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ABSTRACT OF THE DISCLOSURE

A capacitive device formed on a substrate is provided that comprises a first set of
terminals and a secoﬁd set of terminals. The first set of terminals comprises a positive input
terminal and a negative input .ternﬁnal. The se‘cond set of terminals comprises a positive output
terminal and a ne gative output terminal. The capacitor structure further comprises a first film
electrode layer disposed above the substrate and having an input side and an .output side, the
input side having means for providing a eoupling location for the negativeiinput terminal, the
output side having means for pr.oviding a coupling location for_the negative oufput terminal. The
capacitor structure-fhrther comprises a second film electrode layer also disposed above the
substrate and haviﬁg- an input side and an output side, the input side having means for providing
a coupling 'location; for the positive input terminal, the output side having means for providing a
coupling location for the positive output terminal. The capacitor structure élso comprises a layer
of film dielectric material disposed between the first ﬁhn electrode layer and the second film

electrode layer.
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' IMPROVED MULTIPLE TERMINAL CAPACITOR STRUCTURE
\ BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to multi-layer capacitor structures. More specifically, the
invention relates to a novel multi-terminal capacitor structure.

2. Description of the Related Art

As the speed at which integrated circuits are operated increaees, the generation of
associated switching noise mcreases. Switching noise, however, can have a very detrimental
effect on the perfonnance of integrated circuits. Digital integrated circuits require both stable
voltage references and uniform power distribution among all integrated logic devices for signal
definition. Moreover, in mixed systems having both analog and digital circuits, the switching
noise generated by the digital circuits can also have a detrimental effect on the analog circuits.
In many instances, reducing the effects of the digital circuits on the analog circuits in a mixed
system 1s a very challenging problem for system designers..

Discrete capacitors are commonly used for local power supply decoupling of integrated
circuits to reduce the effects of switching noise. But, current capacitive methods and structures
may be inadequate for reducing ncise on integrated circuits, especially at higher frequencies of
operation.

A known technique for reducing switching noise is to utilize decoupling capacitors
between associated voltage pins. It is known that switching- noise of a circuit can be reduced by
minimizing the inductance while -maximizing the capacitance of an electrical path that exists
between the power and ground terminals. Discrete capacitors are typically used as decoupling

capacitors.
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The use of discrete capacitors has anumbfer of inherent limitations. Discrete ‘cap acitors
are two-terminal devices which unavoidably use extrinsic leads. The resistanco- and inductance
of these leads place a lower bound on the capaciior's high-frequency impedance. Furthermore,
the self-resonance of discrete capocitors limits the useful bandwidth over which electrical
disturbances can be attenuated. Moreover, because a discrete capacitor is necessarily mounted a
certain distance oway from the semiconductor chip, it is electrically coupled to the voltage pins
by a plurality of power wiring lines or large power buses which typically represent high
induction paths which- add to the éffective‘inductanCe of the electrioal path. In addition, as the
amount of current ﬂoﬁring in the plural-ity of wiring lines increases, a voltage drop 1s produ(:ed
across the wires which adds additional power distribution noise.

Therefore there remains a need in this art for an improved capacitor structure for i'educing

electrical noise such as switching noise.
SUMMARY OF THE INVENTION

The present invention meots the foregoing needs by providing a multi-terminal capacitor
structure that reduces the capacitor’s Intrinsic series inductonce. by making use ofa signal flow
through arrangement. The preferred embodiment also provides a capacitor stru_o_ture thai can
take advantage of ﬂip chip circuit arrangements to reduce the extrinsic series inductance gthe
capacitor could otherWise add to a circuit. The preferred capacitor structure also provides a
mechanism whereby ooth the input impedance and the output impedance of the capacitor
structure can be customized for better matching with power supply impedance and the associate;i
interconnect impedance.

