
Embedded Capacitor Structure FIELD OF INVENTION The
present invention relates broadly to an embedded
capacitor structure and to a method of manufacturing
an embedded capacitors structure. BACKGROUND In the
design, processing and implementation of embedded
capacitors for power decoupling in electronics
appliances and systems, different techniques have been
proposed for the implementation of the embedded
capacitors. In the implementation of embedded
capacitors, limitations may arise in relation to the
integration of the embedded capacitors with power
distribution networks in terms of performance and
space utilisation. For example, blind/buried vias are
typically required in existing techniques, resulting
in process limitations and increased manufacturing
complexity. Furthermore, in existing techniques, vias
for high current and high-frequency decoupling,
respectively, must typically be provided, resulting in
increased number of interconnection and solder joints.
Often, the different existing techniques for the
implementation of embedded capacitors are designed and
limited to a specific process technology during
manufacturing, which can impose further limitations of
existing techniques due to lack of adaptability for
different manufacturing process technology. SUMMARY In
accordance with a first aspect of the present
invention there is provided an embedded capacitor
structure comprising a main body; at least one
embedded capacitor, having a first electrode, a
dielectric layer, and a second electrode, formed in
the main body; and at least one via electrical
connection formed in the main body; wherein at least
one of the first and second electrodes 



is free from direct electrical connection to the via
electrical connections.The structure may further
comprise at least one discrete component mounted on a
surface of the main body. The discrete component may
comprise an IC, a capacitor or both. At least one of
the via electrical connections may be formed
substantially underneath the discrete component. The
electrodes directly electrically connected to
respective via electrical connections may be formed as
branches of the respective via electrical connections.
One or more of the electrodes directly electrically
connected to respective via electrical connections may
comprise at least portions of respective capture pads
of the via electrical connections. The embedded
capacitors may be formed symmetrically or anti
symmetrically with respect to the respective via
electrical connections. The structure may further
comprise at least one discrete capacitor embedded in
the main body. The electrodes free from direct
electrical connection to the via electrical
connections may function as high frequency decouplers.
The electrodes free from direct electrical connection
to the via electrical connections may provide damping
to suppress resonances due to a power plane cavity
effect. In accordance with a second aspect of the
present invention there is provided a method of
manufacturing an embedded capacitors structure, the
method comprising forming at least one embedded
capacitor in a main body for the embedded capacitor
structure, the embedded capacitor having a
firstelectrode, a dielectric layer, and a second
electrode; and forming at least one via electrical
connection in the main body; wherein at least one of
the first and second electrodes is free from direct
electrical connection to the via electrical
connections. 



The method may comprise PCB processing steps, LTCC
processing steps, or both. BRIEF DESCRIPTION OF THE
DRAWINGS Embodiments of the invention will be better
understood and readily apparent to one of ordinary
skill in the art from the following written
description, by way of example only, and in
conjunction with the drawings, in which: Figure 1 is a
schematic cross-sectional view of an embedded
capacitor structure according to an example
embodiment. Figure 2 is a schematic cross-sectional
view of an embedded capacitor structure according to
an example embodiment. Figure 3 is a schematic
cross-sectional view of an embedded capacitor
structure according to an example embodiment. Figures
4 to 10 are respective schematic cross-sectional views
illustrating the manufacturing of an embedded
capacitor structure according to an example
embodiment. Figures 1 1 to 14 are respective schematic
cross-sectio pai views illustrating the manufacturing
of an embedded capacitor structure according to an
example embodiment. DETAILED DESCRIPTION Embodiments
of the present invention provide techniques to
fabricate embedded capacitors for power decoupling
capacitors in electronics appliances and systems. The
example embodiments can achieve a system-level
optimisation with power distribution networks in terms
of performance and spaceutilisation. Furthermore, the
example embodiments can achieve system level
integration with discrete passive and active
components. Figure 1 is a schematic cross-sectional
view of an embedded capacitor structure 100 in
accordance with a first example embodiment. In this
example embodiment, a plurality of embedded capacitors
e.g. 102, 104 are integrated 



