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Description

Background

[0001] The invention disclosed herein relates general-
ly to electronic packages and more specificallyto an elec-
tronic package with an integrated capacitor.

[0002] Electronic packages facilitate the mounting and
handling of electronic devices such as microprocessors,
video controllers and memory. Tape ball grid array pack-
ages (hereinafter referred to as TBGA packages) take
advantage of the fine line capability of flexible circuittech-
nology and offer superior wiring density and wire bond
solder pad density when compared to many other types
of electronic package constructions. However, because
of the single layer architecture in current TBGA packag-
es, power and ground distribution capability is limited
when compared with multi-layer plastic and ceramic ball
grid array packages.

[0003] Capacitors are used to decouple the system-
level power supply from individual electrical devices of
an electronic package. Decoupling of an electronic de-
vice from the power supply reduces the overall noise in
the power distribution network of the electronic package.
However, due to increases in the speed and electrical
current associated with high-speed eiectronic devices,
traditional capacitor structures do not provide adequate
performance because the inductance associated with
these types of capacitors inhibits their operation at high
speeds. Interconnect inductance in an electronic pack-
age chokes the capacitor, preventing the high-speed
transfer of electrical current to and from the capacitor.
[0004] Embedding capacitors directly intothe electron-
ic packages provides significant decoupling capacitance
with very low interconnect inductance. Furthermore, the
electrodes of the capacitor may serve as reference volt-
age planes in the electronic package for providing excel-
lent power distribution within the package. This approach
facilitates very high-speed operation of electronic devic-
es within an electronic package.

[0005] U.S.Patent4,945,399 discloses a pin grid array
package having an integrated, distributed capacitor. The
package includes a circuit having two metal layers with
a dielectric layer between them. A first one of the metal
layers includes signal traces and an electrode. A second
one of the metal layer serves as a second electrode. A
capacitor is formed in areas where the electrodes of the
first and second metal layers overlap. Pins are situated
within apertures that extend through the various layers
of the circuit, including the electrodes. The area of the
first metal layer of the circuit is divided between signal
routing and electrode regions, limiting the capeacitance
of the capacitor. A pin grid amay package of this con-
struction is expensive to manufacture. Also, due to the
pins breaching the electrode layers, this type of config-
uration reduces the available capacitance foragiven size
package.

[0006] U.S.Patent5,027,253to Lauffer et al discloses
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a multi-layer circuit package having an embedded thin
film capacitor. The package includes at least two signal
cores with each one of the cores being interconnected
toacorresponding electrode of the capacitor. Inthis man-
ner, the signal cores are capacitively coupled to each
other. The capacitor structure disclosed in this reference
does not address decoupling of the power supply from a
semiconductor device in the electronic package. Further-
more, because a ground core lies between the capacitor
and the semiconductor device, substantially long con-
ductive lead wires and conductive through holes extend-
ing through the power core are required to connect the
semiconductor device to the electrodes. The length of
these lead wires increase inductance, thereby reducing
the electrical performance improvements providedby the
capacitor.

[0007] The requirement of controlling the electrical
characteristics of electronic packages is becoming more
critical as the operating speed of electronic devices in-
creases. The inability of an electronic package to meet
the required electrical current demands of an electronic
device results in noise associated with voltage drops
within the electronic package. The use of capacitors in
electronicpackages is knowninthe artto ameliorate pow-
erand ground distribution noise in conventional electron-
ic package configurations. However, prior soiutions for
using capacitors to reduce noise in electronic packages
and prior capacitor designs have provided only limited
success for use with high-speed electronic devices in
electronic packages. Prior solutions are also limited in
their ability to cost effectively provide a low impedance
power distribution structure in TBGA cavity-down wire
bond electronic packages.

[0008] Accordingly, what is needed is a circuit assem-
bly construction that offers an economical and versatile
noise reduction solution for high-speed devices of elec-
tronic packages that overcomes the shortcomings of pre-
vious solutions.

Summary

[0009] The present invention generally provides a cir-
cuit assembly construction for controlling impedance in
an electronic package. A large scale, parallel-plate ca-
pacitor includes two electrodes separated by a dielectric
material. The electrodes serve as reference voltage
planes for the electronic package. At least one of the
electrodes is patterned such that both electrodes are ac-
cessible from a common side of the capacitor. The ca-
pacitor is positioned with a first electrode mounted adja-
cent to an interconnect circuit portion of the electronic
package. An electronic device portion of the electronic
package is electrically connected, directly or indirectly,
to one or more of the electrodes of the capacitor.

[0010] Itis preferred for only one of the two electrodes
to be pattemed. It is also preferred that the size and con-
figuration of the patterned electrode minimize the reduc-
tion in the effective capacitance of the capacitor and pro-
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vide for a short interconnect distance between the con-
ductive trace layer of the circuit and the second one of
the two electrodes. By maintaining a short interconnect
distance, the associated inductance is reduced.

[0011] The capacitors are preferably thin-film paralle-
plate type capacitors. Preferred dielectric materials for
the capacitors include barium titanate, strontium titanate,
and a polymer blended with high dielectric constant par-
ticles such as barium titanate, barium strontium titanate,
titanium oxide, lead zirconium titanate and tantalum ox-
ide. The capacitance of a typical thin film, parallel-plate
capacitor is from about 1 nF/sq. cm. to about 100 nF/sq.
cm.