The present invention proirides many advantages over the presently known capacitor
structures. Not all of these advantages are s.imultaneoosly required to practice the invention as

claimed, and the following list 1s merely 1llustrative of the types of benefits that may be
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provided, alone or in combination, by the present invention. These advantages include: (1)

providing hi gh-qual-ity decoupling ahd electrical 1solation of noisy power supply networks over a
broad spectrum o,f 'frequencies. thereby providing sub-component 1solation; (2) the ability to
customize both the input impedance and the output impedance of the capacitor-structu;e thereby
providing tuned terminations; (3) -ind'ependent impedance looking into each pair of terminals; (4)
avoidance of discrete capacitors leading to reducéd system size; (5) application-specific
optimization of sub-component i;solation..

In accordance with one aspect of the present invention, a thin film capacitor structure is
provided that comprises a first set of terminals and a second set of terminals. The first set of
terminals comprisés apositive input terminal and a negative input terminal. The second set of
terminals comprises a positive output terminal and a negative output terminal. The capacitor
structure further comprises a first electrode assembly coupled between the positive input terminal
and the positive output terminal and a second eleptrode assembly coupled between the negative
input terminal and the negative outp'ut'tenninal. .Electrical energy available at the second set of
terminals flows erm the first set of terminals to the second set of terminals across said first and
second electrode assemblies.

In accordance with another aspect of the present invention, a capacitive device formed on
a substrate 1s provi%‘ded that comprises a first set of terminals and a second set of terminals. The
first set of terminals comprises a positive input ,terrninai and. a negative input terminal. The
second set of terminals comprises a positive output términal and a negative output terminal. The
capacitor structure fuﬁher compn's"es a first film electrode layer disposed above the substrate and
having an input sideand an output side, the input side having means for providing a coupling

location for the negative input terminal, the output side having means for providing a coupling
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location for the negative output terminal. The capacitor structure further comprises a second
film electrode layer zilso disposed above' the sub_strate and ha.ving an input -side: and an output
side, the mnput side having means for providing a coupling location for the positive input
terminal, the output side having means for providing a coupling location for the positive output
terminal. The cap:acitor structure also comprises a layer of film dielectric material disposed
between the first ﬁlrn electrode layer and the seconci film electrode layer.
" BRIEF DESCRIPTION OF THE DRAWINGS

The present irivention will become more apparent from the following description when
read 1n conjunction with the accompanying drawings wherein:

Fig. 1 is a simplified schematic view of a four terminal capacitor;

Fig. 2 is a preferred electrical circuit representation of a four terminal capacitor;

Fig. 3 1s a symbolic rep-resentation of a four terminal capacitor;

Fig. 4 1s a cross-sectional vicw of a preferred four terminal capacitor;

Fig. 5 1s a plan view of a preferred four tenninal capacitor without the outer insulating
layer;

Fig.61s a 1ayout view of a preferred four terminal capacitor;

Fig. 7 1s an exploded view of a preterred circuit asserbly .that incorporates multi-terminal
capacitors;

Fig. 8 is schematic view of a system utilizing a four terminal capacitor as a decoupling
capacitor; and ' .

Fig. 91s a schématic vView of a system utilizing a four terminal capacitor as a filtering

capacitor.
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DETAiLED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings, figure 1 sets forth a simplified schematic view of a
preferred embodiment of the multi-terminal capacitive structure of the present invention. The
preferred rnulti-teﬁninal capacitive structure is a four-terminal capacitor 2. An electricél circuit
representation of the pref'erred stfucture 1s shown 1n 'ﬁgure 2 and a symbolic representation 1S
shown 1n figure 3. The four-terminal capacitor 2 includes a positive input terminal 3, a negative
input terminal 4, ai pqsitive output terminal 5, and a negaﬁve output terminal 6 all of which are
coupled to a pluraiity; of electrodés 7, 8. Between the eleCtrodes 7, 8 1s a dielectric layer (not
shown). .

The preferr{edifour-tenninal capacitor 2 is implemented using a multi-layer thin film
capacitor structure. An exemplary multi-layer capacitor s-tx'ucttire that is useful for the present .
invention is shown in commonly assigned U.S. P:atent No. 5,745,335, which is incorporated '
herein by reference.