with a discrete active component in the form of an
integrated circuit (IC) 106. In this example
embodiment, IC 106 is connected to vias 110, 112
through solder ball connections 107, 109. Each of the
embedded capacitors, e.g. 104, comprises one
electrode, e.g. top electrode 108, which is free of a
physical/direct electrical connection to vertical
inter connects, i.e. vias 110, 112. As a result, the
top electrode 108 material, thickness, or both may be
different from the power or ground plane metal layers
e.g. 114. In this example embodiment, the main body of
the structure 100 takes the form of laminate layers
122, 124, and 126. It will be appreciated by a person
skilled of the art that in different embodiments, e.g.
depending on the manufacturing technology used in the
formation of the structure 100, the main body may
comprise of different layers, for example one or more
of the layers may include a ceramic sheet in low
temperature co-fired ceramic technology manufacturing.
Details of different manufacturing processes according
to example embodiments will be described below with
reference to Figures 4 to 14. Another feature of this
first example embodiment is the utilisation of capture
pads e.g. 116 in the construction of the embedded
capacitors e.g. 104, with either symmetrical or
asymmetrical electrodes with respect to the vias 110,
112, in this example embodiment. Forming one of the
electrodes e.g. 118 using the capture pad 116 and,
across the anti-pad region 119, the metal layer 121
can provide an improved space utilisation in this
example embodiment. Capture pads are typically
provided to "anchor" the vias e.g. 112, to facilitate
formation of continuous through-vias where the vias
e.g. 112 are manufactured in separate portions, or
both.It will be appreciated by a person skilled in the
art that in the embedded capacitor structure 100 of
the first embodiment, high current, i.e. low frequency
components, can flow through the vias 110, 112 and
bypass the respective electrodes free from direct
electrical connection to the vias 110, 112, e.g. top 



electrodes 108 of the respective embedded capacitors
104. The electrodes not connected directly to the vias
110, 112, e.g. top electrode 108, can provide the
function of high frequency decoupling. By selecting
the electrodes not connected directly to the vias 110,
112, e.g. top electrode 108, to be resistive or by
controlling the deposition thickness, damping may be
provided to suppress resonances due to the power plane
cavity effect. Another feature of the first example
embodiment is that no microvia, i.e. no blind or
buried small diameter interconnection is required to
contact the electrodes free from direct electrical
connection to the vias 110, 112, e.g. top electrode
108, which may enhance reliability. The equivalent
circuit for the power distribution network of the
embedded capacitor structure 100 comprises distributed
capacitance elements. This topology may allow embedded
capacitors to be individually tailored to meet system
performance requirements. Figure 2 shows a schematic
cross sectional view of another embedded capacitor
structure 200 according to a second example
embodiment. In this example embodiment, the embedded
capacitors e.g. 202, 204 are placed under a discrete
capacitor 206. Otherwise, the structure 200 is the
same as the structure 100 described above with
reference to Figure 1. It will be appreciated by the
person skilled in the art that discrete capacitors
e.g. 206 may be used to provide bulk capacitance for
mid frequency power decoupling. In existing
techniques, discrete capacitors of different
capacitance values are placed closely to suppress
resonances due to self-resonances of individual
capacitors, to extend the operating bandwidth of the
resulting structure. Utilising a multiple or multitude
of capacitors in this example embodiment, a broadband
power decoupling network can be provided with the
discrete capacitor e.g. 206providing the lower
frequency bulk capacitance. Higher frequency capacitor
bypassing is achieved by the embedded capacitors e.g.
204 in the example 



