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(57) ABSTRACT

A capacitor device comprised of a first conductor layer fab-
ricated from a first material located between two dielectric
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HEEN

S Nc=13 —

Dielectric, k

C (Farads) =eox k x [ (Lx W)/T] x Nc
Where:
eo: The permittivity of free space, a physical constant = 8.85 x 1012 m3 kg1 s# A?
k: The dielectric constant of the dielectric layers 22 and has no units
L: The length of the layers in meters
W: The width of the layers in meters
T: The thickness of the layer in meters
Nc: number of active dielectric layers

Fig. 36
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FHGUIRE 1. Cylindrical Li-ion battery. (a) Structure of 18650 Li-ion battery,
(b} Typical 18650 battery cap structure [4].

by disconnecting the electrical circuit to reduce the nisk of
fires or explosions. However, failures that can lead to fires
and explosions can be caused by defects during the manufac-
turing process, especially associated with tab defects, such
as welding burrs and improper tab locations. The electrode
tabs are the small metallic strips that are welded oato the
current collectors without active materials, When the battery

keep the energy storage per-unit area consistent between the
anode and -cathode electrodes. The Coated foil 18 put info a
drying oven to-bake the active materials onto: the metal foil
and remove the solvent. Singhet al, reported that the electrode
thickness can be preferred ranging from 70 gm to 350 jum
for high energy Li-ion batteries {8]; [9). Subscquently, the
coated foil is sent intoa slitting machine to be cut into the cell
designed dimensions (length, width, and thickness) of strips
by a cutting method such as Taser foil cutting. Since any burrs
on the edges of the foil strips can result in short circuits in the
cells, the slitting process should be extremely precise.

The second step is to feed the cut anode and cathode strips
into the winding machine to form a reel with a cylindrical
mandrel [7]. The separator is used to keep the anode and
cathode apart and avoid short circuit. The winding machine
works automatically until the strips are used up. To simplify
the cell construction, only two electrode strips are fabricated
in the cylindrical cells. Each electrode terminal is connected
with a single tab, which is welded to the bare part of the
anode and cathode electrodes, separately. To obtain a high
current for high-power cells, some batteries may have several
tabs attached by welding along the edges of the strips. To

the electron produced in the anode electrode has to travel a
long distance to be collected by the negative tab, Likewise,
the electron generated by the positive tab must travel a long
distance to spread out over the area of the cathode electrode.
Accordingly, the ohmic resistance of the electron transport
from thin foils will lead to serious voltage loss especially
in high-power batteries. In addition, in order to accurately
position the tabs, the thickness of the materials which make
up the jellyroll can be modeled previously or controlled dur-
ing the manufacturing process to determine the method to
spirally wind these materials into a jellyroll, which include
the number of turns and the finished diameter of jellyroll.

Furthermore, both non-uniform current distribution and
voltage loss can degrade the battery performance. Non-
uniform current distribution can not only decrease the energy
density expected but also lead to localized overcharge and
over-discharge conditions. Therefore, some researchers [3],
[191, [34] have proposed using multiple tabs in the cell.
However, the tab location should be considered, particularly
for multiple tabs. For one thing, the current distribution
maore or less depends on the relative location of the tabs even
when there is only one pair of tabs as previously discussed.
The position of the multiple tabs should be selected to reduce
the induced magnetic field in the pulsed power compared with
one pair of tabs. It has been reported that the inductance inter-
nal to a battery can interrupt the current flow from the battery
and then increase the power losses [28]. As for multiple tabs,
the proper tab length and tab bending should also be taken
into account to avoid internal short circuit or localized high
temperature around the tabs.

The nossible tab locations and numbers are presented as

FIGURE 24, Tab locations in a cylindrical lithi battery.

In Figure 26{d), the same-side tabs are placed at a certain
angle, and both tabs are located in the middle of the electrode
string [61. Both tab location desions in Floures 26(¢) and ()

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=86428

Fig. 39
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Pouch eells {sometimes called “iRblum polymer”) FIGURE 3. PRISMATIC CELL
Like prismatic cells, pouch cells have a thin rectangular
form factor. They are composed of rectangular stacks of
individua! electrode/separatorlayers, but instead of a
rigid metai case they use g laminated flexible
polymer/aluminum “bag”. The glectrodes have tabs
along one side; these are welded together with battery
terminal tabs that stick out of the top of the bag: The
assembly is'saturated with a liquid electrolyte and the
hag is heat-sealed. By eliminating the rigid housing;
pouch cells save on cost; weight, and thickness. The
flexible pouch is, however, prone 16 swelling and this
can pose problems with lifetime, capacity loss. and
safety.