The multi-terminal capacitor structure of the present invention is much improved over the
typical two-tenninél capacitor structure for noise reduction applications because, among other
things, the _multi-tqﬁninal capacitor structur'_e provides the ability to utilize multiple connection
terminals on a given cap\acitor. In the four-terminal capacitor structure of the preferred
embodiment, two mnput terminals and two oui:put terminals are defined. In a decoupling

-application, the input terminals provide coupling points for the positive and common polarities of
a System DC power supply, and the output terminals provide coupling points fqr a local sub-
compoﬁent_within ;he system that receives DC péwer. In another embodiment of a multi-
terminal capacitor structure, a three terminal capacitor structure, the structure is’provided with a
_ positive input terminal, a positive output terminal, and a common negative input/output terminal.

In an alternate embodiment of a three terminal capacitor structure, the structure is provided with
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a negative input terminal, a negative output terminal, and a common positive Input/output
terminal.

The multi-terminal capacitor structure is much improved in attenuating high-frequency
electrical disturbances superimposed on the DC supply which may be present at the input
terminals.. The multi-terminal capacitor structure improved attenuating ability is achieved in
large part by forcing the DC power from the DC supply that 1s to be supplied to the local sub-
“component to feed through the capacitor electrodes from the input side of the electrodes to the
output side of the electrodes. The capacitor electrodes function as a form of transmission line
that attenuates high-frequency energy. As aresult, the desired noise attenuating ability of the
multi-terminal capacitor is not limited by the electrical leads that are connected to the capacitor '
terminals as 1s the case with traditional two-terminal discrete capacitors. In addition, the 1no1se
attenuation provided by the multi-terminal capacitor structure is achievable over a much broader
range of frequencies than that which is possible With a conventional two-terminal discrete
capacitor. Furthenhore, a greater level of attenuation can be achieved by lengthening the
distance between the i%nput and output terminals. ‘The potential increase in the DC power supply
resistance caused b.;y the lengthening of the distance.between the input and output leads can be
compensated for by increasing the width of the capacitor electrodes.

With Reference to figure 4, the preferred '_rnulti-terminal capecitor structure 1s a multi-
layer thin film distributed capacitance structure 10. Structure 10 includes aconventional
substrate 12 (e.g. of silicon or any other suitable material) covered by an insulation layer 14 (e.g.
of silicon dioxideor any other suiteble insulator material).

A bottom electrode layer 16,. formed of any suitable metal (e.g. nickel, platinum or

palladium) is formed on top of insulation layer 14. The surface area of bottom electrode layer 16
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is not as large as the surface area of insulation layer 14 thereby leaving a portion of the
underlying insulation layer 14 exposed.

Above bottom electrode layer 16 are successive pairs of intermediate electrode
layers/dielectric layers 18a, 18b, 20a, 20b, and 22a, 22b. Above the upper intermediate layers
22a, 22b are top layers 24a, 24b (layer 24a being an electrode layer and layer 24b being a
dielectric layer). The surface area of each successive layer 1s smaller than the surface area of the
layer immediately underlying it thereby leaving a portion of each layer exposed.

As shown in ﬁgures 4 and 5, the layers 16 and 18a, 18b to 24a, 24b are arranged 1n a
mesa structure. In a mesa structure, tlle pairs of layers become progressively larger from top to
bottom so that the top surface of each lower layer oair 1s larger than the bottom surface of each
layer above it and extends laterally beyond the layer above it in all horizontal dimensions.