embodiment. A typical power distribution network, as
known to those skilled in the art, would comprise of
three core power decoupling components: low frequency
bulk decoupling (mF to mF), mid frequency decoupling
(mF) and high frequency decoupling (nF). The high
frequency decoupling can be implemented either onchip
(but limited by chip area) or implemented as the
fabricated integral capacitor(s). The mid frequency
decoupling can be implemented as the fabricated
integral capacitor(s) or implemented in the form of a
discrete capacitor. The bulk decoupling is implemented
in the form of a discrete capacitor. In this
invention, the fabricated integral capacitor(s) will
function as either as high frequency or mid frequency
decoupling. The former can be interconnected to mid
frequency and low frequency discrete capacitors whilst
the latter can be used with high frequency on-chip
capacitors and low frequency discrete capacitors. In
either case, broadband power decoupling is provided
immediately. Figure 3a shows a schematic cross
sectional view of an embedded capacitor structure 300
according to a third example embodiment. In this
example embodiment, a number of embedded capacitors
e.g. 302, 304 are integrated with a discrete active
component in the form of an IC 306, and with a number
of embedded discrete capacitors e.g. 308. This example
embodiment may be particularly suited for low profile
discrete capacitors. Otherwise, the structure 300 is
the same as the structure 100 described above with
reference to Figure 1. In different embodiments, one
or more discrete capacitors may be provided at
different locations throughout the structure 300. In
the following, different manufacturing processes are
described to manufacture embedded capacitor structures
according to different embodiments of the present
invention. A first example organic manufacturing flow
is 



described with reference to Figures 4 to 9.In Figure
4, a pattern for bottom electrodes e.g. 402, 404, 406
is formed on a double-sided laminate 408. The
materials for the bottom electrodes e.g. 402, 404, 406
can comprise of, but are not limited to, metal foils
already prelaminated on the dielectric 408, and may
comprise copper in the example embodiment. The
electrodes e.g. 402, 404, 406 can be patterned through
etching of the copper layer. The laminate 408 can
comprise of, but is not limited to, BT, FR4,
glass-epoxy and organic based materials. Next, a high
K material is deposited by printing, spin coating, or
other known techniques to form dielectric layer
segments e.g. 502, 504 for the embedded capacitors to
be formed, as illustrated in Figure 5. The high K
material can comprise of ceramic filled polymer such
as Barium Titanate composite paste that can be spin
coated or screen printed and cured at temperature
below about 2500C, achieving compatibility with
organic substrates in the example embodiment. The
ceramic fillers are used to increase the dielectric
constant of the paste in the example embodiment. Next,
illustrated in Figure 6, the top electrodes e.g. 602,
604 are formed by printing, spin coating, or other
known techniques. Additional layers 700, 702 are then
laminated to the top and bottom of the double-sided
laminate 408, as illustrated in Figures 7 and 8. The
additional layers 700, 702 can comprise of, but are
not limited to, BT, FR4, glass-epoxy and organic based
materials. With reference to Figure 9, through-hole
vias 900, 902 are then drilled using mechanical
drilling, laser drilling, or other known techniques.
The through-hole vias 900, 902 are than plated to form
the desired electrical connections. A low temperature
cofired ceramic (LTCC) technology manufacturing flow
in another example embodiment will now be described
with reference to 



Figures 10 to 14.As illustrated in Figure 10, vias
1000, 1002 are drilled and filled in a ceramic
substrate 1004. A pattern for bottom electrodes e.g.
1006, 1008 are formed, by printing, spin coating, or
other known techniques. Next, and as illustrated in
Figure 11, a high K material is deposited to form the
dielectric layer elements e.g. 1102, 1104 for the
embedded capacitor structure to be formed. The high K
material may be a ceramic based paste that can be
screen printed and cured by sintering at temperatures
greater than about 8000C. The dielectric layer
elements e.g. 1102, 1104 may be deposited by printing,
spin coating, or other known techniques. Next, top
electrodes e.g. 1202, 1204 are formed as illustrated
in Figure 12. The top electrodes e.g. 1202, 1204 are
formed by printing, spin coating or other known
techniques. An additional tape layer 1300 is than
laminated on top of the ceramic substrate 1004 as
illustrated in Figures 13 and 14, resulting in a
laminated substrate structure 1400. The additional
tape layer 1300 can comprise of, but is not limited
to, ceramic and glass-ceramic materials. Multiple
tapes may be laminated together mechanically at room
temperature, followed by iso-static pressure applied
at temperature up to about 90 C. During the iso-static
lamination process, the tapes are sealed in a
waterproof bag in the example embodiment. With
reference Figures 13 and 14, the tape layer 1300
includes via portions 1302, 1304. On each tape layer,
mechanical punching is applied in the example
embodiment to create vertical holes. Stencil filling
is then used to fill the holes, thereby forming the
filled vias. In the example embodiment, those via
portions 1302, 1304 are not required to be "bent" over
the electrode structures 1202, 1204 during the
laminating step. Rather, it is the tape layer 1300
material which embeds the electrode structures 1202,
1204 and undergoes the necessary deformation, 