[0012] The interconnect circuits are preferably tape
ball grid array circuits having flexible dielectric substrate
layers. Preferred dielectric substrates for the intercon-
nect circuits include polyimide and polyester films.
[0013] Inone embodiment of the present invention, an
electronic package includes aconductive trace layer hav-
ing a first side and a second side. The conductive trace
layer is patterned to define a plurality of interconnect
pads. A dielectric layer is mounted on the first side of the
conductive trace layer. A capacitor including a first con-
ductive layer, a second conductive layer and a layer of
dielectric material disposed therebetween is mounted
with the first conduciive iayer on the second side of the
conductive trace layer. A plurality of interconnect regions
extend through the first conductive layer and the dielec-
tric material layer of the capacitor. Interconnectmembers
are connected between each one of the conductive lay-
ers of the capacitor and a corresponding set of the inter-
connect pads. The first conductive layer of the capacitor
is electrically connected to a first set of the interconnect
pads and the second conductive layer of the capacitor is
electrically connected to a second set of the interconnect
pads. The interconnect members corresponding to the
second set of interconnect pads extend through one of
the interconnect regions.

[0014] Another embodiment of the present invention
provides an electronic package including a conductive
trace layer having a first side and a second side. The
conductive trace layer is patterned to define a plurality
of interconnect pads. A flexible dielectric substrate is
mounted on the first side of the conductive trace layer.
A flexible capacitor including a first conductive layer, a
second conductive layer and a layer of dielectric material
disposed therebetween is mounted with the first conduc-
tive layeron the second side of the conductivetrace layer.
A plurality of interconnect regions extend through the first
conductive layer and the dielectric material layer of the
capacitor. Interconnect members are connected be-
tween each one of the conductive layers of the capacitor
and a corresponding set of the interconnect pads. The
first conductive layer of the capacitor is electrically con-
nected to afirst set of the interconnect pads and the sec-
ond conductive layer of the capacitor is electrically con-
nected to a second set of the interconnect pads. The
interconnect members corresponding to the second set

10

15

25

30

35

40

45

55

of interconnect pads extend through one of the intercon-
nect regions. An aperture extends through the dielectric
substrate adjacent to each one of the interconnect pads.
A stiffening member is mounted adjacent to the second
conductive layer of the capacitor. A device receiving re-
gion is formed through the dielectric substrate, the con-
ductive trace layer and the capacitor.

[0015] The following terms have the following mean-
ings when used herein:

1. The term "large scale capacitor” refers to a capac-
itor that circumscribes a significant portion of the ar-
ea of the conductive trace layer.

2. The term "thin film capacitor” refers to a capacitor
including electrodes having a thickness of less than
100 micrometres and a dielectric layer 20 microme-
tres or less.

3. The term "interconnect circuit” refers to a circuit
for routing power, ground and/or information signals
of an electronic device to a next level of packaging
in an electronic system or apparatus.

4. The term "interconnect inductance” refers to in-
ductance associated with the type of interconnect
structure and length of the interconnect structure be-
tween the interconnect circuit and an electronic de-
vice in an eiectronic package.

5. The term "interconnect region"” refers to an open-
ing formed through a first conductive layer and a di-
electric layer of a capacitor. A plurality of electrical
interconnects, such as electrical connections be-
tween solderball pads and a second conductive layer
of the capacitor, can be made through an intercon-
nect region.

Brief Description of the Drawings

[0016]

Figure 1 is a plan view diagrammatically illustrating
an embodiment of a thin-film, parallel plate type of
capagitor.

Figure 2 is a cross-sectional view taken along the
line 2-2 in Figure 1.

Figure 3 is a cross-sectional view illustrating an em-
bodiment of a package including an electronic device
connected to a thin-film, parallel plate capacitor
through a conductive trace layer of an interconnect
circuit.

Figure 4 is a plan view diagrammatically illustrating
an embodiment of the solder ball assignments rela-
tive to the interconnect regions of a capacitor.
Figure 5 is a cross-sectional view illustrating an em-
bodiment of an electronic package including an elec-
tronic device electrically connected directly to a ca-
pacitor.

Figure 6 is a cross-sectional view illustrating an em-
bodiment of an electronic package including an elec-
tronic device electrically connected directly to & ca-
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pacitor and to a stiffener.

Detailed Description of the Drawings

[0017] An embodiment of a large scale capacitor 10,
according to the present invention, is illustrated in Figs.
1 and 2. As defined above, the capacitor 10 is preferably
a thin-film, parallel-plate capacitor. The capacitor 10 in-
cludes a first conductive layer 11, a second conductive
layer 12 and a dielectric layer 13, Fig. 2, disposed be-
tween the first and the second conductive layers 11, 12.
The dielectric layer 13 has a thickness of from 0. 5 pm
to 30 um.