After the mesa structure of electrode and dielectric layers has been formed, the entire
structure is covered With a layer of insulation 26 (shown in figure 4), typically silicon dioxide.
Since the insulation layer 26 follows the stepped pattern of the mesa, the insulation layer 26
defines a set of annular horizontal surfaces 30, 32, 34, 36, 38, 40, 42, 44, and 46 over the
projecting edges of eoch electrode layer 16, 18a, 20a, 22a. Windows or vias are opened in the
horizontal annular surfaces 30 to 46 and in the top horizontal surface 48 through which contacts
S0, 52, 52, 54, 56, 58,‘ 60, 62, 64, 66, and 68 are established (typically of gold or other suitable
conductive rnaterisl) to the electrodes 16, 18a, 20a, 22a, and 24a.

Shown 1n figures 6 is a layout drawing of a preferred four-terminal capacitor structure.
The structure includes a bottom electrode layer 1-6, successive pairs of intermediate electrode
layers 18a, 18b, 2Qa, 20b, and 22a, 22b, each of which overlie dielectric layers (not shown), and

a top layers 24a that overlies a dielectric layer (not shown). The surface area of each successive
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layer is smaller than the surface area of the layer immediately underlying it thereby leaving a :
portion of each la)}er geXposed. Each electrode layer 16, 18a, .’ZOa, 223, and 24a has an input sidé
80 and an output side 90. In addition, the outer periphery of the input side and output side of
layers 18a and 22a include a plurality of laterally projecting surfaces 70 that extend further over
the underlying layér than the remainder of the respecjtive side portions of that layer.

The capacitor:structure also _includes a plurality of contacts 50, 52, 52, 54, 56, 58, 60, 62,‘
64, 66, and 68 1n each electrode layer. For example, layer 16 includes two contacts 50 on the
iput side and four contacts 68 on the output sid::. Likewise, the other layers in this embodiment
include two contacts on the input side and four contacts on the output side.

Electrical traces are used to couple_.thc contacts to the input and output terminals. In the
embodiment shown, trace 82 couples contacts 50, 54, and 58 to the negative input terminal 4.
Trace 84 couples contacts 52 and 56 to the positiv‘e input terminal 3. Trace 86 couples contacts
62 and 66 to the positive output' terminal S. And, trace 88 couples contacts 60, 64, and 68 to the
negative output terminal 6. '

The outer projecting surfaces 70 provide surfaces on which contacts 52 and 56 on the
mput side and contacts 62 and 66 on the output side can be located. An advantage of this
structural arrangement 1s that it allows positive polarity contacts to be in close proximity to
negative polarity cqn_tacts thereby forming regions of high qu,ality capacitance with very low
Intrinsic series resistance or inductance. These regions will be very effective in attenuating high
frequency disturbances which pass ‘through to the output terminals.

As shown 1n figure 6, acceSs 1S permitted .at a plurality of locations on each of the input'
and output side of each layer, resulting in customization flexibility, optimization of parametric

and reliability performance of each capacitor structure, and pmduction efficiency. While three
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pairs of intermediate electrode/diclecuic layers have been shown, it will be realized thaf any
desired number of intermediate loyers can be provided. In addition the mesa can be of any shape,
e.g. square, rectangular, round, elliptico;l, tl-iangular, or L-shaped. A further advantage of the
mesa structure W1th contacts at the exposed edgeo is that it is not necessary to have openings
through dielectric ;aycm, which could cause defects and adhesion problems.

Also as shown in figure 5, multiple capacitor structures can be formed on a single
substrate. Each capacitive structore can be fonnod independent of the other structures to have
different numbers of layers and .different contact coupling arrangements.

The impedance looking \into the output terminals S, 6 can be optimized, for example, by
Increasing or decréasing the numloer of local contacts and by adjusting the width of the electrical
traces 86 and 88 leading to the contacts. -

- Similarly, the impedance looking into the input terminals 3, 4 can be tuned to the source
impedance, for example, by using the sheot resistanco of the capacitor electrodes to full
advantage. An effective termination resistance of several Ohms can be realized by increasing the
aspect ratio of the capacitor region where the connection is m.ade. A long, narrow region of
capacitor electrode will introduce severai squares of sheet resistance, a value which can oe tuned
to the equivalent souroe impedance looking back :in the system’s DC power supply.

