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(57) ABSTRACT

A flip chip assembly is disclosed that includes a die with die
circuitry and a plurality of electrical contacts electrically
connected to the die circuitry. A substrate includes electrical
contacts that are juxtaposed with and electrically connected
to corresponding die electrical contacts. A passive compo-
nent is disposed between the die and the substrate, and
includes a dielectric disposed between a first electrode and
a second electrode. The first electrode is electrically con-
nected to a first of the die electrical contacts and a corre-
sponding substrate electrical contact, and the second elec-
trode is electrically connected to a second of the die
electrical contacts and a corresponding substrate electrical
contact.
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FLIP CHIP ASSEMBLY WITH CONNECTED
COMPONENT

DOMESTIC PRIORITY

[0001] This application is a continuation of the legally
related U.S. application Ser. No. 14/969,765 filed Dec. 15,
2015, the contents of which are incorporated by reference
herein in their entirety.

BACKGROUND

[0002] The present invention relates to circuitry devices,
and more specifically, to devices with on-board components.
[0003] Circuitry incorporated into various integrated cir-
cuitry devices such as processor or other logic chips often
requires stable power with minimal fluctuations. Capacitors
can be used to reduce power fluctuations by storing electri-
cal charge during periods of peak voltage and releasing it
during periods of reduced voltage. Capacitors used for this
purpose are often referred to as decoupling capacitors. Other
passive components, such as resistors or inductors are also
used in conjunction with chip circuitry for various purposes.
[0004] Various approaches have been tried for decoupling
capacitors. For example, discrete capacitors can be mounted
on at various locations on chip packages with wired con-
nections to chip circuitry. Deep trench capacitors utilizing
silicon on insulator (SOI) technology can be disposed on
silicon interposers assembled under the chip. Alternatively,
deep trench capacitors utilizing SOI technology can be
embedded in the chip itself. These approaches and others
each have their respective advantages and disadvantages,
and the development of technology to address the issue of
power stabilization and other issues that can be addressed by
passive components continues to be pursued.

SUMMARY

[0005] According to an embodiment of the invention, a
method of making a flip chip assembly comprises depositing
solder bumps on a plurality of electrical contacts on a die
surface, or on a substrate surface, or on both the die surface
and substrate surface. The die electrical contacts are elec-
trically connected to die circuitry. A passive component
comprising electrodes is disposed between the die and the
substrate such that the electrodes are positioned adjacent to
solder bumps. Heat is applied to reflow the solder, and
solidifying the solder provides a connection between the
passive component electrodes and the die and substrate
electrical contacts.

[0006] In another embodiment, a method of making a flip
chip assembly comprises depositing solder bumps on a
plurality of electrical contacts on a die surface. The die
electrical contacts are electrically connected to die circuitry.
Solder bumps are deposited on a plurality of electrical
contacts on a substrate. One or more capacitors comprising
a dielectric between electrodes are disposed on the die
surface such that the electrodes are on die solder bumps.
Heat is applied to reflow the die solder bumps, and solidi-
fying the solder provides a connection between the capacitor
electrodes to the die electrical contacts. One or more con-
ductive spacers are disposed on substrate solder bumps
corresponding to die electrical contacts without a capacitor
and heat is applied heat to reflow the substrate solder bumps.
Solidifying the solder connects the conductive spacers to the
substrate electrical contacts. The die is disposed adjacent to
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the spacer such that the capacitor electrodes on the die are
adjacent to substrate solder bumps, and conductive spacers
on the substrate are adjacent to die solder bumps. Heat is
applied to reflow the solder, and solidifying the solder,
provides a connection between the capacitor electrodes and
the die and substrate electrical contacts, and a connection
between the conductive spacers and the die and substrate
electrical contacts.

[0007] In another embodiment, a flip chip assembly com-
prises a die comprising circuitry and a plurality of electrical
contacts electrically connected to the die circuitry. A sub-
strate comprises electrical contacts that are juxtaposed with
and electrically connected to corresponding die electrical
contacts. A passive component comprising first and second
electrodes is disposed between the die and the substrate. The
first electrode is electrically connected to a first of the die
electrical contacts and a corresponding substrate electrical
contact, and the second electrode is electrically connected to
a second of the die electrical contacts and a corresponding
substrate electrical contact.