[0018] The first conductive layer 11 and the dielectric
layer 13 are patterned to define a plurality of first elec-
trodes 14. The patterning of the first conductive layer 11
and the dielectric layer 13 defines a plurality of openings
forinterconnects hereinafter first interconnect regions 17
and a second interconnect region 18. In other embodi-
ments, the first conductive layer 11 may be patterned
such that each one of the first electrodes 14 is electrically
connected to each adjacent first electrode 14 by a con-
ductive strip formed between adjacentelectrodes 14. The
second conductive layer 12 is preferably non-patterned
and defines a second electrode 16. A device receiving
region 20 is formed through the first conductive iayer i1,
the second conductive layer 12 and the dielectric layer
13. Each one of the first interconnect regions 17 is posi-
tioned between two adjacent first electrodes 14 and the
second interconnect region 18 extends around a perim-
eter of the device receiving region 20.

[0019] it is a key aspect of the present invention that
the first conductive layer 11 and the dielectric layer 13
are patterned to permit access to the second electrode
16 and first electrodes 14 from a common side of the
capacitor 10. By limiting the size and controlling the lo-
cation of the patterned portions of the first electrodes 14,
the reduction in the effective capacitance of the capacitor
10 can be minimized. The first conductive layer 11 and
the dielectric layer 13 may be patterned using a known
process such as etching or laser ablation. The device
receiving region 20 may be formed by a known process
such as punching, laser cutting or the like.

[0020] An embodiment of an electronic package 21,
such as a TBGA cavity-down wire bond package, is il-
lustrated in Fig. 3. The electronic package 21 provides a
flexible interconnect circuit 22 including a conductive
trace layer 24 having a dielectric layer 26 mounted on a
first side 24a of the conductive trace layer 24. A first ad-
hesive layer 28 is used to attach the capacitor 10, dis-
cussed above, to a second side 24b of the conductive
trace layer 24. The first adhesive layer 28 is made of an
electrically insulating adhesive. A second adhesive layer
30 is used to attach a stiffening member 32 to the capac-
itor 10. A third adhesive layer 33 is used to attach an
electronic device 36, such as a microprocessor, to the
stiffening member 32. In the case where it is desirable
to maintain the stiffening member 32 and the second
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electrode 16 at the same voltage, the second adhesive
layer 30 may be made from an electrically conductive
adhesive material. In the case where it is desirable to
maintain the stiffening member 32 and the second elec-
trode 16 at different voltages, the second adhesive layer
30ismade from a non-conductive adhesive material. The
third adhesive layer 33 may be made of a conductive
material to assist in preventing damage of the electronic
device 36 by electrostatic discharge.

[0021] The conductive trace layer 24 of the flexible in-
terconnect circuit 22 is typically patterned to include a
plurality of traces 34 for routing power and signals
throughtheflexible interconnect circuit 22, The electronic
device 36 includes a plurality of wire bonding pads 36a.
Each trace 34 includes a bonding pad 34a, such as a
wire bond pad, and an interconnect pad 34b, such has
a solderball pad. A wire 38 is connected between each
bonding pad 34a and a corresponding one of the bonding
pads 36a of the electronic device 36.

[0022] Each one of the first electrodes 14 and the sec-
ond electrodes 16 are connected to a corresponding one
of the traces 34 by a respective interconnect member 42,
such as a solder plug. Each interconnect member 42
extends through the first adhesive layer 28 between a
respective trace 34 and a corresponding one of the elec-
frodes i4, 16 of the capaciior 10. Each interconnect
member 42 that is connected between the second elec-
trode 16 and the corresponding trace is positioned in the
first or the second interconnect regions 17, 18. The pat-
temed configuration of the capacitor 10 provides a short
electrical path between the second electrode 16 and the
corresponding trace or traces 34, reducing the imped-
ance exhibited by the electronic package 21. It is pre-
ferred that each interconnect member 42 is made of a
high melt temperature solder such as solder comprising
approximately 90% Tin and approximately 10% Lead.
[0023] A suitable non-conductive adhesive for the first
adhesive layer 28 and the second adhesive layer 30 has
been found to be a polyimide-based adhesive film sold
by DuPont under the tradename KJ. A suitable material
forthe dielectriclayer 26 hasbeen found to be a polyimide
film such as that sold by DuPont under the tradename
KAPTON E. Various conductive adhesives are commer-
cially available. Although the materials delineated above
are suitable, it is contemplated that numerous other ma-
terials suitable for the various dielectric substrates and
adhesive layers are commercially available.

[0024] Referring now to Figs. 3 and 4, a first set of the
interconnect pads 34b is aligned with the first intercon-
nect regions 17. A second set of the interconnect pads
34b is aligned with one of the first electrodes 14. The
close proximity of the first electrodes 14 and the second
electrode 16, with respect to the corresponding intercon-
nect pads 34b, is preferred to provide a relatively short
interconnect length, contributing to reduced inductance.
The first and the second sets of the interconnect pads
34b are designated for routing reference voitages to the
electronic device 36. A third set of the interconnect pads
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34b, designated for routing of signals to and from the
electronic device 38, is not limited to placement with re-
spect to the electrodes 14, 16 or the interconnect regions
17, 18 of the capacitor 10.

[0025] Another embodiment of an electronic package
121, including a capacitor 110, is illustrated in Fig. 5. The
capacitor 110 includes a first electrode 114 and a second
electrode 116. The electronic package 121 includes an
electronic device 136 having a plurality of bonding pads
136a that are electrically connected directly to the first
electrode 114 and to the second electrode 116 by a plu-
rality of wires 138. The first electrode 114 is maintained
at a different voltage from the second electrode 116. In
this configuration, the first and the second electrodes
114, 116 serve as reference voltage planes for the elec-
tronic device 136.