heat seal

electrodes

aluminum/polymer pouch

-

FIGURE 4. POUCH CELL

https://www.lightingglobal.org/wp-content/uploads/2019/06/Lithium-lon_TechNote-2019 update.pdf
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Al 1 ALO; Ay C Co Cr Cu | Fe Gads | Mg MgO I Nb Ni
Alumi A etch | slight ok etch | etch etch etch | etch etch | etch etch ok etch
Alumingm D eteh | slight ok stch | shight OK ok ok ok ok ok ok slight
Alumi F stch | shight ok ctch | etch etch etch | eteh cteh | etch cich ctch etch
Buffer HF Improved, BOE | eich | etch ok slight | etch ok ok ok ok _|etch etch etch ok
Chromium Etch 1020 etch | ok ok etch | etch etch etch | slight cteh | etch cich ok ctch
Chromium Etch CRE-473 stch | ok ok ok ictch ctch ok |etch cich |etch lotch |ok ok
Chromium Etchant TFE eteh | ok ok etch | ok etch ok etch etch | ok ok ok ok
| Chrome Mask Etch CE-5M | eteh 1ok ok ok |etch ctch cteh | shight etch | eteh ctch ok | stch
Copper Etch 100 steh | ok ok ok |ctch slight cteh | ctch cteh | cteh stch ok cteh
Copper Etch 200 etch | ok ok ok |etch slight etch | etch etch | etch etch ok etch
Copper Etch APS-100 ok |ok ok ok jok ok etch | ok NA Jok ok | surfox| ewch |
GE-8110 stch | ok eteh ok ok ok | corrode | ok steh | ok ok ok ok
GE-8111 eich | slight eteh | slight | slisht ok | corrode | ok eteh | ok ak ak ok
"GE-8148 etch | ok etch ok 1ok ok | corrods | ok etch | ok ok ok ok
Gold Etch TFA etch | ok etch ok ok ol correde | ok eteh | ok ok ok slight
Gold Etch TFAC ok ok etch ok 1ok ok ok ok ok ok ak ok slight
170 Btch TE-100 stch | ok ek ok {etch shight etch | etch etch | ok ok ok ctch
Moly Eteh TFM steh | ok ok etech | ok sich ok stch etch | ok ak ok ok
Nichrome Etch TEN stch | ok ok etch | etch etch ctch | slight etch | etch etch ok ctch
Nickel Etch TFB etch | ok ok cteh | etch ctch ctch | eteh cich | etch ctch ok cteh
Nickel Etch TRG etch | ok ok etch | etch ok ok slight ok |etch ok ok eteh
Nickel Etch Type I etch | ok ok ok etch slight etch | etch etch | etch eteh ok stch
Palladium Eth TFP eichk | ok ok ok |etch slight etch | etch etch | etch eich ok etch
Sitver Ftch TFS cteh | ok etch ok 1ok ok corrode | ok etch | ok ok ok cich
Tantalum Nitride Etch 11 etch | etch ok cteh | etch etch etch | etch etch | efch etch etch etch
Tantalum Nitride SIE-8607 | etch | etch ok cteh | etch ctch etch | etch stch | etch etch | etch etch
Titanium Etch TFT steh | etch ok shight | etch ok ok ok ok |etch ctch etch ok
Titanfum Btch TFTN steh | ok ok ok !etch etch slight | etch etch | eteh etch ok shight
T Tungsten TIW-30 ok |ok ok ok ok ok ok ok eteh | ok ok surfox | shght
| Tungsten Btch TFW etch | ok ok | efch |ok eteh | ok jetch | eteh jok ok ok ok
Pd Pt Ru St SiaNg 8102 | Steel Ta/TalN Ti W &n |
Alumi A shight | ok slight | surfox | slight ok | shight | surfox | ok ok | eteh
Aluminum D ok ok ok ok shght ok | ok ok ole ok |etch
Alumi F slight | ok slight eteh etch OK | slight eteh etch ok |etch
Buifer HF Improved, BOE | ok ok ok ok etch eteh | ok ok stch ok ietch
Chromium Etch 1020 slight | ok cteh surf ox ok ol shight surf ox ok ok Jetch
Chromium Etch CRE-473 | slight ok ok ok ok ol eteh ok etch ok |etch
Chromium Etchant TFE ok ek ok slight ok slight | ok ok ok etch | eich
Chrome Mask Etch CE-SM | ok ok steh surf ox ok ok ok surf ox ol ok | ctch
Copper Etch 100 etch ok ok ok ok ok eich ok slight ok |etch
Copper Etch 200 etch ak ok ok ok ok stch ok slight ok |etch
Copper Btch APS-100 ok ok ok ok ok ok ok ok ok slight | ok
GE-8110 ok ok ok ok ok ok ok ak ok ok {ok
GE-8111 ok ok ok ok slight ok ok ok ok ok | slight
GE-8148 ok ok ok ok ok ok ok ok ok ok ok
Gold Etch TFA shight | ok ok ok ok ok | slight ok ol ok ok
Gold Ftch TFAC shight | ok ok ok ok shight | ok ok ok etch | etch
17O Etch TE-100 etch ok ok ok ok ok | etch ok slight ok |stch
Moly Etch TFM ok ok ak slight ok shght | ok ok ok etch | etch
Nichrome Etch TFN shight | ok etch surf ox ok ok shight surf ox ok ok | etch
Nickel Etch TFB slight | ok shight | surfox ok ok slight surf ox ok ok |etch
Nickel Etch TEG slight | ok ok ok ok ok 1ok ok ok ok jetch
Nicke! Ftch Type I etch ok ok ok ok ok ok ok slight ok |etch
Palladium Eth TFP ctch ok ok ok ok ok stch ok shight ok |etch
Silver Btch TFS ok ok ok ok ok ok | ok ok ok ok | etch
Tantalum Nitride Etch 111 | shight | ok shight etch etch etch | ghight etch etch ok |etch
Tantalum Nitride SIE-8607 | slight ok stight eteh etch etch | shight etch etch ok | etch
Titanium Etch TFT ok ok ok ok etch etch | ok ok etch ok |etch
Titanium Etch TFTN stight | ok ok ok ok ok |etch ok etch ok |etch
Ti-Tungsten TiW-30 ok ok ok ok ok ok 1ok ok slight | slight | ok
Tungsten Etch TFW ok ok o slight ok shght | ok ok ok etch | etch
LEGEND: ctch = significant attack slight = selectivity less than 20:1 ok = more than 20:1 selectivity or no stching
surf ox = surface oxidation correde = surface corrosion

Common semiconductor materials and etchants

Fig. 41
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LAYERED CHARGE STORAGE DEVICE
WITH TWO DIFFERENT TYPES OF
ELECTRODE MATERIALS AND A
PROTECTIVE ENCLOSURE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] N/A

FIELD OF THE PRESENT DISCLOSURE

[0002] The present disclosure describes an architecture for
the fabrication of capacitors or other charge storage devices.
The architecture employs different types of materials for the
conductive electrodes. The use of different types of materi-
als for the electrodes allows for the selective etching of one
set of conductive electrodes (anodes) independent of the
other set (cathodes). Selective etching allows for the electri-
cal isolation of a particular conductor during manufacturing.
This architecture can be applied to stand alone capacitors or
the type that are incorporated within an integrated circuit
{10).

SUMMARY

[0003] Various embodiments of the present disclosure
teach a capacitor generally constructed from at least two
different types of electrode conductors. By deploying two
different types of material selective etching can be used to
selectively etch them during fabrication.

[0004] The disclosed teaching can be deployed in capaci-
tors of almost any type where layers of electrodes are
stacked on top of one another. The stacks of electrodes are
configured in planar configurations. The stacked layers of
alternating electrode material can also be deployed within
an integrated circuit.

[0005] The deployment of the disclosed art greatly
reduces the number of, and complexity of, process steps
required to manufacture capacitors. Further, the technique
allows for, in many cases, roll to roll fabrication of capaci-
tors rather than a batch type approach. When the technology
is integrated within an IC, the real estate required for a capa-
citor can be greatly reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, where like reference
numerals refer to identical or functionally similar elements
throughout the separate views, together with the detailed
description below, are incorporated in and form part of the
specification, and serve to further illustrate embodiments of
concepts that include the claimed disclosure, and explain
various principles and advantages of those embodiments.
[0007] The methods and systems disclosed herein have
been represented where appropriate by conventional sym-
bols in the drawings, showing only those specific details
that are pertinent to understanding the embodiments of the
present disclosure so as not to obscure the disclosure with
details that will be readily apparent to those of ordinary skill
in the art having the benefit of the description herein.
[0008] FIG. 1 is a perspective view of a chip capacitor.
[0009] FIG. 2 is a side perspective view of a section of the
chip capacitor shown in FIG. 1.

Aug. 17, 2023

[0010] FIG. 3A is a closeup view of a first end of the chip
capacitor shown in FIG. 2, and FIG. 3B is a sectional view
of the first end.

[0011] FIG. 4 is a closeup view of a second end of the chip
capacitor shown in FIG. 2.

[0012] FIG. 5A is a side perspective view of the chip capa-
citor illustrated in FIG. 1, and FIG. 5B is a sectional view.
[0013] FIG. 6 is a more detailed view of the section shown
in FIG. 5B.

[0014] FIG. 7A is another perspective view of a section of
the chip capacitor, and FIG. 7B is a central cross sectional
view of the chip capacitor.

[0015] FIGS. 8A and 8B are perspective views of an alter-
nate embodiment.

[0016] FIG. 9A is a closeup view showing details of a first
end of the alternate chip capacitor shown in FIGS. 8A and
8B. and FIG. 9B is a sectional view of the end.