All of the electl'ode_and dielectric layers shown are film layers, deposited by conventional
techniques such as \sputtering, chémical vapor deposition, evaporation, or spin-on techniques, all
of which are well-known in the art. The electrode and dielectric layers are preferably thm film
layers with very small thicknesses, typically in the order of 0.03 to 1.0 .mu.m, although they can
be thicker 1f desired. The intennédiate and top electrode layers are, like the bottom electrode

layer 16, of any suitable metal such as platinum and/or palladium. The dielectric layers are of
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any desired suitabie material. One class of materials which has been found to be particularly
suitable 1s the class known as ferroelectric matenals, also called polar dielectric materials, such
as those disclosed in U.S. Patent No. 5;206,788 a.nd which are well-known in the art for
capécitors. Examples of ferroelectric or polar dielectric materials are lead zirconate titaﬁate
compositions. As is well known ferroelectric (polar) dielectric materials exhibit spontaneous
polarization at temperames ‘beloﬁv their Curie temperature.

Another advantage of the preferred structure 1s that because 1t is formed using thin film
technology, 1t 1s highly adaptable for use in flip chip mounting. Flip chip mounting further
increases the advaptages of the present mvention in ﬁltering noise. Through thé use of flip-chip
compact bump tecimolo gy, lead lfengths can be .rrii-nimized. ‘The reduced lead Iéngths will result
in decreased circuit inductance and resistance of ﬁ system using the presentinv#ntion.

As showﬁ In ﬁgure 7,a siégnal processing chip 92 and a multi-layer capacitbr chip 94 are
mounted onto a subst:ate 96 that has rhulti-layer ihjck-ﬁhn metal routing on both sides. Input |
DC power is routed through the SUbStrate 96 to the capacitor chip 94. Decoupled DC power is
then routed from cépacitor chip 94 to signal processing chip 92. Multi-layer capacitor chip 98 1s
provided with DC power through wire bonds 93. iMemOry chip 95 and signal processing chip 97
are flip chip mountbd onto multi-Iayer capacitor chip 98. Multi-layer capacitor chip 98 provides
decoupled-DC power to memory éhjp 9S and sigxial processing chip 97 through contacts
accessible through their top Surfaces. \

Signal procgssing chips 92 and 97 and memory chip 95 contain multiple circuit Blocks,
each running on different power supplies. In such a cﬁase, the multi-layer capacitor chips 94 and
98 can comprise a blulfality of capacitor'; sufuctures wherein each capacitor structure provides

power to and electrically isolates Qne of the drcuiftbldcks.
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An example of the use of the multi-tennina‘l éapacitor structure in a decoupling
application 1s shown tin figure 8. System power from a DC power supply 102 IS provided at the
input terminals 3, 4 of the capacitor 104 and i's-d'elivered to the output terminals 4, S via the low-
resistance paths through the upper and lower ele¢trodes of the capacitor structure 104. The DC
power supplied at ihe input terminals 3, 4 1s p,'ot¢nti'ally noisy because of the injection of noise
from some other sﬁb?component 106 of the system. By forcing the supply voltage to flow \
through the capaci\étor.i electrodes, ;high-frequency transients are \attenuat.ed by the intrinsic
capacitor structuré.. The DC power available at the output‘ terminals 4, 5 is \thus a "cleaner”
source for the subécofnponent 108 it supplies; the high-frequency noise that was originally .
present at the inpuf teiminals_ has zb\een substantially attenuated by the capacitance. The
impedance of the input leads does not affect the aﬁeﬁuaﬁon transfer characteristic, which is a key
advantage over tW§ terminal capacitors.

An exampb of the use of the multi-terminal capacitor structure in another filtering
application 1s shoWn in figure 9. A low ﬁ'equency signal source 110 provides a signal toa
sensing circuit 112. Another component 114 of the system generates .hi gh frequency noise that
degrades the quality of the original signal. The origingl signal with the high frequency xioise 1S
fed to the multi-ter;ninal capacito:r- 116. The signal .ﬂows through the capacitor electrodes from
the input termin—alséto ihe output terminals. The capacitor 116 thereby attenuatés the noise and
provides a cleaner S1 gnal to ihe sensing circuit 112.