[0026] A further embodiment of an electronic package
221 including a capacitor 210 is illustrated in Fig. 6. The
capacitor 210 includes a first electrode 214 and a second
electrode 216. In this embodiment, the second electrode
216 is electrically connected to stiffening member 232
by a conductive adhesive layer 230. The electronic pack-
age 221 includes an electronic device 236 having a plu-
rality of bonding pads 236a that are electrically connected
directly to the first electrode 214 and to the stiffening
member 232 by a piuraiity of wires 238. Thefirst eiecirode
214 is maintained at a different voltage from the second
electrode 216 and the stiffening member 232. inthis con-
figuration, the first electrode 214 and the stiffening mem-
ber 232 serve as reference voltage planes for the elec-
tronic device 236.

[0027] The capacitance of the capacitor needs to be
matched to the frequency, voltage and current specifica-
tions of the electronic device attached to the capacitor.
Furthermore, an electronic package according to the
present invention must include a capacitor having a ca-
pacitance high enough to supply sufficient current to the
electronic device. The capacitance of a capacitor is in-
fluenced by variables such as the overlapping area of
the electrodes, the thickness of the dielectric material,
and the dielectric constant of the dielectric material.
These attributes can be tailored to provide a desired ca-
pacitance for a given electronic device and package con-
struction.

[0028] Electronic packages constructedin accordance
with the present invention exhibit highly controlled ca-
pacitive coupling. The highly controlled capacitive cou-
pling pemits the assignment of power and ground inter-
connects to be based on the patterning of the first elec-
trode rather than other design regquirements with only
negligible loss of electrical performance.

[0029] In TBGA cavity-down electronic packages ac-
cording to the present invention, the capacitor is posi-
tioned between the interconnect circuit and the stiffener.
In this configuration, the electrodes and dielectric mate-
rial of the capacitor are not breached by through-holes
required for routing electrical interconnections from the
electronic device to board level interconnect compo-
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nents. The elimination of these types of discontinuities
in the electrodes and dielectric layer significantly increas-
es the effective capacitance of the capacitor.

[0030] Electronic packages according to the present
invention include several features that provide several
advantages in end use applications. The effective area
of the capacitor is maximized by patterning only one of
the conductive layers. The capacitance is directly pro-
portional to the common area of both electrodes such
that maximizing the effective area of the capacitor con-
tributes to maximizing the capacitance. The highly con-
trolled capacitive coupling between the electrodes reduc-
es the impedance of the power and ground distribution
in the package. The return currents to and from the elec-
tronic device are able to travel on both of the conductive
layers of the capacitor. The electrodes may be used for
providing power distribution for the electronic package
by serving as reference voltage planes. The power and
ground inputs of the electronic device may be intercon-
nected directly to the corresponding electrodes of the
capacitor rather than through the trace layer of the inter-
connect circuit. An electronic package employing a ca-
pacitor having a construction disclosed herein and con-
nected in & manner disclosed herein exhibits superior
interconnect impedance characteristics, reducing noise
in the package.

Detailed Description of Capacitor Fabrication Process

[0031] A copper foil, or other conductive substrate,
which may have material present on its surface such as
an organic anti-corrosion agent (for example, a benzot-
riazole derivative) and residual oils from the rolling proc-
ess, preferably, has a thickness of less than 100 mi-
crometres. The copperfoil is subjected to a surface treat-
ment, for example, to ensure good adhesion between
the dielectric layer and layers of copper foil. Removal can
be effected by, forexample, treatingthe foil with an argon-
oxygen plasma, an air corona, or a wet chemical treat-
ment can be used as is well understood in the art. Par-
ticulates adhering to both sides of the foil can be removed
using, for example, an ultrasonic/vacuum web cleaning
device commercially available from Web Systems Inc.,
under the trade designation "Ultracleaner®. Preferably,
the copper foil is not scratched, dented, or bent during
this surface treatment step as such surface irregularities
may cause coating problems and/or defects. Non-uni-
form coating may adversely affect the capacitance of the
capacitor, and may result in short circuits between the
conductive layers.

[0032] A blend of dielectric material may be prepared
by providing a resin such as epoxy, optionally including
dielectric or insulting particles such as barium titanate,
and optionally including a catalyst for the epoxy. Ab-
sorbed water or residual materials on the particles; e.g.,
carbonates resulting from the manufacturing process can
be removed from the surface of the particles before use
by heating the particles in air at a particular temperature
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for a period of time, for example, 350°C for 15 hours.
After heating, the particles may be stored in a dessicator
prior to use in the blend.

[0033] Theblendofbariumtitanate particles and epoxy
may be prepared by mixing together barium titanate, a
solvent solution of epoxies, e.g. ketone, and a dispersing
agent. Typically, a high shear rotor-stator mixer (6000
rpm) with a waterfice bath is used. Conventional ball-
milling is another exemplary method. The blend is al-
lowed to sit undisturbed allowing agglomerates to settle
to the bottom of the container. The settling is allowed to
occur forabout 12 hours ormore. Alternatively, the blend
can befiltered through a coarse filter, for example, which
has a mesh size about ten times the mesh size used in
the final filtration step. As a final filtration step, the blend
is then filtered, for example, through a stainless steel
mesh filter or equivalent having a mesh size of from 2
micrometers (wm)to 5 um. The filtered blend is analyzed
for percent solids and barium titanate/epoxy ratio. The
desired composition is obtained by adding additional fil-
tered solvent and/or epoxy as necessary. The blend may
be coated in a solvent system or solvent may be omitted
if the organic binder is a liquid with sufficiently low vis-
cosity to enable coating.