[0017] FIGS. 10A and 10B are closeup views showing a
section of the chip capacitor shown in FIGS. 8A and 8B.
[0018] FIG. 11A is a closeup view of a first end of the chip
capacitor shown in FIGS. 8A and 8B, and FIG. 11B is a
sectional view of the first end and pad.

[0019] FIG. 12A is another perspective view of the chip
capacitor shown in FIGS. 8A and 8B, and FIG. 12B is a
central cross sectional view.

[0020] FIGS. 13A and 13B show a perspective view and a
sectional perspective view respectively of another alternate
embodiment of the invention.

[0021] FIG. 14A is a closeup view of a central portion of
the chip capacitor shown in FIGS. 13A and 13B, and FIG.
14B is a sectional view of the first end and pad.

[0022] FIG. 15A is a closeup sectional view of a side of
the chip capacitor shown in FIGS. 13A and 13B, and FIG.
15B is a more detailed view.

[0023] FIGS. 16A, 16B, and 16C are perspective views
and sectional views of another alternate embodiment of the
invention.

[0024] FIG. 17 is a closeup sectional view of an end of the
alternate embodiment shown in FIGS. 16A-C.

[0025] FIGS. 18A-D show another alternate embodiment
in which the substrate is trenched.

[0026] FIG. 19 shows a cross section of still another
embodiment of the invention.

[0027] FIG. 20 is a closeup view of the device illustrated
in FIG. 19, a thin chip capacitor.

[0028] FIG. 21 shows still another embodiment of the
invention, a capacitor array.

[0029] FIGS. 22A and 22B show another embodiment of
the invention, a cylindrical capacitor.

[0030] FIGS. 23A and 23B show detail views of the
device illustrated in FIGS. 22A and 22B.

[0031] FIGS. 24A and 24B show ribbed cylindrical
embodiments.

[0032] FIGS. 25A and 25B show plated up and filled
embodiments.

[0033] FIGS. 26A and 26B show an alternate plated up
device.

[0034] FIGS. 27A-C show a first process step in various
embodiments of the fabrication process.

[0035] FIGS. 28A-C show a second step in various embo-
diments of the fabrication process.

[0036] FIGS. 29A-C show a third step in various embodi-
ments of the fabrication process.

[0037] FIGS. 30A-C show a fourth step in various embo-
diments of the fabrication process.
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[0038] FIGS. 31A-B show a fifth step in various embodi-
ments of the fabrication process.

[0039] FIGS. 32A-B show a sixth process step in various
embodiments of the fabrication process.

[0040] FIGS. 33A-B show a seventh process step in var-
ious embodiments of the fabrication process.

[0041] FIGS. 34A-B show an eighth process step in var-
ious embodiments of the fabrication process.

[0042] FIG. 35 shows a ninth process step in various
embodiments of the fabrication process.

[0043] FIG. 36 Is an electrical diagram of a capacitor and
the equation to calculate capacitance.

[0044] FIGS. 37 through 41 show reference materials and
prior art.

DETAILED DESCRIPTION

[0045] Capacitors are devices that store electrical charge.
Almost all electronic devices utilize capacitors. Some
devices have millions of capacitors, and a DRAM IC
might have more than a trillion capacitors. Similarly, an
LCD display may have tens of millions of capacitors, and
a PCB assembly may have hundreds of discrete chip
capacitors.

[0046] Referring first to FIG. 1, a perspective view of a
chip capacitor 2, showing the external components: a top
insulator 11, a substrate 12, a first plated pad 13, and a sec-
ond plated pad 14 can be seen. The top insulator 11 is mated
to the substrate 12 around the front and rear sides. It should
be noted that the substrate 12 is not required for the function
of the capacitor. However, the substrate does provide struc-
tural support during manufacturing and handling of the
device. The substrate 12 is fabricated from a material that
is not conductive. As indicated in FIG. 2, below the main
portion of the top insulator 11, a capacitor film stack 15 is
situated between the top insulator 11 and the substrate 12.
The capacitor film stack 15 is shown in more detail in FIGS.
3A and 3B. The details of the capacitor film stack 15 are also
depicted in magnified views described below in this
disclosure.

[0047] Referring again to FIG. 2, at opposite ends of the
chip capacitor 2 there are the first plated pad 13 and the
second plated pad 14. The plated pads 13, 14 facilitate elec-
trical and mechanical connections to a PCB or to another
electronic device. The chip capacitor 2 might be connected
to a PCB with solder or with conductive ink. Connections to
the chip capacitor 2 may also be facilitated via the use of
wire bonding. The technology disclosed herein can be uti-
lized within an integrated circuit. One skilled in the art of
electronic assemblies could devise many ways to connect
the capacitors described herein to an electronic circuit. The
plated pads 13, 14 can be plated with many materials, not all
of which are discussed herein. Additional layers of nickel,
copper, gold or tin may be added to what is generally dis-
closed for durability or to facilitate soldering.

[0048] Referring again to FIGS. 3A and 3B where a first
end of the chip capacitor 2 is enlarged and sectioned so that
the details of the components of the capacitor 2 can be more
readily seen. In FIG. 3B the various layers of the capacitor
film stack 15 can be seen. The capacitor film stack 15 is
constructed with alternating planar layers of conductors
and dielectrics. The top insulator 11 encloses the top, front
and back sides of the capacitor film stack 15. The substrate
12 supports and encloses the bottom of the capacitor film

Aug. 17, 2023

stack 15. It can be seen from FIGS. 3A and 3B that the top
insulator 11 does not enclose the first end of the capacitor
film stack. The first end of the capacitor film stack 15 is
enclosed by the first plated pad 13. A plurality of anode
films 21 all make contact with, and perhaps more impor-
tantly make an electrical connection to, the first plated pad
13 at an anode connection 24 point. Both the plated pads 13,
14 and the anode connection 24 are electrical conductors.
The dielectric films 20 are also shown as being encapsulated
by and mated to the first plated pad 13. Dielectric materials
are not considered conductive when compared to the con-
ductivity of metals. Dielectric films 20 do not need to be in
physical contact with conductors due to the fact that the
dielectric films lack conductivity. Cathode films 22 are not
in contact with the first plated pad 13. This construction
means therefore yields no electrical connection between
the cathode films 22 and the first plated pad 13. A cathode
insulation 23 is shown between the cathode films 22 and the
first plated pad 13. The cathode insulation 23 can be a
vacuum, a non-conducting gas, or a nonconducting solid.
[0049] The top insulator 11 is present to insulate the capa-
citor film stack 15 from any factors exterior to the device.
Directly below the top insulator 11 is a first one of the
dielectric films 20. Directly below and mated to the first
dielectric film 20 is a first one of the anode films 21. Directly
below and mated to the first anode film 21 is a second
dielectric film 20, and below the second dielectric film 20
is a cathode film 22 with another dielectric film 20 following
below the cathode film 22. The sequence of films is repeated
and ends where the bottom of the capacitor film stack 15
meets and is mated to the top surface of the substrate 12.
The capacitor film stack 15 is illustrated as having six sets
of films. Clearly, that number is not definitive. The chip
capacitor 2 is in no way limited to embodiments utilizing
six sets, or any other number, of component layers. Depend-
ing on the application and the needs of the electrical circuit
in which the chip capacitor 2 is being deployed, the number
of layers may range from as little as two sets to hundreds or
even thousands of sets of layers. In summary, the top insu-
lator 11, the dielectric films 20, and the anode films 21 all
extend to the first plated pad 13. The anode films 20 make
electrical contact with the first plated pad 13.