‘Gennum's multi-layer film capacitors are created using a photolitho graphic procéss that
allows the geometry of any capacitor to be customized oﬁ an application-specific or product-
specific basis. This includes the ﬂexib_ility to adjust the equivalent series resistance and :

inductance of each physical connection. Therefore, the limitations which electrical leads 1mpose
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on the high-’frequéhcy performaﬁce of capacitors can be ameliorated, for example, by increasing
the width of connections to capaéitor electrodes and by placing multiple physical contacts in
parallel at each cqnn§Cﬁon point.

A further adv'antage of the technology is the ability to in_dependently customize the
equivalent impedance looking into different pairs of terminals of the capacitor. For example, it
1s possible to increasg the series resistance lookihg Into the input terminals of a decoupling
capacitor constructed 1n accordaﬁc.e with the present invention to minimize reﬂections of high-
frequency distmbzincfes present oh the power supply. ‘ Similarly the output terminals of the same
capacitor structure can be configured to have very low series resistance, improving the ability of
the capacitor to attenuate disturbahces,induced *o-n the localDC power supply lines and fo
prevent those disturbances from leaking out to other sub-components in the system.

The photolitho grziphic_ means by which a capécitor 1S created places no limits on the
number of terminals which can be attached to each electrode of the capacitor. Further, the layout
style of the tenninals §an be optinmized to increase the size and effectiveness of the Surrounding
local capacitance. .

Having desfcribed in detail the preferred and alternate embodiments of the present
invention, including ﬁreferred modes of operation; it is to be understood that this invention and
operation could be constructed and carried out with di-fferent elements and steps. The preferred
embodiments are presented only by way of example and are not meant to limit the scope of the

present invention',- which is defined by the following claims.
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What is claimed:

1. A thin film capacitive device comprising:

a first set 'of terminals comprising a positive mmput terminal and a negative input terminal;

a second set of terminals comprising a positive output terminal and a negative output
terrnal;

a first electrode assembly coupled between the positive input terminal and the positive
output terminal; and

a second electrode assembly coupled between the negative input terminal and the
negative output tetminal;

whereby electrical energy available at the second set of terminals ﬂows-' from the first set
of terminals to the second set of terminals across said first and second electrode assemblies.

2. The capacitive device of claim 1 wherein the positive input terminal is coupled to the first
electrode assembly at multiple coupling locations and wherein the negative input terminal is _
coupled to the second electrode assembly at multiple coupling locations.

3. The capacitive device of claim 2 wherein the number of coupling locations for the
positive and negative input terminals contributes te achieving a desired iput impedance for the
capacitive device.

4. The capacitive device of claim 3 wherein the geometry of at least one of the coupling
locations for the positive and negative input terminals contributes to achieving a desired input
impedance for the Capacitive device.

S. The capacitive device of claim 1 wherein the positive output terminal is coupled to the

first electrode assembly at multiple coupling locations and wherein the negative output terminal

1s coupled to the second electrode assembly at multiple coupling locations.
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6. The capacitive device of claim 5 wherein the number of coupling locations for the
positive and negative output terminals contributes to achieving a desired output impedance for
the capacitive device.

7. The capacitive device of claim 6 wherein the geometry of at least one of the coupling
locations for -thepOsitive and negative output tenninals contributes to aChieving a desired output
impedance for the capacitive device.

8. The capacitive device of claim 2 wherein the positive output terminal is coupled to the
first electrode assembly at multiple coupling locations and wherein the negative output terminal
1s coupled to the second electrode assembly at multiple coupling locations. .

0. The-capacitivé device of claim 8 wherein the number of coupling locations for the
positive and negative output terminals contributes to achieving a desired output impedance for
the capacitive device.