[0034] The blend may contain additives such as a dis-
persant, preferably an anionic dispeisarnt when an elec-
trically insulating layer is desired, and solvents. Exam-
ples of dispersants include a copolymer of polyester and
polyamine commercially available from ICl Americas, un-
der the trade designation "Hypemmeer PS3". Examples
of solvents include methyl ethyl ketone and methyl iso-
butyl ketone, both of which are commercially available
from Aldrich Chemical, Milwaukee, W!. In the preferred
system, other additives are not required however, addi-
tional components such as agents to change viscosity or
to produce a level coating can be used.

[0035] A catalyst or curing agent may be added to the
blend. If a catalyst or curing agent is used, the catalyst
or curing agent can be added before the coating step.
Preferably, the catalyst or curing agent is added just be-
fore the coating step.

[0036] Useful catalysts include amines and imida-
zoles. If particles having a basic surface, i.e., having a
pH of greater than 7, are not present, then exemplary
catalysts can include those producing acidic species, i.e.,
having a pH of less than 7, such as sulfonium salts. A
commercially available catalyst is 2, 4, 6-tris(dimethy!-
aminomethyl) phenol commercially available from
Aldrich Chemical, Milwaukee, WI. Typically, a catalyst is
used in an amount ranging from 0.5% to 8% by weight,
preferably 0.5% to 1.5%, based on the weight of resin is
preferably 0.5% to 1%.

[0037] Exemplary curing agents include polyamines,
polyamides, polyphenols and derivatives thereof. Acom-
mercially available curing agent is 1,3-phenylenedi-
amine, commercially available from E. |. DuPont de Ne-
mours Company, Wilmington, DE. Typically, a curing
agent is used in an amount ranging from 10% to 100%
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by weight, preferably from 10% to 50% by weight, based
on the weight of resin.

[0038] The cleaned copper foil is coated with the blend
using any suitable method, for example, a gravure coater
to form a coated substrate. Preferably, the coating step
is performed in a cleanroom to minimize contamination.
The dry thickness depends on the percent solids in the
blend, the relative speeds of the gravure roll and the coat-
ing substrate, and on the cell volume of the gravure used.
Typically, to achieve a dry thickness in the range of from
0.5 um to 2 pm, the percent solids are in the range of
from 20% to 60% by weight. The coating is dried to &
tack-free state in the oven of the coater at an average
temperature of less than about 100°C. Preferably the
coating is dried in stages, starting with a temperature of
about 30°C and ending with a temperature of about
100°C, and then wound onto a roll. Higher final drying
temperatures, e.g., up to about 200°C can be used, but
are not required. Generally, very little cross-linking oc-
curs during the drying step; its purpose is primarily to
remove as much solvent as possible. Retained solvent
may lead to blocking (i.e., unwanted interlayer adhesion)
when the coating is stored on a roll and to poor adhesion.
Once the blend is dried, the coating includes the conduc-
tive substrate with a dielectric layer formed thereon.
{0635] Technigues io avoid defects inciude in-iine fii-
tration and deaeration of the coating mixture. In addition,
itis preferable, if a resin requiring curing is used, that at
least one of the electrically insulating or electrical con-
ducting layers is partially cured, preferably in air, before
laminating two substrates coated with an electrically in-
sulating layer,. In particular, adhesion of the substrate
may be improved by heat treating the coating before lam-
ination. The time for heat treatment is preferably short,
generally less than about 10 minutes, particularly at high-
er temperatures.

[0040] Lamination is preferably carried out using two
of the coated substrates described above. One of the
coated substrates may go through an oven before reach-
ing the laminator, for example, at a temperature ranging
from about 150°C to about 180°C for from about 2 min-
utes to about 10 minutes. This preliminary heating step
can be done on one or both of the coated substrates.
Preferably, the electrically insulating layer should not
touch anything during lamination and lamination should
be done in a cleanroom.

[0041] To make a capacitor according to the present
invention, the coated substrates are laminated, dielectric
layer to dielectric layer, using a laminator with two nip
rollers heated to atemperature ranging from about 160°C
to about 200°C, preferably about 150°C. Suitable air
pressure is supplied to the laminator rolls, preferably at
a pressure ranging from 34 kPa to 280 kPa (5 psi to 40
psi), preferably 100 kPa (15 psi). The roller speed can
be set at any suitable value and preferably ranges from
about 0.5 to 1.5 cm/second (12 to about 36 inches/
minute), more preferably 0.64 cm/second (15 inches/
minute). This process can be conducted in a batch mode
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as well.

[0042] The laminated substrate can be cut into sheets
of the desired length orwound onto a suitable core. Once
lamination is complete, the preferred cleanroom facilities
are not longer required.