[0050] FIG. 4 shows a detailed sectional view of the sec-
ond end of the capacitor 2. The second end has a mirror
image configuration of the first end, with the exception
that at the second end, the cathode films 22 are mated to
and are electrically connected to the second plated pad 14
at the cathode connection 25. Conversely, anode films 21 are
not mated to or connected to the second plated pad 14. The
anode films 21 are isolated by an anode insulation 26, a sec-
tion at the end of each anode film 21.

[0051] FIG. 5A is a side perspective cross section view of
the chip capacitor 2. FIG. 5B and FIG. 6 show a magnified
cross section view of the chip capacitor 2. In these views,
the perimeter contacts of the top insulator 11 to the substrate
12 can be seen. The top insulator 11 can also be seen to be in
contact with the top surface of the capacitor film stack 15.
The side insulator 27 encloses the sides of the film stack 15
and is mated to all of the elements of the capacitor film stack
15. This is an important factor in providing protection for
the dielectric films 15, the anode films 21 and the cathode
films 22. The top insulator 11 is not conductive. Therefore,
no electricity flows between the elements of the capacitor
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film stack 15 as there is no electrical contact points between
the ends of the films in the film stack 15.

[0052] FIGS. 7A and 7B illustrate a section of the second
plated pad. The orientation of the second plated pad 14 and
the top insulator 11 can be seen. The top insulator 11 has the
same shape, function, and dimensions as shown in drawings
described above. The top insulator 11 makes contact with
the substrate 12. The top insulator 11 and the side insulator
27 are shown separating and insulating the right plated pad
14 from the capacitor film stack 15 along front and rear sides
of the capacitor 2. The same configuration of these elements
is present at all four corners of the chip capacitor 2.

[0053] The configuration of the top insulator 11, capacitor
film stack 15, and the side insulators 27 results in the elec-
trical connection of the anode films 21 only to the first plated
pads 13, and not to the cathode films 22. Similarly, this con-
figuration ensures that the anode films 21 are not connected
to the second plated pad 14, but the cathode films 22 are
connected to the second plated pad 14.

[0054] For chip fabrication, it is desirable to have the
capacitor film stack 15 as close as possible to the overall
size of the chip capacitor 2. Current semiconductor and
laser processing tools allow for capacitor film stack 15 to
be almost identical in size to the overall chip capacitor 2.
[0055] The number of and thickness of the layers in the
capacitor film stack 15 are not shown to scale. For most
applications, the number of layers would be much greater
than what has been illustrated for purposes of explanation,
and the thickness would be much less. In practice, conductor
layers and dielectric layers may only be a few nanometers in
thickness. Thinner dielectric films equate to greater capaci-
tance, and thinner conductor layers equate to a thinner
device at a lower cost.

[0056] The basic function of a capacitor is to store electri-
cal charge. A charge can be created across the dielectric
layers by applying a voltage across the dielectric layers via
conductors. The charge can be extracted from the capacitor
for use in an electrical device. The unit for capacitance is
Farads. Small capacitors may only have a fraction of a
micro Farad of capacitance. Larger capacitors may have a
Farad or more. The equation to determine the capacitance of
a capacitor based on its geometry and physical characteris-
tics (as shown below and in FIG. 36) is as follows:

C (Farads) = ey xk x| (LxW)/T |xNc

Where:
[0057] eo: The permittivity of free space, a physical
constant = 8.85 x 10-12m-3 kg-1 s4 A2
[0058] k: The dielectric constant of the dielectric layers
22, unitless
[0059] L: The length of the layers in meters
[0060] W: The width of the layers in meters
[0061] T: The thickness of the dielectric layer in meters
[0062] Nc: number of active dielectric layers
It should be noted that it is generally desirable to have capa-
citors with a large amount of capacitance (farads) in as small
a package as is possible.
[0063] The permittivity of free space (eo) is a physical
constant and is the same for all types of capacitors of any
type of construction. The dielectric constant (k) is a property
of the dielectric material used in the dielectric film. Dielec-
tric constants for dielectric materials range from around 4
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for silicon dioxide to greater than 2000 for strontium tita-
nium oxide. One skilled in the art of capacitor materials
could engineer the selection of the dielectric for a particular
application of the chip capacitor. The length and width and
thickness of the capacitor should generally be as small as
possible. Larger and thicker capacitors not only require
more real estate within a PCB but utilize more material
that increases the cost of the device. The number of layers
(Nc) also effects the cost and to a lesser degree size.

[0064] A typical state of the art chip capacitor may have a
dielectric constant, k = 1,000; length, L. = 1.0 mm; width, W
= 0.6 mm; dielectric layer thickness, T =0.10 mm; and have
25 layers, Nc. A capacitor with these parameters would have
a capacitance of 0.00133 micro Farads.

[0065] Utilizing the technology disclosed herein, the
dielectric layers can be much thinner, T= 0.0001 mm
(100 nanometers). This difference in thickness of the dielec-
tric layers would result in a capacitor with 1,000 times the
capacitance, or 1.33 micro Farads, while maintaining the
same length and width and dielectric material.

[0066] The reduction in dielectric layer thickness is possi-
ble due to the manufacturing aspect of the disclosed technol-
ogy. Current art requires that the dielectric layers be rela-
tively thick. The disclosed art allows for the use of modern
semiconductor type processes which can produce much
thinner layers. The current state of the art of semiconductor
type deposition processing allows for the deposition of one
layer of atoms at a time. This allows for the creation of
extremely thin conductor or dielectric films.

[0067] One skilled in the art of semiconductor deposition
could engineer the ideal deposition process for a particular
application of the chip capacitors disclosed herein. A capa-
citor that would provide the same characteristics as those
described above as typical state of the art could be much
smaller in area (W x L), using only 1/1,000 of the area
required with prior art devices. The capacitor could be
only 0.06 mm x 0.1 mm rather than 0.6 mm x 1.0 mm, and
still produce ten times the capacitance.

[0068] Preferred semiconductor materials for the capaci-
tor chip 2 include copper, silver, and / or aluminum for the
conductors. All of these materials can be independently
etched, and will exhibit high conductance. Other less con-
ductive metals could be deployed as well.

