces 16, 18, 20, 22 and bottom
surface 24. The dielectric layer 12, also referred herein as the ceramic
body, includes an internal electrode 26 which extends across an entire
width of the ceramic body and is in 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 10surface 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 foimula C=eA/d where e = the
pelinitivity of the dielectric body material, A = the area of the 15top 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. 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 25one 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  6 on all six sides by plating. The top pad 28 is then formed by
removing the outer portions of the metallization from the top surface using
a laser, mechanical milling or other technique to create the top conductive
plate. Alternatively, as shown in FIG. 4, prior to metallizing, a
passivation surface such as a 5non-plateable glass or other insulating
material 40 can be applied onto the top surface 30. The bar is then cut
into discrete components. When the capacitors are metallized, the
passivation material creates a gap between the plated sides and the top pad
28. The passivation material creates the gap between the top conductive
plate and the bottom metallization that is connected to the internal
conductive electrode. FIGS. 1 through 4 illustrate a square 10capacitor,
however, as shown in FIG. 5, a capacitor 42 can be rectangular and can
contain a number of top conductive pads 44, 46 and 48. The size of pads 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. 



15FIG. 8 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 20of 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 25dielectrics
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  7 present invention further
allows the capacitance values to be customized, and the utilization of thin
dielectric layers to provide high capacitance values without sacrificing
structural strength.       FIG. 9a illustrates a single layer ceramic
capacitor 80 having an internal electrode 82 which extends part way across
the width of the ceramic body 84. Electrode 82 is in electrical 5contact
with metallization layer 86 along side surface 88. Metallization layer 86
is positioned along side surface 88 and bottom surface 90. A metallization
pad 92 is positioned on top surface 94. FIG. 9b illustrates a single layer
ceramic capacitor 96 having two internal electrodes 98 and 100 which extend
part way across ceramic body 84 which are in electrical contact with
metallization layer 86 along side surfaces 88 and 102 respectively.
Metallization 10layer 86 extends along side surface 88 and bottom surface
90 and side surface 102 of the 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 least a
portion of at least one of the sides of 15the 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
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 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 25surfaces. 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  8 chips; printing metallization
on at least one side of the green-ceramic chips; firing the chips to sinter
the layers of dielectric sheet and the electrode with the metallization and
optionally plating all of the metallized surfaces. Another method of
manufacturing the capacitor comprises the steps of placing one or 5more
electrodes between layers of green-state ceramic dielectric sheets;
printing top and bottom metallization on green-state ceramic sheets; firing
the green sheets to sinter the layers of dielectric sheet and electrodes
with the metallization; printing a resist or mask on the 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 10to remove the mask or resist layer.
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 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
20the 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. 25The method for manufacturing the high
capacitance single layer ceramic capacitor of FIGS. 10a through 10c 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 castellation holes with a conductive paste, printing the top
and bottom metallization layers on  9 the green-state ceramic sheets,
cutting the sheet into individual ceramic chips exposing the castellation,
printing metallization on at least one side of the green-state ceramic
chips, firing the chips to sinter the layers of dielectric sheet and the
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 have the inside surface
coated during the metallization step. There is at least one castellation
per capacitor in this embodiment. The castellation filling step may also be
combined with the printing of the top and bottom conductive surfaces. FIGS.
Ila and 1lb illustrate another alternative high capacitance single layer
ceramic 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 entire 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 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 20electrodes 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
25surface 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.  10       The method for manufacturing capacitor 170 comprises the
steps of placing two or more electrodes between layers of green-state
ceramic dielectric sheets with the two electrodes being separated by a
sheet of green dielectric of known thickness and a web of green-state
electrically insulating material that can withstand later metallization
steps, cutting 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 therein which are within the full intended
scope of the invention as hereinafter claimed.  11 WHAT IS CLAIMED IS: 



1. 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 thereof and in electrical contact with a conductive
metallization layer positioned on at least a 5 portion of one side and a
top or bottom surface of the ceramic body, and at least one electrically
isolated metallization pad positioned on an opposite top or bottom surface
of the ceramic body.        2. The capacitor of claim 1, further having two
or more electrodes spaced within 10the ceramic body.        3. 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. 154.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. 206.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
thereof 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 top or bottom surface which is in electrical 25contact
with the electrode.  12 8.The capacitor of claim 6 wherein the ceramic body
has a castellation having a metallization layer along a side surface for
electrical connection with a second electrode. 59.A high capacitance single
layer ceramic capacitor comprising a ceramic dielectric body having a least
one internal electrode extending across a portion of the width thereof and
in electrical contact with a conductive metallization layer positioned on a
top or bottom surface of the ceramic body by a via containing a
metallization layer extending through the entire height of the ceramic body
and in electrical communication with the top or 10bottom surface, and a
second electrically isolated metallization pad positioned on an opposite 



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 25ceramic 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 metallization layers;  13 metallizing one or more
sides of the chips with a conductive paste; and curing the conductive
paste.        12. The method of claim 11 wherein the step of curing the
conductive paste is by 5firing and the method further comprises the step of
plating all metallized surfaces. 13. 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; 10printing 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 layer 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 15metallization layer.
14. The method of claim 13 further comprising the step of plating all
metallized surfaces. 2015.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; 25firing 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  14       preferential plating or coating of the ceramic chips
which may or may not include a step to remove the mask or resist layer.
16. A method of manufacturing a high capacitance single layer ceramic
capacitor 5comprising 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; 10printing 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 15firing 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 25comprising 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;  15 



placing a web of non-conductive insulating material around a perimeter of
the green- 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 5firing the chips to sinter the layers of dielectric
sheet and the electrode with the metallization layer. 20.The method of
claim 19 further comprising the step of selectively plating all metallized
surfaces. 