[0043] When the resin requires curing, the laminated
material is then cured. Exemplary curing temperatures
include temperatures ranging from about 140°C to about
200°C, preferably from about 140°C to about 170°C, and
exemplary curing times include a period ranging from
about 60 minutes to about 150 minutes, preferably from
about 60 minutes to about 100 minutes.

[0044] Adhesion of the dielectric layer to the conduc-
tive substrate may be enhanced if the conductive sub-
strate is sufficiently soft at the time of coating orbecomes
soft during lamination and/or cure; 1.e., the copper foil is
annealed before coating or becomes annealed during
subsequent processing. Annealing may be accom-
plished by heating the conductive substrate before the
coating step, or as a result of the curing or drying step,
if the substrate annea! temperature is at or lower than
the cure temperature of the resin. Itis preferredto use a
conductive substrate with an anneal temperature below
the temperature at which curing or drying and lamination
occur. Annealing conditions will vary depending on the
conductive substiate usea. Preferably, inihe case of cop-
per, at either of these stages in the process, the conduc-
tive substrate obtains a Vickers hardness, usinga 10 g
load, of less than about 75 kg/mm2. A preferred temper-
ature range for copper to achieve this hardness ranges
from about 100°C to about 180°C, more preferably from
about 120°C to about 160°C.

[0045] Capacitors according to the present invention
are excised from the laminated substrate using any suit-
able process such as punching or laser cutting. Option-
ally, one or both of the conductive layers and/or the die-
lectric layer may be patterned to form discrete electrodes
and interconnect regions. Any suitable patteming tech-
nique known in the art may be employed to pattern the
various layers of the capacitor. For example, patterning
of the conductive layers and the dielectric layer may be
performed by photolithography and/or by laser ablation
as is well known in the art.

{0046] Photolithography may be performed by apply-
ing a photoresist to one or both of the conductive layers,
which is then exposed and developed to form a pattern
of concealed and exposed areas on the corresponding
layers. If the capacitor is then exposed to an etching so-
lution, selected areas and layers of the capacitor can be
removed. A stripping agent such as potassium hydroxide
is then employed to remove the remaining areas of pho-
toresist. This process allows areas and layers of the ca-
pacitor to be removed that are not desired.

[0047] Laser ablation may be performed by using a
laser to selectively thermally remove material, such as
the dielectric layer, from the capacitor. Photolithography
and laser ablation may be used in combination.

[0048] The electrical perfomance exhibited by elec-

15

25

35

40

45

55

tronic packages according to the present invention is
greatly improved over previous constructions. Complex
patterning of the conductive trace layers and the dielec-
tric layer of the capacitor is not required for permitting
the interconnect pads of the interconnect circuit to be
electrically connected with the conductive layers of the
capacitor. The signal traces in these packages are kept
close to the electrodes such that the inductance of the
signal traces is controlled. Furthermore, the present in-
vention also provides a relatively high capacitance be-
tween adjacent electrodes of the capacitor and a rela-
tively low capacitance between the signal traces and the
adjacent electrodes of the capacitor. The capacitance
and inductance characteristics resuit in relatively low im-
pedance, allowing the return current in electronic pack-
ages according to the present invention to be effectively
passed on either of the conductive layers of the capacitor.

Claims
1. An electronic package, comprising

- aconductive trace layer (24) having a first side
(24a) and a second side (24b), the conductive
trace iayer being paiterned to define a piuraiity
of interconnect pads (34b),

- a dielectric layer (26) mounted on the first side
of the conductive trace layer,

- acapacitor (10) including a first conductive lay-
er (14), a second conductive layer (16) and a
layer (18) of dielectric material disposed be-
tweenthefirstandthe second conductive layers,
the firstconductive layer mounted onthe second
side of the conductive trace layer,

- a plurality of openings (17,18) for intercon-
nects, the openings extending through the first
conductive layer and the dielectric material layer
of the capacitor, and

- interconnect members (42) connected be-
tween each one of the conductive layers of the
capacitor and a corresponding set of the inter-
connect pads, the first conductive layer of the
capacitor being electrically connected to a first
setofthe interconnect pads andthe second con-
ductive layer of the capacitor being electrically
connected to a second set of the interconnect
pads, the interconnect members corresponding
tothe second set of interconnect pads extending
through one of the openings for interconnects.

2. The electronic package of claim 1 further comprising
an electrically conductive stiffening member (32)
supporting the second conductive layer of the ca-
pacitor and a device receiving region (20) extending
through the dielectric layer, the conductive trace lay-
erand the capacitor, and further comprising an elec-
tronic device (36) mounted in the device receiving
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region on the stiffening member.

The electronic package of claim 2 wherein the elec-
tronic device includes a plurality of bonding pads
(36a), and further comprises a first wire (38) electri-
cally connected between a first one of the bonding
pads and the first conductive layer of the capacitor,
and a second wire (38) electrically connected be-
tween a second one of the bonding pads and at least
one of the second conductive layer of the capacitor
and the stiffening member.

The electronic package of claim 3 further comprising
an electrically conductive adhesive disposed be-
tween the second conductive layer of the capacitor
and the stiffening member.

The electronic package of any one of claims 1 to 4
wherein the dielectric material of the capacitor has
a thickness from 5 pm to 30 pm.