[0069] Preferred dielectric materials include silicon diox-
ide (Si02) and aluminum dioxide (AI203). Both of these
materials exhibit high dielectric strength. The higher the
dielectric strength the thinner the dielectric layers can be.
AI203 has another advantage in regard to processing. A
discrete film of A1203 can be deposited directly over the
conductors. An alternate method is to deposit a thin film of
Al and then oxidize it in a later step of the processing to
create A[203. This reduces the number of materials from
three to two, with an oxidizing station included in the pro-
cess. Tools with only two deposition stations are less expen-
sive and complex as compared to tools with three stations.
[0070] Silicon dioxide generally has a breakdown voltage
of 1 volt per nanometer of thickness and a dielectric constant
of approximately 4. A chip capacitor with Si02 2 nan-
ometers thick could easily operate at 1 Volt. This would
meet the needs of many high-speed electronic circuits and
devices. The current art chip capacitor example given above
was based on a dielectric thickness of 0.10 mm
(100,000 nm) and a dielectric constant of 1000. A capacitor
fabricated with SiO2 2 nm thick rather than the material and
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thickness disclosed in the prior art example would have a
capacitance 400 times that of the previously disclosed cur-
rent art example. The total thickness of the dielectric stack
for a chip capacitor with 2 nm thick SiO2 dielectric would
be 50,000 times thinner than for a prior art chip capacitor
with a 100 um (100,000 nm) thick dielectric stack.

[0071] This invention enables the use of semiconductor
processing and materials to fabricate chip capacitors. The
invention is not limited to the types of material discussed
above. Materials used in current ceramic and polymer type
chip capacitors can be deployed as well. One skilled in the
art of ceramic and or polymer materials for capacitors could
engineer an appropriate material set for the disclosed chip
capacitor invention.

[0072] FIGS. 8A and 8B and the figures following illus-
trate an alternate embodiment of the invention. The alternate
embodiment illustrated shares many of the same elements of
the preferred embodiment. FIGS. 9A and 9B show that the
top insulator 11" does not extend to the ends of the chip
capacitor 2’ as the top insulator 11 does in the preferred
embodiment. The first end of the chip capacitor 2’ is similar
in function to the first end of the preferred embodiment in
that the anode films 21 make electrical contact with the first
plated pad 13', and the cathode films 22 do not. A chief
difference is that the top insulator is not present at the
ends. The first plated pad 13’ sits directly atop of and is
mated with the capacitor film stack 15'.

[0073] FIGS. 10A and 10B show that the top insulator 11’
extends only to the first plated pad 13'. To facilitate manu-
facturing, the top insulator 11’ has an extended portion, the
overlapping top insulator 32, that overlaps the first plated
pad 13'.

[0074] FIG. 10B illustrates the second end of the chip
capacitor 2'. As with the preferred embodiment, the cathode
films 22 make electrical contact with the second plated pad
14’ and the anode films 21 do not. The second plated pad 14
sits directly atop of and is mated with the capacitor film
stack 15'.

[0075] FIG. 11A shows a cross section view of the right
plated pad 14', and FIG. 11B shows a more detailed view.
The top insulator 11’ overlaps the sides of the capacitor film
stack 15 and the front and rear portions of the second plated
pad 14'. An overlapping insulator 30 and a side overlapping
insulator 31 are extensions of top insulator 11', but are raised
due to the thickness of plated pad 14'".

[0076] FIGS. 12A and 12B are cross section views at a
central area of the chip capacitor 2'. The components of
the preferred and alternate embodiment have identical con-
figurations at this cross sectional area.

[0077] It should be noted that both of the main embodi-
ments described above would have nearly identical perfor-
mance characteristics. The two embodiments would how-
ever differ in manufacturing steps required and the
complexity of the manufacturing process.

[0078] FIGS. 13A and 13B illustrate another preferred
embodiment. In this embodiment, the electrical connection
pads, the center plated pad 43 and the outer plated pad 44,
are located around the perimeter and at a central point of the
top surface of the square chip capacitor 40, rather than at the
ends of the capacitor as in the chip capacitor 2, 2'. This con-
figuration may be preferred in special high-speed electronics
applications.

[0079] The center plated pad 43 is located centrally on the
top side of the square chip capacitor 40. The outboard plated
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pad 44 extends around the entire perimeter of the square
chip capacitor 40. Most of the remaining top surface real
estate is occupied by a top insulator 41 and a film stack
45. A plated through hole 46 allows for electrical connection
to the center portion of the square chip capacitor 40 from the
bottom side as well as the top side of the square chip capa-
citor 40.

[0080] FIGS. 14A and 14B show the center section of the
square chip capacitor 40 as sectioned closeup views. The
film stack 45 is located between the top insulator 41 and
the substrate 42 as in the previously disclosed embodiments.
The film stack 45 has a central plated through hole 46. The
plated through hole 46 allows for the connection of anode
films 51 or cathode films 52. In this example, the anode
films 51 are connected to the center plated pad 43 via
anode connections 54, while the cathode films 52 are not.
The cathode films 52 are electrically isolated from the center
plated pad 43 by cathode insulation segments 55. The top
insulator 41 sits atop the film stack 45 and has generally the
same plan view geometry and dimensions.

[0081] The film stack 45 includes anode 51, cathode 52,
and dielectric S0 layers that are selectively connected to the
center plated pad 43. The anode 51 and cathode 52 layers are
formed from two different conductive materials.

[0082] FIGS. 15A and 15B show detailed closeup section
views of an edge of the square capacitor 40. FIGS. 15A and
15B show the electrical connection of the cathode films 52
to the outer plated pad 44, with the anode films 51 being
insulated from the outer plated pad 44 by the physical
separation created by anode insulation 56 at the edges of
the square capacitor 40. As in all cases described herein,
the anode and cathode connections could be the opposite
of what is shown and described, and that alternate design
would maintain the same efficacy. It should also be noted
that for some applications, design considerations would
call for the perimeter of the device to be rounded rather
than square. The insulation segments 55 and the anode insu-
lation 56 can be air or a solid as described above in reference
to other embodiments.

[0083] FIGS. 16A-C show still another embodiment of the
device, a capped chip capacitor 80, in perspective and sec-
tional views. It is envisioned that the embodiment illustrated
in FIGS. 16A-C would not utilize semiconductor type pro-
cessing where a sheet of material is processed and then
diced into chips. The capped chip capacitor 80 would likely
be preferred in applications in which the processing of indi-
vidual components is preferred over the semiconductor
approach. The individual component approach is what is
generally the state of the art for the manufacturing of
many types of discrete capacitors. Using this different
approach, a first conductive cap 81 and a second conductive
cap 82 are used to make selective connections to the anode
films 21 on a first end of the device while making selective
connections to the cathode films 22 at a second end of the
device. The caps 81, 82 cover the sides of the top insulation
layer 11 and the substrate 84. The caps 81, 82 do not make
connection with the sides of the dielectric film stack 15 as
the caps 81, 82 are insulated from the stack 15 by the side
insulator 27. The caps 81, 82 also cover the optional bottom
portion of the substrate 84.

[0084] FIGS. 18A-D show another embodiment of the
chip with a modified substrate. The embodiment illustrated
in FIGS. 18A-D introduce a trenched substrate 76 that
includes an array of relatively deep trenches 77. The
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trenches 77 on the surface that supports the layered stack 78.
When the trenched substrate 76 is coated with conductors
and dielectrics the overall surface area of the dielectrics
and the conductors is increased. The trenched surface area
of the illustrated device increases the capacitance by a factor
of three over that of an equal sized device without a trenched
surface. Thus the capacitance of the device is increased
without increasing the overall size of the associated capaci-
tor. It should be noted that the above trenching processes
could be applied to all of the embodiments disclosed herein.
The trenches 77 are more than twice as wide as the total
thickness of the conductors and the dielectrics. Deeper
trenches create greater surface area which results in greater
capacitance. The depth of the trenches is only limited by the
fabrication method and does not have the same limitations
as apply to the width of the device.