[0008] In another embodiment, a flip chip assembly com-
prises a die comprising circuitry and a plurality of electrical
contacts electrically connected to the die circuitry. A planar
substrate comprises electrical contacts that are juxtaposed
with and electrically connected to the die electrical contacts.
A plurality of decoupling capacitors comprising a dielectric
disposed between electrodes are disposed between the die
and the substrate, and the electrodes are disposed between
and electrically connected to juxtaposed die and substrate
electrical contacts. A plurality of conductive spacers are
disposed between disposed between and electrically con-
nected to juxtaposed die and substrate electrical contacts that
are not connected to decoupling capacitors.

[0009] In another embodiment, a flip chip assembly com-
prises a die comprising circuitry and a plurality of electrical
contacts electrically connected to the die circuitry. A sub-
strate comprises electrical contacts that are juxtaposed with
and electrically connected by solder connection to the die
electrical contacts. A plurality of decoupling capacitors
comprising a dielectric disposed between electrodes are
disposed between the die and the substrate, and the elec-
trodes disposed between and electrically connected by sol-
der connection to juxtaposed die and substrate electrical
contacts. A plurality of conductive spacers are disposed
between and electrically connected by solder connection to
juxtaposed die and substrate electrical contacts that are not
connected to decoupling capacitors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 schematically depicts an exemplary
embodiment of a flip chip assembly as described herein.
[0011] FIG. 2 schematically depicts an exemplary embodi-
ment of a capacitor in greater detail.

[0012] FIG. 3 schematically depicts another exemplary
embodiment of a flip chip assembly as described herein.
[0013] FIG. 4A schematically depicts a side view of an
exemplary embodiment of a flip chip assembly utilizing an
interposer substrate as a conductive spacer as described
herein; and

[0014] FIG. 4B schematically depicts a top view of the
interposer substrate conductive spacer.

[0015] FIG. 5 schematically depicts an exemplary con-
figuration of capacitor connections on a flip chip assembly.
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[0016] FIG. 6 schematically depicts another exemplary
configuration of capacitor connections on a flip chip assem-
bly

[0017] FIGS. 7A-7D schematically depict steps of an

exemplary method for making a flip chip assembly, in
which:

[0018] FIG. 7A depicts a die having solder bumps on
electrical contacts;

[0019] FIG. 7B depicts a substrate having solder bumps on
electrical contacts;

[0020] FIG. 7C depicts a die having an attached passive
component; and

[0021] FIG. 7D depicts a substrate having attached con-
ductive spacer elements.

DETAILED DESCRIPTION

[0022] With reference now to FIG. 1, an exemplary flip
chip assembly 10 is schematically depicted. In the flip chip
assembly 10, substrate 12 has substrate electrical contacts 14
disposed thereon. Although not required, in some embodi-
ments, substrate 12 is planar. Substrate electrical contacts 14
can be formed by known substrate metallization techniques.
The substrate 12 is itself electrically non-conductive, but
substrate electrical contacts 14 are typically electrically
connected to conductive metal vias (not shown) extending
through the substrate 12 to connectors (not shown) for
attachment to electronic components such as a printed
circuit board, e.g., a computer motherboard. Die 16 has die
electrical contacts 18 disposed thereon. The die electrical
contacts 18 are typically electrically connected to chip
circuitry (not shown). In some embodiments, the term
“circuitry” can mean functionally operative component chip
circuitry. Examples of functionally operative circuitry typi-
cally include operative semiconductor circuitry such as
processor circuitry and memory circuitry, but can also
include other functionally operative circuitry such as detec-
tor arrays, passive filters, microelectromechanical systems
(MEMS), or nanoelectromechanical systems (NEMS). In
some embodiments, the die is a semiconductor micropro-
cessor chip, or an application specific integrated circuit
(ASIC), or graphic processing unit (GPU).

[0023] As shown in FIG. 1, a passive component 20
comprises a passive functional element 22 disposed between
a first electrode 24 and a second electrode 26. Any type of
passive component can be utilized. Examples of passive
components for inclusion in a C4 (controlled collapse chip
connection) between a substrate and a chip (die) can include
but are not limited to capacitors, inductors, and resistors. A
depiction of a representative passive component in the form
of a capacitor is set forth in FIG. 2, where external first
electrode 24' is electrically connected to a stack of internal
electrodes 24", and second external electrode 26' is electri-
cally connected to a stack of internal electrodes 26". The
stacked internal electrodes 24" and 26" are arranged in
alternating order in the stack, separated from one another by
dielectric material 22'.