The electronic package of any one of claims 1to0 5
wherein the dielectric material is made of a non-con-
ductive polymerblended with high dielectric constant
particles, the high dielectric constant particles having
been formed from a material selected froimi the group
consisting of barium titanate, barium strontium titan-
ate, titanium oxide, lead zirconium titanate and tan-

talum oxide.

The electronic package of any one of claims 1 to 6
wherein the dielectric layer includes a plurality of ap-
ertures, each one of the apertures being positioned
adjacent to one of the interconnect regions of the
capacitor.

The electronic package of any one of claims 1to 7
wherein the dielectric layer includes a polyimide film.

The electronic package of any one of claims 1to 8
wherein the interconnect members are solder plugs.

The electronic package of any one of claims 1 to 9
wherein each interconnect pad is a solderball pad.

An electronic package according to claim 1, wherein
the dielectric layer is a flexible dielectric layer, and
wherein the capacitor is a flexible capacitor, the
package further comprising

- an aperture extending through the dielectric
layer adjacent to each one of the interconnect
pads,

- a stiffening member mounted adjacent to the
second conductive layer of the capacitor, and

- a device receiving region formed through the
dielectric layer, the conductive trace layer and
the capacitor.
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Patentanspriiche

1.

Elektronikgeh&use, mit

-einerleitenden Leiterbahnschicht (24) mit einer
ersten Seite (24a) und einer zweiten Seite (24b),
wobei die leitende Leiterbahnschicht derart
strukturiert ist, dass mehrere Interconnect-Pads
(34b) abgegrenzt werden,

- einer dielektrischen Schicht (26), die auf der
ersten Seite der leitenden Leiterbahnschicht an-
gebracht ist,

- einem Kondensator (10) mit einer ersten lei-
tenden Schicht (14), einer zweiten leitenden
Schicht (16) und einer Schicht (13) aus dielek-
trischem Material, die zwischen der ersten und
der zweiten leitenden Schicht angebracht ist,
und wobei die erste leitende Schicht auf der
zweiten Seite der leitenden L eiterbahnschicht
angebracht ist,

- mehreren Offnungen (17, 18) fir Intercon-
nects, wobei sich die Offnungen durch die erste
leitende Schicht und die Schicht aus dielektri-
schem Material des Kondensators erstrecken,
und

- interconnect-ciementien (42), die zwiscnen je-
der der leitenden Schichten des Kondensators
und einer entsprechenden Menge der Intercon-
nect-Pads verbunden sind, wobei die erste lei-
tende Schicht des Kondensators elektrisch mit
einer ersten Menge der Interconnect-Pads ver-
bunden ist und die zweite leitende Schicht des
Kondensators elektrisch mit einer zweiten Men-
ge der Interconnect-Pads verbunden ist, wobei
die Interconnect-Elemente der zweiten Menge
an Interconnect-Pads entsprechen, die sich
durch eine der Offnungen fiir Interconnects er-
strekken.

2. Elektronikgehduse nach Anspruch 1, ferner mit ei-

nem elektrisch leitenden Versteifungselement (32),
das die zweite leitende Schicht des Kondensators
unterstiitzt, und einem Vorrichtungs-empfangenden
Bereich (20), der sich durch die dielektrische
Schicht, die leitende Leiterbahnschicht und den Kon-
densator erstreckt, und ferner mit einer Elektronik-
vorrichtung (36), die in dem Vorrichtungs-empfan-
genden Bereich auf dem Versteifungselement an-
gebracht ist.

Elektronikgehause nach Anspruch 2, wobei die Elek-
tronikvorrichtung mehrere Bond-Pads (36a) auf-
weist, und femer einen ersten Draht (38), der elek-
trisch zwischen einem ersten der Bond-Pads und
der ersten leitenden Schicht des Kondensators ver-
bunden ist, und einen zweiten Draht (38), der elek-
trisch zwischen einem zweiten der Bond-Pads und
mindestens einer der zweiten leitenden Schicht des
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Kondensators und dem Versteifungselement ver-
bunden ist, aufweist.

Elektronikgehéuse nach Anspruch 3, das ferner ein
elektrisch leitendes Haftmittel, das zwischen der
zweiten leitenden Schicht des Kondensators und
dem Versteifungselement angebracht ist, aufweist.

Elektronikgehause nach einem der Anspriiche 1 bis
4, wobel das dielektrische Material des Kondensa-
tors eine Dicke von 5um bis 30um aufweist.

Elektronikgeh&use nach einem der Anspriiche 1 bis
5, wobei das dielektrische Material aus einem nicht
leitfahigen Polymer besteht, das mit HDK-Partikeln
vermischtist, wobei die HDK-Partikel aus einem Ma-
terial aus der Gruppe Bariumtitanat, Bariumstronti-
umtitanat, Titanoxid, Bleizirconiumtitanat und Tan-
taloxid gebildet sind.

Elektronikgeh&use nach einem der Anspriiche 1 bis
6, wobei die dielektrische Schicht mehrere Offnun-
gen aufweist, die sich jeweils neben einer der Inter-
connect-Bereiche des Kondensators befinden.

Eiekironikgenéuse nach einem der Anspriiche i bis
7, wobei die dielektrische Schicht eine Polyimidfolie
aufweist.

Elektronikgeh&use nach einem der Anspriiche 1 bis
8, wobei die Interconnect-Elemente Létzapfen sind.