[0085] FIG. 18 D shows a specialized modification of the
trenched stack 78. The trenched substrate 76' utilizes a plur-
ality of posts rather than parallel grooves.

[0086] FIG. 19 is a cross sectional view of still another
embodiment of the chip capacitor 90. A unique feature of
the capacitor chip 90 is that the cut through the capacitor
films stack extends into the substrate, a grooved substrate
91. The grooved substrate 91 has a stepped lip around the
perimeter, with the top of the groove coinciding with the
edges of capacitor film stack. This construction would be
preferred when the fabrication process for cutting the peri-
meters of the capacitor film stack also cuts into the substrate.
It should be noted that the horizontal cuts are shown to be
the same depth as the vertical cut. This symmetry is not
required. In many cases, the two cuts would be produced
by two independent operations. With two independent
operations, it is unlikely that the two cuts would be the
same depth.

[0087] FIG. 20 shows a cross sectional view of still
another embodiment. In this thin substrate 90’ configuration,
a cut through the capacitor films stack extends completely
through a thin substrate 95. The thin substrate 95 has the
same perimeter dimensions as that of the capacitor film
stack. This configuration would be preferred when the fab-
rication process includes the temporary bonding of the thin
substrate 95 to a thicker, more durable substrate.

[0088] FIG. 21 shows an isometric view of an embodi-
ment which includes an array of discrete capacitors arranged
in a linear array 100. The individual capacitors in the capa-
citor array 100 are electrically isolated from one another by
deep cuts 104 that extend through the plated pads, the top
insulator, and the capacitor film stack. Array substrate 102 is
shown as a grooved substrate, but could also be configured
as a flat substrate.

[0089] FIGS. 22A and 22B are isometric and section
views of a cylindrical embodiment of the capacitor device,
a cylindrical capacitor 150. As with other embodiments
described above, the anodes are connected to a first conduc-
tive cap 152 and the cathodes are connected to a second
conductive cap 152. The film stack is configured as a spiral
stack 154.

[0090] The cylindrical capacitor 150 is a preferred embo-
diment for the deployment of large capacity capacitor
devices.

[0091] The connections of the cylindrical capacitor 150
can be seen in more detail in FIGS. 23A and 23B. The capa-
citor film stack 154 winds in a spiral fashion on a spiral
substrate 156 around the diameter of the cylindrical capaci-

Aug. 17, 2023

tor 150. Three short segments of the spiral capacitor film
154 can be seen. Similarly to various other embodiments,
the spiral dielectric 157 extends to a conductive cap 152,
and along with the anode 160 and cathode 162 (opposite
ends for purposes of proper electrical connections), is con-
nected to the conductive cap 152. The electrode that does
not make electrical contact to the conductive cap 152 is
spaced away from the cap 152 to accomplish the necessary
electrical isolation.

[0092] FIG. 24A is a detailed view of a modified cylind-
rical capacitor. In this particular configuration, the spiral
substrate 156’ extends further at its ends, towards the con-
ductive cap 152', than does the spiral dielectric film 157, the
anode film 158', and the cathode film 159'. The longer
extending spiral substrate 156 leads to the formation of
structural fill elements, ribs 166, in the conductive caps
152'. The ribs 166 in the conductive caps 152’ provide struc-
tural strength in the area where the anode films 158’ and
cathode films 159" make electrical connection to the conduc-
tive caps 152'. The added structural strength reduces the
stress on the essential electrical connections of the anodes
158’ and cathodes 159’ to the conductive caps 152, thereby
reducing the possibility of electrical failures.

[0093] FIG. 24B is a detailed view of another modified
cylindrical capacitor. This configuration includes modified
conductive caps 152". The conductive caps 152" are
reduced in thickness, and follow the contours of the spiral
substrate 156, the spiral dielectric film 157, the spiral anode
film 158', and the spiral cathode film 159'. This configura-
tion might be deployed when thin conductive caps 152"
(plated pads) are preferred for manufacturability or to
reduce material usage. The thickness of the conductive
caps 152" might be only a few microns rather than fractions
of a millimeter.

[0094] All of the embodiments described above disclose a
short path from the anodes and cathodes to the plated pads.
[0095] FIGS. 25A and 25B show still another configura-
tion in which the connections of the anodes 184 and cath-
odes 185 to conductive caps 181 are made with an inter-
mediate component, a film plating 183. The film plating
183 is created by selectively electro plating either the anodes
or the cathodes. When the anode is connected to a voltage
source, plating collects to create the semi-circles illustrated
at the anodes and not the cathodes. To create the cathode
connections, the voltage source is connected to the cathodes.
The plating process lengthens and widens the anodes and the
cathodes, forming the half round geometry illustrated. The
film plating 183 adds durability, conductivity, and length to
the anodes 184 and the cathodes 185. This configuration is
only practicable when the charge storage film 188 is much
wider than the anode 184 or cathode 185 films. The pad
insulator 182 is located between the film plating 183, the
plated conductive cap 181, and the charge storage film 188
to ensure that only the desired anode or cathode films are
electrically connected to the conductive cap 181.

[0096] FIGS. 26A and 26B show a construction in which
the plating has been increased to a point where the film plat-
ing 183’ from one layer connects to the neighboring films.
This allows the film plating 193’ to replace the function of
the usually present conductive cap, and therefore eliminate
the need for the conductive caps. In this configuration, the
anode or cathode, whichever is to be electrically isolated
from the film plating 183, would be etched back from the
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edge of the film stack to ensure there is no electrical
connection.

[0097] FIGS. 27A-C through 35 show the steps of a pre-
ferred process for construction of the chip capacitors
described herein. FIGS. 27A-C show the first phase of the
manufacturing process, where alternating layers of the
dielectric film 20, the anode film 21, another layer of the
dielectric film 20, and the cathode film 22 have been laid
on top of the substrate 12. Large sheets or rolls of substrate
and film layers can be processed and cut into smaller sec-
tions, as required. Deposition of layers on large sheets or
rolls is a fairly common process. An everyday example of
roll to roll deposition coating of a conductor on a substrate is
packaging for potato chips. Most products of this type have
an aluminum coating applied. The type of machine that cre-
ates the aluminum film can be used to apply dielectrics and
many types of conductors. Coating of glass for displays is
another example where thin layers of conductors and dielec-
trics are applied with a high degree of accuracy, at a low
cost.

[0098] The preferred method to create the capacitor film
stack is with semiconductor type equipment and materials.
Another method would be to assemble or laminate discrete
films or to create films on top of one another with a liquid
solution.

[0099] Referring now to FIGS. 28A-C, the results of a
second step of fabrication is shown. In this phase the rows
of grooves 87 are created horizontally across the capacitor
film stack 86. The grooves 87 could extend into the substrate
if desired to ease manufacturability. The grooves 87 are
spaced apart at approximately the overall width of the chip
capacitor. The grooves 87 can be created with conventional
semiconductor processes or they can be cut with a saw or a
laser. FIG. 28B shows the grooves extending only down to
the substrate. FIG. 28C shows an alternated configuration
with the grooves extending partially into the substrate. If a
carrier wafer is deployed, a second substrate attached to the
bottom of the substrate shown, the cut may extend all the
way through as disclosed in FIG. 20.