10. The capacitive device of claim 9 wherein the geometry of at least one of the coupling
locations for the positive and negative output terminals contributes to achieving a desired output
impedance for the capacitive device.

11. The capacitive device of claim 1 wherein the first electrode assembly comprises a
plurality of electrodes and wherein the second electrode assembly comprises a plurality of
electrodes.

12. The capacitive device of claim 11 wherein the positive input terminal is coupled to each
electrode of the first el%ectrode assembly at multiple coupling locations and wherein the negative

input terminal is coupled to each electrode of the second electrode assembly at multiple coupling

locations.
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13. The capacitive device of claim 12 wherein the number of coupling locations for the
_positjve and negative input terminals contributes to achieving a desired input impedance for the
capacitive device.

14. The capacitive device of claim 13 wherein the geometry of at least one of the coupling
locations for the positive and negative_ input terminals contributes to achieving a desired input
impedance for the capacitive device.

15. The capacitive device of claim 12 wherein the positive output terminal is coupled to each
electrode of the first electrode assenibly at multiple coupling locations and wherein the negative
output terminal is coupled to each electrode of the second 'elecn'0d¢ assembly at multiple
coupling locations. .

16. The capacitive device of claim 15 wherein the number of coupling locations for the
positive and negative output terminals contributes to achieving a desired output impedance for
the capacitivé deVice.

17. The capacitive device of claim 16 wherein the geometry of at least one of the coupling
locations for the ‘p{)sitive and negative output terminals contributes to achieving a desired output
impedance for the capacitive device.

18. The capacitive device of claim 11 wherein the positive output terminal is coupled to each
electrode of the first electrode assembly at multiple coupling locations and wherein the negative
‘output terminal 1s coupled to each electrode of the second electrode assembly at multiple
coupling locations.

19. The capacitivé device of claim 18 wherein the number of coupling locations for the

positive and negative output terminals contributes to achieving a desired output impedance for

the capacitive device.
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20. The capacitive device of cl'aim'19 '\Wherein the geometry of at least one of the coUpligg
locations for the posi_tive. and negative output terminals contributes to achieving a desired output
impedance for the capacitive device.

21. The capacitivé device of claim 1 wherein the first .electrode assembly includes an input
side and an output side, and whercin the positive input terminal 1s coupled to the first electrode
ass*embly on the inpui side of the first electrode assembly and the positive output terminal is
coupled to the first electrode assembly on the outptit side of the first electrode assembly. '

22. The capacitive device of claim 21 wherein the distance bétween a coupling location of
the positive input terminal and a coupling location of the. positive output termin_al 1s at least equal
to or greater than half the distance between opposite edges of the input side and output side of
the first electrode assembly.

23. The capacitive device of claim 21 wherein the second electrode assembly includes an
input side and an dutput side, and wherein the negative input terminal 1s coupled to the second
electrode assembly on the input side of the second electrode assembly and the negative output

terminal is coupled to the second electrode assembly on the output side of the second electrode

assembly.

24. The capacitive device of claim 23 wherein the distance between a coupling location of
the negative input ierminal and a coupling location of the negative output termihal 1s at least
equal to or greater than half the distance between opposite edges of the input side and output side
of the second electrode assembly.

25. The capacitive device of claim 1 wherein the sécond electrbdé assembly includes an input
side and an output Side, and wherein the negative input terminal 1s coupled to the second

electrode assembly on the input side of the second electrode assembly and the negative output
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terminal is coupled to the second electrode assembly on the output side of the second electrode
assembly.

26. The capacitive device of claim 25 wherein the distance between a coupling location of
the negative input terminal and a coupling location of the negative output terminal 1s at least
equal to or greater than half the dist_anee between opposite edges of the 'inp.ut side and output side
of the second electrode assembly. '

27. The capacitive device of claim 1 wherein the device is formed on a substrate and wheremn
the second electrode assembly'comprises a first film electrode layer disposed above the substrate
and the first electrode assembly comprises a second film electrode layer, the deyice further
comprising a layerof film dielectric material disposed between the first film electrode ‘layer and
the second film electrode layer.