[0024] With reference again to FIG. 1, the passive com-
ponent electrodes 24, 26 are electrically connected to die
contacts 18 (and therefore also electrically connected to the
die circuitry (not shown)) through die solder connections 28.
The passive component electrodes 24, 26 are also electri-
cally connected to substrate contacts 14 through substrate
solder connections 30, thereby establishing an electrical
connection between die contacts 18 and substrate contacts
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14 through the passive component clectrodes 24, 26.
Although not required in all embodiments, in some embodi-
ments the positioning of a passive component 20 such as a
capacitor immediately adjacent to the die 16 can provide
significant performance advantages compared to other con-
figurations where a capacitor is remote from the chip cir-
cuitry such as capacitors embedded in a substrate or between
a substrate and an interposer substrate.

[0025] Conductive spacers, depicted in FIG. 1 as conduc-
tive metal balls 32, can optionally be disposed between other
substrate contacts 14 and die contacts 18 where no passive
component is present. The conductive metal balls are elec-
trically connected to the die contacts 18 through die solder
connections 28 and are electrically connected to substrate
contacts 14 through substrate solder connections 30, thereby
establishing an electrical connection between die contacts 18
and substrate contacts 14 through the conductive metal balls
32. A filler 34 such as a polymer resin underfill is disposed
in the space between the substrate 12 and the die 16 and the
other components discussed above. In some aspects, the die
and substrate are separated by a dimension of less than or
equal to 300 um. In some aspects, the die and the substrate
are separated by a dimension of less than or equal to 200 pm.
In some aspects, the die has a thickness of less than or equal
to 800 pm. In some aspects, a passive component has a
thickness of less than or equal to 250 pum (thickness being in
a direction normal to the surface of the substrate and the die).
In some aspects, a capacitor has a thickness of less than or
equal to 250 pum (thickness being in a direction normal to the
surface of the substrate and the die).

[0026] In an alternative embodiment as shown in FIG. 3,
conductive spacers can be provided as conductive metal
pillars 36 integrated with the substrate 14 and connected to
the die contacts 18 through die solder connections 28. In
another alternative embodiment as shown in FIG. 4A, con-
ductive spacers can be provided with an interposer substrate
38 having conductive vias therethrough that are connected to
the die contacts 18 through die solder connections 28 and are
electrically connected to substrate contacts 14 through sub-
strate solder connections 30, thereby establishing an elec-
trical connection between die contacts 18 and substrate
contacts 14 through the conductive vias 40. The interposer
substrate is schematically depicted in a top view in FIG. 4B
where open spaces 42 are provided for passive components
20. Examples of conductive metals for the conductive spac-
ers, whether configured as balls, pillars, or vias in an
interposer substrate, can include copper, aluminum, gold,
silver, and other conductive metals. In some aspects, the
thickness of the conductive spacer(s) is 100 um to 150 pm
(thickness being in a direction normal to the surface of the
substrate and the die).

[0027] Passive components can be disposed in various
connections with chip circuitry on the die. Several example
configurations are depicted in FIG. 5 for decoupling capaci-
tors, which depicts die contacts connected electrically con-
nected to different types of circuitry: power circuit contacts
44, ground contacts 46, and signal circuit contacts 48. In
some aspects, a decoupling capacitor can be connected to a
pair of contacts, as depicted with capacitors 20a and 20c. In
some embodiments, each of the electrodes of a passive
component can be connected to a plurality of electrical
contacts. For example, in some aspects a decoupling capaci-
tor can be connected to a larger number of contacts, e.g., four
contacts (two pair) as shown for capacitor 205, or even more
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contacts depending on the design requirements of the cir-
cuitry and the specifications of the capacitor. In some
aspects, capacitors can be disposed between power circuit
contacts 44 and ground contacts 46 as shown for capacitors
20a and 2056. In some aspects, capacitors can be disposed
between signal circuit contacts 48 and ground contacts 46 as
shown for capacitor 20c. In another embodiment as shown
in FIG. 6, a passive component 20 such as a capacitor, an
inductor, or a resistor is connected in in a serial arrangement
in a signal circuit wherein the passive component first
electrode is connected to a substrate electrical contact 14
connected to the serial circuit through electrical connection
52, and the passive component second electrode is con-
nected to a die electrical contact 18 connected to the same
serial circuit through electrical connection 54.