[0100] FIGS. 29A-C show a third successive step in the
processing which entails the coating the panel 89 via deposi-
tion of an insulating material 90. This deposition creates a
top insulator and the side insulators. The deposition of the
insulating material to form the top insulator 11 and the side
insulators 27 can be accomplished with semiconductor type
equipment, or with a number of less complex processes such
as spraying, spin coating, printing, dipping, or other similar
methods.

[0101] FIG. 29B depicts the insulating material to be of a
generally uniform thickness conforming to the contour of
the top surface of the panel 89. This is not a requirement.
Some deposition methods might entirely fill the grooves
with insulating material, thereby creating a flat top surface
as shown in FIG. 29C.

[0102] FIGS. 30A-C show a fourth phase of the proces-
sing. In this phase, columns of grooves 93 are created verti-
cally through the capacitor film stack panel 92. Similarly to
the horizontal grooves 87, the vertically aligned grooves 93
could extend into the substrate 12 as shown in FIG. 30C if
desired for manufacturability reasons. The vertically aligned
grooves 93 are spaced apart at approximately two times the
overall length of the chip capacitor being manufactured.
[0103] FIGS. 31A-B depict a fifth phase of processing. In
this phase, the ends of the cathode films are aggressively

Aug. 17, 2023

etched with a chemical solution that does not etch the
anode films. It should be noted that the cathode films on
both sides of the grooves are etched. This process allows
the selective electrical connection of the anode films, the
etched areas leaving the cathode films without an electrical
connection to the plated pad or conductive cap, as described
in following process steps.

[0104] To create the selective electrical conductivity con-
nections, the two different conductor layers (cathodes and
anodes) are made from two different conductors. One
exemplary method would be to form the anode films 21
from aluminum (Al), and the cathode film 22 from cop-
per(Cu), with the dielectric layer being made from silicon
dioxide (S102). Many etchants are available to selectively
etch copper while not etching aluminum or dielectric mate-
rials. The most straightforward way to accomplish the selec-
tive etch is to submerge the entire coated substrate / panel in
the etching solution.

[0105] FIGS. 32A-B show a sixth phase of processing. In
this phase, a second set of vertically oriented grooves 98 are
cut through the capacitor film stacks of the panel 97. The
second vertical grooves 98 are typically positioned halfway
between each pair of the first set of vertical grooves.

[0106] FIGS. 33A-B depict the seventh phase of the pro-
cessing. In this phase, the cathode films are aggressively
etched with a chemical solution that does not significantly
affect the anode films. This process is analogous to the first
etch that selectively etches the anode films. As with the first
anode etch process, the cathode films on both sides of the
grooves are etched. In the cathode etch, the first set of
grooves must be isolated from the cathode etch material.
The isolation can be accomplished by only locally filling
the grooves with the etchant. The isolation could also be
created by applying a resist material to the first set of
grooves or their general area. Another method would be to
cover the first set of grooves with an elastic pad material.
The preferred method is to apply resist to the entire panel
before the second set of vertical grooves are cut.

[0107] During this phase, the copper at the end of the cath-
ode films is etched back while the aluminum of the anode
films, and the dielectric films, are not etched so that a non-
conductive gap is formed at the ends of the cathode films.
An etching solution of copper (Cu) and iron chloride
(FeCl3) can be deployed to accomplish this task. One skilled
in the art of chip conductors and / or etching of conductors
could engineer many different combinations of conductor
materials and selective etchants for a particular application
of the chip capacitor. See FIG. 41 for a list of metals and
their etchants.

[0108] An optional process to the above would be to cut
all of the vertical grooves in one operation. This would
require the selective etching of both types of grooves rather
than one at a time as described. This process would require
multiple etching steps and associated masking.

[0109] FIGS. 34A-B show the eighth phase of processing,
the deposition of a conducting material. This deposition cre-
ates the first 13 and second 14 plated pads. The deposition of
the conducting material can be done with semiconductor
type equipment. It can also be deposited with a number of
less complex processes such as spraying, spin coating, print-
ing, plating, silk-screening, dipping or other methods that
cover the top insulator 11 and the side insulators 27 with a
conductive material. As mentioned above, the conductive
material is generally of a uniform thickness conforming to
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the contour of the top surface of the panel 104. This is not a
requirement. Some deposition methods might entirely fill
the grooves with insulating material, thereby creating a flat
top surface.

[0110] The conductive material can be copper, nickel, sil-
ver, gold, aluminum, or other materials. With most applica-
tion methods, the entire surface may need to be covered.
When the entire surface is coated, another process step
would be required to remove the conductor material
between the left and right plated pads. In the case of printing
and silk-screening, the conductive material could be applied
to only the intended areas, the first and second plated pads
105, thereby eliminating the need to remove the material
between the pads. The main purpose of this process is to
connect the anodes to one set of pads and the cathodes to
the other while electrically isolating the two sets of pads.
[0111] FIG. 35 shows the final phases of processing, elec-
troplating, testing, and dicing. In the final phase, a number
of optional processes can be deployed. One option is that
additional metals can be electroplated on top of the pad
material for durability and solderability. With current state
of the art chip capacitors, the base conductor is typically
copper with a second layer of nickel and a final layer of
tin. Another optional operation at this phase would be to
test and / or mark the chip capacitors. A final operation
would be to cut the sheet of material into the individual
chip capacitors.

[0112] FIG. 36 shows the equation to calculate the capaci-
tance of capacitors and an associated schematic diagram.
[0113] FIGS. 37 through 41 disclose prior art information
on capacitors, materials used as dielectric and etchants and
their effectiveness in etching conductors and dielectrics.
[0114] The description of the present disclosure has been
presented for purposes of illustration and description, but is
not intended to be exhaustive or limited to the present dis-
closure in the form disclosed. Many modifications and var-
iations will be apparent to those of ordinary skill in the art
without departing from the scope and spirit of the present
disclosure. Exemplary embodiments were chosen and
described in order to best explain the principles of the pre-
sent disclosure and its practical application, and to enable
others of ordinary skill in the art to understand the present
disclosure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.
[0115] While this technology is susceptible of embodi-
ment in many different forms, there is shown in the draw-
ings and will herein be described in detail several specific
embodiments with the understanding that the present disclo-
sure is to be considered as an exemplification of the princi-
ples of the technology and is not intended to limit the tech-
nology to the embodiments illustrated.

[0116] It will be understood that like or analogous ele-
ments and/or components, referred to herein, may be identi-
fied throughout the drawings with like reference characters.
It will be further understood that several of the Figures are
merely schematic representations of the present disclosure.
As such, some of the components may have been distorted
from their actual scale for pictorial clarity.

[0117] In the following description, for purposes of expla-
nation and not limitation, specific details are set forth, such
as particular embodiments, procedures, techniques, etc. in
order to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in
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the art that the present invention may be practiced in other
embodiments that depart from these specific details.