thereby reducing and preferably avoiding deformation
or strain on the via portions 1302, 1304. The via
portions 1302, 1304 are aligned with via portions1306,
1308 respectively formed in the ceramic substrate
1004, the alignment being further facilitated through
the capture pads e.g. 1310. It will be appreciated by
the person skilled in the art that in the above
example manufacturing flows described with reference
to Figures 4 to 14, multilayered structures may be
formed by repeating/adding corresponding multilayered
processing steps. Embodiments of the present invention
can provide a number of advantages over existing
techniques, including for example: Compatibility with
existing printed circuit board (PCB) and LTCC
manufacturing processes, including high-volume and low
cost solutions. - Blind/buried vias are not required.
Potentially improved reliability and yield. - "Plug
and play" integration of embedded capacitors,
providing design freedom. - Improved power decoupling
performance, enhancing the speed of operation and
bandwidth. Miniaturisation. It will be appreciated by
a person skilled in the art that numerous variations
and/or modifications may be made to the present
invention as shown in the specific embodiments without
departing from the spirit or scope of the invention as
broadly described. The present embodiments are,
therefore, to be considered in all respects to be
illustrative and not restrictive. For example, it will
be appreciated that the shape, layout and dimensions
of the electrode layers may vary in different
embodiments to suit particular requirements of a given
embedded capacitor structure. Similarly, the shape, 



layout and dimensioning of the power or ground plane
metal layers, and the capture pads/anti-pads may vary
in different embodiments to suit requirements of a
given embedded capacitor structure.CLAIMS 1. An
embedded capacitor structure comprising a main body;
at least one embedded capacitor, having a first
electrode, a dielectric layer, and a second electrode,
formed in the main body; and at least one via
electrical connection formed in the main body; wherein
at least one of the first and second electrodes is
free from direct electrical connection to the via
electrical connections. 2. The structure as claimed in
claim 1, further comprising at least one discrete
component mounted on a surface of the main body. 3.
The structure as claimed in claim 2, wherein the
discrete component comprises an IC, a capacitor or
both. 4. The structure as claimed in claims 2 or 3,
wherein at least one of the via electrical connections
is formed substantially underneath the discrete
component. 5. The structure as claimed in any one of
claims 1 to 4, wherein the electrodes directly
electrically connected to respective via electrical
connections are formed as branches of the respective
via electrical connections. 6. The structure as
claimed in claim 5, wherein one or more of the
electrodes directly electrically connected to
respective via electrical connections comprise at
least portions of respective capture pads of the via
electrical connections. 7. The structure as claimed in
claims 5 or 6, wherein the embedded capacitors are
formed symmetrically or anti-symmetrically with
respect to the respective via electrical
connections.8. The structure as claimed in any one of
claims 1 to 7, further 



comprising at least one discrete capacitor embedded in
the main body. 9. The structure as claimed in any one
of claims 1 to 8, wherein the electrodes free from
direct electrical connection to the via electrical
connections function as high frequency decouplers. 10.
The structure as claimed in claim 9, wherein the
electrodes free from direct electrical connection to
the via electrical connections provide damping to
suppress resonances due to a power plane cavity
effect. 11. A method of manufacturing an embedded
capacitors structure, the method comprising: forming
at least one embedded capacitor in a main body for the
embedded capacitor structure, the embedded capacitor
having a first electrode, a dielectric layer, and a
second electrode; and forming at least one via
electrical connection in the main body; wherein at
least one of the first and second electrode layers is
free from direct electrical connection to the via
electrical connections. 12. The method as claimed in
claim 11 , wherein the method comprises PCB processing
steps, LTCC processing steps, or both. 