28. The device according to claim 27 further comprising at least one pair of additional layers
of a film electrode and a film dielectric material overlying the second film electrode layer.

29. The device Eaceording to claim 28 wherein each film electrode layer has an input side and
an output side. ' .

30. The device ;according.to claim 27 further comprising at least one pair of additional layers
of a ﬁlm electrode and a film dielectric matenal disposed between the first film electrode layer
and the substrate. ‘ '

31. A capacitive device formed on a substrate comprising:

a first set of terminals comprising a positive input terminal and a negative input terminal;

a second set of terminals comprising a positive output terminal and a negative output

terminal;
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a first film electrode layer disposed above the substrate and having an input side and an
output side, the input side having means for providing a cotlpling location for the negative Input
terminal, the output side having means for providing a coupling location for the negative output
terminal;

a second ﬁlm electrode layer also disposed above the substrate and having an input side
and an output side, the input side .hat/ing means for providing a coupling location for the positive
input terminal, the output side having means for previding a coupling location i‘or the positive
‘output terminal; and

a layer of ﬁlm dielectric matenal disposed between the first film electrode layer and the
second film electrode layer. -

32. The capacitive device according to claim 31 wherein the first film electrode layei' 1S
disposed above the second film electrode layer.

33. The capacitive device aecording to claim 31 wherein the second film electrode layer is
disposed above the ﬁtst film electrode layer. '

34. The capacitive device according to claim 31 further comprising a first additional pair of
layers of film electrode matenal and film dielectric material disposed above the first and second
film electrode layers, the first additional layer of film electrode material having% an i.npu-t' side and
an output side, the input side having e connection portion for providing a eoupling location for
one of the positive or negative mput terminals, the output side having a connection portion for
providing a coupling Iocation for'one of the positive or negative output terminals.

35. The capacitive device of claiin 31 wherein at least oﬁe film electrode‘lajrer has multiple
coupling locations for coupling to one of the input terminals and wherein at least one film

electrode layer has multiple coupling locations for coupling to one of the output terminals.
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36. The capacitiv:e device of claim 35 wherein the number of coupling locations for the input
terminals contribu-tes\: to achieving a desired input impedance for the capac-itive. device.

37. The capacitive device of claim 36 wherein the geometry of at least one of the coﬁpling
locations for the input..terminals. contributes to achieving a desired mput imp edance for the
capacitive device.

38. The capacitive device of claim 35 wherein the number of coupling locations for the
output terminals contributes to achieving a desired output impedance for the cépacitive device

- 39, The capacitive device of claim 38 wherein the geometry of at least one of the coupling
locations for the output terminals c‘o’nfributes to achieving a desired output impedance for the
capacitive device.

40. An electronic assembly comprising (a) an integrated circuit device having a ﬁrst-body, a
top surface of the first body and a plurality of pads coupled to circuitry within the first body and
(b) a capacitive device formed on a substrate and having a capacitive device body and a plurality
of capacitive devic;e pads extending out of the capacitive device body, the capacitive device body
including:

a first set of terminals comprising a positive input terminal and a negatiye input terminal;

a second set of terminals comprising a positive output terminal and a négative output
terminal;

a first film electrode layer disposed above the substrate and having an input side and an
output side, the mput side having means for providing a coupling location for the negative input
terminal, the outpui side having means for providing a coupling locatidn for the negative output

terminal;
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a second film electrode layer also disposed above the substrate and having an input side
and an output side, the input side having means for providing a coupling location for the positive
input terminal, the output side having means for providing a coupling location f‘or\the positive
output terminal; and .

a layer of film dielectric material disposed between the first film electrode layer and the

second film electrode layer;
wherein the positive output terminal and the negative output terminal are each coupled to

at least one of the capacitive device pads; mounted on the top surface of the integrated circuit,

CL-568544V1 - , 20
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