Elektronikgeh#use nach einem der Anspriiche 1 bis
9, wobei jedes Interconnect-Pad ein Létkugel-Pad
ist.

Elektronikgeh3use nach Anspruch 1, wobei die di-
elektrische Schicht eine flexible dielektrische
Schicht ist, und wobei der Kondensator ein flexibler
Kondensator ist, das Gehause ferner aufweisend

- eine Offnung, die sich durch die dielektrische
Schicht neben jedem der Interconnect-Pads er-
streckt,

- ein Versteifungselement, das neben der zwei-
ten leitenden Schicht des Kondensators ange-
bracht ist, und

- einen Vorrichtungs-empfangenden Bereich,
dermittels der dielektrischen Schicht, der leiten-
den Leitschicht und dem Kondensator gebildet
wird.

Revendications

1.

Boitier électronique, comprenant

- une couche de trace conductrice (24) ayant un
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4.

premier cté (24a) et un second coté (24b), la
couche de trace conductrice étant modelée pour
définirune pluralité de pastilles d'interconnexion
(34b),

- une couche diélectrique (26) montée surle pre-
mier cbté de la couche de trace conductrice,
-uncondensateur (10) comprenant une premié-
re couche conductrice (14), une seconde cou-
che conductrice (16) et une couche (13) de ma-
tériau diélectrique disposée entre la premiére et
la seconde couches conductrices, la premiére
couche conductrice étant montée sur le second
cété de la couche de trace conductrice,

- une pluralité d'ouvertures (17, 18) pour des
interconnexions, les ouvertures s’étendantatra-
vers |la premigre couche conductrice et la cou-
che de matériau diélectrique du condensateur,
et

- des éléments d'interconnexion (42) connectés
entre chacune des couches conductrices du
condensateur et un jeu correspondant des pas-
tilles d'interconnexion, la premiére couche con-
ductrice du condensateur étant électriquement
connectée & un premier jeu des pastilles d'inter-
connexion et la seconde couche conductrice du
condensateur éiant éiectriquement conneciée
& un second jeu des pastilles d’interconnexion,
les éléments d'interconnexion correspondant
au second jeu des pastilles d'interconnexion
s’étendant a travers une des ouvertures pour
des interconnexions.

Boitier électronique selon la revendication 1 com-
prenant en outre un élément de raidissement élec-
triquement conducteur (32) soutenant la seconde
couche conductrice du condensateur et une région
de réception de dispositif (20) s’étendant & travers
la couche diélectrique, la couche de trace conduc-
trice et le condensateur, et comprenant en outre un
dispositif électronique (36) monté dans la région de
réception de dispositif sur 'élément de raidissement.

Boitier électronique selon la revendication 2 dans
lequel le dispositif électronique comprend une plu-
ralité de pastilles de connexion (36a), et comprend
en outre un premier cable (38) électriquement con-
necté entre une premiére pastille parmi les pastilles
de connexion et la premiére couche conductrice du
condensateur, et un second cable (38) électrique-
ment connecté entre une seconde pastille parmiles
pastilles de connexion et au moins un panmi la se-
conde couche conductrice du condensateur et 'élé-
ment de raidissement.

Boftier électronique selon la revendication 3 com-
prenant en outre un adhésif électriquement conduc-
teur disposé entre la seconde couche conductrice
du condensateur et 'élément de raidissement.
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Boitier électronique selon 'une quelconque des re-
vendications 1 & 4 dans lequel le matériau diélectri-
que du condensateur a une épaisseur de 5 pm & 30
pim.

Boitier électronique selon I'une quelconque des re-
vendications 1 & 5 dans lequel le matériau diélectri-
que est fait d’'un polymére non conducteur melangé
a des particules & constante diélectrique élevée, les
particules a constante diélectrique élevée ayant été
formées & partir d’'un matériau choisi parmi le groupe
consistant en du titanate de baryum, du titanate de
strontium baryum, de 'oxyde de titane, du titanate
de zirconium plomb et de l'oxyde de tantale.

Boitier électronique selon 'une quelconque des re-
vendications 1 4 6 dans lequel la couche diélectrique
comprend une pluralité d’ouvertures, chacune des
ouvertures étant positionnée adjacente & une des
régions d'interconnexion du condensateur.

Boitier électronique selon I'une quelconque des re-
vendications 1 & 7 dans lequel la couche diélectrique
comprend un film de polyimide.

Boitier éiectronique seion i'une queiconque des re-
vendications 1 & 8 dans lequel les éléments d'inter-
connexion sont des bouchons de soudure.

Boitier électronique selon I'une quelconque des re-
vendications 1 & 9 dans lequel chaque pastille d'in-
terconnexion est une pastille de bille de soudure.

Boitier électronique selon la revendication 1 dans
leque! la couche diélectrique est une couche diélec-
trique flexible, et dans lequel le condensateur est un
condensateur flexible, le boitier comprenant en
outre :

- Une ouverture s’étendant & travers la couche
diélectrique adjacente a chacune des pastilles
d’interconnexion,

- un élément de raidissement monté adjacent a
la seconde couche conductrice du condensa-
teur, et

- une région de réception de dispositif formée a
travers la couche diélectrique, la couche de tra-
ce conductrice et le condensateur.
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