[0118] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, the appearances of the
phrases “in one embodiment” or “in an embodiment” or
“according to one embodiment” (or other phrases having
similar import) at various places throughout this specifica-
tion are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. Furthermore, depending on the
context of discussion herein, a singular term may include its
plural forms and a plural term may include its singular form.
Similarly, a hyphenated term (e.g., “on-demand”) may be
occasionally interchangeably used with its non-hyphenated
version (e.g., “on demand”), a capitalized entry (e.g., “Soft-
ware”’) may be interchangeably used with its non-capitalized
version (e.g., “software”), a plural term may be indicated
with or without an apostrophe (e.g., PE’s or PEs), and an
italicized term (e.g., “N+1”") may be interchangeably used
with its non-italicized version (e.g., “N+1”). Such occa-
sional interchangeable uses shall not be considered incon-
sistent with each other.

[0119] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0120] It is noted at the outset that the terms “coupled,”
“connected”, “connecting,” “electrically connected,” etc.,
are used interchangeably herein to generally refer to the con-
dition of being electrically/electronically connected. Simi-
larly, a first entity is considered to be in “communication”
with a second entity (or entities) when the first entity elec-
trically sends and/or receives (whether through wireline or
wireless means) information signals (whether containing
data information or non-data/control information) to the sec-
ond entity regardless of the type (analog or digital) of those
signals. It is further noted that various Figures (including
component diagrams) shown and discussed herein are for
illustrative purpose only, and are not drawn to scale.

[0121] While various embodiments have been described
above, it should be understood that they have been presented
by way of example only, and not limitation. The descriptions
are not intended to limit the scope of the invention to the
particular forms set forth herein. To the contrary, the present
descriptions are intended to cover such alternatives, modifi-
cations, and equivalents as may be included within the spirit
and scope of the invention as defined by the appended
claims and otherwise appreciated by one of ordinary skill
in the art. Thus, the breadth and scope of a preferred embo-
diment should not be limited by any of the above-described
exemplary embodiments.
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What is claimed is:

1. A capacitor device comprising:

a plurality of anode layers;

a pair of dielectric layers sandwiching each of the anode

layers;

aplurality of cathode layers, each of the cathode layers also

being sandwiched between a pair of dielectric layers, the

anode, cathode, and dielectric layers forming a capacitor

film stack; wherein

each of the anode layers are electrically connected at a
first end to at least another one of the anode layers, and

each of the cathode layers are electrically connected to at
least another one of the cathode layers at a second end
opposite the first end, each of the cathode layers being
electrically isolated from the anode layers, and

both sides of the conductor layers and dielectric layers
are encased by side insulating material.

2. The device according to claim 1, wherein a top surface of
a top layer of the capacitor film stack is covered with an insu-
lating material.

3. The device according to claim 1, wherein a bottom sur-
face of a bottom layer of the capacitor film stack is covered
with a bottom insulating material.

4. The device according to claim 3, wherein the bottom
insulating material extends beyond sides of the bottom layer.

5. The device according to claim 3, wherein sides of the
bottom insulating material are coincident with sides of the
bottom layer.

6. The device according to claim 1, wherein all of the anode
layers and the cathode layers extend to the side insulating
material.

7. The device according to claim 1, wherein all of the anode
layers, the cathode layers, and the dielectric layers extend to
the side insulating material.

8. The device according to claim 1, wherein the planar
dielectric layers are less than 150 nm in thickness.

9. The device according to claim 9, wherein there are over
200 dielectric layers.

10. The device according to claim 4, wherein side insulat-
ing material extents to the sides of the bottom insulating
material.

11. The device according to claim 1, wherein a bottom insu-
lating material covers a bottom layer of the planar capacitor
film stack and extends beyond ends of the bottom layer.

12. The device according to claim 11, wherein the electrical
connections extend from a top surface of the bottom insulat-
ing material to a top surface of a top layer.

13. The device according to claim 12, wherein the extended
end connections are connected to a truncated conductor plane
situated atop the top layer.

14. The device according to claim 1, wherein the electrical
connections extend from a bottom surface of a bottom layer to
a top surface of a top layer.

15. The device according to claim 14, wherein the electrical
connections are connected to a truncated conductor plane atop
the top layer.

16. The device according to claim 1, wherein the anode
layers are formed from a different material than a material
that forms the cathode layers.

17. The device according to claim 16, wherein a first chem-
istry process is used to selectively etch only the anode layers
anda second chemistry processisused to selectively etch only
the cathode layers.

18. A capacitor device comprising:
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a plurality of anode layers with a pair of dielectric layers

sandwiching each of the anode layers;

aplurality of cathode layers, each of the cathode layers also

being sandwiched between a pair of dielectric layers;

wherein

each of the anode layers is electrically connected to at
least another one of the anode layers at points near
the perimeter of the anode layers; and

each of the cathode layers is electrically connected to at
leastanother one of the cathode layers at central points
of'the cathode layers, each of the cathode layers being
electrically isolated from the anode layers.

19. The device according to claim 18, wherein multiple
layers of anodes, cathodes, and dielectrics are located on a
bottom insulating material and are separated to form a plural-
ity of capacitor film stacks.

20. A capacitor device comprising:

a plurality of anode layers, the layers being in a spiral

configuration;

a pair of dielectric layers sandwiching each of the anode

layers;

aplurality of cathode layers, each of the cathode layers also

being in a spiral configuration and being sandwiched

between a pair of dielectric layers; wherein

each of the spiral anode layers are electrically connected
to at least another one of the anode layers; and

each of the spiral cathode layers are electrically con-
nected to at least another one of the spiral cathode
layers at and end opposite the electrical connection,
and each of the cathode layers are electrically isolated
from the anode layers.

21. The device according to claim 20, wherein the multiple
sets of anode layers and dielectric films and cathode layers and
dielectric films are separated by a structural supporting film.

22. The deviceaccording to claim 21, wherein the dielectric
films are less then 200 nm in thickness.

23. A capacitor device comprising:

a plurality of anode layers with a pair of dielectric layers

sandwiching each of the anode layers;

aplurality of cathode layers, each of the cathode layers also

being sandwiched between a pair of dielectric layers;

wherein

each of the anode layers are electrically connected to at
least another one of the anode layers at afirst end of the
anode layers, and each of the cathode layers are elec-
trically connected to at least another one of the cathode
layers at an end of the cathodes opposite the end of the
anode to anode electrical connections in a capacitor
film stack, each of the cathode layers being electrically
isolated from the anode.

24. A capacitor device comprising:

a plurality of anode layers;

a pair of dielectric layers sandwiching each of the anode

layers;

aplurality of cathode layers, each of the cathode layers also

being sandwiched between a pair of dielectric layers, the

anode, cathode, and dielectric layers forming a capacitor

film stack; wherein

each of the anode layers are electrically connected at a
first end to at least another one of the anode layers,
the anode electrical connections being formed by a
first selective electroplating process, and

each of the cathode layers are electrically connected to at
least another one of the cathode layers at a second end
opposite the first end, the cathode -electrical
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connections being formed by a second selective elec-
troplating process, each of the cathode layers being
electrically isolated from the anode layers.
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