[0028] Additionally, embodiments of the invention have
been described above utilizing a single or a small number of
passive components and/or a small number of substrate-die
connections without a passive component. Although such
embodiments are of course within the scope of the invention,
many other embodiments are of course contemplated, such
as chips where large numbers of passive components and
non-passive component connections (e.g., thousands) can be
utilized on a single flip chip assembly.

[0029] In some embodiments, the flip chip assembly can
be made by a method as depicted in FIGS. 7A-7D. As shown
in FIG. 7A, die solder bumps 28 are deposited onto die
electrical contacts 18 disposed on die 16. Solder bumps can
be applied by any of a variety of techniques, for example by
printing through a mask, or plating. As shown in FIG. 7B,
substrate solder bumps 30 are deposited onto substrate
electrical contacts 14 disposed on substrate 14. As shown in
FIG. 7C, electrodes 24, 26 of a passive component 20 are
disposed on identified die solder bumps 28, heat is applied
to reflow the solder, and the solder is solidified to connect
the passive component electrodes 24, 26 to the die contacts
18. As shown in FIG. 7D, conductive metal balls 32 are
disposed on identified substrate solder bumps 30, heat is
applied to reflow the solder, and the solder is solidified to
connect the conductive metal balls 32 to the substrate
contacts 14. The die 16 and substrate 12 are brought into a
juxtaposed position as indicated by the arrows between
FIGS. 7C and 7D, with the conductive metal balls 32 in
contact with specified die solder bumps 28, and the passive
component electrodes 24, 26 in contact with specified sub-
strate solder bumps 32. Heat is applied to reflow the solder.
Solidification of the solder results in a connection between
the passive component electrodes and the die and substrate
electrical contacts, and a connection between the conductive
spacers and the die and substrate electrical contacts.

[0030] The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
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nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.

What is claimed is:

1. A method of making a flip chip assembly, comprising:

depositing solder bumps on a plurality of electrical con-

tacts on a die surface, or on a substrate surface, or on
both the die surface and substrate surface, the die
electrical contacts electrically connected to die cir-
cuitry;

disposing between the die and the substrate a passive

component comprising electrodes positioned adjacent
to solder bumps;

applying heat to reflow the solder; and

solidifying the solder, thereby providing a connection

between the passive component electrodes and the die
and substrate electrical contacts.

2. The method of claim 1, wherein disposing the passive
component between the die and the substrate comprises
positioning the passive component electrodes on die solder
bumps, applying heat to reflow the solder, solidifying the
solder, and positioning the die and substrate with the passive
component electrodes on substrate solder bumps.

3. The method of claim 1, wherein disposing the passive
component between the die and the substrate comprises
positioning the passive component electrodes on substrate
solder bumps, applying heat to reflow the solder, solidifying
the solder, and positioning the die and substrate with the
passive component electrodes on die solder bumps.

4. The method of claim 1, further comprising depositing
a filler material to underfill between the die and the sub-
strate.

5. The method of claim 1, comprising

depositing solder bumps on a plurality of electrical con-

tacts on a die surface, the electrical contacts electrically
connected to die circuitry;

depositing solder bumps on a plurality of electrical con-

tacts on a substrate;

disposing one or more capacitors comprising a dielectric

between electrodes such that the electrodes are on die
solder bumps, applying heat to reflow the solder, and
solidifying the solder to connect the capacitor elec-
trodes to the die electrical contacts;

disposing one or more conductive spacers on substrate

solder bumps corresponding to die electrical contacts
without a capacitor, applying heat to reflow the solder,
and solidifying the solder to connect the conductive
spacers to the substrate electrical contacts;

disposing the die adjacent to the spacer such that the

passive component electrodes on the die are adjacent to
substrate solder bumps, and conductive spacers on the
substrate are adjacent to die solder bumps, and apply-
ing heat to reflow the solder;

solidifying the solder, thereby providing a connection

between the capacitor electrodes and the die and sub-
strate electrical contacts, and a connection between the
conductive spacers and the die and substrate electrical
contacts; and

depositing a filler material to underfill between the die and

the substrate.



